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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is one of the most toxic
compoundsin theendocrinedisruptors.Exposureto theTCDD resultsin
many pathogenic cases involved in carcinogenesis, immunotoxicity,
reproductiveanddevelopmentaltoxicity.Inthisstudy,theeffectsofTCDDon
theexpressionofmetalloproteinase(MMP)-2andMMP-9whichinvolvedin
tumor metastasis and invasion were investigated in human fibrosarcoma
HT-1080cells.TCDD inducedthematrixMMP-2,MMP-9,membrane-type1
matrixmetalloproteinase(MT1-MMP),andE26transformationspecific(Ets)
mRNA expression.TCDD alsoinducedtheproteinexpressionsandactivities
ofMMP-2 and MMP-9.Promoteranalysis showed thatTCDD increased
levels ofMMP-2 and MMP-9 mRNA.MMP-9 promoterregion contains
NF-kB,AP-1andEtstranscriptionfactor.TCDD increasedlevelofMMP-9
mRNA throughEtsbutnotNF-kB andAP-1.Treatmentofthecellswith
TCDD inducedtheEtsproteinexpressionandtheDNA bindingactivityof
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Etscomplex.EtssiRNA decreasedtheMMP-2,MMP-9andEtsexpression.
TCDD enhanced migration and invasion ofHT-1080 cells.These results
demonstratethatTCDD can inducementoftumormetastasisand invasion
throughup-regulationofMMP-2andMMP-9.
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ⅠⅠⅠ...IIInnntttrrroooddduuuccctttiiiooonnn

Tumorformation isamultiplestep processthatrequirestumourcellsto
progressthroughmanydifferentstages,includeinitiation,growth,segregation,
invasion, neovascularization, intravasation, extravasation and metastasis.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been known to endocrine
disruptors in the environment and a highly toxic agent. The potential
carcinogenic risk to humans of xenobiotic compounds, especially related
pesticidesandsubstanceswhichmayactasendocrinedisruptors.Exposureto
theTCDD resultsin many pathologicalcasesinvolvedin matrix andtissue
remodeling,includingprostate,mammarytubulemorphogenesis,immunotoxicity,
tumorigenecity,reproductiveanddevelopmentaltoxicities(Brown etal.,1995;
Hiroyukietal.,2003;Lisaetal,2000;Romanetal.,1998;Takagietal.,2000).
Thesepathologicallesionsisanimportantmatrixremodelingbytheexpression
ofMMPs.
TheMMPfamilyiscomposedofatleast20extracellularendopeptidasesthat
includefourclasses:thecollagenases,gelatinases,stromelysins,andmembrane
typeMMPs(MT-MMPs).CommonfeaturesoftheMMPfamilyinclude:1)the
presenceofzincintheactivesiteofthecatalyticdomain,2)synthesisofthe
MMPsaspreproenzymesthataresecretedinaninactiveform,3)activationof
thelatentzymogenintheextracellularspace,4)recognitionandcleavageofthe
ECM bythecatalyticdomainoftheenzyme,and5)inhibitionofenzymeaction
by both serum-borne and tissue-derived metalloproteinase inhibitors in the
extracellularenvironment(Thomasetal.,,2003).MMPscontainedsignalpeptide,
propeptide,catalytic domain with the conserved zinc binding motif and
hemopexin domain.TheMMPssuggestthatisahighly conserved cysteine
residueintheproenzymedomain.Thiscysteine-switchmechanism allowsthe
condensationofactivationofMMPs(Sajaletal.,2003).Attachmentofcellsto
extracellularmatrix (ECM)moleculesismediated by theintegrin family of
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ECM receptors.Integrins are a large family ofheterodimeric proteins that
transduceavariety ofsignalsfrom theECM.Through integrin and matrix
interactions,manyofthegenes,whicharecriticalforcellmigration,survival,
proliferation,differentiation,andECM degradation,areactivated.Inthemajority
ofmetastasizing tumors,cellularinteractionswith theECM,which promote
adhesionandmigration,arethoughttoberequiredforprimarytumorinvasion,
migration,andmetastasis(Banerjietal.,2004).
MMP-2 (72 kDa gelatinase A,type Ⅳ collagenase)and MMP-9 (92 kDa
gelatinaseB,typeⅣ collagenase)havebeenimplicatedasplayinganimportant
roleincancerinvasionandmetastasis(Chungetal.,2004).BothMMP-2and
MMP-9areexpressedinvariousmalignanttumorandcontributetoinvasion
andmeastasisoftumors(Chaetal.,1998).Thesetwogelatinases(MMP-2,
MMP-9)containafibronectin-likesequencewithintheircatalyticdomain,which
resultsinapotentabilityfortheseMMP-2andMMP-9tobindtoandcleave
gelatin.MT-MMPswereproteinasesanchorstotheplasmamembrane.The
trimolecularcomplex ofMT1-MMP/TIMP-2/proMMP-2islocatedtothecell
surface. MT1-MMP cleave the prodomain of MMP-2 and activate the
gelatinase.ThusTIMP-2,inconjunctionwiththeMT1-MMP,actstocontrol
the specific site ofMMP-2 activation.High or absence concentration of
TIMP-2decreasesMMP-2activation.TIMP-2(21kDa)hasahighaffinityfor
MMP-2andTIMP-1(28.5kDa)preferentiallybindstoMMP-9.MMPsenhance
metastasis by degrading structuralproteins ofthe extracellularmatrix and
basementmembranes,itisbecomingapparentthattheseenzymeshaveamore
complex role in tumor formation,developmentand progression specifically
throughregulationofcellgrowthandangiogenesis.
TheEtsfamilyisassociatedwithmalignanttumor.EspecialEtsisimportant
regulator of ECM remodeling and multiple development functions. Ets
transcriptionfactorsarehelix-turn-helixproteinsthatshareamodulardomain
structurecharacterized by a highly conserved Etsdomain.Etstranscription
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factorshavebeenfoundinallinducibleMMPpromoters.Duringcarcinogenesis,
degradationoftheECM occursintheprocessofmetastasisofmalignanttumor.
Metastasisformationisamultiplestepthatrequirestumorcellstoprogress
through many different stages, governed by successive changes in the
expression ofcertain genes oralterations ofgene structures and encoded
products(Villanoetal.,2005).
ThehumanEtsoncogenefamilyconsistsofgreaterthan20sequence-specific
nucleartranscriptionfactorsthathaveaconservedDNA-bindingdomainknown
as the Ets domain (Macleod etal.,1992).The name "Ets"stems from a
sequencethatwasdetectedinanavianerythroblastosisvirus,E26,whereit
formedatransforminggenetogetherwithAgagandc-myb(Blairetal.,2000;
Nunn et al., 1983). The newly discovered sequence was called E26
transformationspecificaequenceorEts.Later,acellularhomologuetotheviral
ets(v-ets)gene,c-etsl,wasfoundsuggestingthatv-etsderivedfrom c-etsl
(Ghysdaeletal.,1986;Watsonetal.,1985).ThebindingofEtsproteinstothis
sequencecaneitheractivatetranscriptionoftheirtargetgenes.Etsbindingsites
arehighlyconservedintheMMP-9promoter.Etsrelatedproteinhavebeen
identifiedasatargetforapositiveregulationofMMP-9.
ThisstudyinvestigatedthattheinductionofMMP-2andMMP-9mRNA and
protein expression,zymogen activity by TCDD is largely due to induced
transactivation.TCDD inducedtheEtsproteinexpressionandtheDNA binding
activityofEtscomplex.EtssiRNA decreasedtheMMP-2,MMP-9andEts
expression.TCDD enhancedmigration andinvasion ofHT-1080cells.These
resultsdemonstratethatTCDD isabletoinducetumormetastasisandinvasion
inhumanfibrosarcomaHT-1080cells.
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ⅡⅡⅡ...MMMaaattteeerrriiiaaalllsss&&& MMMeeettthhhooodddsss

