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Abstract. - OBJECTIVE: We aimed to de-
termine the utility of tumor necrosis factor-like
weak inducer of apoptosis (TWEAK) for the ear-
ly diagnosis and prognosis of acute ST-eleva-
tion myocardial infarction (STEMI).

PATIENTS AND METHODS: Patients pre-
sented with STEMI arrived at the hospital with-
in 45 minutes after the onset of chest pain
were included in this study. Blood samples for
TWEAK, high-sensitivity C-reactive protein (hs-
CRP), creatine kinase MB isoenzyme (CK-MB),
and high-sensitivity cardiac troponin T (hs-TnT)
levels were obtained at the time of arrival at the
hospital. Subsequent samples were drawn at
4 h after primary percutaneous coronary inter-
vention.

RESULTS: The study cohort comprised pa-
tients with confirmed STEMI between January
2022 and September 2022, for a total of 45 en-
rolled STEMI patients. Plasma TWEAK levels
were markedly elevated at hospital arrival, fol-
lowed by a decrease at 4 hours after success-
ful primary percutaneous coronary revascular-
ization (PPCI). High-sensitive troponin T (Hs-
TropT), CK-MB, and CRP were found within nor-
mal limits at the hospital arrival. Conversely, in-
creased levels of CRP, CKMB, and hs-TropT were
observed at 4 hours after PPCI.

CONCLUSIONS: Plasma TWEAK levels were
elevated earlier in the acute phase and de-
creased earlier after PPCI than other classic
myocardial biomarkers.
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Introduction

Acute myocardial infarction is a major cause
of morbidity and mortality worldwide'. The rise
of high-sensitivity cardiac troponin T (hs-TnT) or
creatine kinase MB isoenzyme (CK-MB) could
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be delayed, and the rapid diagnosis of ST-eleva-
tion myocardial infarction (STEMI) may be chal-
lenging?. Serum levels of the ideal biomarker are
expected to rise rapidly after STEMI and decrease
rapidly after successful primary percutaneous
therapy (PPI). Inflammation plays an important
role in acute myocardial infarction and the period
of post-infarction recovery’. C-reactive protein
(CRP) is a predictor of adverse outcomes in pa-
tients with acute coronary syndrome*. However,
peak hs-CRP is reached 2-3 days after STEMI°.
Tumor necrosis factor-like weak inducer of apop-
tosis (TWEAK) is expressed in several tissues,
including the vasculature. TWEAK, a member
of the tumor necrosis factor (TNF) superfamily,
participates in the pathophysiology of cardiac
remodeling. Proliferation, migration, differenti-
ation, apoptosis, angiogenesis, and inflammation
are a few of them®. TWEAK can be upregulated
after injury’. The post-myocardial infarction (MI)
phase is characterized by an increase in cardio-
myocyte TWEAK levels, which has detrimental
consequences on heart repair, according to ex-
perimental research®. Attenuation of metabolic
adaptation and an increase in cardiac load caused
by inhibition of peroxisome proliferator-activated
receptor gamma co-activator lalpha or by induc-
ing macrophage infiltration that results in cardiac
fibrosis are some of the mechanisms that account
for the detrimental effects of TWEAK on cardiac
repair’. Circulating TWEAK binds to the cell
surface Fnl4 receptor, TWEAK binds and causes
Fnl4 trimerization and signal transduction. Fnl4
is expressed in the healthy vasculature and heart.
It is rapidly and highly regulated in myocardi-
al infarction, as demonstrated in experimental
models'.

Fnl4 is regulated by several growth factors,
cytokines, and interleukins in endothelial cells
and monocyte/macrophages present in the in-
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jured vascular wall'. High circulating levels of
TWEAK have been described in patients after
myocardial infarction'>!3. However, studies in
patients presenting with STEMI are limited.
TWEAK could be a biomarker for the diagnosis
and prognosis of cardiovascular disease. Future
studies will help to determine the relevance of
TWEAK as a biomarker. Considering TWEAK
and Fnl4 fast regulation, we hypothesized that
the plasma level of TWEAK might be elevated
in the earlier stage and responded faster to pri-
mary percutaneous coronary revascularization
(PPCI) than hs-TropT and CK-MB. We aimed to
determine the utility of TWEAK for the early
diagnosis and prognosis of STEMI. We also
tried to evaluate their utility for predicting left
ventricular (LV) systolic dysfunction and mor-
tality, and compared prognostic value with CK-
MB, and high-sensitive troponin T (hs-TropT).

