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Abstract

FactorX（FX）deficiencyisararecoagulationdisorder,inheritedasanautosomal

recessivetrait，AseverebleedingphenotypeisusuaUyassociatedwithhomozygous

ordoublyheterozygousconditions・HeterozygousFXdeficiencyisgeneraUy

asymptomatic，andinmostcasesisidentifiedincidentallyduringpre-operative
screenlng

lnthisstudy，wedescribetwopatientswithFXdeficiencyInpatientl，the

plasmalevelsofFXactivity（ＦＸ:Ｃ）ａｎｄＦＸａｎｔｉｇｅｎ（ＦＸ:Ａｇ）ｗｅｒｅ４５ａｎｄ５０％of

normalcontrollevels，respectively・DNAsequencingoftheFXgenerevealedthat

thesubjectswasheterozygousfOrglycine（GGG）toarginin（AGG）substitutionat

positionll4（G114Rmutation).Ｉｎｐａｔｉｅｎｔ２,ｔｈｅｐｌａｓｍａｌｅｖｅｌｓｏｆＦＸ:ＣａｎｄＦＸ:Ａｇ
ｗｅｒｅ３５ａｎｄ６１％ofnormalcontrollevels，respectively・DNAsequencingoftheFX

generevealedthatthesubjectswasheterozygousfOrglycine（GQA）ｔｏｖａｌｉｎｅ
(G工A）substitutionatposition223（G223Vmutation).Thismutationhasneverbeen

reportedBothhermotherandbrothercarriedaheterozygotefOrthismutation・

ＴｏａｓｓｅｓｓｔｈｅｅｆｆｅｃｔｏｆｔｈｅＧ１１４ＲorG223VmutationsonFXfUnction，ｔｈｅＧ１１４Ｒ‐

FXandG223V-FXvariantswereexpressedinBHK21cellsandstudied

Constructionoftheexpressionvector，transfecｔｉｏｎｏｆＢＨＫ２１ｃｅＵｓ，determinationof

antigenlevelsandfUnctionalassaysoftherecombinantG114R-FX（rG114R-FX）and

recombinantG223V-FX（rG223V-FX）variantsinconditionedmediumwere

conductedFX:ＣａｎｄＦＸ:ＡｇｌｅｖｅｌｓｏｆｒＧ１l4A-FXinmediumwerereducedto３７％

and３０％ofthoseofrecombinantwildtypeFX（rWT-FX),respectively・Ontheother

hand，ｂｏｔｈＦＸ:ＣａｎｄＦＸ:AglevelsofrG223V-FXinconditionedmediumwere

reducetobelowl％ｏｆｒＷＴ－ＦＸ，TheintracellulardistributionofｒＧ１１４Ｒ－ＦＸａｎｄ

ｒＷＴ－ＦＸａｎｔｉｇｅｎｄｉｄnotdifferaccordingtoanimmunohistochemicalexamination・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，thecytoplasmofcellstransfOrmedwithrG223V-FXwas

brighterthanthatofceUstransfOrmedｗｉｔｈｒＷＴ－ＦＸ・

OurexpressionstudiesshowedthatalthoughbothrG114R-FXandrG223V-FX

weresynthesizedinBHKtransfectedcells，rG223V-FXwasnotsecretedand

accumulatedintraceUularly、Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，rGll4R-FXwaspartiaUysecreted

TheseresultsdemonstratethatPatientlisheterozygousofG114Rmutationinthe

secondEGＦ－ＵｋｅｄｏｍａｉｎｏｆＦＸ・G114RmutationispartiallysecretedOntheother

hand，Patient2isheterozygousofG223VmutationinthecatalyticdomainofFＸ・

G223Vmutationisnotsecretedandaccumulatedintracellularly．
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Introduction

