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Circulating tumor necrosis factor-a, interleukin-1p, and
interleukin-17A estimates increased major adverse cardiac
event risk in acute myocardial infarction patients
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compared with angina pectoris patients. TNF-a (p = 0.008), IL-17A (p = 0.003), and

VCAM-1 (p = 0.014) were elevated in patients with MACE occurrence compared to
patients without MACE occurrence; meanwhile, they possessed a relatively good
value for identifying MACE risk via receiver-operating characteristic (ROC) analysis.
Subsequent multivariate logistic regression analysis revealed that the independent
risk factors for MACE contained TNF-a (odds ratio (OR) = 1.038, p<0.001), IL-1p
(OR =1.705, p = 0.044), IL-17A (OR = 1.021, p = 0.009), history of diabetes mellitus
(OR = 4.188, p = 0.013), history of coronary heart disease (OR = 3.287, p = 0.042),
and symptom-to-balloon time (OR = 1.064, p = 0.030), whose combination disclosed
a satisfying prognostic value for MACE risk (area under the curve: 0.877, 95% CI:
0.817-0.936).

Conclusion: Elevated levels of serum TNF-q, IL-1B, and IL-17A independently corre-
lated with MACE risk in AMI patients, which perhaps provide novel auxiliary for AMI

prognostic prediction.
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1 | INTRODUCTION

Acute myocardial infarction (AMI) is a common coronary artery dis-
ease, characterized by insufficient blood supply-induced myocardial
injury and cardiomyocyte apoptosis.l'2 Concerning the epidemiol-
ogy of AMI, there are approximately 7.29 million AMI cases in 2015
worldwide, meanwhile, the in-hospital mortality of AMI patients
ranges from 4% to 30%.37> Of note, despite the administration of
reperfusion therapies and postsurgery medications, the overall
outcome of AMI patients is still unfavorable.®” Therefore, explor-
ing useful prognostic biomarkers is necessary for identifying AMI
patients at high risk of inferior outcomes, providing more clinical
evidence for clinicians to make proper treatment strategies timely.
Inflammation facilitates the initiation and development of ath-
erosclerosis, and the latter is one of the core pathogenetic factors
for AMI; meanwhile, inflammation worsens ischemic injury of car-
diomyocytes and further exacerbates AMI severity.2? Subsequently,
inflammatory cytokines are supposed to be potential biomarkers
for predicting AMI prognosis, which arise the interest of several
researchers.%2 For instance, one previous study supports that el-
evated interleukin (IL)-1p is associated with increased coronary le-
sion severity and poor prognosis in AMI patients.10 Another study
shows that IL-6 possesses good predictive value for major adverse
cardiac event (MACE) in ST-segment elevation myocardial infarction
(STEMI) patients.'* Nonetheless, the previous studies have either
explored only a minority of inflammatory cytokines or only con-
ducted in STEMI patients; the prognostic value of inflammatory cy-
tokine patterns in AMI patients is rarely explored comprehensively.
Hence, this study quantified eight inflammatory cytokines in AMI
patients, aiming to investigate their correlation with MACE risk and
subsequently establish a comprehensive prognostic model based on

these inflammatory cytokines and the main disease features of AMI.

2 | METHODS

2.1 | Subjects

A total of 210 AMI patients admitted from January 2018 to July
2021 were serially included in this prospective study. The inclusion
criteria contained: (i) confirmed as AMI per the third universal defini-
tion of MI; (i) over 18years old; (ii) received blood drawing imme-
diately after admission. Patients who had the following conditions
were ineligible: (i) previously underwent cardiothoracic surgery; (ii)
complicated with systemic immune disease or inflammatory disease;
(iii) had cancer or hematological malignant disease; (iv) pregnant or
lactating female. Besides, 20 angina pectoris patients were enrolled
as control. Enrollment criteria for angina pectoris patients contained:

(i) diagnosis of angina pectoris'*; (i) more than 18years old:; (jii) had
blood samples collected immediately after inclusion; (iv) without
a history of AMI; (v) without cardiothoracic surgery, systemic im-
mune disease, inflammatory disease cancer, and hematological ma-
lignancy; (vi) not during pregnancy and breastfeeding. The study
had approval from the Institutional Review Board. Every subject or
guardian had written informed consent.

