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ABSTRACT

Saccharina japonica is a marine algae which belongs to family of

Phaeophyceae(brownalgae)andextensivelycultivatedinChina,Japanand

Korea.Brown algae contain bioactive compounds which can serve as

anti-oxidant, anti-diabetic, anti-amnesia and anti-cancer material. The

potentialanti-cancereffectofn-hexanefractionofS.japonicawasevaluated

inSK-Hep1humanhepatocellularcarcinomacells.N-hexanefractionreduced

theviabilityofwhatandincreasedthenumbersofapoptoticcellsinboth

dose- and time-dependentmanner.The effectofn-hexane fraction on

apoptosis was activated by both caspase-dependent and independent

pathways.Thecaspase-dependentcelldeathpathwaywasmediatedbycell

surface death receptors and activated caspase-8 amplified the apoptotic

signaleitherbydirectactivationofdownstream caspase-3orpro-apoptotic

protein(Bad,BaxandBak)subsequentlyledtothereleaseofcytochromec.

On theotherhand,caspase-independentapoptosiswasmediated by the

disruptionofthemitochondrialmembranepotentialandthetranslocationof

AIF to nucleus, where they induce chromatin condensation and/or

large-scale DNA fragmentation.In addition,n-hexane extracts induced

endoplasmic reticulum (ER)-stress and cell cycle arrest.The results

suggestedthatthepotentialanti-cancereffectofn-hexaneextractfrom S.

japonicaonSK-Hep1cells.
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INTRODUCTION

Hepatocellularcarcinoma(HCC)isamajorhealthproblem,accountingfor

morethan 626,000new casesperyearin theworld.Theincidenceof

hepatocellularcarcinomaisincreasinginmanycountries,anditisthethird

leading causeofcancer-related death globally,behind lung and stomach

cancers(Parkinetal.,2002).HCCisdiagnosedin30to40% ofallpatients

atearlystagesandisamenabletopotentiallycurativetreatments,suchas

surgery,livertransplantationetc.Five-yearsurvivalratesofupto60to

70% canbeachievedinwell-selectedpatients.However,diseasediagnosed

atanadvancedstageorwithprogressionafterlocoregionaltherapyhasa

dismalprognosis,owingtotheunderlyingliverdiseaseandlackofeffective

treatmentoption(Bruixetal.,2001;Llovetetal.,2003).

Recentstudies have been carried outto find cancerchemo-preventive

and/orchemo-therapeuticagentsfrom edibleandnaturalresourcessuchas

fruits,vegetables,andterrestrialplants(Parketal.,2002).Somestudies

havereported thatnaturalproductshavepositiveeffectsagainstcancer

compared with chemotherapy. Therefore, many vegetables, fruits and

medicinalherbshavebeenexaminedtoidentifynew andeffectiveanticancer

compounds(Aherneetal.,2000).

Mostrecently,pharmaceuticalcompanieshavestartedtheirsearchfornew

drugsfrom marineorganismsincludingseaweeds.Seaweedsareoneofthe

naturalresourcesinthemarineecosystem.Itcontainsvariousbiologically

active compounds which have been used as source offood,feed and

medicine(Lincoln etal.,1991).Recentfindingsevidenced thatseaweeds

containedantiviral(Matsuhiroetal.,2005),antibacterial(Xuetal.,2003),

antifungal(Lietal.,2006),and antitumoral(Xu etal.,2004)potentials.

Therefore,we selected Saccharina japonica which belongs to family of

Phaeophyceae(brownalgae)andextensivelycultivatedinChina,Japanand

Korea,toanalyzeitseffectagainsthepatocellularcarcinoma.

Brownalgaecontainseveralcompoundswithbiologicalactivities.Among

othertraditionalfood products,marinealgaecontain polysaccharidesand
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iodine organic products,mannitol,macro- and micro elements,vitamins,

unsaturatedfattyacids,andotherbiogeniccompounds.

Inthepreviousstudies,researchershavefoundthatbrownalgaeandits

extractsinhibitedtheproliferationofbreasttumorcells,lung metastases,

andleukemiainanimalmodels(Ohigashietal.,1992,Itohetal.,1995,Riou

etal.,1996,Funahashietal.,1999,Funahashietal.,2001).Funahashietal.

(1999)have shown thatwakame extracts (wakame soaked in animals’

drinkingwater)haveapotentinhibitoryeffectontheprogressionofmouse

mammarytumors.Similarextractsproducedanequallyprofoundapoptotic

effectonbreastcancercellsinvitrowhiletheextractswerenontoxicto

normalbreastcells.Whenbrownseaweedwasincludedintheanimals’diet,

itwasveryclearthattherewasananticancereffectiningestionalthough

theactivecomponentshavenotbeendetermined(J.HelenFitton.,2003).

Theapoptosisisaprocessofcelldeaththatwasoriginallydescribedby

its morphologicalcharacteristics including cellshrinkage and chromatin

condensation (Kerr et al., 1972). Apoptosis is essential for normal

developmentandhomeostasisinmulticellularorganismsandalsoservesasa

defensemechanism toeliminateharmfulcells,suchastumorcellsandcells

infectedbyviruses(Jacobsonetal.,1997).Ithasshownthatmitochondria

playessentialrolesinapoptosis(Zamzamietal.,1996,Kroemeretal.,1997,

Greenetal.,1998).Cytochromec,anessentialcomponentoftherespiratory

chain ofthe mitochondria,is released in response to various apoptotic

stimuli(Klucketal.,1997,Bossy-Wetzeletal.,1998),andbindstoapoptotic

proteaseactivatingfactor1(Apaf1),leadingtotheformationofapoptosome.

Apoptosome then proteolytically activates caspase-9,and the activated

caspase-9cleavesthedownstream caspasesincludingcaspase-3,6,and7,

bringingaboutapoptoticcelldeathbydigestingessentialcellularproteins

(Zouetal.,1997,Lietal.,1997).Ontheotherhand,mammaliancellsina

certain circumstance can undergo caspase-independentapoptosis thatis

mediatedbythedisruptionofthemitochondrialmembranepotentialandthe

translocation ofAIF and endonucleaseG to nucleus wherethey induce

chromatincondensationand/orlarge-scaleDNAfragmentation(Creganetal.,
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2004).

The ER is a continuous membrane system thatconsists ofmultiple

domainsthatperform differentfunctions(Sitia,Retal.,1992).Theseinclude

translocationofsecretoryproteinsacrosstheER membrane,integrationof

proteinsintothemembrane,foldingandmodificationofproteinsintheER

lumen,synthesis ofphospholipids and steroids,detoxification,storage of

calcium ionsintheER lumenandtheirreleaseinthecytosolaswellas

segregationofnuclearcontentsfrom thecytoplasm (Voeltz,G.Ketal.,2002).

ProperfunctionoftheERisessentialtocellsurvivalandanyperturbation

ofitsfunction inducescellulardamageandresultsin apoptosis.Various

conditionscandisturbERfunctions,eventscollectivelytermed“ER-stress”.

These stresses include inhibition ofprotein glycosylation,reduction of

formation of disulfide bonds,calcium depletion from the ER lumen,

impairmentofproteintransportfrom theER totheGolgi,expressionof

misfoldedproteins,etc.TheER isregulatedby signaling pathwaysthat

respondtoaccumulationofunfoldedormisfoldedproteinsintheorganelle.

To survive and adapt under ER-stress conditions, cells have a

self-protectivemechanism againstER-stress,which hasbeen termedthe

ER-stressresponse(MoriK.,2000,KaufmanRJ,1999).

TocombatthedeleteriouseffectsofER-stress,cellshaveevolvedvarious

protectivestrategies,collectivelytermedtheunfoldedproteinresponse(UPR).

ThisconcertedandcomplexcellularresponseismediatedthroughthreeER

transmembranereceptors:pancreaticERkinase(PKR)-likeERkinase(PERK),

activating transcription factor6 (ATF6)and inositol-requiring enzyme1

(IRE1)(OyadomariSetal.,2002,MoriK.,2000).Atleastfourfunctionally

distinctresponseshavebeenidentified.Thefirstoneinvolvesupregulation

ofthegenesencoding ER chaperoneproteinstoincreaseprotein folding

activity and to prevent protein aggregation.The second consists of

translationalattenuationtoreducetheloadofnew proteinsynthesisandto

preventfurtheraccumulationofunfoldedproteins.Thethirdisdegradation

ofproteinsmisfoldedintheERandthisiscalledER-associateddegradation

(ERAD).ThefourthisapoptosiswhichoccurswhenfunctionsoftheERare
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extensivelyimpaired(OyadomariSetal.,2002).

