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-Abstract-

Theeffectsofrecombinantvitronectinfragments

onthehumanosteosarcomacelllinebehavior

Kim OBok

DepartmentofDentalScience,CancerandDevelopmentalBiology

TheGraduateSchool

SeoulNationalUniversity

Vitronectin (VN)regulatesvariouscellularresponses,such ascell

adhesion, spreading, and migration through ligand-cell surface

receptorinvascularepithelialcells.Inthisstudy,threerecombinant

vitronectin fragmentswereclonedandexpressedassolublefusion

individualproteins,andtheirbiologicalfunctionwasanalyzed.Among

these,recombinant vitronectin fragment I (rVN-FI;amino acids

1-130)proteinpromotedHOScelladhesion,spreading,andmigration

compared to recombinantvitronectin fragmentII(rVN-FII;amino

acids 131-303) protein and recombinant vitronectin fragment III

(rVN-FIII;aminoacids304-459)protein.Moreover,function-blocking

inhibitionassayusingmonoclonalantibodyagainstintegrinsubunits

revealed thatαV integrin subunitplayed key arolein HOS cell

adhesion,andαVβ3andαVβ5integrinsactedasreceptorofrVN-FI

protein.rVN-FI-derived syntheticpeptidescontaining Arg-Gly-Asp

(RGD)motif,P6(AECKPQVTRGDV)and P7(PQVTRGDVFTMP)

completelyblockedtheadhesionofHOS celltoVN.Theseresults



indicate that rVN-FI protein showed biological functions on

osteoblast-likeHOScells.Thus,rVN-FIproteinofhumanvitronectin

may havepotentialapplication on bonetissueregeneration-related

tissueengineering.

----------------------------------------------------------

Keywords :vitronectin,HOS cells,cellbehavior,integrin,bone

regeneration
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Introduction

Vitronectin(VN)isaArg-Gly-Asp(RGD)motif-containingadhesive

glycoproteinpresentinbloodplasmaandinotherbodyfluidsaswell

as in the extracellularmatrix (ECM)ofmany tissues including

mineralized bone matrix (1-3). It regulates cellular important

functions,such as celladhesion,spreading,and migration (4-6).

Through its various domains,VN interacts with multiple binding

partners.A well-characterizeddomaininVN isthesomatomedinB

domain(SMB),acompact4disulfidebondknotattheN-terminus

(7).Thatbindstotheplasminogenactivatorinhibitor1(PAI-1)and

urokinasereceptor(uPAR)andplaysakeyroleinwoundhealing

(8,9).Immediately adjacenttotheSMB domainistheRGD motif

which is an integrin binding site regulating celladhesion and

migration(10).IntegrinpartnersthatrecognizethisRGDmotifinVN

areαVβ1,αVβ3,andαVβ5integrins(11).ConnectingregionofVN

containingRGD motif alsocontainsaputativecollagen-bindingsite

(12).C-terminaldomain ofVN hasfourtandem repeatsequences

withsomehomologytosequencesinhemopexin(1).Inthesecond

hemopexin-like domain,positively charged amino acids (348-370)

responsiblefortheglycosaminoglycanbindingcapacityofvitronectin

were located (13). Interaction ofligands,such as plasminogen

activatorinhibitor-1(PAI-1),maytriggersconformationalchangesin

VNthatexposecrypticbindingsitesforintegrinsorheparins(12).

Bone ECM regulates bone cells by providing ECM–integrin

interaction thatenables the formation ofadhesive structures and

activatesignalingpathways,whichregulatecellspreading,survival,
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and differentiation (14).In boneosteoblastsexpressa numberof

integrins,includingαV,α1,α2,α3,α5,α6,α8andβ1,β3,β5(15-19).

Amongthese,αVβ1,αVβ3,andαVβ5integrinsaremainlyexpressed

onendothelialandsmoothmusclecells,onplatelets,andleukocytes

includingosteoblast-likecelltypes(20).

