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Abstract   

In this study，Weinvestigated the effects ofozone（03）exposure on expressionofcelト   

Surface molecuユes associated with antigen presentation and on accessory activity of   

bronchoalveolarlavage cells（BAL cells）・Rats were exposed toIppm O，fbr3days・   

Expressionofcell－Surfacemoleculeswasmeasuredbyflowcytometry．Accessoryactivityof   

BALcellswasassessedbythe allogeneicmixedlymphocytereaction（MLR）andspec泊c   

antlgen－PreSenting activity・03eXPOSureincreased the expression ofIa，B7・1，B7・2，and   

CDllb／c on BALcells・Morphologicalandimmunologicalstudies showedtheIa－POSitive   

Cellstohavemonocyte－1ikefeatures．PeripheralbloodmonocytesexpressedIa，B7・1，B7・2，   

andCDllb／c・TheIaexpressiononthemonocyteswasfurtherincreasedbytreatmentofthem   

withBALfluidffomO，－eXPOSed rats（0，－BALF）・Residentalveolarmacrophages，however，   

didnotexpressIaantigen，andtheIaexpressionwasnotincreasedbyO3－BALF．Neutrophils，   

Which alsoinfiltratedin response to O3eXPOSure，did not expressIa，B7．1，and B7．2．   

Therelbre，infiltratingmonocytes may have caused theincreased expression ofIaand B7   

moleculesonBALcellsexposedtoO、・TheaccessoryactivityofBALcellsintermsofMLR   

andspecincantigen－PreSentingactivitywasalsoenhancedbyO3eXPOSure・Thepresentstudy   

SuggeStSthatmonocytesinnltratinglnreSPOnSetOO，eXPOSureCauSedenhancementsofthe   

expressionofIaandcostimulatorymoleculesonandtheaccessoryactivityofBALcells．  

KeyWords：OZOne，bronchoalveolarlavagecells，aCCeSSOryaCtivity，Iaantigen，B7molecules，   

CDllb／c，andmonocytes   



Abbreviations：AEC，alveolarepithelialcells；Air－BALF，BALfluidfromair－eXPOSedrats；   

AM，alveolar macrophages；BAL cells，bronchoalveolarlavage cells；BALF，BALfluid；   

BrdU，5bromo－2f－deoxyuridine；BSA，bovineserumalbumin；FBS，fetalbovineserum；LNC，   

1ymphnodecells；MLR，mixedlymphocytereaction；03，OZOne；03－BALF，BALFfromO3－  

exposedrats；PBMC，Peripheralbloodmononuclearce11s；PBS，Phosphate－bufferedsaline；  

RlO，RPMI1640mediumcontaiminglO％heat－inactivatedFBS，100mg／mlpemicillin，and   

lOOU／mlstreptomycin  
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INTRODUCTION   

Recently，allerglC aSthma and rhinitis appear to beincreaslngln many COuntries，and  

PreViousreportshaveshownthattheseallergicdisordersareassociatedwithairpollutants  

（Leikaufetal．，1995；Koren，1995）・Epidemiologicalstudieshavealsoshownarelationship  

betweenO，andtheprevalenceofasthma（Balmes，1993）・Accordingly，0，mayinducean  

attackofairwayallergicdisordersoraggravationofsymptoms・Airwayhyperresponsiveness  

andenhancementofIgEproductionarefeaturesofairwayallergicdisorders・Themechanism  

ofairwayhyperreSPOnSivenessinducedbyO3eXPOSurehasbeenanalyzedfromvariouspoints  

Ofview（Kobayashi，1996）・ExposuretoO，enhancestheactivityofIgE－COntainingcellsinthe  

lungs（Gershwinetal．，1981）・TherearemanyfactorsthatcontributetoIgEproduction，SuCh  

asantlgen－PreSentingactivity，dilferentiationandproliferationoftypeIIhelperT－CellsandB－  

Cells，CytOkines，andchemokines・ItisthusnecessarytoexaminetheeffectofO3eXPOSureOn  

thesefactorsinordertoclarifythemechanismsofenhancementoflgEproduction・  

Antigen－ladenbronchoalveolarlavage（BAL）cellsmaypresenttheantigentohelperT－Ce11s  

inthelungsandlymphnodesaftermlgration・Therefbre，anincreaseintheantigen－PreSenting  

activityofBALcellswouldplayanimportantroleintherecruitmentofeosinophilsand／or  

enhancementofIgEproduction・Toourknowledge，however，therearenoreportsthatshow  

the effectofO30ntheantlgen－PreSenting activityofBALcells・Ithasbeenreportedthat  

monoclonalantibodiesagainstMHCclassII（Ia）antigencansuppresstheT－Ce11proliferation  

elicitedbyMLR（Gotzeetal・，1975）andspeci且cantigenpresentation（Niederhuberetal・，  

1977）．Therefbre，theexpressionofIaisessentialtoantigenpresentation・Residentalveolar  

macrophages（AM）functionpoorlyasantigen－preSentingce11s・Itwasreported，however，that  

IaexpressioninBALcellswasincreasedbyexposuretosilica，aSbestos，andtobaccosmoke  

（Struharetal・，1989；Hartmannetal・，1984；Higashimotoetal・，1994）・Monoclonalantibodies  

againstcostimulatorymoleculessuchasB7・1，B7・2，CDllborCDllccouldalsosuppressthe  

T－CellproliferationcausedbyMLR（Lanieretal・，1995；Van－Gooletal・，1994；Landryetal・，  

1990；Xuetal．，1992）orbyspecificantigenpresentation（Lenschowetal・，1993；Freemanet  

al．，1993；Meunier et al・，1994）・These data suggest thatIa antigen and costimulatory  
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molecules are necessary for MLR as they are for antigen presentation・ThereR）re，the  

accessoryfunctionintheMLRcanequa11yestimatethatinantigen－PreSentation・Exposureto  

O，increasesthemarkersofallergiclungdiseasesuchasIgE－COntainingcells（Gershwinetal・，  