HumancoagulationfactorX(FX)isavitaminK

dependentserineproteasethatplaysacentralrole

inthebloodcoagulationcascade1).Itisactivatedby

factorVIIa/tissuefactor(FVm/TF)andbyfactor

lXa/factorVma（FIXa/FVIIIa）intheextrinsic

andintrinsicpathways，respectively2)．Activated

FX(FXa)thenassociateswiththecofactor,factor

Va(FVa)andthiscomplexactivatesprothrombin

tothrombina4)．

FactorXisaglycoproteincomposedｏｆａｌ６９

ｋＤａｌｉｇｈｔｃｈａｉｎｂｏｕｎｄｔｏａ４２・lkDaheavychain

thatcontainsasenneproteasedomain5'6.7)．The

lightchaincontainsaγ‐carboxyglutamicacid

(GLA）ｄｏｍａｉｎａｎｄｔｗｏｅｐｉｄｅｒｍａｌｇｒｏｗｔｈｆａｃtor

(EGF）domains89)．AFXdeficiencyisarare，

inheritedautosomalrecessivedisorder1q1l)．A

hemorrhagicphenotypeisusuallyassociatedwith

homozygousordoubleheterozygousconditionsA

heterozygousFXdeficiencyisgenerally

asymptomatic，andisoftenincidentaUyidentified

duringpre-operativescreening,Here,wedescribe

geneanalysisoftwopatientswithaFXdeficiency

duetodifferentgenemutations．

temperature・Afterwashing，testsamplesand

conditionedmediumcontainingserialdUutionsof

recombinantwndtypeFX（100％ｔｏ３．１３％；１：１‐

1/３２dnution)fOraquantitativecurvewasadded

tＣｅachwenTestsampleswerenotdnuted､The

plateswereincubatedatroomtemperaturefbr90

minutes，washed，incubatedwithperoxidase

conjugatedrabbitantiFXIgGatroomtemperature

fOr90minutes，washedagainandthenOPD

substratewasaddedFifteenminuteslater，stop

solutionwasaddedandthesampleswerereadata

wavelengthof492n、．

2.Geneanalysis

l）Polymerasechainreaction(ＰＣＲ)ａｎｄＤＮＡ

ｓｅｑｕｅｎｃｌｎｇ

ＴｏｉｄｅｎｔｉｆｙｔｈｅｍutationsiteintheFXgene,ｗｅ

ａｎａｌｙｚｅｄｓａｍｐｌｅｓｏｆｇｅｎｏｍｉｃＤＮＡｆromthe

patients，theirfamiliesand50unrelatedhealthy

Japanesecontrolindividuals、Written，infOrmed

consentswereobtainedfromaUparticipants

GenomicDNAwasisolatedfromperipheral

leukocytesExonsandHankingintronreglonsof

theFXgenewereampUfiedusingthepolymerase

chainreaction(PCR).Thenucleotidesequencesof

allprimersandthePCRconditionswere

essentiallyassameasdescribedbyMiyａｔａｅｔａＺ１２)．

PCRproductsofFXweresubclonedinｔｏｐＣＲ２１

ｐｌａｓｍｉｄｖｅｃｔｏｒｕｓｉｎｇａＴＡｃｌoningkit(Invitrogen

Co,Carlsbad,ＣＡ,ＵＳＡ）Sequencinganalysiswas

perfOrmedbytheABIPrism3100Genetic

Analyzeｒ（AppliedBiosystems，FosterCity，ＣＡ，

ＵＳＡ)andaBigDyeTerminatorCycleSequencing

FSReadyReactionKit(ApphedBiosystems)．

2)Restrictionenzymeanalysis

