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1mreasedexpressionofE・cadherinbytrog且itazonethroughdown・regulationof

MEK・ERKsignalingpathwayinhumanpancreaticcancerce且ls

ShimaKumei,WataruMotomura,SatoshiTanno,NobuhikoTakahashi,Toshikatsu

Okumura

DepartmentofGeneralMedicine,AsahikawaMedicalCollege,AsahikawaO78-8510,

Japan

AbstractTroglitazone,aPPARYligand,inhibitscellinvasioninhumanpancreatic

cancercells.However,littleis㎞ownaboutthemechanismsofthereducedcell

invasiveactivitybytroglitazone.Inthepresentstudy,wetestedahypothesisthat

E-cadherinexpressionmightbeinfluencedbytroglitazonesinceE-cadherinis

establishedasoneofthemostimportantmoleculesthatareimplicatedincancercell

invasion.Effectoftro91itazoneontheexpressionofE-cadhehnandpossible

transcriptionalregulatorsforE-cadherinwasexaminedinhumanpancreaticcancer

cells.WenextexaminedwhetherMEK-ERKsignalingpathwayisinvolvedinthe

expressionofE-cadherinandcellmotilitysincetroglitazonedown-regulatesMEK-ERK

signalinginhumanpancreaticcancercellsasshowninourrecentreport.Real。time

PCR,westemblottingandimmunohistochemistryshowedtroglitazoneincreased

expressionofE-cadherinmRNAandproteininculturedcells.MEKinhibitors,

PD98059andUO126increasedE-cadherinmRNAexpressionandpotentlyinhibited

cellmigration.Theseresultssuggestthattroglitazoneincreasesexpressionof

E-cadherinatleastinpartbydown-regulationofMEK-ERKsignalinginhuman

pancreaticcancercells,whichmightbeinvolvedinthetroglitazone-inducedinhibition

ofcellinvasiveactivity.

Introduction

Pancreaticcancerisoneofthemostlethalmalignanciesandalargem句orityof

pancreaticcancerpatientspresentwithmetastaticdiseaseoradvancedlocaldisease,

precludingacurativesurgicalresection[1].Itisalsoshownthatchemotherapyhasnot

resultedinasignificantsurvivalbenefit,withamediansurvivalof4months[2].
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Theseevidenceindicatesanoveltherapeuticapproachmustbedevelopedforpancreatic

cancer.

Peroxisomeproliferator-activatedreceptorY(PPARY)isamemberofthenuclear

receptorsuperfamilythatincludesreceptorsforsteroids,thyroidho㎜one,vitaminD

andretinoicacid【3].PPARYisexpressedathighlevelsinadiposetissueand

functionsasakeymoleculeofadipocytedifferentiation.Inadditiontoadiposetissue,

PPARYexpressionisdetectedinawidevarietyoftumorcellsincludingpancreatic

cancercells[4-10].Withregardtopancreaticcancercells,wehavedoneaseriesof

experimentsandhavedemonstratedthathumanpancreaticcancercellssuchasPK-1

cellsexpressfunctionalPPARYasatranscriptionalfactorandthatactivationofPPARY

byitsligandincludingtroglitazoneinducedGIamestandinhibitedcellinvasiveactivity

[9-11].ThusPPARYisinvolvedincellularbehaviorinpancreaticcancercells.

Basedontheseevidence,PPARYligandsareconsideredtobeeffectiveforpancreatic

cancertreatment.AlthoughweandotherinvestigatorsdemonstratedthatPPARY

ligandsinhibitpancreaticcancercellinvasion[11-13],precisemechanismsofthe

inhibitionofinvasiveactivitybyPPARYligandsispoorlyunderstood.

Severalclassesofproteinsareparticipatingwhencellsexhibitaninvasive

phenotype[14].Thisincludescell-celladhesionmolecules(CAMs)likemembersof

theimmunoglobulinandcalcium-dependentcadherinfamihesandintegrins[15】.

Notably,alloftheseadherenceinteractionsconveyregulatorysignalstothecel1[16」,

Onewidelyobservedalterationince11-to-environmentinteractioninpancreaticcancer

involvesE-cadherin,whichcouplesa(麺acentcellsbyE-cadherinbridges[17].

