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研究成果

ホルモン不応性のLNCapの樹立

ホルモン不応性のLNCaPの樹立を目指してマトリゲルを用いてLNCaP細胞をSCIDマウス皮下

へ移植した。マウスの精巣を摘除後、増殖を来した移植腫瘍を摘出し、再度予め精巣を摘除された

マウスに移植、これを3回繰り返した。ここで腫瘍を形成したものをLNCaP-Lec4とし、この腫

瘍組織より細胞株を樹立した。いつぽうLNCaPを低アンドロゲン環境下に6ケ月問継代したもの

をLNCaP-SFとした。

ホルモン不応性のLNCaPの特性

LNCaP-I_ec4、およびLNCaP-SFは親株であるLNCaPに比べ、castratedmiceにおいて明らか

に増殖速度は速く(Figurel)、アンドロゲン非依存性の獲得が示された。またLNCaP-SFを

マウス骨(tibia)に注入したところ、約10週でosteoblasticchangeを主体とした骨腫瘍を形

成した(Figure2)。組織学的には骨梁形成が著明でありOsteoblastの活性化が示唆された

(Figure3)。以上の結果から、invitro,invivoにおける低アンドロゲン環境が、ホルモン抵

抗性の獲得、ならびに骨組織での造骨性変化を伴う増殖に関わることが示唆された。これらのモデ

ルは、ヒト前立腺癌におけるホルモン不応性の獲得ならびにホルモン不応性前立腺癌の造骨性骨転

移巣形成の分子機構を研究するうえで有用であると考えられた。

ビスフォスフォネートの抗腫瘍効果

破骨細胞の活性を抑制するピスフォスフォネートは癌の骨転移による骨痛を抑制する作用が報告さ

れている。乳癌においては、invitroにおける殺細胞効果、さらに骨転移巣で腫瘍増殖抑制効果が

報告され、癌治療薬としての役割が新しい世代のビスフオスフオネートに期待されるようになった。

そこで我々は第3世代のビスフォスフォネートであるインカドロネートあるいはミドロノネートを

3種のヒト前立腺癌細胞に加え、その殺細胞効果を検討した。濃度依存的、時間依存的に細胞増殖
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抑制効果が認められた(Figure4)。ついで細胞増殖抑制効果にアポトーシスの関与があるか否

