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significantlyBalteredBduringBbrainBaging

significantlyBalteredBinBPZBvsfBcontrols

VisualizationBofBgeneBexpressionBlevelsBforBtheBbrain)specificBtranscription
factorBnuclearPreceptorPsubfamilyP4,PgroupPA,PmemberP2B-NR4A2IBNURR1P

fromBhumanBpost)mortemBbrainBtranscriptomicsBdataIBusingBtheB<rain
GxplorerBSoftwareBfromBtheB0llenB<rainB0tlasB[[]4Ba6BinnerBbrain
Bstructures+Bb6BouterBbrainBstructuresfBYRS0zBisBtheBgeneBwith

theBmostBsignificantBsharedBalterationsBinBPZBand
duringBadultBbrainBagingf

), (,

involvedBinBdopamineBmetabolicBprocess

Introduction
YaturalBagingBofBtheBhumanBbrainBisBconsideredBasBoneBofBtheBmainBriskBfactorsBforBParkinsonEsBdiseaseB

-PZPB andB otherB neurodegenerativeB disordersfB ToB evaluateB previousB hypothesesB onB sharedB molecularB

changesB andB identify( new( significant( associations( between( cellular( process( alterations( in(

sporadic( PD( and( during( natural( aging( of( the( human( brainIB weB haveB investigatedB brainB

transcriptomicsBdataBfromBPZBpatientsBandBunaffectedBindividualsBfromBdifferentBadultBageBgroupsBusingBaB

statistical(meta.analysisBandBaBrecentlyBpublishedBpathway(and(network(analysisBapproachB[V]f

OurBanalyzesBprovideBstatisticalBevidenceBforBspecificBfunctionalBassociationsBbetweenBmolecularBnetworkB

changesBinBPZBandBagingIBidentifyBnewBsignificantBjointBpathwayBderegulationsBandBsuggestBmechanisticB

explanationsBforBtheBage)dependenceBofBPZBriskB[z]f
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Method4B ZifferentialB geneB expressionB wasB scoredB inB transcriptomicsB dataB fromB postP mortemB brainB
samplesB derivedB fromB 8( published( PD( case.control( microarrayB datasetsB usingB aB meta)analysisB
statisticB[,]fBSimilarlyIBdifferentialBexpressionBinBbrain(samples(from(the(Human(Brain(Transcriptome(
,HBT6(project([Z](across(G(age(periods(,UN(to(ZN(yearsF(ZN(to(6N(years(and(6N(years(onwards6BwasB
quantifiedfB KinallyIB genesB withB sharedB significantB expressionB alterationB inB PZB vsfB controlsB andB acrossB
groupsBofBincreasingBageBwereBdeterminedB[z]fB

Results4BWeBidentifiedBVz.BsignificantBsharedBgenesB-false)discoveryBrateB'B.f.AIBseeBKigfBVPfBTheirBPD.
and(aging.associated(changes(were(significantly(correlatedB-rBOB.fS,IBpB'B.f..VPfBKourB
ofBtheBsharedBgenesIBNR4A2IBCALB1IBGRIA1PandBMAPTIBhaveBbeenBassociated
previouslyBwithBPZBandBagingBinBindependentBstudiesfBTheBtranscriptionBfactor
NR4A2(,NURR16IBforBwhichBpolymorphisms(and(mutations(in(familial
cases(of(PDBhaveBbeenBreportedIBstandsBoutBasBthe(most(significant
altered(geneB-Z)score4B)]fS,IBseeBKigfBzaBandB,PBandBforBaBhigh(neg.
ative(correlation(with(adult(brain(agingB-rBOB).fA,IBseeBKigfBzbPfB
0BdownstreamBanalysisBforBNR4A2PshowsBthatBitBreducesBthe
expressionBofBdopamineBtransportersBandBmitochondrial
genesBinBPZIBsuggestingBsimilarBeffectsBforBbrainBagingB[z]f

