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-ABSTRACT-

RoleofRIP3inDNA damagingagent-induced

breastcancercelldeath

Receptor-interacting proteinkinase3(RIP3orRIPK3)isacentral

playerin“programmed”or“regulated”necroticcelldeathpathway.Herewe

show thatprogrammednecrosisisactivatedinresponsetochemotherapeutic

agents and contributes to chemotherapy-induced breastcancercelldeath.

However,wealsoshow thatRIP3expressionissilencedinbasallikebreast

cancercelllinesduetoDNA methylationnearitstranscriptionstartsite.Due

tothissilencingmechanism,lossofRIP3expressioninthesecellsleadsto

resistancetoDNA damaging-agents.Hypomethylating agentsrestoreRIP3

expressionandpromotesensitivitynotonly todeathreceptorligands,but

also to a surprising diversity ofstandard chemotherapeutic agents in a

RIP3-specificmanner.OurdataindicatesthatRIP3-dependentbreastcancer

celldeathisactivatedinresponsetoDNA damaging-agents.Thissuggests

thatRIP3playsagreaterroleinresponsetoDNA damaging-agentsthanhas

been previously appreciated,we propose thathypomethylating agents,in

combinationwithstandardchemotherapy,may beusefulintreating breast

cancersthatlackRIP3expression.

Keywords:RIP3,MLKL,Programmed necrosis,Hypomethylating agents,

Chemotherapy
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I.INTRODUCTION

Resistancetocelldeathisonehallmarkofcancercells,andtumorcells

evolveavarietyofstrategiestolimitoreludeapoptosis.(HanahanD etal.,

2011).Evasionofapoptosismaycontributetotreatmentresistanceandalso

tumor progression, since most current anticancer therapies including

chemotherapy and immunotherapy primarily actby activating celldeath

pathwaysincludingapoptosisincancercells.Hence,abetterunderstandingof

themolecularmechanismsunderlyingtumorresistancetoapoptoticcelldeath

isexpectedtoprovidethebasisforarationalapproachtodevelopmolecular

targetedtherapies.However,inadditiontoapoptosis,otherformsofcelldeath

existprogrammednecrosis.

Programmednecrosisisactivatedinresponsetodeathreceptorligands

andothertypeofcellularstressors(Declercqetal.,2009;Vandenabeeleetal.,

2010;Vanlangenakkeretal..,2012b).Programmedor“regulated”necroticcell

death is alternate programmed celldeath pathway thatisdifferentfrom

apoptosisin thatcaspasesarenotessentialforcelldeath to occur,but

necroticeventsleadtomembraneruptureandcelllysis(Galluzzietal..,2012),

thus spilling the intracellularcontents and ensuing the inflammation and

immunesystem (N Vanlangenakkeratal.2012b;MichaelJ.Morgan,atal

2013).

Programmedcelldeathcanbeinducedbyaseveralstimuli,includingthe

proinflammatorycytokineTNF-a.Studiesofthismodeofcelldeathoften

utilize the murine fibrosarcoma cell line L929, or the human colon



- 2 -

adenocarcinomacelllineHT-29asmodels.InthecaseofL929cells,TNF-a

prominentlycausesnecrosisinsteadofapoptosis,whileinthecaseofthe

HT-29cellline,theadditionofeitherSMAC mimeticorcycloheximide,in

combinationwiththepancaspaseinhibitorzVAD,arenecessarytoinducethis

typeofdeath.

The kinase activity ofReceptor-interacting protein kinase-3 (RIP3,or

RIPK3)isan essentialfortheprogrammed necroticcelldeath execution

(Duan-Wu Zhang etal.2009;Sudan Heetal.2009;YoungSik Choetal.

2009).Activationofthecanonicalprogrammednecrosisincludestheformation

ofacomplexcontainingRIP3andRIP1(RIPK1)andrecruitmentofmixed

lineagekinasedomain-likeprotein(MLKL)(Zhao,Jetal2012;Sun,Letal

2012),whichisessentialfordeathtoproceed(Wu,Jetal2013;Murphy,Jet

al2013).