かを検討した。ヒト前立腺癌由来培養細胞:PC-3cellにおけるDNAfagmentaiOn、および核の凝縮像

（タネル染色陽性）が認められ、アポトーシスの関与が示された(Figure5)。この分子機構を明

らかにする目的に、アポトーシス関連因子の変化を検討した。Bcl2の抑制およびBaxの発現増強

が認められ、濃度依存的にbcl-2/baxratioの低下が認められた(Figure6)。さらにカスパー

ゼ3の活性化が認められ、カスパーゼ3のinhibitorを投与すると、殺細胞効果は抑制され、ある

程度アポトーシスが回避されることが示唆された(Figure7)。ついでDNAの修復に促進的な

作用を持つpoly(ADP)-ribosepolymerase(PARP)の変化を検討したところ、ビスフォスフォネー

トの濃度依存的に分解されることが示され(Figure8)、アポトーシス関連因子の一連の動きが

部分的ではあるが解明された。さらにビスフオスフオネートの投与により、receptoractivatorof

nuclearfactorKBligand(RANKI_j,parathyroidhormonerelatedprotein(PI､HrP),matrix

metalloprotease-2(MMP-2)の抑制が認められ(Figure9)、これらの変化は破骨細胞の活性化の抑

制、骨基質への細胞浸潤の抑制につながることが考えられ、いずれも転移巣の成立、進展を阻止するメカニ

ズムを説明しうる変化と考えられた。

ついでinvivoにおけるビスフオスフオネートの抗腫瘍効果を先に示したマウス骨腫瘍のモデルを

用いて検討した。LNCaP-SF細胞をマウス骨(tibia)に移植し、1週目より第3世代のビスフオ

スフオネートであるYM-529を週1回10週間に渡り腹腔内に投与し腫瘍増殖抑制効果を検討した。

投与量依存的に抗腫瘍効果が確認された(Tablel)。組織学的には、コントロールでは骨基質

の形成を伴った腫瘍細胞の増殖が認められるのに対して、YM-529投与群では、骨髄内には腫瘍

細胞の存在は認められるものの骨基質に浸潤する像は認められず、増殖および骨基質への浸潤は抑

制されたと考えられる(FigurelO)｡

以上の結果から、新世代のビスフオスフオネートは破骨細胞の活性抑制ばかりでなく、腫瘍細胞に

対する直接的な殺細胞効果、さらには腫瘍細胞から産生される骨吸収促進を促す因子に対する抑制

効果を通して、骨転移巣に対する治療効果を発揮することが期待される。
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toassesstheexp工essionofosteoclastogeniccytokinesandMMP-2j.nPC-3ceユユs・

EqualamountsofcDNAandp工oteinwereloadedpeヱユaneforRT-PCRandwestern

b]-otti.n9．AsforEｴ』工SH,abso]gbanceat450nmwasmeasuredtoassesstheOPG

proteinleveユ。画xpressj-ono壷RANKLwasassessedbyRT－PCRandwesternblotting

(A)。ExpressionofOPGwasassessedbyRT-PCRandEI』ｴSA(B)。Expressﾕonof

pTHrPwasassessedbyRT-PCRandwesternblotti.ng(C)。ExpressionofMMP-2

wasassessedbyRT-PCRandwesternbﾕ○七七ing(D)｡
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ABSTRACT

BisphosphonatesarewellerablishedfOrthemanagementofcancer-inducedskeletal

complications.Recentstudiessuggestthatbisphosphonatespromoteapoptosisofcancer

cellsaswellasosteoclastsinbonemetastaticsites.Inthepresent､udy,todeterminethedirect

effectsofbisphosphonateonprostatecancercells,

weexaminedtheeffectsofminodronateonprostaticcancercellgrowthandtheexpression

ofapoptosisrelatedproteinsandosteoclastogenicfactors.PC-3,DU145andLNCaP

cellsweretreatedwithamino-bisphosphonateminodronate.Thenproliferation,apoptosisand

expressionofbcl-2!bax,poly(ADP)-ribosepolymerase(PARP),caspase-3,receptoractivator
会

ofnuclearfactor-旧ligand(RANKL),osteoprotegerin(OPG),matrixmetalloproteinases-2(MMP-

2),andparathyroidhormonerelatedprotein(PTHrP)wereassessed.Theproliferation

ofLNCaRDU145andPC-3ceIIswereinhibitedbyminodronate.DNAfragmentation

andTUNELpositivenucleiwereobservedinminodronatetreatedPC-3cells.

Minodronatedecreasedbaxexpressionandinducedbcl-2expression,caspase-3activityand

degradationofPARPinDU145andPC-3cells.MinodronatedecreasedexpressionofRANKL,

PTHrPandMMP-2inPC-3cells.Ourresultssuggestthatbisphosphonatenot

onlydirectlypromotesprostatecancercellapoptosisbutalsodecreasespro-osteoclastic

geneexpressioninprostatecancercells.

INTRODUCTION

Recentdevelopmentsinhormonetherapy,radiationtherapy,andsurgicalmethodsallowfOr

completecureofearlystageprostatecancer.incontra､,therearenodurabletherapiesfOr

advanceprostatecancer(1).Hormonaltherapyisusefulbutitseffectsarelimited

becausetheprostatecancerchangestoandrogen-independentphenotypeoverseveral

yearsoftherapy(2-4).Asprostatecancerprogress,bonemetastasesdevelopinover80%

ofthepatients(5).Managementofbonemetastases,which

causepathologicalfracture,nerveparalysis,bonepainandlimitedmobility,isveryimportantfOr

improvementandmaintenanceofthepatient'squaiityoflifeandprognosis(6-8).However,an

effectivetreatmentfOrhormonerefractoryprostatecancerwithbonemetastaseshasnotbeen

established.

