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Purpose: Little is known about the relationship between the level of platelet NOD-like
receptor protein 3 (NLRP3) and the severity of acute coronary syndrome (ACS) or the
prognostic value of platelet NLRP3 for percutaneous coronary intervention (PCI).
Methods: Platelets collected from 25 healthy subjects, 23 patients with stable angina
pectoris (SAP), and 72 patients with ACS were analyzed by Western blotting and real-time
fluorescence quantitative PCR (qQPCR). A total of 152 patients with ACS who had undergone
PCI were included in this study to evaluate the prognostic value of platelet NLRP3.
Results: The levels of platelet NLRP3 in both the healthy and SAP groups were clearly
lower than in the ACS group (P<0.001). According to the Pearson correlation analysis, the
expression of platelet NLRP3 was closely related to the mean platelet volume (MPV), left
ventricular ejection fraction (LVEF), the Gensini score, and the Global Registry of Acute
Coronary Events (GRACE) score (all P<0.001). Multivariate logistic regression analysis
identified NLRP3 as an independent risk factor for adverse cardiovascular events (ACEs)
after PCI (P=0.004). The proportion of patients with high NLPR3 expression (the NLRP3-
high group) remaining free of adverse events for 3 years was remarkably lower than that in
patients with low NLPR3 expression (the NLRP3-low group; P=0.024). The NLRP3-high
group had a significantly higher proportion of patients with interleukin-1p—expressing
(20.4%+6.1%) platelets than the NLRP3-low group (10.7%+3.5%, P<0.001). Moreover, the
NLRP3-high group exhibited higher platelet activity, as indicated by increased PAC-1
binding and CD62P expression, compared with the NLRP3-low group (P<0.001).
Conclusion: These results indicated that platelet NLRP3 was a novel potential prognostic
factor for patients with ACS that underwent PCI.

Keywords: platelet NLRP3, acute coronary syndromes, percutaneous coronary intervention,
inflammation, prognosis

Introduction

Defined as the acute ischemic syndrome of the heart resulting from the rupture of
thrombosis or atherosclerotic plaque in the coronary arteries,' acute coronary
syndrome (ACS) is one of the most serious and potentially fatal diseases.
Inflammation contributes to building plaques, regards as determinants of acute
coronary.

NOD-like receptor protein 3 (NLRP3) inflammasome, an inflammasome with
the clear structure and function, consists of NLRP3, pro-caspase-1, and apoptosis-
associated speck-like protein with a CARD (ASC).? NLRP3 is closely related to the
occurrence and development of cardiovascular disease, in which inflammatory
bodies are activated by cholesterol crystals in a dose-dependent manner in the
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carly stages of atherosclerosis.” Mice lacking the activa-
tion domains, including ASC and caspase-1, showed
reduced inflammation, infarct size, and myocardial fibrosis
after ischemic injury.*

Wang et al® discovered that patients with ACS and
acute myocardial infarction (AMI) had increased expres-
sion of NLRP3 and downstream cytokines in monocytes.
After activation by external stimuli, NLRP3 forms
a complex with proteins, including ASC, BTK, and cas-
pase-1, and regulates the production of pro-inflammatory
factors, such as active interleukin (IL)-1p, thereby control-
ling platelet activation, aggregation, and thrombosis during
ACS.° Besides their presence in monocytes, NLRP3
expression has been recently found in platelets, however,
the expression and clinical prognostic value of platelet
NLRP3 in ACS remains unclear.

Patients with ACS participating in the PLATelet inhibi-
tion and patient Outcomes trial were at a high risk of
residual disease, with 10% of patients experiencing an
ischemic endpoint, even after receiving powerful dual
antiplatelet therapy.” Interestingly, the Canakinumab Anti-
inflammatory Thrombosis Outcomes Study trial suggested
that the IL-1B monoclonal antibody canakinumab contrib-
uted to a 15% reduction in the risk of cardiovascular
events in patients with myocardial infarction and
C-reaction protein concentration >2 mg/dL based on stan-
dard drug therapy.® This is the first direct demonstration
that anti-inflammatory treatment can reduce cardiovascular
events, indicating that inflammation and thrombosis are
inseparable in ACS.

Percutaneous coronary intervention (PCI) is an effec-
tive treatment for some patients with ACS, although there
are still issues surrounding prognosis. There are many
factors related to the prognosis after PCI, and the indices
studied remain inadequate in terms of sensitivity and spe-
cificity. Therefore, there is an urgent need to find ideal
indicators to evaluate the prognosis of PCI in patients with
ACS. Since platelets are involved in the pathological pro-
cess of inflammation and thrombosis in ACS, the biomar-
kers in platelets may be important predictors of the
prognosis of ACS.

