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ABBREVIATIO NS 

Abbreviations used are those recommended byIUPAC－IUB Joint  

CommissiononBiochemicalNomenclature（JCBN）：Eur・JBiochem・，138：  

9，（1984）・  

β－Ala：β－alanine  

Asn：しasparaglne  

Cys：L－CySteine  

Glu：L－glutamicacid  

Gly：glyclne  

Ile：L－isoleucirle  

Lys：L－1ysine  

Met：L－methionine  

Pro：L－PrOline  

Thr：L－threonine  

D－Trp：Dlryptophan  

Val：しvaline  

Ala：しalanine  

Arg：L－arglnine  

Asp：L－aSParticacid  

Gln：しglutamine  

PGlu：L－PyrOglutamicacid  

His：しhistidine   

Leu：し1eucine  

MePhe：N－methy卜しphenylalanine  

Phe：しphenylalanine  

Ser：L－Serine  

Trp：L－tryPtOPhan  

Tyr：しtyrosine  

NKA：neurOkininA  

NP†‥neurOPeptideγ  

SP：SubstanceP  

NKB：neurOkinin B  

NPK：neurOPePtideK  

NKl：neurOkinin－1  

NK2：neurOkinin－2  

NK3：neurOkinin－3  

CP－96，345：（2S，3S）－Cis－2－（diphenylmethyl）qN－［（2－methoxyphenyl）Mmethyl］－  

1－aZabicyclo［2．2．2］octan－3－amine  
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MDL28，564：［Leu9W（CH2NH）LeulO】neurokininA（4－10）  

MENlO，376：［Tyr5，D－Trp6，8，9，LyslO】neurokininA（4－10）  

senktide：SuCCinyl－［Asp6，MePhe8】substanceP  

SR142801：（S）－（N）－（1－（3－（1－benzoyl－3－（3，4－dichlorophenyl）piperidin－3qyl）－  

PrOPyl）－4qphenylpiperidin－4－yl）qN－methylacetami（］e  

SR48968：（S）－N－methyl－N－［4－aCetylamino－4－Phenylpiperidino－2イ3，4－dト  

Chlorophenyl）butyl］benzamide  

Boc：トbutyloxycarbonyl  

BOP：benzotriazolylN－OXytrisdimethylaminophosphonium  

DCC：N，NT－dicyclohexylcarbodiimide  

DCM：dichloromethane  

Fmoc：9－fluorenylmethyloxycarbonyl  

HBTU：2－（1H－benzotriazole－トyl）－1，1，3，3Mtetramethyluroniumhcxafluoro－  

Phosphate  

HF：hydrogenfluoride  

HOBt：1－hydroxybenzotriazole  

MBHAresin：4－methylbenzhydrylamineresin  

NMP：N－methyト2－PyrrOlidone  

RP－HPLC：reVerSe－Phasehighperformanceliquidchromatography  

SALresin：SuPeraCidlabileresin，4－（2’，4’－dimethoxyphcnyl－fluorerlyト  

aminomethyl）－Phenoxyresin  

TFA：trifluoroaceticacid  

A．A．：araChidonicacid  

AC：adenylatecyclase  

［Ca2十】i：COnCentrationofintrace11ularfreeCa2＋  

CHOcells：Chinesehamsterovarycells  

CyClicAMP：CyClicadenosine3T，5－NmOnOPhosphate  
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DG：diacylglyceroI  

ET：endothelin  

Gprotein：GTP－bindingregulatoryprotein  

GRP－10‥gaStrin－releaslngPePtiderelateddecapeptide  

Ins（1，4，5）P3：inositoll，4，5－trisphosphate  

Ins（1，3，4，5）P4：inos■itoll，3，4，5－tetrakisphosphate  

IP3: inositol trisphosphate 

PGE2：PrOStaglandinE2  

PI：PhosphatidylinositoI  

PIP2：Phosphatidylinosito14，5bis－Phosphate  

PKC：PrOteinkinaseC  

PLC：PhospholipaseC  

DMEM：DulbeccoTsmodifiedEaglelsmedium  

DMSO：dimethylsulfoxide  

EGTA：ethyleneglycolbis（2－aminoethylether）tetraaceticacid  

FCS：fetalcalfserum  

fura－2／AM：fura－2acetoxymethylester  

IBMX：3qisobuty1－1－methylxanthine  

SDS：SOdiumdodecylsulfate  

SSC：SOdiumcitrate－SOdiumchloride  

U73122：1－［6－［【17β－3－methoxyestra－1，3，5（10）－trien－17－yl］amino】hexyl］－1H－  

PyrrOle－2，5－dione  

EC50：medianeffectiveconcentration  

IC50：medianinhibitoryconcentration  
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GENERALINTRODUCTION   



TachykininisafamilyofpeptideswhichsharethecommonC－terminal  

sequence，Phe－Xaa－Gly－Leu－Met－NH2（Xaa；arOmaticoraliphaticaminoacid）  

asshowninTABLEI－1．SubstancePwasthefirstcharacterizedpeptideofthis  

family．In1931，VOn Euler and Guddam（1931）isolated asubstance from  

horsebrainandintestine，Whichhadtheabilitytoinducecontractionofrabbit  

intestineandtocausehypotensionbyintravenous administrationintorabbits・  

Theseeffectswere notinhibited by atroplne，an antagOnistfor acetylcholine  

receptors）indicating that this active compound was notidenticalto  

acetylcholine（vonEuler and Guddam，1931）・Because this crude compound  

WaSObtainedaspowder，itwas named substanceP（SP；一IP‖meanspowder）・  

However，itsprlmarySequenCeWaS nOtdetermineduntiltheearly1970s・In  

1970，SP was purified from horse hypothalamus by Chang and Leeman  

（1970），anditsprimarystructurewasdeterminedin1971（Changetal．，1971）．  

Since the discovery of SP，nOn－mammalian tachykinins such as  

Physalaemin（Erspameretal．，1964），eledoisin（ErspamerandAnastasi，1962）  

andkassinin（A皿aStaSietal・，1977）havealsobeencharacterized（TABLEト1）．  

However，these peptides have been shown toinduce higher contractile  

responsesinseveralsmoothmusclepreparationsfrommammalsthandoesSP．  

Thesefindingsledresearchers to predict the presence ofother mammalian  

tachykinins・In1983，tWOnOVelpeptides，neurOkininA（NKA）andneurokinin  

B（NKB），WhoseprimarystructuresaresimilartothatofSP，Werediscovered  

from porcine spinalcord uslng a COntraCtile assay of gulnea－Plgileum by  

Kimura etal・（1983）・Moreover，neurOPePtide K（NPK）（Tatemoto et al．，  

1985）andneuropePtideY（NPY）（Kageetal．，1988）whichbothpossessaNKA  

SequenCeattheC－terminushavebeenisolatedfrom porcine brain and rabbit  

intestine，reSPeCtively・At present，these mammalian tachykinins are called  

neurokinins（Munekata，1991）・   

Neurokininsaredistributedthroughoutthecentralnervoussystemaswell  

asintheperipheraltissuesandhaveawidevarietyofbiologicalactivities，aS  
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showninTABLEI－2．Relativelyhighamounts ofSP are distributedinthin  

nerve fibers such as those of the C－grOuP Which are associated with paln  

transmission（Hokftltetal・，1975）・SPalsohasadepolarizationeffectonspinal  

cord preparations from new－born rats（Konishiand Otsuka，1974）・These  

findingsindicatethatSPisaneurotransmitterinvoIvedinthetransmissionof  

prlmary SenSOryneurOnS・In addition，neurOkinins released from the nerve  

endingsinduce various functions・For example，neurOkinins cause  

vasodilatationactlngOntheendotheliumcells，POSSiblythroughthegeneration  

Ofnitricoxide（e・g・，D－Orleans－Justeetal・，1985），andinducethecontraction  

Ofgastrointestinalandvascularsmoothmuscle（Munekata，1991；Maggietal・，  

1993；Buck，1994）．Furthermore，neurOkinins areinvoIvedin various  

inflammatoryresponsessuchasplasmaproteinextravasation andrecruitment  

Or Stimulation ofinflahlmatOry Cells（Munekata，1991；Maggiet al・，1993；  

Buck，1994；Bozicetal．，1996）・  

Mostofthesebiologicalfunctions are thought to be mediated by three  

Pharmacologica11ydistinctcellsurfacereceptors classified asneurokinin－1，2  

and3receptors（NKl，NK2and NK3reCePtOrS，reSPeCtively）（Nakanishi，  

1991；Buck，1994）．The preferred endogenousligand appears to be SP for  

NKlreCePtOrS，NKAfor NK2reCePtOrS andNKB for N耳3reCePtOrS．The  

tissuedistributionofeachreceptortypeinthecentralnervoussystemaswell  

asintheperipheraltissues，islistedinTABLEI－3．Recently，theheterogeneity  

Ofeachneurokininreceptortypehasbeensuggested（Maggietal・，1993）．For  

instance，NK2reCePtOrS have been classi鮎dinto two subtypes，NK2A and  

NK2B reCePtOrS，and although thereis no distinction made by native  

neurokininpeptidesorbyselectiveagonistswiththeexceptionofMDL28，564  

［［Leu9W（CIちNH）LeulO］NKA（4－10）］，thesubtypeSCanberecognizedbytheir  

Very different affinity for NK2reCePtOr antagOnists（Maggiet al．，1990；  

Patacchiniet alリ1991）・FunctionalcDNAs for neurokinin receptors  

COrreSPOndingtoNKl，NK2andNK3reCePtOrShavealsobeencloned（Sasai  
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and Nakanishi，1989；Yokota et al・，1989；Hershey and Krause，1990；  

Shigemotoetal．，1990）・Theseclonedreceptorsdisplayadifferentrankorder  

Of affinity for each of the neurokinins：for the NKlreCePtOrS，  

SP＞NKA＞NKB；for the NK2 reCePtOrS，NKA＞NKB＞SP；for the NK3  

receptors，NKB＞NKA＞SP．Theserankorders are alsoidenticalto those of  

PharmacologicalpotencyfortheneurokininsasshowninTABLEI－3．  

Theseclonedneurokininreceptorsbelongto the family ofGTP－binding  

regulatory protein（G protein）－COuPled receptors possessing seven putative  

membrane－SPanning domains（Nakanishi，1991；Buck，1994）．Individual  

intracellular slgnaltransductioninduced by neurokinin receptors has been  

investigateduslngCellsystems，1nWhicheachneurokininreceptorcDNAwas  

transfected as shownin TABLEI－4and Fig．INl（Henderson et al．，1990；  

DeBernardietal・，1991；Eistetteretal．，1991；Nakajimaetal．，1992；Takedaet  

al・，1992；Subramanian et al．，1994）．These systems have overcomethe  

PrOblemsassociatedwithmixedneurokininreceptorpopulationsexpressedin  

tissues and cells endogenously. These studies indicate that stimulating 

neurokinin receptors activates phospholipase C（PLC）to cause  

phosphatidylinositol（PI）hydrolysis．However，Various ce11s have different  

Slgnalingmodes，eXCePtthatforPIhydrolysis・Forinstance，theactivation of  

ratNKl，NK2andNK3reCePtOrSCauSeSCyClicAMPgenerationbythedirect  

Stimulation of adenylate cyclasein Chinese hamster ovary（CHO）cells  

（Nakajimaetal・，1992）・Incontrast，theactivationofbovineNK2reCePtOrS  

expressedin CHO cellsindirectly stimulates adenylate cyclase，Whichis  

PrObablydue，atleastinpart，tOtheautocrine stimulationby endogenously  

generatedeicosanoids，ParticularlyprostaglandinE2（PGE2）（Eistetteretalリ  

1991）・Furthermore，the activation of bovine NK2 reCePtOrSinhibits  

isoproterenol－Stimulatedadenylatecyclaseactivitythroughtheelevationofthe  

intracellularfree Ca2＋1evelin C6－2Bratgliomacells（DeBernardietal．，  

1991）・Thesefindingssuggestthatnotonlythepropertyofeachreceptor，but  
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also that of each celltypein which neurokinin receptors are artificially  

expressed，determines theintracellularslgnaltranSductioninvoIved，and that  

theseslgnalsmaynotbereflectedinphysiologlCalphenomena・Therefore，Cell  

systemsthatexpressendogenous neurokinin receptors，Should be studied to  

examine theintrace11ular slgnaltransduction thatinduces thefunctions of  

neurokininsunderphysiologlCalconditions・   

In the present study）theindividualintracellular slgnaltransduction  

invoIvedin endogenously expressed NKl，NK2 and NK3 reCePtOrS WaS  

investigatedtoelucidatetheslgnalingpathwayresponsibleforthefunctionsof  

neurokinins．The cellsystems expressing endogenous NK2 and／or NK3  

receptors havebeenlittlestudied．Therefore，SuCh cellsystems were firstly  

SCreened，andit was found that NKA and NKB stimulate a risein the  

COnCentration ofintracellular free calcium（【Ca2十】i）in the murine  

neuroblastoma C1300cellline．In CHAPTERII，the types of neurokinin  

receptors expressedin the C1300cellline are characterized，Asa result，  

C1300cellsweredemonstratedto expressbothNK2andNK3reCePtOrS，and  

these receptors were independently activated using selective agonist and 

antagonist．InCHAPTERIII，theintracellular slgnaltransductioninduced by  

eachoftheendogenousNK2andNK3reCePtOrSinthiscellsystemisdiscussed．  

Inaddition，ithasbeenreportedthatSPinducesPIhydrolysisand stimulates  

thesecretionofamylaseintheAR42Jratpancreaticacinarcellline（Womack  

etal．，1985；Christophe，1994）・Therefore，in CHAPTERIV，Idiscuss the  

type（S）ofneurokininreceptorspresentintheAR42Jcel11ine，havingfound  

OnlyNKlreCePtOrS，aSWellastheNKlreCePtOr－mediatedsignaltransduction．  
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Cation channel Neurokinin  

