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Abstract

Background: The aim of this study was to explore the associations of haplotypes of the glucose transporter 9
(SLC2A9) genes with type 2 diabetes mellitus (T2DM) complicated with hyperuricemia (HUA).

Methods: Overall, 608 Chinese males, enrolled from the Affiliated Hospital of Medical College of Qingdao
University in 2009-2012, were genotyped. The subjects included 167 withT2DM (average age of onset
(58.07£11.82 yr), 198 with HUA subjects (average age of onset (39.20%9.73) yr), 115 with T2DM complicated
with HUA (average age of onset (51.24%10.09) yr), and 128 control subjects (average age (41.92+10.01) yr).
Patients genotypes of the SNPs; including rs734553 was determined by PCR method. Each genotype was re-
gressed assuming the co-dominant, dominant and the recessive models of inheritance with covariates of
duration of total glucose, uric acid, urea nitrogen, triglyceride, cholesterol, and creatinine levels.

Results: Chi-square test revealed that rs734553polymorphism was both significantly associated with HUA as
well as T2DM complicated HUA, but not with pure T2DM. After adjustment for age and gender, analysis
showed that people with C allele had higher risk of HUA andT2DMcomplicated HUA than those without C
allele. And none of the subjects had the homozygous genotype for SLC2A9 (CC).

Conclusion: The SLC2A9 mutation increases the risk for T2DM complicated HUA in Chinese population,
which suggested that intron variants between two relatively conserved exons could also be associated with dis-
eases. In patients of T2DM complicated with HUA, the diagnosis and detection of SLC2A9 gene variants
should be caused enough attention.

Keywords: SLC2A9, Type 2 diabetes mellitus, Hyperuricemia, Pancreatic § cells

Introduction

The incidence of metabolic syndrome is increas- results of the current study show prevalence of
ing worldwide; this is especially true forType 2 HUA in women as 36.1% and in men as 28.4%
Diabetes Mellitus (T2DM) (1) and Hyperuricemia (3). T2DM and HUA are caused by mutations in
(HUA) (2), which often occurs together. Among genes. SLC2A9 is also known as glucose trans-
Chinese T2DM patients with central obesity, the porter9 (GLUTY) or urate efflux transporter
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(URAT)v1, which is a high-capacity uric acid
transporter as well as a glucose transporter(4).
Recently, it was identified to be a modulator of
uric acid and plays critical roles in maintaining
glucose and uric acid homeostasis. SLC2A9 has
two variants, SLC2A9v1 usually trafficked to the
basolateral membrane of proximal tubule epithe-
lial cells and SLC2A9v2 localized to the apical
membrane and has a high capacity for the urate
transport (5). The mechanism of uric acid excre-
tion by SLC2A9 regulation is through the two
variants (6). Recently, common genetic variants
of SLC2A9 be strongly associated with serum
urate level and gout in Caucasian cohorts from
Italy, UK, Croatia, the United States, Germany,
and Austria (7, 8). Furthermore, GLUT9 also
regulate insulin secretion in the pancreatic § cell
and up-regulated in the diabetic mouse (9). As a
dual transporter for fructose and uric acid, it is
necessary to investigate whether there are genetic
variants of SLC2A9 affect the glucose and uric
acid homeostasis in patients.

SLC2A9 has a relatively conserved amino acid
sequence in the seventh and eighth helices locat-
ed around the central channel of the transport
protein (10), which makes the variant in intron7
very important. The 15734553 polymorphism is
loci in the intron7 of the SLC2A9, reported to
influence serum uric acid levels contributing to
susceptibility to gout, Parkinson’s disease or
chronic kidney disease (CKD) Progression (11-
14). Therefore, it is a better candidate variant to
investigate the possible association betweenthe
glucose and uric acid homeostasis in patients.
The aim of this study was to explore the associa-
tions of haplotypes of the SLC2A9 genes with
T2DM complicated with HUA.