Platelets can express and release inflammatory factors
and chemokines after activation,” and inflammatory cells
are recruited by platelets-secreted chemokines to vascular
lesions,'® promoting vascular endothelial dysfunction and
inducing atherosclerosis. We speculated that platelet
NLRP3 may participate in the platelet hyperactivity in
ACS and affect the prognosis of patients with ACS.

Based on this hypothesis, for the first time, we observed
the expression of platelet NLRP3 in patients with ACS.
Furthermore, we performed retrospective analysis to
examine the relationship between platelet NLRP3 expres-
sion and the clinical endpoints in patients with ACS.

Materials and Methods
Participants and Design

In this study, two different patient cohorts were included:
one cohort comprised healthy people and patients with
coronary heart disease, and the other comprised patients
with ACS who underwent PCI. Study subjects were
patients hospitalized in Zhongshan Hospital of Fudan
University between January 2016 and July 2017. This
study was approved by the appropriate Ethics Committee
and strictly adhered to the Declaration of Helsinki, and
written informed consent was obtained from each patient
after a detailed presentation regarding this study.

The first cohort enrolled 25 healthy subjects; 23
patients with stable angina pectoris (SAP); and 72 patients
with ACS, comprising 23 patients with unstable angina
pectoris (UAP), 26 patients ST-segment elevation myocar-
dial infarction (STEMI), and 23 patients with non-STEMI
(NSTEMI). The second cohort comprised 152 patients
with ACS who successfully underwent PCI. The inclusion
and exclusion criteria defined for both cohorts are shown

in Figure S1.11-13

Data Collection and Evaluation

The demographic and clinical characteristics of patients
included age (years), body mass index (BMI), sex, smok-
ing status, hypertension, diabetes, blood lipids, low- and
high-density lipoprotein cholesterol (LDL-C and HDL-C,
respectively), medication taken during this study (admin-
istration of P receptor blocker, ACE1, ARB, PPIs, H2RA,
statins, and nitrates), platelet parameters, and left ventri-
cular ejection fraction (LVEF).

The blood samples were collected from all patients at the
time of enrollment. The venous blood from patients with
SAP and ACS was drawn immediately upon hospital admis-
sion before medication and angiography. Blood samples
were drawn from healthy subjects in the control group on
the day of physical examination. For patients in the PCI
group, venous blood was drawn immediately upon hospital
admission before revascularization (ie, thrombolysis or PCI).

We evaluated the 3-year incidence of cardiovascular
events (ACEs) (eg, stroke, AMI, cardiovascular event, and
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unplanned coronary revascularization)'* in 152 patients
who underwent PCIL

Detection of Platelet NLRP3 Expression
Platelet-rich plasma was prepared by centrifuging whole
blood samples collected from healthy subjects and patients
at 300 x g for 20 min. Then, the platelet-rich plasma was
centrifuged at 740 x g for 10 min to remove the super-
natant and resuspended in Tyrode’s buffer (135 mM NacCl,
12 mM NaHCO;, 2.9 mM KCl, 0.3 Na,HPO,, 1 mM
MgCl,, 5 mM D-glucose, 10 mM HEPES, and 1.5%
BSA, pH 7.4, 37°C) to obtain a platelet suspension. The
concentration was adjusted to 1x10° cells/uL. Isolated
platelets were immediately analyzed by flow cytometry
or stored at —80°C for further analysis by qPCR and
Western blotting.

The manufacturer’s protocol (cat. no. 15596-026,
Invitrogen) was used to extract the platelet RNA. The
total RNA was assessed for purity using an ultraviolet
spectrophotometer (Eppendorf, Germany), and then stored
at —80°C in a refrigerator until use.

In accordance with the PCR amplification kit (cat. no.
206143, Qiagen), primer sequences were matched and
amplified using a real-time fluorescence qPCR instrument
(Eppendorf, Germany).

Primers were designed and synthesized by
a bioengineering company. The following primer sequences
were used: NLRP3 upstream and downstream primers: 5'-A
ACGACCCCTTCATTGAC-3' and 5'-GAGGAAGAGGA
GGAAAAGGACA-3'; internal reference GAPDH upstream
and downstream primers: 5'-GAAGGTGAGGTCGGAGTC
-3’ and 5'-GGAGATGGTGATGGGATT -3'.

The PCR conditions were as follows: 95°C, 95°C, 58°C,
and 72°C for 5 min, 20 s, 30s, and 30 s, respectively. Each
cycle was repeated 40 times. An analysis was performed for
each sample in three parallel duplicate wells. NLRP3 expres-

sion in platelets was calculated using the 222" method."