Ca2＋  
Neurokinin  
Receptor  

：：：：：￥iき：・．一一  ；：：：；■■■l■  
：；：三：三：：葺；：き；ンン：  

’ 
●‘●ソ●●、一  

④  ／   

→ Stimu］ation   

－－＋Jnhibition  
Aわbre血〟oJlき  

A．A．；araChidonjcacid  

AC；adenyJatecycIase  

DG；diacyJgryceroJ  

IP3；inostiOtlJ4）5－trisphosphate  

P）P2；Phosphatjdylinosito14，5bis・Phosphate  

PKC；PrOteinkinaseC  

Fig．ト1．［ntrace”uJarsignaJtran＄ductioninduced  
byartificia”yexpre＄Sedneurokininreceptors  
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TABLEI・2・BiologlCalactivitiesofneurokinins・                                                          ●  

住用偏椚肋が頭血沈摘抑   
Neurotransmitterand／orneuromodulatoronprimary   
SenSOryandsympatheticneurons   

βノ属乃do加地研一d甲e乃de〝細α∫Odg加α如乃   

Pノ∫∽00〟‡∽〟∫CJeco〃加C血〃   

Contractionsofgastrointestinalandvascularsmooth  
muscles  

r4ノJ榔α椚∽αわ丹re乎0〃∫e∫   

Plasma protein extravasation 
Mast cell degranulation 
Recruitmentorstimulationofinflammatorycells  
Stimulation of chemotaxis to neutrophils 
Enhancementoflymphocyteproliferation  
Stimulationofalveolarmacrophagesandmonocytes   

（5ノ∫fよ椚〟J加わ托qrぶeCre如柁   

Salivarysecretion   
Secretionofdigestiveenzymesfrompancreaticandparotid  
aClnl  

「●机C（ヲJり甘叫／レナ・〟Jわ′7   

GrowthstimulationofT－1ymphocytes，Skinfibroblasts，   
arterialsmoothmusclecellsandkeratinocytes  
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CガAアrg属．汀  

IDENTIFICATION OF NEUROKININ RECEPTORTYPESIN  

AMURINENEUROBIASTOMAC1300CELLLINE  
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Ⅱ．1．INTRODUCTION  

NKlreCePtOrSarerePOrtedtobewidelydistributedinboth thenervous  

SyStem and peripheraltissues（Munekata，1991；Maggiet al・，1993）・In  

COntraSt，blot－hybridization and RNase－PrOteCtion analyses show that the  

expressionofNK2reCePtOrmRNAisrestrictedtotheperipheraltissues，being  

abundantintheurinary bladder，1argeintestine，StOmaChand adrenalgland，  

and that NK3reCePtOris predominantly expressedin the centralnervous  

SyStem，Particularlyinthecortex，hypothalamusand cerebellum（Tsuchidaet  

al．，1990）．These鋭ndings suggested that NK2and NK3reCePtOrS may be  

invoIvedin neurokinin activityinperipheraltissues and thecentralnervous  

SyStem，reSPeCtively．Furthermore，pharmacologicalexperimentsindicate that  

NK2reCePtOrSareeXPreSSedinthetrachealsmoothmuscleofmany species，  

the activationofwhich causes bronchoconstriction，POSSibly contributing to  

bronchialhyperreactivity（FrossardandAdvenier，1991）．InthecaseofNK3  

receptors，neurOkininsinduce the contraction of smooth muscle via NK3  

receptorsinratportalvein（Mastrangeloetal．，1986）．Inaddition，ithasbeen  

demonstratedthatgulnea－Plgileum expressesbothNKland NK3reCePtOrS，  

andthat the activation of NK3reCePtOrS CauSeS SmOOth muscle contraction  

dependent on the release of acetylcholine from nerve endings（Guard and  

Watson，1987；Lauferetal・，1988），WhereasNKlreCePtOrSdirectlyactonthe  

SmOOthmusclecells（Burcheretal・，1986；Tousignantetal・，1991）．  

However，itis not clear whichintracellular slgnaling pathwayis  

responsible for thefunctions elicited by neurokinins，Sincelittleis known  

aboutthecellsystemsthathaveendogenousNK2andNK3reCePtOrS・In the  

CaSeOfNK2reCePtOrS，although Nagakiet al・（1994）reported that NKA  

Stimulates anincreasein［Ca2＋］i，PrObably through the activation of NK2  

receptorsintheacinarcellsofthefelinetrachealsubmucosalgland，thisisthe  
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onlydescription，andasystemwithendogenousNK3reCePtOrShasnotbeen  

found．   

InanattempttosoIvesuchproblems，aneStablishedcelllineexpresslng  

endogenousNK2and／orNK3reCePtOrSWaSSCreenedandasaresult，itwas  

foundthatmurineneuroblastomaC1300cellsrespondedtoneurokinins，and  

thattheresponsestoNKAandNKBweremuchgreaterthanthatofSP・Inthis  

chapter，IhaveidentifiedtheNK2andNK3reCePtOrSintheC1300ce111ine  

uslngbloトhybridizationanalysisandpharmacologlCaltechniques・  

ⅠⅠ＿2．MATERIALSANDMETHODS  

ⅠⅠ－2・l．Materials  

Materialswerepurchasedasfollows：RPMI1640mediumandDulbeccoIs  

modifiedEagle－smedium（DMEM），from Gibco（GrandIsland，New York，  

USA）；murineneuroblastomaC1300cells，fromRIKENCe11Bank（Tsukuba，  

Japan）；fetalcalfserum（FCS），fromBoehringerMannheim（Tokyo，Japan）；  

［α－32P］dCTP（－3000Ci／mmol），fromAmershamInternationalpIc（Bucks，  

UK）；fura－2／acetoxymethylester（fura－2／AM），from Dojin（Kumamoto，  

Japan）．SR48968［（S）－N－methyl－N－［4－aCetylamino－4－Phenylpiperidino－2－（3，4－  

dichlorophenyl）butyl］benzamide］andSR142801［（S）N（N）－（1－（3－（1－benzoyl－3－  

（3，4－dichlorophenyl）piperidin－3－yl）propyl）4phenylpiperidin－4－yl）－N  

－methylacetamide］wereprovidedbyDr・Ⅹ・EmondsqAlt（SanofiRecherche，  

France）．CPq96，345［（2S，3S）－Cis－2－（diphenylmethyl）－N－［（2－methoxyphenyl）－  

methyl］－1－aZabicyclo［2．2．2］octan－3－amine］wasprovided by Dr・A・Nagahisa  

（PfizerInc・，Japan）・ThecDNAsfortheratneurokininreceptors，PrTKRl－1  

（Sasaietalリ1989），PrTKR2（Yokotaetal・，1989）andprTKR3（Shigemotoet  

al．，1990），WerefromDr・S・Nakanishi（KyotoUniversity，Japan）・AR42Jrat  

PanCreaticacinarcelllinewasagiftfromDr・T・Ohtaki（TakedaChemical  

Industries，Japan）・Allotherchemicalswereofreagentgrade・  
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II・2・2・Synthesisofpeptides   

All peptides were synthesized using the solid phase mcthodology 

developed by Merrifield（Merrifield，1963；Munekata et al・，1987）in  
conventionalglassreactionvessels．SP，NKA，NKB，［βAla8］NKA（4－1O）and  
［Tyr5，D－Trp6，8，9，LyslO］NKA（4－10）（MENlO，376）weresynthesizedbyI‘き（′）C  

strategy（TABLEIト1），andsuccinyl－［Asp6，MePhe8】SP（Senktide）by Fmoc  

Strategy（TABLEIト2）．  

ⅠⅠ・2・2・訂．Boc strategy   

Amino acids used for the synthesis were protectedwith an N叫erト  

butyloxycarbonyl（Boc）group．The side－Chainprotecting groups employecI  

wereasfollows：2－ChlorobenzyloxycarbonylgroupforLys，2，4－dinitrophenyl  

groupforHis，benzylgroupforSerandThr，CyClohexylgroup forAspanc1  

2，6－dichlorobenzylgroupforTyr．MBHA（4－methylbenzhydrylamine）resin－  

HCIwas used to synthesize C－terminalamidating peptides・The resin was  

SWelledin dichloromethane（DCM）for15 min，and neutralize（lby  

triethylamine・AfterwashingwithDCMandmethanol，the C－terminala11痛10  

acidresidueswerecoupledto theresin with N，N－qdicyclohexylcarbodiirnicle  

（DCC）inN，N－dimethylformamide・Coupling reactionsin chain elongation  

WereCarriedoutbyDCOHOBtorthesymmetricalanhydridemethod．Every  

COuPlingreactionwascheckedbyKaiserlsninhydrintest（Kaiseretal．，I970）．  

Whentheninhydrintestwaspositive，thereactions were repeatcd untilthc  

ninhydrintestwasnegative・Afteracylation，theBocgroupwasrcmovcdby  

treatmentwith50％trifluoroaceticacid（TFA）inDCMcontaining1％1，2－  

ethanedithiolfor30minat room temperature・The resin was washed with  

DCMandn－PrOPanOl，andneutralizedwithlO％triethylamineinDCM．AfteT  

the completion of chain elongation，the peptide resin was treated with  

anhydroushydrogenfluoride（HF）atOOcforlhinthepresenceofp－CreSOl，  
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p－thiocresolanddimethylsulfidetocleavethepeptidefromthesolidsupport  

and remove the protecting groups of each amino acid residue・HF and  

scavengerswereremovedinvacuo andresidualcrude productwaswashed  

withether，eXtraCtedwithaqueousaceticacid，andappliedontoaDowexlx2  

（acetateform）columntoremoveF－・  

II・2・2・b．Fmocstrategy  

Amino acids used for the synthesis were protected with a Nα－9－  

fluorenylmethyloxycarbonyl（Fmoc）group・Theside－Chainprotecting groups  

used were 2，2，5，7，8－PentamethylchromanN6－Sulfonylgroup for Arg，Boc  

group for Lys and His，tert－butylester group for Asp and Glu，  

triphenylmethylgroupforGln，tert－butylgroupforSerandThr■SALresin  

WaS uSedto synthesize C－terminalamidatingpeptides．Coupling reactionsin  

ChainelongationwerecarriedoutbytheBOP／HOBtorHBTU／HOBtmethod．  

Kaiser’s ninhydrin test（Kaiser er al．，1970）was performed as described  

above・Afterthecouplingreactionofeachamino acid，theFmocgroup was  

deprotected by treatment with20％ pIPeridinein N－methyト2－PyrrOlidone  

（NMP）for30min at room temperature．In the case of senktide，the NN  

terminusofthepeptidewassuccinylatedwithsuccinicanhydrideinDCMfor  

lh・Tocleavepeptidesfromthesolidsupport，theresinwastreatedwithTFA  

in the presence of trimethylsilylbromide，thioanisole，m－CreSOlandl，2－  

ethanedithiol・CrudepeptideswereextractedwithaqueousaCeticacid and the  

SOlutionwaswashedwithether．  

II暮2・2・C・Purificationandhomogeneityofsyntheticpeptides   

Crude peptides were purified by preparative reverse phase high  

Performanceliquidchromatography（RP－HPLC）usingNucleosi17C18column  

（6・7×250mm）・Thepeptidewasappliedintothecolumnunderthegradient  

elution of acetonitrileqH20containing O・1％TFA・Purity of peptides was  
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COnfirmedbyanalyticalRP－HPLCusingNucleosi15C18column（4．6×150  

