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Abstract

5'-Nitro-IndirubinoximeinhibitsSGTcellinvasion

bytargetingβ1integrin/Aktsignalingpathway

YoonJiHye

Advisor:Prof.Jung-HoonYoon,DDS,PhD

Prof.Sang-GunAhn,PhD

DepartmentofDentalEngineering,

GraduateSchoolofChosunUniversity

Background: 5’-nitro-indirubinoxime (5’-NIO) is a derivative of the

bis-indole indirubin,an active compound ofDangguiLonghuiWan that

exhibitsanti-leukemicactivities.Previously,wehaveshownthat5’-NIO has

potentanti-tumoreffectin varioushuman cancercells.Butthepotential

anti-invasiveeffectof5’-NIO insalivaryglandtumorhasnotbeenstudied

yet.Thegoalofthisstudyistoevaluatetheanti-invasiveactionof5’-NIO

insalivaryglandadenocarcinomaSGTcells.

Methods:TheMTTassaywasusedtodeterminetheviabilityofSGTcells

aftertreatmentwith 5’-NIO.The wound-scratch,migration and invasion

assayswere applied to determinetheeffectof5’-NIO on themigration

capacity and invasivenessofSGT cells.Western blotand RT-PCR were

performedtoevaluatetheimpactsof5’-NIO ontheexpressionofMMP-2/-9

and its upstream signaling molecules.The secretions ofMMP-2/-9 in

culture-conditioned medium were assayed by gelatin zymography and

adhesionassaywasperformedusingtypeІ collagen.

Result:5’-NIO exhibitedadose-dependentinhibitoryeffectontheinvasion
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andmigration ofSGT cells.5’-NIO decreased β1integrin expression and

phosphorylation ofFAK,Akt,Erk,and downregulated the expression of

MMP-2/-9inSGT cells.Furthermore,5’-NIO suppressedMMP-2/-9mRNA

expressionandactivity.

Conclusion: Taken together,these results suggest that 5’-NIO could

effectively inhibitthe invasion and migration ofhuman SGT cells by

downregulating the expression of β1 integrin and MMP-2/-9 and

phosphorylationofFAK,Akt,andErk.
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국문 록

β1integrin/Akt신호 달을 타겟으로 하는

5'-Nitro-Indirubinoxime의 타액선암 세포 침습 억제 효과

연구배경: 5‘-Nitro-Indirubinoxime은 bis-indole indirubin의 유도체로서,

DangguiLonghuiWan의 구성 성분이다.5‘-NIO는 여러 종양세포에서 강력한

항암효과가 있다.그러나 5‘-NIO의 항침습 효과는 연구된 바 없다.이 논문은 타

액선암 세포에서 5’-NIO의 항침습 효과를 평가하고자 한다.

실험방법:타액선암 세포의 생존율을 보기 해 5‘-NIO처리 후 MTTassay를

하 고,세포의 침습과 이능을 확인하기 해 wound-scratch,migration과

invasionassay를 시행하 다.MMP-2와 MMP-9,그리고 이들의 상 신호분자

들의 발 을 western blot과 RT-PCR을 하여 확인하 다. 한,gelatin

zymography를 하여 MMP-2와 MMP-9의 분비를 확인하고,β1 integrin의

ligand 하나인 typeIcollagen을 이용하여 adhesionassay를 시행하 다.

실험결과:5’-NIO는 타액선암 세포에서 농도 의존 으로 세포이동과 침습능 억

제효과를 나타내었고, β1 integrin의 발 , FAK, Akt, Erk의 인산화와

MMP-2/-9의 발 이 감소됨을 볼 수 있었다. 한,MMP-2/-9의 mRNA 발 과

분비가 억제됨을 확인하 고,typeIcollagen에서 5’-NIO의 농도 의존 으로 타

액선암 세포의 부착능력이 감소됨을 규명하 다.

