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Inautoimmunechronicactivehepatitis(AIH)andprimarybiliarycirrhosis(PBC),various
autoantibodiesincludinganti-asialoglycoproteinreceptor(ASGPR)antibodieshavebeenfoundin
patients’sera.Wehavepreviouslydevelopedamousemonoclonalantibodyagainstratandhuman
ASGPR.Inthisstudy,wedevelopedacaptureenzyme-linkedimmunosorbentassay(ELISA)for
detectionofanti-ASGPRantibodiesusingthismonoclonalantibodyandinvestigatedtheoccurrence
ofanti-ASGPRantibodiesintheseraofpatientswithvariousliverdiseases.Serumsampleswere
obtainedfrom123patientswithvariousliverdiseases,including21patientswithAIHand40patients
withPBC.InthiscaptureELISA,thetargetantigeninthecruderatlivermembraneextractswas
capturedontheELISA wellsbytheASGPR-specificmousemonoclonalantibody.Thus,the
cumbersomeprocessofantigenpurificationwasrenderedunnecessary.UsingthiscaptureELISA,
wedetectedtheanti-ASGPRantibodyin67 ofthepatientswithAIH,in100 ofthepatientswith
PBC,andin57 ofthepatientswithacutehepatitistypeA.However,theanti-ASGPRantibody
wasrarelydetectedinpatientswithotherliverdiseasessuchasprimarysclerosingcholangitisand
obstructivejaundice.OurfindingssuggestthatthiscaptureELISAwouldbeusefulforthedetection
ofanti-ASGPRantibodiesinautoimmuneliverdiseases.
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A utoimmunechronicactivehepatitis(AIH)and
primarybiliarycirrhosis(PBC)aremajorliver

diseasescausedbymechanismsrelatedtoautoimmune
responses.Variousautoantibodiestocellularstructures
suchasnucleus,smoothmusclemembrane,microsomes,
andtheasialoglycoproteinreceptor(ASGPR)havebeen
foundintheseraofpatientswithAIHandPBC［1-6］.

Amongthem,ASGPRisatransmembraneglycoprotein
whichmediatesbindingandinternalizationofextracellular
glycoproteinsthathaveexposedterminalgalactoseresi-
dues［7］.ASGPRisaliver-specificantigenandis
presentonthesinusoidalsurfaceofhepatocytes,aswe
havepreviouslyshown［8,9］.A complexantigen
preparationreferredtoasliver-specificprotein(LSP)was
showntoinduceexperimentalhepatitisinrabbitsafter
long-termimmunization［10］,andASGPRhasbeen
identifiedasacomponentofLSP［11］.Thepathogenic
relevanceofautoimmuneresponsesagainstASGPRhas
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thusbeenimplicatedinthedevelopmentofAIHandPBC
［12］.Thus,ananalysisofautoantibodyproduction
againstASGPRmightfacilitateanunderstandingofthe
pathogenesisofliverinjuryinautoimmune-mediatedliver
diseases.
Wehavepreviouslydevelopedamousemonoclonal

antibodywhichrecognizesratandhumanASGPR［13-
15］.Inthisstudy,wedevelopedacaptureenzyme-linked
immunosorbentassay(ELISA)forthedetectionof
anti-ASGPRantibodiesusingthismonoclonalantibody;
wetheninvestigatedtheoccurrenceofanti-ASGPR
antibodiesinserumsamplesfrompatientswithvarious
liverdiseasesincludingAIHandPBC.

PatientsandMethods

Serawereobtainedfrom123patients
withvariousliverdiseasesincluding21patientswithAIH
and40withPBC,6patientswithvariousotherautoim-
munediseases,and12healthyvolunteers.Profilesof
thesesubjectsaresummarizedinTable1.AIHwas
diagnosedaccordingtotheinternationalcriteria［16］;
antinuclearand/oranti-smoothmuscleantibodytests
werepositiveinallofthepatientswithAIH.PBCwas
diagnosedbystandardclinicalhistory,laboratorytests,
andhistologicalevaluationoftheliver［17,18］.

