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A丑SmCで  

Incuba七ion of concana．valin A（Con A）－aC七iva七ed七hy皿OCy七es fTOm nOrmalmice   

resul七edin七he release of soluble fac七ors血ich selec七ivelyinhibi七ed roseセセe   

forma七ion of overnighセーCul七ured human peripheralbloodlymphocy七es（PBL）wi七h  

ox ery七hrocy七es（Eo）sensi七i2；ed wi七h rabbi七IgM． Roseセセe forma．七ion of PBL   

Wi七h TⅣP－COuPled Eo8enSitized wi七h mouse monoclonalIgM an七ibody agains七   

WaS alsoinhibi七ed wi七h七hese fac七ors． The fac七ors were8PeCifically absorbed   

Wi七h mouseIgM－Sepharose colunn and could be elu七ed fron七he column at acid pH■   

They did no七bind七o mouseIgG－Sepharose column，nOrinhibi七ed roBeセセe forma七ion   

Of PBL wi七h Eo sensi七ized wi七h rabbi七IgG・From七hese propertieB Of the fac七ors   

We deslgna七ed then TT＝gM－binding fac七orsIl・ The cul七ure SuPerna七an七80f Con A－   

ac七iva七ed thymocy七es also con七ainedIgG－binding fac七or which8PeCifically bound   

七o Eo BenSi七ized with rabbi七＝gG・ Addi七ion of mouse＝gM七o the cul七ure of  

Con A－aC七iva七ed thynocy七es enhanced the formation ofIgM－binding fac七or＄1and  

normal七bymoey七es and叩1een eells七rea七ed vi七hエgM乱180formed七be fac七ors。  

Molecular weigh七s of＝gM－binding fac七ors were approxina七ely70，000and35，000  

dal七ons es七ima七ed by gelfil七ra七ion wi七h TSX G3000SW column・ IgM－binding  

fac七or of七he each molecular size suppressed七he＝gMplaque－forming ce11（PFC）  

response of sheepred blo。d cell（SRBC）－PTi皿ed8Pleen cells七o SRBC． TheIgG  

PFC response of the＄e Cells七o SRBC was a・1so suppres8ed bu七muchleβS effec七ively  

by七be fac七ors．  
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mOI）けCT工0Ⅳ  

Recen七s七udiesiniso七ype－SPeCific regula・七ion of antibody produc七ion by   

T ce11s haveindica七ed七ha七T cellfac七ors having affini七y for an七ibodiesin a   

Pa・r七iculariso七ype regula七e七he produc七ion of a・n七ibodiesin七he corresponding   

iso七ype・ Fridman and his cowoTkers have shown七ha七soluble fa・C七ors having  

affini七y forIgG（Ig binding fa・C七ors，IgG－BF）were formed by T cells beaTing  

Fc recep七ors specific forIgG（FcYR）and suppressedIgG andIgM response（1，2）．   

Ishiza・ka and his coworkers have shown七ha七IgE－binding fac七ors formed by FcER   

POSi七ive T cells specifically・regula七edIgE response（3，4，5）．  Yodoiand his   

COWOrkers have shown七ha七IgA－binding fac七or forned t）y FcdR posi七ive T ce11s   

SPeCifically suppressedIgA response（6，7）． These resul七sindica七e tha七an   

immunoglobulin－binding fac七or for a par七iculariso七ypeis formed by a T cell   

bearing Fc recep七ors（FcR）specific for七he corresponding class ofimmunoglobulin．  

Because七he exis七ence of T cells bearing Fc recep七ors specific forIgM  

（Fc岬）ha．＄been repor七edin severalspecie＄（8，9，10，11），We WOnderedif七he8e  

T cells migh七forna SOluble fac七or having specific forIgM（IgM－binding fac七or）。   

In七his s七udy we have employed七he roseセセeinhibi七ion assay using overnight－   

Cul七ured human peripheralbloodlymphocy七es（PBL）a．s a sourCe Of F頭R po＄i七ive   

Cells七o de七ec七murineIgM－binding fac七or・ We have examined七he exis七ence of   

IgM－binding fac七orin superna七an七s of concanava，1in A（Con A）一aC七iva七ed thymocy’七es  

血ich had been shown七o con七ain suppressor T cells for＝gMresponse（12）・  

The resul七s show七ha七the s七imula七ion with Con A a．nd／orIgMinduces七he produc七ion   

by七hymocy七es ofIgM－binding fac七ors and七ha七the factors were formed by splenic   

T ce11s七rea七ed withIgM・ Bi01oglCalac七ivi七ies ofIgM－binding fac七ors were   

a・1so examined・ Resul七s show tha上土he＝gM－binding fac七ors suppressedIgM respon＄e   

morein七en＄ively thanIgG response・  
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最仏でER工ALS A∬D蝿TEOI）S  

工mo訂止0加1i皿S and an七iもodie8   

1．Mouse monoclonalIgM a．n七ibody specific for工）NP  

Mouse monoclonalIgM aLn七ibody specific foT七heI）NP ha・P七en was ob七ained  

from七he asci七es of Balb／c mice七ha七had beeninjec七ed with七he hybridoma cell   

line35－7I）． The35－7D B cellhybridoma was es七ablished a・S descrit）ed below・  

Media and salt solu七ion for hybridi2；a七ion were prepa・red a・S follows・  

I）ulbecco－s modified Eagles Medium（I）旺餌）was purChased fr。m Gibco（Cat・No・  

320－1965）． HAT－medium and HT－mediu皿Were PrePared by addingl／100v01ume of  

七herespec七ivelOOxs01u七ionsofaminop七erin（4Ⅹ10－5Mβ01u七ioninH20）and  

hypoxan七hine（10－2Ms0lu七ioninH20）－thynidine（1・6Ⅹ10－3Msolu七ioninH20）  

七o DMEM． GKN－SOlu七ion con七ained perlli七er dis七illed wa七er：8gⅣaCl，0。4g  

KCl，1・77gⅣaH2HPOん・2H20，0・69gNaH2POん・H20；2ggluco8e，0・01gphen01red。  

Polye七hylene glyc01（M．W．4000，Nakarai）was mel七ed and sterili2；ed by  

au七oclaving or boiling for30min and was cooled七0500c，七hen combined with   

an equalvolume of GEN． The re＄ul七ing50冤PEG－SOlu七ion was used for．   

hybridi2ia七ion． A Ba．1b／c mouse（10wk of age，PurChased fTOm Shi2；uOka  

Labora七ory Animal（Shizuoka，Japan））vas primed wi七h ani．p．injec七ion oflOO   

tlg DⅣP－keyh01elimpe七hemocyanin（KLH）includedin O．1mlof alum・ Eigh七een   

daysla七erIthe mouse wa・S reCeived a t）00S七eri・P・inコeC七ion oflOl⊥g DNP一正LH   

dissolvedin phospha七e buffered saLline（PBS，PH7．2）． Three da．ys af七er七he   

b00S七erinコeC七ion，the mouse was killed by a．xilla disloca七ion and spleen vas   

七ransferedin七o a plas七ic pe七ridish con七aining GXⅣ．  The ce11s were七eased   

from the ca．psule wi七h a spa七ula，WaShed七wo七imes wi七h G濫Ⅳand were fused wi七h  

SP2／0－Ag14ce11sby七heme七hodofGalfree七al（13）．108spleencells・Were  
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ob七ainedandmixedwi七h3Ⅹ107sp2／0－Ag14ina50mlconical七ube（Falcon  