결론:이러한 결과는 5‘-NIO가 FAK,Akt와 Erk의 인산화,β1 integrin,

MMP-2/-9의 발 을 조 함으로 타액선암 세포의 이동과 침습능 억제에 효과

임을 확인하여 타액선암 치료의 다른 가능성을 확인하 다.
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Ⅰ.Introduction

IndirubinisanactivecompoundofDangguiLonghuiWan,whichisusedtotreat

chronicdiseasesintraditionalChinesemedicine(1-3).Recentseveralstudieshave

shown thatindirubin derivativeshaveanti-tumoreffecton human cancercells

throughtheinhibitionofcyclin-dependentkinases(CDKs)andsuppressthecell

growth by arresting thecellcycle(1,4-8).Recently,wesynthesized anovel

indirubinderivative,5‘-Nitro-Indirubinoxime(5’-NIO),andithasshownthemost

potentantitumoractivityinRK3E-rascellusinginvitroandinvivostudies(2).

Moreover,wehavedemonstratedtheactionof5’-NIO-inducedantitumoractivityin

oralsquamous carcinoma KB cells.5’-NIO inhibits cellproliferation via the

inhibitionoftheG1/SandG2/M phaseregulatoryprotein(6).

Salivary gland cancers accountforapproximately 3-6% ofallhead and neck

tumors in adults (9-11).Salivary gland tumor contains cancers of different

histologicalcharacteristics and biologicalbehavior (10).Severalstudies have

emphasized theimportanceofoncogenes in the developmentofsalivary gland

cancers (10,12-15).Although salivary gland canceris relatively rare and its

etiologyisunknown,theinvolvementofenvironmentalorgeneticfactorshasbeen

suggested.Malignant salivary gland cancers have not been associated with

smoking andexcessofalcoholintakecomparewithmostotherheadandneck

cancers(11,16).Thefunctionsofchemotherapyinthemanagementofsalivary

glandcancersremainunsolved(10).Doddetal.reportedresponseratesofsalivary

gland cancers to chemotherapy are inconsistent,varied and generally poor.

Malignantsalivary gland tumors are highly aggressive neoplasms thatreadily

invadeadjacenttissuesandmetastasizetodistantorgansatearlystagesofthe

disease.Therefore,inhibition oftumorinvasion andmigration in salivary gland

cancertherapyisveryimportant.

Theprincipalmechanismsofcancercellinvasionandmigrationentailacomplex

seriesofevents.Matrixmetalloproteinases(MMPs)areafamilyofzinc-dependent

endopeptidases,which is degrading extracellular matrix (ECM) and basement
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membrane (17-19).Among the MMPs,MMP-2 (gelatinase-A) and MMP-9

(gelatinase-B)areoverexpressedinvariousmalignanttumorsandplaycriticalroles

intumorinvasionandmigration(20-22).

AswellasMMPs,theintegrinmembersarealsoknowntomediateinvasionand

migration.Integrinreceptorsareplayingcriticalrolesincell-to-cellcontacts,cell

adhesion and migration,and majorreceptorforcelladhesion and extracellular

matrix (ECM)(23).Among theintegrins,β1integrin hasbeen wellknown to

mediatecelladhesionandmigration,andexpressionofMMP-2/-9.Afterligand

stimulation or integrin engagement, focal adhesion kinase (FAK) becomes

phosphorylated,whichleadsthephosphorylationofdownregulatorsuchasAktand

Erk.Subsequently,activation ofthesesignaling moleculesleadsto increaseof

MMPsproduction,promotinginvasionofmigrationoftumorcells(24-28).

