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ABSTRACT

SLC2A9 gene polymor phism in Korean patientswith gouty arthritis

So0-Jin Chung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Yong-Beom Park)

Gout is an inflammatory disease with accumulatibrmmnosodium urate
(MSU) crystals in joints. The prevalence of goutamtinuously increasing due
to Westernized diet and life style in Korea.

The predisposing factors of gout are male genddd, age, alcohol
consumption, renal insufficiency, and use of digeetThere were studies on the
association of genetic predisposition such as simgicleotide polymorphism
(SNP) of SLC2A9 gene, which is involved in reabsorption of uriédaio renal
tubule and gout. However, most of these studiegemetic association were
performed on Caucasian populations, although gemeatiations exist among
different ethnic groups. Thus, an independent stisdyequired to identify
inter-racial genetic variations and gene polymapis unique to Korean gout
patients. We set out to elucidate genetic polymisrph ofS.C2A9 gene related

to gout pathogenesis, and identify those findingsvarious clinical indices



related to gout.

Three hundred thirty three gout patients and 458ltime controls were
included in this study. Minor allele frequency eadmng over 5 percent was
selected as tagging SNP through sequencing of gxomoter, and intron near
exon inSLC2A9 gene in 12 gout patients and in 12 contrdlso SNPs within
S C2A9 (rs6820230, rs3775950), which showed high correlation to gout in
pilot study including 96 gout patients and 48 colstr were selected and
genotyped using TagMan SNP genotyping assays. idddlty, rs16890979,
which had demonstrated significant correlationdatgand serum uric acid level
among Caucasians in previous stugéesirs1014290, which had been reported
to be associated to gout in Koreans, Japanesepthed Han Chinese, were
selected to be analyzed. An association analyss eearied out using the
Chi-squared test or Fisher's exact test. Genotheeqiype analyses were
conducted using Chi-squared test, Fisher’'s exatbteKruskal-wallis analysis.

The major allele 0fs6820230 is C, minor allele isT, the major allele of
rs3775950 is A, minor allele isG, the major allele 0fs1014290 is T, minor
allele isC, and the major allele 616890979 is C, minor allele isT. The T
allele ofrs6820230 was associated with increased risk of géut(0.0003, OR
1.977, 95% CI 1.363, 2.867), and the risk of goaisvelevated 1.9 fold in
subject with genotype TT than in subject with ggpetCT, and in subject with
CT than in subject with genotype CC, respectivélye G allele ofs3775950
increased the risk of gou® < 0.0001, OR 2.133, 95% CI 1.457, 3.122), and the
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risk of gout was 2.2 fold elevated in subject wgédmnotype GG than in subject
with genotype AG, and in subject with genotype A@art in subject with
genotype AA, respectively. Irs1014290, T allele was found to be associated
with the development of gouP(< 0.0001, OR 1.564, 95% CI 1.269, 1.928),
and the risk of gout was 1.58 fold elevated in sabjvith genotype TT than in
subject with genotype CT, and in subject with Carnthin subject with CC,
respectively. There was no significant associatietween blood pressure, body
mass index, the level of cholesterol, triglycerideea nitrogen, creatinine,
fasting glucose, and each SNPs. Stratificatiorheffghenotypes by genotypes
did not demonstrate any different results. The @dation betweems16890979
and serum uric acid concentration was statisticgatipificant only in male gout
patients. Serum concentrations of uric acid we8® 2 1.60 mg/dl, 7.5 mg/dl,
and 11.80 + 0.85 mg/dl in subjects with genotype CT, and TT, respectively.
The association betweers3775950 and age of diagnosis was statistically
significant only in female gout patients. There &eno significant
genotype-related differences among severe gouérgatiwith tophi or X-ray
abnormality, and gout patients who had experiencatlopurinol
hypersensitivity.

Our results suggest that genetic variants witi€2A9, such ags6820230
(CIT), rs3775950 (A/G), andrs1014290 (T/C) polymorphisms have significant
effects on the development of gout in Korean pdpmnia And these results
demonstrate that there is an inter-racial genetfterdnce affecting the

3



pathogenesis of gout.

Key words : gout,SLC2A9 gene polymorphism, single nucleotide
polymorphism



SLC2A9 gene polymor phism in Korean patientswith gouty arthritis

So00-Jin Chung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Yong-Beom Park)

. INTRODUCTION

Gout is an inflammatory disease which causes sqoatt pain due to the
deposition of monosodium urate (MSU) crystals. \With proper treatment,
MSU crystals can form tophi, which can destroy feiand lead to chronic
arthritis’. The prevalence of gout is reported as 0.16% td%j] and the
incidence and prevalence of gout have risen rapidé/to obesity, hypertension,
and longer life spafsin the past, gout was more common in the Westentd
than in Asian countries. However, the prevalencgonit in Korea has risen due
to an increasingly Westernized diet and lifestyh@rge. The National Health
Insurance Corporation of Korea reported that thealver of documented gout
patients has risen by 12.9 percent annually, froms@&3 in 2001 to 186,705 in
2008; in addition, the financial burden of gout h&en sharply over 7 years,
from 12.5 billion won in 2001 to 31.7 billion won 2008. Therefore, more

research is necessary to understand the pathogeriegbut in Korean patients
5



with gouty arthritis.