ⅡⅡⅡ---111... CCChhheeemmmiiicccaaalllsssaaannndddMMMaaattteeerrriiiaaalllsss
Chemicals and cellculture materials were obtained from the following

sources:2,3,7,8-Tetrachlorodibenzo-p-dioxin(TCDD),TritonX-100,Gelatin,Brij
Ⓡ35 and CrystalViolet from Sigma Co.Ets-1 siRNA from Santa Cruz
Biotechnology,Inc.Trans-wellpurchasedfrom CoringCostar.Matrigelfrom BD
Biosciences.MMPs,TIMPs,MT1-MMPPCRprimerfrom Bioneer.MMP-2and
MMP-9antibody,anti-mouseandanti-rabbitIgG,HRP-linkedantibodyfrom
CellSignaling,RPMI1640andfetalbovineserum (FBS),LipofectAMINEPlus,
penicillin-streptomycinsolutionandtrypsinfrom invitrogenTM.Luciferaseassay
system from Promega.Centriplus YM-30 from Amicon Inc.,WEST-ZOLTM

plus,westernblottingdetectionsystem from iNtRON biotechnology.

ⅡⅡⅡ---222...CCCeeellllllcccuuullltttuuurrreee
HumanfibrosarcomaHT-1080cellswereobtainedfrom theAmericanType

Culture Collection (ATCC, Rockville, MD) and grown in RPMI 1640
supplemented with 10 % heat-inactivated fetalbovineserum (FBS),2 mM
L-Glutamine,100units/㎖ penicillinand100㎍/㎖ streptomycinat37℃ ina5
% CO2humidifiedincubator.

ⅡⅡⅡ---333...IIIsssooolllaaatttiiiooonnnooofffRRRNNNAAA aaannndddrrreeevvveeerrrssseeetttrrraaannnssscccrrriiippptttiiiooonnn---pppooolllyyymmmeeerrraaassseeeccchhhaaaiiinnnrrreeeaaaccctttiiiooonnn
(((RRRTTT---PPPCCCRRR)))
Thecellsweresubcultureda60㎜ plateinRPMI1640supplementedwith10

% FBS24hoursbeforeRNA extract.Thecellsweretreatedwithorwithout
variousconcentration ofTCDD in serum-freemediafor24hoursand then
cellularRNA wereharvested.TotalcellularRNA wasisolatedusinganacidic
phenolextractionprocedure.TotalRNA werereverse-transcribedandthenused
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forPCR astemplateasdescribedpreviously.ForthehumanMMP-2primer,
PCRconsistedofinitialdenaturationat94℃ for5mineachcycleconsistedof
94℃ for2min,58℃ for1minand72℃ for1min.After26cycles,another
72℃ cyclewasrunfor7min.FortheMMP-9primer,eachcycleconsistedof
94℃ for30sec,64℃ for30secand72℃ for30sec.After37cycles,
another72℃ cyclewasrunfor7min.FortheMT1-MMPprimers,eachcycle
consistedof94℃ for1min,60℃ for1minand72℃ for1minand28
cycles were performed.Forthe TIMP-1 and TIMP-2 primers,each cycle
consistedof94℃ for1min,58℃ for1minand72℃ for1minand29
cycleswereperformed.FortheEtsprimers,eachcycleconsistedof94℃ for1
min,62℃ for30secand72℃ for1minand32cycleswereperformed.For
theGAPDH primers,1cycleconsistedof94℃ for1min,54℃ for1minand
72℃ for1minandatotalof24cycleswereperformed.PCR productswere
visualizedbyethidium bromidestainingof1% agarosegels.IntegrityofRNA
andcDNA synthesisweremonitoredbyamplificationofGAPDH mRNA.

