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Quantitative method of intracellular hepatitis
C virus RNA using LightCycler PCR.∗

Akito Nozaki and Nobuyuki Kato

Abstract

Based on recent LightCycler techniques developed for the quantitation of serum HCV RNA,
we have developed a quantitative method for the intracellular hepatitis C virus (HCV) RNA using
LightCycler PCR. A simple real-time PCR assay, based on the SYBR Green I dye and LightCycler
fluorimeter and with no probe requirement, is described. In the presence of 0.5 microg of cellular
RNA, it was demonstrated that as few as 25 copies of HCV RNA could be specifically detected
with a set of primers that amplify a 144-base pair sequence unique to the 5’-noncoding region of
HCV RNA. We demonstrated that this method was useful for the evaluation of antiviral reagents
using HCV-infected human cultured cells.
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QuantitativeMethodofIntracellularHepatitisC
VirusRNAusingLightCyclerPCR

AkitoNozakiandNobuyukiKato

DepartmentofMolecularBiology,OkayamaUniversityGraduateSchoolofMedicine
andDentistry,Okayama700-8558,Japan

BasedonrecentLightCyclertechniquesdevelopedforthequantitationofserumHCVRNA,we
havedevelopedaquantitativemethodfortheintracellularhepatitisCvirus(HCV)RNAusing
LightCyclerPCR.Asimplereal-timePCRassay,basedontheSYBRGreenIdyeandLightCycler
fluorimeterandwithnoproberequirement,isdescribed.Inthepresenceof0.5μgofcellularRNA,
itwasdemonstratedthatasfewas25copiesofHCVRNAcouldbespecificallydetectedwithaset
ofprimersthatamplifya144-basepairsequenceuniquetothe5’-noncodingregionofHCVRNA.
Wedemonstratedthatthismethodwasusefulfortheevaluationofantiviralreagentsusing
HCV-infectedhumanculturedcells.
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H epatitisCvirus(HCV)isthemaincausativeagent
ofchronicviralhepatitis.Mostpatientsprogress

tolivercirrhosisandthentohepatocellularcarcinoma.
HCVisanenvelopedvirusbelongingtotheFlaviviridae,
whosegenomecontainsa9.6kilobasepositive-stranded
RNAencodingatleast10viralproteins.Whileanumber
ofstudieshaveinvestigatedthegeneticsofHCV,the
mechanismofHCVreplicationininfectedcellsispoorly
understood［forreview,see1］.Wepreviouslyreported
thatthehumanMT-2C T-cellline［2］andhuman
hepatocyte-derivedPH5CH8cellline［3］couldsupport
HCVreplication.Thesecellculturesystemswereuseful
forevaluationofantiviralreagents,duetothefactthat
bovinelactoferrin(LF),amilkglycoproteinbelongingto
theirontransporterfamily,markedlyinhibitedHCV
infectioninthecells［4］.
TomonitorreplicationofHCVintheseHCV-infected

cellculturesystems,wemeasuredHCVRNAsemi-
quantitativelybyaconventionalreversetranscription-
nestedpolymerasechainreaction(RT-nestedPCR)
method,checkingtheamplificationlevelofthe5’-
noncoding(NC)regionineveryfifthcycleofthesecond
PCR［2］.Althoughwecouldroughlyestimatethelevel
ofintracellularHCVRNA(10-10copies/μgRNA),
thismethodwaslaborintensiveandtimeconsuming
becauseitrequiredsamplingateveryfifthcycleand
agarosegelelectrophoresisforthedetectionofPCR
products.
Recently,anewPCRmethodthatcanfinishwithin30

min,usingreal-timePCRtechnologyandaLightCycler,
wasadaptedtothequantitativedetectionofHCVRNAin
clinicalserumsamples［5,6］.Thismethoddoesnot
requireaprobeforthedetection,andthePCRproduct
ismonitoredcontinuouslybySYBRGreenIdyebinding
todoublestrandedDNAduringone-stepPCR.We
confirmedthat10copiesofHCVRNAfromhuman
serumcouldbedetected,accordingtotheprotocolusing
theprimersetsreported［5,6］(datanotshown).Using
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thismethod,wetriedtodetecttheHCVRNAfromin
vitroHCV-infectedPH5CH8cells.However,wefailed
todetecttheintracellularHCVRNA(10-10copies/μg
RNA),becausecellularRNA (0.5μg)loweredthe
specificityandsensitivityofthisone-stepPCRmethod.
Thisresultledustomodifytheprotocolofone-stepPCR
usingtheLightCycler,andwesubsequentlyapplied
LightCyclerPCRinsteadofasecondPCRinaprevious
reportonoursemiquantitativemethod［2］.Amplification
wasperformedin20μlofLightCyclerFastStartDNA
MasterSYBRGreenImixcontaining2.5mMMgClby
using1μlofthefirstPCRproductobtainedbythe
methoddescribedpreviously［2］andprimers104and
197R［2］,resultinginamplificationofthe144-basepair
ofthe5’-NCregion.LightCyclerPCRwasperformedin