2070），and spunforlO min a七1，000rpm a七r00m七emperature． Allthe   

SuPerna七an七was carefully withdrawn・ A七○七alof O・5m150冤PEG wa．s added   

dropwise七0七he pelle七under agi七a七ion（七o brake up七he pelle七）0Ver a Period   

Of one minu七e a・七room七empera七ure・ Af七er2min wi七h gen七1y ro七a七ing by ha．nd，   

2皿lof GKN wa・S added during2min，七hen7mlof GXⅣwas added over a period   

Of3min。 Af七er cen七rifuge forlO min a七1，100rp7n，七he pelle七was resuspend   

in28mlofI）MEM con七aininglO完heaセーinac七iva七ed fe七alcalf serum（FCS，M．A．   

Bioproduc七s，Wa．1kersvi11e，MI）），3mM glu七amine，1nM pyruva七e，50tlM   

2－merCa．P七oe七hanol，100U／mlpenicillin，andlOOug／mls七rep七omycine． One   

hundredlJlaliquo七s vere dis七ribu七edin七0280wells of96wellpla七es（Costa．T   

Tissue Cul七ure Clus七er Ca七．Ⅳ0．3596，205Broadwa．y，Cambridge，Mass．，U．S．A．）。   

The cellsin七he七rays were cul七uredin a humidified aiT a七37Ocin an   

a七mosphare of5冤CO2・ Af七er24hr O・1mlHAT一皿edium was addedin eachwell  

and cul七ured． Af七er3da．ys a．nd twice a．week七hereaf七er，0．1mlmediu皿WaS   

TemOVed and replaced wi七h HAT－medium． Af七er7七010days 七he wellB Were   

inspec七ed for hybrids and七he HAT medium was replaced by HT－mediun・   

Hybridomas tha七were secre七ing mouse＝g were＄elec七ed by en2；ymeimmunoassay   

Wi七h七he use of Cy七oscreen G（Seragen，Bos七on，か仏）a．nd96－We11polys七ylene  

Pla七es（Sumi七omo Ba．keli七e，Tokyo，Japan）coa七ed wi七hI）NP－bovine gam7na globulin。   

Subcloning of B cellhybridomas was carried outin sof七agar・ Abou七150   

hybridoma ce11s were seeded on a pe七ridish con七aining5mlof O・24冤agarose  

（Seakem，LE．agarose）inI）MEM－15完FCS a．nd cul七ured． Af七er2weeks colonies   

Were Observed and single clone＄・Were Picked and expa・ndedinliquid medium・  

Goa・t an七isera specific for ei七her mouseIgM，IgGl，OrIgG2a andIgG2b（heavy  

Chain specific，ⅣordicImmunologicalLabo＝・a七orie＄，Tilburg，Ⅳe七heTland）were  

usedfor Ouch七erlonyinmunodifusion tes七inl完aga．ro8e（BehringIns七i七ute）in  
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I）PBS七o de七ermin七heiso七ype of an七ibody secre七ed from hybridomas。  

To purifyIgM an七ibody from七he asci七es fluidIDNP－bovine serum albumin  

（BSA）conjuga七edwi七h CⅣBr－aC七iva七ed Sepharose4B（Pharmacia Fine Chemicals）  

was used as animmunoad80rben七． The asci七es fluid wa．s dilu七ed wi七h七he equal   

v0lume oflO nM Tris－HClt）uffer，PH8．0，COn七aining O・3M NaCl，and was   

fra．c七iona七ed by the precipi七ation wi七h50冤＄a七ura七ed atmnonium sulfa七e・ The   

precipi七a七ed pro七ein＄Were dialyzed・againsセセhe Tri＄buffeTland were a・PPlied   

七o the DⅣP－BSA－Sepharose c01umn・  The column was washed wi七h七he TTis blユffer   

un七il七he op七icaldensi七y a七280nm of七he effluen七becameless七han O・0ん。  

The bound pro七ein was elu七ed wi七h O．1M dini七rophenol（pH8．2），and was dialyzed   

ex七ensively againsセセhe Tris buffer a・nd concen七Ta七ed・  

2．Rat）bi七an七i－○Ⅹery七hrocy七eIgM and＝gG an七ibodies  

Rabbi七IgM andIgG an七ibodies agains七○Ⅹery七hrocy七es（Eo）were ob七ained  

byim皿uniza七ion of七wo rabbits wi七h Eo． Five完suspension（Ⅴ／v）of Eoin   

8aline（5ml）wasinjec七ed七o ea．ch rabbi七．  One weekla七er七he ani皿als were   

boos七ed by ano七herinコeC七ion of七he same amoun七of Eo，and bled a七one week   

af七er七he boos七・ TheIgM andIgG fractions of七he an七isera were ob七ained by   

七he precipi七a七ion wi七h42冤sa七ura七ed ammonium sulfa七e followed by gel   

filt＝．a七ion on a TSX G3000SW c0lumn wi七h a highpressureliquid chroma七ograph   

（fIPLC）from Beckman（Mode13ん4）． pro七ein elu七ed as the fiTS七peak from七he   

C0lumn wi七hI）ulbecco－s PBS（DPBS）a七a flow ra七e of3ml／min was nos七1yIgM，and   

WaS COnCen七ra七ed・ The second pro七ein peak elu七ed from七he column coTreSPOnding   

七0七heIgG frac七10n WaS PO01ed and dialyzed agains七0．0175M Na－Phospha七e buffer  

（pH6・3），and applied七oI）EAE－Sephacel（Pharmacia）column chroma七ography．  

Pro七ein elu七ed from七he column wi七h七he same buffer wa＄POOled and concen七ra七ed．   

Ⅳo con七amina七ingIgG orIgM could be de七ec七edin七he purifiedIgM orIgG  
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PrePara七ionIreSPeC七ivelyIbyimmunodiffusion七es七with goa七an七i－rabbi七IgG  

（Y－Chain specific）an七iBemm and an七i－rabbi七IgM（u－Chain specific）an七iserum  

（Cappel，Malven，PA）．  

3・Mouse normalIgM andIgG  

Mouse peripheralbl00dIgM andIgG were ob七ained from normalBalb／c mouse   

Sera．  The purifica七ion ofIgM aLndIgG were performed by七he same manneT   

applied for the purifica七ion of rabbi七an七i－Eo an七ibodies described above   

exep七tha七0．0んM正一Phospha七e buffer（pH8・0）con七aining O．03MⅣa・CIwa・S uSed   

for elu七ion bufferinIgG purification by工）EAE－Sephacelc01umn chroma・七ography・   

The purifiedIgM andIgG con七ained no de七ec七able rgG and＝gMJreSPeC七ively†by   

immunOdiffusion七es七wi七h goa・七an七i一皿OuSe＝gG an七isera and an七i－mOuSeIgM   

serum（Ⅳordic）．  

4．Ra．bbi七an七i一皿OuSe ＝g an七ibody  

Rabbi七IgG a．n七ibodies again8七mouseIg used for plaque assay were   

Ob七ained byinmuniza七ion of rabbi七s wi七h mouseIg fractiona七ed from normal   

mouse sera by七he precipi七a七ion wi七h40冤sa七ura七ed amnonilユTn Sulfa・七e・  The  

im7nuniza七ion pro七ocoIwa8Bimilar七○七ha七described t）y Henry and G0Od（1ん）。   

Each rabbi七wasin3ec七ed with4mg of pro七ein con七aining mouseIgGincludedin   

COmPle七e Freundls adjuvan七，dividing七he emulsion among4in七ramuscula・T Si七es   

On七he back of七he a．nima．1． Theinjec七ions were repeated one mon七hla七er・   

Four veeks af七er the BeCOndimmuniza七ion，七he animals■Were bled・ The an七iBer   

were heat－inac七iva七ed（56oC，30min）and ab＄Orbed wi七hl／10volu皿e Of packed   

SR王∋C a七4OC for30min，七hen frac七iona七ed wi七h40芳sa七ura七ed a・mmOnium sulfa七e。   

IgG va・S Purified by gelfil七ra七ion andI）EAE－Sephacelcolumn chroma七ogTaPhy・  
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Fornation ofIgM－binding factors  