Asmentionedabove,wehasbeenshownthatantitumoreffectof5’-NIO invitro

andinvivo(2,3).However,theanti-invasiveeffectsof5’-NIO insalivarygland

tumorhasnotbeen studied yet.Therefore,in thisstudy,weinvestigated the

inhibitoryeffectsof5’-NIO onsalivaryglandadenocarcinomaSGT cellinvasion

andmigrationbytargetingβ1integrin/Aktsignalingpathway.
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Ⅱ.Materialsandmethods

1)Cellculture

SGT humansalivaryglandadenocarcinomacells(29)wereculturedinDulbecco's

modified Eagle's medium (DMEM)supplemented with 10% fetalbovineserum

(GIBCO),100μg/mlstreptomycinand100units/mlpenicillinat37℃ ina5% CO2

humidifiedincubator.Cellsweretreatedwithdifferentconcentrationsof5'-NIOfor

24h.

2)Cellproliferationassay

Cellviabilitywasdeterminedusing theMTT assay.Thecellswereseededat

3×10
5
cells/mlintothe12wellplates.Cellsweretreatedwith5'-NIO(dissolvedin

0.1% DMSO)for24h.Cellswerewashedtwicewithice-coldPBS,and0.5mlof

cell culture medium and 50 μl of 3-(4,5-dimethylthiazol-2-yl)-2,

5-diphenylte-trazolium bromide reagent(5 mg/mlin PBS)were added.After

incubation3hat37℃ themediawasremovedand250μlofacid-isopropanol(0.04

mol/L HCL in isopropanol)wereadded.Theopticaldensity (OD)valueofthe

dissolvedsolutewasthenmeasuredbyaMicroplateAutoreaderELISA (Bio-Tek

InstrumentsInc.,Winooski,VT)at570nm wavelength.

3)Matrigelinvasionassay

Cellinvasion assay was performed using a Matrigelinvasion assay kit(BD

Biosciences)bymeasuringtheaccordingtothemanufacturer'sinstructions.Briefly,

serum freemediasupplementedwith5'-NIO wasaddedtothewell.Cellswere

seededintheinsertofthetranswellplateandincubatedfor22hat37℃ Thecells

thatinvadedtothelowersurfaceofthemembranewerefixedwithmethanoland

stainedwithhematoxylinfor5min.At×200magnification,fiveareasfrom each

samplewasrandomly selected and captured using an Olympus BX41 inverted

microscopeandinvasioncellswerecountedaspreviouslydescribed(30).
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4)Wound-scratchassay

Afterthecellswereallowedtoattachandreachconfluencein60mm culturedish,

ascratch(3mm)wasmadethroughtheculturedish.Thecellswerewashedtwice

withPBSbeforetheirsubsequentincubationwithculturemedium inthepresence

of5'-NIO,andphotographsweretaken(×100)inseriesatdifferenttimepoints.

Thepercentageofwound closurewasevaluated using theformula(sizeafter

treatedreagent/initialwoundsize)× 100.Theexperimentswereperformedin

triplicate(31).

5)Cellmigrationassay

CellmigrationassaywasperformedusingaChemotaxisCellMigrationAssaykit

(CHEMICON)accordingtothemanufacturer'sinstructions.Thecellswerecollected

by trypsinization and suspended in serum-freemediaat2×105/ml.5'-NIO was

treatedoutsideoftheinsert.Thecellswereallowedtomigratefor24hat37℃ in

ahumidifiedatmospherecontaining5% CO2.Thecellsthatmigratedtothelower

surfaceofthemembranewerefixedwithmethanolandstainedwithhematoxylin

for5min.Five(× 200)imagesfrom each samplewasrandomly selectedand

captured using an OlympusBX41invertedmicroscopeand migrated cellswere

counted(30).Andmigratedcellsarelysedusingthecelllysisbufferandwhich

are determined with the CyQUANT GR Dye using fluorescence plate reader

(Varioskan,ThermoElectronCo,Waltham,MA,USA)at480/520nm.Asanother

experiment,50μloftypeIcollagen(20μg/ml)wastreatedin24-wellplatesfor3

hat37℃.Thecellswereseededininserttreatedwith5'-NIO aftertreatmentof

20μg/mltypeIcollagen,andcellmigrationwasevaluatedusingaChemotaxisCell

MigrationAssaykit.

