
Acta Medico et Biologica
Vol.54, No.l, 21-31, 2006

ephrinB2 and EphB4 are Expressed on the Chondrocyte
during Fracture Healing

Masayuki ITO, Kunihiko TOKUNAGA,Hiroshi KITAHARA,Tomoyuki ITO, Naoki KONDOHand Naoto ENDO

Division of Orthopaedic Surgery, Department of Reconstructive and Transplant Medicine, Graduate School of Medical and Dental Sciences,
Niigata University, Niigata , Japan

ReceivedJanuary 4, 2006; acceptedJanuary 16, 2006

S ummary. Vascular formation is an essential
process for bone regeneration, and several
molecules important for its attainment have been
discovered. ephrinB2, a trans-membrane protein,
is one of the ligands ofEphB4, a receptor of the
ephrin family. These molecules have tyrosine kinase
activities and regulate endothelial proliferation and
differentiation in vascular formation in addition
to axon guidance in nerve development. Recently,
ephrinB2 mRNAexpression was identified in the
articular cartilage of chick embryos. These data let
us hypothesize that ephrinB2-EphB4 interaction
may be involved in mammalian cartilage and bone
formation. We investigated these expressions of
mRNAof these molecules during fracture healing,
and the result of in situ hybridization showed that
both ephrinB2 and EphB4 were co-localized in the
cartilage, especially in the proliferating zone during
the reparative phase. The results of immuno-
histochemistry indicated that proteins of ephrinB2
and EphB4 were seen in the chondrocyte. On the
other hand, in vitro, we used ATDC5 to investigate
the expression of ephrinB2 and EphB4 in the
chondrification, and those expressions reached their
peak during the proliferating phase. This suggests
that ephrinB2 expresses in the arterial endothelial
cell, EphB4 expresses in the venous endothelial cell,
and together form the boundary in the capillaries.
These results indicated that ephrinB2 and EphB4
are involved in proliferation of the chondrocyte and
that they have other functions such as the boundary
formation between vascular and non vascular areas,
for example, between bone and cartilage.

Key words - ephrinB2, EphB4, fracture healing, mouse
rib fracture, ATDC5.

INTRODUCTION

Ephrins and Eph families are ligands and receptors
with tyrosine kinase activities. ELF-2, mouse
ephrinB2, was cloned and sequence analyzed in 1995
as a new member of the Eph ligand family. In situ
hybridization of mouse embryos has show that the
expression is a segmental pattern in the hindbrain
region and the segmenting mesoderm, suggesting roles
for ELF-2 in patterning these regions of the embryo1}.
MDK2, mouse EphB4, was cloned in 1995 as a novel
receptor tyrosine kinase of the eck/eph family. In situ
hybridization and Northern blot analyses of mouse
embryos indicated its abundant expression in various
organs during embryonic development, and these
data suggest an important role in gestational growth
and differentiation2). Otherwise, EphB4 promotes
tumor growth by stimulating angiogenesis through
ephrinB23). Soluble EphB4 inhibits tumor growth
and angiogenesis4). The over-expression of ephrinB2
suppressed tumor growth and vascular function in this
in vivo colon cancer model5). Thus various function
analyses of ephrinB2 and EphB4 proceeded and
these molecules were thought to be concerned with
neural and vascular development and tumor growth.
The aim of this study was to analyze the distribution
and quantification of ephrinB2 and EphB4 mRNAs
and proteins in bone regeneration during skeletal
development to analyze the mice fracture model and
investigate these expressions during chondrogenesis to
analyze the chondrification of the ATDC5.

Correspondence: Masayuki Ito MD., Division of Orthopaedic Surgery,
Department of Reconstructive and Transplant Medicine, Graduate School
of Medical and Dental Sciences, Niigata University., 1-757 Asahimachi-dori,
Niigata 951-8510, Japan.