Nornal七hymocy七es were ob七ained from male Balb／c mice（6七08wk of age）。  

Thymus were p001edin pe七ridishes con七aining medium and broken up with fros七ed  

slideglasses． The cells were washed七wo七imes wi七h RPMIl毎O medium（Nissui，  

Tokyo，Japan）con七aining5冤FCS，a・ndresuspendedin RPMI1640medium supplemen七ed  

wi七h5冤FCS，15mM N－2－hyd．roxye七hyl－Piperazine－NT－2－e七hanesulfonic a・Cid（HEPES）  

buffer，PH7．2，3Ⅱ劇glu七amine，100 U／mlpenicillin，andlOO帽／mls七TeP七。myCine。  

Fivemlaliquo七sofcellsuspen＄ions（4Ⅹ106cells／ml）wereculturedfor  

48hrin七he presence or absence of2．5リg／mlCon A（Pharmacia Fine Chemicals，  

Uppsala，Sweden）in12well七is＄ue Cul七ure clus七er＄（Linbro，Ca・七・Ⅳ0・76－053－05，  

Flow Labora七ories，Inc．A Flow GeneTalCompanyMcLean，Virginia22102U・S・A・）  

as de＄Crived previously（12）． Af七er washing three七ime＄Wi七h RPMI1640mediun  

con七aining5冤FCS，七he cells were resuspendedin a．fTe＄hRPMI1640medium（5Ⅹ  

106cells／ml）supplemen七edas describedaboveexcepセムhaセセheconcen七ra七ion  

of FCS was decreased七01冤，and cul七ured for ano七her24hrin七he presence or   

absence oflOリg／mlof mou8eIgM． The cultureβuPerna・七an七s weTe fil七ered  

七hrough Diaflo YMlOO membranes（Amicon，Tokyo，Japan）七o remove molecule＄1arger  

七hanlxlO5dal七。nS． The cul七ure fil七ra七es（CF）were concen七ra七edl／50f  

七he originalvolume of cul七ure superna七an七s by ul七rafil七ra七ion using Diaflo YM5   

membranes，and were used as ＄OurCeS OfIgM－binding fac七ors・  

In BOme eXPerimen七sIgM－binding fac七ors were ob七ained fTOm七hymocy七es and  

spleen cells s七imula七ed withIgM・   Thymocy七es and spleen cells from normal  

Balb／c mice（8－10wk of age）were＄uSPendedin RPMI1640medium con七ainingl冤  

FCSandlOリg／mlIgM（2Ⅹ107cells／ml）． The cellswere cul七uredfor24  

hrin12well七issue cul七ure pla・七es・ The cul七ure superna七an七8COn七aining   

IgM－binding fac七ors were七rea七ed as七he＄ame me七hods described above・  
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fヒac七ionation of王威トもinding fac七ors  

Con A－aC七iva．七ed七hymocy七es were cul七ured for24hrin七he pTeSenCe Of  

lOyg／mlmurineperipheralbloodIgM七00b七aincul七urefil七ra七es・  The gel 

fil七ra七ion of concen七ra七ed CF was ca＝Tied ou七on a TSX G3000SW column which ha・d  

b。en Calibratedwi七hbovine gamma．globulin（M・W・160，000），BSA（M・W・67，000），  

。Valbumine（M．W．45，000），Chymo七rypsinogen（M．W．25，000），Cy七ochTOme C（M・W・  

13，000）． Ⅳine mlfrac七ions were p00led separa七ely，a・nd each pooled frac七ion  

or the unfrac七iona七ed CF was applied to mouseIgM－Sepharose・ IgM－SephaTO8e  

was prepared by couplinglO mgIgM fr。mn。malBalb／c mice wi七h5mlof CⅣBr－  

ac七iva七ed Sepharose4B． MouseIgG－Sepharose was prepa・redin七he sa・me皿anneT  

usingIgG fron normalmice・ A2mlof a concen七ra七ed and pooled frac七ion was  

mixed wi七hlmlofIgM－COa七ed Sepharose． The mixture was kep七ar七4OC foT4hT  

wi七h cons七an七ro七a七ion，and七hen transfered七oin七o aβmallcolumn（1cm   

dia．me七er，Biorad，Richmond，CA）． The effluent and七he washing wi七h DPBS were   

p001ed． The bea，ds were七hen elu七ed wi七h50mM glycine－fIClbuffer，PH3・0・   

The eluate was collec七edin七o a七ube tha七con七ained an appropTia七e volume ofl   

M Tris－HClbuffeTIPⅡ8・0七o neu七raliz；e七he pH of七he elua七e・  The effluen七   

and七he elua七e were七hen concen七ra七ed七02mland dia・ly2；ed again＄七DPBS・  工n   

sone experinen七s，七heywere further dia．1ysed agains七RPMI1640mediun・In七he   

8ame fashion，effluen七s and elua七es fromIgG－SepharoBe Of CF were prepared・  

Cul七ure Ofhu皿an PeripheralbloodlynphocYte8（PBL）  

Heparinized peripheralblood was ob七ained from heal七hy volun七eers・ The   

bl00d waLS Centrifuged a七2，000rpm for5min a．七r00m七emperature．After plasma   

WaS deple七ed，RPMI1640nedium was added七0七he originalblood v0lume a．nd七he   

SuSPenSion waslayered on Ficoll－Paque（PharnaCia Fine Chemicals）and cen七rifuged   

a七1，350rpm a七roon七etnpera七ure for30min．In七ermedia七elayer con七aining  
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1ymphocy七es was carefu11y c011ec七ed and the cells were washed七wo七imes with  

RPM＝1640medium． The cells were8uSPendedin TC199mediu皿（Ⅳi＄Sui）con七aining  

20冤FCS，100U／mlpenici11inandlOOug／mlstrep七omycine（てⅩ106ce11s／nl）  

and cul七ured for24hr． The cells were washed and used for roseセセe assays・  

Forma七ion of roseセムes a皿d roseセセei血ユbi七ion assay  

Ox ery七hrocy七e＄SenSitized wi七h rabbi七IgM（Eo－rIgM）orIgG（丑0－rIgG）were  

employed a．sindicator cells七o detec七FcUR（＋）cells or FcYR（＋）cells・  

Subagglu七ina七ing do＄e（1／2dilu七ion of finalhemagglu七ina七ion ti七er）of each  

an七ibody preparation was used for sensi七iza七ion of E0． UsuallylO七030Tlg／ml  

of an七ibody・Wa．S uSed七o sensi七ize Eo suspended（1冤）in DPBS．  

TⅣP－COuPled Eo sensi七i2；ed wi七h mouse monoclona．1IgM（ET一皿工gM）were also   

used for七he de七ec七ion of FcuR（＋）cells． TⅣP－COuPled Eo was prepared by七he   

ne七hod of Riセセenberg and Praセセ（15）．one half mlof packed Eo wa．s mixed wi七h3Q5   

mlof O・28M cacody・1a七e buffer，PH6．9，COn七aining50mg of七rinitroben2；eneq   

Sulfonic a，Cid（Ⅳakarai，Kyo七0，Japan）． The七ube con七aining七he cells was   

ro七a七ed gen七1y for30min a七room te皿Pera七ure Wi七h almifoiユwrapping，then   

Cen七rifuged a七1，600rpzn for5min． The superna七an七was removed，七hen the   

Ce11s were suspendedin DPBS and cen七rifuged． To七he cellpelle七，60mg   

glycylglycinein5ml工）PBS vas added and kept s七anding forlO min at room   

七empera七ure．   Then七he cell＄Were WaShed七hree 七imes wi七h DPBS and used as   

TNP－COuPled Eo（E一）．  For sensi七ization，1冤suspension of E7wasincuba七ed  

Wi七h50リg／mlno？OClonalIgMan七i－DNPan七ibodyfor30mina七370c・  

The七h＝・ee kinds of sensi七i2；ed ox ery七hrocy七es were washed七hree七imes wi七h   

I）PBS before usein rose上土e assay． FcuR（＋）cel180r FcYR（＋）cells were   

de七ec七ed wi七h roseセセe foma七ion by a modified version of七he me七hod described   

by Greenberg and Lyndyard（16）．  cul七ured and wa．βhed PBL were mixed wi七h  
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sensi七i2；ed ery七hTOCy七es，and cen七rifuged atl，000rpm for5min・ The mix七ure  

