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CytochromeP4502C9（Cm2C9）isapolymorphicenzymewhichmetabolizesavarietyofmedications、
TheCrrPCgenefamiliesaieextensivelyhomologous；ｉｎparticular,thenucleotidesequencesmtheareas 
adjacenttopolymorphicsitesare＞95％identicaLFrequently，primersdesignedforamplificatioｎｏｆ 
Ｃｍ２ＣｇａｌｓｏａｍｐｌｉfyotherCXFl2Cgenes､AdditionalampliflcationoftheotherCrrl2Calleleswillthus 

yieldanerroneousrestrictionpattern,resultinginmisleadinggenotypeoｆＣｎＥ〕2ＣａＴｈｕｓ,aprocedureto
specificallyamplifyCm2C9allelesisnecessary､Inthisstudy,awax-mediatedhot-startpolymerasechain 
reaction(PCR)fortheamplificationofCnEl2C,*Ｚａｎｄ紫Balleleswastested・Whenseriallydilutedtemplate
DNAｗａｓａｍｐｌｉｆｉｅｄｂｖｔｈｅｈｏｔ－ｓｔａｒｔＰＣＲｆollowedbytheagaroseelectrophoresiswithouttheenzyme 
digestion,ｔｈｅｌ６５ｂｐｂａｎｄｄｅｒｉｖｅｄｆｒｏｍＣＹｐ２Ｃ９ｓequencewasclearlydetectedwithoutanynon-specifically 
arnplifiedbandevenｆｒｏｍｌＯｎｇＤＮＡｔｅｍｐｌａｔｅ,andthedensityofthisbandincreasedinproportiontothe 
amountoftemplate・Ontheotherhand$ｗｈｅｎｔｈｅＰＣＲｗｉｔｈｏｕｔｔｈｅｕｓｅｏｆｗａｘｗａsperformed,theamplifica‐
ｔｉｏｎｏｆ［heallelewasirregular，Thishot-startPCRgaveasignificantincreaseinthesensitivityforthe 
detectｉｏｎｏｆＣｒｒｌ２ＣｇＩ綴Ｚａｎｄ＊３alleles・TheDerformanceofthepresentmethodwasstudiedwith64Japanese
volunteers・Aftertheenzymedigestionoftheproduc上sobtainedbythewax-mediatedhot-startPCR,only
specificbandscorrespondingtoCrZ12C9率Ｚａｎｄ＊３alleleswereobtained、ThisPCRmethodgavethe
consistentperformanceandlowbackgroundThus,thewax-mediatedhot-startPCRmethodshouldbeuseful 

inthegenotypingofCYr辺C9総Ｚａｎｄ＊３，possiblyincludingCyPZC9*２alleleintheclinicallaboratory．

Ｋｅｙｗｏｒｄｓ：CrnR2C9，genotypinR,ＰＣＲ,wax-mediated 

individuals,ａｎｄＣＸＦＰＣ９*４hasbeenrecentlyidentified 

inaJapaneseindividual7).Cm2C9*３hasanexchange 

of(A1o75→Ｃ)inexon7causinganIle359/Leuaminoacid 

exchange8)．CellsexpressingtheCy2q2C9*３allelehave 

demonstratedsignificantreductionsinmaximalelimina‐ 

tionrateandincreasesinMichaeal-Mentenconstantfor 

manydrugsassubstratescomparedwiththewild 

type''a9).Thus,ｆｏｒexample,oneofthemajorclinical 

interestsinthepolymorphisminCrrl2C9geneisthe 

associationofthemetabolismoftheanticoagulantdrug 

warfarinwithinterindividualvariabilityiniitstherapeu‐ 
ticeffect 

AfterWangetaL1o)presentedaprotocolforanalysis 

ofanumberofmutationsbasedonthepolymerasechain 

reaction（PCR)-endonucleasedigestionintheCrr］2C9 

gene,severalsimilarmethodshavebeenproposed11,12)， 

Introduction 

Geneticpolymorphismsareknowntocontributeto 

individualvariationsofthemetabolismofnllmerous 

agents2).AmongthehumancvtochromeP450（ＣＹＰ） 

isoforms，CIn92C9isresponsibleforthemetabolismof 

anumberoftherapeuticdrugs，suchasS-warfarin2)， 

tolbutamide3）andnon-steroidalanti-inflammatory 

drugs，anddetoxificatesacarcinogen，benzo[α］ 

pyrene4'5〕・Multiplesingle-basepairsubstitution

polymorphismshavebeendiscoveredinCyrl2C9cDNA， 

designatedasCyrl2C9*Ｚ（ｗｉｌｄtype)，＊２，＊３，圭４，＊５

and＊６６)．CZFl2C9*Ｚａｎｄ＊３allelesappearinOriental 
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whereamismatchedprimerhasbeendesignedtodetect 