Many risk factors for gout have been discoveredluting hyperuricemia,
male gender, old age, alcohol consumption, chreemal disease, diuretic use,
and family histor§. Hyperuricemia is the most important risk factor gout, as
gout primarily manifests as an increase in serum acid concentrations.
Although most patients with gout show hyperuricermat all patients with
hyperuricemia suffer from gout. Only 20% of hypéramic patients experience
gout, which suggests that many complex factorsiémite gout susceptibility

Researchers have suspected that gout runs in éantiut studies associating
specific genes with gout have been limited to ssveare mutations for
decadel . However, after the advent of genome-wide associastudies
(GWAS), research on several genes associated wattums uric acid
concentration and gout susceptibility have advafitedin particular,
SCL2A9/GLUTY9 (solute carrier family 2, member 9/facilitated apbge
transporter 9) gene, is located on chromosome dlesdor the protein
responsible for uric acid reabsorption in the rgarakimal tubule, and is one of
the most influential genes controlling uric acidncentration and gout
developmerif” **** A single nucleotide polymorphism (SNP) is a DNA
sequence variation occurring when a single nudeofA, T, C or G) in the
genome differs between paired chromosomes. SNPs caage functional
abnormalities in coding proteins. Several studiasehassociated uric acid
levels or gout susceptibility with SNPs 3 C2A9 gene. Vitart V et al. reported
thatrs1014290, rs6449213 andrs737267 polymorphisms oSLC2A9 gene were

associated with gout in a Croatian population, ey reproduced this result in



a UK population sample from the Island of Orkite€harles BA et al. reported
that rs3775948, rs7663032, rs6856396, and rs6449213 polymorphisms of
S.C2A9 gene were associated with serum uric acid coregortis from GWAS
on an African American populatidh Many studies have revealed genetic
associations ofSLC2A9 gene with gout or uric acid concentratiths’?
However, some results are inconsistent among diffeethnic populations.
While SLC2A9 variantsrs3733591, rs3733589 andrs1014290 were found to be
related to the development of gout in Han Chinesgests, this association was
not present in Solomon Island&rsAlthough rs3733591 was associated with
gout in Japanese, it was not consistently assalciaitty gout risk in Polynesian
or Caucasian subjeéts Likewise, rs16890979 is reported to have a powerful
influence on gout susceptibility and hyperuricentdat no association was
found betweems16890979, gout development, and uric acid concentratiores in
Japanese populatitfn

There are several SNPs in culprit genes which naa fan important role in
gout pathogenesis, but these are population-speprbperties. Thus, it is
inappropriate to apply previously confirmed genelata directly to a Korean
population. No reports currently show associatioetsveenS_C2A9 genotypes
and gout susceptibility in Korean patients. Themfeve hope to show genetic
associations with gout in a Korean population. Véaducted this study to
examine the influence of SNP polymorphisms ShC2A9 gene on gout

development in Korean patients.



[I.MATERIALSAND METHODS

1. Study population

Gout patients were recruited from the DepartmeriRedumatology at Yonsei
University Severance Hospital, Seoul, Korea fromuday, 2011 to June, 2012.
Sex, age, comorbidities, family history of gouttedaf diagnosis with gout,
palpable tophi, and experience of allopurinol hgpesitivity were investigated
by questionnaire, and blood pressure, height, agightt were measured. The
level of uric acid, glucose, total cholesterol (T@w-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein chsterol (HDL-C),
triglycerides (TG), blood urea nitrogen (BUN), dieee in the plasma, and
uric acid in a 24hr urine collection were measuadll patients. A foot X-ray
was reviewed to check for subchondral cysts ori@nogue to tophi. This study
protocol was approved by the institute of revievardooof Yonsei University,
Seoul, Korea, and all subjects agreed to a writtklimed consent.

The diagnosis of gout was based on the Americate@wlof Rheumatology
(ACR) criteria of gout. The patient was diagnosed with gout if he or she
satisfies at least 6 out of 12 clinical criteria,identification of MSU crystal in
synovial fluid or soft tissue, or presence of tophi

(1) More than one attack of acute arthritis
(2) Maximum inflammation developed within 1 day

(3) Oligoarthritis attack

(4) Redness observed over joints



(5) First MTP joint painful or swollen

(6) Unilateral first MTP joint attack

(7) Unilateral tarsal joint attack

(8) Tophus (suspected or proven)

(9) Hyperuricemia

(10)Asymmetric swelling within a joint on X-ray
(11)Subcortical cysts without erosions on X-ray
(12)Joint fluid culture negative for organisms duriritaek

Healthy control subjects were recruited from thad@aascular Genome
Center of Yonsei University, Seoul, Korea and traidhal Genome Research
Institute of Korea National Institute of Health. &Imclusion criteria were no
prior history of gout and uncontrolled comorbiditieand no evidence of
hyperuricemia. Normal value of serum uric acid wekw 7.0 mg/dl in males

and 6.0 mg/dl in femalé%s



2. Determination of Tagging SNP

Genomic DNA was extracted from 6-8 ml of periphebhbod using a
commercially available DNeasy Blood kit (Qiagen, Iddn, Germany)
according to the manufacturer’s protocol. Extraeh@mic DNAs in 12 gout
patients and in 12 controls were sequenced tameBhC2A9 gene
(Chromosome 4, 9.44-9.65Mb) through Liquid Handi@iomek® FX,
Beckman Coulter) and High-throughput automated secgug machine (ABI
3730xl). The promoter, exon, and intron near exenewcontained and divided
by 17 fragments according the length (500-700 Gpje primers using in

sequencing were listed in Table 1.
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Table 1. Primersusing in sequencing