Western Blotting

Platelet samples were lysed in ice-cold radioimmunopre-
cipitation assay buffer and vortexed occasionally for 30
min to ensure complete lysis before centrifugation
(2.1x10* x g, 10 min) to remove insoluble debris. Each
sample was analyzed by SDS-PAGE and the gel was
transferred to a polyvinylidene difluoride membrane,
which was incubated with primary antibodies (cat. no.
IMG-6668A, 1:1000, NLRP3, from Novus Biologicals or
cat. no. 5174S, 1:1000, GAPDH, from Cell Signaling

Technology) in 3% BSA in TBS-T at 4°C for overnight.
Anti-rabbit HRP (cat. no. 7074S, 1:5000, from Cell
Signaling Technology) was used as a secondary antibody.
An ECL Plus kit was used to develop the blot, and bands
were quantified by pixel intensity using ImageJ software.

Flow Cytometry

Platelets were analyzed using a FACSAria. Approximately
300 uL of platelets was fixed with 4% paraformaldehyde
for 20 min, permeabilized with 0.1% Triton for 10 min,
and incubated with APC-tagged anti-CD41 (cat. no. MA1-
19779, 1:100, Thermo), PE-tagged CD62p antibody (cat.
no. 12-0626-82, 1:200, Thermo), FITC-tagged PAC-1
antibody (cat. no. MA5-28564, 1:200, Thermo), or FITC-
tagged IL-1B antibody (cat. no. 340515, 1:100, BD) in
darkness for 30 min, and then added to PBS (10 mM)
for flow cytometric analysis. The activation of platelets
can be shown by the percentage of CD62p- or PAC-1
positive platelets. The specific binding of APC-tagged
anti-CD41 and characteristic side and forward scattering
were used to distinguish platelets. FlowJo version V10
(TreeStar) was used to perform the data analysis.

Statistical Analysis

SPSS software (SPSS Inc., Chicago, IL, USA) was used
for statistical analyses. Data normality was tested using the
one-sample Kolmogorov—Smirnov test. The mean + stan-
dard deviation (SD) was used to express normally distrib-
uted
(interquartile range) was used to express abnormally dis-

continuous  variables, whereas the median
tributed variables. The number (percentage) for frequen-
cies was adopted to express the results. Normally
distributed continuous variables were compared using
Student’s #-test, whereas abnormally distributed variables
were compared using the Mann—Whitney U-test. The
Pearson chi-square test was conducted to compare differ-
ences in intergroup categorical data. The association
between platelet NLRP3 and clinical parameters was
investigated using Pearson’s and Spearman’s rank correla-
tion coefficients (normally distributed and non-normal
data,

(ROC) curves were used to determine the most meaningful

respectively). Receiver operating characteristic
cutoff point. Multivariate logistic regression analysis was
performed to identify the independent predictors of ACEs
after PCI. The Kaplan-Meier test was conducted to per-
form survival analysis, and the Log rank test was per-
formed to assess whether the differences in curves were
statistically significant. Each test was two-sided and
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Figure | Expression of platelet NLRP3 in health subjects and coronary heart disease patients. (A) The relative platelet NLRP3 mRNA level in healthy subjects (n=25),
patients with SAP (n=23), and patients with ACS (n=72). (B) The relative platelet NLRP3 mRNA level in patients with UAP (n=23), NSTEMI (n=26), and STEMI (n=23). (C)
Representative expression pattern of NLRP3 protein by Western blotting (Left panel) and relative quantification (Right panel) of NLRP3 protein in healthy subjects (n=25),
patients with SAP (n=23), and patients with ACS (n=72). (D) Representative expression pattern of NLRP3 protein by Western blotting (Left panel) and relative quantification
(Right panel) of NLRP3 protein in healthy subjects (n=25), and patients with UAP (n=23), NSTEMI (n=26), and STEMI (n=23). Data are presented as mean * SD, P<0.05%,
P<0.01**,

Abbreviations: ACS, acute coronary syndrome; SAP, stable angina pectoris; UAP, unstable angina pectoris; NSTEMI, non-ST-segment elevation myocardial infarction;

STEMI: ST-segment elevation myocardial infarction.

P-values of <0.05 were considered to indicate statistical
significance.