wa．s kept onice for60min・ A pelle七was gen七1y・mixed wi七h a drop of O。2冨  

七01uidine blue，and a suspension was exaninedin a hemocy七ome七er（Fuchs  

Rosen七ha．1，ⅩayagakiWorks Co．，L七d．，Tokyo，Japa．n）． tTsua11y，1，000七02，000  

ce11s were counted七o enumera七e七hepe＝・Cen七age of roseセセe forming ce11sI乱nd   

ea・Ch sa・mPle wa＄Set uPin七riplica七e・ A positive rose七te forming cellwas   

defined as a cellhaving atleasセセhree red ce11＄On七he surface。In order to   

七es上土he abili七y of CF or fra・C七iona・七ed samples七oinhibi七roseセセe forma七ionI   

30リ10f CF vas a，dded七0211」lofl冨sensi七ized－Eo＄uSPenSion，a・nd七he  

suspensionwasincuba七edfor2hronicebefore15ulofPBL（2Ⅹ107cells／ml  

in TC199containing20冤FCS）wa．s mixed．  

丑n2；yme七reatmen七  

IgM－binding fac七ors were七rea七ed wi七h severalenzymeE；・  Concen七ra七ed CF  

（5ml）was applieded七oIgM－Sepharose c01umn a．nd七he eluate（5ml）wa8dialy5ed   

aga．ins七DPBS． One mlaliquo七B Of工gM－binding fa．c七ors were七rea七ed wi七h5tT   

七rypsin（Sigma，Insoluble Trypsin from bovine pa．ncreas），5U ribonucrease A  

（Sigma，＝ns01uble Ribonucrea，Se from bovine pancreas），40U pronase（13mg   

PrOnaSe E purchased from Kaken ChemicalC0．，Tokyo，Japan，Which coupled wi七h   

O．5mlCNBT－aC七iva七ed SepharoseんB），Or40U papain（250U pa．pain puTChased  

from Sigma，Which coupled wi七h O．5mlCⅣBr－aC七iva．七ed Sepharose4B）a七37OC for   

60皿in．   Superna七an七s were dialyzed agains七DPBSand assessed for七heir   

abili七y七oinhibi七IgM－rOSet七e forma七ion．  

Spleen cellfrae七lona七ion  

Splenicly叩hocy七esWere Ob七ained by passing七he8Pleen ce11suspenBion  

（9mlof5Ⅹ107cellB／mlinRPMI1640con七aining5冤FCS）七hroughalO皿1volume  
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of Sephadex G－10c0lumn（Phamacia）to deple七a・dheren七cells・  B cellsin the   

SPleniclymphocy七es were dele七ed by using七issue cul七ure dishes coa・七ed wi七h七he  

F（abT）2fragmen七80f goatan七i－nOuSeIgG・The dishes were prepa・reda・B fo110WS。  

Tissue cul七ure dishes（Falcon，30030pilux Tissue Cul七ureI）ish，10cm diame七er），  

con七aining5mloflmg／mlF（abT）2fragmen七goa七an七i－mOuSeIgG（Cappel，heavy  

andligh七chainspecific）inbora七ebuffered saline（61・9gH3BO3，i3・9g  

ⅣaCldiss01vedin61i七er dis七illed wa七er，ad3u＄七ed to pH8．O byⅣaOfI）were   

incuba七ed a七40c overnigh七． Af七er asplra七ion of七he801u七ion，七he dishes weTe   

washed七wo times with RPMI1640medium a．nd washed one七ime wi七h RPMI16んO nedium   

con七aining5冤FCS・ Af七erl－hrincuba七ion of七he G－10passed spleen cells   

in七he an七i－IgG－COa七ed dishesI七he nonadheTent Cells were recovered a・nd applied   

to七he another an七i－IgG－COa七ed dishes．  

To enuneTa七e surface＝g posi七ive cellslfrac七iona七ed ce11s weTeincuba・七ed  

wi七hfluorescein conjuga七edF（ab7）2fragmen七ofgoa七 an七i－mOuSeIgG（Cappel，  

heavy andligh七chain specific）for30min onice，七hen七he cells were washed   

七hree times wi七hI）PBS a．nd examinedunder a fluorescen七microscope・  

血七ibody response  

The effec七ofIgM－binding fa・C七or or con七r01prepara七ions on an七ibody  

response was studied． NomalBalb／c mice（8七016wk of age）wereimmuni2；ed  

with ani．Ⅴ．injection of O．5mlof SRBC suspension（1．25完in saline）・ Eleven   

daysla七erISPleen ce11s weTe Ob七ained from七he mice・The cells weTe SuSPended   

in RPMI1640medium＄uPPlemen七ed wi七h5完FCS，15mM HEPES buffer，PH7・2，3   

glu七amine，0．1mM MEM－nOneSSen七ialamino acids（Gibco），1ⅩMEM vi七amins  

（Gibco），1血4sodium pyruva七e，50TIM2一皿erCap七oe七hanol，100tJ／mlpenicillin，  

andlOO帽／mls七rep七onycine，andO．2mlaliquo七scellsuspension（んⅩ10 6  
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cells／ml）were cul七uredin96－Well七i日Sue Cul七ure Pla七es（Cos七ar）in七he  

presenceorabsenceof3Ⅹ106cells／mlofSRBCat37Oc，5冨CO2，and95完r00m  

alr． 0．16mlof a ce11suspension was mixed with O．04mlof a．prepara七ion of   

IgM－binding fac七or or a con七roIpreparation a上土he beglnnlg Of七he cul七ure・  

Plaque assay  

Plaque－foming ce11s（PFC）secre七ingIgM or7S an七ibodies were assayed by  

七he method of Cunningha・皿（17）． Fif七yリ1washed spleen cellsuspensionin  

bara．nced sal七s01u七ion（BSS）containing5完FCS wa．s mixed wi七h40リIGPS   

s0lution（0．3皿1guinea pig serum＋0．94．2皿1BSS con七aining5冤FCS）and9tl1   

20冤SRBCin saline，and七he mix七ure was pouredin七o a Clmingham chambeT．   

Para．ffin（M．P．62－640c，Wa．ko Pure Chemica．1Indus七ries，L七d．）and vhi七e vaseline   

（Na．karai）mix七ure was pre－Wa．rmed七o mel七，a．nd七he Cunningham chamber wa＄＄eeled   

Wi七h七he mixture． The chamber wasincuba七ed a七370cin a humidified air for   

l・5hr七o be able七o detec七plaque8．IgM PFC were developed as di＝．eC七pla・que   

formers・ In parallelCunningham chamber slides，dilu七ions of rabbi七IgG   

an七ibody aga・ins七mouseIg op七imalfor七he developmen七ofindirec七7S PFC weTe   

includedin七he assay mix七ures・ When calcula七ing七he number of7S PFC，i七   

WaS neCeSSary七o make correc七ions 七o accoun七for七heinhibi七ion ofIgM plaques   

by anセトmou8e工g an七ibody‥  

＝gM plaques measured wi七h complemen七plus an七i－Ig  
Correc七10n fac七or＝  

＝gM plaques measured wi七h complemen七only  

7S plaques＝（七0七alnunber of plaques ob七ained byindirec七assay）－  
（number of direc七pla．ques x correc七ion fac七or）  

We七en七a七ivelly used七he number of7S PFC as七he number ofIgG PFC，because   

ra・bbi七anti－mOuSe Y－Chain specific a．n七iserum（Cappel）ga．ve essen七ially七he   

Same numbers of7S PFC七0七ha七ob七ained by uBing rabbi七IgG an七ibodies agains七  

nouseIgG（wh01e m01ecule）．  
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RESmTS  