E-cadherinfunctionislostinam句orityofpancreatictumors[18].Inaddition,

accumulatingevidenceindicatethatthepresenceofE-cadherinisconsideredasan

importantsuppressorofinvasionandmetastasis.Basedupontheseevidence,wemade

ahypothesisthatE-cadherinexpressionwouldbeinvolvedintheinhibitionofcancer

cellinvasionbyPPARYligands.Thepresentstudywasthereforeperfo㎜edtoclanfy

whethertroglitazoneinfluencesE-cadherinexpressioninhumanpancreaticcancercells.

Materia且sandMethods

Cellculture

Humanpancreaticcancercelllines,PK-1[19]weasculturedinRPMI-1640

medium(GIBCO,GrandIsland,NY)supplementedwith100U/mlpenici11in,100
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μg/mlstreptomycin,2.5μg/mlamphotericine,and10%fetalbovineserum.Cells

wereincubatedat370Cinahumidifiedatmosphereof5%CO2inair.

Chemicals

TroglitazonewaskindlyprovidedfromSankyoPha㎜aceuticalCo.(Tokyo,Japan),and

wasdissolvedindimethylsulfoxide(DMSO).MEKinhibitors,UO126andPD98059

[20,21LwerepurchasedfromPromegaBiosciences,Madison,WI,USA.GW9662,a

PPARYantagonist[22],wasobtainedfromSIGMA,StLouis・MOUSA・

RNAisolationandfirststrandcDNAsynthesis

TotalRNAwasisolatedfromculturedcellsusingTrizolreagent(Invitrogen,

Carlsbad,CA,USA).RNAwasreverse-transcribedusingtheRETROscript(Ambion,

Austin,Texas,USA).Onel隠goftotalRNAwasmixedwith2μlofRandom

decamersandnuclease-freewaterinatotalvolumeof12μlandheatedat800Cfor3

min.Themixturewasthenchilledoniceandincubatedwith21隠lof10×RTbuffer,

4μldNTPmix,lj隠1RNaseinhibitor,andll房lreversetranscriptase,at440Cfor60min.

Thereactionmixtureswerefurtherincubatedfor10minat920C.ThecDNAwas

storedat-300Cuntilusedforreal-timePCR.

Real-timePCR

Real-timePCRwereperfo㎜edin7500RealTimePCRsystem(Applied

Biosystems,FosterCity,CA,USA)followingthemanufacturer'ssuggestedprocedure.

Human18SribosomalRNAwasusedasendogenousamplificationcontroLThe

followingTaqmanprobeofE-cadherin(HsOO170423_m1)and18SribosomalRNA

werepurchasedfromAppliedBiosystems(FosterCity,CA,USA).

WestemBlottingAnalysis

Fiftyμgofproteinextractedf士omPK-lcellswereseparatedby4-20%

SDS-PAGE.Afterelectrophoresis,theproteinsweretransferredtoPVDFmembrane

(MilliporeCorporation,Bedford,MA,USA),blockedovemightinBlockAceat40C,

reactedwithprimarilypolyclonalantibodyagainsthumanactin(SantaCruz

Biotechnology,SantaCruz,CA,USA)andmonoclonalantibodyagainsthuman

E-cadherin(BDbioscience,SanDiego,CA,USA)forlh,washedwithTBS-T,reacted
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withsecondarypolyclonalantibodyagainstrabbitormouseIgG(Chemicon

Intemational,Temecula,CA,USA)forlhandwashedwithTBS-T.Afterreaction

withhorseradishperoxidase-corOugatedanti-rabbitormouseIgGimmunecomplexes

werevisualizedbyusingtheECLplusdetectionreagents(Amersh㎜Intemationa,NJ,

USA)

ImmunofluorescenceAnalysis

ImmunonuorescenceforE-cadhednwasperfo㎜edinPK-1cells.After

treatmentoftroglitazoneatseveraldoses,PK-1cellswerefixedatroomtemperaturefor

20minwith4%parafo㎜aldehydeinPBS,pe㎜eabilizedwithO.1%ThtonX-100and

bl㏄kedinBlockAce(DainipponSeiyaku,Osaka,Japan)forlhatroomtemperature

andthenincubatedinprimaryantibodyovemightat40C.AntiE-cadherin

monoclonalantibodywasused2μg/ml.AfterwashingPBS-T,eachcellwere

incubatedwithAlexaFluor488goatanti-mouseIgGandTO-PRO-3(Molecular

Probes,Eugene,Oregon,USA)forlhatroomtemperature.Immunodetectionwas

carriedoutusingconfocalmicroscopy.

