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ABSTRACT

HSF2의 전사적 자동 조절 기전 규명

박 선 미

지도교수 :안 상 건

조선대학교 대학원 치의생명공학과

Heatshocktranscriptionfactors(HSFs)는 다양한 세포내외부의 병리 생리학적 스

트레스에 대해 세포를 보호하기 위한 생체방어기전을 조절한다.그중 HSF2는 발생과

분화 및 유비퀴틴-프로테아좀 과정에서 중요한 조절기전이 있음이 알려지고 있다.이

러한 중요성에도 불구하고,HSF2의 발현에 대한 조절기전은 아직 명확하지 않다.따

라서,본 연구에서는 HSF2의 전사적 조절 기전에 대해 규명하고자 한다.본 연구 결

과,사람 적백혈병 세포인 K562세포에서 과발현 시킨 HSF2에 의해 endogenous

HSF2의 mRNA 발현이 RT-PCR과 realtimeRT-PCR을 통해 감소된 결과를 보였고,

HSF2의 전사적 활성을 확인하기 위해 HSF2의 promoter (-2.86 kb)를 이용한

luciferase reporter assay 한 결과 HSF2의 과발현이 농도 의존적으로 HSF2의

promoter 활성을 억제시킴을 확인하였다. 이러한 결과는 chromatin

immunoprecipitation assay (ChIP)를 통해 과발현 시킨 HSF2의 단백질이 HSF2

promoter(-1.5kb)내 heatshockbindingelement(HSE)에 결합하여 HSF2의 발현을

조절함을 확인할 수 있었다.또한,세포내 HSF2의 전사조절이 HSF1단백질에 의해서

도 조절됨을 규명하였고 이는 HSFs들 간에 높은 유사성을 가지고 상호 조절기전을

가지고 있음을 보여주고 있다.

본 연구는 HSF2의 새로운 발현 조절 기전을 규명하였고,이는 앞으로 퇴행성 뇌질

환,암 및 노화 연구를 좀 더 이해하는데 기여할 수 있을 것으로 사료된다.



- 1 -

Ⅰ.Introduction

Inresponsetovariousstimuliunderthephysiologicalorstressconditionssuch

aselevatedtemperatures,oxidants,heavymetalsandbaterialandviralinfection,

theheatshock transcription factors(HSFs)regulatethedynamicexpression of

differentheatshock proteins(HSPs)which areresponsibleforthesubsequent

downstream effectsincluding stress-related cytoprotectivefunctions,folding and

assemblingofnascentpolypeptidesandintracellulartransportofproteins(1-4).

Heatshockfactor2(HSF2),belongingtothefamilyofHSFs,hadbeenprovedto

play a key role in regulating the ubiquitin proteasome, development and

differentiation(1,2,5).HSF2isexpressedabundantlyandisactivatedinstem cells

and embryonic carcinoma cells and during embryogenesis and spermatogenesis

(1,6,7).ThetranscriptionofHSF2iscomplicatedbytheexistenceoftwoisoforms

generated by alternative splicing events,HSF2-α and HSF2-β.The ratio of

HSF2-α andHSF2-β isoformsvariessignificantlybetweendifferentadulttissues,

suchasbrain,heart,andtestis,suggestingthatthesetwoproteinsarefunctionally

distinct(1,4).Recently,like HSF1,HSF2 is activated during heatshock and

induceduponexposuretoproteasomeinhibitors,anditsdeficiencyincreasedthe

sensitivity ofvertebrate cells to heatshock (8-11).Although HSF2 generally

functionsasatranscriptionfactor,italsoinducesgenebookmarkingsuchashsp70i

gene,as demonstrated in mitotic cells (12).Additionally,HSF2 hasmodulated

expressionoftheheat-shockgenesbyinteracting directlywithHSF1orHSF4

(13-16).Hsf2-/-micedisplaymalehypofertilephenotypethatwascharacterizedby

reduced testissizeand brain abnormalitiescharacterized by enlarged ventricles

(6,17).However,littleisknownabouttheexacttranscriptionalregulationofHSF2

duringcellularprocesses.

