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Genetic Association for P2X7R rs3751142 and CARD8 rs2043211 
Polymorphisms for Susceptibility of Gout in Korean Men: Multi-
Center Study

The aim of this study was to determine the association between P2X7R rs3751142 and 
CARD8 rs2043211 polymorphisms and gout susceptibility in male Korean subjects. This 
study enrolled a total of 242 male patients with gout and 280 healthy controls. The 
polymorphisms of two individual genes including rs3751142(C>A) in the P2X7R gene and 
rs2043211(A>T) in the CARD8 gene were assessed using Taq-Man analysis. Statistical 
analyses were performed using the Chi-square test, Kruskal-Wallis test, and logistic 
regression analyses. A difference in genotypic frequency of the P2X7R rs3751142 and 
CARD8 rs2043211 genes was not detected between gout and control patients. Clinical 
parameters including age, onset age, disease duration, body mass index, and serum uric 
acid levels were not different among the three genotypes for either P2X7R or CARD8 
(P > 0.05 for all). A pair-wise comparison of P2X7R rs3751142 and CARD8 rs2043211 
genotype combinations revealed that subjects with the CA P2X7R rs3751142 genotype and 
the TT CARD8 rs2043211 genotype had a trend toward a higher risk of gout compared to 
the CC/AA combination (P = 0.056, OR = 2.618, 95% CI 0.975-7.031). In conclusion, this 
study revealed that genetic variability of the P2X7R rs3751142 and CARD8 rs2043211 genes 
might, in part, be associated with susceptibility for gout.
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INTRODUCTION

The NLRP3 inflammasome, a member of the NLR family, is a key player in the produc-
tion of uric acid-mediated IL-1β and is an important cytoplasmic protein complex in-
volved in gouty inflammation (1,2). Although the precise pathogenic mechanism of 
gout has not been clearly determined, several crucial proteins such as the purinergic 
receptor P2X ligand-gated ion channel 7 (P2X7R) (3-5) and caspase activation and re-
cruitment domain 8 (CARD8) (6,7) proteins are known to be responsible for the patho-
genesis of gout.
  Recent single-nucleotide polymorphism (SNP) studies suggested that genetic alter-
nations of several target molecules such as CARD8 and P2X7R contribute to the pro-
cess of NLRP3 inflammasome activation. Genetic variants of CARD8 were identified to 
play a role in the pathogenesis of a variety of inflammatory diseases, such as rheuma-
toid arthritis (RA) (8) and inflammatory bowel disease (IBD) (9). Chen et al. (6) dem-
onstrated a significantly different genotypic distribution of the CARD8 rs2043211 poly-
morphism between gout and control patients in the Chinese population. Another can-
didate gene involved in gouty inflammation might be P2X7R, whose protein product 
binds with ATP and induces the efflux of K+ ions through the P2X7R channel from cells, 
finally triggering activation of the NLRP3 inflammasome (3,4). A loss-of-function (1513 
A > C) SNP of the P2X7R gene affects ATP-induced cellular functions such as apoptotic 
cell death (10) and IL-1β release (11). More evidence to support the intimate relation-
ship of P2X7R gene polymorphisms with autoimmune diseases are the demonstrated 
links between P2X7R polymorphisms and RA and systemic lupus erythematosus (SLE) 
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(12,13). However, there are no available data linking P2X7R 
SNPs with gout. Here, we investigated the association of P2X7R 
rs3751142 and CARD8 rs2043211 polymorphisms with the sus-
ceptibility and clinical manifestations of gout in the male Kore-
an population.
 

MATERIALS AND METHODS

Subjects and collection of clinical information
A total of 242 male gout patients fulfilled the preliminary crite-
ria for classification of primary gout proposed by the American 
College of Rheumatology (14) and a total of 280 healthy male 
controls were consecutively enrolled in this study. Clinical and 
laboratory variables, including age at the time of study, disease 
onset age, body mass index (BMI), disease duration, and serum 
uric acid level were identified by individual interviews with each 
patient and medical record review. Medications including cor-
ticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), 
colchicine, allopurinol, and benzbromarone that were used for 
gout treatment within one month of the study onset were eval-
uated through medical record reviews. The study protocol was 
reviewed and approved by the institutional review board/Eth-
ics Committee at each medical center that participated in this 
study. Informed consent was obtained at the time of study en-
rollment.

