Genetic variation in WDRI is associated with
gout risk and gout-related metabolic indices
in the Han Chinese population
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ABSTRACT. Gout is the most common form of inflammatory arthritis
affecting men, and current evidence suggests that genetic factors
contribute to its progression. As a previous study identified that WD40
repeat protein 1 (WDRI) is associated with gout in populations of
European descent, we sought to investigate its relationship with this
disease in the Han Chinese population. We genotyped six WDRI single
nucleotide polymorphisms in 143 gout cases and 310 controls using
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Sequenom MassARRAY technology. The SPSS 16.0 software was used
to perform statistical analyses. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated by unconditional logistic regression,
with adjustments for age and gender. In an analysis using an allelic
model, we identified that the minor alleles of rs3756230 (OR = 0.64,
95%CI1=0.450-0.911, P=0.013) and rs12498927 (OR = 1.377, 95%CI
=1.037-1.831, P = 0.027) were associated with gout risk. In addition,
we found that the “A/A” genotype of rs12498927 was associated with
increased risk of gout under codominant (OR = 2.22, 95%CI = 1.12-
4.40, P=0.042) and recessive models (OR =2.24, 95%CI = 1.20-4.17,
P =10.012). We also determined the “A/G” genotype of rs12498927 to
be significantly associated with higher urea levels in gout patients (P
=0.017). Our data shed new light on the association between genetic
variations in the WDRI gene and gout susceptibility in the Han Chinese
population.
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INTRODUCTION

Gout is the most common type of inflammatory arthritis in men, with a prevalence
of 1-2% (Richette and Bardin 2010), and hyperuricemia has long been recognized as its most
important risk factor (Riches et al. 2009). In the majority of gout patients, hyperuricemia
occurs as a result of overproduction of uric acid (UA) or impaired excretion of renal UA
(Terkeltaub et al., 2006). Previous studies have indicated that conventional risk factors
including age, body mass index, cigarette smoking, and alcohol intake can influence serum
UA concentration (Heinig and Johnson, 2006; Brandstétter et al., 2008; Haj Mouhamed et al.,
2011). Moreover, serum UA levels are also determined by genetic factors, with heritability
ranging from 25 to 63% (Yang et al., 2005; Doherty, 2009). To obtain a more complete
understanding of predisposition to hyperuricemia and gout, identifying associated genetic risk
factors is essential.

Recently, several independent genome-wide association scans have identified
common single nucleotide polymorphisms (SNPs) associated with increased serum urate
levels and gout in populations of European descent, involving genes including SLC249,
ABCG2, SLC1741, SLC1743, WDA40 repeat protein 1 (WDRI), and GCKR (McArdle et
al., 2008; Vitart et al., 2008; Kolz et al., 2009; Charles et al., 2011; Kottgen et al., 2013).
To date, however, WDRI has not been as extensively studied, especially in the Chinese
population. WDRI1 is the vertebrate homolog of actin-interacting protein 1, and has been
shown to contribute to GWAS association signals relating to serum UA levels and gout.
In some investigations, WDRI expression has been observed to correlate with aging and
inflammatory responses (Cervero et al., 2012).

We sought to investigate the potential role of WDR1 SNPs in the development of gout
among Han Chinese people. Therefore, we performed a comprehensive association analysis
in northwest China, using a case-control design. Our data shed new light on the association
between WDRI SNPs and gout susceptibility in the Han Chinese population.
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MATERIAL AND METHODS
Study population

All study participants were Han Chinese. A total of 143 gout patients were consecutively
recruited between March 2011 and November 2013 at the Affiliated Hospital of Tibet Institute
for Nationalities and the Central Hospital in Xianyang City, China. All patients were recently
diagnosed and histologically confirmed as suffering from gout according to the American
College of Rheumatology classification criteria (1977), and as having no history of cancer,
infection, nephropathy, or autoimmune diseases. No age, gender, or disease-stage restrictions
were imposed for recruitment of cases.

We also recruited a random sample of unrelated healthy individuals between June
2010 and October 2011 from the medical examination center at the Affiliated Hospital
of Tibet Institute For Nationalities in Xianyang City, China. All participants were Han
Chinese and living in or near Xianyang city. Detailed recruitment and exclusion criteria
were used in our study. Individuals were excluded if they had a history of cancer (based on
self-reporting) or had received previous radiotherapy and/or chemotherapy for undisclosed
conditions. This minimized the presence of factors that might have influenced mutation
rate, thus maximizing the study power. In this way, we selected 310 unrelated healthy
subjects to serve as controls.