Bisphosphonatesareanaloguesofendogenouspyrophosphate.Invivo,

bisphosphonatesbindtohydroxyapatiteonthebonesurfaceand

arepreferentiallydeliveredtositesofincreasedboneremodeling.Theyarepotent

inhibitorsofosteociafmediatedboneresorptionand

areeffectiveinloweringserumcalciumconcentration.Bisphosphonatesdirectlyinduceapoptosi

sofosteoclaststhroughthemevalonatePathwayandpreventingtheisoprenylation

ofsmalIGTP-bindingproteinssuchasRasandRho.Theseosteoclastinhibitoryeffectsresultin

inhibitionofboneabsorption(9-11).Bisphosphonateshavebeenshowntoreducebonepain,

improvequalityoflife,andtodelayskeietaleventinpatientswithbreastcanceror

multiplemyeloma(12,13).Inaddition,bisphosphonateshavebeenshowntoexhibitdirect

anti-tumoreffectsinmultipletypesofcancerceIIs(14-16).Inaclinicalstudy,itwasshownthat

administrationofbisphosphonatestopatientswIthpainfulproatecancer

bonemetastasesresultedinasignificantpaindecreaseandasignificant

decreaseinthedailyconsumptionofanaigesics(17).Moreover,wepreviouslyreporteda

caseofhormonerefractoryprostatecancerwithbonemetastasisinwhicha
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bisphosphonatedecreasednotonlybonepain,but

aisoserumPSAlevelsduringclinicaltreatmentfbrprostatecancer(18).Thereductionin

PSAleveissuggeststhatbisphosphonatesdecreasestumor

burden.However,themechanismsoftheinvivoeffectsofbisphosphonateshavenot

beenfuliyelucidated.

Thegoalofthisudywastoclarifythemechanismsthroughwhich

bisphosphonatesachievetheirtherapeutic

effectsonhormonerefractorypro､atecancer.Accordingly,

weevaluatedtheeffectsofbisphosphonatesontheproliferation,apoptosisandcytckineand

growthfactorexpressioninprostatecancercelllines,usingthenewthirdgeneration

bisphosphonatesminodronateandincadronate､

MATERIALSANDMETHODS

Reagents･MinodronateandincadronatewereagiftfromYamanouchipharmaceutical

(Tbkyo,Japan).MinodronatewasdissoIvedinlNNaOHthenthepH

adjustedto7.4.Bisphosphonateswerepreparedinphosphatebufferedsalineandthen

dilutedpriortoadditiontocellcultures.

Celllineandcellcuiture.ThehumanprostaticcancerceillinesPC-3,DU145andLNCaP

weremaintainedinRPMIorDMEMmediumsupplementedwithantibioticsand10%"tal

bovineserum(Sigma-aldrich,Missouri,USA).Cellswerepassagedbytrypsinizationand

culturedat37℃in5%CO2.

Cellproliferatio碗assay.PC-3,DU145andLNCaPproratecancercellswereplatedata

densityof5_104cellsonto6wellplateswithDMEMorRPMI-10%FBSand

allowedtoadhereandproliferatefor24h.CeIIswerethenincubatedwithfresh

mediumcontainingindicatedconcentrationsofminodronateorincadronatefOr72h,or

celIswereincubatedwithfreshmediacontaininglOiMofminodronatefor24,48,and72h.ln

eachexperiment,celIswereharvestedandcellnumberwascountedusingahaemocytometer.

DetectionofApoptosisusingDNAfragmentationassay､5_104PC-3celIswereplated

onto6wellsplates,allowedtoadhereovemightandtreatedwithminodronateattheindicated

concentrationsorwithestramustinephosphate(20iM)asapositivecontrolfCr

24h.CellswereharvestedandDNAwasextractedandlOigofDNA

sampleswereelectrophoresedonanl.5%agarosegelusingtheApoptosisladderdetectionkit

(WAKO!Osaka,Japan).Afterelectrophoresis,staininginSYBRTMGreenlworkingsolution

wasperformed.Tbvisualizebands,anUVtransilluminatorofwaveiength254nmwitha

yeIIowgelatinfilterwasused.