mm），andallpeptidesproved to possess apurity of＞95％．The synthetic  

PePtides were treated with6N HClatllOOc for22h，and resulting  

hydrolysateswereanalyzedwithaHitachiL8500aminoacidanalyzertoassess  

thearninoacidcompositionofthepePtides・Themolecularweightofpeptides  

WaSCheckedbyfastatombombardmentmassspectrometry・  

II・2L3．Cellculture  

MurineneuroblastomaC1300cellsweregrownin75－Cm2plastictissue  

Culture nasks（Nunc，Roskilde，Denmark）in RPMI1640 medium  

SuPPlementedwithlO％（Ⅴ／v）FCSandantibiotics（100匹g／mistreptomycinand  

lOOU／mlpenici11in）at370Cinahumidifiedatomosphereof5％CO2／95％air．  

Thecellswerepassagedevery4－5days・Thecells（passage6－35）wereused  

afterreachingconfluence・AR42Jratpancreaticacinarcellswerealsocultured  

inDMEMsupplementedwith14％（Ⅴ／v）FCS and antibioticsunder the same  

conditionsasdescribedabove．  

II・2・4．PoIy（A）＋RNApreparationandRNAblothybridi2：ation  

Total RNA was extracted from cells and tissues as described by 

Chomczynskiand Sacchi（1987），and eluted through oligo（dT）－Cellulose to  

Selectpoly（A）＋RNA．Theyieldofpoly（A）十RMwas2．5－7・5％．ThecDNA  

PrObesusedforanalysisoftheNKl，NK2andNK3reCePtOrmRNAswereas  

follows：for the NKlreCePtOr mRNA，thel176－bp StuI－BstEIIfragment  

derivedfromcloneprTKR2；fortheNK2reCeptOrmRNA，the1497－bpP甜I  

fragmentderivedfrom cloneprTKRl－1；for the NK3reCePtOr mRNA，the  

1370－bpEcoT14Ifragment derived from clone prTKR3・The probes were  

labeledusingarandomprimerDNAlabelingkit（AmershamInternationalpIc，  

Bucks，UK）with［α－32P］dCTP・Poly（A）＋RNA（2pgeach）wasdenaturedwith  

glyoxal，fractionated onal・2％agarose gel，andblottedonto a GeneScreen  
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Plusmembrane（Du－PontNew England Nuclear，USA）．RNAhybridization  

PrOCeededasdescribed（Hatsuzawaetal・，1990）・Theblotwashybridizedwith  

eachprobeinlMNaCl，10％dextran sulfate，1％sodium dodecylsulfate  

（SDS）andO・1mg／mlsalmonspermDNAat600cfor12h．Theblotwasthen  

WaShed sequentia11yin2× SOdium citrate－SOdium chloride（SSC）（room  

temperature，10min），2×SSC，1％SDS（600c，1h）andO・1×SSC（room  

temperature，20min）・TherinsedblotwasexposedonanImagingPlateBAS－  

Ⅲ（FujiPhoto Film Co・Ltd・，Tokyo，Japan）and visualized using a bio－  

imaginganalyzerBAS2000（FujiPhotoFilmCo・Ltd・，Tokyo，Japan）．  

II・2・5・Themeasurementof［Ca2＋］i  

ConfluentC1300cellsweredetachedbypipetting，thenwashedtwicewith  

HEPES－bufferedsolution（140mMNaCl，4mMKCl，1mMMgC12，1．25mM  

CaC12，1mMNaH2PO4，5mM HEPES，11mMglucose，0．2％bovine serum  

albumin，PH7・4）・The［Ca2＋］iWaS meaSured using fura－2，a SenSitive  

luminescentCa2＋chelator（Takuwaetal・，1989；Takuwa et al・，1991）．The  

Cells wereincubated with4トLMfura－2／AM forlhr at200c．The fura－2－  

loadedcellswerewashedtwice，reSuSPendedinfreshHEPESNbufferedsolution  

Withoutfura－2／AM，and stored at20Oc untiluse．AboutlO6ce11s／mlwere  

examined for each measurement．Thefluorescence offura－2－loaded cells at   

500 nm excited at 340 and 350 nm was measured with a CAF－100  

SPeCtrOfluorometer（Japan SpectroscopyInc．Tokyo，Japan）．The cell  

suspension in the cuvette was constantly stirred while measuring the 

fluorescence．Thecellswerestimulatedbytheagonistat300cinsteadof370c，  

becauseintracellularfura－2mostlyleakedandtheexactcalculationof［Ca2＋］i  

levelwasdifficultat370casdescribedelsewhere（Takuwaetal．，1991）．The  

responsesat300cwerealittlelowerthanthoseat370c，buttheconcentration－  

dependenceofthepePtidesat30Ocwassameasthatat370c・The［Ca2＋］iWaS  

Calculatedasdescribedby Grynkiewiczetal．（1985）．Severalpeptides were  
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dissoIvedindimethylsulfoxide（DMSO）becausetheywerepoorlysolublein  

distilledwater．ThesameamountofDMSOwasaddedtoacomparativecell  

suspension，and thefinalconcentrationin thebuffer did not exceedl・0％，  

which had no effect upon either the basal［Ca2＋］iOr the peptide－induced  

increasein［Ca2＋］i．In experiments to assess theinhibitory effects of  

antagonists，the cells were stimulated by agonists after exposure to each  

antagonistfor2min．  

ⅠⅠ－2－‘．Statistics  

Eachvalueinthetext，tablesorfiguresisexpressedasamean±SEM・To  

determine statisticalsignificance，the values were compared uslng Studentrs  

ttest．Thedifferences were considered sigmificantifp valueswereless than  

O．05．  

Ⅲ，3．REStJLTS  

II・3・1．Therisein［Ca2＋］iinducedbyneurokinins  

FigureII－1・ShowstypicaltraclngS rePreSenting the effects ofSP，NKA  

andNKBon［Ca2＋］iinC1300cells．BothNKAandNKBatlOトIMinducedan  

immediatebuttransientincreasein［Ca2＋］i．SPatlOトLMalsoinduced aCa2十  

transient，althoughits response was much smaller than those of NKA and  

NKB．The［Ca2＋］ireaChedmaximalconcentrationwithinabout20safter the  

additionofNKAandNKB・TheeffectsofNKAandNKB on［Ca2＋］iWere  

COnCentration－dependent［medianeffectiveconcentration（EC50）values：NKA  

87±13nM，NKB97±15nM；n＝3］・Themaximalincreasein［Ca2＋］iinduced  

byNKAandNKB was about200nM．FigureII－2showsthe concentrationN  

dependentincreasein［Ca2＋］iinduced by neurokinins and related peptides．  

AlthoughlO匹M［βAla8］－NKA（4－10），aSelectiveagonist for NK2reCePtOrS  

（Roveroetal・，1989），Slightlyinducedtheincreasein［Ca2＋］i，theresponsewas  
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muchless than those of NKA and NKB．In addition，Senktide，Whichis a  

selectiveagonistfor NK3reCePtOrS（Wormser etal・，1986），COnCentration－  

dependentlyevokedtherisein［Ca2＋］i（EC50Value：84±27nM；n＝4），butthe  

maximalresponsewasaboutlO－foldlessthanthatofNKAandNK且  

II・3・2．ExpressionofneurokininreceptormRNAs  

SincetheexistenceofneurokininreceptorsinC1300cellswassuggested，  

anRNAblotanalysisuslngeaChcDNAprobeofNKl，NK2andNK3reCePtOrS  

was performed to investigate which type of neurokinin receptors were 

endogenously expressed・The autoradiograph of the RNA hybridization of  

NKl，NK2andNK3reCePtOrmRNAsfrommouseC1300cellsaswellasfrom  

mousebrain，mOuSeintestineandratAR42Jcellsis showninFig．II－3．The  

blothybridizationofpoly（A）＋RNAfromC1300cellsby acDNAprobefor  

NK2reCePtOrS reVealed three mRNAbands of about2・3，3・1and53kb・  

Similarly，three bands ofNK2reCePtOr mRNAwere detectedin poly（A）＋  

RNAfromthemouseintestine，andthesewereabout2・7，3．1and5・3kb．NK2  

receptor mRNA was not detectedin mouse brain or AR42Jcells．RNA  

hybridization uslng a CDNA probe for NK3 reCePtOrS Showed that the  

POly（A）＋RNAsisolatedfromtheC1300cellsaswellasthosefromthemouse  

brainandintestine，butnotthosefromAR42Jcells，yieldedaslnglebandwith  

an estimated size of4．2kb．NKlreCePtOr mRNA was not detectablein  

POly（A）＋RNA from C1300cells，Whereasit was evidentin mouse brain，  

mouseintestine and AR42Jcells．These results revealed that C1300 ce11s  

expressedmRNAsofNK2andNK3reCePtOrS，butnotthatofNKlreCePtOrS・  

ⅠⅠ－3・3．Functiona）expressionofNK2andNK3reCeptOrS  

Theinhibitory effectsof selective antagonists for neurokinin receptors  

（Fig．II－4）ontheNKA－andNKB－inducedCa2＋mobilizationwereexamined  

todeterminewhichtypeofneurokininreceptorsarefunctionallyexpressedin  
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thiscellline・CP－96，345，aSelectiveantagonistforNKl（Snideretal．，1991），  

affected neither the NKA－nOr the NKB－induced Ca2＋ mobilization at a  

COnCentrationoflOト1M（Fig．II－5）．  

NXA－andNKB－StimulatedCa2＋mobilizationwasinhibitedbylOnMand  

500nM of SR48968，aSelective antagonist for NK2（Fig．Iト4andII－6．，  

Emonds－Altetal・，1992），althoughsuchconcentrationsofSR48968didnot  

affectthebasal［Ca2十］iOrtheCa2＋mobilizationevokedbyl．OmMcarbachol  

（datanotshown）・In addition，theinhibitorye鮎ctofanotherNK2reCePtOr  

antagonist，MENlO，376（Fig．II－4．，Maggietal．，1993），WaSalsoexamined．  

AsshowninFig・II－7andTABLEII－3，thisantagonist（0．3andl．0トんM）not  

Only produced a concentration－dependent rightward shift ofthe curveS for  

both NKA and NKB，but also attenuated their maximalresponses（when  

StimulatedbylOトIMofNKAandNKB），although10トんMofithadno effect  

Onthe basal［Ca2十］iOrCa2＋mObilizationevokedbyl・OmMcarbachol（data  

notshown）．  

SincelOトんMSR142801，aSelectiveantagonist forNK3reCePtOrS（Fig・  

IIq4・，Emonds－Altetal．，1995），Slightlyincreased the［Ca2＋］i，and partially  

inhibitedtheresponsetol．OmMcarbachol（reducedtoabout70％ofthelevel  

inits absence），itsinhibitoryeffectswereexaminedatlessthan3・3匹M・Such  

COnCentrationshadnoeffectonbasal［Ca2＋］iOrtheresponsetocarbachol・The  

COmPOundatO・3トIMproducedaslightlyrightwardshiftofthecurveforNKB  

（EC50Values：110and480nMintheabsence and presence of SR142801，  

respectively），Whereasit did not affbct the curve for NKA（Fig・Iト8）・  

Althoughl．O and3．3匹M SR142801inhibited theincreasein the［Ca2＋］i  

evokedbybothNKAandNKB，theresponsetoNKBwasmoresensitivethan  

thattoNKA（Fig．Ⅰト8）・  

Toinvestigatewhetherthe［Ca2十］iincreaseevokedbyNKAandNKBwas  

viaonlyNK2reCePtOrSOrbothNK2andNK3reCePtOrS，theconcentration－  

dependency oftheinhibitory effects of SR489680n these responses was  
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examined．The response to NKA at O．33トLMwas completelyinhibited by  

