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with the development of primary gout 
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Abstract: The aim of the present study was to investigate the association between seven functional SNPs in NALP3 
gene and the susceptibility to primary gout. A total of 247 patients with primary gout and 247 controls were selected 
in this study. Genotyping of NALP3 rs4612666, rs3806268, rs12239046, rs10754558, rs7512998, rs12137901 
and rs12565738 was performed using the Sequenom MassARRAY platform. Comparison analysis showed that 
primary gout patients were more likely to have a higher body mass index, DBP, SBP, TG, urea nitrogen and uric acid 
(P < 0.05). According to logistic regression analysis, individuals carrying with the GG genotype of rs3806268 were 
associated with increased risk of primary gout when compared with the AA genotype (OR=1.83, 95% CI=1.03-3.26). 
However, no significant associations were identified for the remaining SNPs. In conclusion, we found a significant 
association between rs3806268 in NLRP3 gene and the risk of primary gout in a Chinese population. Further 
clinical and genetic studies are required to investigate the mechanisms underlying the association between NALP3 
polymorphisms and the development of primary gout.
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Introduction

Gout is the most common form of autoinflam-
matory arthritis among men, and this disease 
is characterized by higher urate in serum and 
monosodium urate crystal deposition in tis-
sues, and thus to cause acute arthritis in and 
around the joints, nephrolithiasis and urate 
nephropathy [1, 2]. It is reported that the mor-
bidity is showing an increasing trend recently 
worldwide, and gout has affected about 6% of 
adults [3]. A recent epidemiology study has 
reported that the prevalence of gout in eastern 
China is about 2% in men and 0.5% in women, 
while it is less than 0.1% about 10 years ago 
[4]. It is well known that gout is a long-term 
chronic disease, and the pathogenesis of this 
disease is involved in a complex and multifacto-
rial process. Many environmental factors and 
immune dysregulation may play an important 
role in the development of gout, such as hyper-
uricemia. However, not all the individuals who 
expose to the similar risk factors would develop 
gout, which suggest that genetic factors could 
contribute to the underlying pathogenesis of 
this disease.

The accumulation of monosodium urate in tis-
sues plays a critical role in the attack of gouty 
arthritis [5]. Blood monocytes and monocytes 
and macrophages in synovial fluid could release 
a mass of IL-1β stimulated by monosodium 
urate, and mediate inflammatory response. 
Caspase-1 catalyzes inactive proIL-1β, and thus 
causes the production of active interleukin 
IL-1β. The activation of caspase-1 depends on 
active NALP3 inflammasome [6]. NLRP3 is a 
member of the nucleotide-binding domain and 
one of best-described members of nod like 
receptor (NLR) family [7]. NLRP3 could active 
caspase-1 and subsequent secretion of proin-
flammatory cytokines such as IL-1β and IL-18 
[8, 9]. The variants of NLRP3 could influence 
the mRNA stability and expression of NLRP3. 
Recent studies have reported the association 
of NLRP3 polymorphisms with the pathogene-
sis of autoinflammatory diseases, such as type-
2 diabetes and inflammatory bowel disease 
[10, 11]. Currently, only one study reported the 
role of NLRP3 polymorphisms in the develop-
ment of gout [12]. Therefore, we hypothesize 
that NLRP3 polymorphisms could contribute to 
the development of gout, and we conducted a 
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case-control study to investigate the associa-
tion between seven functional SNPs in NALP3 
and the susceptibility to primary gout.

Material and methods

Patients

Between March 2013 and January 2015, a 
total of 247 patients with primary gout were col-
lected from the Love & Health Hospital of 
Huangshi. The diagnosis of primary gout was 
based on preliminary criteria for the classifica-
tion of gout of the American Rheumatism 
Association published by the American College 
of Rheumatology in 1997 (Wallace et al., 1977). 
Additionally, a total of 247 adult healthy sub-
jects without primary gout were collected from 
individuals who received health check-up 
examinations in the Love & Health Hospital of 
Huangshi during the same period of collecting 
the patients with primary gout. The exclusion 
criteria for control subjects were those who had 
no history of primary gout, coronary atheroscle-
rosis heart disease, diabetes, hyperlipidemia, 
cancer, hepatic disease, or renal disease.

