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Abstract：Recentlyit has been reported that arsenic trioxide（As203）is very

effectiveinthetreatmentofacutepromyelocyticleukemia（APL）byinducingapoptosis，

but the molecular mechanism ofits action on otherleukemia remains unclear．In the

presentstudy，WeteStedtheeffectofAs203atlowconcentrationO．2572・OFLMonK562，a

chronic myelogenousleukemia cellline．As203inhibited the cellgrowth of K562in a

similar way to APL cellline NB4・Typical oncotic cell death，SuCh as cytoplasmic

swellingandswellingoforganelles，WaSObservedbymorphologiCalstudyandcellcycle

wasarrestedatG2＋Mphases．DuringthetreatmentofAs203，theCD95andCD951igand

（CD95L）expressionswereupregulated，andcaspase8andcaspase3wereactivated，but

bc1－2expression was not changed・Treatment of the cells with antトCD95monoclonal

antibody or ZVAD－fmk capable of blocking the CD95signaling pathway ameliorated

As203－induced oncosis．These results suggest that theinduction of oncosis by As203

invoIves CD95／CD95L pathwayin K562and As203may prOVide a novel therapy for

leukemia other than APL．
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mTRODUCTION

Lowconcentration（0．5－2．OFLM）ofarsenictrioxide（As203）inducesapoptosisinacute

promyelocyticleukemia（APL）cellline NB4．The molecular mechanism ofits actionis

associatedwithrapiddegradationofPML／RARαfusionproteinanddownregulationofbc1－2

expressionl）．RecentinvitrostudieshaveshownthatlowconcentrationofAs203（1－2FLM）

alsoinducesapoptosisinotherleukemia2－5）andtumorcelllines6，9）．However，themechanism

oftumorcellkillingbyAs203isstillunclear．Someevidencehasshownthatantiproliferative

effectsofAs203arethroughanindependentmannerofPML／RARαfusionproteinanddonot

requiredownregulationofbc1－2expression3・10）
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Celldeathis not only an essentialphenomenonin normaldevelopment，but also plays a

CruCialroleincancerchemotherapyll）．Theendstateofcellulartoxicityfallsintoatleasttwo

distinctcelldeathpathways：apOptOSisandoncosis，bothofwhichprogressintoirreversible

necrosis．Apoptosisis characterized by cellular shrinkage，Chromatin condensation，and

apoptotic bodies．On the other hand，OnCOSisis described as cellular swelling，Organelle

SWelling，blebbing，andincreased membrane permeability．Necrosis can occur after both

formS Of cell death12）．

Inthisstudy，WeaddressedtheanticancereffectofAsD30nK562，aChronicmyelogenous

leukemiace111ine，andinvestigatedthemolecularmechanismofitsaction．

MATERIAL AND METHODS

l．Celllines

K562，aChronicmyelogenousleukemiacelllinefromblasticcrisis，WaSpurChasedfromthe

Japanese Cancer Research Resources Bank．We also used two humanleukemia／lymphoma

celllines：HL－60，aCutemyeloidleukemia（theFrench－American－Britishclassification，M2）

celllineandRL，t（14；18）B－Celllymphomacelllineoverexpressingbc1－2ascontrol．They
were culturedin RPMI1640medium supplemented withlOO U／ml penicillin，100pg／ml

StreptOmyCin，1mmol／L L一glutamine，and10％　fetal bovine serumin a humidified

atmosphereof95％air／5％CO2at37℃．

2．Reagents

As203（Wako，Japan）was dissoIvedindistilledwaterasastocksolutionofO．01Mand

dilutedtoworkingconcentrationsbyphosphate－bufferedsaline（PBS）beforeuse．

3．Assessmentofcellgrowthinhibition

CellgrowthandviabilityweremeasuredwiththeMTT（3－［4，5－dimethylthiazo1－2－yl］－

2，5－diphenyltetrazoliumbromide）test13）．Aftercellswereculturedwithorwithoutdifferent

