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Abstract

Humancytocllromc(CYP)ZAsubfamilyconsistsoftwofimctionalisofoms,CYP2A6

andCYP2A13Thepurposeofmystudywastoinvestigatetheclinicalsignificanceofthe

CYP2Aenzymes､TheeffCctsofgeneticpolymorphisｍｓｏｆＣＩＰⅢ‘onnicotinemetabolism

andtheroleofCYmA13inthemetabolismofvariousenvironmentalchemicalswere

evaluated・CYP2A6catalyzestheconversionofnicotinetocotinine・Thisstudyclarifiedthat

thcrewasnoethnicdiffCrenceinthenicotinemetabolismpotencybetween

European-AmericansandAfrican-Americans,TherefOre,thehigherlungcancerriskinblack

smokersthanthatinwhitesmokerswasnotowingtothedifferenccofthcCYP2A6enzyme

activity6NovelpolyInorpllicalleles,ＣＩＰＺＭ５*17,ＣＹＰｍ５*18,ＣＩﾉＰＺ４[び*１９，ＣＹＰｍ５*２０ａｎｄ

ＣＹＰｍ６*ＩＸ２Ｂ,wereidcntified,ＴｈｅＣＹＰｍ５*I7andCIZPm5*２０fOundm

African-AmericansmdCYPZ4[５*IgfOundinKoreanswerecausalfOrthedccreasednicotine

metabolismpotcncylwhereastheCYPZ45*IX2BfoundinAfrican-AmericanswascausalfOr

thcincrcasednicotinemetabolismltwasdemonstratedthatlargcintcrindividualvariability

wasmostlyexplainedbytheCYPZ45geneticpolymorphisms・AlthoughCYP2A13was

reportedtocatalyzetheactivationsofnitrosamines,theknowledgeoftheCYP2A13substrates

waslimited・T11isstudyfOundthatCYP2A13metabolizes4-aminobiphenyl,naphthalcne，

styrene,andtolucnewithhighercf[icienciesthanotherCYPisofOrms､CYP2A13mightbeone

oftheimportantenzymesfOrtheactivationordetoxificationofenvironmentalchemicals・Thc

knowledgefromthisstudywouldincreaseourunderstandingofclinicalandtoxicological

significanceofhumanCYP2Aenzymes．
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Dissertationabstmct

CytocllromeP450(CYP)enzymescomprisingasupcrfamilyofheme-containmg

monooxygenasesａｒｅinvolvedinthemetabolismofdrugs,environmentalpollutants,dietary

chenlicals,andendOgenouscompounds・HumanCYP2AsubfamilyconsistsoftllreeisofOrms，

ＣＹＰ２Ａ６,ＣＹｍＡ７ａｎｄＣＹＰ２Ａ１３・ＣＹＰＺＡ６ａｎｄCYP2A13arefUnctional,butCYPZA7isnot，

CYP2A6ismainlyexpressedinhumanliver,whercasCYP2A13ispredominantlyexpressedin

humanrespiratorytractandbladder､Thepurposeofmystudywastoinvestigatetheclinical

significanceofCYP2Aenzymes・TheeffCctsofgeneticpolymorphisｍｓｏｆＣＹＰm6onnicotine

metabolismandtheroleofCYP2A13inthemetabolismofvariousenvironmcntalchemicals

wereevaluated．

RelationshipbetweenCIPZ45＝eneticpolymorphismsamlnicotinemetabolism

hhumans,70-80％oftheabsorbednicotineismetabolizedtocotininebyCYP2A6・

CYP2A6isalsoresponsiblcfortheactivationoftobaccospecificnitrosamine，

４－(mcthylnitrosamino)-1-(3-pyridyl)-1-butanonc(NNK).SmokcrMdaptthcirsmoking

behaviortomaintainnicotinelevelsinthebrainTherefOre,itisconsideredthatthevariability

