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’COMBINEDTREATMENTEFFECTS OFIRRADIATIONANDSN－38，ANACTIVE
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Abstract Thein yim combinede楢ectsofirradiationandSN－38，anaCtivemetaboliteofirinotecan，Onthe

humansquamouscellcarcinomacelllinePECA4197derivedfromaheadandneckcarcinomawereexamined．

ExponentiallygrowingcellcultureswerepretreatedwithSN－38for90min，intheconcentrationof0．005and

O・5FLg／ml，rePeCtively，andthenirradiated・Asacontrol，Cellswithoutpretreatmentwerealsoirradiated・

ThecellsurvlValratewasdeterminedusingaconventionalclonogenicsurvivalassay．Theenhancedeffects

Ofradiation－inducedcellkilling，dependingupontheconcentrationofSN－38，WerepreSentedwithadecrease

Ofshoulderpartorextrapolationnumber（n）ofsurvivalcurve，COrreCtedforthecytotoxicityofSN－38。alone．

ThevalueofD。WaSunChangedafterSN－38pretreatment．Theseresultssuggestedthatthepretreatmentwith

SN－38inhibitedpotentiallylethaldamage repairinthe cellline，leadingto the potentiation ofirradiation

e托ects．
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ヒト腫瘍培養細胞株PECA4197に対する放射線およびSN－38

（カンプトテシン誘導体イリノテカン活性代謝物）併用効果

真里谷　　　　　靖1・2）　ChristianStreffer2）　　FriedoZ61zer2）

阿　　部　　曲　　直1）

抄録　頭頸部癌由来のヒト扁平上皮癌培養細胞株PECA4197に対する，放射線照射とイリノテカン活性代謝物
SN－38のiクyitto併用効果について検討した．指数増殖期の細胞をSN－38（0．005および0．5FLg／ml）で90分間前処

理したのち放射線照射を加え，コロニー法によって細胞生存率を求めた．対照として，前処理なしの細胞で同様に放

射線照射を加え，細胞生存率を求めた．この結果，SN－38の前処理は，濃度依存性に放射線殺細胞効果を増強し，こ
れは生存率曲線の肩あるいは外挿値（n）の減少を伴っていた．D。の値は，前処理の有無で変化を認めなかった．SN－

38による前処理は，細胞の放射線による潜在的致死損傷からの回復を阻害し，これによって放射線増感効果を示す

と考えられた．
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Introduction

Irinotecan（7－ethy1－10－［4－（1－piperidino）－1－

piperidino］－Carbonyloxy－CamPtOthecin〉is a new

Semisynthesizedderivative ofcamptothecin，Which

interferes withmammalian DNA topoisomeraseI

and possesses anti－tumOr aCtivityl）．It has been

POStulatedthatthecellkillingactionofcamptoth－

ecin andits derivativesis due to the collision of

drug－Stabilized cleavable complexes with moving

replicationforks，leadingto replication arrest and

COnVerSionofcleavablecomplexesintoDNAstrand

breaks2～5）．Althoughseveralmetabolitesareknown

tobeproducedwhenirinotecanis administeredto

patients，SN－38（7－ethy1－10－hydroxy－CamptOteCin）

isregardedasamajorone，havingastrongcytotox－

icactivitylOO－tOl，000－fold greater than that of

the parent compoundirinotecan，anditsintrace1－

1ular role appears determinant foririnotecan

activityl・6）．

Recentclinicalstudies7‾10）havedemonstrateda

promising anti－tumOr aCtivity and tolerable tox－

icities ofirinotecan，although camptothecinitself

hadtobewithdrawnfromclinicaltrialsbecauseof

its unpredictable and excessive toxicityll）．

Irinotecanhasshownfavorabletreatmentresultsin

Varioustypesoftumors，therefore，forclinicalpur－

poses，the combined treatment ofirinotecan and

irradiation should be takeninto account for

multidisciplinarytreatment，eSPeCiallyforheadand

neck carcinomas．Thus，inthe present study，We

examinedinyitwthecombinedtreatmente楢ectsof

irradiation and SN－38，an aCtive metabolite of

irinotecan，uSing a human tumor cellline derived

fromaheadandnecksquamouscellcarcinoma．

Materials and Methods

Celllineand喀entpl¢arahon

An established tumor cellline PECA4197der－

ived from a human squamous cell carcinoma of

gingiva12）was used．　Theline was grown as

monolayersin Eagle’s minimum essentialmedium

（Gibco）supplemented with20％fetalcalf serum

（Gibco）andincubatedat37oCinahumidi丘edatmo－

SPhere of5％CO2in air．All experiments were

Carriedoutduringexponentialgrowthphaseofthe

Cells，and5×105　cells wereincubatedin　25cm2

且asksfor24hbefore treatment，
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SN－38waskindlyprovidedbyDaiichiPharma－