Antimitochondrialantibody(AMA)testsoftheserumof
PBC patients, as determined by indirect
immunofluorescence,werepositiveinallofthepatients
withPBC.Primarysclerosingcholangitis(PSC)was
diagnosedbyclinicalhistory,laboratorytests,character-
isticendoscopiccholangiographyandhistologicalevalua-
tionoftheliver［19］.Chronicandacuteviralhepatitis
werediagnosedbyclinicalhistory,laboratorytests,viral
markersandhistologicalevaluationoftheliver.All
patientswithhepatitisBvirus(HBV)werepositivefor
HBsurfaceandeantigens.AllpatientswithhepatitisC
virus(HCV)werepositiveforHCVantibodyasassessed
byasecond-generationenzymeimmunoassayandserum
HCVRNAbyreverse-transcriptasepolymerasechain
reaction.AllpatientswithacutehepatitisAwerepositive
forIgMantibodytohepatitisAvirus.Obstructivejaun-
dicewascausedbycommonbileductstone(n＝3),
pancreasheadcancer(n＝2),andbileductcancer(n＝
6).Theautoimmunediseasesotherthanliverdiseases
includedSjogrensyndrome(n＝2),systemiclupus
erythematosus(n＝3),andBasedowdisease(n＝1);all
ofthepatientswerepositiveforanti-nuclearantibodies
(speckledpatterns)butwerenegativeforAMA.Thesera
werestoredat－20°Cuntiluse.Thestudywasconduct-
edaccordingtotheguidelinesoftheDeclarationof
Helsinki.Thelocalethicscommitteeapprovedthestudy
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Table1 Patientcharacteristics

Patientgroup No. Sex(M/F)
Age(yr)

Median Range

ALT(IU/l)

Median Range

TBil(mg/dl)

Median Range

Autoimmune
liverdiseases
AIH 21 1/20 54 19-77 129 15-456 1.15 0.7-13.4
PBC 40 0/40 50 35-69 45 10-187 0.8 0.3-16.2
PSC 4 1/3 23 15-29 62 18-112 1.0 0.6-3.2

Viralhepatitis
AH(A) 7 2/5 30 24-66 419 14-4430 5.9 3.3-22.1
AH(C) 5 2/3 36 26-49 248 72-678 1.4 0.7-6.4
CH(B) 8 1/7 27 11-47 140 41-394 1.1 0.9-1.8
CH(C) 18 8/10 56 34-68 85 37-340 0.9 0.4-1.2

Drug-induced
liverinjury

9 3/6 44 20-68 81 27-139 0.7 0.3-19.2

Obstructive
jaundice

11 3/8 62 53-85 48 15-193 2.8 1.9-20.4

Autoimmune
diseases

6 1/5 55 42-69 68 13-168 0.5 0.3-0.9

Healthycontrols 12 10/2 31 27-35 23 6-34 0.4 0.2-0.9

AH(A),acutehepatitistypeA;AH(C),acutehepatitistypeC;AIH,autoimmunehepatitis;ALT,alaninetransaminase;CH(B),chronic
hepatitistypeB;CH(C),chronichepatitistypeC;PBC,primarybiliarycirrhosis;PSC,primarysclerosingcholangitis;TBil,totalbilirubin.



protocol.Informedconsentwasobtainedfrom each
patient.

A monoclonalantibody to rat
ASGPR(clone8D7,IgG1)waspreparedaspreviously
described［13,14］andpurifiedfromasciticfluidsof
pristane-treatedBALB/Cmicebearing8D7hybridoma,
usingproteinG-agarosegelanitychromatography
(MAbTrapKit;AmershamPharmaciaBiotech,Buck-
inghamshire,England).Preliminaryexperimentsshowed
thatthe8D7anti-ASGPRantibodyreactedwithCOS-1
cellstransfectedwiththecDNAofratASGPRsubunit
RHL-1butnotwithRHL-2/3(manuscriptinprepara-
tion).ControlnormalmouseIgG1(DAKO Japan,
Tokyo,Japan)andhorseradishperoxidase(HRP)-
conjugatedanitypurifiedgoatF(ab’)anti-humanim-
munoglobulins(absorbedwithmouseserum)werepur-
chasedfrom Kirkegaard& PerryLaboratoriesInc.
(Gaithersburg,MD,USA).