RIP3-dependentphosphorylation and plasma membrane localization of

MLKLisnecessaryforprogrammednecroticcelldeathtooccur(Wang,H et

al2014;ZhenyuCaietal2014;Chen,X etal2014).Thetranslocationof

MLKL tothemembranehasbeenalternatelyreportedtoleadstoplasma

membranedisruptionbythroughitsactivationofionchannelsorbydirectly

permeabilizingtheplasmamembrane(Wang,H etal2014;Dondelinger,Y et

al2014).

Inaddition,programmednecrosisisnow acknowledgedtoplayrolesin

pathologicalprocesses,includingafacilitativeroleintissuedamage,suchas

ischemia-reperfusioninjury,andinhostdefenseofviralinfections.According

torecentreportsthatprogrammednecrosiscouldcontributetoinflammatory

skindiseases,chronicinflammationandhighexpressionofRIP3functionsin
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inflammatorydiseasepathogenesis.

Here we show thateffective cytotoxic chemotherapy is facilitated by

RIP3-dependentprogrammednecroticcelldeath;however,RIP3expressionis

often silenced in cancer due to genomic methylation near the RIPK3

transcriptionstartsite.Weshow amajorityofbreastcancercelllinesand

specially,basallike subtype lack RIP3 expression due to this silencing

mechanism.Basallikesubtypeisonlyfoundinabout15~20percentofbreast

cancerdiagnoses.Ithas been shown to be aggressive,unresponsive to

treatmentand,ultimately,indicativeofapoorprognosis.

LossofRIP3expressioninbasallikebreastcancercellsleadstogreater

resistance notonly to death receptorligands,butalso to a surprising

diversityofchemotherapeuticagents.Treatmentofcellswithhypomethylating

agents restore RIP3 expression and thereby promotes sensitivity to

chemotherapeuticsinaRIP3-specificmanner,suggestingthatdeficiency of

RIP3intumorcellsisselectedforduringtumordevelopmentand/orgrowth.

Sincehypomethylatingagentsareconsiderablywell-toleratedinpatients,an

implicationofourstudyisthatRIP3-deficientbreastcancersubtypepatients

maybenefitfrom receivinghypomethylatingagentstoinduceRIP3expression

priortotreatmentwithconventionalchemotherapeuticagents.
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II.MATERIALSAND METHODS

A.Experimentalreagents

TNF-α and zVAD were from R&D Systems (Minneapolis, MN).

Anti-phopho-JNK(44682G), Anti-RIP3(72106) and phospho-MLKL(187091)

antibodies were from Abcam (Cambridge,MA).Doxorubicin,etoposide,

5-fluorouracil, cisplatin, 5-AD and necrostatin-1 were purchased from

Sigma-Aldrich (St. Louis, MO). cycloheximide were from Calbiochem

(Danvers,MA).Dabrafenib wasfrom Selleckchem (Houston,TX).SMAC

mimetic(LCL-161)wasfrom AdooqBioscience(Irvine,CA).

B.CellCulture

Cancercelllineswereculturedinrecommendedmediafrom ATCC.All

cellswereculturedat37℃ in5% CO2.HT-29andHeLacellswerecultured

inDMEM supplementedwith10% fetalbovineserum,2mM glutamine,100

U/mlpenicillin,and100μg/mlstreptomycin.MDAMB231,HCC1937,SKBR3

andT47D cellswereculturedinRPMIsupplementedwith10% fetalbovine

serum,2mM glutamine,100U/mlpenicillin,and100μg/mlstreptomycin.

C.LentiviralshRNA experiments

Short-hairpin RNA (shRNA) plasmids targeting hRIP3 mRNA

(NM_006871), and non-targeting control (NM_027088) were from

Sigma-Aldrich.Lentiviralplasmidsweretransfectedinto293T cells(System

Biosciences,LV900A-1) using Lipofectamine 2000(Invitrogen).Pseudoviral
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particleswerecollected2daysafterthelentiviralplasmidtransfectionand

infectedintocellswithpolybrene(10μg/mL).Infectedcellswerepuromycin

selected2daysafterinfection.

