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Abstract

MACE after AMI.

closely associated with the pyroptosis of AMI.

Background: Acute myocardial infarction (AMI) is one of the leading contributors to morbidity and mortality
worldwide, with a prevalence of nearly three million people, and more than one million deaths reported in the United
States every year. Gasdermin D (GSDMD) is involved in the development of atherosclerosis as a key protein of propto-
sis. This study was designed to determine the potential relationship of GSDMD with AMI in Chinese patients.

Methods: One hundred patients with AMI and 50 controls were consecutively enrolled in this prospective obser-
vational study. GSDMD expression levels and other clinical variables in peripheral blood mononuclear cells (PBMCs)
were measured upon admission to the hospital. All patients were followed up for 360 days, and the endpoint was
considered the occurrence of major adverse cardiovascular events (MACE).

Results: GSDMD expression levels in the PBMCs of patients with AMI were significantly higher than those in the
controls. Moreover, our analysis showed that GSDMD was an independent biomarker of AMI and had a promising
diagnostic ability for it. Finally, the results suggested that high expression of GSDMD and diabetes increased the risk of

Conclusions: This study indicated that the GSDMD expression level in PBMCs was elevated in AMI patients and was
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Introduction

Acute myocardial infarction (AMI) is one of the leading
contributors to morbidity and mortality worldwide, with
a prevalence of nearly three million people, and more
than one million deaths reported in the United States
every year [1, 2]. It is estimated that approximately 70%

fYawen Weng, Bozhi Ye and Jiahui Lin contributed equally to this work

*Correspondence: cardiosherry@126.com; weigiwang0907@163.com

! Department of Cardiology, The Key Lab of Cardiovascular Disease

of Wenzhou, The First Affiliated Hospital of Wenzhou Medical University, 2
Fuxue Road, Wenzhou 325000, Zhejiang, People’s Republic of China

Full list of author information is available at the end of the article

B BMC

of fatal events in patients with AMI are related to the
occlusion of atherosclerotic plaque. The early identifica-
tion and clinical diagnosis of AMI are particularly criti-
cal because of the rapid myocardial ischemia caused by
coronary plate occlusion. Over the past decade, cardiac
troponin I(cTnl) remains the gold standard for the diag-
nosis of AMI, but elevated cTn is frequently observed in
patients without clinical symptoms of AMI, often reflect-
ing myocardial injury of “unknown origin” [3, 4]. Other
clinical markers like CK-MB, heart-type fatty acid-bind-
ing protein(H-FABP) and myoglobin, still have defects
such as low sensitivity, high time-specificity require-
ments, and limited detection methods [5, 6].
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Gasdermin D (GSDMD), an emerging protein, has
been regarded as one of the important mediators of
pyroptosis [7, 8]. And pyroptosis represents a form of cell
death that is triggered by proinflammatory signals and
associated with inflammation, which has been reported
to be involved in atherosclerosis by promoting the release
of inflammatory factors [9]. The formation and rupture of
arterial plaque are the main causes of AMI. At present,
a large number of studies have shown that GSDMD, as
the core protein of pyroptosis, plays an important role in
the process of atherosclerosis. For example, a recent arti-
cle published in nature showed in detail that downregu-
lation of GSDMD expression in macrophages reduces
macrophage proliferation and necrotic formation by
inhibiting the inflammasome product interleukin-1f,
thereby stabilizing plaques [10]. In addition, with the
application of GSDMD ™'~ mice, studies clarified that the
reduction of GSDMD can effectively inhibit the level of
inflammation and pyroptosis in mice, thereby improving
the formation of arterial plaques and delaying atheroscle-
rosis [11, 12]. Similarly, Mengqing et al. demonstrated
that Caspase-11-gasdermin D-mediated pyroptosis is
involved in the pathogenesis of atherosclerosis in vivo
models [13]. Although a large amount of basic data reveal
the role of GSDMD in atherosclerosis progression, there
is still no clinical evidence to elucidate the association
between GSDMD and AMI. Here, our study aimed to
determine the relationship between the expression level
of GSDMD and Chinese patients with AMI.