APCRproductfromexon7wasincubatedwith

arestrictionenzymeMzeln(RocheDiagnostics，

BaseLSwitzerland）ｆＯｒ３ｈｏｕｒｓａｔ５５℃andthe

bandssizeswerevisualizedｏｎ６％agarosewith

SYBRGreenI．

ＭａｔｅｒｉａｌｓａｎｄＭｅｔｈｏｄｓ

ｌ・SamplepreparationandⅢXmeasurement

Twounrelatedindividualswithheterozygous

FXdeficie､cywerestudiedCitratedblood

sampleswereobtainedfromtwopatients(Casesl

and2）ａｎｄｆａｍｎｙｍｅｍｂｅｒｓ（Case2）fOuowing

provisionofinfOrmedconsent・FXactivity(ＦＸ:Ｃ）

wasdeterminedinaone-stageprothｒｏｍｂｉｎｔｉｍｅ

(PT)‐basedassay・Ｓａｍｐｌｅ(100αl)andFX-depleted

plasma(100αl）(Dade-Behring,Marburg,Germany）

wereincubatedfOr3minutesat37℃.Ｔhereafter，

20qulofthromboplastinpreparatioｎ（Kokusai‐

Shiyaku,Kobe,Japan)wasaddedandcoagulation

timewasmeasured

FXantigen（ＦＸ:Ａｇ）levelsweremeasured

underenzyme-linkedimmunosorbentassay(Matched‐

ＰａｉｒＡｎｔｉｂｏｄｙＳｅｔｆＯｒＥＬＩＳＡｏｆｈｕｍａｎFactorX

antigen,AffinityBiologicals,Ontario,Canada).We

coatedovernightat4℃withaffinitypurifiedgoat

antiFXＩｇＧＴｈｅｗｅＵｓｗｅｒｅｅｍｐｔｉｅｄａｎｄｔｈｅｎ

ｉｎcubatedwithblockingbufferfOrlhａｔｒｏｏｍ

3．ＭｕｔａｇｅｎｅｓｉｓａｎｄｅｘｐｒｅｓｓｉｏｎｏｆｒＸ

ｒｅcombinantproteinmuit7o

TheGlyl１４→Ａｒｇ（Gll4R）andGly223→Ｖａｌ

(G223V)mutationswereintroducedintoFXcDNA

clonedintopCI-neo(Promega,Madison,ＷＬＵＳＡ）

－１４６－
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usingtheTaKaRaLigationkitVer､２（TaKaRa，

Ohtsu,Japan）ThefOrwardprimersformutagenesis

were:５'~ccgc且ggtacaccctggctg-3，（Gll4R)and５，－

ctgtggtg1aactattctgag-3，（G223V）andthereverse

primerswere:５'-9cgcaggagcacaccacag-3，（Gll4R）

and5,-aaaccctcgttttcctcattg-3，（G223Ｖ）Ｔｈｅｅｎｔｉｒｅ

ＦＸｃＤＮＡｗａｓｓｅｑｕｅｎｃｅｄｔｏｃonfirmthepresence

ofamutationandexcludetoDNApolymerase-
inducederrors，

SyrianhamsterHbroblastcellline,BHK21cells

weretransfectedwiththewnd-typeFX（wt-FX)，

G114RFXandG223V-FXexpressionvectorsusing

thePlusTMReagent(InvitrogenCo.,CarlsbadCA，

USA）andLipofectamineTM（InvitrogenCo.）

accordmgtothemanufacturersprotocoLOneday

aftertransfection，cellswereselectedingrowth

mediumcontaining700〃g/ｍｌＧ４１８

a)Normalallelell4

Gly，ＴＡＣＡＣＣＣ。．…ＣＣＡ

ハ』

Ｆ
｣厚ゴジーで エ

b)Variantallelell4

Arg
CCCA.ＴＡＣＡＣＣＡ

『、
U1

｢

‘

Ｆｉｇ．１ SequencinganalysisofthePCRproductsofexon5
Thesequencesofthesensestrandsofexon5from
ahealthycontrolsubjectandaprobandwithFX
G114Rmutationwereshown，ＴｈｅｐｏｓｉｔｉｏｎｏｆｔｈｅＧ→
Ａｍｕｔａｔｉｏｎｌｓｓｈｏｗｎｂｙａｎａｒｒｏｗ、Theunderline
showsthecodonfortheamlnoacidsubstitution．