Forna七ion of工gM－bind・ing factor by Con－A s七i肌ユa七ed七hynocy七es  

Normalthymocy七es were culturedin七he presence or absence of2．5tlg／ml   

Con A．  Af七er48hr，七he cells were washed，reSuSPendedin a fresh cul七ure   

medium，and cul七ured for ano七her24hrin七he absence of Con A・ The cul七uTe   

SuPerna七an七s weTe fil七ered七hrough Dia・flo YMlOO me皿branes七o removeIgM molecules，   

and七he cul七ure fil七ra．七es（CF）we＝・e COnCen七ra七ed5－folds and assessed foT七heiT   

abili七y七oinhibiセセhe forma七ion ofIgM roseセセes andIgG roseセセes・  As shown   

in Tablel，CF of Con A－aC七iva七ed thyTnOCy七esinhibi七ed the forma・七ion of bo七h   

IgM roseセセes andIgG rosettesIWhereas CF of uns七imula七ed七hymocy七es hadliセセIe   

effec七on roseセセe forma．七ion on七he bo七h七ypes．  

The experimen七 8hownin Tablelalso sugges七ed七haセセhe forma・七ion of七he  

＝gM roseセセe－inhibi七ing fa．c七or was enhancedin the presence ofIgM・WhenlOいg／ml   

IgM was pre＄en七in七he second cul七ure period，CF ob七ained af七er2ムーhr cul七uTe   

had a higher abili七y七oinhibitIgM roseセセe forna七ion七han CF of七he same   

七hymocy七es cul七uredin＝gM－free medium（TheIgM rosetteinhibi七ing ac七ivi七y was   

Observed slgnifican七1yin CF from cul七ure superna七an七s of no七only・Con A－  

ac七iva七ed thymocy七es bu七alBO nOrmalthymocy七es七rea七ed wi七hIgM．）．  HoweveT，   

CF of Con A－aC七iva七ed七hymocy七es cul七ured withIgM con七ained slgnifica・n七Iy・1ess   

IgG roseセセe－inhibi七ing factor than CF of七he same cells cul七uredinIgM－free   

medium・ A con七r01fil七ra七e was obtained by fil七ra七ion of medium which con七ained  

lOリg／mlIgM followed by5－f01d concen七ra．tion．  The con七r01fil七ra七es failed   

七oinhibiセセhe foma七ion of ei七herIgM ro＄eセセes noTIgG roseセセes・  

Experimen七s・Were Carried ou上土o de七ermine whe七heT七heIgM roseセセe－inhibiting   

fa・C七or migh七have affini七y for mouseIgM． Culture superna七an七was ob七ained by   

24－hrincuba七ion of Con A－a．C七iva七ed七hymocy七es withIgM・The cul七ure superna七an七   

WaS fil七ered七hroughI）ia．flo YMlOO membraneB，COnCen七ra七ed5－fold by ul七ra一  
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fil七ration using Dia・flo YM5membraneIand d・ia・1yzed agains七DPBS・A2－mlaliquo七  

of七he prepara七ion was added七o each oflmlSepharose coupled wi七h2mg nomal  

mouseIgM andlmlSepharose coupled wi七h2mg normalmouseIgG，and七he  

suspensions were mixed forんhr a七40c・From七he each mix七ure the effluen七a・nd  

七he elua七e wi七h glycine－HClbuffer，PH3・0，WeTe POOled，a・nd the abili七y七o   

inhibi七IgM rose上土e forma七ion orIgG rose上土e foma七ion was studied・  

As shownin Table2I七he abili七y of CF七oinhibi七IgM r08e上土e forma七ion   

WaS reCOVeredin the elua七e fromIgM－Sepharose a・ndin the effluen七fromIgG－   

Sepharose・On七he o七her handl七he ability of CF七oinhibi七IgG roseセセe forma七ion   

Wa．S reCOVered fromin七he effluen七fromIgM－Sepharo＄e andin七he elua七e from   

IgG－Sepharose・ Thelaセセer abili七y see皿ed 七o be七he exis七ence ofIgG－binding   

fac七or described by Fridman e七al．（1）． tlsing Sepharose beads coupled wi七h   

affini七y－Purified monoIconal＝gM，七he dis七ribu七ion of roseセセeinhibi七ing   

ac七ivi七ies be七ween the effluen七 and 七he eluate frac七ionB from 七he beads was   

essen七ia・11y七he sa・me七0七hat was ob七ained by using noTmalmouseIgM－COuPled  

Sepharose as8hownin Table2（d．a．七a no七shown）． I七appears七ha七IgM roseセセe   

inhibi七ing fac七or has affini七y specific forIgM and七hu6inhibi七s roseセセe   

forma七ion wi七h Eo－IgM・ Therefore ve deslgna七ed七his new fac七orIgM－binding  

fac七○工・．  

To confirm七ha七＝gM－binding fac七orIWhich was ab日Orbed wi七hIgM－Sepharose  

and elu七ed with acidic buffer from七he columnldoes no七have affini七yforIgG－  

Sepharose，the elua七e of CF fromIgM－SepharoBe WaS frac七iona七ed on＝gG－Sepharo8e  

and七he effluen七and七he elua七e wi七ha・Cidic bufferwere a6日essed for七he abili七y  

七oinhibi七IgMrose上土e forma七ion・ As Bhownin Table3Ie＄Sen七ia11yallIgM－  

bindingfac七orinthe samplewas recoveredin七he effluen七fromIgG－SephaTOSe。  

This resul七indica七es七ha七IgM－bindingfac七or specificallybinds七oIgM。  
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Sensi七ivity of＝gM－binding fac七or七o pro七eoly七ic en2；yme＄  

IgM－binding fac七or recovered fromIgM－Sepharo＄e WaS七rea七ed withi皿mObilized   

enzy皿eS・ The pro七ein na七ure ofIgM－binding fac七oT WaS COnfi＝・med by七he   

sensi七ivi七y ofIgM－rOSeセセeinhibi七ing activi七y to七TyPSinIChymo七rypsin！a・nd  

papain，but noセセo ribonuclea．se A七rea七men七（Tableん）・  

CellsoluCe Of＝かトbinding fac七or  

Experi皿en七s were carried ou上土○＄七udy whe七herIgM－binding factor was formed   

bylymphoid cells o七her七han七hyTnOCy七es・Thymocy七esISPleen cellsIa・nd mesen七eTic  

lymph node cells weTe Cul七ured for24hrin the presence oflO Tlg／mlmouseIgM。   

Cul七ure superna七an七日we＝・e fil七ered七hrough YMlOO membTane＄，COnCen七ra七ed5－fold   

by using YM5，and assessed for七heir abili七y七oinhibi七IgM roseセセeinhibi七ion。   

As shoⅥ1in Table 5，bo七h CF of七hymocy七es and CF of spleen cellsinhibi七ed七he   

forma七ion ofIgM rose上土es・CF of mesen七ericlynlPh node cells，however，ha・dliセセ1e   

effec七onIgM roseセセe foma・七ion． The CF of七hymocy七es and spleen cells we＝．e   

fur七her frac七iona．七edin七oIgM－Sepharo＄e． The resul七s were ob七ained七ha・七IgM－   

roseセセeinhibi七ing a．c七ivi七yin CF of七hymocy七es aLnd spleen cells was recovered   

in七he elua七es fTOn七heIgM－Sepharose（da七a not shown）．  

Experiments were carried ouセセo s七udy七he cellsourCe Of theIgM－binding   

fac七or． Spleen cells from normalmice were fra．c七iona七edin七o nonadheren七cells   

by using Sephadex G－10column，and nonadheren七cells were fur七her frac七iona七ed   

in七o B cells and T cel18by using a・n七i－mOuSeIg coa・七ed－dishes・  Each fra・C七ion   

as we11asunfrac七iona七ed spleen cells was cul七ured wi七hlOリg／mlmouseIgM・   

Af七er24hr，七he＄uPerna七an七s were ot）七ained，and concen七ra七ed CF were aBSeSSed   

for七heir abili七y七oinhit）i七IgM roseセセe forma七ion． AB Shownin Table6，七he   

CF prepara七ions from whole spleen ce11frac七ion and nona．dheren七cellfrac七ion   

inhibi七ed七he＝gM roseセセes・ AIso CF prepara七ion from B ce11deple七ed fra・C七ionタ  
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Which would contain almos七T cellsIinhibi七ed七heIgM roseセセes●  