Difficulties in obtaining a stable attachment to the material,

immunogenicity,relatively higher cost,large size,instability,and

sterilizationproblem,limitedtheapplicationofECM proteinsinbone

tissueengineering (21).Anotherapproachfortissueengineering to

overcomethesedisadvantagesistheuseofsmallpeptidesorproteins

containing corebinding sequenceoftheECM proteins.N-terminal

fragment of VN (amino acids 20-143) was less effective than

fibronectinfragmentcontainingtypeIIImodulescoatedontitanium of

newbornmousecalvaria-derivedMC3T3-E1immatureosteoblast-like

cellsbehaviorsuchascelladhesion,differentiation,andproliferation

(22).Furthermore,recombinantrVN143(aminoacids20-143)peptide

enhances human gingival fibroblasts adhesion and proliferation

comparabletonativeVN by70% (23).Full-lengthVN purifiedfrom

E.coli,boundtoheparin,andpromotedcelladhesion,spreading,and

growth offibronectin-nullmouse embryonicmyofibroblastssimilar

contents to plasma VN (24).Thus,recombinantVN fragmentor

itself,especially N-terminalVN,canimprovebiologicalfunctionof

osteoblast-likecellsorfibroblasts.

In this study,three recombinantfragments ofhuman VN were

expressedassolublefusionproteinsinE.colitoclarifythemolecular

determinants of the multiple biologicalfunctions ofhuman VN.

FunctionalstudiesrevealedthatrecombinantVNfragmentI(rVN-FI)

promoted HOS celladhesion,spreading and migration activities
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relativetorecombinantVN fragmentII(rVN-FII)andfragmentIII

(rVN-FIII).Furthermore,function blocking inhibition assay using

monoclonalantibodyagainstintegrinsubunitsshowedthatαVβ3and

αVβ5integrinsactasreceptorforrVN-FI.Peptideinhibitionanalysis

determined that rVN-FI-derived P6 (AECKPQVTRGDV) and P7

(PQVTRGDVFTMP)peptidesasimportantbindingsiteforHOScell

adhesionontoVN.
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MaterialsandMethods

CellCulture

The human osteosarcoma (HOS)celllines were purchased from

AmericanTypeCultureCollection(ATCC,Rockville,MD,USA)and

maintained undera humidified atmosphere of5% CO2 at37℃in

Dulbecco's modified Eagle's medium (DMEM)supplemented with

10% fetalbovineserum.

Antibodiesandreagents

Function-blocking monoclonalantibodies(mAbs)againstthehuman

integrinα1,α2,α3,α5,αV,β1,β3,β4,β5subunitsandαVβ3,αVβ5

integrinswereobtainedfrom Chemicon(CA,USA).Humanplasma

VNwasobtainedfrom Millipore(Billerica,MA,USA).

Construction, expression, and purification of

humanvitronectinfragments

The human VN cDNA was cloned using a reverse

transcriptase-polymerase chain reaction with reverse transcriptase

(Promega,Madison,WI)accordingtothemanufacturer’sinstructions

byusingmRNA isolatedfrom HepG2celllines.ThreeVN fragments

(rVN-FI,rVN-FII,andrVN-FIII)wereamplifiedbypolymerasechain

reactionusingtheVNcDNAasatemplateandligatedintoeitherthe
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pGEM-T Easyvector.Thepolymerasechainreactionprimersused

wereasfollows:rVN-FI,5’-GGATCCGACCAAGAGTCATGCAAG-3’

(sense) and 5’-GAATTCTCAGGGCTGAGGTCTCC-3’ (antisense);

rVN-FII, 5’-GGATCCCCAGCAGAGGAGGAGC-3’ (sense) and

5’-GAATTCTCACCAGAAGAGAAGCTCGAAT-3’ (antisense);

rVN-FIII, 5’-GGATCCGGCAGAACCTCTG-3’ (sense) and

5’-GAATTCTCACAGATGGCCAGGAGCTG-3’(antisense).Nucleotide

sequences of allof the plasmid constructs were confirmed by

sequenceanalysis.ThepGEM-T EasyvectorcontainingVN cDNA

fragmentsweredigestedwithappropriaterestrictionenzymes.These

cDNA fragments were subsequently cloned into either the

BamHI-EcoRIsite of the mammalian expression plasmid vector

pET-32a(+) (Novagen, Darmstadt, Germany), or into the

BamHI-EcoRIsite of the mammalian expression plasmid vector

pRSET (Invitrogen,Carlsbad,CA,USA).Correctorientationofthe

insertswasverifiedbysequenceanalysis.Themolecularweightsof

theexpectedrVN-FI,rVN-FIIandrVN-FIIIproteinswere32,23,

and35kDa,respectively.

