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要旨

叫urytothecentralnervOuSSyStem（CNS）causesavarietyofphenomenasuchas

neuronalandglialcelldegeneration，Phagocytosis，degradationoftheextraceuular

matrix，inflammatory responses，and the subsequent demyelination and

remyelination・Proteasessuchastissueplasmingogenactivator（tPA），Plasmin，and

matrixmetalloproteases（MMPs）playveryimportantrOlesinthiscomplexprocess

afterlnJurytOtheCNS・TPAandplasminparticipateintheexcitotoxin－induced

neuronaldegeneration・MMPsfami1ylSrePOrtedlymediatedbothextracellular

matrixdegradationandinflammatorydemyelinationafter叫urytOtheCNS．

Neuropsinisatrypsin－tyPeSerineproteasethatisspecincal1yexpressedinthelimbic

SyStem Of adult mouse brain・Knife cutinJury tO mOuSe SPlnalcord and

intraperitonealinjectionwithkainatecouldnewlyinduceneuropsinmRNAinperi－

1esionedreglOnSOftheCNS，andthecellsthatexpressedneuropsinmRNAwere

locatedmainlyinaxonnberbundles・Inthecurrentstudy，Iperfbrmedneuronal

degenerationinducedbyintrahippocamPalkainateiqiectionandaxonaldegeneration

inducedbyenucleationonadultmicetoexploretheexpressionandfunctionof

neuropslnafteriqurytotheCNS．

AfterneuronaldegenerationinducedbyintrahippocamPaliqjectionwithkainate，

neuropsinmRNAwasdetectedbyinsituhybridization・Theexpressionofneuropsln

mRNAofpyramidalcellsinCAlandCA30fhippocampusdecreasedsignificantly，

howeverneuropsinmRNAwasnewlyexpressedaroundthedegeneratedreg10n，SuCh

asthecorpuscallosum，丘mbriaandmolecularlayerofthehippocamPuS・Thenewly

expressionofneuropsinmRNAbegantOaPPearatlday，Peakingduring4daysto8

days，disappearedat14daysafterintrahippocampaliIt］eCtionwithkainate，andthe

expressionofneuropsinmRNAcorrelateswiththedegeneratedneurons．
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Doubleinsituhybridizationcon凸rmedthatmostofthecellsexpresslngneuropsln

niRNAwerePLP－POSitivematureoligodendrocytes・Tofurtherexaminewhether

theexpressionofneuropsindNAinoligodendrocyteswasinducedbydirectly

kainatetoxicityorindirectlythroughneuronaldegeneration，Iexaminedneuropsin

expressionintheopticnerveafteraxonaldegenerationinducedbyenucleationin

adultmice・NeuropslnmRNAwasalsoexpressedinoligodendrocytesofthe

enucleatedopticnerveS，butnotexpressedinthesham－OPeratedopticnerveS．Those

resultsshowedthatneuropsinmRNAwasexpressedfbllowlngbothneuronaland

axonaldegeneration．

Afterneuronaldegenerationandaxonaldegeneration，neurOPSlnPrOteinwas

detectedbylmmunOhistochemistryandimmunoelectronmicroscopICanalysis・

Neuropslnimmunoreactivitywasobservedincellbodiesandprocessesby

immunohistochemistry・UnderimmunoelectronmicroscopICanalysIS，neurOPSln

immunoreactivitywasobservedincytoplasmofoligodendrocyteandmyelin．

NeuropslnispossiblylnVOIvedindemyelinationbecausethetimecourseof

neurOPSlneXPreSSionmatchesthatfbrdemyelinationandneuropslnPrOteinwas

ObservedinmyelinafterlqurytOtheCNS・Myelinproteinsarereportedlygood

Substrateofproteases・Toseeifneuropsindegradesmyelinprotein，myelinprotein

WaSPmifiedfrommousebrainsandincubatedwithrecombinantneuropsln・Iused

gel－bluestainingandwesternboltinganalysistoexaminethemyelinprotein

degradation・Ifbundthatdensityofmyelinbasicprotein（MBP）decreasedby

incubatingwithactive－tyPereCOmbinantneuropsln，andnewsmallMBPfragments

appeared・Thoseresultsshowedneuropsindegradesmyelinproteininvivo．To

furtherexaminethefunctionofneuropslninvivoafterlnJurytOtheCNS，Iused

neuropslngeneknockoutmice・IdidhistologymicroscopICanalysIStOCOmPare

OPtlCnerveSafterenucleationbetweenwildtypeandknockoutmice・Bothlightand

electron microscopIC analysIS Showed neuropslnknockoutmicehave more

PreServedmyelinthanthatofwildtypemice・Thoseresultsshowedneuropslnis

invoIvedinthedemyelinationa鮎r叫urytOtheCNS．
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Introduction