The demographic characteristics of patients 
with primary gout and control subjects were 
investigated by trained nurses with a self-
designed questionnaire, such as BMI index, 
tobacco smoking and alcohol drinking. The clin-
ical characteristics were collected from medi-
cal records, such as blood pressure, urea nitro-
gen, creatinine, uric acid and etc. All individuals 
voluntarily participated in the study and gave 
their informed consent. The protocol of this 
study was approved by the ethics committee of 
the Love & Health Hospital of Huangshi.

DNA extraction and genotyping

2 ml peripheral blood sample was drawn from 
each patient with primary gout and control sub-
ject, which was stored at -20°C until use. DNA 
was extracted from peripheral blood by using a 
commercially available Qiagen kit (Hilden, 
Germany). All patients and health controls were 
asked to provide 5 mL venous blood, which was 
stored at -20°C until use and included 0.5 mg/
mL EDTA as an anticoagulant. DNA was extract-
ed from peripheral blood leukocytes using a 
commercially available Qiagen kit (Hilden, 
Germany). Genotyping of NALP3 rs4612666, 
rs3806268, rs12239046, rs10754558, rs- 

7512998, rs12137901 and rs12565738 was 
performed using the Sequenom MassARRAY 
platform (San Diego, CA, USA). Multiplex PCR 
mixture contained 1× HotStar Taq buffer, 2.8 
mM MgCl2, 0.1 U of HotStar Taq polymerase, 2 
ng of genomic DNA, 0.5 pmol of each primer, 
and 0.5 mmol of dNTPs. Reaction was per-
formed at 94°C for 15 min, followed by 45 
cycles at 94°C for 20 s, 56°C for 30 s, and 
72°C for 1 min, with a final incubation at 72°C 
for 3 min. Unincorporated dNTPs were deacti-
vated using 0.3 U of shrimp alkaline phospha-
tase (SAP) followed by primer extension using 
5.4 pmol of each extension probe, 50 mmol of 
iPlex Termination Mix, and 0.5 U of iPLEX 
enzyme (Sequenom; San Diego, CA). The exten-
sion reactions were carried out with an initial 
denaturation step of 8 min at 94°C, followed by 
30 cycles at 94°C for 30 s, annealing at 60°C 
for 30 s, and extension at 72°C for 1 min. 
Purified extension reaction products with cat-
ion exchange resin were spotted onto 
SpectroCHIPs and measured by MALDI-TOF 
mass spectrometry.

Statistical analysis

Frequencies were used to describe the distribu-
tion of categorical variables and median and 
interquartile range was used for continuous 
variables. Deviations from Hardy-Weinberg 
equilibrium of NALP3 rs4612666, rs3806268, 
rs12239046, rs10754558, rs7512998, rs- 
12137901 and rs12565738 were assessed  
by χ2-test with one degree of freedom. Multi- 
ple conditional logistic regression models  
were established to estimate the association 
between NALP3 rs4612666, rs3806268, 
rs12239046, rs10754558, rs7512998, and 
rs12137901 and risk of primary gout, and the 
results were evaluated by the odds ratio (OR) 
and 95% confidence intervals (CIs). Additional 
stratification analysis was designed to analyze 
the gene-environmental interaction on the risk 
of primary gout. These values were adjusted for 
potential confounding factors, and the wild-
type genotype was used as the reference 
group. Differences for 2-sided P values < 0.05 
were considered statistically significant.

Results

The baseline information of patients with pri-
mary gout and control subjects were shown in 
Table 1. The mean ages of the primary gout 
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patients and control subjects were 51.60±9.15 
and 51.95±8.52 years, respectively. As expect-
ed, no significantly difference was found 
between patients with primary gout and control 
subjects in terms of age and gender (P > 0.05). 
When compared with control subjects, the 
patients with primary gout had a higher BMI, 
DBP, SBP, TG, urea nitrogen and uric acid by 
χ2-test (All P value < 0.05) (Table 1). Additionally, 
no significant differences were found between 

general population, as found in the NCBI dbSNP 
databases.