Materials and Methods

FEthics statement

The study has been approved by the ETHICAL
COMMITTEE of the Affiliated Hospital of
Qingdao University and has been performed in
accordance with the ethical standards of the Na-
tional Research Centre committee and with the
1964 Helsinki Declaration and its later amend-
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ments or comparable ethical standards. Informed
consent was obtained from all individual partici-
pants included in the study.

Study subjects

The study subjects were people who attended the
Affiliated Hospital of Qingdao University Medi-
cal School, including its clinics, wards, and medi-
cal center, between 2009 and 2012. We identified
608 males aged 30-70 yr to provide a cohort of
subjects from the same population living in the
coastal area of Shandong Province, China. Im-
paired glucose tolerance (IGT), impaired fasting
glucose (IFG), and HUA were diagnosed by clin-
ical endocrinologists using established criteria.
IFG was defined as fasting plasma glucose of
0.1-6.9 mmol/L and IGT as 2-h plasma glucose
of 7.8-11.0 mmol/L. HUA was defined as serum
uric acid levels>420umol/l (>7 mg/dL) in men
according to the American College of Rheuma-
tology (1977) (15).

Genotype analysis

From all study participants, blood samples were
taken and biochemical parameters were measured
using a Hitachi 2700--310 automatic biochemical
analyzer. Genomic DNA was isolated from pe-
ripheral blood leukocytes using Relax Gene
Blood DNA System (QiagenBiotech Co., Ltd.,
Beijing, China) according to the manufacturer’s
instructions. A segment of intron 7 of the
SLC2A9 gene was amplified by polymerase chain
reaction (PCR). The primers of rs734553 were as
follows: forward 5’-
GGAGAATCTGGAGCAAGT-3’ and reverse 5-
AAATAGTCCCAAAGAGTG-3" (GenScript Bio-
tech Co., Ltd., Nanjing, China). PCR reactions

were performed at 25ul. volume containing
50nggenomic DNA, 1 plL of each primer (10
uM), 12.5ul 2xTaq PCR Master Mix (Qiagen
Biotech Co., Ltd., Beijing, China) and 8.5 pl
ddH,O. The PCR cycling conditions were 94 °C
for 5 min, followed by 35 cycles at 94°C for 30

sec, 52 °C for 30 sec, 72 °C for 30 sec and a final
extension at 72 °C for 10 min. A 3 ul aliquot of

PCR product was digested at 37 °C for 2 h in a
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10 pL reaction containing 0.3uL restriction en-
zyme Hap 11 (New England Biolabs, Inc, Beverly,

MA), 1 pL 10xNE Buffer (New England Bi-
olabs, Inc, Beverly, MA) and 5.7 pL sterileddH.O

at 52 °C for 2 h. The genotypes were identified
by electrophoresis on 1.5% agarose gels. Five

samples in each genotype were sequenced by
Sangon Biotech Co., Ltd. (Shanghai, China).

Statistical analysis

Statistical analyses were performed using SPSS
version 13.0 (Chicago, 1L, USA). Continuous var-
iables are expressed as the mean * standard
deviation and were analyzed by one-way analysis
of variance. The y’test was used to compare dif-
ferences in rates. Logistic regression was used to
correct for age differences between groups. Val-
ues of P<0.05 were considered statistically signif-

icant. For all subjects, the Hardy—Weinberg equi-
librium of the genotype distribution was tested
using the homogeneity y* test.

Results

There were no significant differences in creati-
nine levels between the control subjects and
those with T2DM. Cholesterol, creatinine, and
urea nitrogen levels were not significantly differ-
ent between the subjects with T2DM and subjects
with HUA (all, P>0.05). Cholesterol levels were not
significantly ~ different between subjects with
T2DMwithout or with HUA. Furthermore, choles-
terol and uric acid levels were not significantly dif-
ferent between subjects with HUA and those with
T2DM complicated with HUA (Table 1).

