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ABSTRACT

Gout is a common form of inflammatory arthritis caused by crystallization of acid uric in the
joints. The development of gout is not only triggered by environmental factors but also by
genetic variation of individuals. In this study, the association between the variation SLC2A9
rs16890979 and gout was investigated. Total DNA was extracted from 410 blood samples of 163
gout patients and 247 age-matched healthy controls. Genotypes of SLC2A9 rs16890979 were
obtained using PCR-RFLP. Chi-Square test was used to test whether allele distribution of
rs16890979 followed Hardy-Weinberg Equilibrium (HWE). Associations of the clinical
characteristics between gout patient and control groups were assessed using Mann-Whitney U.
Chi-Square test or Fisher’s exact test was used to check four models (additive, recessive,
dominant, co-dominant) for association of rs16890979 with gout. The obtained results showed
that the allele distribution of SLC2A9 rs16890979 was in accordance with HWE (p > 0.05).
Clinical characteristics such as triglyceride and creatinine were significantly different between
gout patient and control groups. However, there was no association of rs16890979 with the risk
of gout in Vietnamese population. Further study with a larger sample size should be implemented
to confirm our results regarding the association of SLC2A9 rs16890979 with gout in the
Vietnamese population. This study would help enrich the knowledge about the effects of
hereditary factors on gout disease in the Vietnamese population.
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INTRODUCTION

In recent decades, the prevalence of gout
has increased drastically in both developed
and developing countries, including Vietnam.
The rate of acquiring gout in Ha Noi, is 0.14%
(Smith, 2010). Hyperuricemia (= 7 mg/dl)
leading to formations of monosodium urate
(MSU) crystals in joints and soft tissues
(Burns CM 2012) is the main cause of gout
(Taniguchi, 2005). Gout patients are at high
risks of other diseases, including heart and
kidney diseases, obesity, blood lipid disorder,
high blood pressure and glucose (Choi HK
2008, Emmerson 1998, Stamp, Chapman
2013, Takahashi S 1994). The metabolic
syndromes (MetS) are characterized by
several factors, notably high levels of
triglyceride and creatinine (Chen et al., 2007,
Ford 2005, Reynolds, He 2005). MetSs
increase the risk of heart and vascular
diseases, as well as type 2 diabetes. In gout
patients, MetS acquiring rates are
considerably high, being 30.1%-57%, 36.8%,
48.6%, 62.8%, and 82% among Koreans,
Taiwanese, Japanese, Americans and
Mexicans, respectively (Choi et al., 2007,
Inokuchi et al., 2010, Kuo et al., 2009, Rho et
al., 2005, Véazquez-Mellado et al., 2004).
Hence, EULAR (the European League
Against Rheumatism and the British Society
for Rheumatology) have proposed screening
gout patients for risk factors of heart diseases
caused by urate crystals (Jordan et al., 2007,
Zhang et al., 2006). MetSs have also been
proven to be closely related to the chronic
kidney disease, which can be determined
based on the estimated Glomerular Filtration
Rate (eGFR) and blood creatinine level. In
American populations, chronic kidney disease
is 2.6 times more prevalent among patients
with MetSs, while among Japanese, this is
1.54 times (Bhowmik, Tiwari 2008, Chen et
al., 2007). Similarly, in Chinese populations,
blood creatinine level is higher in chronic
kidney patients than in individuals without
MetSs (Chen et al., 2007).

Among risk factors for gout, hereditary
factors play an important role. Genome-Wide
Association Studies (GWAS) have revealed
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associations of polymorphisms in the gene
SLC2A9 with blood uric acid level and gout
(Dehghan et al., 2008, Voruganti et al., 2013).
The gene SLC2A9 encodes the protein
GLUT?Y, which is responsible for transport
and reabsorption of uric acid in kidneys
(Vitart et al., 2008). Studies among human
populations in Framingham (n = 7699) and
Rotterdam (n = 4148) revealed that the
polymorphism rs16890979, which changed
Valine to Isoleucine (V253l) in the GLUTY,
reduced blood acid uric level in both
Caucasians and other populations.
Particularly, the allele rs16890979A is related
to reduced level of blood acid uric (Dehghan
et al., 2008). In Vietnam, until now, this
variation has not been investigated. This study
was therefore conducted to determine the
distribution of the wvariation in SLC2A9
rs16890979 and its relation with gout and
other clinical characteristics, as well as the
possibility of using this variation as a
molecular marker in early detection of gout in
Vietnamese population.