Abbreviations- H&E, hematoxylin-eosin; ITS-X, Insulin-Transferrin-
Selenium-X Supplement; TRAP, tartrate-resistant acid phosphatase.
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MATERIALSANDM正THODs

AnimalSandtiSSuePreParation

Atotalof54maleICRmice（5―6weekS Ofage，

Weighing28土3g；NihonCharleSRiver，Tokyo），

WaS aneSthetized with50mg／kg ofketamine

hydrochloride（Sankyo，Tokyo）andlOmg／kg of

Xylazinehydrochloride（Bayer，Tbkyo）．AtranSVerSe

fracturewaSmadeontherighteighthribofeach

mouSeuSlngSCiSSOrSaSPreViouSlydeSCribed6，7，8）．For
■

Shamsurgery，thelefteighthribwaSeXPOSed，butnot

Cut．TheSePrOCedureSWerereViewedandapproved

bytheanimalcareanduSeCOmmitteeofNiigata

UniverSlty．AftertheSurgery，grOuPSOfSixmiceeach

Werekilledondaysl，3，5，7，10，14，18，21and28．A

totalof27micewaSPerfuSedthroughthelef［ventricle

With4％PFAunderdeepanestheSia．TheftactureSites

togetherwiththeSurrOundingSO氏tiSSueS（4x4mm）

WereharveSted，andhalfofthemwereimmerSedin

theISOGENreagent（NipponGeneCo．Ltd．，Tokyo）

fbrtheextractionoftotalRNAs．Theremainlnghalf

WaSfixedwith4％parafbrmaldehydeinaO．1mol／L

PhoSPhatebufftr，decalcifiedinaO．5mol／Lethylene―

diaminetetraaceticacid（EDTA）；PH7．5）solution，

andembeddedinpara托―nWaX．SerialSeCtionS（5－Llm－

thick）weremadeandmountedon3．amino―PrOPyl－

triethoxySilane－COatedglaSSSlideSandstoredat40Chr
■

thefbllowlngeXamination．

Histology

ThesectionSWereStainedwithhematoxylinLeOSin

（H＆E）．Tbdetectthecartilagematrix，tOluidineblue－0
●

StainlngWaSCarriedout．TbdetectoSteOClaStS，tartrate―

reSistantacidphoSPhataSe（TRAP）StainingwaS

PerfbrmedaccordingtothemodifiedBurStOnemethod9）．

ReverSetranSCriptaSePOlymeraSeChainreaction

（RT－PCR）andquantitativePCR

TbtalRNASWereeXtraCted丘omtheSamPleSimmersed

inISOGENaccordingtothemanu臨cturerS’inStruCtion

and reverSertranSCribed uSing random prlmerS
●

（Prome声a，WiSCO？Sin，USA）andM―MLVreverSe

tranSCrlPtaSe（InvltrOgen，Califbrnia，USA）・PCR
WaSPerfbrmedwiththe砧1lowlngPrlmerS：ePhrinB2

（acceSSionnumberU30244，amPlifiedfragmentS

411bpand243bp），5’―aggaatCaCggtCCaaCaagaL3’aSthe

ephrinB2SenSePrlmer，5’－atagtCCCCgCtgaCCttCt．3’aS

theanti―SenSePrlmerand5’－gtCtCCtgCggtaCttgagC－3’