D.ReverseTranscription-PCR

ReverseTranscription-PCR RNA wasextractedusing RNeasy (Qiagen).

200ngoftotalRNA from eachsamplewasusedforcDNA synthesiswith

reversetranscriptase(Invitrogen).EqualamountsofcDNA productwereused

forPCR withTaqDNA polymerase(Takara).Amplificationwasperformed

usingthefollowingprimers:RIP3sense(5′-CAAGGAGGGACAGAAATGGA

-3′),RIP3antisense(5′-GCCTTCTTGCGAACCTACTG-3′),actinsense

(5′-CAGGTCATCACCATTGGCAATGAGC-3′),actinantisense(5′-GATG

TCCACGTCACACTTCATGA-3′)FinalPCR productswereresolvedin1%

agarosegelandstainedwithethidium bromide.

E.Cellviabilityassay

Representativeimagesweretaken by aphase-contrastmicroscope.Cell

viabilitywasdeterminedusingtetrazolium dyecolorimetrictests(theMTT

assay)readat570nm.Lactatedehydrogenaseleakagewasquantifiedusinga

cytotoxicitydetectionkit(Promega,Madison,WI).

F.Westernblotanalysis

Upontreatment,CellswerelysedinM2buffer(20mM TrisatpH 7,0.5%

NP-40,250mM NaCl,3mM EDTA,3mM EGTA,2mM DTT,0.5mM PMSF,

20mM β-glycerolphosphate,1mM sodium vanadate,and1μg/mlleupeptin).
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Equalcellextracts were resolved by 10% SDS-PAGE and analyzed by

western blot using enhanced chemiluminescence (ECL, Amersham,

Piscataway,NJ).

G.Immunoprecipitation

CellslysiswasinM2buffer.Forimmunoprecipitation,lysatesweremixed

andprecipitatedwithantibodyandproteinG-agarosebeadsovernightat4℃.

BoundproteinswereremovedbyboilinginSDSandresolvedbySDS-PAGE

forimmunoblotting.

H.PyrosequencingofBisulfateconvertedgenomicDNA.

Pyrosequencing ofRIPK3GenomicDNA from cellswasperformed by

Genomictree,Inc.Daejeon,South Korea using standard protocols.Briefly,

Bisulfite-treated DNA samples were prepared using EZDNA

Methylation-Lightningkit(ZymoResearch)andthenamplifiedbyPCR.The

reactionconditionswereasfollows:95℃ for10min→ [95℃ for30sec→ 5

6℃ for30sec→ 72℃ for30sec]45cycles→ 72℃ for5min.From this

reaction,2 μL ofthe PCR productwas visualized by ethidium bromide

staining on a 2% agarosegel.Theremainderoftheproductunderwent

pyrosequencing performed on a PyroMark ID system (Qiagen)using a

PyroGoldreagentkitforquantificationofthemethylationlevel.

I.Colonyformationassay

T47D,SKBR3 cells were seeded in 6-wellplates with a density of

100-500cellsperwellfor2–3weeks.Themedium wasdiscardedandeach
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wellwaswashed twicewith PBS carefully.Thecolonieswere fixed in

methanol for 10 min and then stained with Crystal Violet solution.

Experimentswererepeatedthreetimes.