Patients and Methods

Study Population

Patients who arrived with STEMI at the hospi-
tal within 45 minutes after the onset of chest pain
were included in this study. The exclusion criteria
were as follows: age < 18 years, any history of
previous myocardial infarction, coronary inter-
vention, or coronary artery bypass graft surgery,
having experienced an acute infection with fever
(temperature > 38°C), an estimated glomerular
filtration rate < 30 mL/min per 1.73 m?, known
active inflammatory diseases, suspected myo-
carditis or pericarditis, and known severe liver
disease.

The project was approved by the local Eth-
ics Committee with an approval number
2022.163.09.10.

Sample Collection and
Laboratory Measurements

Blood samples for TWEAK, hs-CRP, CK-MB,
and hs-TnT levels were obtained at the time of
arrival at the hospital. Subsequent samples were
drawn 4 h after a successful PPCI. Serum sam-
ples were allocated and preserved at -80°C until
TWEAK measurement. TWEAK was measured
using an ELISA kit (ELK Biotechnology CO.,
Ltd. Wuhan, China).

Echocardiography Imaging

All patients underwent transthoracic echocar-
diography (ClearVue 350, Philips Medical Sys-
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tems, Andover, MA, USA) 1 month following
PPCI. The movies were obtained in the apical
four-chamber, two-chamber, and three-cham-
ber views. The left ventricular ejection fraction
(LVEF) was defined as follows: (left ventricular
end-diastolic volume — left ventricular end-sys-
tolic volume)/left ventricular end-diastolic vol-
ume.

Outcomes

TWEAK, hs-CRP, CK-MB, and hs-TropT lev-
els were compared in blood tests obtained at
the time of admission and the 4 h after success-
ful PPCI. Patients were followed via outpatient
clinic visits 1 month after discharge. Echo-
cardiography was performed at 1 month. The
primary objective was to investigate the utility
of TWEAK as a biomarker for earlier diagnosis
of STEMI and to evaluate TWEAK response
time after PPCI. The secondary objective was
to assess the association between TWEAK and
LVEF at 1 month.

Statistical Analysis

Continuous variables were analyzed for nor-
mality using the Kolmogorov-Smirnov test.
Baseline and second samples were compared
using the Paired Samples ¢-test (TWEAK, hs-
TropT, and CK-MB) and Wilcoxon signed-ranks
test (hs-CRP). Comparisons between LVEF
< 40% and LVEF > 40% groups were made
using the Kolmogorov-Smirnov test. Data are
presented as mean + standard deviation or me-
dian according to data normality. The software
SPSS, (version 18.0; IBM Corp., Armonk, NY,
USA), was used for statistical analysis. All
p-values < 0.05 were considered statistically
significant.

Results

Study Population

Our prospective cross-sectional study con-
sisted of patients with confirmed STEMI be-
tween January 2022 and September 2022, for a
total of 45 enrolled STEMI patients. The main
characteristics of the patients at baseline are
described in Table I. The median age of the
overall cohort was 55 (IQR 50-65) years. Pain-
to-balloon time was 60 (IQR 45-75) min and
did not differ between LVEF < 40% and LVEF
> 40% groups (p = 0.311).
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Table I. Baseline characteristics of the study population at
arrival.

