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ABSTRACT

AntitumorEffectsofPLK1andHSF1Double
KnockdowninHead& NeckSquamousCellCarcinoma

Kim DaeHwan
Advisor:Prof.Sang-GunAhn,PhD
DepartmentofDentalEngineering,
GraduateSchoolofChosunUniversity

ElevatedlevelofPLK1wasreportedinmanydifferenttypesofcancercellsand
PLK1hasbeenconsideredasanovelprognosticmarkerforseveraltumortypes.
RecentstudieshavealsoreportedtheaberrantexpressionofHSF1inhumancancer
ofvarious origins correlates with the developmentofcancer,invasiveness,and
metastasis.In thisstudy,weinvestigated theeffectofPLK1and HSF1double
knockdown in oralsquamous cellcarcinoma using the smallinterfering RNA
technique.The high levelofPLK1 and HSF1 was observed in human oral
squamouscellcarcinomacomparedwithnormaltissue.SilencingofbothPLK1and
HSF1showedasynergicreductionofcellviability,inductionofcelldeath,andloss
ofadhesion function compared with PLK1 single depletion.Silencing ofPLK1
reduced the activity of the G2/M phase regulator Cdc2/CyclinB complex.
Interestingly,decreasedlevelofPLK1ledtotheinhibitionofHspsexpressionvia
thedown-regulationofHSF1.ThesefindingsprovidethepotentialvalueofPLK1

andHSF1asatargetfororalcancertherapy.
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Ⅰ.Introduction

Thepolo-likekinase1 (PLK1)isa mammalian serine/threonineprotein kinase
which is an important regulator involvingmany cellsignaling related events,
includingtheregulationofentryintomitosis,centrosomematuration,bipolarspindle
formation, regulation of anaphase-promotion complex/cyclosome, and signal
transduction attheDNA damagecheckpoint.1-3 Recentfindingssuggestthatthe
expressionofPLK1iselevatedinmanytypesofhumantumors,includingthehead
andnecksquamouscellcarcinomas,papillarycarcinomas,prostatecancer,pancreatic
cancer,breastcancer,colorectalcancer,non-smallcelllungcancer,melanomas,as
wellasovarianandendometrialcarcinomas.3-7Inaddition,PLK1expressionhasalso
beenconsideredanovelprognosticmarkerofseveraltumortypes,andhasrecently
beenrevealedtoleadtomitoticarrest,inductionofapoptosisandsuppressionof
tumorgrowthasaresultofitsinhibitioninvitroandinvivo.8-11 Hence,itwas
proposedthatPLK1couldbeconsideredasatargetfornovelcancertherapeutic
approaches.
HeatShock Factor 1 (HSF1) is a family oftranscription factors remarkably
conserved,from yeasttohumans.HSF1isresponsiblefortheexpressionofalarge
classofheatshockproteins(Hsps)whichservetoprotectcellsfrom thedamage
incurredasaresultofcellularinsultssuchasoxidativestress,hyperthermia,and
anticancerdrugs.12-19RecentstudieshavereportedthatanincreaseinHSF1levels
wasobservedinaggressivelymalignantprostatecarcinomacelllinesaswellasin
human cancertissue.20,21 Additionally,theexpression ofHSPsby HSF1 isalso
openly dysregulated in cancertissueand celllines.Theaberrantexpression of
HSP27,HSP70andHSP90reportedinhumanmalignantcancerofvariousorigins
correlateswith thedevelopmentofcancer,invasiveness,metastasis,resistanceto
chemotherapy,andradiationtherapy.22-25Recently,severalstudieshaveyieldednew
cancerresearchopportunitiesbasedonstressresponsemolecules.HSF1disruption
significantlyincreasedinsensitivitytoapoptosisinducedbychemotherapyincancer
cellsusingsiRNA-mediatedsilencing.26ThedisruptionoftheHSF1geneincancer
may eliminate the heat shock response,abolish thermotolerance,and increase
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susceptibilitytoanticancerdrug-inducedapoptosis.However,thepotentialinhibition
ofcancerthroughHSF1modulationhasnotyetbeenexploited.Weattemptedto
examinethephenotypeandeffectsofPLK1andHSF1silencinginoralsquamous
carcinoma cells and observed the relationship between PLK1 and HSF1.We
demonstratedthatthelossofPLK1function resultsin asynergisticincreasein
sensitivitytoapoptosiswhensuppressedHSF1together,despiteaffectingcancercell
viabilityandphenotype.
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Ⅱ.MaterialsandMethods

