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Preface  

ldentifying potential cancer hazards is of great importance for the 

PreVentionofcancersinhumans．1thasbeenestimatedthatabout300mi”ion   

tons of organic chemicals per year are releasedinto the environment［41］．   

Overthepast30yearstherehasbeenabroadspectrumofchemicalsreported   

tohavethepotentiaItocausecancerinhumansbasedontwo－year，Longterm   

rodent bioassays．The two－year bioassay uslng both sexes of two rodent   

SPeCieshasessentia”ybecomeastandardizedprotocolthatiscurrentlyusedto   

evaIuate chemica（carcinogenicity，and data from these studies are generally   

required by regulatory agencies for new drug applications．Evidence of a   

Chemica”yinducedincreaseintumorincidenceinmultiplespeciesisgenera”y   

COnSidered toconstitute strongevidence ofcarcinogenic potentiatin humans．   

Conversely，eXtraPOlationfromresponsesinas［nglespeciestopredictcancer   

riskin humansis problematic because of species－SPeCific geneticinfluences   

【77］．However，aSingletwo－yearaSSayisexpensive，requireslarge numbers   

Ofanimals（250／sex），andnormallytakesupto5yearsfortheevaluationtobe   

COmPleted．Furthermore，reCent COnCernS OVer aSSay SenSitivity and tack of   

COrrelationsbetweenmouselivertumordataandresponseinhumanshave］ed   

totheneedforanoptimizedapproach．Therefore，inadditiontothetwo－year   

CarCinogenicityassessment，thedeve10PmentOfcurrentlyavailable alternative  
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modelshasrecentIyprovidedadifferentapproachforidentifyingcarcinogensin   

a shorterperiod oftime that usesfeweranimals andinvoIves aspects ofthe   

mechanismofaction．Thesemodelsincludegenetica”yalteredmouseassays，   

newborn rodentassays，andinitiation－PrOmOtion assays，With newadvances   

inbiotechnology，therehavebeenanumberoftransgenicmouselinescreated   

thatrespondtocarcinogenexposureinlessthanoneyear［12，45，67］．  

Through aninternationa］research program underthelnternationalLife   

Scienceslnstitute（lLSL），and Health and EnvironmentalSciencelnstitute   

（HESl），heterozygousp53（＋／－）deficient mice，raSH2mice，Tg．AC mice，and   

XFA（－／－）repairgene－deficientmice have been evaluated as readilyavaiIable   

genetical］y altered mouse models for assesslng the carcinogenic potentialof   

Chemicals［7］（lbblel）．  

Thep53genewhichencodesatranscriptionaLregulatorthatprevents   

thepropagationofgeneticallydamagedce］ls［46］，isfrequentlymutatedina   

Widerangeofhumancancers（includingesophagus，headandneck，lung，   

breast，COlon，liver，bladder，OVaryandbraincancers）［29，30］．WhenDNAis   

damaged，theleve10fthep53israpidlylnCreaSed，anditbindstoDNAand   

StimulatestranscriptionofseveralgenesthatmediateGIce”cyclearrest，DNA   

repa］r，andapoptosis．Ce”cycLearrestinGlandinductionofDNArepalrare   

mediatedbyup－reguIationofthecyclin－dependentkinaseinhibitorp21，andthe  
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GADD45genes，reSPeCtivety．1fDNAdamagecannotbesuccessfu”yrepalred，   

P53qinducedactivationofthebaxgeneleadsce”stoapoptosis．Lfthep53is   

deficient，neitherce”cyclearrestnorDNArepalrOCCur，andthissubsequentLy   

allowsgenetica”ydamagedce”stoproliferateandbecomemalignant［3，43，   

46］（Figurel）・  

ln addition to the frequency ofsomatic mutations ofthe p53genein   

SPOradichumancancers，humanswhoareheterozygousforthewild－tyPealLele   

Ofp53genedeve10PaVarietyofearly－OnSetmeSenChymalandepithelialtumors   

at multiple sites with a striking frequency．Li－Fraumenisyndromeis such a   

familialautosomaldominantdiseaseassociatedwithgerm－1inemutationsinthe   

P53gene and personswith thatsyndrome have a25－fold greater chance of   

developingamalignanttumorbyage50thanthegeneralpopulation［16］．  

DonehoweretaI．【12］estabtishedamousegermlinewithmutatedp53   

a”eles by transmitting a disrupted p53a”ele with a Polll－neO eXPreSSion   

CaSSetteintothe germ tine ofmice．Mice homozygousforthe mutated gene   

areviableandappeardevelopmentattynormal．Theyarecomp］etelydeficient   

inp53protein，however，andsusceptibletospontaneoustumordeve10Pmentby   

the age oflO months，indicating that the［oss of normaL p53is sufficient to   

Predisposethemicetotumordeve］opment．Mostofthetumorsthatdeve］opln   

the homozygous p53deficient mice are thymic tymphomas and sarcomas．   

Miceheterozygousforthemutatedp53genearealsosusceptibletotumorsbut  
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ataslgnificantlydelayed ratecompared tothe nu”izygotes．Thetumortypes   

in the p53heterozygous mice are predominantlylymphomas and sarcomas，   

Withasma”numberofcarcinomas．  

Humans are exposed to preformed N－nitroso compoundsin foods，   

beveragesandcigarettesmoke，andincertainindustriesaswe”astoN－nitroso   

COmPOunds producedin vivo．A prInCIPalpathway for the formation of the   

N－nitrosocompoundsisthenitrosationofamineseithernatura”ypresentinthe   

diet or formed duringingestion，digestion，Or metabolism［44］． Such   

nitrosaminesmaybeslgnificantinducersofhumancancerinthemouth，tOngue   

and esophagus［32，52］．Methyl－n－amy［nitrosamine（MNAN），an N－nitroso   

COmPOund，isknowntoinduceesophagealcancerinrats［51］andisconsidered   

a possible etiologic agent for esophagealand oraltumorsin humans［23］．   

MNANcan bebrokendown byratandhumanesophagealmicrosomes［51］to   

hydroxy－MNANs，aldehydes and alkylating agents．The alkylating agents，   

Subsequently，eaSilybindtonucleotidesinDNA，andthealkylationofDNAwith   

Sma”alkylgroups orlarge bulky adducts maylead to mutations resultingln   

CanCer．Ltissuspectedthatthelackofp53functionresultsinanamplification   

Of genetic alterations fo”owlng DNA damage and consequent cancer   

deve10Pment aS SuPPOrted by the fact that p53regulates ce”cyc］e arrest，   

nucleotideexcisionrepalr，andapoptosis．  

Theetiologyoforalandesophagealcancersinhumansiswe”studied  
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and predominantlyinvoIves the use of tabacco． Tabacco－aSSOCiated   

nitrosaminesarepossiblecarcinogenicagents．Mutationsofthep53geneare   

etio］oglCa”yassociatedwiththedevelopmentoforalandesophagealsquamous   

CeLIcarcinomas（SCCs）．Takentogether，directexposureofsomecarcinogens   

to the oralcavity and esophagus，and consequent aIterationsin p53are   

COnSidered to be crucialfactors ofthe development of SCCs on these sites．   

Within oraltissues，the tongueis the most common site for oralSCCsin   

humans． Although heterozygous p53 knockout（KO）mice have been   

demonstratedtobesensitivetovariouscarcinogensatd桁erentsites（’Tbble2），   

thereis paucity of reports onlingua］and esophagealcarcinogenesisin the   

heterozygousp53KOmice．  

lnthepresentstudies，Chapterldiscusseswhetherp53－deficientmice，   

including heterozygotes（＋／－）and nullizygotes（－／－），are SuSCePtible to   

methyl－n－amylnitrosamine（MNAN）－induced esophagealcarcinogenesis，and   

the relevance of p53gene mutationsin esophagealcancer development．   

Chapter2covers susceptibilityofthe tonguein p53－deficient mice to MNAN   

CarCinogenicity，andfina”ydrawssomegeneralconclusions．  
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Chapter 1 

Elevatedsusceptib”ityofmethyl－n－amylnitrosaminecarcinogenesisinthe  

esophagusofp53knockoutmice  

10   



Abstract  

Mutationsofthep53tumorsuppressorgeneconstituteoneofthemost   

frequentmolecularchangesinawidevarietyofhumancancers，includingthose   

in the esophagus．Mice deficientinp53have recenttyattracted attention for   

theirpotentiaLtoidentifychemicalgenotoxins．lnthisstudythesusceptibilityof   

P53 nu”izygous（－／－），heterozygous（＋／－），and wild type（＋／＋）mice to   

methyl－n－amylnitrosamine（MNAN）－induced esophagealtumors，and the   

frequencyofp53genemutationsinesophagealtumorswereinvestigated．  

Thep53（＋／－），and（＋／＋）miceweretreatedwith50r15ppm MNANin   

theirdrinkingwaterfor8weeks，then maintainedwithoutfurthertreatmentfor   

an additionat70r17weeks，beingsacrificed atexperimentaIweeks150r25．   

Anadditionalgroupofp53（－／－）miceweregiven5ppmMNANfor8weeksand   

SaCrificed at week15．At15weeksin the5ppm groups，SquamOuS Ce”   

