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An Exploration of ABCG2 and SLC2A9 Gene Interactions
with Gout
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Background: Currently, there is no systematic analysis of single nucleotide polymorphisms (SNPs) in the urate transporter
genes (ABCG2 and SLC2A9), and the influence of their combination and gene-gene (GxG) interactions on gout is still unknown
in the Thai population.

Objective: To investigate the interaction between ABCG2 and SLC2A9 with gout.

Materials and Methods: A matched case-control study with 116 Thai adults (58 gout patients and 58 control subjects) was
done. Genotyping using a TagMan SNP Genotyping Assays was performed. GxG interactions for gout risk were analyzed using
an interaction analysis in multiple conditional logistic regression.

Results: The results show that the rs2231142 (G/T+T/T) variants in ABCG2 was associated with gout. On the contrary, the
rs2280205 (G/A+A/A) and rs6820230 (C/T-T/T) variant in SLC2A9 were not associated with gout. The result indicated that
the participants carrying ABCG2 variant with SLC2A9 wild-type (i.e., original base pairs) had a significant association with gout.
The present study results also revealed that epistatic interaction pairs (rs2231142:rs6820230 and rs2231142:rs2280205)
were strongly associated with gout.

Conclusion: The authors concluded that the ABCG2 and SLC2A9 interactions were a significant association with gout. The
stronger combined effect of SNPs in the ABCG2 and SLC2A9 genes via GxG interaction may help to predict gout risk and its
prognosis. However, further studies with larger sample sizes should be performed to confirm these results.
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Serum uric acid (SUA) is the major end-product
of purine metabolism in humans, and hyperuricemia
(HUA) can lead to a variety of disorders including,
hypertension, metabolic syndrome, diabetes mellitus,
cardiovascular disease, and a painful type of arthritis
called gout'>. Most of the epidemiologic and genetic
research on HUA has been conducted in populations
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of European and Asian ancestries®®. Importantly, the
prevalence of HUA in the Thai population is estimated
between 10.6% to 24.4%, being significantly
more common in males than females®'?. Previous
epidemiological studies had found both environmental
exposure, such as use of diuretics or alcohol
consumption together with genetic factors including
male, obesity, hypertension, insulin resistance, type
2 diabetes, dyslipidemia, and metabolic syndrome,
play the important roles in the etiology of HUA and
gout!""1¥, There are several genomic loci associated
with HUA and gout*!”. However, strong genetic
variants in the SLC2A9 and ABCG2 were associated
with gout in Asians('*'*2?_ In a subsequent functional
study, glucose transporter 9 (GLUT-9), encoded by
SLC2A9 gene, is the molecule needed to reabsorb uric
acid in kidneys, but that protein encoding function
may be lost from mutation of the gene®. GLUT-9
plays a critical role in reabsorption of filtered urate in
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the proximal tubules and imbalances can cause renal
hypouricemia®-2. Expression of SLC2A9 might
interfere with uric acid metabolism, which associated
with HUA and gout®”. A previous study also suggests
that mono-sodium urate crystal-induced arthritis was
developed by SLC2A9 expressed in human articular
chondrocytes®®. In addition, the ABCG2 encodes
for a urate transporter that mediates urate excretion
in the kidney, but reduced function from mutation
leads to reduced ability to excrete uric acid. ABCG2
variants are also expressed in the liver and the apical
membrane of epithelial cells in the small intestine and
might be involved in the extrarenal excretion of uric
acid®. However, the gene polymorphism influence
of both SLC2A9 and ABCG2 on the development of
gout needs to be investigated within different Asian
populations, especially in Thai population. Currently,
there is no systematic analysis of single nucleotide
polymorphisms (SNPs) in these two genes, as well
as the influence of their combination and gene-gene
(G*Q@) interactions on gout risk. Therefore, authors
sought to investigate the potential effect of ABCG2-
SLC2A9 interactions with gout by performing a
comprehensive association analysis in a matched
case-control study in the Thai population.

