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ABSTRACT

Airmurbanareasisheavmypollutedwitlldieselexhaustparticles(DEP)．The

constituentsandtlleiractionmechanismsresponsiblefbrtheantiandrogemceffectsof

dieselexllaustparticleextracts（DEPEs）werestudiesinhumanprostatecarcmoma

PC3/ARcellstransientlytransfectedwithprostatespecificantigen（PSA)‐promoter

luciferaseexpressionvectorBThepresentstudyrevealedthattheantiandmgemceffects

ofDEPEsweredueinparttopolycyclicammatichydrocarbons(EAHs)andtlleiraction

wasmediatedbyarylhydrocarbonleceptor(AhR)．FilrtllemtheeffectsofDEPEswere

enhancedbyahigherengineloadwhichresultedinDEPEswithelevatedAhRagonistic

andandrogenreceptor(AR)antagonisticactivities・ThepresentstuClyalsosuggesttllat

anAhR-mediatedmechanismofAhRagomsts，ｅ､９．匹AHS,toantagonizetlleARisto

inhibittheformationofARtranscriptioncomplexwllichcausedbythemteractionof

AhR/AhRnucleartranslocator(ARNT)complexwitllthesecondXREcountedfiomthe

transcriptionstartsiteofPSApromoterinPC3/ＡＲｃｅｎｓ．

-450-



IＮＴＲＯＤＵＣＴＩＯＮ

ThemamairpollutantsmurbanareasofJapanandEuropearenitlogendioxide

andsuspendedparticulatenlatter(SPM)．InJapanandEulUpe,tllegreatestportionof

SPM,wllichisfearedtoadverselyaffecthumanhealtll,isdieselexhaustparticles(DEP)．

Arylhydrocarbonreceptor（AhR）agomsts，ｅ､9．polycyclicaromatichydrocarbons

(PAHs)havingfburormorerings,havebeemeportedtobeconstituentsofDEPand

theyantagonizeandrogenactiontllroughactivationofAhRTherefbre,itwasthought

thattheantiandrogemceffectsofdieselexhaustparticleextracts(DEPEs)ｗｅrecaused

bynotonlytheconstituentswhicMirectlyaffectandrogenreceptor(AR)andalsothe

constituentswhichactivateAllR・ＴｌｌｉｓｓｍｄｙｉｓｆｏｃｕｓｅｄｏｎｔｈｅＡｈＲ－ｍｅdiated

antiandrogeniceffectsofDEPEsandthemolecularmechanismoftlleeffectsofAhR

agonists、TheeffectsofDEPEsandAhRagonistswereevaluatedonthebasisof

prostatespecificantigen（PSA）promotemnducedluciferaseexpressioninPC3/AR

wild-typehumanAR-expressingprostatecarcmomacells．

1.AntiandrogenicActWityofDieselExlmustParticleEXtractsinPCS/ARHuman

ProstateCarcinomaCells

lnchapterl，theauthorreportsresultsofthefirststudyontheandlogemcand

antiandrogeniceffectsofextractsofDEPelnittedftomdiesel-poweredvehiclesunder

dailyuse、TheautllorcollectedDEPelnittedfiomthreediesel-enginevehicles,ａcar,a

busandatruck，andprepaICdDEPEsanlples，designatedasEC，ＥＢａｎｄＥⅢ

respectively・TlleandmgenicandantiandrogemceffectsoftlleDEPEsampleswere

examinedbyalucifelasereporterassayinhumanprostatecarcinomaPC3/ARcells

transientlytransfectedwithaPSApromoter砦drivenluciferaseexpressionvector

pGLPSA5.8．ＰＣ3/ARisasublineoflllmlanprostatecarcinomaPC3transforlnedto

stablyexpresswild-typehumanARWhileDEPEsamplesdidnotexhibitany

androgeniceffect,theyexertedantiandrogemceffect,inhibiting5u-dihydrotestostelOne

(DHT)-mducedluciferaseactivityatanextractconcentrationoflO〆g/mLThe

antiandrogeniceffectwasgreatermthefb11owingorder:ＢＴ＞ＥＢ＞ＥＣ・Co-treatlnent
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ofPC3/ARcellswitllSKF-525A,anon-selectiveinhibitorofcytocllromeP450(CYP）