Variable Total (n = 45)
Sex, male 32 (71)
Age, years 55 (50-65)
BMI, kg/m? 242+1.38
Heart rate, bpm 773 +£12.7
SBP, mmHg 143.5+£16.3
Smoking 32 (71)
Hypertension 26 (57)
Diabetes 15 (33)
S-A T, minutes 32 (20-45)
P-B T, minutes 60 (45-75)
TG, mg/dl 106 + 22
HDL-C, mg/dl 52+12
LDL-C, mg/dl 89 +25
Glucose, mg/l 98+5
WBC, x 10° U/l 79+ 1.8
CRP, mg/1 13.2+29
Hs-TnT, ng/1 10.1+4
CK-MB, U/L 16.0+7.1
TWEAK, ng/ml 523 + 166
LVEDD, (mm) 593+ 1.1
LVESD, (mm) 462 +74
Drugs, n (%)
Beta-blocker 4 (8)
Renin-anjigiotensin system blockers 20 (44)
Calcium channel blockers 4 (8)
Aspirin 10 (22)
Oral anti-diabetics 15 (33)
Statin 10 (22)

Data presented are means + SD or n (%). BMI, Body mass
index; TG, triglyceride; HDL-C, high-density lipoprotein;
LDL-C, low-density lipoprotein; GLU, blood glucose; WBC,
white blood cell; hs-CRP, high-sensitivity C-reactive protein;
hs-TnT, high-sensitivity troponin T; CK-MB, creatine kinase
MB isoenzyme; SBP, systolic blood pressure; P-B T, Pain-
to-baloon time; S-A T, Symptom onset to hospital arrival;
LVEDD, left ventricular end-diastolic diameter; LVESD, left
ventricular end-systolic diameter.

Measurement of Circulating Markers

The time trend of plasma biomarker levels is
shown in Figure 1. Plasma TWEAK levels were
markedly elevated at hospital arrival, followed by
a decrease at 4 hours after successful PPCI. Hs-
TropT, CK-MB, and CRP were found within nor-
mal limits at the hospital arrival. Figure 1 shows
that, compared to baseline, levels of TWEAK
decreased 4 hours after PPCI. Conversely, in-
creased levels of CRP, CK-MB, and hs-TropT
were observed at 4 hours after PPCIL.

Relationship Between TWEAK and
Cardiac Echocardiography Imaging
Patients were stratified according to LVEF at 1
month (Table II). Diabetes and, elevated TWEAK
at admission were more common in patients with

LVEF < 40%. There was a negative correlation
between TWEAK levels at admission and LVEF
at 1 month (r = -0.55, p = 0.002); however, no
significant correlations were observed between
TWEAK levels at 4 h after PPCI and %LVEF at
1 month (p = 0.081).

Patients were stratified according to the base-
line of plasma TWEAK levels (Table II). 1-month
rates of reinfarction and heart failure hospital-
ization were 2% (1/45), and 6% (3/45) in patients
with higher plasma TWEAK.

Relationship Between TWEAK and
Culprit Coronary Artery

The right coronary artery (RCA) was the more
common culprit coronary artery than the left an-
terior descending coronary artery (LAD) [RCA
= 52/90, LAD = 48/90, circumflex (CX) = 0].
TWEAK levels examined at the arrival to the
hospital (p = 0.075) and after 4 h of PPCI (p =
0.233) did not differ between RCA and LAD.

Discussion

Here we demonstrate, for the first time, that
TWEAK is upregulated prior to hs-TnT, and
downregulated response to successful PPCI prior
to hscINT in patients with ST-elevation myo-
cardial infarction. The study’s findings are as
follows: high plasma level of TWEAK was iden-
tified in STEMI, plasma TWEAK levels were
elevated earlier in the acute phase and decreased
earlier after PPCI than other classic myocardial
biomarkers. Fast regulation may be used in the
diagnosis and in monitoring treatment efficacy in
patients presented with ST-elevation. In addition,
plasma TWEAK level at admission was an inde-
pendent predictor of low LVEF at 1 month.

An implication from this study concerns the
potential benefit of TWEAK for the early detec-
tion of STEMI. Elevation of classical myocardial
biomarkers such as hs-TnT and CK-MB does not
occur within two hours of the onset of STEMI'1>.
This situation may hinder the rapid diagnosis of
STEMI, particularly in patients presenting to the
emergency department with atypical symptoms
and/or electrocardiograms (ECGs). In STEMI
patients, TWEAK elevation due to coronary ar-
tery plaque rupture and thrombus formation oc-
curs before the increase in hs-TnT and CK-MB
levels due to myonecrosis'®. In our study, plasma
TWEAK levels rose 30 minutes after the onset
of STEMI, significantly better than hs-TnT and
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Figure 1. Time trends of plasma TWEAK, hs-TnT, CK-MB, and CRP levels in patients with STEMI.