●

aS the neStedprimer；EphB4（acceSSionnumber

XMlO9433，amPlifiedfragmentS499bpand243bp），

5’―agCgCtCtggaCaagatgat－3’as the senseprlmer，

5’―ttCCCCaaatCCtgtgtCtC―3’aStheanti―SenSePrlmer，

and5’－tgaCtCCaattCggagaaggL3’aStheneStedprlmer．

●

EachPCRproductwaSSeParatedonagarosegelSby

electrophorationandviSualizedwithUVlight．After

Checkingeachexpression，thecDNASamPleSOfthe

ShamSurgeryandfracturegroupSWereSubjected

toquantitativePCRSuSing aLightCycler（Roche

Diagostics，Mannhime，Germany）fbrephrinB2，

EphB4，andGAPDHmRNAs．ThePCRprogramwaS

aSfbllowS：diSSOCiationoftheTbqantibodyfbrlOmin

at950C，then40cyclesofdenaturationfbrOSeCat95

OC，annealing丘）rlOSeCat600C，andextenSionfor13

SeCat720C．ToconstructmeltingcurveSOfthePCR

PrOductS，anadditionalprotocolafterthecompletion

Of40cycleSOfPCRconSistedoflOSeCat600Cand

O sec at960C．The tranSition from60to96OCwaS

efftctedinO．20CstepswithcontinuouSfluoreSCenCe
J

monitorlng，WiththeplottedloSSOffluoreSCenCeVerSuS

temperature・ThedatawasanalyzeduSlngLightCycler
■

analysIS SOftwareaccordingtothemanufacture’S

inStruCtion．The quantltyWaS Calculatedbythe

fb1lowlngfbrmula：

丘acture［ephrinB2（orEphB4）／丘actureGAPDH］／

［shamephrinB2（orEphB4）／shamGAPGD］

tostandardizeandremovetheefftctofanygrowth．

Preparation of probeS for mRNAin si

hyt）ridization

DigoxlgeninLlabeledSingle―StrandRNAprobeswere

PrePareduSingtheDIGRNAlabelingkit（Boehringer

MannheimGmbH，Biochemica，Manheim，GerTany）
according to the manufacturer’SinStruCtlOnS．

FragmentSOfmouSeePhrinB2cDNA（0．4kb）and

fragmentsofmouseEphB4cDNA（0・4kb）w誓re
ObtainedbyRT―PCRandsubclonedintoBlueSCrlPt

SK（＋）plasmidS．Theseplasmidswerelinearizedby

digeStionwithBamHIandEcoRIandtranscribedwith

T7andT3RNApolymeraSeSfbrantiSenSeandSenSe

PrObes，reSPeCtively．

hsittEhybridization

InsituhybridizationwaSPerfbrmedaSPreViouSly

deSCribed，WithminormodificationS．TheSeCtionS

Weredigestedby5pg／mlofprotainaseKsolution

（BoehringerMannheimGmbH，Manheim，Germany）

at370C砧rlOmin．TheywerehybridizedwithO．5

Pg／mloftheprobeSinahybridizationbufftrat50

0Cfbr16h．AfterwaShingandRNaSeA（Boehringer

MannheimGmbH，Manheim，Germany）treatment（10

Pg／ml）at370Cfbr30min，theSignalSWeredetected

uSingtheDIGdetectionkit（BoehringerMannheim
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Figl・HiStOloglCalftatureSOfffacturehealing・A・ErythrocytesandflbroblaStSaCCumulatedbeneaththe
■

PeriosteumandbetweenthefractureStumPSOnday3・ThetornperioSteumShowSPrOllfヒratlOnOftherepalr
●

tiSSueS．B．WovenboneSandcartilagetiSSueSaredetectedintheproliftratlngPeriostealrepalrtiSSueSOnday5・

WovenboneSarealSOObservedintheintramedullarySPaCeOfthe丘actureendS．C．The丘■aCtureStumPSarelined

bymultinuclearoSteOClaSt－1ikecellS，eXhibitingpositiveslgnalsfbrTRAPStainlngandreSOrblngthematrlXOfthe
■

丘actureends．D．The丘■aCtureendSarePartiallybridgedbyagrowlngmatrix，i・e・“Ca11uS”，Onday7・Thecenterof

theca11uSCOntalnSalargeamountofcartilagetiSSueS・NewlyfbrmedbonesareidentifiedattheedgeSOfthecallus・

丑．The丘actureendsarecompletelybridgedbytheca11usinwhichcartilageiSrePlacedbyimmaturetrabecular

bonesandbonemarrowSPaCeSOnday14・F・ThecartilagetiSSueSareCOmPletelyreplacedbynewlyfbrmed

trabecularboneSandtheca11uSuniteSthe丘actureendSbyday21．A11ribftactureswerehealedwithoutanynon―

unionSinthiSStudy．風叫100pm．
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Fig2・ReverSetranSCrlPtaSePOlymeraSeChainreaction

