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Abstract
In the present study we have investigatedresponseof LNCaPprostate cancercells to treatment with
synthetic androgen(R1881), as a well-studied model systemfor prostate cancerprogression. We have
performedconcurrentmeasurementsof geneexpressionandprotein levelsfollowing the treatment using
microarraysandiTRAQproteomics. Setsof up-regulatedgenesandproteinswere analyzedusingour novel
conceptof άǘƻǇƻƭƻƎƛŎŀƭsignificanceέ(1). Thismethod combineshigh-throughput moleculardata with the
globalnetwork of protein interactionsto identify nodeswhich occupysignificantnetwork positionswith
respectto differentially expressedgenesor proteins. Our analysisidentified the network of growth factor
regulationof cell cycleasthe mainresponsemodulefor androgentreatment in LNCapcells. We showthat
the majority of signalingnodesin this network occupysignificantpositionswith respectto the observed
geneexpressionand proteomic profiles elicited by androgenstimulus. Our results further indicate that
growth factor signalingprobably representsa άǎŜŎƻƴŘǇƘŀǎŜέresponse,not directly dependenton the
initial androgenstimulus. We concludethat in prostatecancercellsthe proliferativesignalsare likely to be
transmitted from multiple growth factor receptorsby a multitude of signalingpathwaysconvergingon
severalkey regulatorsof cell proliferation suchasc-Myc, CyclinD and CREB1. Moreover, thesepathways
arenot isolatedbut constitutean interconnectednetworkmodulecontainingmanyalternativeroutesfrom
inputs to outputs. If the whole network is involved,a preciselyformulated combinationtherapy may be
requiredto fight the tumor growth effectively

Figure1άIƛŘŘŜƴέregulatoryproteinsin signalingpathways. (A)FGFR3 andp90RSK2 in this simplenetwork
are not affectedon the geneexpressionlevel, therefore remainingάƘƛŘŘŜƴέfrom a microarrayassay. We
identify setsof remote targetsassociatedwith eachof the signalingmoleculesandassesstheir enrichment
with differentiallyexpressedgenes. Remotetargetsof FGFR3 andp90RSK2 areproteinswithin the bluebox.
They could be many steps downstream of signalingproteins. Topologicalsignificanceis assignedto
regulatory nodes based on the enrichment of associatedsets of target genes. Red boxes indicate
topologicallysignificant nodes in this network. (B) Topologicalscoringof regulatory nodes in complex
networkswith competitiveregulation.

Figure 2 Functional analysisof topologically significant proteins. (A) Enrichment of GeneGoprocess
networks by topologicallysignificantproteins identified using all up-regulated genesand proteins. (B)
Enrichmentof GeneGoprocessnetworks by topologicallysignificantproteins identified using truncated
sets of data (excludinggenes and proteins directly regulated by androgen receptor). Orangebars ς
enrichment by significant proteins identified using proteomics data set. Blue bars ςenrichment by
significantproteinsidentifiedusinggeneexpressiondata.

Figure3 Growth factor regulationof the G1-Stransition in cell cycle. Reddots indicateproteinsidentified
as topologicallysignificantusing the gene expressionprofile. Blue dots indicate proteins identified as
topologicallysignificant using the proteomics profile. Red boxesςproteins identified as topologically
significantfrom both setsof data.

Figure 4 Map ŦƻǊ LDC ǎƛƎƴŀƭƛƴƎ ǎƘƻǿƛƴƎ ǘƻǇƻƭƻƎƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ƎŜƴŜǎ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǳǎƛƴƎ άǘǊǳƴŎŀǘŜŘέ 
sets of AffymetrixŀƴŘ ƛ¢w!v ŘŀǘŀΦ wŜŘ ƭŜǾŜƭ ƛƴ ǘƘŜ άǘƘŜǊƳƻƳŜǘŜǊǎέ ǊŜǇǊŜǎŜƴǘǎ ǊŜƭŀǘƛǾŜ Ǌŀƴƪ όǇŜǊŎŜƴǘƛƭŜύ 
of a protein in the corresponding list of topologically significant proteins. The number identifies the 
dataset from which significance was calculated: 1-iTRAQ, 2-Affymetrix. Red boxes and highlighted path 
illustrate signaling cascade with strongest support from both sets. 
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c-Myc 25 99.9 63 98.6

ATF4 0 Un-scored 10 99.6

CREB1 2 Un-scored 37 99.8

P53 5 Un-scored 37 Un-scored

SREBP1 8 78.0 14 99.3

SP1 15 Un-scored 64 Un-scored

Ikaros 4 93.0 2 Un-scored

YY1 6 95.8 7 90.0

Table 1 Scoring of transcriptional regulators with significant number of direct targets 
among up-regulated genes and proteins.

Conclusions:

1. Our analysisidentified the network of growth factor regulationof cell cycleas the main
responsemodulefor androgentreatment in LNCapcells.

2. In prostatecancercellsthe proliferativesignalsare likely to be transmitted from multiple
growth factor receptorsby a multitude of signalingpathwaysconvergingon severalkey
regulatorsof cellproliferationsuchasc-Myc,CyclinDandCREB1.

3. Growth factor signalingprobably representsa άǎŜŎƻƴŘǇƘŀǎŜέresponse,not directly
dependenton the initial androgenstimulus.

4. Our approachcouldbe instrumentalin translatinghigh-throughputdatasetsgeneratedby
vastlydifferent technologiesinto consistentpredictionsof activity of underlyingsignaling
pathwaysandkeyregulatoryproteins.
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