concentrations（0．25－2．OFLM）ofAs203for5daysandwashedtwicewithcoldPBS，20FLlof

MTT solution was added to200iLlof the cellsuspenSionsin a96multiJWell dish，and

incubatedat37℃for2hours．Thedishwascentrifugedat400gfor5minutes，themedium

wasdiscarded，and200FLlofDMSO（dimethylsulfoxide）wasaddedtoeachwelltodissoIve

MTT formaZanS．Finally，Opticaldensities（OD）at550－650nm were measured with an

ELISAscan（SLT－LabinstrumentS，Austria）．

4．MorphologiCalassessment

After treatmentwith orwithoutl．O fLMofAs203for3days，2×104cells were spun onto

slideglassesbyCytospin（Shandon，England，800rpm，8minutes）andthenstainedwith

Giemsasolution．Morphologicchangesofthecellswereobservedunderalightmicroscope．

5．Cellcycleanalysis

Cellcycle was analyzed by flow cytometry（FCM，Becton Dickinson）．Asdescribed

previously14），106cellswereincubatedwithorwithoutl．OFLMofAs203for4daysandwashed
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twicewithPBSandcentrifuged（200g）．Thecellpelletswereresuspendedinl．5mlofa

hypotonicfluorochomesolutionbropidiumiodide（PI）50FLg／mlinO．1％sodiumcitrateplus

O．1％TritonX－100（SiBTna）］inthedarkovernightandexaminedbyFCM．

6．DetectionofCD95，CD95Landbc1－2expression

The changes of CD95，CD95L and bc1－2expressions by As203Were aSSeSSed withFCM．

After treatmentwithorwithout1．0－2．OiLMAs203for1－4days，105cellswerewashed twice

With cold PBS andincubatedwith5．O plofFITC－COnjugated anti－human CD95monoclonal

antibody（MoAb）（MBL，Japan）orFITCLCOnjugatedanti－humanCD95LMoAb（Fujisawa，

Japan）at4℃inthedarkfor30minutes．Forthedetectionofbc1－2proteinexpression15），HL－

60and RL were used as positive controIs．5×106cells were resuspendedin2ml of2％

paraformaldehyde．Afterincubation forlO minutes onice，100fLl of1％Triton XlOO was

added．Then the cells were washed twice with cold PBS andincubated with5FLlof FITC－

conjugatedanti－bc1－2MoAb（Fujisawa，Japan）．Afterwashingthree timeswithcold PBS，

thecellswereanalyzedbyFCM．FITC－COnjugatedanti－mOuSeIgGl（MBL，Japan）wasused

asanegativecontroltodeterminebackgroundfluorescence．

7．Measurementofcaspase8andcaspase3activities

Theactivitiesofcaspase8andcaspase3weredeterminedwithtwofluorometricprotease

assaykits（MBL，Japan）．Aftercellswereculturedwithorwithoutl．OFLMofAs20。for4

days，106cells were resuspendedin a96multi－Well dish and cultured with50FLl of the

chilledcellbufferoniceforlOminutes．Then50FLlofthelmMIETD－AFC（Lle－Glo－Thr－

Asp－7－Amin0－4trifluoromethylcoumarin）substrateforcaspase80rthelmMDEVD－AFC

（Asp－Glo－Val－Asp－7－Amin0－4trifluoromethylcoumarin）substrateforcaspase3wasadded

to each well andincubated at37℃for2hours．Finally，Samples were examined by the

fluorometer with a385nm excitation filter and a538nm emission filter．

8．BlockingoftheCD95／CD95LpathwaybyantiJ：D95MoAbandZVAI”mk

Anti－CD95MoAb（MBL，Japan）OrcaspasefamilyinhibitorZVAD－fmk（MBL，Japan）

WaS uSed to block the CD95／CD95L pathway．BriefLy，a tOtal of4×105K562cells were

Culturedinthepresenceofl．OFLg／mlofanti－CD95MoAbor50FLMZVAD－fmkfor3hours

at37℃．Then，theyweretreatedwithl．OfLMofAs203for2days．Cellgrowthandviability

WeredeterminedbyMTTtest．TheeffectofAs2030ngrOWthinhibitioncouldbeassessedas

follows：inhibition of cellproliferation（％）＝（1－mean OD value of treated cells／mean OD

valueofcontroIcells）×100．

9．Statisticalanalysis

Resultswereexpressedasmean±standarddeviation（S．D．）．Statisticalsignificance（p＜

0．05）wasassessedusingStudent，sttest．
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RESULTS