a)NormaUalleleZZ3

GHy
-＿、懸趣’＝￣，薊i蟻幾Ｊ輿ｉ蝉：鯵」哩毎i酢霧４.Ｉｍｍｕｎｏｓｔａｉｎｉｎｇｍｉｃｒｏｓｃｏｐｙ

ＴｈｅｈｕｍanastrocytomaceUlineU373MG

transfectedwithwt-FX,Gll4R-FXandG223V-FX

wereculturedoncoversUps・Thecoverslipswere

washedwithPBS,andincubatedwithBODrY⑰

FLC5-ceramidecomplexedtoBSA（Invitrogen

Co.)fbr30minutesat4℃,incubatedwithPBSfOr

30minutesat３７℃，andwashedwithPBSThe

ceUsfixedｗｉｔｈ４％parafOrmaldehydefOr20

minutesatroomtemperature、Thecellswere

pernleabnizedwith99.5％ethanolfOr5minutes，

washedwithPBS,andincubatedwithmonoc]onPl1

anti-humanFXcloneHX-1purifiedmouse

immunoglobulin(Sigma-AldrichCQ,StLouis,ＭＯ，

USA)ｆＯｒｌｈａｔ３７℃Ｔｈｅｃｅｕｓｗｅｒｅｗ３Ｒｈｅｄｗｉｔｈ

ＰＢＳｔｗｉｃｅandincubatedwithanti-mouselgG

TRITCconjugate（Sigma-A1drichCo）ｆｏｒ３０

ｍｉｎｕｔｅｓａｔ３７℃・Thecellswerewashed,mounted

andexaminedusingaFluophotfluorescence

microscope（OLYMPUSBX50；OlympusCo.，

Tokyo,Japan）

LzllLiLjil定fiFliiiLjllliiriiiiluLfHl，
b)VariantaUeleZ23

V2HI

呈出轡KP↓回轍､ＩＦ’ ,型WWも蕊躯Ｈ量罵１厘：」&歯i‘￣静,￣而宇

Fig2SequenclnganalysisofthePCＲｐｒｏｄｕｃｔｓｏｆｅｘｏｎ７、
Thesequencesofthesensestrandsofexon7from
ahealthycontrolsubjectandaprobandwithFX
G223Vmutationwereshown･ＴｈｅｐｏｓｉｔｉｏｎｏｆｔｈｅＧ
→Ｔｍｕｔａｔｉｏｎｌｓｓｈｏｗｎ，Theunderlineshowsthe
codonfortheamlnoacidsubstitution．

１２３４５６７８，

陰…】１
１母呵－３

，｡－ず￣、

－野

輔、…鐸邑ｺｰﾄ子辨

鷲Ｔｉｉ;雫iii鱒輪冷
し-．１６

０.亀
￥．：⑬t
IV，■研,

138ｂＰ→

l16bp→
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83ｂｐ→ 「
１
邨
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ＬＣａｓｅｈｉｓｔｏｒｙａｎｄｃｏａｇｕｌａｔionstudies

Caselisa70-year-oldJapanesemanwho

hemorrhagedafternasalpolypectomy、APTand

anactivatedpartialthromboplastintime（APTT）

werebothprolongedPlasmalevelsoｆＦＸ:Ｃａｎｄ

生Ｚ§,,勢ィ"…罰！

……が尋i，遭い"蕊…ﾆﾎﾟ清一錘螺羅－－薊－－慧一-芦
野-号軋巧 8拠

罎，…、鱒…塞一ボー寧一野－－
[_

箔4

墹曰、～畿一……ｊ－－鐘…．

Ｓ５ｂｐ→

37ｂｐ→

Ｆｉｇ．３ ＰＣＲ－ＲＦＬＰａｎａｌｙｓｉｓｏｆｅｘｏｎ７，PresenceoftheG223V
mutationcreatestherestrictionsiteofMaelll，
ｒｅｓｕｌｔｉｎｇｉｎｔｗｏｂａｎｄｓｏｆ８３ｂｐａｎｄ５５bPlnthe
absenceofthemutation，asinglebandofl38bpis
produced,Lane１，patient21ane2,father,lane3`
mother,lane4brother,lane5-9,normalcontrol.
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Table1．Stableexpressionassaysofwildtype,Ｇ１１４Ｒａｎｄ
Ｇ２２３ＶＦＸｉｎＢＨＫ２１ｃｅｌｌｓ

