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Abstract: Type 2 diabetes mellitus, a chronic and complex disease. NLRP3 inflammasome plays an important role
in the obesity induced inflammation and insulin resistance, and polymorphisms of NLRP3 may contribute to the
development of type 2 diabetes mellitus. Here, we carried out a study to investigate the role of two SNPs of NLRP3
(rs10754558 and rs4612666) in the risk of type 2 diabetes mellitus in a Chinese population. This study comprised
of 286 patients with type 2 diabetes mellitus and 306 healthy control subjects. Genotyping of NLRP3 rs10754558
and rs4612666 was done using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).
Using unconditional logistic regression analysis, we observed that homozygous NLRP3 rs10754558 CC carriers
demonstrated a significantly higher risk of developing type 2 diabetes mellitus in comparison to homozygous GG
carriers, with an adjusted OR (95% Cl) of 2.38 (1.53-3.97). Moreover, the C allele of NLRP3 rs10754558 was as-
sociated with an elevated risk of NLRP3 rs4612666 when compared to G allele (OR = 1.51, 95% Cl = 1.18-1.91).
However, we observed no significant relationship between NLRP3 rs4612666 genetic polymorphisms and type 2
diabetes mellitus risk in the Chinese population. In summary, our study has shown that the polymorphism of NLRP3

rs10754558 is associated with high risk of type 2 diabetes mellitus.
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Introduction

Type 2 diabetes mellitus, a chronic and com-
plex disease, has become a challenging prob-
lem which severely threatens public health.
Type 2 diabetes mellitus is associated with high
morbidity worldwide, and the number of indi-
viduals in China suffering from type 2 diabetes
mellitus shows a tendency to increase [1]. It is
estimated that there are 92,400,000 adults
suffering from type 2 diabetes mellitus and
148,200,000 individuals suffering from predia-
betes [1]. Even though improvements in early
detection have reduced the rates of diabetic
complications in recent years, prevention of
type 2 diabetes mellitus is always a main public
health concern. The pathogenesis of type 2 dia-
betes mellitus occurs over a long period of
time, involves many environmental and lifestyle
factors, such as high fat dietary, high choles-
terol dietary, obesity or overweight and lack
of activity, as well as hypertension [2, 3].

Additionally, genome-wide association studies
have implicated many genetic loci in the onset,
prognosis, or severity of type 2 diabetes melli-
tus [4, 5].

NLRP3 belongs to the family of NOD-like recep-
tor (NLP) proteins, and it locates on chromo-
some 1944 and is 30 kilobases (kb) in length
with 9 exons and 8 introns. NLRP3 could active
caspase-1, and participate in synthesis, pro-
cessing and production of IL-1B. IL-1B3 has an
important role in the development of chronic
inflammatory diseases [6-8]. A current study
has reported that the NLRP3 inflammasome
plays an important role in the obesity induced
inflammation and insulin resistance [9]. Single
nucleotide polymorphisms (SNPs) are DNA
sequence polymorphisms caused by a single
nucleotide variation, and the frequency of
genetic polymorphisms is at least 1% in a popu-
lation. The mutations include the transforma-
tion of a single base by transversion, insertion,
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Figure 1. Agarose gel electrophoresis images for
NLRP3 rs10754558. 1 lane: GC genotype; 2, 4 and
6 lanes: GG genotype; 3 and 5 lane: CC genotype.
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Figure 2. Agarose gel electrophoresis images for
NLRP3 rs4612666. 1-3 lanes: TT genotype; 4 lane:
TC genotype; 5 and 6 lane: CC genotype.

or deletion, and SNPs are thought to affect sus-
ceptibility to human diseases. Genomic poly-
morphisms of NLRP3 could influence the struc-
ture, expression and quantity of NLRP3, and
ultimately affect the function of genes.
Currently, a few studies have reported the rela-
tionship between NLRP3 genetic polymor-
phisms and development of type 2 diabetes
mellitus, but the results are inconsistent [10,
11]. However, no study reports the interaction
of NLRP3 genetic polymorphisms and environ-
mental factors in the risk of type 2 diabetes.
Therefore, in our study, we carried out a study
to investigate the role of two common SNPs of
NLRP3 (rs10754558 and rs4612666) in the
risk of type 2 diabetes mellitus and their inter-
action with environmental factors in a Chinese
population.