Frag- Fragment
ment Forward Primer Sequence Reverse Primer Sequence length

(bp)
1 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 570
2 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 565
3 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 564
4 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 642
5 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 587
6 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 452
7 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 506
8 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 461
9 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 508
10 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 511
11 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 559
12 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 546
13 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 501
14 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 550
15 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 515
16 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 535
17 CAGGAAACAGCTATGACC TGTAAAACGACGGCCAGT 626

11



The results were aligned using Phred and PhrapRabyphred software
package, then confirmed SNPs, insertion/deletiow, Bepeat polymorphism.
Linkage Disequilibrium (LD) was calculated by Hayikw software version
4.0 (Broad Institute of MIT and Harvard, Cambridlygd, USA) in SNPs more

than 5% in minor allele frequency.

3. Determination of genotypes

Genotyping was performed by allelic discriminatiging specific TagMan
SNP Genotyping Assays and following the manufacsirastructions. The

primers using PCR were as bellows:

5'-AAAGGACTGACCAATTTCTTTTTCG-3,,
5-TGAATCACTTTCTTCATCTTCTCCT-3' fors6820230,
5'-GGGATGAAAGGTTTTGCCCAAAGCA-3’,
5-AGTTTCTTCCTTCCTTAGGAAAATA-3' for rs3775950,
5-CTCAGTGCACAAGATACTGATCTAC-3',
5-TCATCCACTGACTCATTCAACAAAC-3' for rs1014290,
5-AGGACCTCCTCTACCTCTTGGGAAA-3',
5-GTCTGCTTTACCCAAGAACGTTTGG-3' forrs16890979.

After PCR, end point discrimination of alleles wasformed on the 7500
Real-Time PCR System (Applied Biosystems, Grarahis| NY).

12



4. Satistical analysis

Statistical analyses were performed using SASs$idl software package
version 9.1 (SAS Institute, Cary, NC, USA), afdvalues < 0.05 were
considered statistically significant? test or Fisher's exact test were used to
compare the genotype distribution and allele fregies between controls and
gout patients. Odds ratios (ORs) and 95% confidameevals (Cls) were used
as a measure of the power of relationships in #meotype distribution and
allele frequencies between the controls and goiig¢mia.y” test, Fisher's exact
test or Kruskal-wallis analysis were used for ggpetphenotype analyses of

the gout patients.
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[11.RESULTS

1. Characteristics of controls and gout patients

In total, 333 gout patients and 459 controls weneluded. General
characteristics of study participants are shownaible 2. The mean age of gout
patients was 56.32 + 14.72 years, and the mearofgentrols was 50.98 +
10.29 years. Ninety four percent of patients werdengender, and 89% of
controls were male gender. Blood pressure, thd t#hveholesterol, triglyceride,
glucose, and creatinine were elevated in gout pati@nd serum concentrations
of uric acid were 9.49 = 1.64 mg/dl in gout patierdand 5.25 + 1.02 mg/dl in

control group.
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Table 2. Clinical characteristics of study participants

Variable Gout (n = 333) Control (n = 459)
Age (year) 56.32 + 14.72 50.98 + 10.29
Gender, n (%)
Male 311 (93.39) 409 (89.11)
Female 22 (6.61) 50 (10.89)
Body Mass Index (kg/fin 24.79 £ 3.05 24.08 £ 2.85

Blood pressure (BP)
Systolic BP (mmHg)

Diastolic BP (mmHg)

Cholesterol (mg/dl)
Total-C
HDL-C
LDL-C
Triglyceride (mg/dl)
Glucose (mg/dl)
BUN (mg/dl)
Cr (mg/dI)
Uric acid (mg/dI)
24hr urine urate (mg)
Age at diagnosis
CCr (ml/min)
Tophi, n
X-ray abnormality, n

Allopurinol
hypersensitivity, n

Metabolic SD, n

129.35 +15.24
77.82 +10.58

189.39 + 42.13
43.28 +11.82
105.70 + 36.15
185.51 +£128.21
99.09 + 16.51
20.62 £ 14.97
1.43 £1.19
9.49 +1.64
561.18 + 650.15
49.12 +15.12
66.49 + 24
49
68

20
151

119.80 + 13.65
77.88 £9.81

196.33 + 36.65
49.15 +11.49
119.57 + 34.01
139.96 + 75.67
92.83 +18.92

0.90+0.19
5.25+1.02
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2. Selection of tagging SNPsin thisstudy

In 12 gout patients and 12 controls, we found 6®Skh the promoter, exon
and exon/intron boundary regions S8£C2A9 gene (Table 3). Among those
genes, the minor allele frequency of 36 SNPs wa®ni@an 5%. After using a
haploid program, we selected 15 independent tagghtigs (Figure 1, Table 4).