TheseresultspresentthefirstdirectevidencethatHSF2transcriptionisinhibited

andregulatedbyanauto-regulatorymechanism throughitsownpromoterregions,

thusprovidinganew mechanism fortheregulationofHSF2from variouscellular

signals.
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Ⅱ.MaterialsandMethods

1)Cellcultureandreagents

HumanK562erythroleukemiacellswereculturedin5% CO2atmosphereat37℃

inRPMI1640supplementedwith10% fetalbovineserum (FBS)andantibiotics

(penicillin andstreptomycin).HEK 293embryonickidney cellswereculturedin

DMEM (Dulbecco'smodifiedEagle'smedium)supplementedwith10% (v/v)fetal

bovineserum(FBS)asthegrowthmedium.Heminwaspurchasedfrom Sigma(St

Louis,MO).HSF1-/-andHSF2−/− MEFcellsweremaintainedinDMEM with

10% FBS. HSF2−/− MEF cells were kindly provided by Dr. Valérie

LALLEMAND-MEZGER(UniversityParisDiderot).

2)Plasmidconstructs

HumanHSF1andHSF2weregeneratedbyPCRamplificationandsubclonedinto

pcDNA3.1plasmid.Thedeletion fragmentsofHSF2promoterwereconstructed

using PCR with human genomic DNA as the template.The deleted HSF2

promoterswerePCR-amplifiedusing theprimerslistedbelow.Forwardprimers:

pGL3-HSF2-P1, 5′- CTAGCTAGCGCCAGTAGCATCTGCGTCATCT-3′;

pGL3-HSF2-P2,5′-GGAAAGGGCACATACTTTTGAGCTC-3′;pGL3-HSF2-P3,

5′- CTAGCTAGCACTCTCCCATTTACTTGCTGTGACTG-3′;pGL3-HSF2-P4,

5′- CTAGCTAGCCTAGTTCATTGGGTTGTTGTGAGGATTC-3′. Reverse

primer 5′-AGCTCATTAGCCAAATGCATGAGCCTC-3′. The pGL3-HSF2-P5

wascreatedusingHindIIIdigestionasatemplatewithpGL3-HSF2-P1.
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3)Promoter-luciferasereporterassay

ThepGL3-HSF2(-2.68kb)promoterconstructservedasthetemplatetogenerate

adeletionconstructinwhichtheputativeHSF-bindingelement(HSE)wasdeleted.

Luciferasereporterassayswereperformedasdescribedpreviously(15).Thecells

weregrown in 12-wellplatesandcotransfected with HSF2promoter-luciferase

plasmidDNA andeitherpcDNA3.1-HSF1or-HSF2.After48 htransfection,cell

lysateswereanalyzedforluciferaseactivities.Theluciferasereporterassayswere

performedusingtheDual-LuciferaseReporterAssaySystem (Promega,Madison,

WI, USA) following the manufacturer’s instructions. Each experiment was

performedintriplicateandrepeatedtwice.

4)RT-PCRandquantitativereal-timeRT-PCR

TotalRNA waspreparedusingtheTRIzolReagent(Invitrogen,CA,USA).Total

RNA (1μg)wastreatedwithDNase(Promega,Madison,WI,USA)andreverse

transcribedusingMaximeRT PreMix(iNtRON,Korea).Followingwereprimers

used for RT-PCR analysis: hHSF2-ORF- forward,

5’-TAGAGAACCCACTGCTTACTGG-3’; hHSF2-ORF-reverse

5'-GTTGCTCATCCAAGACCAGAA-3’; hHSF2-endo-forward,

5’-CCCCAGGAAGTGGACTTTACATGTA-3’; hHSF2-endo-reverse,

5’-TATGGAGCTGGAACCCTATCAGACA-3’.Thefollowingprimerswereusedfor

quantitative real-time RT-PCR: hHSF2-ORF-forward,

5’-ATTCAGAGTGGAGAGCAGAATG-3’; hHSF2-ORF-reverse

5'-CTGGACAGCACTAGACATGAGA-3’; hHSF2-endo-forward,

5’-CCGCGTTAACAATGAAGCAG-3’; hHSF2-endo-reverse,

5’-CATTCTGGCTCCAGGTGATG-3’. Afterthereactionmixturewasloadedinto

aglasscapillary,thefollowingcyclingconditionswereusedinitialdenaturationat

95°Cfor10min,followedby40cyclesofdenaturationat95°Cfor10s,annealing
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at55°C for30sandextensionat72°C for10s.Inthefinalcycle,themelting

curvewasobtainedbyinitiallyheatingto95°C andsubsequentlycoolingto40°C

for30s.Ourmethodwasoptimizedfortherelativequantificationmoduleofthe

LightCyclerSoftware4.0.