InjurytothecentralnervOuSSyStem（CNS）causesavarietyofphenomenasuchas

neuronaland glialcelldegeneration，degradation of the extracellular matrix，

inflammatory responses，Phagocytosis，and the subsequent demyelinationand

remyelination・Thesebiochemicaleventsoccurnotonlyinneuraliqury，butalsoin

Variouscorrmondiseases，includingAlzheimer・sdisease，brainischaemiaandepilepsy・

Thedevelopmentofnewtherapeuticstrategiestothesephenomenadependsonan

understandingofpathology・UnderstandingofthispathologlCalprocessisanareaOf

intensemedicalinterest・Proteasesareessentialfactorsinthesepathologicalconditions．

Inthepresentstudy，Iexploredtheexpressionandfunctionofaserineprotease，

neuropsln，afterexperimentalneuralir如ry．

ProteasesplayverylmPOrtantrOlesinthecomplexprocessafterl叩rytOthe

CNS・Tissueplasminogenactivator（tPA）andplasminparticipateintheexcitotoxin－

inducedneuronaldegeneration，becausemiceknockouttPAorplasminogenareresistant

tokainate－inducedneuronaldegeneration［Tsirkaetal，1995；Tsirkaetal1997］．TPA－

mediatedfibrinolysISPrOteCtSagalnStaXOnaldegeneration anddemyelination af［er

neuralirjury［Akassouglouetal，2000］・Matrixmetalloproteases（MMPs）fami1yare

multifunctionalproteases，mediated both extracellular matrix degradation and

inflarrmtorydemyelinationafteriI如rytothe CNS［RomanicandMadri，1994；

Rosenberg1995；Cuzneretal1999］．

Neuropsinisatrypsin－typeserineproteasewhosecDNAwasoriginallyisolated
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F from adult mouse hippocamPuS・Northernandin situ hybridization analyses

demonstratedthatneuropsinmRNAisexpressedspecincallyinthelimbicsystemofthe

adultmousebrain・NeuropsinmRNAisexpressedinthelimbicareassuchasthe

hippocampus，the amygdaloid complex，the septalareas，and has the highest

COnCentrationinpyramidalneuronsofthehippocampalCAl－3subfields［Chenetal，

1995］・Biochemicalanalysisofrecombinantandnativeneuropsinsuggestedthatitisan

extracellulartryPSin－typeproteasewitharelativelynarrowspectrumOfsubstrates，and

thisproteasewasshowntohydrolyzeextracellularmatrixnbronectinatrestrictedsites

［Shimizuetal，1998］・Physiologicalstudiesindicatedthatneuropsinisassociatedwith

neuralplasticity・TheamOuntSOfneuropsinmRNAandproteinincreasedafterplasticity

eventssuchaskindlingandlong－termPOtentiation［Chenetal，1995；Okabeetal，1996］，

andtheblockadeofneuropslnlsfunctionwithaspecincmonoclonalantibodydrastical1y

inducedthedelayofkindlingformationandreducedtheamPlitudeofLTP．［Momotaet

al，1998；Komaietal，2000］・StudiesoftheontogenyofneuropsinmRNAexpression

Showedawidespreadlocalizationinthedevelopmentalstagesandsuggestedthat

neuropsinisalsoinvoIvedindevelopment［Suzuki，etal，1995；Chen，etal，1998］・By

thestudyofneuropslngeneknockoutmice，neurOPSlnisinvoIvedinhippocampal

SynaPSefbrmation・ⅦcedeftctiveinneuropslnShowedseverehippocamPalsynaptlC

lossandsignificantfunctionalloss［Hirata，etal・2001］・Al1thestudiesonneuropsin

indicatedthatneuropsinisamultiplefunctionalproteininvoIvedinneuralplasticity，

development，SynaPSeformation．

Themyelinsheath，Whichisfbrmedasanextensionoftheoligodendrocytesinthe
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CNS，aPPearSaStubessurroundingtheaxonandserveSaSinsulationforthenervenber