Suppression of the＝gMresponse by＝♂トbinding fac七or  

Con A－aC七iva七ed七hymocy七es‘Were Cul七ured wi七hIgM for24hT，and七he  

Cul七ure superna七a・n七was fil七ered七hroughYMlOO membranes．IgM－binding fac七oT  

a・ndIgG－binding factorin the CF were purified by affini七y chroma七ography using  

anIgM－Sepha＝・OSe C01umn and aLnIgG－Sepharose c0lumnIreSPeC七ivelyIand their   

effec七s on七he＝gM response a・nd七heIgG response of SRBC－Primed＄Pleen cells七o   

SRBC were s七udied・ I七can be seenin Table7七ha・七IgM－binding fac七or recovered   

in七he elua七e fromIgM－Sepharose markedly suppressed七heIgM responseIWherea・S   

i七hadliセセ1e effec七on七heIgG response・  On七he o七her handI七he effec七of   

IgG－binding fac七○＝・reCOVeredin七he elua七e fromIgG－Sepha・rOSe Va8nO七remarkable   

buセセhe fac七or slgnifican七Iy suppressed七heIgG re＄POnSe・ TheIgM response was   

no七suppressed slgnifica・n七Iy by七he fac七or．  

HolecⅥ1ar si2；eS Of工由仁binding factors  

The m0lecular weight ofIgM－binding fac七or was es七ina七ed by gelfil七Ta・七ion。   

Con A－Stimula七ed七hy7nOCy七es were cul七ured withlOリg／mlIgM for24hr，and   

Cul七ure superna七an七s were fil七ered七hroughYMlOO membranes． The fil七ra七e＄WeTe   

COnCen七ra七edlO－fold andl．5mlof七he prepara七ion was fra．c七iona七ed by TSK   

G3000SW column using七he HPLC sys七em． Frac七ions shown a．t七he boセセom of Fig。2   

Were POOled separa七elyIand each p001ed frac七ion was七es七ed for七he presence of   

工gM－bindlng fac七or・  

The resul七s of七he experimen七s（see Fig．1）indica七e thaセセwo separa七e   

frac七ions con七ainedIgM－binding fac七or；One VaS elu七ed fTOm the columnコuS七   

before BSA（M．W・67，000）and ano七herIgM－binding fa．c七or frac七ionva・日Ob七ained  

be七veen ovalbumin（M．W．45，000）and chymo七rypsinogen（M．W・25，000）． These  
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frac七ions ha・d七he abili七y七oinhibiセセhe foTna七ion ofIgM roseセセes，and also had   

七he abili七y七o suppress七he＝gM PFC response and theIgG response of SRBC－Primed   

SPleen cells七o SRBC・ Suppressive effec七B by七hese fTaC七ions on七heIgG   

response werelessin七ensive than tha七on theIgM response・  
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D工SCUSS工0Ⅳ  

The da七a presen七edin七his＝・ePOr七ind・ica・七ed tha・七IgM－binding fac七ors are   

formed by murine七hymocy七es ac七iva・七ed vi七h Con A・ Because theIgM－binding   

fac七ors have affini七y specific forIgM bu七no七forIgGIthey a・re Clearly diffeTen七   

from a fac七or repor七ed by M01enaar e七al．（18），Vhich had affini七y for bo七h＝gM   

andIgG．  

Asi七has been shown七haセセhe o七herim皿unOglobulin－binding fac七ors alTeady   

found were produced by T cells bearing FcR specific for the corresponding   

iso七ype，i七is rea・SOnable七o s七udy七he r01e of F叫R posi七ive T cellsin the   

PrOduc七ion ofIgM－binding fac七ors．However，We have no七succeededinisola七ing   

murine FcuR posi七ive T cells by roseセセe fo＝・ma七ion beca・uSeIgM rose上土es by muTine  

T cells are ex七remely fragile to be fra．c七iona七ed by gra．dien七cen七rifuga七ion（19）。   

The ex七reme fragili七y was also a reason whyIhave no七employed murinelymphocy七es   

for rou七ine roseセセe assay＄七o de七ec七murineIgM－binding fac七ors・  In con七ras七，  

human F叫R posi七ivelymphocy七es七ha七Iemployed form s七ableIgM－rOSe上土es（8）．   

Addi七ion of mouseIgM七o七he cul七ures of Con A－aC七iva七ed七hymocy七es enhanced七he   

forⅢa七ion ofIgM－binding fac七ors（TaLblel）． Forma七ion ofIgM－binding fac七oT8   

WaS also observed when nomal七hymocy七es and spleen cell＄Were Cul七ured wi七h ＝gM   

（Table5）． similar phenomena were foundin the sys七e皿Of七he o七herimmun0－   

globulin－binding fac七or forma七ionin vi七ro・The fac七or forna七ion can beinduced  

by8七imula七ion ofly7nPhocy七es wi七h correspondingiso七ype ofimmunoglobulin（5，6，  

20）．Table5alBO Shows七ha上土he forma七ion ofIgM－binding fac七ors by mesen七eTic   

lymph node cel18WaS nO七obseTVed・ The reason vhy the fac七or forma七ion could   

no七be observed might be do七o tha・セムhe fac七or was ab8Orbed byIgMin cul七ure。  

Bu七on七he o七her handI 

Cells would existICOuld fornIgM－binding fa・C七ors when七he ce11s were cul七uTed   

Wi七hIgM（Table6）．These findings suppor上土he no七ion tha七IgM－binding fac七ors  
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are produced by F叩R posi七ive T cells・Andersson e七al・rePOrted tha七rose上土e   

forma七ion be七ween murinelymphocy七es a・nd SRBC sensi七ized wi七h murineIgM was  

inhibi七edbysolublemurineIgM－an七igencomplexesorhumanIgM（Fc）5vbutno七  
byfree murineIgM，humanFabu fragmen七，Or・an七igena・10ne（19）。Roseセセe  

forma七ion be七ween humanlymphocy七es and SRBC sensitized wi七h rabbi七IgM was，   

howeverinhibi七ed by murine myelomaIgM（MOPClO4．E），Or by sera ob七ained from   

miceinJeC七ed withIgM－PrOducing hybridoma，OT eVen by nor皿almouse sera． The   

discTePanCy be七ween七he七wo repor七s may be par七Iy do七○七he differencein七he   

COmbina七ion of species from which七hey preparedlyTnPhocy七es and an七ibodies・  

AfreeIgMm01eculesis8七e11a七ewi七hfive（FabI）2リmOie七iesandacentral（Fc）5リ  
disc（21），and has segmen七alflexibili七y（22）． WhenIgMis an七igen－bound，   

一一staple一一configrations can be七aken（21）． These repor七s suggesセセha七freeIgM  

hasless affini七yforFcuRonlymphocy七es thanthe expo8ed（Fc）5リOrIgMwi七h  

COnfigura・七ionalcha・nge・ThereforeIIgM m01ecules pre＄en七in murine serumaセセhe   

concen七ra七ion of O．1七00．8mg／ml（normalBalb／c；ref．23，2ん）ma．y no七induce the   

foma七ion ofIgM－binding fa．c七ors塾生望un七il七hey fom complexes or cha・nge   

七heir configura七ion・As purifiedIgM七ends七o be dena・七ured or a・ggrega・七ed easily   

in七he buffer with phyβiologlCalionic s七reng七hI七he forma・七ion ofIgM－binding   

fac七ors migh七be enhanced by七hose dena七ured or aggrega七edIgM which migh七be   

SPOn七aneou＄1yinducedin七he purifiedIgM prepara七ionsin vi七ro・  On七he  

Other handI七he forma・七ion ofIgG－rOSe上土einhibi七ing fac七or was decreased by七he  

addi七ion ofIgM七○七he cul七ure（Tablel）． Thi8Phenomenon may be corTela七ed  

wi七h七he fa．c七ors七ha七one T cellcan be swi七ched from the expression of FcYR七o   

七he expression of FcllR（25），and七ha七the七ransi七ion of FcYR posi七ive cells七o  

FcER posi七ive ce11s can beinduced byaddi七ion of＝gE七0七he cul七ure（3）・  

Table7showed七he suppressive ac七ivi七y ofIgM respon＄e byIgM－binding   

fa・C七ors・ To de七ec七clearIgM suppressive ac七ivi七yIi七was necessa・ry七o purify  
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七he factors fro皿七he crude cul七ure SuPerna七an七・ Similar phenomena were repor七ed  

