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ThepreS2regionofthehepatitisBvirus(HBV)hasbeenreportedtohavehumanpolymerized
albuminreceptor(PAR)activity,whichcorrelateswithviralreplication.Here,westudiedthe
genomicsequenceofthepreSregionfromrarepatientslackingPARactivity,despiteactiveviral
replication.PARandDNApolymeraseactivitywasidentifiedin178HBeantigen-positiveHBV
carriers,andasignificantcorrelationbetween2markerswasshown,exceptin2hepatitispatients
lackingPARactivity.NucleotidesequencesofthepreSregionofHBVfrombothpatientswere
examinedbydirectsequencingofPCRproducts.Inonepatient,a45-basedeletionwasfoundto
overlaphalfoftheputativepolymerizedhumanalbuminbindingsiteinthepreS2region.Inthe
otherpatient,apointmutationatthefirstnucleotideofthestartcodonofthepreS2regionofHBV
wasfound.Therewasnosuchgenomicchangeinthe3controlHBVsequences.Theseresults
indicatethatthepreS2regionisnecessaryforbindingofpolymerizedhumanalbumin,andthisis
thefirstreportofnaturallyexistingmutantviruswithnoorlowPARactivity.

Keywords:hepatitisBvirus,preSregion,polymerizedalbuminreceptor,geneticmutation,geneticdeletion

H epatitisBvirus(HBV)hasanenvelopeconsisting
of3glycoproteinscodedbypartsoftheHBV

genome,allsharingtheC-terminalsequence,which
containsthemajorsurfaceantigen(HBsAg).Ofthese,
theN-terminalsequenceofthemiddlesurfaceproteinis
encodedbythepreS2regionlocatedjustupstreamofthe
SregionoftheHBVgenomeandisfunctionallyassociat-
edwithbindingactivityofHBV surfaceproteinsto
polymerizedhumanalbuminthroughputativepolymerized
albuminreceptors(PAR)bothonHBVandhepatocytes

［1］.IthasthereforebeensuggestedthatHBVmayenter
intohepatocytesthroughthisspecies-andorgan-specific
bindingmachinery.AlsothepreS1regionhasbeen
reportedasaprincipalbindingsiteforhepatocytes［2］.
Bruss［3］hasreportedthathepatitisBvirusparticles
contain2formsoftheLprotein:anexternal(e-preS)and
internal(i-preS)pre-Sdomain.Itisthusindicatedthatthe
externalpreSdomainisinvolvedinbindingtovirus
receptors.Assuch,thepreSregionoftheHBVgenome
appearstobeimportantinthefirstphaseofHBV’sentry
pathwayintothehepatocyte.
WehavepreviouslydemonstratedthatPARactivity

inserumoftheHBVcarrieriscloselycorrelatedwith
serumHBVDNApolymerase［4］levels,whichreflect
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viralreplication.Here,wehavedefinedtheamountof
polymerizedhumanalbuminboundtoHBsantigenas
PARactivity［4］.WhilePARactivityisaclinically
usefultoolinevaluatingtheviralreplicativestateinHBV
carriers［5］,wefound2patientswithactiveviralreplica-
tionbutlessPARactivityin178HBeantigen-positive
carriers.Toclarifythisdissociation,weanalyzedinthe
presentstudythegenomicsequencesofthepre-Sregion
ofHBV from thesepatients,findingthatgenomic
changesinthisregionmaybedirectlylinkedtothe
biologicalfunctionofthisviralprotein.

MaterialsandMethods

Allpatients,whovisitedourhospital
betweenSeptember1987andDecember1994andwere
positiveforHBsantigenandHBeantigenwereenrolled
inthisstudy.Duringthisperiod,178patientswerefound
tobeHBeantigen-positiveoutof256patientspositivefor
theHBsantigen.Theirseraofthesepatientswascol-
lectedandstoredat－20°Cuntiluse.

HBsAgwasdeterminedbya
reversepassivehemagglutinationtest(SERODIA-HBs;
FujirebioInc.,Tokyo,Japan).HBeAgwasdetermined
by radioimmunoassay (HBeRIAKIT II;Dainabot,
Tokyo,Japan).HBVDNA-polymerasewasdetermined
byKaplan’smethod［6］.PARactivitywasdetermined
bythemethodreportedbyTsuji［4］,withtheoptical
densitybeingmeasuredat492nminPhoto-ELISAI
(Organon,Oss,theNetherlands)andexpressedas
arbitraryunit.Negativecontrolsshowedarangeof0.04-
0.23.

