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TheNovelNeutrophilDifferentiationMarker

PhosphatidylglucosideMediatesNeutrophilApoptosis

KatsunariKina,＊HiromiMasuda,＊HitoshiNakayama,fYasukoNagatsuka,＊
InkUjiNabetani,*YOshioHirabayashi,*Yasuelnkahashi,§KazunoriShimada,§
HiroyukiDaida,§HideokiOgawa,零Keniinhkamori,＊andKazuhisalwabuchi*，↑

Anewtypeofglycolipid,phosphatidylglucoside(PtdGlc),wasidentifiedasacomponentofraft-Iikemembranedomalnsofthe

humanIeukemiacellIineHL-60､InthissmdybweshowthntPtdGIcfbrmsfUnctionaldomainsthataredifYEuPentfromthoseproduced
bylactosylceramide(LacCer)-e､｢ichedlipidrafIs,TheserafIsimitiateneutBPophilapoptosis､NeutTophilsaretheonlytypeofhuman
peuQipheralbloodleukocyteormonocyte-deriveddendriticcelltoexpresslargeamountsofPtdGIcouutheircellsurfnces・PtdGIcwas

notcolocaIizedwithLacCe展Anti･PtdGIcIgMDIM21didnotinduceneutropluiIchemotaxisorsuperoxidegeneration,whereasanti－

LacCerlgMT5A7inducedtheseactiviti曙.ＤＩＭ21,butnotT5A7,signilicantlyinducedneutrophilapoptosis・DIM21-inducedap‐
optosiswasinMbitedbyspeciIicinhibitorsofcysteine･conlainiuugaspartate-specificpToteases(caspases)-8,回り,and-3butmotbythe

Srcfiumilykina5einhibitorPP1，PIP3kinaseinhibitorLY2恥002,ＮＡＤＰＨｏxidaseinhibitordiphenyIeneiod⑥nium,superoxide
dismutase,orcataklse､ＰｔｄＧｌｃｗ日scolocalizedwithFasontheneutrophilplasmamembrane・DIM21andtheagonistanti-FasAb

DX2inducedthefbrmationoflargeFas-colocalizedclustersofPtdG1ｃｏｎｔｈｅｐｌａｓｍａｍｅｍｂｒａｎｅ・Furthermore,theantagonistic
anti-FnsAbZB4signilicantIyinhibitedDIM21-inducedneutrophilapoptosis､TheseresuItssuggestthatPtdGIcisspecMically

expressedonneutr⑪philsandmediatesapoptosisorthesecelIs,andthattheFas･associnteddeathsignalmaybeinvolvedinPtdGlc-

mediatedapoptosis・ｍｅ〃"、ﾛﾉqﾉﾉ、"、"⑪ﾉ`8,',2011,186:5323-5332.
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Ｐ謹謹li鑓;iiii1蝋U馨:ｉ１ｉｉｉｊ;：鶴鱗
presscdonthecelIsurfblceandlhcnphagocytosingandeIiminating

mic｢oorganisms（１）.Ncutmphilshaveaveryshor【］ifespanund
undergoapoptosiswithin24-48hafierleEwingthebonemaＩｍｗ，

Apoplosisisthemajormechanismfbrlimitingneutmphilnumbe耐

ｉｎｖｉｖｏａｎｄｉｓｉｍｐｏｒｌａｎｔｉｎｔｈｅｃｌｅａmnceofneu【rophiIslmm

innamed【issuesｂｙ【issucmacTophages，ｗｈｉｃｈｉｓｃｒｉ[icalfbr

IimitinginHalmmd[oIytissueinjuryandthesubscquentresoIution
ofinHammation〔2斗)．

Membranemicrodomains/lipidmhsareinvolvcdin【heinnaに

immunemesponsesandapoptosisofneutrophils(5-8).Lipidrafis

arefimc(ionalIipiddomainsemichedwithglycosphingoIipids，
GPI-anchoにdpmteins,cholesteroLandsignaI-【ransductionmol-

ecules,incIudingSにfnmilykinasesandtrimencGpmleins(9)．

TheneutrulIgIycosphingoIipidlactosyIceTamide(LacCer,ＣＤｗｌ７；

Gall34GlcpICer)isthcmostabundanlgIycosphingoIipidinhu-

manneutrophiIsandaｃｔｓａｓａｐａｔｔｅｍ礎cognitionreceptorinthesc
cells（５，６，１０－１２)．LacCeI・ＩｂｒｍｓＩｉｐｉｄｒａｎｓｏｎｔｈｅｐＩａｓｍａ

ｍｅｍbranesofneuIrophilsincombinationwiththeSrcflmily
kinaseLyn(5,6).ThescLacCer-enrichedIipidmfisareinvoIved
inneutrophiIchemolaxis(8),phagocy【osis(6),andthegeneTation

orsupcroxide(5).AItboughthefa[tyacidchainstructuresof

LacCerarehighIyvariable,ｌｈｅｐ肥senceofaC24:００｢Ｃ24:ｌｌｍｔｙ
ａｃｉｄｃｈａｉｎｉｎＬａｃＣｅｒｉｓｎｅｃｅssalyfbritsfUnctionzI］connection

withUminIipidransofHL-60ceIls(6)．

Phosphatidylglucoside(PtdGIc)isauniqueceII-surftlcegIyco‐
phosphoIipidthalwasonginauyfbundinbumanumbilicalcolnd
RBCs（13)．ＰｌｄＣＩｃｉｓ妃coveredintheTTilonX-IOO-insoluble

fi｢actionaftersucroscdensity-gradientuIt｢ace､【rifUgation，sug‐
gestingthatPtdGlcl1orms｢afl-Iikemembranedomains(9,14-16)．

P【dGIcpIaysaroleindiftrentiationevents0whichmaybeiniti‐
atcdatspcciIiclipiddomainsonthecclIsurfacc・ForexampIe，
t1℃a【mentorHL-60ccIlswiththe1℃combinantanti-PtdCIcFabAb

rGL-7inducesdifTerentiatiomofHL-60ceIIsintoneutrophilic
ceIIS・PtdOIcIbrmslipidrafIsonthepIasｍａｍｅｍｂｍｎｅ（15,16)。

becauseitconsis(scxclusiveIyofsatumtedfattyaciｄｃｈａｉｎｓＣｌ８:O

andC20:Ｏａ【lhesn-landsn-2positionsoflheglycemIbackbone，
妃spectiveIy（17)．Treatmentwithanti-PtdGlcAbinducesphos-

＊InsIilulclbrEnvironmcnIaIpndGcndeFSpccilicMedicinc，JunlendoUniw厩i【ｙ
Ｓｃｈ⑪｡IDfMcdicinc,Umynnu-sI1i､279-OO21Chibn.」lmpan；oLabq1mtn｢ｙ⑪lBi“hcm‐
i§try･比nIcndDUnivcniitySchD⑥I⑪fHcaIthCmにandNunsing,Umya5u-5hi､２７O-OO23
Chibm，Japan；＊ＬａｂＤｍｔｏＩｙｆｂｒＭ⑥ICごuIa「Ｍｃｍｈ｢ancNcum5cicncc･RIKENBrain
ScicncclnntiRu【c､WakD-shi、351-Ol98SaioammI,Japan；andhDcparImcnIo》1.CMIlilD・
va5cuIn「Mcdicinc､」unIcndnUnivc厩iIySchDDI⑥fMcdicinc･Bunky⑥-ku･’’3-0124,
,,ky⑥JaPnn

RcccivlBdfb｢puhlicillicn」ｕｎｃ２３･ZOlOAcccptcdfbrpubIicnIiDnFchnIaryI１．２０１１，

TI1i5workwa5suITp⑥rtcdinpnrtbyIhcMiicuIaniFbundaIiDnIiDrOlyc《)NcicnEc（l(１
Ｋ`I.).thcHamaBuchiFoundMipnlnrIhcAdvanccmcMDfBi⑥chcmislry(tｎＫ.1.),lhc
"HigI1-TcchRcscaにhCcnlc｢MPmiccll､rPrivatcUnivcrsiticNmaIching化n．§uh9iidy・
undbyCmnt-in-AidSO99lOI3ImmlhuFnundiutionofStmIcgicRcsclMvBhPrqjccI5in
P｢iwlにUnivcrsilic5fmmlhcMini1iIn/ofEduEa【ionoCuIluに．Ｓｐ⑥｢０．Scicncc･and
T1pchnDIogy､japmn．
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vidごdAb9iundanmlyZcddnIin;Ｙ、､Ｋ,S・・ｉｍｄＨ､Dpcrfh)ｍｌｅｄｎ⑪ｗじyIu〕mcIriCilMl-
y月is;Ｈ､０.ａｎｄＫ・ＴｍnaIyizcddata;ｍｎｄＫ.'・dc5igncdnndpc㎡nlmcdcxpcrimcnI5・
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lmmcUy;ＰＩ･pmpidiumimidc;PLRpcnmaIc-lysincpamlbImaIdchydc:ＰｌｄＧＩｃ･ｐｈ⑥§‐
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PHOSPHJd【ＴｍＹＬＯＬＵＣＯＳＩＤＥＭＥＤＩ八TESNEUTROPHILAPOPTOSIS５３２４