Table 1: Demographic characteristics and clinical data

Variable NC T2DM HUA T2DM compli-
cated with HUA
n. 128 167 198 115
Age (y1) 41.921+10.01 58.07£11.82 39.20%9.73 51.24%10.09
Glucose (mmol/L) 5.03+0.57 6.94£1.922 5.05£0.39¢¢ 7.02%1.58i
Triglyceride (mmol/L) 0.89%0.36 1.87£1.092 2.79%0.81af 3.08%1.03x¢i
Cholesterol (mmol/L) 4.80£0.72 4.95£0.79x 5.14+0.89¢ 5.34x1.07¢
Uric acid (umol/L) 279.76£59.84 312.45£60.15> 469.87£50.592¢ 489.081+69.382¢
Creatinine (mmol/L) 89.6819.58 101.68£20.84 97.59£10.954 120.05£90.624hi
Urea nitrogen (mmol/L) 4.96x0.78 5.90+1.622 5.47+0.83¢ 5.96x1.702

NC: normal control subjects; T2DM: type 2 diabetes mellitus; HUA: hyperuricemia; *P< 0.001, PP = 0.001, <P = 0.008, and P =
0.027 vs. NC; <P< 0.001, P = 0.012, ¢P = 0.009, and "P = 0.001 vsT2DM; P< 0.001 and /P = 0.014 vs. HUA. Other between-

group comparisons were not statistically significant (P> 0.05)

The PCR products were the 482 bp nucleotide
sequences. Following restriction enzyme diges-
tion of the amplified DNA, the AA genotype was
not digested (bands at 482 bp), the AC genotype
was heterozygote for digestion with a band
(bands at 482, 261 and 221 bp) and the CC geno-
type was completely missing. The AA and AC
genotypes detected by the cleaved amplification
polymorphism  sequence-tagged sites (PCR-
RFLP) were also confirmed by sequencing, re-
spectively (Fig. 1).

The genotype and allele frequencies distributions
for SNP rs734553 were in Hardy—Weinberg equi-
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librium in the individual groups, as the P-values
of y’tests, were >0.05 in all four groups. The al-
lelic frequency of the rs734553 polymorphism in
the control subjects was given in Table 2. None
of the study subjects were homozygous for C/C.
Accordingly, there were marked differences in
the proportions of subjects with the A/A and
A/C genotypes in all four groups. Notably, the
risk of T2DM complicated with HUA was signifi-
cantly higher in people with the C allele than in
those with the A allele (95% confidence interval:
0.194-0.502).
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Fig. 1: The polymorphism loci rs734553 sequencing figure in 7 introns of SLC2A9 gene
Acheterozygoustype(A/C); B: homozygous type(A/A)

Table 2: Results of the y2 test of genotype and allele frequencies

Groups Genotype and genotype frequency Alleles and allelic frequency
X2 L x> Li

Aand B 1.463 0.236 1.346 0.26

Aand C 4.325 0.045 4.483 0.035
Aand D 4.004 0.049 3.943 0.039
Band C 0.053 0.863 0.063 0.742
Band D 0.372 0.638 0.364 0.475
Cand D 0.405 0.602 0.401 0.629

A: control subjects; B: subjects with type 2 diabetes mellitus (T2DM); C: subjects with hyperuricemia (HUA); D

subjects with T2DM complicated with HUA
Discussion

Chronic metabolic diseases have recently gained
attention as a major public health problem
around the world, especially such as T2DM and
HUA. And in 2004 and 2009, we conducted
epidemiological investigation of more than
13000. The prevalence of males with HUA has
been up to 18.32%, females 8.56% in 2004 (16).
In China, the world’s most populous nation has
approximately 100 million patients with
diabetes(17). T2DM and HUA often occur to-
gether. An elevated level of uric acid predicts the
development of diabetes (18, 19). And compared
with those only suffering from HUA, incidence

of gout in those combined with diabetes increas-
es 157.1% (95% CI, 11.0%-495.3%) (20). T2DM
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and HUA should be paid more attention. How-
ever, hereditary factor of the diseases and muta-
tions in genes have been less investigated.