Genotyping
Assay reagents for rs3751142(C>A) in the P2X7R gene and 
rs2043211(A>T) in the CARD8 gene were designed by Applied 
Biosystems (Applied Biosystems, Foster City, CA, USA). The re-
agents consisted of TaqMan MGB probes (FAM and VIC dye-
labeled). The reaction in a 10 μL total volume was optimized at 
0.125 μL 40X reagents, 5 μL 2X TaqMan Genotyping Master mix 
(Applied Biosystems) and 2 μL 50 ng genomic DNA. PCR con-
ditions included one cycle at 95°C for 10 minutes followed by 
40 cycles at 95°C for 15 seconds and 60°C for 1 minute. The PCR 
was performed using the ABI plus (Applied Biosystems) system 
and the samples were read and analyzed using ABI plus (Ap-
plied Biosystems) software. The reference sequence was based 
on the sequence of human chromosome 12, 12q24 for the P2RX7 
gene, and human chromosome 19, 19q13.33 for the CARD8 
gene. Primer sequences for genotyping are listed in Table 1.

Statistical analysis
Clinical parameters are described as the median with interquar-
tile range (IQR) or the number with percent (%). The Hardy-
Weinberg equilibrium for gout patients and controls was as-
sessed using a web-based calculator (http://www.had2know.
com/academics/hardy-weinberg-equilibrium-calculator-2-al-
leles.html) (15). The genotypic frequency of each gene was cal-
culated and assessed using the chi-square and Fisher’s exact 
tests, if appropriate. Both Kolmogorov-Smirnov and Shapiro-
Wilk analyses were tested to identify normality of data distribu-
tion, which did not show a normal distribution. The Kruskal-
Wallis test was used to compare parametric parameters such as 
age, onset age, disease duration, BMI, and serum uric acid among 
the three genotypes of each gene. Logistic regression analysis 
adjusted with age was applied to test whether the combined 
P2X7R rs3751142 and CARD8 rs2043211 genotype influenced 
the risk of gout development compared to those in controls. The 
results are described as the odds ratio (OR) with a 95% confi-
dence interval (CI). A P value < 0.05 was considered statistical-
ly significant. Statistical analyses were performed using IBM 
SPSS Statistics 19.0 software (IBM Corp., Armonk, NY, USA).

Ethics statement
All patients provided written informed consent, and the proto-
col of this study was approved by the institutional review board 
(IRB) of Daegu Catholic University Medical Center (IRB No. CR-
12-138-RES-002-R). The authors assert that all procedures con-
tributing to this work comply with the Helsinki Declaration of 
1975 and its later amendments.
 

RESULTS

The baseline characteristics of enrolled patients are outlined in 
Table 2. The mean age was 55.0 (IQR 45.0-63.0) years for gout 

Table 1. Primer sequences used for Taqman probe genotyping for each gene

Genes dbSNP Primers Primer sequence (5´→3´)

P2X7R rs3751142 Forward
Reverse

CGGCTGTTGGTGGAATCCA
GACACGTCCTGCAGTTCCT

CARD8 rs2043211 Forward
Reverse

AGTTGACACTCAGGAACAGCACGGA
CAATAATGGCTCTGCCTCTGTCTCA

SNP, single nucleotide polymorphism; P2X7R, purinergic receptor P2X ligand-gated 
ion channel 7; CARD8, caspase activation and recruitment domain 8.

