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김 (Porphyrayezoensis)펩타이드의

MCF-7세포 증식 및 전이 억제 작용 메카니즘

박 수 진

부경대학교 대학원 식품생명과학과

요 약

방사무늬돌김 (Porphyrayezoensis)은 그 영양가치 뿐만 아니라 콜레스테롤 저하작용,향균

효과 및 항암효과 등 다양한 생리효과를 가진다는 사실이 밝혀지면서 많은 관심의 대상이 되고 있다.

최근 김에 함유된 생리기능성분을 활용한 고부가가치 기능성식품 소재와 기술개발에 관심을 가지게

되었고 이에 대한 연구가 활발히 진행되고 있지만,포피란과 같은 단당류와 당단백질 수준에서의 연

구만 진행되고 있는 실정이다.하지만,김은 약 36%의 많은 단백질을 함유하고 있으나 단백질에 관

한 기능성을 연구하는 보고는 거의 없는 실정이다.뿐만 아니라,방사무늬돌김으로 부터 분리된 당단

백질은 현재 부분적으로 항암의 효능이 밝혀져 있기는 하지만,펩타이드 수준에서의 연구는 전무한

상태이다.

본 연구에서는 방사무늬돌김으로 부터 분리한 펩타이드를 이용하여 인간 유방암 세포주인

MCF-7세포의 성장 및 전이억제 메카니즘 기전에 관하여 밝히고자 하였다.

MTSassay결과 Porphyrayezoensis의 peptide(PPY)는 인간 유방암 세포 MCF-7의 증식

억제 효과를 나타내었으며,DAPIstainingassay에서도 동일하게 농도 의존적으로 세포 사멸을 확인

할 수 있다.이러한 결과는 인간 유방암 세포주인 MCF-7에서 PPY가 세포증식 억제 효능에 영향을

주고 있을 뿐만 아니라,형태학적인 변화에서도 PPY가 인간 유방암 세포인 MCF-7에서 apoptosis

유도와 관련되어 있다고 여겨진다.

PPY가 세포사멸유도에 관련된 기전을 확인하기 위하여,먼저,Insulin-likegrowthfactor

(IGF-I)와 관련된 세포사멸신호인 AKT 단백질이 농도 의존적으로 감소하며 AKT의 인산화에도 영

향을 미치는 것으로 나타났다.뿐만 아니라,IGF-IR과 ERK의 인산화가 감소함으로써 PPY가 인간유

방암세포의 증식억제 효능을 나타내었다.그리고 mTOR기전 관련 인자를 확인한 결과에서도 mTOR,

p70S6K등의 관련 단백질이 감소함으로써,PPY로 인하여 암세포의 증식억제 효능과,mTOR관련인

자인 p70S6K 와 Tissue transglutaminase2 (TG2)protein의 감소로 인하여 인간 유방암 세포

MCF-7의 전이억제 효과도 확인하였다.

이어서 프로그램화된 세포죽음의 또 다른 형태로써 typeⅡ라고 불리는 autophagy에 관련인

자를 확인함으로써 PPY가 세포 사멸 기전과 관련있음을 보고자 했다.Autophagy유도시 발현이 증

가하는 단백질로써 LC3와 Beclin-1이 있는데,Beclin-1은 autophagosome을 형성하는 중요한 역할을

하며,LC3는 autophagy가 일어나면 LC3의 두 가지 형태 중에 LC3Ⅰ form이 LC3Ⅱ로 전환되면서
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autophagosome의 막에 결합하기 때문에 직접적인 autophagosome의 직접적인 지표가 된다.본 연구

는 PPY 처리에 의하여 apoptosis뿐만 아니라,autophagy가 동시에 유발됨으로써 확실한 세포 사멸

기전을 보여주고 있는 것으로 확인하였다.

Transforminggrowthfactor-β (TGF-β)는 세포들에서 강력한 성장억제제로 작용하고 있으

며 실제 apoptosis의 조절에 중요한 역할을 하는 인자로 알려져 있다. 동시에,

epithelial-to-mesenchymaltransition(EMT)의 발현에 관여함으로써 세포내 migration과 invasion에

영향을 주어 세포의 부착 능력을 억제한다.본 연구에서는 PPY가 EMT 관련 단백질의 발현을 조절

함으로써 세포와 세포 사이 전이를 억제해주는 결과로 보여진다.본 연구에서는 PPY가 TGF-β1

signal의 억제 확인과 EMT관련 인자의 변화를 확인함으로써 PPY가 인간 유방암 세포내의 성장과

전이 억제에 중요한 key로 작용함을 확인하였다.동시에 Wntsignal을 확인함으로써,TGF-β1의 발

현과 세포와 세포사이의 부착 관련 단백질을 조절하는 결과로 보여진다.이로써,PPY가 Wnt와

TGF-β1signal의 발현에 관여함으로써,인간 유방암 세포 MCF-7의 전이 및 부착 능력을 억제하는

것으로 나타났다.

SmallinterferingRNA (siRNA)는 특정 유전자의 mRNA와 상보적으로 결합하여 그 유전자

의 단백질 발현을 억제,전사단계에서 유전자의 발현을 억제하는 RNA간섭 (RNAi)으로 알려져 있다.

또한 유전자의 이중가닥 RNA (double-stranded RAN,dsRNA)를 세포 내로 주입하는 RNAi는

RNA-inducedsilencingcomplex(RISC)나 dicerRNaseⅢ 같은 세포내 효소들에 의해 그 유전자의

mRNA를 특이적으로 분해하여 유전자의 발현을 억제하는 방법이다.이들은 ribozyme이나 antisense

ODN을 이용하는 유전자 억제방법보다 훨씬 더 효율적으로 목적하는 유전자의 발현을 억제시킬 수

있어 최근 들어 다양한 실험 연구와 치료 방법에 응용되고 있다.본 실험에서는 targetgene을

mTOR과 TGF-β1으로 선택하여 실험하고자 했다.mTORsiRNA와 TGF-β1siRNA와 Lipofectamin

을 사용하여 관련 gene을 knock-down시킨 후,PPY를 농도별로 처리하여 그 결과를 보고자 하였

다.non-targetmTOR과 non-targetTGF-β1과 비교하였을 시,mTOR siRNA와 TGF-β1siRNA

처리한 군에서 발현량이 현저히 감소함을 확인하였다.이는 Targetgene의 발현억제를 확인함으로써,

mTOR과 TGF-β1signal에 PPY가 관련 있음을 보여주는 결과이다.

이로써,PPY가 성장 관련 기전인 IGF-IR과 mTOR관련 단백질을 억제함으로써 세포사멸

경로와 apoptosis가 유도됨을 확인하였고,동시에 autophagytarget인 mTOR과 Atg단백질을 확인함

으로써 autophagy또한 유도됨을 확인하였다.이는 PPY가 인간 유방암 세포 MCF-7의 증식 억제에

관여함을 보여주는 결과로 사료되어진다.그리고 TGF-β1과 Wnt경로의 억제와 EMT 관련 인자를

확인함으로써,PPY가 인간 유방암 세포 MCF-7의 전이억제에 영향을 줌을 확인하였다.지금까지의

결과를 통하여 PPY가 MCF-7인간 유방암 세포의 성장 및 전이를 억제하는 것으로 나타났다.
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Ⅰ.Introduction

1.InhibitoryeffectofPPY onMCF-7cells

Seaweeds have received a great deal of attention from

researchers in recent years.Seaweeds contain high amounts of

proteins,vitamins,mineralsandseveralpolysaccharidesinseaweeds

have diverse biologicalactivities,including effects on the immune

system andcancer.A numberofstudiesfrom seaweedshavevarious

bioactivities including antitumor and immuno-modulatory activities

(Zedong et al.,2011).For example,Porphyran,a polysaccharide

producedbytheredalgathatisconsumedinAsia,hasbeenshown

todecreasecholesterollevelsandtohaveantibioticand anticancer

effects (Koo etal.,1995).In addition,fucoidan is known forits

anticoagulantandantioxidativeeffects(Nishinsoetal.,1991).

Asincreaseinseaweedsproduction,itisproduced992,000tons

in 2012.Among them,laver320,000tonswereproduced (MAFRA,

2012).ThelaverismostfarmingofseaweedsproductioninKoreaand

appearedfrequentlyinthediet.ThekindoflaverisPorphyratenera,

Porphyra yezoensis and Porphyra suborbiculata and so on.The

majorityoffarminglaverinKoreaisPorphyrayezoensis.Porphyra

yezoensis,classified as Bangiophyceae (Saga et al.,2002),more

specifically,itisafolioseredalgalgenusofPorphyra,comprising

approximately70species(Brodie2003).Porphyrayezoensisarefound

mostly in littoralzonessuchasrockyintertidalandsubtidalzones

(Toshikietal.,2012).Itisanintertidalmarineredalgaethathas
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receivedincreasingattentionasamodelorganism owingtoits

importantroleinbiologicalresearch(Liuetal.,2012).

Although severalstudies have examined the polysaccharides

foundintheextractsofPorphyrayezoensis,theeffectofparticular

proteinshasnotbeenreported.Peptidefrom themarinealgaPorphyra

yezoensis(PPY)playrolesinantitumorcellsignalingmechanism but

the mechanism behind these activity are not well understand.

Therefore,this study determined the structure of the Porphyra

yezoensispeptidetoexamineitactivity.

Insulin-Likegrowth factorⅠ(IGF-I)and itscognatereceptor

Insulin-LikegrowthfactorⅠreceptor(IGF-IR)contributetonormal

cell function and to tumorigenesis. Insulin-like growth factor-I

(IGF-IR)is significantin cellgrowth,differentiation,and survival

(Butleretal.,1998).OverexpressionofIGF-IR andrelatedproteins

resultsincancercellproliferationandsurvival(Rubini1997;Reisset

al.,1998;Butleretal.,1998).TheroleofIGF-Isignalingintumor

growth has been demonstrated in vivo using nucleic-acid based

strategies.The choice oftreatmentwith PPY was based on the

knowledge that the insulin-like growth factor I (IGF-1R) drove

importantcellsurvivalpathways.In thisstudy aimedtodetermine

whether Porphyra yezoensis derived peptide induced apoptosis by

mechanism involving IGF-IR and celldeath pathway.This study

extractedPPYthathasanapoptoticeffectonMCF-7cells.Thisstudy

determined thatPPY induces cellcycle arrestand activates the

IGF-1R signaling pathway.Apoptosis is importantin the normal
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developmentanddifferentiationofawidevarietyoftissue.Apoptosis

ischaracterized by severaluniquefeature,including cellshrinkage,

chromatincondensation,DNA fragmentation,thecellsurfaceexpression

ofphosphatidylserine,andmembraneblebbing(Khanetal.,2008;Burz

etal).Apoptosisplaysanimportantrolebywhichcellsundergodeath

tocontrolcellproliferation.Generally,regulationinthisform ofdeath

comprises the participation ofp53 and Bcl-2 family.Bcl-2 family

proteinsareknownasimportantregulatorsofapoptosis,(Hagueetal.,

1998;Antonsson et al.,2000) and involve antior pro-apoptotic

members,suchasBcl-2proteincanberegulatedbypost-translational

modifications,suchasBcl-2,Bcl-xL,Mcl-1andBax(Yinetal.,1994;

Reedetal.,1997).TheactivationofBcl-2proteincanberegulatedby

post-translationalmodification,suchasphosphorylationtoAkt,mTOR,

andp70S6K (Rickyetal.,2002;Malaguarneraetal.,2004).TheAkt

cell survival via various molecular mechanisms that include

phosphorylationandtheinactivationofpro-apoptoticproteins,suchas

Bad,glycogensynthasekinase-3(GSK-3),Forkhead,andCaspaase9

(Khwaja1999;McCormick2004;Westfalletal.,2005).Interestingly,

thisdown-stream effectorforPI3K/mTOR isconstitutivelyactivated

inmanytypeofhumantumors,includingbreastcancer.

Mammaliantargetofrapamycin(mTOR)isahighlyconserved

289-kDa Ser/Thrkinasethathasbeen identified in yeastand all

eukaryotes.Itbelongstothephosphoinositidekinasefamilyofprotein

kinases.Inmammals,mTOR mainlyregulatestwoimportantdown-

stream substrates,p70S6 kinase (p70S6k)and eukarvotic initation
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factor4Bbindingprotein1(4EBP1).AbnormalactivationofthemTOR

signalingpathwayhasbeenimplicatedinarangeofhumandiseases,

especially human cancersuch as colorectalcancerand esophageal

squamouscellcarcinoma(Hayetal.,2004).Thus,highconcentrations

ofPPY considerably decreased mTOR,p70S6k,PDK1protein level.

ThisresultsshowedeffectPPYinMCF-7cellsgrowthinhibition.

Autophagy begins with the formation of double-membrane

vesicles, known as autophagosome, that engulf cytoplasmic

constituents.Theautophagosomesthenfusewithlysosomes,wherethe

sequestered contentsundergo degradation and recycling.Monoallelic

lossoftheessentialautophagygene,Beclin1,hasbeenfoundin40to

75% ofhumanbreast,prostate,andovariancancer,suggesting that

autophagymayplayaroleinpreventingthesetumor(Quetal.,2003).

