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UTILITY OFTHE CYTOKINESIS－BLOCK MICRONUCLEUS ASSAYTO

ASSESS COMBINED EFFECTS OFIRRADIATION AND CISPLATIN

YasushiMariyal・2），ChristianStrefferl）andYoshinaoAbe2）

Abstract Toinvestigatethe applicability ofthe cytokinesisTblock micronucleus（MN）assay to assess

COmbined e緒ects ofirradiation and cisplatin，the quantitative relationship between theinduced MN

frequencyandclonogenicsurvivalbycolonyformingassaywasestimatedusingthehumansquamouscell

CarCinomacelllinePECA4197．First，theMNfrequenciesinducedbycisplatintreatmentalone，atVarious

COnCentrations，WereeXaminedandcomparedwiththecorrespondingclonogenicsurvival．Secondly，Cells

wereirradiatedwithandwithoutjisplatinpretreatmentandcompared．Treatmentwithcisplatinalone

exhibited a dose－dependentincrease ofinduced MN frequency，at COnCentrations of0－1．0／Lg／mland a

treatmenttime of180min，With a signi丘cantrelationto dose－dependently decreasedclonogenicsurvival．

Irradiationaftercisplatinpretreatment（0．25／Lg／ml，180min）resultedinahigherMNfrequencythaneither

irradiationorcisplatin alone．andalso thansimpleadditionofthesingleeffects after2and4GyX－rayS，

SuggeSting a chemoradiosensitization．Therewas a signi五cantcorrelationoftheinducedMN frequency

With clonogenic survivalfor the combined e描ects ofirradiation and cisplatin as well as for cisplatin or

irradiationtreatmentalone．TheseresultssuggestthattheinducedMNfrequencyisareliablequantitative

measuretoassesscelldamageduetosingleorcombinedtreatmentwithirradiationandcisplatin，PrOViding

encouragement for clinicaluse ofthe cytokinesis－block MN assay as a predictive t001to optimize and

individualizemultidisciplinarytumortherapy．
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放射線およびシスプラチン併用効果の評価における

細胞分裂阻害徽小核形成試験の有用性

異　星　谷　　　　靖1・2）　Christian Strefferl）　阿　　部　　曲　　直2）

抄録　放射線およびシスプラチン併用効果の評価法としての細胞分裂阻害微小核形成試験の有用性を検討するた
めに，微小核形成頻度とコロニー法による細胞生存率との量的相関について，ヒト扁平上皮癌培養細胞株PECA
4197を用いて検討した．まず，様々な濃度のシスプラチン単独処理による微小核形成頻度を求め，細胞生存率と
の相関を検討した．次いで，シスプラチン前処理と放射線照射を併用した場合の微小核形成頻度と細胞生存率を
求め，同様の検討を加えた．この結果，0－1．0〟g／mlの濃度で180分間シスプラチン単独処理を加えた場合の微小
核形成頻度は，濃度依存性に増加したが，同時に，濃度依存性に減少する細胞生存率と有意の量的相関を示した．
放射線照射（2および4Gy）にシスプラチン前処理（0．25Flg／ml，180分）を併用した場合，微小核形成頻度は，シ
スプラチン処理単独と放射線照射単独を単純に加算した値よりも高く，シスプラチン前処理による増感効果が示
唆された．この場合にも，前処理の有無に関わらず微小核形成頻度と細胞生存率の量的相関が認められた．ごの
量的相関は，シスプラチン単独処理，放射線照射単独，シスプラチン前処理後照射のいずれの場合にも良好に保
たれており，これらの単独処理あるいは併用による細胞障害を定量的に評価する上で，微小核形成試験は高い信
頼性を有すると考えられた．癌集学的治療の最適化・個別化における，治療効果予測法としての本法の臨床的有
用性が示唆された．
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Introduction