CK-MB. TWEAK can help us diagnose STEMI
earlier and potentially improve clinical out-
comes by enabling faster triage and reperfusion
therapy initiation. In addition to its value in the
early detection of STEMI, high TWEAK levels
were an important biomarker in predicting low
LVEF, an indicator of prognosis one month after
STEMI. Despite the unknown mechanisms, sev-
eral possible causes may explain the relationship
between TWEAK and clinical outcomes. As is
known, inflammation plays an important role in
the development and progression of atheroscle-
rosis. Previous studies'”!® have shown that CRP,
a classic biomarker of systemic inflammation, is
useful in predicting adverse clinical outcomes in

various cardiovascular disease states. Like CRP,
TWEAK 1is a sensitive, concentration-depen-
dent biomarker associated with the extent and
consequences of inflammation, as demonstrated
herein and in the literature. Particularly in this
study, TWEAK levels were a stronger predictor
of prognosis than CRP.

Our study demonstrates the behavior of
TWEAK concentrations in STEMI patients. Our
results showed a significant decrease in TWEAK
titers, despite continued increases in hs-TropT
and CRP titers within 4 hours after successful
PPCI. LVEF showed a correlation with TWEAK
concentrations at baseline, and 4 hours after suc-
cessful PPCI. Together, when these data are eval-
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Table Il. Patients were stratified according to LVEF at 1 month and baseline characteristics at admission.

Variable LVEF < 40 % (n = 23) LVEF > 40 % (n = 22) p-value

Sex, male 17 (73) 15 (68) 0.121
Age, years 58 (52-65) 52 (50-59) 0.245
BMI, kg/m? 26.1+1.5 227 +2.1 0.089
Heart rate, bpm 78.1 £8.7 75.1+£9.1 0.432
SBP, mmHg 1452 +11.1 141.5+6.2 0.211
Smoking 18 (78) 14 (63) 0.098
Hypertension 14 (60) 12 (54) 0.321
Diabetes 11 (47) 4 (18) 0.002
S-A T, minutes 36 (31-45) 29 (20-35) 0.266
P-B T, minutes 64 (59-75) 55 (45-61) 0.311
TG, mg/dl 100 +28 112+ 12 0.411
HDL-C, mg/dl 48 £7 58+ 11 0.352
LDL-C, mg/dl 84 +£21 92+17 0.224
Glucose, mg/1 119+ 9 88+ 6 0.425
WBC, x 103 U/l 7.6+2.1 81+£22 0.318
CRP, mg/1 14.1£3.1 129+1.1 0.177
Hs-TnT, ng/l 12.1£2.2 89+4 0.098
CK-MB, U/L 19.1 £4.1 15.2+6.2 0.149
TWEAK, ng/ml 632+ 143 411 £216 0.001
LVEDD (mm) 61.3+2.1 584 +0.8 0.08
LVESD (mm) 49.1 +8.2 453+ 74 0.04
Drugs, n (%)

Beta-blocker 2(98) 209 0.941

RAAS 12 (52) 8(34) 0.214

CCA 2 (8) 209 0913

Aspirin 6 (26) 4 (18) 0.214

Oral anti-diabetics 13 (56) 209 0.003

Statin 6 (26) 4 (18) 0.213

Data presented are means + SD or n (%). BMI, Body mass index; TG, triglyceride; HDL-C, high-density lipoprotein; LDL-C,
low-density lipoprotein; GLU, blood glucose; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; hs-TnT,
high-sensitivity troponin T; CK-MB, creatine kinase MB isoenzyme; SBP, systolic blood pressure; P-B T, Pain-to-baloon time;
S-A T, Symptom onset to hospital arrival; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic
diameter; RAAS, Renin-angiotensin system blockers; CCA, calcium channel blockers.

uated, it becomes clear how important TWEAK
is on the first day after acute MI. Better aware-
ness of inflammatory risk during early follow-up
of myocardial infarction may contribute to the
creation of new therapeutic approaches. In or-
der to achieve reliable outcomes analysis in our
study, we require a larger sample size. Addition-
ally, comparing the predictive value of TWEAK,
CK-MB, and hs-TnT is unlikely to yield signifi-
cant results.