Materials and methods
Subjects

This study comprises of 286 patients with type
2 diabetes mellitus and 306 healthy control
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subjects. The patients with type 2 diabetes
mellitus were consecutively recruited from the
First Affiliated Hospital of Xinxiang Medical
University between February 2013 and May
2015. The type 2 diabetes mellitus was diag-
nosed according to the criteria from the WHO-
IDF criteria (WHO-IDF, 2014). Patients who had
a history of type | diabetes mellitus, malignant
tumors, acute or chronic infection disease, or
other endocrine diseases except for type 2 dia-
betes mellitus, as well as end-stage liver and
kidney diseases were excluded from this study.

The control subjects were recruited from indi-
viduals who visited the outpatient clinics, and
all the control subjects received health exami-
nation and were confirmed to have no history of
type 2 diabetes mellitus, type | diabetes melli-
tus, malignant tumors, acute or chronic infec-
tion disease, or endocrine diseases as well as
end-stage liver and kidney diseases.

The demographic and lifestyle data of type 2
diabetes mellitus patients and control subjects,
including age, gender, tobacco smoking, alco-
hol consumption, hypertension, body mass
index (BMI) and family history of type 2 diabe-
tes mellitus, were collected from a structured
questionnaire investigated by face-to-face
investigation with trained nurses. The clinical
data, including duration of diabetes, fasting
plasma glucose (FPG), total cholesterol (TC), tri-
glyceride (TG), low-density lipoprotein choles-
terol (LDL-c) and high-density lipoprotein cho-
lesterol (HDL-c), were included from our study.
Informed consent was obtained from all partici-
pants in the study. All methods mentioned
below were approved by the ethics committee
of the First Affiliated Hospital of Xinxiang
Medical University and were carried out in
accordance with the approved guidelines.

DNA extraction and genotyping

Five mL peripheral blood sample was obtained
from each study subject, which was stored
using ethylene diamine tetra-acetic acid (EDTA)-
coated tubes. DNA was extracted from the
blood samples using QIAamp DNA Blood
Mini Kit (QIAGEN, USA) following the manufac-
turer’'s recommendation. Genotyping of NLRP3
rs10754558 and rs4612666 was done using
polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). The primer
sequences for NLRP3 rs10754558 were
5-TGCTTAAGGCCATTAATTGTG-3’' and 5-CTCC-
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Table 1. Demographic, lifestyle and clinical characteristics of the study subjects

Patients

Controls

x>-test

Variables N = 286 % N = 306 % or ttest P value
Age, years 53.56+8.45 53.14+9.53 0.57 0.29
Gender

Females 99 34.62 139 45.42

Males 187 65.38 167 54.58 719 0.01
Tobacco smoking

No 161 56.29 191 62.42

Yes 125 43.71 115 37.58 2.30 0.13
Alcohol consumption

No 178 62.24 207 67.65

Yes 108 37.76 99 32.35 1.90 0.17
Hypertension

No 164 57.34 237 77.45

Yes 122 42.66 69 22.55 27.35 <0.001
BMI, kg/m? 27.851+9.43 24.62+10.64 390 <0.001
Family history of type 2 diabetes mellitus

No 230 80.42 286 93.46

Yes 56 19.58 20 6.54 22.48 <0.001
FPG, mmol/dL 9.14+2.85 4.64+3.12 18.28 < 0.001
Fasting insulin, mmol/dL 60.43+18.31 48.72+16.44 8.20 <0.001
TC, mmol/dL 5.36+1.17 4.55+0.95 9.27 <0.001
TG, mmol/dL 2.07+1.16 1.05+0.48 14.14 <0.001
LDL-c, mmol/dL 2.83+0.85 2.87+0.76 0.60 0.27
HDL-c, mmol/dL 1.27+0.35 1.62+0.37 11.81 <0.001

BMI: body mass index; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; LDL-c: low-density lipoprotein choles-

terol; HDL-c: high-density lipoprotein cholesterol.

ACCATGGACAAGGAAG-3’, respectively. The pri-
mer sequences for NLRP3 rs4612666 were
5-CAGGACAATGACAGCATCGGGTGTTGAT-3’ and
5-GCTGCCATAAAATTTCAACATAA-3’, respective-
ly. The restriction enzymes for NLRP3 rs-
10754558 and rs4612666 were Bpil and
Mbol, respectively. PCR was performed in a
15 yl reaction mixture containing 5 ul ddH,0,
1 ul DNA template, 0.5 ul of each primer, 1.0
unit of Dream Tag™Green PCR Mix (2X) and 10
x Green buffer. The PCR condition was set
at: initial denaturation at 95°C for 3 minutes;
35 cycles of denaturation at 95°C for 30 sec-
onds, annealing at 56.1°C for 30 seconds, and
extension at 72°C for 60 seconds; and a final
extension at 72°C for 7 minutes.