After comparing 15 tagging SNPs with genotype dieleafrequencies 96
gout patients and 48 controls, we found ts®820230 (C/T) and rs3775950
(A/G) variants were significantly associated with the elegment of gout.
Therefore, genotyping was performed on these twBsSfor all gout patients
and controls. As previous reports have associdteddévelopment of gout in
Japanese and Han Chinese populations with the $&BP14290, we
investigated this SNP even though it was not inetudn our original
sequencing because the allele was located in eonirBecause several studies
have showms16890979 to be the SNP that is most significantly assodiatgh
hyperuricemia in Caucasian, we investigated thedeasons ofrs16890979
with Korean gout patients even though sequencingsb$890979 showed

monomorphic featurés'® %

16



Table 3. Identification of SLC2A9 SNPs using direct sequencing in this

study
region rs number SNP Name variation

promoter rs13124007 -16341C/G CIG
promoter rs56083430 -16327G/T GIT
promoter rs62293415 -16296G/T GIT
promoter NEW -16200G/A G/A
promoter rs77678083 -16134A/G AIG
promoter rs6850166 -16098A/G AIG
promoter rs36036984 -16042A/G AIG
promoter rs78201117 -15575G/T GIT
promoter rsl3137343 -15438G/T GIT
promoter rs79763149 -15384A/G AIG
promoter rs16892534 -15348A/G AIG
promoter rs13101785 -15325A/T AIT
promoter rs7685958 -15260C/G C/G
promoter rsl3137074 -15252A/G AIG
promoter rs75245044 -15096C/T CIT
promoter rs61476037 -15083A/G AIG
promoter rs7349721 -14972A/T AT
promoter rs74491687 -14860C/T CIT
promoter rs61446121 -14652A/G AIG
promoter rs7679916 -14570A/G AIG
promoter rs10516197 -14510A/G AIG
promoter rs16892493 -14057A/G AIG
promoter rs6449238 -154C/IT CIT
promoter rs35305635 -99-/C -/-

promoter rs74794351 -74CIT CIT

17



continued

promoter

promoter

promoter
exon
intron
exon
intron
intron
intron
exon
exon
exon
exon
exon
intron
exon
intron
exon
intron
intron
intron
exon
intron
intron
exon
exon
exon

exon

rs77817713
rs6449237
rs75673132
rs6820230
rs2240722
rs76987454
rs2240721
rs2240720
rs28592748
rs77573696
rs76019222
rs13113918
rs10939650
rs71816262
rs16891971
rs3733589
rs3733590
rs13125646
rs13115193
rs74642325
rs4292327
rsr7777425
rs2276964
rs2276965
rs73225891
rs16890979
rs3733591
rs75088806

-57CIT
-53C/T
-51C/T
T17A
IVS2-60C/T
P52P
IVS3+35C/T
IVS3+119A/G
IVS3-40A/G
P74A
D75D
L79L
T96T
108
IVS4+29G/T
1139l
IVS5+67A/G
L160L
IVS6+25A/G
IVS6+38C/T
IVS6-31C/T
N236S
IVS7+38A/T
IVS7+62C/T
H252D
1253V
H265R
M266V

CIT
CIT
CIT
CIT
CIT
CIG
CIT
AIG
AIG
C/IG
CIT
CIT
AlIG

GIT
CIT
AlIG
CIT
AIG
CIT
CIT
AIG
AT
CIT
CIG
G/A
AIG
AlIG
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continued

exon
exon
intron
exon
intron
exon
exon
intron
intron
intron
intron
intron
intron
intron
intron

intron

rs74651202
rs35928671
rs6823877
rs2280205
rs2280204
NEW
NEW
rs28571073
rsb6343987
rs10939602
rs28489733
rs6818572
rs6836878
rs4697905
rs3775950
rs1014290

R271C
275
IVS8+78A/G
P321L
IVS9+9A/C
E347E
T372T
IVS10+95C/T
IVS10+96C/T
IVS10+132A/G
IVS10+173G/T
IVS10-182C/T
IVS11+122A/G
IVS11+149A/G
IVS12+139A/G
250-3296C/T

CIT
-/-
AIG
CIT
AIC
G/A
G/A
CIT
CIT
AIG
GIT
CIT
AIG
AIG
AIG

T/IC
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Figure 1. Linkage disequilibrium (LD) by haploid program. Linkage disequilibrium plot in exon, promoter regiof
S.C2A9 gene with all minor allele frequency > 0.05 of SNFhis plot was generated with the program Hapleyiand
SNPs with high LD were excluded.

20



Table 4. Tagging SNPs

tagSNP rs number

rs2240720, rs62293415, rs13101785, rs13137343, rs13115193,
rs2240721, rs2240722, rs7679916, rs13137074

rs13115193

rs10516197, rs7349721, rs36036984, rs10939650, rs3733590,
rs3733589, rs16892493, rs7685958

rs10939650

rs6820230  rs6449237, rs6820230, rs6449238, rs13124007, rs6850166
rs2276965  rs2276965, rs2276964
rs3775950  rs3775950

rs6836878  rs6836878

rs6823877  rs6823877

rs4697905  rs4697905

rs2280205  rs2280205

rs6818572  rs6818572
rs10939602 rs10939602
rs3733591  rs3733591
rs28489733 rs28489733
rs77678083 rs77678083
rs2280204  rs2280204, rs4292327