ofCYP2A6enzymeactivityisassociatedwiththesmokingstatusandlungcancerriskThe

presentstudyfOundthatthenicotinemetabolismpotencyinAfrican-Americanswassimilarto

thatinEuropean-AmericanswithaphenotypingmethodusinganicotinegUm1).Manyresearch

groupshadreportedthattheplasmacotininelevelsinblacksnlokerswcrehigherthanthosein

whitesmokers・Furthemore,lungcancerriskinblacksmokersseemstobehigllerthanthatin

whiteandJapanesesmokers・Theresultsinthisstudycouldexcludethecthnicdiffercnccin

CYP2A6enzymeactivitybetweenEuropean-AmericansandAfrican-Americans，

ThepresentstudyfOundlargeinterindividualvariabilityinnicotinemetabolismin

Europcan-AmericansandAfrican-Americans・TherelationshipbetweentheC]YPm5genetic

polymorphismsandinterindividualvariabilityinnicotinemetabolismwasanalyzed・hthe

processoftheCrPmびgenotyping,novelpolymorphicalleles,ＣｒＰｍ５*17,ＣIノア皿５*１８，

ＣＩＰⅢ５*19,ＣＹＰｍ５*２０ａｎｄＣＹＰｍ５*ＩＸ２Ｂ,wereidentified・ＴｈｅＣＹＰｎ６*I7allelewas

specificallyfOundinAfrican-AmericansatlO､5％ofallelefrequency6Recombinant

CYP2A6､l７ｓｈowedthedecreasedenzymeactivityincoumarin7-hydroxylationandnicotine

C-oxidation・Furtllennore,theinvivocotinine/nicotineratioinhetcrozygotesorhomozygotes

ofCIPm5*I7wassignificantlylowerthanthatinhonlozygotesofCIZPmび*1.Theseresults

denlonstratedthatCＩＰｍ５*I7allelciscausalfOrthedecreasedenzymeactivity2).Ｔｈｅ

ＣＩＰ２４５*I8allelewasfOundinEuropean-AmcricansandKoreansat2.1％ａｎｄ0.5％ofallcle

fiFequencies,respectivelyうwhereastheCYPm5*I9allelewasfOundinKoreansat1.0％ｏｆ
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allelefrequency6RecombinantCYP2Ａ6.18showedthedecreasedenzymeactivityincoumarm

7-hydroxylationand5-fluorouracilfOrmationfromtegambutnotinnicotineC-oxidation，

whereasrecombinantCYPZA6､１９showedthedecreasedcnzymeactivityinallreactions､The

invivostudyalsosuggestedthattheCYPm5*IgwascausalfOrthedecreasednicotine

metabolismpotency3).ＴｈｅＣＹＰｍ５*２０allclewasalsospecificallyfOundin

African-Americansat1.7％ofallelefrequency6Invitrostudyclarifiedthatthisalleleproduces

atruncatedproteinduetoalackoftwodeoxyadcnosines,resultinginnoenzymeactivity､The

effectofthcCYPmび*２０alleleoninvivonicotinemetabolismcouldnotbedirectlyevaluated

duetotheabscnceofhomozygotesofthisallele,butheterozygotesofthisalleleshowedlow

cotinine/nicotineratioinplasma､Thus,itwasassumedthatCYP皿５*２０iscausalfOrthe

decreasednicotinemetabolism4).ＴｈｅＣＹＰ皿５*Ⅸ｡Ｂ,anovelduplicationtypewasspecifically

fOundinAfrican-Americansat1.7％ofallelefrequency､Thisduplicationisconsideredtobc

createdbyunequalcrossoverwithCYPm7geneat５．２ｔｏ５．６kbdownstreamofthestopcodon

andareciprocalproductistheCYPm5*手Ballele・Thesubjectswiththisduplicationshowed

L4-fO1dhighercotinine/mcotineratioinplasnlathanhomozygotesofCYPmひwildtype

althoughthedifferencewasnotstatisticallysignificant・ＴｈｅＣｒＰ刈る*IX2Ballelelikely

increasesthcnicotinenletabolismpotency5)．

Finallylthisstudydcmonstratedthatlargeinterindividualvariabilityinnicotinemetabolism

wasmostlyexplainedbytheCYPm5geneticpolymolphisnls,InEuropean-Amcricans,afew

variantalleleswercfOundwithlowfrequency,TherebytherclationshipbetwcentheCYPm5

geneticpolymolphismsandinterindividualvariabilityinnicotinemetabolismwasnotdramatic・