phoryIationo｢ＬｙｎａｎｄＨｃｋ・Reductionofcndogenouscholcsteml

withmethyI-6-cyclodextlinsuppressesanti-PtdGlcAb-stimuIated

tymsinephosphoryIation,にsuItingin【ｈｅｕｐ－ａｎｄｄｏｗｎ1℃gulation

o『CD38andc-Mycexpression､TespecliveIy（16)．TherCfbrc・

PtdGIcmayfbrmmnctionaImn-IikedomainsonthepIasmamem-

bmanesｏｆＨＬ－６０ｃｅＩｌｓ，aIlhoughiIdoesnothaveC24fkutlyacid

chains（17).PtdGlcfbnnsdisIincllipiddomainsIiromsphingo-

lipidsontheouterIeanetoflheplaｓｍａｍｃｍｂｒａｎｅｏｆＨし６０ccIIs

(18).TheseobsewaIionssuggestthatPtdGIcandLacCerlbrm

distinctIipidｄｏｍａｉｎｓｏｎｔｈｅｐｌａｓｍａｍｅｍｂｒａｎｅａｎdmedialeceII

fUnctionsviadiIferentsignalingmechanisms，

ThisstudydemonstmtedthatPtdGIcishighIyexpにssedon

humanneutrophiIsandislocatedinIipiddomainsdistinctIirom

LacCer-enTichedIipidrafisinthcscceIIs,Inaddition,PtdGlc,but

notLacCeHwasinvoIvedinneulrophiIapoptosis，whichwas

medialedthroughFas-dependcntsignaltransduclion．

〃owGyromG''7Ｃａ"ａｌｙｓｉｓ

Ｔｈｅｅｘｐ1℃ssionofcelI-surfaceAgswasassen5edbynowcytomemyusing
nFACSCaIibu「（BDBioHciencai),imsd“cribed(5).BrieH肌neutTophilI5
weres(ainedwi(hAIexaFluor488-iMuti-PldGIclgMDIM2IoAlexmFIuor
“7-nnti-LacCerlgMT5A7，orAlexaF1uor-IabeIednormaIIgMｆｂｒ３０
ｍｉｎｏｍｉｃｅ・Imsomeexperimenls，neutmphilswe雁incubnledwithor
wiIhoutT5A7oｒＤＩＭ２ｌａＩ３７ｏＣｆＯｒｌ５ｍｉｎ，ＩbⅡｏｗｅｄｂｙ§tiliningwith
AIexaFluo｢488-comjugaledDIM21（AIexaFIuor488-DIM21）orA1exKI

Fluor“7-ccniugatedT5A7(AlexaF1uor647-T5A7)onicefbr30min，
にspcctivcIymnR⑪meexperiments,、cut｢ophiIswereincubatedal37oC、「
３０minbefbnestainingwilhAbsonicefｂｒ３０ｍｉｎ・

ﾉ、"ｗ"oslqi"ｉ"g

Aliquolsof2xlOhmeulTophiIHwe雁lixedwilhperiodaIe-IyRincpam-
Ibrmaldehyde(PLP)fixalivesoIution(2％pmnfbrmnldehydc,0.lMlySine，
dmdO2兜sodiumpe｢iodateinSOmMphosphatebu舵｢[pH7.4])fbr30
minonicc・Thccellswerewashe。凸ｎｄｂＩ⑥ckedbyincubnti⑥ｎｗｉｔｈＯ」兜
BSAalnd59LnormaIgoillseruminPBＳｆｂＴ６０ｍｉｎｏｎｉｃｅ・AliquotsofceⅡｓ
ｗｅにperｍｅ曲bilizedwith5ILgﾉmIdigitoninfb「ｌＯｍｉｎｏｎｉｃｅｉｈｎｄｂＩｏｃｋｅｄ
ｗｉｌｈＯ.'船ＢＳＡａｎｄＳ兜nom1algontsenIm・ThecelISwe1℃sliIinedwiIh
AIexaF1uor54eDIM21andAIcxaFluor488-T5A7fbr３０ｍｉｎｏｎiceThe

staincdcelIswe礎cxaminedwithaTCS-SP2Leicmconfbｃａｌｌmicmscope
equippedwilhaPlan-ApochromgltIOOxoil-immcTsiondi碇rentialinter‐
化rcncecontrust(DIC)objective・lmageswe肥ev8IluateduHingmuIlicplo〃
lwn-dimenskmaIcytonunmgramR⑥fiwaにfromLcicaMicrosyslems・Ｔｈｃ
ＷｉｗａｒｃｑuanlMicslllcexにntofcoIocIllizlltionbycにntionufabilMlry
milIsko「Ｉｈｅｉｍａｇｅｄａ【ａｉｎｔｈｅｃｙ【､HuorogramThchinaTymaskiscreaにd
bymfMikingnlIofthepixeIsthaｔａ塵doublepDliitivcfbrAIexaFluor546‐
DIM2IandA1exfIFIuoT4R8-T5A7IluoTc5cence､ColocaIizalionwmsthen

dlsse1isedusingthemaskiIDtensilyratcfnrtheco化calIizedAlexaFIu(〕r546
verNiuslheovemⅡｉｎ【eIMiilieNoftheAlexaFIuor546intheimage･Ama9ik
inにmsityrate＞50％ｗ姉ｕｓｅｄ【ｏｃ⑥nlirmcoloc狐IizMiom、

TbusliessthcefIbct$ofanti-PIdGIclgMDlM2Iandanti-R咄ｌｇＧＤＸ２ｏｎ
ｔｈｅｆｂｒｍａｔｉｏｎｏｆＰｔｄＧＩｃａｎｄＦａｌｓｃｌｕｓ【elliontheplllsmllmcmbrane，neu‐
tmphiIsweにincubatedwithorwi(hout51Lg/ｍＩａｎｌｉ－ＦＵｓｌｇＧＤＸ２,Klnti‐
Ｐ【ｄＧＩｃＩｇＭＤＩＭ２１，oranti-siIllylL仁ｘｌｇＭＣＳＬＥＸ１ａｔ３７℃fbr5minO
fbIIowedbyildditionalincubillionfbr25minomice・AHnegHlivecontmlli，
IueuIrophiIIiwe唾incubatedat37℃fOr5minwi[ｈｏｕｔＡｂ(-）、､。【hen
incubaIedfbruniBdditioMＩ２５ｍｉｎｏｎｉｃｅｗｉｔｈＤＩＭ２１、ＴｈｅｃｅⅡＳＷＣに

ｗ“hedtIuTeetime月witIuice-coIdPBS,lixedwithPLPIix弧ive§oIu【ionior

３ominonice0bIockedwith0.1％ＢＳＡａｎｄ５兜normaIgoiIlseTuminPBS，
incubnledwi(ｈＤＩＭ２１⑥ｒＤＸ２ｆｂｒ３０ｍｉｎｏｎｉｃｅ,ａｎｄｔｈｃｎ＄lainedwith

nuorcsccin-comiugaにdsecundaryAbs、

Migmlio〃“Szuy

CeⅡｍｉｇｍｌｉｏｎｗ鵡鵡myeduHingamodiIiedBoydenchamberwi(ｈｃｅｌ･
luIosenilratcIilte厩ｗｉ【ｈａｐ⑪ｒｃｓｉｚｅｏｆ３１Ｌｍ(SarIorius1Giittingen,Ger‐
ｍ即uy),ilsdescribed(8).BncHyP・llLgﾉmlnolTnallgM,ＴＳＡ7,0｢seveml
conceml｢ａｌｉＤｎｓｏｆＤＩＭ２１ｉｎＤＭＥＭ/FI2mediumsupplementedwiIhl
mg/ｍＩＢＳＡ（ＤＭＥＭﾉFlZ-BSA）ｗｅ唾placedinIolhelowercomp1rlmenl
⑥fIhech批mbeIzCommeにinllyavaiIilbleBSAhasbeenにporteｄｌｏｃｏｎｌａｉｎ
ＬＰＳａｓａｌｃＤｎｔａｍｉｍｍｔ（22).Ｓｅｖｅｍｌｎｅｕｍ)philfUnclions、includingsu‐
pemxidegenemtionandchemotmxis,canbemoduln【ｅｄｂｙｌ－ＩＯＯｎｇ/ｍＩ
ＬＰＳ・ＴｈｅＬｉｍｌｕ化samebIDcyteIysmteteslusingTＤＸＩＣＯＬＯＲＤＩＡ－ＭＰＳｅｌ
(ScikagakuBioNcience,TbkyoJapan）ccnliImedII1ntBSAu鑓。ｉｎIhiIi
馴udyconlained＜ｌＯｐｇ/ｍｌＬＰＳ､suggeslingIhaIconlnmmatedLPSmin‐
imillly紛眠c(sneutmphilfUncIicn・AIiquotsof3001Llcellsu:pemiiDns
(Z5xlO6cellsﾉｍｌ）ｉｎＤＭＥＭ/F12-BSAwereplacedinlotheuppe『
じomp軋爪men[出ndincubaledfbr30minaI３７℃inaCO2incubalp『bTlxe
IiIに燗werelixedwiIllneumlＩｂｕ舵redfbrmaIinfbr20minmnd9il61ined

wilhMayer'shemaloxylinTmedislance(lLm)fi℃mIhctopDfthcIilにrIo
thefU『thai【ＩｗｏｃｅＩｌｓｉｎｌｈｅｓ制mefbcalpIanewzMimealiuredmicroscopi‐
caIlywith制40xcbjcc(ivcin201icIdsacTussIhcIiIにr,andtllcrcsulIswcrc

expにｓｓｅｄａｓｔｈｅｍｉｇ戯lionindex（TeIntiveneutmphilmigmlion:nvermge
distamceofにstedgrDup/avemgedistamceofcorreやcndingvehicIecon‐
lrol).fMLPIhtaconcentrationoflOnMwaliusedineachassIlyasalpos‐
itiveme化reneechemoutImclant，