5)Immunoblotting

Cellsweretreatedwithheminforindicatedtimeortransfectedtransientlywith

pcDNA3plasmidscontainingHSF1orHSF2.CellswerethenwashedwithPBS

andharvestedinlysisbuffer.Samplescontainingequalamountsofproteinwere

loaded into each lane ofan SDS-polyacrylamide gelfor electrophoresis and

subsequently transferred onto a polyvinylidene difluoride membrane. The

membraneswereblockedandthenincubatedwithantibodies.Antibodiesagainst

HSF1 and HSF2 antibodieswerefrom Santa CruzBiotechnology (Santa Cruz

Biotechnology,SantaCruz,CA,USA).

6)Chromatinimmunoprecipitationassay

TheK562cellsweregrown tonearly 80% confluenceandcross-linkedwith

formaldehyde(Sigma,StLouis,MO,USA)atroom temperaturefor10 min.The

cross-linkedchromatinwaspreparedwithacommercialChIPassaykit(EZ-Magna

ChIP;Millipore,Billerica,MA,USA)andimmunoprecipitatedusing4 μgofnormal

rabbitanti-IgG (SantaCruzBiotechnology,SantaCruz,CA,USA)or4 μg of

anti-HSF2 antibody (Santa Cruz Biotechnology).The HSF2-binding site was

PCR-amplified using the inputDNA or DNA isolated from the precipitated

chromatin as the template in combination with primers flanking the putative

HSF-bindingsitesintheHSF2promoter.Theforwardprimersequencewas5′-

CTCTCCCATTTACTTGCTGTGACTGAAG-3′,andthereverseprimersequence

was5′-GAGCCCTTATATATGCCAAGGGCTTTAC-3′.
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7)PurificationofTAT-HSF2fusionproteins

TAT-HSF2proteinwasexpressedinE.coliBL21(DE3)pLysScells(Invitrogen,

CA,USA)andwaspurifiedusingtheurea-denaturingproteinpurificationmethod

[19].Thecellswerelysedviasonicationinlysisbuffer(1mM imidazole,100mM

NaCl,20 mM HEPES,pH 8.0)containing 8M urea.The celllysates were

centrifugedat12000g for30minat4℃ and1mlofNi
2+
-NTA agarosewas

addedtotheclearedsupernatant.After2hofgentlemixingat4℃,theresinswere

transferredintoacolumn andsubsequently washedthreetimeswith10mlof

washingbuffer(20mM imidazole,300mM NaCl,50mM phosphatebuffer,pH8.0).

The proteins were eluted fourtimes with 1 mlofelution buffer(500 mM

imidazole,300mM NaCl,50mM phosphatebuffer,pH 8.0).Theureadenaturant

wasremovedwithaMono-Q ionicexchangecolumnanddesalinatedwithaPD10

Sephadexsizeexclusioncolumn.Theproteinconcentrationwasquantifiedviathe

BradfordassayandconfirmedbySDS–polyacrylamidegelelectrophoresis.