Results
NLRP3 Expression in the Platelets of

Patients with ACS

Overall, 25 healthy subjects, 23 patients with SAP, and
72 patients with ACS (23 patients with UAP, 23 patients
with STEMI, and 26 patients with NSTEMI) were
included in the analysis of platelet NLRP3 expression.
The baseline characteristics of the patients are listed in
Table 1. Compared with the healthy and SAP groups, the
ACS group demonstrated a significantly higher expression
level of platelet NLRP3, as detected by qPCR (both

P<0.001, Figure 1A), and the STEMI group exhibited
the highest expression of NLRP3 among all patients with
ACS (Figure 1B). The results were confirmed by Western
blotting, which indicated similar differences in NLRP3
expression in different groups (Figure 1C and D).

Clinical Significance of Platelet NLRP3 in
Patients with ACS

In total, 152 patients who successfully underwent PCI
were examined (average 66.32+4.58 years of age,
57.24% males) to analyze the potential clinical signifi-
cance of platelet NLRP3 in patients with ACS.

The focus was on the relationship between platelet para-
meters and NLRP3 expression level (detected by qPCR, which
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Table | Baseline Characteristics and the Level of Platelet Parameters in the Study Population
Characteristics Health SAP ACS Pl P2
N=25 N=23
UAP NSTEMI STEMI
N=23 N=26 N=23
Age 65.1£4.3 67.0£4.9 66.0£2.1 66.614.0 68.414.3 0.123 0.071
Male 16(64.0%) 14(60.9%) 11(47.8%) 14(53.8%) 15(65.2%) 0.734 0.797
BMI 22.8+1.7 22.7£2.5 23.0t1.8 21.7£2.0 22.312.0 0.551 0.188
Hypertension 10(40.0%) 13(56.5%) 11(47.8%) 14(53.8%) 12(52.2%) 0.485 0.773
Diabetes mellitus 10(40.0%) 8(34.8%) 8(34.8%) 9(34.6%) 9(39.1%) 0933 0.996
HC 9(36.0%) 8(34.8%) 9(39.1%) 9(34.6%) 8(34.8%) 0.970 0.961
Current smoking 8(32.0%) 9(39.1%) 10(43.5%) 7(26.9%) 9(39.1%) 0.849 0.973
Platelet parameter
MPV 8.4 22.7 21.4 22.6 232 0.523 0.044
(7.8-9.6) (20.5-25.0) (20.0-23.4) (20.7-23.7) (21.8-24.8)
PLT 247.5+47.6 255.6+59.1 274.3148.4 247.11£56.5 269.0+64.6 0.485 0.307
PDW 21.4+1.7 21.6x1.5 20.7+£0.9 21.14£1.50 20.5%1.7 0.052 0.091
PCT 0.192 0.183 0.194 0.190 0.182 0.772 0.665
(0.168-0.208) (0.164-0.211) (0.162-0.209) (0.155-0.209) (0.134-0.206)

Notes: Values are presented as mean * SD, as median (interquartile range), or as n (%). A p-value smaller than 0.05, indicated by the bold-italic text. PI: the comparison was
made between the healthy, SAP and ACS groups; P2: the comparison was made between the UAP, NSTEMI and STEMI groups.
Abbreviations: BMI, body mass index; SAP, stable angina pectoris; ACS, acute coronary syndrome; UAP, unstable angina pectoris; NSTEMI, non-ST-segment elevation
myocardial infarction; STEMI, ST-segment elevation myocardial infarction; HC, hypercholesterolemia; PLT, platelet count; MPV, mean platelet volume; PDW, volume

distribution width; PCT, the platelet crit.

is a more sensitive and reproducible technique than Western
blotting). Mean platelet volume (MPV), an indicator of plate-
let activity, was positively associated with platelet NLRP3
expression (r=0.599, P<0.001) (Figure 2A), whereas platelet
count (PLT), platelet volume distribution width (PDW), or
platelet crit (PCT) showed no association with platelet
NLRP3 expression (P>0.05) (Figure 2B-D). In other clinical
parameters, the expression of NLRP3 in patients with ACS
was negatively correlated with LVEF (=—0.288, P<0.001)
(Figure 2E), and was not related to HDL-C concentration,
LDL-C concentration, or WBC count (P>0.05) (Figure 2F-H).

The expression of platelet NLRP3 gradually increased
with the severity of the Gensini score, reflecting the sever-
ity of coronary lesions and the positive correlation
between the expression of platelet NLRP3 and the
Gensini score (r=0.353, P<0.001) (Figure S2A and S2C).
Similar results were observed in the Global Acute
Coronary Event (GRACE) score when obtained based on
a variety of indicators at the time of admission (r=0.561,
P<0.001) (Figure S2B and S2D).