As GLUTY or (URAT) v1, SLC2A9 situated on
chromosome 4p 15.3-16, which encodes a dual
transporter for fructose and uric acid is. It has
two variants, the long isoform SLC2A9v1 and
the short isoform SLC2A9v2 that has been
shown to transport urate. Recently, GLUT9 was
also considered as a uric acid transporter.
GLUTY was the only member of GLUT family
that whose substrate is urate(21). In tandem with
URATT1, the renal reabsorption of UA is depend-
ent on two variants, long GLUTIL, and short
GLUT9S. What's more, URAT1 and apical
GLUT9S, GLUT9L are the only major urate ef-
flux transporters that mediated urate uptake from
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the tubular lumen into the cell at the basolateral
Membrane (22). SLC2A9 variant sinfluenced uric
acid levels in Korean adults (23). Genetic variants
of SLC2A9 have close relation with serum uric
acid in multiple populations by genome-wide
scans (24). Uric acid was identified as a risk factor
for the development of type 2 DM in other stud-
ies (25). SLC2A9might be associated with type 2
DM and HUA. Although genetic variants of
SLC2A9 were strongly associated with serum uric
acid levels (26-29); however, the relationship of
genetic polymorphisms and DM combined with
HUA in Chinese population is rare.

The rs734553 polymorphism is located in intron
7 of the SLC2A9 gene (RefSNP alleles: A/C).
SLC2A9 has a relatively conserved amino acid
sequence in the seventh and eighth helices locat-
ed around the central channel of the transport
protein (10), the 15734553 polymorphism in in-
tron 7 may alter the polarity of some of these
conserved amino acids. Therefore, the polymor-
phism may affect the transporters affinity for glu-
cose and uric acid, resulting in changes in blood
glucose and uric acid levels. The polymorphism is
strongly associated with serum uric acid level (30,
31), also demonstrated in our study. The compo-
nent number of metabolic syndrome can induce
the increase of mean serum uric acid level (32,
33), and the prevalence of metabolic syndrome
also increases significantly with uric acid level (34,
35). Therefore, both uric acid level and metabolic
syndrome are closely linked. As metabolic syn-
drome is a major contributor to the development
of T2DM (306), the rs734553 polymorphism may
be the best choice for studying the relation be-
tween T2DM and SLC2A9.

We supposed that the SLC2A9 variations might
be correlation with HUA complicated with DM.
To verify the hypothesis, we analyzed the poly-
morphisms in SLC2A9 gene 1s734553 exon7 and
compared the genotypes and frequencies of al-
leles with the control group. Our study shows
that the rs734553 polymorphism is associated
with diabetes complicated with HUA (P=0.039).
The risk of T2DM complicated with HUA is
greater in those with the C allele than in those
with the A allele (95% confidence interval: 0.194—
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0.502). The minor C allele of rs734553 may alter
the polarity of some of these conserved amino
acids, and then influence the prolonged phase of
insulin secretion and therefore alter serum glu-
cose levels and increase the risk of developing
IFG/IGT(37). To our knowledge, this is the first
report on the variant of SLC2A9 in Chinese Han
population. As a representative of the SLC2A9
gene variants, 15734553 is showed to be associat-
ed with T2DM complicated with HUA patients
in China. However, the effect of SLC2A9 vari-
ants on serum UA levels was different in differ-
ent areas, in the population of Framingham and
Rotterdam, and also in the island of the Adriatic
coast of Croatia, variant c.884G>A was related to
elevated concentration of serum uric acid (espe-
cially in women), however, this is not the case in
African-Americans. While the c.841G>A vari-
antwas obviously related to the elevated concen-
trations of serum uric acid and gout in the popu-
lation of Han Chinese, Japanese, and Solomon
Island, but not in the Eastern and Western Poly-
nesians, and Europeans (38-41). This may be due
to different diet and lifestyle can also affect se-
rum UA levels. Besides, SLC2A9 gene transcrip-
tion regulation may be regulated by the joint ac-
tions of multiple polymorphisms, but whether
other polymorphisms participate in the process
still needs to be further study. Genetic back-
ground of the population is also a factor, so,
inclusion of people from different areas could
decrease regional bias.