COnCentrationsaboveO．3トLMSR48968．InthepresenceofO．3LLMSR48968，  

theresponsetoO．33トんMNKBwasalsoattenuated to about8％ofthatinits  

absence・However，eVeniftheconcentrationwasincreaseduptolOトtM，the  

responsewas notinhibitedcompletely（TABLEII－4）．Next，Whether or not  

NK3 reCePtOrS Were reSPOnSible for the resistance to SR 48968 was  

investigated．AsshowninFig．Ⅰト9，NKBconcentration－dependentlystimulated  

theincreasein［Ca2＋］iinthepresenceofl．0トIMSR48968（EC50Value：7．1±  

1．2nM，n＝3）・Furthermore，althoughthe［Ca2＋］iincreaseevokedbyO・33トLM  

OfNKBintheabsenceandpresenceofl．0い′MSR48968wasinhibitedbySR  

142801，theresponseinthepresence ofSR48968was more sensitive to SR  

142801thanthatirlitsabsence．Thevaluesofmedianinhibitoryconcentration  

（IC50）intheabsenceandpresenceofSR48968werel．2±0．1トLMand24．8±  

2・3nM，reSPeCtively（P＜0・01，n＝3）（Fig・II－10）．Asdescribedabove，itwas  

Shown that senktide stimulated theincreasein［Ca2＋］i，but the maximal  

responsewasaboutlO－foldlessthanthatinducedbyNKAorNKB．Thus，the  

inhibitoryeffectsofSR142801andSR489680nthesenktide－induced【Ca2十］i  

increasewereassessed．Inthepresence ofO．1トLMSR142801，the response  

inducedbyO．33トIMsenktidewas reduced to15±1％ofthatinits absence  

（n＝3，datanotshown）．Incontrast，theconcentration－reSPOnSeCurVe OfCa2＋  

mobilizationevokedbysenktidewasnota飴ctedbyl・OLLMSR48968（EC50  

Values；absenceofSR48968，84±27nM；PreSenCeOfit，68±28nM；n＝4；  

Fig・IIqll）・ThesefindingssuggestedthatfunctionalNK2andNK3reCePtOrS  

Were endogenously expressedin C1300cells，and that most of the［Ca2＋］i  

increaseevokedbyNKAandNKBwasdependentontheactivationofNK2  

receptors，howevertheportion unaffectedbySR48968wascausedthrough  

NK3reCePtOrS・   

It was found that NK2and NK3reCePtOrSin C1300cells could be  

independentlyactivateduslngSelectiveagonistandantagonistasshowninFig・  
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II－12・Toinduce only NK2reCePtOr－mediated response，the stimulation by  

NKAwas carried out underthe condition that the response through NK3  

receptors was selectivelyinhibited by SR142801，Since a selective NK2  

receptor agonistwhichcould activateNK2reCePtOrSin C1300ce11s has not  

beenfound．Indeed，thecellswerestimulatedby3．3匹MNKAinthepresence  

Ofl．0トんMSR142801，Whichcompletelyinhibitedthe［Ca2＋］iincreaseevoked  

by3．3トLMNKBinthepresenceoflOトLMSR48968（NK3reCePtOr－mediated  

response，data not shown）．To observe the response mediated by NK3  

receptors，thecellswerestimulatedbyl・0リノMsenktide・  

Ⅱ．4．DISCUSSION  

ThisstudydemonstratedthatNKAandNKBstimulatedtheincreaseinthe  

【Ca2＋］iintheC1300cellline（Fig・Iト1and2），and that this response was  

inhibitedby NK2reCePtOr antagOnists such as SR48968and MENlO，376  

（Fig．II－6and7）・However，［βAla8］NKA（4－10），aSelectiveagonistfor NK2  

receptors，Slightlystimulatedthe［Ca2＋］iincrease（Fig・II－2），eVenthoughthis  

PePtideinducesacontractionofsmoothmusclewithasimilarefficacytothat  

byNKAin the endothelium－denuded rabbit pulmonary artery and hamster  

tracheabothofwhichexpressNK2reCePtOrS（Maggietal・，1990）・Moreover，  

a higher concentration ofNKAis required to activate the NK2reCePtOrS  

expressedin C1300cellsthantoactivateknownNK2reCePtOrS（Maggietal，，  

1990；Sundelinetal．，1992；Maggietal．，1993）・Inaddition，MENlO，376not  

onlyproduced aconcentration－dependentrightward shiftofthecurvesfor  

bothNKAandNKB，butalsoattenuatedtheir maximalresponses，SuggeSting  

thatthecompounddidnotinhibittheseresponsescompetitively・Thesefindings  

suggestedthatC1300cellsexpressedfunctionalNK2reCePtOrS，Whichdiffered  

fromtheknownNK2reCePtOrS・Thereasonforthismaybeascribedtothe  

differentisoformsofNK2reCePtOrS，aSthesecellsexpressedthreeformsof  

22   



NK2reCePtOrmRNA，OneOfwhichwasdistinctfromthatofmouseintestine  

（C1300ce11s，2・3kb；mOuSeintestine，2・7kb，Fig．II－3）．Tsuchidaetal・（1990）  

indicatedthattherearetwolargeformsofratNK2reCePtOrmRNAexpressed  

intheperipheraltissues，andthattwoadditionalsmallformsofthemRNAare  

expressedspecificallyintheadrenalglandandeye．Itwasalsoshownthatthe  

multipleforms ofrat NK2reCePtOr mRNAdifferin thelengths of the5－  

mRNAportions，andthattwosmallformsofthemRNA，iftranslated，enCOde  

atruncatedNK2reCePtOr，1ackingthefirst two transmembrane domains．In  

addition，PrOduction ofmultipleisoforms by alternative splicing has been  

reportedinmembersoftheGprotein－COuPledreceptorfamilysuchasNKl  

receptors（Fongetal・，1992），neurOPePtideY－Ylreceptors（Nakamuraetal．，  

1995），metabotropic glutamate receptors（Tanabe et al．，1992）and  

PrOStaglandin－EEP3Subtypereceptors（Nambaetal．，1993；Sugimotoetal．，  

1993）・Al1theseisoforms differ onlyin the third cytoplasmicloop or  

Carboxyl－terminaltail・InthecaseofhumanNKlreCePtOrS，theexistence of  

twoisoforms was demonstrated，and they differ onlyln thelength of the  

Carboxyl－terminaltail（Fongetal・，1992）・Affinitybetweenthelongform of  

humanNKlreCePtOrSandSPwasconsistentwiththatofnativeNKlreCePtOrS  

in mammalian tissues，Whereas the short form had atleast alO－foldlower  

affinitythanthatofthelongform・juthoughSPelicitedchloride currentvia  

thelong and short forms of human NKlreCePtOrS eXPreSSedinXbnqpus  

OOCyteS，theresponsethroughtheshortformwasmuchlowerthanthatevoked  

by the activation of the long form. These findings suggested that the 

mechanismsforthegenerationofneurokininreceptormRNAsweredifferent  

among tissues，and that multipleisoforms ofneurokinin receptors may be  

PrOducedbymechanismssuchasalternativesplicing・Therefore，themultiple  

isoforms ofNK2reCePtOrSmayalsoexplainthedifferences between NK2  

receptorspresentinC1300cellsandknownNK2reCePtOrS・Clonlng Ofthe  

NK2reCePtOrSeXPreSSedinC1300cellsshouldbeperformedtoelucidatethis．  
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Inthepresentstudy，theexistenceoffunctionalNK3reCePtOrSinC1300  

Cellswassuggestedbythefollowing藍ndings：1）about8％oftheresponseto  

NKBcouldnotbeinhibitedbySR48968，althoughthe［Ca2＋］iincreaseinduced  

byNKAwascompletelyabolishedbythiscompound（TABLEIト4）；2）NKB  

elicitedthe［Ca2＋］iincreasein aconcentration－dependentmannereveninthe  

PreSenCeOfl・0トLMSR48968，Which completely abolished the response to  

NKA（Fig．II－9）；3）the［Ca2十】iincreaseresistanttoSR48968inducedbyNKB  

WaSCOmPletelyinhibitedby SR142801（Fig・II－10）；4）the senktide－eVOked  

［Ca2＋］iincreasewasinhibitedbySR142801，butnotbySR48968（Fig・II－11）・  

SR142801is acompetitive andhighlypotentnon－PePtide antagonist of  

theNK3reCePtOr，butitsinhibitoryactivityishighlyspeciesdependent・This  

COmPOundhasahigh affinity for NK3reCePtOrSin the human，gerbiland  

gulnea－Pig，butamuchloweraffinityintherat・Furthermore，thiscompound  

atconcentrationsabovemicromolarinteractswithnotonlyNK3reCePtOrS，but  

alsoNKlandNK2reCePtOrS（Emonds－Altetal．，1995）．InthemurineC1300  

Cellline，SR142801at nanomolar concentrationsinhibited the response to  

NK蓋resistanttoSR48968，andatconcentrationsabovemicromolar，blocked  

thosetoNKAandNKB．TheseresultssuggestedthatSR142801atnanomolar  

COnCentrationsspecificallyinhibitedtheresponsethroughNK3reCePtOrS，and  

blocked those through both NK3and NK2reCePtOrSin this cellline at  

micromolarconcentrations．   

It was demonstrated that cells of an established cel11ine，C1300，  

endogenously expressfunctionalNK2and NK3reCePtOrS．In addition，the  

responsethroughendogenousNK20rNK3reCePtOrSCOuldbeindependently  

Observedusingthiscellsystem（Fig・II－12）・Thesefindingsshowthat theuse  

OftheC1300celllinewillcontributetotheunderstandingoftheintracellular  

SlgnalingpathwayelicitedbyendogenousNK2andNK3reCePtOrSaSWellasto  

thepharmacologlCalinvestigationofneurokinins．  
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Fig．1］－9．Concentration・dependenceofthe［Ca2＋］iincreaseevoked by  

NKBinthepresenCeOfSR48968・Ce‖swerestimulatedwiththeindicated  
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［Ca2＋】iat eaCh concentrationis pIotted asa percentage relativeto the  

maximalresponseinducedbyNKBat O・3LLM・Dataaremean±SEM（bars）  
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Figr LL・10・Concentration・dependentinhibition of the NKB・induced  

【Ca2＋］jincrease by SR142801in the pre＄enCe Orab＄enCe Of SR  

48968．CelIs were stimulated with O．33トLM NKBin the absence（OPen  

circles）orpresence（CLosedcircles）ofl・OLLMSR48968inthepresenceof  

SR142801attheindicatedconcentrations．Theincreasein［Ca2十】iateaCh  

concentrationis plottedas apercentage relative tothe responsein the  

absence of SR142801．Data are mean±SEM（bars）values of four  

SeParateeXPeriments・  
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TABLEII・1．Bocsolid・phasepeptidesynthesis・  

ぶ7EP  椚f乃  

wash x2  2  （1）CH2C12   

（2）50％TFAinCH2C12   
deprotectionofBoc－grOuP  

（3）n－PrOH  

（4）10％Et3NinCH2C12  
neutralization  

30  

washx2  2  

2  

washx2  2  （5）n－PrOH   

（6）CH2C12   

（7）Boc－AA－OH，DCC，andHOBt   
COuPling  

（8）MeOH   

（9）CH2C12   

（10）MeOH  

wash x2  2  

60＜  

wash x2  2   

washx2  2   

wash x2  2  

37   



TABLE II-2. Fmoc solid-phase peptide synthesis. 