TWEAK could help in the characterization
of inflammatory mechanisms in acute STEMIL.
The rapid response of the serum TWEAK level
to successful PPCI could be used to monitor the
success of the treatment. Patients with decreased
TWEAK levels after PPCI had significantly high-
er LVEF at 1 month. Taken together, these data
indicate that TWEAK may represent a risk strat-
ification tool, that is available in the very early
phase after STEMI. Today, new biomarkers that

can be used in the diagnosis and prognosis of
acute coronary syndrome continue to be investi-
gated. According to the literature, no biomarker
has been reported to peak and decrease within 4
hours after STEMI. Zhang et al'’ determined that
S100A12 was identified as STEMI more accurate
than hs-TropT within the first 2 h after symptom
onset. Plasma S100A12 levels were markedly ele-
vated 30 min after hospital arrival, peaked at 1-2
h, and remained elevated for 12 h. Considering
the SI00A12 and TWEAK 4®"-hour data, it can be
interpreted that the response of serum TWEAK
levels to successful post-penetrating keratoplasty
glaucoma (PPKG) may be faster.

Study Limitations

Our population included in the study was under
lipid-lowering and antiplatelet therapies as part of
the standard of care, whose anti-inflammatory
effects may have affected the study results.
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In addition, all inflammatory biomarkers and
chemoattractants could not be evaluated in the
study. TWEAK is not specific to cardiac disease.
Other diseases, such as stroke and inflammatory
diseases, are also related to plasma TWEAK
levels. TWEAK levels may have low specificity,
and the diagnosis of STEMI will depend on the
clinical characteristics. Additional confirmatory
studies with a larger population are needed. How-
ever, commercial clinical laboratory analyzers for
plasma TWEAK concentrations are unavailable.
The sample size needs to be bigger for reliable
outcomes analysis.

Conclusions

In the current study, plasma levels of TWEAK
were increased earlier than CK-MB or hs-TnT
in patients with STEMI. Compared with classi-
cal biomarkers of myocardial necrosis, TWEAK
provides several advantages for early assess-
ment. We observed a significant improvement in
TWEAK balance with successful PPCI. These
findings suggest that residual inflammatory risk
is reduced after a successful PPCI. TWEAK is in-
dependently related to LV dysfunction. TWEAK
may be useful in earlier identifying patients who
are at an increased risk for LV dysfunction after
STEMI.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Informed Consent
Patients and/or their families signed informed consent
forms.

Authors’ Contribution

CA, AD designed this study. AC, AD, CA provided fund-
ing. CA and AD revised the manuscript. AD, CA, and AC
finished the manuscript and analyzed the data. AD, CA, and
AC collected the clinical data. AC contributed to the liter-
ature search.

Data Availability
The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics Approval

The present study was approved by the Medical Eth-
ics Committee of the Tekirdag Namik Kemal University
(2022.163.09.10).

7642

Funding
None.

ORCID ID

AC: 0000-0002-3799-4470
AD: 0000-0001-8322-3514
CA: 0000-0002-1401-5727

References

1) Eisen A, Giugliano RP, Braunwald E. Updates on
Acute Coronary Syndrome: A Review. JAMA Car-
diol 2016; 1: 718-730.

2) Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso
B, Dastidar AG, Plein S, Mueller C, Haaf P. Cardi-
ac biomarkers of acute coronary syndrome: from
history to high-sensitivity cardiac troponin. Intern
Emerg Med 2017; 12: 147-155.

3) Ong SB, Hernandez-Reséndiz S, Crespo-Avilan
GE, Mukhametshina RT, Kwek XY, Cabre-
ra-Fuentes HA, Hausenloy DJ. Inflammation
following acute myocardial infarction: Multiple
players, dynamic roles, and novel therapeutic
opportunities. Pharmacol Ther 2018; 186: 73-
87.