PCR products were digested by Bpil and
Mbol to distinguish the NLRP3 rs10754558
and rs4612666, respectively. The product
lengths of PCR reaction for rs10754558 and
rs4612666 were 260 bp and 261 bp, respec-
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tively. For rs10754558, the GG genotype was
digested into 260 bp fragments, the GC geno-
type was digested into 260 bp, 158 bp and 102
bp fragments, and the CC genotype was digest-
ed into158 bp and 102 bp fragments (Figure
1). For rs4612666, the TT genotype was digest-
ed into 261 bp fragments, the TC genotype
was digested into 261 bp, 236 bp and 25 bp
fragments, and the CC genotype was digested
into 236 bp and 25 bp fragments (Figure 2).
The PCR products were analyzed by electropho-
resis on a 2% agarose gel and stained with
ethidium bromide. The DNA bands were visual-
ized under UV light.

Statistical analysis

The demographic and clinical characteristics,
as well as NLRP3 rs10754558 and rs4612666
genotype frequencies between type 2 diabetes
mellitus patients and healthy control subjects
were compared using chi-squared (x?) tests or
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Table 2. Genotype frequencies of NLRP3 rs10754558 and rs4612666 between the study groups

Patients Controls HWE MAF

NLRPS N =286 % N =306 % X*test Pvalue Patients Controls Controls Database
rs10754558

GG 90 31.47 125 40.85

GC 131 45.80 143 46.73

CC 65 22.73 38 12.42 12.64 0.002 0.19 0.77 0.3578 0.3464
rs4612666

T 75 26.22 83 2712

TC 120 41.96 137 44.77

CcC 91 31.82 86 28.10 0.61 0.01 0.07 0.5049 0.4109

HWE: Hardy-Weinberg Equilibrium; MAF: minor allele frequency.

Student’s ttest. The goodness-of-fit x*test
was performed to determine whether the geno-
type frequencies at NLRP3 rs10754558 and
rs4612666 were deviation from expected
allele frequencies and was in agreement with
the Hardy-Weinberg Equilibrium (HWE). The
minor allele frequencies (MAFs) of NLRP3
rs10754558 and rs4612666 were calculated
to analyze whether they are similar with those
in database from National Center of Biotech-
nology Information (https://www.ncbi.nim.nih.
gov/snp). Univariate and multivariate logistic
regression analyses were taken to analyze
the association between NLRP3 rs10754558
and rs4612666 polymorphisms and suscepti-
bility to type 2 diabetes mellitus. The results
were determined using odd ratio (OR) along
with 95% confidence interval (Cl), and adjusted
for potential confounding factors. The interac-
tion of NLRP3 rs10754558 and rs4612666
polymorphisms was done by Spearman in-
teraction analysis. All the analyses were
carried out using SPSS version 20.0 (Armonk,
NY: IBM Corp, USA). A P-value < 0.05 at 95%
confidence interval (Cl) was taken as statisti-
cally significant.

Results

The demographic, lifestyle and clinical charac-
teristics of the study subjects are summarized
in Table 1. The mean ages of included type 2
diabetes mellitus patients and control subjects
were 53.56+8.45 and 53.14+9.53 years,
respectively. There were 99 (34.62%) females
and 187 (65.38%) males in the type 2 diabetes
mellitus patients, and there were 139 (45.42%)
females and 167 (54.58%) males in control
subjects. In comparison to healthy controls,
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type 2 diabetes mellitus patients were more
likely to be males (t = 0.57, P = 0.29), suffer
from hypertension (x? = 27.35, P < 0.001), have
family history of type 2 diabetes mellitus (x? =
22.48, P < 0.001), and have higher levels of
BMI (t = 3.90, P < 0.001), FPG (t = 18.24, P <
0.001), TC (t = 9.27, P < 0.001), TG (t = 14.14,
P < 0.001) and lower levels of HDL-c (t = 11.81,
P < 0.001).