ＦＸ:Ａｇｗｅｒｅ４５％ａｎｄ５０％ofnormalcontrolvalues，

respectively・Noothercoagulationabnormalities

weredetectedThepatienthadnohistoryof

abnormalbleedingtendencies・Hisfamilymembers

alsohadnoapparenthistoryofbleeding

tendencies,butwereunavailablefOrthisstudy・His

parentswereunrelated

Case2isa27-yearoldJapanesewomanwho

experiencedparaplegiaofherlegsHowever，CT

andMRIfindingruledoutcerebralhemorrhage・

ＨｅｒｐｌａｓｍａＰＴａｎｄＡＰＴＴｗｅｒｅｐｒｏｌｏｎｇｅｄａｎｄｔｈｅ

ｐｌａｓｍａｌｅｖｅｌｓｏｆＦＸ：ＣａｎｄＦＸ：Ａｇｗｅｒｅ３５％ａｎｄ

61％ofnormalcontrolvalues,respectively・Shehad

nohistoryofabnormalbleedingtendenciesOther

membersofherfamilywereinvestigate。：ｈｅｒ

ｍｏｔｈｅｒａｎｄｂｒｏｔｈｅｒｈａｄＦＸ：Ｃｌｅｖｅｌｓｏｆ４１ａｎｄ４０

％respectively､Ｎｏｏｎｅｉｎｈｅｒｆａｍｎｙｈａｄａｈｉｓｔｏｒｙ

ｏｆｂｌeeding．

RecombinantFXFX:Ｃ（％） ＦＸ:Ａｇ（％）

Wildtype

G114R

G223V

１００

３７±１３

＜１

１００

３０±８

＜１

3.RecombinantⅢXexpression

ThecontributionoftheG114R-FXandG223V‐

FXsubstitutiontothephenotypesofthepatients

wasinvestigatedthroughfunctionalassaysofthe

recombinantmolecule、ＷｅｅｓｔｉｍａｔｅｄｔｈｅＦＸ‐

specificactivityofvariants、FactorXvariantsin

mediumfromstablecloneswerefurtherfUnctionaUy

characterize｡､Ｃｏｍｐａｒｅｄｗｉｔｈｒｗｔ－ＦＸ,theclotting

activitiesoftherG114R-FXandrG223V-FXvariants

testedintriplicateatvariousconcentrations,ｗｅｒｅ

about３７％ａｎｄbelow１％,respectively（Ｔａｂｌｅｎ

ＴｈｅＦＸ：ＡｇｌｅｖｅｌｓｏｆｒＧ１１４ＲＦＸａｎｄｒＧ２２３Ｖ－ＦＸ

inconditionedmediumwerereducedｔｏ３０％ａｎｄ

below１％ascomparedwiththeceUstransfected

withrwt-FXrespectively(Tableｌ)．

TheintracellulardistributionofrG114R-FXand

rwt-FXantigendidnotdifferaccordingtoan

immunostainingexamination(Figure4(Ａ),(D)).On

theotherhand,thecytoplasmofceUstransfOrmed

withrG223V-FXwasbrighterthanthatofcells

transfOrmedwithrwt-FX（Figure4（G))．In

additionaccordingtocompositephotographofFX

andGolgicomplex,bothrG114R-FXandrG223V‐

FXweresynthesizedinthecells（Figure4に)，

(F),(1))．

2．IdentificationｏｆｔｈｅｎｌｕｔａｔｉｏｎｓｉｎｔｈｅｒＸ

ｇｅｎｅ

ＣａｓelharboredaGtoAmutationatnucleotide

lO909oftheFXgene,whichchangedthecodonfOr

Glyll4(GGG)ｔｏＡｒｇ(AGG)(Figurel).AInonglO

clones,５eachpresentedthemutatedandnormal

FXsequences，respectively，whichconfirmed

heterozygosityofthismutationNoneof50healthy

controlscarriedthismutation

Case2carriedaGtoTmutationatnucleotidｅ

ｎｕｍｂｅｒｌ７５３７ｏｆｔｈｅＦＸｇｅｎｅ,whichchangedthe

codonfOrGly223(GGA)ｔｏＶal(GTA）（Figure2)．

Among7clones,４and3harboredthemutatedand

normalFXsequences，respectively，which

confirmedtheheterozygosityofthismutation

ThispointmutationcausedaMtuelllrestriction

endonucleaserecognitionsiteintheFXgene

sequence・ＡｎｏｒｍａｌａｌｌｅｌｅｆｒｏｍａｍｐｌｉｆｉｅｄＤＮＡｏf

FXgeneexon7showsfOurfragments(ｌ３８ｂｐｌｌ６

ｂｐ,３７ｂｐａｎｄ２４ｂｐ),whereasamutantalleleof