Migrationassay

Migrationassayofcancercellstowardsendothelialcell-conditionedmedium

wasmeasuredusingtranswellchambers(Costar,Cambridge,MA)with8mmdiameter,

tissueculture-treatedfilterswith8μmporesaccordingtothemethodofRepesh[23]

withsomemodifications.Tumorcells(5x105m1-1)weresuspendedinRPMI

supplementedwithO.1%bovineserumalbuminandthecellsuspensions(1001隠1)were

thenplacedintotheuppercompartmentofatranswellchamber.RPMIand20μg/ml

doseoffibronectinwerethenplacedintothelowercompartment.Afterincubationfor

15h,cellsthatpenetratedthroughthefilterswerecounted.Eachfilterwasfixedwith

4%parafolmaldehydeinDulbecosphosphatedbufferedsaline(DPBS)andstainedin

Giemsasolution.Afterthecellsattachedtotheuppersideofthefilterwereremoved

bywipingwithacottopswab,thecellsattachedtothelowersideofthefilterwere

countedusingamicroscope.Thetotalnumberofcellsinthelowertranswell

compa直mentandonthelowersideoffilterweredete㎜ined,andchemo伽sw聡

expressedasthenumberofcellspenetratingthroughthefilterper5x1ぴcellsaddedto

theupPercompartment.
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Statisticalanalysis

Theresultsareexpressedasmean±SEM.Statisticalanalysiswas

perfo㎜edbyrepeatedmeasuresANOVAandsubsequentFisherlsLSDtest.P<0.05

wasconsideredstatisticallysignificant.CorTelationanalysiswasperfo㎜edby

Supearmancorrelation.

Resu且ts

WefirstexaminedtheeffectoftroglitazoneonE-cadhehnmRNAexpression

inhumanpancreaticcancercells.AsshowninFigureIA,real-timePCRstudies

demonstratedthatE-cadherinmRNAexpressionwasdose-dependentlyup。regulated24

haftertroglitazonetreatmentinPK。1cells.Next,weevaluatedproteinexpressionof

E-cadherinbywestemblottingandimmunohistochemistry.Asdemonstratedin

FigurelBandlC,westemblotdngandimmunostainingshowthattroglitazone

increasedE-cadherinproteinexpressioninadose-dependentfashioninPK-1cells.

Basedonthefindingsofimmunostaining,E-cadherinproteinislocalizedinthesurface

ofPK-lcellswhereitisrequiredforcadherin-mediatedcel1-celladhesion.These

resultssuggestthatPPARYactivationbyitsligandincreasesE-cadherinexpressionin

surfaceofhumanpancreaticcancercells.

Next,wehaveexaminedtheeffectofGW9662,aPPARYantagonist,on

E-cadherinmRNAexpressionstimulatedbytroglitazoneinPK-1cellstoclarify

whethertheelevatedmRNAexpressionofE-cadherinbytroglitazoneismediated

throughaPPARY-dependentmechanism.AsshowninTablel,althoughGW9662by

itselfdidnotchangeE-cadhehnnRNAexpression,GW9662significantlybutnot

completelyblockedtheup-regilationofE-cadherinmRNAexpressionbytroglitazone.