Induction ofprotein expression in Escherichia colistrain BL21

growntothemidlogphaseinLuria–Bertanimedium wascarriedout

using 1 mM isopropyl-β-D-thiogalactopyranoside (RV Haarlem,

Netherland).Afterproteininductionfor5hat30℃,thecellswere

harvestedbycentrifugationat6000xgfor10min.Cellpelletswere

stored at-80℃ untiluse.ForrVN-FIprotein purification,pellets

were thawed and resuspended in ice-cold lysis buffer (50 mM

NaH2PO4,300mM NaCl,pH 8.0).ForrVN-FIIandrVN-FIIIprotein

purification,pelletswerethawedand resuspended in ice-coldlysis

buffer(100mM NaH2PO4,10mM Tris–HCl,8M urea,pH 8.0).Cell
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lysiswascarriedoutbypassingthecellsuspensionthrougha10ml

pipette,usingcautiontoavoidfoaming.Theclarifiedcelllysateswere

applied to a Ni2+-nitrilotriaceticacid agarose column (QIAGEN,

Valencia,CA,USA).Thecolumnwaswashedwith10mM imidazole

inlysisbufferandelutedwith 250mM imidazoleinlysisbuffer.

Thenpurifiedrecombinanthistidine(His6)-taggedrVN-FIproteinwas

storedat–80℃untiluse.Purifiedrecombinanthistidine(His6)-tagged

rVN-FIIandrVN-FIIIproteinsweredialyzedsequentiallyagainsta

solution containing 10 mM Tris–HCl,100 mM NaH2PO4,1 mM

phenylmethylsulfonylfluoride,and 3,2,1,or0.5 M urea,pH 3.0.

Finally, the proteins were dialyzed with 1 mM

phenylmethylsulfonylfluoride in phosphate-buffered saline (PBS;pH

3.0).ThedialyzedrecombinantrVN-FIIandrVN-FIIIproteinswere

storedat–80℃untiluse.Theproteinconcentrationwasdetermined

usingaBioRadproteinassaykit(BioRad,Hercules,CA,USA).

Sodium dodecyl sulphate-polyacrylamide gel

electrophoresis(SDS-PAGE)analysis

SDS-PAGE was performed as described by Laemmli(25).The

purifiedproteinswerepreparedinnon-reducedorreducedforms.For

thepreparationofnon-reducedproteinsamples,samplebufferwas

addedtotheproteinsample.Forthepreparationofreducedprotein

samples,reducedsamplebuffer(100mM DTT insamplebuffer)was

addedtotheproteinsamples.Themixturewasboiledat100℃ for10

minutes. Electrophoresis was performed using minigel system

apparatus(Biorad)ataconstantvoltageof80voltswhensamples

wereinthestackinggel.Whenthedyefrontreachedtheresolving
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gel,voltagewasincreasedto120volts.Thegelwasthenvisualized

byCoomassiestaining.

Syntheticpeptides

All peptides were synthesized by the Fmoc

(9-fluorenylmethoxycarbonyl) -based solid-phase method with a

C-terminalamideby using aPioneerpeptidesynthesizer(Applied

Biosystems,FosterCity,CA,USA),purified,and characterized at

Peptron (Daejeon,Korea).Thepurity ofallpeptidesused in this

studywasmorethan90%,asdeterminedbyhigh-performanceliquid

chromatography.

Celladhesion,spreadingandmigrationassays

Thecelladhesionassaywasperformedasdescribedpreviously(26).

Briefly,48-wellcultureplates(Nunc,Roskilde,Denmark)werecoated

with 1 ㎍/㎖ human plasma VN (Millipore)or5 ㎍/㎖ rVN-FI,

rVN-FII,andrVN-FIIIproteinsfor12hat4℃.Thesubstrate-coated

plateswereblockedwith1% heat-inactivatedbovineserum albumin

(BSA)inPBSfor1hat37℃ andthenwashedwithPBS.HOScells

weredetachedby0.05% trypsinand0.53mM EDTA inPBS and

resuspendedinserum-freeculturemedia.HOScells(5x104cells/250

㎕)wereaddedtoeachplateandincubatedfor1hat37℃.After

incubation,unattachedcellswereremovedbyrinsingwithPBS.The

attachedcellswerefixedwith10% formalinfor15minandthen

stainedwith0.5% crystalvioletfor1h.Platesweregentlywashed
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withdistilledwaterthreetimesanddissolvedwith2% SDS for5