CarCinomas（SCCs）wereobservedinlO／12（83．3％）p53（－／－）andl／15（6．7％）   

P53（＋／－）mice，butinnoneofthep53（＋／＋）mice．lntheanimalsreceiving15   

PPm，2／14（14．3％）p53（＋／－）andl／11（9．1％）p53（＋／＋）micedevelopedSCCs．   

At25weeks，theincidencesofSCCswere7／16（43．8％）and8／14（57．1％）in   

P53（＋／－）miceandl／13（7．7％）and2／10（20．0％）inp53（＋／＋）miceat5and15   

PPm，reSPeCtivety．OftheSCCsexaminedbyPCR－Singlestrandconformation   

POtymOrPhism analysis，61％（14／23）fromp53（＋／－）and50％（6／12）from p53  
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（＋／＋）micedemonstratedmutationsinthep53gene（exons5－8）．Theseresults   

indicatetheorderofsusceptibilitytoMNAN－inducedesophageaItumongenesis   

to be asfollows：nullizygotes（－／－）＞heterozygotes（＋／q）＞wild type（＋／＋），and   

PrOVidestrongevidenceofinvoIvementofp53mutationsinthedevelopmentof   

esophagealSCCs．  
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lntroduction  

Thep53genewhich encodesatranscriptionaIregulatorthat prevents   

the propagation ofgeneticallydamaged ce［ts［46］，isfrequently mutatedin a   

Widerangeofhumancancers［29，30］．lnadditiontosomaticmutationsofp53   

in sporadiccancers，germ－1ine mutationsin thep53gene are associatedwith   

Li－Fraumenisyndrome，afamilia［autosomatdominantdiseasecharacterizedby   

apredispositiontothedeve10PmentOfavarietyoftumors［75］．Thero］eofp53   

inctudesinvoIvementinGIce”cyclearrestandinductionofDNArepalrgeneS   

inresponsetoDNAdamage，aSWe（lasactivationofgenespromotingapoptosis   

【43，461．  

Since the fi rst descri ption of homozygous and heterozygous 

P53－deficient micein which the early onset of spontaneous tumors was   

demonstrated［26，27］，theyhaveattractedinterestasamodelforassessingthe   

significance of the loss of p53 in tumor development and as experimental 

animalsforassaysofcarcinogenicpotential【10，11，36，771．Bytheageof4．5   

months，aPPrOXimately half of nullizygous p53－deficient（－／－）mice develop   

tumors，and bylO monthsofagetheincidenceislOO％．Mostofthetumors   

arelymphomas or sarcomas，raPidly causLng mOrtaLity．1n contrast，the   

heterozygotes（＋／－）show only alow backgroundincidence of spontaneous   

tumorsuntilatmost12monthsofageandhavemuchtongerlifespans［13，27］．  
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This［owbackgroundtumorincidence，COmbinedwith elevated susceptibilityto   

Chemicatinduction oftumors，makethep53（＋／－）mouse usefutforshort－term   

bioassays［10，78］，aS We”as providing a modelforthe human Li－Fraumeni   

Syndrome．  

ln most countries of the world，SquamOuS Ce”carcinomas（SCCs）   

COnStitutethe mostcommon esophagealcancersin humans，and mutationsin   

thep53genearefrequentlydetectedintheseSCCs［28，64，71，72］．Thusp53   

a（teration may be a crucialeventin esophagealcarcinogenesis．There are，   

however，PauCityofreportsonchemicaトjnduced esophagealcarcinogeneisin   

P53－deficientmice．The aimsofthe presentstudywereto examinewhether   

P53knockout（KO）mice，including heterozygotes（＋／－）and nu”izygotes（－／－），   

might be more susceptible to methyt－n－amylnitrosamine（MNAN）－induced   

esophagealtumorigenesis compared with wild type（＋／＋）mice，and to   

determine whether deficiency in p53 plays a role in esophageal tumor 

development．  
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Materialsandmethods  

An／m∂／s  

P53knockout mice on a C57BL／6genetic background，PrOduced by   

Donehoweretal・［12］，WererePrOducedandmaintainedattheAnima］FaciIityof   

AichiCancer Center Researchlnstitute（Chikusa，Nagoya，Japan）．At six   

Weeksold，male miceweresubjectedtotheexperiment．Theywere housed   

3－5／plasticcagewithhardwoodchipsinanair－COnditionedroomat20－240Cwith   

a12hIight－12hdarkcyc］eandgivenbasa］diet（OrientalNMF，OrientalY岳ast   

Co・，Tbkyo，Japan）anddrjnkingwateradlibitum．  

Forgenotypingofeachmouse，thefo”owLngPrOCedurewasperformed   

asdescribedpreviousty［81］：DNAsampleswereextractedfromthetailusing   

QIAamp tissue kit（QIAGEN，K・K・，lbkyo，Japan）．The25LJIPCR reaction   

mixtureconsistedofl・25unitsofTaqDNApoIymerase（職karaShuzoCoリLtd．，   

Shiga，Japan），1x provided buffer．200日M dNTP，200nM each of5．－and   

3’－Primers（10681，10480，10588，andlO930aslistedinThble3），and2．5ulof   

genomicDNA・PCRwasperformedasfo”ows：940ClminxIcycte：940Cl   

min－650Clmin－720Clmin x35cycJes＝720ClO min us．ng a Tdkara PCR   

ThermalCycJerMP（TakaraShuzoCo・，Ltd，，Shiga，Japan）．Theamp［ification   

PrOductswerevisualizeda代erelectrophoresisonagarosegetsunderuItravioIet   

iltuminationinthepresenceofethidiumbromide（Figure2）．  
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Carcjnogentreatment  

MNANwaspurchasedfromSakaiRikagakuInstitute（Fukui，Japan）and   

dissoIvedin drinking water weekty to achieve the desired concentrations．   

Drinkingwatercontainlng50r15ppmofMNANwasfi”edintobLackbottlesand   

PrOVided adlibitumtop53（＋／＋）and（＋／－）micefor8weeks．Micewerethen   

maintained without further treatment for an additiona170r17weeks，and   

SaCrificed atweek150r25．Anadditionalgroupofp53（－／－）micewerealso   

treated with5ppm MNAN for8weeks and sacrificed atweek15．A）lmice   

Were SaCrificed byexsanguLnationsunderetheranesthesia．Three groupsof   

COntrOlanimatswithp53（＋／＋），P53（＋／－）orp53（－I－）received unsupplemented   

drinkingwater（Figure3）．  

川Sfopa的0／09JC∂n∂恒JS  

Atnecropsy，miceweresacrificed byexsangulnationsviatheposterior   

Vena CaVa underetheranesthesia．FoIIowJng an eXternalexamination，mice   

Weredissected and theinternalorganswere removedforvisualexamination．   

TheesophagusofeachanimaLwasresected，fromthelarynxtothestomach，   

andsIitlongitudinaI）yalongthemidlineofthedorsalwall．Afterfixationin4％   

ParaformaIdehydein phosphate buffered sa（ine，and embeddedin parafFin，   

each was sectioned and stained with hematoxy‖n and eosin for microscopIC   

examination，The totalnumbers of tumors were counted and the totalareas  
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anddistancesofeachfromthelarynxwere measured bycomputerizedimage   

analysIS，uSlng a microscope equlPPed with animage processorforanatytical   

Patho10gy（lPAP；Sumikal七chnos，Hyogo，Japan）．  

PCR－SinglestrandconfblmationpotymoIPhismanahds（SSCP）  

Nineteentumorsfromp53（＋／＋）miceand35fromp53（＋／－）micewere   

SubjectedtoPCR－SSCP．Eachtumorwasidentified bymeansoflto19and   

lOlto135sequentialnumbers，reSPeCtively．PCRrSSCP was conducted   

basically as described previously［58］．Briefly，genOmic DNAwas extracted   

from tumorareasin paraffin sections with DEXPAT（lbkara Shuzo Co．，Ltd．，   

Shiga，Japan）［88］orfrom frozen tissues by treatmentwith proteinase－K and   

Phenolasdetailedelsewhere［69］．FourpairsofPCRprimersformousep53   

exons5－8weredeslgnedbasedonthepublishedsequenceaslistedinT白b［e3   

【81］・The5LJL PCRreaction mixtureconsistedofO．025LJlofAmpliTaqGold，   

0．5LJ10fGeneAmpdNTPMIX（lbkaraShuzoCo．，Ltd．，Shiga，Japan），0．5LJ10f   

lOx provided buffer，200LJM each of5’－and3’－PnmerS for each exon，167   

日M32p－dCTPandlH■ofgenomicDNA・PCRwasperformedwithaTdkara   

PCR ThermalCyclerMP（lbkara Shuzo Co．，Ltd．，Shiga，Japan）asfoLtows：   

950ClOminxIcycle：940Clmin－940C45sec－540C30sec－7lOClminx50   

CyCles：710ClO min．The amplification products were heat－denatured，then   

electrophoresedin O．625x MDE polyacrylamide ge］s（FMC，BioProducts，  
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Rockland，ME，USA）with5％g］ycerol．Thesewere run at room temperature   

