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ABSTRACT. Current evidence suggests that heredity and metabolic 
syndrome contribute to gout progression. SLC2A9 and ZNF518B may 
play a role in gout progression in different populations, but no studies 
have focused on the Tibetan Chinese population. In this study, we 
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determined whether variations in these 2 genes were correlated with 
gout-related indices in Chinese-Tibetan gout patients. We detected 6 
single nucleotide polymorphisms in SLC2A9 and ZNF518B in 319 
Chinese Tibetan gout patients. One-way analysis of variance was used to 
evaluate the polymorphisms’ effects on gout based on mean serum levels 
of metabolism indicators. Polymorphisms in SLC2A9 and ZNF518B 
affected multiple risk factors related to gout development. Significant 
differences in serum triglyceride levels and high-density lipoprotein-
cholesterol level were detected between different genotypic groups 
with SLC2A9 polymorphisms rs13129697 (P = 0.022), rs4447863 (P = 
0.018), and rs1014290 (P = 0.045). Similarly in ZNF518B, rs3217 (P = 
0.016) and rs10016022 (P = 0.046) were associated with high creatinine 
and glucose levels, respectively. This study is the first to investigate 
and identify positive correlations between SLC2A9 and ZNF518B gene 
polymorphisms and metabolic indices in Tibetan gout patients. We 
found significant evidence indicating that genetic polymorphisms affect 
gout-related factors in Chinese Tibetan populations.

Key words: Gout; Metabolic indices; Single  nucleotide polymorphism; 
SLC2A9; ZNF518B

INTRODUCTION

Gout is the most common inflammatory joint disease in men above 40 years of age 
(Luk and Simkin, 2005). Elevation of serum urate levels is an essential prerequisite for gout 
development (Riches et al., 2009). However, uric acid levels are closely associated with com-
ponents of metabolic syndrome and other factors related to multiple physiological pathways. 
To increase the understanding of the predisposition to gout, it is important to study metabo-
lism-related indicators in gout.

In addition to environmental components, there is evidence that strong genetic 
control influences the regulation of blood uric acid concentrations (Yang et al., 2005). 
Genome-wide association studies have identified over 30 common sequence variants in-
fluencing serum uric acid concentration and gout (Hindorff et al., 2010). Among these, 
the most significant findings include single nucleotide polymorphisms (SNPs) located 
within the SLC2A9 gene and the intergenic region between SLC2A9 and ZNF518B on 
chromosome 4 (Döring et al., 2008). SLC2A9 encodes the GLUT9 renal molecule, which 
transports glucose and later transports uric acid (Caulfield et al., 2008; Witkowska et 
al., 2012). ZNF518B is a novel gene that has been identified to be associated with gout 
(Döring et al., 2008). It is possible that both SLC2A9 and ZNF518B regulate uric acid 
levels in the human body.

To identify genetic risk factors that significantly affect metabolism-related indicators 
in gout patients, we conduct an association study between these 2 genes and metabolic traits, 
including serum uric acid concentrations, in an isolated population in China. Tibetans have a 
higher incidence of gout (Liu et al., 2011). Our data provided new evidence for the potential 
relationships between SLC2A9 and ZNF518B gene variations and gout susceptibility in the 
Chinese Tibetan population.
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MATERIAL AND METHODS

Study population

In our study population, all analyses were restricted to Tibetan Chinese subjects. A 
total of 316 patients with gout between September 2011 and May 2013 were recruited into an 
ongoing molecular epidemiological study at the Department of Rheumatology of the Affiliated 
Hospital of Tibet Institute For Nationalities and the Center’s Hospital in Xianyang City, China. 
All participants were Tibetan Chinese living in the Tibet Autonomous Region of China, with 
at least 3 generations of paternal ancestry within this ethnic group. Subjects with any type of 
medical illness, organ transplant, or drug or alcohol addiction were excluded from the study. 
There were no gender, age, or disease stage restrictions for case recruitment. All patients were 
recently diagnosed and histologically confirmed to have gout according to the 1977 ARA pre-
liminary classification criteria for acute gout (Malik et al., 2009).

Blood samples and signed informed consent forms were obtained from all enrolled 
participants. This protocol was approved by the Clinical Research Ethics Boards of Tibet Na-
tionality College and Northwest University and was in compliance with Department of Health 
and Human Services regulations for the protection of human research subjects.

Demographic and clinical data

We collected demographic and clinical data through face-to-face interviews using a 
standardized epidemiological questionnaire, including information on age, gender, ethnicity, 
residential region, alcohol use, smoking status, educational status, and family history of can-
cer. In fasting venous blood samples, serum albumin, fasting glucose (GLU), triglycerides 
(TG), total cholesterol, low-density lipoprotein-cholesterol, high-density lipoprotein-choles-
terol (HDL-C), creatinine (CREA), urea nitrogen, and uric acid were measured (B-bridge, 
Tokyo, Japan).