In this study,we evaluated the potentialanti-cancer activities ofS.

japonican-hexaneextractinSK-Hep1hepatocellularcarcinomacells.
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MATERIALSANDMETHODS

Seaweedmaterial.

S.japonicawasharvestedfrom Kijangaquaculturefarm inKoreaonMay

2010.Thesamplesweredriedincold-airdrier(60°C)for40hrandground

withahammermill.Thedriedpowderwasstoredat-20°Cuntilused.

Extractionandfractionation.

Thedriedpowder(2kg)ofS.japonicawasrefluxedwithethylalcohol

(95%,v/v)for3hr.Theextract(446.0g)wassuspendedin H2O:ethyl

alcohol(9:1,v/v)and partitioned with n-hexane,dichloromethane,ethyl

acetate(EtOAc),n-butanol(n-BuOH),andwaterinsequence,yieldingthe

n-hexane(135.5g),dichloromethane(18.1g),EtOAc(39.6g),n-BuOH (55

g),andwater(162.8g)fractions.Then-hexanefractionwassubjectedto

preparativesizeexclusioncolumnofShim-packPREP-ODS(500mm x21.2

mm,ShimadzuCo.,Tokyo,Japan).AnexclusionHPLC apparatusconsisted

ofa pump (Shimadzu LC-6AD),a photodiode array detector(Shimadzu

SPDM20A),an online degasser (Shimadzu DUG-20A3),an autosampler

(SIL-20A),afraction collector(Shimadzu FRC-10A),asystem controller

(CBM-20A),andaShimadzuLCsolution(ver.1.22sp).Then-hexanefraction

was chromatographed on a Shim-pack PREP-ODS column eluting with

methanolataflow rateof5.0mL∙min
-1
andmonitoredat240nm.The

fractionwasseparatedintofourfractions(GS1~GS4).TheGS3fraction

waschromatographedoverPhenomenexC18-ODS(PhenomenexCo.,Tokyo,

Japan).A preparativeODS HPLC system was similarto the exclusion

HPLC system exceptfora binary pump (Phenomenex LC-6AD)and a

columnoven(PhenomenexCTO-20A).TheseparationofGS3fractionwas

conductedusingmobilephasewater(solventA)andmethanol(solventB).

Theelutionprofileconsistedofalineargradientfrom 20to70% solventB

for90min.Theflow ratewas7.0mL∙min
-1
,anddetectionwasperformed

at 216 nm. The fraction gave fifteen subfractions (GS3-ODS1 ~

GS3-ODS15).
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Cellculture.

Allthecelllineswerepurchasedfrom AmericanTypeCultureCollection

(ATCC,Rockville,MD,USA).Human hepatocellularcarcinomaSK-Hep1

cellsweremaintainedinMinimum EssentialMedium withEarle’sbalanced

salts(MEM/EBSS)(Hycolne,Logan,UT,USA)supplemented with 10%

heat-inactivated fetal bovine serum (Hyclone), and 1%

penicillin-streptomycin(PAA LaboratoriesGmbH,Pasching,Austria)at37°C

inhumidifiedatmosphereat95% airand5% CO2.Thehumanembryonic

kidney HEK293 cells were maintained in Dulbecco’s Modified Eagle’s

Medium (DMEM)(Hyclone)supplementedwith10% heat-inactivatedfetal

bovine serum, and 1% penicillin-streptomycin at 37°C in humidified

atmosphereat95% airand5% CO2.THLE-3cellswereculturedinflask

coatedwith0.01mg∙mL-1fibronectin,0.03mg∙mL-1bovinecollagentype

1and0.01mg∙mL
-1
bovineserum albumin for24h and cultivated in

BronchialEpithelialCellBasalMedium (BEBM)withBEGM SingleQuotkit

exceptGA-1000and Epinephrine(LonzaGroup Ltd.,Basel,Switzerland),

10% heatinactivated fetalbovine serum (Lonza Group Ltd.)and 1%

penicillin-streptomycin (PAA Laboratories) at 37°C in a humidified

atmosphereof5% CO2.

Cellviabilityassay.

The S.japonica n-hexane fraction was dissolved in dimethylsulfoxide

(DMSO,Sigma,St.Louis,MO,USA).ThefinalconcentrationofDMSO in

the culture medium was not exceeded 0.04% (v/v),and the same

concentration ofDMSO was added to the controldishes.Forthe cell

viabilityassay,1x10
4
cellswereresuspendedin100μLmedium andseeded

ontoeachwellofa96-wellplate.Thecellswerethentreatedwith5,10,15

and20 μg∙mL-1 ofthefractionandwereincubatedfor24h.Afterthe

treatment,10μLofEZ-CytoxCellViabilityAssaySolutionWST-1® (Daeil

Labservice,Jong-No,Korea)wasaddedontoeachwellandthecellswere

furtherincubatedfor3handthenreadtheabsorbanceat460nm with

ELISAreader(MolecularDevices,siliconvalley,CA,USA).



- 7 -

Caspaseinhibitorassay.

Tocomparethecaspase-dependentand caspase-independentcelldeaths,

cellsweretreatedasfollowscontrol,Z-VAD-FMK (20μM),sample(10,15,

20μg∙mL-1)andsample(10,15,20μg∙mL-1)containingZ-VAD-FMK (20

μM)group.After24 h,cells were changed to a fresh medium.After

incubation,10μLofWST-1solutionwasaddedtoeachwellandfurther

incubatedfor3h.Theabsorbanceofsupernatantwasdeterminedat460nm

usingVersaMaxmicroplatereader(MolecularDevices).

WesternBlotanalysis.

Toconfirm theproteinlevelinadose-dependentmanner,SK-Hep1cells

werepreincubated in 10% FBS/MEM for48h.Themedium wasthen

replacedwiththemedium containning differentdoseofn-hexaneextract

followedbyfurtherincubationfor24h.Toconfirm theproteinlevelina

time-dependentmanner,SK-Hep1cellswereculturedandtreatedwith20μg

∙mL-1S.japonican-hexaneextractfor2,4,6,or12h.Theharvestedcells

werelysedinice-coldlysisbuffer[50mM Tris-Cl(pH 7.5),150mM NaCl,

1mM DTT,0.5% NP-40,1% TritonX-100,1% Deoxycholate,0.1% SDS

andcocktailofproteaseinhibitors(Intronbiotechnology,Gyeonggi,Korea)].

Afterincubationonicefor30min,theinsolublematerialswereremovedby

centrifugationat14,000rpm for20minat4°C.Theproteincontentofthe

celllysatesweredeterminedbyaProteinQuantificationKit(CBBsolution®)

(DojindoMolecularTechnologies,Rockville,MD,USA)withbovineserum

albumin(BSA)asstandard.EachsampleinLaemmlibufferwasboiledfor5

min,and then resolved by 12% SDS-polyacrylamide gelelectrophoresis

(SDS-PAGE).The proteins were electrotransferred onto a nitrocellulose

membrane(PALLLifeSciences,MI,USA)andblockedinPBSTbuffer(135

μM NaCl,2.7mM KCl,4.3mM NaPO4,1.4mM KH2PO4,0.5% Tween-20)

containing5% skim milk.Afterblocking,themembranewasprobedwith

primaryantibodies(CellSignalingTechnologyInc.,Danver,MA,USA)and

thenwashedthreetimeswithPBST bufferfollowedbyincubationfor1h

withhorseradishperoxidase-conjugatedanti-rabbitIgG oranti-mouseIgG
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assecondantibodies(CellSignalingTechnologyInc.).Theblotswerethen

washedinPBST bufferandvisualizedbyenhancedchemiluminescent(ECL)

detectionsolution(Pierce,Rockford,IL,USA).

DetectionofintracellularCa
2+
.