∫7－EP  椚∫〃  

wash x2  （1）CH2C12   

（2）20％piperidineinNMP   

deprotectionofFmocMgrOuP  

（3）MeOH   

（4）CH2C12  

（5）Fmoc－AA－OH，BOP，andHOBt   

COuPlinginNMP  

（6）MeOH   

（7）CH2C12   

（8）MeOH  

30  

wash x2   

WaSh x2  

wash x2   

WaSh x2   

WaSh x2   
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G托孔円ⅣⅧ＝∬  

INDIVIDUALINTRACELLULAR SIGNAL TRANSDUCTION  

INDUCED BYNK2AND NK3RECEPTORSEXPRESSEDIN  

AC1300CELLLINE  
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ⅡⅠ・1．工NTRODtJCTION  

Signalingpathwaysmediatedbyendogenousneurokininreceptors have  

beenstudieduslngVarioustissuepreparations・For example，NK3reCePtOrS  

endogenously expressedin guniea－Plgileumwere reported to stimulate PI  

hydrolysis（Guardetal・，1988）・However，NKlreCePtOrSWerealsoexpressed  

ingulnea－Plgileum，andfurthermoretheactivationofNK3reCePtOrSinduced  

the release of acetylcholine and SP（Guard and Watson，1987）．Thus，the  

results of studies uslng tissue preparations are complicated，Since such  

PreParations containvarious typesofcellssuch as smooth muscle cells and  

neurons・ThesefindingsindicatedthatstudiesuslngSyStemS，Whichconsistofa  

Slngle type of cell，rePreSent abetter approach forinvestigatlng Slgnaling  

Pathways．  

Atpresent，Cel11inesexpressingendogenousNK2and／orNK3reCePtOrS  

have yet to be established，although severalsystems with endogenous NKl  

receptorshavebeenreported・Therefore，theintracellularslgnaltransduction  

involvedinendogenousNK2andNK3reCePtOrShasbeenlittleinvestigated・As  

describedin CHAPTERII，it has been demonstrated that murine  

neuroblastomaC1300cellsexpressedendogenousNK2andNK3reCePtOrS，and  

furthermorethattheNK2andNK3reCePtOrSCOuldbeindependentlyactivated  

uslngSelectiveagonistandantagonist．TheseresultsshowthattheC1300cell  

lineis a usefu1system with which to examine slgnaling pathways of  

endogenousNK2andNK3reCePtOrS・Inthis chapter，the slgnaling pathway  

inducedbyeachoftheendogenousNK2andNK3reCePtOrSWaSinvestigated  

uslngthiscellsystem・  

ⅠⅡ・2．MATERIALSANDMETHODS  

ⅠⅠⅠ．2－1．Materials  
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The materials usedin CHAPTERIIwere obtained as describedin  

CHAPTERII－2－1・Allothermaterialswerepurchasedasfollows：myO－［2－3Ⅰ月  

inositol（10－20Ci／mmol），fromAmershamInternationalpIc（Bucks，UK）；  

U73122 ［1－［6－［［17β－3－methoxyestra－1，3，5（10）－trien－17－yl］amino］hexyl］－1牲  

PyrrOle－2，5－dione］，fromFunakoshi（Tokyo，Japan）；0－COnOtOXinGVIA，from  

PeptideInstitute，Inc・（Osaka，Japan）；nifedipine，ionomycin，3－isobutyl－1－  

methylxanthine（IBMX）and forskolinfromWako Pure ChemicalIndustries  

（Osaka，Japan）；Medium199，fromNissuiPharmaceutical（Tokyo，Japan）．All  

Otherchemicalswereofreagentgrade・  

III・2・2．Synthesis ofpeptides  

Allpeptidesusedinthisstudyexceptfor（かCOnOtOXinweresynthesized  

uslngSOlidphasechemistrylnCOnVentionalglassreactionvesselsasdescribed  

inCHApTERII・SenktideandsecretinweresynthesizedbyFmocstrategy，and  

NKAbyBocstrategy．  

ⅠⅠⅠ・ヱ・3．Cellculture  

Murine neuroblastoma C1300 cells were cultured under the same   

COnditions asdescribedinCHAPTERII．  

ⅠⅠⅠ・2・4．The measurementor【Ca21i  

Themeasurementof［Ca2＋］iWaSPerformed as describedin CHAPTER  

II．To omit extrace11ular free Ca2＋from the buffer，4mM EGTA（final  

COnCentration）was addedbefore thestimulation．In experiments to examine  

theeffectsofnickel，nifedipine，u－COnOtOXin and U73122，thesedrugs were  

added2minbeforethestimulation．  

III・2－5．ThemeasurementofPIhydrolysIS  
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Formationof［3H］inositoIphosphateswasmeasuredbyamodificationof  

themethodofBerridgeetal・（1983）・Dispersedcellswereprelabeledfor24h  

With3匹Ci／mlofmyo－［2－3叫inositolin Medium199containingl％FCS  

underanatmosphereof5％CO2／95％airat370c．Then，thecellswerewashed  

twicewithHEPES－bufferedsolutioncontainlnglOmMLiCl，andsuspendedin  

thesamesolutionatabout3・0×106cells／ml・Aliquotsofthecellsuspension  

（360LLl）werepreincubatedfor20mininthepresenceorabsenceof3．3トLM  

U73122．The ce11swerethen stimulatedby the additionof40匹1stimulant，  

incubatedforlOsat370c，andthereactionquicklyterminatedbytheaddition  

Of80トLlofice－COld20％perchloricacid・Afterincubationfor20minonice，  

theprecipitatewasremovedbycentrifugationat2，000×gforlOminat4OC．  

Thesupernatant（430pl）wasneutralizedwithl・5MKOHcontaining60mM  

HEPES，keptonicefor24h，then theprecipitatedKClO4WaSremOVedby  

Centrifugation at2，000×g forlO min at4Oc．water－SOluble radiolabeled  

inositoIphosphateswere separated by anion exchange chromatography．The  

SuPernatantWaS aPPlied to acolumncontaininglmlofDowexlx8resin  

（100－200mesh，formate form；MuromachiKagaku，Tokyo，Japan）・Free  

inositolandglycerophosphoinositoIwereelutedwithlOmlofwaterand5mM  

disodium tetraborate／60 mM sodium formate，reSPeCtively．Inositol  

monophosphate，inositolbisphosphates andinositoltrisphosphates（IP3）were  

thensequentiallyelutedwith6mlof O．1M formic acid／0．2M ammonium  

formate，0．1M formic acid／0．4M ammonium formate and O．1M formic  

acid／1．OMammoniumformate，reSPeCtively．TheIP3eluatewasmixedwith  

aqueous counting scinti11ant，and［3H］IP3 WaS quantified by scintillation  

COunting．  

ⅠⅠⅠ－ユー‘．CyclicAMIIassay  

The detached cellswere washed twice with HEPES－buffered solution，  

andresuspendedinthesamebuffer・Afterincubationfor15minat37Oc，the  

44   



Cells（ce11density：about5．0×105cells／190pl）wereresuspendedinHEPES－  

bufferedsolutioncontainingl・OmMIBMX，Whichinhibitsthedegradationof  

CyClicAMP，andincubatedat370Cfor20min・Thenthecellswerestimulated  

by addition oflOト11stimulant．Afterincubation at370c forlO mln，the  

reaction was terminated by addition of50 plof25％（w／v）iceqcold  

trichloroacetic acidinto eachtube．To extract theintracellular cyclic AMP  

COmPletely，eaChtubewasfrozenaト700Cfor2mln，andimmediatelythawed  

at37Oc；this process was carried out three times・The extracts were  

Centrifugedat8，000rpmforlOmln，andthesupernatantwaswashedthree  

times with3volumes of diethylether saturated withwater to remove the  

trichloroaceticacid．Thereafterthesupernatantwasincubated at650cfor15  

mintoremoveresidualdiethylether，andthenthecontentsofcyclicAMPwas  

measured byradioimmunoassayusingacyclicAMPkit（YAMASA，Tokyo，  

Japan）・  

ⅠⅠⅠ・2・7．Statistics  

StatisticalanalysiswascarriedoutasdescribedinCHAPTERII・  

ⅠⅡ・3．RESULTS  

III・3・1．工nvo）vementofinternalandexternaICa2＋in NK2and NK3  

receptor－mediated Ca2＋mobi）ization  

Firstly，itwasexaminedwhetherinternaland／orextrace11ular Ca2＋was  

responsibleforthe［Ca2＋］iincreasesinvoIvedinNK2andNK3reCeptOrS・To  

activatetheNK20rNK3reCePtOrSeXPreSSedintheC1300cellsindependently，  

thesecells werestimulatedby3．3トtMNKA（inthepresence ofl・0トIMSR  

142801）orl・0匹Msenktide，reSpeCtively，aSdescribedinCHAPTERII・As  

ShowninFig．III－1，the［Ca2＋］iincreasesdependentontheactivationofNK2  

andNK3reCePtOrSOCCurredevenintheabsenceofextracellularCa2＋）butthe  
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maximalincreases were reduced to57±2and43±4％ofthelevels seenin  

thepresenceofextrace11ular Ca2十，reSPeCtively・In addition，WhenNK2and  

NK3reCePtOrSWereaCtivatedinthepresenceofl・OmMnickel，aninorganic  

Ca2＋influxblocker（Rinketal・，1990），themaximalincreasesin［Ca2＋］iWere  

attenuated to84±3and77±6％ofthelevelsin the absence of nickel，  

respectively（Fig・III－1）．Thesefindingsindicatedthattheincreasesin［Ca2＋］i  

throughtheactivationofbothNK2andNK3reCePtOrSareduetothecombined  

mobilizationofinternalCa2＋andtheentryofextracellularCa2＋．  

III．3・2．Theinflux of extracellu）ar Ca2＋  

To elucidate whether the Ca2十influx mediated by NK2and NK3  

receptors depends on voltage－dependent Ca2＋ channels，the effects of  

nifedipineando－COnOtOXin，blockersofL－andN－typeVOltage－dependentCa2＋  

Channels（Reuter，1983；01iveraetal・，1984；Rink，1990），reSPeCtively，Were  

examined（Fig．III－2）．Theincreasesin［Ca2＋］iinducedby3・3匹MNKA（inthe  

presenceofl．0トんMSR142801）andl・0い′Msenktide，WereunaffectedbyO・1  

LLM nifedipine andl・0 匹M u－COnOtOXin・In addition，the presence of  

extrace11ular K＋at60mM did not stimulate Ca2＋mobilization（data not  

Shown）．These鋭ndingsindicatedthattheinfluxofextracellularCa2＋bythe  

activation ofNK2andNK3reCePtOrSWaSindependent ofvoltage－dependent  

Ca2十Channels．  

III－3－3・NK2and NK3reCePtOr・mediated PIhydrolysIS and the  

inhibitoryeffect ofU731220ntheseresponses  

TotestwhethertheactivationofNK2andNK3reCePtOrSinducesPLC－  

dependentPIhydrolysis，theformationofIP3WaSmeaSuredasshowninFig・  

ⅠII－3andTABLEIII－1・In these experiments，the cells were stimulated by  

NKAorsenktideforlOs，becauseIP31evelswerefoundtomaximizeaboutlO  

saftertheadditionofstimulant（datanotshown）．Inthepresenceofl・O LLM  
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SR142801，3・3t＾MNKAstimulatedtheformation ofIP3（119．3±4．9％of  

basal，n＝6），andthisresponsewasabolishedby3・3LLMU73122，aPutative  

PLCinhibitor（Bleasdale etal．，1990），（when stimulatedin thepresence of  

U73122，102・5±2・1％ofbasal，n＝6）．Senktideatl．0トLMalsoenhancedthe  

formationofIP3，Whichwasinhibitedby3．3匹MU73122（absenceofU73122；  

108■1±2・0％ofbasal，PreSenCeOfit；102・9±3・7％ofbasal，n＝6）．These  

resultsindicated thatstimulationofNK2andNK3reCePtOrSin C1300cells  

inducedPLCactivation．  

III，3・4・Theinhibitory effect of U73122 0n NK2 and NK3  

receptor－mediated Ca2＋mobiIization  

To determine whetherthe activationofPLCis essentialfor NK2and  

NK3reCePtOr－mediatedCa2＋mobilization，theinhibitoryeffectofU73122was  

examined．U73122inhibitedtheincreasein［Ca2＋］iinducedby3，3トLMNKA  

（in the presence ofl．0ト1M SR142801）andl．0トtM senktide，in a  

COnCentration dependent manner（IC50Values：NKAin the presence of SR  

142801，0．55±0．05ト1M；n＝3，Senktide，0・47±0．03ト1M；n＝3）（Fig・III－4）・  

However，theincreasein［Ca2＋］iinduced byl．0トLMionomycin，a Calcium  

ionophore，WaSnOtaffectedbythiscompoundupto3・3トんM（Fig・III－4）・These  

resultssuggestedtheinvoIvementofPLCforCa2＋mobilizationviaNK2and  

NK3reCePtOrS・  

III・3・5．Effect or the activation ofNK2and NK3reCePtOrS On the  

CyClicAMI，cascade  

ToinvestigatewhetherNK2andNK3reCePtOrSeXpreSSedinC1300cells  

COuPletoadenylatecyclase，theeffectsofNKA（inthepresenceofSR142801）  

andsenktideonthelevelofcyclicAMPin C1300cellswere examined・The  

accumulationofcyclicAMPwasnotinducedby3・3LLMNKA（inthepresence  

Ofl．OLLMSR142801）orl・0トんMsenktide，Whereassecretin，Whichisknown  
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toactivatetheadenylatecyclaseviaGprotein－COuPledreceptors（Rothetal．，  