We further analyzed the genotype distribu-
tions of NLRP3 rs10754558 and rs4612666
between type 2 diabetes mellitus patients and
control subjects (Table 2). The genotype distri-
butions of NLRP3 rs10754558 significantly
differed between the two study groups (x* =
12.64, P = 0.002), whereas the type 2 dia-
betes mellitus patients and control subjects
were comparable in regard to genotype fre-
quencies of NLRP3 rs4612666 (x> = 1.12, P =
0.57). The NLRP3 rs10754558 genotype fre-
quencies were in agreement with the HWE in
both patients and controls (P values of HWE
were 0.19 and 0.77 for patients and controls,
respectively), whereas the NLRP3 rs4612666
was not (P values of HWE were 0.01 and 0.07
for patients and controls, respectively). The
MAF values of NLRP3 rs10754558 and
rs4612666 in the controls were similar with
those in database from National Center of
Biotechnology Information (https://www.ncbi.
nim.nih.gov/snp).

We then analyzed the relationship between
NLRP3 rs10754558 and rs4612666 genetic
polymorphisms and development of type 2 dia-
betes mellitus (Table 3). Using unconditional
logistic regression analysis, we observed that
homozygous NLRP3 rs10754558 CC carriers
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Table 3. Relationship between NLRP3 rs10754558 and rs4612666
genetic polymorphisms and development of type 2 diabetes mellitus

Patients

Controls

ved no significant rela-
tionship between NLRP3
rs4612666 genetic poly-

NLRP3 Neosa * N-308 % OR (95% Cl)t  Pvalue morphisms and type 2
1s10754558 diabetgs mellitus ri.sk in
GG 90 3147 125  40.85 1.0 (Ref.) the Chinese population.
GC 131 458 143  46.73 1.27(0.87-1.85) 0.19 Subgroup analyses were
cC 65 22,73 38 12.42 2.38(1.53-3.97) 0.0004 stratified by demographic,
Allele lifestyle and clinical fac-
G 311 54.37 393 64.215 1.0 (Ref.) tors were done (Table 4),
c 261 45.63 219 35785 1.51(1.18-1.91) 0.0006 and we revealed a signifi-
1s4612666 cant interaction between
T 75 2622 83 2712 1.0 (Ref.) NLRP3 rs10754558 and
TC 120 41.96 137 4477 0.97 (0.64-1.47) 0.88 rs4612666 genetic poly-
cc 91 3182 86 281 117(0.75-1.84) 047 morphisms and family his-
tory of type 2 diabetes
Allele mellitus in the risk of type
T 270 472 303 4951 1.0 (Ref.) 2 diabetes mellitus (Cor-
c 302 528 309 5049 1.10(0.87-1.39) 0.43 relation coefficient value

1Adjusted for gender, hypertension, BMI, family history of type 2 diabetes mellitus, FPG,
fasting insulin, TC, TG and HDL-c. OR: odds ratio; 95% Cl: confidence interval.

Table 4. Interaction of NLRP3 rs10754558 and rs4612666 genetic
polymorphisms and demographic, lifestyle and clinical characteristics

=0.054, P =0.02).
Discussion

Type 2 diabetes mellitus
is a severe public health

Variables rs10754558 rs4612666 problem in China. It is esti-
Correlation Correlation mated that the incidence
coefficient Pvalue coefficient P value of type 2 diabetes melli-

value value tus is about 9.7%, and

Age 0.011 0.54 0.009 0.65 there are 92 million

Male 0.008 0.63 0.017 0.42 patients suffered from

Tobacco smoking 0.014 0.50 0.012 051 this disease. So far, the

Alcohol consumption 0020 034 0015 0.4 identified factors correlat-

Hypertension 0012 051 0022  0.39 ed with type 2 diabetes

BMI 0016 047 0017 0.0 mellitus are environment,

o ) ethnicity, family history

Family history of type 2 diabetes 0.054 0.02 0.024 0.35 and genetic mutation.