SK-Hep1cellswereseededina35×10mm coverglassbottom dish(SPL

lifesciences,Gyeonggi,Korea)andculturedat37°C.After24h,thecells

weretreatedwith20μg∙mL
-1
saccharinajaponican-hexaneextractfor0h,

1 h,2 h,3 h and 4 h.Then the cells wereincubated with 1.5 μM

Fluo-3AM (Invitrogen,Eugene,OR,USA)atroom temperaturefor30min

indark.ThesecellsontheslidesweremountedinProlongGoldAntifade

Reagent(Invitrogen,Eugene,OR,USA)followedby observation undera

NikonECLIPS50imicroscopeequippedwithcharged-coupleddevice(CDD)

camera.ThefluorescenceintensityindicatingtheconcentrationofCa
2+
was

capturedandprocessedwithHigh-ContentAnalysisSoftware(Cambridge

Healthtechinstitute,Needham,MAUSA).

FACSanalysis.

SK-Hep1cellsweretreatedwith differentconcentrationsofS.japonica

n-hexaneextractfor24h.Thecellswereharvestedbytrypsinization,then

washedwithPBSandfixedin70% ethanolat4°Cforovernight.Cellswere

stainedwith40μg∙mL-1propidium iodidefor30minandanalyzedusinga

FACSCaliburapparatus(BectonDickinson,MountainView,CA,USA).

Immunofluorescenceofcleavedcaspase-3protein.

Cells were cultured on coverglass bottom dishes (SPL lifesciences,

Gyeonggi,Korea)for24handfixedwith4% formaldehyde(Sigma)for15

minatroom temperatureandthenblockedfor1hin5% mouseandrabbit

normalserum (SantaCruzBiotechnologyInc.,SantaCruz,CA,USA).Fixed

andblockedcellswereincubatedwithprimaryantibodies(cleavedcaspase-3

andβ-actin)(CellSignalingTechnologyInc.)for2handthenwith0.1μg

∙mL
-1
ofanti-mouseIgG (H+L),F (ab')2Fragment(AlexaFluor

®
555



- 9 -

Conjugate)andanti-rabbitIgG (H+L),F (ab')2Fragment(AlexaFluor®

488Conjugate)(CellSignalingTechnologyInc.)for1h.Stainedcellsonthe

slidesweremountedinProlongAntifadeReagent(Invitrogen,Eugene,OR,

USA)andobservedinfluorescentmicroscopeNikonECLIPS50imicroscope

equippedwithcharged-coupleddevice(CDD)camera(Nikon,Tokyo,Japan).

ImageswerecapturedandprocessedwithHigh-ContentAnalysisSoftware

(CambridgeHealthtechInstitute,Needham,MA,USA).

TUNELassay.

For in situ detection ofapoptotic cells,the terminaldeoxynucleotidyl

transferase-mediated deoxy-uridine triphosphate (dUTP)nick-end labeling

(ApopTag
®
PlusIn Situ ApoptosisFluorescein Detection Kit)(Millipore,

Billerica,MA,USA)wasusedtodetecttheDNA fragmentation.Cellswere

culturedoncoverglassbottom dishes(SPLlifesciences,Gyeonggi,Korea)in

MEM medium (Hycolne)containing 10% FBS and penicillin-streptomycin

(PAA Laboratories)for24hthenfixedin1% paraformaldehyde(pH7.4)for

10minatroom temperature.Thefixedcellswerethenincubatedwithcold

ethanolandaceticacidmixturefor5minat-20°Candthenwashedtwice

withicecoldPBS (135 μM NaCl,2.7mM KCl,4.3mM NaPO4,1.4mM

KH2PO4,0.5% Tween-20).Afterthat,thecellswereincubatedwithterminal

deoxynucleotidyltransferase(TdT)for1hatahumidifiedatmosphereand

wereimmersedinstop/washbufferfor10minatroom temperature.The

cellswerethenincubatedwithanti-digoxigeninconjugatesolutionfor30

min in a humidified chamber to avoid exposure to light. For the

counterstain,amountingmedium containing0.5μg∙ml-1ofPropidium Iodide

wasapplied.

Statisticalanalysis.

TheGraphPadPrism 5.0forWindow wasusedtodeterminethestatistical

significanceofthedifferencesbetweenthevaluesofvariousexperimental

andcontrolgroups.Determinationswereperformedin triplicatesandthe

resultswerepresentedasmeans±S.E.M.Incaseswheretherewasnoerror
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barseeninthegraph,itmeansthevariationissmallandthus,thebaris

hiddenbehind.ANOVA posthoctestandsubsequently,Dunnett’smultiple

comparisontestswereusedforstatisticalanalysis.



- 11 -

RESULTS

CelldeathofSK-Hep1byn-hexaneextractofS.japonica.

TodeterminewhethertheextractofS.japonican-hexaneexertsanticancer

effectsontheproliferationofSK-Hep1,THLE-3andHEK 293celllines,

dose-dependentandtime-dependentstudieswereconducted.Theresultof

thecellviability assay showedthatthen-hexaneextractofS.japonica

inhibited proliferation of SK-Hep1 cells in a dose-dependent manner.

However,thesamedoseofS.japonican-hexaneextractexhibited less

anti-proliferationeffectonbothTHLE-3andHEK 293cellscomparedto

SK-Hep1cells(Fig.1B).Thetreatedcellswereshrinkedandwerefloated

onthemedium astimeincreases(Fig.1A).Theresultsconfirm thatthe

extractofS.japonicaexertanticanceractivityonSK-Hep1withlesseffect

onnon-cancerTHLE-3andHEK293cells(Fig.1).
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(A)

(B)

Fig.1.Morphologicalchangesandthecellviabilitybyn-hexaneextractof

S.japonica.Aftertreatmentofn-hexaneextract,morphologicalchangesof

SK-Hep1cellswereexaminedatvarioustimes.Morphologyofthecellswas

visualized (×100)using an inverted microscope (A).Cellviability was

examinedbyWST-1assayaftertreatmentof5~20 μg∙mL-1 S.japonica

n-hexane extract on SK-Hep1 (human hepatocellular carcinoma cell),

THLE-3(humannormallivercell)andHEK 293(humannormalembryoinc

kidneycell)for24h(B).Forthecontrol,non-treatedcellswereused.The

barsrepresentmeans±S.E.M.ofthreeexperiments(***p<0.001).
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Inductionofcaspasesmediatedaoptosisintheextracttreatedcells.

AsshowninFig.2A,westernblotanalysisrevealedthatn-hexaneextract

ofS.japonicareleasescytochromecwiththepossibleinvolvementofthe

increasedexpressionofbothBax andBakasaninitialsignaltoinduce

apoptosis.Caspase-9 was activated by cytochrome c released from the

mitochondriaandtheactivatedcaspase-9cleavescaspase-3.Cellulardeath

receptorsmayalsoinitiatecaspasecascadebytheactivationofcaspase-8.

As cleaved caspase-8 was dramatically increased in a dose-dependent

manner,induced expression levelsofBad and cleaved caspase-3by the

extractwasdetectedinatime-dependentmanner(Fig.2B).Inaddition,we

observed a time dependentincrease in the expression levelofcleaved

caspase-3 in SK-Hep1 cells using immunofluorescence (Fig.2C).Both

WesternblotanalysisandimmunofluorescencesuggestthattheS.japonica

n-hexaneextractinduces notonly mitochondria butalso death receptor

mediatedapoptosisinSK-Hep1cells.
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(A)

(B)
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(C)

Fig.2.TheeffectsofS.japonican-hexaneextractontheexpressionlevels

ofapoptosisrelatedproteinsinSK-Hep1cells.Cellweretreatedwith0,10,

15and20μg∙ml-1S.japonican-hexaneextractfor24h.Equalamountsof

celllysates(25μg)weresubjectedtoSDS-electrophoresisandanalyzedby

Western blot against Bax, Bak, Cytochrome c, cleaved caspase-8,

procaspase-9,cleavedcaspase-9,andcleavedcaspase-3.β-actinwasused

ascontrolforshowingthesameamountsofproteinbeenloaded(A).The

expression levelsofBad and cleaved caspase-3 induced by S.japonica

n-hexaneextractwereincreasedinatimelymanner(B).Cellwereexposed

to20μg∙ml-1concentrationofn-hexaneextractfor0,2,4,6,12and24h.