Method4BToBassessBsharedBtranscriptomeBchangesBinBaging
andBPZBatBtheBlevelBofBcellularBpathwaysIBweBmappedBsignificantly
differentiallyBexpressedBgenesBfromBtheBPZBmeta)analysisBandBfromB
theBagingBdataBsetBontoBaBgenome)scaleBhumanBprotein)proteinBinter)
actionBnetworkBandBscoredBtheirBassociationsBwithBpathwaysBfromBpublic
databasesBmappedBontoBtheBsameBnetworkfBTheBpathwayBassociationBscores
wereBobtainedBusingBourBpreviouslyBdevelopedBgraph.based(statistic(EnrichNetI
anBextensionBofBclassicalBpathwayBenrichmentBanalysisIBexploitingBmolecularBnetwork
dataBasBanBadditionalBinformationBsourceB[V]f

Results4B0mongBtheBbiologicalBprocessesBinBtheBJeneBOntologyB-JOPBdatabaseIBsevenBwereBidentifiedBtoB
haveBstatisticallyBsignificantBnetworkBassociationBscoresBwithBtheBalteredBgenesBinBPZBandBagingB-seeBtopB
entriesB inBTabfBVPIBandBoneBprocessBwasB identifiedBasBsignificantBusingBaBclassicalBpathwayBenrichmentB
analysisB -KisherEsB exactB testIB seeB lastB entryB inB TabfB VPfB KiveB synaptic( processesB areB includedB inB theB
significantB resultsIB suggestingB thatB synapticB signalingB isB profoundlyB affectedB byB bothB PZ)B andB aging)
relatedBgeneBalterationsfBUoreoverIBtwoBofBtheBidentifiedBsignificantBJOBtermsBpointBtoBassociationsBofBtheB
deregulatedBgenesBwithBendocytosisIBinBlineBwithBpreviouslyBobservedBmutationsBinBfamilialBPZIBaffectingB
genesBassociatedBwithBendocyticBprocessesB-efgfB@RR>zBandBZY0H=V,PfBSimilarlyIBtheBtop)rankedBtermB
dopamine( metabolic( processB isB inB agreementB withB priorB observationsB onB theB declineB ofB dopamineB
synthesisBduringBnaturalBagingBandBPZBpathogenesisfBKinallyIB theBsignificantBnetworkBassociationBofB theB
alteredB genesB withB theB JOB termB phosphatidylinositol( metabolic( process( matchesB withB anB aging)
relatedB declineB inB theB activityB ofB thisB pathwayB observedB inB ratsIB andB withB theB knownB roleB ofB theB
phosphatidylinositol,)kinaseB-P9,>Pv0ktBpathwayBinBcontrollingBtheBsurvivalBofBneuronsf

Figx(G

Method4BSignificantlyBalteredBgenesBinBPZBvsfBcontrolsBandBduringBadultBbrainBagingBwereBmappedBontoBaB

genome)scaleB protein)proteinB interactionB networkB togetherB withB publicB pathwayB annotationsfB 0fterB

determiningB theB cellularB pathwaysB mostB stronglyB associatedB withB theB PZ)B andB aging)alteredB genesB asB

describedB inB theB pathwayB analysisB sectionIB representative( sub.networks( were( extracted( from( the(

interactomeB byB determiningIB forB eachB pathwayIB theB smallest( connected( network( component( of(

pathway( members( and( significant( genesfB ToB displayB theseB networksB ofB sharedB geneB alterationsB

affectingBspecificBpathwaysIBaBforce)directedBgraphBlayoutBalgorithmB[A]BwasBappliedBtoBeveryBsub)networkB

scoredBasBsignificantf

Result4B TheB extractedB sub)networksB fromB theB interactomeB showB thatB theB significant( PD.( and( aging.

