Integrated analysis of genomic and proteomic data reveals key role
growth factor signaling network In prostate cancer cells
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In the present study we have investigatedresponseof LNCaPprostate cancercellsto treatment with . v -~ p [y

synthetic androgen(R1881), as a well-studied model systemfor prostate cancerprogression We have e ErLBA, VEGFR-2 IGH1 reqgptor FGF “heter-beta reseptor typPARL | ActRIIE

performed concurrentmeasurementf geneexpressionand protein levelsfollowing the treatment using X R e 1@ - = )

microarraysand ITRAQoroteomics Setsof up-regulatedgenesand proteinswere analyzedusingour novel | ' @ e e—

conceptof & (i 2 LJ2 fsignHidariaé (1). Thismethod combineshighthroughput moleculardata with the ) &< = ASIE s s > NOS\ES mvi ¢ A
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global network of protein interactionsto identify nodeswhich occupysignificantnetwork positionswith T, AT @ A
respectto differentially expressedyenesor proteins Our analysisdentified the network of growth factor S .
regulationof cellcycleasthe mainresponsemodulefor androgentreatment in LNCapells We showthat
the majority of signalingnodesin this network occupysignificantpositionswith respectto the observed
gene expressionand proteomic profiles elicited by androgenstimulus Our results further indicate that
growth factor signalingprobably representsa & 4 S OLIK/R&eSpbnse,not directly dependenton the
Initial androgenstimulus We concludethat in prostate cancercellsthe proliferative signalsare likely to be
transmitted from multiple growth factor receptors by a multitude of signalingpathwaysconvergingon
severalkey regulatorsof cell proliferation suchas c-Myc, CyclinD and CREB. Moreover, these pathways
are not isolatedbut constitute an interconnectednetwork module containingmanyalternativeroutesfrom
Inputs to outputs. If the whole network is involved, a preciselyformulated combinationtherapy may be
requiredto fight the tumor growth effectively
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osely  reguisted by AKFE 35 by
A Lo o | Bamai et
MGST2 GADDA45 alpha “remote targets” of p9ORSK2 M¥P e SMRDT ;
Osteocalcin NO%(A Pmtigps /$1 To,:?f.pha POL::A!RA:\‘ o Aw} .
Gim cokz prasa "I ® oo V-3 Figure3 Growth factor regulationof the G1-Stransitionin cell cycle Reddots indicate proteinsidentified
0 » % B Fo . & ¥ 2 e/ as topologicallysignificantusing the gene expressionprofile. Blue dots indicate proteins identified as
P | [ROORSHARPERIAR) | AT A s oem R e o e topologically significant using the proteomics profile. Red boxes ¢ proteins identified as topologically
o o Clrin ) & Se— R T~ QT;)T ........ -, significantfrom both setsof data.
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Figureld | A R RR&uiAtdryproteinsin signalingpathways (A) FGFR and p90RSR in this simplenetwork
are not affected on the geneexpressionevel, therefore remainingd K A R fRoS\A fnicroarrayassay We
identify setsof remote targetsassociatedvith eachof the signalingnoleculesand assessheir enrichment
with differentially expressedjenes Remotetargetsof FGFR and p90RSR are proteinswithin the blue box
They could be many steps downstream of signaling proteins Topologicalsignificanceis assignedto
regulatory nodes based on the enrichment of associatedsets of target genes Red boxes indicate
topologically significant nodes in this network. (B) Topologicalscoring of regulatory nodes in complex
networkswith competitivereaulation
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1 1. Signal transduction_Androgen receptor
nuclear signaling

2. Cell cycle_G1-S Growth factor
regulation

3. Development_EMT _Regulation of
epithelial-to-mesenchymal transition

4. Cell acdhesion_Integrin-mediated
cell-matrix adhesion

5. Reproduction_Feeding and Neurohormones
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6. Cell adhesion_Integrin priming sets ofAffymetrixt YR A ¢w! v RFGlFI® wSR f S@OStf Ay UKS auUKSI
! 7. Cell cycle_G1-S Interleukin regulation of a protein in the corresponding list of topologically significant proteins. The number identifies the
8. Development Hemopoiesis, Erythropoietin dataset from which significance was calculatedTRAQ, Affymetrix. Red boxes and highlighted path
pathway llustrate signaling cascade with strongest support from both sets.
9. Development_Regulation of angiogenesis . - : . ey :
1 10 Siaral raneduction WNT <l Tablel Scoring of transcriptional regulators with significant number of direct targets
Networks - Signaliansateton TR SIgnaing among upregulated genes and proteins.
B 10 1E () N E Transcription ITRAQ data set Affymetrix dataset
’ * . ) i —log(pValue) factor # of direct Scoring # of direct Scoring
1 1. Cell cycle G1-S Growth factor targets in percentile targets in percentile
2 2. Signal transduction_NOTCH signaling c-Myc 23 99.9 03 V8.6
) ATF4 0 Un-scored 10 99.6
| ———————————————————— 3. Inflammatiﬂn_ﬂmphﬂterin Sigﬁﬂ"ﬁg CREB1 2 Un-scored 37 99.8
o —————————————————_HuH| 4. Cell cycle_G1-S Interleukin regulation P53 0 Un-scored 37 Un-scored
- | SREBP1 8 78.0 14 99.3
. 5. ImmunE_F’hagm:y“tDSIS SP1 15 Un-scored 64 Un-scored
6. Signal Transduction_Cholecystokinin Ikaros 4 93.0 2 Un-scored
signaﬁng YY1 6 05.8 / 90.0
7. Development_Hemopoiesis, Erythropoietin Conclusions

1. Ouranalysisdentified the network of growth factor regulationof cell cycleasthe main

8. Devel t_Regulation of angi i .
cevelopment_Reguiation o angiogenesis responsemodulefor androgentreatmentin LNCaells

9. Inflammation_[L-6 signaling 2. In prostate cancercellsthe proliferative signalsare likely to be transmitted from multiple
1C 10. “":;“SL;EETQUSG“"E in antigen growth factor receptorsby a multitude of signalingpathwaysconvergingon severalkey
‘Networks P regulatorsof cell proliferation suchasc-Myc, CyclinD and CREB.
Figure 2 Functional analysisof topologically significant proteins (A) Enrichment of GeneGoprocess 3. Growth factor Sig.ncfsll_ing probably r_epresentsa a & S OIK IR&eSponse, not directly
networks by topologically significant proteins identified using all up-regulated genesand proteins (B) dependenton the initial androgenstimulus
Enrichmentof GeneGoprocessnetworks by topologicallysignificantproteins identified usingtruncated 4. Our approachcouldbe instrumentalin translatinghigh-throughput datasetsgeneratedby

sets of data (excludinggenesand proteins directly regulated by androgen receptor) Orange bars ¢ . . . oL o . . .
enrichment by significant proteins identified using proteomics data set Blue bars ¢ enrichment by vastlydifterent technologiesnto consistentpredictionsof activity of underlyingsignaling

significantproteinsidentified usinggeneexpressiordata pathwaysandkeyregulatoryproteins
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