Cellswerethenincubatedwithantibodyagainstcleavedcaspase-3followed

by labeling with the Alexa Fluor 488 and 555 conjugated secondary

antibodies.NucleiwerestainedwithDAPI(C).
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Apoptosisinduced by S.japonica n-hexaneextractis mediated by

bothcaspase-dependentandindependentpathways.

InordertoverifytheinvolvementofcaspasesinS.japonican-hexane

extractinducedcelldeath,weexaminedthecellviabilitywiththetreatment

ofZ-VAD-FMK,a caspase inhibitor.The cells were divided into two

groups.Oneistreatedwithdifferentconcentrationoftheextractandthe

otheris with a combination ofboth S.japonica n-hexane extractand

Z-VAD-FMK (20 μM).InSK-Hep1cells,between40% and60% ofcell

death wasinduced by thetreatmentof15 μg∙mL-1 n-hexane extract.

Whereas,thecombinationofZ-VAD-FMKandS.japonican-hexaneextract

showed less effecton the viability ofSK-Hep1 cells.There was no

difference in non-treated and Z-VAD-FMK only treated samples.The

results suggest that S. japonica n-hexane extract partly enhances

caspase-independentcelldeath(fig.3A).Furthermore,PARP cleavageand

AIF activation were also demonstrated by western blotanalysis in a

dose-dependentmannerin SK-Hep1 cells(Fig 3B).Caspase-independent

apoptosis is mediated by the disruption ofthe mitochondrialmembrane

potentialand the translocation of AIF to nucleus where they induce

chromatin condensation and/orlarge-scaleDNA fragmentation.Ourresult

suggestthattheincreasedexpressionofcleavedPARPandAIFrevealsthe

partialinvolvementofcaspase independentcelldeath in SK-Hep1 cells

treatedwithS.japonican-hexaneextract.
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(A)

(B)

Fig. 3. Effect of S. japonica n-hexane extract in SK-Hep1 cells.

Z-VAD-FMK enhancesthecaspaseinhibitioninSK-Hep1cells.SK-Hep1

cellsweredivided into eightgroups:non-treated,Z-VAD-FMK (treated

with20μM Z-VAD-FMK),S.japonican-hexaneextract(treatedwith10μ

g∙mL-1,15 μg∙mL-1 and20 μg∙mL-1)andcombinationofboth(treated

withextractofdifferentconcentrationand20μM Z-VAD-FMK).Thecell

viabilitywasmeasuredwithWST-1assay(A).increaseofcleavedPARP

and caspase-independentAIF pathway mediated apoptosisinduced by S.

japonican-hexaneextractthroughthewesternblotanalysis(B).
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InductionofER-stressandcellcyclearrestbyS.japonican-hexane

extract.

In orderto study the effectofS.japonica on ER-stress,we used

fluo-3/AM tomeasuretherelativeCa
2+
concentration.Disruptionofcalcium

homeostasisinducesendoplasmicreticulum stress.AsshowninFig.4A,the

fluorescencedensitygraduallyincreasedinSK-Hep1cellstreatedwithS.

japonica n-hexane extractin a time-dependentmanner.The degree of

inductedCa
2+
densityat2hcloselyincreased.Toconfirm theER-stressin

protein level, we performed western blots for a number of

ER-stress-associated proteins.The obtained data demonstrated thattime

dependentexpressionofER-stressassociatedproteinsBip,TRAF2,p-JNK,

ATF6α,CHOP,Calnexin and p-eIF2α (Fig.4B).CHOP proteins were

delayedsomewhatcomparedwiththeonsetoftheexpressionofATF6α.

Thisisconsistentwiththeknownplacementoftheseproteinsdownstream

ofATF6α.AdditionalevidenceforactivationoftheER-stressresponseis

the induction of the ER chaperone protein BiP and calnexin. The

Phosphorylation ofeIF2α isastresssignaland isanegativeregulator,

therebyattenuatingtranslationofmostmRNAswhileselectivelyincreasing

translationoftheATF4(Hardingetal.2000).Also,expressionofTRAF2

andp-JNK isincreasedforstressresponsesasshownFig.4B.Together,

our observations indicate that S.japonica n-hexane extract triggers

ER-stress.

Ontheotherhand,S.japonican-hexaneextractinducescellcyclearrest.

Theresultsrevealedthatwhenthecellsweretreatedwith10,15and20μg

∙mL
-1
ofS.japonican-hexaneextractfor24h,itleadstochangesincell

cycleprogressionandtheexpressionofcellcyclerelatedproteinssuchas

CDK2,phospho-Rbandphosphor-cdc2.AsshownFig.4C,down-regulation

of CDK-2 resulted in expression of p-cdc2 following inhibition of

phosphorylaion ofRb.Suggesting thatS.japonican-hexaneextractmay

inducecellcycleinhibitionbyaffecting thelevelsofCDK2inSK-Hep1

cells.
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(A)

(B) (C)

Fig.4.Endoplasmic reticulum (ER)stress was involved in S.japonica

n-hexaneextractinduced apoptosis.concentration ofCa2+ wasgradually

increasedinSK-Hep1cellstreatedwith20μg∙mL-1S.japonican-hexane

extract (A).Western blot analysis of proteins involved in ER-stress

signaling from cellextracts ofSK-Hep1 cells treated with S.japonica

n-hexaneextract20μg∙mL-1forindicatedtimeperiods(h)(B).Expression

levelsofproteinsincellcyclewereexaminedby western blotanalysis.

Down-regulation ofCDK-2 resulted in expression ofp-cdc2 following

inhibitingphosphorylaionofRb(C).
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Effect of DNA fragmentation on SK-Hep1 cells by S.japonica

n-hexaneextract.

The quantification of apoptosis was confirmed using flow cytometry

analysisthroughestimationofsub-G1DNA contentinS.japonican-hexane

extracttreatedSK-Hep1cells.Theresultindicatesthatthepresenceof

sub-G1DNA incontrolaround2.14%,butintreatedcellsincreasedupto

33.99%,indicatesthatthesubgenomiccontentwasgraduallyincreasedin

dosedependentmanner(Fig.5A).TodeterminewhethertheS.japonica

n-hexaneextractinducednuclearDNA fragmentation,SK-Hep1cellswere

treated S.japonican-hexaneextract(20 μg∙mL-1)and thenumbersof

DNA fragmentedcellswereassessedusingtheapoptagplusfluoresceinin

situ apoptosis detection kit.Exposure ofSK-Hep1 cells to S.japonica

n-hexane extract for 24 h resulted in a significant increase of

TUNEL-positive(Fig.5B).
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(A)

(B)

Fig.5.InductionofapoptosisbyS.japonican-hexaneextractonSK-Hep1

cells.Flow cytometryanalysisforquantificationofsub-G1DNA contentof

SK-Hep1cellstreatedwith15 μg∙mL-1 and20 μg∙mL-1 for24h(A).

Detection ofnuclearDNA fragmentation in SK-Hep1 cells by in situ

TUNELassay.TopcolumnTUNELimages,middlecolumnpropidium iodide

images,bottom columnmergedimages(B).
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DISCUSSION

Apoptosisisthebestcharacterizedform ofprogrammedcelldeathanditis

themajorstrategyforthedevelopmentofanti-cancerdrugs.Mitochondria

areoneofthemostsusceptibleorganellestoapoptoticstimulus.In the

presentstudy wehaveevaluatedthepotentialanti-canceractivity ofS.

japonican-hexaneextractinheptocellularcarcinoma.Theobservedresult

demonstrate that S. japonica n-hexane extract induces both

caspase-dependentandindependentcelldeathandalsoinduceER-stressand

cellcyclearrest.The caspase-dependentcelldeath is mediated by cell

surfacedeath receptorssuch asFas.Thisreceptorrecruitstheadaptor

protein Fas-associated death domain (FADD) and caspase-8,leads to

cleavage and activation of capase-8.Activated caspase-8 induces the

mitochondrialreleaseofcytochromeC oractivationofcaspase-3directly

(AshkenaziA etal.,1998,JinZetal.,2005). Ourresultindicatesthatthe

inductionofcaspases(caspase-8,-9and-3)byS.japonican-hexaneextract

attestthe possibility ofcaspase-dependentapoptotic effecton SK-Hep1

hepatomacells.TheBcl-2familycomprisesagroupofstructurallyrelated

proteinsthatplaysavitalroleintheregulationofintrinsicapoptosis.Bcl-2

andBcl-xL maintainstheintegrityofthemitochondrialoutermembranes

and preventapoptosis.OurdatademonstratedthatS.japonican-hexane

extractincreasestheexpressionofpro-apoptoticBcl-2familyproteinBad,

Bax and Bak. The S. japonica n-hexane extract also induce

caspase-independentcelldeathbyactivationofAIF.AIF (amitochondrial

flavoprotein)translocatestothenucleuswhenitinducecaspaseindependent

chromatincondensationandDNA fragmentation.ThereleaseofAIF from

mitochondriaislargely dependson activation ofPARP (ZhaoYJetal.,

2009).OurresultsrevealthatS.japonica n-hexaneextractinducesthe

higher expression of cleaved PARP and AIF.The large-scale DNA

fragmentationandcellcyclearrestwereconfirmedbyFACS andwestern

analysis.Theseresultsindicatethatthen-hexaneextractofS.japonica

inducesthecaspase-independentcelldeathandcellcycleinhibitioninhepato
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cellularcarcinomaSK-Hep1cells.