for18h at8watts，dried，and applied toimaglng Plates，Which were then   

analyzedwithBAS2500（FujiFilm，Kanagawa，Japan）．  

D〟℃Cfseque〃CJn9  

SequencingwasperformedusinganAmpliCycIeSequencingKit（Perkin   

Elmer，Roche Molecular Systemslnc．，Branch burg，NJ，USA）as described   

PreViously［82］・Briefly，SSCP bands ofinterestin polyacrylamide gels were   

excised，andDNAwaselutedin50LJloflOmMTris－HCl，PH8．Oat500Cfor30   

min．PCR was performed withlO LJlof the eluted DNAs，Purified with a   

QIAquick PCR purification kit（QIAGEN K．K．，lbkyo，Japan），and used as   

templatesforthefo”owLng SequenClng reaCtion．The sense primerfortarget   

exon5，6，70r8wasend－labeledwith［γ32p］ATPbyT4polynucleotidekinase   

（New England Biolab，Beverly，MA，USA）and the sequencing reaction was   

PerformedasfoILows：950C－2minxl．950C－1min：550C－1min：720C－1min   

X30with PCR ThermalCycler MP（Tdkara Shuzo Co．，Ltd．，Shiga，Japan）．   

Thiswasstopped with Stop Solution（PrOVided bythe manufacture），then the   

heat－denaturedsampleswereelectrophoresedin6％LongRangergelsolution   

（FMC BioProducts，Rockland，ME，USA）containing 7 M urea，dried，and   

exposedtoimagingplatesforanalysiswiththeBAS2500（FujiFilm，Kanagawa，   

Japan）．  
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⊥APC尺  

For freshly co”ected and frozen samples with positive PCR－SSCP   

resuttsfromp53（＋／－）mice，LAPCRwas performedtospecifica”yamplifythe   

Witd－tyPeandmutanta”eteswithPCRprimerslO6810rC／10930incombination   

Withtheantisenseprimerforexon8usinga．rbKaRaLAPCRkit（TakaraShuzo   

Co・，Ltd・，Shiga，Japan）［81］（lbble3）．The PCRconditionswere asfo”ows：   

940Cforlmin；35cyclesof940Cforlmin，650Cforlmin，720Cfor4min；   

72OCforlOmin．Theproductsweresubjectedtodirectsequenclng．  

Sねff甜Ca／∂n∂恒JS  

Dataforincidencesofhistopatho］oglCaltesionswere analyzed bythe   

Fisher’sexacttestmethod．Thenumbersandareasoftumorswereanalyzed   

With the Mann－Whitney rank sum test．Survivalcurves were drawn by the   

Kaptan－Meiermethodandanalyzedusingthelogranktest［65］．  
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Results 

MoJね／吋Ore∂CJ19enO帥e  

Administration of 5 and 15 ppm MNAN in drinking water was 

Well－tOlerated by both p53（＋／一）and p53（＋／＋）mice．Survivalwas not   

Significantlydifferentbetweenp53（＋／－），andp53（＋／＋）mice．However，P53（－／－）   

mice demonstrated a high mortality rate（Figure4）．Ofthe8dead p53（－／－）   

mice，four animals died oflymphomas and one animaldied of soft tissue   

SarCOma．Causesofdeathwere notdeterminedin othermice．These deaths  

OCCurredat8weeksandtherea代er．  

NecJ℃pSy伽d血9S  

Grossly，eSOPhagealtumors appeared as pale，PaPillary or   

dome－Shaped masses with variable sizes up toIcmin diameter on the   

mucosalsurface． The masses were focalLy or multifoca”y distributed   

throughouttheesophagus（Figure5）．  

川5fop∂納0／09JC∂／∂∩∂レSJS  

Administration of MNANinduced alOO％incidence of esophageal   

diffuse hyperplasia characterized bythickenlng Ofthe squamousepitheliumin   

P53（－／－），P53（＋／－），and p53（＋／＋）mice．This was o代en accompanied by  
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SubepithelialinfJammatoryinf‖tration（Figure6－1B）withclearcontrasttonormal   

mucosa（Figure6－1A）．  

Papi”omas were characterized by nodular mucosale［evation of   

PrOIiferatingepithelialce11s（Figure6－2A）．Squamousce”carcinomas（SCCs）   

Showedinvasive growth of atypicat squamous epithe［ia（ce［（s（Figure6－2B）．   

Neither adenocarcinomas nor Barrett’s esophagus，in which squamous   

epithe］iumis reptaced bya coIumnarepithelium，Were detectedin anyofthe   

mice．There was no reg10naL preference for tumor development with the   

esophagealmucosa（Figure7）．  

1nadditiontoesophagea＝esions，OCCaSionalnoduIarthickeningsofthe   

mucosa were observedin the forestomachin mice of alt three genotypes．   

However，nOteSionsweredetectedintheglandularstomach．  

The major cause of deathin p53（－／－）mice was thymic matignant   

lymphoma，andtherepresentativefeaturesareshowninFigure8－1．Onep53   

（－／一）mousewhichdied had asubcutaneoussarcomainthedorsalskin．This   

SarCOmaWaSCOmPOSedoflargep）eomorphic，POOrJydifferentiatedspjndJecel）s   

With scant stroma．The tumor celIs hadlarge ovaIto round and vesicular   

nucIeiwith nucleo［i．Multinucleated ce”s and bizarre mitoses were common   

（Figure8－2）．  
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lncidence，numberandsizeofesophagealtumors  

lnthemicetreatedwith5ppmMNAN，theincidence（lbbJe4）ofSCCs   

WaSSignificantlyhigher（P＜0．001）inp53（－／－）（83．3％）thanp53（＋／－）（6．7％）   

andp53（＋／＋）（0％）miceat15weeksa代erstartingtreatment．At25weeks，the   

SCCincidenceinp53（＋／－）（43．8％）weresignificantlyincreased（P＜0．05）when   

COmParedtop53（＋／＋）（7．7％）mice．OnlyoneSCCdevetopedinap53（＋／＋）   

mouseat25weeks．ThetotaLnumberoftumorspermouse（le代boxofFigure   

9A）（mean±SD）wasalsohigherinp53（－／－）（4．8±1．4）thanp53（＋／－）（1．5±1．2）   

andp53（＋／＋）（0．8±0．9）groupsat15weeks（P＜0．001）andinp53（＋／－）（4．4±   

2．6）thaninp53（＋／＋）（2．7±1．5）miceat25weeks（P＜0．05）．Thesizeofthe   

tumors（left boxofFigure9B）（mean±SD）waslargerin p53（－／一）（0．3±0．05   

mm2）thanp53（＋／－）（0．1±0．1mm2）andp53（・／・）（0．07±0，03mm2）miceat15   

Weeks（P＜0．005）．There were no significant difFerencesin tumor size   

betweenp53（＋／－）andp53（＋／＋）miceat150r25weeks．  

lnthemicereceivlng15ppmMNAN，therewasatrendforgreaterSCC   

incidencesin p53（＋／－）as compared to p53（＋／＋）mice at15and25weeks；   

14．3％and9．1％，reSPeCtivety，at15weeks，and57．1％and20．0％，at25weeks   

（lbb（e4）．Averagetumorsize（rightboxofFigure9B）（mean±SD）inthep53   

（・／－）case（0．8±2．1mm2）wassignificant］ytarger（P＜0．05）thaninp53（＋／＋）   

（0．2±0．2mm2）miceat25weeks，atthoughtherewaslitttediRerenceinthe   

numberofthetumors（rightboxofFigure9A）．  
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PCR－SSCPana（作fsofthep53geneintumors  

PCR－SSCPandsequencLnganatySeSforexons5－80fp53genewere   

Performed，rePreSentative resuLts beingi”ustratedin FigureslO－1andlO－2．   

P53mutationswereidentifiedin60utOf12SCCs（50％）and140utOf23SCCs   

（61％）inp53（＋／＋）（Table5）andp53（＋／－）（Tdble6）mice，reSPeCtively・There   

Were3SCCs（tumor LDs：109，129and133）with morethan one mutationsin   

P53（＋／－）mice．Only one of19papi”omas examined（tumorlD：10）had a   

mutation．DNAsequencing demonstrated8mutationsin exon5（33％），6in   

exon6（25％），8in exon7（33％），and2in exon8（8％）of the totat of24   

mutationsidentifiedin20SCCs．Ofthesemutations2（tumorlDs：11and133）   

Were Silent andl（tumorlD：4）was of nonsense type．Alt the others were   

missense mutations．There were19transitions（79％）and5transversions   

（21％）．G：CtoA：Ttransitionsat non－CpG sites accounted forapproximately   

halfofallmutations．Atotalof20SCCsexhibitingp53mutationwidelyvaried   

insizefromO．13to9．34mm2；1．7±2．7mm2（mean±SD）andp53mutation   

ratewascomparabteinsma”erandlargercarcinomas．  

Frozen tissues were available from two tumors（tumor］Ds：101and   

126）from p53（＋／－）micein which p53 mutations were observed． LA   

PCR－amPlified DNAsfromthesesamplesexhibited missense mutations notin   

the mutant but ratherin the wild－tyPe a”eIe，indicatingloss offunctionalp53   

PrOtein・Theothertumorsdevelopinginp53（＋／－）micecouldnotbesubjected  
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toLAPCRanalysisduetopoorpreservationofgenomicDNAinparaffinblocks．  