8)Statisticalanalysis

Allexperimentswereperformedatleastthreetimes.Allstatisticalanalyseswere

carriedoutusingExcelsoftware.Meanvaluesforexperimentsareexpressedas

mean±SEM.A p-value<0.05,0.01,0.001wasregardedasstatisticallysignificant.
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Ⅲ.Results

1)HSF2transcriptionisnegativelydown-regulatedby

overexpressionofHSF2

ToexaminewhetherHSF2coulddirectlyregulateitsownexpression,K562cells

weretransiently transfected with HSF2 expression plasmid and theexpression

levelsofendogenousHSF2mRNA weremeasuredbyRT-PCR and/orrealtime

quantitativeRT-PCR.The primersetused forendogenous HSF2 mRNA was

designedtodetectthe5’-UTR region ofHSF2mRNA.Asshown in Fig.1A,

overexpressionofHSF2importantlyinhibitedtheendogenousHSF2mRNA.Hemin

isoneofthewell-establishedinducersforHSF2inK562cells.Consistentwith

previousstudy,hemintreatmentremarkablyinducedtheexpressionofendogenous

HSF2 mRNA.Additionally,K562 cells with HSF2 overexpression underhemin

treatmentdisplayed inhibited levelsofhemin-induced endogenousHSF2mRNA.

However,thelevelsoftheopen reading frame(ORF)HSF2presented similar

expressionlevelscomparedwithHSF2overexpressedorhemintreatedcells(Fig.

1A).

Toconfirm thisobservation,weperformedquantitativereal-timeRT-PCR with

preparedtotalRNA.Therewasnosignificantchangeintheexpressionlevelsof

theORFHSF2mRNA inHSF2overexpressedand/orhemintreatedcells(Fig.1B).

WhereasincreasedendogenousHSF2levelsbyheminweresignificantlydecreased

inHSF2transfectedcell(Fig.1C).ThesedatarevealedthatHSF2hasanabilityto

regulateitsowntranscriptionalactivity.
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Figure1.EnforcedexpressionofHSF2inhibitstheendogenousHSF2mRNA.(A)

Expression levels ofthe endogenous HSF2 mRNA.K562 erythromyeloblastoid

leukemiacellsweretransientlytransfectedwithpcDNA3-HSF2or/andtreatedwith

hemin.Forty-eighthoursaftertransfection,totalRNA werepreparedandsubjected

to RT-PCR.ForRT-PCR,GADPH was used as an internalcontrol.(B,C)

Quantitativereal-timeRT-PCR.TotalRNA werepreparedasin(A)andsubjected

toquantitativereal-timeRT-PCRtoexaminetheexpressionlevelsoftheexo-and

endogenousHSF2mRNA.Thedataareexpressed asthemean ±SEM ofthe

resultsfrom threeseparateexperiments(＊P<0.05).



- 8 -

2)HSF2regulatesitsownpromoter

ToinvestigatetheeffectofHSF2onitsownpromoter,aplasmidexpressing

HSF2wasco-transfectedwiththehumanHSF2promoter-luciferaseconstructinto

K562 cells.As shown in Fig.2A,HSF2 protein levels increased in HSF2

transfectedcellscomparedtocontrol.

Overexpression ofHSF2 strongly reduced the hemin-induced HSF2 promoter

activity,indicatingitsownpromoter-specificrepressionbyHSF2(Fig.2B).

TofurtheranalyzeconcentrationdependentactivationoftheHSF2promoterby

HSF2 overexpression,K562 cells were co-transfected with pcDNA-HSF2 and

pGL3-HSF2(2.68kb/+19).Co-transfectionwithafixedamountofpGL3-HSF2and

increasingamountsoftheexpressionplasmidpcDNA-HSF2resultedininhibited

luciferaseactivityinaconcentration-dependentmanner.Similarly,cellstransiently

increasingamountsoftheexpressionplasmidpcDNA3-HSF2exhibitedamarked

reductionoftheactivityofHSF2promotercomparedwiththecellstreatedhemin

(Fig.2C).TheseresultsstronglysuggestthatthepromoterofHSF2(atposition

2.68kb/+19)containsaHSF2-responsiveregion,promoteractivityisregulatedby

HSF2inconcentration-dependentmanner.
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Figure2.EndogenousHSF2transcription isrepressedby ectopicexpression of

HSF2inK562cells.(A)ExpressionlevelsofthepcDNA3-HSF2.K562cellswere

transiently transfected with pcDNA3-HSF2 plasmid. Forty-eight hours after

transfection,wholecelllysateswereprepared and subjected toimmunoblotting.