Howeve喝inAfrican-Amlericans,itwasdemonstratedthattheCI′Ｐｍ５*2,ＣＹＰｍ５*ｲ，

ＣＹＰｍ６*9,CIP皿び*17,ａｎｄＣＹＰｍ５*２０allelcscausethedecreasednicotinemetabolism・In

JapaneseandKoreans,ｔｈｅＣＹＰ皿５*ｲ,ＣＹＰｍ６*7,ＣＩ′Ｐｍ６*９，ＣＹＰｍ６*IOalleleswere

variantscausinglowenzymeactivityinJapaneseandKoreans6'7).Thecombinedfrequenciesof

thealleleslackingorreducingenzymeactivitywere9.1％ａｎｄ21.996inEuropean-Americans

andAfrican-Americans,respectivelylwhereas43､4％ａｎｄ50.5％ｉｎKoreansandJapanese

respectively・ItwasdcmonstratcdthatthenicotinemctabolismpotencyinJapanescwas

significantlylowerthanthoseinotherpopulations8).Thehighfrequenciesofvariantallclcs

miglltbeoneofthereasonsforthelownicotinemetabolisminJapanese､Thefindingsinmy

thesiscouldprovidetheusefiJ1infOnnationfOrtheinterindividualvariabilityofsmokingstatus

andlungcancerrisk．

ＲｏｌｅofCYP2A13inthemetabolismofvariousenvironmentalchemicals

CYP2A13,whichispredominantlyexpressedinrespiratorytractandbladdeLwasfOund

tocatalyzethemetabolismofIVmitrosodiethylamine,2,6-dichlorobenzonitrile,ａｎｄＮＮＫ,but

theknowledgeoftheCYP2A13substrateswaslimitcd・ThisstudyfOundthatCYP2A13
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metabolizesvariousenvironnlentalcllemicals,４－aminobiphenyl,naphthalene,styrene,and

toluencwithhighercfficienciesthanmajorCYPisofOmscatalyzmgthem9,1o).CYP2A13

showedoverlappmgsubstratespecificitywithCYP1AZZandCYP2E1,althougllthMminoacid

homologybeｔｗｅｅｎＣＹＰ２Ａ１３ａｎｄＣＹＰ１ＡＺｏｒＣＹＰ２Ｅ１ｉｓｌｏｗ'０，１１).HoweverうCYP2A6

showednoorsubstantiallydecreasedactivityinabovereactions,althoughtheanlmoacid

identitywithCYP2A13isashighas96.5％・ThesubstratcsofCYPZA13arenotnecessarily

compatiblcwiththoseofCYP2A6・Overall,CYP2A13mightcontributetotheactivationor

detoxificationofvariousenvlronmentalchemicalsinhumanrespiratorytractandbladdcrwith

thediffCrentsubstratespecificityfromthatofCYP2A6．

Conclusion

CIﾉPZ45polymorphicallelesincludingnovelallelesidentifiedinthisstudywereassociated

withtheinterindividualvariabilityinnicotinemetabolismCYP2A13couldefficientlycatalyze

tlleactivationordctoxificationofvariousenvironmentalchemicalswiththediffCrentsubstrate

specificityfromCYmA6､Finallyltheknowledgefromthisstudywouldincreaseour

understandingofclinicalandtoxicologicalsiglificanceofhumanCYP2Aenzymes．
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