The production of PtIns3P by the Beclin1 is essentialfor the

recruitmentother autophagy-related gene (Atg)products thatare

criticalfor autophagosome formation.During the initiation phase,

formationoftheAtg5-Atg12complex promotestherecruitmentand

conversionofcytosolic-associatedproteinlightchain3(LC3-I)tothe

membrane-bound, lipidated form, LC3-Ⅱ (Minako et al., 2007).

Therefore,a trend ofincreased expression ofautophagy-associated

proteinsuchasLC3,Beclin1,Atg5andAtg7.Theseresultssupported

theideathatinducedautophagyinMCF-7cells.

ItwasalsoinvestigatedtheactivationoftheIGF-IRandmTOR

pathway in breast cancer cells may contribute to tumor cell

proliferationandsurvival.
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2.InhibitoryeffectofMCF-7cellsmetastasisbyPPY

Transforminggrowthfactor-β1(TGF-β1)isapotentregulator

ofepithelial-to-mesenchymaltransition (EMT)in which cells may

undergophysiologicalandmorphologicalchangesincludinglossofcell

contactandpolaritywithincreasedmigratoryandinvasiveabilities.In

severaltypes ofadvanced cancers,TGF-β1 has been shown to

promotecancercellinvasionandmetastasis;whilstinhibitionofTGF-

β1receptorfunction by expressing dominantnegativesuppresscell

invasion(Arteagaetal.,1998;Arteaga1997).Thisstudyhaveclearly

shownthateitheractivationofTGF-β1signaling suppressioncould

enhancecellinvasion,adetailedanalysisiswarrantedtodetermine

enhanced TGF-β1 signaling is associated with downregulation of

Smadexpressionpertinenttocellinvasion.

Wntsignaling,whichisimportantinpromotingandmaintaining

the undifferentiated state ofstem cells (Nusse 2008),has been

shown to prepare cells for TGF-β1 induced EMT during

development(Herveetal.,2009).Incancer,overactiveWntsignaling

isfrequently detected and cooperateswith TGF-β1 induceEMT

(Scheeletal.,2011).Similarly,oncogenicRassignalingcooperates

withTGF-β1ininducingEMT inmammaryepithelialcells(Oftet

al.,1996).Infact,alsootherpathwayspromotingcellularsternness

likeNotchandHedghogsignalingcooperatewithTGF-β1toinduce

EMT (Fuxeetal.,2009;Maitahetal.,2011;Zavadiletal.,2004).

Thus,ThesedatasuggestedthatPPY can inhibitWnt/β-Catenin

signaling.Thespecificaim ofthisstudyistoassessexpressionof
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TGF-β1andWntaswellascell-celladhesion.Inthisstudyalso

examined theeffectofcell-celladhesion mechanism especially β

-Cateninthroughactivationofrelatedpathway.

Epithelial-to-mesenchymaltransition(EMT)isacellularprocess

during which epithelialcellslosetheirpolarized organization and

cell-celljunctions,undergochangescellshapeandin cytoskeletal

organization and acquire mesenchymal characteristics, such as

fibroblast-like cellmorphology and inhibited cellmigration and

invasion(Hay1968).Thus,thisstudyindicatedthatPPY treatment

may haveplayed arolein promoting theactivation ofTGF-β1

leadingtoEMT.

Theprocessesofcellmigration and invasion areintegralto

embryonic development and the functioning of adult organism.

Deregulation oftheseprocessescontributestonumerousdiseases.

Ras GTPases and in particular members ofRho subfamily of

GTPasesplaycriticalrolesincellmigrationandinvasion(Rossmon

etal.,2005).MembersoftheRassuperfamily ofGTPases,most

notably theRhoproteins,play aprominentrolein cellmigration

(Burridageetal.,2004).Thus,theRac,Cdc42andRhoGTPasesare

essentialforgrowth factor-and cytokine-stimulated chemotaxisin

fibroblastsmacrophagesandneutrophils(Anand-Apteetal.,1997;

Antonssonetal.,2000;Allenetal.,1998;Robertsetal.,1999).In

addition,Rac,Cdc42,and Rho are necessary for the invasive

behaviorofcancercellsandfibroblast.Thesignalingpathwaysthat

areactivatedbyRhoproteinstoregulatecellmigrationandinvasion
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areunderintensescrutiny(Etienneetal.,1992;Sahaietal.,2002;

Ridley etal.,1998).Accordingly,PPY regulates migration and

invasion through activation oftheRassignalpathway.Moreover,

PPY treatmentregulatedthecellmigrationbyRhofamilymembers.

InthisstudyexaminedtheeffectoftheTGF-β1andWntsignal

activationbyPPYonMCF-7cells,more,theseresults showedthat

PPY treatmentinhibited epithelial-mesenchymaltransition (EMT)

involvedinprogressionofcancerstoinvasivestate.

3.SpecificmRNA knock-downinMCF-7cells

RANipromisestorevolutionizekeyareasofmedicalresearch,as

demonstrated by the preliminary finding obtained in the fields of

cancer,infectious diseases and neurodegenerative disorders.RNAi

technologyisrapidlyspreadinginresearchlaboratoriesworldwide,as

itisassociatedwithanumberofpracticalandtheoreticadvantages

overpreexistingmethodsofsuppressinggeneexpression(Fire1998).

OverthepastdecadeRNA interference(RNAi)hasemerged asa

naturemechanism forsilencinggeneexpression.Thisancientcellular

antiviralresponsecanbeexploitedtoallow specificinhibitionofthe

function ofany chosen targetgene.RNAiis proving to be an

invaluableresearchtool,allowingmuchmorerapidcharacterizationof

the function of known genes.More important,RNAitechnology

considerablybolstersfunctionalgenomictoaidintheidentificationof

novelgenesinvolveddiseaseprocesses(Simone2004).

Mammaliantargetofrapamycin(mTOR)playsacritical rolein
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cellcycleregulation.Rapamycin,aknown inhibitorformTOR,can

inactivatemTORspecifically(Francis1996).BecausemTOR regulates

cellproliferation,ithas been extensively investigated as a potent

targetanti-cancertherapies(Law 2005).In thisstudy,mTOR was

knockeddownusingsmallinterferingRNA (siRNA)conjugatedwith

lipofectamin in MCF-7 cells.Compared with non-targeting siRNA

transfection,p70S6k and PDK1 protein levels were significantly

suppressedbymTORsiRNAtreatmentinMCF-7cells.

Transforminggrowthfactor(TGF)-β1isthedominantstimulus

forextracellularmatrix(ECM)productionbyMCF-7cells.Thisstudy

wasdesigned to investigatetheanti-cancereffectsofusing short

interferenceRNA (siRNA)totargetTGF-β1inMCF-7cellsandits

mechanism.Therefore,TGF-β1siRNA canpartiallyinhibitorblock

theexpression ofTGF-β1andreducedtheimpactofPPY on the

proliferationandactivationofMCF-7cells.
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Ⅱ.MaterialandMethods

1.Materials

PPY (PeptideofPorphyrayezoensis)wassynthesized by the

PEPTRON (Daejeon,Korea).TheMCF-7cellswereobtainedfrom the

KCLB (Korean Cell Line Bank). SuperSignalⓇ West Pico

ChemiluminescentSubstrate,and BCA protein assay kitpurchased

from PierceCo.,Ltd.(Rockford,IL).Fealbovineserum (FBS)was

purchasefrom HycloneLaboratoryInc.(Logan,UT).RPMI1640and

Penicillin-streptomycinmixturewerepurchasedfrom GibcoBRL(Life

Technologies,GibcoBRL.,Gaitherberg,MD).Bovineserum albumin

(BSA),gelatin(electrophoresistypeA)werepurchasedfrom Sigma

(St.Louis,Mo).3-(4,5-dimethylthiazol-2-yl)-5-

(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium/phenazine

methosulfate solution (MTS/PMS) (CellTiter 96Ⓡ aqueous

non-radioactive cell proliferation assay kit) was purchased from

Promega(Madison,WI).PrecisionPlusProteinStandardsDualColor

waspurchasedfrom Bio-RadLaboratoriescompany (Hercules,CA).

Low-range rainbow molecular weight markers (RPN755) was

purchased from Amersharm Pharmacia Bioscience (Pscataway NJ).

Culture dish, 6-/12-/96-well plate, corning tube, scrapper were

purchased from Corning (Glendale,Arizona) and Falcon (Becton

DickinsonLabware).4,6-diamidio-2-phenylindole(DAPI)solutionwas

purchasedfrom SigmaAldrich.TRIzolreagentwaspurchasedfrom

Invitrogen (Carlsbad,CA,USA).cDNA wassynthesized using the
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Oligo (dT)primer and RedSafe nucleic acid staining solution by

iNtRON BiotechnologyInc.,(Seongnam,Korea).cDNA wasaddedto

2X TOPsimpleTM DyeMIX-nTaqwaspurchasedfrom EnzynomicsInc.,

(Daejeon,Korea).Nucleotide sequence for mRNA (Cosmogenetech,

Korea),andsiRNA targetinggeneweredesignedandsynthesizedby

GenePharma(ShanghaiGenePharmaCo.,Ltd).Celltransfectionwith

Lipofectamin 2000 (Invitrogen, Carlsbad, CA). TOPflash/FOPfalsh

reportersystem waspurchasedfrom Millipore(Billerica,MA,USA).

AntibodiesagainstPI3K,Akt,phospho-Akt,IGF-IR,IRS,Shc,ERK,

Cyclin D, CDK6, CDK2, p21, p27, β-catenin, E-cdherin, FAK,

phosph-FAK,NF-KB,p53,Bcl-2,Bad,Bid,Bax,Beclin1.ATG5,

ATG7,TGF-β1,Samd2,Smad4,Occludin,Vimentin,Wnt,Frizzed,

ICAM,AXIN,TCF,LCF1,Raf,MEK,ELK,RhoA,RhoB,Rac1,

CDC42, MMP2, GAPDH were purchased from Santa Cruz

Biotechnology(SantaCruz,CA).AntibodiesagainstLC3,Smad3,Ras

were purchaesd from Cell Signaling Technology (Beverly,MA).

AntibodiesagainstmTOR,p70S6K,PDK,pTEN,RPS6,eF4B,Snail,

GSK3β werepurchaesdfrom Bioworldtechnology.Antibodyagainst

TG2 was purchaesd from ABcam. Peroxidase-conjugated gote

anti-mouseandanti-rabbitIgG werepurchasedfrom GE Healthcare

Bioscience(Piscataway,NJ).Horseradishperoxidase(HRP)conjugated

ExactaCruzTM A waspurchasedfrom SantaCruzBiotechnokogy.

2.Peptidepreparationfrom Porphyrayezoensis

PPY (PeptideofPorphyrayezoensis)wassynthesized by the

PEPTRON(Daejeon,Korea).PurificationofthePPYwasperformedon



- 11 -

Shimadzu Prominence HPLC apparatus and controlled using the

softwarepackageClass-VP,6.14(Kyoto,Japan),usingac18column

(Shiseidocapcellpak)in0.1% TFA/waterandagradientof10-70%

acetonitrilein0.1% TFA,withaflow rateof1ml/minandusingUV

detectionat220nm.

3.Cellculture

TheMCF-7 cellswereobtained from the(Korean CellLine

Bank)KCLB weremaintainedinRPMI-1640supplementedwith10%

fetalbovineserum,100ug/mlpenicillinand100ng/mlstreptomycinat

37℃ inahumidifiedatmospherewith5% CO2.

4.Cellproliferationassay

Cellproliferation wasestimated using aCellTiter96aqueous

nonradioactivecellproliferationassay(Promega,Madison,WI),which

isbasedonthecleavageof3-(4,5-dimethylthiazol-2-yl)-5-

(3-carboxyrmethoxy-phenyl)-2H-tetrazolium (MTS)into a formazan

productsolubleintissuemedium.Thecellswereseededonto96-well

platesat2×10⁴cellsperwellin100ulmedium andallowedtoattach

for24h.Thecellmonolayerwaswashedwith phosphate-buffered

saline (PBS)to remove unattached cells.The attached cells were

maintainedinserum-freemedium (SFM)for12handthenwashed

with PBS.The cells were incubated with fresh SFM containing

variousconcentration(0-500ng/ml)ofpeptidefor24h.Subsequently,

thecellswereincubatedwith10ug/mlMTSsolutionfor30min,and
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the absorbance ofeach wellwas measured at490 nm using a

SpectraMAX 340-pcmultiplatereader(MolecularDevices,Sunnyvale,

CA).

5. DAPIstainingassay

Cellwere washed with phosphate-buffered saline (PBS)and

fixed with 3.7% paraformaldehyde in PBS for 10 min at room

temperature.FixedcellswerewashedwithPBSandstainedwith2.5

ug/ml4,6-diamidio-2-phenylindole(DAPI)solutionfor10minatroom

temperature.ThecellswerewashedtwotimeswithPBSandanalyzed

byafluorescentmicroscope.