In function, GLUT9 expression is up-regulated
in the liver and kidney of diabetic mice and influ-
enced insulin secretion in pancreatic § cells (6,
42). Pancreatic § cells control blood glucose con-
centrations by secreting insulin secretion, charac-
terized by a rapid first phase and a prolonged
second phase. In this process, the rapid first
phase is mediated by the influx of extra-cellular
glucose into [ cells, principally via GLUT2.
Therefore, GLUTY is involved in glucose uptake
in the prolonged phase of insulin secretion. And
because GLUTY is involved in uric acid excretion
as the long isoform (SLC2A9v1) mostly localized
at the basolateral membrane of proximal tubule
epithelial ~cells, while the short isoform
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(SLC2A9v2) is predominantly localized to the
apical membrane and has high capacity for trans-
porting urate out of the cell into the proximal
tubule (43). The GLUT9 polymorphism,
1rs734553, is powerful for prediction of CKD
progression because it is greatly related to serum
uric acid of healthy individuals with normal renal
function (14). Genetic variability influence serum
uric acid and glucose levels might modify suscep-
tibility to T2DM complicated with HUA. The
diagnosis and detection of SLC2A9 gene variants
should be caused enough attention in patients of
T2DMcomplicated with HUA. To clarify this,
functional studies of the SLC2A9 variation need
to be conducted in the future.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements

This study was funded by the National Natural
Science Foundation of China (8167061120.
81100554), Young and Middle-Aged Scientists
Research Awards Fund of Shandong Province
(BS2012YY003), the Scientific and Technical
Development Project of Department of health of
Shandong  Province (2011QZ007 and
2016WS0259), Shandong Province Natural Sci-
ence Fund Project (ZR2014HMO15), a Project of
Shandong Province Higher Educational Science
and Technology Program (J14LK11) and the Sci-
entific and Technical Development Project of
Qingdao (12-1-4-20-jc, 2012-1-3-2-(1)-nsh, 2013-
13-008-YY and 2014-1-72).

Conflict of interest

All authors declare that they have no conflict of
interest.

Awvailable at:

http://ijph.tums.ac.ir

References

1.

10.

Al-Quwaidhi AJ, Pearce MS, Sobngwi E et al
(2014). Comparison of type 2 diabetes
prevalence estimates in Saudi Arabia from a
validated Markov model against the
International Diabetes Federation and other
modeling studies. Diabetes Res Clin - Pract,
103(3):496-503.

Roddy E, Choi HK (2014). Epidemiology of
gout. Rbeuns Dis Clin North Am, 40(2):155-175.

Wang J, Chen RP, Lei L et al (2013). Prevalence
and determinants of hyperuticemia in type 2
diabetes mellitus patients with central obesity
in Guangdong Province in China. Asiz Pac |
Clin Nutr, 22(4):590-8.

Li S, Sanna S, Maschio A et al (2007). The
GLUTY gene is associated with serum utic
acid levels in Sardinia and Chianti cohorts.
PLoS Genet, 3(11):2194.

Doring A, Gieger C, Mehta D et al (2008).
SLC2A9 influences uric acid concentrations
with pronounced sex-specific effects. Naz
Genet, 40(4):430-6.

Vitart V, Rudan I, Hayward C et al (2008).
SLC2A9 is a newly identified urate
transporter  influencing ~ serum  urate
concentration, urate excretion and gout. Naz
Genet, 40(4):437-442.

Wallace C, Newhouse SJ, Braund P et al (2008).
Genome-wide association study identifies
genes for biomarkers of cardiovascular
disease: serum urate and dyslipidemia. Aw |
Hum Gener, 82(1):139-149.

Stark K, Reinhard W, Neureuther K et al (2008).
Association of common polymorphisms in
GLUTY9 gene with gout but not with
coronary artery disease in a large case-control
study. PhS one, 3(4):€1948.

Xing S-C, Wang X-F, Miao Z-M et al (2015).
Association of an Exon SNP of SLC2A9
Gene with Hyperuricemia Complicated with
Type 2 Diabetes Mellitus in the Chinese Male
Han Population. Cel/  Biochens  Biophys,
71(3):1335-1339.