2.2 | Obtention of data and samples

Acute myocardial infarction patients' features were recorded, in-
cluding gender, age, body mass index, history of smoke, history of
chronic comorbidities, STEMI, symptom-to-balloon time, biochemi-
cal indexes, and infarct size. Infarct size was evaluated on the 3rd
day after admission per a previous study.15 Peripheral blood samples
of AMI patients and angina pectoris patients were collected after
enrollment (within 1 h at admission). Next, serum samples were iso-
lated and stored at 4°C.

2.3 | Processing of samples

The collected samples were used to detect the levels of inflam-
matory cytokines by enzyme-linked immunosorbent assay (ELISA)
using commercial ELISA kits (Thermo Fisher Scientific). The in-
flammatory cytokines included intercellular adhesion molecule
1 (ICAM-1) (cat. no. BMS241), vascular cell adhesion molecule-1
(VCAM-1) (cat. no. KHT0601), IL-1p (cat. no. KHC0011), IL-6 (cat. no.
KHCO0061), IL-8 (cat. no. KHC0081), IL-10 (cat. no. KHC0101), IL-17A
(cat. no. BMS2017), and tumor necrosis factor-alpha (TNF-a) (cat. no.
BMS2034). All procedures were in strict accordance with the manu-

facturer's instructions.

2.4 | Follow-up and assessment

The AMlI patients were followed up routinely every 2-3 months after
discharge until April 2022. The median follow-up was 21.2 months,
and the range was 1.3-46.9 months. MACE was assessed and the
accumulating MACE rate was calculated. MACE was considered as a
composite of death, MI, and repeat revascularization.*®

2.5 | Statistics

SPSS v.26.1 (IBM Corp.) was adopted for statistics. GraphPad Prism
v.6.01 (GraphPad Software Inc.) was adopted for figure mappings.
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The Wilcoxon rank-sum test was utilized for comparative analysis.
The Spearman's rank correlation test was utilized for correlation
analysis. The Kaplan-Meier curve was mapped to display the ac-
cumulating MACE rate. The receiver operating characteristic (ROC)
curves were adopted to assess the predicted ability for MACE risk.
Univariate logistic regression analyses were used for screening the
predictive factors of MACE risk, and forward-stepwise multivariate
logistic regression analysis was performed for screening the inde-
pendent factors with all factors in the univariate logistic regression

analysis included. A p value <0.05 indicated significance.

3 | RESULTS

3.1 | Clinical characteristics of AMI patients

Two hundred and ten AMI patients were composed of 53 (25.2%) fe-
males and 157 (74.8%) males, whose mean age was 62.8 +10.7 years
(Table 1). Besides, 149 (71.0%) patients were assessed as STEMI,
and the other 61 (29.0%) patients were recognized as non-STEMI
(NSTEMI). The median (interquartile range (IQR)) symptom-to-
balloon time was 4.3 (2.3-12.6) hours; the median (IQR) infarct size
was 21.0% (16.0%-28.0%). Detailed AMI patients' information was
exhibited in Table 1.

3.2 | Comparison of inflammatory cytokines
between AMI and angina pectoris patients

TNF-a(p=0.006), IL-6 (p =0.011), IL-8 (p = 0.029), IL-17A (p = 0.008),
VCAM-1 (p<0.001), and ICAM-1 (p = 0.010) were elevated, while IL-
10 (p = 0.009) was declined in AMI patients compared with angina
pectoris patients; moreover, IL-1B (p = 0.086) was of no difference

between AMI and angina pectoris patients (Table 2).