SNP selection and genotyping

We selected SNPs form previously published polymorphisms associated with gout 
(Döring et al., 2008). A total of 4 SNPs in SLC2A9 and 2 SNPs in ZNF518B with minor allele 
frequencies greater than 5% in the Asian population HapMap were selected for further genotyp-
ing because they were reported to be associated with gout. Genomic DNA was extracted from 
peripheral blood using phenol-chloroform, and its concentration was measured using a DU530 
UV/VIS spectrophotometer (Beckman Instruments, Brea, CA, USA). A multiplexed SNP Mas-
sEXTEND assay was designed with the Sequenom MassARRAY Assay Design 3.0 Software 
(San Diego, CA, USA). Genotyping was performed using the Sequenom MassARRAY RS1000 
with a standard protocol recommended by the manufacturer (Gabriel et al., 2009), and data were 
managed using the Sequenom Typer 4.0 Software (Thomas et al., 2007; Gabriel et al., 2009).

Statistical analysis

All statistical analyses were performed using SPSS 17.0 statistical package (SPSS, 
Inc., Chicago, IL, USA). The data elements considered were analyzed as continuous variables. 
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We used analysis of variance for comparisons of metabolism-related indicators among the 
subjects with 3 different genotypes. All P values in our study were 2-sided, and P < 0.05 was 
considered to indicate statistical significance.

RESULTS

A total of 316 Tibetan Chinese patients (183 males, 133 females; mean age 54.70 ± 
17.140 years; SD) were included in our study. Basic characteristics of the patients such as 
gender, age, albumin, glucose, TG, cholesterol, high-density lipoproteins, carbamide, and uric 
acid level are listed in Table 1.

Table 1. Demographic and clinical characteristics of study participants.

Gender N Age (years) ALB (g/L) GLU (mM) TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) CREA (µM) UA (µM)

Male 183 56.74 ± 1.41 41.64 ± 1.84 5.59 ± 0.16 4.925 ± 0.91 1.49 ± 1.15 1.31 ± 1.08 77.50 ± 41.22 382.19 ± 137.89
Female 133   57.52 ± 15.40 41.05 ± 6.51 5.37 ± 1.97   4.29 ± 1.52 1.44 ± 1.30 1.26 ± 0.46 73.69 ± 26.25 384.98 ± 137.50

ALB: albumin; GLU: glucose; TC: triglyceride; TG: cholesterol; HDL-C: high-density lipoproteins; CREA: 
creatinine; UA: uric acid.

We genotyped 4 SNPs in SLC2A9 using analysis of variance to compare different geno-
types with clinical metabolism indices and found that the “TT” genotype of rs13129697 (P = 0.022) 
and rs4447863 (P = 0.018) were significantly associated with a high TG level, while the “CC” 
genotype of rs1014290 (P = 0.045) had a statistically significant association with low HDL-C level 
(Table 2). Similarly, in ZNF518B, the “TT” genotype of rs3217 (P = 0.016) and the “GA” genotype 
of rs10016022 (P = 0.046) were associated with high CREA and GLU levels, respectively (Table 2).

DISCUSSION

This study of SLC2A9 and ZNF518B and their association with metabolic traits re-
vealed 2 important findings. First, the SNPs examined (rs13129697, rs4447863, and rs1014290) 
were strongly associated with TG and HDL-C levels, respectively. This was surprising, as we 
expected the SLC2A9 transporter gene variants to be strongly associated with gout in the Ti-
betan population. Second, we found an association between ZNF518B gene variants (rs3217 
and rs10016022) and CREA and GLU levels, suggesting that ZNF518B is also associated with 
gout in the Tibetan population.

SLC2A9 is located on chromosome 4 and is the most extensively replicated genetic 
locus associated with serum uric acid levels. It is a causative gene for renal hypouricemia and 
plays a key role in urate reabsorption by renal proximal tubular cells (Preitner et al., 2009). 
Recently, studies have reported that SLC2A9 plays a crucial role in the incidence of gout (Tin 
et al., 2011; Witkowska et al., 2012). Another study showed that rs13129697, located in intron 
7 of SLC2A9, showed the strongest association with gout (Karns et al., 2012). Our results also 
indicate that rs13129697 is strongly associated with TG level. High TG levels cause some of 
free fatty acids to be largely re-esterified or stored in other tissues, resulting in accelerated 
degradation of ATP and higher serum uric acid levels (Shaw et al., 2014). In addition, we 
also found that rs1014290 was associated with low HDL-C level, which can cause the loss 
of the negative regulation of inflammation, possibly aggravating gout-related inflammatory 
reactions (Dong et al., 2014). Collectively, our results support an association between genetic 
polymorphisms in SLC2A9 and gout susceptibility, suggesting that this gene may function in 
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the same disease mechanism in the Tibetan populations as it does in others.
For ZNF518B, which was also identified by genome-wide association studies to be as-

sociated with gout, rs3217 and rs10016022 have been found to influence CREA and GLU lev-
els in our study. However, there have been no previous studies showing a relationship between 
these 2 SNPs and gout onset; in fact, studies on this gene are rare. GLU is highly associated 
with the development of gout and hyperuticemia, indirectly increasing the level of serum uric 
acid and the risk of gout by enhancing insulin resistance and circulating insulin levels (Han et 
al., 2008), suggesting that ZNF518B is also associated with the incidence of gout in Tibetan 
populations.