Radiotherapy and chemotherapyboth

PlaylmPOrtantrOlesinthemanagementof

advanced solid tumors．However，nOt all

tumors respond well and therefore，for

eachpatient，anindividualizedandoptimal

regimen should be prescribed，if possible

beforestartingtreatment，byin yitw test－

ingoftumormateriall～13）．Amongseveral

assaysintroduced“for assessing radiosen－

Sitivity of human solid tumors5～13），the

micronucleus（MN）assay has been sug一

gestedasone ofthemostpredictivetooIs

applicable for the clinic6・11‾13）　Using

human tumorsin primary culture，Shiba－

moto et al．12）have demonstrated the use－

fulnessofthecytokinesis－blockMNassay

topredicttumorresponsetoradiotherapy．

In the same vein，Z61zer et al．13），uSing・・．

Serially biopsied samples and a conven－

tional assay，repOrted that the MN fre－

quencyinresponsetoradiotherapyallows

good prediction of outcome for cervical

IftheMNassaycanalsobeappliedfor

prediction of chemosensitivity and com－

bined effects ofirradiationandchemother－

apeutic agents，this would facilitatein－

dividualizing and optimizing multidisci－

plinary treatment for each patient，eSPe－

Ciallyforthosewithadvancedsolidtumors．

Recently，Jeremicetal．14）investigatedMN

inductionin a murine tumor cellline em－

Ploylngll chemotherapeutic agents，and

Showedageneralcorrelationinaquantita－

tive way between theinduced MN fre－

quencyandclonogenicsurvival．Thecorre－

lationwasindependentofthemechanisms

Ofactionoftheagentsused，SuggeStingthe
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applicability of this assay as a predictive

toolto estimate chemosensitivity．In the

present study，We further examinedits

applicabilityforassessingcombinedeffects

Ofirradiationandcisplatin，aPOtentiatorof

irradiation effects15・16）and animportant

COmPOnent Of multidrug or multidisci－

Plinarymanagementofavarietyofhuman

solidtumors17・18）

Materials and Methods

Celllineandagentpreparation

The tumor cellline，PECA4197，de－

rivedfromahumansquamouscellcarcino－

ma19），WaSgrOWnaSmOnOlayersinEagle’s

minimum essential medium（Gibco）sup－

Plemented with　20％　fetal calf serum

（Gibco）at　370Cin a humidi丘ed atmo－

SPhere of5％CO2in air・Cisplatin was

kindly provided by Nihon Kayaku（To－

kyo），keptinvials at room temperature，

and diluted with culture medium to the

desiredconcentrationsimmediatelybefore

Treatmentwithcisplatin

Clonogenicsurvivalassay

For24hbefore treatment5×105cells

wereincubatedin　25cm2　Hasksin the

above－described Eagle’s medium．　The

Cells were treated with cisplatinin the

desired丘nalconcentrations，aSlistedinthe

“results”，for180min，WaShed twice with

agent－freemedium，andthenimmediately

trypsinized，COunted，and platedin appro－

priate numbers for colony formationinto

19．6cm2　tissue culture dishes（Becton－

Dickinson，USA）．Eighttoninedayslater，

COlonies were丘Xed with96％　methanol，

stainedwithl％crystalviolet．あdcounted
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toassesstheclonogenicsurvival．Colonies