J.Invasionassay

Matrigeltranswellinvasion assay(BD Falcon #0006).TransparentPET

membrane werecoated with matrigel,and MDAMB231 cells were plated

(2.5x10
5
cell/well)ontoupperchamberin serum-freemediaand than put

serum-addmediaintolow chamber.Filterswereexcised,andmigratedcells

werestainedwithcrystalviolet.
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III.RESULTS

A.RIP3expressionisoftensilencedinbreastcancercellsdueto

genomicmethylationnearitstranscriptionalstartsite

RIP3isessentialforprogrammednecrosis(Duan-WuZhangetal.2009;

SudanHeetal.2009;YoungSikChoetal.2009).Inthepresentstudy,we

examinedRIP3expressioninsubtypesofbreastcancerbyimmunoblotting

and RIP3protein isclearly absentin basallikebreastcancer,butother

subtype or normalcells express RIP3 (Figure 1).To further test this

hypothesis,RIP3expressionisadjustedinbreastcancercellsduetogenomic

methylationso,weexaminedwhetherDNA methylationwasresponsiblefor

RIP3 deficiency. Treatment with the hypomethylating agent

(5-aza-2'-deoxycytidine,abbreviated:5-AD) restored RIP3 expression.In

severalbreastcancercells,5-AD induced RIP3 expression in a timeor

dose-dependentmanner(Figure2A-B).

WefurtherexaminedwhetherDNA methylationwasresponsibleforRIP3

deficiency.First,wecheckedRIP3expressioncancercellsorlossofRIP3

cancercellsbywesternblot(Figure3A).Toverifythattheexpressionof

RIP3wasassociatedwithmethylationofgenomicDNA nearthetranscription

startsite ofRIP3 we conducted pyrosequencing ofindividualCpGs in

bisulfate converted DNA within this region in RIP3 expression cells or

unexpressioncells.HT-29andT47D cells,whichexpressRIP3highly,had

verylow methylationoftheentireregion.Ontheotherhand,hadverylow
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methylationoftheentireregion(i.e.HCC1937,MDAMB231,HeLa)(Figure

3B).

ThesedatacollectivelydemonstratethattheRIP3transcriptionstartsiteis

methylatedinbreastcancercelllinesandisnegativelyassociatedwithRIP3

expression.
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Fig.1.RIP3issilencedinmanybreastcancercelllines.

Western blotting analysisoflysatesfrom variousbreastcancercelllines

showingRIP3expression.
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A

B

Fig.2.HypomethylatingagentrestoresRIP3expressionincancercells.

(A)WesternblottinganalysisofRIP3expressioninHCC1937,MDAMB231,

andHeLacellstreatedwith2μM 5-ADforindicatedtimepoints.

(B)WesternblottinganalysisofRIP3expressioninHCC1937,MDAMB231,

andHeLacelltreatedwithindicatedconcentrations(MDAMB231andHeLa

cellsfor4days,HCC1937cellfor8days.)
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A

B

Fig.3.RIP3issilencedbymethylationincancercelllines.

(A)WesternblottinganalysisofRIP3expressioninHT-29,T47D,HCC1937,

MDAMB231and HeLacells.(B)Summary ofpyrosequencing analysisof

bisulfite-convertedgenomicDNA from T47D,HT-29,HCC1937,MDAMB468,

andHeLacells.
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B.ExpressionofRIP3isessentialforTNF-inducednecroticcell

deathincancercells.

RIP3isessentialmolecularforprogrammednecrosis(Duan-WuZhanget

al.2009;Sudan He etal.2009;YoungSik Cho etal.2009).First,we

experimentedwithHT-29cellandHeLacellwhichwereresearchedabout

necroptosis.Consistentwiththemanypaper,cellsdeficientRIP3expression

arecompletelyresistanttoprototypicalprogrammednecroticstimuli(TNF-α+

zVAD +eitherSMAC mimeticorcycloheximide;alsoreferredtohereinas

TSZ orTCZ),so become sensitive when RIP3 is ectopically expressed

(Figure 4A) and then cell viability was analyzed by phase-contrast

microscopy(Figure4B).