thismutationcausesaM上uelllrecognitionsitein

thel38bpfragment,resultinginproducingother

twofrａｇｍｅｎｔｓｏｆ８３ｂｐａｎｄ５５ｂｐ・Hermotherand

brothercarriedtheheterozygousmutation(Figure

3)Noneof50healthycontrolscarriedthismutation．

Discussion

Here,wecharacterizedgeneticdefectsresponsible

fOranFXdeficiencyintｗｏｆａｍⅢes，whichwe

designatedasFXGll4RandFＸＧ２２３Ｖ・

InCaseLwefOundaG→Atransitionat

nucleotidelO909,resultinginasingleaminoacid

substitutionofArg(AGG)fOrGly-114(GGG)inthe

secondEGF-likedomain・Gly-114，aconserved

aminoacidamonghumansandbovines,islocated

inthesecondEGF-likedomainBothEGF-like

domaincontainlmajorandlminorβ-sheetcross‐

connectedby3disulfidebridges・ＴｈｅｓｅｃｏｎｄＥＧＦ‐

－１４８－
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(A） (B） に）

(D） (E） (F）

(⑲ (ＩＤ ⑳

Fig41mmunohistochemical

（Ｄ),(E),(F）FXG114R
Golgicomplex．

localizationofwildtypeandmutanｔＦＸｉｎＵ３７３ＭＧｃｅｌｌｓ．（Ａ)"(B),(C）ＦＸｗｉｌｄｔｙｐｅ，
(Ｇ),(Ｈ),(1)ＦＸＧ２２３Ｖ．（Ａ),(Ｄ),(Ｇ）ＦＸ:Ａ９，（B),(E),(Ｈ）Golgicomplex，ａｎｄ（C),(F),(1)ＦＸａｎｄ

UkedomainispositionaUyorderedandcontactsthe

catalyticdomainatnumeroussites，Experiments

withrecornhinFlTltchimericmoleculeshave

suggestedthatthesubstitutionofArgfOrG1y-ll4

shouldalterinteractionwithothermolecules，

particularlywithfactorVⅡIa/Val3)．Modelingthis

substitutionusingtheFXcrystalstructure

suggestedthatthissubstitutionwouldleadtonon-

bondedcontactsbetweentheArgsidechainand

Tyr-l3014)．

Ｇ１１４ＲｍｕｔａｔｉｏｎｗａｓｎｏｔｆＯｕｎｄｉｎ５０ｈｅalthy

Japaneseindividuals・Ourimmunostainingstudy

revealedthatrGll4R-FXwassynthesizedinthe

ceUandwastransportedtoGolgiｃｏｍｐｌｅｘａｓｓａｍｅ

ｔｏｒｗｔ－ＦＸ、Moreover，themeasurementsofrFX

activityandantigenshowedthatrG114R-FXwas

secretedhomthecells、Thissubstitutionwas

identifiedpreviouslyinaSwedishpatient，FX

OckeroI5)．ThispatientwashomozygousfOraGly‐

１１４－骨ArgsubstitutionandhadamndFX

deficiency（25％ＦＸ:Ｃ）withmndbleeding

diathesis・ＨｅｒｒｍａｎｎｅｔｑＪ､'6）alsodescribeda

Venezuelawomanwhowashomozygousinthis

mutationShｅｈａｄＦＸ:Ｃｌｅｖｅｌｏｆ19％ａｎｄＦＸ:Ag

levelof25％・Ourexpressionstudyii7zuiiかｏｓｈｏｗｅｄ

ｔｈａｔｒＧｌｌ４Ｒ－ＦＸｈａｄＦＸ:ＣａｎｄＦＸ:Aglevelsof

about30％inconditionedmedia・Thesereduction

levels（about３０％）inourstudyweresimnarto

thoseinthehomozygouspatient，ｓｐｌａｓｍａ(19％ＦＸ

:Ｃａｎｄ２５％ＦＸ:Ａｇ）Accordingly,weconcluded

thatthemutationwasprobablyresponsiblefmthe

reductiｏｎｉｎｐｌａｓｍａＦＸｌｅｖｅｌｏｂｓｅｒｖｅｄｉｎｏｕｒ

patient

lncase2thesequencinganalysisrevealedthat

theFXgeneinthispatientcontainedaG-･T

substitutionatnucleotidepositionl7537inexon7，

resultinginaGly223toValsubstitutioninthe

catalyticdomainofFX・Ｔｏｏｕｒｋｎｏｗｌｅｄｇｅｔｈｉｓｉｓ
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thefirstreportofG223VmutationiｎｔｈｅＦＸ・The

