
TheFishBiologyJoumalMEDAKA,8:15-19(1996)

Cancerresearchuslngthemedaka,OryzlaSlatl'pes,OVer21years*
● ●

princeMasahitol,KazukoAoki2andTakatoshiIshikawa3

1)DepartmentofPathology,CancerInstitute,Kami-Ikebukuro,Toshima-ku,Tokyo170,2)Divisionof

BiologyandOncology,NationalInstituteofRadiologicalScience,Chiba263,and3)Departmentof

Pathology,FacultyofMedicine,UniversityofTokyo,7-3-1Hongo,Bunkyo-ku,Tokyo113･

Pro一ogue

Itwas21yearsagothatmedakafishwerefirst

usedforcancerresearchbylshikawa,oneofthe

presentauthors,in 1975.Sincethattime,the
medakahasbecomeestablishedinthemainstream

ofcancerresearchuslngfish,bothwithinJapan
andintheUnitedStatesofAmerica.Atthetimeof

wrltlng,OutOf36papersdealingwithneoplasiain

themedakawerepublishedduringthepast20

years,19werefromJapanandtheremaining17

wereallfromtheUSA.Acomparisonofthetwo

countries'Outputsinthisareaovertimeisshown

inFig.1.InJapan,fiveorsixpapersdocumentlng

findingsincancerresearchuslngmedakawere

publishedeveryfouryearsbetween 1975and
1989,withadeclinethereafterfrom1990to1994.

IntheUSA,thefirstpaperdealingwithmedaka
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appearedonlyin1984(Klaunigetall,1984)but

thesubsequentrapidriseininterestisnowreflect-

edinanoutputthreetimesthatofJapan･

Infact,thefirstcancerresearchuslngSmall

aquarium fishwasthelaboratoryworkwiththe

zebrafish,Branchydaniorerio,conductedby
Stantonin1965intheUSA.Themedakaisinno

wayinferiortothezebrafishwhichhasreceiveda

greatdealofattention(MullinsandNiisslein-
Volhard,1993;Drieveretal.,1994),andits

advantagesfわrmanypu叩OSeSdeserveemphasis

andnotebytheyoungergenerationofresearch

workers.Thus,itistimelythatthisspecialedition

bepublishedtofollowonfromearlierreviewsof
thesubject(BriggsandEgami,1959;Ishikawaet

al.,1975;Ishikawaetal.,1984)bypointingout
that:1)Themedaka,andespeciallytheorange-red

1975-1979 1980-1984 1985-1989

- - - Japan

･tJt- USA.

1990-1994 Year

Fig.1.Numberofcancerresearchpaperspublishedfeatunnguseofmedaka･

*ThispapercontributestotheSpecialIssue"DevelopmentofMedakaBiologyinJapan･"
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variety(himedaka),isthemostcommonaquarium

fishotherthangoldfishandornamentalcarp ln

Japan;2)Largenumbersofindividualscanbe

maintainedinalimitedspacebecauseoftheir

smallsize;3)Themedakaiseasytobreedunder

favorablelaboratoryconditionswithmalesand

femalesbeingeasilydistinguishablebytheshape

oftheiranalfins;4)Thisfishcanadapttoawide

rangeoftemperature(5-30oC)･

Chemicalinductionoftumorsinthemedaka

Sincethefirstsuccessfulinductionofliver

tumors(Ishikawaetal.,1975),experimentalhepa-

tocarcinogenesisinthemedakahasbeenachieved

withvariouscarcinogensuslngdifferentmethods

from 1975to1984byJapaneseresearchers･Inthe

initial study, addition of diethylnitrosamine

(DEN)totheaquariumwateratlevelsof15-135

ppmforeightweeksresultedinhepatocellularcar-

cinomadevelopmentafter13weeksin21of32
fish.ExaminationoftherelationbetweentheDEN

exposureperiodandtheincidenceoftumorsby

lshikawaandTakayamain1979,revealedthata

largenumberofmedakatreatedwith45ppmDEN

andmaintainedat250Chadtumorsafteronly6-8

weeks(Table1).

Table1.Therelationbetweentheperiodofexposureto45ppm
DENandtheincidenceoflivertumorsinhimedaka.
EssentiallysimplifiedfromlshikawaandTakayama
(1979).

Effective Exposureperiod No.oftumor-
no.offish (wks.) bearingfish(%)
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KyonoandEgami(1977)Studiedtheeffectof

temperatureduringandafterDENtreatmentand
foundthetumorincidenceinmedakastreatedwith

DENat80Ctobeverylowincomparisonwiththe

valueof25oC.Similarresultsconcernlngthe

effectoftemperatureinDEN-inducedhepatocar-

cinogenesisinthemedakaswerealsoobtainedin

other studies,(Kyono, 1978;Ishikawa and

Takayama,1979;Egamietalリ1981)･Egamietal･

(1981)furtherreportedthatpartialhepatectomy
enhanceslivertumorformationinthemedaka,as
itiswellknowntodoinrodents.Hatanakaetal.