21



3. Genotype and allele frequency

In total, 333 patients with gout and 450 controlerev genotyped for
rs6820230 polymorphism, and 333 patients with gout and 4B68trols were
genotyped fors3775950 polymorphism. Three hundred thirty one patientidwi
gout and 446 controls were genotyped rfgt014290 polymorphism, and 332
gout patients and 451 controls were genotyped4t8890979 polymorphism.
The genotype distribution and allele frequenciegath SNP for controls and
patients are listed in Table 5. The major alleles6820230 is C, and the minor
allele is T. The genotypes 0$6820230 were CC (n=266), CT (n=62), and TT
(n=5) in gout patients, and CC (n=402), CT (n=&4)d TT (n=4) in controls.
The major allele ofs3775950 is A, and the minor allele is G. The genotype
distribution ofrs3775950 was AA (n=263), AG (n=69), and GG (n=1) in gout
patients, and AA (n=407), AG (n=44), and GG (n=2)cbntrols. The major
allele ofrs1014290 is T, and the minor allele is C. The genotyperitigtion of
rs1014290 was TT (n=143), TC (n=157), and CC (n=31) in gpatients, and
TT (n=143), TC (n=217), and CC (n=86) in control$ie major allele of
rsl6890979 is G, and the minor allele is A. The genotype ritistion of
rs16890979 was GG (n=328), GA (n=2), and AA (n=2) in goutipats, and GG
(n=446), GA (n=1), and AA (n=4) in controls.

22



Table 5. Genotype and allele distribution of detected polymorphisms in
patientsand controls

SNP Genotype/ All subjects (n=783)
Allele Case (n=333) Control (n=450)
CcC 266 (79.88) 402 (89.33)
62 (18.62) 44 (9.78) 0.0011
rs6820230
TT 5 (1.50) 4 (0.89)
C:T (%) 89.19:10.81 94.22:5.78 0.0003
Genotype/ All subjects (n=786)
Allele Case (n=333) Control (n=453)
AA 263 (78.98) 407 (89.85)
rs3775950
AG 69 (20.72) 44 (9.71) <0.0001
GG 1 (0.30) 2 (0.44)
A: G (%) 89.34:10.66 94.70:5.30 <0.0001
Genotype/ All subjects (n=777) 5
Allele Case (n=331) Control (n=446)
TT 143 (43.20) 143 (32.06)
rs1014290
TC 157 (47.43) 217 (48.65) <0.0001
CcC 31(9.37) 86 (19.28)
T:C (%) 66.92:33.08 56.39:43.61 <0.0001
Genotype/ All subjects (n=783) 5
Allele Case (n=332) Control (n=451)
328 (98.80) 446 (98.89)
rs16890979
GA 2 (0.60) 1(0.22) 0.7506
AA 2 (0.60) 4 (0.89)
G:A %) 99.10:0.90 99.00:1.00 0.8500

Analyzed withy” test or Fisher’s exact test.
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TT or CT genotypes fars6820230 showed a higher risk of gout compared to
CC genotype R = 0.0002, OR 2.109, 95% Cl 1.412, 3.152). The otudant
model showed an OR of 1.901 (95% CI 1.320, 2.P38,0.0004), and T allele
was significantly associated with the developmehgaut P = 0.0003, OR
1.977, 95% CI 1.363, 2.867). In the cases3775950, GG and AG genotypes
expressed a higher risk of gout development thargéiotype P < 0.0001, OR
2.355, 95% CIl 1.574, 3.524). The OR was 2.192 énattiditive model (95% CI
1.484, 3.237,P < 0.0001), which, along with G allele showed aorsty
association with the gout developmeRt< 0.0001, OR 2.133, 95% CI 1.457,
3.122). Inrs1014290, TT or CT genotypes showed a higher risk of gbaint
CC genotypel = 0.0002, OR 20312, 95% CI 1.492, 3.583), and &fotype
demonstrated a higher risk of gout than CT or C@ogges P = 0.0015, OR
1.612, 95% CI 1.200, 2.164). The T allele was fouod increase the
development of gouR(< 0.0001, OR 1.564, 95% CI 1.269, 1.928)6890979
showed no significant association to gout develagnte dominant, recessive,
or codominant models, and there was no comparalflerashce in allele
frequencies between gout and control groups (T@bladjustment for age, sex,
BMI, and creatinine did not affect the outcome. &malysis of gout patients
with X-ray abnormalities showed thes6820230, rs3775950, and rs1014290
demonstrated the same tendency to increase tha©Beviously described in

non-erosive gout.
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Table 6. Association of four SNPswith gout

Gout vs. Control

Erosive gout vs. Control

SNP Model i, . .
OR  (95% CI) P OR (95% CI) P OR (95% CI) P

Allele (T/C) 1.977 1.363-2.867 0.0003 2.488 1.408-4.397 0.0017

Dominant (TT+CT/CC) 2.109 1.412-3.152 0.0002 2.645 1.540-4.544 0.0004 2.792 1.494-5.217 0.0013

196820230 Recessive (TT/CT+CC) 1.7000.453-6.739 0.4266 1.637 0.334-8.024 0.5437 1.664 0.183-15.114 0.6509
Codominant (TT/CT/CC) 1.9011.320-2.738 0.0004 2.199 1.364-3.544 0.0012 2.32 1.334-4.033 0.0029

Allele (G/A) 2.133 1.457-3.122 <0.0001 2.727 1.535-4.845  0.0006

Dominant (GG+AG/AA)  2.355 1.574-3.524 <0.0001 2.93 1.704-5.038 0.0001 3.186 1.715-5.916  0.0002

rs3775950 Recessive (GG/AG+AA) 0.6790.061-7.522 0.748 0.783 0.039-15.848 0.8733 O 0- 0.9882
Codominant (GG/AG/AA) 2.192 1.484-3.237 <0.0001 2.626 1.571-4.387 0.0002 2.778 1.538-5.104 0.0007