Wenextsoughttotestwhetherhypomethylatingagentswouldsensitize

RIP3-deficientcellstonecropticcondition(TSZ,TCZ)viarestorationofRIP3

expression.Treatmentwiththehypomethylatingagent(5-AD)restoredRIP3

expression in HeLa cells (Figure 5A).TNF-α induced necrosis become

sensitiveafter5-AD treatment(Figure5B).RIPK1inhibitornecrostatin-1

blocks celldeath upon 5-AD treatment followed by necrotic stimulus,

indicatingthecanonicalregulatednecroticdeathpathwayisactivated(Figure

5C).Importantly,5-AD doesnotaffectnecroticcelldeathinHT-29cells

(Figure6),suggesting thesensitizing effectof5-AD ismediated though

inductionofRIP3expression.
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A B

Fig.4.ExpressionofRIP3isessentialforTNF-inducednecroticcell

death.

(A)Viability(MTT)ofHeLacellectopicallyexpressingRIP3treated36hrs

withTCZ[TNF(30ng/mL),cycloheximide(CHX,2μg/mL),andzVAD (20

μM)]orTSZ[TNF,SMACmimetic(100nM),andzVAD].(B)Cellviability

wasanalyzedbyphase-contrastmicroscopy.
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A

B C
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Fig.5.HypomethylatingagentrestoresTNF-inducednecroticcelldeath

inRIP3-deficientcells.

(A)HeLacellsweretreatedwith5-AD(2μM,4day)andcelllysateswere

analyzedbyimmunoblotting andreversetranscription-PCR.(B)HeLacells

werepretreatedwith5-AD(2μM,4day)andthenfurthertreatedwithTCZ

[TNF(30ng/mL),cycloheximide(CHX,0.5,1,2μg/mL),andzVAD(20μM)]

for48hrs.(C)TNF-inducednecroticcelldeathinRIP3-restoredHeLacells

isinhibitedbynecrostatin-1.Cellswerepretreatedwithnecrostatin-1(40μ

M)for1h beforeTCZ orTSZ treatmentfor48hrsand cellviability

analyzedbyMTTassay.
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Fig.6.Hypomethylating agentdose notaffectRIP3 expression in

HT-29cells.

HT-29cellswerepretreated with 5-AD (2 μM,4day)andthen further

treatedwithTCZ[TNF(30ng/mL),cycloheximide(CHX,1,2,5μg/mL),and

zVAD(20μM)]for48hrsandcellviabilityanalyzedbyMTTassay.



- 18 -

C.RIP3expressionsensitizestoDNA-damagingagentsinbreast

cancercells

Wethereforesoughttodeterminewhetherhypomethylatingagentspromote

chemotherapeutic cell death by via enhancing RIP3 expression. First,

hypomethylating agent would sensitize RIP3-deficient cells to necroptic

condition(TSZ,TCZ)viarestorationofRIP3expression.Treatmentwiththe

hypomethylatingagent(5-AD)restoredRIP3expressioninMDAMB231cells

(Figure7A-B)

Indeed,5-AD treatment sensitizes MDAMB231 cells to doxorubicin

(Doxo),etoposide(Etopo),5-Fluorouracil(5-FU),Camptothecin (CPT),and

Cisplatin(Figure7C),suggesting inductionofRIP3may contributetocell

death from a wide range of chemotherapeutic drugs with different

mechanismsofaction.IntheabsenceofRIP3,hypomethylatingagentslose

their ability to sensitize cells to chemotherapeutic agents (Figure 8),

confirmingthattheirsensitizationisdependentonincreasedRIP3expression.

While the above data indicate thatprogrammed necrosis contributes to

chemotherapeuticcytotoxicity.

WeexaminedwhetherRIP3contributedtodeath from chemotherapeutic

agents,aroleforRIP3incelldeathinducedbystandardchemotherapeutic

cytotoxicagentshasneverbeenreported.InMDAMB231cells(whichlack

endogenousRIP3expression),MDAMB231cellectopically expressing RIP3

treatednecropticcondition(TSZ,TCZ)andcellviability wasanalyzedby

immunoblotting (Frigure9A-B).Theectopicexpression ofRIP3bestowed

additionalsensitivitybothtoetoposide,doxorubicinandCPTasmeasuredby
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MTT assays (Figure 9C).suggesting thatRIP3 can contribute to the

cytotoxicityofmultipledrugswithdiversemechanismsofaction.