3.3 | Prognostic value of inflammatory cytokines in
AMI patients

The 1-, 2-, and 3-year accumulating MACE rates of AMI patients
in this study were 4.1%, 9.9%, and 17.6%, respectively (Figure 1).
TNF-a (p = 0.008), IL-17A (p = 0.003), and VCAM-1 (p = 0.014) were
elevated in patients with MACE occurrence compared to patients
without MACE occurrence; while IL-18 (p = 0.071), IL-6 (p = 0.231),
IL-8 (p = 0.182), IL-10 (p = 0.564), and ICAM-1 (p = 0.076) were
not varied between patients with and without MACE occurrence
(Figure 2A). Furthermore, the ROC curves showed that IL-17A (area
under the curve (AUC): 0.701, 95% confidence interval (Cl): 0.583-
0.818) possessed good value for identifying MACE risk; TNF-a (AUC:
0.680, 95% Cl: 0.537-0.823) and VCAM-1 (AUC: 0.667, 95% ClI:
0.552-0.782) only presented a weak potency for predicting MACE
risk (Figure 2B,C). Besides, other inflammatory cytokines (including
IL-1B, IL-6, IL-8, IL-10, and ICAM-1) could not identify MACE risk.
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TABLE 1 Clinical characteristics of AMI patients.

AMI patients

Items (N =210)
Age (years), mean+SD 62.8+10.7
Gender, no. (%)

Female 53(25.2)

Male 157 (74.8)
BMI (kg/m?), mean +SD 249+3.2
History of smoke, no. (%) 99 (47.1)
History of hypertension, no. (%) 145 (69.0)
History of hyperlipidemia, no. (%) 86 (41.0)
History of diabetes mellitus, no. (%) 51 (24.3)
History of coronary heart disease, no. (%) 91 (43.3)
NSTEMI, no. (%) 61 (29.0)
STEMI, no. (%) 149 (71.0)
Symptom-to-balloon time (hours), median (IQR) 4.3(2.3-12.6)
WBC (10%/L), median (IQR) 10.4 (8.3-13.0)
FBG (mmol/L), median (IQR) 5.5(4.6-6.3)
Scr (umol/L), median (IQR) 78.2 (68.6-88.9)
TG (mmol/L), median (IQR) 1.8 (1.0-2.5)
TC (mmol/L), median (IQR) 4.7 (3.9-5.4)
LDL-C (mmol/L), median (IQR) 3.3(2.6-3.9)
HDL-C (mmol/L), median (IQR) 0.9 (0.8-1.1)
CRP (mg/L), median (IQR) 5.7 (4.0-7.6)
cTnl (ng/mL), median (IQR) 3.7 (2.9-5.6)

CK-MB (ng/mL), median (IQR)
Infarct size (%), median (IQR)

32.1(19.0-48.4)
21.0(16.0-28.0)

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index;
CK-MB, creatine kinase-myocardial band; CRP, C-reactive protein; cTnl,
cardiac troponin |; FBG, fasting blood glucose; HDL-C, high-density
lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density
lipoprotein cholesterol; NSTEMI, non-ST-segment elevation myocardial
infarction; Scr, serum creatinine; SD, standard deviation; STEMI, ST-
segment elevation myocardial infarction; TC, total cholesterol; TG,

triglyceride; WBC, white blood cell.

Moreover, IL-17A and VCAM-1 were elevated in patients with

MACE occurrence (vs. without MACE occurrence) within 1, 2, and
3years (all p<0.050); they both possessed a favorable value for
predicting 1-, 2-, and 3-year MACE risk via ROC analysis. TNF-«
was increased in patients with MACE occurrence (vs. without
MACE occurrence) within 2 and 3years (both p<0.050), with a
pleasing predictive value on 2- and 3-year MACE risk revealed by
ROC curves, but it could not estimate 1-year MACE occurrence
(Table 3).

3.4 | Independent prognostic factors in
AMI patients

The univariate logistic regression analysis showed that TNF-«a
(p<0.001), IL-1p (p = 0.021), IL-8 (p = 0.031), IL-17A (p = 0.007),
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TABLE 2 Comparison of inflammatory cytokines between AMI patients and angina pectoris patients.
AMI patients (N = 210) Angina pectoris patients (N = 20)
Items Median IQR Range Median IQR Range p Value
TNF-o (pg/mL) 57.2 46.5-74.8 33.2-159.8 44.7 38.8-63.2 22.3-75.6 0.006
IL-1p (pg/mL) 1.7 1.1-24 0.4-5.0 1.5 0.6-1.9 0.2-3.6 0.086
IL-6 (pg/mL) 23.7 20.0-30.0 11.7-78.9 18.9 13.0-27.0 7.8-39.6 0.011
IL-8 (pg/mL) 47.5 36.4-63.2 19.5-143.8 38.5 28.0-57.4 19.8-88.2 0.029
IL-10 (pg/mL) 92.0 69.6-120.9 40.8-215.6 120.4 80.6-158.7 42.0-231.8 0.009
IL-17A (pg/mL) 58.8 45.7-82.9 26.4-205.3 45.7 32.2-69.1 25.1-96.7 0.008
VCAM-1 (ng/mL) 734.0 599.3-980.2 315.7-2389.5 518.4 381.5-728.7 269.2-1000.9 <0.001
ICAM-1 (ng/mL) 142.7 108.6-190.3 52.7-515.3 112.1 83.1-151.1 48.1-252.6 0.010