CeuticalCo．，LTD（Tokyo，Japan）andpreparedas

aseriesofstocksolutionswithvarious，apprOpriate

COnCentrations（ltolOO／Lg／ml）indimethylsulfox－

ide（DMSO；Serva），StOredat－20eC andthawed

immediatelybeforeuse．

ClonCgenic suruiyalassのI

Onthe丘rstseriesofexperiments，thecellswere

treatedwithSN－38aloneinthedesired丘nalconcen－

trationsfor90and180min，reSpeCtively．Thecells

Were then．washed twice with agent－free medium

andimmediatelytrypsinized，COunted，andplatedin

appropriatenumbersforcolonyformationinto19．6

cm2tissueculturedishes（Becton－Dickinson，USA）．

Eightto nine dayslater，COlonies were丘xed with

96％methanol，Stainedwithl％crystalviolet and

COuntedtoassesstheclonogenicsurvival．Colonies

COntainingmorethan50cellswerecounted．Two

independentexperiments，eaChperformedintripli－

Cate，WereCarriedout．

Inthesecondseriesofexperiments，Cellswere

pretreatedwithSN－38for90mininthe丘nalcon－

Centration of O．005　and O．5／Lg／ml，reSpeCtively．

Then they were washed twice with agent－free

medium，andirradiated using an X－ray maChine

（Stabilipan，Siemens，Germany；240kV，15mA，0．5

mm Cu創ter，and a dose rate oflGy／min）with

dosesofl，2，4，6and8Gy，aPpliedatroomtempera－

ture and room air．ControI cells received sham

irradiation．To．obtainasurvivalcurvetreatedwith

irradiationalone，thecellswithoutSN－38pretreat一

mentwerealsoirradiatedwithdosesofl，2，3，4，6

and8Gy．Two andfourindependentexperiments，

eachperformedintriplicate，Were Carried out for

irradiationwith and without SN－38pretreatment，

respectively．The enhancement ratio（ER）13）of

COmbinede鮎ectsofirradiationwithSN－38pretreat一

ment was determined from the radiation doses

requiredtoreducethesurvivingfractionto O．1，0f

Which values were corrected for cytotoxicity

PredictedfromSN－38treatmentalone．

Results

Clonogenicsurvivalcurvesofcellstreatedwith

SN－38alonearepresentedinFigurel．Cytotoxicity

appearedwithlowconcentration（0，005－0．2FLg／ml），

anditreachedamaximumoveradoserangeofO．5

FLg／ml．Anincreasedcytotoxicitywasobservedin
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Fig．l Clonogenic survival curves of cells treated

withSN－38for90min（●）and180min（臆）．

SymboIs represent the mean of twoindepen－

dent experiments，performedin triplicate，

respectively．

CellstreatedwithSN－38for180mincomparedwith

those treatedfor90min．

Clonogenic survivalcurves of cellsirradiated

With andwithout SN－38pretreatment are demon－

StratedinFigure2．ThepretreatmentwithSN－38

resultedin a decrease ofshoulderpart ofsurvival

CurVe depending upon the concentration．　The

extrapolation number（n）was2．3forirradiation

alone and was，COrreCted for the cytotoxicity of

SN－38，1．7　andl．O forirradiation with SN－38

Pretreatmentinthe concentration of O．005and O．5

FLg／ml，reSPeCtively（Tablel）．TheD。Valueswere

unchanged（1．9Gy）withorwithoutSN－38pretreat－

ment．ERwasl．landl．2forSN－38pretreatmentin

theconcentrationofO．005andO．5／Lg／ml，reSpeCtive－

ly，indicating the enhanced effects on radiation－

inducedcellkilling．

Discussion

Becauserecentclinicalstudies7‾10）haveindicat－

ed favorable therapeutic results withirinotecan

againstvarioustypes oftumors，itisimportantto

examine the combined anti－tumOr aCtivity of

irinotecan withirradiation forits further clinical

use．Thisisthecaseespeciallyforthemanagement

Of advancedhead andneck carcinomas，for which
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Fig．2　Clonogenic survival curves of cells treated