Materials and methods

Study population

This study was a prospective, single-center project.
A total of 150 patients were enrolled from the Cardi-
ology Department of the First Affiliated Hospital of
Wenzhou Medical University, China, from October
2017 to August 2019. Patients were divided into three
groups: the control group (n=50), the group with
AMI with single vessel disease (n=40), and the group
with AMI with multivessel disease (n=60). By stand-
ard clinical practice, all patients underwent clinical
evaluation, including laboratory examination (serum
creatinine, C-reactive protein, NT pro-BNlow-density
lipoprotein-cholesterol, etc.), echocardiogram exami-
nation, brain CT scan, 24-h Holter monitoring and/
or 12-lead electrocardiograms (ECGs). In our study,
AMI was diagnosed according to the presence of two
of the following criteria: (a) prolonged chest pain; (b)
increased troponin I level (>0.15 pg/l); and (c) typical
ECG changes, which included ST-segment elevation
myocardial infarction and non-ST-segment elevation
myocardial infarction. DAPT and statin were used in
a standard manner for patients in all groups. Exclusion
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criteria included patients with acute or chronic inflam-
mation, ischaemic stroke history, severe liver or renal
dysfunction, hematological diseases, peripheral vascu-
lar disease, autoimmune disease, and cancer.

This study was approved by the Medical Ethics Com-
mittee of the First Affiliated Hospital of Wenzhou Medi-
cal College (China) and was performed according to the
Declaration of Helsinki. Written informed consent was
provided by every patient before enrolment in this study.

All patients underwent clinical follow-up for 365 days
after discharge to determine the endpoint based on the
findings at the last visit or telephone call. Four patients,
however, were lost to follow-up for various reasons. The
composite endpoint was major adverse cardiovascular
events (MACE), including all-cause death, myocardial
infarction, heart failure, recurrent angina, and target
lesion revascularization, which were identified through
hospitalization or phone calls.

Sample collection

Peripheral venous blood samples were collected from
each subject who was in a fasting state into a Vacutainer
tube containing potassium EDTA during the baseline
examination. Then, peripheral blood mononuclear cells
(PBMCs) were immediately isolated from peripheral
venous blood using Ficoll density gradient centrifuga-
tion. Blood samples from AMI patients were obtained
immediately after coronary angiography or percutaneous
coronary intervention within 48 h after admission, while
blood samples from the control group were obtained
after coronary angiography.

Real-time PCR analysis of GSDMD
Total RNA was collected using TRIzol reagent accord-
ing to the manufacturer’s protocol (Thermo Fisher Sci-
entific). Two micrograms of total RNA from each sample
were used to generate cDNAs using the cDNA Transcrip-
tion Kit (Thermo Fisher Scientific K1622). Then, a real-
time polymerase chain reaction (RT-PCR) was performed
using the SYBR Premix Ex Taq Kit (TaKaRa, Japan). PCR
was directly monitored using the ABI 7500 platform. All
results were normalized against GAPDH (B661204; San-
gon Biotech, Shanghai, China).

The primer sequences used in the study were as follows:

GSDMD: Forward primer 5-TGGCAGGAGCTTCCA
CTTCT —3'.

Reverse primer 5-GAGGTGCTGGAGCTGTCAGA-3'.
GAPDH: Forward primer 5-ACGGATTTGGTCGTA
TTG-3'.

Reverse primer 5-TCCCGTTCTCAGCCTTG-3'.
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Statistical analysis

All values are presented as the mean + standard deviation
for variables and as the number (%) for incidence rates.
Statistical analysis was performed using SPSS v.20 (SPSS
Inc, Chicago, IL) and MedCalc 18.2 software (MedCalc
Software, Ostend, Belgium). Statistical evaluation of the
data was performed using the T test or the Wilcoxon
rank sum test to compare variables between two groups,
and the chi-square test was used to compare proportions.
The diagnostic ability of the GSDMD level as a predictor
for distinguishing AMI from non-AMI was ascertained
by receiver operating characteristic (ROC) curve analy-
sis. Spearman’s test was performed to determine the cor-
relations between variables. Univariate and multivariate
Cox regression analyses were used to assess the relation-
ship between GSDMD level and risk of MACE after AMI.
P value <0.05 was considered significant.