associated(genes(are(densely(clustered(togetherB inBdistinctBnetworkBregionsBandBtightly(interlinked(

with( the( significant( cellular( processesB identifiedB inB theB pathwayB analysisB byB numerousB directB inter)

actionsfB TheB generatedB sub)networkB visualizationsB enableB aB detailedB investigationB ofB howB theB top)

significantB pathwaysB areB associatedB withB genesB alteredB inB PZB orB duringB brainB agingB atB theB levelB ofB

individualBmolecularB interactionsfBKorBexampleIBtheBcentralBnetworkBregionBforBtheBsub)networkBextractedB

forB theB dopamine( metabolic( processB inB KigfB SB revealsB thatB twoB interactionB partnersB ofB theB processB

memberBandBfamilialBPZ)associatedBalpha)synucleinBproteinB-SNCAPIBtheBmicrotubule)associatedBproteinB

tauB-MAPTPBandBtheBSY=0)degradingBserineBproteaseBKLK6IBareBsignificantlyBalteredBduringBadultBagingf

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBTranscriptomeBchangesBassociatedBwithBnaturalBBBBBBBB
agingBofBtheBadultBbrainBandBParkinsonEsBdiseaseBBBBBB
areBsignificantlyBcorrelatedfB9nBparticularIBtheBBBBBBBBBBBBB
followingBmainBobservationsBareBmade4BBBBBBBBBBBBBBBBBBBBB

•BAUN(genes(are(found(significantly(altered(in(both((((
(PD(and(agingBwithBhighlyBcorrelatedBchangesIBBBBBBBBBBBBB
includingBgenesBwithBknownBlinksBtoBPZBandBagingfBBBBBB

•BKorBtheBmostBsignificantBsharedBgeneIBNRZAU(,NURRA6IBaBBBBB
downstreamBanalysisBprovidesBaBmechanistic(explanation(((
of(how(its(negative(correlation(with(aging(may(contri.((((((

(bute(to(an(age.related(increased(risk(for(PDBviaBdecliningBB
dopamineBlevelsBandBreducedBmitochondrialBactivityfBBBBBBBBBBBBBBB

•BPD(and(aging(share(significant(cellular(pathway(alterationsfB0partBfromBobservedBB
BchangesBinBprocessesBknownBtoBbeBinvolvedBinBPZBandBagingIBweBfindBpreviouslyBunre)BB
BportedBjointBpathwayBalterationsB-efgfBaffectingBsynapticBvesicleBendocytosisBandBphos)BB

BBphatidylinositolBmetabolismPfBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

•BJenesBundergoingBsignificantBchangesBinBPZBandBduringBbrainBagingBformBdense(clusters(in(a(molecular((((
(((((((interaction(networkfBTheseBclustersBareBtightly(interconnected(with(the(identified(significant(shared((((

pathway(alterationsfBVisualizationsBofBtheBcorrespondingBsub)networksBrevealBnewBinsightsBonBhowBtheseBBB
BmostBaffectedBpathwaysBareBinterlinkedBwithBPZ)BorBaging)relatedBgenesBatBtheBlevelBofBsingleBinteractionsfBBBBB

[V]BJlaabIBGfIB<audotIB0fIB>rasnogorIBYfIBSchneiderIBRfIBValenciaIB0fB-z.VzPBGnrichYet4Bnetwork)basedB

BBBBBgeneBsetBenrichmentBanalysisIBBioinformaticsIBz:-V:PIBiSAV

[z]BJlaabIBGfIBSchneiderIBRfB-z.VAPB=omparativeBpathwayBandBnetworkBanalysisBofBbrainBtranscriptomeB

BBBBBchangesBduringBadultBagingBandBinBParkinsonEsBdiseaseIBNeurobiologyPofPDiseaseIB]SIBV

[,]BUarotIBJfBetBalfB-z..;PBUoderatedBeffectBsizeBandBP)valueBcombinationsBforBmicroarrayBmeta)analysesIBBB

PPPPPBioinformaticsIBzA-z.PIBz[;z

[S]B>angIB•fBHfBetBafB-z.VVPBSpatio)temporalBtranscriptomeBofBtheBhumanBbrainIBNatureIBS]:-],].PIBS:,

[A]BKruchtermanIBTfBUfBHfIBReingoldIBGfBUfB-V;;VPBJraphBdrawingBbyBforce)directedBplacementIBSoftware:P
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Shared'alterations'in'the'human
brain'transcriptome'during'adult'
aging'and'in'Parkinson's'disease
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