MATERIALS AND METHODS

A total of 410 subjects including 163 gout
patients and 247 healthy controls were
enrolled at Dai Phuoc General Clinic, Ho Chi
Minh City, Vietnam during 2016—2017. Gout
patients were diagnosed in accordance with
the criteria of the American College of
Rheumatology (Neogi et al., 2015).

Total DNA extracted

Total DNA was extracted using JET
Whole Blood Genomic DNA purification
Minikit #K0781 of Thermo Fisher Scientific,
America, following the manufacturer’s
protocol. Total DNA was diluted to 10 ng/uL
with TE and kept at -20 °C for later
experiments. Total DNA concentration was
determined using spectrophotometer
Nanodrop 2000c (Thermo Scientific, My).

Amplification of the region containing
rs16890979

The specific primer pair used to amplify
the DNA fragment containing polymorphism
rs16890979, 259 bp in length, was
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synthesized at Phu Sa company. The primer
sequences were F: 5’-
TGAGCAAATCATGGCATCTC-3’; R: 5’-
ACCTCCT CTACCTCTTGGTTAA-3".

Reaction components (10 pl total volume)
included 10 ng DNA, 0.25 mmol each dNTP
(Thermo Fisher Scientific), 0.15 U Taq DNA
polymerase (Thermo Fisher Scientific), 5
pmol primer (per each direction), Dream Taq
Buffer (Thermo Fisher Scientific).

The PCR cycle was as follows: 94 °C in 4
minutes; 30 cycles of 94 °C in 15 s, 62 °C in
155, 72°Cin 30 s; 72 °C in 8 minutes; kept at
4°C,

Genotyping of SLC2A9 rs16890979 using
RFLP

The restriction enzyme Hpal (New
England BioLabs) was used to digest the PCR
product. Reaction components included 1l of
10X Cutsmart® buffer, 3 pl of PCR product,
0.1pl of Hpal and added water to 10 pl.

The restriction enzyme Hpal cut the PCR
products containing allele A into DNA
fragments of 239 bp and 20 bp. In case of
having the variant, the DNA of 259 bp would
not be cut. The genotypes of the SNP could be
determined through the number and size of
DNA bands after electrophoresis (Table 1 and
Fig. 1).

Table 1. Number and size of DNA bands after digesting with enzyme for different genotypes

Genotype Number of DNA bands Band length (bp)
AIA 259
G/G 239, 20
G/A 259, 239, 20
M 1 2 3 4 5 N
300bp
200bp

Figure 1. Image of Hpal-digested PCR products on agarose gel 2.5%; M: Marker100 bp;
1: Homozygous AA (1 band with 259 bp); 2, 3: Heterozygous GA (2 bands, 259 bp
and 239 bp); 4,5: Homozygous GG (1 band with 239 bp); N: Negative control
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Figure 2. Genotyping using Sanger sequencing, A: Homozygous form GG,;
B: Heterozygous form GA
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Sequencing
After genotyping using RFLP, 10% of the
samples were randomly selected for

sequencing using Sanger ABI PRISM 3500
Genetic Analyzer with the kit BigDye
Terminator v3.1 (Applied Biosystems).
Sequencing results were aligned against
reference sequences on Gene Bank and
analyzed using bioinformatic  softwares
Bioedit v 7.2, BLAST, ClustalX and
Sequence Scanner (Fig. 2).

Statistical analysis

The obtained data were analyzed using
SPSS version 20. Chi-square and Mann-
Whitney tests were used to assess the
association between clinical characteristics
and gout in study subjects. Fisher’s Exact test
and Chi-square were used to compare

SLC2A9 and risk of gout was evaluated using
Fisher’s exact test. All tests were two-sided.
P-values of p<0.05 were considered
significant.

