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Abstract. Nucleotide‑binding oligomerization domain, 
leucine rich repeat, and pyrin domain‑containing protein 3 
(NLRP3) inflammasome has been implicated in a series 
of physiological and pathological processes. However, its 
correlation in coronary heart disease (CHD) still remains 
to be elucidated. The present study aimed to determine the 
expression of NLRP3 inflammasome in peripheral blood 
monocytes (PBMCs) of stable angina pectoris (SAP) and acute 
myocardial infarction (AMI) patients. In addition, the effect of 
rosuvastatin on their activities was analyzed in vitro. A total of 
60 participants with SAP (n=20), AMI (n=20) and non‑CHD 
controls (n=20) were enrolled. Fluorescence‑activated cell 
sorting, real‑time PCR, western blotting and enzyme‑linked 
immunosorbent assay were performed to reveal the role 
of NLRP3 inflammasome. NLRP3 inflammasome was 
expressed in the PBMCs, and revealed an increased expres-
sion along the downstream interleukin (IL)‑1β and IL‑18 in 
both SAP and AMI groups, compared to the control group. 
Moreover, there was a more marked increase in the expression 
of these indicators in AMI patients when compared to SAP 
patients. Interference with rosuvastatin in vitro revealed that 
the expression of NLRP3 inflammasome and its downstream 
cytokines were significantly downregulated in both SAP and 
AMI groups in a time‑dependent manner. The activation of 
NLRP3 inflammasome may be involved in the development 
of CHD, and rosuvastatin could attenuate the inflammatory 
process of atherosclerosis by downregulating NLRP3 expres-
sion and its downstream mediators. These findings indicated a 
potential role of NLRP3 in the pathogenesis and management 
of CHD, and also provided new insights into the mechanistic 
framework of rosuvastatin activity.

Introduction

Coronary heart disease (CHD) with atherosclerosis predomi-
nantly affects the inflammatory process, and remains to be a 
major cause of morbidity and mortality worldwide (1). Several 
clinical studies are currently underway in assessing various 
anti‑inflammatory agents for the treatment of atheroscle-
rosis (2). Recently, the CANTOS trial has demonstrated that 
anti‑inflammatory therapy targeting the interleukin (IL)‑1β 
innate immunity pathway reduced the risk of recurrent 
cardiovascular events in patients with prior heart attack (3). In 
addition, their previous findings indicated that high‑sensitivity 
C‑reactive protein (hs‑CRP) and IL‑6 are associated with 
an increased risk of cardiovascular events, independent of 
the cholesterol level (4). Although the specific mechanisms 
are unclear, several studies have underlined the central role 
of inflammasomes, which act as integral parts of the innate 
immune system during the process of atherosclerosis (5‑7).

Nucleotide‑binding oligomerization domain, leucine rich 
repeat, and pyrin domain‑containing protein 3 (NLRP3), 
apoptosis‑associated speck‑like protein containing a CARD 
(ASC) and caspase‑1 constitute the main components of 
inflammasome‑NLRP3 inflammasome  (8). The NLRP3 
inflammasome on activation forms a macromolecular protein 
complex that regulates the activation of caspase‑1 and produc-
tion and maturation of pro‑inflammatory cytokines such as 
IL‑1β and IL‑18 (9). It can be activated by various signals, 
wherein the cholesterol crystals act as a major trigger and 
as a sustaining factor for atherogenic inflammation through 
NLRP3 inflammasome and its induction of IL‑1β (10).

Clinically, statins [HMG‑CoA (3‑hydroxy‑3‑methylgl-
utaryl‑coenzyme A) reductase inhibitors] have long been 
used for the treatment of CHD  (11,12). Statins can effec-
tively stabilize or reverse atherosclerotic plaque formation, 
improving prognosis, and reducing mortality and morbidity 
by lowering the blood lipid levels and inhibiting the inflamma-
tory response (13). Rosuvastatin is a relatively new drug that 
belongs to HMG‑CoA inhibitors. It has a safety and tolerability 
profile similar to or better than that of commonly used doses 
of other statins (14). Rosuvastatin is associated with a decrease 
in the levels of serum hs‑CRP, which occurs independently 
with the reduction of low‑density lipoprotein cholesterol 
(LDL‑C)  (15). Therefore, it is generally used in clinics to 
prevent and treat CHD (16). However, research regarding the 
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correlation between NLRP3 inflammasome and rosuvastatin 
is hardly available.