ⅡⅡⅡ---444...WWWeeesssttteeerrrnnnbbblllooottttttiiinnnggg
Thecellsweresubcultureda100㎜ plateinRPMI1640supplementedwith

10% FBS24hoursbeforewesternblotting.Exponentialcultureofcellswere
incubatedfor24or48hourswithorwithoutvariousconcentrationsofTCDD
inserum freemedia.Thewholecelllysateswereisolatedandwerelysisby
lysisbuffer(150mM NaCl,100mM Tris(pH 8.0),1% Tween 20,50mM
diethyldithiocarbamate(DTT),1mM ethylenediaminetetraaceticacid(EDTA),1
mM phenylmethylsulfonylfluoride(PMSF),cocktailsolution,10㎍/㎖ aprotinin
and 10 ㎍/㎖ leupeptin) or these conditionalmedia were concentrated by
centrifugationonCentriplusYM-30.Theproteinconcentrationweremeasured
usingthebradfordassay.SDS-PAGEwasperformedunderinducingconditions
on8or10% polyacrylamidegels.Theresolvedproteinsweretransferredonto
thenitrocellulosemembrane.Afterblockingwith5% skim milk,theblotswere
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incubatedwith MMP-2andMMP-9polyclonalantibodiesandEtspolyclonal
antibody or β-actin monoclonal antibody.And then,the blots incubates
horseradishperoxidaseconjugatedsecondaryantibodies.Theblotswereprobed
with the West-Zol western blotting detection system according to the
manufacturer'sinstruction.

ⅡⅡⅡ---555...GGGeeelllaaatttiiinnnzzzyyymmmooogggrrraaappphhhyyy
Thecellsweresubcultureda100㎜ plateinRPMI1640supplementedwith

10% FBS24hoursbeforezymogenactivities.Exponentialcultureofcellswere
incubated for48hourswith orwithoutvariousconcentrationsofTCDD in
serum freemedia.Theseconditionalmediawereconcentratedbycentrifugation
on CentriplusYM-30.Volumesforcellswereadjusted to 5 μg protein as
determinedbybradfordassay.Equalproteinamountsofconditionedmediawere
mixedwithzymographysamplebufferwithoutreducingagentandseparatedon
8% SDS-PAGEco-polymerizedwithgelatin(1mg/ml).Thegelswerewashed
with2.5% TritonX-100for30mintwotimes,washedwithDW for20min
threetimes,equilibratedthegelfor30minutesatroom temperaturewithgentle
agitationthenreplacewithfreshdevelopingbufferat37℃ for18hours.The
gelswerestainedwith0.25% CoomassieBrilliantBlueG250in50% methanol,
10% aceticacidand50% DW andthendestainedin50% methanol,10%
acetic acid and 40 % DW.Clear bands were observed againstthe blue
backgroundtodeterminetheproteolyticactivitiesofMMP-2andMMP-9.

ⅡⅡⅡ---666...LLLuuuccciiifffeeerrraaassseeeaaannnddd ββββ---gggaaalllaaaccctttooosssiiidddaaassseeeaaassssssaaayyy
Thecellsweresubcultureda48wellplateinRPMI1640supplementedwith

10% FBS24hoursbeforetransfection.Thecellswereco-transfectedwith1
㎍ ofthewildtypeMMP-2andMMP-9,pointmutatedtypeNF-κB,AP-1,Ets
andEts/AP-1regulated luciferasereportergeneand 0.5㎍ ofpCMV-β-gal
reporterplasmid using LipofectAMINE Plus in antibiotics-free media.Four
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hoursaftertransfection,afreshmediacontaining10% FBSwasaddedtothe
cells,which were treated with orwithoutvarious concentration ofTCDD.
Following24hoursexposure,thecellswerewashedoncewithPBSandlysed.
Thelysedcellpreparationswerethencentrifuged,andthesupernatantswere
assayed forluciferase and β-galactosidase activity.Luciferase activity was
determined using the luciferase assay system and used according to the
manufacturer's instructions using a luminometer.The β-galactosidase assay
wascarriedoutin250㎕ ofassaybuffercontaining0.12M Na2HPO4,0.08M
NaH2PO4,0.02M KCl,0.002M MgCl2,0.1M β-mercaptoethanol,50㎍ of
-nitrophenyl-β-galactoside,and 100 ㎍ ofthe cellextract.The luciferase
activitywasnormalizedusingthe β-galactosidaseactivityandisexpressedas
aproportionoftheactivitydetectedwiththevehiclecontrol.

ⅡⅡⅡ---777...EEEllleeeccctttrrroooppphhhooorrreeetttiiicccmmmooobbbiiillliiitttyyyssshhhiiiffftttaaannnaaalllyyysssiiisss(((EEEMMMSSSAAA)))
Thecellsweresubcultureda100㎜ plateinRPMI1640supplementedwith