Ratlivermem-
braneextracts(LME)werepreparedfromhomogenates
ofSprague-Dawley rats ofboth sexes weighing
150-250g, as described［9］. Briefly, ratliver
homogenateswerecentrifugedat100,000gfor90minat
4°C,andthepelletsweretreatedwithcoldacetoneat
－20°C.Theprecipitatesweresolubilizedwith1
TritonX-100at4°C.Asacontrol,ratkidneymembrane
extracts(KME)werepreparedfromratkidneyacetone
powder(Sigma,St.Louis,MO,USA),asdescribed
above.
Forthedetectionofanti-ASGPRantibodies,the

followingassayprocedurewasused(Fig.1).Microtiter
wells(ImmunoPlateII;Nunc,Denmark)wereincubated
with100μlof8D7IgG1monoclonalantibody(10μg/ml
inPBS,pH7.2)orcontrolmouseIgG1at4°Covernight

andwereblockedwithPBScontaining1 bovineserum
albumin(BSA).Afterwashing,100μlofLMEsolution
(10μg/mlinPBScontaining1 BSA and0.05
Tween20),KMEsolution,orbueralonewereincubat-
edinthewellsat4°Covernight.Afterwashing,100μl
aliquotsofserumdiluted1:10,000inPBScontaining1
BSA and0.05 Tween20wereincubatedat4°C
overnight,followedbywashingandincubationwith
HRP-conjugated goatF(ab’) anti-human immuno-
globulins.Afterwashing,boundperoxidaseactivitywas
visualizedbyreactionwith2,2’-azino-bis(3-ethylbenz-
thiazoline-6-sulfonicacid)andhydrogenperoxide.The
opticaldensity(OD)at415nmwasmeasuredusinga
microplatereader.NetODvalueswerecalculatedby
subtractionofthevaluewithoutLMEfromthevalue
obtainedfrom wellsincubatedwithLME.Theanti-
ASGPRindexwasexpressedasfollows:(netODvalue
ofsampleminusnetODofnegativestandard)/(netOD
ofpositivestandardminusnetODofnegativestandard).
Thepositivestandardwasanarbitrarilyselectedserum
sampleofapatientwithPBC.Thenegativestandardwas
aserumsamplefromahealthycontrol.Allsampleswere
testedinduplicate.Thedatawereanalyzedbyone-way
analysisofvarianceandapost-hocScheetest.

LME (10μg/lane)
was subjected to 10 sodium dodecylsulfate-
polyacrylamidegelelectrophoresis,andtheproteinswere
electrophoretically transferred onto an Immobilon-P
membrane(Millipore,Bedford,MA,USA).Themem-
branewascutintostrips.Eachstripwasblockedwith
5 skimmilkandthenreactedwithdilutedpatients’sera
(1:1,000)or8D7mousemonoclonalanti-ASGPRanti-
bodyat4°Covernight.Afterwashing,thestripswere
developedwithaVectastainABCHumanKit(Vector
LaboratoriesInc.,Burlingame,CA,USA)forthe
humanseraandwithaMouseIgGKitfor8D7mono-
clonalantibody,accordingtothemanufacturers’proto-
cols.

Results

Thedistributionoftheanti-ASGPRindexinpatients
withvariousliverdiseasesisshowninFig.2.The
anti-ASGPRindicesofpatientswithAIHandPBCwere
0.21±0.06(mean±SE)and0.69±0.05,respectively.
Theanti-ASGPRindicesofpatientswithPBCwere
significantlyhigherthanthoseofpatientswithotherliver
diseasesaswellasthoseofhealthycontrols(P＜
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Fig.1 AcaptureELISAforthedetectionofanti-ASGPRantibody.
Thegraphicdepictstheconfigurationoftheassaysystem.
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0.0001).WhenweusedKMEinsteadofLME,the
antibodyactivitywasgreatlydiminished(Table2).
Severalimmunoblotanalysisbands,includingabandwith
anapproximatemolecularweightof45kilodaltonscorre-
spondingtoratASGPR［20,21］,weredetectedwith
serafrompatientswithAIHandPBC(Fig.3).
Whenwearbitrarilydefinedacut-o valueasthe

meanoftheanti-ASGPRindexofthehealthycontrols
plus3SD,theanti-ASGPRantibodywaspositivein
67 ofthepatientswithAIH,in100 ofthepatients
withPBC,andin57 ofthepatientswithacutehepatitis
typeA;however,itwasrarelydetectedinthepatients
withotherliverdiseases(Table3).Theanti-ASGPR
antibodywasdetectedinsomepatients(n＝2)withother
autoimmunediseasessuchassystemiclupuserythem-
atosus.

