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学位論文内容の要旨

L Jr)troduction

CCN2/connectivetJ'ssuegrowthfactor(CTGF)hasbeenreportedtohaveessentialroJesin
canlagedeve一opment.chondrocyteproliferationanddi粕rentiatjonasweJJasreguJationofthe
extracellularmatrixmetabolism.CCN2hasalsobeenreportedtoregulateECMmetaborism,
bylnteractingwithanumberofgrowthfactorsjncludlngbonemorphogenetfcproteins(BMPs).
VascuJarendothelialgrodhfactor(VEGF)andtransfbrminggrowthfactorbeta(TGF-P):and
ECM componentssuchasaggrecan,perlecanandflbroneCtin.1nosteoarth州ccanjlage.

r.･ or:ThP,rAs.sr::izOi.C?."2bisafr?e?su,?onL'syeoE.seh"eeln;um"0.n?nthaeu三Ixs,I.e;:d,霊 霊=eyI?hSrdhaiEhagTe?言
canJJagebypromotingtheproJJferatlonofandECM'synthes.sbyartfcularchondrocytes.

･ 崇 :ue.da･,"LsehHcabetaaL'.(2.0.04iEeiT.0,:諾ra!exdJT,eJTnpb?.R]豊ydOufceed?"aio.rneg…nn::atje.Enu監t慧kTa?.ss?
■ FurthermOre,arecentStudyshowedthatcartilage-specif-coverexpressionofCCN2resulted
intheacquisitionofanOAィesIstantpheno吋peinmice,

Wehypothesizedthatsma"rmoleculesthatinduceCCN2inchondrocytescouldbenovel
candidatestoincreasetheresistancetoagrngイeJatedcartilagedegradation.oreventocorrect
cart"agedegenerativechangesincurredinOA.Therefore.thisstudyscreenedacompound
libraryandidentirledtheP･CarboJineaJkaJoidharmjneasanoveHnducerofCCN2inhuman
chqndrocyticHCS-2/8celrsandosteoarthriticanicularchondrocytes.

JI.MatorlaLBandmothods

ThreecelltypeswereutjIIzedintheexperiments.namely,ahumanchondrocyticceMne
HCSl2/8cells,Jhumanarticularchondrocytesandamousepre-ChondrogeniccelHineATDC5.

Humanarticularchondrocytes(HACs)Wereisolatedfromcartilagesamples,obtainedfrom
femurortibiaoFfourpatientswithdia9nOSisofosteoarthritjsundergolng totalknee
a付1rOPlasty.undertheirinformedconsent.

HCS-2/8ceJIswereusedめ screenanorphanligandlibrary(EnzoUfeSciences)for
compoundsthatcaninduceCCN2proteinlevelsinthesupernatants.whichwerequantifiedby
uslngaPreviouslyestablishedsandwichELISAsystem provkJedbyNichireiCorporation
(Tokyo.Japa叶

To(alce"utarRNAwasextraK:tedbyRNeasy,accordingtothemanufacturer'sinstructionsI
RNA sampleswerereverse-transcribedandquantitatedbyrealtime RT-PCR forthe
expressionofcartilagemarkergenes(ag9reCan.CO12al,Sox-9andCCN2)･Thelevelsof
mRNAsofinterestwerenormalizedtothatofthereferencegeneS29.

ceHviabHitywasasses'sedbyMTS assay,andceu,toxicitywasdeterminedbya
coforfmetricassayofthelactatedehydrogenase(LDH)activityinthesupernatants,8∝Ording
toeachmanufacturer'sinstructions.
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Forimmunofluorescenccstudiesagainstaggrecan,H･CS-2/8CeJIswereincubatedwith

differentconcentrationsofharmjnefor24h.Detectionofaggrecan(anti-humanaggrecan

antibody.R&D)wasperformedbyanautomatedfluorescenceimagingsystem (Ce"omics
ArrayScanTM).ysotypecontroland thesecondaryantibodyweremouseantj-humanlgG

(Pierce-ThermoScienti触)andAJexa488-00TiJ'ugatedgoatanti-mouseJgG(Invitrogen)antibodies.
respectlvefy･WesternbJotwasusedtoidentifyproteJ'n(evelsofSox19uponstimulationwlth
harmjne.

.ForanalysrsofcoJ2alpromoteractivity,ATDC5ceJJsweretransfectedwith1mgofa

luciferasereporterdrivenbythecollagentypelJa-1(COL2al)promoterenhancerand0.1mgof

thecontrolreporterplasmJ'dencodingReniHaluciferasebyelectroporation.TheCOL2alreporter

wasag的fromY･Yamada(NIDCR.NTH)andwasmadebyreplacingthelacZgeneintheorigjnaI

pKN185【19]withaJUG.ferasereportergene.andisreferredtoaspKN185tuc【20】.ATDC5cells

werethenseededonto96･WeIIpratesandincubatedwithorwithoutharmine(5mM)for72h.The

dualJuciferasereporterassaysystemwasusedtodeterminefireflyandconstltutiveRenina

luciferaseexpressJon.Relativeluciferaseactivity(fireflyluciferasereading/RenHaluciferase
reading)wascafculatedforeachwet..