ＳＪＩｐｅｌＹｍﾋﾉｃｇｇ"Ｂｍｌｉｏ〃“my

SlIpeⅨ)xidegenerationimmneutrophiIswasassllyedbymeiDIiuringSOD-
inhibiにdcytochlnomec1℃duction,asdescribed(5).AliquotsofIOOlLI
neu【rophiI；（2.5x105ceIls/lOOlLI）ｉｎＤＭＥＭ/FI2-BSAwereincub(ｌｔｃｄ
ｗｉｌｈｏｒｗｉ【hout50ILg/ｍｌＳＯＤａｔ３７・Ｃｆｂｒ３０ｍｉｎｉｎｌ６､welIplalesowhich
h出dbeenpreco趾ｔｅｄｗｉｌｈＤＩＭ２ＬＴＳＡ７，ｏｒｎｏＴｍｌｌＩＩｇＭ・ｉｎａＣＯ、in-
cubihto価Ascontrolexperiments0neutrophiIsweneincubｎｌｅｄｗｉＩｈ５ＤＯｎＭ
ｆＭＬＰＬＤｒ0.1％ＤＭＳＯｉｎＢＳＡ－ＣｏａにｄＷＣⅡＳａｌ３７ｏＣｆｂ「３０ｍin、The

MateriaIsandMethods

Absq"ｄｏｒＡｃｒ肥age"ｌｓ

ＭＤｕｓｅａｎｔｉ－ＰｌｄＧＩｃｌｇＭＤＩＭ２１ｉmdmouHellnli-LucCcrIgMT5A7weに
prcparedaHde“ribcd(5,17119).Ｍ【Duseiln⑪hum団ｎＦｌＩｓ(ＣＤ95)IgMCH‐
ｌｌａｎｄＩｇＧＺＢ４ｗｅｒｅｃｂｌｕｉｎｅｄＩｉＫ〕mMedicuIllndBiokDgに出lLmbprKlIorieg
(Nagoya,｣apIln).MouscPE-cDnjugillednnti-CDIlblgGlCRF44,ＰＣ『CP-
Cy5､S-anli-CDI41gG6ID3DaｎｄＰＥ－ＣＤ５４１ｇＧＨＡ５８ｗｅ肥PuにｈｉＭｉｅｄ
ｆｍｍｅＢｉ《〕部cience(SIhnDieg〔ハＣＡ).Mousc叩ti-FiMgGDX2andmouIie
anti-CDl5Ｈ１ｇＭＣＳＬＥＸＩＷｅｒｃｆｍｍＢＤＢｉ《DHcienceIi（S&L、」“e,ＣＡ）
CompIeにprmeaseinhibiI【Drmix[urc(CompIcに)ＭＩＨ〔)btaimedfi｢〔)ｍＲｏｃｈｅ
(IndianapoIis,1Ｎ).PPlwIlsoblaincdfi｢〔)ｍＢｉｏｍ()IRescarchLaboraU】ri“
(PlymnuthMce(ing､ＦＡ〕・LY294002,cysにinc-comaining3sparIa【c-spccinc
p【ｍｅａｓｅ３（cIhspase-3）inhibi[orVll,Ca夘鎚e-8inhibit〔)rll,caHpasc-9in-
hibitorllI,andHupemxidediHmuta1ic（ISO､］ｆｒｐｍｂ〔wineeTylhTocytes）
ｗｅ歴｡b【ilinedImmOllbicchem（LlIJ〔》|Ia,ＣＡ).C8ItaIaHe（IiPDmbDvine

Iiver)wllMTomWak⑥PumeChemicallnduslries,(OHaka,｣upaln).ｆＭＬＰｌｌｎｄ
ＰＭＡｗｅにfTpmSigmn-AIdrich(St.Ｌ()uhi,ＭＯ).ＡⅡ〔DthcrrcagcntHwcr巳
ofimlllyticnlgrlLde．

α〃ｐ'ＰｐｑｍｊｉｏｎａｎｄｃＨｌ"《肥

HumanneutrDphilswerciH⑥IaにdfmmhepmnizedpcriphemlbloDdo「
heallhywDlunにers,withthcirinfbrmedc⑥micnt,usingＰ()Iymorphprep
(NycomedPhaTma,OsIo,Norwny),centrifUgedaH〔lescribcdp1℃vi〔､鵬Iｙ(6)，
andｓｕｓｐｅｎｄｅｄｉｌｔＩＯ７ｃｅＩＩｙｍｌｉｎＤＭＥＭ/Fl2medium・TheneulmphiI
populaIionwas＞95％ｐｕに，“determinedbyWright-Giem麺ｓ【机ining，
andviabilitywa§nIwny駐＞99％，aMideterminedbylrypanbIuedyeex-
cIu5ion（WUko)．

Momocyに-deriveddend『iliccclI9i(ＤＣＳ)wercprcpllにｄＩｍｍｐｅ｢ipheruI
bloodasdcscribcdprcviously・wilhsIighImodiIicalions（20).Bricny5
mononucIcarceⅡ18ｗｅにi9ioIaIedIir⑥mpeIipheruIhum団ｎｂｌｏ【)ｄｕｓｉｎｇＬｙｍ‐
phpp肥Ｐ（ＮｙｃｏｍｅｄＰＭｍａ,051⑥,Ncrwily),ａｎｄ、〔DnocyleHwc蛇i瓢ＤＭにd

fmDmmononucIearcelI汕葡ｉｎｇａｍ(Dnccyにi9i〔Dlaticnkil（MiIIcnyiBi⑪にc，
Ｂｃ『gischGIHdbmch,Ｇｅｒｍ乱ny)．ＤＣ；ｗｅだ。i脈応､【iaIcdfmmmonocyにs
byincub伽ioninRPMll640mediumsuppIemenlcｄｗｉＩｈＩＯ兜nuloI⑥g⑥u5
humnnscrum,ｌＯＯＵ/ｍｌＧＭ－ＣＳＦ(Ｒ＆ＤSysIems･Minneapoli筋,ＭＮ),胡ｎｄ
５０ｎｇ/ｍｌｌｌ－４(Ｒ＆ＤSystems〕ｉｎａＣＯ,incubatorhr3d・

Li9側idchmmqrogmphy-lq'1ｄｅｍｍｑ“”ｅｃｌｍ'"B''ｙｑ"q()mF

NcutrophiIswcI1ecxtracにdlwicewilhchIor〔DIUrm/mcIhlIn⑥Ｉ（[C/Ｍ１２:１，
Ｖ/v)ilnd【wiccwiIhchk)rIDIbrmﾉmethnnol/waIeT(S:8:3.Ｖ/v/v)nndlhenlhe

extmc低ｗｅ正。｢iedundera制rcamo「nilmgen8aIi・ThedriedcxtmaclwaIi
【にate。(wiccwiIhpropidiumiodide(PI〕-spccilicphospholip劇ＳＣＣ(Sigma‐
Aklrich〕・ThemBsul[ingmenc【ionmixIurewihNlyophiIized,61,.ＰｌｄＧｌｃｗａ：
fmtherpuriIiedbyHPLC(PU9RO;JASCO,Ｈ趾chiqii,JIhpan),uIiingnMono
BislM〕rmill-phnHcHPLCcolumn（3.2【ＩＤｘ５０ｍｍ；Kycl◎Mcnclech，
Kyoto,llpam)equiIibrulcdwithC/Ｍ（8:２．Ｖ/v).Ｔｈｅｃ〔》ｌｕｍｎｗ蝦ｗｈｓｈｅｄ
ｗｉｌｈＣ/Ｍ(8:2,Ｖ/v)ｍｒ２ｍｉｎａｌａｎｏｗｒａＩｅ㎡Ｉｍｌ/ｍin・ａｎｄｌｈｅｂＤｕｎｄ

ｍ弧eriaIswereeIutedwith団griIdientfrpmC/Ｍ（8:2,Ｖ/v)IDchl⑪ron)r､ノ
ｍｅ(hanol/Ｗａに「(7:3:(13,Ｖ/v/v)fbr4min･fbIIowcdbylinnlIioIvcn【Ibr2
min・ThecoIumncIullleswcTchzlclionlhledat0.2ｍl/tubellndmonitorcd

withTLCPtdGlc-c〔DnminingfmctionHwerecoⅡccに｡,drie(I,ａｎｄｄｉ齢olved
in50トルＩＣ/Ｍ(，:１，Ｖ/v〕､AliquotSof2ILIwe祀汕bjecle。(⑥milss5pec‐
ｔｍｍｅＩｒｙ(ＭＳ)umhlysili,ＭＳｗ３ＨｐｅＴｌｔ》rmedwithnN8ln⑥FmnIierL(Ｈｉ(alchi
High-舵chnol⑥gies,Tbky(DJ組pan),“deIicribcdprIwiq1u:Ｉｙ(21)．
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abHorbihnceofthe9iupemalants狐ｔ５５０ｎｍｗ錨、己ihsuにdwilhuIBeckmiln

RMi:A灘溜RWIiI:1L1lliiMMlWR1iWM:鴨1M蝋ｇＹｌ１劉甥緋
Ｍ－Ｉｃｍ－Ｉ（23)．

Ａ"nmi〃Mbj"｡i"ｇ“my

NcutmphiIs(Ix106cells/ｍｌ)ｉｎＤＭＥＭ/FlZmediumsupplemenIedwith
IO兜FBS（､ＭＥＭﾉFI2-FBS)wercincubil【cdwiIh4or81Lg/ｍｌＤＩＭ２Ｌ
Ｔ５Ａ７,ｏｒｎｏｒｍａｌｌｇＭＩｂｒＩｍｉｎ，Ｉｈ,ａｎｄ４ｈｕＩ３７･CinaCOzincub狐o風
Thenpoptotic紐ctivityofDIM21onnculr⑥phiIswa9isometimeschIlnged
byb秘tch-lo･bmtCbvmriiltion・MoImwer,lhebiologicalilclivilyorDIM21i1i
nolstabIe・ThuH，【ｈｅ⑥ptimalw⑪rkingconcentmlionofDIM2Iw8Mi8ld-
juIitedineachexperiment・UsuaI1Whesubmaximalc(〕ncentrKl【iDnHhowing
themaximumapopl⑥licac【ivity⑥｢DIM2Iwa58IUymLlmi〔)meexperi‐
ments，neuITcphiIsweにpreincubaにｄＩｂｒ３０ｍｉｎ（DnicewilhciIspa3e-3
inhibi[orVlI(５０ＩＬＭ),caspase-8inhibilDrII(501｣ＧＭ),caspaHe-9inhibitor
III(５０ⅡＭ),ＰＰＩ（２ILM),orLY294002(２ＩＬＭ)．