111...CCCeeellllllcccuuullltttuuurrreeesss
TheoralsquamouscarcinomacellsFaDu and HEp-2weremaintained in MEM
medium containingfetalbovineserum,100U/mlpenicillin-streptomycin(Invitrogen,
CA,USA)andweresubsequentlyincubatedat37°C inanatmospherecontaining
95% O2and5% CO2.

222...MMMTTTTTT aaassssssaaayyy
Inbrief,1×105cells/wellwasculturedin12wellplates.After24h,thesiRNA
andliposomewasaddedtotheFaDu andHEp-2celllines,followedby adding
MTT (5g/L)at24hand48haftertransfection.Thecellswereincubatedfor4h
followedbytheremovalofthemedium andadditionof100 μLofDMSOfor5min.
The absorbance of the reaction solution was measured at 570 nm and all
experimentswereperformedintriplicate.

333...IIImmmmmmuuunnnooohhhiiissstttoooccchhheeemmmiiissstttrrryyy
Excisedhumanoralsquamouscarcinomawasfixedin10% bufferedformalinand
embeddedinparaffin.Next,immunohistochemicalstainingwasperformedwiththe
avidin-biotincomplexmethodusingtheanti-PLK1andHSF1antibodies.Lastly,the
immunereactionswerevisualizedwith3,3'-diaminobenzidineandcounterstainedwith
Mayer’shematoxylin.

444...PPPLLLKKK111HHHSSSFFF111sssiiillleeennnccciiinnnggg
TheAmbionsoftwarewasusedtodesignRNAisequencestargetinghumanPLK1
(Accession no.NM 005030)and HSF1 (Accession no.XM128055).PLK1 RNAi
oligomerwaspurchasedfrom AmbionInc.(AustinTX,USA).InRNA interference
studiesusing siRNA-basedplasmidconstructs(IMGENEX Inc,SanDiego,USA),
cellsweregrownto50% confluencyin6-wellplatesandsubsequentlytransfected
alongwithpSuppressor-HSF1(3 μg),usingtheLipofectamine2000reagent.Aftera
48htransfectionperiod,thecellswereusedinanimmunoblotassay.
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555...WWWeeesssttteeerrrnnnbbblllooottttttiiinnnggg
Thecellswerelysedinlysisbuffertheproteinconcentrationsweremeasuredwith
theBCA proteinassaykit(Pierce,Rockford,USA).Thetotalprotein(50 μg)was
resolvedby12% SDS-PAGEandtransferredontoPVDFmembranes.Afterblocking
inTBST (20mmol/LTris,137mmol/LNaCl,1g/LTween20,pH 7.6)with5%
skim milk,for2hatroom temperature,themembraneswereincubatedwiththe
PLK1, CDKs, and HSF1 primary antibodies (diluted 1:1000; Santa Cruz
Biotechnology,USA)for2h.Next,themembraneswerewashedthreetimeswitha
TBST solution,followed by incubation for 1 h with HRP-linked secondary
antibodies (1:1000;Santa Cruz Biotechnology)atroom temperature.Finally,the
membraneswerevisualizedusingtheECLdetectionreagent.

666...KKKiiinnnaaassseeeaaannnaaalllyyysssiiisss
ThekinaseactivityofPLK1andCdc2/cyclinBwasmeasuredusingCycLexPLK1
and CycLex Cdc2/cyclin B kinaseassay kits(CycLex Co.,Ltd.,Nagano,Japan)
accordingtothemanufacturer'sinstructions.Theabsorbancewasmeasuredincell
lysates usinga microculture plate readerat450nm.The results represented the
amountofphosphorylatedsubstrate.