min.Absorbancewasmeasuredat570nm withamicroplatereader

(BioRad).Todeterminecellspreadingassays,theattachedcellswere

fixedwith10% formalinandthenstainedwith0.5% crystalvioletfor

1h.Platesweregentlywashedwithdistilledwaterthreetimes.The

surfaceareaofcellswasmeasuredwithImage-Proplussoftware

(Version 4.5;Media Cybernetics,Silver Spring,MD,USA).Cell

migration assays were performed by using transwellmigration

chambers(poresize,8mm;Corning,Pittston,PA,USA)asdescribed

previously(27).Thelowersideofthetranswellfilterswascoated

withVN (1or5㎍/㎖)orrVN fragments(5㎍/㎖)for12hat4℃.

Thelowersideofthetranswellfilterswasblockedwith1% BSA in

PBSfor1hat37℃.HOScells(2x105cells/㎖)weresuspendedin

DMEM containing0.5% FBS and0.1% BSA.Thissuspension(100

㎕)wasseededintheupperchamberofatranswellfilter.HOScells

wereallowedtomigratefor24hat37℃.Cellswerethenfixedwith

10% formalin for15 min and stained with 0.5% crystalviolet.

Unmigratedcellsintheuppersideoftranswellfilterswereremoved

withacottonswab,viewedunderalightmicroscope,andcounted.

Adhesioninhibitionassay

To identify the receptorofthe HOS cells forrVN-FI,5 ㎍/㎖

monoclonalantibodies(mAbs)todifferenttypesofintegrinsor5mM

EDTA and toidentify majorbinding siteforHOS cellsforVN,

various concentration of synthetic peptides were preincubated

individually with HOS cells in 250 ㎕ incubation solution (2 x

105cells/㎖)for10min at37℃.Thepreincubated cellswerethen
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transferred onto plates precoated with either5 ㎍/㎖ ofrVN-FI

proteinor1㎍/㎖ ofplasmaVN andincubatedfor1h at37℃.

Attached cells were then quantified by the celladhesion assay

describedabove.

Statisticalanalysis

StatisticalanalysisofdatawasperformedusingtheSTATISTICA

6.0softwarepackage.Theresultswerecomparedbyananalysisof

variance(ANOVA).Whensignificantdifferenceswerefound,pairwise

comparisonswereperformedusingaScheffe’sadjustment.p-values

lessthan0.01wereconsideredsignificant.
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Results

In vitro expression of three recombinant

fragmentsofhumanvitronectin

Foridentificationofbindingmotif,humanvitronectinwasexpressed

asthreedifferentfragmentsin E.coli,withoutoverlapping amino

acid residues.Thecorresponding amino acid positionsoftheVN

recombinantproteinsareshowninFig.1A.Themolecularweightsof

theexpectedrVN-FI,rVN-FII,andrVN-FIIIproteinswere32,23,

and 35 kDa,respectively (Fig.1B).To determine solubility,the

soluble fraction and insoluble fraction ofE.coliexpressed rVN

proteinswerepreparedunderreducingconditionsandthensubjected

to SDS-PAGE analysis.Asa result,rVN-FIprotein wasmainly

expressedassolubleproteinandrVN-FIIandrVN-FIIIproteinsas

insolubleprotein(datanotshown).BecauserVN-FIIandrVN-FIII

proteinswereexpressedasinsolubleprotein,inducedE.coliwere

lysed in 8 M urea-containing lysis buffer and then applied to

sequentialdialysis forrefoldingagainstsolutionscontaining10mM

Tris–HCl,100mM NaH2PO4,1mM phenylmethylsulfonylfluoride,and

3,2,1,or0.5M urea,pH 3.0,followedbyafinaldialysisagainst

PBS containing 1 mM phenylmethylsulfonylfluoride,pH 3.0.The

recombinantVNfragmentswereexpressedasN-terminalHis6-tagged

fusionproteinstoprovideeasytocontrolfortheproteinpurification

andidentification assays(Fig.1B).TherecombinantVN fragment

proteins were purified with Ni2+-nitrilotriaceticacid-agarose under

denaturing conditionsornon-denaturing conditions.AllthreerVN

fragmentproteins were obtained almostequally in same culture

volume.
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CharacterizationofrVN fragments