Materials and Methods
Study design and participants

This matched case-control study used data from
the genetic variation of urate transporter genes in
HUA and gout among the Thai population database,
from which the present study aimed to show a
preliminary association of the genetic variations of
urate transporter genes in HUA and gout among the
Thai population. The participants were selected from
people aged 25 and over years old who attended at
the HRH Princess Maha Chakri Sirindhorn Medical
Center. Patients who were diagnosed with gout
according to the Rome criteria were included in the
present study. Inclusion criteria for control subjects
were normal with SUA less than 7 mg/dL in males and
less than 6 mg/dL in females, no evidence of gout, and
no signs and symptoms with gout. Patients and control
subjects with cardiovascular disease due to acute heart
disease, kidney disease or kidney dysfunction, cancer,
or other stress, or used anti-depression drugs were
excluded from the study. Patients and control subjects
were also excluded if they were pregnant or lactating,
volunteered for withdrawal, or were not available for
the study. There were 269 cohort members who had
data about the genetic variation of urate transporter
genes in HUA and gout among the Thai population
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project. The sample size was calculated using Stata,
version 14.0 (StataCorp LP, College Station, TX,
USA). A previous study reported that 46.7% of the
patients had the genotype with gout and odds ratio
was 3.32@D. Thus, the calculated sample size was
58 patients per group to achieve 80.18% power at
a 5% significant level. One matched gout case (58
cases) per control group (58 controls) was randomly
selected and matched by gender and age (+10 years)
with the control group. The ethical committee of the
Khon Kaen University gave ethical approval for the
present study (HE612369). All participants provided
written informed consent.

Clinical and biochemical data

Clinical and biochemical data were collected
from all subjects. Data included the patient age and
body mass index (BMI). The obesity status of the
adults was classified based on BMI cut-off points
for Asian populations®”. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP), total
cholesterol (TC), triglyceride (TG), and high- and
low-density lipoprotein cholesterol (HDL-C and
LDL-C, respectively) were collected using data
extraction form.

Selection of genotyping

The two common variants of the SLC2A9,
namely 152280205 (C>T) and rs6820230 (G>A),
and a common rs2231142 (C>A) variants in ABCG2
gene were genotyped in all participants. DNA was
extracted from peripheral blood leucocytes using
DNA extraction kit (QIAamp DNA Mini Kit®,
Qiagen). DNA samples were stored at —20°C until
use. Twenty-five pl PCR volume mixture consisted
of 5 ul of DNA, 1X TagMan SNP genotyping assays
kit (Applied Biosystems, USA) and 1X CAPITAL™
qPCR Probe Mix included ROX passive reference
(BiotechRabbit, Germany). Each reaction was
performed in StepOnePlus® Real-time PCR Systems
(Applied Biosystems, USA), which thermal profile
was 3 minutes at 95°C, 45 cycles of 15 seconds at
95°C, and 30 seconds at 60°C.

Statistical analysis

Statistical analyses were performed using
Stata, version 14.0 (StataCorp LP, College Station,
TX, USA). Genotype and allele distributions for
polymorphism were determined by the Hardy-
Weinberg equilibrium (HWE)©®?. The associations
between SNP pairs with gout were measured by
conditional logistic regression. A p-value of less than
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Table 1. Baseline characteristics among gout cases and control subjects

Parameters Gout (n=58) Control (n=58) p-value
Mean+SD Mean+SD

Sex (female/male), n 10/48 10/48

Age (years) 60.58+13.23 56.84+14.58 0.151

Body mass index (kg/m?) 25.77+4.97 24.63+3.53 0.106

Systolic blood pressure (mmHg) 142.57+19.00 130.34+13.29 <0.001
Diastolic blood pressure (mmHg) 81.88+12.21 80.60+10.51 0.548

Total cholesterol (mg/dL) 191.59+54.19 205.34+41.69 0.030

Triglycerides (mg/dL) 157.89+103.42 140.74+76.46 0.391

HDL-C (mg/dL) 53.34+23.32 55.40+10.95 0.086

LDL-C (mg/dL) 103.75+46.58 124.50+37.49 <0.001
Fasting plasma glucose (mg/dL) 107.64+27.03 108.24+44.62 0.070

Serum uric acid (mg/dL) 6.15+2.31 6.18+1.27 0.473

HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; SD=standard deviation

5% were considered statistically significant.