andtherebyfacilitatesimpulseconduction・Oneofthemostcommonreactionsofthe

nervOuSSyStemafterneuraliqiuryisthedegradationofmyelin・Vesiculardegeneration

Ofmyelination，tOgetherwithstripplngOfmyelinbymacrophages，WaSrePOrted7days

afterspinalcordidury［Blight，etal1985］．Degeneratingmyelinsheathswereobserved

at8daysafterwalleriandegenerationinratopticnerveS［JameSetal，1970］．Extensive

demyelinationbeginsbetween4and7daysafterischemiciqjury［01byandBlakemore，

1996］・Demyelinationprocessafterkainate－inducedneuronaldepletionintheCNSwas

reportedtolead，Withintwoweeks，tOanalmostcompletelydisappearanCeOfmyelin

Sheaths［Dusartetal，1992］・ProteasesareinvoIvedindemyelinationbecauseitisa

degradativeprocessinwhichmyelinproteinsarebrokendown［CuznerandNorton，

1996；CuznerandOpdenakker，1999］・Severalproteasessuchastrypsin，Plasminand

metalloproteinaseshavebeenshowntodegrademyelinprotein・Inuzukaetalreported

thattrypslnandplasmincausedextensivelossofmyelinbasicproteinandsomelossof

Othermyelinproteinsbyincubatingwithhumanandratmyelinpreparations［Inuzukaet

al，1984］・Cammeretalsuggestedthatplasminpotentiatesthedegradationofmyelin

PrOteins fbr amechanism ofinflarrmatory demyelination［Cammeret al．，1986］．

Chantryetalreportedthatthemyelin－aSSOCiatedmetalloproteinasescouldplayrolesin

bothmyelinogenesisandinpathologicaldemyelination［Chantryetal．，1989］．Thereare

alsosuggestionsthatmyelinhasendogenousproteaseactivitywiththepotentialto

degrademyelinproteins【Satoetal・1982；Berletetal・，1984；Chantryetal．1989］．

NeuropsinmRNAwasexpressedarOundthelesionreglOnOftheCNSafterknift

6
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Cutiqurytomousesplnalcordandintraperitonealiqjectionwithkainate，andthecells

Which expressed neuropsln mRNA werelocated mainlyin axon nber bundles

［Tomizawaetal・1999］・Neuropsin，aSaSerineprotease，WaSneWlyexpressedinthe

earlyperiodafterlqurytOtheCNS，itispossiblethatneuropslnfunctionsinthe

COmPlexprocessafterlrUurytOtheCNS，SuChasdemyelination・Anunderstandingof

themechanismofdemyelinationisimportanttoanytherapeuticapproachtotheCNS

叫ury・However，itisstillnotclearhowthedemyelinationoccurredafterneuraliqiury．

Inthecurrentstudy，Iinvestlgatedthepossiblemechanismofdemyelination・Iproduced

neuronaldegenerationinduced byintrahippocampalkainatelqeCtionand axonal

degenerationinducedbyenucleationonadultmicetoanalyzetheexpressionand

functionsofneuropslnafterlqurytOtheCNS・Myanalysisrevealedneuropslnisan

importantfactorintheprocessofdemyelinationafterneuraliqury・

7
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MaterialsandMethods

TheprocedurewasapprovedbytheInstitutionalComitteeforExpenmental

Animals・DDYmice（eight－tOthirteen－Weekold）wereiniectedintraperitoneal1ywith

ethylcarbonate（1・2gkgofbodyweight）fbraneSthesia・Theywereplacedina

StereOtaXicqpparatusandiqectedunilaterallywith1・5nmolorO．6nmolkainatein

O・3pMphosphatebufftredsaline（PBS，0．1M，PH7．4）andthesamevolume。fPBSin

thecontrolateralside・Thecoordinatesoftheirjectionwerebregma－2．5mm，medi。＿

1ateral1・7rrm，anddorso－Ventrall・6mm・Kainatewasdeliveredover30seconds．After

lqeCtion，theneedleremainedinplacefbranOther2mintopreventrenexoffluid．Mice

WereaneSthetizedanddecapltatedatdifftrenttimepolntSafterlnJeCtion・Thebrains

WereremOVedandfrozenindrylCeandstoredat－800Cuntiluse．Enucleationoftheleft

eyewasgentlyperformedonddY，C57BL／6J，C57BIJ6Jneuropslngeneknockoutmice

（eight－tOthirteen－Weekold）underaneSthesiawithethylcarbonate．Themimalswere

ki11edunderaneSthesiaatdesignatedtimes・ThebrainsandopticnerveSWereremOVed，

frozenindryiceandstoredat－800Cuntiluse・Forimmunohistochemistry，SOmeanimals

WerePerfusedthroughtheheartwith0・85％NaCl，払1lowedby4％parafbrmaldehydein

O・1Mphosphatebu鮎r（PB，PH7・4）・ThebrainsandopticnerveSWereremOVed，POSt－

fixedinthesamenxativeovemightat40C，andthenirrmersedin30％sucrose，0．1M

PBfbr48hoursat40Candfrozenat－800Cuntiluse．

王nsituhvbridization

8
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ForneuropsinmRNAdetection，insituhybridizationwith35s－1abeledandnon－RI，