ROC Curves for NLRP3

The expression of NLRP3 (2-**“") was used as the detec-
tion variable to define ACEs within 36 months as the
endpoint, set state variable value as 1, and establish an
ROC curve (Figure 3A), which suggested that the best

cutoff value was 3.8850, with a sensitivity and specificity
of 75.4% and 70.5%, respectively.

The patients were divided into groups, with low (n=81)
and high expression (n=71) based on platelet NLRP3
expression (Figure 3B), and the clinical parameters of the
two groups were compared. Compared with the group with
low NLRP3 expression, the group with high NLRP3
expression showed significantly higher STEMI ratio,
MPV, hs-CRP, and IL-1B, and significantly lower LVEF
(Table 2).

Prognostic Value of Platelet NLRP3 in
Patients with ACS

Multivariate analyses were performed to further investi-
gate whether platelet NLRP3 expression was a relatively
independent prognostic factor for endpoint events within
3-year after PCI. Patient age (odds ratio [OR] =1.056, 95%
confidence interval [CI]: 1.003—1.113, P=0.039), hyperten-
sion (OR=1.737, 95% CI: 1.046-2.883, P=0.033), and
platelet NLRP3 (OR=1.084, 95% CI: 1.035-1.136,
P=0.001), which showed a significant prognostic value in
univariate analyses, were included in the multivariate ana-
lyses. The results indicated that platelet NLRP3 expression
(OR=1.071, 95% CI: 1.022-1.123, P=0.004) can be con-
sidered as a relatively independent factor in prediction of
the prognosis of patients that underwent PCI (Table 3).
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Figure 2 Correlation between platelet NLRP3 expression and clinical parameters. (A) Correlation between platelet NLRP3 mRNA level and mean platelet volume (MPV,
n=252). (B) Correlation between platelet NLRP3 mRNA level and platelet count (PLT, n=252). (C) Correlation between platelet NLRP3 expression and platelet volume
distribution width (PDW, n=252). (D) Correlation between platelet NLRP3 expression and the plateletcrit (PCT, n=252). (E) Correlation between platelet NLRP3 mRNA
level and left ventricular ejection fraction (LVEF, n=252). (F) Correlation between platelet NLRP3 mRNA level and high-density lipoprotein cholesterol (HDL-C, n=252). (G)
Correlation between platelet NLRP3 expression and low-density liptein cholesterol (LDL-C, n=252). (H) Correlation between platelet NLRP3 expression and white blood

cell count (WBC, n=252).
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Figure 3 ROC curves of platelet NLRP3 that predicted adverse cardiovascular events in patients who underwent PCl. (A) ROC curves with an AUC of 0.757 (95% ClI,
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with ACS. The boundary value for NLRP3 is indicated by the black straight line (3.885); Low (n=81): The relative expression of NLRP3 <3.885; High (n=71): The relative

expression of NLRP3 >3.885.

Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; Cl, confidence interval.

The Kaplan-Meier curves of groups with low and high
platelet NLRP3 expression were plotted, and Log rank tests
were performed. The results indicated that patients with high
expression of platelet NLRP3 had a significantly poorer
prognosis after PCI than those with low expression of plate-
let NLRP3 (P=0.024), as evidenced by the significantly
lower proportion of patients remaining free of postoperative
events (Figure 4A). Patients in the NLRP3-low group had
one all-cause mortality, two AMI, and two stroke outcomes,
whereas patients in the NLRP3-high group had three all-
cause mortality, two AMI, five stroke, and three re-PCI
/CABG outcomes. Patients in the NLRP3-high group
(20.4%%6.1%) showed a significantly higher proportion of
IL-1B—expressing platelets (P<0.001) than those in the
NLRP3-low group (10.7+3.5%) (Figure 4B). Moreover, the
NLRP3-high group exhibited higher platelet activity, as
indicated by integrin ollbB3 activation (PAC-1 binding,
Figure 4C) and P-selectin exposure (CD62P expression,
Figure 4D), compared with the NLRP3-low group.

Discussion

In our study, high expression of NLRP3 in platelets was
found in patients with ACS. Moreover, correlation analysis
found that platelet NLRP3 levels were correlated with the
MPV, LVEF, Gensini and GRACE
Multivariate logistic regression analysis showed that plate-
let NLRP3 was an independent risk factor for ACEs after
PCI in patients with ACS. The Kaplan-Meier Log rank
tests indicated that patients with high expression of platelet

score, score.

NLRP3 had a significantly poorer prognosis after PCI than
those with low expression of platelet NLRP3.