Thus, the present study aimed to determine whether NLRP3 
inflammasome was expressed in peripheral blood monocytes 
(PBMCs) and correlated with IL‑1β and IL‑18 secretion in 
stable angina pectoris (SAP) and acute myocardial infarction 
(AMI) patients. In addition, the effect of rosuvastatin on the 
NLRP3 inflammasome signaling pathway was investigated in 
CHD in vitro by utilizing a cell culture model to provide new 
insights into the inflammatory pathogenesis and management 
of CHD.

Materials and methods

Study population. A total of 40  patients with stable 
SAP (n=20) and AMI (n=20) admitted to our hospital 
for coronary angiography and emergency percutaneous 
coronary intervention (PCI) from May 2017 to April 
2018 were enrolled. None of the participants were treated 
with statins before. SAP was defined according to the 
ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guidelines (17). 
AMI was diagnosed based on the ESC/ACCF/AHA/WHF 
Third Universal Definition of myocardial infarction  (18). 
Patients with clinical signs of acute infection, severe renal 
failure (serum creatine levels >3 mg/dl) or rheumatoid disease, 
or suspected of having a malignant or primary wasting 
disorder were excluded from the present study. A total of 
20  subjects with paroxysmal supraventricular tachycardia 
(PSVT) admitted to our hospital for radiofrequency ablation 
(RFCA) and exhibiting no evidence of CHD upon history 
or physical examination were defined as the control group 
(non‑CHD group). Participants included in our study were 
aged between 41 and 84 years, and utilization of samples was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Bengbu Medical College (Bengbu, China) and 
written informed consent was obtained from all subjects.

Blood samples. Peripheral blood samples were collected from 
all patients in the morning after an overnight fast to obtain 
baseline data. Plasma was separated by centrifugation at 
2,500 x g for 15 min and was stored at ‑80˚C until use.

Cell preparation. Peripheral blood mononuclear cells were 
isolated from peripheral blood samples by Ficoll‑Paque 
density gradient centrifugation using lymphocyte separation 
medium (Sigma‑Aldrich; Merck KGaA). Isolated mononuclear 
cells were washed and centrifuged twice with PBS lotion 
containing 3% fetal bovine serum (FBS) and 10 mM EDTA 
for 15 min at 400 x g at room temperature. Subsequently, the 
peripheral blood mononuclear cells were resuspended at a 
final concentration of 1.0x108 cells/ml and were isolated using 
EasySep™ CD14+ antibody positive selection kit (Stemcell 
Technologies, Inc.). The obtained PBMCs were washed with 
PBS lotion containing 3% FBS and 10 mM EDTA three times. 
A final concentration of 5.0x106 cells/ml of PBMCs were incu-
bated with 2.5 µl PE anti‑human CD14 antibody (1:1,000; cat. 
no. 12‑0149‑41; eBioscience; Thermo Fisher Scientific, Ltd.) 
at 4˚C for 30 min protected from light. A monoclonal anti-
body against mouse IgG (1:1,000; cat. no. 10400C; Invitrogen; 
Thermo Fisher Scientific, Ltd.) was used as the homologous 

control under the same conditions. After washing thrice with 
PBS, the cells were resuspended and the positive rate of CD14 
was calculated by flow cytometry.

Cell experiments. PBMCs from each group were cultured and 
proliferated with RPMI‑1640 culture medium containing 10% 
FBS (both from Thermo Fisher Scientific, Inc.) and 50 U/ml 
rIL‑2 (Sigma‑Aldrich; Merck KGaA) for 24 h in vitro. Then, 
the PBMCs were harvested and equally divided into three 
portions. One portion was defined as the untreated group (0 h) 
and collected directly for RNA and protein extraction. The 
other two portions were sequentially cultured with rosuvas-
tatin for another 12 and 24 h, respectively, and were defined as 
the 12 and 24‑h groups. Rosuvastatin (Sigma‑Aldrich; Merck 
KGaA) was dissolved in DMSO at a stock solution of 20 mM 
and stored in aliquots at ‑20˚C as previously described (19).