l．EffectsofAs2030nCellgrowthinhibition

EffectsofAs20。OnthegrowthinhibitionofK562cellsareshowninFig・1・Althoughthe

inhibitory effects were weak atlower concentrations（0．25－0・5FLM），As203inhibited

proliferation of K562ccllsin dose－and time－dependent manners・Theinhibition of cell

proliferationbyAsD3WaSSimilartothatreportedonNB41）・

2．Morphologicalchangesandcellcyclearrest

Aftertreatmentwithl．OiLMAsD3for3days，typicaloncoticchanges，SuChascytoplasmic

swellingandswellingoforganelles，WereObservedinK562cells・Ontheotherhand，typical

apoptoticchangeS，SuChaschromatincondensation，Cellularshrinkageandapoptoticbodies

were observedin HL－60and RL（Fig．2A）．Toinvestigate whether theinhibition of cell

growthisduetocellcyclearrest，WeeXaminedcellcyclebyFCM・AsshowninFig2B，Cell

cycle arrested at G2＋M phasesin K562Compared with apoptotic changes of cellcycle

arrested at subGlin HL－60and RL．

3．ChangeSinCD95／CD95Landbc1－2expression

To understand the mechanisms responsible for As203－induced oncosis，Changes of the

expressionofCD95andCD95LinK562cellswereexaminedbyFCM・BothCD95andCD95L

proteinswereoriginallyexpressedandupregulatedbyAs203foroneday（Fig・3）・Incubation

formorethan2daysdidnotfurtherincreaseintheexpressionoftheseproteins（datanot

shown）．Next，WeeXaminedwhetherbc1－2expressionwasregulatedbyAs203byusingHL－
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Fig．1．AsD3inducedcellgrowthinhibitioninK562cellswithvariousconcentrationsfor5days・Viabilityof
cellswas measured by MTT assay・The data are shown as mean±SDfrom threeindependent

experiments．
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Fig．2A．Changes of morphology and cell cyclein HL－60，RL and K562by As203．Apoptotic changes of

morphology（arrOW）andcellcycleinHL－60andRLwereshownaSpOSitivecontrol．Oncoticchanges

of morphology（arrow）and cell cyclein K562were also shown．MorphologiC changes were

photographedaftertreatmentwithlFLMAs203for3days．
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Fig．2B．CellcyclewasexaminedafterlpMAs203treatmentfor4daysbyFCM・
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60andRLaspositivecontrol・AsshowninFig・4，bc1－2wasdownregulatedsignificantlyln

HL－60andRLcells，WhichissimilartothatinNB41），butnodetectablechangeinK562was

observed．

4．Activationofcaspase8andcaspase3

To ascertain theinvoIvement of the CD95／CD95L pathwayin As203－induced oncosis，We

studied downStreamOfCD95／CD95L，aCtivitiesofcaspase8andcaspase3duringtreatment

ofAs203．AsshowninTablel，aCtivitiesofcaspase8andcaspase3increasedsignificantly

afterincubationwithl．OFLMofAs203．

5．hhibitionofAs，0JnducedoncosisbyantilニD95MoAborZVADJmk

TofurtherascertainwhetherAsD3inducesoncosisonlyviatheCD95／CD95Lpathway，We

added anti－CD95MoAb or caspase familyinhibitor ZVAD－fmk to block the CD95／CD95L

pathway．AsshowninTable2，theadditionofantトCD95MoAborZVAD－fmksignificantly

suppressedcelldeathofK562inducedbyAsD3，butnotcompletely・
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Fig．3．Upregulation ofCD95／CD95L expression by
As203．After K562cultured withor without

lpM As203for one day，CD95／CD95L were

analyzedbyFCM．Top：CD95，Bottom：CD95L．
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Fig．4．Downregulation of bc1－2　expression by

As203．HLT60　and RL were employed as

positive control for detection of bc1－2

expression．Afterincubationwithorwithout

lFLM As203for2day，bcト2expression was

analyzedbyFCM．（A）：HL－60，（B）：RL，（C）

：K562．

Tablel．ChangeSinactivitiesofcaspase8andcaspase3afterAs203treatmentinK562

C血l Dl l D■ 2　　　　　D8 3　　　　　　D■

C鮎円錐＄　13‘血か・3　217J士31・1●　pl・5士8・4●　加7・3土か・3●公4・7士21・1●

3　　1紀．5土光．5　　封汀．7土341●　芸稚．蝕55．4●　払1士別－2●197．1土刀．7

Activationofcaspases8and3inK562cellsbyAs203．AfterincubationwithorwithoutlpMAs203for

