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록

한국인 통풍환자에서 ABCG2와 SLC2A9유 자 다형성에

한 연구

김 윤 성

논문지도 :교수 정 종 훈,M.D,Ph.D.

의학과

조선 학교 학원

통풍은 내 요산결정의 침착에 의한 비교 흔한 염이다.지난 수세기

동안 통풍이 유 과 계가 있을것이라 생각해 왔지만 일부 특정 유 자가 가족

력과 련이 있다는 몇몇 보고들을 제외하면 정확히 알려지 사실은 없었다.

그러나 최근 몇 년 동안 genome-wideassociationstudies(GWAS)의 목할

만한 발 을 통해 다양한 질환의 발병 한 유 연 성을 밝 냈다.그 통

풍발병과 한 련이 있는 요산 사에 여하는 몇몇 유 자가 보고되었는

데, 표 인 유 자들로는 SLC2A9,ABCG2,SLC13A3,SLC17A1,SLC17A3,

SLC17A4,SLC22A11,SLC22A12등이 있다.특히 이들 유 자의 단일뉴클

오티드다형태(singleneucleotidepolymorphism,SNP)이 통풍환자들에서 더 많

이 변이됨이 알려졌다.

본 연구는 한국인 통풍환자들에서 지 까지 밝 진 요산 사와 련된 유 자

의 SNP이 건강한 조군보다 더 많이 존재하는지를 알아보고자 하 다. 자들

은 비교 한국인과 유사한 인종 배경을 가진 국한족을 상으로 한이 보

고들을 고려하여 ABCG2유 자 의 rs2231142SNP과 SLC2A9의 rs6449213,

rs16890979SNP이 과연 한국인 통풍환자들에서도 존재하는지 알아보고자 하

다.더울어 알려진 유 자 좌(locus)를 심으로 주 부분에 아직까지 보고되
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지 않은 새로운 SNP가 존재하는지도 연구하고자 하 다.

연구 상은 109명의 통풍 환자와 102명의 건강 조군,23명의 질환 조군으

로 구성되었다.통풍환자군에서 2명을 제외하면 모두 남성이었다.통풍은 미국류

마티스학회(AmericanCollegeofRhematology,ACR)분류에 따라 진단하 고,

유 자 각 SNP에 해서 합효소연쇄반응(polymerasechainreaction,PCR)을

통한 직 염기서열분석(fullsequencing)을 시행하 다.통계는 SPSSversion

17.0을 통해 chi-squaretest,t-test와 multivariatelogisticregressiontest

를 사용하 다.

기존에 보고되었던 ABCG2유 자 의 rs2231142SNP은 본 연구에서도 기존

연구들과 마찬가지로 통풍환자에게서 유의하게 높게 나왔으나 SLC2A9유 자는

이 연구들에서 의미있게 보고되었던 2가지 SNP인 rs6449213,rs16890979는

환자군과 조군 모두 한가지 립유 자(allele)로 일치해서 통계상 유의하지 않

았다.오히려 이번 연구에서 새롭게 시행했던 SNP SLC2A9 gene 의

881A>G와 1002+78G>A 가 통풍환자에서 유의하게 높게 나왔다.

본 연구는 처음으로 한국인의 통풍 환자들을 상으로 ABCG2와 SLC2A9유

자의 SNP이 존재하는지 여부를 알아봤다는데 의의가 있으며, 한 이 에 보

고되지 않은 새로운 SNP을 찾아냄으로서 향후 한국인 통풍 환자들에서 유

연 성을 연구하는 토 를 제공했다는 은 주목할만하다.단,본 연구는 제한된

유 자를 상으로 SNP이 존재하는지의 여부를 조사했을 뿐이며 앞으로 더 많

은 환자들을 상으로 하여 다양한 SNP가 임상양상에 미치는 향과 연 성에

한 연구도 진행되어야 할 것이다.

핵심어 :통풍,유 자,단일뉴클 오티드다형태,ABCG2유 자,SLC2A9유

자,rs2231142,881A>G,1002+78G>A



- 1 -

I.Introduction

Goutisacommoninflammatoryarthritistriggeredbythecrystallization

ofuric acid within the joints.
(1)
Itis characterized by painfuljoint,

inflammation,andobstructivetophi,andcanresultinjointdestructionand

disabilityifuntreated.A stronggeneticpredispositiontogouthasbeen

recognizedforcenturiesbutourunderstanding oftherolesofspecific

geneshadbeenprimarilylimitedtofamilieswithuncommonmutations.