Because cloned and expressed mammalian proteins in prokaryotes

werenotproperlymodifiedaftertranslation,wepreviouslypurified

andelutedrVN-FIIandrVN-FIIIproteinsunderdenaturingcondition

andappliedtheseproteinstosequentialdialysistorefolddenatured

rVN-FIIandrVN-FIIIproteins.Furtherwedeterminedwhetheran

intramoleculardisulfidebondswereformedintherVNfragments.We

subjectedthepurifiedrVN proteinstoSDS-PAGEunderreducingor

nonreducingconditionsandobservedmobilitydifferences.Treatment

ofrVN proteins with 100 mM dithiothreitolpriorto SDS-PAGE

causedasmallbutreproduciblereductioningelmobility,suggesting

that intramolecular disulfide bonds are present in all three

recombinantproteins(Fig.2).However,rVN-FIIshowed different

patternofbandintensity.Thismaybeduetosignificantportionof

purifiedrVN-FIIformingathree-dimensionallycompactstructureby

intramolecular hydrophobic interactions that migrate at lower

molecularweightundernon-reducingcondition.Thisresultsuggests

thatthebacteriallyexpressedrVN proteinsfrom vitronectinmaybe

form structuredconformationtosupportpotentialfunctionalactivity.

Determination of cell adhesion, spreading, and

migrationactivitiesofrVN proteins

Vitronectin is known to mediate celladhesion to various types

osteoblast-likecell(20).TodeterminewhetherrVN proteinsaffect

cellularresponses,suchascelladhesion,spreading,andmigrationof

HOScells,rVN proteinswereassessedbyfunctionalanalysis.Ina
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preliminaryexperiments,adhesioneffectof0.1-5㎍/㎖ VN onHOS

celladhesionwastestedonthecultureplatesurface.Wefoundthat

1㎍/㎖ ofVN hadthemaximum effect(datanotshown).rVN-FI

andrVN-FIIshowedtheadhesionactivityoftheHOS cells(Figs.

3A and3B).HOS adhesiononrVN-FIandrVN-FIIproteinswas

dose-dependent,withthemaximum adhesionoccurringata1㎍/㎖

and15㎍/㎖,respectively(Figs.3A and3B).Atequalorgreather

coating concentrations,the adhesion activity ofrVN-FIIIprotein

showedslightadhesionactivitycomparedtoBSA control(Figs.3A

and 3C).ThelevelofHOS celladhesion using 5 ㎍/㎖ rVN-FI

proteinwasreducedapproximately24% andthatofrVN-FIIprotein

(5 ㎍/㎖)wasreduced 50% compared to the1 ㎍/㎖ VN-coated

control(Fig.3C).Furtherstudieswerecarriedouttodeterminethe

spreadingandmigrationactivitiesofrVN proteins.Asexpected,VN

highlypromotedcellspreading(Fig.3D)andmigration(Fig.3E)of

HOScells.AlthoughthelevelsofcelladhesiontorVN proteinswere

lowerthantoVN,HOScellswereadheredtorVN-FIandrVN-FII

proteins,butnotto rVN-FIIIprotein.However,rVN-FIIdid not

promote cell spreading and migration, and rVN-FIII produced

marginaleffectsoncelladhesion,spreading,andmigrationofHOS

cells.Taken together,rVN-FI protein harbored VN’s biological

activities,suchasadhesion,spreading,andmigration,exceptadhesion

torVN-FIIproteinofHOScells.

CelladhesiontorVN-FIproteinthroughαVβ3and

αVβ5integrins
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Itiswell-knownthatligand-integrininteractionrequiresadivalent

cation (28).Firstly the role ofcation was determined by using

metal-chelating reagentEDTA on HOS celladhesion to rVN-FI

protein-coatedplates.Celladhesion torVN-FIprotein wasalmost

completelyinhibitedby5mM EDTA (Fig.4A).Thisresultindicates

thatthecellsurfacereceptorforrVN-FIproteinmightbeoneofthe

integrin thatrequiredivalentcationsfortheirinteraction withthe

ligands.Next,inhibitionassayusingmAbstointegrinsubunitson

theadhesion ofHOS cellstoasurfacecoatedwithrVN-FIwas

tested. Adhesion to the rVN-FI protein-coated surface was

specificallyinhibitedbyantibodiestotheαVandβ3subunits,butnot

by the antibodies to the α1, α2, α3, α5,β1,and β4 subunit.