RNA isolation and real‑time reverse transcriptase‑polymerase 
chain reaction (RT‑PCR). Total RNA was extracted using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. M‑MLV reverse 
transcriptase (Promega Corporation) was used to convert 
RNA into cDNA at 42˚C for 60 min following standard proce-
dure. For real‑time reverse transcriptase‑polymerase chain 
reaction (RT‑PCR) quantification, 2 µl of cDNA reaction was 
amplified in a 20‑µl standard RT‑PCR reaction. The PCR 
parameters were as follows: Denaturation at 94˚C for 5 min, 
followed by 40 amplification cycles at 94˚C for 30 sec, 56˚C 
for 60 sec, and 72˚C for 40 sec, with the final cycle extended 
to 10 min at 72˚C, and termination at 4˚C. The detection of 
β‑actin transcripts provided an internal control in RT‑PCR, 
standardizing the quantity of input cDNA. The quantitative 
RT‑PCR amplification products and the expression ratios of 
mRNA were determined using the 2‑ΔΔCq method (20) for rela-
tive quantification. The primers used in the study are listed 
in Table I.

Western blotting. Total proteins were extracted from PBMCs 
using RIPA Lysis and Extraction Buffer (Thermo Fisher 
Scientific, Inc.). The protein concentration was measured by 
BCA protein assay kit (Thermo Fisher Scientific, Inc.). Equal 
amounts of proteins (20 µg per lane) were loaded onto the gel 
and separated by SDS‑polyacrylamide gels with 10% (w/v) 
acrylamide, followed by electrophoresis and blotting onto 
PVDF membranes (EMD Millipore). The membranes were 
blocked in 5% nonfat milk for 30 min at room temperature 
and co‑incubated overnight with anti‑NLRP3 (1:1,000; cat. 
no.  13158S; Cell Signaling Technology, Inc.), anti‑ASC 
(1:1,000; cat. no.  sc‑514414; Santa Cruz Biotechnology, 
Inc.), anti‑caspase‑1 (1:1,000; cat. no. 3866S; Cell Signaling 
Technology, Inc.) and anti‑β‑actin (cat. no.  8457S; Cell 
Signaling Technology, Inc.; 1:1,000) on a shaker at 4˚C. After 
rinsing, the membranes were co‑incubated for 2 h with an 
alkaline phosphatase‑labeled goat anti rabbit secondary anti-
body (1:2,000; cat. no. 7054S; Cell Signaling Technology, Inc.) 
on a shaker at room temperature. Following additional rinsing, 
the membranes were treated with 5 ml BCIP/NBT solution 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. The Quantity One 1‑D analysis 
software version 4.6.3 (Bio‑Rad Laboratories, Inc.) was used 
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to analyze the protein ladders. Protein expression levels were 
normalized to those of internal controls (β‑actin).

Enzyme‑linked immunosorbent assay (ELISA). ELISA was 
used to determine the levels of IL‑1β and IL‑18 according to 
the manufacturer's instructions (Cell Signaling Technology, 
Inc.). Triplicated wells were set as samples and standard refer-
ences. The final absorbance values of proteins were read by 
a microplate reader at 450 nm, while the means were used to 
calculate IL‑1β and IL‑18 contents of corresponding samples 
based on the established standard curves.

Statistical analysis. The numerical data were presented as 
the means ± standard deviation (SD). Statistically significant 
differences among the groups were evaluated by Student's 
t‑test or one‑way analysis of variance (ANOVA) followed by 
the Bonferroni test, using SPSS 21.0 software (IBM Corp.). 
Correlation analysis was performed using Pearson's correlation. 
P‑values <0.05 were considered to be statistically significant.