10% FBS24hoursbeforeEMSA.Exponentialcultureofcellswereincubated
for90minuteswithorwithoutvariousconcentrationsofTCDD inserum free
media.Nuclearextractswereprepared:FollowingarinsewithcoldPBS,cell
lysiswithlysisbufferonicebath,lysedcellwerecentrifuged,suspensionwith
K bufferonice,suspendedcellwerecentrifugedandthenaliquotforeppendorf
tubes.Etsoligomerlabeling:Theoligomerwereaddedr-32P-dATP,T4kinase
and10x kinasebufferandthenincubationon37℃ waterbathfor1hour,
stoppedenzymereactiononicebath,centrifugedwithcolumnandtheoligomer
wereend-labeledwithr-32P-dATP.Thenuclearextracts(50㎍)wereincubated
with1㎕ ofpoly(dI-dC)andther-32P-dATP-labeledDNA probeinabinding
buffer(100mM NaCl,30mM HEPES,1.5mM MgCl2,0.3mM EDTA,10%
Glycerol,1mM DTT,1mM PMSF,and1㎍/㎖ aprotininandleupeptin)onice
bathfor20minutes.Thespecificityofbindingwasexaminedbycompetition
withtheunlabeledoligonucleotide.Afterincubatingforanadditional20min,the



- 8 -

DNA proteincomplexwasseparatedona5% non-denaturingpolyacrylamide
gel.Followingelectrophoresis,thegelwasvacuum driedandexposedat-80℃
toX-film.

ⅡⅡⅡ---888...CCChhhrrrooommmaaatttiiinnnIIImmmmmmuuunnnoooppprrreeeccciiipppiiitttaaatttiiiooonnn(((CCChhhIIIPPP)))AAAssssssaaayyy
HT-1080cellsweretreatedTCDD withorwithoutvariousconcentrationsof

TCDD for24hours.Cellswereresuspendedin1xTEbuffer(10mM Tris-Cl,
and0.1mM EDTA,pH 8.0)with2mM PMSF,2g/㎖ pepstatinA,2g/㎖
aprotinin,and2g/㎖ leupeptinforsonication.RNaseA aswellasproteinaseK
wereaddedtothesamplesaftercross-linkswerereversed.Antibodiesusedin
the immunoprecipitation were Ets (Santa Cruz Biotechnology).
Immunoprecipitatedsampleswereresuspendedin50㎕ ofH2O andanalyzedby
PCR.After40cyclesofamplification,PCR productswereanalyzedon 1%
agarosegelwithethidium bromide.

ⅡⅡⅡ---999...SSSmmmaaalllllliiinnnttteeerrrfffeeerrriiinnngggRRRNNNAAA tttrrraaannnsssfffeeeccctttiiiooonnn
Thecellsweresubcultureda60㎜ plateinRPMI1640supplementedwith10

% FBS24hoursbeforesiRNA transfection.Thecellsweretransfectedwiththe
diluted siRNA and siRNA transfection reagentcomplex in antibiotics-free
media.Forty-eighthoursaftertransfection,afreshmediacontaining10% FBS
wasaddedtothecells.

ⅡⅡⅡ---111000... MMMiiigggrrraaatttiiiooonnnaaassssssaaayyy
Thecellsweresubcultureda48wellplateinRPMI1640supplementedwith

10% FBS24hoursbeforemigrationassay.Migrationassaywasperformedon
theconfluentcellmonolayerof90% in 48wellplate.Itwaswoundedby
manuallyscrapingthecellswithatipwith2㎜ inwidth.Followingarinse
with PBS,thecellsweretreated with orwithoutvariousconcentrationsof
TCDD inreplacedserum-freemedia.Cellmigrationwasmeasuredthedistance
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ofthemovedcellsfrom thestartpointtothemigratedpointwasmonitoredby
microscopyatvarioustimes.

ⅡⅡⅡ---111111...MMMaaatttrrriiigggeeellliiinnnvvvaaasssiiiooonnnaaassssssaaayyy
InvasionassaywasperformedusingTranswellplate(Corning,Corning,NY)

with polycarbonate filters containing 8 μm pores as previously described.
Matrigel(BD BiosciencesDiscoveryLabware,SanJose,CA)wasthawedinan
icebath.AnequalamountofcoldRPMI1640mediawasmixedwithMatrigel
andusedtocoatthepolycarbonatemembraneofeachTranswellplate.Matrigel
polymerizationwasdonebyincubatingthecoatedtranswellplateat37℃ CO2
incubatorfor1hour.The350㎕ of1×105cellsinserum-freemediawasplated
on the matrigel-coated transwellwith orwithoutvarious concentrations of
TCDD.Themediainthelowerchamberscontained10% FBS.Thetranswell
platewasincubatedat37℃ for24hours.Theinvadedcellswerefixedwith
methanol,Matrigelcoatedontranswellplatewasremovedandthetranswell
platewasstainedwithcrystalviolet.Theinvasivephenotypesweredetermined
by counting the cells thatmigrated to the lowerside ofthe filterwith
microscopyatx200.

ⅡⅡⅡ---111222...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss
Allexperimentswererepeatedatleastthreetimestoensurereproducibility.

The results are reported as means ± SD.ANOVA was used to evaluate
differencesbetweenmultiplegroups.
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TTTaaabbbllleee 111...PPPrrriiimmmeeerrrsss aaannnddd rrreeeaaaccctttiiiooonnn cccooonnndddiiitttiiiooonnnsss fffooorrr RRRTTT---PPPCCCRRR ooofff hhhuuummmaaannn
MMMMMMPPP---222,,,MMMMMMPPP---999,,,MMMTTT111---MMMMMMPPP,,,TTTIIIMMMPPP---111,,,TTTIIIMMMPPP---222aaannndddEEEtttsss...