Theserarefamilialformsofgoutandhyperuricemiaincludemutational

defects in purine metabolic pathway constituents [e.q. X-linked

superactivity of PRPS1 and deficiency of hypoxanthine-guanine

phosphoribosyltransferase(HGPRT)]andthoseassociatedwithhereditary

renaldisorders(e.q.autosomaldominantfamilialjuvenilehyperuricemic

nephropathy,medullarycystickidneydiseasetype1and2).
(2)
Overthe

lastfew years,therehasbeenaremarkableexpansionofourknowledge

onregardstothegeneticsofhyperuricemiaandgoutprimarilyderived

from genome-wide association studies (GWAS).
(3)
Recently, GWAS

identifiedsubstantialassociationsbetweensinglenucleotidepolymorphism

(SNPs),rs2231142ofABCG2andrs6449213,rs16890979ofSLC2A9and

uricacidconcentrationandgoutinvariousethnic.
(4,5)
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II.PatientsandMethods

A totalof109goutpatientsand102gout-freecontrolswererecruitedin

thisstudyfrom ChosunUniversityhospitalandDaeguCatholicUniversity

medicalcenter.The109goutpatientswerecomposedof107maleand2

female.Ageofmean were55years.Controlgroup consisted of102

subjects. Allofthem weremalesexandageofmeanwere51years.

Controlsdidnothaveaself-reportedhistoryofarthritis.Forbothgroup,

participantswereinterviewedusingastructuredquestionnairetocollect

personalhistory and demographic characteristics (age,sex,etc).Data

wereexpressedasmean±standarddeviation(SD).Allparticipantsgave

writtenimformedconsent.Demographicandclinicalcharacteristics(mean

±SD)ofthestudypopulationarelistedinTable1.Thediagnosisof

goutwasbasedonthepreliminarycriteriawhichwaspublishedbythe

AmericanCollegeofRheumatology(ACR)in1977oftheclassificationof

goutforuseineitherclinicalsettingsorpopulation-basedepidemiologic

sudies.
(6)

All patients had a diagnosis of gout confirmed by

rheumatologiststhatbeeducated.

Forlaboratory assays,serum was separated from peripheralvenous

bloodsamplesobtainedfrom eachparticipantandstoredat-70°C and

thenweperformedpolymerasechainreaction(PCR)-directsequencingfor

detection of SNP.The rs2231142,rs6449213,rs16890979 and nearby

regionsinpatientsandcontrolswereamplifiedbyPCRandPCRproduct

wassequencedbyABI3730XLinstrument(ApplifiedBiosystems,Foster

City, CA) to perform genetic mutational analysis. The genotype

frequencies and allele frequencies were compared between case and
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controlsamples.Allelefrequencywasdefinedasthepercentageofthe

individualscarryingthealleleamongthetotalnumberoftheindividuals.

Statisticalanalyses were performed using SPSS version 17.0.The

chi-squaretest,t-testandmultivariatelogisticregressiontestwereused

to comparebetween groups.Significantdifferencesbetween oramong

groupswereindicatedbyapvalue<0.05.The 2testusedtoestimate

theHardy-Weinbergequilibrium (HWE).

The study protocolconformed to the ethicalguidelines ofthe 1975

DeclarationofHelsinkiandwasapprovedbytheEthicsCommitteeofthe

NationalResearchInstituteforFamilyPlanning.

The Nomenclature for SNPs used Human genome variant society

(HGVS)recommendationandtheSNPdatabasefrom NationalCenterfor

Biotechnologyinformation(NCBI).
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III.Results

Themajorityofindividualsinthisstudyweremale-sex.Amongallof

ourpatients,only1.8% wasfemale.Meanlevelsofuricacid5.8±1.9in

patientswithgoutand6.1±1.2incontrols(Table1). Levelsofuric

acidwerenotsignificantdifferencebetweentwogroups. Probably,the

resultwaswhy majority ofpatientwithgouthavereceiveduricacid

lowering agentsuch asallopurinol,febuxostat,benzbromarone.General

characteristics ofstudy population including age,height,weight,BMI

werenotsignificantdifference.Table2showsninedifferentkindsof

SNPs.The SNPs rs2231142,rs6449213 and rs16890979 which have

previouslybeenshowntobeassociatedwithcontrolofserum uratelevels

andgout,weregenotypedfirst.Thers2231142,alsoknownasQ141K and

C421A,isaaSNPintheABCG2gene,indicatingamissensevariant.A

allele is widely known as the risk allele.The rs2231142 (c.421C>A)

showedahigherA/A genotypeandA allelefrequencyinthegoutcases

thancontrols(29.3% vs4.9% bygenotype;52.8% vs26.5% byallele).