Results

Baseline characteristics. Sixty participants were enrolled in 
this study and were divided into three groups [SAP (n=20), 
AMI (n=20) and non‑CHD controls (n=20)]. No significant 
differences in age, sex, BMI, smoking status, mononuclear 
count, lipoprotein A (LPA) level, urea level, creatinine level 
and uric acid level were observed among the three groups 
(P>0.05). However, total cholesterol (TC) level, triglycerides 
(TG) level, high‑density lipoprotein cholesterol (HDL‑C) 
level, LDL‑C level, apolipoprotein B (Apo B) level and alanine 
transaminase (ALT) level were significantly increased in the 
SAP group compared to those in the control group (P<0.05), 
while white blood cell (WBC) count, HDL‑C, Apo A level, 
ALT level, aspartate aminotransferase (AST) level and hs‑CRP 
level were significantly increased in the AMI group compared 
to those in the control group (P<0.05). When compared to the 

SAP group, the WBC count and levels of LDL‑C, ALT, AST 
and hs‑CRP in the AMI group were revealed to be significant 
(P<0.05). The baseline characteristics of the study population 
are presented in Table II.

Expression of NLRP3 inflammasome in PBMCs. PBMCs 
isolated from SAP, AMI and control participants were puri-
fied with CD14‑antibody‑conjugated beads, and then were 
identified using fluorescence‑activated cell sorting (FACS) as 
revealed in Fig. 1A. RT‑PCR results revealed that the mRNA 
expression of NLRP3, ASC and caspase‑1 were significantly 
increased in SAP and AMI groups compared to the control 
group (P<0.05). The significant upregulation of the mRNA 
levels of the three indicators in the AMI group was concur-
rently revealed when compared with the SAP group (P<0.05, 
Fig. 1B‑D). Similar results were observed in the protein expres-
sion pattern of NLRP3 inflammasome, revealing a significant 
increase in the SAP and AMI group compared to the control 
group, and the AMI group revealed an increase compared with 
the SAP group (P<0.05, Fig. 2A and B).

Measurement of IL‑1β and IL‑18 in plasma. As revealed in 
Fig. 2C, there was a significant increase in the secretion of 
IL‑1β and IL‑18 in the SAP and AMI groups compared to the 
controls (P<0.05). In addition, a significant upregulation in the 
concentrations of the two cytokines was observed in the AMI 
group, compared with the SAP group (P<0.05).

Correlations of IL‑1β and IL‑18 levels with inflammatory 
markers. The correlations of cytokines IL‑1β and IL‑18 with 
plasma levels of the indicated inflammatory markers in a total 
of 60 subjects were analyzed. The results revealed that both 
WBC count and hs‑CRP level were positively correlated with 
IL‑1β and IL‑18 concentrations, WBC count (r=0.484; P<0.05) 
and hs‑CRP level (r=0.442; P<0.05) with IL‑1β, WBC count 
(r=0.365; P<0.05) and hs‑CRP level (r=0.293; P=0.023) with 
IL‑18. However, there were no significant correlations between 

Table I. Primers used in the present study.

Gene	 Sequence	 Product size

NLRP3
  Upstream	 F‑5'‑AAGCACCTGTTGTGCAATCTGAAG‑3'	 103 bp
  Downstream	R‑ 5'‑GGGAATGGCTGGTGCTCAATAC‑3'	
ASC
  Upstream	 F‑5'‑TGACGGATGAGCAGTACCAG‑3'	 151 bp
  Downstream	R‑ 5'‑TCCTCCACCAGGTAGGACTG‑3'	
Caspase‑1
  Upstream	 F‑5'‑GCCTGTTCCTGTGATGTGGA‑3'	 175 bp
  Downstream	R‑ 5'‑TTCACTTCCTGCCCACAGAC‑3'	
β‑actin
  Upstream	 F‑5'‑CCTTCCTGGGCATGGAGTCCTG‑3'	 202 bp
  Downstream	R‑ 5'‑GGAGCAATGATCTTGATCTTC‑3'	

NLRP3, nucleotide‑binding oligomerization domain, leucine rich repeat, and pyrin domain‑containing protein 3; ASC, apoptosis‑associated 
speck‑like protein containing a CARD; F, forward; R, reverse.

https://www.spandidos-publications.com/10.3892/mmr.2019.10382
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mononuclear count, Apo A level, Apo B level, or LPA level 
with IL‑1β and IL‑18 concentrations (Table III).