1981）oreosinophils（Bassettetal・，2000）inthelungs・03－inducedstimuliinthelungsmay  

alsoincrease the expression of cell－Surface molecules associatedwith antigen－preSenting  

activityinBALcells・ThentheBALcellsexpresslngthesecell－Surfacemoleculesmaytransit  

tothelymphnodesandpresenttheantigentoT－Cells・Astherearenoreportsthatshowthe  

effectofO30nthe expressionofIaandcostimulatorymoleculesonBALcells，itisthus  

importanttoelucidatewhetherO3affectstheexpressionofthesecell－Surfacemoleculesonthe   

BALcells．   

AIveolarmacrophagesareaccountedfbrprlmari1ybytherecruitmentofcirculatingblood  

monocytes（Struharetal・，1990；Trykaetal・，1984）・ThenumberofBALcellsincreasesin  

responsetoavarietyofinflammatorystimuli，andtheseinfiltratlngCellsexpressIaantigento  

a greater degree than resident AM（Bowden andAdamson，1980；Blusse et al・，1983）・  

Therelbre，03eXPOSuremaylnCreaSetheexpressionofcell－Surfacemoleculesassociatedwith  

antigen－PreSentingactivityonBALcellsbyafEectingtheinfiltratingmonocytes・  

Inthisstudy，Weinvestigatedl）theeffectofO，eXPOSureOntheexpressiononBALcellsof  

celトsurface molecules associated with antigen presentation（Ia antigen，B7・1，B7・2，and  

CDllb／c），2）whetherinfiltrationofmonocytesrnayreneCttheO，－inducedchangesinthe  

expressionofBALcell－Surfacemolecules，and3）theefEectofO，eXPOSureOntheaccessory   

activityofBALcells．  

MET忙ODS  

AnimaLg．Specincpathogen－free，maleWistarrats（4weeksold）andFisherrats（4weeks  

old）wereobtainedfromJapanCharlesRiverInc・（Yokohama，Japan）andwereusedat8－10  

weeksofage（Weighing310－380gand200－250g，reSPeCtively）・Theanimalsweregiven  

steriledistilledwaterandCE－2fbod（CLEAJAPANInc・，Tokyo，Japan）・Wistarratswere  

usedinallexperimentsexceptforthepreparationofallogeneiclymphocytesintheMLR・  
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助posuTetOO3・Wistarratswereplacedinstainless－Steelcagesandexposedtol±0・1  

PPmO，Orfilteredairfor3d（24h／d）intwoidenticalchambers（VOlumel．16m3）madeof  

Stainless－Steelandglass・Foodandwaterwasprovidedadlibitumtotheanimalsduringthe  

exposure period・The conditionsin the chambers were as fbllow：temPerature，25±lOC；  

humidity，55±10％；PreSSure，－5mmH？Orelativetoatmosphericpressure；tOtalairnowrate，  

90－100m3／h・0，WaSgeneratedbyasilentdischargeapparatus（ML9811，22245Network  

Place，Chicago，IL）・The concentration of O，WaS COntinuously monitored with a  

Chemi1uminescence－based O，analyzer（Mode18410，MonitorLab・Inc・，U・S・）．Rats were  

exposedtoO，Orfilteredairfor3dinallexperimentsexceptthetimecoursestudy．  

Pr甲aTntわnqf点A乙ce肋．Air－OrO3－eXPOSedWistarratswereanesthetizedwithsodium   

PentObarbital（Dainippon PharmaceuticalCo・，Osaka，Japan）givenintraperitoneally（50  

mg耽g），and exsanguinated from the abdominalaorta．Anincision was madebetweenthe   

CartilaglnOuSrlngSOfthetrachea，andacannulawasinsertedintothetracheaandsecuredwith   

asuture・LungsandtracheawerelavagedtwicewithlOmlof37OCDulbeccoTscalciumand   

magnesium一打ee，phosphate－bufEeredsaline（PBS卜］；DaimipponPharmaceuticalCo・，Osaka，  

Japan）・BAL cells were collected by centrifugation at400g forlOmin at40c and   

resuspendedinRlO，Whichis RPMI1640medium（DainipponPharmaceuticalCo・，Osaka，   

Japan）containinglO％heat－inactivatedfetalbovineserum（FBS；DainipponPharmaceutical   

Co・，Osaka，Japan），100ト唱／mlpenicillin，andlOOU／mlstreptomycin（Sigma，St・Louis，MO）・   

Thenumbersofviablecellsweredeterminedbythetrypanblue（GibcoLAboratories，Grand   

Island，NY）exclusionmethod．  

Pr甲a川fion qrneutrqph肋．Neutrophils that hadinnltrated the BAL cellpopulation   

WereisolatedfromO，－eXPOSedratsbyPerco11（Sigma，St・Louis，MO）discontinuousgradient   

Centrifugation・Neutrophilswerederivedffom apoolofthreeanimals・Percollwas diluted   

fromlOO％stockwithPBS卜］containinglO％FBStostrengthsof30，40，50，60，70，and  

80％．Five－StePdiscontinuousgradients（40－80％）wereprepared（3mlofeachgradient）・BAL  

cellsineachanimalweresuspendedin2mlof30％Percoll，1ayeredonto40％Percolllayer，  

andthencentrifugedat400gfor20minat20OC・Neutrophils（＞80％pure）wererecovered  
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fromthe70－80％Percollfraction，WaShedthreetimeswithPBS卜］，andresuspendedinRlO・   