Gene Primersequence size(bp)

MMP-2 (F):5'-TTTTCTCGAATCCATGATGG-3'
(R):5'-CTGGTGCAGCTCTCATATTT-3' 620

MMP-9 (F):5'-AGACCTGAGAACCAATCTCAC-3'
(R):5'-GGCACTGAGGAATGATCTAA-5' 312

MT1-MMP(F):5'-CGCTACGCCATCCAGGGTCTCAAA-3'(R):5'-CGGTCATCATCGGGCAGCACAAAA-3' 481

TIMP-1 (F):5'-CAATTCCGACCTCGTCATCA-3'
(R):5'-TCAGAGCCTTGGAGGAGCT-3' 429

TIMP-2 (F):5'-AGATGTAGTGATCAGGGCCA-3'
(R):5'-AGCACCCCTCACTTCTCTT-3' 503

Ets (F):5'-TGGAGTCAACCCAGCCTATC-3'
(R):5'-TCTGCAAGGTGTCTGTCTGG-3' 233

GAPDH
(F):5'-GATGAATTCTGAAGGTCGGAGTCAAC
GGATTTGGT-3',(R):5'-GATAAGCTTCATG
TGGGCCATGAGGTCCACCAC-3'

983
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FFFiiiggguuurrreee111...Chemicalstructureof2,3,7,8-tetrachlorodibenzo-p-dioxin(TCDD)
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ⅢⅢⅢ...RRReeesssuuulllttt

ⅢⅢⅢ---111...EEEffffffeeeccctttsss ooofffTTTCCCDDDDDD ooonnn MMMMMMPPP---222,,,MMMMMMPPP---999,,,MMMTTT111---MMMMMMPPP,,,TTTIIIMMMPPP---111 aaannnddd
TTTIIIMMMPPP---222mmmRRRNNNAAA eeexxxppprrreeessssssiiiooonnn...

To examine whether TCDD affects the steady-state levels ofMMP-2,
MMP-9,MT1-MMP,TIMP-1andTIMP-2mRNAs,RT-PCRanalysisofRNA
from HT-1080 cells was performed.As shown in Fig.2,the amounts of
transcriptsforMMP-2,MMP-9,andMT1-MMPwereinducedwithincreasing
TCDD concentrationinadosedependentmanner,butTIMP-1,TIMP-2were
notchanged.

ⅢⅢⅢ---222...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnMMMMMMPPP---222aaannndddMMMMMMPPP---999ppprrrooottteeeiiinnneeexxxppprrreeessssssiiiooonnn...
To determine the effects ofTCDD on MMP-2 and MMP-9 expression,

HT-1080cellsweretreatedwith TCDD (10and50nM)for48hours,and
MMP-2,MMP-9 expression in the conditioned media was assayed using
westernblotting.AsshowninFig.3,TCDD increasedMMP-2andMMP-9
proteinexpressioninHT-1080cells,respectively.

ⅢⅢⅢ---333...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnMMMMMMPPP---222aaannndddMMMMMMPPP---999aaaccctttiiivvviiitttiiieeesss...
A showninFig.4,TCDD treatmentofHT-1080cellsresultsinincreased

activitiesofMMP-2andMMP-9.CellsweretreatedwithTCDD (10and50
nM)for48hours,andMMP-2,MMP-9activityintheconditionedmediawas
assayed using zymography.Theeffects ofTCDD on MMP-2 and MMP-9
activitiesparalleledthoseonMMP-2andMMP-9proteinexpression.
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FFFiiiggguuurrreee222...EffectsofTCDD ontheMMP-2,MMP-9,MT1-MMP,TIMP-1and
TIMP-2mRNA expressioninHT-1080cells.CellsweretreatedwithTCDD(10
and 50 nM)for24 hours.The cells were lysed and the totalRNA was
analyzedbyRT-PCR.PCR amplificationwasperformedforeachsampleusing
primersspecificforhumanMMPs,TIMPs,andGAPDH.ThePCRamplification
productswereelectrophoresed in 1% agarosegeland stained with ethidium
bromide.These figures are representative ofthree independentexperiments
carriedoutinduplicate,eachofwhichdemonstratessimilarresults.
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FFFiiiggguuurrreee333...EffectsofTCDD ontheMMP-2andMMP-9proteinexpressionin
HT-1080cells.CellsweretreatedwithTCDD (10and50nM)for48hours.
MMP-2andMMP-9proteinexpressionintheconditionedmedium wasdetected
using western blot analysis. These figures are representative of three
independentexperimentscarriedoutinduplicate,eachofwhichdemonstrates
similarresults.
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FFFiiiggguuurrreee444...EffectsofTCDD ontheMMP-2andMMP-9activitiesinHT-1080
cells.Increasing volumes ofmedia were electrophoresed on a SDS-PAGE
containing 1mg/mlgelatin.MMP activity wasdeterminedby theability of
proteasesinthemediatodegradethegelatin.Thesefiguresarerepresentative
ofthree independentexperiments carried outin duplicate,each ofwhich
demonstratessimilarresults.
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ⅢⅢⅢ---444...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnMMMMMMPPP---222aaannndddMMMMMMPPP---999tttrrraaannnssscccrrriiippptttiiiooonnnaaalllaaaccctttiiivvviiitttiiieeesss...
Because ofthe observed alterations in MMP-2 and MMP-9 expression

inducedbyTCDD.InextsoughttodeterminetheeffectsofTCDD onMMP-2
andMMP-9transcriptionalactivitiesusingaluciferase-basedpromoterassay.
Asshown in Fig.5and6,TCDD increasedMMP-2andMMP-9promoter
activitiesinHT-1080cells,respectively.
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FFFiiiggguuurrreee555...EffectsofTCDD ontheMMP-2dependenttranscriptionalactivity.
HT-1080cellsweretransientlyco-transfectedwithpCMV-β-galandMMP-2
regulatedluciferasereportergene,andtheluciferaseactivityincelllysateswas
assayed at24 hours.Each barshows the mean±S.D.ofthree independent
experiments,performed in triplicate. 0.05,significantly differentfrom
control(NA).
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FFFiiiggguuurrreee666...EffectsofTCDD ontheMMP-9dependenttranscriptionalactivity.
HT-1080cellsweretransientlyco-transfectedwithpCMV-β-galandMMP-9
regulatedluciferasereportergene,andtheluciferaseactivityincelllysateswas
assayed at24 hours.Each barshows the mean±S.D.ofthree independent
experiments,performed in triplicate. 0.05,significantly differentfrom
control(NA).