And the association to gout reached significance (chi-square=29.42,

p<0.001,OR=3.32,95% CI2.11-5.20)(Table3).Itwasalmostsimilarto

the results ofprevious studies.However,there were notsignificant

differenceinrs6449213andrs16890979genotypebetweengoutcasesand

controls.Thers6449213isbasicallyasurrogateforrs7442295whichisin

fairlytightlinkage(r
2
=0.88),andthusassociatedwithhigherserum urate

levels.Thers6449213wasahighA/A genotypedistributioninbothgout

patientsandcontrols(98.2% vs99.0%).A/G genotypewas2casein

patientgroupandonly1caseincontrols(Table4).Thers16890979has
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beenfoundtobeassociatedwithgoutinseveralindependentsudies.It

maybeavariationintheSLC2A9gene,whichismorecommonlyknown

asGLUT9.Themostofrs16890979alsoappearedahighA/A genotype

distribution(100% vs98.1%)(Table5).TheymainlysharedA/A ofone

majorgenotype.Ontheotherhand,new polymorphism wasfoundedin

nearby regionsoftheseSNPs. A c.881A>G andc.1002+78G>A,SNP

polymorphism in SLC2A9 were significant difference in genotype

frequencybetweengoutcasesandcontrolsrespectively.Thec.881A>G

wasahigherG/GgenotypefrequencyandGallelefrequencyinthegout

casesthancontrols(20.1% vs5.8% by genotype;36.2% vs25.0% by

allele,chi-square=9.36,p< 0.001,OR=1.54,95% CI1.03-2.28)(Table6).

Thec.1002+78G>A wasahigherA/A genotypedistributionandA allele

frequencyinthegoutthancontrols(10.1% vs2.9% bygenotype;27.1%

vs 17.2% by allele , chi-square=5.93, p=0.05 , OR=1.64, 95% CI

1.03-2.62)(Table7). In addition, the c.871+386A>G of ABCG2 and

c.410+4124C>T and c.410+4242G>A of SLC2A9 were not significant

differenceingenotypefrequencybetweengoutcasesandcontrols.The

c.871+386A>G ofABCG2wasahigh A/A genotypedistribution with

95.4%.The c.410+4124C>T of SLC2A9 was a high CC genotype

distribution with 98.2%.The c.410+4242G>A ofSLC2A9 a high GG

genotypedistributionwith99.1%.Finally,c.813-18A>G whichisnearby

rs16890979ofSLC2A9alsoahighAA genotypedistributionwith99.1%.

Notably,theminorallelewasnotobservedatanyofthesefourSNPsin

thegoutpatients.Therefore,Oddratioscouldnotbecalculated.

Insummary,wedemonstrateassociationofrs2231142inABCG2gene

withgoutinaKoreanpopulation.Also,wenewlyfoundtheassociation
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ofc.881A>G,c.1002+78G>A in SLC2A9genewith goutin a Korean

population. Therefore,wereporttheassociationofgenotypeandallele

frequencies of three SNPs (rs2231142 in ABCG2, c.881A>G and

c.1002+78G>A in SLC2A9)between goutpatients and healthy control

groupsinakoreanpopulation.
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IV.Discussion

Goutisthemostfrequentinflammatoryjointdiseasethatcanresultin

jointdestructionanddisabilityifuntreated.
(7)
Emergingevidencesuggest

thatgoutandhyperuricemiaarestronglyassociatedwiththemetabolic

syndromeandmayleadtomyocardialinfarction,diabetes,andpremature

death.
(8-12,38,39)

Itwasestimatedthatupto2% ofmenovertheageof30

andwomenovertheageof50coulddevelopgoutatsometime.
(13)
Uric

acidistheendproductofpurinemetabolism inhumans,andtherateof

excretion and reabsorption ofuric acid is determined by kidney and

intestine.
(14)
Elevated uricacid levelsareassociated with avariety of

adverse health risks including gout. GWAS have emerged as a

comprehensiveandpowerfulapproachtoidentifygeneticvariantsrelated

to complex disease.
(3)
These genetic data add considerably to our

understandingtothepathogenesisofhyperuricemiaandgout.Since2007,

systematic,well-powered,GWAS havebeen performed throughoutthe

world toexploretherelationshipsbetween common sequencevariation

anddiseasepredisposition.
(39)

Thisapproachhasrevealedover50disease-susceptibilitylociandhas

provided insights into the allelic architecture ofmultifactorialtraits.