（RT－PCR）．BothephrinB2andEphB4mRNASWere

detecteddurlngallperiodSOfthe丘acturehealing．The

reSultSOfquantitativePCRusingaLightCycler（Roche

DiagoSticS，Mannhime，Germany）ShowthateprinB2

andEphB4mRNASPeakedonday7・TheexpreSSion

OfephrinB2mRNAonday7waSfburtimesofthat

Ondayl，andtheexpreSSionofEphB4mRNAonday

7waSdoublethatondayl．TheexpreSSionofEphB4

mRNAwaSaboutlOtimesthatofephrinB2mRNA．

GmbH，Manheim，Germany）according to the
manu臨cturer，sinstructionS．

ImmunohiStOChemistry

Afterthede－Paraffinizationandrerhydration，the

SeCtionSWeretreatedwithhyallonidaSeat37OCfbr30

min・EndogenouSPerOXidaSeaCtivltyWaSquenChedby

immerSionwithO．3％hydrogenperoxideinmethanol

at370Cfbr15min．Anti－ePhrinB2andanti―EphB4，

PrOducedingout（Sigma－Aldrich，St．LouiS，MO，

USA），WereuSedaSPrimaryantibodieS．TheSeCtionS

Wereincubated at40C fbr2hwithl：100dilution

OftheprlmaryantibodieS・Thentheyweretreated
●

WiththeperoxidaSe―COIt］ugatedrabbitantl―gOatIgG

antibody（DAKOcytomation，GloStruP，Denmark）

atroomtemperaturefbr30min・TheperoxidaSe

reactionS Were ViSualizedwith3，－diaminbenzidine

tetrahydrochloride―0．01％hydrogenperoxide．The

SeCtionSWereCOunterStainedwithhematoxylintostain

nuclei．

CultureofthemouSeChondrocyte―1ikecell，ATDC5

ATDC5cells were culturedinDulbecco，SmOdified

Eagle’SandnutrientmixtureF―12media（D―MEM／

F－12）（Invitrogen，Califbrnia，USA）containing5％

fttalbovine警erum（FBS：Invitrogen，Califbrnia，
USA）aSamalntenanCemediumatacelldensityof

6×105）ce11／we11ina6－multiwellplate（Corning，New

York，NY三USA）at370CinahumidifiedatmoSPhere

Of5％CO2．Whenthecellreachedconfluence，1％

InSulin―TranSftrrin－SeleniumLXSupplement（ITS－X）

（Invitrogen，Califbrnia，USA）wasaddedtwice／week

砧rthreeweekS．ThecellSWereharvestedatone，tWO

andthreeweekstoextractthetotalRNASandthewellS

WereStainedwithSaftaninTOlightgreenstainlng・

BothmethodSWerePerfbrmedtothreecontrolgroupS

andthreeITSrXgroupS．

Sa什anin－OlightgreenStainingofATDC5

Ateachtimepolnt，Ce11SWererinSedwithdiStilled

WaterandstainedwithSafhninO（Whko，OSaka）fbr

4minandrinSedindiSti11edwaterwithonequickdip，

thenSOakedin5％phoSPhotungSticacidfbronemin，

WaShedthreetimeSindiStilledwater，COunterStained

WithO・02％LightGreen（Sigma－Aldrich，St．LouiS，

MO，USA）fbronemin，andwaSheduntilnogreenran
outlO）．

Quantitative analysiS OfephrinB2andEphB4
●

durlngChondrogeneSiS

RT－PCRwaSPerfbrmedateachtimepolntWiththe

PrimerSforephrinB2，EphB4，andLightCycler㊥（Roche

DiagoSticS，Mannhime，Germany）wereperfbrmed

aSdescribedabove．ThedatawereanalyzeduSlng

LightCycler analySIS SOftware accordingto the

manufacture’Sinstruction．The quantitieSWere

normalized to the expression ofGAPDH mina

andevaluatedStatiSticallybyFiSher’SProtected

LeaSt Significant Difference uSing statistical

SOftware（Stat View㊨，SASInStituteInc．，NC，

USA）・Aggrecan，tyPeXcollagen，SOX9，aSfbllowS：
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SenSe Prlmer；5’－TCAGAGGAGTAGAGGCCGT