Discussion  

Thepresentstudydemonstratedthatnu”izygousandheterozygousp53   

KOmicearemoresusceptibletoesophagealtumongenesisinducedbyMNAN，   

agenotoxiccarcinogen［52］，than theirwild－tyPeCOunterPartS，aSindicated by   

anincreasedincidence and tumor size of SCCs．Furthermore，PCR－SSCP   

analysISreVealedahighfrequencyofmissensemutationsinp53withevidence   

Of10SS Offunctionalp53proteinin esophagealmalignancies．These results   

areconsistentwiththeobservationthatp53（＋／－）micearegenera”ysusceptible   

to genotoxic carcinogens［78］．ln addition，aCCelerated tumor development   

With chemicalexposurein p53（＋／－）mice has been reported with regard to   

lymphomas［14］，meSOtheliomas［50］，Skintumors［40，79］，VaSCulartumors［4］，   

urinary bladder tumors［59，78］，and［ung tumors［18］．Tdken together，the   

results suppo止the hypothesis that mutationalinactivation of the retained   

Wild－tyPe a”ele or10SS Of p53heterozygosity，With consequentloss of p53   

function，eVentua”y resultsin deve10Pment Of neoplasias as occurs with the   

humanLi－Fraumenisyndrome［16］．Thelackofanyincreasedsusceptibilityof   

P53（＋／－）micetohepatocarcinogenesis［8，39］，gaStriccarcinogenesis［88］，and  
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mammarycarcinogenesis［37］mayref［ectorgan／tissuespecificdependencein   

the requlrement for the p53 gene productin tumorlgeneSis．While the   

mechanismmaylnVOIveanadditionalMhit”toinactivatethesecondnormatallele，   

Venkatachatam et al．［84］have proposed that reduction of the p53gene   

PrOductsmaybesufficienttopromotetumongenesis．  

There is growing evidence that esophageal adenocarcinoma and 

Barrettlsesophagusarerelatedtotherefluxofduodenalcontentinhuman［15，   

21，80］．Bothoftheseconditionscan beinducedin theloweresophagus by   

reflux of duodenalcontentin rats［6］．Fein et al．［17］reported that total   

gastrectomywith esophagoJeJunOStOmyCauSed esophagealadenocarcinomas   

aswettasdysplasiaofthesquamousepitheliumintheoperatedp53（－／一）mice．   

However，in addition to no reg10nalpreferencein squamous ce”tumor   

development，nOadenocarcinomasweredetectedinthecurrentstudy，although   

a high percentage of p53（－／－）mice devetoped squamous ce”carcinomas．   

TheseresuLtsareconsistentwith noevidenceofreflux．  

Mutationsin the p53gene commonly occur at hot spotsin human   

CanCerS［30］，butthemutationdatabaseforlaboratoryanimaIsislimited．Our   

resultspointtoahighfrequencyofp53mutationsinesophagealmalignancies，   

the mostcommon being missense，aS rePOrtedforhuman cancer［2，33，63］．   

ln contrasttothefrequentp53mutationsin SCCs evenin sma”carcinomas，   

Onlyonemutationwasdetectedin19papi”omasanaLyzed．Thismightsimply  
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be a reflection ofp53mutations occurnng preferentiallyln matignantlesions．   

Similar findings have been reported in murine skin tumors induced with 

benzo［a］pyrenein which the majority of p53 mutations wereidentifiedin   

SquamOuS Celt carcinomas；they were rarein papiltomas［66］．Moreover，   

abnormatp53proteinisinfrequentlyidentifiedinhumanesophagealsquamous   

Ce”papi”omas［62］whileevendysplastictesionsexhibitp53mutations［20，49，   

85］．1tis worth noting that there might also have been normalce（（   

COntaminationofthepapmomasamp（es，althoughtheproportionofnormatce［［s   

derived from theinterstitium and margLn Ofa papi”oma，forexample，Can be   

estimated at50％ofasampleatmost．Whenloutof2a”elesismutatedin   

theremaining50％，theproportionofthemutanta11elewouldcorrespondto25％   

Oftheorlglnalsample．Theoretically，anymutanta”elewouldbedetectedasa   

mobilityshiftbyPCR－SSCP［58］．  

Regardingthe［ocationofp53mutations，theywererandomlydistributed   

throughexons5to8，Withmorethanonemutationdetectedatcodons164（8％，   

2／25），219（4／25，16％），232（2／25，8％）and250（4／25，16％）．Approximately   

hatf of the mutations observedin our study were G：C to A：T transitions at   

non－CpG sites・Retrospective analyses of p53gene mutationsin human   

esophageatcancershavealsoshownapredominanceofG：CtoA：Ttransitions   

【23，51］，indicating the advantage of our MNAN－induced esophageal   

CarCinogenesismodeltomimicthehumandiseases，  
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ln conclusion，the present study demonstrated anincreased   

susceptibility to esophageal tumorigenesis by a genotoxic agent in p53 

nultizygotes（－／一）andthenp53heterozygotes（＋／－）ascomparedwithwitdtype   

（＋／＋）mice，PrOViding strong evidence ofinvoIvementofp53mutationsin the   

developmentofesophagealSCCs．Although consideration must be glVen tO   

CarCinogen and／ortissue specificity，P53KO mice provide a usefulmodelfor   

identificationandunderstandingofhumancarcinogens．  
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Table5・P53genemutationsidentifiedinesophagealtumorsinp53（＋／＋）mice  

Tumor Geno－ Histology Exon Codon Nucleotide Aminoacid  Event  

lD  type  change  change  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

14  

15  

16  

17  

18  

19  

＋／＋  SCC  
＋／＋  Papi”oma  

＋／＋  Papi”oma  

＋／＋  SCC  
＋／＋  SCC  
＋／＋  Papilloma  

＋／＋  SCC  
＋／＋  Papi”oma  

＋／＋  Papil10ma  

＋／＋  Papi‖oma  

＋／＋  SCC  
＋／＋  SCC  
＋／＋  Papi”oma  

＋／＋  SCC  
＋／＋  SCC  
＋／＋  SCC  
＋／＋  SCC  
＋／＋  SCC  
＋／＋  SCC  

5   155  CGC→TGC Arg→Cys Transition  

5   173  TGC→TGA Cys→Stop Transversion  

7  250  ACC→ATC Thr→”e  Transitjon  

■
 
5
 
5
 
■
 
 
■
 
5
 
8
 
■
 
 

4
 
1
 
 

6
 
5
 
 

1
 
1
 
 

CAG→AAG Gln→Lys Transversion  
GGG→GGA Gly→Gly  Transition  

CAC一→AAC His一→Asn Transversion  
GGG→TGG Gly→Trp Transversion  

5
 
9
 
 

6
 
9
 
 

1
 
2
 
 

－：Mutationnotdetectedinexons5，6，7，and8．  
SCC：Squamousce”cqrQinorp  

＿．  

Arg：Arginine，Cys：Cysteine，Thr：Threonine，lle：lsoleucine，Gln：Glutamine，Lys：Lysine，  
Gly：Glycine，His：Histidine，Asn：Asparaglne，Trp：Tryptophan  
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Table6．p53genemutationsidentifiedinesophageaJtumorsinp53（＋／－）mice  

Tumor Geno－ Histo10gy Exon Codon Nucleotide Aminoacid  Event   

rD  type  change  change  

204  GAA→AAA  
301  GCA→GTA  

＋／－  SCC  6  

＋／－  SCC  8  

＋／－  SCC  
＋／－  SCC  
＋／－  Papi”oma  

＋／－  Papil10ma  

＋／－  Papll10ma  

GIu→Lys  
Ala一→Val  

T「ansition  

T「ansition  

1
 
2
 
3
 
4
 
5
6
 
7
 
凸
0
 
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 

1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 

＋／－  Pap‖oma  

＋／－  SCC  
●
 
5
 
7
 
■
 
 
■
 
6
 
■
 
 

164  CAG→AAG  
250  ACC→ATC  

Gln→Lys  
Thr→”e  

Transversion   
Transition  

＋／－  Papil10ma  

＋／－  SCC  
＋／－  SCC  
＋／－  SCC  

0
1
 
2
3
4
 
5
6
 
7
凸
0
9
0
1
 
2
 
3
4
 
5
6
7
0
U
9
 
 

1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 

1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 

219  CCA→TCA Pro→Ser  Transition  

＋／－  Papi”oma  

＋／－  Papi”oma  

＋／－  Papil10ma  
＋／－  Papilloma  
＋／－  SCC  

219  CCA→TCA  ＋／－  SCC  
＋／－  SCC  
＋／－  Pap‖oma  

＋／－  Papllloma  

＋／－  SCC  
＋／－  SCC  
＋／－  Papi”oma  

＋／－  SCC  
＋／－  SCC  
＋／－  SCC  
＋／－  SCC   

Pro→Ser  Transition  

■
 
 
■
 
5
 
6
 
■
 
6
 
■
 
7
 
5
 
7
 
7
 
■
 
 

136  AAG一→AGG  

219  CCA→TCA  

219  CCA一→TCA  

250  ACC→ATC  
157  ATG→ACG  
232  AAG一→AGG  

251  ATC→GTC  

Lys→Arg  

Pro→Ser   

Pro→Ser   

Th「→lle  

Met→Thr  

Lys→Arg  

lle→Val  

T「ansition  

Transition  

Transition  

Transition  
Transition  
Transition  
Transition   

C
 
C
 
C
 
C
 
 

C
 
C
 
C
 
C
 
 

S
 
S
 
S
 
S
 
 

0
 
1
 
2
 
3
 
 

3
 
3
 
3
 
3
 
 

1
 
1
 
1
 
1
 
 

■
 
 
 
■
 
 
 
■
 
 
 
■
 
 

／
 
／
 
／
 
／
 
 

＋
 
＋
 
＋
 
＋
 
 

7  232  AAG→AGG  
5   139  CCT→CCC  

Transition   
Transition   
Transition  

Transversion  

Lys→Arg  
Pro→Pro  
Gly→Glu  
”e一→Leu  

7  241 GGG→GAG  
134  ＋／－  SCC  6   192  ATC→CTC  
135  ＋／－  SCC  7  250  ACC→ATC  Thr→lle  Transition  

lutation not etectedinexons5，  
SCC：SquarTlOuSCe”carcinoma  
Glu：GlutamlCaCid，Lys：Lysine，Ala：Alanine，Val：Valine，GJn：GIutamine．Thr：Threonine  
lle：lsoleucine，Pro：Proline，Ser：Serine，Arg：Arginine，Met：Methionine，Gly：Glycine，  
Leu：Leucine  
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6weeksok】   

p53  
genotypes MNAN  

（＋／＋），（＋／－），（一／－）Oppm  

（＋／＋），（＋／－），（－／一）5ppm  

（＋／＋），（＋／－） 15ppm  

（＋／サ（＋／－） oppm  

（＋／＋），（＋／－） 5ppm  

（＋／＋），（＋／－） 15ppm  

S
 
S
 
S
 
 