Pr甲Wationdmonoqtes・Peripheralbloodmononuclearcells（PBMC）wereseparated  

from heparinizedbloodfrom normalWistarrats by FicollPaque（AmersharnPharmacia  

Biotech，Sweden）gradient centrifugation，and monocytes were pur泊ed from PBMC by  

adherence to plastic dishes・Monocytes were derived from a poolof three animals・   

Heparinizedbloodwasdilutedl：2inPBS［－］・Thedilutedblood（30－35ml）waslayeredover   

15mlofFicolトPaque，and centrifuged at400g fbr20min at20OC．The PBMC at the  

interfacewererecoveredandwashedthreetimeswithPBS［－］．Then，thePBMC（＜5xlO7）  

WerereSuSPendedinlO mlofRlO・Befbre theincubation，Plasticculturedishes（100mm  

diameter）were treatedwith FBS at4OC，OVernight．PBMCwereincubatedin the plastic  

Culturedishes fbrlh at37OCin a59t）CO2／95％airatmosphere．Nonadherentcellswere   

removedbygentlyflushingthedishesthreetimeswithRlO．Adherentcellswereincubated   

WithlOmlofO・5％EDTAinPBS［－］containing5％FBSk）r30minat40c・Afterincubation，   

theliberatedmonocyteswereco11ectedandresuspendedinRlO・Thenumbersofviablecells   

Weredeterminedbythetrypanbユueexclusionmethod．  

Pr甲aTationq′か叩hnolおce鮎伍Nq・LNCforuseintheallogemicMLRexperiments   

Werederivedffomapoolofsuperficial，facial，andposteriormediastinallymphnodesfrom   

normalFisherrats（tworats）・Thelymphnodeswerepushedthroughasteri1estainlesswire  

mesh（200mesh），and the resulting cells were suspendedin370C PBS巨】・Cells were  

COllectedbycentrifugationat400gforlOminat20OcandresuspendedinRlO・Thenumbers   

Ofviablecellsweredeterminedbythetrypanblueexclusionmethod・  

Pr甲aTVtibnqfovalbuminPTq）－Sen励ed71ce肋．OVA－SenSitizedT－Cellsforusein   

theexperimentsontheantigen－PreSentingactivityofBALcellswerederivedfromapoolof   

SuPernCial，facial，andposteriormediastinallymphnodesfromOVA－SenSitizedWistarrats  

（tworats）・RatswereimmunizedwithlOO帽0VA（Seikagaku，Co，Tokyo，Japan）and3mg  

Al（OH），in500匹lofsaline．LymphnodeswereharveStedatday14，andLNCwere  

preparedasdescribedabove・LNC（1xlO8）inlmlofRlOwereloadedontoanylonfiber  

COlumn（WakoPureChemicalIndustries，Ltd．，Osaka，Japan），andthecolumnwas  
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incubatedfor45minat370Cina5％CO2／95％airatmosphere・Afterincubation，the  

COlumnwaswashedwithRlO，andthefractionofnon－adherentcells（T－Cells）was  

COllected・TheseT－Cellswerecollectedbycentrifugationat400gfbrlOminat20OCand  

resuspendedinRlO・Thenumbersofviablecellsweredeterminedbythetrypanblue  

exclusionmethod．  

DWQuikstainqfuce鮎・BALcellswerecentrifugedontoglassslidesfor5minat  

500rpm・Theslideswerea1lowedtoairdryねr5min．Differentialcellcountswere   

determinedbyuseofDifトQuik（InternationalReagents，Kobe，Japan）stainaccordingtothe  

manufacturer，sinstructions・Briefly，theslidesweredippedinfixreagentandtwodye   

reagentsfor3timesseverally．Theslideswerewashedwithdistilledwaterandallowedtoair   

dry・  

血munohidochemicat血iningqfhonLuce肋．BALcellswerecentrifugedonto   

glassslidesbr5minat500rpm・Theslideswereallowedtoairdry丘）r5min．Theslides  

Wereintocoldacetone（WakoPureChemicalIndustries，Ltd・，Osaka，Japan）andcellswere  

頁xedfor5min・TheslideswereallowedtoairdryandrinsedwithPBS卜］・Endogenous  

PerOXidaseactivitywasblockedbyincubationfor30minwithmethanoIcontainingO・3％   

H20。andslideswererinsedwithPBS卜］for5min・Thecellswerethentreatedwith5pg／ml   

monoclonalmouseanti－ratIaIgGl（HarlanSera－Lab，Loughborough，UK）instainingbuffer，   

WhichisPBS‖containingl％bovineserumalbumin（BSA；Sigma，St・Louis，MO）and  

lO％FBSfbr30min．TheslideswererinsedwithPBS卜］ぬr5min・Thecellswerethen  

treatedwithbiotinylatedanti－mOuSeIgG（Amersham，UK）dilutedl‥100instainingbufferfor  

30min，andtheslideswererinsedwithPBS卜］for5min・Thecellswerethentreatedwith  

streptavidin－horseradishperoxidaseco両ugate（Amersham，UK）dilutedl：100instaining  

bufferfor30min，andtheslideswererinsedwithPBS卜］for5min・Thereafter，thecellswere   

treatedwith3，3しdiaminobenzidinetetrahydrochloride（2・8mM）andO・05％H202inPBS［－］  

asasubstrateoftheperoxidaseforlOmin・TheslideswererinsedwithPBS卜］for5min・  

Di触rentialcellcountsweredeterminedbyuseofDiff－Quikstain・   

LuCSana＆sis．ForFACSanalysis，thefbllowingmonoclonalantibodieswereused：  
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FITC－1abeledOx6（anti－ratIa），PE－labeled3H5（anti－ratB7・1），PE－1abeled24F（anti－ratB7．2）  