―3，for the type X anti―SenSe Primer；5，―

ATGACCGACGAGCAGGAGAA―3，fbr the SOX9

SenSePrlmer，and5’－TGCACGTCGGTTTTGGGAGT

－3，fbrtheSOX9anti－SenSePrlmer・ThePCRprotocoI

wasthesameaSdeSCribedabove．

REStTLTS

Histological肋tureSOffracturehealing

H＆EStainlnglS ShowninFig．1．We obSerVeda

hematomabetweenthefracturefragmentSandthe

PrOlifヒrationoffibroblastSarOundthe凸・aCtureSiteS

OndaySland3．Ondays5and7，endochondraland

intramembranousoSSlficationSWereidentlfiedaround

thefracture SiteS，Withafracture calluSinwhlCh

hypertrophlCChondrocyteSandnewwovenboneSWere

ObSerVed．OndaylO，abridgingcalluSWaSdetected

betweenthefracturestumpS，andtrabecularbone

fbrmatlOnWaSSeeninthemarrowSPaCeS・Onday14，

thetrabeculaeboneSWereneWlyfbrmedtrabeculae．

Boneremodeling，rePlacedwithbonemarrow，WaSalSO

identifiedinthecalluSOnday18（Fig．1）．

RT―PCRandquantitativePCR鈍IrePhrinB2and

EphB4mRNAs

ephrinB2andEphB4mRNASWereeXPreSSeddurlng
●

allphaSeS（Fig．2）．ThequantitativePCRShowedthat

theexpreSSionofeprinB2andEphB4mRNASPeaked

Onday7・TheexpreSSionofephrinB2andEphB40n

day7waSfuurandtwotlmeShigherthanthoSeOnday

l，reSPeCtively．TheexpreSSlOnOfEphB4mRNAwaS

aboutlOtimeShigherthanthatofephrinB2mRNA

（Fig．2）．

血油〟hybridization

ThediStributionSOfephrlnB2andEphB4mRNAs

WereSimllarinthe fracture siteS．Ondayl，the

expresSlOn OfbothmRNAS WaS Observedinthe

PerioSteumWithfalntSlgnalSinthebonemarrow（Fig．

3）・OndayS3，5，and7，Weldentifiedtheexpression

inthe cartllage ofthe fracture calluS fromthe

PrOliftratlngZOnetOthehypertrophiczoneaSWellaS
●

intheperioSteumandthebonemarrow・TheexpreSSlOn

WaSintenSeintheprehypertrophlCChondrocyteS．The

hypertrophlCChondrocyteSandce11SOfthegranulation

tiSSuearOundtheftactureSlteSalSOeXPreSSedfhintly

POSltlVeSignalS砧rephrinB2andEphB4mRNAS（Fig．

3）・WedldnotdetectanySignalsinthe丘actureSWith

theSenSePrObes．TriplicatedStudieSShowedtheSame

results．



Immunoh―iStOChemiStry

TheimmunohiStOChemicallocalizationofephrinB2

andEphB4inthe丘actureSiteSWaSSimilartothoSe

ofthemRNAexpreSSionofeprinB2andEphB4（Fig・

4）．Ondayl，faintlypositiveSignalsfbrephrinB2

were detectedaroundthe fracture siteS．Fibroblasts

