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Abstract  

A singl卓tOplCalapplication of a potenttumor－prOrnOting agent，12－0－tetr且一  

decanoylphorbol－13－aCeLate（TPA：17nmol／mouse）to mouse skinresultedin a  

large and rapidinductionofskin ornithine dec且rboxyla8e（0Ⅰ）C）activity・The  
ind11Ctionreachedapeakat4to5hrafterTPAtreatmentandreturmedtocontrol  
levelby16hr・lnduction of ODC byTPA was significantlyinhibited byprior  

treatment of skin withindomethacin（inhibitor of prostaglandin synthesiB，  

10mg／kgbody weight）orvitamimAanalogs（retinoid8，50JLg／kgbodyweight）・  

Phenobarbital（】ivertumorpromoter，100Tng／kgbodyweight），bileacids（colonic  
tumorpromoter，1OOTng／kgbodyweight），已ndBaCeharln（bladdertumorpromoter1  

100mg／kgbodyweight）did notaffecLODCactivityinmou8eSkin・ The skin  

tumorLPrOmOtiTlgPhorbolestcrs（17nmol／mouse）induceヰmouseskinODCinthe  
followingorder：TPA＞4B－phorbol－12，13－didecanoate（4？Tl’Dl））＞phorbol－12，13－  

dlbenzoate（PDB）．The¶OローtumOr prOmOting phorbole日ter8，旭－phorbol，4β－  
phorbol，4d－Phorbol－12．13－didecanoate（4a－PDD）and phorboIT12，13－diacetate  

（P工）A），（1j（1notar！ectODCa（：tivity．   

The昏e re8ult日indi（1ate that phorbolester－induced skin ODC may be an  

iTrlPOrtantCOmpOnentOftheTTle（】hanism L〕fskintumorpromotion・Furthermore，  

itiBSuggeStedthattumorpromotersinduceOl）Cintheirtargettissues・  

such 且S12－0－tetradecanoylphorbol，13－aCetate  

（TPA）213）．This2－Stage SyStem Callcdiniti－  

ation and promoti【）n has been utilized as a  

modelof chemicalcarcinogene8isinint且Ct  

且nimals，the biochemicalevent8 0f whi（－h  

migbt beimportant ror tbeneOpIasticproc8SS  

ln mouse6kin．  

】ntrod11Ction  

Tumorscanbeeffectivelypro（1ucediIlmOuSe  

skiTlhytreatmentwith asingle，tOplCalappli－  

cationofa日ubcarcinog即1icdoseof且COmpOund  

such as dimethylbenz［a］anthracenefollowed  

byrepetitiveappli（一ationsofaprQmOtingagent  
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Ornithine decarboxy18＄e（ODC，しomithin8  