TbdeterminelheinvoIvemen（ofrealcliveoxygcn：pecieI＄（ROS）in
DIM21-inducedneutr(DphiIapDpl⑥sis,neulrophiISwcにｐにincubntedwiIh
lOlLMdiphenylenciodonium(DPT）ｆｂｒ３０ｍｉｎａ【３７.ＣｉｎＤＭＥＭ/F12‐
FBS(24).ThcloadedceⅡsweretbenincubiItedwi【h4ILg/mlnorm8lIlgM
oranti-PIdGIｃＤｌＭ２Ｉａｔ３７･Ｃｌｂｒ４ｈ・TbdcIeIminclllccHeclsofcatalasｃ

ｏｎｉｍ【i-P(dGlcAb-inducedap叩losi5，neutrophihiwereincubaにｄｗｉｔｈ
ＤＩＭ２１ｉｎＩｈｅａｂｓｅｎｃピｏｒｐｒｅｓｃｎｃｅｏｆＩ４０Ｕ/ｍｌＳＯＤｏｒ２００Ｕ/mlcntIhlHMie
al37oCfb「４ｈ.Thdetermine【ｈｅｅ箙cIH⑪「ａｎｌｉ－ＦａＲＡｂＺＢ４⑥I1DnⅥZI-

inducedneutmophiIapoptosis,neuImphiIs（Z5xIOnceIIs/ｍＩ）ｗｅ妃pre‐
incubaにｄｗｉｌｈ１ＯｌＬｇｍＩＺＢ４ｆＵｒｌｈｏｎｉｃｅpri()ＴＩ〔)DlM21treatmenL

Thebindin80fAlexmFluor488-coniug凸にdAnncxinVloccⅡswasu5cd
“aHemiiIivemethodfbrme錨uringapopto薊86（25).SpeciIicbindingof
AnncxinVwasdeにrminedbyAIexilFIu⑥r488-conjugnにdAnnexinWnd
PlIbrAp〔lptosisDetcctionkit（Invitmgen〕，accoIdingl(Dthemunu‐
Iilcturer，sinHtruc【iomi・TheAnnexinVboundceⅡｓｗｅ雁anaIyzeduHing
aFACSCaliburnowcylomeに凪Thebindinga繩ayiI1dicaIedIhalAnncxin
VdidnolｂｉｎｄｔｏＤＩＭ２１（SuppIementalFigl)．

７U/ＶＥＬｑ砧の

ThcTUNELassaywithnuoにｓｃｅｉｎ－ｄＵＴＲｕｓｉｎｇａｎｌｎｓｉｌｕＣｅｌＩＤCath
DeteclionKit(RocheMoIeculilrBiochcmic6II$,IndiilnllpoIis,1Ｎ),wihsuHcd
lodetec【andquanOifyDNAslrilndbnemksinihpoptoticneuIruphils,ilc‐
coUdingt⑥IhemmnultlctuにrosinsIrucIions・TheslminedccⅡｓｗｅにｅｘａｍ‐
incdwiIhaTCS-SP2Lcicac⑪nfbcalmicr⑪scopeequippedwiIhaPlKln‐
ApDchroma【６３xoil-immeINii◎nDICobjectivc、

ＣｂｌＯｍ７ｌｅ"たmeQSu"１Fme"「q/c､叩“Ｂ－Ｊｑｃﾉﾊ'j(y

NeutrophilM2xlOもＣｅⅡ獣、l〕wereincubatedwilblI｣’9/ｍＩＤＩＭ２Ｉ，
normnllgM，ｏｒＴ５Ａ７ｉｎＤＭＥＭ/Ｆｌ２－ＦＢＳａ【３７℃ｆｂｒ４ｈｉｎｕＣＯ２ｉｎ－

ｃｕｂａ【ormllecaspase-3aclivityofＩｈｅｃｅⅡｓｗ殿nmlIyzedusinganApu‐
AIertcaspKMieas5ayki【(TlhkarIhBio,Shig剃,」upHn〕,l1ccDrdingl()themllnu‐
fihctuだ『,§in$truclions・

sfdljmicaﾉα"α(ysis

ThedntaarcexpressedIl:themeans±Ｓ、,andsigniIicnntdilTig｢enceswerc
analyzedbycme-wayANＯＶＡａｎｄｐｏ釦ｈ⑥cteIilusingthcGmphPad
PRlSMstalisticalsoliw8Irepackage(GraphPadSofiwilre,SunDieg⑥､ＣＡ)．
I、紐Ⅱ乱mlIy;ｅｓｌｐ＜Ｏ`O5indicalcdstatis(icalsignilic釦､cc．

ANowophils
：

LymphocylGs

；

MOnOCytes

：

MonocyIe-derWed
DBndnliccdlB

！

｡’
NGuImphil3、Monocyto8Ｌｙｍｐ施但ytGs１

４
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ＦＩＧＵＲＥ１．Ｐ(dGIciHaneulmphiImarkerinhumihns.Ａ,Expn3ssionof
PldGIconにukocytes・PeripherlhIbIood雛mpIeswereincubatedwithAIexil

Fluor488-Kmti-PtdGlclgMDIM21，AIexaFluor647-ami-LacCerlgM
T5A7,orAIexnFlucr-labeIedn()mlallgM(dashedlines)fbr30minonice、

TheerythrpcyIeswemeremovedwithcryIhrocyte-lysisbu舵r、andthe

TcmainingceⅡRwerEanaIyzedbynowCylomemy・NcutTophils（CDl4I`jw
ilndCDllbl`，w),ｍ(、()cyIes(CDlIbhigIoandCDl4M8IIceII5),andlympho‐
cyteH(ＣＤ54+ｉｍｄＣＤＩ４－ｃｅⅡ3)weregaKedusingElnti-CDI1b,nnti-CDI4，
ilndanti-CD54mAbs・Monocy【c-derivedDCswe”i5olatedasdescnbedin

MJrF地ｈα"dlVf'hDdIr､Numbcmiaに【hcgcometncmcansofnuoにsccncc

inlenHiIy､ThercsuItsHhownIlrerepresen⑪【ivedIllaorfburindependent
Obserwl【ions.Ｂ,CompurisDn⑥ｆＰｌｄＧｌｃｎｎｄＬａｃＣｅｒｅｘｐにssiDnonleukD-
cyIes・LeukocytesinAweにslainedwithAIexaF1uor488-DIM21and

AlexaFIuor“7-T5A7oniceandanaIyzedbyflowcytomcUy・nleresuIt5
9ihpwnarcrepresen[nlivedntnoflbuTindependentobservalions．

chromatography/ＭＳａｎａ]yses〔Fig.２).PtdCIcwasdetectedusing
ananoliquidchmmatogTaphy-tandemmassspectromeuy(LC/ＭＳノ
ＭＳ）sys【cmHfterpartiaIpuriIication､Extractcdioncu『Tentchro-

matogrambymだ＝893.6,whichisthemassofasinglemolecu1ar

speciesoI・IetalmurinebrainPtdGlc､showedapeakatT12.6(Fig.
2A).HoweveI;inlhecaseofneutrophils,PtdGIccontainedCl8:O

lXhltyacylchainasamalorcomponent・Inaddition,ａｐｅａｋｗｉｌｈ
"吃ｏｆ935.6,idcnticaIto6-O-acetyIaled,Cl8:０．２０:O-PtdGlcwas

aIsofbundalＴｌＯ３Ａｐｅａｋｗｉｔｈ〃たｏｆ907.6ＣＯn℃spondingto6‐
O-acetylatedPtdGlcwithCI8:0,18:OWasalsofbundatTlO7,but

lhemtiomelativetoPtdGＩｃｗａｓｌｅｓｓｔｈａｎｔｈａｔｏｆＣＩ８:０，２０:O-

PldGIc・ThesemoIecuIarspccieswerecon6rｍｅｄａｓＰ【dGIc-rcIaにｄ

ｃｏｍｐｏｕｎｄｓｂｙＭＳａｎｄＬｄＭＳ/MSspecU･ａ(Fig.２８).Thefrag‐
menlaIionproIiIeiscompaTabIetoprcvious1℃sul【ｓ（28).LacCer

wasfbundtobethemajorgIycoIipidcomponentofneutmphiIs，
whe｢easPtdGlccontcntwas～0.75％oftheIactosyIcemmide
contenIeｓｌｉｍatedfromtheIiquidchromatogmphy/ＭＳｐｅａｋａｒｅａ，