Inadditiontomitochondria,otherorganelleslikeER,Golgiandlysosomeare

also involved in theapoptoticinitiation.Recently,many researcheshave

focusedonERstressinducedapoptosisintumorcells.Twodistinctinvolved

inER stressinducedapoptosis:theaccumulationofunfoldedproteinand

Ca
2+
signaling.Thedisruption ofcalcium homeostasisinducesER-stress,

resulting in the upregulation ofER-stress related genes Bip,TRAF2,

P-JNK,ATF6α,andCHOP.Ourresultsshow thattheextractofS.japonica

alters the calcium homeostasis and induce ER-stress thatleads to the

upregulation of many ER specific mediator that induces apoptosis in

hepatocellularcarcinomacells.

Insummary,then-hexanefractionofS.japonicainducesER-stressby

disturbing thecalcium homeostasisandactivationbothcaspase-dependent

andindependentcelldeathinhepatocellularcarcinomaSK-Hep1cells.
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Saccharinajaponica추출물에 의한 SK-Hep1에서의 세포 주기 억제와 소포체

stress를 통한 세포 사멸유도

정현일

부경대학교 대학원 미생물학과

요약

Saccharinajaponica는 갈조류에 속하는 해양조류이며 중국,일본,한국에서 광

범위하게 재배되어지고 있다.갈조류는 항산화,항당뇨 그리고 항암에 대한 생

리활성 물질들을 다양하게 함유하고 있다.따라서 본 연구에서 S.japonica

n-hexane 추출물의 항암효과를 human hepatocellular carcinoma 세포인

SK-Hep1에서 측정하였다. N-hexane fraction은 농도-시간 의존적으로

SK-Hep1세포의 생존율을 감소시키고 apoptotic세포의 수를 증가시키는 효과

를 나타낸다.이러한 apoptosis기전에서 n-hexane추출물은 caspase의존적 또

는 비 의존적 신호전달을 통해 활성화 된다.Caspase의존적 세포사멸 기작은

세포 표면 deathreceptor에 의해서 매개되어지는데 활성화된 caspase-8는 그

down stream에 있는 caspase-3의 활성을 직접적으로 증폭시키거나

pro-apoptotic 단백질 (Bad,Bax 그리고 Bak)을 활성화 시켜 최종적으로

cytochromec의 방출을 일으켜(mitochondria로 부터)세포사멸을 유도하게 된

다.반면에 caspase비 의존적 apoptosis는 mitochondriamembranepotential의

붕괴로부터 매개되어 지며,AIF 단백질이 핵 (nucleus)으로의 전좌를 통해

caspase비 의존적 세포사멸이 일어나게 된다.AIF단백질은 염색질을 응축시

키거나 대규모 DNA 절단을 유발시키게 된다.따라서 이러한 apoptosis를 유도

하는 기전이 어떤 원인에 의해서 일어나는지 확인 해보고자 stress관련 assay

및 western blot실험을 통하여 소포체내 calcium 항상성 파괴에 의한 ER

stress임을 확인 할 수 있었으며,그와 동시에 cellcyclearrest가 일어나는 것

을 확인 할 수 있었다.따라서 본 연구를 통해 S.japonican-hexane추출물이

SK-Hep1간암 세포에서 ERstress와 cellcylcearrest에 의한 세포 내 기작과

동시에 deathreceptorstimulation인 세포 외 기작에 의한 apoptosis임을 알 수

있었다.
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Anti-angiogeniceffectofToluhydroquinone,aSecondaryMetabolite

from MarinefungiPhomaherbarum isolatedfrom aMarineAlgae

HypneasaidanaonHumanUmbilicalVeinEndothelialCells

HyunIlJung

DepartmentofMicrobiology,TheGraduateSchool,

PukyongNationalUniversity

ABSTRACT

Manyoffascinatingmarinenaturalproductshavebeenreportedandsome

ofthem areoriginatedfrom secondarymetabolitesofmarinemicroorganisms.

Someofthesesecondarymetaboliteshaveapotentialaschemotherapeutic

agentsforthetreatmentofawidevarietyofdiseases.Toluhydroquinone

(2-methylbenzene-1,4-diol),asecondarymetabolites,wasbeenisolatedfrom

a marine fungiPhoma herbarum (Class:Dothideomycete).Activity of

toluhydroquinoneisnotknown.Inthisstudy,theanti-angiogeniceffectsof

toluhydroquinonewereinvestigatedinvitro.Angiogenesisisacrucialstepin

the growth and metastasis of cancer. We analyzed the effect of

toluhydroquinone on HUVEC cells.Toluhydroquinone had no effecton

human umbilical vein endothelial cells (HUVECs) viability. However,

toluhydroquinonetreatmentresultedinadose-dependentinhibitionoftube

formation afterplating HUVECs on Matrigeland induced inhibition of

HUVEC migration in a time dependentmanner.More importantly,the

invasionactivityofHUVECswassignificantlyinhibitedbytoluhydroquinone.

Inconclusion,Theresultsindicatedthattoluhydroquinonehasanabilityto

inhibitdiversecellbehavioursofHUVECsandtheeffectsmaybemediated

atdifferentlevels ofthe tumorgrowth.Therefore,toluhydroquinone is

proposedtobeapotentanti-angiogenesisdrugcandidate.
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INTRODOUCTION

Theincreasingneedsfordrugsabletocontrolnew illnessesorresistant

strainsofmicroorganismsstimulatedsearchforunconventionalnew sources

ofbioactivenaturalproducts.Theoceansturnedouttobeanattractive

field.Sincethen,gianteffortshavebeenaccomplishedworldwideaimingthe

isolation ofnew metabolites from marineorganisms.Although in many

casesthefunctionsofthesesecondary metabolitesinthemarinespecies

themselvesareunclear,othercompoundsplaywell-definedroles-forexample

astrailmarkers,sexualattractants,antifoulingsubstancesorantifeedants.

Whatis clearis thatmany ofthe mostinteresting marine secondary

metaboliteshavepotentactivitieslargely unrelatedtotheirinsitu roles.

Examplesincludeaboundofantitumour,antiviral,immunosuppressiveand

antimicrobialagents,as wellas neurotoxins,hepatotoxins and cardiac

stimulants[1].

Toluhydroquinonesecondary metaboliteshavebeen isolated from Phoma

herbarum (calss: Dothideomycetes) of marine fungi. Most marine

Dothideomycetesareintertidalandtheyarefrequentlyfoundassaprobesof

decayingwoodymaterialsinthemarineenvironment.Thespeciesthatoccur

completely submerged in the sea are mostly parasites orsymbionts of

seagrasses or marine algae [2]. Phoma herbarum Westend. (Fungi

imperfecti)isaubiquitoussaprophyteandtoxigenicpathogentoplantsand

animals [3],including humans undersome occasions [4].P.herbarum

possessesstrong adaptability todiverseenvironmentsincluding salty and

chillysurroundings[5].P.herbarum isalsoaversatileproducerofmany

naturalproductswithpotentactivities[6].

