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Anti-idiotypeantibodies(Ab2)playanimportantroleinthehomeostasisofimmuneresponsesand
arerelatedtothedevelopmentandthediseaseactivityofcertainautoimmunediseases.The
asialoglycoproteinreceptor(ASGPR)isconsideredoneofthetargetantigensinthepathogenesisof
autoimmunechronicactivehepatitis(AIH).Wepreviouslydevelopedamousemonoclonalantibody
(clone8D7)whichrecognizesratandhumanASGPR.Inthisstudy,tohelpinvestigatethe
anti-ASGPR antibody-anti-idiotypeantibodynetworkinpatientswithAIH,wedevelopeda
syngeneicmousemonoclonalAb2tothe8D7anti-ASGPRantibody(Ab1).Oneclone,designatedas
3C8,testedpositiveforspecificreactivityto8D7-Ab1anddidnotbindtootherirrelevantimmuno-
globulins.Bycompetitiveinhibitionassays,thebindingof8D7-Ab1tolivermembraneextracts,
,thecrudeantigenpreparation,wasinhibitedby3C8-Ab2inadose-dependentmanner,andthe

bindingof8D7-Ab1to3C8-Ab2wasinhibitedbythelivermembraneextracts.Intheimmunohisto-
chemicalanalysis,3C8-Ab2blockedthespecificstainingofsinusoidalmarginsofrathepatocytesby
8D7-Ab1.Theseresultssuggestthat3C8anti-idiotypeantibodyrecognizesthespecificidiotypic
determinantswithintheantigen-bindingsiteof8D7-Ab1.
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T heidiotypeofanantibodyisauniquestructurein
theantigen-bindingsiteoftheantibodymolecule

(Ab1).Inthehumoralimmuneresponses,anti-idiotype
antibodiestotheidiotypestructures(Ab2)arealso
producedbecausetheidiotypeitselfoftendisplaysim-
munogenecity.Anti-idiotypeantibodiesplayanimportant
roleinthehomeostasisofimmuneresponses,for
instance,bymodifyingthebindingofantibodiestotheir

targetantigens［1］.Ithasbeensuggestedthatadisrup-
tionofthisidiotype-anti-idiotypeantibodynetworkis
relatedtothedevelopmentandthediseaseactivityof
autoimmunediseasessuchassystemiclupuseryth-
ematosus［2-4］.
Intheseraofpatientswithautoimmunechronicactive

hepatitis(AIH),amajorautoimmuneliverdisease,
autoantibodiestoasialoglycoproteinreceptor(ASGPR)
havebeenfound［5-8］.ASGPRisahepatocyte-specific
antigenandispresentonthesinusoidalsurfaceofhep-
atocytes［9,10］;thisreceptorisconsideredatarget
antigeninthepathogenesisofAIH［11］.Itispossible
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thattheASGPRantibodyanditsanti-idiotypenetwork
areinvolvedinthedevelopmentandtheregulationof
hepatocyteinjuryinpatientswithAIH.
Wepreviouslydevelopedamousemonoclonalanti-

body(clone8D7)whichrecognizesratandhuman
ASGPR［12-14］.Forthepresentstudy,wedeveloped
amousemonoclonalAb2tothe8D7anti-ASGPRanti-
bodyinordertohelpinvestigatetheanti-ASGPR
antibody-anti-idiotypeantibodynetworkincasesofAIH.

MaterialandMethods

Themousemonoclonalantibodyto
ratASGPR(clone8D7,IgG1)developedbyimmuniza-
tionofBALB/cmicewithextractsofratliverplasma
membranes(LME)hasbeendescribedpreviously［12,
13］.Theantibodywaspurifiedfromtheasciticfluidsof
pristane (Aldrich, Milwaukee, WI, USA)-treated
BALB/Cmicebearinga8D7hybridomausingprotein
G-agarosegelanitychromatography(MAbTrapKit;
AmershamPharmaciaBiotech,Buckinghamshire,UK).
IrrelevantmouseIgG1monoclonalantibodies(clones5E8
andJ4-48),normalmouseIgG(DAKOJapan,Tokyo,
Japan),andmouseIgMmonoclonalantibody(clone8C7)
wereusedascontrols.The5E8IgG1monoclonalanti-
bodyrecognizesthebilecanalicularmembraneantigenof
rathepatocytes［13］;theJ4-48IgG1monoclonalanti-
bodyrecognizesthemembranecofactorprotein,acom-
plementregulatory protein (IMMUNOTECH S.A.,
Marseilles,France)［15］;the7C8IgM monoclonal
antibodyreactswiththeundefinedcellsurfaceantigenof
rathepatocytes［13］.IgMmousemonoclonalantibodies
werepurifiedbyanitychromatography(ImmunoPure
IgM PurificationKit;PIERCE ChemicalCompany,
Rockfold,IL,USA)fromtheasciticfluidsofpristane-
treatedBALB/Cmicebearinghybridomas.