by Frid・ma・n e七al・（27），and by T。d。ie七al．（6）in七he s七udy ofIgG－bindingfac七ors  

a・ndIgA－binding fac七or，reSPeC七ively・ The suppressive effec七of工gM－binding  

fac七ors onIgM response wasin g00d aLgreemen七wi七h previous reporセセha七Con A－  

ac七iva七ed七hy皿OCy七es suppressed primaryIgMresponse agains七SRBC適塾（12）。  

The wea・k bu七slgnifican七suppressive effec七onIgG response byIgM－binding fac七0＝・S  

（Table7and Fig・1）migh七be七he resul七of binding of七he fac七oTS tOIgM  

expressed onIlearly memoryTT cells forIgG syn七hesis（28）．  

The molecular weigh七B OfIgM－binding fac七ors were de七eTmined七o be   

a・PPrOXimat・ely70，000and35，000dal七ons by gelfil七ra七ion（Fig．1）． The resul七   

SuggeS七s七ha七IgM－binding fac七ors exis七in a七1easセセwo molecular formers． The   

rela七ionship be七ween七he七wo formersis no七uncleaT．   Among七he o七heT   

i皿munOglobulin－binding fac七ors，IgG－binding fac七ors were shown七o have similar   

m01ecular weigh七s・ Recen七1y Vaquero e七al．repor七ed七ha．七messenger RⅣA coding   

for suppressiveIgG－binding fac七or ob七ained from a murine T cellhybridoma was   

七ranslatedin七○七wo p01ypep七ides ha・Ving MW78，000and37，000dal七ons，and・七ha・セ   

セhelarger migh七correspond to dimers of七he s皿aller（26）．  

I七ha．s been shoⅥ1七ha七1ipomodulin，a Phosph01ipaseinhibi七ory pro七ein，   

Plays animpor七an七roleinincluding＄uPPreSSOr Cells fro皿七hynocy七es by Con A   

（12）． I七has been also shown七ha，七1ipomodulin pla，y8a rOle as glycosyla七ion愴  

inhibi七ing fa．c七orinincludingIgE－SuPPreSSive fac七or（29，30）・ Among七he  

immunOglobulin－binding fac七ors repor七edlIgE－binding fa・C七ors could be classified  

in七o a七Iea眉セセwo groups，i．e．IgE－SuPPreβSive fac七or（5）andIgE－POtentiating  

fac七or（4）according七o七heir effec七s onIgE synthesis，Whereas七he o七hers veTe  

found七o be suppressive七o the an七ibody syn七hesisin the corresponding classeB  

（1，6，20）．IgE－PO七en七ia七ing fac七or was producedin七he presence of glycosyla・七ionQ  

enha・nCing fac七or・Which was Bhown七o be a kallikrein－1ike en2；yme for皿ed by a・Subse七  

of T cells（31，32）． Vi七e上土a and her coworkers have repor七ed七he exis七ence of  
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a s0luble fac七or（BCDFリ）which selec七ivelyinduceIgM secre七ioninB cells（33）。  

There migh七exis七IgM－binding fa・C七ors having8i皿ilar func七ion七o BCDFu・  

IgDis七helas七class ofimmunoglobulinI七O Which a specific binding fac七or   

ha．s no七been found・ Al七hough七he r01e of工gD expressed on B cellsis no七clear ye七，   

slgnals transmiセセed七hroughIgD a・ndIgMI肌ほ七beinvolvedin the con七TOlof七he   

PrOduc七ion ofIgM an七ibody andIgG an七ibody・  
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Science，and Cul七ure and fro皿Universi七y of Ts止uba Pro5ec七Research and  

SpecialProjec七on Aging・   

2．Abbreviations used：  

Con A  － COnCanaValin A  

PB工J   － peripberalt）loodlymphoey七es  

TⅣP  一 七rini七rophenyl  

DⅣP  － dini七rophenyl  

Eo  － ○Ⅹery七hrocy七es  

Eo－rIgM－ 0Ⅹerythrocy七es sensitized with rabbi七IgM  

Eo－rIgG－ 0Ⅹery七hrocy七es sen＄i七ized vi七h rabbi七IgG  

Ef－mIgM－ TⅣP－COuPled ox erythrocy七es sensi七i2；ed with7nOuSe mOnOClonalrg沌  

PFC   － Plaque－forming ce11（s）  

SRBC  － Sheep red blood cell（s）  

FcR   － Fc工・eCep七ors  

FcYR  － Fc recep七oTS SPeCific forIgG  

FcER  － Fc recep七ors specific forIgE  

FcαR  － Fc recep七ors specific foTIgA  

Fc山R  － Fc recep七ors specific forIgM  

HEPES － Ⅳ－2－hydroxye七hylpipeTa2ine－ⅣT－2－e七hanesulfonic acid  

CF  － eul七ure fil七ra七e（s）  

KLH   － keyholelimpe七hetnocyanin  

alun  － alminum hydroxide gel  

BSA  － bovine serum albu皿in  
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Vi七eセセa・1983・T cell－derived B ce11grow七h and differen七ia七ion fac七ors；  
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Dichotomy be七ween the resporlSiveness of］B ce118froⅢaduユセa・ndneona七almice・  

J．Exp・Med・157：600・  

29   



Table l  

For皿ation oflgM－rOSeセセe出止止biting fac七or a皿d＝gG－rOSeセセe  

虫止止もi七土ng fae七or ty Con A－aC七iva七ed七鴫ⅦOCy七esa  

Inhibition of rose上土e foma七ionb  
IgM in 

cul七ure ET一皿IgMRFCC Eo－r＝gMRFCd Eo－rIgGRFCe  

でhymocy七es   

七rea七ed   

w土七h  

Ⅳone f  

Con A  12   

＋  37  

eon七roIC万一g  ＋  Ⅳ．D．  

a．）Normal七hymocy七es were precul七ured for4．8hrin七he presence or  

at）SenCe Of2．5tlg／mlCon A．The cells were vashed，andincuba七ed  

for2んhrin七he presence or absence oflOug／ml＝gM七00b七ain  

Cul七ure fll七ra七es．   

b）Ei七her E，一皿IgM，Eo－rIgM or Eo－rIgG was used for roseセセe forna七ion  

Wi七h24hr－Cul七ured hunan PBLin the presence of concen七ra七ed  

Cul七we fil七ra七e∈；．   

c，d，e）percen七age of rose上土e forming cellsin七he abBenCe Of   

cul七ure fil七ra七es was13冤（c），23冤（d），and12冨（e），reSPeCtively’・   

f）Ⅳormal七hymocy七es were precul七uredin the absence of Con A・   

g）A medium con七aininglOtlg／nlIgM was fil七ra七ed throughaI）iaflo  

YMlOO nenbrane，and was coneen七rated5folds・  
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でaも1e 2  