- 19 -

ⅢⅢⅢ---555...IIInnnvvvooolllvvveeemmmeeennntttooofffEEEtttsssbbbiiinnndddiiinnnggg sssiiittteeesssiiinnnttthhheeeaaaccctttiiivvvaaatttiiiooonnnooofffttthhheeeMMMMMMPPP---999
gggeeennneeeppprrrooommmooottteeerrrbbbyyyTTTCCCDDDDDD...

AsshowninFig.7,disruptionoftheEtsandNF-kB siteatwithinthe
longerpGL-MMP-9constructreducedtransactivationofMMP-9byTCDD.In
contrast,disruptionoftheAP-1siteatwithintheMMP-9promoterfragment
only moderately induced by TCDD.This resultwas implicated in the Ets
bindingsitesintheactivationoftheMMP-9promoterbyTCDD.

ⅢⅢⅢ---666...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnEEEtttssseeexxxppprrreeessssssiiiooonnn...
To determinewhetherTCDD affectsEtsexpression,HT-1080 cellswere

exposed toTCDD for24hours.Asshown in Fig.8,TCDD increased Ets
mRNA andproteinexpressioninHT-1080cells.

ⅢⅢⅢ---777...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnEEEtttsssDDDNNNAAA bbbiiinnndddiiinnngggaaaccctttiiivvviiitttyyy...
EtsisaknowntranscriptionalregulatorofMMP-2andMMP-9expression.

Because of the observation that TCDD upregulates MMP-2 and MMP-9
promoter activity,Isoughtto determine whether TCDD up-regulates Ets
bindingactivity.AsshowninFig.9,TCDD increasedEtsbindingactivitiesin
HT-1080 cells.These findings suggestthatEts may play a role in the
TCDD-mediatedincreaseinMMP-2andMMP-9transcription.

ⅢⅢⅢ---888...TTTCCCDDDDDDiiinnnddduuuccceeeEEEtttsssaaaccccccuuummmuuulllaaatttiiiooonnnaaannndddDDDNNNAAA bbbiiinnndddiiinnngggaaaccctttiiivvviiitttyyyiiinnnnnnuuucccllleeeiii...
TheinteractionofEtscomplexwithMMP-9promoterwasinvestigatedby

chromatinimmunoprecipitation(ChIP)usingantibodiesspecificforEtsandas
wellasusingpre-immuneserum (IgG)asanegativecontrol.Thecross-linked
chromatinfrom thesetwosamplesofcellswasthenimmunoprecipitatedwith
individual antibodies. The chromatin DNA was eluted after reversal of
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cross-linksand treatmentby proteinaseK and RNaseA.Thecross-linked
sampleswithoutaddingantibodywasreservedastotalinput.TheelutedDNA
wasPCR-amplifiedusingprimersspecificfortheMMP-9promoter.Asshown
in Fig.10,two antibodies specific forEts immunoprecipitated contain any
detectableamountofchromatinevenwhentheamplificationcycleofPCR.This
datasuggestedthatbindingMMP-9promotertoEtstranscriptionfactor.

ⅢⅢⅢ---999...EEEffffffeeeccctttsssooofffEEEtttsssgggeeennneeesssiiillleeennnccciiinnngggooonnnTTTCCCDDDDDD---iiinnnddduuuccceeedddiiinnncccrrreeeaaassseeeiiinnnMMMMMMPPP---222
aaannndddMMMMMMPPP---999eeexxxppprrreeessssssiiiooonnn...
TodeterminewhetherTCDD-mediatedMMP-2andMMP-9inductionisEts

dependent,IsuppressedEtsexpressionusing RNA interference.At48hours
aftertransfection ofEtssiRNA andcellweretreatedwith TCDD.MMP-2,
MMP-9 and Ets expression were determined using RT-PCR analysis.As
shownFig.11,Etsexpressionwassignificantlysuppressedbytransfectionof
siRNA in HT-1080cells,ascompared with theiruntransfected counterparts.
Forty-eighthours afterthe transfection,cellwere treated with TCDD and
assayedMMP-2andMMP-9expression24hourssubsequently.Etssilencing
reduced baselineMMP-9 expression in HT-1080 cells(Fig.11,12).This
findingsuggeststhatEtsiscriticalforTCDD-mediatedMMP-9expression.
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FFFiiiggguuurrreee 777... Activation of wild-type and point-mutated MMP-9 promoter
constructs by TCDD.HT-1080 cells were transiently co-transfected with
pCMV-β-gal,wildtypeMMP-9andpointmutatedMMP-9luciferasereporter
gene,andtheluciferaseactivityincelllysateswasassayedat24hours.Each
bar shows the mean±S.D.ofthree independentexperiments,performed in
triplicate. 0.05,significantlydifferentfrom untreatedcontrol.
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A. B.