The8D7-Ab1wascoupledtokeyholelimpet
hemocyanin (KLH)in orderto enhance its im-
munogenecitybyusing1-ethyl-3-(3-dimethylaminopropyl)
carbodiimidehydrochloride(PIERCE ChemicalCom-
pany),accordingtothemanufacturer’sinstruction.Five
week-oldBALB/Cmicewereimmunizedbyintraper-

itonealinjectionof100μgof8D7-Ab1coupledtoKLH
precipitatedwith60μlofaluminumhydroxidegelevery
2weeks;thiswasrepeated5to7times.Seraweretaken
afterthefinalinjectionandassayedforantibodybindingto
8D7-Ab1byanenzyme-linkedimmunosorbentassay
(ELISA)(seebelow).Theanimalwiththehighesttiter
waschosen,andaboosterinjectionofKLH-conjugated
8D7-Ab1wasgiven3daysbeforefusion.Spleencells
fromtheanimalwerefusedwithnonsecretorymyeloma
cellsP3X63-Ag8.613byusing30 polyethyleneglycol
1000,asdescribed［16,17］;hybridswereselectedin
hypoxanthine-aminopterin-thymidine medium. Culture
supernatantswerescreenedbybindingto8D7-Ab1by
ELISA(seebelow);hybridomacellswhosesupernatants
reactedwith8D7-Ab1wereexpandedandclonedbya
limitingdilutionmethod.Theimmunoglobulinclassand
subclassofthemonoclonalantibodiesweredeterminedby
acommerciallyavailableELISA(MonoAb-IDEIAkit;
Zymed,SanFrancisco,CA,USA).

ForthescreeningofAb2,the
wellsofmicrotiterplates(ImmunoPlateII;Nunc,
Denmark)werecoatedwith8D7-Ab1(100μlofa20
μg/mlsolution), and theculturesupernatantsof
hybridomacellswereaddedtothewells.Afterwashing,
biotin-labeled8D7-Ab1,preparedasdescribed［18］,was
added.Afterwashing,bound8D7-Ab1wasdetected
withhorseradishperoxidase(HRP)-labeledstreptavidin
(GIBCO BRL,Gaithersbrug,MD,USA)using2,2’-
azino-di-3-ethylbenzo-thiazoline-6-sulphonicacidassub-
strate.Opticaldensitiesat415nmweremeasuredonan
automatedELISAplatereader.
ThespecificityoftheAb2wasdeterminedbythe

followingELISAs:(a)thereactivityoftheAb2was
screenedonplatescoatedwitheither8D7-Ab1,irrelevant
IgG1mousemonoclonalantibodies,ornormalmouse
IgG(100μlofa20μg/mlsolution).SeriallydilutedAb2
(100μlofasolutiondilutedat0.01to10μg/ml)was
addedtotheplates,andthebindingofAb2antibodywas
revealedwithbiotin-labeled8D7-Ab1andHRP-labeled
streptavidin;(b)theabilityoftheanti-idiotypeantibodyto
preventthebindingofAb1tothecrudeantigenwas
evaluatedonplatescoatedwithLME(100μlofa0.1
mg/mlsolution).Biotin-labeled8D7-Ab1(50μlofa5
μg/mlsolution)wasincubatedwithAb2(50μlofa
solutiondilutedto0.01μg/mlto1mg/ml)orwithirrele-
vantmousemonoclonalantibody.Themixturewasadded
totheplates,andthebindingofbiotin-labeledAb1was
revealedwithHRP-labeledstreptavidin;(c)theabilityof

Mizunoetal. ActaMed.Okayama Vol.56,No.3136

Abbreviations
AIH,autoimmunehepatitis;ASGPR,asialoglycoproteinreceptor;ELISA,
enzyme-linkedimmunosorbentassay;HRP,horseradishperoxidase;KLH,
keyholelimpethemocyanin;LME,extractsofratliverplasmamembranes.