Results

One hundred sixteen subjects divided into study
and control group, which each group included 48
males and 10 females, were enrolled in the present
study. There was no significant difference in age,
BMI, DBP, TG, HDL-C, fasting plasma glucose, and
SUA. However, the SBP in gout cases was higher than
in healthy controls. In addition, the LDL-C and TC
were lower than in healthy controls, possibly because
most of the gout cases were likely to have received
a cholesterol-lowering treatment such as simvastatin
(Table 1).

All SNPs in gout patients and control subjects
were not found to have a significant difference in
HWE (Table 2). After adjusted for all confounders,
the rs2231142 (G/T+T/T) variants in ABCG2 were
determined to have significantly associated with gout,
adjusted OR was approximately 5-fold. Furthermore,
the rs2280205 (G/A+A/A) and rs6820230 (C/T+T/T)
variant in SLC2A9 were not associated with gout
(Table 3). Next, the present study results showed a
significant association of the two SNP pairs rs2231142
variant plus rs2280205 (G/G) and rs2231142 variants
plus rs2280205 variant with increased gout risk
(Table 4). Moreover, the combinations of rs2231142
variant plus rs6820230 (C/C) were only significantly
related to gout, but the combinations of rs2231142
variants plus rs6820230 variant did not associate.
Meanwhile, there were no interactions between
the polymorphisms of rs2280205 plus rs6820230
in SLC2A9 on gout risk. When compared with
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reference participants who had ABCG2 wild-type
[i.e., rs2231142 (G/G)] and SLC2A9 wild-type [i.e.,
rs6820230 (C/C) and rs2280205 (G/G)], the authors
found that the rs2231142 variants plus SLC2A9
wild-type were significantly associated with gout.
The 152231142 variants plus SLC2A9 (rs6820230
and rs2280205) variants were strongly associated
with gout (Table 4).

Discussion

In the present study matched the cases and
controls in a Thai population. The findings indicate
that dysfunctional rs2231142 genotype is a major
cause of gout, conferring an adjusted odds ratio of
4.34. The rs2231142 variants are associated with
gout because these SNPs is a high capacity urate
transporter, about 53% less urate transport activity
by encoded of ABCG2 protein, which physiologically
excretes urate for the regulation of SUA from the
tubules, thus leading to a lowered renal clearance
of urate and promoting HUA®Y. The rs2231142
variant plays a critical role in the development of
gout®'#?, Previous studies suggest that the rs2231142
variant influence gout susceptibility in Caucasian
people®?3) Western Polynesians®?, Asians®¥, the
Chinese Han population®®, Japanese®”, and the
population of Taiwan'®, Therefore, the present
results, combined with those from several previous
studies, suggest that the rs2231142 variants led to
higher the risk of gout in Thai population as it does
in other populations. Although the present study
results indicated that both of the GLUT-9 encoded
by SLC2A9 were not associated with gout, several
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Table 2. Genotypes and alleles distribution among gout cases and control subjects

Gene SNPs Genotypes and alleles Frequencies; n (%) p-value for HWE
Gout (n=58) Control (n=58)
SLC2A9 rs2280205 G/G 35(60.34) 39 (67.24) 0.280
G/A 20 (34.48) 15 (25.86)
A/A 3(5.17) 4(6.90)
G/A+A/A 23 (39.66) 19 (32.76)
Allele, G (%) 90 (78.00) 93 (80.00)
Allele, A (%) 26 (22.00) 23 (20.00)
SLC2A9 rs6820230 c/C 48 (82.76) 52 (89.66) 1.000
C/T 10 (17.24) 6(10.34)
T/T 0(0.00) 0(0.00)
C/T+T/T 10 (17.24) 6(10.34)
Allele, C (%) 106 (91.00) 110 (95.00)
Allele, T (%) 10 (9.00) 6 (5.00)
ABCG2 rs2231142 G/G 15 (25.86) 41 (70.69) 0.670
G/T 32 (55.17) 16 (27.59)
T/T 11 (18.97) 1(1.72)
G/T+T/T 43 (74.14) 17 (29.31)
Allele, G (%) 62 (53.00) 98 (84.00)
Allele, T (%) 54 (47.00) 18 (16.00)