The association between the seven SNPs of 
NALP3 and risk of primary gout was shown in 
Table 3. By χ2-test, there were no significant dif-
ferences between patients with primary gout 
and control subjects in terms of genotype distri-
butions of the seven SNPs (All P values < 0.05). 
According to logistic regression analysis, indi-

Table 1. Characteristics of patients with primary gout and control subjects
Variables Patients N=247 % Controls N=247 % t or χ2 value P value
Age, years
Mean age, years 51.60±9.15 51.95±8.52 0.44 0.33
    < 50 144 58.30 147 59.51 
    ≥ 50 103 41.70 129 52.23 1.34 0.25
Gender
    Female 31 12.55 31 12.55 
    Male 216 87.45 216 87.45 0.00 1.00
Tobacco smoking
    Never 159 64.37 146 59.11 
    Ever 88 35.63 101 40.89 1.45 0.23
Alcohol drinking
    Never 132 53.44 124 50.20 
    Ever 115 46.56 123 49.80 0.52 0.47
BMI, kg/m2 25.13±1.15 24.20±2.05 6.22 < 0.001
DBP, mmHg 139.40±13.75 131.55±15.60 5.93 < 0.001
SBP, mm Hg 89.42±11.30 85.43±10.53 4.06 < 0.001
TG, mmol/L 2.47±2.10 1.53±0.93 6.43 < 0.001
TC, mmol/L 5.16±1.26 5.22±2.10 0.39 0.35
Urea nitrogen, mmol/L 6.15±2.40 5.81±1.55 1.87 0.03
Creatinine, μmol/L 92.50±35.35 95.65±16.73 1.27 0.10
Uric acid, μmol/L 513.50±19.40 335.50±48.65 53.41 < 0.001
BMI: body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; TC: Total cholesterol; TG: Triglyceride; Con-
tinuous variables analyzed using independent sample t-test; categorical variables analyzed using χ2-test.

Table 2. Genotype characteristics of the eight nucleotide 
polymorphisms of NALP3

SNP Alleles MAF From 
dbSNP

MAF P for HWE 
in controlsPatients Controls

rs4612666 A/G 0.4109 0.3988 0.4271 0.07
rs3806268 A/G 0.3874 0.4919 0.4089 0.08
rs12239046 C/T 0.4067 0.4453 0.4494 0.42
rs10754558 C/G 0.3558 0.3704 0.3522 0.001
rs7512998 T/C 0.1359 0.1498 0.1336 0.16
rs12137901 T/C 0.2869 0.3117 0.2834 0.06
rs12565738 C/T 0.1661 0.1660 0.1457 < 0.001
MAF: Minor allele frequency.

the 2 groups in terms of tobacco smok-
ing, alcohol drinking, TC and creatinine 
(All P value > 0.05).

By χ2-test with one degree of freedom, 
the genotype distributions of rs- 
4612666, rs3806268, rs12239046, 
rs7512998 and rs12137901 con-
firmed with Hardy-Weinberg equilibri-
um (P value < 0.05), while the rs- 
10754558 and rs12565738 deviated 
from Hardy-Weinberg equilibrium (P 
value > 0.05) (Table 2). The minor 
allele frequencies of the seven SNPs in 
controls were similar with those in the 
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viduals carrying with the GG genotype of 
rs3806268 were associated with increased 
risk of primary gout when compared with the 
AA genotype (OR=1.83, 95% CI=1.03-3.26). 
However, we did not find significant association 
of rs4612666, rs12239046, rs10754558, 
rs7512998, rs12137901 and rs12565738 
with the development of primary gout (All P val-
ues > 0.05).

We further analyzed the association between 
rs3806268 and risk of primary gout stratified 
by BMI, DBP, SBP, TG, TC, urea nitrogen, creati-
nine and uric acid, and no significant interac-
tion was found between rs3806268 and demo-
graphic and clinical characteristics (P values > 
0.05).