Allele (T/C) 1.564 1.269-1.928 <0.0001 1.731 1.175-2.549  0.0055

151014290 Dominant (TT+CT/CC) 2.312 1.492-3.583 0.0002 2.408 1.367-4.239 0.0023 3.822 1.355-10.783 0.0113
Recessive (TT/CT+CC) 1.6121.200-2.164 0.0015 1.763 1.210-2.568 0.0032 1.673 0.996-2.809 0.0517

Codominant (TT/CT/CC) 1.5801.276-1.957 <0.0001 1.666 1.266-2.193 0.0003 1.741 1.176-2.575 0.0056

Allele (A/G) 0.906 0.321-2.556 0.8496 1.482 0.317-6.932 0.6169

(16890979 Dominant (AA+GA/GG)  1.088 0.290-4.084 0.9002 0.197 0.021-1.813 0.1513 1.332 0.153-11.572 0.7951
Recessive (AA/IGA+GG)  0.6770.123-3.720 0.6478 0.217 0.022-2.173 0.1935 1.668 0.184-15.148 0.6495

Codominant (AA/IGA/GG) 0.946 0.436-2.053 0.8876 0.44 0.139-1.394 0.1629 1.229 0.4.3-3.742 0.7172

"Data adjusted for age, sex, BMI, Cr.
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4. Genotype-phenotype analysis

We investigated various clinical indicators to donfassociations between
rs6820230, rs3775950, rs1014290, andrs16890979 variants of SLC2A9 gene
and specific clinical characteristics or comorhéditin gout patients. Patients
with systolic blood pressure greater than 140 mmdHgstolic blood pressure
greater than 90 mmHg, or who took prescribed apghygnsive drugs showed
no significant association between gout and spedfieles. There was no
significant association between gout and specillieles in diabetic patients
with antiglycemic drugs or fasting serum glucoseaearthan 125 mg/dl. Patients
with chronic kidney disease, which was defined m&stinine clearance (CCr)
less than 60 ml/min, also showed no significanbeissions. No significant
associations were found for metabolic syndrome,jnddf as three of the
following four criteria: hypertriglyceridemia, loWDL, impaired fasting serum

glucose & 100 mg/dl), or pre-hypertensive state (systolicodl@ressure=
130 mmHg or diastolic blood pressuee 85 mmHg).

There were no significant differences in systollood pressure, diastolic
blood pressure, body mass index, cholesterol lewédgyceride levels, BUN,
creatinine, CCr, and fasting glucose among diffegemotypes in gout patients.
The SNPs were not associated with serum concetrafiuric acid in all gout
patients as a group, but there was a significafférdnce among male gout
patients. Male patients with CC, CT, and TT genesymrs16890979 had uric
acid concentrations of 9.39 + 1.60 mg/dl, 7.5 mgéaid 11.80 = 0.85 mg/dI,
respectively (Table 7)rs3775950 was associated with age of diagnosis in

female gout patients, but not in males (Table 8)n& studies reported that SNP
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variants which were not associated with the devakg of gout nonetheless,
affected the development of gout with tophus cigStaA tophus is a deposit of
monosodium urate crystals in severe or chronic gatients. Tophi can form in
joints, cartilage, bones, and other places througtie body. In our study, there
were no significant associations between SNP veriand gout patients with
tophus formation. Patients with severe gout whodradive bony abnormalities
on X-ray or patients with allopurinol hypersenstiivshowed no significant

association of gout to different genotype of SNPs.
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Table 7. Association of detected polymor phismswith concentrations of uric

acid in gout patients

Total Male Female
Uric acid Uric acid Uric acid
(mg/dl) (mg/dl) (mg/dl)
CcC 9.49 £ 1.67 9.40 £ 1.64 10.62+£1.70
rs6820230 CT 9.48+152 094 9.44+151 093 10.70+x1.70 0.64
TT 9.74 +1.58 9.15+1.00 121
AA 9.51 +1.67 9.42 +1.64 1054 +1.71
rs3775950 AG 9.48 £1.53 0.43 9.35+1.47 043 11.40+1.27 0.35
GG 7.8 7.8
CC 10.14+242 10.24 +£2.50 9.33+1.61
rs1014290 CT 941+156 0.27 9.33+1.51 0.14 1049+197 0.13
TT 9.46 £ 1.52 9.32+1.46 11.38 £0.94
GG 9.49+1.63 9.39 +1.60 10.76 £ 1.67
rsl6890979 GA 8.45+1.34 0.07 7.5 0.04 9.4 0.31
AA 11.80+0.85 11.80 £0.85
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Table 8. Association of detected polymorphisms with age at diagnosis in

gout patients

Total Male Female
Age P Age P Age P

CC 49.29+15.15 48.40 + 14.96 60.47 +13.20
rs6820230 CT 48.40+15.35 0.88 48.97+15.19 0.97 32.00+14.14 0.06

TT 49.00 £13.64 49.25 +15.74 48.00

AA 4955 +15.02 48.59 + 14.86 62.22 +11.09
rs3775950 AG 47.27+1545 0.22 48.02+1541 043 3525+11.87 <0.01

GG 66.00 66.00

CC 49.23%£15.50 48.00 +15.13 60.67 £17.21
rs1014290 CT 50.19+1561 0.42 49.67+15.73 045 57.50+12.20 0.90

TT 47.79 +14.56 47.22 +14.12 56.00 + 19.08

GG 49.08 +£15.18 48.51 +15.01 57.19 + 15.63
rsl6890979 GA 52.00+11.31 0.55 44.00 0.52 60.00 0.90

AA  59.00 +8.49 59.00 +8.49
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V. DISCUSSION

In the present study, we analyzed the relationshifNPs inSLC2A9 gene to
gout susceptibility in Korean patients. There we@ previously reported
polymorphisms ofSLC2A9 gene in Korean patients. We found that the genetic
distributions ofrs6820230 (C/T), rs3775950 (A/G), andrs1014290 (T/C) were
associated with gout susceptibility.