HWE=Hardy Weinberg equilibrium test; SNPs=single nucleotide polymorphisms; G/G and C/C=normal homozygotes or wild-type; G/A, C/T,

and G/T=mutant heterozygotes; A/A and T/T=mutant homozygotes

Table 3. Odds ratio for the genetic risk factors association between 3 SNPs and gout risk in dominant model

Gene SNPs Frequencies; n (%) OR Adj OR (95% CI)* p-value
Gout (n=58) Control (n=58)
SLC2A9 rs2280205
*G/G 35 (60.34) 39 (67.24) 1.00
*« G/A+A/A 23(39.66) 19 (32.76) 1.36 1.77 (0.40 to 7.84) 0.440
SLC2A9 rs6820230
«C/C 48 (82.76) 52 (89.66) 1.00
«C/T+T/T 10 (17.24) 6(10.34) 1.80 3.00 (0.50to0 17.91) 0.290
ABCG2 rs2231142
*G/G 15 (25.86) 41 (70.69) 1.00
*G/T+T/T 43 (74.14) 17 (29.31) 4.71 4.34 (1.41 to0 13.33) <0.001*

Adj OR=adjusted odds ratio; CI=confidence interval; OR=o0dds ratio; SNPs=single nucleotide polymorphisms

2 Adjusted odds ratio was used conditional logistic regression adjusted for baseline body mass index, triglyceride level, HDL cholesterol level,

blood pressure, and fasting plasma glucose; * p<0.05 is considered statistically significant

previous studies identified that the SLC2A9 may
causally be associated with SUA level in the Sardinia
and Chianti cohorts®” and the Framingham Heart
Study®>*®)., Not unexpectedly, the SLC2A9 variants
are associated with gout in several ethnicities, namely
Caucasian, Solomon Island, New Zealand Maori
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and Pacific Island, Chinese, with odds ratios from
1.3 to 5.0©1:32333840) Moreover, the functional study
demonstrated that the SLC2A09 is also the molecule to
reabsorb uric acid in kidneys, but that loss of function
from mutation in this gene causes renal hypouricemia
and plays an essential role of GLUT-9 in reabsorption
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Table 4. The best gene-gene interaction models, as identi-
fied by multiple conditional logistic regression

Best combination OR® Adj OR (95% CI)® p-value
SNP-SNP term
rs2231142-rs2280205 <0.001*
¢ G/G-G/A+A/A 0.29  0.36 (0.03 to 4.25)
¢ G/T+T/T-G/G 3.05 5.52(1.31to023.28)
¢ G/T+T/T-G/A+A/A 519 6.35(1.22t0 33.19)
rs2231142-rs6820230 0.078
¢ G/G-C/T+T/T 14.39 14.52 (0.88 to 23.96)
¢ G/T+T/T-C/C 11.94 19.53 (3.83 t0 99.54)
¢ G/T+T/T-C/T+T/T 556  9.74(0.91t020.11)
1rs2280205-rs6820230 0.285
¢ G/G-C/C+T/T 249  2.24(0.49t010.14)
* G/A+A/A-C/C 1.65  1.86(0.70 to 4.92)
¢ G/A+A/A-C/T+T/T 1.28  1.88(0.09 to 39.19)
Gene-gene term
ABCG2-SLC2A9¢ <0.001*
* No-Yes 230  2.26 (0.36 to 14.08)
* Yes-No 6.05 9.95(1.83 to 54.23)
* Yes-Yes 839 12.36 (2.39 to 63.90)