PrdOk/bnnsdmW"Fﾉﾉｶﾛﾉｄ縦r”ｍｍｃａﾄe"ricAed
"ＩｉｃｍｄＤ"1｡"is

HumanneutrophiIsabundantIyexpressLacCerontheirceIIsuF

I1aces,andLacCercIusterstofbrmlipidrafIscoupledwithLynon
lheplasmamembrxmesofncutmphiIsandHL-60cells(5).PtdGlc

aIsolbrms「aft-likemembranedomainsandactiｖａｔｅｓＬｙｎｉｎＨＬ‐

ReSultS

ndGﾉciJpｸﾞﾂﾞiPnmriaﾉ!y〃花"ｅｄｍ〃αIrmpﾉWS

PldOIcisanewtypeorgIycolipid（16）ｔｂａｌｉｓｐに化疋ntiaIIy
expressedaIonglheneutrophil-diflc1℃ntiationpa[hｗａｙ(26).Ｃon‐
siHにntwiththeseIindings､weobservcdthatP[dGIcwashighIy
expressedontheceIlsurfilcesofperipheraIbloodneutmphiIs
(CDI4IowandCDIlbIow）andwcaklyexprcssedontbeccll
surmcesofmonocy【Ｃｓ（CDIIbhighandCDI4I'ighceIIs）ａｎｄＩｙｍ‐
phocytes（ＣＤ54＋andCDl4-celIs；Ｆｉｇ．１)．Neutralglyco‐
sphingoIipidLacCcrhasbecnidentiliedasthencu(rophiI-di卜
にrentiatiolumarkerCDwl7（27)．MosIceIIshighIyexp爬ssing
LacCeraIsoshowedhighIcvｅｌｓｏｒＰ【dGIcexpression（ＦｉｇＩＢ)．
PeripheraIbIood-derivedunstimulatedDCsexpressedLacCer,bul
didnotexplcssPtdCIc,ontheirceⅡsuTfaces(Fig.１Ａ).Ｔｈｅｐ｢Ｃｓ‐
enceofPtdGIconneulrophiIswasaIsoconIirmedbyIiquid
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conlrast，PtdGlcwasupregulatedinatempemture-dependent

manner・Ｔ１１ｅｕｐ妃gulatedexp雁ssionofPldGIcwasnotdown-

regulatcdbycooIingonice（SupplementalFig2).Theseobser‐

valionssuggestedthaLasinthecaseofuM6zintegmn,PtdGlc

existsinthegranules,whicharetranslocatedtothcpIasmamem-

braneinatemperatuに-dependentmannenA1thoughanti-LacCe「

AbT5A7aclivatessignal-transductionmolecules，includingＬｙｎ

ａｎｄｐ３８ＭＡＰＫｏＴ５Ａ７ｄｉｄｎｏｔenhancetheexp配ssionofPtdGIc
onthecelIsurfncc

LacCermediatesneutrophilchemOtaxisandthegenemtionof

supemxide（5,6,8).Anti-LacCerAbT5A7inducedsuperoxide

generationhomneutrophilic-diHerentiatedHL-60ceⅡswilha

bcIl-shapeddose-1℃sponsecuwefi℃、0.OI-lOlLg/ml(8).ｍｅ肥‐

fbre0wealsoexaminedtheerfEcｔｓｏｆＤＩＭ２Ｉｏｎｎｅｕｔｒｏｐｈｉｌｃｈｅ－

ｍｏIaxisandthegeneralionofsuperoxide【odeterminewhether
PtdGlcisaIsoinvolvcdintheseLacCer-mediatedactivities・

However，wefbundthatDIM2Iminimallyenhancedmigration

(Fig.３F）orsuperoxidegeneration（Fig.３CLsuggestingthat

P1dGIcisno(involvedinLacCer-mediatedneutrophilfimctions・

ＰｒａＧﾉcisinwWedin〃α"ねpハルJp”rDJな

Neutmphilsa”short-IivcdceIIsthatsuwiveiｎｔｈｅｃｉにuIationfbr

～Z4-36hbeIbr℃undergoingapoptosis(31).The肥fbre,neutrophil
ulrnovcrisrapid,ａｎｄ【hecmcicntremowllo「suchIalgcnumbc厩

ofeHetecelIsbyapoptosisisamajoThomoeostaticendeavor(7)．

Ｐ(dGIcwasalmeadyshown【ｏｂｅｅｘｐにssedonmyeIocytes，ａｎｄ
ａｎｔｉ－ＰｌｄＧＩｃＡｂｗａｓａｂｌｅｔｏｉｎｄucethediffeにntiationofHL-

６０cellsloneutrophiIicceIIs，suggesting【ｈａｔＰｔｄＧＩｃｍａｙｂｅｉｎ‐

ｖｏＩｖｅｄｉｎｄｉＨＣ雁nIiation-にIatedevents，incIudingapoptosis，ｉｎ
ｎｃｕ【mphiIs・TheにfbT℃，weIirstexamined［ｈｅｃｆｆｅｃｔｓｏｆａｎｔｉ－

ＰｌｄＧＩｃｌｇＭＤＩＭ２IonAnnexinVexp妃ssioninneutrophilstode-
termincwhetherPtdClcinducesapoptosisofneutrophils,because
AnnexinVisasensitiveprobeusedtoquantifythecelIsthal
unde屯oapoptosis（32)．DIM2ltreatmentinducedAnnexinV＋

ceIIsinanincubationtime-dependentmanner(Fig.４).Incontrast，

anli-LacCerAbdidnolenhanceneutrophiIapoptosis、Human
monDcIomlIgMGL-2,WhichspecificaⅡymenctswithPtdGlc(13)，
andrecombinantGL-2FabnngmentTGL-7alsoinducedAnnexin

V＋ＣｅⅡｓ(Fig.４C).PIpositivityindicatesnecmticceusAsshown
inFi9.4A，thepercenIageso「ＰI＋DIM21-IreatedceⅡｓ（~6％of
toIaIaner4horincubation）ｗｅｒｃａｌｍｏｓｔｌｈｅｓａｍｅａｓｔｈｏｓｅｏｆ

ｏｌherAb-trcatedceIls・Thus,DIM2IwasunlikcIylohaveinduced
necTosisofneulrophiIs、

TheTUNELreaclionisaIsousedtomeasuUCapoptosis,because
DNAcleavagegeneraⅡｙｏｃｃｕｒｓａｔａｍｕｃｈｇ1℃aterhequencyin
apoptoticcellsthaninnonapoptoticcells,TherefOre,wctestedthe

apoptoticen1eclｏｆＤＩＭ２１ｏｎｎｅｕｔｍｐｈｉＩｓｂｙｔｈｅＴＵＮＥＬmelhod・

NcutrophilswithlypicaIapoptoticmorphologybincIudingruunding
ofnucIei,wereobseTvedafier4hofincubationwithDIM2Land

theseccIlswereTUNEL+(Fig.５A).AsshowninFig､ｓＣＤＩＭ２１‐
induccdTUNEL＋ceIIsweにsigniIicanIlyincr巴asedbyDIM21
1reatmcnl（26.8±4.6％,ｍｅａｎ±ＳＤｏｆ[b1℃eexpeTiments),ｂｕｔ
ｎｏｔｂｙＴ５Ａ７ｔｒｅａｔｍｅｎｔ（19.0±5.4)，ｃomparCdwiththosein
normallgM-t唾atedcell5（14.9±5.6).Moreove凪caspase-3ac‐
Iivation,whichisanotherhal1ma｢kevent1eadingtoapoplosis(33)、
wassignilicantlyinduccdbyU℃ａｔｍｅｎｔｗｉｔｈＤＩＭ２Ｉｆｂｒ４ｈｂｕ［
ｎｏｔｂｙＴ５Ａ７（Ｆｉｇ５Ｄ).ThescobservationssuggestedthatPtdCIc

media(esneulrophiIapoptosis，ｗｈｅＩｍｓＬａｃＣｃｒｄｏｅｓｎｏｔｐａ｢tici-
patein［bisprocess、

ＰＭＣ〃i"｡"“ｄロノmpmsisisd巴pe"此"『ｏ〃cqspq“ｓｂ"'〃C/S'で
ﾉh"lMyAm“e,ＰﾉPJAi"“e,orsゆど、】『雄ge"emljo〃

Despite[henumerousavaiIablcapoptoticstimuIi,thcIinalchanges
iｎｔｈｅｃｅＩｌｓａｒｅｓｉｍｉＩａｎａｎｄｍａｎｙｏｆｔhesignaIingeventsseemto
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ＦＩＧＵＲＥ２．ＭＳＤｆＰｔｄＧｌｃｉｎｎｏｒｍｉｌＩｈｕｍａｎｎｃutmphiIH．Ａ，ＭＳｃｈｍ‐

miIlogramsofPldGlc､ＴＩ)ｌａｌｌｉｐｉｄｅｘｔｍｃｔｆｍｍｎ⑪『ｍａｌｈｕｍ叩neutmphil§
〔10月）ｗａｓｐ泥Irea[edwithPI-specincphosphoIipascCIoremovcPI・Ｔｈｅ
、剣orglycolipid，LacCer,ｗ懇801”；epamIedfmmPldGlcbyHPLC

equippcdwithaMonoBisnormaIphasecoIumn、Ｔｈｅpar【iaIIypuriIicd

samplewmsthcnanmlyzedusingananoLC/ＭＳ/ＭＳｓｙ５１ｅｍ・口,Ｔｂ〕talion

chToma【〔〕grmm；ｂ－Ｅ、MSchmmatogTamsciInnedwithmﾉｚｏ「893.6（６．

ＰｌｄＧＩｃｗｉｌｈｌ８:O/20:0),８６５．６(c,ＰｌｄＧｌｃｗｉｔｈＩ８:0,18:O),935.6(｡,６－０‐

Ac-PtdGlcwilhl8:O/20:O),ｕｎｄ907.6に,６－O-Ac-PtdGlcwithI8:0,18:O)．

ＴｈｅにｓｕｌＩｓｓｈｏｗｎａｒＥｒｅｐ『esenliltivedatnuf［woexpcrimentIi．Ｂ、MS

speclra([1,6)ｉｍｄＬＣ/ＭＳ/ＭＳｓｐｃｃ【、（←e）⑪fneutmphiIPtdGIc-配laled

molecuIeIi・ＰｔｄＧＩｃ（のnnd6-O-Ac-PldGlc（６）pmducli⑥nspectrum⑪ｆ
ＰｔｄＧＩｃＷｉＩｈｌ８:0,20:Ｏに）ａｎｄＩ８:0,20:0（のmd6-O-Ac-PtdGIcwith