RESULTS

Statistical analysis of clinical factors

Among clinical factors of both groups,
significant statistical differences between two
groups have been found for both qualitative
indices of hyperuricemia, stomach
inflammation, and lipid disorder (Chi-square
with p<0.05), and quantitative ones, being
uric acid, BMI, CRP, and triglyceride (Mann-
Whitney with p<0.05) (Table 2). Both
gualitative and quantitative values were
higher in the gout group compared to the
control group. Hyperuricemia was relatively
high in gout patients (92.6%) compared to

genotype ratios, allele ratios between the gout 53% in the control group. Similarly,
and control groups and calculate Hardy- significant differences in uric acid and
Weinberg equilibrium. The association triglyceride between two groups were
between variation rs16890979 in the gene detected (p<0.001).
Table 2. Statistical analysis of clinical indices
Control group Gout group Total P value
(N = 247) (N = 163) (N = 410)

Hyperuricemia-n (%) 131 (53%) 151 (92.6%) 282 (68.8%) | <0.001 @

Stomach inflammation - n (%) 41 (16.6%) 50 (30.7%) 91(22.2%) 0.001 ®

Lipid disorder-n (%) 49 (19.8%) 64 (39.3%) 113 (27.6%) | <0.001 @

Uric Acid (mg/dL): mean+S.D 7.17+1.60 15.11+51.96 10.33+32.95 | <0.001 @

BMI (kg/m?): mean+S.D 24.68+3.69 25.30+3.31 24.93+3.55 0.037 @

Triglyceride (mg/dL): mean+S.D| 217.3+136.03 | 275.57+234.30 | 240.4+168.27 | <0.001 @

CRP (mg/dL): meantS.D 4.58+7.41 10.20+£67.44 6.81+42.92 0.004 @

Notes: BMI: Body Mass Index, CRP: C-reactive protein), n (%): Number of individuals (percentage); @: p-value by

Chi-square test; @: p-value by Mann-Whitney test.

Assessing  the  association  between
polymorphism rs16890979 and gout

Genotype distribution of rs16890979
followed Hardy-Weinberg principle (Chi-
square test with p=0.956) (Table 3).

Fisher’s Exact and Chi-square tests were
used to assess the association between
rs16890979 (G>A) and gout (Table 4). In a
dominant model, the genotype GG is
dominant in both the control group and the
gout group, being 96.4% and 98.2%,
respectively. The genotype GA is more
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common in the control group (3.6%) than in
the gout group (1.8%). In both groups, no
individuals carried the genotype AA. Allele
G is highly prevalent at 99.1% in the gout
group and 98.2% in the control group while
allele A only appeared in 0.9% of the gout
group and in 1.8% of the control group. No
significant differences in genotype and
allele were detected between the two
groups. Hence, genotype and allele
frequency of SNP rs16890979 (G>A) are
not associated with risk of gout among the
study subjects.
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Table 3. Polymorphism rs16890979 in the study population

Mutation Reference/ MAF(™) MAF®™ | pvalue
SNP_ID Gene | Position®™ ¢ Alternate among among for
ype allele control group | gout group| HWE
Rs16890979 | SLC2A9 | 4:9920543 | Missense G/A 0.019 0.009 0.956
Notes: (*) Position in GRCh38.p10; (**) MAF: Minor Allele frequency.
Table 4. Correlation between SNP rs16890979 (SLC2A9) and gout trait
SNP (Gene) | Model | Control group N=247 | Goutgroup N=163 | OR | 95% ClI P value
rs16890979 dominant
(SLC2A9) GG 238 (96.4%) 160 (98.2%) 1.00
GA 9 (3.6%) 3(1.8%) 0.496 | 0.132-1.86 | 0.289
Alleles
G 485 (98.2%) 323 (99.1%) 1.00
A 9 (1.8%) 3(0.9%) 0.5 | 0.087-2.027 | 0.381

Notes: n (%): Number of individuals (percentage); OR: Odd ratio; 95% CI: 95% confidence interval.