andPE－labeledOx42（anti－ratCDllb／c）（Pharmingen，SanDiego，CA）．Cells（1Ⅹ106）were  

resuspendedinlOOいノ1PBS‖withO・3％BSAandO．05％sodiumazide（WakoPure  

ChemicalIndustries，Osaka，Japan）andincubatedwithlpgFITC－0Ⅹ6／PE－3H5，FITC－  

Ox6／PE－24ForFITC－Ox6／PE－Ox42for30minonice．A鮎rincubation，thecellswere   

WaShed，andthefluorescencewasmeasuredbyaFACScannowcytometer（Becton  

Dickinson，Tokyo，Japan）・Fluorescencedatawereexpressedasthepercentageofpositive  

Cells．  

Pr甲aTation qfLW．Air－Or O，－eXPOSedWistar rats were anesthetizedwith sodium   

PentObarbital，and a cannula wasinsertedinto the trachea and secured with a suture as   

describedinpreparationofBALcells・Lungsandtracheawerelavagedwith5ml／300gbody   

WtOf37OcRPMI1640medium．ThelavagewasdonewiththesameRPMI1640medium   

repeatedly by slowlyinstilling andwithdrawlng theinstillationlO times．The recovered   

BALFwascentrifugedat400gforlOminat4OC，andthecellswereremoved．Theacellular   

lavagenuidwasthen sterilizedby filtrationthroughaMILLEX－HA（0・45匹m：Millipore，   

Bedk）rd，MA）・Ten percent heat－inactivated FBS，100匹g／mlpenicillin，andlOO U／ml   

StrePtOmyClnWereaddedtoeachfiltrateoftheBALF丘omWistarratsexposedtoeitherairor   

O3for3d，and these finalsolutions were designated asAir－Or Ol－BALF・Therewas no   

differenceinthepHoftheBALFbetweentheO3－andair－eXPOSedrats・  

CukureqfMandmonoqteswithM．AMandperipheralbloodmonocyteswere  

preparedfromnormalWistarrats．Cellsofeachtype（5Ⅹ105）wereculturedwith200LLlof  

RlO，Air－BALForO3－BALFin96－Wellnat－bottomplates（Nunc，Denmark）intriplicatefbr2  

dat370Cina5％CO2／95％airatmosphere・Afterincubation，IaexpressiononAMor  

monocyteswasmeasuredbyFACScanflowcytometry・Fluorescencedatawereexpressedas   

thepercentageofIapositivecells・   

haR・LNCasrespondercellswerepreparedfromFisherratsandBALcellsas  

stimulatorcellswerepreparedffomair－OrO3－eXPOSedWistarrats・BALcellsweretreated  

with50ug／mlmitomycinC（Kyowa，Tokyo，Japan）for30mininwaterbathat370C・Then，  
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thecellswerewashedthreetimeswithRlOandresusPendedinRlO・LNC（4xlO5）were  

COCulturedornotwithBALcells（3xlO3－2Ⅹ105）in96－Wellflat－bottomplates．TheMLR  

WaSPerlbrrnedin200ト1lofRlOintriplicatefor4dat37OCina5％CO2／95％air  

atmosphere・LNCproliferationwasmeasuredaftera4－dcultureperiod・   

OT且・甲eCyicAPactivib，qf月Aエce鮎・BALce11sweretreatedwithmitomycinCas  

describedabove・OVA－SenSitizedT－Cells（4xlO5）werecoculturedornotwithBALcells（1．2  

xl（）4－4・8xlO4）inthepresenceofOVA（40pg）in96－Wellflaトbottomplates．Thesecell  

Cultureswereper丘）rmedin200匹lofRlOintriplicatefor4dat370Cina5％CO2／95％air  

atmosphere・T－Cellproliferationwasmeasuredaftera4－dcultureperiod・   

MbasuTVmentdceHpTDQfhLion・CellproliferationwasrneaSuredwithaCelト   

Proliferation－ELISAKit（BoehringerMannheim，Mannheim，Germany）・Thistechniqueis  

basedontheincorporationofthepyrimidineanalogue5－bromo－2一－deoxyuridine（BrdU）   

insteadofthymidineintotheDNAofproliferatingce11s．BrdUincorporatedintoDNAis   

measuredbyasandwich－tyPeenZymeimmunoassayuslngmOnOClonalanti－BrdUantibody．  

Thistechniqueisatleastassensitiveasthetraditionalcountingof［3H］－thymidine（Porstmann  

etal．，1985）．Cellproliferationwasmeasuredbyadding20匹loflOOト↓MBrdUtoeachwell   

18hbeforethemeasurement．A鮎rincubation，theplatewascentrifugedat350xgfbrlO   

min，theculturemediumwasremoved．ThenthecellswerefixedandDNAdenaturedby   

addingFixDenat（200匹1／well）andincubatingtheplatefor30minatroomtemperature・  

FixDenatsolutionwasdecantedfromwellsandresidualsolutionwasremovedthoroughlyby   

tappingtheplateoncleanpapertoweling，antトBrdU－perOXidase（100LLl／well）added，andthe  

Plateincubatedfor90minatroomtemperature・ExcessantibodyconJugateWaSremOVedby  

decantationandwellswererinsedthreetimeswithwashingsolution（PBS）（200plルell）・  

Washingsolutionwasdecantedfromwellsandresidualsolutionwasremovedthoroughlyby  

tappingtheplateoncleanpqpertoweling，Substrate（tetramethylbenzidine）（100け1／well）was  

added，andtheplatewasincubatedfor30minatroomtemperature・Substratereactionwas  

stoppedbyaddinglMsulfuricacid（25匹1ルell）andmix・Absod）anCeOfthesampleswere  

measuredinanELISAreader（ImmunoReaderNJ－2000，InterMed，Tokyo，Japan）atthe  
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wavelengthof450nm（referencewavelength：620nm）．   