Table 2. Baseline characteristics of enrolled patients

Parameters Gout (n = 242) Control (n = 280) P value

Age, yr 55.0 (45.0-63.0) 45.0 (41.0-53.0) < 0.001
Disease duration, yr 7.0 (3.0-10.0) - -
Onset age of disease, yr 47.0 (38.0-56.0) - -
Height, cm 170.0 (168.0-174.0) - -
Weight, kg 73.0 (65.3-80.0) - -
Body mass index, kg/m2 25.3 (23.6-26.7) - -
Uric acid, mg/L 6.4 (5.1-7.6) - -
Current medications, No. (%)
   NSAIDs
   Colchicine
   Allopurinol
   Benzobromarone
   Corticosteroid

123 (50.8)
146 (60.3)
154 (63.6)
61 (25.2)
85 (35.1)

- -

Data were expressed as with interquartile range (IQR) for continuous variables and 
number (%) for categorical variables.
NSAIDs, non-steroidal anti-inflammatory drugs.
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Table 3. Comparison frequencies of P2X7R and CARD8 SNPs between gout and 
controls

Genes
Gout 

(n = 242)
Control 

(n = 280)
P value

P2X7R* Genotypes
   CC
   CA
   AA
Alleles
   C
   A

180 (74.4)
60 (24.8)
2 (0.8)

420 (86.6)
64 (13.2)

198 (70.7)
74 (26.4)
8 (2.9)

470 (83.9)
90 (16.1)

0.205

0.196

CARD8* Genotypes
   AA
   AT
   TT
Alleles
   A
   T

71 (29.3)
121 (50.0)
50 (20.7)

263 (54.3)
221 (45.7)

88 (31.4)
131 (46.8)
61 (21.8)

307 (54.8)
253 (45.2)

0.763

0.876

The statistical analysis was performed using Pearson χ2 test.
*rs3751142(C>A) in P2X7R gene and rs2043211(A>T) in CARD8.

Table 4. Comparison for clinical parameters of P2X7R and CARD8 SNPs in patients with gout

Clinical parameters
P2X7R*

P value
CARD8*

P value
CC CA AA AA AT TT

Age, yr 55.0 (45.0-63.0) 56.0 (46.3-62.3) 63.5 (40.5-54.8) 0.283 56.0 (45.0-61.0) 55.0 (44.0-64.0) 56.0 (48.8-63.0) 0.675
Onset age, yr 47.0 (37.1-55.0) 47.5 (38.0-57.0) 56.5 (47.0-66.0) 0.574 48.0 (38.0-53.0) 47.0 (36.0-57.0) 45.5 (39.5-54.6) 0.911
Disease duration, yr 7.0 (3.0-11.0) 6.0 (3.0-10.0) 7.0 (7.0-7.0) 0.841 7.0 (4.0-11.3) 7.0 (3.0-10.0) 5.0 (3.0-10.0) 0.369
Body mass index, kg/m2 25.3 (23.4-26.9) 24.9 (22.5-27.2) 21.7 (21.7-21.7) 0.431 25.6 (23.0-27.4) 25.0 (23.5-27.1) 24.5 (22.2-26.6) 0.420
Uric acid, mg/L 6.4 (5.1-7.6) 6.3 (5.2-7.7) 4.8 (3.2-4.0) 0.411 6.5 (5.3-7.9) 6.4 (5.0-7.5) 6.2 (5.3-8.0) 0.690

The statistical analysis was performed using Kruskal-Wallis test.
*rs3751142(C>A) in P2X7R gene and rs2043211(A>T) in CARD8 gene. 

Table 5. P2X7R rs3751142 and CARD8 rs2043211 genotype combination between 
gout and controls

P2X7R/CARD8*
No. (frequency, %)

P value OR (95% CI)
Gout Controls

CC/AA 54 (22.3) 57 (20.4) 1.00
CC/AT 93 (38.4) 88 (31.4) 0.507 1.180 (0.724, 1.923)
CC/TT 33 (13.6) 53 (18.9) 0.292 0.728 (0.404, 1.314)
CA/AA 17 (7.0) 27 (9.6) 0.540 0.796 (0.383, 1.652)
CA/AT 27 (11.2) 40 (14.3) 0.470 0.791 (0.419, 1.494)
CA/TT 16 (6.6) 7 (2.5) 0.056 2.618 (0.975, 7.031)
AA/AA 0 (0.0) 4 (1.4) 0.999 -
AA/AT 1 (0.4) 3 (1.1) 0.505 0.455 (0.045, 4.615)
AA/TT 1 (0.4) 1 (0.4) 0.999 1.002 (0.048, 20.775)