6)Westernblotanalysis

SGT cellswereseededat3×10
5
cells/mlintothe6-wellplateandtreatedwith

5'-NIO.Thecellswerelysedinlysisbuffer(137mM NaCl,15mM EGTA,0.1

mM sodium orthovanadate,15mM MgCl2,0.1% TritonX-100,25mM MOPS,100
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μM phenylmethylsulfonylfluorideand20μM leupeptin,adjustedtopH 7.2).Then

protein concentrations were measured at570 nm using Microplate Autoreader

ELISA (Bio-TekInstrumentsInc.,Winooski,VT).Thetotalprotein(40-50μgper

lane)wasresolvedby7.5-15% SDS-PAGEandtransferredontoPVDFmembranes.

AfterblockinginTBS(20mmol/LTris,137mmol/LNaCl,1g/L,pH 7.6)with

5% skim milkfor2hatroom temperature,themembraneswereincubatedwith

primary antibodies at37℃ overnight.Antibodies ofβ1 integrin,FAK,pFAK,

c-Myc,MMP-2andMMP-9werefrom SantaCruzBiotechonology.Andantibodies

ofAkt,pAkt,ErkandpErkwerefrom CellSignaling.Themembraneswerethen

washedthreetimeswith0.05% tween20-TBS (TBS-T),followedbyincubation

for1h with secondary antibodies(1:5000;SantaCruzBiotechnology)atroom

temperature.Finally,themembraneswerevisualizedusingtheWestZOL PLUS

detectionreagentintheLAS-1000.

7)RT-PCR

cDNA synthesisandreverse-transcriptionpolymerasechainreaction(RT-PCR)for

β1integrin,MMP-2,MMP-9andGAPDH mRNA wereperformedandtheresults

wereanalyzed.cDNA wassynthesizedfrom 2μgtotalRNA usinganOneStep

RT-PCR kit.ThePCR consistedofaninitialdenaturationat94℃ for2min;30

cyclesof94℃ for15sec,55℃ for30secand72℃ for1min;afinalextensionat

72℃ for10 min.The PCR products were separated on a 1.2% agarose gel,

visualized,andphotographedusingageldocumentationsystem.
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Oligo Prime Sequence

β1integrin Forward 5'-ATGCCTACTTCTGCACGATGTG-3'

Reverse 5'-GATGGCATCGAAACCACCTTCT-3'

MMP-2 Forward 5'-CTTCCAAGTCTGGAGCGATGT-3'

Reverse 5'-TCTCCCAAGGTCCATAGCTCA-3'

MMP-9 Forward 5'-CCTGCAACGTGAACATCTTCG-3'

Reverse 5'-GCCTGTGTACACCCACACCTG-3'

GAPDH Forward 5'-CCAAGGTCATCCATGACAACT-3'

Reverse 5'-GTCATACCAGGAAATGAGCTTGACA-3'

Table1.OligonucleotidesequencesofPCRprimersusedinthisstudy

8)Gelatinzymography

MMP-2andMMP-9enzymaticactivitieswereassayed by gelatin zymography.

Supernatants from 5'-NIO-treated cultures were electrophoresed on an 8%

SDS-PAGEcontaininggelatin.Thegelwaswashedthreetimeswithrenaturating

buffer,followed by abriefrinsing in distilled water,and then incubated with

developmentbufferat37℃.Afterincubation,thegelwasstainedwithCoomassie

BrilliantBlueG250(0.1% in25% methanoland10% aceticacidinwater)and

destainedinthesamesolutioninabsenceofthedye(17).