Actinwasusedasaloadingcontrol.(B,C)Luciferasereporterassay.K562cells

weretransfectedwiththepGL3-HSF2(-2.68kb/+19)andRenillaluciferasereporter

plasmid(pRL-TK)togetherwithcontrolvectororpcDNA3-HSF2expressionvector

as indicated.Forty-eighthours after transfection,cells were lysed and their

luciferaseactivitiesweremeasured.Fireflyluminescencesignalwasstandardizedby

theRenillaluminescencesignal.Resultsareshownasfoldinductionofthefirefly

luciferaseactivitycomparedwithcontrolcellstransfectedwiththeemptyplasmid.

Thedataareexpressedasthemean±SEM oftheresultsfrom threeseparate

experiments(＊P<0.05,＊＊P<0.01,＊＊＊P<0.001).
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3)HSF2bindstotheHSEsitesofitsOwnPromoter

SinceHSF2isknownasatranscriptionalfactorwithaDNA-bindingactivity

(18),Itwasthen examined whethertheHSF2promotercontainstypicalHSF

bindingsite.SequenceanalysisoftheHSF2promoterhasrevealedonepotential

HSEsitesat-1500/-1484ofthepromoterregion.Itwasthentestedwhetherthis

HSEsiteplayaroleinnegativeregulationofHSF2promoter.TheHSF2promoter

reporterplasmidcontainingtruncatedHSE siteswasconstructed(Fig.3A).The

wild-typeand mutated-typereportersweretransfected into K562 cellsforthe

promoteractivityanalysis.Interestingly,deletionofHSEsitereducedthepromoter

activityto60% relativetothewild-typepromoter,indicatingthatthisHSEsites

actascriticalregion(Fig.3B).OverexpressionofHSF2significantlydecreasedthe

luciferase activity expressed from the wild-type promoter,butnotthe HSE

truncated- promoter(pGL3-HSF2-P4 and pGL3-HSF2-P5),indicating thatHSE

sitesstillcontributetotheresponsivenesstoHSF2-mediatedrepression.

Tofurtherconfirm theseresults,weperformedachromatinimmunoprecipitation

(ChIP)assay.Thecross-linked genomicDNA prepared from HSF2transfected

K562cellswassubjectedtoChIPassay.AsclearlyshowninFig.3C,PCRproduct

containingtheputativeHSE regionwasspecificallyamplified,indicatingthatthe

exogenousHSF2directlybindstotheHSEsite.IgG wasemployedasapositive

control for this experiment. Additionally, the HSF2 promoter reporter

(pGL3-HSF2-P1)plasmidcontainingamutationoftheHSE sitewasconstructed

(Fig.3D).Themutated reporters were transfected into K562 cells to analyze

promoteractivity.Interestingly,thepGL3-HSF2HSEmutantwasnotsignificantly

reducedpromoteractivitybyHSF2overexpression(Fig.3E).Accordingly,Itwas

speculatedthatabindingtothisHSEsitesmaymediaterepressioneffectofHSF2

onitsownpromoter.
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Figure 3. Transcriptional activity of HSF2 promoter deletion mutants. (A)

Schematicrepresentationofluciferaseconstructscontainingvariouslengthsofthe

HSF2promoterregion isshown on theleft.PutativeHSF transcription factor

binding sites (HSE)are shown on the diagram.(B)Luciferase activity was

measuredusingtheLucELISA kit,normalizedwithluciferaseactivityderivedfrom

pCMV.Thedataareexpressedasthemean ±SEM oftheresultsfrom three

separate experiments(＊P<0.05, ＊＊P<0.01, ＊＊＊P<0.001). (C) Chromatin

immunoprecipitation-PCRanalysis.Chromatinwaspreparedandimmunoprecipitated

withspecificantibodiesagainstHSF2orIgG.TheinputDNA andDNA isolated

from theprecipitatedchromatinwereamplifiedbyPCR andseparatedona1.5%

agarose gel.Lanes:M,marker;1,input;2,HSF2 antibody;3,IgG (negative

control).(D,E)pGL3-HSF2 promoterassay with HSE motifpointmutation

constructs in K562 cells.Cells were transfected with wild-type pGL3-HSF2

promoterorpointmutated pGL3-HSF2 (as indicated).pRL (Renilla luciferase)