Discussion

Inthisstudy,wedevelopedacaptureELISAto
detectanti-ASGPRantibodies.Thetargetantigenin
LMEwascapturedonELISAwellsby8D7ASGPR-
specificmousemonoclonalantibody,thusrenderingthe
cumbersomeprocessofantigenpurificationunnecessary.

Fig.2 Distributionoftheanti-ASGPRantibodyofpatientswithvariousliverdiseases,autoimmunediseasesandhealthycontrols.
Titersoftheanti-ASGPRantibodyareexpressedastheanti-ASGPRindexasdescribedinthetext.AH(A),acutehepatitistypeA;AH(C),
acutehepatitistypeC;AIH,autoimmunehepatitis;CH(B),chronichepatitistypeB;CH(C),chronichepatitistypeC;Drug,drug-induced
liverinjury;PBC,primarybiliarycirrhosis;PSC,primarysclerosingcholangitis.

Table2 Absorbancereadings(OD415nm)obtainedfromwells
incubatedwithLMEorwithKMEinsteadofLME

Disease Crudeantigen
ConcentrationsofLMEandKME(μg/ml)

10 5 2.5 1.25

AIH
Patient1 LME 0.555 0.542 0.320 0.255

KME 0.234 0.163 0.179 0.189
Patient2 LME 0.634 0.483 0.355 0.277

KME 0.188 0.181 0.141 0.177
PBC
Patient1 LME 0.927 0.646 0.522 0.306

KME 0.181 0.175 0.119 0.135
Patient2 LME 0.638 0.497 0.408 0.302

KME 0.290 0.204 0.207 0.199
Patient3 LME 0.678 0.469 0.265 0.168

KME 0.063 0.063 0.067 0.066

Microtiterwellswerecoatedwith8D7anti-ASGPRantibody,and100
μlofLMEsolutionofdesignatedconcentrationsorKMEsolutionwere
incubated.Theserumsamplesfrom2patientswithAIHand3
patientswithPBCwereused.ODvaluespresentedaremeansof
duplicatesamples.
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UsingthiscaptureELISA,weobservedahighpreva-
lenceoftheanti-ASGPRantibodyintheseraofpatients
withAIHandPBC.Theanti-ASGPRantibodywas
detectedinthepatients’seradilutedto1:10,000inthis
study.However,thereportedworkingdilutionsofsera
forthedetectionoftheanti-ASGPRantibodiesare1:100
to1:800［5,22］,whichsuggeststhatourcapture
ELISAmighthavebeenmoresensitivethantheprevious-
lyreportedmethods.
Inourassaysystem,wecapturedratASGPRonan

ELISAplateanddetectedantibodiestoratASGPR.It
wasshownthatautoantibodiesagainstASGPRinthe
seraofAIHpatientsreactedwithrat,rabbit,andhuman
ASGPR,butthatthereactivitydieredamongantibodies
againstthesespecies［5］;anti-humanASGPRantibody
wasmorespecifictoAIH,andantibodiesagainstrator
rabbitASGPRweresometimesdetectedinserafrom
patientswithotherliverdiseases.Becausetheprotein

sequenceofASGPRshows79 homologybetween
variousspecies［23］,therearespecies-cross-reactiveand
species-specificepitopesontheASGPRmolecule.It
remainsunclearwhichepitopeisresponsibleforthe
anti-ASGPRantibodydetectedbythecaptureELISA
usedinthepresentstudy.
Prevalenceoftheanti-ASGPRantibodywasverylow

inmostpatientswithliverdiseasesinducedbyhepatitis
virusinfection,exceptacutehepatitisAvirusinfection,
ashasbeenreportedpreviously［24］.Theanti-ASGPR
antibodywasdetectedintwo-thirdsofthepatientswith
acutehepatitisA.DevelopmentofAIH afteracute
hepatitisAhasbeenpreviouslyreported［25,26］,and
thedetectionoftheanti-ASGPRantibodymayindicate
autoimmuneresponsesthatweretriggeredbyhepatitisA
virusinfection.
WithourcaptureELISA,theprevalenceofserum

anti-ASGPRantibodieswas67 inourpatientswith
AIH,whichwascomparabletotheprevalencesreported
inotherstudies［2,5,27］.Incontrast,wedetectedthe
anti-ASGPRantibodyinallofthepatientswithPBC
examinedinthisstudy.Inpreviousreports［2,5］,the
prevalenceofanti-ASGPRantibodyrangedfrom14to
33 ,whichdoesnotcorrespondtothepresentfindings.
WhenweusedKMEinsteadofLME,antibodyactivity
wasnotdetected.Byimmunoblotanalysis,serafrom
patientswithPBCreactedwithaproteinwithamolecular
weightsimilartothatoftheASGPR.Thesefindings
supportthattheantibodydetectedbythiscaptureELISA
isindeedtheanti-ASGPRantibody.However,other