6.Westernblotanalysis

6.1.Preparationoftotalcelllysates

Thecellswereculturedto80% confluenceat37℃.Cellswere

thenmaintainedinSFM for6h.After6h,cellswereincubatedwith

SFM orSFM containing500ng/mlPPY fortheindicatedtimesand

thenharvested.Topreparetotalcelllysates,thecellswerewashed

twicewithPBSandsuspendedinlysisbuffer(50mM Tris(pH 7.4),

1mM ethyleneglycoltetraaceticacid (EGTA),150mM Nacl,1%

Triton(X-100,0.25% sodium deoxycholate)containingProteaseArrest

100X.After incubation for 30 min at 4 ℃,the extracts were

centrifugedat12,000rpm for15min.Thesupernatantwasusedas

thetotalcelllysates.
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6.2.Preparationofnuclearextract

Topreparenuclearextracts,thecellsweresuspendedin500ul

bufferA (10mM Tris(pH 7.5),5mM MgCl₂,0.05% TritonX-100)

containingproteaseinhibitor.Afterincubationat4℃ for15min,the

mixtureswerecentrifuged at12,000g for15min.Released nuclei

wereresuspendedinbufferB (10mM Tris(pH 7.4),5mM MgCl2)

and bufferC (10 mM Tris (pH 7.4),4 mM MgCl2,1 M NaCl)

containingproteaseinhibitorsfor30minat4℃.Then80% glycerol

was added to the supernatant (15 min,12,000 g),to a final

concentrationof20%.

6.3.Westernblotanalysis

Protein(100ug/ml)wereseparatedusing7.5～15% SDS-PAGE

and transferred to a polyvinylidene fluoride (PVDF) membrane

(Millipore,Billerica,MA,USA).Themembranewereblockedwith1%

bovineserum albumin(BSA)inTBS-T (10mM Tris-HCl,150mM

NaCl,pH 7.5,0.1% Tween-20)andthenincubatedovernightwiththe

indicatedprimaryantibodies(diluted1:1000)inTBS-T containing1%

BSA with gentleshaking at4℃.Thesecondary antibody wasa

peroxidase-conjugated goatanti-mouse or rabbitantibody (diluted

1:10000).Signalsweredetected using an ECL Western blotting kit

(Amersham,Piscataway,NJ,USA).

7.Gelatinzymography

MMP-2 and MMP-9 activities were analyzed using
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SDS-substrate gels by adding gelatin (1 mg/ml) to the 10%

acrylamideseparating gel.Cellsin 6-wellplatesweretreatedwith

SFM containingvariousconcentration(0-500ng/ml)ofPPY for24h.

Tumor-conditioned medium (TCM)was mixed with substrate gel

samplebuffer(13.3% SDS,40% glycerol,42mM Tris-HCl(pH 6.5),

0.013% bromophenolblue)and loaded onto the gelwithoutprior

boiling.Followingelectrophoresis,thegelswerewashedthreetimesin

2.5% TritonX-100for10minatroom temperaturetoremoveSDS.

Thegelswerethenincubatedat37℃ overnightinincubationbuffer

(50mM Tris-HCl(pH 8.0),5mM CaCl2).Thegelswerestainedwith

0.5% CBB G-250in40% methanol,and7% aceticacidfor1hat

room temperature,and de-stained in the same solution without

Coomassie blue.Gelatin-degrading enzyme were identified as clear

bandsagainstthebluebackgroundofstainedgel.

8.Apoptosisassay

AnnexinV & DeadCellAssaywasperformedutilizingMuseTM

CellAnalyzerfrom Millipore(Billerica,MA)followingmanufacturer's

instruction.Briefly,after the indicated treatments,the cells were

incubatedwithAnnexinV andDeadCellReagent(7-AAD)andthe

eventfordead late apoptotic,early apoptotic,and live cells were

counted.

9.Woundhealingassay

MCF-7cellsin100-mm disheswereculturedto80% confluence.
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Themedium wasreplacedwithSFM,andthecellswereculturedfor

24h,afterwhichthecellswerewoundedbyscrapingwithapipette

tip.Themedium wasreplacedwith SFM containing PPY,andthe

cellswerecultured for24h.Wound closurewasdetermined from

photographstakenusingamicroscopeat×200magnification.

10.mRNA expression

ThemRNAexpressionlevelsofspecificgeneswereevaluatedby

reverse-transcription polymerase chain reaction (RT-PCR).MCF-7

cellswereseededonto6-wellplatesandwereculturedfor24h,after

whichthemedium wasreplacedwithSFM containingPPY for24h.

Total RNA was isolated from the cells using TRIzol reagent

(InvitrogenCo.,Carlsbad,CA,USA),andtotalRNA wasconvertedto

cDNA using oligo (dT) primers (iNtRON Bioerchnology Inc.,

Seongnam,Korea).ForPCR amplification,the cDNA and specific

primerswereaddedto2X TOPsimpleTM DyeMIX-nTaq(Enzynomics,

Inc.,Daejoen,Korea)and 0.1% diethylpyrocarbonate(DEPC)water.

Theamplifiedproductswereanalyzedon1% agarosegelsstainedwith

RedSafeTM nucleicacidstainingsolution(iNtRONBiotechnology,INC).

11.siRNA-mediatedsilencingofmTOR,TGF-β1

UsingthenucleotidesequenceformTOR,TGF-β1mRNA from

Cosmogenetech.ThecontrolandmTORsiRNAsequenceareasfollow:

mTOR sense siRNA 5'ugaacccugccuuugucaugc3',mTOR antisense

siRNA 5'gcaugacaaaggcaggguuca3' and TGF-β1 sense siRNA
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5'uucuccgaacgugucacgutt3', TGF-β1 antisense siRNA

5'acgugacacguucggagaatt3'.Briefly,MCF-7cellsweretransfectedwith

controlsiRNA (non-targeted) or mTOR siRNA,TGF-β1 siRNA

(target)using alipofectamin(Invitrogen,Carlsbad,CA)asperthe

manufacturer'sinstruction.Thecellswereculturedinthepresenceof

transfectionmixturefor72handthefollowingday,thetransfection

mixturewasreplacedbyfreshRPMImedium.Afterthetransfection,

cellswerecollectedforapoptosis.

12.β-Catenin/T-cellfactor-lymphoidenhancerfactor-1

transcriptionreporterassay

Thenuclearactivity ofendogenous β-CatenininMCF-7cells

was analysed by using the TOPflash/FOPflash reporter system

(Millipore,Billerica,MA,USA).Cellgrown in 24-welldish were

transfected with either the TOPflash or FOPflash plasmid using

lipofectamineregent.Sixhoursaftertransfection,theculturemedium

wasreplacedbyRPMIsupplementedwith10% FBSinthepresenceof

absence.72hoursaftertransfection,cellswerewashed withPBSand

then lysed with the reporter lysis buffer (Promega).Luciferase

activities in cell lysates were measured with the Promega

Dul-Luciferase Reporter System and normalized to control β-gal

luciferasesignal.
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Targetgene PrimersSequence

Ras
Sense

antisense

5'-CCCGTCCTCATGTACTGGTC-3'
5'-ATCTTGGATACGGCAGGTCA-3'

MEK
Sense

antisense

5'-CGATGGATCCCCCAAGAAGAA GCCGACG-3'

5'-CGATCTCGAGTTAGACGCCAGCAGCATG-3'

Raf
Sense

antisense

5'-GATGATGGCAAACTCACGGATTC-3'

5'-AAGGCAGTCGTGCAAGCTCA-3'

ELK
Sense

antisense

5'-CACTTCTGGAGCACCCTGAGTC-3'

5'-AGAGGCCATCCACGCTGATA-3'

Smad2
Sense

antisense

5'-TAGGTGGGGAAGTTTTTGCTGA-3'

5'-CGTCTGCCTTCGGTA TTCTG-3'

Smad3
Sense

antisense

5'-GGAGGGCAGGCTTGGGGAAAA TG-3'

5'-GGGGAGGGTGCCGGTGGTGTA ATA-3'

Smad4
Sense

antisense

5'-AAGGTGAAGGTGATGTTTG-3'

5'-GAGCTATTCCACCTACTGAT-3'

Snail
Sense

antisense

5'-TATGCTGCCTTCCCAGGCTTG-3'

5'-ATGTGCATCTTGAGGGCACCC-3'

Axin
Sense

antisense

5'-ACCGAAAGTACATTCTTGATA AC-3'

5'-TCCATACCTGAACTCTCTGC-3'

ICAM
Sense

antisense

5'-CACCTCCTGTGACCAGCCCA-3'

5'-AACAGGACGGTCGCTGAGGG-3'

Frizzled
Sense

antisense

5'-CAGAGCGGGGCAGCAGTA CAA-3'

5'-GCGCGGGCAGGAGAA CTT-3'

RhoA
Sense

antisense

5'-CTCATAGTCTTCAGCAAGGACCAGTT-3'

5'-ATCATTCCGAAGATCCTTCTTATT-3'

RhoB
Sense

antisense

5'-ATGGCGGCCATCCGCAAGAAGC-3'

5'-TCATAGCACCTTGCAGCAGTTG-3'

Cdc42
Sense

antisense

5'-CGACCGCTAAGTTATCCACAG-3'

5'-GCAGCTAGGATAGCCTCATCA-3'

Rac1
Sense

antisense

5'-GGACACAGCTGGACAAGAAGA-3'

5'-GGACAGAGA ACCGCTCGGATA-3'

TGF-β1
Sense

antisense

5'-GCAGAACCCAAAAGCCAGAGTG-3'

5'-CCATAA CTA CCGTGGAGGTTGA-3'

Wnt1
Sense

antisense

5'-TGCACGCACACGCGCGTACTGCAC-3'

5'-CAGGATGGCAAGAGGGTTCATG-3'

Occluddin
Sense

antisense

5'-TCAGGGAATATCCACCTATCACTTCAG-3'

5'-CATCAGCAGCAGCCA TGTACTCTTCAC-3'

β-Catenin Sense 5'-GAAACGGCTTTCAGTTGAGC-3'

Table1.PrimerssequenceForRT-PCR
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antisense 5'-CTGGCCATATCCACCAGAGT-3'

GSK-3β
Sense

antisense

5'-CAGCAAGGTGACAACAGTGG-3'

5'-GGAACATAGTCCAGCACCAGA-3'

C-myc
Sense

antisense

5'-CCAGGA CTGTATGTGGAGCG-3'

5'-CCTGAGGACCAGTGGGCTGT-3'

GAPDH
Sense

antisense

5'-CAGCCGAGCCACATCG-3'

5'-TGA GGCTGTTGTCATACTTCTC-3'
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Ⅲ.ResultsandDiscussion

Part1.PreparationofPorphyrayezoensispeptide

1.PeptideofPorphyrayezoensis(PPY)

A peptidehavingpotentwerepurified.Theaminoacidsequenced

of the purified peptides were analysed as:PPY (K-K-A-A-E),

molecularmasswasdeterminedtobe546Da(Fig.1).
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Fig.1.SeparationofpeptidePorphyrayezoensis(PPY)

SeparationofpeptidePorphyrayezoensis(PPY)byHPLC(capcellpak

C18column).
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Part2.InhibitoryeffectofPPY onMCF-7cells

1.InhibitoryeffectofPPY onproliferationofMCF-7cells

Proliferation and death ofcellsarecarefully and continuously

balancedinmulti-cellularorganism.Imbalancesinthecooperationof

theseprocessescanresultin diseasessuchascancerduetoover

proliferationandreducedcelldeath(Overholtzeretal.,2007;Coateset

al.,2010).Cancerbeginswhen acellbreaksfreefrom thenormal

restrictionsoncelldivisionandbeginstofollow itsownagendafor

proliferation(Britaetal.,2005;Yilmazetal.,2009;Shinichi2010).

UsingMCF-7celltheeffectofpeptidefrom Porphyrayezoensis

(PPY)on theproliferation ofthesecellswereevaluated by MTS

assay.TheconversionlevelofMTStocoloredformazanbysuccinate

dehydrogenaseisproportionaltothenumberoflivingcells.

PPYinhibitionproliferationofMCF-7cells,asdeterminedbythe

MTSassay.Afterexposureto0～500ng/mlPPYfor24hexposureto

500ng/mlPPY inhibited growth by 60%.In MTS assay,PPY a

dose-dependenteffecton thegrowth ofMCF-7cells(Fig.2).After

exposureto0-500ng/mlPPY for24h,relativecellnumberdecreased

inaconcentration-dependentmanner.Comparedwithuntreatedcells,

thatMCF-7cellsexhibitinhibitionofcellgrowthafterexposureto

PPY for24h.Moreover,In accordancewith theresultsofMTS

assay,PPY inducedapoptoticcelldeathinadose-dependentmanner

in MCF-7 cells by DAPI assay (Fig.3).To confirm that PPY

decreasedcellproliferation,thisresultobservedcellmorphology.The



- 22 -

cellstreatedwithPPY appearedtodecreaseinnumbercomparedto

untreated cells.TheDAPIstaining showed thatPPY inhibited the

proliferationofMCF-7cellsinatime-dependentmanner.DAPIassay

confirmedthatPPY treatmentinducedcelldeath.Theresultshowed

effectPPYinMCF-7cellgrowthinhibition.
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Fig.2.EffectofPPY ontheMCF-7cellsproliferation.