C8rboxy－1y舶e：E．C．4．1．1．17〉．ther8k－11mitiIlg  

¢nZymeinthepoly且mine－bio日yntheticpathw且y  

i8imcrea畠edinvario11SprOliferativecel18yStemS  

andimplicat8dirlneOP18Bticgrowth】1・21）In  

mo11日e epidermis，a raPid．tr且nSientindllCtion  

oEODCi8Observedbyapplic8tioI10fTPA13・ll），   

The．presentejLperim8n旭WerELCarried outto  

ev色1uat80Ⅰ〕C良品amarkeroftlユmOrprOmOtion  

OrltlImOrprOmOterSOrVarlou眉tissues．  

Materi8ls且nd Metbods  

Anim81s：flemale Charle8Riv8r CD－1micQ，  

7to 9 week8 ローage，Were housedin wire  

C昭eS（5percage）in且COntrOlled8nVironment  

at23さC witb a12hrligbt／dark cycle．They  

Were即VenrOOdandwaterablibit11m11ntilthe  

d8y Or eXperimentation． Tlle h且ir on th8  

dor組1且SpeCt（〕fth8bDdy of e8CllmOu8e W86  

日havedwithclipp．er8atleast2day日beforeuse，  

andonlythosemice8howlngnOhairregrowth  

WereChos8n．Cbemic8l8WeretOpi℃且11yapplied  

toth8日hav8dar888′andthemicewereroutinely  

killed betweenlamd3p．m．toavoidcirc且di且n  

rhythmvariatiorlg．   

Che血icals：Chcmicals 且pplied topically to  

mou日e Skin were dis801vedin r母agent gr注d8  

acetone and deliveredin a v81ume of（〕．2mL  

ChemicalE3庄dministeredi．p．were diBgOIvedin  

40％ethar）Qユand60ガ0，15M NaCl且nddeliver（）d  

in aYOl11meOfO．lor O．2mヱ．   

Phorb・31esters，ph8nObarbital，Cholic且Cid，  

Chenodeoxyeholic acid．saccharln，indome－  

th且ein，retimoic孔Cid且nd retinく〉1wereobtained  

Erom Sigma Chemic且1Co．（St．IJOtlis，MO）；  

Dし［1－14c］ornitbiれ白 hydrochl打ide（叩eCifie  

activity58mCi／mmol〉，fromtheRadiochemic81  

Celltre（Amer8ha∫n．UK）．   

Allother chemicals were re且gentgr白d88nd  

p11rCba8ed fromcDmmerCl且180nr（沌庖．   

Assay of ODC activlty：At4hr aft8r treat－  

m8nt．1琉1鵬WerekilledbycerdcaldiBloeation．  

でh8 日kin fromindividualmou8e WaS eXCiBed  

且ndhomogenizedin3volumesoficecoldb11rfer  

COnSi8tingof50mM80di11mPhosphatQ，pH7．2，  

0．1mT＼イpyrldoxalphosph且te8ndO．1mMEDTA．  

Thehomogen且teSWereCentrlf11gedat20，000×g  

fm・30min如40C．The reBulting8up8rnatant  

W乱S tほ嶋d asthesourc80rODC＆Ctivlty．The  

ODC activity of soluble skin e文tr象CtS W且5  

determinedbymeasunngtherelcasc of14co2  

frDml〕L－［1－14c］ornithinehydroch10ride．The  

COnCentrationofreagent已intheassayE；fQrthe  

d8土台rminationofODCactivitywas沈¢SameaS  

reported by O■BRIEN et alノa）．A8S8y8Were  

ro11tlnely carried olltat O．3mM L・Ornithin8in  

a rina】vollユmeく）flmg．Aft8rincnもati（）n for  

lhr at37■c，the re庄Ction was stopped bythe  

addition of軋5mエd 4N sulfuric acid．Th8  

incubationⅥ7aS（】Ontinljed roTanOtherlhr且nd  

radio且Ctivity】n eaCh sample w払S me戌Suredin  

18mZ of toluene seintillation fl11id with20影  

ethanolin a Beckm且n ModelLS 80叩 8Cin＿   

青
空
己
皿
旨
＼
‘
＼
占
U
】
っ
一
巨
こ
】
叫
＞
管
内
￥
－
0
 
 

2  6   1り  16  
Tirl】ピーhrl   

FigLl，Time course of mouse skin ODC  
且Ctivity a鮎r a single tDplC且1叩pli－  
CationofTPA．Micerec8ivedaE；in督Ie  
Lnpic且1且Pplication or TPA17nmol／  
mol】5e and′ Were k封1ed atl山e tim㊤S  
indicated．Each point represents the  
mean±S．E．M．0－5individu81moⅦSe  
Skin 日upernat且ntS in w上血h QDC  
activitywaBdeterminedinduplicate．  
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21  1nductionofODCbytumorpromoterB  