1984），andforskolin，Whichappearstodirectlyactivatetheadenylatecyclase，  

induceabout4qand18－foldincreasesinthelevelofcyclicAMP，reSPeCtively  

（TABLEIII－2）．Inaddition，itwasalsoexaminedwhethertheaccumulationof  

CyClicAMPinducedbysecretinandforskolinwasaffectedbytheactivationof  

NK2andNK3reCePtOrS・3・3匹MNKA（inthepresenceofl．OLLMSR142801）  

Partiallyinhibitedthe responses to secretin andforskolin（both atlO LIM）  

（about17％andlO％inhibition，reSPeCtively），Whereasl．O LIMsenktidedid  

not（TABLEIII－3）・These銭ndingssuggestedthattheNK2reCeptOrSinC1300  

Ce11smightnegativelyregulatethecyclicAMPcascade．  

ⅠⅠⅠ一4．DISCtJSSION  

WhenthecellswerestimulatedbyNKA（inthepresenceofSR142801）  

and senktide，immediate but transientincreasesin［Ca2＋］iOCCurred．These  

responseswerepartiallyattenuatedintheabsenceofextracellular Ca2＋orin  

thepresence of nickel（Fig・III－1），indicating thatthe transientincreasein  

［Ca2＋］iinvoIvedin NK2and NK3 reCePtOrS WaS dependent on both the  

mobilization ofinternalCa2＋and the entry ofextrace11ular Ca2＋．However，  

thisfindingisnotinagreementwithotherresultsconcerning［Ca2＋］iincrease  

bytheactivationofNK2reCePtOrSaSShowninTABLEIII－4．Forinstance，the  

activationofNK2reCePtOrSartificiallyexpressedinB82fibroblastscauseda  

rapid and transientincreasein［Ca2＋］idependent on only mobilization of  

internalCa2＋（Hendersonetal・，1991）・Intheacinarcellsofthefelinetracheal  

submucosalgland（Nagakietal．，1994）aswellasCHOce11stransfectedwith  

bovineandhumanNK2reCePtOrCDNAs（Eistetteretal・，1991；Subramanianet  

al．，1994），NKAelicited a［Ca2十］iincrease consisting ofboth transient and  

SuStained phases，Which depended on，both the Ca2十influx and the Ca2＋  

releasedfromintracellular Ca2＋StOre（s）（transientphase）andaCa2＋influx  
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only（sustainedphase）・Theseandpresentfindingssuggestedthattheproperty  

ofeachcelltypewoulddeterminethemechanismsbywhichtheactivationof  

NK2reCePtOrSincreasesthe［Ca2＋］i・   

InC1300ce11s，PIhydrolysISWaSStimulatedbytheactivationofNK2  

andNK3reCePtOrS，buttheseresponseswereinhibitedbyU73122（Fig・IIト3  

and TABLEIIト1）．Thisinhibitor also blocked NK2and NK3 reCePtOr－  

mediated［Ca2＋］iincreases，indicating theinvolvement of PLCin these  

responses（Fig・III－4）・In various celltypes，inositoll，4，5－trisphosphate  

（Ins（1，4，5）P3），Whichisproducedbythe activation ofPLC，interacts with  

Ins（1，4，5）P3reCePtOrSOnCa2＋－StOringintrace11ularorganelles，andinducesthe  

releaseofCa2＋（Fisheretal・，1987）・Theseandthepresentfindingssuggested  

thattheNK2andNK3reCePtOr－mediated mobilizationofinternalCa2＋was  

CauSedbyIns（1，4，5）P3，WhichwasgeneratedbyPLCactivation・  

To characterize the nature of the Ca2＋influx by NK2 and NK3  

receptors，theeffectsofnifedipine ando－COnOtOXinwereexamined・Neither  

Of these compounds affected NK2 and NK3 reCePtOトmediated Ca2＋  

mobilization（Fig．III－2）・Thedepolarizationby60mMextracellular K＋did  

notaff6ctthe［Ca2＋］i．Thesefindingsindicatedthattheinfluxofextracellular  

Ca2＋by NK2and NK3reCeptOrSisindependent ofL－Or N－tyPe VOltage－  

dependent Ca2＋channels，SuggeSting that these responses occur through  

VOltage－independent channels・In addition，Since U73122almost completely  

abolishedCa2十mobilizationbyNK2andNK3reCePtOrS（Fig・III－4），theinflux  

OfextracellularCa2＋mayalsobedependentontheactivation of PLC・The  

formation of Ins（1，4，5）P3 and／or inositoll，3，4，5－tetrakisphospate  

（Ins（1，3，4，5）P4）inducedbytheactivationofPLCleadsto a Ca2＋influxin  

SeVeralcellsystems（IrvineandMoor，1986；KunoandGardner，1987；Pittet  

etal．，1989；Irvine，1990；Mochizuki－Odaetal・，1994）・Moreover，CaPaCitative  

Ca2十entrylSalsooneofthemechanismsinvoIvedinCa2＋entry through the  

activationofPLC，Whichitselfisactivated bythe depletion ofintracellular  
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Ca2＋storeS（Putney andBird，1993）．Therefore，the mechanisms of Ca2＋  

influxelicitedbytheactivationofNK2andNK3reCePtOrSin C1300cells  

remaintobeclarified．  

TheactivationofNK2reCePtOrSSlightlyreduced theaccumulationof  

cyclicAMPinducedbysecretinandforskolin，althoughthatdidnotinducethe  

increaseinthelevelofcyclicAMP・TheinvoIvementofNK2reCePtOrSinthe  

cyclicAMPcascadehavebeenreportedbyseveralgroups（DeBernardietal・，  

1991；Eistetteretalリ1991；Nakajimaetal．，1992）．Forexample，WhenNK2  

receptorswereartificia11y expressedin CHOcells，NKAcaused cyclicAMP  

generationbythedirectorindirectstimulationofadenylatecyclase（Eistetter  

et al．，1991；Nakajima et al・，1992）．In contrast，the activation of NK2  

receptors，Which were artificially expressedin C6－2B rat glioma ce11s，  

inhibitedisoproterenol－Stimulated adenylate cyclase activity through the  

elevationof［Ca2＋］i（DeBernardietal．，1991）．Takentogether，these findings  

SuggeStedthatthepropertyofcells，inwhichNK2reCePtOrSWere eXPreSSed，  

WOuld determinethe NK2reCePtOr－mediatedsignalingpathwaysinvoIvedin  

thecyclicAMPcascade・In addition，itwassuggested that the activationOf  

NK2reCePtOrSendogenouslyexpressedintheC1300ce111inemightnegatively  

regulatetheadenylatecyclase，althoughfurtheranalysISisrequiredtoconfirm  

this．Ontheotherhand，the activation ofNK3reCePtOrS affected neither the  

accumulationofcyclicAMPinducedbysecretinor forskolin nor the basal  

level，indicatlngthatNK3reCePtOrSeXPreSSedinC1300cellsdidnotcoupleto  

adenylatecyclase・However，theeffect ofNK3reCePtOrS OnthecyclicAMP  

CaSCademaybetoolittletobedetectable，becausetheNK3reCeptOr－mediated  

［Ca2＋］iincreasewasaboutlO－foldlessthanthatmediatedbyNK2reCePtOrS．   

Inconclusion，thisstudyindicatedthatC1300ce11sendogenouslyexpress  

functionalNK2andNK3reCePtOrS，theactivationofwhichinducedboththe  

formationofIP3andthe［Ca2十］iincrease・Itwassuggestedthat the［Ca2・］i  

increase mediated by NK2and NK3reCePtOrSis dependent on both the  
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mobilization ofinternalCa2＋and the entry of extracellular Ca2＋through  

VOltage－independentchannels・ThemobilizationofinternalCa2＋andtheentry  

OfextracellularCa2＋may both result from PLC activation．In addition，this  

StudyalsosuggestedthepossibilitythatNK2reCePtOrSeXPreSSedintheC1300  

CelllinenegativelyregulatethecyclicAMPcascade．  
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Fig・”］－1・lnvoIvement of extrace］Ju］arCa2＋in the［Ca2＋］．increa＄e  

through the activation of NK2 and NK3 reCePtOr＄，Cells were  

Stimulated with3・3トtM NKA（in the presence ofl．0ト⊥M SR142801）  

（Closed bars）andl－0トIM senktide（OPen bars），and these stimulations  

Weredoneinthepresenceofl・28mMextracellularCa2＋（Control），inthe  

PreSenCeOfl・OmMnickelandl・28mMextrace”ularCa2＋（Nickel），and  

intheabsenceofextracellularCa2＋（EGTA）・Theincreasein［Ca2＋］iis  

plotted as a percentage relative to the response in the presence of 

extracelluIarCa2＋・Dataaremean±SEM（bars）values（n＝3）．Thevalues  

Of［Ca2＋］iStimuFatedbyNKA（inthepresenceofl，OLLMSR142801）and  

SenktideintheabsenceofextracelJularCa2＋orjnthepresenceofnickef  

WereCOmParedwiththoseinthe presenceofextrace”uFarCa2＋us．ng  

StudentIsttest，anddifferenceswithpvaluesof＜0．05wereconsidered  

SJgnificant：Tp＜0．05，柚p＜0．01．  
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receptor－mediated［Ca2＋］（increa＄ebyU73122■Afterincubationwiththe  
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C托孔円ⅧⅧ＝γ  

IDENTIFICATIONOFNKIRECEPTORSIN ANAR42JRAT  

PANCREATICACINARCELLLINEANDINTRACELLUW  

SIGNALTRANSI）UCTIONINDUCEDBYITSRECEPTORS  
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ⅠⅤ・1．INTRODUCTION  

NKlreCePtOrSarerePOrtedtobeendogenouslyexpressedincellsystems  

SuCh as rat parotid gland（Hanley et al・，1980；Merritt and Rink，1987；  

Guillemain et al・，1992），guinea－Pigpancreatic acini（Sj6din et al・，1980），  

astrocytes（Torrensetal・，1986；Marriotetal・，1991），andneonatalratspinal  

neurons（Parsons etal．，1995）．Inaddition，SeVeralestablishedce111ines，SuCh  

asAR42Jrat pancreaticacinar ce11s（Womack etal・，1985；Horstman etal．，  

1988），U373MGhumanastrocytomacells（Lee etal．，1989；Pradier etal．，  

1993），andIM－9humanlymphoblastcells（Payanetalリ1984），alsoexpress  

endogenous NKlreCePtOrS・Results of studies ofthe neurokinin－related  

Slgnalingsin these cellsystemsindicated thattheendogenous NKlreCeptOrS  

arepredominantly coupledto PLC・However，SeVeralexceptions have been  

Observed．Forinstance，although SP activated PLCin theiris sphincters of  

rabbit，bovineand pig，itstimulatedtheaccumulationofcyclicAMPin those  

Ofdog，Cat andhuman（Tachadoet al．，1991）・In canine thyroid slices，SP  

CauSed a prompt but transient riseinthelevelof cyclic AMP and also  

increased the release of thyroid hormones（Yamashita et al．，1983）．In  

addition，theactivationofNKlreCePtOrS，Which are artificially expressedin  

CHOcells，nOtOnlystimulatedthePIhydrolysis，butalsoactivatedthe cyclic  

AMPcascade（Eistetteret al・，1991；Nakajimaetal・，1992）・These findings  

SuggeStedthat typeOfcell，in which NKlreCePtOrS Were eXPreSSed，might  

determinetheintracellular slgnalingsystemsinvoIved・Therefore，Studieson  

theslgnalingpathwaysevokedbyendogenousNKlreCePtOrS muSt nOt Only  

COntribute to the elucidation of the mechanisms of NKlreCeptOr－mediated  

Slgnaling，butalso answerwhytheslgnalingmodesofNKlreCePtOrS differ  

among the cell types. 