Gly223ishigmyconservednotonlyintermsofFX

structure，butalsoinfUnction・Thispositionis

conservedinbovinｅＦＸａｎｄｉｎｏｔｈｅｒｖｉｔａｍｉｎＫ‐

dependentglycoproteinsofcoagulationfactors

Thus，thispositionisimportantfOrthecatalytic

activityoｆＦＸ、

TheexpressionstudyshowedthatrG223V-FX

wasnotsecretedfrｏｍｔｈｅｃｅｌｌｓａｔａｌＬＯｎｔｈｅｂａｓｉｓ

ｏｆｉｍｍunstainingexperiments，thecytoplasmof

cellstransfOrmedwithrG223VFXwasbrighter

thanthatofceUstransfOrmedwithrwt-FX(Figure

４(GXH)(1)).Theseresultssuggestedthatalthough

rG223V-FXwassynthesizedintransfected

U373MGcellsandwastransportedfromtherough

endoplasmicreticulum(RER)ｔｏｔｈｅＧｏｌｇｉ,itwas

retainedinGolgiandwasgraduallydegraded

insidetheceUs、

Inconclusion,weidentifiedtwopointmutations

iｎｔｈｅＦＸｇｅｎesofpatientscarryingaFX

deficiencyphenotype，leadingtoaminoacid

substitutionｓｉｎｔｈｅｓｅｃｏｎｄＥＧＦ－ｌｉｋｅｄｏｍａｉｎａｎｄ

catalyticreglons、Ourresultssuggestthatboth

G114RandG223VsubstitutionsareresponsiblefOr

thedeficiencyofFX・Inthefuture,pulse-chaseand

endo-β-N-acetylglucosaminidaseHdigestion

experimentsarerequiredtounderstandthe

fUnctionalconsequencesofthesesubstitutionsin

FXstructure．
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先天性第Ｘ因子欠損症の遺伝子解析､および変異タンパク

Ｇ１１４ＲとGZ23Vの機能解析

平野京子，森下英理子，關谷暁子*，大竹茂樹

要

］
曰

われわれは先天`性ＦＸ欠損２家系について遺伝子解析および変異タンパクの機能解析を

行ったので報告する。発端者１のFX活性（FX:C）は45％、ＦＸ抗原量（FX:Ａｇ）は50％と
低下しており、遺伝子解析の結果FXGly-114→Ａｒｇ（G114R）への－アミノ酸置換を認め、

同変異を有するへテロ接合体であった。発端者２のFX:Ｃは35％、ＦＸ：Ａｇは61％と低下し
ており、遺伝子解析の結果ＦＸＧｌｙ２２３→Ｖａｌ（G223V）の－アミノ酸置換を認めた。発端

者はこの変異を有するへテロ接合体であり、発端者の母および弟も同変異のヘテロ接合体
であった。次に、野生型およびGll4R変異型、G223V変異型ＦＸｃＤＮＡを作製し、培養細胞

BHK21に安定形質導入した。細胞上清中のFX抗原量をELISA法にて、ＦX活性を凝固時間

法にて測定した。また、蛍光免疫染色法により細胞内のＦＸの局在を検討した。G114R変異

型の細胞上清中のＦＸ:Ｃは野生型ＦＸを100％とした場合37％、ＦＸ:Ａｇは同じく30％に減少
していた。一方、G223V変異型の細胞上清ではＦＸ:Ｃ、ＦＸ:Ａｇともに野生型の１％未満で
あった。蛍光免疫染色法では、G114R変異型は野生型と同じような局在が認められたが、

G223V変異型では細胞質により強いＦＸの局在が認められた。以上の事より、G114R変異

ＦＸはタンパクの分泌障害あるいは分泌後のタンパクの安定性に障害があることが予測さ

れたが、タンパクの安定性の程度は今回の実験では確認できなかった。一方、G223V変異

ＦＸはタンパクの分泌障害が、血中FX低下の原因であろうと考えられた。
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