Blood samples and signed informed consent forms were obtained from every participant.
This protocol was approved by the Clinical Research Ethics Boards of Tibet University for
Nationality and Northwest University, and complies with the Chinese Department of Health
and Human Services regulations for the protection of human research subjects.

Demographic and clinical data

We collected demographic and clinical data via face-to-face interviews using a
standardized epidemiological questionnaire, including information on gender, age, residential
region, ethnicity, alcohol use, smoking status, educational status, and family history of cancer.
Detailed clinical information on cases was collected from treating physicians or medical chart
reviews. In addition, alpha-fetoprotein and plasma carcinoembryonic antigen levels were
analyzed to ensure that no participants in the control group suffered from cancer.

SNP selection and genotyping

We selected SNPs from previously published polymorphisms associated with gout.
Only SNPs with a minor allele frequency (MAF) greater than 5% in the HapMap Han Chinese
population were selected for genotyping, resulting in the use of six WDRI SNPs. Genomic
DNA was extracted from peripheral blood using the phenol-chloroform method, and its
concentration was measured using a DU530 ultraviolet-visible spectrophotometer (Beckman
Instruments, Fullerton, CA, USA). The MassARRAY Assay Design 3.0 software (Sequenom,
San Diego, CA, USA) was used to design multiplex SNP MassEXTEND assays (Gabriel et
al., 2009). Genotyping was performed using the Sequenom MassARRAY RS1000, following
the manufacturer protocol (Gabriel et al., 2009), and data were managed using the Sequenom
Typer 4.0 software (Sequenom; (Thomas et al., 2007; Gabriel et al., 2009).

Genetics and Molecular Research 15 (2): gmr.15027381 ©FUNPEC-RP www.funpecrp.com.br



L.J. Liu et al. 4

Statistical analysis

We used Excel (Microsoft, Redmond, WA, USA) and the SPSS 16.0 statistical package
(SPSS Inc., Chicago, IL, USA) to perform statistical analyses. All P values in our study
were two-sided, with P = 0.05 being considered the cutoff value for statistical significance.
Control genotype frequencies for each SNP were tested for departure from Hardy-Weinberg
equilibrium (HWE) using the Fisher exact test, while the chi-square test was used to compare
genotype frequencies in case and control groups (Adamec, 1964). Unconditional logistic
regression models adjusted for age and gender were used to derive odds ratios (ORs) and 95%
confidence intervals (ClIs) (Bland and Altman, 2000) for gout susceptibility.

Associations between SNPs and gout risk were tested under several genetic models
by analysis with the SNPStats software, obtained from http://bioinfo.iconcologia.net. OR and
95%CI values were calculated as above. The Akaike and Bayesian information criteria were
applied to choose the model of best fit for each SNP. Furthermore, we used analysis of variance
(ANOVA) to compare gout-related clinical indices between the three different genotypes of
the SNP significantly associated with this disease.

RESULTS

A total of 143 Han Chinese gout cases (125 men and 18 women, with a mean age of
43.17 + 14.06 years) and 310 controls (197 men and 113 women, with a mean age of 49.09 +
7.88 years) were included in our study. Table 1 shows the demographic and clinical variables
of the case and control subjects. Significant differences in gender and age distributions were
observed between these two groups (P < 0.05).

Table 1. Demographic and clinical variables in gout cases and healthy controls.

Cases Controls P value
Total 143 310
Gender 0.000**
Women (%) 18 (12.4) 113 (36.5)
Men (%) 125 (86.2) 197 (63.5)
Age
Mean + SD (years) 43.17 £ 14.061 49.09 +7.877 0.000°*
Clinical indices
TC (mM) 3.95 £ 1.421
TG (mM) 1.65 + 1.492
HDL-C (mM) 0.95 +0.392
LDL-C (mM) 2.08 +0.837
Urea (mM) 6.83 +4.319
UA (uM) 507.15 + 100.343

SD = standard deviation, TC = total cholesterol, TG = triglyceride, HDL-C = high-density lipoprotein cholesterol,
LDL-C = low-density lipoprotein cholesterol, Urea = urea nitrogen, UA = uric acid. *Calculated by two-sided chi-
square test. *Calculated by independent samples #-test. *P < 0.05 indicates statistical significance.