MCF-7cellsweretreatedwithvariousconcentrationsofPPY for24

hours,andcytotoxicitywasdeterminedbytheMTSassays.
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Fig.3.EffectofPPY oncellmorphologyofMCF-7cells

PPY causedmorphologicalchangesinMCF-7cancercellswithDAPI

stainingassay.After24hofPPY (0-500ng/ml),cellswereobserved

under an optical microscope. Photographs were taken at a

magnificationof×200.
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2.ActivationofPI3K-AKT pathway

PI3K/Aktpathwayismainlyassociatedwithgrowth.PI3K/Akt

signalingpathwaysareknowntobeimportantforcelldifferentiation

and proliferation.The PI-3K signaltransduction pathway regulates

cancersurvival,apoptosis,andanumberofdiversecellularprocesses

suchasgrowth,proliferation,celltransformation,metastasis,membrane

trafficking,andcellsurvival(Carlosetal.,2004).Moreover,activated

PI-3K inducescoloncancerproliferationandcanconvertdifferentiated

humangastricandcoloncarcinomacells toalessdifferentiatedand

moremalignantphenotype(Kobayashietal.,1999).InthePI3K/AKT

pathway,growthfactorsactivatePI3K viatryosinekinasereceptors,

andactivatedPI3K phosphorylatesphosphatidylinositol4,5-bisphosphate

(PI(4,5)P2), converting PI(4,5)P2 to PI(3,4,5)P4, a lipid second

messenger(Czech2003).

Aktbinds to PI(3,4,5)P3 and changes conformation following

phosphorylationby3-phosphoinositide-dependentPDK1.ActivatedAkt

phosphorylates numerous substrates that are involved in various

cellularformationslikecellgrowth,cellcycle,apoptosisandglucose

metabolism (Liangetal.,2003;Fresnoetal.,2004)AKT,asamajor

down-stream modulatorofPI3K,enhances cellproliferation via a

variety of molecular mechanisms, including phosphorylation and

inactivationofpro-apoptoticgenes(Malaguarneraetal,.2004;Carlos

etal,.2004;Crocietal,.2004).

In the present study,the involvement of this pathway in

PPY-induceddownregulationonMCF-7cancercellproliferation.To
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examined whetherPPY stimulatestheactivation p85,asubunitof

PI3K.PPY causeddecreaseactivationofAktandAktphosphortlation

inMCF-7cellstreatedwithPPY.Moreover,PPY causeddecreased

activation ofp85.Theseresultsindicatethattheactivation ofthe

PI-3K/Aktpathway is also involved in PPY nduced inhibition of

MCF-7 cells.These results indicated thatthe characterization of

PPY-induceddecreaseofMCF-7cellsinvolvedintheregulationofthe

PI3K signalingpathway(Fig.4).
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Fig.4.EffectofPPY ontheexpressionofPI3K/AKT pathway

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownPI3K,AKTandp-AKTproteins.
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3.TheexpressionofIGF-IR

Insulin-likegrowth factor-Ireceptor(IGF-IR)issignificantin

cell growth, differentiation, and survival (Butler et al., 1998).

OverexpressionofIGF-IR andrelatedproteinsresultsincancercell

proliferation and survival.Thus,IGF-IR is involved in malignant

transformation(Rubinietal.,1997;Reissetal.,1998).IGF-Isignaling

playsaroleincancerdevelopmentandprogression(Basergaetal.,

2003;Werner etal.,2000).IGF-Iprotected cancer cells against

apoptosis.The mechanisms by which IGF-I and IGF-I receptor

interactwith celldeath pathways remain unclear.Therefore,itis

importantto elucidate the relationships between IGF-Iand IGF-I

receptorsandapoptoticpathways.(Remacle-Bonnetetal.,2000).

Tofurtherinvestigatethemechanism ofPPY inducedinhibition,

thisstudyusedIGF-IR proteintoexaminewhetherpeptideactivates

the signaling pathway in MCF-7 cells.The signaling activity of

IGF-IR is crucial to the control of apoptosis and proliferation

processes,andIGF-IRactivationresultsinautophosphorylation(Rubini

etal.,1997).Therefore,theseresultssuggesttheeffectofPPY on

IGF-IR expression. MCF-7 cells were treated with different

concentrationofPPY for24h,Fig.5,showswesternblotanalysisof

apoptosis-associated protein in MCF-7 cells.Expression levelof

IGF-IR were decrease in MCF-7 cellin a PPY dose dependent

manner.TheproteinlevelofERK wasdecreasein125ng/mlPPY

treatedMCF-7cells,whereasphosphorylationofERK wasinhibited

byPPY.TheseresultsalsofoundthattreatmentwithPPY resultedin
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activationoftheintrinsicapoptosispathwaybydecreasetheERK and

phosphorERKinMCF-7cells(Fig.5).

Inductionofapoptosishasbecomeapredominantmechanism by

whichchemotherapeuticagentexertedcytotoxicity(Wangetal.,2008).

Thedatapresentedhereprovidedevidenceoftheapoptoticeffectof

PPYinMCF-7cells.
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Fig.5.EffectofPPY ontheexpressionofIGF-IRpathway

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.Thedatashown IGF-IR,IRS-1,SHC,ERK andp-ERK

proteins.
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4.Expressionofcellcycle-relatedprotein

Cellcycleprogressionisahighlyorderedandtightlyregulated

processthatinvolvesmultiplecheckpointatextracellulargrowthsignal,

cellsize,andDNA integrityaremonitored.Deregulationofcellcycle

hasbeenrecognizedasthehallmarkofcancerprogressioninmost

malignant tumor.Furthermore,ithas been shown to induce an

aberrantform ofmitosiscelledmitoticcatastropheandalsomaybe

involvedintriggeringapoptosis(Liuetal.,2009).

Apoptosisisregulatedbyproteinsthatareinvolvedincellcycle

progression.Thereisaccumulationevidencethatmanipulationofthe

cellcyclemaypreventorinduceanapoptoticresponsedependingupon

thecellularcontext.Becausecellularcontextiscrucial,theseproteins

mayservetotiecelldeathwithproliferativesignalseventhoughthey

maynotbepartofthecell’sapoptoticmachinery(Puccietal.,2000).

These results showed that PPY treatment causes a dose

dependentdecreaseinthelevelCyclinE andCDK6.Incontrast,p21,

p27increaseinadosedependentmannerafterPPY treatment(Fig.6).

Reduces expression ofp27 has been observed in severalhuman

cancers,and p27 is associated with the induction ofapoptosis in

cancercells(Naumannetal.,1999).AsshowninFig.6,PPYtreatment

decreasedproteinexpressionofCdk6andCyclinE,whereaslevelsof

Cdk2 were largely unchanged.The Cdk inhibitor p21 and p27

suppresses the activity of the Cyclin E/Cdk complex. Reduced

expressionofp27hasbeenobservedinseveralhumancancers,and

p27 is associated with the induction ofapoptosis in cancercells
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(Naumannetal.,1999;Murilloetal.,2002).

In orderto determined thatPPY also affects the cellcycle

regulatorsofsub-G1phase,expressionlevelsoftheseregulatorwere

examined.Theprogressionofthecellcycleislargelycontroledby

coordinatedsuccessiveactivationofCdk,whichisinturnmodulated

by an association with regulatory subunits,Cyclins,and group of

Cdk-inhibitoryproteins(Fig.7).CyclinE ishighly expressedduring

theG1toSphasetransition,andCdk,includingCdk2,Cdk4,Cdk6are

criticalregulatorsduring thephasetransition (Murilloetal.,2002).

Therefore,theseresultssuggestthatPPY may bemodulating the

sub-G1arrestviaupregulationofp21anddownregulationofCdk6and

CyclinE.
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Fig.6.EffectofPPY on theexpression ofcell-cycle related

proteins

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24 h.The data shown CyclinE,CDK6,CDK2,p27 and p21

proteins.
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Fig.7.Schematicmodelformammaliancellcycleprogression

Thecellcycleisdividedinto4broadlydefinedpahses;theG1(growth

and preparation ofthechromosomeforrepilactaion),S(synthesisof

DNA),G2(preparationformitosis),M(mitosis)phase.BeataG(2000).
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5.InducedapoptosisbyPPY

Thisstudy wasthemodeofcelldeath andcellcyclearrest

inducedinbreastcancercellsbyPPY.Theinductionofcelldeath

throughapoptosisbythePPY onbreastcancercellswasconfirmed

byAnnexin-V.ThisstudyperformedAnnexinV stainingassayfor

cellapoptosisratebyMuseAnnexinVandDeadCellkit.

MCF-7cellsweretreatedwithPPY andapoptoticandnecrotic

cellsweredetectedbyAnnexinV and7-aminoactinomycinD (AAD)

staining,respectively.In this assay,cells in the early stage of

apoptosisareAnnexinV-positiveand7-AAD-negative,andthosein

lateapoptosisareAnnexin V-positiveand 7-AAD-positive.In the

presentstudy,PPY treatmentincreasedthepercentageofapoptotic

MCF-7cells,in a dose-dependentmanner.Controlcellscomprised

8.15% apoptotic cells,0.45% necrotic cells and 91.40% living cells

(Fig.8).Treatmentwith125,250and500ng/mlPPY for24hresulted

in15.75,20.70and25.80% apoptoticcells,respectively.Inthisstudy,

thecellstreatedwiththehighestconcentration(0-500ng/ml)ofPPY

were observed to undergo apoptosis.The apoptosis rate increased

25.80% in finalPPY concentration (500 ng/ml)compared with the

control group (Fig.8).This indicates that even at the highest

concentration,the mode ofcelldeath is stillthe preferable one,

apoptosis. During early apoptosis, the externalization of the

phospholipidphosphatidylserineoccursatthecellmembraneandcould

bedetectedbyAnnexinV.Therefore,Annexincouldbeusedasprobe

fordetectionofapoptosis(Vangesteletal.,2010).
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Asapoptosisisbelievedtoplayamajorroleinthesurvivaland

proliferation of the neoplastic cells,failure to activate apoptosis

representsasoneofthemajorobstaclestothesuccessofaparticular

cancertreatment(Cummingsetal.,2004).
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Fig.8.PPY inducedapoptosisoftheMCF-7cells.

Cellsculturedin6-wellplatesweretreatedwithPPY (0-500ng/ml)

andthencollectedinmedium containing1% FBS.Thepercentagesof

apoptoticandnecroticcellsweredeterminedusingaMuseAnnexinV

andDeadCellkitasdescribedinMaterialsandmethod.Cellsinthe

earlystageofapoptosisareAnnexinV-positiveand7-AD-negative,

andthoseinlateapoptosisareAnnexinV-positiveand7-AD-positive.
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Fig.9.TheproposedmodelofPPY inducedapoptosisinMCF-7

cells
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6.ExpressionofmTORpathway

Mammalian targetofrapamycin (mTOR)isaserine-threonine

kinase that plays an important role in the regulation of cell

proliferation and protein synthesis through the activation of its

downstream targetribosomalp70S6kinase(Varmaetal.,2007).mTOR

is activated by severalstimulisuch as growth factor,nutrients

throughreceptortyrosinekinase(RTK),phosphatidylinositol3kinase

(PI3K)andAkt/PKB signalingcascde(Xuetal.,2004).ThemTOR

pathway is involved in the developmentofmany human cancers

(Faivreetal.,2006),anditexaminedtheactivationofmTORpathway

inMCF-7cells(Fig.10).Themammaliantargetofrapamycin(mTOR)

isalsoaserine/threonineproteinkinasethatregulatescellgrowthby

integrating nutrient-andgrowth factor-derived signal(Fingaretal.,

2004;Dannetal.,2006).AsshowninFig.10,mTORandp70S6K were

decreasedose-dependentonMCF-7cellsbyPPY.Highconcentrations

ofPPY considerablydecreasePDK1proteinlevel.Inthisstudyshown

thatPPYcanincreasePTENproteinlevelinadose-dependentmanner

in MCF-7 cells,and this wasaccompanied by decreaseofRPS6.

Therefore,theseresultsshowed effectPPY in MCF-7cellgrowth

inhibition. 
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Fig.10.EffectofPPY ontheexpressionofmTORpathway

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownmTOR,elF4B,p70S6K,PDK1,pTEN and

RPS6proteins.
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7.p70S6K playsanimportantroleinmetastasis

mTOR andp70S6K areanimportantpartofsignalingpathway

inetiologyofseveraltypesofcancersandothermetabolicdisorders

likeobesityanddiabetes.Understandingthebehaviorofupstream and

downstream targetsofmTORandp70S6K isanimportantprocessin

providing insights into various processed in diseased situation as

comparedtonormal(Sarbassovetal.,2005).The70-kDaribosomal

proteinS6kinase(p70S6K)isaSerine/threoninekinasethatregulates

proteintranslationbyphosphorylatingribosomeproteinS6(Jefferieset

al.,1997;Manteuffeletal.,1997).p70S6K hasbeenassociatedwith

breastcancer,poorprognosis,and metastasis,butthemechanisms

associated with the role of p70S6K in metastasis are not well

understood.To determine the downstream targets and mechanisms

thatmay play arolein metastasis,thisstudy used western blot

analysistodetectproteinsthatmay becriticalin cellattachment,

motility,invasion,andmetastasis(Akaretal.,2010).Theaim ofthis

study was to investigate ifp70S6K is involved in breastcancer

metastasis.

PPY causedecreaseactivationofp70S6K inMCF-7cells.This

study alsoobservedthedownregulationofTG2,B-Catenin,p-FAK

protein (Fig.11).Downregulation of p70S6K also inhibited tissue

transglutaminase2andβ-CateninexpressionintheMCF-7cells.The

resultsofthisstudyshow thatp70S6kisinvolvedinmetastasisin

MCF-7cells.