plasmidwasco-transfectedasaninternalcontrol.Thecellswereharvested48h

aftertransfection.Thepromoteractivityofeachpreparationwasnormalizedtothe

Renilla value.The relative promoteractivity is averaged from atleastthree

independentexperiments.
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4)HSF1ispartiallyinvolvedintheregulationofHSF2

promoteractivity

HSF1isatranscription factorthatcontainsaDNA binding domain andhas

DNA-bindingactivityatthesameDNAsequences(HSE)asHSF2(18).Tofurther

analyze transcriptionalregulation ofthe HSF2 promoterby HSF1,cells were

co-transfectedwithpcDNA-HSF1or–HSF2andpGL3-HSF2-P1.First,K562cells

weretransfected by HSF1 expression plasmid and subjected to RT–PCR and

westernblotanalyses.ThelevelsofHSF1proteinincreasedinHSF1transfected

cellscomparedtovectortransfectedcells(Fig.4A).AsshowninFig.4B,similar

to HSF2 overexpression,HSF1 also inhibited the levels ofendogenous HSF2

mRNA.Inaddition,HSF1overexpressedcellswithhemintreatmentinhibitedthe

levelsofhemin-inducedendogenousHSF2mRNA.Inaccordancewiththeresults

from RT-PCR experiment,cellsexpressingHSF1exhibitedamarkedreductionof

thepromoteractivityofHSF2(Fig.4C).OverexpressionofHSF2resultedina

strongeritsownpromoterinhibitioncomparedtoHSF1.Theseresultsshow that

HSF2 is a more potenttranscriptionalinhibitorofHSF2 than the HSF1.In

addition,likeHSF2,increasingamountsoftheexpressionplasmidpcDNA-HSF1

resultedininhibitedluciferaseactivityinaconcentration-dependentmanner(Fig.

4D).

ToexaminewhetherthesequencecontainingHSEsiteofHSF2promotercanbe

recognized by HSF1,It was performed the ChIP assays.The characterized

anti-HSF1 antibody were used to immunoprecipitate chromatin from HSF1

transfectedcells,andtheassociatedDNA fragmentswereamplifiedusingprimers

flankingtheHSE sitescontainedintheHSF2promoter.Anexpectedbandwas

observed,thussuggestingthatHSF1isalsoassociatedwithitsputativeHSEsite

(Fig.4E).
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Figure4.EndogenousHSF2 isalso inhibited by overexpression ofHSF1.(A)

Expression levelsofthepcDNA3-HSF1.K562cellsweretransiently transfected

withpcDNA3-HSF1plasmid.Totallysatesasdescribedaboveweresubjectedto

Westernblotanalysisusing antibodiesagainstHSF1.(B)Expression effectsof

endogenousHSF2byHSF1.TotalRNAwerepreparedasinFig.1andsubjectedto

RT-PCRtoexaminetheexpressionlevelsoftheendogenousHSF2mRNA.(C,D)

EffectsofHSF1andHSF2onHSF2promoterassay.K562cellsweretransfected

withthepGL3-HSF2(-2.68kb/+19)andpCMV-β-Galtogetherwithcontrolvector

orpcDNA3-FLAG-HSF1 orHSF2 expression vectoras indicated.After48 h

transfection,theluciferaseactivitywasnormalizedbyRenillaluminescenceactivity

ineachsample.Thedataareexpressedasthemean±SEM oftheresultsfrom

threeseparateexperiments(＊＊P<0.01).(E)ChIPassaystodetectinvivobinding

ofHSF1toHSF2promoter.Chromatinwaspreparedandimmunoprecipitatedwith

specificantibodiesagainstHSF1orIgG.TheinputDNA andDNA isolatedfrom

theprecipitatedchromatinwereamplifiedbyPCRandseparatedona1.5% agarose

gel.HSF2usedasapositivecontrol).
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5)BothHSF1andHSF2arerecruitedtotheHSF2