SLaぬ虎calana＆sis．Datawererepresentedasthemean±SEMofthreeanimalsIYomone  

experimentrepresentativeofthreeexperiments・Forstatisticalanalysis，theunpairedStudcnt’s  

two－tai1edttestwasused・Apvalueof＜0・05wasconsideredtoindicateaslgnificant  

differencebetweenthetwogroups．  

RESUIJS   

Cゐα〝gβg加伽榔rβ〝血J月A上cβ〟c仙〝鹿α〃d伽p〝C¢肋gβげ血ザ〃∫㍍γβ¢β肋如0，   

叩〝∫Ⅳrβ   

Figurel（a）showsthechangesinthenumbersofthedifferenttypesofBALce11sduringa  

3－dexposuretoIppmO3・Thetotalnumberofcellsdecreaseduntil12h，thenrecoveredand  

slgnificantlyincreasedonday3・ThenumberofAMandmonocytesdecreaseduntil12hand  

thentendedtorecover・Thenumberofneutrophilsincreasedtimedependentlythroughday2   

0fexposure・Thenumbersofeosinophilsandlymphocytesonlyslightlyincreased・Figurel（b）  

ShowsthechangesinthepercentageofIa－POSitivecellsduringthe3－dexposuretoIppmO3・   

BAL cellsfromcontrolrats didnotexpressIaantigen・ThepercentageofIa－POSitiveBAL   

Cellsincreasedinatime－dependentmannerduringO3eXPOSure・   

櫛αq′OJ〃〃めβ叩rβ∬わ〝げ血α〝fなβ〃α〝dβ7蝕劫佃加叫川畑ぬ血肌粗放丑山肋   

Figures2（a）and3（a）showtypicalexamplesoftheeffectsofO，OntheexpressionofIa，  

B7．1and B7．20n BAL cellsin dot plots・Figures2（b）and3（b）show theperCCntage Of   

expressionofIa，B7・1，andB7・20nBALcells・MostoftheBALcellsfromair－eXPOSCdrats  

didnotexpressthesecell－Surfacemolecules・TheexpressionofIa，B7・1，andB7・2molecules  

On BAL cells wasincreased by O3eXPOSure・The number of double－POSitive cells also   

increasedintheBALcellsfromO3－eXPOSedrats・  

櫛αげ0，〃〝肋β叩rβぷ戚〃〝げ血川‘なβ〝α〝dCDJJ帥〃〝月A上cg肋   

Figure4（a）and4（b）showthattheexpressionofIaantigenandCDllb／conBALce11swas  

increasedby O3eXPOSure・Thesefiguresshowthatdouble－POSitivecells alsoincreasedin  

numberintheBALcellpopulationffomO3－eXPOSedrats・InnltrationofcellsexpresslngIa  
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andcostimulatorymoleculesandincreasesintheexpressioninducedbythechangesinthe   

microenvironment ofthelungs may have caused theincreasesin the expressionofthese   

moleculesonBALcells・Thus，thesepossibilitieswereexaminednext・   

肋岬Jわわ紗q′血ザ〃戚ガγg且Aエcβ肋加αβα∫gdわ0∫叩〃ぶ柑rβ   

Figure5showsphotomicrographsofBALcellpopulation．Figures5（a）and5（b）areonly  

DifトQuik－StainedBALcells．0，eXPOSureincreasedthenumberofneutrophilsormonocyte－   

1ikecells・Figures5（C）and5（d）areBALcellsimmunostainedwithOx6antibody・Normal  

BALcellswereIanegative，butintheBALcellsfromO，－eXPOSedrats，Ia－POSitivecellshad   

increasedin number．TheIa－POSitive cells were small－Sized andlookedlike monocytes   

morphologically・  

均卿脚加頑旭肌Ⅳ卸肌脚血血肌姉瑚肋戚吻那加叩舶如摘k朗止血物卿血肋   

Figure6showsthatneutrophils，thathadin創tratedthelungsduringO3eXPOSuredidnot  

expressIa，B7・lor B7・2molecules・However，aPprOXimately90％of the neutrophils   

expressedCDllb／c・  

呵叩戚仰げ血刷物肌肌拍畑加血叫叩血附加Ⅶ叩頭血血朋蛸抽珊明地   

Theexpressionofthese molecules onperipheralbloodmonocytesbeforethecellshad  

infiltratedthealveoliwasexamined．BothmonocytesandAMwereobtainedffomnormalrats，  

andtheexpressiononthemonocyteswascomparedwiththatontheAM・Figure7（a）and7（b）  

showthatmonocyteshighlyexpressedIa，B7・1，B7・2，andCDllb／cmoleculesincomparison  

withresidentAM・Thesenguresalsoshowthatdouble－POSitivemonocyteswereobserved・  

静αげ0，rM〃〝助β叩r郎戚〃〝げ血α柁′なβ〝¢〝A〟α〃d桝〃〝〃印加  

Figure8（a）showsthattheIaexpressionontheresidentAMwasveryminimalandwasnot  

a肋ctedbyculturewitheitherAir－BALForO3－BALFfbr2d・However・theIaexpressionon  

theperipheralbloodmonocytes，Whichwasfbundonapproximately20％ofthecells，WaS  

increasedbyculturewithO，－BALFbutnotAir－BALF（Fig・8（b））・  

A…∬¢ワαdγ吋げ月A上cβ肋   

Figure9（a）showsthatproliferationofLNCwasincreasedbytheadditionofBALcells  

fromO，－eXPOSedrats・Figure9（a）alsoshowsthatBALcells丘omair－eXPOSedrats（＞99％  
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AM）tendedtosuppresstheproliferationofLNC，inaBALcellnumber－dependentmanner．  