Tissue transglutaminase (TG2), a member of the
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transglutaminasefamily,isacalcium-dependentenzymethatcatalyzes

thecovalentcross-linkingofproteins.Thismultifunctionalproteinis

expressedubiquitouslyandabundantly,andhasbeenimplicatedina

variety of cellular processes,such as cell differentiation,death,

inflammation,migration,andwoundhealing(Fesusetal.,2005;Fesus

etal.,2002).ExpressionlevelofTG2weredecreaseinMCF-7cellsin

a PPY dose-dependentmanner.The expression proteins TG2 was

decrease,whencellswereactivatedbyPPY.

P70S6K playsan importantrolemetastasisby regulating key

proteinssuchasCyclinD1,PDCD4,focaladhesionkinase.E-Cadherin,

β-Catenin,andtissuetransglutaminase2thatareessentialforcell

attachment,survival,and invasion,aswellasmetastasisin breast

cancer(Fig.12).
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Fig.11.Targeting p70S6K inhibition of cells migration and

metastasisbyPPY

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.Thedatashownp70S6K,TG2,β-Catenin,E-Cadherin,FAK

andp-FAKproteins.
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Fig.12.p70S6K plays an important role in metastasis by

regulating key proteins, such as focal adhesion kinase, β

-Catenin, E-Cadherin and tissue transglutaminase 2 that

essentialcellattachment,survival,invasion and metastasis in

MCF-7cells
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8.ActivationofNF-kBandBcl-2family

TheAkt/mTOR signaling iscrucialtomanywidely divergent

physiological processes which include transcription, differentiation,

apoptosis,andmetabolism (Yuanetal.,2008).Aktplaysacrucialrole

in determining cellfate by regulating fundamentaltranscriptional

factors,suchasnuclearfactor-kappaB(NF-κB)(Pearsonetal.,2008).

NF-kBinduceupregulationofBcl-2familymembers,andthebalance

between anti-apoptoticprotein Bcl-2 and pro-apoptoticprotein Bax

playsamajorrolein regulating apoptosis.NF-KB which playsa

pivotalroleincellsurvivalregulates vastnumberofgenesrelatedto

apoptosissuch asBcl-2,Bax andFas(Robortetal.,2007).Bcl-2

family memberssuchasBax andBadpromoteapoptosis,whereas,

othermembersincludingBcl-2andBcl-Xlexertanti-apoptosiseffects

(Julianeetal.,1998).

AsshowninFig.13activityNF-κB andBcl-2weredecreased

whereasp53and Bad,Bax activity wereincreased by PPY.This

resultindicatedthatPPY controlsapoptosisregulatorgeneexpression

by down-regulation ofp53andup-regulation ofNF-κB activity to

PPY inducedapoptosisinMCF-7cells.Importantly,thisstudyalso

observed that the p53/NF-κB and PI3K/Akt/mTOR pathway are

affected by PPY and aided explaining the cellular functional

relationshipbetween NF-κB,Bcl-2family genes,andmTOR under

PPY inducedapoptoticconditionsinMCF-7cells.Thisresultsshowed

thatPPYmightmodulateanti-cancerandAkt/mTORsignaling.
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(A)

(B)

Fig.13.EffectofPPY ontheexpressionofNF-κB,p53(A)and

Bcl-2family(B)

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.Thedatashown NF-kB,p53,Bcl-2,Bad,Bid and Bax

proteins.
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Fig.14.The propose modelof NF-κB and Bcl-2 family in

MCF-7cells
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9.Theroleofautophagy

Autophagyissignalingpathwaywhichleadstodegradationof

cellularcomponentsbylysosomalactivity.Duetoanenhancedsupply

ofmonomersoriginatingfrom thecellsownresources,thisprocessis

essentialforsurvivalduringstress.Inaddition,autophagyhasbeen

shown to be important in a variety of other cellular processes

includingtherecyclingofagedordamagedorganelles,remodelingof

cellular structures during development,celldeath,and protection

against bacterialinfection (Levine et al.,2004).The relationship

betweenautophagyandcancerhasbeenahottopicforyears,and

currently there are numerous studies shedding lightonto different

aspectsofthisrelationship.Recentstudiessuggestthatautophagy

may cooperatewith apoptosistopromotecelldeath (Alfred etal.,

2009;Corcelleetal.,2009;Levineetal.,2009).

As shown in Fig.15, a trend of increased expression of

autophagy-associatedproteinssuchasLC3,Beclin1,Atg5andAtg7.

Here we detected MCF-7 cells treated with 500 ng PPY 24 h

displayedanincreaseLC3proteincomparedwithuntreatedcells.Asa

specific marker forautophagy,LC3 was widely used to monitor

autophagy.Lipidation ofmicrotubule-associated protein LC3,as an

autophagy marker,coats autophagosomes during autophagy and is

converted to LC3-Ⅱ resulting in the appearance ofthe delayed

electrophoretic mobility in gel(Chan etal.,2000).Beclin1 is an

essential autophagic gene that contributes to the initial vesicle

nucleationandformationofautophagosome,whereasAtg5participates
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inautophagicvesicleelongationandcompletion(Zhangetal2013).

AsshowninFig.16,thissectiontobrieflysummarizewhatwe

know abouttheanatomyofautophagy,andtheroleofAtgandother

proteinsinvolvedintheformationandmaturationofautophagosomes.

Formoredetaileddiscussions,readersshouldconsultrecentreviews

dedicated to the morphology ofautophagy (Esklinen etal.,2005;

Fingaretal.,2004),theoriginofthemembranesourceforautophagy

(Juhasz2006;Mijaljicaetal2006;Reggiorietal.,2005),theroleAtg

proteins during the formation of autophagosomes (Klionsky 2005;

Suzukiet al.,2007) and the molecular events that govern the

maturationofautophagosomes(Esklinenetal.,2005)

TheseresultssupportedtheideathatPPY induceautophagyin

MCF-7cells.TheseinvitrodatasuggestedthatPPY inhibitstumor

growthandinducesapoptosisinMCF-7cells.Inaddition,thisstudy

demonstrated that PPY induced autophagy via the Akt/mTOR

pathway.
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Fig.15.EffectofPPY ontheexpressionofAutophagy related

proteins

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownmTOR,Beclin1,ATG5andATG7proteins.
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Fig.16.Theproposedmodeloftheroleofautophagy

Theprocessofautophagy isregulated by Autophagy-related gene

(Atg)andtheirhomologesindifferenteukaryoticcells.Thediagram

showsthemain stagesofautophagosomedevelopment:phagophore

formation,elongation,autophagosomeformation and itsfusion with

lysosome(Parkhitkoetal.,2013).
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Fig.17.TheproposedmodeloftheautophagythroughmTOR
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Fig.18.Theproposed modeloftheautophagy and metastasis

throughmTORsignalingpathway
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Part3.InhibitoryeffectofmetastasisbyPPY

1.EffectofcelldeathinMCF-7cellsbyco-treatmentTGF-β1

withPPY

Transforminggrowthfactor-β1(TGF-β1)isapotentregulator

in promoting the invasion and proliferation ofbreastcancercells

(Yangetal.,2010).Inseveraltypesofadvancedcancers,TGF-β1has

been shown topromotecancercellinvasion andmetastasis;whilst

inhibition of TGF-β1 receptor function by expressing dominant

negativesuppresscellinvasion(Artegaetal.,1998;Arteage1997).

InordertoevaluatewhetherTGF-β1affectschangeofcellsin

time-dependentmanner,the cells were incubated with 0-2 ng/ml

TGF-β1for0-48h.ToidentifytheeffectofPPY oncelldeath,cells

were treated with or withoutTGF-β1 (0-2 ng/ml).The results

showed that microscopic analysis confirmed that PPY treatment

inducedcelldeath.Inthisstudy,TGF-β1wasusedtoinducedcell

death ofMCF-7 cells,with 48 hours and 1 ng/mlofTGF-β1

treatment,MCF-7cellsundergoadramaticmorphologicalchange,from

compact,cobblestone-likeepithelialstructures(Fig.19).Changeofcell

morphology and decreased of cell numbers became pronounced

dose-dependent and time-dependent manner. Microscopic analysis

showedthatTGF-β1treatmentwasthatapoptoticcellsandapoptosis

thancontrolgroup.
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Fig.19.MorphologicalchangesinMCF-7cellsbyTGF-β1

ThecellsweretreatedwithSFM (control)orTGF-β1(0.5-2ng/ml)

forindicatedtimes.Aftertheindicatedtimes,themorphologieswere

photographedusingphasecontrastoptics.
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2.ActivationofTGF-β1pathway

Transforminggrowthfactor-β1(TGF-β1)signalingtransduction

pathway participates in many human disorders, including

atherosclerosis, fibrosis and cancer (Blobe et al., 2000).

Smad-dependentpathway is a specific TGF-β1 signaling pathway

participateincancerdevelopment(Bierieetal.,2006;Deryncketal.,

2003).SmadsfamilyisagroupofTGF-β1signal-specificintracellualr

signaltransducers,andSmad4isakeyproteinthatmediatesallthe

Smadsignaling pathway-specificligands,andplayacriticalrolein

TGF-β1signalingpathway(Hahnetal.,1996;Sam etal.,1996).

Many studies have focused on Smad-dependent TGF-β1

signalingpathwaywithtumor.TheroleofTGF-β1/Smadontumor

cellgrowth andmetastasisin MCF-7cellsisnotfully understood

(Bieritetal.,2006).Thisstudyusedaseriesofcellfunctionassaysto

examinetheroleofTGF-β1/Smadsignaling in MCF-7cells.This

results observed the effects inhibition ofgrowth on TGF-β1 and

expressionlevelofSmadisdownregulationindose-dependentmanner

(Fig.20,21).This indicates thatthere is a Smad-dependentPPY

inducedgrowthinhibition.Inthisstudy,TGF-β1signalingpathway

induced cellapoptosis when PPY treatment,the obvious apoptosis

phenomenonmayberelatedtoacertainapoptosispathwaymediated

bydecreasedSmadexpression.Theseresultssuggestthatrestoration

ofSmadexpressioninMCF-7cellsiscrucialforTGF-β1playingits

roleininhibitingcellgrowth.Indifferentcelltypes,TGF-β1canboth

inhibitcellproliferation and induce apoptosis (Hague etal.,1998;
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Wimmelletal.,2003).
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Fig.20.EffectofPPY ontheexpressionofTGF-β1signalingby

Westernblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for 24 h.The data shown TGF-β1,Smad2,Smad3 and Smad4

proteinsbyWesternblot.
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Fig.21.EffectofPPY ontheexpressionofTGF-β1signalingby

RT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for 24 h.The data shown TGF-β1,Smad2,Smad3 and Smad4

proteinsbyRT-PCR.



- 60 -

3.SmadexpressionbystimulatedTGF-β1

The transforming growth factor beta (TGF-β) family of

signaling molecules are key regulators ofboth developmental,and

malignantprocesses(Walshetal.,2011).Manysignalingpathwayare

implicated the biologicaleffects ofTGF-β stimulation,and many

moleculesareinvolvedinTGF-β signaling,suchastheextracellular

signal-regulatedkinase(ERK),c-junNH2-terminaetkinase(JNK),p38

mitogen-activatedproteinkinase(MAPK),phosphatidylinositol3-kinase

(PI3K),etc.whileamongthenettheSmad-dependentpathwayisa

specificsignalingpathwayparticipateincancerdevelopment(Bierieet

al.,2006;Deryncketal.,2003)

TGF-β1 stimulates inhibit cell proliferation through

Smad-mediatedpathway.In thewesternblotanalysis,itwasclear

thatPPY withTGF-β11ng/mltreatmentsufficientlydecreasedTGF-

β1,Smad2andSmad4proteinexpressioncomparedtotheonlyTGF-β

1treatmentgroup(Fig.22).Collectiveanalysisofthisdatashowedthat

the PPY have inhibitoractivity againstgene expression ofthese

proteins.

Inthisstudy,haveshownthatthedeathofMCF-7cellsunder

stimulation ofTGF-β1,suggesting thepossibility ofusing PPY to

preventandreduceMCF-7cellsthroughdirectlybindingtoTGF-β1

andblockingitssignaltransductions.Thisstudygivesfurtherinsight

intothespecificpathwaythatarerequiredforTGF-β1activationand

highlightstheimportanceofSmadlevelsandTGF-β1activityincells,

particularlybreastcancercells.
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Fig.22.Activation of Smad signaling pathway by PPY in

MCF-7cells

CellsweretreatedwithseveralconcentrationsofPPY for24hand

stimulatedwithTGF-β1for48h.Cellmembraneswerepreparedand

analyzedbyWesternblotanalysisusingTGF-β1,Smad2,Smad3and

Smad4antibodies.
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4.ActivationofEpithelial-to-mesenchymaltransitionmarkers

TransformingGrowthFactorβ (TGF-β)isamajordrivingforce

of the Epithelial-to-Mesenchymal(EMT) genetic program,which

becomesoveractivein thepathophysiology ofmany related human

diseases(Cufietal.,2010).Tissuesinourbodiesaremainlycomposed

of two different types of cells-mesenchymaland epithelialcells.