COntaining≧50cellswerecounted．Two
、independent experiments，eaCh performed

intriplicate，WereCarriedout．

MN assay

Cells（5×104）wereplatedinto19．6cm2

tissue culture dishes and treated with cis－

platinin the manner described above．

Immediatelyafterthetreatmentandwash－

ing，Cytochalasin－B（CB）（Sigma，Ger一

many）was added．For this purpose，CB

was dissoIved（1mg／ml）in DMSO and

frozeninaliquots．Thestocksolutionwas

dilutedwithculturemediumto a丘nalcon－

centrationofl．5／Lg／ml19・20）．TheCBincu－

bationtimewas48h，Chosenasappropriate

frompreliminarystudiesto obtain ahigh

proportion of binucleated cells20）．After

rinsing with O．9％NaCl，Cells were宜Xed

for　20min with　96％　methanol at room

temperature，air－dried overnight，and

Stained with　4，6－diamidin0－2－phenylin－

dole（DAPI；100ng／mlinTrisbu惜er，PH

7．0；Serva，Germany）．Scoringwas per－

formedatamagni丘cationof400XuSinga

microscopeequippedfor且uorescence（ex－

Citationmaximum344nm，emissionmaxi－

mum449nm）andphase－COntraSt．Atleast

200binucleatedcellsperdish（resultingin

l，200binucleated cells for each observa－

tion point）Were assessed and the MN

frequencypersinglebinucleatedcell（MN／

BNC）was measured．Only micronuclei

ful創ling certain criteria20）Were scored．

Twoindependentexperiments，eaChperfor－

medintriplicate，WereCarriedout．

Combinedtreatmentwithirradiationand

Cisplatin

Clonogenicsurvivalassay

For24hpriortotreatment5×105cells

wereincubatedin25cm2且asksinthe cul－

turemedium．Thecellswerethenpretreat－

ed with cisplatin for180min at a丘nal

concentration of O．25／Lg／ml，Which was

decidedfromtheclonogenicsurvivalcurve

aftertreatmentwithcisplatin，andwashed

twicewithagent－freemedium．Theywere

thenirradiated using an X－ray maChine

（Stabilipan，Siemens，Germany；240kV，15

mA，0．5mmCu創ter，andadoserateofl

Gy／min）withdosesofl，2，4，60r8Gy，

appliedatroomtemperature．ControIcells

received shamirradiation．　To obtain・a

survival curve for treatment withirradia－

tion only，Cells without cisplatin pretreat一

ment wereirradiated with doses ofl，2，

3，4，60r8Gy．Eighttoninedayslater，

COlonies were五Xed，“Stained and counted．

Twoandfourindependentexperimentsfor

Serieswithandwithoutcisplatinpretreat一

ment，reSPeCtively，eaChperformedintrip－

licate，WereCarriedout．

MNassay

Cells（5×104）wereplatedinto19．6cm2

tissue culture dishes and pretreated with

Cisplatinasdescribedabove．Immediately

after washing，the dishes wereirradiated

With doses of20r4Gy．Dishes without

Cisplatin pretreatment were alsoirradiat－

ed．ControIcellsreceivedshamirradiation．

CB was then added and the cells were

incubated for48h．Further methods were

Performed as described before．Twoin－

dependentexperiments，eaChperformedin

triplicate，WereCarriedout．



218　　Mariya etal．

Statistics

Kendallrank correlationwas usedfor

examining the statistical signi五cance of

COrrelationbetweentheparameters，Clon0－

genicsurvivalandMNfrequency．

Results

Treatmentwithcisplatin

Figureslaandlbshowdoseresponses

for clonogenic survival and theinduced

MN frequency（normalized after subtrac－

tion of the control value），reSpeCtively，

after cISPlatintreatment，As the concen－

tration ofcisplatinincreased，the survival

rate decreased while theinduced MN fre－

quencywas elevated．In Fig．lc，induced

MNfrequenciesareplottedasafunctionof

thecorrespondingclonogenicsurvivalafter

Cisplatin treatment at various concentra－

tions（0，0．25，0．5andl．0／Lg／ml）．The

data were丘tted with the Sigmaplot pro－

gram（Jandel）and aninverse correlation

was obtained（correlation coe範cient，r二

一1．00，p＝0．0415：Kendallrank correla－

tion）．

Combinedtreatmentwithirradiationand

Cisplatin

Clonogenicsurvivalcurvesafterirradi－

ation，With and without pretreatment by

Cisplatin（0．25FLg／ml，180min），aredemon－

StratedinFig．2a．Thesedatashowreduc－

tion ofD。andthe“shoulder”part of the

SurVival curve when pretreated with cis－

Platin（Tablel）．Theinduced MN fre－

quencyincreasedwithincreasingradiation

dose whenirradiation alone was delivered

tothecells，andirradiationafterpretreat一

ment with cisplatin resultedin a higher

MNfrequencythanirradiationalone，With

radiation doses of2and4Gy（Fig．2b）．
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Thesevalueswere also higher thanthose