Results

Clinical characteristics of the study population

The detailed demographic and clinical characteris-
tics of 150 patients are provided in Table 1, where AMI
(n=100) contained the groups with AMI with single and
multivessel vessel disease. As a result, several interrelated
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factors showed higher levels in the AMI group than
in the control group, such as the male-to-female ratio,
smoking, low-density lipoprotein-cholesterol (LDL-C),
C-reactive protein (CRP), total cholesterol (TC), white
blood count (WBCQC), left ventricular end-diastolic dimen-
sion (LEVDD) and left ventricular ejection fraction
(LVEF) (P<0.05). As mentioned above, most of the dif-
ferential indicators were present in both single-vessel and
multi-vessel lesions. However, different from single-ves-
sel lesions, multiple lesions also showed statistical high
expression in diabetes and red-cell distribution width
(RDW).

GSDMD was an independent biomarker of AMI

The expression of GSDMD was measured by qRT-PCR,
which showed an obvious increase in patients with AMI
compared with the controls (Table 1; Fig. 1), which
was consistent with previous studies [14]. As shown in
Table 2, multivariate analysis revealed the correlation
between GSDMD level and diabetes, LDL-C, TC, CRP,
WBC, RDW and LVEF in AMI. Moreover, LDL-C and
LVEF were independent factors of AMI (OR: 3.213, 95%
CI 1.083-1.720, P=0.047; OR: 0.795, 95% CI 0.694—
0911, P=0.001; respectively). Furthermore, GSDMD

Table 1 Baseline demographic and clinical characteristics of study participants

Characteristic Control group (n=50) AMI with single vessel P value AMI with multivessel P value
disease group (n=40) disease group (n=60)
Age (years) 64.104+9.88 59.90+£12.72 0.081 63.14+£1236 0.108
Female 25 (50.0%) 10 (25.0%) 0.015%* 41 (37.0%) 0.011%*
Smoking 10 (20.0%) 22 (55.0%) 0.001** 40 (36.0%) 0.001**
Hypertension 30 (60.0%) 18 (45.0%) 0.160 64 (58.0%) 0.727
Hyperlipidemia 27 (54.0%) 23 (58.0%) 0.607 51 (46.0%) 0.283
Diabetes 6 (12.0%) 6 (15.0%) 0.068 24 (22.0%) 0.023*
GSDMD level 1.500£0.51 2320+£052 0.001** 2.991+£0.64 0.001**
LDL-C (mmol/L) 2684+1.02 321+1.15 0.007** 2924093 0.012**
HDL-C (mmol/L) 1.144+032 1.0940.26 0.364 1124027 0.347
CRP (mg/L) 3.77+595 13.24+£1543 0.001%* 12.83+£19.35 0.001**
TC (mmol/L) 4334123 525+142 0.001** 4664113 0.001**
TG (mmol/L) 1.60+£0.70 1.89+£2.10 0.368 1484+0.78 0.140
UA (umol/L) 351.32486.21 363.03+126.78 0.639 37467 +128.95 0.083
WBC (x 10%/L) 621+1.78 9.034+2.69 0.001** 7514252 0.001%*
RDW (%) 12.95+061 1320+ 1.15 0.191 13.12+£0.79 0.044*
Thyroxine (nmol/L) 96.40+17.72 96.06 £ 1744 0.012* 106.83+24.41 0.635
LAD (mm) 38.54+4.60 38.60+4.72 0.952 38.80+4.30 0.565
LVEDD (mm) 4824 +4.74 49.534+4.87 0.021* 49.75+5.31 0.006**
LVEF (%) 67.24+6.385 51.68+927 0.001%* 56.88+11.76 0.001**

Data presented as mean =+ standard deviation for variables

LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; CRP, C-reaction protein; TG, triglycerides; TC, total cholesterol; UA, uric acid;
WBC, white blood count; RDW, red-cell distribution width; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection

fraction
*P<0.05; **P<0.01
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Fig. 1 GSDMD mRNA expression level by gRT-PCR

Table 2 Multivariate analysis comparing risk factors associated
with the GSDMD mRNA expression level in AMI

Variable OR (95%Cl) P value
GSDMD level 1.365 (1.083-1.720) 0.008**
Diabetes 0.326 (0.014-7.583) 0.485
LDL-C (mmol/L) 0495 (0.116-2.106) 0.341
TC (mmol/L) 3213 (1.013-10.189) 0.047*
CRP (mg/L) 1.119 (0.989-1.266) 0.073
WBC (x 10%/L) 1.434 (0.906-2.266) 0.124
RDW (%) 1.822 (0.417-7.970) 0426
LVEF (%) 0.795 (0.694-0.911) 0.001**