digoxygemin（DIG）－1al）eledwasperformedusingB41plasmidcovering691－113lof

neuropslnCDNA・FrozenbrainandopticnerveSeCtions20pmthickwerecutona

CryOStat，andthaw－mOuntedontoglassslidescoatedwithpropyltriethoxysilane・The

Slideswere丘xedin4％fbrmaldehydeinO・1Mphosphatebufftrfbr20min・Afterbeing

WaShedwithaO・lMphosphatebuffbr，SeCtionsweretreatedwith10pg／miproteaseK

in50mMTris／5mMEDTA（PH8・0）fbr5minatroomtemperature．sectionswere

POSt丘xedin the same丘xative and acetylated with acetic anhydridein O．1M

triethanolamine，then，rinsed with phosphate bufftr，and dehydrated through an

ascendingalcohoIseries・The35s－1abeledandnon一礼digoxygenin（DIG）－1al）eledprobe

fbrneuropsinmRNA（B41）wasplacedonthesectionsinhybridizationbufftr，Which

COnSistedof50％deionizedfbrmamide，0・3MNaCl，20mMTrisOHCl，5mMEDTA，

10％dextran，1×Denhardt，ssolution，0・2％sarcosyl，250pghnlyeasttRNA，400pg血1

SalmontestisDNA，and20mMdithiothreitol（PH8．0）．Afterovemightincubationwith

PrObesat550C，SeCtionswerewashedat570C（DIG）or650C（Ⅲ）inHighStringency

SOlution（50％fbrmamide，2×SSC，andlO％2－merCaPtOethan01）fbr30min．After

beingwashedwithRNasebufftr（0・5MNaCl，10mMTris－HCl，andlmMEDTA，PH

7・2）forlOminthreetimes，SeCtionswerethentreatedwithlpg／miRNaseAinRNase

bufftrfbr30minat370C・SectionsrinsedinRNasebufftrfbrlOminandhigh

Stringencysolutionfbr30minagaln・

SectionsprocessedDIG－labeledprobeswerewashedbybufftrl（0．1MTris－HCl，

0・15MNaCl）forlOminandblockedbyblockingbufftr（1％blockingreagentinbufftr

9
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1），andthenincubatedwithl‥800alkalinephosphatase－anti－digoxygeninantibody

（Boeringer）inblockingbufftrfbrovemight・AfterbeingwashedinO．1％Tween20，

bufftrlfor15minfburtimes，SeCtionswereblockedwithbufftr3（0・1MTris－HCIpH

9・5，0・1MNaCl，50mMMgC12）fbrlOminandreactedwithvisuahzationsolution，

Whichconsistsofmitrobluetetrazolium（NBT）andchromogens，5－bromo－4－Chloro－3－

indolylphosphate（BCIP）inbufftr3・Thevisualizationusualtook3daysatroom

temperature・Sectionsprocessedby35s－1abeledprobeweredehydratedthoughan

ascendingalcohoIseries，anddriedinair・TheslidesweredippedinKodakNTB－2

emulsion（KODAK）・Theslidesweredevelopedafterexposurefbr3weeksat40C．Once

developed，thesectionswerequicklydehydratedandmountedinEntellan（Merck）．

Theywerecounter－Stainedwiththionin．

DoubleinsituhybridizationwasperformedwiththeRNAprobesfbrneuropsln

mRNA（35s－1abeled）andPLPmRNA（digoxygenin－labeled）・Exceptthatthesections

Werehybridizedwiththetwoprobessimultaneously，theprotocolofhybridizationwas

the same as the method ofin situ hybridizationwith DIG－1abeledprobe・After

hybridization，thesectionswereincubatedwithalkalinephosphatase－anti－digoxygenin

antibody（Boeringer）overnightat40CandvisuahzedwithNBTandBCIP・Afterbeing

air－dried，thesectionswereexposedtotheemulsionNTB－2（KODAK）fbr3weeks．

The number ofneuropsln mRNA－POSitive cells was countedin aO．35rrm2

measuringframefbrtheforebrainsections（Fig・4F）・Theareafbrcountingwasselected

asaqjacenttotheneedletrackofkainateiqectionandincludeddeeplayersofthe

Cerebralcortex，thecorpuscallosum，thealveusandthestratumoriensoftheCAl

10



F

巨

臣

巨

巨

ぎ

SubfieldofthehippocamPuS・

Twenty－micrometerthicksectionsofthe丘xedbrainsandopticnerveSWereCut

OnaCryOStat・ThehefloatingsectionswereimmerSedinO・1MPBScontainingl％

TritonX－100andO・3％H202fbr30minatroomtemperature，andwereblockedwith

0・1M PBS contaiming5％bovine serumalbumin（BSA）for60minutes at room

ternperature・The sections wereincubated ovemight at40C withor withoutanti－

neuropsln　20pm／mi　monoclonal　antibody，B5・The　antibody was extensively

Characterizedinthepreviousstudies［Inoueetal，1998；Momotaetal．，1998；Shimizuet

al・，1998］．After being washed with0．1MPBS，the sections wereincubated with

biotinylated ral）bitanti－ratIgG（Dako）dilutedl：1000in5％BSAin O．1M PBS

OVemightat40C・AfterbeingwashedwithO・1MPBS，thesectionswereincubatedwith

StrePtOaVidine－horseradishperOXidase（Vector）fbr2hoursatroomtemp訂ature．After

being washed with O・1M PBS，the sections were treated with0・5　mg／mi

diaminobenzidine（DAB），0■03％H202andO・4％ammOmiummickelsulfatehexahydrate

in50mMTris－HCl（PH7・4）fbr2minutes・ForimmunOelectronmicroscopy，the

SeCtionswithapositivereactionwerepostnxedinl％osmiumtetroxidefbr60min，

dehydratedandembeddedinepoxyresin．Ultrathinsections70nmthickwerecutonan

ultramicrotomeandobservedunderaH7100electronmicroscope（Hitachi）．

Proteolysisofmyelinproteinbyneurops主塑

11
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Myelinwaspurinedfromthebrainsof8－Week－01dmalemiceaccordingtothe