enzymes,enhancedtlleantiandrogeniceffect,indicatingthattheantiandrogemceffectis

causedbyintactspeciesofDEPEconstituents・TheantiandrogeniceffectofDEPE

sampleswasreversedbyd-naphthoflavone，anA1RantagomstoTheantiandrogenic

activityofaDEPEsampleconelatedwithitsAhRagonistactivityassayedinPC3/AR

censtransientlytransfectedwitllCYP1A1genepromote砂drivenluciferaseexpression

vectｏｒｐＬＵＣ１Ａ１・EquimolarlnixturesoftenPAHshavingfburormorenngs，

structuresfOundintheDEPEs，showedsignificantantiandrogeniceffectsandAhR

agonistactivityatconcentrationsequivalenttotllosefoundinDEPEsamples・Furthe■

ＤＥＰＥｓａ[npleselicitedonlyantiandrogeniceffectsinrecombinantyeastcellswhich

express6-galactosidasemresponsetoandrogen、AcompetitiveARbindingassay

showedthatAR-bindingconstituentsexistmDEPEsamples,indicatingtllatgreaterpart

ofAR-bmdingconstituentsmDEPEsareARantagonists・Amthesefindingsshowthat

DEPESamplesexhibitsignificantantiandrogeniceffectmcell-basedtranscriptionassay

andthatthiseffectisduemparttotheconstituentswitllAhRagonistactivityincluding

EAHｓａｎｄtotlleconstituentswithARantagonistactivity

Z・VariationofAntianhogenicActMtyofDieselEUmaustParticleExtractsunder

Diff⑮rentEngmeLoads

lnchapter2,tlleautllorreportsresultsfromthefirststudytoexanmethealteration

ofandrogenicandantiandrogenicactivitiesofDEPEsamplesassociatedwithseveral

engineconditionsonactuallyrunningdiesel-enginevehicle・TheauthorcollectedDEP

sampleselnittedfiomadiesel-engmetruckunderdifferentconditionsofengineloads(０，

５０and７５％ofalnaxnnulnengineload)andvehicleSpeeds(Ｚ0,50and801ml/11),and

prepaIedDEPEsamples，designatedasLO，Ｌ５０ａｎｄＬ７５ｂａｓｅｄｏｎｔｈｅｅｎｇｉｎｅｌｏａｄ

ｖalues,ａｎｄＳ２０,S50andS80basedonthevehiclespeedvalUes・Theandrogenicand

antiandrogenicactivitiesoftheDEPEsalnpleswereexan血ｅｄｕｓｍｇａＰＳＡｐｒｏｍｏｔｅ岳

lucifelasereportergeneassayinＰＣ３/ARcells，ＷｈｉｌｅａｎＤＥＰEsamplesClidnot

exhibitandrogemceffeCts,theantiandrogemceffectswereenhancedbyhigherengine
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loadbutnotbyhighervelliclespeed(Ｈ9.1)．Ｉｎｔｈｉｓｓｍｄｙ,significantconelations

betweenantiandrogenicandAhRagomsticactivitiesweredemonstratedmPC3/AR

cellsbyl6polycyclicaromaticcolnpoundsandl3-naphthoflavone(Fig.２)．Yeasttwo‐

hybridassayandCYP1A1promote⑬1uciferasereportergeneassayshowedthatthe

antiandrogenicconstituentsactingasARantagonistsandAhRagonistswereincreased

byonlythehigherengineloadlnconclusion,tlleantiandrogeniceffectsofDEPE

sampleswereenhancedbyahigherengmeloadwhichresultedinDEPEsa【npleswith

elevatedAhRagonisticandARantagomsticactivities．

Figulc1．DEPEhave

antiandrogenicactivity・
ＰＣ3/ＡＲｃｅＵｓｗｅ肥tmnsienUy
tmnsfectedwithpGIPSAp5.8
(ＡａｎｄＢ）orpGL3-control
vector(C)．Cellsweretreated

WithO,２％ethanol（bIank)，ｌ０
ｐＭＤＨｒ(DHTcontrol),filter

blank（FB）orDEPEsamples
atindicatedconcentlationin

theabsenceorpresenceoｆｌＯ
ｐＭＤＨＴｆＯｒ２４ｈａｎｄｔｈｅｎ

ｌｕｃｉｆｅｌａｓeactivitywas
measuredTheefTectof

DEPEasandrogenagonists
(A)，andlogenantagonists（B）
andonpGL3-controllucifelase

asanindexofcytotoxicity(q
isshownEachcolumnand

verticalbarreplesentthemean
andSD，Iespectively，ofthree

sepamteextractsamples・l
and2Significantlydifferent（ｐ
＜ＯＯ５ａｎｄｐ＜0.01）from

DHTcontrol，Icspectively；
3SignificantlydifTerent（ｐ＜
0.05)fiomL75atlO鵬/ｍＬ．
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FiguleZCompansonof
antiandrogeniｃ（Luc-AR）andAhR
agonisticactivity（Luc-AhR）ｏｆ
ⅣＬＨＳ・ ＰＣ3/ARceuswere

tlansientlytlansfectedwith
pGIPSAp58ｏｒｐＬＵＣ１Ａ１ａｎｄ
ｔｌｅａｔｅｄｗｉｔｈ0.2％ethanol(blank),１０

pＭＤＨＴ（DHTcontlol）ｏｒｌＯｐＭ
ＤＨＴ－Ｏ１〃Ｍ砲AHsor6-

naphthoflavonefOr24handthen
luciferaseactivitywasmeasure｡、

EachnumbeledpointlcpIesentsthe
LucARandLucAhRactivity

measuredfOrthefbllowing
compounds；１：benzoUlfluomntllene，
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１Ｍ１．８２．２２：dibenzo[α,e]pyrene，３：pyrene，４：