The statistical analysis was performed using logistic regression analysis after adjust-
ment with age.
OR, odds ratio; CI, confidence interval.
*rs3751142(C>A) in P2X7R gene and rs2043211(A>T) in CARD8.

patients and 45.0 (IQR 41.0-53.0) for controls, which was signif-
icantly different between two groups (P < 0.001).
  No genotypic deviations of rs3751142(C>A) in the P2X7R gene 
and rs2043211(A>T) in CARD8 based on the Hardy-Weinberg 
equilibrium were noted for gout or control patients (P > 0.05). 
Table 3 shows that a frequency difference of alleles and geno-
types for rs3751142(C>A) and rs2043211(A>T) was not found 
between gout or control patients. Under the recessive compari-
son model (CC vs. CA/AA in P2X7R and AA vs. AT/TT in CARD8), 
genotypic frequency differences between the two groups were 
also not detected at each SNP (P > 0.05 of both SNPs).
  The results of association between clinical variables and gen-
otypes are illustrated in Table 4. There were no differences of 
clinical variables according to genotypic distribution of P2X7R 
rs3751142 and CARD8 rs2043211. In a comparison model sub-
analysis for onset age (≤ 30 vs. > 30 years) and serum uric acid 
level (≤ 7.0 vs. > 7.0 mg/L), genotypic differences of each clinical 
parameter were not observed at the two SNPs (data not shown).
  A pair-wise comparison of P2X7R rs3751142 and CARD8 
rs2043211 genotype combinations showed that a trend toward 
higher risk of gout development was identified in subjects who 
were heterozygous for the CA P2X7R rs3751142 genotype and 
recessive homozygous for the TT CARD8 rs2043211 genotype 
compared to the CC/AA combination (P = 0.056, OR = 2.618, 

95% CI 0.975-7.031) (Table 5).