methodofNortonandPoduslo（NortonandPoduslo，1973）・Themyelin－emichedpellet

WaSdispersedin10mMTris－HCl（PH7・0）andsonicated・Theproteinconcentrationwas

deteminedwithaBCAProteinAssaykit（Pierce，RockLbrd，IL）anda句ustedtoIpg／pl．

Thesolubilizedmyelinwasincubatedwithvariousdosesofpro－OraCtive－tyPe

recombinant neuropsln fbr2to8hours・The recombinant neuropsln has been

CharaCterizedextensively（Shimizuetal・，1998）・Twentymicrogramsofthetreatedor

nOn－treatedmyelinproteinwasloadedon15％polyacrylamidegelsforelectrophoresis．

Afterelectrophoresis，GelCodeBlueStainReagent（Pierce）toexaminethechangeSOf

myelinproteinsstainedoneofthetwoequallysample－loadedgels・Theothergelwas

tranSftrredtoanitrocellulosemembraneandprocessedbywesternblottingformyelin

basicprotein・ThemembraneWaSblockedwith5％skimmi1kin50mMTris－Cl，PH7・5，

150mMNaCl，andO・1％Tween－20（TBSll）fbr2hoursatroomtemperature，then

incubatedwithanti－MBPantibody（DAKO）dilutedl：2000in5％skimmi1kinTBSll

at40Cfor12hours・AfterbeingwashedwithTBSll，theblotwasincubatedwith

alkalinephosphatase－gOatanti－rabbitIgG（BioRad）for2hoursatroomtemperature．

Afterafurtherwash，theblotwasincubatedwithchemi1uminescencesubstrate（Irrmn－

Star，BioRad）andexposedtoanX－rayⅢm・ThedensityoftheMBP－POSitivebandsof

14kDto21・5kDwasmeasuredwithadensitometer（ATTO，JAPAN）（n＝3）．

MicewereperfusedthroughtheheartWithO・85％NaCl，fbllowedby2％PFAand

12
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2・5％glutaraldehydeinO・1Mphosphatebufftr（PB，PH7・4）・TheopticnerveSWere

removed，andstoredinthesamefixativeat40Cuntiluse・OpticnerveSWerePOStnXedin

l％osmiumtetroxidefbr60min，dehydratedinanascendingseriesofethanOland

embeddedinepoxyresin・Semi－thinsections（1000nmthick）andultra－thinsections

（100nmthick）werecutonanultra－microtome・Semi－thinsectionswerestainedwithl％

heated（700c）toluidineblue（4min）andobservedinlightmicroscope．ultra－thin

SeCtionswerecounter－Stainedwithuranyl－aCetate（15min）andlead－Citrate（10min），

andexaminedunderaH7100electronmicroscope（Hitachi）．

Al1theultra－thinsectionswereobtainedfromtheopticnerveWithinlmmnearthe

enucleatedsite・Fibers（axonandmyelin）inopticnerveS，basedontheirmaximal

diametersandpathologiccondition，WereCategOrizedassmau（＜1・Opm），medium（1．0－

1・5pm），1argeAorlargeB（＞1・5pm）・FibersinlargeAhavenormalmyelinsheaths．

FiberscategorizedintolargeBwereeitherfusedsheathscomposedofmorethanOne

myelinsheathes，Sheathswhichwereseparatedfromaxons，OrSheathsinmarkedly

Pathologicalstate・［Grifnthsetal，1983；Ludwinetal，1992；Rosenbergetal，1999］．

ElectronmicroscopICPICtureSWeretakenin2Kand5KmagnificationunderaH7100

electronmicroscope・Fiberswerecategorizedandcountedinmorphometicgrids（20pm

X15pm）usingelectronmicroscopicpictures．

13
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TwodaysafterintrahippocamPaliqiectionwithl・5nmolkainate，Pyramidalcells