TheaccessoryactivityofBALcellsinthe MLRwasthusenhancedbyOleXPOSure・The  

CaPaCityofBALcellstoserveaSantigen－PreSentlngCellsfbrOVA－SenSitizedT－Cellswasalso   

examined・Figure9（b）showsthatOVA－SPeCificproliferationofT－Cellswasstimulatedby  

BALcells・BALcells from Ol－eXPOSed rats，COmParedwiththose from air－eXPOSedrats，   

CauSedincreasedproliferation ofT－Cells・The OVA－SPeCific antigen－PreSenting activity of   

BALce11swasthusalsoenhancedbyO3eXPOSure・  

DISCUSSION  

Figurel（a）showedthatthetotalnumberofBALcellsdecreaseduntil12h・Thisdecrease   

intherecovery ofBALcellsmayhavebeencausedbyadherenceofcellstothealveolar   

epithelium．ItiswellknownthatrecoveryofBALcellsisdecreasedbyshort－termeXPOSure   

toO，（Dowelletal・，1970）・Figuresl（b）showedthatmostresidentAM（BALcells丘omair－   

exposedrats）didnotexpressIaantigenorcostimulatorymolecules，B7・1，B7・2，andCDllb／c・   

IthasbeenreportedthatresidentAMfunctionpoorlyasantlgen－PreSentlngCellsandrather   

SuPPreSST－Cellactivation（Koikeetal・，1998；Koikeetal・，1999；Stricklandelal・，1993）・In   

COntraSt，Fig・1（b）showed that expression ofIa antigen on BAL cells wasincreased by  

exposuretoO3for3d，timedependently・Previousreportshaveshownthattheexpressionof   

Iaantigen on BALcellsisincreasedby exposure to silica，aSbestos，andtobacco smoke  

（Struharetal．，1989；Hartmannetal・，1984；Higashimotoetal・，1994）・Figures2－4showed  

thattheexpressionofB7．1，B7・2，andCDllb／cwasalsoincreasedbyO，eXPOSure・Ithasbeen  

reportedthatBALcellsinlunginflammationcausedbyasthmashowedincreasedexpression  

OfB7．1andB7．2（Burasteroetal・，1999；Ageaetal・，1998）・Thereぬre，03－inducedchangesin  

themicroenvironment ofthelungs caused theincreasein expression ofIa antigen and  

costimulatorymoleculesonBALcells・Furthermore，double－POSitivecells，Whichexpressed  

Ia／B7．1，Ia／B7．2，andIa／CDllb／c，WereincreasedinnumberbytheO，eXPOSure（Figs・2－4）・  

ThispaperisthefirstreportthatO3eXPOSureenhancedthenumberofBALcelldouble  

positiveforIaantigenandcostimulatorymoleculesassociatedwithantigenpresentation・This  

13   



accumulationofthecellscouldcontributetoantigenpresentationandsubsequentantibody   

PrOduction・   

TherearemanyfactorsthatinduceexpressionofIaantigenandcostimulatorymoleculeson  

BALcellsduringO3eXPOSure・Firstly，01－inducedchangesinthemicroenvironrnentOfthe  

lungsmayaffecttheexpressionofthesecell－SurfacemoleculesonresidentAM・Ithasbeen  

reportedthatIFN－YinducedIaexpressiononAM（Struharetal・，1989）・THIcytokines，SuCh  

asIFN－YandIし15，inducedexpressionofbothB7・1andB7・2（Agostinietal・，1999），andIL－  

16inducedonlyB7．1expressiononAM（Hermannetal・，1999）・TH2cytokinesuchasIL－4，  

and GM－CSF，induced only B7．2expression onAM（Agea et al・，1998）・GM－CSF also  

inducedexpressionofCDllbandCDllconAM（Rivieretal・，1994；Eischenetal・，1992）・  

Figure8（a）showedthatexpressionofIaantigenontheveryfewpositiveresidentAMwas  

notincreasedby treatmentwith eitherAir－BALFor Ol－BALF・These resultssuggestthat   

O3」nducedchangesinthemicroenvironmentofthelungsmaynotaffecttheexpressionon  

resident AM of cell－Surface molecules associated with antigen－preSentation・Alveolar  

epithelialcells（AEC）desquamatedbyO3eXPOSuremightaffecttheenhancementofIa，B7・1，  

andB7・2expressiononBALce11s・IthasbeenreportedthatIaantigen，B7・1，andB7・2are  

aberrantlyexpressedonAECinidiopathicpulmonaryfibrosis（Kanekoetal・，2000），andIa  

antigenonAECisalsoincreasedbyexposuretosilica（Struharelal・，1989）・Thus，0，might   

enhance the expression of these celトsurface molecules on AEC・There are no reports，  

however，thatshowOヽenhancementoftheexpressionofthesecell－SurfacemoleculesonAEC   

asfarasweknow・A触r3dofO3eXPOSure，thepercentageofAECinBALcellsasmeasured  

bykeratinstaimingwasabout5％（datanotshown）・Incontrast，thepercentageofIa－POSitive  

cellswasabout35％．ThesedatasuggestthatAECdesquamatedbyO，eXPOSureCanhardly   

accountfbrtheincreasednumberofIa－POSitiveBALce11s・   

Secondly，inmtrationofce11sexpresslngIaantigenandcostimulatorymoleculesmaycause   

theincreaseinthenumberofBALcellsexpresslngthesecell－Surfacemolecules・Ithasbeen   

reportedthatsmall－Sizedcells（MochitateandMiura，1989）andCDllbqpositivecells（Bhalla，  