reached且ユev81240＿fold abovethe vallユeObtained  

from anim且1s receivingthe application vehicle  

alone． TPA－Stimulated ODC activity had  

ret11rnedto controlleve16by16hr．Theappli－  

cation vehicle且lone had no efrect upon ODC  

activlty．Theincreaseofskin Ol〕Cactivityby  

TPA wasinhibited eitherbythe preqtreatment  

of actinomycinl）2mg／kg body weight且nd  

CyCloheximide5mg／kg body weight（datanot  

shown）．This sl噌geStS that theincrease of  

TPA・Stimulated ODC activltyi8theinduction  

OfODCbyTPA．  

tillationcounterat80％efficiency．   

Protein determination：The protein concen－  

tration of the mouso skin extracts was  

measured by the method of T」OWRY etal・12），  

with bovine serum albumin as E；tandard．  

R朋ults  

AsingleねPic且IappユicatlonofTPA17nmoユ／  

mouseled to arapid and remarkableincrease  

i－10D（つar】tivltyin the molユSe Skin（Fig．1）．  

The maximalirlCre邑S8in the activity of O工）C  

occuTred 4－5 hr aftt？r TPA ELpPlication and  

Tablel．1i：ffects of pre－treatmentwith vitamin A analogs  
andindomethacin on theinduction of mo11Se  
8kin ODC by Tl）A．  

Tre8trnent  ODCactivity（nmoICO2／h／mgprotein）  

Vehicle＋Vehlcle  O．002±0．001  

Vehicle＋TPA  O．489±0．065  

Retinoic且Cid＋TPA  O．082士0．007●  

Retinol＋TPA  （〕．187±0．026■  

Indomethacin＋TPA  O．067±0．004■   

Mice were treated topically wi廿ITPA17nmol／mouse・Onehour  
prior to TPA 且pplication．vitamin A analogs（retil－Oic 且Cid and  
retinol）50FLg／kgbodyweightandindomethacinlOmg／kgbodyweight  
wereapplied topically．Four hours after application of TPA，mi（7e  
were killed fortheimmt3（1iateprep且rationofskinhomogenate8．ODC  
activitywasmeasurediT120．OOOXg，30minsupernatantsinduplicate・  
Eachvaluerepresentsthemean土二S．E．M．ofindividu且1determinations  
from5mice．■Pく0．05versusrIIPA．Vehicle：Acetone．  

Table2．E侮ctsofphenobarbital，bileacidsand8aCCh8rin  
onoDC且CtivitylnmOuSeSkin．  

0Ⅰ〕Cactivity（nmoICO2／h／mgprotein）  「11reatment   

0．DC6±0．004  

0．005±0．003  

D．003±0．002  

0．004±0．003  

0．007±0．004   

Vehicle  

Phenobarbital  

Cholic acid  

〔7henodeoxycholic acid  

Sac（止arin  

Mice were trcated topic邑11y with phenobarbitallOOmg／kg body  
weight，bileacids（cholicEiCidandchenodeoxycholicacid）100mg／kg  
hodv weightorsaccharinlOOmg／kgbody weight・Fourhoursafter  
each application．mice were killed for theimmediate preparation  
ofskinhomogenates．Or）CactivitywasmeaBuredin20・000×g・30min  
supernatantsinduplicate・Eachvaluerepresentsthemean±S・lLM・  
‖findividlユaldeterminationsfrom5mice．Vehicle：Acetone．  

21   



軋SATOII；Y．SHIMほU；S．T▲MURA；T．KoMAI   

T8ble3．Effect80fphorb81e≦brsDnODCactwityiIlmOuSeSkh．  

22  

Treatment  ODCactivity（nmoICO2／h／mgproteiTl） Skintumor－PrOmOtingability  

0．〔将2±0，001  

D．003士0．、002  

0．〔旧6±0．004  

0．005±8．DO2  

0．008±0．005  

0．174±0．026■  

0．253±0．053■  

0．481±0．04g■  

Vehicle  

4d－phoTbo1  

4β・phorbo1  

4α－PDI〕  

PDA  

PI〕B  

4β－FDD  

TPA  

十  
＋十   

＋十＋＋   

Mice weretre8t白d topically wi七h17nmole象Ch ofthe phorboIcBter8．Fourhours且fter  
application，mice werekillcdforth¢immediate preparation ofskin homog8nateS・0工）C  
昆Ctivity was measurcdin 20，000Xg，30 min supernatant弓in duplicate・Each v且1uQ  
repreβentS the mean±S．E．M．ofindividualdeterminationsfrom5mi吼 －P＜0・OIversus  
vehicl（き．   