Gout is an inflammatory arthritis, characterizedddgvated serum uric acid
and deposition of MSU crystal. And the prevalentgaut is rising up sharply
in Korea. Gout is related with other metabolic dses such as hypertension and
obesity, and it can cause a lot of loss of sodm aconomic loss. Thus, to
minimize this loss, it is needed to investigateanise, treatment and prevention
method of gout.

The majority of gout patients have hyperuricemia thudecreased renal uric
acid excretion. Thus, many studies have been ctéeduo identify the genes
which encode the renal urate transporter. Renale utansporters include
GLUT-9 (SLC2A9), urate anion transporter URAT1, S.C22A12), solute
carrier family 22 members 6, 8, 11, and B{22A6, 9. C22A8, S C22A11,
9.C22A13), multidrug resistance-associated proteifviRP4), sodium coupled
monocarboxylate transporter 1 and . C5A8, S.C5A12), and ATP-binding
cassette subfamily G member 2BCG2)®. GLUT-9, which is encoded by
S.C2A9 gene, was initially known as the glucose/fructwaasporter. However,
later studies identified that the major role@fUT-9 was uric acid reabsorption

in the proximal tubule, andLUT-9 is considered to be one of the most
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powerful urate transportéfd™ 22 Therefore, this study aimed to investigate the
effects of SLC2A9 gene on the pathogenesis and development of goat i
Korean population.

We determined tagging SNPs by sequencin§L&@2A9 promoter, exon and
exon/intron boundary region in 12 gout patients d2dcontrols. Since our
current technology and equipment is unable to strmtyre SNPs all at once,
many previous studies only focused on the “suspéctsgget SNPS. Sometimes,
target SNPs were randomly chosen from backward neegng, which
identified the protein related to a specific digeasnd found its coding gene.
Other methods included choosing SNPs which weregordo be associated
with a certain disease and then extracting neadse kpairs in a somewhat
arbitrary manner. For these reasons, many studidedfto demonstrate
associations between certain SNPs and the diseaseei population, despite
showing strong associations in another ethnic m@ijmd. Our study was
expanded to identify target SNPs, and sequenceexibre and promoter regions
of SL.C2A9 gene in the sampled patients. This allowed usdémtify coding
SNPs even with minor allele frequencies and sekgging SNPs with high
scientific probability.

The human genome has one SNP for every 200 to 38@ pairs in a
relatively even distribution, and scientists spatailthat there are about one
million SNPs in every individual. Approximately 5086 SNPs are thought to
be in coding regions, and about half of that 50% thought to effect actual
changes in protein structure or function by modifythe amino acid sequence.

These are known as non-synonymous SNReported non-synonymous SNPs
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in SL.C2A9 gene includes16890979 (V253l), rs3733591 (R265H),rs2280205
(P321L), andrs6820230 (A17T)™. In our study, we found 9 non-synonymous
SNPs (s6820230 (T17A), rs77573696 (P74A), rs77777425 (N236S),
rs73225891 (H252D), rs16890979 (1253V), rs3733591 (H265R), rs75088806
(M266V), rs74651202 (R271C),rs2280205 (P321L)) inSLC2A9 gene. Among
those genes, onlys3733591 (R265H), rs2280205 (P321L), andrs6820230
(A17T) showed minor allele frequency greater thém E6820230 (A17T) was
found to be associated with the development of gowt Korean population.
However,rs3733591 (R265H) and's2280205 (P321L) did not demonstrate any
significant associations in a preliminary analytbiat included 96 gout patients
and 48 controls, so these SNPs were dropped ouheffinal analysis.
rs16890979 (V253I) showed monomorphic features from sequancasults of
12 gout patients and 12 controls, and no furtheotging was conducted.
Genetic studies are greatly influenced by ethnioityrace of the subjects.
Therefore, completely different results can be deerthe same SNP based on
its target population. Our study elaborated racidlerences by analyzing
rs16890979 on exonic regions o8.C2A9 gene, which is mostly known to
affect serum uric acid concentrations in Westernputetion studies. Our results
showed that there was no association between th# &nd uric acid
concentration in a Korean population. Then, we rdgteed the reproducibility
of SNP associations between Korea and other Agiantdes such as Japan and
China, which are relatively closely related frorgemomic point of view. To do
this, we useds1014290, which was not initially included in our sequergin