OR=o0dds ratio; Adj OR=adjusted odds ratio; CI=confidence interval;
SNPs=single nucleotide polymorphism

20dds ratio performed by using simple conditional logistic regres-
sion; ® Adjusted odds ratio performed by using multiple conditional
logistic regression adjusted for baseline body mass index, triglycer-
ide level, HDL cholesterol level, blood pressure, and fasting plasma
glucose; © ABCG2 “No” was rs2231142 G/G wild-type, ABCG2 “Yes”
was rs2231142 G/T+T/T variants, SLC2A9 “No” was rs6820230
C/Cand rs2280205 G/G wild-type, SLC2A9 “Yes” was rs6820230
C/T+T/T and rs2280205 G/A+A/A variant; * p<0.05 is considered
statistically significant

of filtered urate proximal tubules*-%.

Even though the authors’ single locus effects
results found that the rs2231142 plays a role in a
genetic risk factor for gout occurrence, it does not
for the other 152280205 and rs6820230 in SLC2A9.
Gout is a complex disorder caused by the complement
of inherited genetic risk variants. Several previous
studies identified that the two genetic variants in
SLC2A9 and ABCG2 were strongly associated with
gout risk in Asian region!'+!3:18-20.2241) However,
the influence of their combination and SNP-SNP
interactions on gout risk is not known. Therefore,
the current study showed a significant association
of the rs2231142 variant plus 152280205 (G/G), and
rs2231142 variants plus rs2280205 variant, which
increased gout risk. Moreover, the adjusted odds
ratios for these combinations reached 5.52 and 5.19,
respectively. The combination of rs2231142 variant
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plus rs6820230 (C/C) was significantly related to an
increased risk of gout, but there were no associations
between the combinations of rs2231142 variant plus
1s6820230 variant with gout risk. Meanwhile, there
were no interactions between the polymorphisms
of 152280205 plus rs6820230 in SLC2A9 on gout
risk. The present study results also found that
polymorphism in the SLC2A9 revealed an associated
effect dependent on rs2231142 variant. For example,
polymorphisms of rs2280205 that regulates SLC2A9
function showed an additive significant association
with gout in those with rs2231142 genotypes. The
present study suggests that the SLC2A9 interacts with
1s2231142 genotypes in the development of gout.

On the other hand, the authors examined the
interaction between a number of biologically plausible
polymorphisms in different genes that are involved
in a wide range of gout-related processes, not just
SNPs in a single gene or in genes acting on a specific
pathway. The present study results demonstrated that
the participants carrying the ABCG2 variant with
SLC2A9 wild-type had an increased susceptibility to
gout, and this was higher genetic risk still in ABCG2
variant with SLC2A9 variant. Although the observed
interactions have not been previously reported, some
studies showed renal HUA was caused by dysfunction
in the SLC2A9 via its decreased urate reabsorption
on the renal proximal tubules®-2%. Here, the current
results demonstrate that those with mutations in
both ABCG2 and SLC2A9 genes cause an additive
interaction effect for gout occurrence. The present
results also confirm the notion that GXG interactions
could facilitate the understanding of the additional
missing heritable components of gout risk, possibly
through interplay in several pathways contributing
to gout etiology. To further confirm this result, gene
transcripts of these two genes were examined.

The present study is the first to show the possible
associations between the main joint effect of the
polymorphisms in SLC2A9 and ABCG2 on gout in
the Thai population. However, the current study has
some limitations, which should be considered. Firstly,
the present findings are based on a small number of
case subjects, and the replication in a larger study is
unclear and so should be interpreted with caution.
Future large independent studies are warranted to
further validate the present study results. Secondly,
the authors only studied two SNPs of SLC2A9 and
one of ABCG2. Therefore, GXG interaction with some
other genes should be investigated in future studies.
Third, gene-environment interactions might also
play a significant role in gout risk, which represents
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a limitation of the present study. Therefore, more
environmental factors such as alcohol consumption,
smoking, and dietary consumption should be
included in the gene-environment analysis. Finally,
the gout case-control sample sets were drawn from
the population of the genetic variation of urate
transporter genes in HUA and gout among Thai
population project. Only ten participants were female,
which may limit the generalizability. Additionally,
we also further emphasize the need to replicate and
extend these findings elsewhere, not only in the Thai
population. However, population homogeneity is the
study strength by reducing genetic variability.