Effect of rosuvastatin on NLRP3 inflammasome and down‑
stream cytokines in PMBCs in vitro. PBMCs isolated from 

Figure 1. Upregulation of NLRP3 inflammasome mRNA levels in PBMCs in patients with SAP and AMI, compared with non‑CHD controls. (A) PBMCs 
were isolated from peripheral blood and the positive rate of CD14 was calculated to be ≥95% of PBMCs by flow cytometry. RT‑PCR assays were performed to 
quantify the mRNA levels of (B) NLRP3, (C) ASC and (D) caspase‑1 in PBMCs of each group. *P<0.05; **P<0.01. NLRP3, nucleotide‑binding oligomerization 
domain, leucine rich repeat, and pyrin domain‑containing protein 3; PBMCs, peripheral blood monocytes; SAP, stable angina pectoris; AMI, acute myocardial 
infarction; CHD, coronary heart disease; ASC, apoptosis‑associated speck‑like protein containing a CARD.
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each group were cultured and proliferated as described 
in Materials and methods. Western blotting and real‑time 
RT‑PCR were performed to detect the expression of NLRP3, 

ASC, and caspase‑1 in PBMCs. ELISA was performed to 
assess IL‑1β and IL‑18 levels in the supernatants. The results 
revealed that the mRNA and protein expression of NLRP3, 

Figure 2. Increase in protein expression levels of NLRP3 inflammasome and secretion of its downstream interleukins in PBMCs of patients with SAP and 
AMI, compared with non‑CHD controls. (A) Western blotting was used to detect the protein expression of NLRP3, ASC and caspase‑1 in PBMCs of each 
group. (B) Quantitative results are illustrated for the three indicators using western blot analysis. (C) Plasma levels of IL‑1β and IL‑18 from each group were 
measured by ELISA. *P<0.05; **P<0.01. NLRP3, nucleotide‑binding oligomerization domain, leucine rich repeat, and pyrin domain‑containing protein 3; 
PBMCs, peripheral blood monocytes; SAP, stable angina pectoris; AMI, acute myocardial infarction; CHD, coronary heart disease; ASC, apoptosis‑associated 
speck‑like protein containing a CARD; ELISA, enzyme‑linked immunosorbent assay.

https://www.spandidos-publications.com/10.3892/mmr.2019.10382
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ASC and caspase‑1 were downregulated in the 12 and 24‑h 
groups treated with rosuvastatin compared to the untreated 
groups of PBMCs from either SAP or AMI patients in vitro 
(P<0.05), and more significant decrease was observed 
in the 24‑h group compared to the 12‑h group (P<0.05) 
(Figs. 3 and 4A and B). Similar results were also observed 
for the expression of IL‑1β and IL‑18 in the supernatants of 
untreated groups, and the rosuvastatin group treated for 12 
and 24 h (Fig. 4C).

Discussion

Cardiovascular disease is still considered to be the leading 
cause of deaths and illnesses worldwide (1). Atherosclerosis 
is widely perceived as the pathological basis of CHD 
including SAP and AMI, wherein the cholesterol deposition 
incites a progressive macrophage‑dominated inflammatory 
response. Until recently, the molecular basis of these inflam-
matory responses in atherosclerotic lesions was not clearly 
understood. In the present study, PBMCs were isolated 
and the expression levels of NLRP3 inflammasome and its 
downstream cytokines from SAP and AMI patients were 
identified, and the effect of rosuvastatin during this process 
was investigated. The results revealed that NLRP3, ASC 
and caspase‑1 were highly expressed in PBMCs along with 

its downstream cytokines IL‑1β and IL‑18 in SAP and AMI 
patients when compared to non‑CHD controls. Rosuvastatin 
at a concentration of 20 µM for 12 and 24 h led to a signifi-
cant decrease in the expression of NLRP3 inflammasome 

Table II. Baseline laboratory indices of the study group.