LucAhRactivitychrysene，５：indeno[1,2,3-cd]pylene，
foldofblank ６：dimethylbenz[α]anthracene，７：

benzo[6】fluolanthene， ８：

benzo[b]chrysene,９:pelylene,１０:benzo[k]fluoranthene,１１:coronene,１２:benzo[e]pylCne,１３：
benzlalanthracene，１４:benzo[ghj]perylene，１５:benzo【α]pyrene,１６:３－methylcholanthlene，１７：

６－naphthoflavone・Linearregression,equalioninglaph,indicatesastatisticallysignificant(ｐ
＜0.01)、egativecondationbetweenantiandrogenicandAhRagonisticactivity．

３．MolecularMeclnanismofAntiandrogenicActMtJ7ofAryl町drocarbon

ReceptorAgonistsonProstateSpecificAntigenPromoter

lnchapter3,tlleauthorreportstheresultsoftllefirststudyontlleparticipationof

XRElocatedinpromoterregionofthehumanPSAgeneintheantiandrogeniceffectsof

AhRagonists・PSApromoterhaseightxenobioticresponsiveelement(XRE）core

motifS（Ｈｇ３)．Inthisstudy，itwasinvestigatedthatmolecularmechanismof

antiandrogenicactivityofAhRagonists,ｅ､gbenzo[α]py剛ｅ(BaP),inPC3/ARcells

transientIytransfectedwithseveralmutantsofPSApromoter-lucifemsereporter

plasmids・BaPdidnotshowantiandrogenicactivityintllecellstransfectedwitll

pGLPSAX二mplasmiddeletedormutatedthesecoｎｄＸＲＥ（X二）countedfromthe

transcriptionstartsite(Fig.４)．TheseresuItssuggestthattheantiandrogenicactivityof

BaPhasbeenｏｎｌｙｄｕｅｔｏｔｈｅｂｉｎｄｉｎｇｏｆＡｈＲ/AhRnucleartranslocator（ARNT）

ｃｏｍｐｌｅｘｔｏｔｈｅｓｅｃｏｎｄＸＲＥｆｒｏｍｔｈｅｔｒanscriptionstartsiteonPSApromoｔｅｒｉｎ

ＰＣ３/ARcells．

Ｌｕc〉 pGLPSAp5B

Figu寵３Ｍ叩p､…mmmnPSAgm｡MH且繩…聰eln…ｔｒＭ
▼ＸＲＥ
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Figure4．Effectsof
deletionsormutationsof
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学位論文審査結果の要旨

[審査経過］平成１６年１月２６日の第１回審査委員会で審査方針を決定した。基礎学力を確認し、各委員に

よる面接と諮問を行い、１月２９日に口頭発表（最終試験）を行った。終了後に開催した最終審査委員会に
おいて協議した結果、次の結論を得た。

[審査結果］今日、都市や幹線道路周辺の地域を中心にディーゼル車排気粉じん（DEP）による大気汚染が

深刻化しており、肺がんやぜん息の増加に対する寄与ばかりでなく、その内分泌撹乱作用についても懸念

されている。本研究では、種々の運転条件で捕集したＤＥＰから抽出物（ＤEPE）を調製し、ヒト由来の培

養細胞及び酵母におけるレポータージーンアッセイでアンドロゲン様作用／抗アンドロゲン作用を評価して

以下の知見を得た。１）ＤEPEが抗アンドロゲン作用を示し、その作用の一部はアンドロゲン受容体（ＡＲ）

のアンタゴニストとして作用する成分、また－部はアリル炭化水素受容体（AhR）のアゴニストとして作

用する成分に基づく、２）エンジン負荷が高いほど、ＡＲアンタゴニスト及びＡｈＲアゴニスト依存性の抗ア

ンドロゲン作用が強くなる、３）ＡｈＲアゴニストの抗アンドロゲン作用は、活性化されたＡｈＲがアン)、

ゲン応答遺伝子の転写調節領域のＸＲＥに結合してアンドロゲン依存`性の転写を阻害することに基づく可能

性がある。本研究は、主要な大気汚染物質の一つであるＤＥＰに含まれる抗アンドロゲン物質とその作用機

構に関する初めての知見を得たものであり、また、大気汚染の規制や対策を考える上でも有用な知見を提供

しており、審査委員会は博士（薬学）に値すると判定した。
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