777...CCCeeelllllldddeeeaaattthhhdddeeettteeeccctttiiiooonnnaaassssssaaayyy
Celldeath wasquantified using aCellDeath Detection ELISA plusAssay Kit
(Roche,Germany)accordingtothemanufacturer'sinstructions.Inbrief,cellswere
harvested, washed in PBS, and labeled with anti-DNA-POD as well as
anti-histone-biotin according tothemanufacturer'sprotocol.Theabsorbancewas
measuredwithamicrocultureplatereaderat405nm andrepresentstheamountof
DNA andhistone.Inaddition,thecellmorphologyoftheexperimentalandcontrol
groupswerecomparedunderaninvertedmicroscope.
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Ⅲ.ResultsandDiscussion

Oralcancerisoneofthefastestgrowingmalignanciesandparticularlydangerous
becauseithasahighriskofproducingsecondtumors.28Thereareseveraltypesof
oralcancers;however,90% aresquamouscellcarcinomas.Histologically,oralSCC
tissuesareanaplasticcarcinomasshowingmanyirregular,roughened,orverrucous
areasofmucosalthickeningandmalignantepithelialcellislands.29Theprimarygoal
ofthepresentstudywastoprovidenew avenuesfortheexplorationoftherapies,
basedonthemoleculesandgenesinvolvedintheprocessoforalcancer,using
interferingRNA technology.
PLK1playsanimportantroleincellularmitoticeventsandiscloselyassociated
withtumorproliferation.1-8Ontheotherhand,HSF1hasabroaderroleincellular
signalingbeyonditswell-knownroleinstressresponseanditsassociationwiththe
developmentofcancer.21,26,27BymeansofinvestigatingPLK1andHSF1expression
ofthehumanoralSCC tissues,weperformedanimmunohistochemistryassayin
fiveoralSCC tissues.AsshowninFig1,thisresultisconsistentwiththehigh
levels of PLK1 observed in head and neck squamous cellcancer (HNSCC)
mentionedpreviously,whereaswehadfirstdeterminedthatHSF1isover-expressed
inoralSCC.

FFFiiiggg...111...TTThhheee PPPLLLKKK111 aaannnddd HHHSSSFFF111 iiimmmmmmuuunnnooohhhiiissstttoooccchhheeemmmiiissstttrrryyy ooofffpppaaarrraaaffffffiiinnn---eeemmmbbbeeeddddddeeeddd
hhhuuummmaaannnooorrraaalllsssqqquuuaaammmooouuusssccceeellllllcccaaarrrccciiinnnooommmaaasss...

HSF1

PLK1

Normal Oral SCC
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Inaddition,wealsotestedhumanoralSCC celllinesforexpressionofPLK1and
HSF1byRT-PCR analysisandfoundthattheoralcarcinomacelllines,FaDuand
HEp-2overexpressedthePLK1andHSF1comparedwithimmortalizedoralINOK
cells(Fig.2A).
ToevaluatethesubcellularlocalizationofPLK1andHSF1,weperformedanindirect
immunofluorescencestainingassay.ThiswasachievedbytransfectingtheFaDuand
HEp-2cellswith theempty plasmid ortheexpression plasmid forFlag tagged
PLK1orHSF1,andfollowedbyfractionationintocytoplasmicandnuclearfractions
forassessmentofthekinaseactivityinPLK1.Fortheimmunofluorescentstaining,
theFaDuandHEp-2cells,whichexpressedFlag-PLK1orFlag-HSF1,werefixed
and analyzed with monoclonal anti-Flag antibody. Consistent with previous
observations,HSF1wasdetectedinthecytoplasm andnucleusforbothcells(Fig.
2B,upperpanel).However,PLK1wasprimarilylocalizedinthenucleus(Fig.2B,
lowerpanels).AsshowninFig.2C,thePLK1activitywasalsoincreasedinthe
nucleusinrelationtothecytoplasm forbothcells.TheseresultssuggestthatPLK1
may regulatethefunction ofcellcycleproteinsortranscription factorssuch as
HSF1inresponsetostress.
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FFFiiiggg...222...TTThhheeeeeexxxppprrreeessssssiiiooonnn aaannnddd lllooocccaaallliiizzzaaatttiiiooonnn ooofffPPPLLLKKK111aaannnddd HHHSSSFFF111iiinnn ooorrraaalllcccaaannnccceeerrr
ccceeellllllsss...(A)TotalRNA (5 µg)prepared from INOK,FaDU and HEp-2cellswas
subjectedtoRT-PCR analysisforPLK1andHSF1mRNA expressionusing the
specificprimers.ThePCR-amplifiedproductswereanalyzedby1.5% agarosegel
electrophoresisandvisualizedbyethidium bromidestaining.AmplificationofGAPDH
was used as an internalcontrol.(B) FaDU and HEp-2cells were transiently
transfected with FLAG-PLK1 and FLAG-HSF1 expression plasmid.Following
transfection,the cells were fixed and incubated with monoclonalanti-FLAG
antibodies,which wererevealed by fluorescein FITC-conjugated anti-mouseIgG
(green).(C)ThekinaseactivityofPLK1wasmeasuredusingapolo-likekinase1
ELISA assayasshownexplainedinthe"ExperimentalProcedures"section.