expected from the addition ofthe respec－

tive values forirradiation alone and cis－

platintreatmentalone［2Gy：1．01±0．12＞

（0．44±0．10）＋（0．12±0．06），4Gy：1．61±

0．19＞（1．01±0．19）＋（0．12±0．06）；the

values were the means　±　standard devia－

tions forirradiation after pretreatment

With cisplatin，irradiation alone，and cis－

platinalone，reSpeCtively］．Fig．2Cshows

theinversecorrelationbetweentheinduced

MN frequency and clonogenic survival，

regardlessofthepretreatment（correlation

COe範cient，r＝－0．966，p＝0．0085：Ken－

dallrankcorrelation）．

General correlation between theinduced

MNfrequencyandclonogenicsurvival

WhencombiningalldatafromFig．lc

and2C，ageneralcorrelationbetweenthe

inducedMNfrequencyandclonogenicsur－

Vival was demonstratedindependent of

treatment，eithercISplatintreatmentalone，

irradiation alone orirradiation after cis－

platin pretreatment（correlation coe龍一

Cient，r＝－0．844，p＝0．0007：Kendall

rankcorrelation）．

Discussion

Itiswellknownthatmanychemother－

apeutic agentsinduce micronucleiregard－

less of their mechanisms of cyto－

toxicityll・14・21‾23）．Cisplatin，Whichdamage－

S DNA mainly throughintra－andinter－

Strand crosslinks18・21・23），is known to pro－

duce chromosomal fragments and subse－

quent MN formationll）14・23）．AIsoin the

PreSentStudy，MNformationwasobserved

aftertreatmentwithcisplatinwithadose－

dependentincreasein frequency，in the

COnCentrationrangeof0－1．0／Lg／mland180
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0．00　0．25　0．50　0．75　1．00　1．25

Concentration（LLglml）

0．00　0．25　0．50　0．751．001．251．50

MNIBNC

【Fig．lb】　　　　　　　　　　【Fig．lc】

Fig・l Clonogenic survival（a）and theinduced MN frequency（b）for cells treated with cisplatin．

SymboIs and bars represent the mean values and standard deviations for twoindependent

experiments performedin triplicate．Figure（C）illustrates the correlation between the two

parameters．Thesolidanddashedlinesrepresent址tedregressionand95％con丘denceintervals，

respectively．Theconcentrationsofcisplatin（Ftg／ml）wereO，0．25，0．5andl．0．MN／BNC：

inducedMNfrequencypersinglebinucleatedce11．

Tablel In魚uencesofcisplatinpretreatmentontheparametersforclonogenicsurvival

Pretreatment �D。　　　　　　Dq　　　　　na） 

None（irradiationalone） �1．9Gy　　　　l．5Gy　　　　2．3 

（。擁諾轄l8。min） �1‘．6Gy　　　　　O．8Gy　　　　l．6 

a）Extrapolationnumber．

b）ThevaluesforDqandnwerecorrectedforcytotoxicitypredictedfortheagentalone．

0　・2　　　4　　　6　　　8

Dose（qり

0　　1　　2　　　3　　　4

Dose（qり

0．0　　0．5　　1．0　　1．5　　2．O

MN／BNC

【Fig．2a】　　　　　　　　．【Fig．2b】　　　　　　　　　　【Fig．2C】

Fig．2　（a）Clonogenicsurvivalcurvesforcellstreatedwithirradiationalone（●）andirradiationafter

PretreatmentWithcisplatin（0．25FLg／ml，180min；臆）．SymboIsandbarsrepresentthemean

Values and standard deviations for four and twoindependent experiments，reSpeCtively，eaCh

performedintriplicate．（b）InducedMNfrequenciesforcellstreatedwithirradiationalone（●）

andirradiation after cisplatin pretreatment（0．25lLg／ml，180min；臆）．SymboIs and bars

representthemeanvaluesandstandarddeviations，reSpeCtively，fortwoindependentexperiments

Performedintriplicate．（C）CorrelationbetweenclonogenicsurvivalandinducedMNfrequency：

irradiationalone（●）andirradiationaftercisplatinpretreatment（S）．Thesolidanddashed

linesrepresent址tedregressionand95％con丘denceintervals，reSpeCtively．MN／BNC：induced

MNfrequencyperslnglebinucleatedcell．
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mintreatmenttime．Inaddition，Weinves－