I8:0,20:Ｏ(2)．

６０celIs（16).Theにfbre,ＰｔｄＧＩｃｍａｙｂｅｌｏｃａにｄｉｎｔｈｅＬａｃＣｅｒ‐

enrichedIipidmflsandbeinvoIvedinLacCer-mediatedfunclions．
Ｐ1℃treatmcnlwithanti-LacCerAbT5Ａ７ｏｒａｎｔｉ－ＰｌｄＧ１ｃＡｂ

ＤＩＭ２ＩｄｉｄｎｏｔａｆｆｂｃｔｔｈｅｂｉｎｄｉｎｇｏｆＤＩＭ２ＩｏｒＴ５Ａ７ｔoneulm-

phils,respectively(Fig.3A).suggestingthatthcseAbsdonotrccog‐
nizethesamebindingsiにs・ConfbcalHuorescencemicm§copy
revealedthatAlexaFIuor488-DIM2rregionswcrenotcolo-
caIizedwithAlexaFIuor647｣T5A7＋rcgionsonthepIasmamcm‐
bmneoringranulcsofneutmphiIs（Ｒ９．３８).Thcmaskintensity
ratesofthｅｐ１ａｓｍａｍｅｍｂｒａｎｅ(6.5％)andwholeceIIs(0.2％)ｗｅｌｃ

＜50％(Fig.３C,３Ｄ).TheseobservalionssuggestedlhatPldGlcand

LacCerlbrmdifTe爬ntdomainson【ｈｅｐＩａｓｍａｍｃｍｂｒａｎｃａｎｄａに
IocatedindifIieにntgranulesofneulmphiIs・
Thetcmpemtu妃-dependentspontancousup０℃guIMionofsur血ce

aMp2integrin（CDIlbにDl8）isanimportantcharactcnsticof

meutmphils(29).uMp21ntegrin,whichisexpressedonthepIasma
membraneandisIocaledinsec1℃toryvesicIcsandgeIatinase
gmnulesoistranslocatedtolbep】asmamembranebyincubationat
37｡Ｃ(29,30).Morcthan70兜ofLacCerisIocatcdinspecilicand
azurOphilgranules（５）andisnottranslocatedlotheplasma
membranebyincubationat37oCfbrshortperiods（Fig.３Ｅ).Ｉ、
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M-T5A１０２Ｄ４ＤＤＭｆＭＬＰ
－－

，１M21(119ⅢTIL）ＣＤ１１ｂ

ＦＩＧＵＲＥ３．ＰｌｄＧｌｃｉｓｐ雁senlindif化爬nt。〔】mmimifromLacCeTbenrichedIipidlYms.Ａ,Ｅ舵ct5⑨ｆＴＳＡ７〔)ntheexpressionofPtdGIc・NeulmphiIsweに
incubilledwithllLg/ｍＩＴ５Ａ７ｏｒＤＩＭ２ＩｏｎｉｃｅＩｂｒ３０ｍｉｎ､Iixed､llndSIIlinedwithA1exnFIuor488-DIM21（P(dGlc)orAlexiLFIuor647-TSA7(LacCeT)．
雁spectiveIy.、ashedIinesindicntenonnaIIgM-l1℃ａＩｃｄｃｃⅡ５.Numbcmrep『℃scnllhegcnmeIricmeanso｢nuoにncenceinにnsiIybB,Colocalizati⑪nofPtdGIc
aMudLncCeronneutrophils・NeutrophiI鳥weIEIixedwi[I1PLPIixlltivcHoIutionfbr30minoniceandthenK泥alcd(Digilonin＋)ｏｒｎｏ[(Digitonin-)with5
IJLg/mldigiIoninIt)ｒＩＯｍｉｎ・Aficrwlhshing,thecellswer巳incubaにｄｗｉＩｈＡＩｅｘａＦｌｕ()r488-conjugalcdanli-LacCerT5A71gM(green)ａｎｄＡｌｅｘａ５４６
ｃ⑥njugatedan昨ＰｔｄＧＩｃＤＩＭ２ＩＩｇＭ(ITed).Ｔｈｅ机ainedceⅡsweにexaminedwiIhaT℃S-SP2Leic曲conIt)calmicmscopeequippedwiIhmPlan-Ap⑥chmmat
lOOXoiI-imme耐iDnDICobjective､ScihIeb“ｌＯｌＪＬｍ・ThedatashDwna妃repTesenl狐ivedllluoflhrecexperimenls.Ｃ,FluoreHcenceintemii【yproIiIesof
plasm臼memb｢aneareainimiIgeoverluys9ihownｉｎ比(ﾉﾋﾞﾉi/)αＭ).RigﾉＷｗ花LCytonuomgmmfmmA1cxaFIuor488-conjugatedanti-LacCerT5A7
（LacCer)lIndAIexiIFIuor546-coniugaにdanti-PIdGlcDlM21（PldGlc)mimilgeoverIays§h⑥wninlheMpq"Ｃｌ.Themaskinlensityraにwas66.5％.、，
CyIoHuomgmmlromAlexaFIuor488-Ｔ５Ａ７(LacCer〕andAIexaF1uor54(i-anli-PtdGlcDIMZl（PtdGlc）inimageoverlmysshowninBhThemaskim-
lensilyralew齢0.2％.Ｅ,庇mpcra【uredependentupreguIulion｡｢ＰｌｄＧＩｃ・Neu1mphilliwereincubaにdwithorwithou【(－）llLg/ｍｌＤＩＭ２Ｉ（ＤＩＭ)〔)ｒＴ５Ａ７
ａｔ３７℃fbrl5min・SomeccIhiweにincubaIcdwillloutAbImniceIbrＩ５ｍｉｎ(Onicc).ThecclI§ｗｅにthenHtainedwilhAIexaFluor“7-Ｔ５Ａ７(α),Alexa
FIuor488-DIM2I（６）,ｏｒＰＥ－ｍｌｉ－ＣＤｌＩｂ(し.)oniccibr30min･ＴｈｅｃｃⅡＳＷＣ1℃washcd・andlhebindin8oreachAbloneutrophiIswasanalyzedbylIow
cy(ometry・ＢＧ,CelIHwere[rcntedwithnormallgMonicenndslilinedwitbAlcxnFIuor647-,AIex胡FIu｡r488-,oTPE-conjugatednnti-IgM・Numbersa妃
thegeometricmean5o｢Iluorcscenceinにn5ilyorneulrophiIswithoulAbincubalingonice(Ｏnice)oraI３７℃[0.37℃(－)]・ＲＥ碇clsofan岬PIdGlcAbon
neutr〔)phiIchemotaxis､Anti-P【ｄＧｌｃＡｂＤＩＭ２ｌ，lln腓LacCerAbT5A70孤ndnormallgMweにnssesisedlbrchemotacticac【ivitiesaguinstneutrophilsbylhe
BoydenchambermethodUgM,0.］lLg/、lnormaIlgM;ＴＳＡ7,0」lLg/mlnnli-LdkcCerAbT5A7;、ＭＳＯ,solventcontrolfbrfMLPstimula【ion;ｆＭＬＲＩＯ
ｎＭｆＭＬＲＥａｃｈｂ凹rshows(ｈｅｍｅａｎ±Ｓ、⑥｢IburindependentexperimenlH.＊唯やく0.001．ＧＥ碇cIsofanti-PldGlcAbonneutrophilsupemxide

、gemerilIion・Thesupclnxidegemerlltiona粥uywnsperfOrmed側ｓｄｃｓｃｒｉｂｅｄｉｎＭｑｊｅ'ＭＳａ"ｄＭＢｒｈα九・＊*〃＜0.01,＊**〃＜0.001.18Ｍ，１０仏g/ｍｌｎｏｒｍａｌ
ｌｇＭ;Ｔ5Ａ７，１０１｣.g/mIanli-LncCerAbT5A7;ＤＭＳＯ,soIventcontroInrfMLPsIimuIMi《)n;ｆＭＬＰＩ５００ｎＭｆＭＬＰＬＥ出chbarshows(ｈｅ、“、±ＳＤＣfthTee
independemexperimenls．

convergeintocommonmechanismsinvoIvingactiwltionofcas‐
pases（34）Death雁ceptors,ｓｕｃｈａｓＦａｓ，【ransmitdeathsignaIs
aners【imulatiombylhcirspeciIicligand５．StimuIaliono「dcalh

receptorsleadstoactivationoftheinilialorcaspase-8,whichse-
quentiallyactivatesefrbctorcaspases,suchascaspase-3fIeading
toapoptoticcelIdealh（35)．Caspase-3isthefinaldownstTeam

efTectorcaspasemediatingapoptosisinneutrophiIs（36)．Func‐
tionalinhibitoTstudiessuggestcdthatcaspase-9iscruciaIIbr
caspase-3and-8aclivation,alleaslinneutmphils(37).Therelbre・
weexaminedthcinvolvementofthesecaspasesinPtdC1c-me-
diatedneutmphilapOptosis・ＡｓｓｈｏｗｎｉｎＦｉｇ、６A，spccihcin-
hibiIo厩ofcaspases－３，－８，and-9significamlyinhibitedDIM21－
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haveadelicicncyinNADPHoxidaseactivi[y，alsoundcrgo
spontaneousapoptosisbuthaveapmlongedIifespan(44).How‐