Animals＝maJep53knockoutmice，6weeksold，C57BL／6geneticback，  

ground  

MNAN：methyl－n－amylnitrosamine  

CH3＼  

N－N＝○  

／  

CH3CH2CH2CH2CH2  

■：AdministrationofMNANat15ppmindrinkingwater  

Eヨ：AdministrationofMNANat5ppmindrinkingwater  

E＝：Unsupplementeddrinkingwater  

S：SaCrifice  

Figure3．Experimentaldesign  
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・・・●－ P53（＋／＋）5ppm  
（∩＝27）  

…‖℡…・P53（＋／－）5ppm  
（n＝33）  

「▲＿ p53（－／－）5ppm  
（n＝20）  

「
封
 
 

Week   
0  5   10   15  20  25  

Figure4．Survivalcurvesofp53（＋／＋），（＋／－）and（－／－）micetreatedwith5  

PPm MNAN（A）and thoseofp53（＋／＋）and（＋／－）mice at15ppm（B）．At  

Week15，a”remainingp53（＋）miceweresacrificed．  

P53（－／－）mice survivalwaslessthanin the（＋／＋）（aP＜0．01）or（＋／－）cases  

（bp＜0．05）．Thetotalnumbersofthemicearedescribedintheparenthesis．  

ThenumberoftheanimalsatthebeginnlngOftheeachexperimentalgroup  

（“No．animals”）andatthescheduledsacrifice（“No．examined”）areasListed  

inTable4．  
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5ppmMNAN  15ppmMNAN  
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＋／＋  ＋／－  

15ppmMNAN  5ppmMNAN  

Figure9．（A）AveragenumberofesophageaJtumorsinp53（＋／＋），（＋／－）  

and（－／－）micetreatedwith5（le冊）or15（right）ppmMNANfor8weeksthen  

maintainedwithoutfu止hertreatmentforanadditiona170r15weeks．  

aP＜0．001vs．（＋／＋）and（＋／－），bp＜0．05vs．（＋／＋）．（B）Sizesofesophageal  

tumorsinp53（＋／＋），（＋／－）and（－／－）miceof5（le代）or15（right）ppmMNAN  

treatmentgroups．ap＜0．005vs．（＋／＋）and（＋／－），bp＜0．05vs．（＋／＋）．  

Verticalbarsindicatestandarderrorsofthemean．OpencoJumns，15  

Weeksafterstartingtreatment；C10Sedcolumns，25weeksafterstarting  

treatment．  
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日用椚了  
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Chapter 2 

Tumorsusceptibilitytomethyl－n－amylnitrosamine  

inthetongueofp53deficientmice  
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Abstract  

Mutation of the p53 tumor suppressor gene is a common genetic 

alterationin human squamousce”carcinoma（SCC）ofthetongue aswellas   

esophagus．Lnthis studythecarcinogenicsusceptibilitywasevaluatedinthe   

tongue ofp53nu”izygous（－／－），heterozygous（＋／－），and wild type（＋／＋）mice   

treatedwithmethyl－n－amylnitrosamine（MNAN）．Thep53（＋／－），and（＋／＋）mice   

WereglVen5ppmMNANindrinkingwaterfbr8weeks，thenheldwithoutfurther   

treatment for an additiona17 0r17 weeks，and sacrificed at15 0r 25   

experimentalweeks．Aseparategroupofthep53（－／－）miceweregiven5ppm   

MNANfor8weeksandweresacrificedat15weeks．At15weeks，SCCsand   

PaPi”omaswereobservedin5／12（41．7％）and2／12（16．7％）ofp53（－／－）mice，   

respectivety，butnotinp53（＋／－）and（＋／＋）mice．At25weeks，CarCinomasin   

Situ（CIS）weredetectedinl／16（6．3％）ofp53（＋／－）andl／13（7．7％）ofp53（＋／＋）   

mice，and a papi”omawas observedin the p53（＋／－）mouse which had CIS．   

PCR－SinglestrandconformationpolymorphismanatysISOfexons5－80fthep53   

gene demonstrated a missense mutationin the C［S from p53（＋／＋）mouse．   

These resultssuggestthatalackofp53genefunction predisposestongueto   

thedevelopmentofSCCsin micetreatedwith MNAN，and showthatp53（－／－）   

mouse was a usefut modet for demonstrating carcinogenicity of MNAN to   

tongue．  
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lntroduction  

Many studies have djscussed“head and neck cancer”as a group，   

SOmetimesincJudingthelip，mOuth，maXirlarysjnuses，Pharynx，larynx，Salivary   

glandsandskin asdiseasesites，and head and neckcanceristhefifth most   

COmmOnhumancancerintheworld［61］．0fthesediseasesites，thetongueis   

the most common site forsquamous cellcarcinoma（SCC）ofthe head and   

neck（HNSCC）in humans［22］．4－njtroquinolinel－OXide（4NQO）is known to   

PrOduceljngualSCCinrodents［57］，andastudyusing4NQOshowedthatthe  
／  

frequencyoflingualSCCwasslgnificantly higherin xeroderma plgmentOSum   

groupAgene－deficient（火羊狗－／‾）mice［35］．lnadditjontotheズR4，anuCleotide   

excisjon repalr gene，P53is considered to act as a defensive factor agalnSt   

lingualcarcjnogenesjs．Actually，mutationofthep53geneisoneofthemost   

frequentgeneticaJterationsintheSCCsofthetongue［1，34，42，68，74］aswe”   

as those ofthe esophagusin humans．Jn a previous studyofp53－defjcient   

micejtwasshownthatp53（－／－）and（＋／－）miceweremoresusceptiblethanp53   

（＋／＋）mice to MNAN esophagealcarcinogenesis，and the p53 deficiency   

COntributes to the deve［opment of esophagealSCCs［73］． Diffusion of   

nitrosamines that are derived from MNAN jnto the esophagusis a possible   

factorin esophagealcarcinogenesis［24］．Considering that both tongue and   

esophagusaredirectlyexposedto MNANin drinkingwater，and the natureof  

46   



theiroverlylngePitheliaareidentical，SCCsareljkelytooccurinthetongueas   

We”・ln the present study，We eXamined the relationship between p53   

deficiency andlingualcancer deve．opmentin p53knockout mice fo”owlng   

administrationofMNAN．  

47   



Materials and methods 

¶ssues∂叩）／es  

lbngues collected from the p53（＋／＋），（＋／－）and（－／－）mice that were   

given MNANin drinkingwaterfor8weeks ata concentration of5ppm（See   

Chapterl）were usedin this study．1bngues from untreated mice of each   

genotype were served as controIs．The numbers of animals examined for   

eachgenotypeareshowninlbble8．Thespecimensselectedwerebasedon   

results from the previous study for esophageal carcinogenesis in which 

administrationof5ppm MNAN resultedin slgnificantincreasesinesophageal   

CanCerdeve10Pmentinbothp53（－／－）and（＋／一）mice［73］．  

〃由わp∂的0／09JC∂／∂∩∂レSJ5  

¶）ngue tissues were resected，fixedin 4％ paraformaLdehydein   

Phosphate buffered saline，embeddedin paraffin，SeCtioned and stained with   

hematoxylinandeosin（HE）formicroscopicexamination．  

PCR－Singlestrandconfb〝れationpoVmoIPhismanarysis（SSCP）  

Tumorsamptesfrom p53（＋／＋）and p53（＋／－）mice were subjected to   

PCR－SSCP．PCR－SSCPwasconductedbasica”yasdescribedpreviously［58］．   

Briefly，genOmicDNAwasextractedfromtumorareasin paraffin sectionswith  
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DEXPAT（lbkara Shuzo Co．，Ltd．，Shiga，Japan）as detailed elsewhere［88］．   

FourpalrSOfPCRpnmersformousep53exons5－8weredeslgned basedon   

the publishedsequenceaslistedinTdble7［88］．PCRwas performedwitha   

Takara PCRThermalCycler MP（¶akara Shuzo Co．，Ltd．，Shiga，Japan）and   

PrOducts were electrophoresedin O．625x MDE polyacrylamide gels（FMC，   

Rockland，ME，USA）with5％glycerol．Thesewere runatroomtemperature   

for18hat8W，dried，andappIiedtoimaglngPlates，Whichwerethenanalyzed   

WithaBAS2500（FujiFilm，Kanagawa，Japan）．  

D／佗CfsequencJn9  

PCR products show］ng a band shift on polyacrylamide gels were   

SequenCed．SequenceanalysISWaSCarriedoutwithABIPRISM3100uslnga   

BigDyel七rminator v3．O Cycle Sequencing Ready Kit（Applied Biosystems，   

ForesterCity，CA，USA）．SequencedatawereanalyzedwithDNASLSsoftware   

（HitachiSoftwareEngineering，Ybkohama，Japan）．  

Sね鮎〟c∂／∂∩∂JわJS  

Dataforincidences ofhistopathologlCallesionswere analyzed bythe   

Fisherls exact test method．Survivalof each genotype mice were analyzed   

usingthe10granktest［65］．  
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Results  

〃由わp∂的0／09JC∂／∂n∂少SJS  

Theincidences of MNANinduced papi”omas，SquamOuS Ce”   