Recently,severalGWASindicatedasubstantialassociationbetweenurate

concentrationandSNPsintengeneticlociincludingtransporter-coding

genessuch asSLC2A9(GLUT),ABCG2(BCRP),SLC13A3,SLC17A1

(NPT1),SLC17A3 (NPT4),SLC17A4 (named as NPT5 provisionally),

SLC22A11(OAT4),SLC22A12(URAT1),andSLC16A9(MCT9)aswell

asuratetransport-relatedscaffoldingproteinPDXK1.
(5,15-23,40)
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Especially,consideringtheiractivitiesasuratetransporters,aswellas

thestrongassociationsbetweengeneticvariantsofSLC2A9andABCG2

andserum uricacidlevels,bothgenesappeartobeimportantmodulators

ofuricacidlevelsandpotentialdeterminantsintheriskofgout.Several

recentstudiesreportedthatrs6449213,rs16890979,rs7442295, rs6855911

andrs734553SNPswithinSLC2A9show highlysignificantassociations

withgout.
(24-29,32-37)

Morerecently,aGWASinAfrican-Americansreported

significantgenome-wideassociationsoffourSNPswithuricacidlevels:

rs6449213,rs3775948,rs7663032 and rs68563969
(25)
.Also rs2231142,the

missense SNP in ABCG2 (Q141K) has been associated with

hyperuricemia and gout in Caucasian, Han Chinese,Japanese and

African-Americansamples
(4-5,21,30-31)

.Itwasespeciallyworthyofnoticein

thewaythatresearchofABCG2vaiants(rs2231142)wasperformedin

AsianpopulationsuchasHanChineseandJapanese.

Inthisbackground,wecarriedoutareplicationstudyofrs6449213and

rs16890979 SNPs within SLC2A9 and rs2231142 within ABCG2.The

resultofrs2231142inABCG2wassimilartopreviousstudy.However,

rs6449213 and rs16890979 genetic variantin SLC2A9 were different

comparing the earlierresearchs.Maybe,the reason was thatgenetic

variantwereverydifferentindifferentethnity.

 Inourstudy,thereareseverallimitationsthathavetobeconsidered.

Firstly,thisstudysamplesizeisnotsufficientindetectingthepotential

correlationeffectofthegeneticassociationsoftheseSNPswithgoutina

Koreanpopulation.Secondly,Amongallofourpatients,femalesexwas

only2%,notsufficienttoperform thestatisticalanalysis.Therefore,this

studywaslimitedtomalegoutpopulation.Thirdly,levelsofuricacid
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werenotsignificantdifferencebetweentwogroups.Probably,theresult

waswhymajorityofpatientwithgouthavereceiveduricacidlowering

agentsuch as allopurinol,febuxostat,benzbromarone. Despite these

limitations,thisisthefirstreporttoindicateanassociationbetweengout

and polymorphism (rs2231142,rs6449213 and rs16890979) in Korean

population.AlthoughstudiesonABCG2andSLC2A9variantshavebeen

conductedindifferentpopulation,thepresenceandeffectsoftheseina

Koreanpopulationhavenotbeenreported.

Weinvestigatethedifferencesofalleleand genotypedistributionsof

severalSNPsintheABCG2andSLC2A9between109Koreanpatients

with goutand 102 gout-free controls.A rs2231142 polymorphism in

ABCG2geneandc.881A>G,c.1002+78G>A inSLC2A9geneisapotential

candidateforthepathogenesisofgoutinamaleKoreanpopulation.We

furtherhavetoanalysisthedifferencesofthehaplotypedistributionsby

theseSNPsbetweenthehealthycontrolsandthepatientswithgout.In

addition,follow upstudiesinvolvingdeepinvestigationofthetheseSNPs

andfunctionalexperimentswillbeneededtounraveltheexactmechanism

bywhichthisregionispathologicallyinvolved.
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V.Conclusion

Wedemonstrateassociationofrs2231142inABCG2genewithgoutina

Koreanpopulation.Also,wenewlyfoundtheassociation ofc.881A>G,

c.1002+78G>A inSLC2A9genewithgoutinaKoreanpopulation.These

studydemonstratethedifferencesofalleleandgenotypedistributionsof

severalSNPsintheABCG2andSLC2A9inKoreanpopulation.
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Characteristics Patientswithgout Controls p-value

N=109

(mean±SD)

N=102

(mean±SD)

Age,yrs 55.0±12.1 51.8±6.7 0.018*

Height,cm 168.3±6.4 169.4±5.4 0.18

Weight,Kg 69.9±8.6 69.1±8.7 0.54

BMI,Kg/m
2

24.6±2.7 24.0±2.7 0.12

Serum uricacid,

mg/dl

5.8±1.9 6.1±1.2 0.17

Table 1. Demographic and clinical characteristics of the study 

population.