Discussion

It is well known that polymorphisms have an 
effect on the regulation of gene expression, 
which could contribute to the differences 
between individuals in the susceptibility to a 
disease and its severity. Gout is a polygenic 
heterogeneity disease, and the pathogenesis 
of gout showed individualization in human. The 
distributions of SNP loci in different races 
showed genetic heterogeneity. More than 30 
different single nucleotide polymorphisms 
(SNPs) located on the exon3 of NLRP3 gene 
have been reported, which encodes the nucleo-
tide binding site domain and boundary regions 
[13]. In our study, we found that the GG geno-
type of rs3806268 in NLRP3 gene was associ-

Table 3. Association between the seven SNPs of NALP3 and risk of primary gout
SNP Patients % Controls % x2 value P value OR (95% CI)1 P value
rs4612666
    AA 82 33.20 74 29.96 Ref. (1.0) -
    AG 131 53.04 135 54.66 0.87 (0.58-1.22) 0.51
    GG 33 13.36 38 15.38 0.82 0.66 0.78 (0.43-1.43) 0.40
rs3806268
    AA 56 22.67 77 31.17 Ref. (1.0) -
    AG 139 56.28 138 55.87 1.38 (0.89-2.15) 0.12
    GG 52 21.05 39 12.96 4.79 0.09 1.83 (1.03-3.26) < 0.03
rs12239046
    CC 72 29.15 78 31.58 Ref. (1.0) -
    CT 130 52.63 116 46.96 1.21 (0.79-1.86) 0.35
    TT 45 18.22 53 21.46 1.69 0.43 0.92 (0.53-1.58) 0.75
rs10754558
    CC 110 44.53 116 46.96 Ref. (1.0) -
    CG 91 36.84 88 35.63 1.09 (0.72-1.65) 0.67
    GG 46 18.62 43 17.41 0.31 0.86 1.13 (0.67-1.90) 0.63
rs7512998
    TT 182 73.68 188 76.11 Ref. (1.0) -
    TC 56 22.67 52 21.05 1.11 (0.71-1.75) 0.63
    CC 9 3.64 7 2.83 0.50 0.78 1.33 (0.43-4.29) 0.58
rs12137901
    TT 128 51.82 136 55.06 Ref. (1.0) -
    TC 84 34.01 82 33.20 1.09 (0.72-1.64) 0.67
    CC 35 14.17 29 11.74 5.87 0.05 1.28 (0.71-2.31) 0.37
rs12565738
    CC 185 74.90 191 77.33 Ref. (1.0) -
    CT 42 17.00 40 16.19 1.08 (0.65-1.80) 0.74
    TT 20 8.10 16 6.48 0.59 0.75 1.29 (0.61-2.75) 0.47
1Adjusted for BMI, DBP, SBP, TG, urea nitrogen and uric acid.
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ated with an increased risk of primary gout in a 
Chinese population.

NLRP3 are known to be responsible for the rec-
ognition of several molecular patterns inducing 
the assembling of inflammasome, the activa-
tion of caspase-1 and finally the secretion of 
the pro-inflammatory cytokine IL-1β, and conse-
quently innate immune response [14]. 
Polymorphisms in NLRP3 were previously asso-
ciated with inflammation-related diseases, 
such as ulcerative colitis, inflammatory bowel 
disease, juvenile idiopathic arthritis, neonatal-
onset multisystem inflammatory disease and 
type 2 diabetes [15-20]. Zhang et al. conducted 
a study in a Chinese population, and have 
reported that rs10754558 and rs10925019 of 
NLRP3 contribute to the development of ulcer-
ative colitis [15]. Varghese et al. conducted a 
study in Caucasian, and they have reported 
that no association was found between NLRP3 
polymorphisms and development of inflamma-
tory bowel disease [16]. Yang et al. have report-
ed that rs4353135 polymorphism may contrib-
ute to the pathophysiology of juvenile idiopathic 
arthritis in a Taiwanese population [17]. 
Dehghan et al. reported that SNPs in NLRP3 
may play a critical role in regulation of inflam-
mation underlying cardiovascular disease [19]. 
These above mentioned studies have suggest-
ed that NLRP3 polymorphisms were associated 
to susceptibility to inflammation-related dis-
eases. Therefore, we hypothesized that func-
tional SNPs in NALP3 inflammasome may 
involve in the development of primary gout.