promoterandregulateitspromoteractivity

Inpreviousstudy,itwasshownthatHSF1andHSF2canform heterotrimers

andbindtoDNA underaproteasomeinhibitortreatment(13,14).Itwasraisedthe

question whether HSF2 transcriptionalactivity is synergistically inhibited by

complexesofHSF1and HSF2protein.Theexpression plasmids,pcDNA-HSF1

and/orpcDNA-HSF2,wereco-transfectedwithHSF2promotergenesinHSF1(-/-)

or HSF2(-/-) MEFs. As expect results, in MEF wild type cells, HSF2

transcriptionalactivitywassignificantlyinhibitedapproximately40% and80% in

overexpressionofHSF1orHSF2,respectively.However,itwasdecreasedmore

thanHSF2transfectionaloneafterco-transfectionwithHSF1andHSF2(Fig.5A).

SimilarresultswerealsoseenintheMEFHSF1(-/-)cellsthatweretransfected

withHSF2promoterluciferaseconstruct(Fig.5B).Likewise,HSF2transcriptional

activitywasstronglyinhibitedwhentransfectedwithHSF2inMEF HSF2(-/-)

cells(Fig.5C).Especially,itwassignificantlydecreasedtheHSF2transcriptional

activityafterco-transfectionwithHSF1withHSF2inallMEFcells.Clearly,these

resultssuggestedthatHSF2negativelyauto-regulatesitsownpromoterthrough

interplayingwithorwithoutHSF1.
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Figure5.RelativeluciferaseactivityofHSF2promoterwithorwithoutHSF1or

HSF2inMEF cells.(A)MEF wildtype,(B)MEF HSF1(-/-), and (C)MEF

HSF2(-/-)cellsweretransfectedwiththepGL3-HSF2(-2.68kb/+19)togetherwith

controlvector or pcDNA3-HSF1 and HSF2 expression vector as indicated.

Forty-eighthoursaftertransfection,cellswerelysedandtheirluciferaseactivities

weremeasured.Thedataareexpressedasthemean±SEM oftheresultsfrom

threeseparateexperiments(＊P<0.05,＊＊P<0.01).
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6)TransductionofTat-HSF2fusionproteinfunctionally

inducessuppressionofHSF2transcriptionalactivity

TodeterminewhethertheHSF2transcriptionalactivityisfunctionallyinhibited

byHSF2protein,itwasassessedtheeffectsofTAT-HSF2proteininMEFcells.

ThepurifiedTAT-HSF2fusionproteinwasaddedtotheMEFcellsfor24hand

thentheleveloftransducedHSF2wasdeterminedbywesternblotanalysis.As

showninFig.6A,TAT-HSF2wasdeliveredsuccessfullyintotheMEFcellsina

dose-dependentmanner.ConsistentwithFig.5,heminaloneexertedtheinduction

of HSF2 transcriptional activity.However,the TAT-HSF2 transduced cells

inhibitedtheirtranscriptionalactivitybyhemintreatment(Fig.6B).
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Figure6.Transduction ofpurified TAT-HSF2 protein inhibits HSF2 promoter

activityinMEFcells.(A)MEFwildtypecellsweretransducedwith1or3µgof

TAT-HSF2 protein for 24 h. Transduced TAT-HSF2 was detected by

immunoblotting.(B)Cellswerepre-treatedwithTAT-HSF2for6handexposed

toheminfor24h.LuciferaseactivityofHSF2promoterwasmeasured.Thedata

are expressed as the mean ±SEM of the results from three separate

experiments(＊P<0.05).
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Ⅳ.Discussion

HSF2isatranscriptionfactorthatdisplaysatightlyregulatedgeneexpression.

Itsexpressioncanbestimulatedbyphysiologicalsignalstriggeredbydifferentiation

ordevelopmentofthe tissues (1,19,20),butalso by environmentalstress

conditions,suchasheatshockorproteasomeinhibition(10,11).TheHSF2gene

promotercontainsmanyputativeresponsiveelements(21).Nevertheless,theprecise

transcriptionfactorsinvolvedintheregulationoftheHSF2transcriptionduring

variousstimuliremainedunknown.