To specifically depletePLK1and HSF1in oralcancercells,weemployed the
recentlydevelopedsiRNA technologywhichtargetsasequenceinhumanPLK1and
HSF1.Forthegenerationofgenedisruption,pSuppressor-HSF1andoligomer-PLK1
weretransfectedintocells,andculturedfor48h.AsshowninFig.3A andB,the
levelofPLK1andHSF1proteinwasreducedbyatleast40-60% after48hof
transfection,suggestingthatthevector-andoligonucleotide-basedsiRNA approach
canefficientlydepleteHSF1andPLK1inoralcancercelllines.InHEp2cells,we
also showed thatthe down-regulation ofPLK1 by siRNA was conformed by
immunostaining (Fig.3C).SimilarresultswereobservedinFaDucells(datanot
shown).To validate the specificity ofsiRNA in cells,we examined the PLK1
activity.A kinaseactivityanalysisindicatedthat50% or70% ofPLK1suppression
activitywasinhibitedinbothcellsrespectively(Fig.3B).
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FFFiiiggg...333...TTThhheeeiiinnnhhhiiibbbiiitttiiiooonnnooofffPPPLLLKKK111aaaccctttiiivvviiitttyyyaaannndddHHHSSSFFF111eeexxxppprrreeessssssiiiooonnnbbbyyysssiiiRRRNNNAAA...(A)
ProteindepletionwasdeterminedbyWesternblotanalysisofthecelllysateswith
anantibodyspecificforthePLK1andHSF1.line1,3:Control,line2,4:PLK1-RNAi
andpSuppressor-HSF1.(B)Twenty-fourhoursaftertransfectionwithPLK1-siRNA
oligomer,thecelllysateswerepreparedandthePLK1activitywasmeasuredat
450nm using ELISA.(C)HEp2cellstransfectedwithPLK1specificsiRNA were
photographedonfluorescencemicroscopy.

WefirstdeterminedwhetherPLK1andHSF1depletioninfluencesthecellviability
ofFaDu and HEp-3 cells using the MTT assay.The transfection with the
pSuppressor-HSF1showedaslightinhibitionofthecellgrowthrate.Ontheother
hand,thetransfection with PLK1-siRNA strongly inhibited thecellgrowth and
viability (Fig.4).In addition,we examined the viability of both PLK1 and
HSF1-depletedcells.Thecellsthatwereco-transfectedwithpSuppressor-HSF1and
PLK1 siRNA oligomerresulted in a synergistically significantreduction in cell
viability inbothcells.AsshowninFig.4C,thetransfectionofthecontroland
pSuppressor-HSF1 showed no significantinfluence on cellmorphology,whereas
PLK1 depletion dramatically changed thecellmorphology as wellas a lossin
adhesionfunction.Moreover,thePLK1-andHSF1-depletedcellsalsoresultedina
greaterchangeinphenotypethanthePLK1-depletedcellsalone,inadditiontothe
factthatmostcellswereundergoingcelldeath.
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FFFiiiggg...444...TTThhheee eeeffffffeeeccctttsss ooofffPPPLLLKKK111 aaannnddd HHHSSSFFF111 sssiiiRRRNNNAAA tttrrraaannnsssfffeeeccctttiiiooonnn ooonnn gggrrrooowwwttthhh ooofff
cccaaannnccceeerrrccceeellllllsss... TheeffectsofPLK1andHSF1depletiononcellviabilityandgrowth
wasmeasuredusingtheMTT analysis.ThecellsweretransfectedwithPLK1or
HSF1siRNA aloneorwithPLK1andHSF1doublesiRNA.(A)FaDucells.(B)
HEp-2cells.(C) PLK1 or PLK1 and HSF1 depletion caused changes in cell
morphologyandinducedcelldeathinbothcells.
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Toconfirm theaboveobservation,weanalyzed theeffectofPLK1and HSF1
depletiononcelldeathusingacelldeathdetectionELISA assay.TheFaDuand
HEp-2 cells were transiently co-transfected with pSuppressor-HSF1 and PLK1
siRNA for24h.AsshowninFig.5,thedepletionofPLK1resultedincelldeath
foranumberofcellscomparedtothecontroltransfection,whereasHSF1depletion
had little effect on celldeath.We also examined celldeath for PLK1-and
HSF1-depletedcells.Wefoundthatthecelldeathratehigherinthesecellsthanin
PLK1-depletedcells.Inaddition,thePLK1andHSF1-specificsiRNA affectedcell
proliferationandgrowthandcausedtheapoptoticmechanism tobetriggered.