Conclusion

In conclusion, the present study found that,
combined with their activities as urate transporters and
their strong associations with SUA concentrations,
GLUT9 and ABCG2 appeared to be important
modulators of uric acid levels and likely the risk of
gout. The authors believe that the current findings
reflect important, sound biology to clinical medicine
rather than simply statistical findings. In the context
of the current study, the stronger combined effect
of SNPs in the SLC2A9 and ABCG2 genes via
GxG interaction may help to predict gout risk and
its prognosis. The authors’ data have potential
implications in genetic counseling, gout screening,
and gout prognosis in Thai population.

What is already known on this topic?

The mutants in both ABCG2 and SLC2A9
gene cause an additive interaction effect for gout
occurrence. Therefore, the GXG interactions could
facilitate the understanding of the additional missing
heritable components of gout risk, possibly through
interplay in several pathways contributing to gout
etiology.

What this study adds?

There are several genomic loci and environmental
factors that have associated with HUA and gout,
which those factors still play a crucial development
role in gout. Therefore, the GXG interaction with some
other gene and gene-environment interactions should
be investigated in future studies.

Acknowledgement

The authors thank the Department of
Epidemiology and Biostatistics, Faculty of Public
Health, Khon Kaen University, and Department of
Biochemistry, Faculty of Medicine, Srinakharinwirot

] Med Assoc Thai | Vol.103 | No.11 | November 2020

University for their assistance with data collection
and data analysis. The authors would like to thank the
laboratory staffs in the HRH Princess Maha Chakri
Sirindhorn Medical Center for valuable support in
clinical and biochemical analysis. The authors also
thank Dr. Ronald A Markwardt of the Faculty of
Public Health, Burapha University for his contribution
on the English language of this paper.

Financial Support

This research was funded by Srinakharinwirot
University under government budget grant (grant
number 006/2562).

Conflicts of interest
The authors declare no conflict of interest.

References

1. Lv Q, Meng XF, He FF, Chen S, Su H, Xiong J, et
al. High serum uric acid and increased risk of type
2 diabetes: a systemic review and meta-analysis of
prospective cohort studies. PLoS One 2013;8:e56864.

2. Bonakdaran S, Kharagani B. Association of serum uric
acid and metabolic syndrome in type 2 diabetes. Curr
Diabetes Rev 2014;10:113-7.

3. Zuo T, Liu X, Jiang L, Mao S, Yin X, Guo L.
Hyperuricemia and coronary heart disease mortality:
a meta-analysis of prospective cohort studies. BMC
Cardiovasc Disord 2016;16:207.

4. CuiLF, ShiHJ, Wu SL, ShuR, Liu N, Wang GY, et al.
Association of serum uric acid and risk of hypertension
in adults: a prospective study of Kailuan Corporation
cohort. Clin Rheumatol 2017;36:1103-10.

5. Tsai CW, Lin SY, Kuo CC, Huang CC. Serum
uric acid and progression of kidney disease: A
longitudinal analysis and mini-review. PLoS One
2017;12:e0170393.

6. Kuo CF, Grainge MJ, Zhang W, Doherty M. Global
epidemiology of gout: prevalence, incidence and risk
factors. Nat Rev Rheumatol 2015;11:649-62.

7. Song P, Wang H, Xia W, Chang X, Wang M, An
L. Prevalence and correlates of hyperuricemia in
the middle-aged and older adults in China. Sci Rep
2018;8:4314.

8. ZhuY, Pandya BJ, Choi HK. Prevalence of gout and
hyperuricemia in the US general population: The
National Health and Nutrition Examination Survey
2007-2008. Arthritis Rheum 2011;63:3136-41.