TreatmentofHOS cellswith theanti-integrin αV,β3antibodies

inhibitedthecelladhesion activitiesofrVN-FIby 90% and36%,

respectively. Furthermore, HOS cell adhesion to the rVN-FI

protein-coatedsurfacewasalsoinhibitedbyantibodiesagainsttheα

Vβ3,αVβ5,andbothintegrinsby55%,35% and80%,respectively.

Theseresultssuggestthattheinhibitoryeffectsoftheantibodiesto

therVN-FI-coatedsurfaceweremediatedbyinteractionwith αVβ3

andαVβ5integrinsofHOScells.

Identificationofhumanvitronectinsequenceactive

forcelladhesion

AboveresultsindicatethatrVN-FIproteinpromotescelladhesion,

spreading,andmigrationofHOScells.TheRGD motif(aminoacids

46-48)ofVN N-terminusisalsocommonlyfoundintheotherECM
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proteins and also mediates celladhesion of various celltypes.

Furthermore,RGD motifinVN waswellconservedinmouse,rat,

bovine,donkey,pig,andchicken.Eightoverlapping12-merpeptides

derivedfrom rVN-FIweresynthesized(Fig.5A).Todeterminewhich

concentrationofpeptideinhibitsHOScelladhesionontoVN,various

concentrationsofP6andP7peptideswhichcoveringRGDmotifwere

tested preferentially.As a result,P6 peptide almost completely

inhibitedHOScelladhesiontoVN at250㎍/㎖,whereasP7inhibited

HOS celladhesionat25㎍/㎖ (Fig.5B).Becauseofdifferencesin

peptidesolubility,theresultofpeptideinhibitionassaywascompared

separately. Moreover, among these 8 peptides, P6

(AECKPQVTRGDV) and P7 (PQVTRGDVFTMP) inhibited

VN-mediatedHOS celladhesioncomparedtootherrVN-FI-derived

peptide(Fig.5C).
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Figure 1. Analysis of purified rVN fragments of the human

vitronectin by SDS-PAGE.(A)Schematicdiagram ofrecombinant

VN fragmentsusedinthisstudy.Theaminoacidscaleisshownon

thetop.ThedomainstructuresofthematureVN (opencolumn)are

indicatedbySMB,Connectingregion,andHX.Theshadedportion

indicatesthesignalpeptide.Theclosedbarsrepresentthepositions

ofthe recombinantproteins.Numbers in parentheses indicate the

correspondingaminoacidpositionsoftherecombinantproteinsinthe

wholeVN protein.(B)Schematicdiagram andSDS-PAGE analysis

ofrVN proteinsintheVN.ThethreerVN proteinswereexpressed
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asHis6-taggedfusionproteins.IntherVN-FIandrVN-FIIIproteins,

expressed with thioredoxin-His6-tagged fusion proteins in the

pET-32a(+)expression.IntherVN-FIIprotein,expressedonlywith

His6-tagged fusion proteins.The rVN proteins were subjected to

SDS-PAGE analysis (10% acrylamide, reducing condition) and

visualizedbyCoomassiestaining.SMB,SomatomedinBdomain;HX,

Hemopexin-likerepeat.
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Figure 2. Analysis of rVN proteins of human vitronectin by

SDS-PAGE.Gelmobilities ofpurified rVN proteins treated with

dithiothreitol(DTT)werecompared with nontreated rVN proteins

under 10% SDS-PAGE conditions and visualized by Coomassie

staining.ReductionofrVNproteinspriortoelectrophoresisresultedin

reproducibledecreaseingelmobility.



- 18 -

Figure3.rVN proteinsinhumanvitronectinsupportcelladhesion,

spreading,and migration.Purified His6-tagged rVN proteins were

coatedonto48-wellplatesandHOScellswereallowedtoadherefor

1hinserum-freemedium.Unboundcellswerewashedoff;adherent

cells were fixed,stained with crystalviolet,and solubilized.The

absorbancewasreadat570nm.(A)Dose-dependentcelladhesionto

theimmobilizedrVN proteins.Therecombinantproteinswerecoated

onto48-wellplatesattheindicatedconcentrations.(B)Celladhesion

totheimmobilizedrVN-FIprotein atlow concentrations.(C)Cell

adhesion to the immobilized rVN proteins thatwere coated onto

48-wellplatesat5㎍/㎖ andhumanplasmaVN (VN)at1㎍/㎖.
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(D)SpreadingofHOScellsseededonplatescoatedwithVN,rVN

proteinsfor3hinserum-freemedium.(E)MigrationofHOScells

inducedbyVNandrVNproteins.
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Figure 4.HOS celladhesion to rVN-FIprotein is blocked by

antibodies to αVβ3 and αVβ5 integrins.(A) HOS cells were

preincubatedwitheither5mM EDTA or5㎍/㎖ offunction-blocking

mAbstointegrin α1,α2,α3,α5,αV,β1,β3,β4subunitsand(B)