FFFiiiggg...555...TTThhheeedddeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffccceeelllllldddeeeaaattthhhbbbyyyccceeelllllldddeeeaaattthhhdddeeettteeeccctttiiiooonnnEEELLLIIISSSAAA aaassssssaaayyy...
FaDuandHEp-2cellsweretransfectedwithPLK1orHSF1siRNA aloneorPLK1
andHSF1doublesiRNA,for24h,Theextentofcelldeathwasassessedwiththe
celldeath detection ELISA assayThe fragmentation ofDNA in celldeath was
quantifiedby asandwich-enzyme-immunoassay,using theanti-histone-biotin and
anti-DNA-POD antibodies.Theresultsshownarefrom arepresentativeexperiment
whichwasrepeatedthreetimeswithsimilarresults.
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Paststudies have shown thatPLK1 phosphorylates various substrate proteins,
including cyclin B1and Cdc25C.AttheG2/M phase,PLK1both phosphorylated
cyclinB1andpromotedthenuclearentryofanactiveCdc2-cyclinB1complex.30In
addition,Plk1wascapableofphosphorylatingCdc25C,whichdirectlyactivatesthe
Cdc2-cyclinB1complexduringG2/M phase.31-32

To determine the effects ofPLK1 depletion on the cellcycle,we transfected
PLK1-siRNA (0.5and2 μM)for24h,inFaduandHEp2cellsandextractedthe
totalcellularproteins.Next,we performed a Western blotanalysis.Following
exposuretosiRNA,PLK1proteinlevelsdroppedby50% and70% comparedtothe
controlgroupsat0.5and2 μM,respectively(Fig.6A).Wethentestedwhetherthe
CDKswereaffected in PLK1-depleted cellsand found thatthecdk2and cdk4
increasedslightly aftera24htransfectionperiodinthePLK1-depletedcells.In
contrast,wefoundthatthecdc2/cyclinB complexactivitywas40% lowerthanthe
controlcellsatPLK1-depletedcells.Inaddition,theactivityoftheCdc2/cyclinB
complex decreasedin comparison toboth PLK1andHSF1-depletedcells(>10%,
Fig.6B)however,therewasnoobserveddifferencefortheHSF1-depletedcells.As
a majorregulatorofthecellcycle,PLK1directly targetsmany key cellcycle
regulators,suchasp53orCdc25C.RecentstudieshaveshownthatPLK1hasthe
abilitytophosphorylatep53andsimultaneouslyinhibititstranscriptionalactivityas
wellas its pro-apoptotic function,through directinteraction.33,34 In contrastto
reports thatPlk1 negatively regulated p53 in human neuroblastoma,ourresults
suggestedthatPlk1depletionmayinhibitp53expressionviaanalternativepathway.
FaDucellshavebeenreportedtocontainsignificantlyhigherlevelsofp53protein
than normalcontrolcellsandin addition showedpointmutations.Specifically,a
mutationofCGG toCTG occurredatcodon248.Incontrast,theHEp-2showedno
mutationsinp53cDNA.35Therefore,PLK1depletiontriggeredap53-independentcell
cycleprogram throughtheinhibitoryphosphorylationanddown-regulationofthecell
cyclekinase,CDK1.
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FFFiiiggg...666...PPPLLLKKK111dddeeepppllleeetttiiiooonnniiinnnhhhiiibbbiiitttsssCCCdddccc222///CCCyyycccllliiinnnBBB cccooommmpppllleeexxxaaaccctttiiivvviiitttyyy...(A)FaDuand
HEp-2cellsweretransfectedwith siRNA againstPLK1.Twenty-fourhoursafter
transfection,the cells were harvested.About50 μg ofcelllysatewas directly
resolved by SDS/PAGE,and subjected to a Western blotwith theuseofthe
antibodies(p53andCdk4/6).(B)ThecellsweretransfectedwithPLK1orHSF1
siRNA aloneorPLK1andHSF1doublesiRNA.Thecelllysateswerepreparedand
assessedforCdc2/CyclinB complex activity.Thedetailsofeachexperimentare
providedinthe"MaterialsandMethods"section.