Formicromasscultures.ATDC5ceJJsweresuspendedataconcentrationof2×107permLand

seededinmicromassesof10mLin48-WeJJpJatestosJmulatethehighdensityofchondrogenic

condensations.Onehoura冊erplating.Culturemediumcontainingharmjne(5mM)ornotwas

addedtoweJIs.CeJIswereculturedfor10daysandmediawerechangedeveryotherday.

Ten-daymicromassculturesOfATDC5ceHswerefixedwfth4%paraformaldchydefor15m舌nat

roomtemperatureandthenincubatedovemightwith0.1%aJcianbJue8GX.

Foranalysisofharmlne'se触ctunderinflammatorycondition,HCS･2/8cel一sorHACswere
stjmulatedwithharmhewithorwithouttumornecrosisfactoralpha(TNFa:R&Dsystems,
MinneapoJis.MN.USA)andincubatedfor24haRerserumstarvation.

川.ResLJTt8

HarmineincreasedtheexpressionofthecartHagemarkersaggrecanandcoJJagentypeH

(co12),asweJIasthatofthemasterreguJatorofchondrogenesis,Sox･9.Wethensuspecteda

transcripbonarhductbnofco12byharmine.possjblythroughSox-9.Thus.weexaminedthe

effectof･hanlljneontheco12transcriptionuslngaCO12luciferasereporter.Theresu一tsof

luciferaseassayinaprel;hondrogeniccellfine(ATDC5ceJIs)demonstratedthatco12alpromoter

activityincreasedapproximatelybytwofo一dsuponharminestimu一ation.comparedtothatof

controlsample(Fig.4),lnordertoevaluatethechondrogeniceWectofharmine.amicromass

system uslngATDC5ce一lswascarriedout.Theresultsshowedthatharminenotablyinduced
chondrogenesisofATDC5cellsinmicromasscultures,withagreatincreaseinthecart"age

markergenes(aggrecanandcoIJ2)asweltasCCN2.Thechondroprotectiveeffectofharmine

wasinvestigatedunderinflammatoryconditionbystimulationwithtumorSnecrosisfactor-alpha

(TNFo).andharminewasshowntoameliorateTNFcr-induceddecreaseinexpressionofCCN2

andca州agemarkergenes.

lV.ConClusion

Theresultsofourpresentstudydemonstratethejnvitrochondrogeniceffectofharmine

throughincreasejnCCN2,SOX-9,aggrecanandCOL2alleveJslandsuggestthatharminecan

beausefulcompoundforpreventJ'onand/orregenerationofcartHagedegradedthroughagJngOr
OA.
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学位論文審査結果の要旨

hJ.=合縦線成長因子 (CCN2)は,軟仲卸IJJtLの蛸姉'･成熟及び基JPf合成を促進し,軟骨特異的ccN2

過剰頚現マウスにおいては雌はLJ飾軟骨の加齢性変化に抵抗性を示すことや,実験的変形性関節
症モデルの関節腔内に CCN2を･Jkh与すると捌T.qJh炊骨別宴iiL'できることが報告されており,CCN2
は射 ry惟関節症の予防や治矧 こJ;1-効であると考えられている.そこで本研究では,変形件関節

症の刊iJ)'･治W.lfを目的に,CCN2の発収をIJIJ進する新規化合物を網締約に撫索し,1'nvitroで

その機能角肺 を行った.

スクリーニング袈敵では,ヒト軟骨肉腫由来軟骨細川包株 (HCS-2/8)を 96-wellプレー トに
播種し,86榔柄のオーファンリガンド (-En･/.oLifeScience.q)にて州激し,桁地中のCCN2の

タンパク丑をELIŜ･li:.にて定止した.同TEした分子の細りI/A-の毒性は,NllS牡(Promega)および

LDH轟性アッセイ(Rc'chL,)にて検討した.同定分子の概冊分化に与える効果を検討するため,

CCN2,Sox-9,̂ ggrocan･TypeIICol1- ?,およびNNP-1,3,13のmIモNA凪をrealtimcRトPCR
法にて定缶した.炎症存在下における効果を.沖仰するため,同走分子存在下でJ･lCSl2/8糾胞を

TNドーαで刺激し,同様の実政を行った.
スクリーニングの結果,検索したオーファンリガンドライブラリー中では harmineが CCN2

の発現を上昇させる唯一の分子として同起された.harmineは5FLMの繊度において,細胞増

殖を抑制するが,aJI胞毒性は静められず,軟骨細胞分化マーカーの迫伝子発現を促進し,軟骨

細胞分化を促進 した.また興味深いことに,harmineは TNlLαの刺激により簡単された

MNPl,3,13の適伝子発現を抑制し,TNF--αの刺激により抑制された軟伺刺胞分化を促進した.

本結果から,CCN2の発現を促進する国子 として同定されたharmineは軟骨細胞分化促

進作用,抗炎症作用の双方を持ち合わせる分子であり,植物成分の一つであり比較的安

全で安JllJiであるため,変形性W.EJ飾症の新たな治療法につながる可能性が考えられた.
よって,審査香魚会は本給文に博士 (歯学)の学位論文としての価値を静める.