35cyclesof15secat95°C(denaturation),5secat57°C
(annealing),and8secat72°C(extension)withfluores-
cencedetectionat88°Caftereachcycle.Afterthefinal
cycle,melting-pointanalysisofthesampleswasperform-
edwithintherangeof65to95°C.Inthiscondition,we
confirmedthesuccessfuldetectionofabout100copiesof
HCVRNAintheRNAspecimen(0.5μg)frominvitro
HCV-infectedPH5CH8cells(approximately5×10
cells).
UsingHCVRNAsynthesizedinvitroasdescribed

previously［2］,wenextexaminedthesensitivityand
specificityofLightCyclerPCRunderthiscondition.
RNA(0.5μg)derivedfromPH5CH8cellswasaddedto
eachreactiontubesoastobeequivalenttotheamountof
RNAintheactualexperimentalspecimens.Standard
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Fig.1 StandardcurveobtainedbyLightCyclerPCRusinginvitrosynthesizedHCVRNA.(A)Logarithmiccurveoffluorescenceversuscycle
numbersforeachsample.CellularRNA(0.5μg)fromPH5CH8cellswasaddedtoeachreactiontubebeforeRTsoastobeequivalenttothe
amountofRNAintheactualexperimentalspecimens.Thehorizontallinecorrespondstothebaselineasdescribedinthetext.Theresults
ofduplicatesamplesareindicated.(B)Crossingpoints(cyclenumbers)plottedagainstthelogarithmicconcentrationoftheinitialcopiesof
HCVRNA.
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curveswereconstructedfromserial10-folddilutions(10
to10copies)and25copiesofsyntheticHCVRNA.
Afterreal-timePCRwascompleted,logarithmicvalues
offluorescenceforeachdilutionwereplottedagainstthe
cyclenumber.Abaselinewassetabovethefluorescence
backgroundandacrossingpointwasdeterminedusingthe
amplificationcurvesobtainedduringtheexponentialphase
ofamplification.AsshowninFig.1A,asfewas25
copiesofHCVRNAcouldbedetected,although10
copiesofHCVRNAwerenotdetected.Therewasa
goodrelationshipbetweenthecyclenumbercorrespond-
ingtothecrossingpointandthelogconcentrationof
initialcopiesofHCVRNAused,asshowninFig.1B.
Goodlinearitywasobtainedintherangeof10to25
copiesofHCVRNA.AsshowninFig.1,highre-
producibilityofourquantitativemethodwasobtained.
Thespecificityoftheamplifiedproductwasdeterminedby
meltingcurveanalysis.Meltingcurveacquisitionswere
performedimmediatelyafterPCRwasperformedwithin
therangeof65to95°C.Themeltingtemperature(Tm)
ofthePCRproductappearedtobe89°C,althoughthe
primerdimerhadaTmof81°C(Fig.2).Theother
meritofourmethodisthatareproduciblestandardcurve
isobtainedineachLightCyclerPCR,usingthestable
firstPCRproducts,whichwereamplifiedfrominvitro
synthesizedHCVRNAandstoredat－80°Casthe
templates.UsingthisPCRsystem,weactuallyperfor-
medthequantitationofHCVRNAinRNAspecimens

derivedfrominvitroHCV-infectedPH5CH8cells.The
resultsshowedthattheamountofHCVRNAinHCV-
infectedcells(7-14dayspostinoculation)was10-10
copiesperμgRNA.Thesevalueswerecomparableto
thoseobtainedinaprevioussemi-quantitativeanalysis
［2］.TheseresultsindicatethatourPCRmethodusing
theLightCyclerisusefulforquantitationofintracellular
HCVRNA.Incontrast,theintracellularHCVRNA
(10-10copies/μgRNA)wasnotdetectedbytheusual
PCRmethodsusingLightCyclerPCR［5,6］.
TodemonstratetheusefulnessofLightCyclerPCR,

weexaminedwhetherthismethodcouldbeappliedasthe
evaluatingsystemofanti-HCVactivitiesinbovineand
humanLFs,whichpreventHCVinfectioninPH5CH8
cells［4］.Usingthesameassayconditions［4］,except-
ingtheshiftstosmallscale(5×10cellsin96-wells
plate)andLightCyclerPCRtechnology,weattemptedto
determinetheIC doseofLFagainstHCVinfection.
AsshowninFig.3,thequantificationofintracellular
HCVRNAbyLightCyclerPCRdemonstratedthatthe
preventionofHCVinfectionwithbovineLFoccurredin
adose-dependentmanner.Fromthisresult,wedeter-
minedthattheIC doseofbovineLFwas0.12mg/ml.
Usingthesameassaymethod,theIC doseofhuman
LFwasalsodeterminedtobe0.4mg/ml(datanot
shown).TheseresultssuggestthattheHCV-inhibiting
activityofbovineLFwasrelativelystrongerthanthatof
humanLF.Theseresultsindicatethatourquantitative
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Fig.2 SchematicdiagramofaTmanalysisasaccomplishedattheendofPCR.HCVPCRproducthasaTmof89°Candiseasily
distinguishablefromprimerdimerwithaTmof81°C.Thegraphdisplaysthenegativefirstderivativeofthemeltingcurvedata(-dF/dT)versus
temperature.
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methodusingLightCyclerPCRishighlyusefulforthe
evaluationofanti-HCV reagents.Furthermore,this
methodmaybeusefulforthequantitativeanalysisnot
onlyofHCVgenomesbutalsoofotherRNAviral
genomesderivedfrominfectedcells.
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Fig.3 HCV-inhibitingactivityofbovineLFinPH5CH8cells.
PH5CH8cellsandinoculum1B-2wereusedfortheHCV-inhibiting
assayofLFasdescribedpreviously［4］.QuantitativeRT-nestedPCR
usingLightCyclerPCRwasperformedusingRNAsamplesingreater
thantriplicate.Thenumberintheaxisoftheordinateindicatesthe
copiesofHCVRNAperμgRNA.
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