4days，aCtivitiesofcaspases8and3Weredetectedwithfluorometricproteaseassay．Thedataare

shownasmean±SDfromthreeindependentexper・iments．Therewasasignificantdifferencebetween

controlandtreatedgroups（＊：P＜0．05）．
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Table2．Effectsofanti一tD95MoAbandZVAD－fmkontheoncosisinducedbyAs203inK562

Alld＿CD95MbAb ZVADJhdL

D叩1　　17劇8・l　　　　　　　＄・1士8・3●　　　　　　1血1・73●

D8y2　　　　柑・Jk7．4 7．血7．5●　　　　　　　　11．1k乙7●

Anti－tD95MoAb and ZVAD－fmk suppressed celldeath of K562induced byAs203．Afterpretreatment with
anti－｛D95MoAborZVADlmk，K562cellswereculturedwithl．OFLMAs203for2days．Cellgrowthandviabilitywere

deteminedbyMTTtest．TheeffectofAsわ30ngrOWthinhibitionwasassessedasfollow：inhibitionofcellproliferation
（％）＝（1－－meanODvalueoftreatedcells／meanODvalueofcontroIcells）×100．Thedateareshownasmean±SDfrom

threeindependentexperiments．

＊：Significantdifference任）＜0．05）

DISCUSSION

ThemolecularmechanismofAs20。－inducedcelldeathisverycomplex，dependingondose，

celltype，andcellularenvironment16）．Inthepresentstudy，WeStudiedtheactionofinvivo

plasmalevelconcentrations，0．25－2．OpMAs2030nK56217）．Itwasshownthattheeffectsof

antiproliferationweresimilartothatinanAPLcellline，NB41）・FurthermOre，typicaloncosis

was confirmed by cellular swelling，SWelling of organelles，blebbing of cytoplasm，nO

significant Changesin nucleus，and cell cycle arrested at G2＋M phases・These results

confimedthatthecellgrowthinhibitioninK562isduetooncosis．

The CD95／CD95L pathwayinvoIves expression of transmembrane receptor CD95and

CD95L．CD95activates the Fas－aSSOCiated death domain（FADD）protein to cleave pro－

caspase8tocaspase8，thencaspase8cleavesproTCaSpaSe3tocaspase3whichisthefinal

step of celldeath18r2O）．It was reported that CD95／CD95L plays a novelrolein anticancer

drugs21－23）・In this study，the expression ofCD95and CD95L on K562were upregulated by

As203inl day．Furthermore，As203treatment OfK562for2days activated both caspase8

andcaspase3．ThesefindingssuggestthattheCD95／CD95Lpathwayplaysamajorrolein

theAs20rinducedoncosisinK562．TofurtherdeterminewhetherAs203inducesoncosisonly

via the CD95／CD95L pathway，anti－CD95MoAb or ZVAD－fmk was used to block the

CD95／CD95L pathway．As203－induced oncosis was suppressed partially・This finding

providesevidencethatthemolecularmechanismofAs203－inducedoncosismaybenotonly

ViaCD95／CD95Lpathwaybutalsoviaotherpathways．

CD95－independentpathwayincludingmitochondrialdeathpathwayhasbeenalsodescribed

as a central rolein As203－induced cell death，throughoutthe release of cytochrome c24），

activating downstream caspases25），and downregulation of bcト2　expressionl・6，10）・In our

previous study26），bc1－2expression was downregulated by As203in positive control，HL－60

and RL．However，nO detectable change of bc1－2expression was foundin K562．This

discrepancy may be due to the possibility that bcト2directly orindirectly determines cell

death fate：apOptOSis or oncosis．The relationship between bcト2　expression and cell

morphologlCalchangesshouldbefurtherstudied．

WeconcludethatAs203inducesgrowthinhibition，Cellcyclearrestandeventuallyoncosis

viatheCD95／CD95LpathwayinK562cells．TheseresultssuggestthatAs203maybeuseful

inthetreatmentofchronicmyelogenousleukemiaotherthanAPL．
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