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Abstract

WehaveinvestigatedtheroleofN-methyl-D-aspartatereceptors（NMDARs）and

Y-aminobutyricacidreceptorstypeA(GABAARs)atanearlyDIV2-4stageofP19neuronal

diffCrentiation・ＷｉｔｈｔｈｅｕｓｅｏｆＲＴ－ＰＣＲｗｃｈａｖｅｖｃｒｉｆｉedtheexpressionofvariousNMDARand

GABAARintheprocessofP19neuronaldiffercntiationandweestablishedthefUnctionalityof

thesereceptorsviafluo-3Ca2＋ｉｍａｇｍｇＩｎｉｍｍａｔｕｒｅＤＩＶ２Ｐ１９ｎｅｕｒｏｎｓｂｏｔｈＮＭＤＡａｎｄ

ＧＡＢＡｅｘｃｉｔｅｄｔｈｅｎｅｕｒｏnalbodies,ｂｕｔonlypolyamine-sitesensitiveNMDARstimulationled

toenhancedCa2十si即alinginthegrowthcones､InhibitionofNR1/NR2BNMDARsbyLMM

ifenprodilscvcrelyimpairedP19neuriteextcnsionａｎｄｆasciculation,andthisnegativeeffectwas

fUllyreversibleby50／Mpolyamme（spermincorspermidinc)．Incontrast，GABAAR

antagonismbyahighdoseof2００/ZJMbicucullinehadnoobservableeffectonP19neuronal

differentiationandfasciculationExceptfOrthcdiffercntialNMDARprofileofCa2＋signaling

withinthcimmatureDIV2P19ncurons，wehavealsoshownthatinhibitionoｆＮＲ１/ＮＲ２Ｂ

ＮＭＤＡＲｓｓｔｒｏｎｇｌｙｄｅｃｒｅａｓｅｄｍＲＮＡｌｅｖｃｌｏｆＮＣＡＭ－180,whichiswell-knownregulatorof

neuronalgrowthconeprotrusionandneuriteextensionOurdatathussuggestacriticalroleof

NR1/ＮＲＺＢＮＭＤＡＲｓｄｕｒｉｎｇｔｈｃｐｒｏｃｅｓｓｏｆｎｅuritogenesisandfasciculationofP19neuronsvia

differentialcontroloflocalgrowthconｅＣａ２+surgesand/orNCAM-180signaling．
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Untmduction

BothN-methyl-D-aspartatcreceptors（NMDARs）andY-aminobutyricacidreceptoｒｓｔｙｐｅＡ

(GABAARS)areexprcsscdearlyinncuronaldevclopmentandregulatcncuralprogenitorproliferation，

neuronalmigrationandncuronaldifferentiation・Moreinterestingly,ｔｈｅcorrcspondingneurotransmitters

glutamateandGABAareparacrinelyreleasedviaSNARE-indcpcndentmcchanismatanearlyneuronal

devclopmentalstagecvcnbefOresynapsefOrmationandbothncurotransmittersleadtodcpolarizationof

maturingneuronsandincreaseofintracellularCa2＋lcvels，ｗｈｉｌｃｉｎｍａｔｕｒｅｎｃｕｒｏｎｓＧＡＢＡ１ｃａｄｓｔo

hyperpolarizationandsuppresscsCa2＋influx・Maturationoftheneuronalphcnotypeincludeschanges

bothinneuronalexcitabilityandmorphologyaswcUasestablishmcntofappropriateconnectivitywithin

thenewfOnnedclectriccircuits，andelcctricalactivityiscmerglngasakeymodulatorofneuronal

development，ａｆａｃtthatundcrlicsthcincrcasingintcrestinelucidatingtherelativeimportanccof