DetectionofApoptosisusingTUNELassayoAfter5_104PC-3andDU145cellswereplated,
ceIIsweretreatedwithlOiMminodronatefor24h.ATUNEL(terminal

deoxynucleotidyltransferase-mediateddUTP-

biotinnickendlabeling)techniquewasperformedtodetectapoptoticcelisusingthe/n

s""ApoptosisDetectionKit(TAKARABIOINC,Shiga,Japan)

accordingtothemanufacturer'sinstruction.FIuorescenemicroscopywasusedtoconhrmtheex

istenceofpositivelystainedcells.
P

Measurementofactivityofcaspase-3･After310oPC-3andDU145ceIIswereplatedonto6

welisplatesandcellsweretreatedwith30iMminodronateintheabsenceorpresenceof201M
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ofbroadcaspase-3inhibitor,Z-VAD-FMK,fOr24h.Thecaspase-3specificactivityinPC-3

andDU145wasdeterminedusingCaspACETMASSAYSystem,CoIorimetric(Promega,
Wisconsin,USA)accordingtomanu伯cturer'sinstructions.Inanotherexperiment,5_104PC-3
andDU145cellswereplatedonto6wellsplates,andcellsweretreatedwithO-301M

minodronateintheabsenceorpresenceof50iMZ-VAD-FMKfOr72h.Viablecellswerethen

countedusingahaemocytometer.

RT-PCR･TbtalRNAwasextractedusinglSOGEN

(NipponGene,1bkyo,Japan).TbmakecomplementaryDNA,1igtotalRNA

wassuqectedtoreversetranscriptionwasperformedusingThermoScriptTMRT

(Invitrogen,CalifOrnia,USA).RT-PCRwasperformedusingTaKaRaExTaqTMHotStartVersion
(TnKARABIOINC,Shiga,Japan)andthefOllowingprimers:human/mouseTRANCEPCR

PrimerPairTMforRANKL,human/mouseOPGPCRPrimerPairTMfor

OPG,human/mouseMMP-2PCRPrimerPairTMfOrMMP-2(R&Dsystems,Minneapolis,USA),
andPTHrPprimerfOrPTHrP(Sigma-genosysJapan,Hokkaido,Japan).RT-PCR

conditionfOrRANKLwas94℃fOr4minfOllowedby35cyclesof94℃fOr45s/56.5℃fOr45s/72

bfOr45s,fOrOPG94℃fOr4minfOllowedby30cyclesof94℃fOr45s/55.5℃fOr45s/72℃fOr

45s,fOrMMP-294℃fOr4minfOllowedby33cyclesof94℃fOr30s/55℃fOr30s/72℃fOr30s,

andfOrPTHrP94℃for4minfollowedby20cyclesof94℃for30s/55℃for30s/72℃for

30s.RT-PCRproductswereelectrophoresedonan1.5%agarosegelandvisualized

byethidiumbromidestainingunderUVlight.

OPGproteinmeasurement・After5_104PC-3cellswereplatedonto6wellsplates,
cellsweretreatedwithO-301MminodronatefOr24h.Conditionedmediumwasharvestedand

centrifugedtoremovedebris.Sampleswerestoredat-80℃untilused.OPGproteinsecretion

wasdeterminedusingOsteoprotegerinELISAkit(BIOMEDICA,Wien,Austria)

accordingtothemanufacturer'sinstruction.

WesternBIotting.After5_105PC-3cellswereplated,cellsweretreatedwithO-301M

minodronatefOr24h.Then,cellswerelysedwithlysisbuffercomposedof50mMTris-HCI(pH

8.0),150mMNaCI,0.1%TritonX-100,0.01mg/mlaprotininandO.05

mg/mlphenylmethylsulphonylfluoride.ProteinwasquantinedbymethodsofBradfOrdandequal

amountofproteinwereloadedandelectrophoresedonal0%sodiumdodecyl

sulfate-polyacrylamidegelelectrophoresismini-ge1.ProteinsweretransferredtoPVDF

membrane(Bio-rad,CalifOrnia,USA)andpreblockedwithcaseinPBSand0.05%Tween-20fOr

1hatroomtemperature.MembraneswereincubatedwithmousemonocIonalantibodyagainst

bcl-2,PARRandrabbitmonoclonalantibodyagainstbax!MMP-2,RANKL!andgoatmonocIonal

antibodyagainstPTHrP(SantaCruz,CalifOrnia,USA).Horseradishperoxidase-conjugrated

secondaryantibodyagainstanti-mouseorrabbitorgoatmonoclonalantibodywasused

andproteinbandswerevisualisedwithenhancedchemiluminescencereagent.

Statistics.Experimentswereperformedintriplicateunlessotherwisestated.AIIstatistical

comparisonsweremadeusingunpaired,Mo-tailedStudent'sttest,assumingunequalvariance.