DISCUSSION

The main objective of this study was to investigate whether ge-
netic variability in the P2X7R rs3751142 and CARD8 rs2043211 
genes was involved in the process of NLRP3 inflammasome ac-
tivation, which might influence susceptibility for the develop-
ment of gout. This study identified that CARD8 rs2043211 was 
not associated with increased gout risk, which is in contrast to 
the known difference of genetic distribution of this SNP in the 
Chinese and European gout population (6,7). As far as we know, 
this study is the first to determine genetic association between 
the P2X7R SNP and gout patients, revealing that P2X7R polymor-
phism did not increase the risk of gout in our study population.
  The NLRP3 inflammasome is a cytoplasmic protein complex 
that activates caspase-1, inducing the maturation and secretion 
of IL-1β, which is associated with gout pathogenesis (1,2). The 
mechanisms by which signaling pathways activate the NLRP3 
inflammasome are not clearly determined; however, it is known 
that cytoplasmic K+ efflux from the cell through the P2X7R chan-
nel in response to danger signals allows for NLRP3 inflamma-
some activation (3,4). Similarly, MSU crystals, ATP, and asbes-
tos are known to induce inflammasome activation by decreas-
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ing intracellular K+ levels (16). The P2X7R gene is markedly poly-
morphic and includes at least 12 non-synonymous SNPs in the 
coding region (17). P2X7R SNPs that encode Glu496Ala or Al-
a348Thr substitutions are most commonly found to be associ-
ated with IL-1β secretion capacity (11,17). The loss-of-function 
(1513 A>C) SNP of P2X7R gene induced lower ATP-mediated 
K+ ion efflux, leading to reduced IL-1β levels in monocytes (11). 
Tao et al. (18) recently suggested the possibility that P2X7R is a 
key regulator for the production of IL-1β by MSU crystals dur-
ing acute gouty arthritis. Human myeloid leukemic KG-1 cells 
contain several SNPs of the P2X7R gene (19). Among them, KG-1 
cells with rs3751142 a revealed neutral effect on P2X7R func-
tion. However, there is no evidence as to whether the P2X7R 
polymorphism has a potent influence on the development of 
gout. In our data, a minor allele frequency (MAF, A allele) of 
P2X7R rs3751142 in gout and control patients was 0.132 and 
0.161, respectively, which are more compatible to those in the 
dbSNP rs3751142 (http://www.ncbi.nlm.nih.gov/SNP/snp_ref.
cgi?locusId05027). This study found that P2X7R rs3751142 was 
not a genetic risk factor associated with gout susceptibility.
  The activation of the NLRP3 inflammasome, which is com-
prised of multiple cytoplasmic proteins including NLRP3, an 
ASC protein, and caspase-1, is completed through the binding 
of the PYD of NLRP3 with the PYD of ASC, which is followed by 
the recruitment of procaspase-1 by linkages of each CARD with-
in the two proteins. CARD8 was shown to be a negative regula-
tor of nuclear factor-κB (NF-κB) and caspase-1 activation (20,21), 
which implicates a role in the suppression of NLRP3 inflamma-
some activation. The rs2043211 SNP in exon 5 of the CARD8 gene 
is a nonsense mutation resulting in the production of a truncat-
ed protein. Although the functional role of polymorphic CARD8 
within the NLRP3 inflammasome is complicated, genetic vari-
ants of CARD8 rs2043211 contribute to an enhanced inflamma-
tory response in inflammatory diseases such as RA and IBD 
through increased expression of IL-1β (8,9,22). McKinney et al. 
(7) demonstrated that the prevalence of CARD8 rs2043211 was 
different between gout and control patients in the European 
and Polynesian populations (OR 1.11, P = 0.023 and OR 1.15, 
P = 0.078, respectively). Another case-control study showed 
that the MAF (A allele) CARD8 gene was shown to have an in-
creasing trend relative to the T allele in the Chinese male popu-
lation (OR = 0.084, P = 0.08) (6). However, our study revealed 
no association of CARD8 rs2043211 with the presence of gout 
in Korean study population. The frequency of MAF (T allele) is 
at 0.457 in gout and 0.452 in control patients, which is similar to 
the frequency in the New Zealand Polynesian (0.499 in gout 
and 0.439 in control) and Chinese (0.498 in gout and 0.463 in 
control) patients, whereas a lower frequency of MAF was noted 
in the European population (7). Based on conflicting data for 
CARD8 rs2043211 between these three studies, the functional 
role of the CARD8 gene in gout susceptibility has not been clear-

ly determined. Therefore, the distinct role of the CARD8 gene in 
the pathogenesis of gout should be considered in a diverse eth-
nic study population.
  The present study has some methodological limitations. First, 
the lack of completeness for clinical information of control sub-
jects is an important weakness in our study. This study used ge-
nomic DNAs provided by the Biobank of Wonkwang University 
Hospital, Korea as control group samples. We were just able to 
identify a part of demographic data including gender and age. 
Limited clinical data of controls could interfere with more de-
tailed analysis of gout susceptibility. Second, this study did not 
perform functional analysis for genotypes in each target gene. 
As shown disparity of genetic susceptibility of gout in several 
ethnic groups (6,7), it is important to identify functional perfor-
mance of each gene to understand the role of P2X7R and CARD8 
SNPs in our study population. Functional analysis is needed in 
the future investigation of gout.
  It is noted that the P2X7R and CARD8 proteins are closely in-
volved in activation of the NLRP3 inflammasome and IL-1β ex-
pression, which could explain their role in the pathogenesis of 
gout (1,2). Our study demonstrated that the P2X7R rs3751142 
and CARD8 rs2043211 genetic variants were not implicated in 
the development of gout in the male Korean population. How-
ever, we found that in a pair-wise comparison of the CA/TT P2X7R 
and CARD8 genotype combination was shown to have an in-
creased trend for the risk of gout (OR = 2.618, P = 0.056). In con-
clusion, this study provides evidence that the interaction of MSU 
crystal-mediated P2X7R with CARD8 may be at least in part re-
sponsible for the pathogenesis of gout.
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