Wesoughttoinvestigatethemechanism bywhichRIP3wassensitizingto

chemotherapeutics.WeexaminedwhetherRIP3wasinthesamecomplexas

caspase-8 upon treatmentofcells with doxorubicin.Doxorubicin led to

interactionofcaspase-8withRIP1andRIP3,alongwithFADD,thoughno

interactionwasdetectedinRIP3knockdownHT-29cells(Figure10).this

data suggested to us thatprogrammed necrosis mightbe importantfor

RIP3-dependentchemocytotoxicity.
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A

B C

Fig. 7. Restoration of RIP3 by hypomethylating agent enhances

sensitivitytochemotherapeuticagents.

(A)MDAMB231cellsweretreatedwiththehypomethylatingagent,5-AD(2

μM,4day)andthenanalyzedRIP3expressionbywesternblotting. (B)Cells

from (A)weretreatedwithTCZ[TNF(30ng/mL),cycloheximide(CHX,2μ

g/mL),andzVAD (20μM)]for48hrsandcellviabilityanalyzedbyMTT

assay.(C)MDAMB231cellsweretreatedwith5-AD(2μM,4day)andthen

furthertreatedwithcamptothecin(CPT μg/mL),cisplatin(μM),doxorubicin

(DoxoμM),etoposide(EtopoμM),or5-fluorouracil(5-FU,μM)for36hours.

CellviabilitywasanalyzedbyMTTassay.
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Fig.8.Hypomethylatingagent-inducedsensitizationtochemotherapeutic

induced necrotic celldeath is dependenton the induction ofRIP3

expression.

MDAMB231cellswereinfectedwithlentivirusencodingRIP3shRNA ora

non-silencingcontrol.Afterselectionwithpuromycin,cellswerepretreated

with5-AD (2μM)for4dayandthenanalyzedforknockdownbywestern

blottingortreatedwithdoxorubicin(μM),etoposide(μM),camptothecin(μ

g/mL)for48hrsandcellviabilitythenanalyzedbyMTTassay.
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A

B C

Fig.9.ExpressionofRIP3contributestosensitivitytoDNA-damaging

agents.

(A)MDAMD231cellswereinfectedwithpLX303-hRIP3lentiviralplasmidto

establish stableRIP3-expressing cells.RIP3expression wasconfirmed by

western blot.(B-C) MDAMB231 cells ectopically expressing RIP3 were

treatedwith TCZ [TNF (30ng/mL),cycloheximide(CHX,2 μg/mL),and

zVAD (20μM)]for48hrsandcellviabilitywasanalyzedbyMTT assay.

(C)Cellsweretreatedwithindicatedconcentrationofdoxorubicin,etoposide

orCPTfor2dayandcellviabilitywasanalyzedbyMTTassay.
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Fig.10.Doxorubicininducesnecrosomecomplexformation.

Western blotting ofCaspase-8 immunoprecipitates from HT-29 and RIP3

knockdownHT-29cellspretreatedwithzVAD (20 μM)for1hr,andthen

treatedwithdoxorubicin(5μM)for18hrs.
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D. DNA-damaging agents activate RIP3-dependent MLKL

phosphorylation

RIP3-dependent phosphorylation and subsequent plasma membrane

localizationofMLKLisnecessaryforprogrammednecroticcelldeath(Caiet

al.,2014;Chenetal.,2014).WeexaminedwhetherRIP3dependentofMLKL

activationbydoxorubicin.DoxorubicininducedtimeordosedependentMLKL

phosphorylationinendogenousRIP3expressionT47Dcells(Fig11A-B).

WeexaminedwhetherRIP3contributedtodeath from chemotherapeutic

agents in ectopically expressing RIP3 MDAMB231 and HCC1937 cells.