Inthischapter，IinvestigatedwhichsignalingpathwayswereinvoIvedin  

theNKlreCePtOrSeXPreSSedinAR42Jratpancreaticacinarcells，lnWhichSP  
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wlasreportedtostimulateamylaserelease（Womacketal・，1985；Horstmanet  

al．，1988）・  

IV，2．MATERIALSANDMETHODS  

ⅠⅤ．2．1．Materials   

MaterialsusedinthischapterwereobtainedasdescribedinCHAPTE  

Iト2－1．orIIト2－1．  

IV・2・2．Synthesisofpeptides  

Allpeptides usedin this study were synthesized uslng SOlid phase  

chemistrylnCOnVentionalglassreactionvesselsasdescribedinCHAPTERII・  

Secretin and gastrin－releasing peptide related decapeptide（GRP－10）was  

SynthesizedbyFmocstrategy，andSP，NKAandNKBbyBocstrategy・  

ⅠⅤ・2・3．Cellculture  

AR42Jratpancreaticacinarce11swereculturedinDMEM supplemented  

With14％（V／v）FCSandantibioticsunderthesameconditiollSaSdescribcdin  

CHAfTERII．  

IV・2－4・Poly（A）＋RNApreparationandRNAblothybridization   

Poly（A）＋RNApreparationandRNAblothybridizationwerecarriedout  

asdescribedinCHAPTERII．  

IV-2-5. The measurement of amylase release 

Confluent AR42Jcells were detached by brief exposure to O．02％  

ethylenediaminetetraacetic acid／0・25％trypsin andimmediately neutralized  

WithanequalvolumeofDMEMmediumcontaining14％（V／v）FCS．After  

beingwashedtwicewiththesamemedium，thecellswereseededin24－Well  
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Platesatadensityofl．5×105cells／wellandculturedfor72h・Then，thece11s  

WereWaShedtwicewiththeHank－ssolution（138mMNaCl，5mMKCl，0．5  

mM MgC12）1・3mM CaC12，0・3mM Na2Ⅰ廿04，0・3mM KH2PO4，4mM  

NaHCO3，0．4mM MgSO4，10mM HEPES，22mM glucose，0・4％bovine  

Serumalbumin，PH7．2），andincubatedwiththesamesolutionfor15min at  

370c・Thesupernatantwasthenimmediatelyremoved，and300トLlof HankTs  

SOlutioncontainlngthepeptidesaddedtoinitiatethestimulation，fo1lowed by  

incubationfortheindicatedtime・NextthesupernatantWaSCOllected，andwas  

Centrifuged at7，000rpmforlminat40ctoremovetheresidualcells・In  

addition，the ce11s platedin the wellwere treated with HankTs solution  

COntainlngl．0％TritonX－100toextractandestimatethetotalamylaseinthe  

Cells・Thecontentsofamylaseinthesupernatantortheextractfromthecells  

were measured by the kit for amylase measurement，Neo・Amylase Test  

”DAIICHI”（DaiichiChemical，Tokyo，Japan）・  

ⅠⅤ・2－6．Themeasurememtor【Ca21i   

Basically，themeasurement of［Ca2＋］iWaS Performed as describedin  

CHAPTERII，eXCePtthatthecellswerestimulatedat370C・  

IV・2・7．ThemeasurementofPIhydrolysIS   

Formation of 3H－inositoIphosphates was measured by a minor  

modificationofthemethodasdescribedinCHAPTERIII・Briefly，COnfluent  

AR42Jce11sweredetachedasdescribedinIV－2－5，andthece11swereseededin  

24－Wellplatesatadensityofl・5×105cells／wellandculturedfor48h・The  
cellswerethenlabeledwith3LLCi／mlofmyo－［2－3IqinositolinMedium199  

containingl％FCSunderanatmosphereof5％CO2／95％airat370Cfor24h・  

ThecellswerewashedtwicewithHEPES－bufferedsolutioncontainlnglOmM  

LiCl，andincubatedwiththesamesolutionfor15minat370c・Thereafterthe  

supernatantwasremoved，and500plofHEPES－bufferedsolutioncontaining  
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thepeptideswasaddedtoinitiatethestimulation・Afterincubationfor the  

indicatedtime，thereactionwasterminatedbyadditionoflOOL＾lofice－COld  

20％（w／v）perchloricacid，followedbyfurtherincubationonicefor20min  

to completely extract theinositoIphosphates・The extracts were then  

centrifuged atlO，000rpm for5min at4Oc，and the supernatant was  

neutralized withl．5M KOH containlng60mM HEPES・Next，the water－  

soluble radiolabeledinositoIphosphates were separated by anion exchange  

chromatographyasdescribedinCHAPTERIII，and【3H］IP3WaSquantifiedby  

SCintillationcounting．  

ⅠⅤ・2・臥CyclicAMPassay  

Thestimulationbyagonistsandthemeasurementofthecontentsofcyclic  

AMPwereperformedasdescribedinCHAPTERIII．  

IV・2－9．Statistics  

StatisticalanalysiswascarriedoutasdescribedinCHAPTERII．  

ⅠⅤ・3．RE首ULTS  

IV－3・1・Amylasercleaseinducedby SPandGRP－10   

IthasalreadybeenreportedthatSPstimulatesthereleaseofamylasein  

AR42Jcells（Womacketal・，1985）・Therefore，theeffectofSPontheamylase  

release was examined to determine whether neurokinin receptors were  

expressedinAR42Jcells，aS Wellas to confirm the results reported by  

Womacketal・AsshowninFig・IV－1，theamylasewasspontaneouslyreleased  

evenwithoutthestimulation・Bothl・O LLM SP andlO nM GRP－10，Whose  

receptorsareknowntobe expressedinthis cellline（Christophe，1994），  

enhancedthebasalamylaserelease，andtheireffectscontinuedforatleast45  

minafterthestimulation（Fig．IV－1）．Inaddition，theeffectsofSPandGRP＿  
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10wereconcentration－dependent（EC50：SPO・53nM，GRP－1010pM，Fig．  

IV－2）・These findingssuggestedthepresenceofneurokininreceptorsin the  

AR42Jcellline．  

IV・3・2・IdentificationofNKlreCePtOrSintheAR42Jcel11ine   

TostudywhichtypesofneurokininreceptorsareinvoIvedintheamylase  

releaseevokedbySP，ablotqhybridizationanalysis ofpoly（A）＋RNAusing  

eachofthecDNAprobesforNKl，NK2andNK3reCePtOrSWaSperformed  

（Fig・IV－3）・NKlreCePtOrmRNAwasexpressedinthiscellline，WhereasNK2  

andNK3reCePtOrmRNAswerenot，SuggeStingthatonly NKlreCePtOrS are  

expressedinAR42Jcells．Therefore，theefEectsofneurokininsandneurokinin  

receptoragonistsonboththe［Ca2＋］iandtheamylasereleasewereexaminedto  

elucidatewhetherthesereceptorsarefunctional・Asshownin Fig．ⅠⅤ－4，SP，  

NKA，NKB and SP－OMe（an NKlreCePtOr agOnist）inducedthe［Ca2＋］i  

increaseinaconcentration－dependentmanner（EC50Values：SP4．8±0．8nM，  

NKA86±37nM，NKB81±16nM，SP－OMe35±10nM；n＝5），theorderof  

POtenCy being SP＞SP－OMe＞NKA＝NKB，Whichisin agreement with the  

pharmacologicalcharacterizationofNKlreCePtOrS（Maggietal・，1993；Buck，  

1994）．In contrast，［βAla8］NKA（4－10）and senktide，Which are selective  

agonistsforNK2andNK3reCePtOrS，reSPeCtively，didnotstimulatethe［Ca2＋］i  

increase．Inaddition，SP，NKAandNKBalsoinducedtheamylasereleaseina  

concentration－dependentmanner，theorderofpotencybeingSP＞NKA＝NKB  

（EC50Values：SPl．5nM，NKA44nM，NKB26nM；n＝5－6）（Fig■IV－5）・  

These resultsindicated thatAR42Jce11s endogenously expressedfunctional  

NKlreCePtOrS，butnotNK2andNK3reCePtOrS・  

IV・3q3．PIhydrolysIS and Ca2＋ mobilizationinduced by the ●   

activation ofNKlreCeptOrS  
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It wasinvestigated whether NKlreCePtOrS PreSentin AR42Jcells  

stimulatePIhydrolysistoinducetheformationofIP3andtherisein［Ca2十］i・  

Bothl．0トLMSPandlOnMGRP－10stimulatedtheformationofIP3（Fig．IV疇  

6）．TheaccumulationofIP3inducedbySPreachedpeaklevelwithin5－10s，  

buthaddecreasedtobasa11evelwithin180s．Incontrast，GRP－10－inducedIP3  

formation also reached peaklevelwithin5－10s，but was sustained．These  

findingssuggestedthatSPandGRP－10stimulatedthePIhydrolysISinAR42J  

Cells，and furthermore that the NKlreCePtOrS eXPreSSedin AR42Jcells  

COuPledtoPLC・  

SPandGRP－10alsocausedarisein［Ca2＋］iinaconcentration－dependent  

manner（EC50：SPO・7nM，GRP－1021pM，Fig．IV－7）．Evenwhenthecells  

Were Stimulated by O．1ト1M SP orl．O nM GRP－10in the absence of  

extracellularCa2＋，arisein［Ca2＋］iSti1loccurred，butmaximalresponseswere  

reduced to about29 and 22％ of thelevels observedinits presence，  

respectively（Fig．IV－7and8）・Furthermore，theinhibitoryeffectsofU73122，  

aputativePLCinhibitor，Onthe［Ca2＋］iincreasesinducedbySPand GRP－10  

were examined to determine whether these responses were due to the PLC 

activation．Inthepresence oflOトLMU73122，themaximal［Ca2＋］iincreases  

evokedbyO．1トLMSPandlOnMGRP－10inboththepresenceandabsenceof  

extracellularCa2十Werereducedtoabout5％ofthelevelsinitsabsence（Fig．  

IV－9）．TheseresultssuggestedthatNKlreCePtOr－mediated【Ca2＋］iincreasewas  

dependentontheCa2十releasefromintracellularCa2＋storesandtheinnuxof  

extracellularCa2＋，bothofwhichmightbemediatedbytheactivationofPLC．  

IV・3・4．Effect of the activation of NE・1reCePtOrS On the cyclic  

AMP cascade   

TostudywhethertheNKlreCePtOrS Were COuPled to the cyclicAMP  

CaSCade，theeffectsofSP，SeCretinandforskolinonthelevelofcyclicAMPin  

AR42Jcells were examined．Secretin and forskolin appear to activate the  
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adenylatecyclasebyindirect（viatheGproteinNCOuPledreceptors）anddirect  

PrOCeSSeS，reSPeCtively・AsshowninTABLEIV－1，1・0匹MSPdidnotaffect  

thelevelofcyclic AMP，althoughl・O LLM secretin andlO LLM forskolin  

inducedabouta3－and6－foldincrease，reSPeCtively・Inaddition，theeffectof  

SPonthe secretin－andforskolin－induced cyclicAMPgenerationwas also  

Studiedtodetermine whetherNKlreCePtOrS negativelyregulate adenylate  

CyClase（TA月LEIV－2）・ThefbrmationofcyclicAMPevokedbyl．O LLM  

SeCretinandlOpMforskolinwasunaffectedbyl・OLLMSP・Thesefindings  

indicatedthattheNKlreCePtOrSeXPreSSedinAR42Jce11sdidnotcoupletothe  

CyClicAMPcascade．  

ⅠⅤ－4．DISCtJSSION   

Inthepresent study，a［Ca2十】irise mediated by the activation ofNKl  

receptorswasobservedevenintheabsenceofextracellularCa2＋（Fig．IV－7  

and8）・Horstman et al・（1988）alsoindicated that SP evoked the Ca2・  

mobilizationinthe presence and absenceofextracellularCa2＋intheAR42J  

Cellline・In addition，the NKlreCePtOr－Stimulated［Ca2十］iincrease was  

markedlyinhibited by U73122（Fig．IV－9）．It has been shown that  

Ins（1，4，5）P3，Whichisgeneratedfromphosphatidylinosito14，5－bisphosphateby  

theactivationofPLC，aCtivatestheIns（1，4，5）P3reCePtOrS OninternalCa2十  

StOreS tOinduce the release of Ca2＋in a variety of celltypes（Fisher and  

Agranoff，1987）．Furthermore，ithasbeenreportedthatIns（1，4，5）P3induced  

theCa2＋releasefrominternalCa2＋storesinpermeabilizedAR42Jcells（Bird  

etal．，1991）．TakentogetherwiththeresultthattheNKlreCePtOrS aCtivated  

thePLCtogenerateIP3，itissuggestedthatthe［Ca2＋］iriseinducedbyNKl  

receptorswas，atleastinpart，dependentontheCa2＋releasefromtheinternal  

Ca2十StOreS，WhichmightbemediatedbyIns（1，4，5）P3．  
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Ontheotherhand，themaximal［Ca2＋］irisemediatedbyNKlreCePtOrSin  