αVβ3and αVβ5for10min at37°C.They werethen seeded on

platesprecoatedwith5㎍/㎖ ofrVN-FIproteinandincubatedfor1

h.Unboundcellswerewashedoff;adherentcellswerefixed,stained

withcrystalviolet,andcounted.Theaverageadhesionactivityofthe

controlcultures(None;HOS cellspreincubated withoutEDTA or

integrin antibodies)was considered 100%.Data are expressed as

mean ± SD (n = 3). *P < 0.01 for EDTA- or integrin

antibody-untreatedcells.
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Figure 5. Inhibition of HOS celladhesion by rVN-FI-derived

peptides. (A) Amino acid sequence alignment of part of the

vitronectin of humans,mice,rats,bovines,donkeys,pigs,and

chickens.Thearrowsindicatethelocationsofthesyntheticpeptides.

(B)InhibitionofHOScelladhesionontotheVN bypeptideP6and

P7.VN (1㎍/㎖)werecoatedonto48-wellplates.HOScellswere

preincubatedwiththevariouspeptideconcentrations(0,25,50,100,

250㎍/㎖)for10min at37℃.Thepreincubatedcellswerethen

added to VN-coated plates for1 h in serum-free medium.The

unboundcellswerewashedoffandtheadherentcellswerefixedand

stained with crystalviolet.The average adhesion activity ofthe

controlcultures(None;HOScellspreincubatedwithoutpeptide)was

considered100%.(C)Celladhesiontovitronectinwasinhibitedby

peptideP6andP7.Dataareexpressedasmean±SD(n=3).
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Discussion

Theextracellularmatrix (ECM)consistsofacomplex mixtureof

structuralandfunctionalmacromoleculesandservesanimportantrole

intissueandorganmorphogenesisandinthemaintenanceofcelland

tissuestructureandfunction.TheECM isimportantduringgrowth,

development,andespecially,woundrepair.ECM alsomediatessignals

from extracellular partto inside of the cellto adhere,spread,

proliferate,differentiate,andmigrate(29).Numerousstudiesrevealed

thatmostofECM proteinshavevariousbindingsitesforcellsfor

theirbiologicalfunction(29).VN alsopresentsinECM andprovides

cellsvariousbindingsitesforcells,suchasSMBdomain,RGDmotif,

heparin binding domain thatpromotes biologicalfunctions ofcell

interacting with these partners (30). Thus, VN functions as

multitalentedadhesiveglycoproteininECM orbloodplasma.Inthese

regards,author hypothesized that VN must have several core

sequencesthatpromotecelladhesion,spreading,andmigration.Asa

result,rVN-FI(a.a.1-130)thatcoversN-terminalfragmentofVN

promoted HOS cell adhesion and rVN-FII (a.a. 131-303) also

promotedHOScelladhesionbuttoalesserdegreethanrVN-FI.In

contrast,rVN-FIIIdidnotpromoteHOScellsbehaviorinthisstudy

eventhoughrVN-FIII(a.a.304-459)coversheparinbindingdomain

ofVN.ThisisbecauseheparinbindingdomainofVN coveredby

rVN-FIIIwascryptic(5).

VN promotescelladhesion,spreading,and migration through the

interactionofVN’sbindingsiteswithcellularintegrinsincludingαVβ

3,αVβ5,αVβ1,and αIIbβ3(30).Function-blockinginhibitionassay
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usingmAbsagainstintegrinsubunitsandintegrinsrevealedthatαVβ

3 and αVβ5 integrins actas receptorforrVN-FIofHOS cell

adhesion.Ontheotherhand,mAbsagainsttheintegrin β3andβ5

subunitsblockedHOScelladhesionontorVN-FItoalesserdegree

thanmAbagainstintegrinαV.TheseresultsindicatethatαVintegrin

iscrucialforrVN-FI-mediatedHOScelladhesionthough αVβ3and

αVβ5integrins.