inCAlandCA3degenerated，Wheretherewasnoneuronaldegenerationoccurredinthe

PBS－COntrOIside（Rg・1）・Theexaminationoftimecourseofneuronaldegenerationafter

intrahippocamPalirtiectionwithkainate，justasreportedpreviously［Anderssonetal．，

1991］，PyramidalcellsbegantOdegenerate6hours，COmPletelydegeneratedin2days

andthendisappearedandwerereplacedbyglialcells［FawcettandAsher，1999］（Fig．2）．

NeuropsinmRNAwasdetectedbyinsituhybridization4daysafterintrahippocamPal

1ⅠリeCtionwithl・5nmolkainate・TheexpressionofneuropsinmRNAinpyramidalcells

OfCAlandCA3decreased slgn摘cantly，howeverneuropsln mRNA was newly

expressedinthekainateiqiectedhippocamPalareas，fbrexamPle，COrPuSCauOSum，

alveus，負mbria（Rg・3AandC）・NeuropsinmRNAwasnotexpressedonthePBS－

irjectedcontroIside（Fig・3BandD）・Wenextexaminedthetimecourseofneuropsin

mRNAexpressionafterintrahippocamPalinjectionwithkainate．NeuropslnmRNA

begantOaPpearldayafterthekainateiI車ctionanddisappearedat14days，thepeak

expressionwasfrom4to8daysaftertheinjection（Fig・4）・Toexamineaccuratelywhich

CellsexpressneuropsinmRNA，Weperformeddoubleinsituhybridization（RIfbr

neuropsinandalkalinephosphatefbrPLP）onmiceafterintrahippocamPaliqjection

Withkainate・Silvergrains（neuropsinmRNA）wereobservedinthece11sstainedwith

14



E

F

alkalinephosphatase（PLPm錮A）（Fig・5）・Mostofthecells（77・9±1・4％，n＝5）

eXPreSSlng neuropsln mRNA were positive fbr PLP mRNA，a marker ofmature

Oligodendrocytes・ThisresultofdoubleinsituhybridizationindicatedneuropsinmRNA

WaSinducedinoligodendrocytesafterintrahippocampalkainateiruection．Therewasno

markeddifftrenceinthenumberofPLPmRNA－eXPreSSlngCellsbetweenkainate－

iqjectedandcontroIside（datanotshown）．

W e

Eitherthroughneuronaldegenerationorexcitotoxitytooligodendrocytes，the

expressionofneuropsinmRNAcouldbeinducedinoligodendrocytes・Toexaminethe

PathwayofneuropsinmRNAinduction，Idecreasedtheiqectedkainatedosefroml．5

nmolto O・6nmol・Pyramidalcellsin CA3were partly degenerated after

intrahippocampaliqection withO・6nmolkainate・Neuropsln mRNAwas fbundto

expressonlyintheareaarOundthedegeneratedneurons（Fig．6）．Thisresultindicates

expressionofneuropslnmRNAwasassociatedwithdegenerativeneuronsandwas

inducedfbllowmgneuronaldegeneration．

］　　O e r r　　　　　　□　　　1

TodetemineifaxonaldegenerationinducesneuropslneXPreSSion，unilateral

enucleationwasperformedonadultmice・Byinsituhybridization，Wefbundthatcells

intheopticnerveandoptlCChiasmfromtheoperatedsideexpressedneuropsinmRNA，

andneuropsinmRNAbegantObeexpressedasear1yas12hoursafterenucleation（Fig．

15



7A）・Thepeakoftheexpressionwasat4daysaftertheoperation．Therewasno

neuropsinmRNAexpressioninthecontra－1ateraloptlCnerveOrShamoperatedmice．

DoubleinsituhybridizationrevealedthatmostoftheneuropsinmRNA－POSitivecells

WerealsopositiveforPLPmRNAaswasobservedafterkainateiruectiontothe

hippocampus（74・6±5・9％，n＝5，datanotshown）・Thisresultindicatesthatexpressionof

neurOPSln mRNAin oligodendrocytes wasinduced not onlyfo1lowlng neuronal

degeneration，butalsofbllowmgaxonaldegeneration．

n

WeexaminedthelocalizationofneuropslnPrOteinafterneuronalandaxonal

degeneration usingirrmunohistochemistry・After kainateiqiection，neurOPSin

immunoreactivitywasshowninthecorpusca1losumandalveusofthekainateinjected

Sides（Fig・8A）・TheexpressionpatternOfneuropsinproteinwas simi1artOthatof

neuropsinmRNA・Withcloserobservation，immunOreaCtivecellprocesseswerealso

fbund（arrowheads）aswellascellbodies（arrows）（Fig・8CandD）．Therewasno

immunOStaininginthePBScontra－1ateralside（Fig・8B）・Noimmunoreactivitywas

Observedinsectionsincubatedwithoutprimaryantibody（datanotshown）．After

enucleation，neurOPSinimunoreactivityintheopticnerveOftheenucleatedsidewas

alsoobserved（Fig・9A），WhereasnoimmunOreaCtivitywasobservedintheopticnerve

Ofcontralateralside（Fig・9B）・TheimmunOreaCtivity was observedincellb。dies

（diameterabout5tolOpm，arrOWS）andinthecellprocesses（arrowheads）・（Fig．9C）．