Tofurtherclarifythemechanismbywhichtroglitazoneup-regulates

E-cadherinexpressioninPK-1cells,aroleofMEK-ERKsignalingpathwaywas

examined.MEK-ERKinhibitors,PD98059andUO126,dose-dependentlyincreased

expressionofE-cadherinmRNAinPK-1cells(upperpanelsinFigure2).To

evaluateapossibilitythatinhbitionofMEK-ERKsignalingpathwaybyPD980590r

UO126influencespancreaticcancercellinvasion,amigrationassaywasperfomled.A

dose-relatedexperimentdemonstratedthatPD980590rUO126attesteddosespotently

inhibitedcellmigrationinPK-1cells(lowerpanelsinFigure2).
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Discussion

Wehavealreadydemonstratedthathumanpancreaticcancercellsexpress

functionalPPARYandPPARYactivationbyitsspecificligandssuchastroglitazone

inducedgrowtharrestandinhibitedcellinvasioninhumanpancreaticcancercells

[9-11].Theseresultssu8gestthatPPARYisapossiblemoleculartargetforpancreatic

cancertreatmentandPPARYligandssuchasthiazolidinedionesmayberelevantfor

cancertherapy.Howevermolecularmechanismsbywhichtroglitazoneexertsits

inhibitoryactionofcellinvasionarelargelyun㎞own.Thepresentstudywas

perfo㎜edtotesta耳ypothesisthatE-cadhehnmaybeinvolvedinthe

troglitazone-inducedinhibitionofcellinvasioninhumanpancreaticcancercells.

First,thepresentstudyclearlydemonstratedthatPPARYactivationby

troglitazoneincreasedE-cadherinmRNAandproteinexpressioninPK-1cells.

Epithelial-mesenchymaltransitlon(EMT)isimplicatedintheprogressionofcancer

cells[141.E-cadhe1inplaysavitalroleinEMTincancercellprogression[14].For

instance,reducedexpressionofE-cadhehnincreasesincancercellinvasiveactivity.

Wehaveshownbyan'ηv"70migrationassayinthepreviousstudy[11】that

troglitazoneinhibitedcellmigrationinPK-1cells.Theseresultssuggestthat

troglitazoneup-regulatesE-cadhednexpression,therebyreducingcellinvasiveactivity

inhumanpancreaticcancercells.

AlthoughtroglitazonefunctionsasaligandforPPARY[3],troglitazoneexertsits

actionthroughaPPARY-independentmechanisminsomecases[24,25,26].We

thereforeex㎜inedwhetherelevatedE-cadhehnmRNAbytrogli㈱neindeeddepends

uponPPARYactivation.Asdemonstratedinthisstudy,aPPARYantagonist,GW9662

partiallybutnotcompletelyblockedthetroglitazone-inducedstimulationofE-cadherin

mRNAexpressioninPK-1cells.Wewouldthereforespeculatethatboth

PPARY-dependentand-independentmechanismsmightbeinvolvedinthe

up-regulationofE-cadherinmRNAexpressionbytroglitazoneinPK-1cells.Further

investigationshouldbeneededtoclarifythePPARY-independentmechanism.

Mitogen-activatedproteinkinases(MAPKs)areessentialcomponentsofthe

intracellularsignaltransductionpathwaysthatregulatecellproliferationandcell

motility[27].TherearethreesubgroupsofMAPKs,extracellularsignalrelated

kinases(ERKs),c-JunN-te㎜inalproteinlinases(JNKs)andp38MAPKs.Wehave
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recentlydemonstratedthatamongthesethreekinases,troglitazonespecificallyinhibited

ERKsignalingpathwayinPK-1cells[28].IthasbeenreportedthatERKsignaling

pathwayregulatesE-cadherinexpression.Hommaetal.[29】havedemonstratedthat

upontreatmentwithERKkinase(MEK)inhibitorPD98059,E-cadherinaccumulatedin

theareaofintercellularcontactzone.Incontrast,constitutivelyactive

MEK-transfectedhumanhepatocellularcancercellsshowedreducedE-cadherin

expression,suggestingthatinhibitionofMEK-ERKsignalingincreasesE-cadherin

expressionincancercells.Thepresentstudyclearlydemonstratedthateither

troglitazoneorMEK-ERKinhibitionbyitsspecificinhibitorsincreasedexpressionof

E-cadherininPK-1cells.Consideringourrecentevidencethattroglitazonepotently

inhibitedMEK-ERKsignalingpathwayinPK-1cells[28],wewouldspeculatethat

troglitazonesuppressesMEK-ERKsignalingpathway,followedbyincreased

expressionofE-cadherininPK-1cells.