RESULTS

Growthinhibitionbyminodronate.Wenrstevaluatedtheeffectofminodronateand

incadronateonproliferationofprostatecancercells.Bothbisphosphonatesinhibitedproliferation

ofPC-3,DU145andLNCaPcellsinadose-dependentmanner(Fig.1A).Minodronatewasa
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morepotentinhibitorofprolifeiationthanincadronate.Wenextevaluatediftheefct

ofminodronatewastimedependent.MinodronatesignincantlyinhibitedproliferationofPC-

3,DU145andLNCaPcellsinatimedependentmanner(Fig.1B)．ThelC50valuebr

incadronateinLNCaP,DU145andPC-3was34.01M16.31Mand57.21M,respectively,

whereasthatfbrminodronatewas6.32iM5.231Mand18.7iM,respectively(Table.1)"

Detectionofapoptosis｡~Ibinvestigatewhetherminodronateinducedapoptosis,

weperformedDNAfragmentaticnandTUNELassays.MinodronateinducedDNAfragmentation

inPC-3ceilsinadose-dependentmanner(Fig.2A)andnuclearapoptosis(Fig.2B).lnDU145

cells,thesamephenomenonwasobserved(datenotshown).Theseresultssuggestthat

minodronatedirectlycauseapoptosisinprostatecancercells.

Effectsofbisphosphonateonexpressionofbcl-2andbaxoAnumber

ofproteinsareimplicatedintheregulationofapoptosis.lthasbeendemonstratedthatthebcl-2

geneproductconfersresirancetoapoptosisinducedbyanumbersof､imuli,

whileitshomologue,bax,promotesapoptosis(19,20).in

ordertoinvestigatethemechanismthroughwhich

bisphosphonatesinduceapoptosisinprostatecancercells,theeffectsofminodronateonbcl-2

andbaxexpressionwereevaluated.Minodronatereducedbcl-2expression(Fig.3A).Incontra､,

minodronateinducedexpressionofbaxinadose-dependentmanner(Fig.3A).Wnet

al.reportedthatthesusceptibilityofacelitoundergoapoptosisdependsinpart

ontheratioofbcl-2tobax,withaIowerratiofavoringofapoptosis(19).

Minodronatereducedthebcl2/baxratioinbothPC-3andDU145cellsinadose-dependent

manner(Fig.3B),suggestingthatminodronateinducesapoptosisthroughdown-regulation

ofthebcl2/baxratioinprostatecancercells.

Effectsofminodronateonexpressionofcaspase-3

andpoly(ADP)-ribosepolymerase(PARP).Caspase-3isthemostprevalentcaspaseand

isresponsiblefOramajorityofapoptoticeffects.Thus,weinvestigatedtheeffect

ofminodronateoncaspase-3actMtyinPC-3andDU145celIs.Minodronateinducedcaspase-3

activity(Fig.4A).Additionofthecaspase-3inhibitorZ-VAD-FMKresultedininhibition

ofminodronate-inducedcaspase-3inbothPC-3andDU145cells・inaddition,Z-VAD-FMK

blockedminodronatecelldeathinbothPC-3andDU145

cells(Fig.4B).Theseresultssuggestthatminodronateinducesapoptosisthroughacaspase-3-

dependentmechanism.

AnotherkeyfeatureofapoptosisisproteolyticcleavageofPARPasa

consequenceofactivationofcaspases・lthasbeensuggestedthatPARPisassociatedwith

breakingandrqoiningofDNAstrands,andplaysapivotalroleinDNAdamagerepair.Full-length

activePARPisall6kDamoleculewhichiscleavedtofragmentsof85kDaand30kDa

bytheactionofcaspase-3andrelatedcaspases(21).Caspase-mediatedproteolysisofPARP

isanearlyeventofprogrammedcelldeathinavarietyofcells(22).In

ordertodeterminetheeffectofminodronateonPARP,expressionofPARPinPC-3andDU145

wasexamined・MinodronatetreatmentdecreasedexpressionofintactPARPandincreased

expressionofthe85kDafragmentinbothcelllines(Fig.5).Thesefindingssuggestthat

minodronateinducedproteolysisofPARPthroughcaspase-3activation.