9)Celladhesionassay

TypeIcollagenwasdilutedinPBStostatedconcentrations,and50μl/wellwas

addedto96-wellplatesandplacedovernightat4℃.Afterthecoating,thewells

wererinsedwithPBS,andnonspecificbindingsiteswereblockedwith1% BSA at

37℃ for1h.Differentdosesof5’-NIO wereappliedtoeachwellandtheplates

wereincubatedat37℃ for30min.Subsequently,5×10
4
cellswereaddedineach

wellandallowedtoadhereat37℃ for30to90min.Nonadherentcellswererinsed

offwithPBS,andtheremainingcellswerefixedwith4% paraformaldehydefor5

min.Cellswerestainedwith0.5% toluidinebluein4% paraformaldehydefor5min

andrinsedinwater.Cellsweresolubilizedwiththeadditionof100μlof1% SDS

and quantified in a Microplate Autoreader ELISA (Bio-Tek Instruments Inc.,

Winooski,VT)at595nm (32).
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10)Statisticalanalysis

Thedifferencesinmeanvaluesamongdifferentgroupsweretested,andthevalues

wereexpressedasmean±SD.Allofthestatisticalcalculationswerecarriedout

usingMicrosoftExcel.ValuesofP<0.05wereconsideredsignificant.
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Ⅲ.Results

1.Effectof5’-Nitro-IndirubinoximeonSGT cellviability

ThecellviabilityofSGT cellswasexaminedbyMTT assayattheabsenceor

presenceof5'-NIO.Comparedwiththatofcontrols,thecellviabilitysignificantly

decreasedby5'-NIO inamannerdependentondose(Fig.1).Treatmentwith0.5

and1 μM of5'-NIO reducedcellviability by approximately 15%.Thus,these

concentrations of 5’-NIO were determined to be used during subsequent

experiments.

Fig.1.Effectof5'-Nitro-Indirubinoximeon SGT cellviability.SGT cells

wereincubatedwithdifferentdosesof5'-NIO(0.5,1,2.5and5μM)for24h.Cell

viabilityratesweremeasuredbyMTT assay.5'-NIO reducescellviabilityina

dose-dependentmannerinSGTcells.

2.Effectof5’-NIOonSGT cellinvasionandmigration

Cellmigrationandinvasionareoffundamentalimportanceintumormetastasisand

angiogenesis(33,34).Toinvestigatewhether5’-NIO inhibitstumorinvasionand
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migration,matrigelinvasion,woundscratchandmigrationassayswereperformed

in 5’-NIO-treated SGT cells.Treatment with 0.5 μM 5’-NIO reduced the

invasivenessofcellsand1μM 5’-NIO significantlyblockedtumorinvasion(Fig.

2).Inaddition,5’-NIO suppressedthemigrationofSGT cellsacrossthewounded

spaceinatimeanddosedependantmanner(Fig.3A).Thissupportedtheresults

obtainedfrom themigrationassay(Fig.3B,CandD).Theseresultssuggestthat

5’-NIO maybeeffectiveforsuppressinginvasionandmigrationofsalivarygland

carcinoma.

Fig.2.Effectof5'-NIO onSGT cellinvasion.(A)Thecellswereculturedin

the presenceofvarious concentrations of5'-NIO for24 h within a matrigel

invasionchamber.(×200)(B)Theinvasivenesswasquantifiedandispresentedin

thegraph.5'-NIO suppressedtheinvasivenessofSGT cellsinadosedependent

manner.
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Fig.3.Effectof5'-NIO onSGT cellmigration.(A)SGT cellsweretreated

with5'-NIO,andphotographsweretaken(×100)inseriesatdifferenttimepoints.

5'-NIO blockedthemigrationofSGT cellsacrossthewoundedspaceinatime

anddosedependantmanner.(B∼D)Thecellswereculturedinthepresenceof

various concentrations of5'-NIO for 24 h within a migration chamber.(B)

Microscopyimagesdetectedcellsthatmigratedintotheinnermembrane.(×200)

(C)The cellmigration was quantified by counting the numberofcells that

migratedintotheinnermembrane.Treatmentwith5'-NIOsignificantlyreducedthe

cellmigrationinadosedependentmanner.(D)Migratedcellnumbermeasuredby

relative fluorescence,and 5'-NIO inhibited cellmigration in a dose dependent

manner.