Absorp七ion of ＝dM－rOSeセセe izihibiting fac七or and lgG－rOSe上土e  

inhibi七ing fac七or by rgM⊥Sepharose and工gG－Sepharose，reSPeC七ivel㌔  

Thymocy七es  Fraction  Inhibi七ion of roset七e fornation  
cul七ured  added 七0  

with  themix七ure b  Eo－rIgMRFCC  Eo－rIgGRFCd  

Ⅳone  Unfrac七iona七ed  

Con A  
tTnfrac七iona．七ed  

IgM－Sepha．rose Effluen七  

Elua七e  

IgG－Sepharose Effluen七  

Elua七e  

a）ThyTnOCy七es were precultured for48hrin七he presence or a・b8enCe   

of2．5vg／mlCon A． The cells were cultured wi七hlOリg／mlIgM   

for ano七her24hr七00b七ain cul七ure fil七rates． The fil七ra七es  

were七hen concen七ra七ed・ An aliquo七of七he cul七ure fil七ra七e fTOm  

Con A－aC七iva七ed thymocy七es wa8aPPlied eitherIgM－Sepharose or  

IgG－Sepharose・ The dis七ribu七ion of roseセセeinhibi七ing fac七ors  

be七ween七he effluen七and七he elua七e fTaC七ions was exa皿ined．   

b）Human PBL cul七ured for24hr vere mixed wi七h ei七her Eo－rIgM or  

Eo－rIgGin the presence of ea・Ch frac七ionIand七he mixture WaS  

incuba七ed to form roseセセes．   

c，d）seven七een完of human PBL foTmed roseセセes wi七h ei七her Eo－rIgM or  

Eo－rIgG when七heywereincuba七edin a con七rolmedium・  
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でable 3  

Failure Ofab＄OrP七ion of Zが－bindingfac七or byIgG－Sepharosea  

Frac七iona七ed  Frac七ion  RFCb wi七h  Rose上土einhibi七ion  

W土七h  added  Eo－r工gM  

IgM－Sepharose Elua七e  ll．6   

IgG－Sepharose Effluen七  11・ん  

Elua七e  

Medium con七r01  

a）cF from ConA－aC七iva七ed七hymocy七es cul七ured wi七hlOリg／mlIgM  

Wa．S absoTbed wi七hIgM－Sepha．rose，a．nd七he elua七e fTOm the column  

WaS Ob七a．ined． An aliquo七of七he elua七e was fuT七her frac七iona七ed  

Wi七hIgG－Sepharose．Each frac七ion was as＄eSSed forits abili七y  

七oinhibi七IgM－rOSeセセe forma七ion．   

b）RFC；rOSet七e f’orming cells．  
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Table 4  

SensitiYi七y of工gM－b血ding fac七oT七o pro七eoly七ic en2；ytneSa  

IgM－binding fa・C七or  RFC wi七h  Roseセセeinhibi七ion   

七rea七ed w土七h  Eo－rIgM  

12．7   

21．う   

18．9   

17．6   

10．8  

41  

0  

12  

18   

50  

nOne   

七ryps土n   

prOnaSe   

papaln   

ribonuclease A  

medユum con七r01  21．4  

a）IgM－binding fa．ctor purified wi七hIgM－Sepharose was七rea七ed wi七h  

Me七hods）  （βee Ma七erials   a・garOSe－bound enzynes  ，and wa日  

assessed for the abili七y七oinhibi七IgM－rOSe上土e forma七ion・  
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Table 5  

Sol汀Ce OfIg虻－もin血・gねe七ora  

RFC wi七h  Roseセセe  

Eo－rIgM  inhibition  

IgM in 

Cul七ure  Source of CF  

14．6  

9．1   

15．0  

10．6   

1う．5  
14．6  

Thymocy七es  3  

40  

0  

30  

0  

3  

Spleen cells  

Mesen七ericlymph  
node cells  

Med土um con七r01  

a）Thytnocy七es，SPleen cells，and mesen七ericlyrmph node  

cells were ob七ained from normalmice．   Each cell   

suspension（2Ⅹ107cells／ml）was cul七uTedfor   

24hrin七he presence or a．bsence oflOリg／mlIgM七0   

0b七ain cul七ure fil七ra七es（CF）． Then CF weTe  

a8日essed for七heir al〕ili七y七oinhibi七IgM roseセセes・  
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Table 6  

Cellsol汀Ce Of工掛b址ngねe七or  

Spleen cellfrac七ion s＝g＋cells  RFCwi七h  Roseセセe  

Eo－rIgM inh土bl七lon  

ロnfrac七lona七eda  40  

Nonadheren七cellsb  41  

B celldeple七ed Fr・C  I  

B cellenr土ched Fr．C  59  

15．2   

1二∋．5   

14．9   

19．う   

22．1  

31   

39   

ココ   

12  

Med土um con七r01  

a）Ⅳormalspleen cells were cul七ured for24hrin七he presence oflO   

リg／mlIgM七00btain cul七ure fil七ra七es．  

b）spleen cells were passed七hrough Sepha．dex G－10colunn七o deplet  

adheren七cells and七he c0lunn－PaSSed ce11s■Were Cul七ured for24  

hrin七he preβenCe OflO tlg／ml＝gM．  

c）sephadex G－10pas8ed cells were fur七her frac七ionatedin七o B cell  

deple七ed frac七ion by using an七i－mOuSeIg－COa七ed dishes． Cells  

nonadhered七o dishes（B celldeple七ed Fr．）and recovered cells  

from七he di8hes（B cellenTiched Fr．）were ob七ained，and were  

Cul七ured for24hrin七he presence oflOリg／nlIgM・  
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でaも1e 7  

Erfec七s of 工密トもinding fae七or and 工ボーbinding fac七or on 七be  

SeCOndary垂Vi七ro anti－SRBC＝gM response and ZgG－reSPOnSe  

冤 ユnbib土七lon of  

Sample  

added  ＝gM－  IgG－  

roseセセe rose上土e  

Anti－SRBC PFC  

SRBC in  

Cul七ure IgM response IgG response  

Medium  

Medlu皿   

IgM－BF  38  0   

工gG－BF  O  4．0  

83 ＋ 38  108 ＋14  

＋  1775 ＋100   1892 ＋ 52   

＋  8う0 ＋101   16ココ ＋38   

＋  1667＋126  917＋95  

a）one hundredulofIgM－binding fac七or prepara七ion orIgG－binding   

fac七or prepara七ion was added七o each oflOOIJIcul七uTe Of6Ⅹ  

105sRBCand6Ⅹ105spleencellsobtainedlldaysafterSRBC－   

immumi2；a七ion． Four daysla七er七he cells were harves七ed，a・nd  

七he direc七IgM PFC and七heindirec七IgG PFC per cul七ure were  

measured．Each de七ermina七ion repre＄en七s七he mea．n of七riplica七e  

cul七ure8（and七he s七andard devia七ion）．  
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u弧Ⅶ和  

Fig．1：Gelfil七ra七ion of a cul七ure fil七ra七e of Con A－aC七iva・七ed七hymocy七es・  

Normalthy皿OCy七es were pTeCul七ured wi七h2．5vg／mlCon A for48hr．The Con A－   

ac七iva七ed ce11s wereincuba七ed wi七hlOlユg／mlIgM for24hr七0Ob七ain a cul七ure   

fil七ra七e． The cul七ure fil七ra七e was concen七ra七edlO－fold，andl．2tnlof七he   

concen七ra七ed cul七ure fil七ra七e was applied七o a TSK G3000SW colunn。Ea・Ch eluate   

frac七ion was七hen mixed wi七hIgM－Sepharose七00b七ain acid－elua・七es，and the acid嘲   

elua．七es were assessed for七he presence of＝gM－binding fac七ors byIgM－rOSeセセe   

inhibi七ion（panelA）． Effec七of七he acid－elua七e ob七ained from each fra・C七ion  

onIgM response（panelB）andIgG response（panelC）wa8also de七ermined by the  

sa．me me七hod describedin七he Table 7． Each de七emination represen七s the mean   

of七riplica七e cul七uresIandis expressed a・S PerCen七inhibi七ion compa・red七o the  

cul七ures TeCeiving only mediun（11，047土151IgM PFC／cul七ure and14，080土538  

IgG PFC／cul七ure）． IgM－binding fac七orsin七he unfra・C七iona七ed cul七ure fil七ra七e  

were also ob七ained by usingIgM－Sepharose・IgM PFC andIgG PFCin the cultures  

received七he fac七orsWere5，107土205，11，693土854／cul七ure，reSPeC七ively・  
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