Salas-Butgos A, Iserovich P, Zuniga F et al
(2004). Predicting the three-dimensional
structure of the human facilitative glucose
transporter glutl by a novel evolutionary
homology strategy: insights on the molecular
mechanism of substrate migration, and

849


http://ijph.tums.ac.ir/

850

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Iran J Public Health, Vol. 47, No.6, Jun 2018, pp. 844-851

binding sites for glucose and inhibitory
molecules. Bigphys |, 87(5):2990-9.

Kolz M, Johnson T, Sanna S et al (2009). Meta-
analysis of 28,141 individuals identifies
common variants within five new loci that
influence uric acid concentrations. PloS
Genet, 5(6):¢1000504.

Gonzalez-Aramburu I, Sanchez-Juan P, Jesus S
et al (2013). Genetic variability related to
serum uric acid concentration and risk of
Parkinson's disease. Mov Disord, 28(12):1737-
40.

Testa A, Mallamaci F, Leonardis D et al (2015).
Synergism between asymmetric
dimethylarginine (ADMA) and a genetic
marker of uric acid in CKD progression. Nusr
Metab Cardiovase Dis, 25(Y):167-72.

Testa A, Mallamaci F, Spoto B et al (2014).
Association of a polymorphism in a gene
encoding a urate transporter with CKD
progression. Clin | Am Soc Nephrol, 9(1):1059-
05.

Wallace SL, Robinson H, Masi AT et al (1977).
Preliminary criteria for the classification of the
acute arthritis of primary gout. Arthritis Rbeun,
20(¥):895-900.

Miao Z, Yan S, Wang | et al (2009). Insulin
resistance acts as an independent risk factor
exacerbating high-purine diet induced renal
injury and knee joint gouty lesions. Inflamm
Res, 58(" +):659-68.

Guariguata L, Whiting DR, Hambleton I et al
(2014). Global estimates of diabetes
prevalence for 2013 and projections for 2035.
Diabetes Res Clin Pract, 103(2):137-49.

Chang YH, Lei CC, Lin KC et al (2015). Serum
uric acid level as an indicator for CKD
regression and progression in patients with
type 2 diabetes mellitus-a 4.6-year cohort
study. Diabetes Metab Res Rev, 32(6):557-64.

Zhuang L, Su J-b, Zhang X-1 et al (2016). Serum
Ampylase Levels in Relation to Islet § Cell
Function in Patients with Eary Type 2
Diabetes. PloS one, 11(9):¢0162204.

Wang Y, Yan S, Li C et al (2013). Risk factors for
gout developed from hyperuricemia in China:
a five-year prospective cohort study. Rbeumatol
Int, 33(3):705-10.

Windpessl M, Ritelli M, Wallner M et al (2016).
A Novel Homozygous SLC2A9 Mutation
Associated with Renal-Induced

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Available at:

Hypouricemia. .Anz | Nephrol, 43(4):245-250.

Mancikova A, Krylov V, Hurba O et al (2016).
Functional analysis of novel allelic variants in
URAT1 and GLUTY9 causing renal
hypouricemia type 1 and 2. Clin Exp Nephro,
20(4):578-584.

Sull JW, Park EJ, Lee M et al (2013). Effects of
SLC2A9 variants on uric acid levels in a
Korean population. Rbeunatol Int, 33(1):19-23.

Chatles BA, Shriner D, Doumatey A et al (2011).
A genome-wide association study of serum
uric acid in African Americans. BMC medical
genonics, 44:17.

Wei F, Chang B, Yang X et al (2016). Serum Uric
Acid Levels were Dynamically Coupled with
Hemoglobin Alc in the Development of
Type 2 Diabetes. Se Rep, 6: 28549.

Ware EB, Richle E, Smith JA et al (2015).
SLC2A9  Genotype Is Associated —with
SLC2A9 Gene Expression and Urinary Uric
Acid Concentration. Pl oS Ore,
10(7):e0128593.

Voruganti VS, Laston S, Haack K et al (2015).
Serum uric acid concentrations and SLC2A9
genetic variation in Hispanic children: the
Viva La Familia Study. Aw | Clin Nur,
101(4):725-32.