Several studies have indicated a close relationship
between the NLRP3 inflammasome and the occurrence
and development of cardiovascular diseases.*'® Inhibition
of NLRP3 inflammatory bodies in a rat ischemia-
reperfusion model reduced the area of myocardial infarction
and the level of cardiac troponin I in serum.'” In ACS,
hypoxia and ischemia can increase reactive oxygen species
(ROS) production, potassium efflux, and other stressful
processes, thereby forming NLRP3 inflammatory bodies
and accelerating atherosclerosis. Liu et al'® detected upre-
gulated expression of NLRP3 and an increase in caspase-1
activity and the production of IL-1B and IL-18 in the
ischemic heart of a mouse ischemia-reperfusion model,
indicating that the inflammatory response mediated by
NLRP3 inflammatory bodies was of great importance in
the development of ACS.

The IL-1 receptor antagonist (IL-1ra) is the endogen-
ous counter-regulator of IL-1. Recently it has been sug-
gested IL-1 blockade could be beneficial in acute coronary
syndrome.'® Over the last three decades, the precise role of
AMI-related inflammation response, such as IL-1f produc-
tion, has been an important topic of pre-clinical animal
studies, and clinical research in ACS therapy.”>*' In the
MRC-ILA Heart Study, 182 NSTEMI patients were
assigned to anakinra, a recombinant IL-1 receptor antago-
nist, and the results showed that IL-1 blockade could be
sufficient to blunt the acute inflammatory response in
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Table 2 Baseline Demographic and Clinical Characteristics of
Low and High NLRP3 Groups

Characteristics Low High NLRP3 | P value
NLRP3 (>3.8850)
(<3.8850) N=71
N=81
Age 66.0+4.6 66.7+4.7 0.307
Male 45 (55.6%) 42 (59.2%) 0.655
BMI 227 22.1 0.440
(20.8-24.0) | (20.8-23.7)
Hypertension 42 (51.9%) 35 (49.3%) 0.753
Diabetes mellitus 26 (32.1%) 21 (29.6%) 0.737
Smoking 28 (34.6%) 20 (28.2%) 0.397
Hypercholesterolemia 22 (27.2%) 21 (29.6%) 0.741
Stroke 4 (4.94%) 6 (8.45%) 0.383
The medications during
the study, n (%)
Aspirin 78 (96.3%) 68 (95.8%) 0.545
P2Y12 Inhibitor
Clopidogrel 77 (95.1%) 62 (87.3%) 0.089
Ticagrelor 3 (3.70%) 4 (5.63%) 0.571
B receptor blocker 42 (51.9%) 36 (50.7%) 0.888
ACEI 40 (49.4%) 37 (52.1%) 0.737
ARB 14 (17.3%) 12 (16.9%) 0.950
PPIs 42 (51.9%) 35 (49.3%) 0.753
H2RA 22 (27.2%) 16 (22.5%) 0.511
Statins 78 (96.3%) 69 (97.2%) 0.760
Nitrates 48 (59.3%) 43 (60.6%) 0.870
ACS
UAP 61 (75.3%) 46 (64.8%) 0.243
NSTEMI 10 (12.3%) 6 (8.45%) 0.435
STEMI 10 (12.3%) 19 (26.8%) 0.024
Platelet parameters
PLT (x10°/L) 319.8+60.5 | 321.8+73.7 0.854
MPV (fL) 9.2£1.3 10.7+0.9 <0.001
PDW (fL) 21.1£1.8 21.4+1.8 0.252
PCT (%) 0.18+0.03 0.18+0.03 0.751
Target lesion
2-vessel disease 6 (7.4%) 5 (7.0%) 0.950
3-vessel disease 3 (3.7%) 3 (4.2%) 0.588
Multi-vessel disease 10 (12.3%) 9 (12.7%) 0.558
Stent length
Average number of stents 1.3£0.3 1.4+0.3 0.230
per lesion
Average stent length per 24.9+4.3 25.3+6.0 0.562
lesion (mm)
Cr (mg/dL) 2.1£2.6 2.2#2.1 0.163
hs-CRP (mg/L) 160.4+6.8 165.4+5.2 0.026
Total cholesterol (mg/dL) 4.7 4.5 (4.2-5.0) 0.088
(4.4-5.3)
IL-1B (pg/mL) 7.3%0.6 7.520.6 0.023
LDL-C (mg/dL) 54.5+12.8 58.1+10.4 0.066
(Continued)

Table 2 (Continued).

Characteristics Low High NLRP3 | P value
NLRP3 (>3.8850)
(<3.8850) N=71
N=81
Blood glucose (mg/dL) 173.8+£82.5 165.7£82.9 0.511
LVEF (%) 511 56.0 0.046
(42.8-60.1) | (45.9-63.1)

Note: Date are presented as mean = SD or N (%). A p-value smaller than 0.05,
indicated by the bold-italic text.