NMDARsandGABAARsinneurogcncsisandthcprccisctimingoftheiractions・SincebothNMDARs

andGABAARsarefUnctionauyexprcssedindiffercntiatcdmouseP19ncurons,andmP19neuronal

Culturcsthercarebothexcitatory(glutamatergic)andinhibitory(GABAergic)synapscs,wchavedecidcd

toaddrcsstheNMDARvsGABAARrolcinncuronaldifferentiationusingP19ncuronalmodcL

ＮＩＵＢＮＭＤＡＲｓｃｏｎｔｒｏｌＰ１９ｎｅｍｉｔｅｆａｓｃiculation

ThemainfindinginthissmdyisthcinvolvementofNR1/NR2BNMDARsinncuritecxtension

andfasciculationatanearlyDⅣZ-4stageofP19ncuronaldifferentiationThiswasshownby

pharmacologicalblockadeofNR1/ＮＲＺＢＮＭＤＡＲｓｗｉｔｈｌ似MifenprodilfOrDIV2-4,whichleadto

severethmningofneuritefascicles，whicharcnonnallyprescntinDⅣ４P19ncuronalnetworks，

Morcovcrtheobservedifenprodilcffectwasrcversibleby50似Mpolyamincapplication(spermineor

spcrmidinc)，whichrestorcdthencuritcfascicleparamctersbacktothecontrollevels、Similarto

ifCnprodileffectwasobservedalsobyapplicationofZq【JMofthenon-sclectiveNMDARionchannel

blockcrMK-801．

ＮＲ２ＢＮＭＤＡＲｓａｒｅｌｏｃａｔｅｄｉｎｇｒｏｗｔｈｃｏnefilopodiaの

InordertoundcrstandbcttertheeffectsｏｆＮＭＤＡＲｉｎｔｈｅｐｒｏｃｃｓｓｏｆｎｅｕｒｉｔｏｇｃnesiswedecided

toperfOrmfUnctionalstudyoftheNMDARmediatedCa2＋fluxesinneuronalbodics,neuritesandgrowth

cones・F1uo-3Ca2＋imagingcxperimcntsestablishedtｈａｔＮＭＤＡＲｓａｒｅｌｏｃａｔｅｄｉｎｇｒｏｗｔｈｃｏｎｅｆｉｌｏｐｏｄｉａ
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ofDIV2P19neurons・ＮＭＤＡＲｍｃｄｉａｔｅｄＣａ２＋fluxesindevclopinggrowthconesｗｅｒｅsensitivcto

ifenprodilandpolyaminesarguingfOrprcsenceofNR2Bsubumtinthcmolecularcompositionofthesc

nonsynapticNMDARchanncls・ThoughthclocalizedCa2＋entrypointsinfilopodiawcrefOundtobe

lnsensitivctodiltiazcmprctrcatmcnt,thccalciumcollectioninthccentralpartofthegrowthconewas

sensitivctoVGCCinhibition(schcmaticrcprcsentationofourfindingsispresentcdinFigurcl).Thc

findingoffUnctionalNR2BNMDARsinthcgrowthconessuggcststhatNMDARscouldmcdiatcatleast

partiallytheattractiveeffectsofglutamatcinaxonguidance．

ＮＲ２ＢＮＭＤＡＲｓｃｏｎｔｒｏｌＮＣＡＭｓｐｌｉｃｉｎｇ

ＣＯnsidcringthatNMDARdepcndcntCa2＋fluxesingrowthconcsalonemightnotexplainthe

cffCctofNMDARsonneuritcfasciculation,wetricdtoidentifyeffectormoleculesactingdownstreamof

NMDARCa2+influx・WiththeuscofquantitativeRT-PCRwchavcuncovcrcdpolyaminesitedcpcndent

NMDARmediatedsplicingcontrolofNCAMｍＲＮＡ，ｉｎｗｈｉｃｈＮＲ２ＢＮＭＤＡＲａｃｔｉｖａｔｉｏｎｐｒｏｍotes

inclusionofexonE18producingthcNCAM-180isofOrm・AdditonallymRNA1cvelsfOrGAP-43,MAP-2

andN-cadherinwercnotsignificantlychangcd，whichargucsagainstpossiblenon-speCific

downregulationofNCAＭ－１８０ａｓａsccondaryeffectofdccreasingtheｎｕｍｂｅｒofneuritefasciclesin