codonA1o75/Ｃ（Ile359/Leu）inthePCRThesequences 

ofCYTl2Csubfamilies,ｓｕｃｈａｓＣＹｒ)2C９，CYrl2CZ8and 

CXE2CZ9genesonthechromosomelO1)，arehighly 

homologousEspeciallyintheareasadjacentto 

polymorphicsites,thenucleotidesequencesare＞95％ 

identical1)，Thus,primersdesignedforamplificationof 

CXE2CgalsopossiblyamplifyotherCyrl2Csubfamily 

genes13).Thisadditionalamplificationwillthusyieldan 

erroneousrestrictionpattern，resultinginmisleading 

genotypeofCrZq2C9・Thus，theproceduretospecifL

callyamplifyCrPl2C9allelesisessential,especiallyin 

viewofthepotentialclinicalsignificanceofallelic 

variantsofCY頭2C9genotype・AWax-mediatedhot‐

startPCRmethodhasbeendevelopedｔｏａｖｏｉｄｎｏｎ‐ 

specificextensionproducts14''5).Thewaxbarrierusesa 

layerofsolidwaxtoseparatetheretainedreagenｔｓａｎｄ 

ｔｈｅｔｅｓｔｓａｍｐｌｅｆｒｏｍｔｈｅｂｕｌｋｏfthereagentsuntilthe 

firstheatingstepofautomatedthermalcyclingmelts 

thewaxandconsecutivelymixesthetwoaqueous 

layers，Inthisstudy，weexaminedthewax-mediated 

hot-startPCRmethodtospecificallyamplifyCYZ]2C9*Ｚ 

and＊３alleles 

alsoamplifiedwithanexon7forwardmismatchprimer 

(AATAATAATATGCACGAGGTCCAGAGAT且C）

ａｎｄａｎｉｎｔｒｏｎ７ｒｅｖｅｒｓｅｐｒｉｍｅｒａｓｓａｍｅａｓｉｎｔｈｅ 

ＣＹｎ２Ｃ９*３detection12)． 

ThePCRreactionmixturewasseparaｔｅｄｉｎｔｏｔｗｏ 

ｌａｙｅｒｓｗｉｔｈＡｍｐｌｉＷａｘＰＣＲＧｅｍｌＯＯ，whichｗａｓｕｓｅｄ 

ａｓａｓｅａｌｒｅａｇｅｎｔａｎｄｋｅｙｒｅactioncomponentswere 

separated；thelowerlayer（50ﾉul）consistedof25pmol 

eachprimerand２００/ｕＭｏｆｄＮＴＰｓ,andtheupperlayer 

（50/ｕＤ，１XPCRbuffer,５０ｎｇｏｆｇｅｎｏｍｉｃＤＮＡａｎｄ２,５ 

ＵｏｆＴａｑｐｏｌｙｍｅｒａｓａＴｈｅＰＣＲａｍｐｌｉｆｉｃationparame-

tersfollowedbythehot-start，consistedofaninitial 

denaturatiｏｎｓｔｅｐａｔ９４ｏＣｆｏｒ５ｍｉｎ，and35cyclesof 

denaturationat９４.Ｃｆｏｒ２０ｓｅｃ,ａｎｎｅａｌｉｎｇａｔ５３ｏＣｆｏｒｌＯ 

ｓｅｃａｎｄｅｘｔｅｎｓｉｏｎａｔ７２ｏＣｆｏｒｌＯｓｅｃ・Thefinalextension

stepat72oCfor5minwasalsoperformed・ThePCR

productwasdigestedwitheachoftherestriction 

enzymes（ｊＶＳｊＩｏｒ邸７９１）todetectCm2C9瀞Ｚｏｒ拳３，

respectively,ａｎｄtheDNAfragmentswereseparatedon 

3.6％nusieveagarosegelfollowedbystainingwith 

ethidiumbromideTocomparewiththehot-startPCR 

-method,ｔｈｅＣＹｒ２Ｃｇ*Ｚａｎｄ＊３alleleswerealsodetect‐ 

edaccordingtothemethod（withoutwax-mediated 

hot-start）previouslydescribedbySullivan-K1oseetaL12） 

withthesameprimerandrestrictioｎｅｎｚｙｍｅｓｅｔｓａｓ 

ｕｓｅｄｉｎｔｈｅｈｏｔ－ｓｔａｒtmethod 

DNAsequenceanalysiswasperformedonanApplied 

BiosystemsABIPRISM310GeneticAnalyzer． 

MaterialsandnIethods 

1．ReagentsandisolationofDNA 

Restrictionenzymes,IVS′Ｉand⑰〃I,werepurchased