Table 2 summarizes the MAF of the SNPs tested among individuals in each group.
None of these polymorphisms exhibited departure from HWE in the controls. Using the chi-
square test to compare allele frequency distributions, we identified two SNPs in WDR/ that
significantly differed between the study groups (rs3756230: OR = 0.64, 95%CI = 0.450-0.911,
P=0.013; rs12498927: OR = 1.377, 95%CI = 1.037-1.831, P = 0.027).
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Table 2. Allele frequencies in case and control groups and odds ratio estimates for association with gout.

SNP Gene | Location Position Minor allele | MAF (cases) | MAF (controls)] HWE P value OR (95% CI) P value
1s3756230 WDRI | 4pl6.1 10083829 C 0.176 0.250 0.130 0.640 (0.450-0.911) | 0.013*
1s3796818 WDRI | 4pl6.1 10097976 A 0.134 0.181 0.128 0.702 (0.473-1.042) 0.078
152241488 WDRI | 4pl6.1 10101131 C 0.134 0.181 0.128 0.702 (0.473-1.042) 0.078
1512509714 | WDRI | 4pl6.1 10107091 C 0.479 0.424 0.131 1.25 (0.944-1.653) 0.119
154604059 WDRI | 4plé6.1 10115065 T 0.421 0.355 0.106 1.32 (0.993-1.756) 0.056
1512498927 | WDRI | 4plé.1 10115523 A 0.434 0.358 0.064 1.377 (1.037-1.831) | 0.027*

SNP = single nucleotide polymorphism, MAF = minor allele frequency, HWE = Hardy-Weinberg equilibrium, OR
= odds ratio, CI = confidence interval.*P < 0.05 indicates statistical significance.

In the genetic model component of our analysis, we assumed that the minor allele of
each SNP was a risk factor relative to the wild-type allele. Five genetic models (dominant,
recessive, additive, codominant, and overdominant) were applied to analyze associations
between the SNPs and gout risk using a logistic regression test (Table 3). We found that
the “A/A” genotype of rs12498927 was associated with increased gout risk, based on the
codominant (OR = 2.22, 95% CI = 1.12-4.40, P = 0.042) and recessive models (OR = 2.24,
95% CI = 1.20-4.17, P = 0.012). However, no association between rs3756230 and gout risk
was identified after adjusting for gender and age.

Table 3. Logistic regression analysis of the association between the rs3756230 and rs12498927 polymorphisms
and gout risk (adjusted for gender and age).

SNP Model Genotype Cases (%) Controls (%) OR (95%CI) P value AIC BIC
1s3756230 Codominant G/G 88 (65.2) 169 (54.5) 1 0.29 478.6 499.1
C/G 44 (32.6) 127 (41) 0.71 (0.44-1.13)
c/C 322 14 4.5) 0.57 (0.14-2.27)
Dominant G/G 88 (65.2) 169 (54.5) 1 0.12 476.7 493.1
C/G-C/C 47 (34.8) 141 (45.5) 0.70 (0.44-1.10)
Recessive G/G-C/G 132 (97.8) 296 (95.5) 1 0.53 478.7 495.1
Cc/IC 3(22) 14 (4.5) 0.65 (0.17-2.57)
Overdominant G/G-C/C 91 (67.4) 183 (59) 1 0.18 4773 493.7
C/G 44 (32.6) 127 (41) 0.73 (0.46-1.16)
Log-additive - - - 0.72 (0.48-1.09) 0.12 476.7 493.1
1512498927 | Codominant G/G 46 (34.1) 120 (38.7) 1 0.042* 474.8 495.3
A/G 64 (47.4) 158 (51) 0.99 (0.61-1.62)
A/A 25 (18.5) 32(10.3) 2.22 (1.12-4.40)
Dominant G/G 46 (34.1) 120 (38.7) 1 0.47 478.6 495
A/G-A/A 89 (65.9) 190 (61.3) 1.19 (0.75-1.88)
Recessive G/G-A/G 110 (81.5) 278 (89.7) 1 0.012* 472.8 489.2
A/A 25 (18.5) 32(10.3) 2.24 (1.20-4.17)
Overdominant G/G-A/A 71 (52.6) 152 (49) 1 0.29 478 494.4
A/G 64 (47.4) 158 (51) 0.79 (0.51-1.23)
Log-additive - - - 1.36 (0.98-1.90) 0.066 475.8 492.2

SNP = single nucleotide polymorphism, OR = odds ratio, CI = confidence interval, AIC = Akaike’s information
criterion, BIC = Bayesian information criterion. *P < 0.05 indicates statistical significance.