Cl, confidence interval; OR, odds ratio
*P<0.05; **P<0.01

Table 3 Association of GSDMD level with diabetes, CRP and
hyperlipidemia

Variable Pearson correlation P value
Diabetes —0.102 0.215
CRP (mg/L) 0.289 0.001**
Hyperlipidemia 0.185 0.024*

*P<0.05; **P<0.01
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may be a novel independent factor of AMI (OR: 1.365,
95% CI 1.083-1.720, P=10.008).

At the same time, considering some other variables in
AMI such as diabetes, CRP and hypertension, we ana-
lyzed the correlation between GSDMD expression level
and them. Data showed that GSDMD level was associ-
ated with CRP (Pearson correlation: 0.289, P=0.001,
Table 3) and hypertension (Pearson correlation: 0.185,
P=0.024), but there was no statistical correlation
between GSDMD level and diabetes (Pearson correlation:
—0.102, P=0.215).

The diagnostic ability of GSDMD in AMI

ROC curve analysis was used to describe the diagnostic
ability of GSDMD in AMI, especially in single or mul-
tivessel disease (Table 4). The GSDMD level had con-
siderable predictability for AMI (AUC=0.921, 95%
CI10.875-0.968) (Fig. 2). Moreover, the GSDMD level
also showed a high level of predictability in the group
with AMI with single vessel disease (AUC=0.866, 95%
CI0.791-0.941) and the group with AMI with multives-
sel disease (AUC=0.958, 95% C10.926-0.991) (Fig. 3).
The GSDMD level demonstrated better psychometric
screening properties for a cut-off score of 2.032 in the
group with AMI with multivessel disease, with a sen-
sitivity of 100.0% and a specificity of 82.0%. Moreover,
Table 5 showed the comparison of the two ROC curves
in the groups with AMI with single and multivessel dis-
ease, where the difference between areas was 0.092
(P=0.0271). These results confirmed that the GSDMD
level may be effective in the clinical diagnosis of AMI.

GSDMD related to the MACE after AMI

Patients enrolled in this study were followed up for 360
days, with four patients lost to follow-up and twenty with
recurring MACE. The univariate and multivariate Cox
regression analyses revealed that the GSDMD level and dia-
betes significantly increased the risk of MACE after AMI
(GSDMD: hazard ratio [HR] 1.193, 95% CI 1.126-1.264
and HR 1.263, 95% CI 1.120-1.425; diabetes: HR 12.000,
95% CI 4.012—-35.894 and HR 4.986, 95% CI 1.015-24.496;
Table 6). Interestingly, LDL-C showed a risk increase with

Table 4 Results of ROC curve analysis comparing the GSDMD level for the accuracy in predicting the number of vessel diseases in AMI

Parameter AUC 95% Cl Cutoff Sensitivity (%) Specificity (%) Youden index
AMI 0921 0.875-0.968 1.793 0.960 0.780 0.740
AMI with single vessel disease 0.866 0.791-0.941 1.792 0.900 0.780 0.680
AMI with multivessel disease 0.958 0.926-0.991 2.032 1.000 0.820 0.820
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Fig. 2 Receiver operating characteristic (ROC) curve analysis of the
GSDMD expression level in AMI
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Fig. 3 Receiver operating characteristic (ROC) curve analysis of the
GSDMD expression level in AMI with single vessel and multivessel
disease
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MACE in the univariate Cox regression analysis (HR 1.587,
95% CI 1.107-2.275) but not in the multivariate analysis.

Discussion

In total, this study indicated that the GSDMD expression
level was closely related to AMI. With a significant increase
in PBMCs in patients with AMI, GSDMD was further
found to be an independent biomarker of AMI by multivar-
iate analysis. Moreover, GSDMD showed promise in diag-
nosing AMI (AUC=0.921, 95% CI10.875-0.968), especially
in multivessel disease (AUC=0.958, 95% CI10.926—0.991)
with a sensitivity of 100.0% and a specificity of 82.0%. Fur-
thermore, univariate and multivariate Cox regression anal-
yses suggested that the GSDMD level and diabetes were
significantly related to the risk of MACE after AMI.