Abbreviations:N,numberofpatients;SD,standarddeviation;BMI,body

massindex

*p-value<0.05
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Gene Polymorphis

m

(dbSNPNo)

Polymorphism

(HGVS

nomenclature)

Genotypefrequency

Ingoutpatients(%)

OR

(95% CI)

ABCG2 rs2231142 c.421C>A AC(46.7) 3.32*

ABCG2 ㆍ c.871+386A>G AA(95.4)

SLC2A9 rs6449213 c.410+4190A>G AA(98.2)

SLC2A9 ㆍ c.410+4124C>T CC(98.2)

SLC2A9 ㆍ c.410+4242G>A GG(99.1)

SLC2A9 rs16890979 c.844A>G AA(100)

SLC2A9 ㆍ c.881A>G AA(47.7) 1.54*

SLC2A9 ㆍ c.1002+78G>A GG(55.9) 1.64*

SLC2A9 ㆍ c.813-18A>G AA(99.1)

Table2.SingleNucleotidePolymorphisms(SNPs)ofABCG2andSLC2A9

Abbreviations:dbSNP,The Single Nucleotide polymorphism Database;

HGVS,HumanGenomeVariationSociety;OR,oddratio;95% CI,95%

confidenceinterval.

*pvalue<0.05
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Group Number Genotypefrequency(n,%) Allelefrequency(n,%)

C/C C/A A/A C A

Patients 109 26(23.8) 51(46.7) 32(29.3) 103(47.2) 115(52.8)

Controls 102 53(51.9) 44(43.1) 5(4.9) 150(73.5) 54(26.5)

Chi-square29.42,df=2,

p<0.001*

OR3.32,95% CI2.11-5.20

Chi-square30.32,

df=1

p<0.001*,OR3.10,

95% CI 2.04-4.76

Table 3. Genotype distribution and relative allele frequencies of

c.421C>A(rs2231142)polymorphism ofABCG2.

n,number;

OR,oddratio;95% CI,95% confidenceinterval

*pvalue<0.05
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Group Number Genotypefrequency(n,%) Allelefrequency(n,%)

A/A A/G G/G A G

Patients 109 107(98.2) 2(1.8) 0(0.0) 216(99.0) 2(1.0)

Controls 102 101(99.0) 1(1.0) 0(0.0) 203(99.5) 1(0.5)

p>0.05 p>0.05

Table 4. Genotype distribution and relative allele frequencies of

c.410+4190A>G (rs6449213)polymorphism ofSLC2A9.There werenot

significantdifferenceingenotypebetweengoutcasesandcontrols.

n,number;

*pvalue<0.05
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Group Number Genotypefrequency(n,%) Allelefrequency(n,%)

A/A A/G G/G A G

Patients 109 109(100) 0(0.0) 0(0.0) 218(100) 0(0.0)

Controls 102 100(98.1) 2(1.9) 0(0.0) 202(99.0) 2(1.0)

p=0.232 p=0.232

Table5.Genotypedistributionandrelativeallelefrequenciesofc.844A>G

(rs16890979) polymorphism of SLC2A9. There were not significant

differenceingenotypebetweengoutcasesandcontrols.

 

n,number;

*pvalue<0.05
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Group Number Genotypefrequency(n,%) Allelefrequency(n,%)

A/A A/G G/G A G

Patients 109 52(47.7) 35(32.1) 22(20.1) 139(63.7) 79(36.2)

Controls 102 57(55.8) 39(38.2) 6(5.8) 153(75.0) 51(25.0)

Chi-square9.36,df=2,

p<0.001*

OR1.54,95% CI1.03-2.28

Chi-square6.24,df=1

p=0.015*,OR1.70,

95% CI 1.12-2.60

Table6.Genotypedistributionandrelativeallelefrequenciesofc.881A>G

polymorphism ofSLC2A9.

n,number;

OR,oddratio;95% CI,95% confidenceinterval

*pvalue<0.05
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Group Number Genotypefrequency(n,%) Allelefrequency(n,%)

A/A A/G G/G A G

Patients 109 11(10.1) 37(33.9) 61(55.9) 59(27.1) 159(72.9)

Controls 102 3(2.9) 29(28.4) 70(68.6) 35(17.2) 169(82.8)

Chi-square5.93,df=2,

P=0.05*

OR1.64,95% CI1.03-2.26

Chi-square5.96,df=1

P=0.015*,OR1.78,

95% CI 1.11-2.86

Table 7. Genotype distribution and relative allele frequencies of

c.1002+78G>Apolymorphism ofSLC2A9.

 

n,number;

OR,oddratio;95% CI,95% confidenceinterval

*pvalue<0.05
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