Vehicle：aCetOne．4a－PDD：4a－phorbol・12．13－didecano且te，PDA：phorbol－12，13－diacet8te，  
P工）B：phorbol－12，13－dibenzoate，4B・PDD；4P－phorbol－12，13－didecanoate．TPA：12－0－tetra，  
dec且nOylphoTbol－13－aCet8te．Promoti叩abilityist且kenfromRef．7．   

且ヨtOtheirabilityotODCindllCtionandtumor  

promDtion．SkinODCactivitywasdetermined  

4hrafteT8Singletopic且1且ppllcati8nOfphorb｛）l  

est8rS17nmol／mo11Sセ． As shownln Table3．  

the tlユmOr－prOmOtingphorbolesters，PI）B．4β－  

P工）D and TPAincreased（〕DC activi土ylnSkiIl  

inth寧followingorder：1、上）A＞4β－Pl〕D＞PDB・  

The non－い1mOr－pr⊂，mOting Fhort）01esters．4（J－  

phort】01，4β－phorbol．4a－PDDandPDA，CauSed  

nodetectableincre8geinskinODCact皇vity．  

DisⅢS写ion  

Theindl】Ction of ODC by tumor promoter，  

TPA，h邑S already t〉een knownin mo11Se  

epidermlSl㌔‖）and ratliver4・1Br22）・W、e al弓0  

0b8erVed Lhat a single toplC丘1applic8tion of  

TPA to mouse skin caused thtゝindtlCtion of  

0日Cin skin．Theincrease oi■〔）l）C且Ctivityby  

TPA was transier】t．This kinetic p且tt¢rJIWaS  

E；imilar to whELt We had already observedin  

ratliver川）．   

Pr（）St賭1andinsarenatur811yocc11rrlngCyClic  

metabolites oflユnSaturated fatty ＆Cids that  

have numer（〕uS Phy8iologlC且1functions． A  

n11mberofprostaglandin8intissuesofvario11S  

でhe eff郎t日 Of prかtreatment Withindom（ト  

th8Cin（inbibitor of prost且冨1且ndin synthe8is）  

and v如min A arlalog日（retinoic 且Cid and  

retinol）on TPA－Stimulated mou8e Ol）C  

activity are＄howninTablel・Tndomethacin  

lOmg／kg body weightarld vitamirLA且nalogs  

50LLg／kgbodyweigbtwereappli8dtotheskin  

lhrprlprtPtheapplicatlonofTPA17nmol／  

mo11Se．Thelncr88月e O一目kin（〕DC activ止y by  

Tf）A wasinhibited either byind（〕metbacin or  

vitamin A analogs．   

Tn Table2tbe eff白色tS Ofphenobarbital（1iver  

ttlmOr prOmOter）．bile且Cids（Cholic acid and  

chenodeoxycholic acid，COIonic t11mOr prO・  

moter）and 5aCCh8rln（bl邑dder tumqr pro－  

motQr）onmo11畠eskinO】〕Cactivity庄r8Shown・  

Skin ODC activity w且S de、termined4hr arter  

組d】tOplCal8ppllcation or phenobarbita1100  

mg／kgbo（1yw如か1t．bile且dd8100mg几gbody  

w8ight and saccharinlOOmg／kg body weight  

to mo11S寧6kin．Phenobarbital．bile色Ci由and  

s8eCharin didnotaff8CtOl〕Cactivi七ylnmOuSe  

skin．   

TbeeffectsonskinOI）Cactivltyby且n≠mber  

ofphoァbolestersweTeeXaminedandcompared  

－ 22 －   
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phorbolesters－Stim111且ted skin ODCinduction  