Mesenchymalcellsaresolitary,capableofmigratingandinteracting

withmatrixproteinsininterstitialtissues.Onthecontrary,epithelial

cellsinteractwitheachothertoforcelllayers,whichactasbarriers

thatprotectourbodiesfrom theenvironment(Amandaetal.,2010).

Epithelial-to-mesenchymal transition (EMT) is a cellular process

during which epithelialcells lose their polarized organization and

cell-celljunctions,undergochangesincellshapeandincytoskeletal

organization and acquire mesenchymal characteristics, such as

fibroblase-like cell morphology and increased cell migration and

invasion(Hay1968).EMTinvolvesthelossofepithelialmarkers,such

as thetightjunction proteins claudinsand occludins theadherens

junction proteins E-cadherin, α and β-catenin,and cytokeratins.

Concomitantly,anumberofmesenchymalmarkersareincreased in

theirexpression,including N-cadherin,vimentin,fibronectin,matrix

metalloproteinase,integrinαγ andβ₁andsmoothmuscleactin(Fig.23).

(Thieryetal.,2006;Yangetal.,2008;Kangetal.,2004;Christofori

2006).EMT-promoting transcription factors,such assnailand zeb

proteinsbindinactivatepromotersofgenesencodingjunctionproteins

likeE-cadherin,claudinsandoccludin(Peinadoetal.,2007).During
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EMT,cellslosetheirepithelialpolarityanddissolvetheiradherentand

tightjunctions,favoring a high plasticity in cell-celladhesion and

communicationwiththeextracellularmatrix throughfocaladhesions

(Christofori2006).

In this study,itwas determined whether PPY affects the

expressionlevelofEMT ofoccludins,snailandvimentininMCF-7

cells.WesternblotanalysesandRT-PCR confirmedthattheamount

ofoccludins,snailproteinsdecreasedindose-dependentmannerafter

treatmentwithPPY (Fig.24,25).Bycontrast,AsshowninFig.24,25,

PPY treatmentsignificantlyincreasedtheexpressionlevelofvimentin.

Thisexpression pattern isconsistentwith EMT seen in othercell

types(Yangetal.,2008).ThesefindingsindicatedthatPPYtreatment

mayhaveplayedaroleinpromotingtheactivationofTGF-β1leading

toEMT.
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Fig.23.KeyeventsduringEMT.

The diagram shows four key steps that are essentialfor the

completionoftheentireEMT courseandthemostcommonlyused

epithelialandmesenchymalmarkers(Aroeiraetal.,2007).
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Fig.24.EffectofPPY on theexpression ofEMT markerby

Westernblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownOccludin,VimentinandSnailproteins.
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Fig.25.EffectofPPY on theexpression ofEMT markerby

RT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownOccludin,VimentinandSnailprotein.
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Fig.26.TGF-β signalingpathwayfortheinductionofEMT.

TGF-β binds to TGF-β receptoron cellsurface.This activates

Smad2andSmad3proteins,whichgoontocombinewithSmad4.The

resultingSmadgroupofproteinsthenmovesintothecellnucleusand

beginstheproductionofSNAIL,SLUG,TWIST andZEB1/2proteins.

Theseproteinsnow halttheproductionofE-cadherinandenablethe

expressionofmesenchymalcharacteristics.(SamarasingheB2013).
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5.ActivationofWntsignal

ThecanonicalWntsignalling pathway playsacriticalrolein

developmentanddisease.Thekeyplayerofthepathwayisβ-Catenin.

Itsactivityismainlyregulatedbythedestructioncomplexconsisting

ofAPC,AxinandGSK3.Inthenucleus,thecomplexformationofβ

-CateninandTCF initiatestargetgeneexpression(Heetal.,2004).

Wntsignaling,whichisimportantinpromotingandmaintainingthe

undifferentiatedstateofstem cells,hasbeenshowntopreparecells

forTGF-β1-induced EMT during development(Nusseetal.,2008;

Herveetal.,2009).Incancer,overactiveWntsignalingisfrequently

detectedandcooperateswith TGF-β1inducedEMT (Scheeletal.,

2011).Theprincipalregulatory mechanism thatcontrolsthenuclear

accumulationofβ-Cateninistheactivityoftheso-calleddestruction

complex,consistingofthescaffoldingproteinsAxinandAdenomatous

polyposis(APC)andthekinaseGlycogensynthasekinase3(GSK3)

(Kishideetal.,1998;Yostetal.,1996;Hartetal.,1998).

Axinhasamolecularweightof～110kDa(Chiaetal.,2005).It

can interact directly with the CRM1 receptor, although via

non-classicalNES sequences.Although cytoplasmicatsteady state,

Axinshuttlesinfactintoandoutofthenucleus.Axinmayalsohave

yetunkoknownfunctionsinthenucleus(Wiechensetal.,2004).

ThekinaseGSK3isa～50kDaprotein(Kim etal.,2009).It

exhibitsabipartiteNLS,whichwasfoundtobebothnecessaryand

sufficientfornuclearlocalization.GSK3ishighlyactiveinthenucleus

ItwasproventhatGSK3hasanuclearfunctionindownregulatingthe
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activityofβ-Catenin(Bijuretal.,2003).

APCisalarge～310kDaprotein.ItexhibitsatleasetwoNES

interactingwiththeCRM1nuclearexportfactorandhasbeenproven

toshuttlebetweencytoplasm andnucleus(Neufeldetal.,2000),but

thefunctionalrelevanceofthisisstillcontroversial(Rosin-Arbesfeld

etal.,2000).

Expression levels of the sub-factors of these genes,Axin,

GSK-3β and β-Cateninweremeasuredinsamemanner.Thisstudy

observedaincreasedinproteinlevelsoftheseAxin,GSK-3β.Axin

inducedinhibitionofWnt.Inaddition,thisstudyobservedadecrease

in protein levelsofWnt,Frizzled and ICAM in adose-dependent

mannerupon PPY treatment(Fig.27,28).TheWnt/Frizzled protein

receptordemonstratesthatcellproliferationisassociatedwithcancer

cells(Heetal.,2004).

Theseresultssuggestedthatthisinhibitionisa generaleffect

for Wnt-stimulated cells. The Wnt/Frizzled protein receptor

demonstratesthatcellproliferationisassociatedwithcancercells(He

etal.,2004).Therefore,inhibition ofcancercellproliferation and

attachmentisrequiredtosuppressWnt/Frizzled.Thisstudyobserved

theexpression levelsofthesegenesby Western blotanalysisand

RT-PCR.CellsweretreatedwithvariousconcentrationofPPY for24

h.AsaresultsobservedadecreaseinproteinlevelsofWnt,Frizzled

inadose-dependentmanneruponPPYtreatment(Fig.27).Additionally,

mRNA expressionlevelsrevealedthesameresults(Fig.28).Expression

ofasub-factorofWntsignalingwasduetoreducedexpressionofa
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receptorthatwasalsoobservedintheseexperiments.Theseresults

confirmed inhibition of Wnt and Frizzled receptors. Therefore,

expressionlevelsofsub-factorsofthesegenes(Axin,GSK-3β andβ

-Catenin)weremeasuredinthesamemanner.The β-Cateninwas

degradedbyAxin,GSK-3β complexinnormalcells.Inaddition,Axin

inducedinhibitionofWnt(Dobleetal.,2009).Asaresults,thisstudy

confirmed increased expression of Axin. GSK-3β increased to

decomposetheroleofβ-Cateninisinvolvedincelladhesion(Fig.29,

30).Target gene expression occurs following accumulation of β

-CatenininthenucleusandenteringoftheTCF/LEFbindingfactor.

ThispromotestranscriptionofC-myc,whichpromotescelldivisionby

theβ-Catenin/TCF/LEFcomplex(Brownetal.,2001).Therefore,this

studyexaminedtheexpressionlevelsofICAM,C-mycbyWestern

blotand RT-PCR.Cellsweretreated with PPY for24 h.These

resultsobservedthedownregulationofproteinandmRNA levelsof

thesegenesinadose-dependentmannerwithPPY(Fig.31,32).

ToaddresswhetherPPY inhibitstheexpressionofendogenous

WnttargetgenesatthemRNA andproteinlevels,thisstudytreated

cellswithPPYforRT-PCRanalyses,andtheresultshowedthatPPY

treatmentreducedtheexpressionofWnttargetgenessuchandAxin

and C-Myc.These data suggested thatPPY can inhibitWnt/β

-Cateninsignaling.Inthisstudyfocusedoncellinhibition,cellmotility

and proliferation through decreased β-Catenin by downregulation of

Wnt.

A modeldepictingthenovelroleofPPY inWntsignaling(Fig.
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34).In thepresence ofWnt,Wntbinds to receptorFrizzled and

co-receptorLRP5/6,andDisheveled(DVL)bindstoFrizzled.TheAxin

protein complex including β-Catenin and GSK-3β proceeds to the

membraneand Axin bindsto phosphorylated LRP5/6.β-Catenin is

releasedandaccumulatesinthecytoplasm,thenentersthenucleusto

associatewithTCFandactivatethetranscriptionofWnttargetgenes

(Brownetal.,2001).PPY actstodisrupttheinteractionofβ-Catenin

with TCF4,contributing tothedecreasein Wntsignaling (Fig.34)

(Chenetal.,2012).
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Fig.27.EffectofPPY ontheexpressionofWntandFrizzledby

Westernblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownWntandFrizzledproteins.
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Fig.28.EffectofPPY ontheexpressionofWntandFrizzledby

RT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownWntandFrizzledproteins.
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Fig.29.EffectofPPY ontheexpressionofβ-Catenin,GSK-3β,

andAXIN byWesternblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.Thedatashownβ-Catenin,GSK-3β andAXINproteins.
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Fig.30.EffectofPPY ontheexpressionofβ-Catenin,GSK-3β,

andAXIN byRT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.Thedatashownβ-Catenin,GSK-3β andAXINproteins.
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Fig.31.EffectofPPY ontheexpressionofC-mycandICAM by

Westernblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownC-mycandICAM proteins.
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Fig.32.EffectofPPY ontheexpressionofC-mycandICAM by

RT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownC-mycandICAM proteins.
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6.ActivationofTCF/LEF

Inthenucleus,itformsacomplexwithtranscriptionfactorfrom

theLEF/TCF family,whichinitiatestargetgeneexpression.Inthe

nucleus, β-Catenin interacts with T-Cell Factor (TCF)/Lef

transcription factorsand activates celltranscription oftranscription

factorsandactivatiescelltranscriptionoftargetgenes.Targetgene

expressionoccursfollowingaccumulationofβ-Catenininthenucleus

andenteringoftheTCF/LEFbindingfactor(JeongY etal.2000).In

theabsenceofβ-Catenindegradation,itsaccumulationinthenucleus

induced activation oftranscription (TCF/LEF),which can have a

significanteffectoncellproliferation(Clevers2006;MacDonaletal.,

2009).

Manystudieshavefocusedonareductionbyexpressionofthe

TCF/LEFtranscriptionfactoractivatedincancercells,aswellasan

increaseintheexpressionofavarietyoffactorsincluding C-myc,

ICAM-1,whichareinvolvedinthepromotionofcancercellcycleand

proliferation(Kunnumakkaraetal.,2009;Tharakanetal.,2010).

Therefore,thisstudy examined theexpression levelsofLEF,

TCFbyWesternblotanalysis.CellswerewithPPY for24h.These

resultsobservedthedownregulationofproteinlevelsofthesegenesin

dose-dependentmannerwith PPY (Fig.33).In addition,this study

suggestedthatthisinhibitionisageneraleffectforWnt-stimulated

cells.Inconclusion,PPY caninhibitthegrowthofMCF-7cellsby

blockingtheintrinsicWntsignalingthroughTCF/LEFproteins.Inthe

presenceofPPY,theformationofLEF/TCFisdisrupted,contributing
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tothereductioninWntsignalingandinhibitionofcellgrowth.
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Fig.33.EffectofPPY ontheexpressionoftranscriptionfactor

from theLEF/TCFbyWesternblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownTCFandLEFproteins.
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Fig.34.TheproposedmodeloftheWnt/β-CateninbyPPY
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7.PPY inhibitstheTCFpromoteractivity

β-Cateninactstoregulatethetranscriptionofgenesthroughthe

bindingofacomplexofβ-CateninandT cellFactor(TCF)familyof

transcriptionfactorstospecificpromoterelements(Chiaraetal.,2012).

In the nucleus,β-Catenin interacts with T-cellFactor(TCF)/Lef

transcription factorsand activatescelltranscription oftargetgenes

thatpromotecellproliferation,differentiation andtissuedevelopment

(Colosimoetal.,2010).Thedecreaseofnuclearβ-CateninbyPPY

treatmentsuggestedthatβ-Cateninnuclearsignalingmighthavebeen

attenuated.This study nextevaluated the effectofPPY on the

transcriptionalactivitiesofβ-Catenin in MCF-7cellsby using the

TOPflash/FOPflash reporter system. As shown in Fig.35,

PPY-treatmentfor24 h reduced luciferase activity (TOPFlash)in

MCF-7cells.Thisdatashowed,inMCF-7cellsobservechangesin

the transcriptionalactivity ofTOPflash luciferase reporterplasmid

(Fig.35).