NucleotidesequencesofthepreS1and
preS2regionsofHBVweredeterminedfrompatient
serumbydirectsequencingofPCRproducts.Inbrief,
DNAwasextractedfrom100μlofserumbytheSDS-
proteinaseKmethod［7］.PreS1andpreS2regionsof
HBVDNAwereamplifiedby45cyclesofpolymerase
chain reaction (PCR)using a sense primer(5’-
GGGTCACCATATTCTTGGGA-3’,2814-2833)and
ananti-senseprimer(5’-GTCCTAGGAATCCTGATG-
3’,185-168)［8］.PCRproductswerepurifiedusinga
SUPREC-2column(Takara,Ohtsu,Japan)andse-

quencedwithanABIPRISMDyeTerminatorCycleSe-
quencingReadyReactionKit(PerkinElmer,FosterCity,
CA,USA)ina373ADNASequencingSystem(Applied
BiosystemsJapan,Chiba,Japan)［9］.

Results

DNA-polymerase(DNA-P)andPARactivitywasdeter-
minedinoneserumspecimenfromeachofthe178HBe
antigen-positivepatientsandisplottedinFig.1.These
2parameterswerefoundtobecorrelated(r＝0.533,
P＜0.001).
Inthispopulation,2patients(patients1and2inFig.

1)werefoundtobeoutsideofthiscorrelation.Wethen
examinedthegenomicsequencesofthepreSregionsof
HBVfromthese2patients,withanother3patients
(patients3,4,and5inFig.1)asacontrol.Theclinical
backgroundsofstudiedpatientsaregiveninTable1.
Althoughalanineaminotransferase(ALT)andDNA-P
levelsfluctuatedinpatients1and2,asseenincontrol
patients,thePARactivityofpatients1and2remained
low.SubtypesofHBVwereadr,exceptfortheadwr
subtypeinpatient2.These5patientshadchronic
hepatitishistologicallydiagnosedbyperioneoscopicliver
biopsyperformedunderpatients’writteninformedcon-
sent.

Nu-
cleotidesequencesofthepreSregionsofHBVfrom
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Footnote:Thisworkwaspresentedinpartatthe49thAnnualMeetingof
theAmericanAssociationfortheStudyofLiverDiseasesonNovember6-

10,1998,atChicago,USA.

Fig.1 CorrelationbetweenserumPARandHBVDNApolymerase
activitiesofHBeantigen-positiveHBsantigencarriers.Numberswith
arrowsindicatepatientsselectedforthisstudy.



patients1and2alongwithcontrolpatientsandsubtype
adr(GenebankaccessionnumberM38454)areshownin
Fig.2.Comparedwiththeadrwild-typesequence,
severalpointmutationsweredetected:5inpatient1;8in
patient2;5inpatient3;7inpatient4;and2inpatient
5.Also,patient1had45basedeletionsinthepreS2
region,whichspans5’upstreamtothemiddleofthe
putativepolymerizedhumanalbuminbindingsite［10］.
Aminoacidsequenceswerededucedfromnucleotide

sequences(Fig.3).Thenucleotidepointmutationsseen
inpatients3,4,and5weresilent,meaningthatthere
wasnoaminoacidreplacement.Incontrast,inpatient1
therewere２missensemutations(Valto AlainpreS1
region; Serto LeuinpreS2region)and15amino
acid-longdeletions.Inthecaseofpatient2,therewere
3missensemutations,oneofwhichwaslocatedatthe
firstcodonofthepreS2region.Thestartcodon(ATG,
Met)ofthepreS2regionwaschangedto Val(GTG),
andotherswereinthepreS1region: Trypto Cysand
Valto Ala.
Todeterminewhetherthemutationsdetectedabove

wereconsistentinthesepatients,thesameregionsfrom
seracollectedatdierenttimesweresequenced:2and4
yearslaterinpatient1;1,2,4,and5yearslaterin
patient2.Thenucleotidesequencesfromthesesamples
werethesameastheoldestonesshowninFig.2(data
notshown).