fromNewEnglandBiolabs（Beverly,ＭＡ,USA)．Taq 

polymerase,l0XPCRbufrer(100mMTris-HCL500mM 

KClandl5mMMgCl2,ｐＨ8.3）ａｎｄ２５ｍＭｏｆｄＮＴＰ 

ｍｉｘｗｅｒｅｏｂｔａｉｎｅｄｆｒomTakara（Shiga，Japan).Ａｕｎｐｌｉ 

ＷＡＸＰＣＲＧｅｍｌＯＯａｎｄ２５－ｂｐｌａdder-markerwere 

purchasefromPerkｉｎＥ１ｍｅｒ（Branchburg,ＮＪ,ＵＳＡ） 

andGibcoBRL（RockvillaMD,ＵＳＡ)，respectively、

TheLocalEthicsCommitteeofAsahikawaMedical 

Collegehasapprovedthisstudy、B1oodsampleswere

drawnfrom64healthyvolunteers、Informedconsent

wasobtainedfromallsubjects、TemplateDNAwas

isolatedfromwholebloodusingaQiagenmaxikit 

(Hilden,Germany)． 

２．PCRendonucleaseanalysisofCXP2C，＊Ｚａｎｄ＊３ 

ForthedetectionofCXFZC9*３allele,ｔｈｅＰＣＲｗａｓ 

ｐｅｒｆｏｒｍｅｄｕｓｉｎｇａＣＺＦｌ２Ｃ９ｅｘｏｎ７ｆｏｒｗａｒｄＤｒｉｍｅｒｗｉｔｈ 

ｌｂｐｍｉｓmatch（underline)(ＡＡＴＡＡＴＡＡＴＡＴＧＣＡＣ‐ 

GAGGTCCAGAG且ＴＡＣ）andCZp2C9intron7reverse

primer（GATACTATGAATTTGGGACTTC)'2)．Ｆｏｒ 

ｔｈｅＣｎ.2C9*Zanalysis，CITl2C9genefragmentwas 

Results 

Inordertodetermmetheamplificationefficienciesof 

twoPCRmethodsemployed,６seriesofseriallydiluted 

templateDNAfrom6differentindividualswereused 

foreachPCRmethodfollowedbyagaroseelectrophor‐ 

esiswithouttheenzymedigestion・Figurelgivestypical

resultsofelectrophoresis・Bythewax-mediatedhot‐

startPCRmethod，ｔｈｅｌ６５ｂｐｂａｎｄｄｅｒｉｖｅｄｆｒｏｍ 

Ｃｒｒ２Ｃ９ａllele16)wasclearlydetectedwithoutanyno､‐ 

specificallyamplifiedbandevenfｒｏｍｌＯｎｇＤＮＡｔｅｍ． 

plate,andthedensityofthisbandincreasedinpropor‐ 

ｔｉｏｎｔｏｔｈｅａｍｏｕｎｔｏｆｔｅｍｐｌａｔｅｉｎａｎｅthidiumbromide‐ 

stained3６％nusieveagarosegel(Figs､１－ＡａｎｄＣ).The 

sequenceofthel65bpproductwasconfirmedasderived 

fromCYZl2C9genebythesequenceanalysis-Onthe 

otherhand，ｗｈｅｎｔｈｅＰＣＲｗｉｔｈｏｕｔ上hewax-mediated

hot-star上wasperformed，theresultsoftheagarose

electrophoresiswerenotconstant（Figs-1-BandD)． 
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ElectrophoresisofPCRamplifiedCｍ２Ｃ９:fragment（l65 
bp).PCRamplificationwasperformedbvthemethodwith 
wax-mediatedhot-start（ＡａｎｄＣ）andwithoutthewax‐ 

mediatedhot-start（BandDlTheprimersetusedwasas 
fｏｌｌｏｗｓ：ＡＡＴＡＡＴＡＡＴＡＴＧＣＡＣＧＡＧＧＴＣＣＡ‐ 

GAGGTACwithGATACTATGAATTTGGGACTＴＣ（Ａ 

ａｎｄＢ）ａｎｄＡＡＴＡＡＴＡＡＴＡＴＧＣＡＣＧＡＧＧＴＣＣＡＧ 

ＡＧＡＴＧＣｗｉｔｈＧＡＴＡＣＴＡＴＧＡＡＴＴＴＧＧＧＡＣＴＴＣ（Ｃ 

ａｎｄｍ 

ＬａｎｅＭ：２５bpladdermarker,ａｎｄＬａｎｅｓｌ－１２：10,20,25, 

50,75,100,125,150,175,200,250ａｎｄ３００ｎｇ（DNAconcen‐ 
tration)． 

FIg2 

PCR-RFLPanalysisofCrz92C9*Ｚａｎｄ＊３．ThePCR 

product（l65bp）containingA1o7sallelewasdigestedwith 
jWIforthedetectionofCm2ＣＤ*Ｚ（Ａ),yieldedl34and 