tigated whether the MN frequency cor－

related with clonogenic survivalafter the

COmbination of cisplatin andirradiation．

Because cisplatinis presently one of the

mostimportant components of multidrug

and multidisciplinary treatment，the con－

centration（0．25FLg／ml）wasselectedinthe

rangeofplasmalevelswhenadministered

to patients21），aSSuming clinicallyTPOSSible

conditionsofcombinedtreatment．Ateach

radiationdose，2and4Gy，theinducedMN

frequency was elevated by pretreatment

With cisplatin，and an‘inverse correlation

between theinduced MN frequency and

Clonogenicsurvivalwasobtained．

Moreover，thiscorrelationinaquanti－

tative way between theinduced MN fre－

quencyandclonogenicsurvivalwasobser－

Vedindependent of treatment，either cis－

platintreatmentalone，irradiationaloneor

irradiation after cisplatin pretreatment．

Aspreviouslystated20），itisnecessaryfor

the radiation－induced MN frequency to

quantitatively correlate with correspond－

ing clonogenic survivalif the MN assay

Canbeusedasapredictivetooltoestimate

theintrinsic radiosensitivity．Thisis the

case forits use to estimate chemosen－

Sitivityorcombinedtreatmentefiectswith

irradiation and chemotherapeutic agent．

As to chemosensitivity，Jeremic et al．14）

Showed ageneralcorrelationbetweenthe

inducedMNfrequencyandclonogenicsur－

Vival，independent ofthe agents used．In

thepresentstudy，Wefurtherdemonstrated

a general correlation between the two

aboutirradiation and／or cisplatin treat－

ment．Thisindicatesabroadapplicability

Of MN assay to quantitatively estimate

March，1999
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CytOlethalcelldamagesinducedbyvarious

types of agents，including those for com－

binedtreatmentwithirradiationandchem一

〇therapeuticagents．

Regarding chemical agent－radiation

interactions，ithasbeenreportedthat cis－

plitin removes the“shoulder”and／or re－

ducestheD。Ofthecellsurvivalcurve15・18〉

Its repair－imibitory e鮪ects may result

from agent－inducedintrastrand crosslink－

ing and radiation－induced single strand

breaksoncomplementarystrandsofDNA，

SO aS tO丘X damagethat otherwisewould

be repaired16）．　For the aerobic cell

radiosensitizationwithcisplatin，themech－

anism that the Pt（I）intermediates，the

metabolites of cisplatin［（NH3）2Pt（II）

Cl2］，reaCtWithO2tOform（NH3）2Pt（I）

ClO2，Whichislikelytoreactwithperoxy

radicals to glVe perOXy・COmplexes，may

account for the e拝ects18・24）．Depletion of

endogenousradioprotectorslikenon－prOte－

in bound thioIs caused by cisplatin may

alsoincreasetheradiosensitivity15・18）．The

reduction ofthe Do and“shoulder”of the

Cellsurvivalcurveaftercisplatinpretreat一

mentinourexperimentsisthereforeinthe

linewiththeliterature．TheMNfrequency

inducedbythecombinedtreatmentofirra－

diationandcisplatinwashigherthanthat

expected from simple addition of single

effects．This suggests that the combined

treatments were“supra－additive”，COnSis－

tent with the above－described changesin

the cell survival curve after cisplatin

Pretreatment，andthatthiscouldbedetect－

ed by the MN assay．There have been

SeVeral reports on modi丘cation of

radiation－inducedMN frequencywithdif－

ferent agentsll・25～29）　Masunaga et al25）．
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investigatedin yiuo the modi丘cation of

radiation－inducedMNfrequencywithsev－

eralchemicals，includingcisplatin，inquleS－

Cent Cellpopulations within murine solid

tumors，anddemonstratedtheutilityofthe

MN assay for detecting responses to the

combined treatments．　Catena et al．26）

Showed，uSinghumanlymphocytes，that3－

aminobenzamide（3－AB），aninhibitor of

POly（ADP－ribose）polymerase，increased

theradiation－inducedMNyields，although

3－AB alone was withoutinHuence．Fur－

thermore，George et al．27）demonstrated

markedsensitization，uSingamurinetumor

andthe MN assay，With X－rayS，misonid－

azoleandhyperthermiaincombination，aS

COmPared with X－rayS alone．However，

theearlierstudiesdidnotassessthequanti－

tative relationship between theinduced

MN frequency andthe corresponding clo－

nogenicsurvival20）resultingfromthecom－

binedtreatments．Thesigni丘cantcorrela－

tionbetweenthetwo，Showninthepresent

Study，hasanimpactuponthequantitative

reliabilityoftheMNassayasameasureof

bene丘ciale描ects．

Although furtherinvestigations using

Chemotherapeutic agents other than cis－

Platinandprimaryorshorttermcultured

Cells ofhumantumors are stillnecessary，

thepresentresultsareencouraglng，SuggeS－

tingutilityoftheMN assayinoptimizing

individual multidisciplinary cancer treat一

ments withirradiation and chemother－

apeuticagents．
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