Only one previous study reported the associa-
tion of NALP3 polymorphisms with the suscep-
tibility to primary gout in human [12]. Meng et 
al. have conducted a study including 480 cases 
with primary gout and 480 control subjects to 
investigate the association between genetic 
variants in 17 SNPs of NALP3 and the suscepti-
bility to the development of primary gout in a 
Chinese population. However, they did not find 
any association between them [12]. In our 
study, we also conducted a study in a Chinese 
population, and we found that the GG genotype 
of rs3806268 in NLRP3 was associated with 
the development of primary gout, whereas no 
significant association was identified for the 
remaining six SNPs. The discrepancies of our 
results may be related to variation in origin of 
population, sample size, genotyping method 

and also by chance. Further clinical genetic 
studies are greatly needed to be performed to 
confirm our results.

Several limitations should be considered in our 
study. First, subject selection bias may overes-
timate the true size of effect or lead to spurious 
findings. Although there may exist selection 
bias for hospital-based study design, both 
cases and controls were matched on age and 
sex, which may have minimized the bias. 
Second, we investigated the association 
between selected seven SNPs in NLRP3 and 
development of primary gout, but the associa-
tions of the functional SNPs in NLRP3 with risk 
factors of gouty arthritis were not assessed. 
Therefore, a more detailed data are needed to 
analyze their association. Third, the rs- 
10754558 and rs12565738 deviated from 
Hardy-Weinberg equilibrium which suggests 
that the sample size may not better represent 
the general population. Four, the sample size of 
the present study was small and all were select-
ed from Chinese population, and thus the 
results could not representative of other eth-
nicities. Therefore, the results of our study 
should be repeated in other populations with 
more sample sizes.

In conclusion, we found a significant associa-
tion between rs3806268 in NLRP3 gene and 
the risk of primary gout in a Chinese popula-
tion. Further clinical and genetic studies are 
required to investigate the mechanisms under-
lying the association between NALP3 polymor-
phisms and the development of primary gout.

Acknowledgements

We thanks for the funding from Natural Science 
Foundation of Hubei Province (Grant No.2014- 
CFC1039), and Health & Family Planning Rese- 
arch Program of Huangshi (Grant No.[2014]72).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yonghong Lv, Love 
& Health Hospital of Huangshi, 562 Yiyang Road, 
Xisaishan District, Huangshi 435000, China. Tel: 
+86-714-6236162; Fax: +86-714-6236162; E-mail: 
yonghonglv2@163.com

mailto:yonghonglv2@163.com


NLRP3 and risk of primary gout

13752 Int J Clin Exp Pathol 2015;8(10):13747-13752

References

[1] Baker JF, Schumacher HR. Update on gout and 
hyperuricemia. Int J Clin Pract 2010; 64: 371-7. 

[2] Richette P, Bardin T. Gout. Lancet 2010; 375: 
318-28.

[3] Robinson PC, Horsburgh S. Gout: joints and be-
yond, epidemiology, clinical features, treat-
ment and co-morbidities. Maturitas 2014; 78: 
245-51.

[4] Miao ZM, Zhao SH, Yan SL, Li CG, Li CG, Wang 
YG, Meng DM, Zhou L, Mi QS. NALP3 inflamma-
some functional polymorphisms and gout sus-
ceptibility. Cell Cycle 2009; 8: 27-30.

[5] Busso N, So A. Mechanisms of inflammation in 
gout. Arthritis Res Ther 2010; 12: 206.

[6] Miao Z, Li C, Chen Y, Zhao S, Wang Y, Wang Z, 
Chen X, Xu F, Wang F, Sun R, Hu J, Song W, Yan 
S, Wang CY. Dietary and Lifestyle Changes As-
sociated with High Prevalence of Hyperurice-
mia and Gout in the Shandong Coastal Cities 
of Eastern China. J Rheumatol 2008; 35: 
1859-64.