β-Catenin isknowntorelievetheinhibition ofTCF/lymphoid

enhancerfactorbyrepressorsleadingtotranscriptionalactivationof

targetgenes,suchasC-myc,metalloproteinase-2(MMP2)andCyclin

D1.TheTOPflashluciferasereporterplasmidcontainsthreecopiesof

the consensus T-cellfactor(TCF)binding sites upstream ofthe

luciferasegene,whereasitsnegativecontrolversion(FOPflash)carries

mutationatthesebindingsites(Chenetal.,2012).Inthenucleus,β

-CatenininteractswithT-cellFactor(TCF)/Leftranscrptionfactors

andactivatescelltranscriptionoftargetgenes,includingCyclinD1,
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C-myc and metalloproteases that promote cell proliferation,

differentiation and tissue development (Chiara et al., 2012).

Furthermore, increased β-Catenin activity was found to be

significantly correlated with the poor prognosis of breast cancer

patients.Consistentwiththeseclinicaldata,numerousanimalstudies

have shown thataberrantactivation ofWnt/β-Catenin signalling,

either by overexpression ofcanonicalWntproteins or by direct

stabilisation of β-Catenin,can lead to mammary tumourigenesis

(Clever2006;Karim etal.,2004;Huberetal.,2001;Brown2001).
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Fig.35.EffectofPPY ontheexpressiononthetranscriptional

activityofβ-Catenin/TCF

Thecellswereco-transfectedwithreportergenesharbouringTcf-4

binding sites(TOPflash)ora mutantTcf-binding site(FOPflash),

respectively,and β-galactosidasegene.Aftertransfection cellswere

treatedwithPPY at0-500ng/mlat0.1uM asindicatedLuciferase

activity was determined 24 h post-transfection,normalized against

valuesforthecorrespondingβ-galactosidaseactivity.
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8.ActivationofRassignal

Signaling through the WNT/β-Catenin and the Ras (rat

sarcoma)/MAPK (mitogen-activatedprotein kinase)pathwaysplay a

keyroleintheregulationofvariousphysiologicalcellularprocesses

includingproliferation,differentiation,andcelldeath(Evaetal.,2013).

Normally,signalingthroughtheRAS/RAF/MAPK cascadeisinitiated

by thebinding ofgrowth factortoreceptortyrosinekinases,thus

recruitingtheGRB2/SOS(growthfactorreceptor-boundprotein2/son

ofevenness)proteincomplextotheinnermembrane.Themonomeric

G-protein Ras is activated whereby a signaling cascade via the

kinases RAF, MEK (MAPK kinase), and ERK (extracellular

signal-regulatedkinase)islaunched.PhosphorylatedERK translocates

tothenucleus,whereitinteractswithtranscriptionfactorstoactivate

transcriptionofknowntargetgenessuchasELK,C-Fosandc-JUN,

whichregulateproliferation,differentiation,andapoptosis(Segeretal.,

1995;Pearsonetal.,2001).Physiologically,signalingthroughWnt/β

-CateninortheRAS/MAPK cascadeisinitiatedby thebinding of

WNTsorgrowthfactortotheextracellulardomainsoftheirrespective

receptor.Differentmechanismshavebeenunraveledbywhichthetwo

pathwaysaffecteachotheratthelevelofreceptoractivation,aswill

bedetailedinthefollowing(Torreetal.,2001).

To determine whether PPY can activate the Ras-Mek-Elk

pathwayinMCF-7cells.Incubationwith0-500ng/mlPPY induced

activationRas,RafandMekthatmeasurablebyWesternblotand

RT-PCR(Fig.36,37).AsshowninFig.36,37activeRasdramatically
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decreased,whileeitherRafandMeksignificantlydecreasedbyPPY

onMCF-7cells.Rasexpressionhasbeensuggestedasamarkerfor

tumor aggressiveness of breast cancer including the digress of

invasionandtumorrecurrence(Mendelsohnetal.,2000).

TheseresultsindicatedthatPPY regulatescelldeaththrough

activation of the Ras-Mek-Elk signalpathway.These signaling

pathways are known to be importantfor celldifferentiation and

proliferation.TheRas/Raf/Elkpathwayisspecificallyrelatedtocell

proliferationandsurvival(Goetal.,2011).
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Fig.36.Effect of PPY on the expression of Ras signaling

pathwaybyWesternblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownRas,Raf,MEKandELKproteins.
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Fig.37.Effect of PPY on the expression of Ras signaling

pathwaybyRT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownRas,Raf,MEKandELKproteins.
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Fig.38.TheproposedmodeloftheRassignaling.2012National

CancerInstitute.
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9.ActivationofRhofamily

TheRhofamily ofGTPasesbelongstotheRassuperfamily;

they are monomeric low molecularweightproteins.There are 20

known mammalian Rho protein members, divided in part into

subfamiliesincludingRho,Rac,Cdc42,Rnd,RnoD,RhoF,RhoH,and

RhoBTB.RhoGTPasesexistineitheraninactiveGDP-boundstate,

oranactiveGTP-boundstateduringwhichtheGTPasecaninteract

with downstream effector(Zhaietal.,2006;Boureux etal.,2007;

Rossmanetal.,2005;Etienneetal.,2002;Vegaetal.,2007;Riouet

al., 2010; Chardin 2006). The Rho family of small guanosine

triphosphatases(GTPases),whichincludeRhoA,RhoB,C-Raf,Rac-1,

and Cdc42,arecriticalin regulating actin reorganization associated

with cellgrowth,migration,transformation,and gene expression

(Wennerbergetal.,2004).RhoA,RacandCdc42arewell-characterized

membersoftheRhofamilyofGTPasesandhavebeendecribedas

keyregulatorsofcellmigration(Nobesetal.,1995).RhoA wasfirst

describedtopromotetheassemblyofcontractileactomyosinfilaments,

orstressfibers,andRacpromotedtheassemblyofaperipheralactin

meshwork,including lamellipodia(Ridley etal.,1992;Ridley etal.,

1992).

Inthepresentstudy,theproteinandmRNA expressionlevelsof

thesmallGTPasesRhoA,RhoB,Rac-1andCdc42weredetermined

byWesternblotanalysisandRT-PCR analysisofMCF-7cellstreat

withPPYfor24h(Fig.39,40).TreatmentwithPPY dose-dependently

downregulatedtheproteinandmRNA expressionlevelsRhoA,Rac-1
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andCdc42(Fig.40).Incontrast,PPY treatmentupregulatedtheprotein

andmRNA expressionlevelsofRhoB,smallGTPasethatisinvolved

intheinhibitionofcancercellgrowth(Fig.39,40).

Duringtheprocessofcellmigration,actin-drivenprotrusionsat

theleadingedgeofcellmotilityaredrivenbyRacactivation,whereas

actomyosincontractilityatthecellbodyandreararecoordinatedby

activeRho,with Cdc42 regulating cellpolarity through integrating

extracellulardirectionalcues(Etienneeetal.,2001).RacandCdc42

shareanoverlappingsetofdownstream effectortoenactcytoskeletal

changes.Signaling via Pak and MAPK activation lead to actin

reorganizationdownstream ofeitherRacorCdc42(Srinivasanetal.,

2003;Cotteretetal.,2002).

While these signaling pathways are well-characterized, the

understandingofRhoGTPaseregulationofcellmovementhasbecome

morecomplex.Tumorcellmotilityhasbeencharacterizedtooccurnot

only in a mesenchymalpattern with a spindlelikeshapeand an

obviousleadingcelledge,butalsoinanamoeboidfashionwithcycles

ofexpansionandcontractionofthecellbody,potentiallydependent

upontheenvironmentthroughwhichthecellsmove(Pankovaetal.,

2010;Victoriaetal.,2010).Moreover,biosensorcapableofvisualizing

activeRhofamilymembershaveimplicatedthatbothRhoandRac

can beactiveatleading edgeprotrusions(Machacek etal.,2009).

ThustheenvironmentalregulationandspatiotemporalcontrolofRho

GTPasesarekeyfactorsintheregulationofcytoskeletaldynamics

towardcelllocomotion.
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Fig.39.EffectofPPY on the expression ofRho family by

Westernblot

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownRhoA,RhoB,Rac1andCDC42proteins.
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Fig.40.EffectofPPY on the expression ofRho family by

RT-PCR

CellsweretreatedwithvaryingconcentrationsofPPY (0-500ng/ml)

for24h.ThedatashownRhoA,RhoB,Rac1andCDC42proteins.
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Fig.41.The proposed model for signaling associated with

MCF-7cellsbyTGF-β1signalingpathway
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10.ActivationofMMP-2andMMP-9

Metastasisinvariablyindicatesapoorprognosisevenwhenthe

control of primary cancers is effectively achieved by surgery,

chemotherapy orradiationtherapy.Oncetumormassisfoundina

distanttissuefrom theprimarysite,itoftensignalsinvolvementof

multipleorgan.Theunresectablenatureofthedisseminatedtumors

andthelevelsofpaincausedbytheboneandnerveinvolvementshift

thetreatmentplanfrom curativetopalliativewithanaggressivepain

managementplan.Duetothebiologicalandtechnicaldifficultiessuch

as multi-step nature ofmetastasis,complex cross communication

betweenmetastaticandhoststromalcells,anddifficultiesinstudying

metastaticstepusing in vivomodelsystems,molecularmechanism

underlying each metastatic step are still poorly understood

(Stamenkovicetal.,2000).

Theproteaseinvolvedarematrixmetalloproteinases(MMPs)a

family ofzinc ion dependentendopeptidases.They are capable of

digesting different components of the ECM and the basement

membrane(Robertetal.,2003).TheECM givesstructuralsupportto

cells and plays a central role in cell adhesion, differentiation,

proliferation and migration.Formetastasistooccur,theremustbe

alterationsofthecell-cellandcell-matrixattachmentfollowedbya

proteolyticdegradationoftheECM andmigrationoftumorcells.Such

degradationofECM iscatalysebyMMPs(Hiroshietal.,1994).Both

MMP2 and MMP9 expression and activity are important for

experimentalmetastasis.
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Matrixmetalloproteinase-9(MMP9),anenzymesynthesizedand

secreted by both metastatic and hostcells,is one ofthe classic

metastasis-promotinggenesimplicatedwithmetastasisofmanytypes

ofhuman cancers (Coussen etal.,1996;Deryugina etal.,2006;

Stamenkovic2000).MMP-9hasbeeninitiallysuggestedtocontribute

totumormetastasisbycleavingvariousextracellularmatrixmolecules,

whichallowsmetastaticcellstobemoremotileandinvasive(Chang

etal.,2001;Egebladetal.,2002).

ThisstudyfocusedontheroleofMMPsinMCF-7cells.This

studyhavealsodetectedMMP-9,MMP-2intheconditionedmedium

ofMCF-7cells,asanalyzedbyWesternblotandgelatinzymography.

Thisdatashowed,ithasdetectedMMP-2,MMP-9onMCF-7cells

surface;usinganMMP-specificsubstrate,thisresultobservedactivity

inintactMCF-7cells,andasexpectedforanMMP,thisactivitywas

inhibitedbyPPY.Inthispreviousstudy,expressionofMMPswas

confirmed.Therefore,MMP-2andMMP-9levelswereevaluatedin

MCF-7 cells following treatmentwith PPY.MMP-2 levels were

decreasedbyPPYasdeterminedbyWesternblotanalysis.Inaddition,

gelatinzymographyassaysindicatedthatMMP-2andMMP-9levels

decreased with PPY.Moreover atthe highestconcentration (500

ng/ml),both MMP-2andMMP-9expressionlevelsweredecreased

(Fig.42).

TheseresultsledustoconcludethatMMP-9isexpressedby

MCF-7cellsandislocatedon thecellsurfaceaswellasin the

conditionedmedium.AlthoughbothMMP-2andMMP-9gelatinases
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havebeenfoundonthecellsurface,thisistoourknowledge,thefirst

description ofMMP-9activity on thecellmembrane.MMP-2and

MMP-9areimportantmediatorsofbasementmembranedegradationof

gelatinandfactorsinvolvedinangiogenesisandcancercellinvasion

are known to induced MMP-2 and MMP-9 (Brooks etal.,1996;

Stronginetal.,1995;Olsonetal.,1998).
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Fig.42.EffectofPPY ontheexpressionofMMP2andMMP9by

WesternblotandZymography

Cells were treated with severalconcentrations ofPPY for24 h.

Western blotand gelatin zymography analysis were performed as

described.Usinganti-MMP-2antibodies.
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11.Inhibitionofwound-healingmigration

Tumor cellmigration in one ofthe mostimportantevents

contributing to tumordissemination,and itsprevention may arrest

malignantevolution(Kohnetal.,1009).Cellmigrationisaprocess

thatis criticalatmany stage ofembryonic development,and is

essentialfortissuerepairandimmunefunction(Anneetal.,2003).

Importantly,deregulated motile behavior contributes to pathological

processesincludingtumorangiogenesismetastasis,atherosclerosis,and

arthritis(Hoodetal.,2002;Heldinetal.,1999;DeViresetal.,1999).

TheeffectofPPY on MCF-7 cellsmigration wasexamined

usingawound-healingassay.Asresults,MCF-7cellstreatedwith

PPY exhibited dose-dependent inhibition of migration into the

cell-wounded zone on 100-mm dishes,indicating a PPY induced

inhibitionofcellmobility(Fig.43).Thisstudyusedawound-healing

assay to confirm cellmigration and observed the denuded zone

throughamicroscope.AsshowninFig.43,thegap(denudedzone)

between thecellswasinhibited dose-dependentby PPY.Thecell

migrationdistanceisdeterminedbymeasuring thewidthofwound

divided by two and by subtracting this value from the initial

half-widthofthewound.