9. Lohsoonthorn V, Dhanamun B, Williams MA.
Prevalence of hyperuricemia and its relationship with
metabolic syndrome in Thai adults receiving annual
health exams. Arch Med Res 2006;37:883-9.

10. Uaratanawong S, Suraamornkul S, Angkeaw S,
Uaratanawong R. Prevalence of hyperuricemia in
Bangkok population. Clin Rheumatol 2011;30:887-93.

1168



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Dalbeth N, Merriman TR, Stamp LK. Gout. Lancet
2016;388:2039-52.

Lyu QG, Wang SY, Zhang YW, Wei SY, Tang LZ,
Zhou KJ, et al. Epidemiology study and risk factors
analysis of hyperuricemia in Tibetan Monks of Sichuan
Province. Sichuan Da Xue Xue Bao Yi Xue Ban
2015;46:759-63.

Qiu L, Cheng XQ, Wu J, Liu JT, Xu T, Ding HT, et al.
Prevalence of hyperuricemia and its related risk factors
in healthy adults from Northern and Northeastern
Chinese provinces. BMC Public Health 2013;13:664.
Yang B, Mo Z, Wu C, Yang H, Yang X, He Y, et al.
A genome-wide association study identifies common
variants influencing serum uric acid concentrations in
a Chinese population. BMC Med Genomics 2014;7:10.
Hurba O, Mancikova A, Krylov V, Pavlikova M,
Pavelka K, Stibirkova B. Complex analysis of urate
transporters SLC2A9, SLC22A12 and functional
characterization of non-synonymous allelic variants
of GLUT9 in the Czech population: no evidence
of effect on hyperuricemia and gout. PLoS One
2014;9:¢107902.

Kéttgen A, Albrecht E, Teumer A, Vitart V, Krumsiek
J, Hundertmark C, et al. Genome-wide association
analyses identify 18 new loci associated with serum
urate concentrations. Nat Genet 2013;45:145-54.
Phipps-Green AJ, Merriman ME, Topless R, Altaf
S, Montgomery GW, Franklin C, et al. Twenty-eight
loci that influence serum urate levels: analysis of
association with gout. Ann Rheum Dis 2016;75:124-
30.

Chen CJ, Tseng CC, Yen JH, Chang JG, Chou WC, Chu
HW, et al. ABCG2 contributes to the development of
gout and hyperuricemia in a genome-wide association
study. Sci Rep 2018;8:3137.

Hamajima N, Okada R, Kawai S, Hishida A, Morita E,
Yin G, et al. Significant association of serum uric acid
levels with SLC2A9 rs11722228 among a Japanese
population. Mol Genet Metab 2011;103:378-82.

Jiri M, Zhang L, Lan B, He N, Feng T, Liu K, et al.
Genetic variation in the ABCG2 gene is associated
with gout risk in the Chinese Han population. Clin
Rheumatol 2016;35:159-63.

Kim YS, Kim Y, Park G, Kim SK, Choe JY, Park
BL, et al. Genetic analysis of ABCG2 and SLC2A9
gene polymorphisms in gouty arthritis in a Korean
population. Korean J Intern Med 2015;30:913-20.
Yamagishi K, Tanigawa T, Kitamura A, Kéttgen A,
Folsom AR, Iso H. The rs2231142 variant of the
ABCG?2 gene is associated with uric acid levels and
gout among Japanese people. Rheumatology (Oxford)
2010;49:1461-5.

Reginato AM, Mount DB, Yang I, Choi HK. The
genetics of hyperuricaemia and gout. Nat Rev
Rheumatol 2012:8:610-21.

Anzai N, Ichida K, Jutabha P, Kimura T, Babu E, Jin
ClJ, et al. Plasma urate level is directly regulated by
a voltage-driven urate efflux transporter URATv1

1169

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

(SLC2A9) in humans. J Biol Chem 2008;283:26834-8.
Matsuo H, Chiba T, Nagamori S, Nakayama A,
Domoto H, Phetdee K, et al. Mutations in glucose
transporter 9 gene SLC2A9 cause renal hypouricemia.
Am J Hum Genet 2008;83:744-51.