relate8 tO tumOr prOmOtion during carcino－  

genesisinskin．   

Phenobarbitali8a POtent prOmOter Ofliver  

t11mOr8in ratsinitiated with2・aCetylamino－  

fluorene or other hepatocareinogen815）  

Saccharin is a promoter of bladder tumor in 

ratsinitiated with N－methyl－N－nitrosoureaD）．  

A number ofbile aci由promoteformationor  

colon tumorsin r邑tSiniti且ted wlth N－methyl－  

N，－nitro・N・nitro80gu且nidine】6）．The8e COm－  

pounds failtoinduce ODCin mouse skin．Tt  

ha8 beerL known that compo11nds that are  

promこ血r5in one system m且y beinactivein  

anoth8r8〉．Itis suggested that turnor prロー  

moterBindlユCeOI〕CandareorganBpeCific．   

Furthcr6t11diesconcerningthe ce11ular 6ites  

of action of phorbol esters in mouse skin are 

currentlybeingcarrledolユt．  
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InductionofOI〕Cbytnmorpromoters  

phenobarbital（肝発癌のプロモーター，100mg／  

kgbody耶ight〉．bileacids（結膜発癌のプロモー  

ター，100mg／kg body weight）およびBaCCharin  

（膀胱発癌のプロモーター，川Omg／kgbodyweight）  

は皮膚のODCを誘導しなかった。   

マウス皮膚発癌の79ロモーター作用を有する pho－  

rbolesters：TpA．4β一phorbol－12，13－didecanoate  

（4β－PI）D）およぴ ph（）rbol－12，13－dlbenzoate  

（P工）B）は皮膚のODCを詐導した（T王】A＞4β・PDD  

＞PI沌）が，プロモーター作用め無い phて）rbol  

esters：4d－phorbol－4β－phorl〕01，4α－phOrb01－12，  

13－didecano且te（4α－PI〕D）およびphorbol－12．13－  

diacetate（P工）A）は効果が無かった。1）horbolesters  

による皮膚の0工）C誘導能と皮膚発癌砥プロモーター  

作用とがよく相関することが認められた．   

以上の成績から．phorbolester8による皮膚の  

0工）C 誘導は．皮膚発癌のプロモーション過程に重要  

な役割を果たしていると推察される。さらに，発病プ  

ロモーターによるODC誘導には．臓器および細胞特  

異性があることが示唆される。  

発癌プロモータ 
のオルニチン脱炭酸酵素  

誘導とその特異性  

佐藤栄輝■満水祥夫・田村俊二   
帯広畜産大芋獣医学科家畜薬理学教室  

（」ヒ海道帯広巾稲田町）  

絢 井  
三共株式会社分析代謝研究所  
（東京都品川区広町1 258）  

措  要  

マウスの皮膚に発病プロモーターである12－0－  

tetradecanoylphロrbol－13・aCetate（TPA，17TlmOl／  

mou5e）を塗布すると，皮膚のオルニチン脱炭酸酵素  

（0工〕C）活性は著しく増加した。この活性の増加は，  

TPA適用後4～5時間で最大に達し，16時間以内に  

元のレベルに戻った。さらに，8Ctinomycin工）（RNA  

合成阻害軋2mど／kgbく）dywelg岬およびcyclo－  

heximide（蛋白合成阻害薬，5mg／kgt）Odywejか1t）  

の前投与により抑制されたことから．酵素誘導による  

ものと思われたさ   
TPAによる皮膚のOT〕C誘導は，in【1（〕TneLllaCin  

（プロスタグランジン合成阻害薬，10mg／kビ t｝n（i〉・  

weight）およぴvitaminAanalogs（レチノイド，  

50βg／kgbodyweight）の皮膚への的適用により抑  

制された。  

帝大研報1，15－1（Ⅰ986）：19～25．   
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