	C ontrol (n=20)	 SAP (n=20)	A MI (n=20)

Age	 59.10±10.33	 64.05±11.52	 64.05±8.72
BMI (kg/m2)	 24.99±3.42	 25.57±3.70	 25.7310±3.13
Male	   6	 11	 12
Female	 14	   9	   8
Smoking history	 4/20	 8/20	 6/20
CHD family history	‑	  5/20	 6/20
Hypertension	 7/20	 12/20	 10/20
WBC (x109/l)	 5.88±1.33	 6.62±1.85	 9.59±4.44a,b

Mononuclear (x109/l)	 0.71±1.41	 0.44±0.13	 0.65±0.33
TC (mmol/l)	 4.54±0.96	 3.73±1.09a	 4.12±1.09
TG (mmol/l)	 1.22±0.46	 1.83±1.01a	 1.51±1.11
HDL (mmol/l)	 1.21±0.29	 0.97±0.25a	 0.97±0.25a,b

LDL (mmol/l)	 2.50±0.74	 1.83±0.78a	 2.50±0.92b

Apo A (g/l)	 1.33±0.35	 1.18±0.22	 1.07±0.22a

Apo B (g/l)	 0.82±0.24	 0.66±0.27a	 0.80±0.25
LPA (mg/l)	 205.95±228.86	 227.70±183.95	 228.10±232.37
ALT (U/l)	 17.35±8.80	 27.85±16.99a	 42.25±16.92a,b

AST (U/l)	 21.50±4.48	 27.20±11.44	 146.40±132.90a,b

Urea (mmol/l)	 5.66±1.18	 5.62±1.34	 5.45±1.70
Creatinine (µmol/l)	 63.20±11.31	 72.25±13.49	 69.85±24.20
hs‑CRP (mg/l)	 1.24±1.37	 3.34±5.74	 24.27±31.08a,b

Uric acid (umo1/l)	 296.10±88.46	 299.85±70.12	 297.00±86.183

aP<0.05 compared to the control group; bP<0.05 comparison between the SAP and AMI groups. SAP, stable angina pectoris; AMI, acute 
myocardial infarction; CHD, coronary heart disease; WBC, white blood cells; TC, total cholesterol; TG, triglyceride; HDL, high‑density 
lipoprotein; LDL, low‑density lipoprotein; Apo A, apolipoprotein A; Apo B, apolipoprotein B; LPA, lipoprotein A; ALT, alanine transaminase; 
AST, aspartate aminotransferase.

Table III. Correlation of inflammatory markers with IL‑1β and 
IL‑18.

	IL‑ 1β	 IL‑18
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 r	 P‑value	 r	 P‑value

WBC	 0.484	 <0.001a	 0.365	 0.005a

Mononuclear	 0.025	 0.849	 0.020	 0.878
hs‑CRP	 0.442	 <0.001a	 0.293	 0.023a

Apo A	‑ 0.350	 0.006a	 ‑0.021	 0.063
Apo B	‑ 0.039	 0.765	‑ 0.053	 0.686
LPA	 0.048	 0.717	 0.059	 0.656

aP<0.05. WBC, white blood cells; Apo A, apolipoprotein A; Apo B, 
apolipoprotein B; hs‑CRP, high‑sensitivity C‑reactive protein; LPA, 
lipoprotein A.
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and its downstream mediators in vitro in a time‑dependent 
manner.