TheHSF1proteinplaysanimportantroleinthecellulareventsfollowingvarious
stress stimuli.12,13 We investigated whetherthe HSF1 pathway was affected in
PLK1-depletedcells.ThecellsweretransfectedwithPLK1-siRNA,heatshockedat
42°Cfor1h,andallowedtorecoverat37°Cfor6h.Next,thecellswereharvested
andthecelllysatesweresubjectedtodirectWesternblotting.AsshowninFig.7,
HSF1levelsincreasedasaresultofheattreatmentinthecontrolcells,whereasthe
depletionofPLK1significantlyinhibitedtheexpressionofHSF1.Ourresultsalso
revealed thatPLK1- siRNA resulted in the inhibition ofthe enhanced HSP70
expression,themajortargetofHSF1,inresponsetoheatshock.Theexpressionof
Hsp90wasincreased by heatstress,whereastheheat-induced Hsp90wasalso
significantly inhibited in theHEp-2cellswith depleted PLK1.In thisstudy,the
silencing ofPLK1 by siRNA,led to an inhibition oftheheatstressresponse,
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including Hsp70and Hsp90,thus,suggesting thatPLK1,asa kinase,regulates
HSF1activation.Itisproposedthatacloselinkexistedbetweentheinductionof
stressresponseandPLK1incancerdevelopment.20,22-26

FFFiiiggg...777...TTThhheee sssiiillleeennnccciiinnnggg eeeffffffeeeccctttooofffsssiiiRRRNNNAAA---PPPLLLKKK111 ooonnn HHHSSSFFF111 aaannnddd HHHsssppp777000 ppprrrooottteeeiiinnn
eeexxxppprrreeessssssiiiooonnn...Aftertransfectionofcells(FaDuandHEp-2)withPLK1siRNA,cells
treatedwithorwithoutheatshock(42°C,1h)andrecoveredat37°Cfor6h.The
celllysatesweredirectlyresolvedbySDS/PAGE,andsubjectedtoaWesternblot
withtheuseoftheanti-Hsp70andHsp90antibodies.

Many otherfactors including Bcl-2,SOD and Catalase also contribute to cell
survivalincancercells.36,37WeobservedthatPLK1-siRNA wasalsofoundtoblock
thehighlevelsofbcl-2inHEp-2cells(datanotshown)andthatPLK1depletion
mayinduceoralcancercellapoptosisthroughthedown-regulationofbcl-2aswell
astheHSF1/HSPspathway.Furtherresearchwouldbenecessarytodemonstrate
therelationshipbetweenPLK1,Bcl-2,p53andstressresponse.
In conclusion,the results ofthis study,using siRNA-PLK1 and -HSF1,has
provided evidence forthe strong inhibition ofcellproliferation,cellarrest,and
inductionofapoptosisinoralcancercells,hencedemonstratingitspotentialasa
targetfororalcancertherapy.
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