Giri AK, Banerjee P, Chakraborty S et al (2010).
Genome wide association study of uric acid in
Indian  population and interaction of
identified variants with Type 2 diabetes. Se
Rep, 6:21440.

Long W, Panwar P, Witkowska K et al (2015).
Critical Roles of Two Hydrophobic Residues
within  Human Glucose Transporter 9
(hSLC2AY9) in Substrate Selectivity and Urate
Transport. | Bio/ Chens, 290(24):15292-303.

Mallamaci F, Testa A, Leonardis D et al (2014).
A polymorphism in the major gene regulating
serum uric acid associates with clinic SBP and
the white-coat effect in a family-based study. |
Hypertens, 32(8):1621-8; discussion 1628.

Mallamaci F, Testa A, Leonardis D et al (2015).
A genetic marker of uric acid level, carotid
atherosclerosis, and arterial stiffness: a family-
based study. .Am | Kidney Dis, 65(2):294-302.

Abbasian M, Ebrahimi H, Delvarianzadeh M et
al (2016). Association between serum utic
acid (SUA) levels and metabolic syndrome
(MetS) components in personnel of Shahroud
University of Medical Sciences. Diabetes Metab

http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

Yi et al.: An Intron Variant of SLC2A9 Increases the Risk for Type 2 Diabetes ...

Syndr, 10(3):132-6.

33. Chen D, Zhang H, Gao Y et al (2015). Cross-
sectional and longitudinal  associations
between serum uric acid and metabolic
syndrome: Results from Fangchenggang Area
Male Health and Examination Survey in
China. Clin Chim Acta, 446:226-30.

34. Wei CY, Sun CC, Wei JC et al (2015).
Association between Hyperuricemia and
Metabolic Syndrome: An Epidemiological
Study of a Labor Force Population in Taiwan.
Biomsed Res Int, 2015:369179.

35. Vaya A, Rivera L, Hernandez-Mijares A et al
(2015). Association of metabolic syndrome
and its components with hyperuricemia in a
Mediterranean population.  Clin - Hemorbeo!
Microcirs, 60(3):327-34.

36. Janghorbani M, Amini M (2016). Udlity of
Continuous Metabolic Syndrome Score in
Assessing Risk of Type 2 Diabetes: The
Istahan Diabetes Prevention Study. .Awmn Nutr
Metab, 68(1):19-25.

37. Liu WC, Hung CC, Chen SC et al (2011). The
51014290 polymorphism of the SLC2A9
gene is associated with type 2 diabetes
mellitus in Han Chinese. Exp Diabetes Res,
2011:527520.

Available at:  http://ijph.tums.ac.ir

38.

39.

41.

42.

43.

Urano W, Taniguchi A, Anzai N et al (2010).
Association between GLUT9 and gout in
Japanese men. .Awmn Rheunr Dis, 69(5):932-3.

Karns R, Zhang G, Sun G et al (2012). Genome-
wide association of serum uric acid
concentration:  replication of  sequence
variants in an island population of the
Adriatic coast of Croatia. . Amn Hum Genet,
76(2):121-7.

Dehghan A, Kottgen A, Yang Q et al (2008).
Association of three genetic loci with uric acid
concentration and risk of gout: a genome-
wide association study. Lances,
372(9654):1953-61.

Stiburkova B, Pavlikova M, Sokolova | et al
(2014).  Metabolic ~ syndrome,  alcohol
consumption and genetic factors are
associated with serum utic acid concentration.
PIL oS One, 9(5):¢97646.

Evans SA, Doblado M, Chi MM et al (2009).
Facilitative glucose transporter 9 expression
affects glucose sensing in pancreatic beta-
cells. Endocrinology, 150(12):5302-10.

Kimura T, Takahashi M, Yan K et al (2014).
Expression of SLC2A9 isoforms in the
kidney and their localization in polarized
epithelial cells. PLoS One, 9(1):e84996.

851


http://ijph.tums.ac.ir/