1996）intheBALcellpopulationareincreasedbyO，eXPOSure・Actua11y，Fig・5（b）showed  

14   



thatsmall－Sizedcells，Whichhadmonocyte－1ikefeatureandneutrophils，WereincreasedbyO3  

exposure・Most oftheinfiltrating neutrophils expressed CDllb／c，but did not expressIa  

antigen，B7・1，OrB7・2（Fig・6）・Accordingly，infiltratingneutrophilsdidnotcontributetothe   

increaseinthenumberofBALcellsexpresslngIaantigen，B7・1，andB7・2byO3eXPOSure・In  

COntraSt，peripheralblood monocytes generally expressedIa antigen，B7・1，B7・2，and  

CDllb／c（Figs・7）・Figure5（d）alsodemonstratedthattheIa－POSitivecellsweremonocyte－1ike  

Cells・These results suggest that monocytesinfiltratinginto the alveoliwould cause the  

O3Tinduced enhancement of the number of BAL cells expresslng Cell－Surface molecules   

associatedwithantigenpresentation．   

There are many cytokines thatinduce the expression ofthesecell－Surface molecules on   

monocytes・IFN－Y，GM－CSF，andTNF－αareknowntoenhancetheexpressionofIaantigen  

OnmOnOCyteS（ChangandLee，1986；Alvaroetal・，1989）・ATHIcytokine，IFN－Y，enhanced  

theexpressionofbothB7・1andB7・2；andtwoTH2cytokines，Ⅰし4andIL－10，uP－regulated  

B7・1anddown－regulatedB7・2expression（Debsetal・，1988；Creeryetal・，1996）．Figure8（b）  

Showed that expression ofIa antigen on peripheralblood monocytes wasincreased by  

treatmentwithO3－BALFbutnotAir－BALF・Accordingly，03－inducedchangesinthelung  

microenvironment may have enhancedthe expression ofcell－Surface molecules associated  

Withantigen－PreSentationonmonocytesthathadinfiltratedthelungs・  

AsfortheeffectofO，eXPOSureOnthefunctionsofBALcells，Fig．9（a）showedthatthe  

accessoryactivityofBALcellsintheMLRwasenhancedbyO3eXpOSure・Furthermore，01  

exposurealsoenhancedOVA－SPeC漬cantigen－PreSentingactivityofBALcellsforsensitized  

Tcells（Fig・9（b））・TheseenhancementsoftheaccessoryactivityofBALcellsintermsof  

MLRandOVA－SPeCificantigen－PreSentationwereassociatedwiththeO3－inducedincreasein  

thenumberofIaantigenandcostimulatorymoleculesontheBALce11s．Suchenhancements   

COuldalsobeassociatedwithO3－inducedinhibitionoftheimmunosuppressiveactivity of  

BALcells・Ourpreviousreportsshowed，however，thatO3inhibitedthesuppressiveactivityof  

BALcellstowardT－Cellfunctionthroughchanglngthemicroenvironmentofthelungs・These  

StudiesalsoshowedthatO3didnotchangetheimmunosuppressiveactivityoftheBALce11s  
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themselves（Koikeetal・，1998，1999）．Accordingly，theenhancedaccessoryactivityofthe   

BALcellsmaynotbeattributedtotheimmunosuppressiveactivityoftheBALcells．   

In summary，the number ofBAL cells expresslng Celトsurface molecules associatedwith   

antlgenPreSentationwasincreasedbyO3eXPOSure．MorphologicalandimmunologlCalstudies   

SuggeStedthattheIa－POSitiveBALcellswerein貞1tratingmonocytes・Theaccessoryactivity   

Of BAL cellsin MLR and OVA－SpeCific antigen－PreSentation was also enhanced by Ol   

exposure・These enhancementsofaccessory activity maybecausedby theincreaseinthe   

number of BAL cells expressingIa antigen，B7・1，B7．2，and CDllb／c．Furthermore，the   

enhancement of these cell－Surface molecules on BAL cells may be associatedwith the   

infiltrationofmonocytesexpressingthesemoleculesand／ortheincreaseintheirexpressionon   

infiltratingmonocytescausedbyO3－inducedchangesinthemicroenvironmentofthelungs・   

On the basis ofthe present results，We need to conduct furtherresearch on the e鮎ct of   

exposuretothe ambientlevelofO30n the expression ofcell－Surface molecules associated   

withantlgen－PreSentingactivityofBALcells．  
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椚gureLegends  

Fig・1・（a）DifferentialBALce11counts・ThechangesinthenumberofAMandmonocytes，  

neutrophils，eOSinophils，andlymphocytesduringO－3－dexposuretoIppmOIWereeXamined・  

BALcellswereisolatedfromfilteredair－OrlppmO3－eXPOSedrats・Differentialcellcounts  

WaS determinedby Di正一－Quik staining after cytospinpreparation・Solid，Shaded，hatched，  