FFFiiiggguuurrreee888...EffectsofTCDD ontheEtsexpressioninHT-1080cells.Cellswere
treatedwithTCDD(10and50nM)for24hours.(A)Thecellswerelysedand
thetotalRNA wasanalyzedbyRT-PCR.PCRamplificationwasperformedfor
each sampleusing primers specific forhuman Ets and GAPDH.ThePCR
amplificationproductswereelectrophoresedin1% agarosegelandstainedwith
ethidium bromide.(B)Thecellswerelysedandthetotalcellularproteinwere
analyzedbywesternblot.Thesefiguresarerepresentativeofthreeindependent
experimentscarriedoutinduplicate,eachofwhichdemonstratessimilarresults.
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FFFiiiggguuurrreee999...EffectofTCDD on theEtsbinding activity.HT-1080cellswere
treatedwithTCDD(10and50nM).Nuclearextractswereisolatedandusedin
anelectrophoreticmobilityshiftassaywith 32P-labeledEtsoligonucleotideasa
probe.The arrow indicates the Ets binding complex.Cold;200-fold molar
excessofnon-labeled Etsprobe.Oneofthreerepresentativeexperimentsis
shown.
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FFFiiiggguuurrreee111000...TCDD induceEtsaccumulationandDNA bindingactivityinnuclei
from HT-1080 cells. HT-1080 cells were treated with various TCDD
concentration for20 hours.Equalamounts ofcross-linked chromatin were
incubatedwithpre-immuneserum (IgG),antiEts.FollowingDNA precipitation
anddilution,sampleswereanalyzedbyPCR usingprimersspecifictoMMP-9
promoter.Thesefiguresarerepresentativeofthreeindependentexperiments
carriedoutinduplicate,eachofwhichdemonstratessimilarresults.
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FFFiiiggguuurrreee 111111...Effects ofEts gene silencing on TCDD-mediated MMP-2 and
MMP-9 expression in HT-1080 cells.The cells were transfected with Ets
siRNA.Forty-eighthoursaftertransfection,HT-1080cellsweretreatedwith
TCDD (10and50nM).ThetotalRNA wasextractedfrom cellsandanalyzed
usingRT-PCR.TheeffectofEtsgenesilencingonTCDD-mediatedMMP-2,
MMP-9andEtsmRNA expression.Thesefiguresarerepresentativeofthree
independentexperimentscarriedoutinduplicate,eachofwhichdemonstrates
similarresults.
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FFFiiiggguuurrreee111222...siRNA-mediateddown-regulationoftheEtsexpressioninHT-1080
cells.The cells were transfected with Ets siRNA.Forty-eighthours after
transfection,HT-1080cellsweretreatedwithTCDD (10and50nM).Thetotal
proteinwasextractedfrom cellsandanalyzedusingwesternblot.Thesefigures
arerepresentativeofthreeindependentexperimentscarried outin duplicate,
eachofwhichdemonstratessimilarresults.
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ⅢⅢⅢ---111000...EEEffffffeeeccctttsssooofffTTTCCCDDDDDD ooonnnccceeelllllluuulllaaarrrmmmiiigggrrraaatttiiiooonnnaaannndddiiinnnvvvaaasssiiiooonnn...
PreviousstudyshownthatMMP-2andMMP-9activityisassociatedwith

cancerinvasiveandmigratorypotential.HereItestedtheeffectsofTCDD on
cellularinvasiveandmigratorypotentials.Asshow infigure13and14,TCDD
induced cellularmigration and invasion in HT-1080 cells,respectively.The
resultssuggestedthatTCDDstimulatedmigrationandinvasionoftumorcell.
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FFFiiiggguuurrreee111333...EffectofTCDD oncellularmigrationinHT-1080cells.Cellswere
treatedwithTCDD.After10hours,migratedcellswerephotographedunder
an  microscope(200x).
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FFFiiiggguuurrreee111444...EffectofTCDD oncellularinvasivenessinHT-1080cells.HT-1080
cellseededonalayeroftranswellinthepresenceofTCDD.After24hours,
migrationhadformedwerephotographedunderaninvertedmicroscope(200x).
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ⅣⅣⅣ...DDDiiissscccuuussssssiiiooonnn