CarCinomas（SCCs）andcarcinomasinsitu（CIS）ofthetonguearesummarized   

in Tbble8・Papi”omas were characterized by the exophytic masses with   

frondsofprotiferatingepithelialce”s（FigurellA）．Squamousce”carcinomas   

Wereloca”ylnVaSive tumors that sometimes extended deepinto thelingual   

Skeletalmusculature（Figures12A and12B）．CIS was characterized by   

intraepithelialgrowthofneoplasticce［［swithdisorganizedpoIarity（FigurellB）．   

Thesetumorsoccurredatdorsal，latera10rVentralsurfacefrommidd［ethrough   

the posterior tongue．At week15，although no microscop］C Changes were   

Observedin bothp53（＋／＋）and（＋／－）mice，SCCswerefoundin5／12（41．7％）   

P53（－／－）miceandtheincidencewassignificantlyhigherthanthatofp53（＋／＋）   

（P＜0．05）and p53（＋／－）（P＜0．01）．Additiona”y，lof5p53（－／－）mice that had   

SCCsandanotherp53（－／－）mousehadapapi1loma．Atweek25，CarCinomas   

in situ（CIS）were observedin one of each p53（＋／＋）and（＋／－）mice，and a   

PaPi”omawasfoundinthep53（＋／－）mousewhichhadCIS．  

PCR－SSCPana小吉ISOfthep53geneintumors  

PCR－SSCPand sequenclnganalysesforexons5－80fp53genewere  
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Performedon2CISsamplesobtainedfromoneofeachp53（＋／＋）and（＋／－）mice，   

and on a papilLoma obtained from a p53（＋／－）mouse．p53mutations were   

identifiedina CISofp53（＋／＋）mouse，andin a papi”omaofp53（＋／－）mouse   

（Tdble9）．DNAsequencingfortheCISfromp53（＋／＋）mouserevealedCAC→   

TACtransitionatcodon211inexon6resulting［nthereplacementofHisbyTyr，   

amissensemutation（Figure13A）．Apapi”omafromp53（＋／－）mouseexhibited   

CTG→CTA（Leu→Leu）transition at codon254in exon7，a Silent mutation   

（Figure13B）．Both mutationswereG：CtoA：Ttransitions．No mutation was   

detectedinaCISfromp53（＋／－）mouse．  
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Discussion  

ln the presentstudy，administration ofMNAN，a genOtOXic carcinogen   

【52］，tOnu”izygousp53KOmiceclearlydemonstrateditscarcinogenicitytothe   

tongue byanincreasedincidence ofSCCswhite heterozygousp53KO mice   

andtheirw”d－tyPeCOunterPartSWerelesssusceptibletolingualcarcinogenesis．  

ALthough the number of nu”izygous p53 KO mice without MNAN   

treatmentwas sma”in the present study，nO SPOntaneOuSlingualneoplasms   

deve10Pedin any untreated nu”izygous p53 KO mice． Furthermore，nO   

spontaneous tongue lesions have been reported in the tongue of nullizygous 

P53KOmice［12，26］．Theseimptythatthelackofp53functionitselfdoesnot   

PrOducetongueneopIasmsbutresultsinanamplificationofgeneticalterations   

fo”owlng DNAdamage and consequentcancerdevelopmentas supported by   

the fact that p53regulates ce”cycte arrest，nuCleotide excision repalr and   

apoptosis［43，46］．Furtherstudywi”be necessaryto elucidate othergenes   

implicatedwithlingualcarcinogenesisin mice．The nultizygousp53KO mice   

Can be a usefulmodelforinducinglingualcancers andidentifying genes   

invoIvedincarcinogenesis．  

Therewasmissensemutationofp53geneinaCISfromwild－tyPemice   

treatedwithMNAN．Thepresenceofp53genemutationshavebeenreported   

in chemical－inducedlingualSCCsin xeroderma plgmentOSum grOuP A  
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gene－deficient mice［35］andin hamsters［70］as we”asJinguaISCCs jn   

humans［1］・ThereseemstobeinvoIvementofp53genealterationsforlingual   

CarCinogenesisinawiderangeofspecies．Thetypeofp53mutationfoundin   

this studywas G：C to A：T transitions．These patterns of mutations are the   

mostprevalenttypesofp53mutationsinhumanSCCinoralcavity■nCludingthe   

tongue［32，51］．G：CtoA：Ttransitionsarealsothe mostcommon mutations   

detected in hamster buccal pouch SCCs induced by   

N－methyl－N－benzylnitrosamjne，beingapotentalkylatingcarcinogen［5］．  

The rare occurrence of neoplasmsin the tongue of wild－tyPe and   

heterozygousp53KOmiceinthepresentstudymightbeareflectionofmurine   

resistibilitytolingualcarcinogenesis．While4－nitroquinoline－1－OXide（4NQO）is   

known to produce lingual carcinoma in rodents with variable susceptibility 

among species［5］，Jde et al．【35］indicated that mice were resistant to   

administrationof4NQObasedonthefactthatnoneoplasmswereinducedin   

COntrOlmicetreatedwith4NQOatconcentrationoflOppmviadrinkingwater   

upto2years．  

ln contrast with the study us■ng XerOderma plgmentOSum grOuP A   

geneqdeficientmicetreatedwith4NQOinwhichfirstlingualtumorwasdetected   

atexperimentalweek32［35］，lingualcancersdevelopedearlierin nullizygous   

P53 KO mice g■Ven MNAN・Although consideratjon must be glVen tO   

CarCinogenspecificity，thenulllZygOuSP53KO micecan beausefulmodeJfor  
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identificationandunderstandingoflingua．carcinogens．  

ln conclusjon，this study showed that nulljzygous p53 deficiency   

enhancedlingualcarcinogenesisin mice by adminjstration of MNAN and   

SuggeSted that alack of p53 gene function predisposed tongue to the   

developmentofSCC．  
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General discussion 
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ln this studythe susceptibjlityofp53－deficient miceto MNAN－induced   

esophagealand ringua］tumorswereinvestigated．MicewereglVen MNANin   

their drinking water for8weeks and sacrificed 70r17weekslater，and   

esophagealandlingualneoplasmswere evaluated both histologlCallyand for   

thepresenceofp53mutations．  

Micethathadonealleleofthep53tumorsuppressorgeneknockedout   

WereSlgnificantlymorelikelytodeveJopesophagealpapiHomasandsquamous   

Ce”carcinomas than p53wild－tyPe mice．On the other hand，lingualtumor   

developmentwasinfrequentin both heterozygousp53rdeficientand wild－tyPe   

mice．MNANcanreadilydiffuseintotheesophageaJmucosa，andbeactivated   

bycytochromesP450toglVehydroxy－nitrosamines，WhichdecomposedtoglVe   

aldehydes and agents that can alkylate criticalsitesin DNAin the affected   

OrganS［51］・Hence，theabilitytodiffuseintothetissueand／ortissue－SPeCificity   

of P450 isozymes distribution might have contributed to the differences in 

tumongenesisin these two sites．Salivais another possible factorin the   

difFerences・ProtectiveeffectonsalivaagalnStChemicallyinducedoralcancer   

has been shownin rats compared to desalivated rats［9］in addition to   

inactivation of mutagenicity of carcinogens by human saliva with complex   

mechanismsincluding biochemicalreactions with enzymes and／or adsorption   

With high molecular weight substancesin saliva such as proteins，muCOuS   

material，etC［55］． The differenceinincidence of SCCs between the  
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esophagus and tonguein homozygous p53mice can reflect the di仔erent   

SuSCePtibilitiesofthesesitestoMNAN．  

Althoughp53mutationswereuncommoninesophagealpapilJomas，at   

least halfofthe esophagealSCCs，eVen Sma”carcinomas and carcinoma〟1   

Situ of the tongue，had mutationsin exons 5－8 0f the p53gene・LA   

PCR－amPlified DNAfromtheesophagealSCCsofheterozygousp53－deficient   

miceexhibitedmissensemutations，nOtinthemutantbutratherinthewird－tyPe   

alleJe，indicatingJoss offunctionalp53protein・Thesefindings suggestthat   

mutatedp53can Feadtothelossoffunctionalp53protein，andisinvoIvedin   

malignant transformation ofsquamous ce”carcinogenesis・ln humans，P53   

gene alterations have been reported evenin earlyesophagealprecancerous   

lesions，SuChascarcinomainsituanddysplasia［73，85］．Carcinomasbearing   

P53mutations may have arisen from MNAN－injtiated mucosaindependentof   

intermediatepapillomaformation．  

Micewjthbothp53allelesknockedoutweremuchmoresusceptjbleto   

MNAN－induced esophagealtumongenesis，and were alsolikely to develop   

linguaJcarcinomas・Mechanismsotherthanp53arethoughttobethe basis   

fortheinductionofthosetumors，Whichrarelydeve10PSPOntaneOuSlyInmice・   

OthergeneticchangesmayaccumuJateasthelesionsprogressunderavariety   

Ofdisturbancesingrowthcontro（JDNArepa．（，andapoptosisbythelackofp53   

functions・Other possible mechanjsmsinclude deregulation of celJcycle  
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COntrOlby the cyclin－dependent kinase－RB pathway ce”cycLe control   