Abbreviations: AMI, acute myocardial infarction; ICAM-1, intercellular adhesion molecule-1; IL, interleukin; IQR, interquartile range; TNF-«, tumor

necrosis factor-a; VCAM-1, vascular cell adhesion molecule-1.

S

E 1004 1-year accumulating MACE rate: 4.1%

uE; 2-year accumulating MACE rate: 9.9%

2 757 3-year accumulating MACE rate: 17.6%

=

o 501..

£ :

kS

> .

2 25

=}

3

< O .
0 12 24 36 48

Months

FIGURE 1 One-, two-, and three-year accumulating MACE rates
in AMI patients. The dots represented the upper and lower limits of
the 95% Cl.

VCAM-1 (p = 0.005), ICAM-1 (p = 0.010), age (p = 0.013), history
of diabetes mellitus (p = 0.028), serum creatinine (Scr) (p = 0.044),
total cholesterol (TC) (p = 0.014), low-density lipoprotein choles-
terol (LDL-C) (p = 0.024), C-reactive protein (CRP) (p = 0.003), car-
diac troponin | (cTnl) (p = 0.043), and infarct size (p = 0.018) were
positively correlated with MACE occurrence. After adjusted by the
multivariate logistic regression analysis, the independent risk fac-
tors for MACE contained TNF-a (p <0.001), IL-1B (p = 0.044), IL-
17A (p = 0.009), history of diabetes mellitus (p = 0.013), history of
coronary heart disease (p = 0.042), and symptom-to-balloon time
(p = 0.030) (Table 4).

Additionally, the aforementioned independent factors were
combined to build a prognostic model, which disclosed a satisfying
value for identifying MACE risk in AMI patients (AUC: 0.877, 95% ClI:
0.817-0.936, Figure 3).

Furthermore, the combination of all inflammatory cytokines pos-
sesses a relatively good predicting value for MACE risk (AUC: 0.790,
95% Cl: 0.686-0.894, Figure S1). The combination of TNF-a, IL-1p,
and IL-17A exerted a moderate predicting value for MACE risk (AUC:
0.778, 95% Cl: 0.668-0.889, Figure S2).

3.5 | Correlation of TNF-a, IL-1f, IL-17A with lipid
indexes in AMI patients

TNF-a was positively linked with TG (p = 0.022), TC (p = 0.005), and
LDL-C (p =0.002), but it was not linked with HDL-C (p = 0.405); IL-1p
was not related to TG (p = 0.636), TC (p = 0.829), LDL-C (p = 0.455),
or HDL-C (p = 0.406); IL-17A was positively associated with LDL-C
(p = 0.033), while it was not correlated with the other three lipid
indexes (TG, TC, and HDL-C) (all p>0.050) (Table S1).