31bpbands・Thel65bpproductcontainingC1o7sallelewas

digestedwith唾冗IforthedetectionofCm2C9噸３（B)，
yieldedl35and30bpfragments・

LaneM：２５bpladdermarker,Ｌａｎｅｓｌ,２，３，５ａｎｄ７：泣議Z
homozygous,ａｎｄＬａｎｅｓ４ａｎｄ６：寒Ｚ率Bheterozygous．

workerslo)presentedaprotocolforanalysisofanumber 

ofmutationsbasedonPCR-endnucleasedigestioninthe 

CXPl2C9gene，severalsimilarmethodshavebeen 

proposed'1,12).However,extensivesequencehomologyis 

eviｄｅｎｔａｍｏｎｇＣＹＺｑ２Ｃｓｕｂｆａｍｉｌｙｏｎｔｈｅｃhromo‐ 

somelO1).Especiallyintheareasadjacenttopolymor・

phicsites,thenucleotidesequencesare＞95％identical1)． 

Thus，primersdesignedforamplificationofCYrl2C9 

possiblyamplifyotherCIZPl2Cgenes13)．Additional 

amplificationoftheotherCYnralleleswillthusyield 

anerroneousrestrictionpattern,resultinginmisleading 

genotypeoｆＣｙｒｌ２Ｃｇ瀧３．Theinstabilityintheamplifi‐

cationefficiencywouldbefrequentlyoccurredasseenin 

thisstudy，sincetheforwardprimercontainedone 

mismatchednucleotidefortherecognitionofrestriction 

enzymesQVS′Ｉａｎｄ邸〃Ｉ)．Thus，theprocedureto

specificallyamplｉｆｙＣｎＱ２Ｃ９ａｌｌｅｌｅｉｓｎｅｅｄｅｄ 

Ｔｈｅｈｏt-startPCRmethodhasbeenprovedtobe 

valuable，especially，fortheamplificationoflonger 

DNAfragmenttoavoidthemispriminganｄｔｈｅ 

ThewaxmediatedPCRprocessyieldedasignificant 

increaseinthesensitivitvofthedetectionofspecific 

Cyrl2C9aUeles、

Aftertheenzvmedigestionoftheproductsamplified 

bythewax-mediatedhot-startPCR，specificbands 

correspondingtoCYｎ２Ｃ９*Ｚａｎｄ鱗３alleleswere

obtainedasshowninFi9.2､When64Japanesesubjects 

weregenotyped61samplesshowedthehomogenous 

CXPPC9*Zgenotypewithoutanynon-specificband， 

andthreesampleswereheterozygousCXE2C9*Z/*３． 

Discussion 

TheexistenceofgeneticpolymorphismsinCyZl2C9 

givingrisetofunctionallysignificantefrectsonenzyme 

activityisnowwellestablishedlmpairedmetabolismof 

alowtherapeuticindexdrug，suchasS-warfarin，has 

importantclinicalconsequence-AfterWan貝ａｎｄｃｏ‐
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oligomerizationofprimers17)．Ｔｈｅｕｓｅｏｆｗａｘｔｏｓｅｐａ 

ｒａｔｅｔｈｅｒｅｔａｉｎｅｄｒｅａｇｅｎｔａｎｄｔｈｅｔｅｓｔｓａｍｐｌｅｆｒｏｍｔｈｅ 

ｂｕｌｋｏｆｔｈｅｒｅａｇｅｎｔｉｓｋｎｏｗｎｔｏｆａｃilitatethehot-start 

PCRprocedure18)．Thepresentwax-mediatedhot-start 

PCRstrikinglyincreasesthespecificityandsensitivity 

ofamplifyingCYTl2C9genefragment・Inthisstudy,６１

Japaneseindividualsweregenotypedashomozygousof 
CrFl2C9率Zand3subjectswereheterozygousof

CrP2CgU/*3．Thisresultwasgoodagreedwiththe 

previouslyreportedresultinwhicｈＣＩＦ２Ｃ９率３allele

frequencyintheOrientalpopulationhasbeenfoundto 
beqO2u)．Weconcludedthatthewax-mediatedhot‐ 

startPCRtechniquecouldsensitivelyandspecifically 

amplifyCZR2C9genefragments，possiblyincluding 

CYE2C9*２allele1andthatitmaybeavaluablemethod 

intheclinicallaboratory・Additionally,ｔｈｅｃｏｓｔｏｆｗａｘ

ｗａｓ１ｎｅｘｐｅｎｓ１ｖｅ． 
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