Angiogenesisrepresentsanessentialstepintumorproliferation,expansion

andmetastasis[7].Itisgenerallyacceptedthattherearetwostagesof

tumor progression regarding its vasculature [8,9].During the initial

avascularstage oftumor growth (tumormass<1.5 mm),nutrition and

oxygensupplementation canbeachievedby diffusion.When tumormass

growslargerthan0.5mm,nutritionthroughdiffusionisnolongersufficient
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andformationofnew vasculatureisnecessaryforfurthergrowth(vascular

stage)[10,11].Thetumorremainsinadormantstateuntilitcanstimulate

blood vesselgrowth from nearby pre-existing capillaries by a process

known as angiogenesis [12-14].Therefore,the growth of tumors is

dependentontheircapacitytoinduceangiogenesis,toinducethegrowthof

bloodvesselstosupplythem withoxygenandnutrients.Therefore,tumor

angiogenesisisessentialforcancergrowthandmetastasis.

Thereissubstantialpreclinicalandclinicalevidencethatangiogenesisplays

aroleinthedevelopmentoftumorsandtheprogressionofmalignancies.

Inhibiting angiogenesis has been considered as an importantanticancer

strategytosuppresstumorgrowthandmetastasis[15].

In this study, we attempted to identify and characterize whether

toluhydroquinonecouldinduceanti-angiogenesisinvitro.Weinvestigated

the effects on the angiogenic progression (migration invasion,tube-like

structureformation).

Ourresults suggested thattoluhydroqiunone has the ability to inhibit

diversecellbehavioursofhumanumbilicalveinendothelialcells(HUVECs),

andtheeffectsmaybemediatedatdifferentlevelsofthetumorgrowth

presentingapotentialanti-angiogenicdrugcandidate.
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Figure1.Structureoftoluhydroquinoneisolatedfrom Phoma

herbarum
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MATERIALSANDMETHODS

Fungalisolationandculture

Thefungalstrain,Phomaherbarum wasisolatedfrom thesurfaceofthe

marineredalgaHypneasaidanacollectedintheTongnyeong,Gyeongnam

province,Koreain2008andidentifiedbasedonthemorphologicalevaluation.

A voucherspecimenisdepositedatPukyongNationalUniversitywiththe

codeMFA301-1.

Thefunguswas cultured (20L)for21 days(static)at29°C in SWS

medium:soytone(0.1%),solublestarch(1.0%),andseawater(100%).

Extractionandisolation

Theculturebrothandmycelium wereseperated,andthebroth(10L)was

extractedwithethylacetatetoprovideacrudeextract(640mg)whichwas

subjectedtosilicagelflashchromatographyandprogressivelyelutedwith

n-hexane/EtOAc (5:1), n-hexane/EtOAc (1:1), n-hexane/EtOAc (1:5),

n-hexane/EtOAc(1:10)andfinally with EtOAc.Each collections(30mL

each)werecombinedonthebasisoftheirTLCprofilestoyieldfivemajor

fractions.Medium pressureliquidchromatography(MPLC)ofeachfractions

onODSbyelutionwithMeOH affordedcompounds1-5,respectively.The

isolatedcompoundswerefurtherpurifiedbyHPLC (YMC ODS-A,MeOH)

utilizing a30min gradientprogram of50% to100% MeOH inH2O to

furnish(+)-epoxydon(1,5.0mg),(+)-epoxydonmonoacetate(2,12.0mg),

gentisylalcohol(3,10.0 mg),3-chlorogentisylalcohol(4,20.0 mg),and

methylhydroquinone(toluhydroquinone)(5,5.0mg),respectively.Theisolated

fraction suchasmethylhydroquinone(toluhydroquinone)wasusedin this

study.

Physicochemicaldataofcompound

Common name :Toluhydroquinone (methylhydroquinone).CH3C6H3(OH)2

(M.W.124.14)(Fig.1).
1
H NMR (400MHz,DMSO-d6)8.44(1H,s,2-OH),
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6.53(1H,d,J=8.5Hz,H-3),6.36(1H,dd,J=8.5,2.8Hz,H-4),8.48(1H,

s,5-OH),6.45(1H,d,J=2.8Hz,H-6),2.02(3H,s,H3-7);
13
CNMR(100

MHz,DMSO-d6) 124.3(s,C-1),147.6(s,C-2),117.1(d,C-3),115.0(d,

C-4),149.5(s,C-5),112.6(d,C-6),16.1(q,C-7).

Drugsandreagents

Stock concentration of Toluhydroqinone (50 mM) was prepared with

dimethylsulfoxide(DMSO)andstoredat-20°C.Thestocksolutionwas

furtherdilutedwiththeappropriateassaymedium immediatelybeforeuse.

Themaximum finalconcentrationofDMSO (< 0.1%)didnotaffectcell

proliferation and did notinducecytotoxicity on thecelllines(data not

shown).Vascularendothelialgrowthfactor(VEGF),methanolandDMSO

wereperchased from Sigma-aldrich (StLouis,MO,USA),formaldehyde

(Junsei,Tokyo,Japan),Giemsa (Gurr-Giemsa,BDH Merk Ltd,Poole,

England)and WST-1
®
(DaeilLab service,Jong-No,Korea)wereused.

EBM-2medium wasobtained from Lonza(Walkersville,MD,USA)and

fetalbovineserum (FBS)wasobtainedfrom cellgro(Manassas,VA,USA).

Cellculture

Cellcultures were prepared and maintained according to standard cell

cultureprocedures.Humanendothelialcells(HUVECs)wereculturedinan

endothelialbasalmedium-2(EBM-2)supplementedwithEGM-2singleQuots

kit(LonzaGroupLtd,walkersville,MD,USA),1% penicillin-streptomycin

(PAA LaboratoriesGmbH,PA Austria)and10% fetalbovinserum (FBS)

At37°C and 5% CO2.HUVECsbetween P2and P5wereused forall

experiment.

Cellproliferationassay

TheproliferativeactivityofHUVECswasmeasuredusingtheWST-1cell

proliferationassay.Forthecellviabilityassay,1×10
4
cellswereresuspended

in100μlstandardmedium andseededontoeachwellofa96-wellplatefor

24hincubation,andthensufficientvolumesoftoluhydroquinone(0-30μM)
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wasaddedtotheculturemedium,inordertoobtain differenttreatment

doses.After24h,10μlofWST-1solutionwasaddedtoeachwell,andthe

cellswereincubatedat37°C inanatmosphereof5% CO2 for3h.The

absorbance ofeach wellwas measured at460 nm with ELISA reader

(MolecularDevices,siliconvalley,CA,USA).Experimentswereperformedin

triplicate.

Tube-likestructureformationassay(Morphogenesisassay)

The tube formation assay was used to investigate the effect of

toluhydroquinoneonangiogenesisinvitro.Lab-Tekchamberslide(Thermo

FisherScientific,Rochester,NY,USA)was coated with 200 μlliquid

Matrigel(BD Biosciences,TwoOak Park,Bedford,MA USA)perwell,

which was allowed to solidify at 37°C for 30 min.HUVECs were

trypsinized,and resuspended,and seeded atadensity of5×10
4
cellsin

culturemedium containingdifferentconcentrationoftoluhydroquinone(0-15

μM).Thecellswereincubatedfor12hat37°Cand5% CO2(sufficientfor

formation ofan intactnetwork in thecontrolgroup),and thetube-like

structureformationwasobservedusingphasecontrastinvertedmicroscopy

(OlympusCKX41;OlympusOpticalCo.Ltd,Tokyo,Japan),andtotalvessel

lengthswerecounted with Wimasisimaging analysissoftware(Wimasis

GmbH,Munich,Germany).