Phosphorylated MLKL was detected in MDAMB231 and HCC1937 cells

treatedwith doxorubicin (Figure12A-B),suggesting thatRIP3potentiates

thesedeath processesthrough activation ofMLKL-dependentprogrammed

necrosis.indicatingthatMLKLactivationcontributedtodoxorubicin-mediated

celldeath.
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A B

Fig. 11. DNA-damaging agent induced MLKL phosphorylation in

RIP3-expressingcells.

(A)T47D cellsweretreated with doxorubicin (μM)for24hrsand cell

lysateswereanalyzedbywesternblotting.(B)Westernblotsoflysatesfrom

T47DcellstreatedwithDoxorubicin(2μM)atindicatedtimepoints.
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A B

Fig.12.MLKL phosphorylation induced by DNA-damaging agentis

dependentonRIP3.

(A)Western blotsoflysatesfrom Mock vectorandRIP3overexpressing

MDAMB231cellstreatedwithdoxorubicin(2μM)atindicatedtimepoints.(B)

RIP3 expressing cells were treated with different concentrations of

doxorubicinfor24hrsandcelllysateswereanalyzedbywesternblotting.
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E.RIP3actsasatumorsuppressor

WhilelossofgenesinvolvedinDNA repaircanrendercancercellsmore

susceptible to DNA-damaging chemotherapies, many are also tumor

suppressorsbecausetheirlossresultsinanincreaseingenomicinstability

and oncogenicgrowth.Therefore,wetested the hypothesisthatRIP3 is

actingasatumorsuppressor,anditslosswillpromotemalignantphenotypes,

including increased growth rates,invasive potential.We performed these

experimentsinMDAMB231,T47DandSKBR3cells.Thesedifferentcelllines

werechosenbecausethey representasampling ofdifferentbreastcancer

types.MDAMB231 cellsaretriplenegative(ER-,PR-,HER2)and have

completedepithelialtomesenchymaltransition(EMT)(DawnA etal,1999,

HonorHugoetal,2007),T47D andSKBR-3cellsoverexpressHER2anddo

notexpressERorPR.

To testwhetherexpression ofRIP3 could increase breastcancercell

migration,weperformedscratch-woundmigrationassays.MDAMB231cell

wereinfectedwithRIP3orcontrollentivirusandassayedfortheirabilityto

fillascratchwound.Asinthewoundhealingassays,theMDAMB231cell

moreslowlyfilledthewoundwhenincreasedforRIP3-overexpressing(Figure

13A).However,theresultsfrom thescratch-woundassaycouldalsoreflect

increased cell proliferation,so we additionally measured the effect of

RIP3-overexpressing oncellinvasion.Incontrasttotheresultsobserved

above, RIP3-overexpressing significantly decreased the invasion of

MDAMB231cell(Figure13B).

Toconfirm thatRIP3depletionbreastcancergrowth,wetestedcolony
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formationassay.T47DandSKBR3celllineswereinfectedwithRIP3KD or

controllentivirus.RIP3 knockdown cells more quickly filled the colony

formation(Figure13C),andinanothercelllinesalsoshowedsameresults

(Figure13D).ThesedatasuggestthatRIP3haveatumorsuppressorfunction

andwillplayakeyroleintumorigenesis.
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C D
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Fig.13.RIP3suppressesmigrationandinvasioninbreastcancercells.