Roddy E, Choi HK. Epidemiology of gout. Rheum Dis
Clin North Am 2014;40:155-75.

Richardson S, Neama G, Phillips T, Bell S, Carter SD,
Moley KH, et al. Molecular characterization and partial
cDNA cloning of facilitative glucose transporters
expressed in human articular chondrocytes; stimulation
of 2-deoxyglucose uptake by IGF-I and elevated MMP-
2 secretion by glucose deprivation. Osteoarthritis
Cartilage 2003;11:92-101.

Zhang X, Yang X, Wang M, Li X, Xia Q, Xu S, et
al. Association between SLC2A9 (GLUTY) gene
polymorphisms and gout susceptibility: an updated
meta-analysis. Rheumatol Int 2016;36:1157-65.

Lim JU, Lee JH, Kim JS, Hwang YI, Kim TH, Lim
SY, et al. Comparison of World Health Organization
and Asia-Pacific body mass index classifications in
COPD patients. Int J Chron Obstruct Pulmon Dis
2017;12:2465-75.

Shan G. A note on exact conditional and unconditional
tests for Hardy-Weinberg equilibrium. Hum Hered
2013;76:10-7.

Woodward OM, Kéttgen A, Coresh J, Boerwinkle E,
Guggino WB, Kéttgen M. Identification of a urate
transporter, ABCG2, with a common functional
polymorphism causing gout. Proc Natl Acad Sci U S
A2009;106:10338-42.

Dehghan A, Kéttgen A, Yang Q, Hwang SJ, Kao WL,
Rivadeneira F, et al. Association of three genetic loci
with uric acid concentration and risk of gout: a genome-
wide association study. Lancet 2008;372:1953-61.
Hollis-Moffatt JE, Xu X, Dalbeth N, Merriman ME,
Topless R, Waddell C, et al. Role of the urate transporter
SLC2A9 gene in susceptibility to gout in New Zealand
Maori, Pacific Island, and Caucasian case-control
sample sets. Arthritis Rheum 2009;60:3485-92.

He W, Phipps-Green A, Stamp LK, Merriman TR,
Dalbeth N. Population-specific association between
ABCG?2 variants and tophaceous disease in people
with gout. Arthritis Res Ther 2017;19:43.

Li R, Miao L, Qin L, Xiang Y, Zhang X, Peng H, et
al. A meta-analysis of the associations between the
Q141K and Q126X ABCG2 gene variants and gout
risk. Int J Clin Exp Pathol 2015;8:9812-23.

Wan W, Xu X, Zhao DB, Pang YF, Wang YX.
Polymorphisms of uric transporter proteins in the
pathogenesis of gout in a Chinese Han population.
Genet Mol Res 2015;14:2546-50.

Li S, Sanna S, Maschio A, Busonero F, Usala G, Mulas
A, et al. The GLUT9 gene is associated with serum
uric acid levels in Sardinia and Chianti cohorts. PLoS
Genet 2007;3:¢194.

Vitart V, Rudan I, Hayward C, Gray NK, Floyd J,
Palmer CN, et al. SLC2A9 is a newly identified urate

] Med Assoc Thai | Vol.103 | No.11 | November 2020



transporter influencing serum urate concentration,
urate excretion and gout. Nat Genet 2008;40:437-42.

39. Matsuo H, Yamamoto K, Nakaoka H, Nakayama A,
Sakiyama M, Chiba T, et al. Genome-wide association
study of clinically defined gout identifies multiple risk
loci and its association with clinical subtypes. Ann
Rheum Dis 2016;75:652-9.

] Med Assoc Thai | Vol.103 | No.11 | November 2020

40.

41.

Merriman TR, Dalbeth N. The genetic basis
of hyperuricaemia and gout. Joint Bone Spine
2011;78:35-40.

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF,
Albert DA. Hyperuricemia and coronary heart disease:
a systematic review and meta-analysis. Arthritis Care
Res (Hoboken) 2010;62:170-80.

1170