Abbreviations: ACS, acute coronary syndrome; BMI: body mass index; Cr, crea-
tinine; hs-CRP, high-sensitivity C-reactive protein; LVEF, left ventricular ejection
fraction; LDL-C, low density lipoprotein cholesterol; ACEI: angiotensin converting
enzyme |; ARB: angiotensin receptor blocker; PPIs: proton pump inhibitors; H2RA:
H2 receptor antagonist; UAP: unstable angina pectoris; NSTEMI: non-ST-segment
elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction.

ACS.? Other pre-clinical studies of endogenous or exo-
genous regulation of IL-1B in ACS models also show the

: 20,23,24
beneficial effects,>****

therefore, IL-1P antagonism
could be a promising therapeutic strategy for ACS.
Besides their presence in monocytes, NLRP3 expres-
sion has been recently found in platelets.>>*® During the
activation and thrombosis of platelets, the expression of
platelet NLRP3 is upregulated and the secretion of platelet
inflammatory factors, such as IL-1p, increases.”> Despite
the absence of changes in the important platelet surface
receptors such as allbB3 integrin, GPIba and GPVI in
NLRP3~" mice, NLRP3”" mice have a prolonged bleeding
time and arterial thrombosis, accompanied by reduced
Syk,
have

of c-Sre, and PLCy2 phosphorylation.
studies that
G protein coupled receptors by thrombin can induce the

levels

Previous found engagement of
ROS production in platelets, thereby activating platelet
NLRP3, leading to the assembly of NLRP3 inflammatory
bodies and subsequent caspase-1 activation. Activated cas-
pase-1 transformed immature pre-IL-1f into mature IL-18,
which leads to the phosphorylation of c-Src and Syk and
promotes platelet aggregation, spread, and clot
shrinkage.”’® In our study, the expression of platelet
NLRP3 in patients with ACS was significantly higher
than that in healthy individuals. In addition, the STEMI
group exhibited the highest NLRP3 expression, followed
by the NSTEMI and UAP groups. These evidences, com-
bined with previous evidence that NLRP3 is involved in
platelet function, indicates an important role of platelet
NLRP3 in the development of ACS.

Platelets are of vital importance for the formation of
atherosclerosis, and may promote intracoronary thrombo-

sis if large and super-active.”’ An elevated MPV has been
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Table 3 Univariate and Multivariate Cox Regression Analysis in ACS Patient with PCI

Variable Single Factor Cox Regression Analysis Multivariate Cox Regression Analysis

OR 95% ClI P value OR 95% CI P value

Age 1.056 1.003-1.113 0.039 1.039 0.984-1.098 0.169

Male 1.281 0.769-2.135 0.342

Hypertension 1.737 1.046-2.883 0.033 1.645 0.988-2.740 0.056

Diabetes 1.257 0.754-2.096 0.380

Smoke 0.954 0.562-1.619 0.862

BMI 0.958 0.848-1.082 0.489

TG 0.929 0.651-1.326 0.685

TC 0.964 0.173-5.356 0.966

HDL-C 0.348 0.067-1.822 0.212

LDL-C 0.993 0.685-1.439 0.971

Platelet NLRP3 1.084 1.035-1.136 0.001 1.071 1.022-1.123 0.004

Note: A p-value smaller than 0.05, indicated by the bold-italic text.
Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol.

demonstrated widely as a prognostic factor for death,
myocardial infarction, and composite endpoint events.*”
Therefore, the measurement of MPV at the time of admis-
sion is valuable for predicting the degree of arterial open-
ness and the possibility of no-reflow in patients with
coronary artery disease (CAD) after PCL>'“*? Patients
with AMI have greater platelet density and higher MPV

A
_ ACS underwent PCI
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values than healthy individuals.>* With more particles and
mitochondria per unit volume, large MPV platelets have
a greater ability to produce thromboxane A2, and secrete
more transforming growth factor-p, and more are
expressed per unit serosal area of glycoprotein ITb/IIla.>*
At present, no reports have been published on the expres-

sion of platelet NLRP3 in patients with ACS and its

50 NLRP3 tov NLRP3 High
s ] . o Jar @ | o1 a2
S'Q_w: 40 mu_lEEB 122 me]?ll 285
= ' s

30
o8 ' '