aroundffacture SiteSandvascularendothelialcellS

ShowedpoSitiveSlgnalsonday3・IntenseslgnalSWere
●

identifiedintheproliftratlngChondrocyteS，Withfhint

SlgnalSinthehypertrophicchondrocyteSOndays5

and7（datanotShown）．OndaylO，thehypertrophic

chondrocyteSeXhibitedapositiveSlgnal，aSdidthe
■

PrOlifヒratlngChondrocytes・Thedistributionofthe

positiveSlgnalSfbrEphB4waSalmostsameaSthoSeOf
●

ephrinB2・TheSamereSultSWereObtainedintheother

twomiceineachgroup．

CultureofATDC5

The cellS Were almost confluent after one week．

Neither cellSin maintenance medium norin the

mediumwithITSrXaddedwereStainedbySafranin―0・

Aftertwoweeks，thecellSreaChedconfluence，and

difftrentiationwaSSeen；thecellSinthemaintenance

mediumwerepartia11yStainedSlightlyred，andinthe

ce11SinmediumwithITS―Ⅹaddedandthecartilage

noduleSWere Stainedred．AfterthreeweekS，CellS

inthemaintenancemediumwereunchanged，andin

thecellSinmediumwithITS－Ⅹadded，thecartilage

noduleSWereStainedmorethicklyred（Fig．5）．

RT－PCRandquantitativeanalySesOfephrinB2！

正phB4inATDC5

BothephrinB2andEphB4wereexpreSSeddurlngthe

threeweekS，andquantitativeanalySISWithLightCycler

（RocheDiagosticS，Mannhime，Germany）Showedthat

theexpressionofeprinB2andEphB4mRNASPeaked

onday7・TheexpresSionofEphB4mRNAwaSabout

fivetimeshigherthanthatofephrinB2mRNA（Fig・6）・

DIsCU―ssION

EphrinandEphfhmilieSarereSPeCtivelyligandSand

receptorSWithtyrosinekinaSeaCtivities・TheSehave

beenidentifiedin SeVeraltiSSueS－SuCh aS nerVe，

vaSCular，andtumortiSSueS．LittleiSknownabout

theexpreSSionoftheSemOleculeSdurlngthehealing

proceSSafterlIt）urieS・Inotheranimaltraumamodels
■　　●

SuChasaratbraintraumamodelinwhichasubdural

hematomawaSCreated，mOStEphkinasemRNAwaS
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notregulateddurlngtherecoveryll）；however，EphB4

mRNAandephrinSWerenOtinveStigated・Thisisthe

firStrePOrttOinveStlgatethemRNAexpressionand

PrOteinproductionofephrinB2andEphB4inthe

traumamodel．

Theco－localizationofephrinandEphproteinSWaS

ObSerVedintheSPrOutlngOfthevaSCularfbrmation
●　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●