(1982)succeededininducinghepatocellularcarci-

nomasinthemedakawithanatoxinsBlandGl,

sterlgmatOCyStin,ortho-aminoazotoluene,methy1-

azoxymethanol(MAM)acetate,andDEN treat-

mentfor24weeks,indicatlngageneralsensitivlty,

agalnequlValenttothatobservedforratsand
mlCe.

AokiandMatsudaira(1977,1981)concentrated

attentiononinductionofhepatocellularcarcino一

masinthemedakaaftertreatmentwithMAM

acetateinaqueoussolution,surprlSlngly,finding

liver tumors, hepatocellular carcinomas and

cholang10maSin60tolOO%offish60to90days

afterexposureto2.0to3.0ppmforonly24hours

(Aoki and Matsudaira, 1977).They further

describedproductionoftumorswithinthesame

timespanbyexposureto10ppm MAM acetate

foraslittleas1hour(AokiandMatsudaira,1981).

MAM-induced hepatocarcinogenesis in the

medakashassubsequentlybeeninvestlgatedin

detailbybothJapaneseandAmericanresearchers
(Haradaetal.,1988;Hawkinsetal.,1988a).

Haradaetal.(1988)examinedtheeffectofMAM

acetateoncarcinogenesisinthemedakaatlow

doses(0.1,0.3ppm),whereasHawkinsetal.

(1988a)usedahighdose(50ppm)forthestudyof

tumorlgeneSis.Allthemedakasweresupplied

from thebreedingstocksoftheirowninstitutes

(AokiandMatsudaira,1977,1981;Haradaetal"
1988;Hawkinsetal.,1988a).From thedatain

Table2,itwouldappearthattherearesomediffer-

encesinsusceptibilitytoMAM acetateamong

theircolonies.AllmedakasusedbyAokiand

Matsudaira(1977,1981)diedwithin9daysafter

2-hrtreatmentwith50ppmMAM acetate(unpub-

1isheddatabyAoki).Thesamedosewasusedby

Hawkinsetal.(1988a),buttheirmedakassur-

vivedinsplteOfbeingmaintainedatnearlythe

samewatertemperature(Table2).

MitaniandEgami(1980)wereabletosubcul-

turealivertumorinducedbyDENinamedaka,f〃

vitroat26oC for18passagesoveraperiodof

morethanfivemonths.However,theycouldnot
establishculturesfrom normallivercells.

Generallyspeaking,thetransplantationoffish
tumorsisdimcultbecauseofthelackofimmuno-

compatibility.Hyodo-TaguchiandMatsudaira

(1984)Overcamethisproblem byproducing

inbredstrainsofmedakathroughrepeatedsister-

brothermatlngSformorethan30generationsfrom

1974.Therebytheyachievedsuccessfultransplan-

tation of melanomasproducedby20-100ppm

N一methyl-N'-nitro-N-nitrosoguanidine(MNNG)
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Table2.CancerresearchwiththehimedakausingMAMacetate.

17

Observationtime

Reference Dose(ppm) Exposuretime aftertreatment
Water

temperature
(days)

No.offish No.offishwith
examined tumors(%)

Hawkinsetal.,1988a
AokiandMatsudaira,1981

Hatanakaetal.,1982

Haradaetal.,1988

AokiandMatsudaira,1981

50
10

8
3
2
0
･
5
0
･
3
0
･
3
0
･
3
0
･
3
0
･
1
0

2hrs 26±loC
1hr 25±loC
lhr 25±loC

1day 25±loC
1day 25±loC
IOdays 25±loC
63days 25±3oC
63days 25±30C
3days 25±30C
3days 25±30C
14days 25±3oC
120days 25±loC
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1
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1
1
5
5
5
1

つJ
153(45)
10(67)
9(50)
3(100)
9(75)
10(83)
1 (8)
3(23)
3 (5)
3 (5)
0 (0)
1(10)

exposurefor2hrs,tosyngenetichosts.Mela-

nomasdevelopedonlylntheinbredstrainHB3LC
establishedfromwildmedaka.Incontrast,almost
nomelanomasaroseintheinbredstrainHO4C

derived from himedaka,although thisstrain

provedsensitivetotheacutetoxicltyOfMNNG

(Hyodo-TaguchiandMatsudaira,1984;Hyodo-

TaguchiandEgami,1985).

Earlystageofcarcinogenesisinthemedaka
Normallivertissueinthemedakadiffersconsid-

erablyfromthatofmammals,consistlngOfsheet-

1ikea汀angementSOfparenchymalcellswithinter-

1aclngSinusoidsand afew bileducts.HistO-

loglCally,however,thelivertumorsinmedaka

donotgenerallydiffertoanygreatextentfrom

equivalentmammaliantumors(Ishikawaetal.,

1975;IshikawaandTakayama,1979;Haradaetal.,

1988).Nakazawaetal.(1985)reportedenzyme-

alteredfocidevelopmentafterfourtosixweeks

chronictreatmentwith50ppmDEN.ATPaseand

glucose-6-phosphataseactivitiesweredecreasedin
mostfoci,butincreasedinsomeothers.