3.Effectof5’-NIOonβ1integrin/Aktsignalingpathway

Celladhesiontoextracellularmatrix(ECM)proteinsismediatedbyintegrinsthat

playasignificantroleintumorprogressionandmetastasis(35).Recently,ithas

beenreportedthatorgan-specificsitesofmetastaticlesionsaredeterminedatleast

inpartby β1integrin-mediatedadhesiontoandinvasionintothesubendothelial

extracellularmatrix,and furthermore,differentmetastatic behaviors oftumors

correlate with β1 integrin-mediated adhesive properties (36,37).Treatmentof

5’-NIO suppressed the production ofcellsurface β1 integrin (Fig.4A).And

phosphorylation of FAK,Akt,and Erk was also reduced by 5’-NIO in a

dose-dependentmanner(Fig.4A).Moreover,5’-NIO alsoinhibitedtheexpression

ofc-Mycand MMP-2/-9in adose-dependentmanner(Fig.4A).Toexamine

whether5’-NIOaffectsthesteady-statelevelsofβ1integrin,MMP-2,andMMP-9

mRNAs,RT-PCRwasperformed(Fig.4B).TheamountofmRNA expressionsfor

β1 integrin, MMP-2, and MMP-9 were also reduced by 5’-NIO in a

dose-dependentmanner.
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Fig.4.Effectof5'-NIO on β1integrin/Aktsignaling pathway.SGT cells

exposuretodifferentconcentrationsof5'-NIO (0.5,1and2.5μM)for24h.(A)

5'-NIO wasdecreased β1integrin,phosphorylationofFAK,AktandErk,down

regulated theexpression ofMMP-2,MMP-9in adose-dependentmanner.(B)

Furthermore,mRNA measured by RT-PCR,and 5'-NIO suppressed MMP-2/-9

mRNA expression.

4.Effectof5’-NIOonMMP-2/-9secretion

Extracellularmatrix breakdown is pivotalforcellularinvasion,indicating that

matrix-degradingproteinasesareessentialfortumorcellmetastasis(38).Therefore,

wedeterminedtheactivityofMMP-2andMMP-9bygelatinzymographyafter24

hincubationwith5’-NIO inSGT cells.AsshowninFig.5,treatmentof5’-NIO

suppressedthegelatinolyticactivitiesofMMP-2andMMP-9ofSGT cellsina

dosedependentmanner.
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Fig.5.Effectof5'-NIO onMMP-2/-9secretion.Thecellsweretreatedwith

5'-NIO for24h.Eachconditionedmediawascollected,andthenwasanalyzedfor

thegelatinolyticactivitiesbyzymography.5'-NIO decreasedMMP-2/-9secretion

inadosedependentmanner.

5.Effectof5’-NIOonSGT celladhesiontotypeIcollagen

TheECM isacomplex mixtureofmatrix moleculeswhich aretypically large

glycoproteins,includingthefibronectins,collagens,lamininsandproteoglycans(39).

AmongtheECM ligands,typeIcollageniscrucialfortumorcelladhesionand

spreading (40,41).To examine theinfluence oftheECM on SGT cells,we

performedSGT cellattachmenttotypeIcollagenusingadhesionassays(Fig.6).

SGT celladhesiontotypeIcollagenissignificantlyreducedby5’-NIO inadose

dependentmanner.TheseresultssuggestthatadhesiontotypeIcollagenofSGT

cellsinculturecanbeinfluencedthrough5’-NIO.
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Fig.6.Effectof5'-NIO onSGT celladhesiontotypeIcollagen.Cellwere

treatedwithvariousconcentrations(0.5,1and2.5μM)of5'-NIO andwerethen

subjectedtoanalysesforcell-matrixadhesionasdescribedintheMATERIALS

AND METHODS.SGT celladhesiontotypeIcollagenwassignificantlyreduced

by5'-NIOinadosedependentmanner.