(A)Scratch wound healing assay in mock vectorMDAMB231and RIP3

overexpressing MDAMB231 cells. Wound healing was analyzed by

phase-contrastmicroscopy. (B)Matrigeltranswellinvasionassay.Transwell

filterswerecoatedwithmatrigelandMDAMB231cellswereplated(2.5x10
5

cell/well)ontoupperchamberinserum-freemediaandthanputserum-added

mediaintolow chamber.Filterswerestainedwithcrystalviolet.(C)T47D

andSKBR3cellswereinfectedwithalentivirusencodingRIP3shRNAsor

non-silencing controlvector.After selection with puromycin,cells were

analyzedforknockdownbywesternblotting.Cellgrowthwasanalyzedby

colonyformationassayafter15days.(D)RIP3knock-downedHT-29cellor

RIP3overexpressing HeLacellgrowth wasanalyzed by colony formation

assayafter15days.
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IV.DISCUSSION

Programmed necrosis has been identified as an importantmechanism

underlyingmultiplephysiologicalandpathologicalprocesses(Vanlangenakker

etal.,2012a;Kaczmarek etal.,2013).Herewehavediscusseddatathat

indicatesthattheexpressionofRIP3islostinbreastcancercells,andthat

themechanism forthissilencingislargelyduetoDNA methylationofthe

RIPK3genomicsequence.RIP3expressionmayberestoredinamajorityof

cellswith RIP3deficiency by treating them with hypomethylating agents,

thusrestoringsensitivityofthesecellstoprogrammednecrosis.

OurdataindicatethatRIP3expressionislikelyselectedagainstduring

cancergrowthorprogression,withmethylationofthegenomicregionnear

theRIPK3transcriptionstartsiteleadingtoRIP3silencing.SinceRIP3plays

agreaterrolein responsetochemotherapeuticsthan hasbeen previously

appreciated.Theresponseofcellsto5-AD suggeststheexcitingpossibility

thatRIP3 expression may bemanipulated in cancercellsto makethem

sensitivetoregulatednecrosis,weproposethathypomethylationagents,in

combinationwithstandardchemotherapy,maybeusefulintreatingcancers

thatlack RIP3 expression.RIP3 deficiency is likely to have important

biologicaland therapeutic consequences,including possible effects on the

responsesoftumorcellstochemotherapy.How RIP3isactivatedbyfrom

drugswithsuchmechanisticdifferencesisanimportantmatterforfuture

investigationandwewillinvestigatehow thetumorsuppressorroleinRIP3

haveanymechanism.

Thisfactalsopotentiallyopensupnew therapeuticpossibilitiesforthe
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treatmentofcancer by potentially restoring RIP3 expression in human

patients.
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-국문요약 -

DNA damagingagents에 의한 유방암 세포 사멸에서

RIP3의 역할에 관한 연구

아주대학교 대학원 의생명과학과 분자의학전공

김 우 중

(지도교수 :김 유 선)

수용체-상호 작용 단백질 키나제 3(Receptor-interactingproteinkinase-3)

는 ‘프로그램’또는 ‘조절되는’괴사 세포사멸에서 중요한 역할을 하는 단백질이

다.본 연구에서,화학치료제가 프로그램된 괴사를 활성화시키고,화학치료에 의

한 유방암세포 사멸에 기여함을 보여주었다.하지만,RIP3발현이 전사 시작 지

점 근처의 DNA 메틸화에 의해 basallike유방암세포에서 억제되어 있음을 확인

하였다.이러한 억제 기전을 통한,basallike유방암 세포에서의 RIP3발현 손실

은 DNA 손상 약물에 대한 저항성을 야기한다.반면,탈메틸화제는 RIP3의 발현

을 회복시키고 사멸 수용체 리간드에 대한 감수성 뿐만 아니라 놀랍도록 다양한

표준 화학치료 약물에 대한 감수성 역시 RIP3특이적으로 촉진하였다.본 결과

에서는 RIP3의존적 유방암 세포사멸이 DNA 손상 약물에 반응하여 활성화됨을

확인하였다.이러한 결과는 RIP3가 이전에 인식 된 것보다 DNA손상 약물에 대

한 반응에서 중요한 역할을 함을 보여주었으며,표준 화학치료와 함께 탈메틸화

제를 병합 처리하는 것이 RIP3가 발현하지 않는 유방암 치료에 유용한 치료법이

될 것이라고 제안한다.
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핵심어:RIP3,MLKL,프로그램된 괴사,탈메틸화 작용제,화학요법
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