Migrationofthiskindusuallyinvolvestissueinvasionandshows

similaritytotheeventsleadingtotheinitiationofmetastasisisoneof

thereasonsforstudyingsuchmigration.Thecellsthatmigrateare

initially immobile and are induced to become migratory (Pernille

2002).Thistransitionisclearlyanessentialfirststepoftheprocess,
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butitis poorly understood atthe molecularlevel.Initiating cell

migration involves changes in cell adhesion. During the actual

migration,thecellsinvadeacomplextissue,guidedbycuespresentin

thisenvironment.Thesecanbepermissivecuesorinstructivecues.

Finally,cellsreachatargetandstaytheretoperform adifferentiated

function(Bronner1993).Collectively,thesefindingsuggestthatPPY

inhibitsMCF-7cellsmigration.
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(A)

(B)

Fig.43.PPY causedmorphologicalchangesinMCF-7cellswith

cellmigration

PPY inhibits wound-healing migration ofMCF-7 cells.Cells were

cultured in 100-mm dishesfor24h,and then thecelllayerwas

wounded by scraping.The medium was replaced with medium

containing 1% FBS and PPY.The denuded zone of cells was

photographedusingamicroscopeat×200magnification,andthedegree

of recovery was measured. Scratch wound assay (A), Phase

micrographsofMCF-7cellsaftermonolayerwounding(B).
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Part4.EffectofPPY onspecificmRNA knock-down

1.siRNA/lipofectamininducedmTORknock-down

RNAiinterference(RNAi)isa powerfultoolto knock down

specificmRNA expressionlevelsbyexploitinganaturalintracellular

regulatory phenomenon in mammalian species(Hannon etal.,2004;

Jonesetal.,2004;Aigner2006).Genesilencingusingshortinterfering

RNAs(siRNA)hasmanypotentialtherapeuticapplications(Antoninet

al.,2007).RNAiisnow commonlyusedinbiologicalandbiomedical

researchtostudytheeffectofblockingexpressionofagivengene.

As the effect is rarely complete, it is generally termed a

“known-down”to distinguish itfrom the“knock-out”achieved by

deletionofthegene(Simoneetal.,2004).

Inthisstudy,mTORknockeddownusingsmallinterferingRNA

(siRNA) conjugated with PPY in MCF-7 cells. MCF-7 cells

transfectedwithsiRNA/lipofectamincomplexofdifferentPPY ratio(0,

125,250,500ng/ml)wereassayedformTORexpression.Totalprotein

washarvestedthreedaysaftersiRNA treatment.Westernblotresults

showedsignificantreductionofmTORexpressionbysiRNA whenthe

PPY ratiowas500ng/ml(Fig.44).Furthermore,anPPY ratioof500

sufficienttoknockdownmTOR expressioninMCF-7cellsinvitro.

Compared to controls,mTOR siRNA complexed with lipofectamin

reduces mTOR protein expression dramatically in MCF-7 cells

(Fig.44).AsshowninFig.44,Comparedwithnon-targetingsiRNA

transfection, p70S6k and PDK protein levels were significantly
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suppressedbymTORsiRNAtreatmentinvitro.

TransfectionofmTOR siRNA inMCF-7cellsproducedmTOR

gene silencing monitored by Western blotting three days

post-transfection.Knock-downofmTOR occursonlywhenthePPY

ratiowas500ng/ml,indicatingthatsiRNA specificallyknockeddown

mTOR protein in MCF-7 cells.Compared to non-targeting siRNA

complexes,mTORsiRNA complexesreducedmTORproteinexpression

in MCF-7cellsdramatically asshown in Fig.44.Thus,thesedata

confirm thatmTOR siRNA suppressedthetargetedgenespecifically

throughtheRNAimechanism.
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Fig. 44. Effect of PPY on the expression of mTOR

siRNA/lipofectamintransfection

Western blotanalysisformTOR signaling expression aftermTOR

siRNA/lipofectamintransfection.
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2.siRNA/lipofectamininducedTGF-β1knock-down

RNA interference (RNAi)is the regulatory mechanism most

eukaryotic cells and uses small double-stranded RNA (dsRNA)

moleculesastriggerstohomology-dependentcontrolofgeneactivity

(Atsushietal.,2006).Onagenomicscale,itisaneffectivetoolfor

regulatinggenefunction.RNAiiswidelyusedtotreatviralinfection,

cancer,immunodeficiencydisease(Qingetal.,2011).Therefore,with

thedeeperunderstandingofthemolecularmechanism ofcancercells

andthedevelopmentofgenetictherapytechnique,genetherapymay

beoneoftheeffectivetreatmentsforMCF-7cells.

In thisstudy used siRNA thatTGF-β1 in orderto prevent

MCF-7cells,andweinvestigatedthepossibleanticancermechanism

ofsiRNA TGF-β1.Thisstudyexaminedthetransfectionefficiencyof

TGF-β1 siRNA in the MCF-7 cells culture by measuring the

expression ofTGF-β1 gene72 h aftertransfection.TheTGF-β1

siRNA interfered with 60-80% ofthenegativevector(Fig.45).As

showninFig.45,PPY 500ng/mltreatmentTGF-β1siRNA protein

expressionwassignificantlydecreasedcomparedtoTGF-β1negative

control.

TheseresultsindicatedthatTGF-β1siRNA canpartiallyinhibit

orblocktheexpressionofTGF-β1andreducetheimpactofPPY on

theproliferationandactivationofMCF-7cells.

In summary, this study have successfully designed and

constructedTGF-β1siRNA.TheplasmideffectivelysilenceTGF-β1

geneexpressioninMCF-7cells.TGF-β1siRNA significantlydown
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regulatedtheexpressionofTGF-β1whichcouldinhibitactivationand

proliferation.TheseresultssuggestedthatgenesilencingofTGF-β1

bysiRNAcanefficientandmorespecificapproachofMCF-7cells.
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Fig. 45. Effect of PPY on the expression of TGF-β1

siRNA/lipofectamintransfection

WesternblotanalysisforTGF-β1signalingexpressionafterTGF-β1

siRNA/lipofectamintransfection.



- 108 -

Fig.46.The proposed modelofapoptosis and metastasis on

MCF-7cellsbyPPY
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Ⅳ.Discussion

1.InhibitoryeffectofPPY onMCF-7cells

Theaim ofpresentstudywastodeterminewhetherpeptidefrom

porphyrayezoensis(PPY)couldinhibitedonproliferationofMCF-7

cellsandtoidentifythesignalsrelatedtothisproliferation.MCF-7

cells were induced to undergo apoptosis by treatmentwith PPY.

Apoptosiswasmorphologically confirmed by examining thenuclear

morphologyafterDAPIstainingassay.Toconfirm thatPPY induced

cellsapoptosis,thisstudyobservedcellmorphology.Thecellstreated

withPPYappearedtodecreaseinnumbercomparedtountreatedcells.

MicroscopicanalysisconfirmedthatPPYtreatmentinducedcelldeath.

Theseresultsindicatethatactivation alsocontributestoPPY

decrease through the activation of the PI3K/Akt pathway.The

PI3K/Aktpathwayhasbeenidentifiedaskeyplayerincellsurvival

(Kandeletal.,1999;Parrizas etal.,1997).Aktalso functions in

normalgrowthasseeninAkt-knockoutmice,whichshow retarded

growth.Oncethep85subunitispositioned,thep110subunitofPI3K

generatesphosphatidylinositol3,4,5-triphosphate(PIP3),whichactivates

Akt(Carrieetal.,2005).

PPY induced MCF-7 cells apoptosis by downregulation the

expression ofIGF-IR andIRS-I,which wouldinitiatetheextrinsic

apoptosis pathway,and the active forms ofSHC were detected.

Signaling through IGF-IR stimulates proliferation, promotes

angiogenesis and metastasis,and induced apoptosis.There is now
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abundant evidence indicating that signaling through the IGF-IR

pathwayisimportantforsurvivalofbreastcancers,aswellasin

vitrocelllinessuchasMCF-7cells(Hells2004;Ibrahim etal.,2005).

ThesestudiesshowedthatPPY treatmentwaseffectiveingrowth

inhibitionandapoptosisinduction.ItwassuggestedthatIGF-IRcould

beusedassuccessfulwithPPYinthetreatmentofMCF-7cells.

In next section investigated the expression of the mTOR

pathway in MCF-7cells.Theexpression ofmTOR decreasedwith

PPY.Theses results suggest that mTOR signaling proteins are

activatedin cells.Activation ofthemTOR signaling pathway may

inhibitedtotumorcellproliferationandsurvivalofMCF-7cells.

Inconclusionintheseresults,thisstudyhaveinvestigatedthe

effectivePPYontheinhibitionofMCF-7cellsproliferation,aswellas

thepossiblemechanismsofgrowthinhibition.Thisstudypreviously

showedPPY apoptosiscellsandidentifiedregulationoftheIGF-IR

andmTORsignalingpathwayinMCF-7cells.

2.InhibitoryeffectofMCF-7cellsmetastasis

ElevatedlevelsofTGF-β1arefoundincancerpatientsandat

invasivefrontsinhumancancertissues,andarefrequentlyassociated

withtumormetastasisandpoorprognosis(Massague2008;Chodet

al.,2008;Dalaletal.,1993).InadditiontoitsroleininducingEMT,

TGF-β1 contributing immune cell recruitment, polarization and

secretionofotherEMT mediators(Mantovanietal.,2002;Flavellet

al.,2010;Yang etal.,2010).To investigatetheeffectofTGF-β
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1/SmadssignalingpathwayoninhibitionofMCF-7cellsdevelopment

andmetastasisbyWesternblot.ThisdataindicatethatSmadprotein

loseitsexpressioninMCF-7cells.ThisindicatesthatTGF-β1signal

attumormetastasisbySmad-dependentpathway.

TheantitumorandmetastaticeffectofPPY hasbeenshownto

be mediated by inhibiting the activation of Ras/Mek that is

accompaniedbyadecreasedexpressionlevelofMMPinMCF-7cells

(Chang etal.,2001).In this study,the results showed decreased

protein levels ofRaf,Rac,Cdc42 and RhoA.Allthese findings

indicatedthatPPY isinvolvedintheinhibitionofthedownregulation

ofFAK/PI3K/AKT and smallGTPase signals.Also,PPY reduced

MCF-7cellsinvasion andmigration.Thus,theseresultssuggested

thatFAK/PI3K/AKT pathwayandsmallGTPasefamilyproteinswere

involvedinPPYinducedsuppressionofinvasionandmigration.

The Wntsignaling pathway is notonly involved in various

biologicalprocessesincludingcellproliferation,differentiation,motility,

survivaland/orapoptosis,butalsoplayspivotalrolesinembryonic

developmentandmaintenanceofhomeostasisinmaturetissues(Juan

etal.,2002).Inthisresults,thisstudy foundthatPPY isableto

inhibitWntsignalingandcellsurvivalbasedonitsabilitytoinhibit

the β-Catenin/TCF-mediatedtranscriptionalactivity andreducedthe

expressionofWnttargetgenesinMCF-7cells.Theseresultsfound

thatPPY targetacomponentoftheWntpathwaybydisruptingthe

formation ofthe β-Catenin/TCF complex,a resultthatprovidesa

basisforthedesignofmoreeffective,PPY derivativesthattargetthe
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β-Catenin/TCFcomplex.

3.SpecificmRNA knock-downinMCF-7cells

siRNA isofsubstantialcurrentinterestasasequence-specific

posttranscriptiongenesilencingtoolforthegeneticanalysisandfor

translational therapeutic applications in various mammalian cells

(Aagaard etal.,2007;Almeida etal.,2005).To facilitatereleased

siRNA internalizationbyMCF-7cells,mTOR siRNA wascomplexed

with lipofectamin at different PPY (0-500 ng/ml).Compared to

non-targeting siRNA complexes,mTOR siRNA complexes,reduced

mTOR mRNA expression in MCF-7cellsdramatically asshow in

Fig.34.Thus,thesedataconfirm thatmTOR siRNA suppressedthe

targetedgenespecificallythroughtheRNAimechanism.Nearly70%

decrease in activation after mTOR siRNA treatmentis observed

comparedtonon-targetingsiRNA transfection,supportingthatmTOR

functionspecifically.

A majoradvantageofusingRNAiversusotherantisense-based

approaches for therapeutic applications is that utilizes cellular

machinery that efficiently allows the targeting of complementary

transcripts,whichoftenresultsinthehighlypotentdown-regulationof

geneexpression(Aagaardetal.,2007).

Strategies aimed at disrupting TGF-β1 synthesis and/or

signaling pathwaysmarkedly decreaseSmadinexperimentalmodels

(Sheketal.,2004).Therefore,thisstudyusedRNAitotargetTGF-β1

forthisexperiment.Western blotanalysisshowedthatinTGF-β1
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siRNA and PPY 500 ng/mltreatment,Smad expression decreased

significantly compared to non-targeting TGF-β1. These results

suggested thatgene silencing ofTGF-β1 by siRNA can be an

efficientandmorespecificapproach.
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