eve田anothergroupcouIdnotdetectadifYbにｎｃｅｉｎｔｈｅｍｔｅｏｆ

ｓｐｏｎ(aneousapoptosisbetwcenno｢malandNADPHoxidase-de‐

Iicientnemrophils(7).NcitherSODnorcatalaseaffectedDIM21-

inducedneut｢ophilapoptosisundeTourexpenmentalconditions

(Fig.６Ｃ６Ｄ).DPLwhichisastrongNADPHoxidaseinhibito風

didnotinhibitDIM2I-inducedapoptosis0althoughilcompIeteIy

inhibitedPMA-inducedsupeToxidegeneraIjionhomneutmphiIs

(Fig.６E,６，.DIM21didnotinducesuperoxidegenerationby
itself(Fig.３Ｇ).Theseobservationssuggestedthatitisunlikely
thatNADPHoxidase-mediatedROSisinvolvedinPtdG1c-med-

iatedneutIUpbiIapoplosis、

ＲＪｓｉｓｉ"''０ルｚｄｉｎＰｌｄｃ仏medimed(Upolwsis

Fasisadeath1℃ceplorassociatedwithIipidrafIsduringFas-me‐

diatedapoplosis(45-47).Theにfbに,weexaminedwhetberPtdGIc

iscolocaIizedwithFasinneutrophils・ＰｔｄＧｌｃａｎｄＦａｓｗｅ『e

colocaIizedontheplasmamembranｅｓｉｎｌ己stingneutrophils、
PtdGlclbrmedlalgeclustersandwascolocalizedwitbFasfbI-

lowingstimulationwithanti-PtdGIclgＭＤＩＭ２１（Fig.７A).Ｍｏ爬‐

ovent1℃atmentwithanti-H1slgGDX2,whichcaninduceapopto‐
sis,causedlhefbrmationofFascIuste厩，whichwer巳alsocolo-

caIizedwithPldGlc(Fig.７８).T11emaskintensityratesof輻sting,
DIM2I-treated，ｏｒDX2-trealedneutrophilswerc85.7089.5,ａｎｄ

90.4％，respectiveIy（Fig.７。､NeutrDphiIsaIsoexpressedhigｈ
ｌｅｖｅｌｓｏｆＣＤｌ５ｓ（siaIyILexAg)ontheircelIsurfaces・However，
t1℃ａｔｍｅｎｔｗｉｔｈａｎｔｉ－ＣＤｌ５ｓｌｇＭｄｉｄｎｏｔｉnduceFas-coIocalized

cIusterIbnnation、Themaskintensityrateofanti-CDl5slgM-
lreatedneutmpbilsｗａｓｏｎｌｙ1.7％・Theseobsewationssuggested

thatPtdGlc、｢msIargeclusterswitbFasalongwitbactivating
cellstbroughthecross-IinkingofPtdGIcorFas､Fasisactivaled

byinducingitstriｍｅ｢ization(48).ActivatedFasにcmitsadaptor
moleculcs1suchａｓＦＡＤＤ，whichrecruitprocaspase-8tothere-
ceptorcompIcxwhe瀝itundergoesautocataIyticaclivation・In-

cubationofneutrophiIswithagonis【icanti-FasAbssignificantly
acceleuxllestheapoptoticprocessinthcseceus(25,49).TheFas

agonis【ｉｃＡｂＣＨ－Ｉｌｗａｓｐ肥sumcdtomediateitsapoptoticeffbct
throughcmss-linkingofFas定ceptors,inamanneTanalogousto
theFasligand、IncontraSLtheFasantagonisticAｂＺＢ４ｃａｎｅｆＬ

にctivelyblockapoptosisinducedbyＣＨ－ｌｌｂｙｂｉｎｄｉｎｇｔｏｔｈｅ
ｓａｍｅｅｐｉｔｏｐｅ顕CH-ll（50).ZB4inhibilsFasIigalionandeHi‐
cient1ybIocksapoptoticceIldeathinducedbytheagonisticanti-
FaｓｌｇＭＣＨ－ＩＩｏｒＦｋｌｓＩｉｇａｎｄｉｎｈｕｍａｎneulrophiIs（51)．We
fbundthatZB4signiIican[lyinhibitcdCH-1I-nndDIM21-

inducedneuIrophiIapoptosis(Fig.７E).Therefbre,theFas-medi‐
ａｔｅｄａｃｔｉｖａｔｉｏｎｏｆＦＡＤＤｓｅｅｍｓｔｏｂｅinvolvedinPtdGIc-mediaにd

neutrophi］apoptosis．
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ＦＩＧＵＲＥ６．Ｅ舵ｃｔｓｏ「inhibi【⑥rsofsignallmnsductiunmDlccuｌｅｌｉｏｍ

Ｐ【dGIc-mediaにdapoptosi:.Ａ,EIfectsofcasp錨einhibilorsoniInti-PldGlc

Ab-inducedaIpoptosis・NeulTophiIHwerepreincubatedwith50ILMc8Mi-

pase-3inhibiIorVIl，cmspuse-8inhibitorll、orcdMipase-9inhibil(ＤｒＩＩＩｋ)ｒ

３０ｍｉｎｏｎｉｃｅ・Ｔｈｅ叩opt(Dsis｢Kltipofeachexperimentw“cilIcuIatedns

(peにenmgcofDlM21-ornormilIIgM-inducednp(DptoticcellIiinthein‐

hibilOr造trcatedceⅡs)/(peにentageDfDIM21-induccdap⑥ploliccclIs).Each

bnrshowHlhemclln±ＳＤｏｆｔｈ肥cindependcn【expenments、８，Anti‐

PtdGIcAb-imducedapopl《Miisw“ｎｏｔｍｅｄｉａｌｅｄｂｙＳｍｆａｍｉｌｙｋｉｍ９ｉ“
orPIP3kinilses・NeutmphiIswe唾incubatedwilhDMSO（蝦”Ivenl
conIrDl;－）ZIu,ＭＰＰ】､DrLY294002fbr30minpnicc・Thesecellsweに

incubatedwiIhout(－)orwiIhlIJLg/mlnomuallgMoranti-PldGICDIM2I

fbr4hiI（３７℃･ａｎｄ叩ccilicbindingofAlcxaFluor4R8-conjugaled

AnnexinVloncutmphilswasanalyzedbynowcylome【ry・Eachbarshows

themean±SDofIhreeindependenlexpenmenls､ＧＥ舵clIiofSOD

oMnti-PtdGlcAb-inducIsdapopkDIiis・ＮｅuIrophilswcreimcubatedwithou【

(－)orwith41Lg/mInormaIIgMoramli-PtdGIcAbDIM2Iinlheabsencc

(ＳＯＤ－〕orpreScnce（ＳＯＤ＋）ｏｆ１４０Ｕ/ｍｌｏ「ＳＯＤａｔ３７ｏＣｂｒ４ｈ、

Specilicbinding⑥fAlexaFlucr488-conjugatedAnnexinVIoneutmphiIs
w劃sanalyzcdbymowcyIomcITy・RepresenI狐ivcrcsultsofIhr℃ciIu-

dcpendentexperimcntsarcshown・ThenumbeTsmelhchpancln｢ｅｔｈｅ
ｐｅにenlilgemfAnnexinV＋cells・Eachbnrsh⑥ｗｓＩｈｅｍｅｉｌｎ±ＳＤＣ｢lh唾c
indcpendentexpcrimen【s、、．Ｅ箙ＣＩＳＣ「ｃ凸taI細con8lnti-PtdGIcAb-in-

duccdapopIosis･ＮｅutrophilswereincubutedwilhouI（-）ｏ｢ｗｉｌｈ４ＩＬｇ/mI
normallgMoTanli-PtdGlcDＩＭ２１ｉｎｔｈｅａｂｓｅｎｃｅ(mhIIdlse-）ＯｒｐにSence

(cnlulaIie＋)of200U/mIcnm1dMiea【３７．ＣＩｂｒ４ｈ・SpecificbindingofAIexa
Ruor488-conjugatcdAnnexinV(⑥ncuImphiIRwaRanalyzcdbyll⑪w
cylomeIry・Represcnlativcresul[ｓｏｆｔｈにcindependentexperimcntsirｅ
shown・ThenumbcINiinenchpmnelare【hepeII:cnmgesofAnnexinV＋

CeⅡ9i､Eachbarshow5themem±ＳＤｏｒｔｈにcindcpendentexperimcnts.且
巳雌ctsofDPImIPMA-inducedneutmphiIsupcroxidegeneratipn･Ｎｅｕ－

DiscuuSsion

Mo妃【han400speciesofgIycoIipidhavebeenidentihedbasedon

thcsugarchainst｢uctures（52).GIycoIipidshaveattractedcon‐
siderabIeinlc肥stbecauseleukocytesshowlineage-Idatcdand
difrerentiation-dependentexpressionofthesemoIecules，making

lrophilsw⑥ｒｅＩに狐ｅｄｏＴｍｏｔｗｉｌｈｌＯＩＬＭＤＰＩｆｂＴ３０ｍｉｎａｔ３７.CThe
IomdedceⅡNwcrcthenincubaにｄｗｉｔｈｌＯｎＭＰＭＡｌｂｒ３０ｍｉｎａｔ３７．Ｃ，

EacbMrm0wIi[ｈｅｍｃａｎ±SDoflhrceindependen【experimemts・ＤＭＳ０，
９６⑥lventconl血)IkDrPMA5timuIaIion・ＲＥ碇ctsofDPIonanIi-PtdGlcAb‐

inducedneuImphil叩Dptosmi・Ｎｅu【rophil６ｗｅｒｅ【にatedcrnctwithlOILM
DPIlbr30minａｔ３７℃・TheloadedccIlswerctherumcubatedwith4ILg/mI
anti-PIdGIcAbDIMZlIbT4Iuat３７°Ｃ､Eachbarshow馬theｍｅａｎ±SDof

threeindcpendentexpcnmen魁.＊*ｐ＜0.01,＊*やく0.00]．

１，Ⅲ
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ＦＩＧＵＲＥ７．ＡsNociutionofPtdGIcHndRlH.Ａ,Ｃ〔DIocalizaliono『FasandPtdGIc,NeutrophilIi(ZXIOnceIIs/ｍＩ)wereincubatedwithout(Resting〕ｏｒｗｉｔｈ
５１ルヅmIanli-RhslgGDX2,anIi-PtdGlclgMDIMZI,⑪r釦ti-si釦lylLexlgMCSLEX1al37℃fbr5min・ThcceIlswc妃washedwiUllOvolumcsofice-coId