dotted，andopenbarsrepresenttotalBALcells，AMandmonocytes，neutrOPhils，eOSinophils，   

andlymphocytes，reSPeCtively・（b）Changesinthepercentageo‖a－pOSitiveBALcellsduring   

a3－dexposuretoIppmO，・BALcellswereisolatedfromfilteredair－OrlppmO，－eXPOSed   

rats．Thece11sweretreatedwithmouseantiNratIamonoclonalantibody andstainedbythe   

indjrectavjdjn－biotinimmunoperoxidasemethod．Valuesaremeans±SEMofthreeanimals・   

（＊p＜0・05，＊＊p＜0・01comparedwithBALcellsfromair－eXPOSedrats）・  

Fig．2．E翫ctofO，eXpOSureOntheexpressionofraandB7．lonBALcells．BALcel］s（106  

Cells）wereincubatedwith FITC－Ox6and PE－3H5antibodies and analyzedby FACS・（a）   

ExamplesoftypicalIaandB7・1expressiononBALcellsindotplots・（b）Percentageso、feach   

CelltypeintheBALcells・OpenandsolidbarsrepresentBALcellsfromratsexposedtoair   

andlppmO，，reSPeCtively，for3d・Datarepresentthemean±SEMofthreeanimalsfrom   

One eXPerimentrepresentative ofthree experiments・（＊p＜0・05，＊＊p＜0・01compared with   

BALcellsfromair－eXPOSedrats）・  

Fig．3．EffectofO，eXPOSureOntheexpressionofIaandB7・20nBALcells．BALcells（106  

Cells）wereincubatedwithFITC－0Ⅹ6andPE－24Fantibodiesand analyzedby FACS・（a）  

ExamplesoftypicalIaandB7・2expressionofBALcellsindotplots・（b）Percentagesofeach   

CellpopulationinBALce11s・OpenandsolidbarrepresentBALcellsfromratsexposedtoair   

andlppmO，，reSPeCtively，fbr3d・Datarepresentthemean±SEMofthreeanimalsfrom   

OneeXPerimentrepresentative ofthree experiments・（＊p＜0・05，＊＊p＜0・01comparedwith   

BALcellsffomair－eXPOSedrats）・  
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Fig・4・EfFectofO3eXPOSureOntheexpressionofIaandCDllb／conBALcells・Thecells（106  

Cells）wereincubatedwithFITC－Ox6andPE－Ox42antibodiesandanalyzedbyFACS．（a）  

ExarnPlesoftypicalIaandCDllb／cexpressionofBALcellsindotplots．（b）Percentagesof  

eachcel＝ypeintheBALcells・OpenandsolidbarrepresentBALcellsfromratsexposedto  

airandlppmO3，reSPeCtively，for3d・Datarepresentthemean±SEMofthreeanimalsfrom  

OneeXPerirnentrePreSentative ofthreeexperiments・（＊p＜0．05，＊＊p＜0．01comparedwith  

BALcellsfromair－eXPOSedrats）．  

Fig・5・MorphologlCalstudyofIa－POSitiveBALcells・LightmicrographsofBALcellsisolated  

fromratsexposedtonlteredair（a，C）orlppmO，for3d（b，d）・Thecellswerestainedwith  

Diff－Quikstainwith（C，d）orwithout（a，b）immunostainingforIaantigen・ArrowsinFig・5（b）  

Showmonocyte－1ikecells・ArrowsinFig・5（d）showanIa－POSitivece11（brown）・Magn泊cation   

X3（）0  

Fig．6・Expressionofcell－SurfacemoleculesonneutrophilsthatinnltratedinthelungsofO，－   

exposedrats・NeutrophilsthathadinfiltratedthelungswereisolatedbyPercolldiscontinuous  

gradientcentrifugation．Theneutrophils（106cells）wereincubatedwithFITC－0Ⅹ6andPE－  

3H5，PE－24ForPE－Ox42antibodiesandanalyzedbyFACS・Datarepresentthoseofthree   

animalsinoneof丘）urSimi1arexperiments．  

Fig・7・Expression ofIa and B7・1，B7・20r CDllb／c on monocytes・Peripheralblood  

monocyteswerepreparedfromnormalrats，andthecells（106cells）wereincubatedwith  

FITC－Ox6andPE－3H5，PE－24ForPE－Ox42antibodiesandanalyzedbyFACS・（a）Examples  

oftypicalIaandB7・1，IaandB7・2，andIaandCDllb／cexpressiononmonocytesindotplots・  

（b）Percentagesofeachcellpopulation・0penandsolidbarrepresentresidentAMand  

monocytes，reSPeCtively・Data represent the mean士SEM ofthree animals from one  

experimentrepresentativeofthreeexperiments・（＊p＜0・05，＊＊p＜0・01comparedwithresident  

AM）・  
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Fig・8・EfEectofO3－BALFontheexpressionofIaantigenonAMandmonocytes・Resident  

AMandperipheralbloodmonocyteswerepreparedfromnormalrats．Ce11sofeachtype（5x  

lO5）wereculturedwithRlO，jur－BALForO｛BALFfor2d．Then，theseculturedcellswere  

incubatedwithFITC－Ox6antibodyandanalyzedbyFACS・Fluorescencedataareexpressed  

asthepercentageofIa－pOSitivecellsinAM（a）andmonocytes（b）・Datarepresentthoseof   

OneOfthreesimilarexperiments・  

Fig・9．AccessoryactivityofBALcells・BALcellswereprepared丘omratsexposedtoIppm  

O，Orfilteredairfor3d．（a）MLR．LNC（2xlO6／ml）wereculturedinRlO（200巨1／well）inlhe  

PreSenCeOfgradednumbers（0・75to50％oftheLNCnumber）ofBALcellsfromrats   

exposedtoair（OPenbar）orO3（SOlidbar）・Ce11swereculturedfor4d，andBrdUwasadded   

18hbeforemeasurlngCe11proliferation・Datarepresentthemean±SEMofthreeanirnals   

fromoneexperimentrepresentativeofthreeexperiments・（＊p＜0・05，＊＊p＜0・01compared   

WithBALcellsfromair－eXPOSedrats，■「p＜0・05，††p＜0・01comparedwithLNCalone）・（b）  

OVA－SPeCificantigenpresentingactivity．OVA－SenSitizedT－Cells（4xlO5）werecuituredin  

RlO（200LLl／well），inthepresenceofOVA（200L＾g／ml）andgradednumbers（3・125to12・5％   

OftheT－Cellnumber）ofBALcellsfromratsexposedtoair（OPenbar）orO，（SOlidbar）・Cells   

WereCulturedfor4d，andBrdUwasadded18hbe払remeasurlngCellproliferation・Data   

representthemean±SEMofthreeanirnals丘omoneexperimentrepresentativeofthree   

experiments・（＊p＜0・05comparedwithBALce11sfromair－eXPOSedrats，†p＜0・05，1■†p＜0・01   

COmParedwithT－CellswithOVA）・  
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