In this study, a very specific population was examined. Additionally, novel genes were 
included. Although SLC2A9 has been identified to be associated with gout by several previous 
studies, few studies have examined ZNF518B. Our study focused on the association between 
genes and the metabolic traits of disease, which differs from the approach used by general as-
sociation studies. There are also several limitations to our study. Our sample size was limited 
and no controls were included because of the difficulty of recruiting Tibetan subjects. Thus, 
the novel associations we identified should be confirmed in further studies.

In conclusion, we analyzed SNPs in the SLC2A9 and ZNF518B genes and identified 
a relationship between genetic polymorphisms and gout susceptibility in the Tibetan Chinese 
population. We examined the associations between SLC2A9 and ZNF518B gene variations and 
metabolic traits in gout. Our study offers important insights into the etiology of gout.

Conflicts of interest

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

Research supported by the National Natural Science Foundation of China (#31260252), 
the Natural Science Foundation of Xizang (Tibet) Autonomous Region (#2014), the Social 
Science Foundation of the Chinese Ministry of Education (#12YJA850011) and the State Proj-
ect for Essential Drug Research and Development (Grant #2012ZX09506001-007).

REFERENCES

Caulfield MJ, Munroe PB, O’Neill D, Witkowska K, et al. (2008). SLC2A9 is a high-capacity urate transporter in humans. 
PLoS Med. 5: e197.

Dong J, Yu S, Yang R, Li H, et al. (2014). A simple and precise method for direct measurement of fractional esterification 
rate of high density lipoprotein cholesterol by high performance liquid chromatography. Clin. Chem. Lab. Med. 52: 
557-564.

Döring A, Gieger C, Mehta D, Gohlke H, et al. (2008). SLC2A9 influences uric acid concentrations with pronounced sex-
specific effects. Nat. Genet. 40: 430-436.

Gabriel S, Ziaugra L and Tabbaa D (2009). SNP genotyping using the Sequenom MassARRAY iPLEX platform. Curr. 
Protoc. Hum. Genet. 2: 12.

Han Ling-Chuan, Lu-Dong-Hui and Liu Hong-Li (2008). Analysis of risk factors for gout accompanied with impaired 
glucose metabolism. Chin. Pract. Med. 36: 43-44.

Hindorff LA, Junkins HA, Mehta J and Manolio T (2010). A catalog of published genome-wide association studies. National 
Human Genome Research Institute. Available at: http://www.genome.gov/gwastudies. Accessed April 10, 2011.

Karns R, Zhang G, Sun G, Rao Indugula S, 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. Ann. Human Genet. 76: 



9921SLC2A9 and ZNF518B polymorphisms correlate with gout

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (3): 9915-9921 (2015)

121-127.
Liu H, Chi L, Yan F, Liu S, et al. (2011). The epidemiological characteristics and risk factors of hyperuricemia and gout. 

J. Chin. Modern Med. 106-108.
Luk AJ and Simkin PA (2005). Epidemiology of hyperuricemia and gout. Am. J. Manag. Care 11: S435-S442.
Malik A, Schumacher HR, Dinnella JE and Clayburne GM (2009). Clinical diagnostic criteria for gout: comparsion with 

the gold standard of synovial fluid crystal analysis. J. Clin. Rheumatol. 15: 22-24.
Preitner F, Bonny O, Laverrière A, Rotman S, et al. (2009). Glut9 is a major regulator of urate homeostasis and its genetic 

inactivation induces hyperuricosuria and urate nephropathy. Proc. Natl. Acad. Sci. U. S. A. 106: 15501-15506.
Riches PL, Wright AF and Ralston SH (2009). Recent insights into the pathogenesis of hyperuricaemia and gout. Hum. 

Mol. Genet. 18: R177-R184.
Shaw OM, Pool B, Dalbeth N and Harper JL (2014). The effect of diet-induced obesity on the inflammatory phenotype of 

non-adipose-resident macrophages in an in vivo model of gout. Rheumatology (Oxford) 53: 1901-1905.
Thomas RK, Baker AC, Debiasi RM, Winckler W, et al. (2007). High-throughput oncogene mutation profiling in human 

cancer. Nat. Genet. 39: 347-351.
Tin A, Woodward OM, Kao WH, Liu CT, et al. (2011). Genome-wide association study for serum urate concentrations 

and gout among African Americans identifies genomic risk loci and a novel URAT1 loss-of-function allele. Hum. 
Mol. Genet. 20: 4056-4068.

Witkowska K, Smith KM, Yao SY, Ng AM, et al. (2012). Human SLC2A9a and SLC2A9b isoforms mediate electrogenic 
transport of urate with different characteristics in the presence of hexoses. Am. J. Physiol. Renal Physiol. 303: 
F527-F539.

Yang Q, Guo CY, Cupples LA, Levy D, et al. (2005). Genome-wide search for genes affecting serum uric acid levels: the 
Framingham Heart Study. Metabolism 54: 1435-1441.