Migrationassay

HUVECs(3.5×10
4
cellspereachwell)wereplatedtoconfluenceinthe

culture-insert in 35 mm μ-dishes (Ibidi GmbH, Amkloferspitz19,

82152Martinsried,Germany)placed in EBM-2containing 10% fetalbovin

serum for24h.Afterincubation,theinsertsweredetachedandcellswere

culturedwithmedium tofacilitatecellmigration.Cellsweretreatedwith

5μM,10μM and15μM oftoluhydroquinoneandnon-treatedcellwasused

as negative control.Cell migration was recorded by phase contrast

microscopyovera2htimecourseaftertreatingtoluhydroquinone.
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Matrigelinvasionassay

InvitroinvasionofHUVEC cellswasmeasuredbytheinvasionofcells

through 24 well multiple well plate with transwell separated by a

microporouspolycarbonatemembranewith8 μm poresize(Corning,NY,

USA).Tofurtherconfirm theeffectsoftoluhydroquinoneoncellinvasion,

transwellinvasion assay wasperformedusing thetranswellcoated with

15% Matrigelandincubatedat37°C for1h.Thebottom chamberswere

filled with standard medium (600 μl)containing severalconcentration of

toluhydroquinone(0-20μM)and4nmol/LVEGF.Thetopchamberswere

seeded with severalconcentration toluhydroquinone (0-20 μM)and cells

re-suspendedtoafinalconcentrationof3.5×10
4
/mlin200μlpuremedium,

andthenplateincubatedat37°C and5% CO2 atmospherefor6h.After

incubation,HUVECsthathadinvadedtheundersideofthemembranewere

fixedwith4% formaldehyde,permeabilizedwith100% methanol,andstained

withGiemsa.Thecellsontheuppersurfaceofthemembranewereremoved

bywipingwithcottonswabs.Imagesweretakenusinginvertedmicroscope

atamagnificationof×40,andeachassaywasperformedintriplicate.

Statisticalanalysis.

TheGraphPadPrism 5.0forWindow wasusedtodeterminethestatistical

significanceofthedifferencesbetweenthevaluesofvariousexperimental

andcontrolgroups.Determinationswereperformedin triplicatesandthe

resultswerepresentedasmeans±S.E.M.Incaseswheretherewasnoerror

barseeninthegraph,itmeansthevariationissmallandthus,thebaris

hiddenbehind.ANOVA posthoctestandsubsequently,Dunnett’smultiple

comparisontestswereusedforstatisticalanalysis.
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RESULTS

TheeffectoftoluhydroquinoneonHUVECsviability

To examine whether toluhydroquinone was capable to inhibit the

proliferationofHUVEC,weperformedcellviabilityassaywithadifferent

concentrationoftoluhydroquinone.HUVECsweretreatedwith0,5,10,15,

20, 25 and 30 μM toluhydroquinone for 24 h. Despite increased

toluhydroquinone concentration,there was no change in cell viability

severely.From thisresult,weconcludedthattoluhydroquinoneinrangeof

concentrationwasnon-toxicityonHUVECcells.
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Figure 2. Effect of toluhydroquinone on HUVECs growth in a

concentration-dependentmanner.Cellwastreatedwithtoluhydroquinone(5,

10,15,20,25and30 μM)orwithouttoluhydroquinonefor24h.Graphs

showingtheabsorbanceat460nm aftertheWST-1cytotoxicityassay.The

graph shows the dose-dependentcytoxic effects oftoluhydroquinone on

HUVECs.Valueswereexpressedaspercentofcontrol,whichwasdefined

asuntreatedcells.ToluhydroquinoneshowednontoxicinHUVECsinrange

ofhighconcentration.
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TheeffectoftoluhydroquinoneonHUVECstube-likestructure

The production of tubular structures is another important step in

angiogenesis.Weinvestigatedwhethertoluhydroquinonedecreasedthetube

formationofHUVEC cells.Figure3A showsthat,allHUVECs,platedon

Matrigelandincubatedwithstandardmedium.Non-treatedHUVECsformed

a mesh of tubes within 24 h, whereas HUVECs treated with

toluhydroquinone did not. HUVECs cultures, treated with various

concentrations of toluhydroquinone, formed fewer tubes and weaker

anastomoses in a dose dependentmanner.HUVECs treated with low

concentrationoftoluhydroquinone(5μM)wereformedtothesemblanceof

Non-treated.Whereasthosetreatedwithhigherconcentration(10-15 μM)

remainedshortnetsandlength,low branchingpoint,totaltubesandloops

ordottedontheMatrigelwithoutobviousmorphologicalchanges.
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(A)
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(B)

Figure3.TheeffectsoftoluhydroquinoneontubeformationofHUVECs.

HUVECswereplatedonthesurfaceofMatrigelincompletemediawith5,

10and15 μM oftoluhydroquinoneorwithouttoluhydroquinone,andtube

formationwasevaluated12hlater.Theangiogenicstuctureswasinhibited

by toluhydroquinone obviously especially above concentration of15 μM.

Tubeformation wasevaluated by phasecontrastmicroscopy with 100×

magnification (top)and 40× magnification (bottom)(A).Quantification of

coveredarea,totalnets,totaltubelength,totalbranchingpoint,Totalloops

andtotaltubeswereperformedusingWIMASISimaginganalysissoftware

andexpressedinμm/field(B).
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ToluhydroquinoneinhibitedHUVECsmigration

Endothelialcellmigration is importantstandard and the one ofmajor

processes underlying tube formation forangiogenesis,we examined the

effectsoftouluhydroquinoneonthemigration ofHUVECs.On HUVECs,

toluhydroquinoneinducedatimedependentdecreaseincellmigration(figure

4).HUVECs migrated into the clear area after insert was detached.

However,migration of HUVECs were suppressed in the present of

toluhydroquinoneof5 μM and inhibited moreeffectivethan non-treated

groups.Thisconcentration isnon-toxicasisevidentfrom cellviability

assayandhencetheinhibitoryeffectcouldnotbeattributedtocytotoxic

activity.
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Figure4.Migrationassay.Woundassaywasdonetodeterminewhether

toluhydroquinoneinhibitsHUVECsmigration.Aftertreatmentwith5μM of

toluhydroquinoneHUVECswereallowedtomigrateintothedenudedarea

for8h.HUVECsmigrationwerevisualizedbyphasecontrastmicroscope.

Typicalphotomicrographs(finalmagnification,×40)wereshowninuntreated

in0-8hourandtoluhydroquinonetreatedin8hattheconcentrationof5μ

M.
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SuppressionofHUVECsinvasionbytoluhydroquione

To furtherconfirm theeffectoftoluhydroquinoneon cellinvasion,we

examinedtheinvasionofHUVECsthroughMatrigel-coatedtranswellinserts

wastested.Asshowninfigure5.TheinvasionabilityofHUVEC cells

weresignificantlydifferentfrom thatofthenon-treatedgroup.Afterthe

treatmentofthecellswith5,10,15,and20μM toluhydroquinonefor6h,

the number of invading cells decreased as the concentration of

toluhydroquinoneincreased.TheaveragenumberofinvadingHUVEC cells

decreasedto80.63±2.20%,66.67±1.64%,54.29±1.22% and39.05±1.22%

aftertheadditionof5,10,15and20 μM toluhydroquinone,respectively,

comparedtothenon-treatedgroup(Figure5F).Statisticalanalysisrevealed

thatinvasionofHUVEC wassignificantlysuppressedbytoluhydroquinone

(***p< 0.0001).Especially,highconcentrationoftoluhydroquinone(20μM)

strongly inhibited HUVECs invasion without cytotoxicity. Because no

significant difference in cell viability rates was observed between

non-treatedandtoluhydroquinonetreatedcells(figure1.).
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Figure5.Theshownphotographsarerepresentativedataofinvasionassay

ofHUVECs.Cellsonthelowerfaceofthemembranewereconfirmedby

themethoddescribedundermaterialsandmethod.Thenumberofinvading

HUVECcellswerecomparedwiththenon-treated(control).Thenumberof

invadingcellsdecreasedastheconcentrationoftoluhydroquinoneincreased.

Statistically significant differences were observed between the

toluhydroquinone treated samples and the non-treated (control)(***p <

0.0001).A.Control;B.toluhydroquinone5μM;C.toluhydroquinone10μM;

D.toluhydroquinone15μM;E.toluhydroquinone20μM;F.statisticalresults.
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DISCUSSION

Chemotherapeuticagentsdonotspecificallytargettumorcells,butrather

interferewithcelldivisionorinhibitenzymesinvolvedDNA replicationor

metabolism.Thesedrugsthereforealsodamagethenormaldividingcellsof

rapidlyregeneratingtissues.Cancerchemotherapyislimitedbyalackof

specificity,resultingindamagenotonlycancercellsbutalsonormalcells.