Inthisstudy,itwasshowedthatHSF2transcriptionisauto-regulatedbyits

overexpressioninanegativemanner.However,unlikeothertranscriptionfactors,

here itwas shown thatthe expression ofHSF2 regulates its own promoter

through its interaction with HSE site.These results also suggestthatHSF2

negatively modulates HSE-mediated transcription through HSF1-HSF2 protein

interactionorHSF2alonewithdirectbindingtoitsrecognitionsequence.Onthe

other hand, HSF2 transcription is partially repressed by HSF1. Chromatin

immunoprecipitationassaysshowedthatHSF2canbindtoitsownpromoter,thus

providing evidenceforthehypothesisofan auto-regulatory mechanism atthe

transcriptionallevel,andpromoterreporteranalysisconfirmedthatthebindingof

HSF2topromoterwasmediatedbyonetheputativeHSEsites.

ThepreviousstudyhasshownthatHSF4awasabletoinhibithemin-induced

HSF2mRNA andproteinexpression(15).Basedontheresultsofpreviousstudy,

itwassuggestedthatHSF2expressioncouldberegulatedbyHSFsfamilyand

regulatedbytranscriptionaland/orfunctionalrelationshipbetweentheHSFs.Itis

also possible that overexpressed HSFs may regulate HSF2 expression by

preventing HSF2 inducerorby the expression ofotherfactors controlled by

HSF4a-mediatedsignaling.Analternativeexplanationcoulddenotethepresenceof

post-translationalmodifications,such asphosphorylation and/orsumolyation that

maystabilizethebindingofHSF2topromoter(22).
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It was reported that HSF1-HSF2 heterocomplexes provided a switch that

incorporates transcriptionalactivation in response to stress and developmental

stimuli(13).Previous studies showed thatHSF2 is associated with HSF1 to

activatetheHSP70promoterinvitroandinvivo(14,16).Ithasbeenshownthat,

undervariousstimuli,HSF1andHSF2mayinteractandform heterocomplexesthat

could berecruited tospecificpromoters(15).Forexample,in endothelialcells,

AIRAPtranscriptionallevelisregulatedbyHSF1-HSF2heterotrimericcomplexes

afteranticancerdrugbortezomibtreatment,proposingaclosefunctionalrelationship

forthesetwofactors.In addition,itwasalsosuggestedthatHSF2alonecan

regulatebortezomibinducedAIRAPexpressionnegatively(23).Proteasomeinhibitor

MG132ortheaminoacidanalogueAZC(L-azetidine-2-carboxylicacid)treatments

induced theformation ofa HSF1/HSF2 heterocomplex thatbound to clusterin

element,andincreasedbothclusterinproteinandmRNA levelsinhumanglialcell

lineU-251MG(24).

Inthisstudy,itisalsoshowedthat,underoverexpressioncondition,bothHSF1

andHSF2arerecruitedtotheHSF2promoter.HSF2promoteractivityismore

decreasedbybothHSF1andHSF2overexpressionthaneachHSF1orHSF2.Itis

suggestthatHSF1andHSF2caninterplaydirectlyandform heterocomplexesto

bindHSF2promoter.Inaddition,HSF1orHSF2havealreadybeenshowntobe

capableofinteractingtogether,andthetrimerzationdomainsofHSF1andHSF2

werefoundnecessaryforthisphysicalinteraction,suggestingthatHSF1-HSF1or

HSF2-HSF2complexescanbehomotrimers(18,25).

ThefactthatHSF1isabletoinhibitHSF2promoteractivityinMEF HSF2

(-/-)cellsindicatesthatHSF1hasanimportantroleinHSF2transcriptionthat

cannotbe compensated by HSF2.Although the potentialimpactofHSF1 on

stress-regulatedHSF2transcriptionalexpression isnotyetwelldefined,atthe

transcriptional level, HSFs could positively and/or negatively modulate the

expressionofspecifictargetgenesaswellasitsowngene.

In conclusion, it has provided molecular evidence of an auto-regulatory

mechanism thatallowsHSF2tocontrolitsownexpression.Thesefindingsmay

providenew sighttounderstandingoftranscriptionaladaptationofHSF2involved
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inneurodegenerativediseasesassociatedwithproteinmisfoldingdiseasessuchas

huntington'sdiseaseandinulcerativecolitis.
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