6.Effectof5’-NIOonproteinexpressionaftertypeIcollagentreatment

Toconfirm thepriorresults,wemeasuredeffectof5’-NIO onproteinexpression

after type Icollagen treatment.Treatmentoftype Icollagen increased the

expression ofβ1 integrin,MMP-2 and MMP-9,and phosphorylation ofFAK

compare with control(Fig.7A).In addition,SGT cells with type Icollagen

treatmentwere exposed to differentconcentrations of5’-NIO for24 h.The

expressionofβ1integrin,MMP-2,andMMP-9andphosphorylationofFAK was

suppressedby5’-NIOinadose-dependentmanner(Fig.7B).
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Fig.7.Effect of 5'-NIO on protein expression after type I collagen

treatment.(A)SGT cellsexposuretotypeIcollagenfor3h.TypeIcollagen

treatedSGT cellswasincreased β1integrin,phosphorylation ofFAK,MMP-2,

MMP-9comparewithcontrol.(B)SGT cellsexposuretodifferentconcentrations

of5'-NIO (0.5,1and2.5μM)for24haftertypeIcollagentreatmentfor3h.

5'-NIO wasdecreasedβ1integrin,phosphorylationofFAK,MMP-2,MMP-9ina

dose-dependentmanner.

7.Effectof5’-NIOonSGT cellmigrationaftertypeIcollagentreatment

Finally,weinvestigatedwhether5’-NIO inhibitscellmigrationenhancedbytypeI

collagen.SGT cellsmigrationincreasedbytypeIcollagencomparewithcontrol.

And5’-NIO suppressedthemigrationofSGT cellstreatedwithtypeIcollagenin

dosedependentmanner(Fig.8).
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Fig.8.Effect of 5'-NIO on SGT cellmigration after type Icollagen

treatment.(A)Thecellswereculturedinthepresenceofvariousconcentrations

of5'-NIO for24haftertypeIcollagentreatmentfor3hwithinamigration

chamber.Microscopyimagesdetectedcellsthatmigratedintotheinnermembrane.

(×200)(B)Thecellmigrationwasquantifiedbycountingthenumberofcellsthat

migratedintotheinnermembrane.Comparedwiththatofcontrol,typeIcollagen

increasedSGTcellsmigrationand5'-NIOsignificantlydecreasedcellmigration.
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Ⅳ.Discussion

Cancermetastasisoccursbyamulti-stepprocessinvolvingalterationsintumor

celladhesion,migration,and invasion (42).The majormechanisms ofcancer

invasionandmigrationareprimarycancercellsdisseminateandgrow atadistant

siteresultinginasecondarytumor(43).Tumorinvasionandmetastaticspreadare

complex,multistepprocessesrequiringadynamicinteractionoftumorcellswith

hostenvironment.When cancer cells invade and migrate,various proteolytic

enzymescontributetothedegradationofECM (17,18).Moreover,cellsinteract

with the ECM proteins via transmembrane proteins,of which the integrin

superfamily ofcellsurfacereceptorshasbeen themoststudied.Integrinsare

known to be crucial regulators of tumor cell interactions with the

microenvironment.The β1 integrin subunit heterodimerizes with at least 12

differentα subunits,creatingreceptorsthatmediatecellinteractionswithawide

variety of ECM ligands such as collagen,laminin,and fibronectin.These

interactions,in turn,modulate diverse cell behaviors,including proliferation,

survival,adhesionandmotility.Theβ1integrinhasbeenstudiedextensivelyinthe

biologyofsolidtumors,anditsexpressionhasbeenshowntocorrelatewithpoor

prognosisincancersofthelung(44),pancreas(45),andcutaneousmelanoma(46).

The β1integrinisalsoimplicatedintheprogressionandmetastasisofhuman

breastcancer(47,48).Finally,signaling through the β1integrin isthoughtto

mediateresistancetochemotherapyandradiotherapyinlung,breastcancer,and

hematologicmalignancies(49-51).