4 | DISCUSSION

Considering that the etiology of AMI contains a characteristic in-
flammatory infiltrate, TNF-a, IL-1p, IL-6, IL-8, IL-10, IL-17A, VCAM-
1, and ICAM-1 are mostly recognized to involve in the initiation
and development of AMI, and their abnormal levels have been ex-
plored in AMI patients in some studies.’”"2° For instance, one
prior study discloses that compared with angina pectoris patients,
IL-6 is increased in AMI patients, while IL-10 is of no difference.'’
Another study exhibits that IL-17 is elevated, while IL-10 is de-
clined in AMI patients compared with the controls.’® Although
the included eight inflammatory cytokines in the current study
were quite common, limited evidence has comprehensively ex-
plored their levels in AMI patients. Therefore, the current study
was further conducted to clarify the aberrant level of the afore-
mentioned eight inflammatory cytokines in AMI patients, which
suggested that TNF-a, IL-6, IL-8, IL-17A, VCAM-1, and ICAM-1
were elevated, but IL-10 was declined in AMI patients compared
with angina pectoris patients. The possible reasons were those: (i)
Atherosclerosis in AMI patients would induce leukocyte infiltra-
tion and chronic inflammation.?*22 (ji) The severe artery stenosis
or occlusion condition and the subsequent myocardial ischemia
promoted the release of proinflammatory cytokine in neutrophils
and further exacerbated the acute inflammatory pattern in AMI
patients.”*24 (iii) Macrophage, known to be a major contributor
of inflammatory response, dominated the leukocyte population
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FIGURE 2 TNF-q, IL-17A, and VCAM-1 possessed good prognostic value for MACE risk in AMI patients. Comparison of inflammatory
cytokines between AMI patients with and without MACE occurrence (A). The ROC curves of TNF-a, IL-1p, IL-6, and IL-8 for predicting MACE
risk in AMI patients (B). The ROC curves of IL-10, IL-17A, VCAM-1, and ICAM-1 for predicting MACE risk in AMI patients (C).

in atherosclerotic plaques and secreted several inflammatory cy-
tokines (such as TNF-a, IL-6, IL-8, etc.) in AMI patients.?>2% In that
case, the proinflammatory cytokines (TNF-«, IL-6, IL-17A, IL-8,
ICAM-1, and VCAM-1) were elevated in AMI patients than those
in angina pectoris patients, while the anti-inflammatory cytokine
(IL-10) presented a reverse trend. Besides, it was worth to men-
tion that: the current study enrolled angina pectoris patients as
controls rather than healthy controls were in order to evaluate the
inflammatory cytokine level in AMI patients and to remove the
interference of other cardiac complications on the results.
Concerning the prognostic value of inflammatory cytokines for
MACE risk in AMI patients, one previous study displays that IL-6
and IL-8 are positively linked with the emergence of MACE in AMI
patients.27 Another study finds that VCAM-1 and IL-17A are inde-
pendent risk factors for MACE in STEMI patients.?® Partially consis-
tent with the former study, this study noticed that TNF-«, IL-1p, and
IL-17A were independently linked with increased MACE risk in AMI
patients. Probable reasons were listed as follows: (i) TNF-a, IL-18,
and IL-17A triggered the development of atherosclerotic plaque and
vascular lesions, which greatly increased the infarction degree and
MACE risk in AMI patients.??=3? (ii) TNF-a, IL-1p, and IL-17A were
considered as proinflammatory mediators that elicited the acute
phase response and aggravated ischemia-reperfusion injury, while
the latter factors would lead to poor prognosis in AMI patients.?%2
(iii) Excessive inflammatory response limited the improvement in
left ventricular function, leading to an inferior prognosis in AMI pa-
tients.?*** (iv) The secretion of proinflammatory cytokines (such as

TNF-a and IL-1pB) would induce hypoxic condition and lead to cellular
death, which inhibited the potential of stem cells for regenerating
the injured myocardium; subsequently, the prognosis of AMI pa-
tients was impacted.®® Combining the above four aspects, TNF-a,
IL-1B, and IL-17A were therefore independent predicting factors for
MACE risk in AMI patients. Moreover, it was noticed that VCAM-1
correlated with AMI prognosis, while ICAM-1 did not, which could
be explained by that: VCAM-1 facilitated endothelial dysfunction
of cardiovascular and increased the risk of plaque fragmentation, it
played a more vital and direct role in AMI patients compared with
ICAM-1.%6 Hence, it was observed that only VCAM-1 was associated
with AMI prognosis, while ICAM-1 was not linked with the prognosis.

Apart from the aforementioned inflammatory cytokines (TNF-
a, IL-1p, and IL-17A), three disease features (the history of diabetes
mellitus, history of coronary heart disease, and increased symptom-
to-balloon time) were also recognized as the independent prognostic
factors for MACE risk in AMI patients, which were pooled to estab-
lish a prognostic model. Based on the ROC curve, it was noticed that
the comprehensive model exhibited excellent predictive potency on
MACE risk with an AUC value of 0.877, which might provide more
assistance in risk stratification and management for AMI patients,
clinically. While further studies were warranted to validate or refine
the prognostic model.