2,3,7,8-Tetrachlorodibenzo-p-dioxin(TCDD),aprototypeofmanyhalogenated
aromatichydrocarbons,isaubiquitous,persistentenvironmentalcontaminant
andthemostpowerfultumorpromoterinrodentbioassays.Thereismuch
evidence thatimplicates importantroles forTCDD in carcinogenesis and
progression fora widerangeofmalignancies,including pancreaticcancer.
However,therearefew dataon thedownstream targetsby which TCDD
mediate these processes.In this study,Iidentified Ets as an important
mediatorofTCDD-inducedinductionofMMP-9expression.Therefore,TCDD
hasbeendemonstratedtobeoneofthestrongestpromotersfortreatmentof
cancerand metastasis.Tumorinvasion and metastasisareastepwiseand
complicatedprocessthatincludescelldivisionandproliferation,digestionof
the ECM,cellmigration through the basementmembranes to range the
circulationsystem,andtheremigrationandgrowthoftumorsatmetastatic
sites.MMPs play a majorfunction in promoting angiogenesis and tumor
metastasis.Tumor-derived and stroma-derived MMPs may play important
rolesintumorgrowth,theeffectofMMPinducibleactivityisimportantfora
experimentalmodel.Thesestudybuildsonthesepreviouslyreportedfindings
by potentialmechanism by which TCDD mediates MMP-9 expression.I
hypothesized that Ets-1 might play a role in TCDD-mediated MMP-9
induction.
Treatmentofthe cells with TCDD induced the matrix MMP-2,MMP-9,
membrane-type1matrixmetalloproteinase(MT1-MMP)andE26transformation
specific(Ets)mRNA expression.TCDD alsoinducedtheproteinexpressionsof
MMP-2 and MMP-9.Ihave confirmed the inducible effects ofTCDD on
MMP-2and MMP-9by theuseofsubstrateand gelatin zymography.The
gelatinzymographyhasbeenshowntothesameresultinenhancedexpression
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ofMMP-2andMMP-9.TCDD selectivelyinduceMMP-2andMMP-9enzyme
activities.Thetranscriptionalactivitieswereincreasedin thecellsthathave
beentransientlytransfectedwiththewildtypeMMP-2andMMP-9promoter
by treatmentwith variousTCDD concentration.Thepromoterregion ofthe
MMP-9hasbeenshowntoenhancetheactivationoftranscriptionfactorsas
Ets.These findings thatTCDD induces Ets binding activity and MMP-9
promoteractivity and thatEts silencing abolishes the effectofTCDD on
MMP-2expression clearly supportmy hypothesis.TheEtsnuclearproteins
cooperatewithothertranscriptionfactorstoactivateorrepresstranscriptionin
a variety of processes including cellproliferation,apoptosis,development,
differentiation,angiogenesisandoncogenictransformation.Etshasbeenreported
tobeoverexpressedinvarietyofmalignancies,includingpancreaticcancers,and
to regulatethetranscription ofmany MMPs,including MMP-9.A recently
reported study localized an Ets binding site to the MMP-9 promoter.Ets,
importantregulatorsactasnucleartargetsofsignaltransductionpathways,play
importantrolesinvariousbiologicalprocesses,cellproliferation,differentiation,
apoptosisandimmuneresponse.TCDD treatmentincreasedtheamountofPCR
productamplified from nucleicDNA derived from Etsimmunocomplex over
controlcells.Genesilencingisatechniquefordownregulationtheexpression
ofaspecificgeneinmammaliancellsbydoublestrandedRNA (dsRNA)thatis
complementarytoainterestedtargetmRNA.Ithasbeendemonstrated21base
pairRNA molecules can be a effective mediatorofthe RNA interference.
MMP-2expressionisslightlyreducedbutMMP-9expressionisreducedinEts
siRNA transfectedcells.Etsexpressionisreducedbytreatmentwithorwithout
TCDD inEtssiRNA transfectedcells,too.Theinductionofattachmentofthe
cellstothematrixbyTCDD isanessentialmechanism fortheinductionof
invasion.Afterthetumorcellhasbecomedetachedfrom neighboringcellsby
looseningitsintercellularjunctions,theECM hastobeproteolyticdegradation
in migration andinvasion ofthecells.So,matrix degrading proteinasesare
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importance for tumor cellmetastasis.Many studied revealthat enhanced
productionofMMP-2andMMP-9correlateswiththeinvasion,migrationand
metastasis ofthe tumors.In conclusion,these show thatTCDD derivative
TCDD:1)increasethepotentialinvasionthroughtheinductionofMMP-2and
MMP-9genetranscriptionallevelsbyinducingEtsfunctioninthecellsand2)
inducetheenzymaticactivitiesofMMP-2andMMP-9thatplaysanimportant
role in cancerinvasion,migration and metastasis.These suggestthatthe
metastaticandtumorigeniceffectsofTCDDmaybemediatedthroughinduction
ofMMP-2andMMP-9geneexpressionbytheactivationofEts.Therefore,
TCDD demonstrated tobeoneofthestrongestpromotersfortreatmentof
cancerandmetastasis.
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(((국국국문문문 초초초록록록)))

MMMaaatttrrriiixxxMMMeeetttaaalllllloooppprrrooottteeeiiinnnaaassseee(((MMMMMMPPP)))---222및및및 MMMMMMPPP---999
발발발현현현에에에 대대대한한한 TTTCCCDDDDDD의의의 영영영향향향

최 재 호
조선대학교 대학원
생물신소재학과
(지도교수:정 혜 광)

2,3,7,8-tetrachlorodibenzo-p-dioxin(TCDD)는 대표적인 내분비계 장애물질로 인
체에 발암작용 및 생식과 발육장애,면역체계와 호르몬 등에 심각한 영향을 주는 것
으로 알려져 있다.본 연구에서는 이러한 내분비계 장애물질의 암 전이에 대한 영향
을 조사하기 위하여 humanfibrosarcoma세포인 HT-1080에 TCDD를 사용하였다.
HT-1080세포에 TCDD를 처리하여 RT-PCR,zymography,westernblotting을 수
행하여 암 전이에 관여하는 MMP-2와 MMP-9의 유전자 발현과 효소 활성도 및 단
백질 발현이 증가됨을 확인하였다.MMP-2와 MMP-9의 luciferasereporterassay를
수행한 결과 MMP-2와 MMP-9의 promoter활성도가 TCDD의 농도에 의존적으로
증가하였으며,MMP-9promoter의 pointmutatedluciferaseassay를 수행하여 확인
한 결과 TCDD에 의한 MMP-9의 발현의 증가는 Ets전사 조절인자가 관여함을 알
수 있었다.또한 EtsEMSA,chipassay,siRNA transfection을 이용하여 TCDD에
의해 증가되는 MMP-9의 발현도 Ets에 의해 매개됨을 확인하였다.마지막으로
TCDD에 의한 HT-1080세포의 이동능과 침윤을 확인한 결과 TCDD에 의해 암 세
포의 이동능 및 침윤이 증가하였다.따라서 TCDD에 의한 암 전이에 관여하는
MMP-2와 MMP-9의 발현과 효소 활성,암 세포의 이동능 및 침윤이 증가하므로,
TCDD에 의해 암 전이가 촉진될 수 있을 것으로 사료되며,본 연구를 통하여 내분
비계 장애물질 중 TCDD에 의한 암세포의 전이에 대한 작용을 규명하였으며,이는
발암 관련 기초 자료로 활용될 수 있을 것으로 기대된다.
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