Atherosclerosis is an inflammatory condition that involves 
both acute and chronic components. Recent insights indicated 
that innate immune cells play a vital role in the pathogenesis of 
atherosclerosis (21). Atherosclerotic plaque development in the 
arterial wall is characterized by infiltration of monocytes (22). 
Circulating monocytes initially adhere to the activated endo-
thelium, then infiltrate into the vessel wall via endothelial 
cell junction, form lesional macrophages, and then participate 
decisively in the development and exacerbation of atheroscle-
rosis. The inflammatory cytokines are secreted to modify 
the endothelial function, proliferation of vascular smooth 
muscle cell (VSMCs), degradation of collagen, and throm-
bosis (23). The inflammasomes are innate immune system 
receptors/sensors that are formed in response to infectious 
microbes and molecules derived from host proteins (24). It is 
a cytoplasmic macromolecular protein complex that contains 

multiple proteins, which is formed in response to danger‑asso-
ciated molecular patterns (DAMPs) or pathogen‑associated 
molecular patterns (PAMPs), and serves as a molecular plat-
form for activation of cysteine protease caspase‑1 (25). NLRP3 
inflammasome is one of the most studied inflammasomes, and 
involved in the process of sterile inflammation (26).

It is well known that an array of exogenous and endog-
enous stimuli can activate NLRP3 inflammasome, and the 
underlying precise mechanism remains unclear. However, 
several common upstream pathways have been identified 
including potassium (K+) efflux (27), the generation of mito-
chondrial reactive oxygen species (ROS) (28), and cathepsin 
release as a result of phagolysosomal membrane destabiliza-
tion (29). NLRP3 activation forms a complex, which has been 
revealed to regulate the activation of caspase‑1 and promote 
the production of inflammatory cytokines, such as IL‑1β and 
IL‑18 (30). Clinical studies have revealed that the increase 
in IL‑1β and IL‑18 levels is related to clinical severity in 

Figure 3. Effect of rosuvastatin on NLRP3 inflammasome mRNA levels in PBMCs in vitro. PBMCs were isolated from the peripheral blood of patients with 
non‑CHD, SAP and AMI, respectively, followed by proliferation and treatment with rosuvastatin at a concentration of 20 µM for the indicated time‑points. 
RT‑PCR assay was performed to investigate the influence of rosuvastatin on the mRNA levels of (A) NLRP3, (B) ASC and (C) caspase‑1 in PBMCs of each 
group. *P<0.05; **P<0.01. NLRP3, nucleotide‑binding oligomerization domain, leucine rich repeat, and pyrin domain‑containing protein 3; PBMCs, peripheral 
blood monocytes; CHD, coronary heart disease; SAP, stable angina pectoris; AMI, acute myocardial infarction; ASC, apoptosis‑associated speck‑like protein 
containing a CARD; NS, not significant.

https://www.spandidos-publications.com/10.3892/mmr.2019.10382
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patients with CHD (31,32). In recent years, NLRP3 inflam-
masome has been considered as a novel player in myocardial 

infarction (33). Animal experiments were performed to iden-
tify whether inflammasome activation of cardiac fibroblasts 

Figure 4. Effect of rosuvastatin on protein expression levels of NLRP3 inflammasome in PBMCs and secretion of its downstream cytokines in supernatants 
in vitro. PBMCs were isolated from the peripheral blood of patients with non‑CHD, SAP and AMI, respectively, followed by proliferation and treatment with 
rosuvastatin at a concentration of 20 µM for the indicated time‑points. (A) Western blotting was conducted to analyze the influence of rosuvastatin on the 
protein levels of NLRP3, ASC and caspase‑1 in PBMCs of each group. (B) Quantitative results for modulating the protein expression of the aforementioned 
three indicators by rosuvastatin are illustrated. (C) Modulation of IL‑1β and IL‑18 secretion in the supernatants by rosuvastatin of each group was measured 
by ELISA. *P<0.05, **P<0.01 and #P<0.05 (compared to the 0‑h group); ΔP<0.05 (compared to the 12‑h group). NLRP3, nucleotide‑binding oligomerization 
domain, leucine rich repeat, and pyrin domain‑containing protein 3; PBMCs, peripheral blood monocytes; CHD, coronary heart disease; SAP, stable angina 
pectoris; AMI, acute myocardial infarction; ASC, apoptosis‑associated speck‑like protein containing a CARD; NS, not significant.
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remains essential for myocardial ischemia/reperfusion 
injury (34). Consistent with this, a study revealed that inhi-
bition of NLRP3 inflammasome limited the inflammatory 
injury following myocardial ischemia‑reperfusion in a mouse 
model (35). Therefore, NLRP3 inflammasome and associ-
ated IL‑1β release are considered as potential biomarkers of 
conventional cardiovascular risk (36). CRP, as an important 
inflammatory mediator, is able to directly participate in the 
pathogenesis of atherosclerosis by activating endothelial 
cells and promoting the inflammatory component of athero-
sclerosis (37,38). Moreover, the circulating level of hs‑CRP 
was also revealed to be strongly associated with the clinical 
setting of unstable angina pectoris (39,40). In the present 
study, peripheral blood was collected from patients within 
12 h after an attack of AMI, and emergency PCI was applied 
to testify and treat the target lesion. It was revealed that 
WBC count, levels of hs‑CRP, NLRP3 inflammasome and its 
downstream cytokines IL‑1β and IL‑18 were all significantly 
increased in patients with AMI when compared to non‑CHD 
controls. Expression of key factors of the NLRP3 inflamma-
some signaling pathway were also observed to be enhanced 
in SAP patients.