durlngVaSCulardevelopment．1hvitroStudies，uSlnga

OP9StrOmalcelltranSftctedephrinB20rEphB4cDNA

andapara－aOrticSPlanchnopleuraco－CultureSyStem，

hundthatthe stromalcellSeXPreSSlngePhrinB2
●

PrOmOtedvascularnetworkfbrmationandephrinB2＋

endothelialcellproliftrationandalSOinducedthe

recruitmentandprolifヒrationofalpha－SmOOthmuSCle

actin－POSitivecellS．Stromalce11SeXPreSSlngEphB4

inhibitedvaSCularnetworkfbrmation，ePhrinB2＋

endothelialce11proliftration，andarphasmoothmuSCle

actin―POSitivecellrecruitmentandproliftration12）

USinga32Dcell，ahematopoieticcelllinethathaSa

requlrementOfIL―30r5％WEHI－COnditionmedium

forgrowth，andtranSf己ctedEphB4，theSe32DEphB4

cellSeXhibitedahigherproliftrationratethandid

COntrOIce11s13）．TheStimulationofEphB4receptorS

PrOmOteSmicro－VaSCularendothelialcellmlgrationand

PrOliftration14）・hvivoStudieS，micelackingephrinB2

at9．5embryonaldayexhibitedapaleyolkSaCanda

PrlmitivevaSCulaturewithapoorlyorganizednetwork，
▲

COnfirmlngthatephrinB2haSaneSSentialrolein

earlyvaSCulardevelopment15）・Therefbre，ePhrin－

EphcouplinglSeSSentialfbrregulatlngendothelial
●

PrOliftration（SPrOuting）invaSCularfbrmation・

InourStudy，mRNAexpreSSionandtheprotein

PrOductionofephrinB2andEphB4wereidentifiedon

thechondrocyteSinthefracturecalluS．ePhrinB2and
●

EphB4wereidentifiedespeciallylntheproliftratlng

Chondrocyteandnotinthehypertrophicchondrocyte，

whichwastheterminaldifftrentiatedchondrocyte．

QuantitativeRT－PCRdemonStratedthatthemRNA

expreSSionofephrinB2andEphB4peakedinthe

earlyproliftrationStageOfthe丘acturecalluS・Inthe

experimentonATDC5chondrification，quantitative

RT―PCRdemonStratedthatthemRNAofephrinB2and

EphB4peakedintheproliftrationphaSe・FromtheSe

data，WeSPeCulatethattheephrinB2―EphB4coupling

durlng丘acturehealingSeemedtoplaySamerOleaS

thesproutlnglnVaSCularfurmationtoregulatece11
t　　　　　　●

PrOliftration・

ephrinB2knockoutmiceShowthatephrinB2and

EphB4mRNAsarealSOeXPreSSedinthearterial

andvenousendothelialce11S，reSPeCtively16）．Inan

experimentwiththepharmacologlCalinhibitionof
■

ERK―1／20fHUVECS，ePhrinB2―FcsuppressedVEGF―

inducedprolifヒrationandmlgrationandAngl―induced

mlgrationinvenouSendothelialcellS17）・TheSereSults



30　　　M．ITOetal．

indicatedthatephrin－EphcouplingplaySakeyrole

inHboundaryfbrmationHbetweenthearteryand

VeininvaSCularfbrmation18）．OtherwiSe，inneural

development，uSlngZebrafish，ValcontroIs eph

expreSSionaSWellaStheinteractionsbetweenEphB4a

andephrinB2amediatecellSOrtlngandHboundary

tbrmation”intheSegmentlngCaudalhindbrain19）．

Recently，ePrinB2waSidentinedintheepiphyseal

Cartilageoflongbone20），anditSdiStributionwaS

Similartothatofchondromodulin－I，aPOtentVaSCular

inhibitoryfactor，aSWellaSChondrogenicgrowth

factor21，22）・InourStudy，nOtOnlyephrinB2butalSO

EphB4werebothidentifiedonchondrocyteSdurlng

丘acturehealing．CartilageiSanOn―VaSCularmatrixin

Skeletaldevelopmentandbonerepalr・EphrinsandEph

fhmilieSaremOleculeSinitiallyidentifiedinendothelial

development・Takentogether，theSefindingSShow

thatephrin－Ephcouplingmaycontributetocertain

relationShipS，SuChaSaboundaryfbrmation，between

non－VaSCularcartilageandnewlyfbrmedveSSelSin

什acturehealing．

InconcluSion，ePrinB2andEphB4mayplayakey

roleinchondrogeneSiSdurlngfracturehealing，SuCh

aSPrOmOtlngtheanglOgeneSisaroundfracturesiteS

WhilecooperatlngWithVEGF，OrPrObablycontrolthe
■

boundaryfbrmationbetweennewlyfbrmedcartilage

andnewlyfbrmedbonearoundthe丘acturesite．ThiS

COmPrlSeSthefirStrePOrtOnePhrin－Ephcouplingln
■　　　　．1　　　′ヽ▲　　―　　　　　　、　　　　　　■　　●　　「【　1　　　　　　■■　　　●

boneregeneration，andfutureStudieSareaWaited．
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