Effectofminodronateonexpressionofgrowthfactorsand

cytokinesderivedfromprostaticcancercells･吃riouscancercells,includingprostatecancer

ceIIs,secreteanumberofgrowthfactorsandcytokineswhichstimuiateosteoclast-mediated
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boneresorption(23).Accordingly,wedeterminedifminodronatemodulatedexpressionofpro-

o､eoclastogenicproteins.MinodronatedecreasedbothRANKLmRNAandproteinlevelsina

dose-dependentmannerinPC-3ceilsinadose-dependentmanner(Fig.6A).Incontrast,

minodronatehadnoeffectonOPGmRNAandproteinexpression(Fig.6B).

MinodronatehadnoeffectonmRNAexpressionbutdecreasedPTHrPpmteinlevelinPC-3

cells(Fig.6C).Finally,expressionofminodronatedecreasedMMP-2mRNAandprotein

expressioninadose-dependentmannerPC-3celis(Fig6D).

DISCUSSION

|nthepresentstudy,minodronate,whichisanewthirdgenerationbisphosphonate,

directlyinhibitedtotalcellaccumulationofLNCaRDU145andPC-3prostatecancer

cellsinvitrothroughinductionofapoptosis.|naddition,minodronatetreatmentinducedPARP

degradationandapoptosisthroughcaspase-3inPC-3celis.lthasbeensuggestedthat

bisphosphonatesindirectlyinhibittumorgrowththroughinhibitionofboneabsorption(15,

24).However,thereisincreasingevidencethatbisphosphonatesmaydirectlyinhibittumor

growth・Forexample,thebisphosphonatepamidronateinhibitedproliferationoftheMDA-MB-

231brearcancercellaccumulationthroughinductionofapoptosisthatwasassociatedwitha

decreasedbcl-2/baxratioandPARPproteolysis(14).Additionally,pamidronateinhibited

cellproliferationofPC-3!DU145andLNCaPprostatecancercelisinvitro(25).Moreover,

anotherbisphosphonate,alendronate,inducedapoptosisandpreventedinvasion

ofprostatecancercelisbyinhibitingthemevalonatepathway(26).Finally,it

wasdemonstratedthatlOILMofzoledronate,whichisalsoanewthirdgeneration

ofbisphosphonate,directlyinducedapoptosisinprostaticcancer

celllines(27).Thesepreviousreports,takentogetherwithourresuits,suggestthat

bisphosphonatesdirectlyinducepro､atecancercellapoptosis.

|nthepresentstudy,wedemonstratedthatminodronatedecreasedbcI-2expression,

increasedbaxexpressionandinducedproteolysisofPARPfollowingcaspase-3

activation.Theseresultssuggestthatthedirecteffectofbisphosphonateoncancer

cellsiscaspase-3dependent.However,additionofthecaspase-3inhibitorZ-VAD-FMK

onlypartiallyprotectedprostatecancerceIIsfromminodronateinduced-

apoptosis.ThisfindingimpliesthatothercaspasesmaybeinvoIvedinbisphosphonate-induced

apoptosis.AIternatively,othermechanismsmayplayaroleintheinductionofapoptosis.For

example,anothermechanismthroughwhichbisphosphonatesmayinduceapoptosisincancer

cellsissuggestedbythereportthatamino-

bisphosphonatesinhibitfamesylpyrophosphatesynthaseinthecholesteroi

biosyntheticpathwayinosteoclasts(10).Specifically,amino-

bisphosphonatesblockthemevalonatepathwaythatinducesapoptosisintheJ774

macrophage-likecellline(11).Themevalonatepathwaymediatescholesterol

biosynthesiswhichisimportantfOrisoprenylationofsmallGTPbindingproteinssuch

asRac,Rho,RabandRas.lthasbeendemon､ratedthatthebisphosphonatezoiedronicacid

impairsmembranelocalizationofisoprenylatedRas!

whichresultsinpromotingapoptosisofprostatecancer

celIs(27).Althoughthesepathwaysinduceapoptosis,itisunknownwhetherinhibition

ofisoprenylationofsmaIIGTPbindingproteinsinducesapoptosisthroughregulationofbcl-2or

6



baxoractivationofcaspases.