（inactivationofp16whichisCDKinhibitor，占mplificationofq／ClinDl，alterations   

OfRB），aCtivationofoncogenescausingderegulationofsignaltransduction（e．gリ   

EGFR，C－myC）［38，48，49，54，87］．Thep53nu”izygous deficient mice have   

beenregardedasnousefulforpotentialcarcinogendetectionbecauseofahigh   

incidenceofpredominanttyhematopoietictumorswithinthefirst6monthsoflife   

【79］．The nu”izygotes，however，reVealed the potential］ingualcarcinogenicity   

OfMNAN・Similarly，N－methyl－N－nitrosourea（MNU）gastriccarcinogenesiswas   

Cleartyenhancedinthenu”izygotes，Whi］etheincidencesofgastrictumorswere   

COmParab］ein het占rozygous p53－deficient and wild－tyPe micein a previous   

Study［88］．lnductionofsquamousce”carcinomasintheskinafterultraviolet   

irradiation has also been demonstratedin the nu”izygous p53－deficient mice   

【47］．Despite their Limitations，nullizygotes can provide a powerfultoolfor   

CanCerreSearChintheshortterm．  

More than halfofthe mutations observedin esophagealSCCs were   

G：C→A：Ttransitions，and a”mutations detectedin＝ngualcarcinomain situ   

andpapil10maSWerealsoG：C→A：Ttransitions．Mutationsofthep53geneare   

the mostcommon geneticalterationsin human cancers，and mayserve as a   

markerinstudiesonmo］ecularcancerepidemiology［25］．1thasbeenreported   

thatspecificetio10glCalagentscancausespecificmutationsinhumans，e．g．，a   

typICalG→A transversion mutation at codon 249 0f the p53 genein  
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hepatoce”ular carcinomasin aflatoxin BIcontaminated areas［60］，Or a high   

PreValence of p53transition mutationsin SCCin nitrosamine contaminated   

areas［86］．1tis known that chemicals and their carcinogenic metabolites   

CauSemutationsbyformingcovalentadductswiththenucleotidesin DNA［83］．   

Somesma”carcinogen－DNAadducts，SuChas06－methylguanineresu■tingfrom   

alkylating agents，may CauSe DNApolymerase to misread the base palrlng．   

The most common mutations caused by alkylating agents are G：C→A：T   

transitions［31］．The mutationalpatterns observedin the esophagus and   

tongueofmicetreatedwithMNANareconsistentwiththemutationa］spectrum   

CauSedbyalkylatingagents．  

ln conclusion，the current study demonstrated anincreased   

SuSCePtibilitytoesophagealtumongenesisbyagenotoxicagent，MNAN，inp53   

nu”izygotes，and then p53heterozygotes as compared with wild－tyPe mice，   

PrOVidingstrongevidenceofp53mutationsinthedevelopmentofesophageal   

SCCs．LingualcarcinogenicityofMNANwasalsoc］eartyapparentinthep53   

nu”izygotes．Thep53KOmiceareoneofseveralgeneticallyenglneeredmice   

Whose use maylnCreaSe the sensitivity and decrease the time and cost of   

rodent carcinogenicity bioassays．Although consideration must be glVen tO   

CarCinogen and／or tissue specificity and background strain variability on   

tumongenesIS，P53KO mice provide a powerfultoolforidentification and   

understandingofhumancarcinogenesis．  
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Conclusions  

Over the past30years potentialcarcinogenic risk to humans from   

variouschemicalshasbeenevaluatedbyatwo－yearbioassayuslngtWOrOdent   

SPeCies・However，it has been revealed that thereis alack of correlation   

between some chemical－induced tumorsin rodents and risk assessmentin   

humans．Furthermore，aSlngletwo－yearaSSaylSeXPenSive，anditrequlreSa   

Lotoftimeandalarge numbersofanimals・Recently，theuseofgenetica］ly   

eng■neered mice that can function as an alternative modelforidentifying   

CarCinogensin a shorter period oftime has drawnincreaslnginterest・The   

heterozygousp53－deficient（＋／－）mouseisoneofthosegenetica”yengineered   

mice．Thep53geneisatumorsuppressorgenethatisfrequentlymutatedor   

deficientinawiderangeofcancersinhumans・  

Mutationsofthep53genearethemostcommongeneticaLterationsin   

esophagealandlingualsquamous ce”carcinomas（SCCs）in humans・The   

etiologyoftheseSCCshasbeenwellstudiedand predominantly■nVOIvesthe   

use oftabacco．Tabacco－aSSOCiated N－nitroso compounds are considered to   

betheetiolog］CagentS．  

ln the present study，the susceptibility of nu”izygous（－／－）and   

heterozygous（＋／－）p53－deficient mice to methylrn－amylnitrosamine（MNAN）   

carcinogenesis in the esophagus and tongue was evaluated to assess the 
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usefulnessofthistestsystemforidentifyingchemicalsthatcausecancersinthe   

esophagusandtongue．  

The relationship of changesin p53 to esophagealandlingual   

tumongenesis was also evaluated by analyzlng P53mutationsin the tumor   

Cells．  

Thep53（－／－），（＋／－）andwildtypep53（＋／＋）miceweretreatedwith50r   

15ppm MNANin their drinking water for8weeks then maintained without   

furthertreatmentforanadditiona170r17weeksandsacrificedatexperimental   

Weeks150r25．EsophaglWere eXamined histopatholog］Ca”y，and thetypes   

andincidencesoftumorswereevaluatedin each genotype．At15weeksin   

the5ppm groups，eSOPhagealSCCswereobservedinl／15（6．7％）p53（＋／－）   

mice，butin none of the p53（＋／＋）mice．The p53（－／－）mice exhibited a   

Significantlyincreasedincidence（10／12，83．3％）in SCCs．］n the animals   

receiving15ppm，2／14（14．3％）ofthep53（＋／－）miceandl／11（9．1％）ofthep53   

（＋／＋）mice devetoped SCCs．At25weeks，theincidences of SCCs were   

Significantlyincreasedinp53（＋／－）mice（7／16，43．8％）compared top53（＋／＋）   

mice（1／13，7．7％）at5ppmofMNAN．lntheanimalsreceiving15ppm，there   

WaS a trend forincreasedincidence ofSCCsinp53（＋／－）mice（8／14，57．1％）   

Whencomparedtothatofp53（＋／＋）mice（2／10，20．0％）．Theseresultsindicate   

the orderofsusceptibilityto MNAN－induced esophagealcarcinogenesisis as   

fo”ows：nuLlizygotes（－／－）＞heterozygotes（＋／－）＞Witdtype（＋／＋）．  
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Of the SCCs examined by PCR－Single strand conformation   

POlymorphism（PCR－SSCP）analysis，61％（14／23）from p53（＋／－）and50％   

（6／12）fromp53（＋／＋）micedemonstratedmutationsinthep53gene（exons5－8）・   

These results provide strong evidenceofinvoIvementofp53mutationsin the   

development of esophagealSCCs．The patterns of p53mutations were   

PredominantlyG：C→A：Ttransitionsthatare mostfrequentmutationsdetected   

in human esophageaIcancers，and thisindicates the usefulness of the   

MNAN－induced esophagealcarcinogenesismodelin mimickingthisdiseasein   

humans．  

Histopatho10gicalassessmentofthe tongue ofp53（－／－）mice given5   

PPmMNANrevealedlingualSCCs（5／12，41．7％）andpapillomas（2／12，16．7％）   

at15weeks．Therewerenoneoplasticlesionsdetectedinp53（＋／－）and（＋／＋）   

mice．At25weeks，CarCinomasinsitu（CIS）weredetectedinl／16（6．3％）of   

P53（＋／－）andl／13（7．7％）ofp53（＋／＋）mice，andapapi”omawasobservedin   

thep53（＋／－）mousewhich hadCIS．PCR－SSCPanalysisofexons5－80fthe   

P53gene demonstrated point mutationsin the CLS（C→Ttransition）and the   

PaPi”oma（G→A transition）lesions． These patterns of mutations are   

consistent with the findings observed in the esophagus and considered to be 

the mutation spectrum related to MNAN administration．Mutationin the p53   

geneisoneofthemostcommonalterationsinhumancancers．Therefore，itis   

SuggeStedthatanalysISOfp53mutationalspectraprovidesaunlqueOPPOrtunity  
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toinvestigateetiology．  

ln conclusion，this study reveaLed strong evidence ofinvoIvement of   

P53mutationsinthedeve10PmentOfSCCsintheesophagusandtongue，and   

indicated thatp53－deficient mice provide a usefulmodelforidentification and   

understandingofhumancarcinogens，althoughconsideration mustbeglVentO   

CarCinogenand／ortissuespecificity．  
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要 旨   

過去30年余り．2種のげっ歯類を用いた2年間の長期癌原性試験によって，化学   

物質のヒトにおる癌原性が評価されてきた。しかし，現在，化学物質によって，げっ歯   

類に誘発される腫癌のいくつかは．ヒトヘのリスクアセスメントにおいて明らかに関係   

のないことが示されている。併せて．長期癌原性試験は，費用および時間がかかりす   

ぎることや．使用される動物数が莫大であることから，近年．代替法となり得る．より   

短期の試験系として遺伝子改変動物が注目されている。pガ（＋／－）欠損マウスはその   

一つである。J）ガは，ヒトの多数の癌において変異あるいは欠失していることが知られ   

ている癌抑制遺伝子である。  

ヒトの食道および舌における扁平上皮癌は，β尻ブ変異が多い腫癌である。また．そ   

の病因の一つにタバコが挙げられており、その原因物質としてN一ニトロソ化合物が考   

えられている。  

本研究では，N一ニトロソ化合物であるmethyl－n－amylnitrosamine（MNAN）に対する   

p5プ（－／－）および（＋／－）欠損マウスの食道および舌における発癌感受性を調べ，これら   

マウスの発癌性試験の試験系としての有用性を検討した。さらに，発生した腫瘍にお   

けるβよブ遺伝子の変異を解析し，βよブ遺伝子異常と発癌の関連性を検討した。  

MNANを5または15ppmの濃度で飲水に混入してp53（－／－）および（＋／－）欠損マ   

ウスならびに野生型（β尻ブ＋／＋）マウスに8週間連日投与した。実験開始15週後および   

25週後に動物を屠殺して食道を病理組織学的に検索し．腫癌のタイプおよび発生頻   

度をp尻ブ（－／－），（＋／－），（＋／＋）の各遺伝子型について比較検討した。その結果，15週後  
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ではMNAN5ppm投与で扁平上皮癌が（＋／一）に1／15例（6．7％）みられたが，（＋／＋）では認   