ThelocalizationofimmunOreaCtivecellbodieswasverysimi1artothatofthemRNA．

16



IrrmnoelectronmicroscopICanalysiswasperformedafterenucleation．Sincea

high concentration of detergent（1％Triton X－100）was necessary to obtain

immunoreactivity，the fine struCture WaS nOt Wellpreserved．Nevertheless，dark

immunoreactiveproductswereobservedinthecytoplasmandmyelin（Fig．9D）．The

neuropsin－immunoreactive cells had typicalclumped chromatin charaCteristic of

Oligodendrocytes・ThisresultwasconsistentwithneuropsinmRNAbeingexpressedin

PLPmRNA－POSitivecells・

dR

To examineifproteinsin myelin are possible substrates fbrneuropsln，We

incubatedmyelinproteinwithrecombinantneurOPSln・GelCodeBluestaimingrevealed

thatrecombinantneurOPSlnatl／1000fmyelinproteindegradedproteinscorresponding

to MBP（Fig・10A）・WesternblotanalysisconfirmedthatMBPwas degradedby

recombinantneurOPSinandMBP－immunoreactivesmallffagmentsappeared（arrowsin

Fig・10B，1ane4－6）・Fig・10Cshowstheresultofquantitativeanalysisofthedegradation

OfMBP・About34％ofmyelinbasicproteinweredegradedover8hoursincubation

（Fig・10・C）・Eight－hourincubationwithoutr－neurOPSinresultedinaslightdecreasein

MBPprobablyduetoendogenousproteolysisactivityinthemyelin（Fig．10B，1ane2）

（Satoetal．，1982），

＝上yD（

17
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TofurtherexaminethefunctionofneuropslninvivoafterqurytotheCNS，We

usedneuropslngeneknockoutmice・WedidbothlightandelectronmicroscopIC

analysistocompareopticnervesafterenucleationbetweenwildtypeandknockoutmice．

Semiーthinsectionsofopticnervesstainedwithtoluidineblueshowedthatknockout

micehadmorepreservedmyelininopticnerveSthanwildtypemice8daysafter

enucleationunderlightmicroscopy（Fig・11）・Underelectronmicroscopicanalysis，We

foundknockoutmicehadmorepreservedmyelininopticnerveSaf（erenucleationthan

knockoutmice（Fig・12）・Table・1showedthequantitativeanalysisofthedifftrentnbers

betweenwildtypeandknockoutmice・Theresultdemonstratedthatneuropsingene

knockoutmicehavemoresmallnbersthanOfwild－typemice（P＝0．0088），andthe

numberoflargepathologicnbersinknockoutmicedecreasedsignificantlythanthatof

Wild－typemice（P＝0・0398）・These resultsindicate neuropsin gene knockout has

PrOteCtiveefftctinthedemyelinationafteriqjurytotheCNS．

18
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Discussion

Theresultsofthepresentstudyclear1ydemonstratethatneuropsinmRNAand

PrOteinwereexpressedafterlqurytOtheCNSandtheexpressionwaswithintwoweeks

af［er叫ury，WhichindicatesthatneuropslnmightbeinvoIvedintheacuteresponseof

theCNSfollowlnglqury・Thereisacomplexprocessintheacuteresponseafter

lnJurytOtheCNS・OneofthemostcommonreactionsofthenervOuSSyStemafterlqury

isdemyelination・Demyelinationprocessafterkainate－inducedneuronaldepletioninthe

CNSwas‘reportedtolead，Withintwoweeks，tOanalmostcompletelydemyelination

【Dusartetal，1992］・Themechanismofdemyelinationisstillunknown［Cuzneretal．，

1996］，Partlybecauseendogenousdemyelination－SPeCincmoleculessuchasproteases

Withinoligodendrocyteshavenotbecnidentined・Inmypresentstudies‥（1）Neuropsin

mRNAandproteinwereexpressedinoligodendrocytesfbllowlnglqurytOtheCNS，

though therewas no constitutiveexpressionin oligodendrocytes．（2）Recombinant

neuropsindegradedmyelinbasicproteinofmousebraininvitro・（3）Neuropsingene

knockoutmicehadmorepreservedmyelininoptlCnerveSthanthatofwildtypemice

afteraxonaldegeneration・Theseresultsindicatethatneuropslnisanimportantfactorin

thedemyelinationafterlqurytOtheCNS．

TheexpressionofneuropsinmRNAafterintrahippocampaliqectionwithkainate

begantOaPPearatlday・Theexpressionpeakedat4－8daysanddisappearedat14days

（Fig・4）・Thistimecoursematchesthatfbrthedemyelinationobservedafterkainate

injection（Dusartetal・，1992）・FurthermOre，doubleinsituhybridizationfbrneuropsin
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andPLPmRNAconfirmedthatmostofthecellsexpresslngneurOPSinmRNAwere