withirradiation alone（●）andirradiation

Pretreated with SN－38（音：0．005／Lg／ml，90

min；▲：0．5／Lg／ml，90min）．SymboIsrepre－

Sent the mean of two and fourindependent

experiments，With and without pretreatment，

respectively，Performedintriplicate．Thesur－

Vival rates were corrected for cytotoxicity

PredictedfromSN－38treatmentalone．

multidisciplinarytreatmentincludingradiotherapy

andchemotherapyisofteneffectiveandneeded．

Thecombinedcytotoxicmechanismsofirradia－

tionandcamptothecinoritsderivativeshavebeen

reported14～18）．Regardingcellcyclee楢ects，Tamura

etal．14）reportedthatbriefexposureofalowdose

SN－38toin uiyo humanlung cancer celllinesin－

ducedaninitialcellcycleblockintheG2／Mphase．

Theyconcludedthemodulationofcellcycledistri－

butionmightexplainapartofcombinedcytotoxic

e任ects．In turn，there have been several reports

abouttheinhibitionofradiation－inducedDNAdam－

age repair with camptothecin or the derivatives．

Nget al．15）demonstratedthatcamptothecininhib－

itedsublethaldamagerepair（SLDR）butdidnotso

With potentiallylethaldamage repair（PLDR）in

two humanmelanoma celllines．Musk andSteel16）

showed theinhibition of SLDR and PLDR with

CamPtOthecinin human bladder carcinoma cells．

Boothmanetal．17）demonstratedthatcamptothecin，

administered either during orimmediately follow－

ingirradiation，inhibitedPLDRresultinginasyner－
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Tablel Parametersofclonogenicsurvivalcurvemodi丘edby

SN－38pretreatment

SN－38pretreatment D。＊　　　　n＊＊　　　　ER＊＊＊

None

O．005FLg／ml，90min

O．5ltg／ml，90min

2．3

1．7　　　　　1．1

1，0　　　　　1．2

＊Thedose（Gy）requiredtoreducesurvivaltoe‾10ntheexponentialpartofthesurvivalcurve．

＊＊Theextrapolationnumber，COrreCtedforcytotoxicitypredictedfromSN－38treatmentalone．

＊＊＊Enhancementratio ofcombinede托ectsofirradiationwithSN－38pretreatment．

gistic e楢ects of an extremely resistant human

melanomacellline．Usinghumancolonadenocar－

Cinoma cells grown as spheroids，Omura et al．18）

indicatedthatexposuretoSN－38followingirradia－

tioninhibited PLDR．

Inthepresentstudy，thesurvivalcurveofSN－

38treatmentalone，aCutelybendingwithincreased

agentconcentrationandthenreachingamaximum，

SuggeStedanS－phasespeci五ccytotoxiticyasprevi－

OuSlyreported19）．Whenthe cellswerepretreated

With SN－38，the enhanced e鮎ects on radiation－

inducedcellkillingwithadecreasedshoulderpart

Of the curve were presented，depending upon the

concentration of SN－38．　Thisindicated that

pretreatment with SN－38inhibited repair of

radiation－inducedDNAdamage，Classi丘edasPLDR，

andledtothepotentiationofirradiationeffectsin

thehumanheadandnecksquamouscellcarcinoma

Cellline，beingconsistentwiththeabove一mentioned

reportsusingothercelllinesofd描erenthistological

types．

AstothepharmacokineticsofSN－38intreated

patients，it was reported that the mean plasma

COnCentrationofSN－38waskeptwithintherange

betweenO．01andO．1／Lg／mlforalmostonedaywhen

lO0－350mg／m2　0firinotecanis administered to

Patientsina30－minintravenousinfusion20）．Thus，

takinginto account our data，theconcentrationof

SN－38in tumor tissues of patients treated with

Standarddose ofirinotecancanbe expectedto be

highenoughforits owncytotoxic actions andthe

COmbinedoneswithirradiationforacertainperiod

aftertheadministration．Furthermore，itmightbe

possible to optimize the combined schedule with

irradiationforobtaininggoodtumorresponse，COn－

Sideringtheinyiyopharmacokineticsofirinotecan

andSN－381・11・13‾20）

Althoughfurtherexperimentsarenecessaryfor

determiningthecombinede惜ectsofirradiationwith

irinotecanfor clinicalpurpose，OurreSults suggest

thatthecombinationispromisingforthemultidisci－

plinary management of advanced head and neck

SquamOuSCellcarcinomas．
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