FPG 0.017 0.41 0.011 0.56 Current studies have re-

Fasting insulin 0.022 0.38 0.018 0.37 vealed that occurrence of

TC 0.019 0.35 0.013 0.45 type 2 diabetes mellitus

TG 0.008 0.65 0.022 0.38 is closely associated with

LDL-c 0.010 0.56 0.014 0.46 insulin  resistance and

HDL-c 0.015 0.42 0.024 0.32 chronic inflammation [12,

13]. Type 2 diabetes mel-
litus may be mediated by

demonstrated a significantly higher risk of
developing type 2 diabetes mellitus in compari-
son to homozygous GG carriers, with an adjust-
ed OR (95% ClI) of 2.38 (1.53-3.97). Moreover,
the C allele of NLRP3 rs10754558 was
associated with an elevated risk of NLRP3
rs4612666 when compared to G allele (OR =
1.51, 95% CI = 1.18-1.91). However, we obser-
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cytokines inflammation, and is a kind of innate
immunity disease [14, 15]. Previous study has
reported that IL-13 can mediate glucose toxici-
ty, destroy the insulin-producing cells of the
pancreas and is associated with the occur-
rence of insulin resistance [16]. The IL-13 has
been become a recognized factor for to dam-
age pancreatic B cell and inflammatory cyto-
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kines [17]. Caspase-1 of NLRP3 could split pre-
cursor intracellular IL-13 at 116 aspartic acid
and form activated mature IL-103, and produce
various extracellular inflammatory response
[18]. A current study has reported that the
NLRP3 inflammasome plays an important role
in the obesity induced inflammation and insulin
resistance [9]. In our study, we investigated the
relationship between NLRP3 rs10754558 and
rs4612666 genetic polymorphisms and devel-
opment of type 2 diabetes mellitus, and we
revealed that NLRP3 rs10754558 genetic vari-
ation was associated with risk of developing
type 2 diabetes mellitus.

The NLRP3 gene is located in 1944, and this
gene is reported to be associated with many
immune inflammatory diseases, such as pri-
mary gout, ischemic stroke, blood pressure,
recurrent aphthous stomatitis and juvenile
spondyloarthritis [19-25]. Deng et al. carried a
study in a Chinese population, and reported
that rs3806268 in NLRP3 gene was associat-
ed with the risk of primary gout [19]. Zhu et al.
reported that rs10754558 could influence
MRNA level of NLRP3 and ischemic stroke
risk [20]. Zhang et al. revealed that NLRP3
rs35829419 polymorphism was associated
with a markedly increase susceptibility to vari-
ous diseases in human, such as leprosy,
colorectal cancer, rheumatoid arthritis and so
on [21]. Kunnas et al. discovered that NLRP3
rs7512998 was correlated with systolic and
diastolic blood pressure in a Finnish population
[22]. Bidoki et al. conducted a study in an
Iranian population, and reported that NLRP3
rs3806265 TT genotype was associated with
the susceptibility to recurrent aphthous stoma-
titis [24]. Perica et al. reported that the NLRP3
35829419 polymorphism was not associated
with development of juvenile spondyloarthritis
[25].

For the relationship between NLRP3 genetic
polymorphisms and development of type 2 dia-
betes mellitus, only two studies reported their
association [10, 11]. Wang et al. carried out a
case-control study with 385 patients with type
2 diabetes mellitus and 401 control subjects in
China, and reported that NLRP3 rs10754558
polymorphism contributes to type 2 diabetes
mellitus risk, but that rs7512998 and
rs12137901 variants were not correlated with
susceptibility to this disease [10]. Zheng et al.
done a study with 952 type 2 diabetes mellitus
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patients and 871 control subjects, and discov-
ered that NLRP3 rs10754558 polymorphism
was associated with insulin resistance and ele-
vated risk of type 2 diabetes mellitus in a
Chinese population [11]. In our study, we also
discovered that the CC genotype and C allele of
NLRP3 rs10754558 variant was correlated
with the development of type 2 diabetes melli-
tus when compared with the wide-type geno-
type. Further studies are greatly needed to con-
firm our findings.

However, our study had some limitations. First,
the selection bias might not be avoided since
the study subjects were selected from only one
hospital. Second, possibility of gene-gene or
SNP-SNP interactions, or linkage disequilibrium
between polymorphism may have a role in the
pathogenesis of type 2 diabetes mellitus. Third,
our study had limited statistical power possibly
due to a small sample size. Therefore, further
molecular genetic studies should be performed
in a large population sample in order to identify
the mechanisms role of NLRP3 genetic poly-
morphisms in the development of type 2 diabe-
tes mellitus.

In summary, our study has shown that the poly-
morphism of NLRP3 rs10754558 is associated
with heavy risk of type 2 diabetes mellitus.
Future study should include larger sample size
to provide a greater view for the relationship
between NLRP3 genetic polymorphisms and
development of type 2 diabetes mellitus risk in
different populations.
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