20 W '
= g¥
(&} ~— 10'q04 3 o' 404 Q3
< ,jos 0.087 0 092 018
0 Qv S 10 R N B maet
%Oq\ ﬂ«f&\ o 10° 0% 10° 10° 10° 0% 10 10°
2 J IL-18
& &
L N
2.0
o
D S
& 15
Low .
/ NLRP3 v | ©
g o
y i 1.0+
oL BN =
H N (3
H High >
i NLRP3 2 o]
I
&
T 0.0— r
& S
0 1 2 3 4 N N
10 10 10 10 10 Qg": Qg'b
CD62p-PE-A &

Figure 4 Kaplan-Meier curve analysis for estimated proportion of patients remaining free of adverse cardiovascular events. (A) The proportion of patients that underwent
PCI remaining free of events of in the 3-year follow up was significantly different between the NLRP3-low group (n=81) and NLRP3-high group (n=71) (P=0.024). (B) The
percentage of IL-1p—expressing platelets was assessed in platelets that were isolated from NLRP3-low group (n=81) and NLRP3-high group (n=71). (C) The expression of
PAC-1 in the platelet NLRP3-low group (n=81) and NLRP3-high group (n=71). (D) The expression of CD62p in the platelet NLRP3-low group (n=81) and NLRP3-high group
(n=71). Red line, high NLRP3 high expression; blue line, low NLRP3 expression. P<0.01**.
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relationship with the clinical characteristics and prognosis.
In our study, the analysis of the platelet parameters in
patients with ACS revealed a positive correlation between
NLRP3 expression and MPV (r=0.599, P<0.001), which
was consistent with the involvement of platelet NLRP3 in

platelet activation,®

suggesting that the upregulation of
NLRP3 may promote platelet activation in ACS.

Patients with ACS may have a poor cardiac function, which
manifests as a decreased ejection fraction. The inhibition of
NLRP3 inflammatory bodies/caspase-1/IL-1p can ameliorate
cardiac remodeling and attenuate left ventricular systolic dys-
function in mice.*> Owing to its important role in the measure-
ment of cardiac function, LVEF is an important factor that can
be used to predict the prognosis of myocardial infarction.*®
Long-term follow-up showed that LVEF can predict all-cause
mortality when echocardiographic measurements were per-
formed for patients after admission as early as possible.>” We
found that platelet NLRP3 expression levels were negatively
correlated with LVEF (r=—0.288, P<0.001), suggesting that
platelet NLRP3 expression may be associated with the degree
of impaired heart function in patients with ACS.

In this study, we analyzed the relationship between the
expression of platelet NLRP3 and Gensini or GRACE risk
scores in patients with ACS that underwent PCI for the
first time. The Gensini score is a classic criterion used to
assess coronary arteries,”® whereas the GRACE risk score
is used to evaluate the severity of CAD. We observed that
platelet NLRP3 expression was positively correlated with
the Gensini score (r=0.353, P<0.001) and GRACE score
(r=0.561, P<0.001), indicating a close relationship
between NLRP3 expression and the severity of CAD.

In the analyses of risk factors for ACEs after PCI in
patients with ACS, the Multivariate logistic regression ana-
lysis identified platelet NLRP3 as an independent risk factor
(P=0.004). The incidence of ACEs was increased (P=0.024)
in the platelet NLRP3-high group after 3 years of follow-up,
suggesting that high NLRP3 expression in platelets was
closely related to poor prognosis. The expression of PAC-1
and CD62p was higher in the platelet NLRP3-high group,
which indicated that high NLRP3 expression in platelets
may be associated with the platelet hyperactivity.

Up to August 30, 2020, coronavirus disease 2019
(COVID-19) has been confirmed in 24854 140 people
worldwide, carrying a mortality of approximately
0.15%.>° COVID-19 has been linked to a number of critical
cardiovascular complications, including ACS, and even
individuals without a history of cardiovascular disease are
at risk of cardiovascular complications.40 COVID-19-

stimulated innate immune response can triggers activation
of the NLRP3 inflammasome.*' The relationship between
COVID-19 and prognosis of ACS patients is still largely
unknown. It is worth exploring to find out the connection
between COVID-19 associated ACS and platelet NLRP3.

This study, for the first time, detected the expression of
platelet NLRP3 in patients with ACS, and explored the
relationship between platelet NLRP3 expression levels and
the clinicopathological characteristics/prognosis of ACS,
to provide a novel potential prognostic biomarker and
therapeutic target in ACS.

Limitations

Our study had several potential limitations. First, the sample
size of the second cohort was small and subgroup analyses
were not carried out. Second, circulating levels of IL-1p at
different timeframes from ACS were not monitored, which
may further explain the role of IL-1p in ACS. Finally, the
patients included in the current analysis were whole spectrum
of ACS and the prognostic role of platelet NLRP3 in patients
with NSTEMI and UAP should be verified in future studies.
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