thecrudeantigentopreventthebindingofAb1toAb2
wasevaluatedonplatescoatedwithpurifiedAb2(100μl
ofa20μg/mlsolution).Biotin-labeled8D7-Ab1(50μl
ofa5μg/ml)wasincubatedwithLME(50μlofa
solutiondilutedto0.16to5mg/ml)orratkidney
membraneextractspreparedfrom ratkidneyacetone
powder(Sigma,St.Louis,MO,USA)ascontrol.The
mixturewasaddedtotheplates,andthebindingof
biotin-labeledAb1wasrevealedwithHRP-labeledstrept-
avidin.

We immunohisto-
chemicallyexaminedtheabilityoftheanti-idiotypeanti-
bodytopreventthestainingoftheplasmamembraneof
rathepatocytesby8D7-Ab1.Cryostatsectionsoffresh
Sprague-Dawleyratliverfixedwithcoldacetonewere
reactedwithbiotin-labeled8D7-Ab1preincubatedeither
withAb2orwithirrelevantmousemonoclonalantibody,
followedsequentiallybyHRP-labeledstreptavidin,then
withdiaminobenzidinesolutioncontaininghydrogenper-
oxide.

Results

Ofatotalof425hybridsgenerated,onlyoneclone
testedpositiveforspecificreactivityto8D7-Ab1.This
cloneremainedstableaftercloningandcontinuedto

produceanantibodyspecificto8D7-Ab1.Thisclonewas
expandedanddesignatedas3C8.The3C8antibodywas
characterizedasanIgMandpurifiedfromasciticfluidsof
pristane-treatedBALB/Cmicebearinga3C8hybridoma
usinganitychromatography.Toassessitsspecificity,
3C8-Ab2wastestedbyELISAagainst8D7-Ab1,irrele-
vantIgG15E8andJ4-48,andnormalmouseIgG;
3C8-Ab2boundsolelyto8D7-Ab1(Fig.1).Theresults
suggestthat3C8-Ab2isspecifictothevariabledomains
of8D7-Ab1.
Furthercharacterizationof3C8-Ab2wasperformed

bycompetitiveinhibitionassays.AsshowninFig.2,
thebindingofbiotin-labeled8D7-Ab1tothecrude
antigen,LME,wasinhibitedby3C8-Ab2inadose-
dependentmanner,whereasthebindingwasunaectedby
irrelevant7C8IgMmonoclonalantibody.Furthermore,
thebindingofbiotin-labeled8D7-Ab1to3C8-Ab2was
inhibitedbyLME,asshowninFig.3.Intheimmuno-
histochemicalanalysis,3C8-Ab2blockedthespecific
stainingofsinusoidalmarginsofrathepatocytesby
8D7-Ab1(Fig.4).

Discussion

Inthisstudy,wedescribedthegenerationofamouse
monoclonalanti-idiotypeantibody(clone3C8)against8D7
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Fig.1 Bindingof3C8-Ab2to8D7mousemonoclonalanti-ASGPR
antibody.ELISAplateswerecoatedwitheither8D7-Ab1(■),irrele-
vantIgG15E8(□),J4-48(●)mousemonoclonalantibodiesor
normalmouseIgG(△).Seriallydiluted3C8-Ab2wasaddedtothe
plates,andthebindingofAb2antibodywasrevealedwithbiotin-
labeled8D7-Ab1andHRP-labeledstreptavidin.

Fig.2 Inhibitionofthebindingof8D7-Ab1toLMEby3C8-Ab2.
ELISAplateswerecoatedwithLME.Biotin-labeled8D7-Ab1was
incubatedwith3C8-Ab2(■)orirrelevant7C8IgMmonoclonalanti-
body(●).Themixturewasaddedontotheplates,andthebinding
ofbiotin-labeledAb1wasrevealedwithHRP-labeledstreptavidin.
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anti-ASGPRmousemonoclonalantibody.Toavoidthe
productionofxenogeneicorallogeneicantibodies,we
intendedtogeneratesyngeneicanti-idiotypeantibodies.
Forthispurpose,thecouplingofAb1withKLHwas
requiredtoenhancetheimmunogenecityofAb1［19］.In
thepreliminaryexperiments,immunizationwithAb1
withoutKLHdidnotproduceantibodyresponsestoAb1.
ByusingKLH-coupledAb1andrepeatedimmunization,
wewereabletogenerateahybrid(clone3C8)that
producedanti-idiotypeantibody.
Characterizationofthe3C8antibodyhasshownthe