PBS,lixcdwilhPLPlandtmenに｡蘭equenti紐uywiIhprimnryDX2orDIM21AbHmdRecomdiIry(AlcxmFIuor488-conjugatedgoa(曲､【i-mouHelgGorAIex乱
FIuor647-conjugatedrabbitlmli-m⑥uSelgM)Absfbr30minonice､ThcsmimedcelIswereexamincdwilhnTCS-SP2Leicaconfbcnlmicroscopeequipped
wiIhnPIa昨ApochmmntlOOxoiI-immelNiionDICobjcctive､ScaIebarNj,ＩＯｌＬｍ､aF1uoにscenccinにnsityprolilesofplasmamcmbraneaにａｉｎｉｍａｇｃ
【wcrIayIi5h〔)wninA.Ｃ,ＣｙlolIuorogramIiromAlexaF]uor48Il-conjugnlcdanli-FaHIgG(ＰＸ】H)andAlexaF]ucr546-conjugaに｡an【i-P【dG1cDIMZI(PldGlc）
inimngeoverlaysshowninA・ThenumbeUNiindicalethemaskintemiiIymに５．，，ＮeulmphiIIiwerelremtedwithoul(－)orwithlOILg/mlanIi-FaslgGZB4
fiDr30minoｎｉｃｅ,Afterincubation1cellswercwaHhedandstainedwithAIcxIIFIu〔》ｒ４８８－ＤＩＭ２ＬＢＧ､ＣｅⅡｓｗｅｒｅ［唾atedwithnormaIIgMoniceand
stainedwithAIexaFluDr488-Iabeledanti-IgM.Ｅ,Ｅ舵Ｃｌ$⑥ｆＩｈｅＦ鰯anlilgoniIilAbZB4onPldGlc-mcdiatedneutrophiIapoptosis,Neulrophilg(2.5xlO6
ceIls/ｍｌ)ｗｅ1℃incubiIledornotwithoulIO}しg/mlilnli-FUHIgGZB4oniceIbr60、in,『i)lIowedbythcKlddiIionof2,４，or8ILg/mIanti-PtdGlclgMDlM2I，
４１u`ymI田､昨FaglgMCH-1l(CH-ll),Dr41Lg/mIn⑪nnaI1gMandincubatipnat37℃fnr4h・TbebindingofAnnexinVlo【hecelIswasanaIyzedas
describedｉｎＭａｒｅ'itMFa"ｄ雌Ｉｈｃ山.●,DIM2I;○．DlM21+ZB4.＊やく0.()I,…ﾉ,＜0.001.

themuseMasdinerentiationmarker５.A1thoughseveTaltypesof
glycoIipidarepにsentonneutrophils(53),thefUnctionsofmost

ofthesemoIecules,withtheexceptionofLacCeHhavenotbcen
weIIchaUacterized・LacCerisadifYbu℃ntiationmarkerfb「human

ncu【rophils(54,55〕,butitisalsoexpressedonmonocyteｓ(54）
andmonocyte-derivedDCs（Fig.１)．IncontrasLPldGIcwas

weakIyexp『cssedonmonocytesandIymphocytes,ａｎｄｉｔｗａｓｎｏｌ
ｅｘｐ”ssedonmonocyte-derivedDCs・The肥Ib泥，itislikeIylhat
PtdGlc，「athe「lhanLacCer,ｃａｎｂｅｕｓｅｄａｓａｈｉｇｈｌｙｓｐｃｃｉｌｉｃｄｉ卜
IierentiationmarkeTfbrneutrophils・

ＰＨ℃viousstudiesdemonstratedthepreSenceofhelemgeneous
IipiddomainsonplasmamembranesinthcsamccelIs（56,57)．

PtdGlcfbrmsdistinctlipiddomainsfromglycosphingolipidson
[heouIerIeane【ｏ「ｔｈｅｐｌａｓｍａｍｃｍｂＩｎｎｅｏｆＨＬ６０ｃｃⅡsandthe

humanaIveoIarepitheIiaIcelllineA549（18).ConfbcaImicro‐

scopicexaminationofneutrophilsrweaIedthatPtdClcwasnot
coIocaｌｉｚｃｄｗｉｔｈＬａｃＣｅｒｏｎｔｈｃｐｌａｓｍａｍembraneofneutmphils
(Fig.３).LacCcrmediatesneutrophilchemotaxisandsuperoxide
generationbutnotapoptosis(5,8).Incontmst,PIdGIcmediates

neutrophiIapoptosisbulnolchemotaxisorsuperoxidegcneration
(Figs、３，４)．LacCer-mcdiatedsignalmnsductiｏｎｉｓｈｉｇｈｌｙｄｅ‐
pendentonlheactivalionofLynandPT3kinase(6,58),whereas

PtdGlc-mediatedneulrophiIapoptosisdidnotdependonS1℃
familykinasesorPIP3kmase（Fig.６).SeveraIstudicsdemon‐
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stratedthatSrcfamilykinases,includingLyn,supp1℃ssapoptosis

byinhibitingcaspase-8activity（34).ManyfactoTsthalpromotc

neutrophilsurvivaIactivatePIP3kinase(59).The花fbme,itsecms

IhalLacCerandPtdGIcfbrｍｄｉｌＴＣにntdomainsontheneutrophiI

pIasmamembraneandmediatedifrbrentfUnctionsviadifTbrent
molecularmechanisms・

Apoptosiscanbeinitiatedbytwomainpalhways：thedeath

receptoFmediatedpatbwayandIbeintrinsicmitochondriａｌｐａｌｈ－
ｗａｙ(60).TheFas-mediatedpathwaybelongstothedeathにcep‐

torpathway、LigationofFasinducesthefbrmationofadeath-

inducingsignalingcompIexconsistingofFnsoanadaplorpmIein
(FＡＤＤ)rbrFas,andpIUcaspase-8(60).FasanditsIigandexistas

trimers，andtheclusteringofFas-containingdomainsfbIlowing

ligationisrequiredtopromoteagg泥gationofpTUcaspase-8mo1-

ecuIeswithinthedeath-inducingsignalingcompIex（48)．The

coalescenceofFas-containingIipidmfIsane「ligationo「lhisre‐

ceptoristheini[iaIstepofFas-inducedapopt0sis(61).Consistenl

withtheseresu】ts，weobsewedthatcmss-IinkingofFascaused

thefOrmationofalaTgeclusterofFas-containingdomains,which

containedPtdGIcmoIecuIes(Fig.７).ImpoHantIy,thecross-Iinking

ofPtdGIcalsofbrmcdFas-containingIargecIusteＴｓｏｎｔｈｅｐＩａｓｍａ

ｍｅｍｂｍｎｅｏｆｎｅｕｔｒｏｐｈils・Moreove風theFasantagonisticAbZB4

signiIicantlyblocksapoptosisinducedbyＣＨ－Ｉｌｔｈｍｕｇｈｂｉｎｄｉｎ８

ｔｏｔｈｅｓａｍｅｅｐｉtopeasCH-Il（50).Incontmst,theanlagonislic

anti-FaslgGZB４，ｗｈｉｃｈｈａｓｔｈｅａｂｉｌｉｔｙｔｏｐ1℃ventFas］igation

(51),signi6cantlyinhibitedPtdGIc-mediatedneutrophilapop【osis

(Fig7E).Theにfb妃,itislikeIythattheFkus-medialcdpathwayis

rCsponsiblefbrPtdGl6-mediatedneutrophilapoptosis・
IdentiIicationofthenaturalligaｎｄｓｆＯｒＰｔｄＧ１ｃｉｎｖｉｖｏｉｓｔｈｅ

ｍｏｓtimportantissueinvoMngP【dG1c-mcdiatedneuIrophilapo‐

ptosisthat正ｍａｉｎｓｌｏｂｅ配solved､PtdOIc-enrichedmH-Iikedo-

mainsexpressgIucosecIuste応ontheneutmphiIplasmamembmne・

Glucoseresiduescanbe「ecognizedbycertainkindsofgIucose-

bindingIcc[in，suchasgIucos副mannosc-spcciIicIectinsandC-

typeanimaIIectins､Indeed,macmpbagemannose泥ceploIB,which

arEexp『essedonhumanmacmphagesandIymphoCytes，ａｒｅcapa-

bleofbindingtoglucose雁sidues（62,63).ApoptosisisIheIinaI

stepinlhedifYe『Bntiationofneutrophils,Apoptosisisnecessaryto

mainIainacertainnumberofneutrophiIsinvivoandIiormacro-

phagestorcmovencMmphilsfmminflamcdtissucs,ｓ[epscIPitic8lI

inlimitinginflammatorytissucinjuryand[hcsubscquenIresolu‐

[iｏｎｏｆｉnnammaIion（2=１，６４).Apoptosisofneutrophilsmaybe

iniｔｉａｔｅｄｂｙｔｈｅｂｉｎｄｉｎｇｏｆＰｔｄＧｌｃｔｏｎａtumlIigand５．Ｆu｢ther

s【udiesarerequiredloelucidatelhebioIogicaIsignificanceof

PtdGlcinneutrophils．
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