5’-NIO isoneofindirubinderivativesandreportedthatithasinducedapoptosis

andsuppressedthecellgrowththroughthearrestingcellcycleinvarioustypesof

humancancercells(1,4-8).Moreover,wehavepreviouslydemonstrated5’-NIO

inhibitsthetumorproliferationandinducesapoptosisinarattumormodel(3).

However,therelationshipbetween5’-NIO andtumormigrationandinvasionhas

notyettobeestablished.Inthisstudy,weinvestigatedwhether5’-NIO inhibits

invasionandmigrationinsalivaryglandadenocarcinomaSGTcells.



- 18 -

First,weexaminedcellviabilityusingtheMTTassayandshownthecellviability

ofapproximately85% in1μM 5'-NIO (Fig1).Thus,wetreatedcellswith0.5,1

and2.5 μM 5'-NIO insubsequentexperiments.Next,weobservedtheeffectof

5’-NIO in SGT cell invasion and migration using the invasion assay,

wound-scratch and migration assay.We confirmed that 5’-NIO inhibits the

invasion and migration compared with control(Fig 2 and 3).As previously

reported,integrin-mediated signals can activate the Akt/Erk pathway and its

subsequentsignaling functions(24-28).Ithasbeen demonstrated thatintegrins

inducephosphorylationofFAK,AktandErk.Moreover,thesesignalshavebeen

reportedtodirectlyinvolvetheregulationofexpressionofMMP-2andMMP-9

(52-54).Therefore,weinvestigated β1integrinsignalingpathwayusingwestern

blot and RT-PCR. As expected, we showed β1 integrin is leading the

phosphorylationofFAK,Akt,andErkanddownregulatetheMMP-2andMMP-9

(Fig.4).Additionally,weshowed5’-NIO decreasedMMP-2andMMP-9activity

usinggelatinzymography(Fig5).

WealsoinvestigatedSGTcellattachmenttotypeIcollagenusingadhesionassays

(Fig.6).SGTcelladhesiontotypeIcollagenissignificantlysuppressedby5’-NIO

inadosedependentmannercomparewithcontrol.Toconfirm thepriorresults,

SGT cellsexposuretotypeIcollagenfor3handSGT cellstreatedwithtypeI

collagenincreasedexpressionofβ1integrin,phosphorylationofFAK,MMP-2and

MMP-9comparedwithcontrol(Fig.7A).Inaddition,5’-NIO decreasedexpression

ofβ1integrin,phosphorylationofFAK,MMP-2andMMP-9comparewithtypeI

collagentreatmentinadosedependantmanner(Fig.7B).Toinvestigatewhether

5’-NIO suppress to migrated cells by type Icollagen,migration assays were

performedinSGTcellstreatedwith5’-NIO.SGTcellsmigrationincreasedbytype

Icollagencomparedwithcontrol.And5’-NIOinhibitedthemigrationofSGT cells

treatedwithtypeIcollageninadosedependantmanner(Fig.8).Theseresults

suggestthatadhesionandmigrationtotypeIcollagenofSGT cellsinculturecan

beinfluencedthrough5’-NIO.

Inconclusion,invasionandmigrationwasdependentonproductionsofMMP-2/-9

through β1integrin,phosphorylationofFAK,AktandErk.Asmentionedabove,
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undertheinfluenceof5’-NIO decreasedβ1integrinactivation,whichisdecreased

phosphorylationofFAK,AktandErk.Thenthesesignalingmoleculestoblocked

MMPsproduction and subsequentsuppressed invasion and migration.Ourdata

showedthat5’-NIO couldinhibittheinvasionandmigrationofhumanSGT cells

via thesemechanisms.Therefore,ourresultsindicated that5’-NIO may bea

valuableanti-invasivedrugcandidateforsalivaryglandcancertherapy.
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