Inadditiontoapoptosis,bisphosphonatesmayregulatecancercellsthrough

effectinggrowthfactorsandcytokinesthatplomotecancercellprogression.Severalimportant

moleculesthateffectcancerphenotypeincludeoreoprotegerin(OPG)andRANKL

(28).RANKLisamemberoftheTNFfamily,whichisinitiallyexpressedbybonemarrowrromal

cells,osteoblastsandactivatedTceIIs(30).RANKLismainlyamembrane-anchored

molecule.However,smallfractionofRANKLisreleasedthroughproteolyticcleavageoncell
surbceasasolublehomotrimericmoleculeandboth

kindsofRANKLpromoteo､eocla､fOrmationandactivationbybindingtoRANK

ontheosteocla､plecursormembrane(31)"Prostatecancer

isknowntoexpressmembraneanchoredandsolubleRANKL(23,32).incontrast,OPG

actsasadecoyreceptoragainstRANKLandexpressionofOPG

byo､eoblastsunderhormoneregulationisthoughttoinhibit

osteoclastgenesisbybindingthedifferentiatingfactor(33).inimmunohistochemicalstudy,

bonemetastasesofprostatecancerwereconsistentlyimmunoreactivefOrbothRANKLand

OPGcomparedwithnon-osseousmetastasesorprimaryprostatecancer(34).lthasbeen

demonstratedthattheinductionofosteoclastgenesisisdependent

upontherelativeabundanceofRANKLcomparedwiththelevelofOPG

(35).BisphosphonateshavebeenshowntoincreaseOPG

expressionfromosteoblastsinvitro(29)．TheincreasedOPGdiminishesosteolyticactivity.

Weobservedthatminodronatecauseddown-regulationoftheexpressionoftwopro-osteolytic

molecules1RANKL,incancercelis.Thus,similartothepreviouslyreportedeffectonOPG,

minodronatediminishesosteolyticactivitythroughinhibitionoftheseproteins.

Anotherimportantosteoclastogenicfactorisparathyroidhormonerelatedpmtein(PTHrP),

whichincreasesboneresorptioninsolidtumors(36).OverexpressionofPTHrP

inprostatecancercellshasbeenshowntoinduceoreolyticlesionsintheboneofrats(37).

PTHrPproductionbyprimaryprostatictumorsisassociatedwithincreasedtumor

sizeandrateofgrowthinananimalmodel,suggestingthatPTHrPactsinanautocrineor

intracrinemechanismtopromotetumorgrowth(38)．Wemundthatminodronatedecreased

PTHrPexpression,thusfavoringadecreaseinoeolyticactivity.Thesefindingssuggestthat

minodronatemightprevento:eoclastogenesisandgrowthofprostaticcancercelIsin

bonemicrcenvironmentbyinhibitingparacrineandautocrinesecretionofPTHrPfromcancer

ceils.

MMPsareessentialfactorsfOrinvasionandmetastasisincancercells.MMPsalsohavean

importantroleinboneremodeling.Kusancetal.demonstratedthatinductionofMMP-2,-3,-9

and-13bylL-1andIL-6iscioselylinkedtotherespectivebone-resorbingactivityin

mousecalvaria,suggeingthatMMP-dependentdegradationOfbonematrixplaysakeyrolein

boneresorption(39)．ProstatecancersecretesalargenumberofMMPs(40-44)

suggestingthattheymayplayaroleinprostatecancer-mediatedboneresorption.

WeidentifiedthatminodronatedecreasedMMP-2expressionfromprostatecancer

cells.Theseresultsaresimilartoapreviousreportinwhichitwasshownthat

alendronatedecreasedMMP-2and-9activityinPC-3celisinjectedintothefemurofSCID

mice(45).ThesedatasuggestthatinhibitionofMMPsmaycontributetobisphosphonate-

mediatedinhibitionofo､eolyticactivityinprostatecancer.

Inconclusion,inadditiontoinducingosteoclastapoptosis,
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minodronateinducesapoptosisofprostatecancercellsdirectlyviacaspase-3.Additionally,

bisphosphonatesmaydecreaseosteoclastogenesisthroughinhibitingexpressionofpro-

ostecclasticproteinproductionfromprostatecancer

cells.TBkentogether,theseresuitsimplythatsomebisphosphonateshavea

dualroleintherapyofprostatecancerbonemetastases;namely,inhibitingprostatecancer-

inducedboneresorptionanddirectlyinhibitingprostatetumorgrowththroughpromotion

ofapoptosis.