TofurtherclarifywhetherinhibitionoftheMEK-ERKsignalingisimplicatedin

inhibitionofcellinvasiveactivityinPK-1cells,wehavedemonstratedacoupleof

findingsinthisandourpreviousstudies.TreatmentofPK-1cellswithaMEK

inhibitor,UO1260rPD98059completelyblockedERK1/2phosphorylationas

demonstratedinourrecentstudy[28]andsignificantlyinhibitedcellmigrationas

showninthepresentstudy,indicatingthatinhibitionoftheMEK-ERKsignaling

pathwaybyitselfissufficienttoinduceinhibitionofcellmotilityinPK-1cells.

RecentreportshavedemonstratedthatMEK-ERKinihibitors,PD98059andUOl26

inhibitedcellinvasioninculturedmalignantpleuralmesotheliomaandhuman

melanomacells[30,31],beinginagreementwithourpresentfindingonhuman

pancreaticcancercells.TogetherwithourpreviousdatathattreatmentofPK-lcells

withtroglitazoneinhibitedMEK-ERKsignaling餌,thepresentresultssuggestthat

PPARYactivationbyitsligand,troglitazone,increasesE-cadherinexpressionpossibly

throughinhibitionofMEK-ERKsignalingpathway,therebysuppressingcellinvasive

activityinhumanpancreaticcancercells.
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Figurelegends

Figure1.E-cadherinmRNAandproteinexpressionbytroglitazoneinPK-1cells.

(A)DoseresponseeffectoftroglitazoneonE-cadherinmRNAexpressioninhuman

pancreaticcancercells.PK-1cellsweretreatedwithseveraIdosesoftroglitazoneand

24haftertreatment,E-cadherinmRNAexpressionwasdetectedbyreal-timePCR.

Dataareexpressedasthemean±SEMof6experiments.*p<0.01whencompared

withDMSOalone.(B)DoseresponseeffectoftroglitazoneonE-cadherinprotein

expressioninhumanpancreaticcancercells.PK-1ceIlsweretreatedwithseveraI

dosesoftroglitazoneand48haftertreatment,E-cadherinproteinexpressionwas

detectedbywestemblot(B)orimmunostaining(C).

Figure2.EffectofMEL-ERKinhibitoirs,PD98059andUO126,0nE-cadherin

mRNAexpressionandcellmigrationinPK-1cells.

DoseresponseeffectofMEK-ERKinhibitors,PD98059(A)andUO126(B)on

E-cadherinmRNAexpression(upperpanel)andcellmigration(10werpanel)inhuman

pancreaticcancercells.PK-1cellsweretreatedwithseveraldosesoftheinhibitors

and24haftertreatment,E-cadherinmRNAexpressionwasdetectedbyreal-timePCR.

Dataareexpressedasthemean±S盲Mof6experiments.*p<0.Olwhencompared

withDMSOalone.Migrationassaywasperfo㎜edinPK-1cellsthathadbeentreated

withseveraldosesoftheinhibitorsandcellinvasiveactivitywasevaluatedat15h.

Dataareexpressedasthemean±SEMof6experiments.*p<0.01whencompared

withDMSOalone.



Tablel

EffectofGW9662,aPPARYantagonist,onthetroglitazone-induced

stimulationofE-cadherinmRNAexpressioninhumanpancreaticcancer

cellS

E-cadherinmRNArelativeexpression

DMSO

Troglitazone

2.10±0.18

7.34±0.56*

GW9662+DMSO

GW9662+Troglitazone

2.41±0.21

5.24±0.28**,***

PK-1cellsweretreatedwithtroglitazone(100μM)orDMSO,and

simultaneouslywithorwithoutGW9662(20μM),aPPARYantagonist.

Twentyfburhaftertreatment,E-cadherinmRNAexpressionwasdetected

byreal-timePCR.Dataareexpressedasthemean±SEMof50r6

experiments.*p<0.01,whencomparedwithDMSOalone.**p<0.01,

whencomparedwithGW9662+DMSO,***p<0.01,whencompared

withTroglitazone.
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