Finally, we compared gout-related clinical indices in gout patients between the three
genotypes of 112498927 using ANOVA. We found the “A/G” genotype of 1512498927 to be
significantly associated with higher urea levels (P = 0.017). However, UA concentration did
not significantly differ with genotype (Table 4).
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Table 4. Associations between different genotypes of rs12498927 and gout-related metabolic indices in gout
patients.

Variables A/A AIG G/G P value
N Means + SD N Means + SD N Means + SD
TC (mM) 24 4.078 +1.145 62 3.934+1.719 42 3.895 +1.056 0.877
TG (mM) 24 1.446 + 0.560 61 1.777 £ 1.995 42 1.570 +0.882 0.607
HDL-C (mM) 24 1.091 +£0.536 61 0.910 +3.369 42 0.921 £0.312 0.137
LDL-C (mM) 24 2.885 +0.881 61 2.049 +0.920 42 2.054 +0.685 0.781
Urea (mM) 21 5.144 +1.061 52 7.994 +5.798 34 6.084 + 1.662 0.017*
UA (uM) 26 485.42 +93.395 68 517.25+115.931 46 504.50 £ 76.229 0.382

TC = total cholesterol, TG = triglyceride, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density
lipoprotein cholesterol, Urea = urea nitrogen, UA = uric acid. *P < 0.05 indicates statistical significance.

DISCUSSION

In this case-control study carried out in China, we genotyped six WDRI SNPs, finding
that two of these (rs3756230 and rs12498927) were significantly associated with gout. We also
observed that the “A/A” genotype of rs12498927 was related to increased risk of gout based
on analysis under various genetic models. In addition, the “A/G” genotype of rs12498927
significantly correlated with higher urea levels in gout patients. Our findings suggest that
genetic variations in WDRI may contribute to incidence of this disease in the Han Chinese
population.

WDRI, located on chromosome 4, is highly conserved in eukaryotes and promotes
cofilin-mediated actin filament disassembly (Kato et al., 2008). A previous study demonstrated
an association between WDRI and gout (Karns et al., 2012), but the biological mechanism
responsible remains unclear. Kato et al. (2008) revealed that WDRI plays an important role
in unidirectional cell migration by promoting cofilin activity (Kato et al., 2008). In addition,
Gearing et al. (2002) described aggregates of actin and cofilin in the brains of twins with
dystonia and cleft lip and palate. Although neither of these studies establishes a direct link
between WDRI and gout, they do suggest a possible biological mechanism for gout paroxysm
involving disruption of cell migration. We believe that this possibility is worthy of genetic and
biological follow-up.

Studies of the WDRI SNPs are rare, particularly those involving rs3756230 and
rs12498927. One previous study of the influence of SNPs on serum UA concentration
observed very strong long-range genomic interactions in female subjects between two WDR1
SNPs (rs4604059 and rs12498927) and two intergenic SNPs (rs7681212 and rs11943276)
near ZNF518B that were not seen in men (Wei et al., 2014). In our study, we found that
the “A/A” genotype of rs12498927 was associated with a 2.22- and 2.24-fold increase in
risk of developing gout under codominant and recessive models, respectively. However, the
mechanisms by which these polymorphism effects such a change are not clear.

We also determined the “A/G” genotype of rs12498927 to be significantly associated
with higher urea levels in gout patients. We speculated that gene polymorphisms may play arole
in increasing gout incidence by affecting protein metabolism. A previous study suggested that
WDR I may influence MAPK signaling pathway regulation, based on its interaction with other
proteins (Fujibuchi et al., 2005). In addition, WDR may impact macrophage phagocytosis by
regulating the degree of actin flip-flop, thereby affecting macrophage function and promoting
gout-related inflammatory reactions (Kile et al., 2007). Based on these findings, it can be seen
that WDRI may indirectly affect gout development via MAPK signaling.
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Although the current study benefitted from sufficient statistical power, some limitations
should be considered. Firstly, the sample size of our study was relatively small. Secondly, gout
is known to be a very complicated disease and clinical indices are highly important in its study.
However, as such measurements were absent from the control group data in our investigation,
we were unable to explore how genetic polymorphisms and clinical indices interact in gout.
Therefore, any association between WDRI gene polymorphism and clinical indices will need
to be confirmed in future studies.

In conclusion, our comprehensive analysis of SNPs in the WDRI gene provides
powerful new support for its relationship with gout susceptibility in the Han Chinese
population. We report two novel SNPs and specific genotypes of these as being related to gout
susceptibility. Our study offers important insights into the etiology of this disease.
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