study because it is located in intron, but is ofteported in several Japanese
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and Han Chinese papers. Althougfl014290 was located in intron, the
development of gout was encouraged by the T varidmg study ofs1014290
of S .C2A9 gene, conducted on a Han Chinese population, demaded that the
C allele was associated with hypouricemia in femahel non-hypertensive
patients, whereas our study showed no significas@ation between this SNP
and serum uric acid level in any gendeiVe also studied the coding SNP
rs3733591, which was reported to be associated with goatJapanese study
This SNP was selected as a tagging SNP becaudeowes minor allele
frequency in a preliminary study with 24 gout pattee However, we found no
significant association when we compared 96 gotiepis with 48 controls.
Many earlier studies on gout demonstrated an estsmtibetween SNPs in
9_C2A9 gene, gout development, and serum uric acid caraten. We tried to
replicate this through target SNPs in our study taxe failed to make any
associations using unstratified gout patients. Thaotnere have been reports of
more significant associations between hyperuriceamd S_.C2A9 gene in
female patients, we analyzed this after sex adgistnbut still found no
significant associations ** 2> 2 Strangely, in subgroup analysis on male gender
with rs16890797, uric acid level showed significant differenceGi®, GA, and
AA alleles (9.39 + 1.60 mg/dl, 7.5 mg/dl, and 11180.85 mg/dI, respectively).
There are several limitations to our study. Firstig selected and sequenced
SNPs from thgromoter, exon and exon/intron boundary regionS.dE2A9
gene because they are most likely to be directlglired in amino acid coding.
However, since there are reports of non-coding SiN€ated in introns that

can affect the development of gout and uric acidceatration, we cannot
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completely ignore the capability of intronic SNfFiture studies may benefit
from full sequencing of various SNPs in differemngs through GWAS and
investigation of their inter-genetic interactior®condly, the subjects of this
study were recruited from a single tertiary medioahter, and for this reason,
we cannot fully compensate for loco-regional di#fezes. However, our
institution has been known to be generally visigdnly from patients in many
regions of Korea. This bias can be overcome withonaide multi-center
studies that have a sufficient number of gout paédi@nd controls, which we
hope to perform in the future. Thirdly, the dated@gnosis of gout, allopurinol
hypersensitivity, and gout family history were dased on the patient's
testimony. Therefore, patients who were diagnosebbrgy time ago may
underestimate the duration of their disease, ahdoaients may have an
incomplete or inadequate recollection of the faahilhistory of gout and
allopurinol hypersensitivity. Lastly, the varianf ©s3775950 showed an
association with age of diagnosis of gout in fengadat patients, but there were
only 22 female gout patients in our study; 12 anthwere over 60 years old
and had renal dysfunction. This is largely duenehuge male predominance of
gout patients, which reaches up to 90% of all Kergaut patients. This bias
can only be overcome by a large-scale study inotyéémale gout patients with
normal renal function.

This is the first study to demonstrate significassociations between
SNPs inSLC2A9 gene and gout susceptibility in the Korean poputat\We
found meaningful variants 86820230, rs3775950, andrs1014290 that could

influence gout development in Korean patients. Bigady, rs6820230 and
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rs3775950 were first to be founded in our study to be assed with gout

development through direct sequencing of the teB{iR.
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V. CONCLUSION

The present study was performed to confirm the@atson between SNP
polymorphism inSLC2A9 gene and gout susceptibility in Korean. In to8&d3
gout patients and 459 controls were included, @l ENPs inS_LC2A9 gene
(rs6820230, rs3775950, rs1014290, and rs16890979) were genotyped using
TagMan SNP genotyping method.

The genotype distribusions 86820230 (C/T), rs3775950 (A/G), rs1014290
(T/C) were associated with gout susceptibility. @esults suggest that genetic
variants withinSLC2A9 have significant effects on the development of gout
the Korean population.

There were no significant differences in systolie, BRliastolic BP, BMI,
cholesterol, triglyceride, BUN, creatinine, CCr,dafasting glucose among
different genotypes in gout patients. However, thgsociation between
genotype ofrs16890979 and serum uric acid concentration was statisyicall
significant only in male gout patients. And thea$ation between genotype of
rs3775950 and age of diagnosis was statistically significamly in female gout
patients. There were no significant genotype-relatiéferences among severe
gout patients with tophi or X-ray abnormality, agdut patients who had
experienced allopurinol hypersensitivity.

This study demonstrates the associations betwedts 3NS_C2A9 genes
and gout susceptibility in Korean population. Itneaningful that we found
variants ofrs6820230, rs3775950, andrs1014290 which could influence to the

gout development in Korean.
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o 9AEe 1980 F7HA 7= Aew yErEal (P = 0.0003, OR
1.977, 95% Cl 1.363, 2.867), genotgpeTTS! Ateo] CTSl Apghmt}
CTQl Absto] CCRl AMgE T 742y 1,98 &% A 7hsAd o] oAl
T}, rs37759502] 9~ G alleleo] A allelelt} T3] 984S 2.139
=71 A 3L (P <0.0001, OR 2.133, 95% CI 1.457, 3.122) genotypel 2}
GG7} AGH.T}, AG7} AARTE ZH7) 2.2 39 Hd=E S7HAA
t}. rs1014290°1 = T alleled] C allelell vl %< wHA4S 1.564
771 Ao ® YEY A (P = 0.0055, OR 1.564, 95% CI 1.2609,
1.928) genotypdl W&t TT7} CTHE T}, CT7} ccrutt zH7t 1.6 &

o] I E=E F7HAFH U rs16890979+= genotype] L} allele frequencyl
R S35 WA otk A e Kol okt

SLC2A9 - A}€] rs6820230, rs3775950, rs1014290, rs16890979 variant
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