[7] Fritz JH, Ferrero RL, Philpott DJ, Girardin SE. 
Nod-like proteins in immunity, inflammation 
and disease. Nat Immunol 2006; 7: 1250-7.

[8] Cassel SL, Joly S, Sutterwala FS. The NLRP3 
inflammasome: a sensor of immune danger 
signals. Semin Immunol 2009; 21: 194-8.

[9] Schroder K, Zhou R, Tschopp J. The NLRP3 in-
flammasome: a sensor for metabolic danger? 
Science 2010; 327: 296-300. 

[10] Martinon F. Mechanisms of uric acid crystal 
mediated autoinflammation. Immunol Rev 
2010; 233: 218-232.

[11] Fernández-Real JM, Pickup JC. Innate immuni-
ty, insulin resistance and type 2 diabetes. Dia-
betologia 2012; 55: 273-8.

[12] Meng DM, Zhou YJ, Wang L, Ren W, Cui LL, Han 
L, Qu ZH, Li CG, Zhao JJ. Polymorphisms in the 
NLRP3 gene and risk of primary gouty arthritis. 
Mol Med Rep 2013; 7: 1761-6.

[13] Aróstegui JI, Aldea A, Modesto C, Rua MJ, Ar-
güelles F, González-Enseñat MA, Ramos E, 
Rius J, Plaza S, Vives J, Yagüe J. Clinical and 
genetic heterogeneity among Spanish patients 
with recurrent autoinflammatory syndromes 
associated with the CIAS1/PYPAF1/NALP3 
gene. Arthritis Rheum 2004; 50: 4045-50.

[14] Gross O, Thomas CJ, Guarda G, Tschopp J. The 
inflammasome: an integrated view. Immunol 
Rev 2011; 243: 136-51.

[15] Zhang HX, Wang ZT, Lu XX, Wang YG, Zhong J, 
Liu J. NLRP3 gene is associated with ulcerative 
colitis (UC), but not Crohn’s disease (CD), in 
Chinese Han population. Inflamm Res 2014; 
63: 979-85. 

[16] Varghese GP, Uporova L, Halfvarson J, Sirsjö A, 
Fransén K. Polymorphism in the NLRP3 inflam-
masome-associated EIF2AK2 gene and inflam-
matory bowel disease. Mol Med Rep 2015; 11: 
4579-84.

[17] Yang CA, Huang ST, Chiang BL. Association of 
NLRP3 and CARD8 genetic polymorphisms 
with juvenile idiopathic arthritis in a Taiwanese 
population. Scand J Rheumatol 2014; 43: 
146-52. 

[18] Haneklaus M, O’Neill LA, Coll RC. Modulatory 
mechanisms controlling the NLRP3 inflamma-
some in inflammation: recent developments. 
Curr Opin Immunol 2013; 25: 40-5. 

[19] Dehghan A, Yang Q, Peters A, Basu S, Bis JC, 
Rudnicka AR, Kavousi M, Chen MH, Baumert J, 
Lowe GD, McKnight B, Tang W, de Maat M, Lar-
son MG, Eyhermendy S, McArdle WL, Lumley T, 
Pankow JS, Hofman A, Massaro JM, Rivadenei-
ra F, Kolz M, Taylor KD, van Duijn CM, Kathire-
san S, Illig T, Aulchenko YS, Volcik KA, Johnson 
AD, Uitterlinden AG, Tofler GH, Gieger C; Well-
come Trust Case Control Consortium, Psaty 
BM, Couper DJ, Boerwinkle E, Koenig W, 
O’Donnell CJ, Witteman JC, Strachan DP, Smith 
NL, Folsom AR. Association of novel genetic 
Loci with circulating fibrinogen levels: a ge-
nome-wide association study in 6 population-
based cohorts. Circ Cardiovasc Genet 2009; 2: 
125-33.

[20] Zheng Y, Zhang D, Zhang L, Fu M, Zeng Y, Rus-
sell R. Variants of NLRP3 gene are associated 
with insulin resistance in Chinese Han popula-
tion with type-2 diabetes. Gene 2013; 530: 
151-4.