Recentstudieshaveinvestigatedthebiologicalactivitiesofseveral

peptidesintissueregeneration(31,32),suggestingthatpeptidesmay

have potentialapplications.Because short peptides can promote

variouscellularresponseswithoutinducing host-immuneresponses

(21),applying these peptides to bone regeneration-related tissue

regeneration is highly promising.Bioactive peptides derived from

variousECM proteinsincluding VN wereisolatedandstudiedfor

bone regeneration (33).For examples,KRSR (B-B-X-B motif)

peptidewithinVNenhancesratcalvarialosteoblastcelladhesion(34),

andRGD containingpeptide,well-knownascelladhesionsequence

viacell-membraneintegrinreceptors,alsobindstoosteoblasts(35).

Recently, a nonapeptide (351-359)HVP, patterned on VN and

presentingaX-B-B-B-X-B-B-Xmotif,alsorepresentsaratfemoral

osteoblast-specific adhesive peptide able to improve

proteoglycan-mediated mechanism (21).In this study,synthesized

peptides derived from rVN-FI were screened and analyzed by

inhibitionassayforHOScelladhesionontoVN.P6andP7containing

RGD motifwithinrVN-FIinhibitedVN-mediatedHOScelladhesion.

Inthisresult,P6andP7peptidescanoccupyVN bindingsiteofcell

surfaceandinhibitedHOScelladhesionontoVN.AlthoughP6and

P7haveRGD sequence,differentinhibitionefficiencieswereappeared



- 24 -

when various peptide concentrations were pretreated.This may

becauseofthediversityofpeptidefunctionderivedfrom itsstructural

orfunctionalnaturethatcausedbytheiraminoacidarrangements.

Insummary,rVN-FIofhumanVN hadakeyroleinHOS cell

adhesionrelativetorVN-FIIandrVN-FIIIthroughitsreceptorαVβ3

and αVβ5integrins,andalsoshowedcellspreading andmigration

activities.Furtherstudiesarerequiredtoisolatethecoresequenceof

adhesion activity within rVN-FII and the signal transduction

pathwaysinducedbyrVN-FIprotein.
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-국문초록-

비트로넥틴단편재조합단백질이

사람골모세포주의세포거동에미치는효과

김 오 복

서울대학교 대학원 치의과학과 종양및발달생물학 전공

(지도교수:민 병 무)

세포외기질단백질인 비트로넥틴은 리간드-세포 표면 수용체 결합을 통

하여 혈관내피세포의 부착,퍼짐,이동 등 다양한 세포반응을 조절한다.

본 연구에서는 사람 비트로넥틴을 세 개의 단편으로 클로닝하여 발현시

키고,각각의 단편이 가지는 생물학적 기능을 사람 골모세포주인 HOS

세포를 사용하여 분석하였다.HOS세포주의 세포 부착,퍼짐 및 이동을

분석한 결과,비트로넥틴 단편 I재조합단백질 (rVN-FI;아미노산

1-130)이 단편 II재조합단백질 (rVN-FII;아미노산 131-303)과 단편 III

재조합단백질 (rVN-FIII;아미노산 304-459)보다 HOS세포주의 세포

부착,퍼짐 및 이동을 촉진시킨다는 사실을 규명하였다.또한,인테그린

단일클론 항체들을 이용한 세포부착 억제실험 결과 HOS세포주에서 αV

β3및 αVβ5인테그린이 수용체로 작용함을 규명하였다.rVN-FI에서 유

래된 펩타이드 중 Arg-Gly-Asp (RGD) 모티프를 포함하는 P6
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(AECKPQVTRGDV)와 P7(PQVTRGDVFTMP)펩타이드가 HOS세포

부착에 핵심적인 역할을 하였다.이상의 결과에서,E.coli에서 발현시킨

세 개의 재조합단백질 중 rVN-FI이 골모세포의 부착,퍼짐 및 이동 등

다양한 생물학적 기능을 나타냄을 알 수 있었다.이는 비트로넥틴의

rVN-FI도메인이 골조직 재생관련 조직공학에 응용 가능하다는 것을

시사한다.

-----------------------------------------------------

주요어 :비트로넥틴,골모세포주,세포거동,인테그린,골재생

학번 :2009-23594
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