following:3C8-Ab2isspecificfor8D7-Ab1;(b)3C8-
Ab2iscapableofinhibitingthebindingof8D7-Ab1to
LME(asshownbyELISA);(c)3C8-Ab2iscapableof
inhibitingthestainingofthesinusoidalplasmamembrane
ofrathepatocytesby8D7-Ab1(asshownbyimmunohis-
tochemistry);(d)thebindingof8D7-Ab1to3C8-Ab2
canbeblockedbyLME.Takentogether,theseresults
suggestthat3C8-Ab2recognizesspecificidiotypicdeter-
minantswithintheantigen-bindingsiteof8D7-Ab1.
Anti-idiotypeantibodies(Ab2)elicitedbythevariable

regionoftheinducingantibody(Ab1)canbedividedinto
2categories:(1)Ab2thatrecognizesanepitopeinthe
bindingsite(paratope)ofAb1,i.e.,Ab2β,(2)Ab2
recognizesanidiotypeinthenon-bindingsitesofAb1,
i.e.,Ab2α.Theresultsofourstudysuggestthat
3C8-Ab2isanAb2βanti-idiotypeantibodyofthe8D7
anti-ASGPRantibody.CertainAb2βcanmimicthe
structureoftheantigenthatoriginallygeneratedAb1(i.e.,
implyingtheconceptoftheso-called“internalimage”or

“functionalmimicry”［1］).Insuchaninstance,itis
suggestedthatAb2βcanbeusedinsteadoftheprimary
antigen.Ab2βoerspromiseasa“vaccine”against
infectiousagents［20,21］andmightalsobeusedto
induceantitumorimmuneresponsestotumorantigens
［22-25］.Intheeventthatour3C8-Ab2isan“internal
image”antibody,itmighteventuallybeusedasasurro-
gateantigenforthedetectionofanti-ASGPRantibodyin
AIHpatientsortoinducespecificimmuneresponsesto
ASGPRinthecreationofAIHanimalmodels.
However,thebiochemicalcriteriaforidentificationof

thepresenceofan“internalimage”determinantonan
anti-idiotypeantibodyarenotdefinitive.Bysequencing
thevariableregionsoftheantibodies,someauthorshave
attributedtheantigenmimicryofAb2tosharedstructures
oftheAb2andtheantigen［26-28］.Incontrast,others
havefoundthatAb2sfunctionallymimickingtheantigen
havenoobviousstructuralsimilaritiestotheantigens
［29］.Accordingly,structuralanalysisalonecannot
predictthefunctionalmimicrypropertiesofanAb2;
functionalandimmunologicalanalysesarenecessaryin
ordertodetermineifanAb2istrulyan“internalimage”
antibody.Inthisstudy,weshowedthat3C8-Ab2recog-
nizesspecificidiotypicdeterminantswithintheantigen-
bindingsiteof8D7-Ab1.However,furtherstudiesare
neededtoclarifywhetherthe3C8anti-idiotypeantibodyis
an“internalimage”antibodyandifitcantrulybeusedas
asurrogateantigenforASGPR.

Fig.3 Inhibitionofthebindingof8D7-Ab1to3C8-Ab2byLME.
ELISAplateswerecoatedwith3C8-Ab2.Biotin-labeled8D7-Ab1was
incubatedwithLME(■)orratkidneymembraneextracts(●).The
mixturewasaddedtotheplates,andthebindingofbiotin-labeled
Ab1wasrevealedwithHRP-labeledstreptavidin.

Fig.4 Blockingofthestainingofrathepatocytes.Cryostat
sectionsofratliverwerereactedwithbiotin-labeled8D7-Ab1prein-
cubatedeitherwith7C8irrelevantmouseIgMmonoclonalantibody
(A)or3C8-Ab2(B),followedsequentiallybyHRP-labeledstrept-
avidin,thenwithdiaminobenzidinesolutioncontaininghydrogen
peroxide.DarkreactionproductsindicatingthesitesofASGPRare
presentonthesinusoidalmarginsofthehepatocyte(A).
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