Discussion

GenomicmutationsofseveralregionsoftheHBV
genomehavebeenreportedthusfar.Intheenvelope
protein, the nucleotide sequence ofthe antigen-

determiningsiteoftheSregionischangedtoamissense
mutation,resultingindierentantigenicproperties.This
mutationisreferredtoasanescapemutant,asthisclone
wasdiscoveredinsuccessfulHBsantigenvaccineesand
escapedfrom neutralizingantibodiesinducedbythe
vaccine［11,12］.MutationsinthepreSregionhasalso
beenreported［13-17］.
ThepreS2regionconsistsof55aminoacids,andits

functionandclinicalsignificancehasnotyetbeenelucidat-
ed.Ithas,however,beenhypothesizedthatthisregion
mightbeessentialforHBV tobindandenterinto
hepatocytesviapolymerizedhumanalbumininaspecific
manner［18-21］.Themutantsfoundinourpatientsmay
relatetothisfunction,althoughadditionalstudiesofpreS
proteinsandinvitroexpressionwillbenecessaryto
confirmthishypothesis.
Inpatient1ofourstudy,apartofthedeletionof

nucleotidesequencesoverlappedtheputativePARsite,
possiblydestroyingPARfunction.Inpatient2,we
foundastartcodonmutantofpreS2.Thestartcodon
mutantcouldresultinanabsenceofpreS2protein.
AlthoughthepreS2sequencewascontainedinthelarge
HBsantigenprotein,whichwastranslatedfrom the
preS1startcodonthroughpreS1andpreS2,PAR
functionwaslostinthismutant.AssuchPARfunction
mightrequiretheconstitutionalstructureofthisregion.
InSantantonio’sstudy,fiveoutof22ItalianHBV

carriershadHBV withoutexpressionofthepreS2
protein.Fourshowedadeletionofthestartcodon,and
anotherhadapointmutationofthestartcodonofthe
preS2region［10］.Similarmutantshavebeenreported
byFernholz［22］inchronicHBVcarriers.
Interestingly,Pollicino［17］hasreportedafamily

clusteroffulminanthepatitispossiblycausedbythepreS2
startcodonmutant.Theyhavesuggestedthatthe
absenceofpreS2proteininearlyeventsininfectionmay
leadtoafailuretoneutralizethevirusandmoresevere
liverdamage.OurpatientswerechronicHBVcarriers,
andthissequenceshouldbeexaminedinacutehepatitis
patients.Noinformationregardingtherelationship
betweenmutantandPARactivityhasbeenprovidedby
theabovestudies,sothepresentresultsarethefirstto
relatetoboth.
PARactivityhasbeenusedasausefulmarkerto

determinethestateofviralreplicationanddiseaseactivity
ofchronichepatitisBandHBVcarriers［5］.Duringthe
clinicalcourseofhepatitisB,correlationswerefound
betweenserumPARactivityandDNA-Pinindividual
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Table1 Clinicalbackgroundofpatients

Age/sex
Range

ALT PAR(unit) DNA-P(cpm)
Subtype

Patient1 38/M 27-120 0.04-1.48 4- 716 adr
Patient2 41/M 41-525 0.24-0.65 123-2723 adwr
Patient3 50/F 28-48 10.20-17.29 151-4522 adr
Patient4 40/M 18-313 1.15-16.2 10-44346 adr
Patient5 42/M 28-709 0.11-15.62 3-66553 adr

,rangeofALT,PAR,andDNA-Pinstudiedpatientsduringthe
observationperiod(1.4yearsforpatient1,1.9yearsforpatient2).
Thesamplingtimesforeachpatientwereasfollows:23inpatient1;
17inpatient2;19inpatient3;41inpatient4;82inpatient5.
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Fig.2 NucleotidesequenceoftheHBVpreSregion.Sequenceofwild-typeadr(GenebankM38454)andthoseof5patientsarealigned.
Putativesitesforbindingwithpolymerizedalbumin［10］areindicatedbyashadedbox.
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patients,exceptpatients1and2,inthepresentstudy
(datanotshown).
Wefounddeviationsfromthissignificantcorrelation

betweenPARactivityandHBVreplicationtoberelative-
lyrare(1.1 of178HBeantigen-positiveHBVcarriers)
inthisstudy,andtheclinicalsignificanceofPARactivity
didnotchange.
ThesubtypeofHBVwasadrinpatient1andadwrin

patient2.Apreviousstudyofpointmutationsofcom-
poundsubtypes［23］indicatednomutationsatthestart
codonofpreS2inadwr,sothismutationdoesnotappear
toberelatedtosubtype.
Inconclusion,amutationatthestartcodonor

deletioninthepreS2regionissuggestedtocausealoss
orloweringofPARactivity.Theclinicalsignificanceof
thesemutantsshouldbeexaminedfurther.
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