POSitivefbrPLP・ThisresultindicatesthatthematuremyelinatlngOligodendrocytes

expressedneuropsinmRNAafteriItiurytotheCNS（Fig．5）．Byimmunohistochemical

StainingandimmunOelectronmicroscopICanalysis，neurOPSlnWaSfbundlocalizedon

Oligodendrocytesandmyelins（Fig・9），itfurthersuggestedneuropsinmightbeinvoIved

intheresponseofmyelinafterlqurytOtheCNS．

Manystudiesshowedthattheproteinsinmyelinaregoodsubstrateofproteases

【Marksetal・，1976；WhitakerandSeyer，1979；Berletetal，1984；Inuzukaetal，1984；

Cammeretal・，1986］・Myelinproteinisdegradedbyproteasesanddemyelinationis

COmPleted when myelinand／or axons thereinare Phagocytosed by macrophage or

microglia［CuznerandNorton，1996；Jamesetal，1970］．MyelinsheathsintheCNSare

CharacteristicoflaminatedstruCtureS，thesesheathsareCOmPOSedofm句Ordenseand

intraperiodlines［Peteretal・，1991］・Myelinbasicproteinisamaincomponentofm勾Or

denselines anditsfunctionis to make myelinlamellae compact byfusing the

CytOPlasmic surfaces ofoligodendrocyteplasmamembrane・Myinvitrobiochemical

assaydemonstratedthatrecombinantactiveneuropslndegradedMBPandnewsmall

MBPimmunoreactivefragments appeared（Fig・10）・This activityindicatedthat

neuropslnCandegrademyelininvitro．

ToexamineifneuropslnisinvoIvedindemyelinationafterlqurytOtheCNSin

Vivo，Wefurther compared the myelinin optlC nerveS after enucleation between

Wildtypeandknockoutmice・HistologymicroscopICanalysisshowedknockoutmice

hadmorepreservedmyelininopticnerveSafterenucleationthanthatofwildtypemice
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（Fig・11，12）（Table・1）・Theinvivoanalysisindicated thatneuropsinisinvoIvedin

demyelinationafterlqurytOtheCNS．

Inaddition，thebestsubstrateofneuropslninvivoisthece11adhesionmolecule，

Ll（Ninomiya，inpreparation）・Indevelopingsciaticnerve，LlimmunOreaCtivitywas

reportedlyexpressedbothinaxonandSchwannCellprocess，Whereastheaxolemma

WaS always Ll－negative at the nodes of Ranver；LIwas deducedinvoIvedin

fasciculation，initialaxon－Schwamcellinteraction，andonsetofmyelination［Rudolfet

al，1986］・Inadultratpyramidaltract，Llimmunoreactivitywasreportedlynegativein

COmpaCt myelin，but，interestingly，Ll－IRwas fbundlocalizedinbetweentheinner

OligodendrocytlCmeSaXOnandcompactmyelin・LIwassuggestedtobeimportantin

adultratpyramidaltract，nOtOnlywithrespecttotheadhesionbetweenunmyelinated

Pyramidaltract axons butalso duringthe stabilization ofthe axon－01igodendrocyte

interaction［Joosten，1991］・Thesedocumentssuggestthatneuropsinmightfunctionin

thedemyelinationprocessafterlqurytOtheCNS，bothwithbreakingmyelinlame11ae

StruCturebydegradingmyelinbasicprotein，andwithbreakinglnteraCtionbetweenaxon

andmyelinbydegradingLl．

Thereweretwopossiblepathwaysforintrahippocampalirtjectionwithkainate

inducesneuropsinexpressioninoligodendrocytes・（1）Afterintrahippocampaliqjection

Withkainate，atnrSt，neurOnSOCCurdegeneration，thenfbllowlngaXOnaldegeneration，

nnallytheoligodendrocyteswhichcontactedwithdegeneratedaxonsexpressneuropsln・

（2）Neuropsinwasexpressedinoligodendrocytesdirectlybythekainateexcitotoxityto

kainate－reCePtOrinoligodendrocytes・Wechangedthedoseofiqectedkainatefroml．5
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nmolto O・6nmoltoinduce neuronaldegenerationinpartlypyramidalcells．This

experiment showed that the expression of neuropsln mRNA was associated with

neuronaldegeneration（Fig・6）・Wefurtherperformedenucleationonmicetoproduce

axonaldegenerationin optlC nerveS・The experiments of enucleation showed that

neuropslnWaSeXPreSSedintheopticnerveafteraxonaldegenerationinasimi1artime

COurSetOthatseenafterintrahippocampalkainateiqjection．Theseresultsdemonstrated

that neuropsln WaS nOt Only expressedfo1lowlng neurOnaldegeneration，but also

fb1lowlng aXOnaldegeneration・Thisindicates that some slgnals ffom degeneratlng

neuronsordegeneratingaxonsorlossofaxonalcontactinducedneuropslneXPreSSion・

In conclusion，neurOPSln WaS eXPreSSedin afterlrUury tO theCNS and was

associatedwithdegenerativeneuronsordegenerativeaxons．Frombothinvitroandin

Vivoexperiments，myStudiesdemonstratethatneuropslnisanimportantfactorwhich

PartlCIPateintheprocessofdemyelinationafterlrUurytOtheCNS・Furtherstudyis

neededtoelucidatetheroleofneuropslnindemyelinatingdiseasessuchasmultiple

SClerosisandexperimentalallerglCenCePhalopathy・Becauseneuropslnisonlyinduced

intheCNSbutnotinPNSafterneuraliqjury，thedifftrentresponsestoneuraliniuryln

CNSandPNSshowedthatthepossiblerolesofneuropslninregenerationafterneural

lqurylSalsoaninterestingstudy鎖eld．
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