theabsenceofextracellularCa2＋wasmuchsmallerthanthatinthepresenceof  

extracellularCa2＋（Fig．IV－7and8）．Therefore，theNKlreCePtOr－mediated  

［Ca2十】irisemightbepartiallyduetotheCa2＋influxfromextracellularCa2十・  

Indeed，Gallacheretal．（1990）reportedthat，althoughSPinducedthe［Ca2＋］i  

riseinthepresenceofextrace11ularCa2十，thisresponsewas abolishedinthe  

absenceofextracellularCa2＋，Whichsuggestedthatitoccurred via theCa2＋  

innux．However，this findinglS nOtin agreement with the present result  

indicatingthat SPinduced the［Ca2＋］iincrease evenin the absence of  

extracellularCa2＋・Therefore，furtherinvestigationisrequiredtoelucidatethe  

mechanismsoftheinfluxfromextracellularCa2十mediatedbyNKlreCePtOrS  

inAR42Jcells．   

Inconclusion，thepresentstudyindicatedthattheAR42Jcellsexpressed  

endogenous NKlreCePtOrS，but not NK20r NK3 reCePtOrS．It was also  

SuggeStedthatNKlreCePtOrSaCtivatedthePLCtogenerateIP3Which，inturn，  

CauSedtheCa2＋releasefromtheintracellularCa2＋storestoinducethe［Ca2十】i  

rise，and thatthesereceptors didnotcoupleto the cyclicAMP cascade．In  

addition，thisstudyshowedthattheAR42Jce111ineisausefultooIwithwhich  

toinvestigate thepharmacologicalfunctions andthe slgnaling pathways of  

endogenous NK1 receptors. 
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Fig．IV・2．Concentration－re＄POn＄e CurVeS Of SP and GRP－10for  

amylase re］ea＄e・AR42JcelJs were stjmuJated by theindicated  

COnCentration ofSP（OPen CjrcIes）and GRP－10（CJosed circles）for30  

min．ThevatuesareexpressedasapercentagereIativetothemaxima］  

responseinducedbyeachpeptide．  

70   



せ㌧軒㌧軒  

PrObe  

28S－   

18S－  

Fig・1V・3・RNAbJotsofpoJy（A）＋RNAfromAR42JceJJsusingeachof  

thecDNAprobesforNKl，NK2，andNK3reCePtOrS・  

71   



（
¢
望
】
O
d
s
巴
－
巾
∈
冥
d
∈
、
ボ
）
 
 

¢
S
芯
」
O
u
芸
＋
N
d
O
〓
d
∈
扇
巾
≡
 
 10－1110・1010・9 10－8 10・710・610－5  

【Peptide］（M）  

Fig・IV・4・Concentration・reSPOn＄e CurVe＄Of the［Ca2＋］iincrea＄e  

evoked by neurokinin and related peptide＄in AR42Jce［f＄．Cells  

WereStimufatedwiththeindicated concentrationsofSP（OPen CircIes），  

NKA（CJosed circ［es），NKB（OPen SquareS），SP－OMe（Closed squares），  

［βAIa8］NKA（4－10）（OPentriangJes）andsenktide（CIosedtriangles）．The  

［Ca2＋】ijncreasesareexpressedasapercentagereJativetothemaximal  

responseinducedbyO．1トtMSP．Dataaremean±SEM（bars）vaJuesof  

fiveindependentexperiments．  
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Fig．N・5．Concentration・reSPOn＄e CurVeS Of the amylase re］ease  

evokedbySP，NKAandNKBinAR42JceJr＄・CeJJswerestimulatedw托h  

仇ejndicatedconcentradonsofSP（OPenCircJe軌NKA（CJosedcirc［es）and  

NKB（OPen Square亘．Amyhse reIeaseis expressed as a percentage  

reta仙etothemaximaJresponseinducedbyl．OLAMSP．Dataaremean±  

SEM（bars）vaJuesoffiveorskindependentexperiments・  
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Fig．1V・6．Timecou＄eOf（P3formationinduced bySPandGRP・  

10．AR42Jce］lswereexposedtol．O LLMSP（OPen CircJes）andlO  

nMGRP－10（Closedcircles）・FormationofLP3WaSeXPreSSedasthe  

VaJuesoftheagonist－Stimulatedformation，  
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Fjg・rV・7・Concentrationqre＄POnSeCurVeSOfthe［Ca2＋］iincreaseevoked  

by SP and GRP・10in the pre＄enCe Orabsence of extrace”uLar Ca2・．  

AR42JceJJswerestjmuJatedby廿1ejndicatedconcentratbnsofSP（Cirdes）and  

GRP－10（SquareS）in the presence（OPen Symbol司Or absence（dosed  

Symbob）ofextraceIlularCa2＋．  
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Fig．rV・8．Effects of SP and GRP・100n［Ca2＋］iin the presence or  

ab＄enCeOfextrace］1ularCa2＋・AR42Jce］1swerestimulatedbyO・1l⊥MSP  

（a，C）andl・OnMGRP－10（b，d）inthepresence（a，b）orabsence（C，d）of  

extracerIuJarCa2＋．ArrowheadsjndjcatetheadditionOfSPorGRP－10．  
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andinthepresence（a，b，e，f）andabsence（C，d，g，h）ofextrace［［uJar  
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Thepresentstudyshowsthatallneurokininreceptorshavetheabilityto  

Stimulate PIhydrolysis・The stimulation of PIhydrolysis was shown to  

regulateavarietyofcellfunctionssuchasexocytosis，COntraCtionofsmooth  

muscles and cellproliferation（Dennis et al・，1991；Rhee et al．，1991）．  

Therefore，thebiologicalfunctionsofneurokininsmaybealsoelicitedthrough  

thisslgnalingpathway・Ontheotherhand，manyOther studiesindicatedthat  

neurokinin receptors could stimulate orinhibit the adenylate cyclasein  

Particular cellsystems（Eistetter et al．，1991；DeBernardiet al．，1991；  

Nak再imaetal．，1992）．Thesefindingssuggestedthatthefunctionsinducedby  

neurokinins couldoccur through the cyclic AMP cascade．To elucidate the  

mechanismsofthebiologicalfunctionsofneurokinins，theintracellularslgnal  

transductionpathwaysresponsibleforeachfunctionshouldbeinvestigated．  

Why do theslgnalingmodesofneurokininreceptors differ amongce11  

types？G protein－COuPled receptors such asneurokinin receptors appear to  

transducetheextracellularslgnaltoseveraltypesofGproteinswhich，inturn，  

activate effectors such as PLC and adenylate cyclase（Gilman，1987）．The  

activationofeacheffectorismediatedbyaspecifictypeofGprotein（Gilman，  

1987）・Forinstance，theGqtypeofGproteinisinvoIvedintheactivationof  

PLC，While the Gs and GityPeS are COnCerned with the activation and  

inhibitionofadenylatecyclase，reSPeCtively．Therefore，neurOkininreceptor－  

mediatedsignalingpathwaysmaybedeterminedbytheaffinitybetweenthese  

receptors andeachtypeofGprotein，thatistosay，theneurokininreceptors  

mayinteractwithtypeGqtoactivatePLCpredominantly，Sinceneurokinin  

receptorshavehighaffinitywithGq・However，becausetheaffinitybetween  

the neurokinin receptors andtype Gsislower than that between these  

receptorsandGq，theneurokininreceptorsmaybeabletotransducetheslgnal  

to Gs and to activate the adenylate cyclase onlyin particular ce11types  

expresslng high amounts of Gs type G protein，Or OVereXPreSSlng the  

neurokinin receptors・Indeed，although neurokinin receptors artificially  
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expressedinCHOce11sactivatetheadenylatecyclasetogeneratecyclicAMP，  

theexpressionlevelofthereceptorsinthissystemwasmuchhigherthanthat  

inthecellsystemsexpressingendogenousreceptors（e．g．NKlreCePtOrS；CHO  

Ce11s，about 2，75 ×105 receptors／cell；AR42Jcells，aboutl．0 ×104  

receptors／cell）（Nakajimaetal．，1992；Womacket al．，1985）・Furthermore，  

althoughendothelin－1（ET－1）didnotmediateinhibitory actionon forskolin－  

StimulatedcyclicAMPaccumulationinCOS－7cellstransfectedwitheachtype  

Ofendothelinreceptors，it couldwhencotransfectedwith GityPe Gprotein  

（Takigawa et al．，1995）．These findings support the hypothesis that the  

SlgnalingpathwaysinvoIvedinnotonlyneurokininreceptors，butalsootherG  

protein－COuPled receptors may be determined by the affinity between each  

typeofGproteinandthesereceptors，thatis，the amountsofreceptors and  

eachtypeofGproteinsinacellaswellasthedistributionofthemcontrolthe  

COuPling efnciency between them・Itis necessary to estimate the affinity  

betweenreceptorsandGproteinsdirectlytoelucidatethishypothesis．  
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CONCLUSION  
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Inthepresentstudy，theintrace11ularslgnaltransductioninvolvedineach  

typeofendogenousNKl，NK2andNK3reCePtOrWaSinvestigatedtoelucidate  

the slgnaling pathways essentialto the biologicalfunctions of neurokinins．  

BecausecellsystemsexpresslngendogenousNK2and／orNK3reCePtOrS have  

yettobeestablished，Ce111ineswerefirstlyscreenedasdescribedinCHAPTER  

II．It was demonstrated that the murine neuroblastoma C1300 ce111ine  

expressed the NK2and NK3 reCePtOrS endogenously，and that this NK2  

receptor subtype differed fromknown receptors・In addition，this study  

revealed that the NK2 and NK3 reCePtOrSin this cel11ine could be  

independentlyactivateduslngSelectiveagonistandantagonist，Whichmadeit  

POSSible toinvestigate theindividualslgnaltransductions evoked by these  

endogenous receptors・Asshownin Fig・II－12，Only NK2，and not NK3  

receptors，Were aCtivated by NKAin the presence of an NK3 reCePtOr  

antagonist，SR142801・In contrast，aCtivation of NK3reCePtOrS WaS Only  

inducedbytheNK3reCePtOragOnist，Senktide・   

In CHAPTERIII，a Study of theindividualintrace11ular slgnaling  

PathwaysinvolvedinendogenousNK2andNK3reCePtOrSuSlngtheC1300cel1  

1ineispresented．AsshowninFig．VI－1，thisstudyindicatedthattheactivation  

OfNK2andNK3reCePtOrS aCtivated the PLC to generateIP3・It was also  

revealedthattheiractivationcausedincreasesin［Ca2＋］i，Whichweredependent  

onboth the Ca2＋release from theintracellular Ca2＋stores and theinflux of  

extracellular Ca2十Via voltage－independent channels．Furthermore，it was  

SuggeStedthatboththemobilizationfrominternalCa2＋andthe Ca2＋influx  

resultfromtheactivationofPLC．Inaddition，thisstudyalso suggestedthat  

the activation of NK2reCePtOrS mightinhibit theincreased activity of  

adenylatecyclaseevokedbystimulantssudhassecretinandforskolin・   

InCHAPTERIV，aStudyshowlngthatAR42Jratpancreaticacinarce11s  

expressedonlyNKl，andnotNK20rNK3reCePtOrSisdescribed・Further，the  

SignalingpathwaysinducedbyNKlreCePtOrSisdiscussed（Fig・VI－2）・Itwas  
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demonstratedthattheNKlreCePtOrS eXPreSSedinAR42Jcellsincreasedthe  

activityofPLCtogenerateIP3，butdidnotactivateorinhibitthatofadenylate  

CyClase・In addition，this study also showed that the activation of NKl  

receptorselicitedtherisein［Ca2＋］i，Whichwas，atleastinpart，dependenton  

theCa2＋mobilizationfromtheintracellularCa2＋stores．  

Finally，thisstudyshowsthatC1300cellsandAR42Jcellsareveryusefu1  

toinvestigatetheslgnalingpathwaysinducedbyneurokininreceptors as well  

astoexaminepharmacologicalfunctionsofneurokinins．  
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