Fig.3 RepresentativeresultsofimmunoblotanalysisofLME
againstserafrompatientswithAIHandPBC.LMEwassubjectedto
10%sodiumdodecylsulfate-polyacrylamidegelelectrophoresis,and
theproteinswereelectrophoreticallytransferredontoanImmobilon-P
membrane.Themembranewasreactedwithserafromapatientwith
AIHwhoseanti-ASGPRindexwas0.59(A)andapatientwithPBC
whoseanti-ASGPRindexwas1.05(C),serumfromahealthycontrol
(B),and8D7anti-ASGPRantibody(D).Anarrowindicatesabandof
ASGPRwithanapproximatemolecularweightof45kilodaltons.

Table3 Occurrenceofanti-ASGPRantibody

Patientgroup Positive/Total Occurrence(%)

Autoimmuneliverdiseases
AIH 14/21 67
PBC 40/40 100
PSC 0/4 0
Viralhepatitis
AH(A) 4/7 57
AH(C) 0/5 0
CH(B) 0/8 0
CH(C) 1/18 6
Drug-inducedliverinjury 2/9 22
Obstructivejaundice 0/11 0
Autoimmunediseases 2/6 33
Healthycontrols 0/12 0

Acut-o valuewasarbitrarilydefinedasameanoftheanti-ASGPR
indexofthehealthycontrolsplus3SD.
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explanationsshouldbeconsideredaswell(Fig.4).An
initialexplanationassertsthatwedidindeeddetectthe
anti-ASGPRantibody,asstatedabove.Asecondexpla-
nationwouldsuggestthattheASGPRwasincomplex
withotherprotein(s)intheLME,andwemighthave
insteaddetectedtheantibodytotheboundprotein(s).
BecausewecapturedtheantigeninLMEontheELISA
wellsbytheanti-ASGPRantibody,thiscouldhave
occurred,inspiteofthespecificityoftheanti-ASGPR
antibody.BindingbetweenASGPRandotherprotein(s)
couldtakeplaceviatheanityofASGPRtothe
galactoseresiduesofdesialylatedglycoproteins,aswellas
totheamino-terminaldomainsofproteins［28］.Athird
explanationwouldsuggestthatacommonepitope(s)
mightbepresentintheASGPRandinotherprotein(s),
andthatweactuallydetectedantibodiesthathadcross-
reactedwiththeASGPRviaamolecularmimicryofthese
proteins.Afourthexplanationwouldsuggestthatthe
ASGPRcanbindtoimmunoglobulinsinpatientseradue
toanassociationofIgA［29］andIgG［30］thathasbeen
reportedwiththeASGPR.Wearecurrentlyinvestigat-
ingthevariousexplanationsfortheobservedhighpreva-
lenceoftheanti-ASGPRantibody,asdetectedbyour
methodinpatientswithPBC.
Eventhoughthefullcharacterizationoftheantibodyin

patientswithPBCdetectedbyourcaptureELISAawaits

furtherstudy,thehighprevalenceoftheantibodyrelated
totheASGPRsuggestsanimportantimplicationforthe
mechanismsofhepatocyteinjuryinpatientswithPBC.
PBCisanautoimmuneliverdiseasecharacterizedbythe
inflammatorydestructionofintrahepaticbileducts.In
additiontobileductinjury,hepatocytesarealsode-
stroyedbyinflammatoryandimmunecells;however,the
mechanismsforhepatocyteinjuryremainunknown.
BecauseASGPRisahighlyhepatocyte-specificmem-
braneantigen,theantibodydetectedbyourcapture
ELISA mightproverelevanttothealteredimmune
responsesknowntocontributetohepatocyteinjuryin
patientswithPBC.
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