Furthermore, it was determined that IL‑1β and IL‑18 
content revealed a correlation with WBC count and the 
level of hs‑CRP. These findings revealed an inflamma-
tory response in coronary artery occlusion, especially in 
the process of AMI characterized by a greater and a more 
marked activation of inflammation. The results that the 
increase in either hs‑CRP level or WBC count in SAP patients 
was not significant enough when compared to non‑CHD 
controls also support the notion. In light of this evidence, 
it is proposed that the stimulated PBMCs orchestrate the 
activation of NLRP3 inflammasome. This was due to the 
upregulation of the expression of NLRP3, ASC, caspase‑1, 
and their downstream mediators, leading to atherosclerotic 
progression (Fig. 5).

The elevated blood cholesterol levels, or more precisely the 
LDL‑C levels, are generally recognized as a major risk factor and 
are causally linked to the pathogenesis of atherosclerosis (41). 
Rosuvastatin has been extensively used for the treatment of 
hyperlipidemia and CHD, and is mainly referred due to its 
benefit to stabilization and regression of atherosclerotic plaques, 
which thus avoids or improves cardiovascular events. Recently, 
rosuvastatin was also reported to have the ability to decrease 
the number of inflammatory cells in atherosclerotic plaques and 
possess other anti‑inflammatory properties (42). The potential 
relationship between rosuvastatin and NLRP3 inflammasome 
in coronary artery disease (CAD) has been documented by 
previous studies  (8,43), however, SAP and AMI represent 
different stages of development of coronary atherosclerosis with 
different pathophysiological processes, and their underlying 
molecular mechanisms are far from complete.

In the present study, CD14+ monocytes were cultured and 
treated with rosuvastatin at different time‑points in  vitro, 
and it was revealed that these indicators were significantly 
downregulated in a time‑dependent manner in patients with 
SAP and AMI. However, in patients without CHD, the effect 
of rosuvastatin exhibited no significant results. These findings 
indicated an activation of the NLRP3 inflammasome signaling 
pathway during the inflammatory process of atherosclerosis. 

Rosuvastatin could partially reverse the activation of this 
pathway in different stages of atherogenesis, particularly in the 
development of stable plaques including plaque rupture. Based 
on the aforementioned findings, the present study confirmed 
the anti‑inflammatory effect of rosuvastatin, which was inde-
pendent of lipid‑level lowering.

In summary, it was revealed that PBMCs from patients 
with either SAP or AMI have a higher expression of NLRP3 
inflammasome and its downstream cytokines, and activation 
of these indicators revealed a correlation particularly in AMI 
patients. Rosuvastatin exhibited desirable inhibitory effects 
on the activation of the NLRP3 inflammasome signaling 
pathway in a time‑dependent manner. These findings indicated 
NLRP3 inflammasome as a potential target in the inflamma-
tory process that leads to atherosclerosis, and provided a new 
pharmacological role of rosuvastatin as an anti‑inflammatory 
drug for CHD including SAP and AMI.
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