Acknowiedgments

Thisworkwassupported,inpalt,bygrantsUSAMRMCProstateCancerResearch

ProgramGrant#DAMD17-03-1-0092,NationalCancerlnstituteSPORE1P50CA69568

andUniversityofMichigan!sCancerCenterSupportGrant5P30CA46592

8



FIGURELEGEND

Figurel･EffectsofMinodronateonprostatecancercelllines.

LNCaRDU145andPC-3celIsweretreatedwithO-100iMofminodronateorincadronatefOr

72hbefOreharvesting.Theviableceliswerecountedusingahematocytometer(A).
、

LNCaP,DU145andPC-3ceIIsweretreatedwithlOIMofminodronatefOrO-72h

bebrehaIve､ingandtheviablecellnumberwascounted(B).Errorbarsindicatemean±1SD

★p<0.05｡

Figure2｡MinodronateinducesapoptosisinPC-3cells.

PC-3cellsweretreatedwithO-30iMminodronateorwith20iM

estramustinephosphateasapositivecontrolfOr24h.CeIIswereharvestedtotaIDNA

wasextractedandelectrophoresedonanl.5%agarosegel(A).PC-3ceIIsweretreatedwithlO

iMminodronatefor24handTUNELwasperfOrmedtodetectapoptotic

cells.FluorescencemicroscopywasusedtoconfirmtheexistenceofpositivelystainedceiIs!

magnificationx200(B).

Figure3｡Expressionofbcl-2andbaxinminodronate-treatedprostatecancerceillines.

PC-3andDU145celIsweretreatedwithO-30iMminodronatefOr24h.Totaicellprotein

wascollected,equaiamountsofproteinwereloadedperlaneandsubjectedtowestemblotfOr

bcl-2andbax(A).Correspondingdensitometricanalysisofbcl-2andbaxexpressionlevel

isshownastherationofbcl2/bax(B).

Figure4・Minodronateinducescaspase-3activityinprostatecancercelllines｡
q

PC-3andDU145ceIIsweretreatedwithOor30IMminodronatewithorwithouttheaddition

of20iMofZ-VAD-FMKfOr24h.TotalcellextractsweretestedfOrcaspase-3

activityusingtheCaspACEassaysystem.Resultsarereportedasabsorbanceat450nM(A)

PC-3andDU145cellsweretreatedwithO-1001Mwithorwithout501MofZ-VAD-FMKfOr

72h.TheviablecelIswerecountedusinghematocytometer(B).Errorbarsindicatemean

1SD.

Figure5｡MinodronateinducesdegradationofPARP(Poli-

ADPribosepolymerase)prostatecancercelilines.
、

PC-3andDU145cellsweretreatedwithO-30IMminodronatebr24h.Totai

cellsextractswereobtained,equalamountsofproteinloadedperlaneandthen

subjectedtowestemblottingforfull-lengthPARP(116kDa)andthePARPcleavagefragment

(85kDa).

Figure6.Expressionofproteinsandcytokinesinminodronate-treatedPC-3.

PC-3celisweretreatedwithO-301Mminodronatefor24h.TbtalRNAandtotalprotein

werecollected.RT-PCRandwesternblottingorELISAwascarried

outtoassesstheexpressionofosteoclastogeniccytokinesandMMP-2inPC-3cells.Equal

amountsofcDNAandproteinwereloadedPerlanefOrRTEPCRandwestern

blotting.AsfOrELISA,absorbanceat

450nmwasmeasuredtoassesstheOPGproteinlevel.ExpressionofRANKL

9



wasassessedbyRTLPCRandwestemblotting(A).ExpressionofOPGwasassessed

byRTLPCRandELISA(B).ExpressionofPTHrPwasassessedbyRT-PCRandwestern

blotting(C).ExpressionofMMP-2wasassessedbyRT-PCRandwesternblotting(D).
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Table｡1｡HoAsahietal｡

Table.1.IC50ofbisphosphonatesforprostatecancercell
lines

Concentration("M)

Minodronate Incadronate
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