A few limitations of this study should be acknowledged. First, the
inflammatory level would significantly change after the acute phase,
while this study only collected the serum samples of AMI patients at
admission, and the vertical change of inflammatory cytokines during
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TABLE 4 Logistic regression analysis for MACE risk among AMI patients.

95% ClI

Items p Value OR Lower Upper

Univariate logistic regression analysis
TNF-a <0.001 1.031 1.013 1.048
IL-1B 0.021 1.645 1.079 2.509
IL-6 0.227 1.023 0.986 1.060
IL-8 0.031 1.020 1.002 1.039
IL-10 0.705 0.998 0.985 1.010
IL-17A 0.007 1.018 1.005 1.032
VCAM-1 0.005 1.001 1.000 1.002
ICAM-1 0.010 1.007 1.002 1.012
Age 0.013 1.065 1.013 1.119
Male 0.276 2.024 0.569 7.200
BMI 0.091 1.130 0.981 1.301
History of smoke 0.231 1.776 0.694 4.542
History of hypertension 0.272 1.891 0.607 5.898
History of hyperlipidemia 0.185 1.874 0.741 4.739
History of diabetes mellitus 0.028 2.883 1.120 7.419
History of coronary heart disease 0.120 2.108 0.823 5.395
STEMI vs. NSTEMI 0.354 1.714 0.549 5.353
Symptom-to-balloon time 0.370 1.021 0.976 1.068
WBC 0.169 1.093 0.963 1.240
FBG 0.150 1.323 0.904 1.938
Scr 0.044 1.024 1.001 1.049
TG 0.106 1.559 0.910 2.673
TC 0.014 1.680 1.109 2.545
LDL-C 0.024 1.628 1.068 2.483
HDL-C 0.547 0.551 0.079 3.832
CRP 0.003 1.189 1.062 1.330
cTnl 0.043 1.186 1.005 1.400
CK-MB 0.181 1.012 0.995 1.029
Infarct size 0.018 1.073 1.012 1.138

Multivariate logistic regression analysis
TNF-a <0.001 1.038 1.018 1.058
IL-1p 0.044 1.705 1.014 2.868
IL-17A 0.009 1.021 1.005 1.037
History of diabetes mellitus 0.013 4.188 1.351 12.977
History of coronary heart disease 0.042 3.287 1.046 10.332
Symptom-to-balloon time 0.030 1.064 1.006 1.126

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index; Cl, confidence interval; CK-MB, creatine kinase-myocardial band; CRP,
C-reactive protein; cTnl, cardiac troponin I; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; ICAM-1, intercellular adhesion
molecule-1; IL, interleukin; LDL-C, low-density lipoprotein cholesterol; MACE, major adverse cardiac events; OR, odds ratio; Scr, serum creatinine;
STEMI, ST-segment elevation myocardial infarction; TC, total cholesterol; TG, triglyceride; TNF-a, tumor necrosis factor-a; VCAM-1, vascular cell
adhesion molecule-1; WBC, white blood cell.

the follow-up period in AMI patients remained unclear. Second, the cytokines in younger AMI patients.>”%8 Third, the present study de-
mean age of AMI patients in this study was 62.8 +10.7 years, while termined eight common inflammatory cytokines in AMI patients,
AMI affected more and more younger populations in recent years; whereas many other inflammatory cytokines (such as transforming

hence, a further study was warranted to determine the inflammatory growth factor-beta (TGF-p), IL-8, IL-23, and other IL family members)
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FIGURE 3 Combination of the independent factors for
predicting MACE risk in AMI patients.

deserved further explorations in AMI patients. Fourth, only 20 pa-
tients in this study experienced MACE, which would reduce the
statistical power. Fifth, the predictive model obtained in this study
lacked further internal and external validation.

Collectively, increased serum TNF-a, IL-18, and IL-17A levels are
independently related to elevated MACE risk in AMI patients, whose
combination with the history of diabetes mellitus, history of coro-
nary heart disease, and increased symptom-to-balloon time possess
satisfying prognostic discrimination for AMI. However, the verifica-

tion in further large-scale studies is warranted.
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