In the gout group, triglyceride level is

higher

among

individuals carrying the

genotype CC than in those carrying CT.

Meanwhile, creatinine

individuals carrying
While these differences in blood indices
between two genotypes of the same trait are

level

is lower in

the genotype CC.

considerably small,

considerably significant (p =

0.046 for triglyceride

the p-values were

and

0.007, p =
creatinine,

respectively) (Table 5). This showed a
correlation of the variation rs16890979 with

triglyceride and creatinine

group.

in the gout

Table 5. Correlation of rs16890979 with the triglyceride and creatinine indices
in blood of the study population

Triglyceride Creatinine
SNP/Model Genotype Mean + SD p-value Mean £ SD p-value
0.007 0.046
Rs16890979 CcC 275.57+£203.30 1.11+0.31
Dominant model CT 263.10£172.03 1.14+0.37
DISCUSSION may be due to differences in genetic
Several recent studies have shown the Dackground of geographically —separated

effects of hereditary factors on uric acid
excretion through the Kidneys.
Polymorphisms in the urate transport gene
SLC2A9 have been shown to be a gout risk
factor among many human populations such
as Caucasians (Dehghan et al., 2008, Moffatt
et al., 2009), Maorisand Polynesians (Moffatt
et al., 2009), Han Chinese and in Solomon
island (Tu et al., 2009).

In 2015, Meng et al. showed that
rs16890979 or V2531 could play a role in
reducing risk of gout. However, among the
study subjects, we have found no associations
between rs16890979 and the risk of gout. This

populations. Besides, study by Dehghan et al.
in African American populations showed
different distributions of rs16890979 among
populations of different ethnic origins
(Dehghan et al., 2008).

The protein GLUT9 encoded by the gene
SLC2A9 expresses mainly in kidneys and is
responsible for maintaining urate level in
blood and the excretion of uric acid through
urine (Dinour et al., 2010, Preitner et al.,
2009). Polymorphisms in SLC2A9 have been
shown to be correlated with high uric acid
level in blood (Brandstatter et al., 2008,
Dehghan et al., 2008, Ddring 2008, Voruganti
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et al., 2013). Population study on 541
individuals from Sardinia revealed the
association between uric acid and rs16890979
with a p-value of 0.02 (Li S et al., 2007).

In our study, while hyperuricemia is
prevalent among 163 gout patients (92.6%), no
associations between rs16890979 and uric acid
level as well as hyperuricemia have been
found (p-values of 0.215 and 0.622,
respectively). However, the statistical relation
between rs16890979 and triglyceride or
creatinine is significant. Both triglyceride and
creatinine indices were proven to be related to
kidney functions (Voruganti et al., 2013,
Zubovic et al., 2016). Research by Voruganti
et al. showed the relation between SLC2A9 and
kidney functions through creatinine level or
eGFR (Voruganti et al., 2013). A high
creatinine level is a sign of reduced glomerular
filtration rate, or kidney damages caused by
other diseases such as high blood pressure or
vascular disease (Wannamethee et al., 1997).
Zubovic revealed the correlation between
triglyceride and chronic kidney disease
through each stage of more than 150
individuals in Bosnia and Herzegovina. The
triglyceride level started to increase in the
beginning stage and peaked at stage IV and V
of chronic kidney disease (Zubovic et al.,
2016). A recent study showed high triglyceride
level among chronic kidney disease patients,
possibly leading to artery diseases (Keane et
al., 2011, Ritz, Wanner 2008).

Results from our study provide data for
later studies on the effects of the variation
rs16890979 in the gene SLC2A9 on several
metabolic disorder among a Vietnamese
population.

CONCLUSION

In this study, we analyzed the correlation
of the wvariant rs16890979 in the gene
SLC2A9 with gout and other clinical
characteristics. Results revealed that in
Vietnamese population, rs16890979 is not
associated with gout but with triglyceride
and creatinine in blood. The results need to
be confirmed with a larger sample size from
different areas of Vietnam. This study can
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contribute to future research on the
relationship between the gene SLC2A9 and
gout, providing the basis for gout diagnosis
and treatment among Vietnamese population.
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