Infish,DNA damageinducedbyultraviolet

radiationorcarcinogenscanberepairedbymech-

anismssuchasexcision,photoreactivation,and

S6蒜 eeihzyylAueaan:le.n?U"nAschmeedtuh.yeStr;nXAer:;enth'eOs6ii

(UDS)hasbeendemonstratedbyautoradiography

inmedakaganglioncellsinresponsetoanumber

ofchemicalcarcinogens,including methyl

methanesulfbnate,methylnitrosourea,MNNG,N-

hydroxy-2-fluorenylacetamide,4-nitroqulnOline1-

oxide,4-hydroxyaminoqulnOline トoxide,di一

methylnitrosamine,DEN,benzo[a]pyrene,and

aflatoxinBl(Ishikawaetal.,1984).However,no
UDSwasdetectedinliverorintestinalcells.06_

MTisconsideredtoplayanimportantroleinthe

repalrOfalkylatingcarcinogen-inducedlesionsin

mammalianspecies･Thelevelof06-mTactivlty
inmedakaisalmostthesameasinthemouse

(Nakatsuru etal.,1987),butwhen fish were

exposedcontinuouslytoMAM acetateatlevelsof

o･1,0･15,andO･3ppm intheirwater,06-MT

activltyWasmarkedlyreducedfrom daysoneto

sevenwithaslightincreasethereafter･The06-MT

activityalsodecreaseswithadvancingage(Aoki

etal.,1993).

Spontaneoustumorinthemedaka

Hawkinsetal.(1988a)describedtheincidence

ofspontaneoustumorsinyoungmedakastobe

almostzero,onlyonelivertumorandonelym-

phomabeingobservedinseveralthousandfish.

Theincidenceofspontaneouslivertumorswas

surveyedin1-to5-yeaト01dmedakasbyPrince

Masahitoetal.,1989(Table3).In1-yearl01dfish,

noneoplasticlesionswerefoundandinthefoト

lowlngtwo-yearstheincidencewasrelativelylow.
Livertumorsbecamemorecommonwithadvanc-

1ngage,reachinganincidenceof7.1% in5-year-

old(near-maximal-age)femalemedakas.These

medakahadbeenkeptlnthepondsattheDivision

ofBiology,NationalInstituteofRadiologlCal

Sciences,Chiba-Cityfrom 1970(Hyodo-Taguchi,

1990).

Foursquamouscellcarcinomas,fivemelan0-

masand fourlymphomaswerefound in 13
medakascollectedatthreedifferentsitesinthe

medaka.Twoofthemelanomasandallthelym-
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Table3.Agedependenceofthespontaneouslivertumorincidenceinhimedaka.
DatafromPrinceMasahitoeta1.,1989.HCC=Hepatocellularcarcinoma.
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Sex
No.offish Diagnosis(No.ofcases)
withliver
tumors(%) Adenoma HCC

M

F

M

F

M
F
M

F
M
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0
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1
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phomasshowed systemic invasion (Prince

Masahitoetal.,1989).Threeoutoffourlym-

phomaswereobservedintheopeculum･Haradaet
d.(1990)alsomentionedalymphomaoccu汀ing

inthekidneyofoneanimal.Althoughthediffer-

entiationbetweenT andB lymphocytesisnot

strictlydefinedinfishimmunesystems(Irwinand

Kaattari,1986),theformermayoriginatefromthe

thymusandthelatterfromthelymphaticorganin

thekidney･A singleolfactoryneuroepithelioma

(Torikataetal.,1989)andoneovariandysgermi-

noma(Haradaetal.,1991)havealso been

describedasspontaneoustumorsinthemedaka.

Epilogue

Although,therehavebeen17papersdealing

withcancerresearchusingmedakasfrom labora-

toriesintheUSA overthepast21years,the

purposeofthepresentreview wastosurveythe

history ofJapanese cancerresearch with this

species.Therefore,thesepapersfrom theUSA,

includingmanyexcellentexamples,arehereonly
listedinAdditionalReferences.

ThemedakahasmadecontributionstoJapanese

biologlCalstudyforlongerthanJustthe21years
ofuseforcancerresearch.In fact,work on

medakageneticswasalreadybeingconductedby

Aidain1921.HyodoITaguchiandhercollabora-

torshavenow producedinbredmedakas(1984,

1985).Ozatoetal.(1986)haveshownthattrans-

genicmethodscanalsobeappliedtothemedaka.

Veryrecently,Wadaetal.(1995)haveevenmade

astartatproducingageneticlinkagemap.These

newmethodswouldseemtobealsoprofitablefor

cancerresearchersuslng themedaka.Forany

readerswhowanttopursuecancerresearchuslng

medaka,theauthorswouldstronglyrecommend

studyofthegeneralbiologyofthisfascinatlng

animal･Wesincerelyhopethatthiseditionmaybe

ofsomeassistanceinprovidingabasisforfuture
research.
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