Consideringthesideeffectsassociatedwithtraditionalchemotherapiesand

thepossibilityofinterruptingatumor’ssupplyofoxygenandnutrient,there

hasbeengreatinterestinthetargeting oftumorvasculatureandmuch

efforthasbeendirectedtowardsthedevelopmentofanti-angiogenicagents

thatcoulddisruptthisangiogenesis[16].Tumorinducedangiogenesis,the

formation ofneovesselsfrom preexisting ones,iscriticalforsupporting

tumorgrowthandprogressionnotonlybyprovidingthenecessaryblood

supply butalso by allowing metastatic cells into the circulation [17].

Angiogenesisisanexcitingtargetfornovelanticancertherapiesbecauseof

themanyadvantagedthatitmayoffer,includingaccessibilitytotumors,

independenceoftumorcellresistancemechanismsandbroadapplicabilityto

many tumor types [18].The potential use of naturaland synthetic

angiogenesis inhibitors is currently being studied intensively by many

laboratories[19,20].Inhibitorsofangiogenesisblockanyofthestepsinthe

angiogenic cascade, including attachment of endothelial cells to the

extracellularmatrix proteins,migration and invasion through thematrix,

whichisrequiredforthecapillarysproutingandmorphogenesisinathin

tubemeshworkanddifferentiationandstabilization[21-23].

Inthisstudy,thecelltoxicity,tube-likestructureformation,cellmigration,

and invasion were the main points ofinvestigation.Nontoxic doses of

toluhydroquinonethatdidnotaffectcellviabilitysignificantly(figure2).The

assay of tube formation on Matrigelmimics the finalevents during

angiogenesiswhenendothelialcellsbecomeorganizedinathree-dimentional

networkofcapillaries[24].However,afterexposedtovariousconcentration

oftoluhydroquinone (0-15 μM)for 24 h,HUVEC cells inhibited tube
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formationinadose-dependentmanneronMatrigel(figure3).Endothelial

cellmigration is an importantcomponentofangiogenesis forthe new

vasculature.Afterbeingexposedto5μM oftoluhydroquinonefor8h,we

determinedthattoluhydroquinonesignificantlyreducedHUVECsmigration.

Thesefindingssuggestthatinhitibion ofcellmigration could contribute

partiallytoendothelialtubeformationinhibitioninducedbytoluhydroquinone

treatment(figure4).Recentstudiessuggestthatangiogenesisandinvasion

cooperateintumourdevelopmentandinvolvesimilarbiologicalmechanisms

[25].Ourstudyshowedthattoluhydroquinoneataseveralconcentrationdid

notcauseanycelldeathinHUVECs,suggestingthatthetoluhydroquinone

inducedHUVECsinvasioninhibition(figure5).Inconclusion,thisstudyhas

providedevidenceofanti-angiogenesisactivitiesoftoluhydroquinoneinvitro.

Theanti-angiogenicactivitymaybeanovelmechanism thatcontributesto

thecancerchemopreventiveactivityoftoluhydroquinone.Furtherstudiesare

necessary to elucidate the mechanisms of anti-angiogenic action of

toluhydroquinone.
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해양 조류 Hypneasaidana로 부터 분리된 Phomaherbarum 2차대사산물인

toluhydroquinone의 신생혈관형성 억제 효과

정현일

부경대학교 대학원 미생물학과

요약

최근에 해양생물 유래 생리활성 물질의 다양성이 보고되고 있으며 그 중에 해

양 미생물로부터 유래한 물질인 2차 대사산물에 대해서 지속적으로 보고되어

지고 있다.특히 2차 대사산물은 특이한 분자구조를 가지고 다양한 생리활성을

가지고 있어 각종 질병에 대한 화학 치료제로써 개발되어 지고 있다.그 중 해

양조류인 Hypnea saidana의 공생미생물인 Phoma herbarum (Class:

Dothideomycete sp.)의 2차 대사산물 Toluhydroquinone

(2-methylbenzene-1,4-diol)을 이용하여 연구를 수행하였으며,최근까지 알려진

toluhydroquinone의 생리활성에 대해서는 항산화 활성 외에는 알려진 바가 없

다.따라서 본 연구에서는 invitro상에서 toluhydroquionone의 신생혈관형성

억제 효과에 대해 연구를 진행하였다.신생혈관형성은 암의 전이와 성장에서 결

정적 단계로 작용하게 된다.암 (tumor)은 크기가 커지게 되면 산소와 영양분이

부족하게 되고,이에 암 (tumor)은 VEGF와 같은 growthfactor를 분비함으로

써 endothelialcell의 신생혈관 형성을 유도하게 되고,결과적으로 angiogenesis

를 통하여 영양분을 획득하여 증식 및 metastasis를 유도하게 된다.이에 본 연

구에서는 toluhydroquinone을 이용하여 humanumbilicalveinendothelial세포

인 HUVEC에서 어떠한 활성을 나타내는지 확인하였다.

그 결과 toluhydroquinone은 HUVEC세포의 생존율에는 영향을 미치지 않으

면서 혈관 신생 과정이 진행되는데 중요한 단계인 invasion과 migration활성억

제,그리고 tubelikestructure형성을 toluhydroquinone농도 의존적으로 감소

시키는 것을 확인 할 수 있었다.이러한 결과로부터 toluhydroquinone은

HUVEC 세포의 신생혈관형성을 위한 behaviour을 억제하고 결론적으로 암의

성장 및 전이를 억제 시킬 수 있는 새로운 물질로서 가능성을 가지고 있음을

확인 할 수 있었다.
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침을 주셨던 김영태 교수님,송영환 교수님,저에게 많은 조언으로 격려해주신 김경호 교수님

께 무한한 감사의 말씀 올립니다.

바쁘신 와중에도 저의 건강을 많이 챙겨주시던 성영애 선생님,힘든 타지 생활을 하면서도

항상 웃음을 읽지 않고 저를 반겨주던 kasin형,멀리 계시지만 조언과 격려를 아낌없이 베풀

어주신 영원한 방장 철우 행님,많은 시간을 함께 실험실 생활을 하며 지내왔지만 평소에 고

마움과 미안함을 전하지 못한 진수에게 진심으로 감사의 말을 전합니다.2년 동안 같이 고생

하며 석사 생활을 한 절대 매력남 상보에게 수고했다는 말을 전합니다.그리고 나의 영원한

동반자이자 활력소 조미에게 모든 걸 떠넘기고 가게 되서 정말 미안하고 정신적,육체적으로

힘이 돼줘서 너무 고맙다는 말 전합니다.멀리서도 항상 내가 옆에 있는 것 같다며 쪽 웃음을

선사 해준 든든한 지원자 륌쥐,뒤 돌아 보면 이마를 까고 나의 장난을 받아주던 성자,조용

히 자기 할 일을 다 하면서도 궂은일을 마다하지 않는 순진,항상 웃는 얼굴로 사람을 즐겁게

만들어 주는 은수,꿈을 위해 한시도 쉬지 않고 노력하는 나의 술 벗 우석,웃을 때 어깨 연

기하는 덕현,술 꼴통 난희,초원 힘든 일도 많았을 텐데 불평 없이 많이 도와줘서 항상 미안

하고 고맙습니다.오바쟁이 사자후 coy,묵묵히 자기 위치에서 최선을 다하는 지웅이,창원이,

민석이,민재,재미없는 애들이지만 볼수록 상쾌해지는 동화,보은,지현이 그리고 지금까지 세

포신호전달 실험실에서 함께 동고동락했던 많은 동기,후배님들 모두 저에게 있어 평생 잊을

수 없는 소중한 인연들이며 앞으로 모두 좋은 결과 있으시길 바랍니다.

어느 대학원생들 보다 화목했던 10학번 미생물학과 동기 현수,아름 상보에게 감사의 말씀

드리며 각자의 길에서 최선을 다하고 있는 나의 03학번 동기들 도형,세원,정훈,윤배,명석,

진영,현수,대근,혁,태혁,그리고 키 큰 동생 민재,한번씩 부산에 찾아와 나의 기분을 전환

시켜줬던 사각멤버,화롯가 추억을 선사해준 옥동기,종시기에게도 감사의 마음을 전합니다.

마지막으로 저를 아껴주시고 걱정해주시는 모든 분들께 감사드리며,아들을 믿고 옆에서 항

상 응원해 주신 부모님,누나에게 이 조그만 결실을 바칩니다.
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