められなかった。（－／－）では扁平上皮癌は10／12例（83．3％）と発生頻度が有意に増加し   

た。MNAN15ppm投与では扁平上皮癌が（＋／－）で2／14例（14．3％）．（＋／＋）で1／11例   

（9．1％）認められた。25週後ではMNAN5ppm投与で扁平上皮癌が（＋／－）に7／16例   

（43．8％）．（＋／＋）に1／13例（7．7％）認められ，（＋／－）で有意に高い発生率を示した。また，   

MNAN15ppm投与群における扁平上皮癌の発生頻度は（＋／－）で8／14例（57．1％），   

（＋／＋）で2／10例（20．0％）であり，（＋／－）では（＋／＋）に比べ発生率が高い傾向を示した。  

以上．βガ（－／－）では．（＋／－），（＋／＋）に比べて明らかに短期間，高頻度で食道扁平上   

皮癌が誘発された。また，P53（＋／－）は（＋／＋）に比べMNANによる食道の発癌感受性が   

高いことが示された。  

次に．誘発した腫瘍組織から DNAを抽出し，Single strand conformation   

polymorphism（SSCP）法によってp53遺伝子のexon5－8における遺伝子変異を検索   

した。食道癌の癌細胞において．pガ（＋／＋）では6／12（50％），（＋／－）では14／23（61％）に   

p53遺伝子の変異が認められ，MNAN（＝よるp53遺伝子の異常と食道発癌との因果   

関係が示唆された。また．検出された変異は大半がG：C→A：Tの塩基転移（transition）   

であり．ヒトの食道癌における点変異の種類とよく符合した。以上のことから．MNAN   

誘発食道扁平上皮癌がヒト食道癌のモデルとして有用であることが示された。  

同様に．MNAN5ppmを飲水投与したp53（－／－），（＋／－），（＋／＋）の各遺伝子型マウ   

スの舌発癌感受性を検索した結果．15週後では（－／－）において舌扁平上皮癌が5／12   

例（41．7％），乳頭腫が2／12例（16．7％）に認められた。一方．（＋／－）および（＋／＋）では増殖性   

病変の発生はなく．（－／－）では．（＋／－），（＋／＋）に比べ明らかに短期間．高頻度で舌扁平  
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上皮癌が誘発された。25週後では，上皮内癌（carcinomain situ）が（＋／－）のl／16例   

（6．3％）および（＋／＋）の1／13例（7．7％），乳頭腫が（＋／－）の1／16例（6．3％）に誘発された。J）よブ   

（＋／－）．（＋／＋）に発生したcarcinomain situおよび乳頭腫についてSSCP法により遺伝   

子検索した結果，C→Tの塩基転移がcarcinomainsituで．G→Aの塩基転移が乳頭   

腫でそれぞれ検出された。これらの塩基転移は食道扁平上皮癌における変異の種   

類と同一のものであり．MNANによるDNA損傷の可能性が考えられた。  

本研究により．pガ遺伝子欠損マウスが食道および舌の発癌性試験の試験系とし   

て有用であること，pガ遺伝子異常がこれら臓器における扁平上皮癌の発生と関連   

することが示された。さらに，β尻ブ遺伝子変異の種類の分析により，原因物質が解明   

し得る可能性が示唆された。  
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血開通伝子欠損マウスの食道および舌における化学物質誘発扁平上皮癌  

の分子病理学的研究）  

審  査  結  果  の  要  旨   

申請者は，ファイザー製薬株式会社・中央研究所において新規化合物の毒性評価に従事し  

ている。同者は，近年，化学物質の榎原性評価に際し，これまでの長期痺原性試験に替わり  

うる遺伝子改変マウスを用いた短期試験法の応用について世界規模で研究が進められている  

ことに着目し，化学物質のヒトに対するリスク評価における〆J遺伝子欠損マウスの有用性  

を検討すべく，〆β遺伝子欠損マウスの食道および舌における発癌感受性の検索，さらに遺  

伝子変異を調べる 

l． p53欠損マウスの食道におけるmethyl－n－amylnitrosamineによる発癌感受性および発   

癌と遺伝子変異の関連についての研究（C∂√Cノ即ge〟e∫ノ∫）  

〆J欠損マウスの化学物質による食道発癌の感受性および発癌過程における〆J遺伝子   

変異の関わりについて検討した。Methyl－n－amylnitrosamine（MNAN）を5または15ppmの   

濃度で飲水に混入して〆㌃／－および〆J＋／一欠損マウスならびに野生型（〆針／＋）マウスに   

8週間連日投与した。実験開始15週後にMNANを5ppm投与した〆J－／－で扁平上皮痺が   



高頻度（10／12例；83．3射で認められた。〆升／－では扁平上皮窟が1／15例（6．7％）にみられ  

たが，〆升′／＋での発生はなかった。15ppm投与による扁平上皮痺の発生頻度は〆針／－で  

2／14例（14．3れ〆J＋／十で1／11例（9．1％）であった。25週後において，5pp皿投与による  

扁平上皮痺の発生が〆升／－では7／16例（43．8％）であったのに対して〆針／＋では1／13例  

（7．7％）に過ぎず，〆針／－で有意に高い発生率を示した。また，15ppⅢ投与における発生  

頻度は〆封／－で8／14例（57．1射，凡打＋／十で2／10例（20．0％）であり，〆升／－では〆J＋／十に  

比べ感受性が高い傾向を示した。   

次に，誘発した腫瘍組織から DNA を抽出し，Single strand conformation  

poly血Orphis皿（SSCP）法によってp53遺伝子のexon5－8における遺伝子変異を検索した。  

食道痺において，〆升／＋では6／12（50射，〆針／－では14／23（61％）と，高頻度で扉甘遺伝子  

の変異が検出され〆∫遺伝子の異常と食道発癌との因果関係が示唆された。また，検出  

された変異は大半がG：C→A：士の塩基転移であり，ヒトの食道癌でよく検出される点変異  

の種類と符合した。   

以上，〆㌻／－では，〆J十／－および〆升／＋に比べて短期間かつ高頻度で食道扁平上皮瘡  

が誘発さ′れた。また，〆升／－は〆∫十／＋に比べ食道の尭癌感受性が高いことが示された。  

さらに，腫瘍組織における〆J遺伝子変異のパターンはヒトと相同していたことから，化  

学物質の食道発癌性評価に，〆J遺伝子欠損マウスが有用であることが裏づけられた。  

2． p53欠損マウスの舌におけるmethyl－nqamylnitrosamineによる発痛感受性および発癌   

と遺伝子変異の関連についての研究（′紺√朋ノ∂／乃∫ノc∂J♂gノcタ∂J加ノロgγ）  

Methyl－n－a∬1ylnitrosamine（MNAN）をp53－／－，P53［／－，P53I／Iの各遺伝子型マウスに5pp皿   

の濃度で8週間連日飲水投与し，舌発癌感受性を検索した。実験開始15週後において   

〆㌃／－で扁平上皮痛が5／12例（41．7％人 乳頭腫が2／12例（16．7％）に認められた。＋一一方，   

〆升／－および扉胡／＋では増殖性病変の発生はなかった。実験開始25週後では，上皮内癌   

（carcinoma血∫力宜が〆J十／－で1／16例（6．3％）および〆封／十で1／13痢（7．7％），乳頭腫が   

p53；／－で1／16例（6．3％）に誘発された。さらに，P53＋／－．P53I／lに発生したcarcinomaID   

Sjtuおよび乳頭腫についてSingle strand confor皿ation poIYmOrphism（SSCP）法により   

p53遺伝子のexon5－8における遺伝子変異を検索した結果，C→Tの塩基転移がcarcinoma   

力7∫石化で，G→Aの塩基転移が乳頭腫でそれぞれ検出された。  

以上わことから，〆㌻／－は，〆針／－および〆升／十に比べて短期間かつ高頻度で舌扁平   

上皮癒が誘発され，舌発癌感受性が高いことが示された。また，検出された〆J遺伝子変   

異のパターンは，食道扁平上皮痺で最もよく認められた塩基転移と同じであったことから，   

この塩基転移は，MNANによるDNA損傷の特徴である可能性が示唆された。   

本研究により，〆J欠損マウスはMN脚に対する食道および舌の発癌感受性が高いこと  

が判明した。さらに，分子病理学的手法を用いて〆J遺伝子変異を検索することにより発  

癌メカニズム解析を行い，〆J欠損マウスとヒトの扁平上皮痺との相同性を明らかにした。  

これらは，化学物質の安全性研究およびヒトの上部消化管における痺研究の分野において   



多大な貢献を示すものと考えられた。   

以上について，審査委貞全員一致で本論文が岐阜大学大学院連合獣医学研究科の学位論  

文として十分価値があると認めた。  
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