ifenprodilandMK-801treatedP19cultures・SinccNCAMnloleculeswerepreviouslyimplicatedinthe

proccssofncuritefasciculation,ｗｅｃｏｎｃｌｕｄｅｄｔｈａｔＮＣＡＭ－１８０ｉｓａｔｌｅａstoneoftheeffCctormolccules

downstreamofNMDARCa2＋signaling,whichrcgulatesneuritedifferentiation．
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FigurcLProposednlodelofNMDARanｄＧＡＢＡＡＲＣａ２＋signalinginmaturingP19neuronsbascdon

ourFluo-3Ca2+imagingdata．

ＧＡＢＡＡＲｂｌｏｃｋｄｏｅｓｎｏｔｉｍｐａｉｒＰ１９ｎｅｕronaldifferentiation

WehavcshownearlycxprcssionandfUnctionalactivityofGABAARsinimmaturcDⅣZP19

neurons・MoreoverwehavcfOundthatGABAARactivationby400〃MGABA1eadstoCa2＋influxin

neuronalbodiesviacouplｅｄＶＧＣＣｓ，whichsensethcchangcsintheneuronalmembranepotcntial，

howeverincontrasttoNMDARstimulation,GABAapplicationwasnotabletotriggersignificantchange

ingrowthconeCa2+1cvels(sceFigurel).VGCCinvolvcmcntinGABAinducedCaz+innuxwasverified

byusageoflOOaMbicucullineorlOO〃Mdiltiazem,ｂｏｔｈｏｆｗｈｉｃｈｗｃｒｃａｂｌｅｔｏｃｏｍｐｌｅｔｅａbolishthe

responscto400〃ＭＧＡＢＡ・ＧＡＢＡＡＲｂｌｏｃｋａｄｅｂｙ２００仰MbicucullinefOrDⅣZ-4impairedneitherP19

neuronaldifferentiationnorP19neuritefasciculationprovidingevidencethatglutamatebutnotGABAis

criticalfbrthcpropcrdcvclopmcntofthcP19ncuronalnetwork．
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Discussion

Withseveralminormodificationsofpreviouslyexistingprotocolswewercabletoinvestigatc

bothP19neuronaldiffercntiationatthcsingｌｅｎｅｕｒｏｎｌｃｖｅｌａｓｗｅｌｌａｓＰ１９ｓｕｐｍｎｅuronalnctwork

organizationinthcfOnnofstar-1ikeneuronalclusterscommunicatingviathick-ropclikcneuritefasciclcs

containingoneormoreaxonalordcndritctrunks・Ｉｎｏｕｒｉｎｖｉｔｒｏｍｏｄｅｌｗｃｗｅｒｅａｂｌｃｔｏａsscssthe

cXprcssionprofilesofNMDARandGABAARsubunitsandmonitorthcfimctionalroleofthoscreceptors

byphannacologicalblockadeorstimulationviaapplicdantagonistsoragonists、Ｔｈｅｄａｔａｆｒｏｍｔｈｅ

ｐｃlfOrmedcxperimcntssuggcststhatNMDARbutnotGABAARfUnctioniscriticalfOrearlystagCofP19

ncurogcncsis・ThoughwehavcprovidedevidencefOrthecriticalrolcofNMDARinneuritefasciculation

inP19networksinvitro,stinthequcstionhowthesedataapplytorealneuronsinreallifercmalnｓopen・

TherearcseveralapproachesavailａｂｌｃｔｈａｔｈａｖｅｂｅｅｎｔｒｉｅｄｉｎｏｒｄｃｒｔｏelucidatctheNMDARrolein

ncuritogcnesissuchasinvivoimagingofGFP-eXpressingoptictectalneuronsfromanintactanesthctized

Xcnopustadpoles，studyingoforganotypicexplansorcomparingthebraindcvelopmentofgenctically

modifiedandwildtypemice・ThcrefOreitisdesirablcthatthcobservedroleofNR2BNMDARmncuritc

outgrowthandfasciculationisverifiedinotherinvitromodelsystemsorinvivo．
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