Widely expressed in different types of cells and tissues,
GSDMD is part of the Gasdermin superfamily in humans,
a novel group of genes that consist of GSDMA, GSDMB,
GSDMC and GSDMD, as well as the Gasdermin-related
genes (GSDME and pejvakin) [15]. GSDMD consists of an
N-terminal pore-forming domain and a C-terminal inhibi-
tory domain, and the N-terminus is the main functional
part involved in pyroptosis [16, 17]. Evidence that pyrop-
tosis mediated by GSDMD is involved in many inflam-
mation-related diseases has been gradually excavated [18,
19]. And in the cardiovascular field, GSDMD is also begin-
ning to show its unique value. In acute coronary syndrome
(ACS), the overexpression or inhibition of IRF-1 effec-
tively modulated caspase-1 activation, macrophage lysis
and GSDMD expression, suggesting that IRF-1 potently
activates ox-LDL-induced macrophage pyroptosis [20].
Moreover, studies have demonstrated that the NF-kB-
GSDMD axis functions as a bridge between oxidative
stress and NLRP3 inflammasome-mediated cardiomyocyte
pyroptosis [21]. Suppression of oxidative stress alleviated
pyroptosis in H9¢c2 cells and reduced NF-kB and GSDMD
activity, characterized by LDH release and NLRP3 inflam-
masome activation in H9c2 cells under oxygen-glucose
deprivation conditions [22]. These studies suggested that
GSDMD indeed participates in the development of AMIL
Consistent with these results, our study further showed
that the expression of GSDMD was significantly increased
in Chinese patients with AMI. At the same time, the AMI
patients we focused on were all suffered from occlusion of
atherosclerotic plaque and eligible for Percutaneous Coro-
nary Intervention (PCI).

Table 5 Comparison of the two ROC curves with AMI with vessel disease

Scales Difference between areas SE Z statistic P value

AMI with single vessel disease-multivessel disease 0.092

0.0416 2.210 0.0271

SE, standard error
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Table 6 The correlations of the GSDMD mRNA expression level with major adverse cardiovascular events after acute myocardial

infarction using the uni- and multivariate Cox analysis

Factor Univariate Cox Multivariate Cox
HR (95%(Cl) P HR (95%Cl) P

Age 1.011 (0.979-1.044) 0.509 0.979 (0.944-1.016) 0.261
GSDMD 1.193 (1.126-1.264) 0.001** 1.263 (1.120-1.425) 0.001**
LDL-C 1.587 (1.107-2.275) 0.012* 0.981 (0.608-1.585) 0.939
Hypertension 1.500 (0.613-3.670) 0374 4,954 (0.925-26.536) 0.062
Diabetes 12.000 (4.012-35.894) 0.001** 4.986 (1.015-24.496) 0.048*
Hyperlipidemia 2.433(0.935-6.330) 0.068 0.271 (0.044-1.0682) 0.161

*P<0.05; **P<0.01

The pyroptosis of AMI has received much attention in
recent years. Surprisingly, we revealed that GSDMD level
was positively correlated with MACE risk after AMI, sug-
gesting the potential of GSDMD as a prognostic assess-
ment in addition to its diagnostic value for AMI. In
addition, diabetes has the same positive association with
MACE. Diabetes is a common concomitant disease in
patients with AMI, and its burden on patients is keeping
increasing [23]. But it remains controversial the harmful
effect of diabetes on thetality in AMI patients. A multi-
center study indicated that ST-segment elevation myo-
cardial infarction (STEMI) patients with diabetes showed
a 22% higher 1-year mortality than those without diabe-
tes in a cohort of 62,036 patients from 55 countries [24].
However, some studies have observed no significant cor-
relation between diabetes and AMI mortality.

Nevertheless, several limitations should be acknowl-
edged. First and foremost, the number of Chinese
patients with AMI enrolled in this study is limited, so a
large cohort is required in future studies. As a cross-sec-
tional study, this study cannot demonstrate the causality
between GSDMD expression level and AMI, so further
studies are required to prove it.

Conclusion

This study indicated that the GSDMD expression level
in PBMCs was elevated in AMI patients and was closely
associated with the pyroptosisof AMI.
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