4) LiuY, Jia SD, Yao Y, Tang XF, Xu N, Jiang L, Gao
Z, Chen J, Yang YJ, Gao RL, Xu B, Yuan JQ. Im-
pact of high-sensitivity C-reactive protein on cor-
onary artery disease severity and outcomes in
patients undergoing percutaneous coronary inter-
vention. J Cardiol 2020; 75: 60-65.

5) HuetF, Akodad M, Kuster N, Kovacsik H, Lecler-
cq F, Dupuy AM, Gervasoni R, Khoury G, Macia
JC, Cristol JP, Roubille F. An hs-TNT Second
Peak Associated with High CRP at Day 2 Ap-
pears as Potential Biomarkers of Micro-Vascu-
lar Occlusion on Magnetic Resonance Imaging
after Reperfused ST-Segment Elevation Myo-
cardial Infarction. Cardiology 2018; 140: 227-
236.

6) Altintas MS, Eyerci N, Karayigit O, Demirtas B,
Gok M, Kiziltunc E. Low sCD163/TWEAK Ra-
tio at First Day After Acute Myocardial Infarction
Associated with Adverse Cardiac Remodeling in
Non-Elderly Patients. Kardiologiia 2022; 62: 49-
55.

7) Ratajczak W, Atkinson SD, Kelly C. The TWEAK/
Fn14/CD163 axis-implications for metabolic dis-
ease. Rev Endocr Metab Disord 2022; 23: 449-
462.

8) Bulluck H, Go YY, Crimi G, Ludman AJ, Rosmini
S, Abdel-Gadir A, Bhuva AN, Treibel TA, Fontana
M, Pica S, Raineri C, Sirker A, Herrey AS, Man-
isty C, Groves A, Moon JC, Hausenloy DJ. De-
fining left ventricular remodeling following acute
ST-segment elevation myocardial infarction us-
ing cardiovascular magnetic resonance. J Cardio-
vasc Magn Reson 2017; 19: 26.



TWEAK and acute ST-elevation myocardial infarction

10)

11)

12)

13)

14)

Unudurthi SD, Nassal DM, Patel NJ, Thomas E,
Yu J, Pierson CG, Bansal SS, Mohler PJ, Hund
TJ. Fibroblast growth factor-inducible 14 mediates
macrophage infiltration in heart to promote pres-
sure overload-induced cardiac dysfunction. Life
Sci 2020; 247: 117440.

Blanco-Colio LM. TWEAK/Fn14 Axis: A Prom-
ising Target for the Treatment of Cardiovascular
Diseases. Front Immunol 2014; 5: 3.

Salzmann S, Seher A, Trebing J, Weisenberg-
er D, Rosenthal A, Siegmund D, Wajant H. Fi-
broblast growth factor inducible (Fni4)-specific
antibodies concomitantly display signaling path-
way-specific agonistic and antagonistic activity. J
Biol Chem 10; 288: 13455-13466.
Chorianopoulos E, Jarr K, Steen H, Giannitsis E,
Frey N, Katus HA. Soluble TWEAK is markedly up-
regulated in patients with ST-elevation myocardial
infarction and related to an adverse short-term out-
come. Atherosclerosis 2010; 211: 322-326.

Eyyupkoca F, Sabanoglu C, Altintas MS, Kocak
A, Ercan K, Eyerci N, Okutucu S. Higher levels
of TWEAK and matrix metalloproteinase-3 during
the acute phase of myocardial infarction are as-
sociated with adverse left ventricular remodeling.
Postepy Kardiol Interwencyjnej 2021; 17: 356-
365.

Ghaeli P, Vejdani S, Ariamanesh A, Hajhossein
Talasaz A. Effect of Melatonin on Cardiac Injury
after Primary Percutaneous Coronary Interven-
tion: a Randomized Controlled Trial. Iran J Pharm
Res 2015; 14: 851-855.

15)

16)

17)

19)

Haider DG, Klemenz T, Fiedler GM, Nakas CT,
Exadaktylos AK, Leichtle AB. High sensitive car-
diac troponin T: Testing the test. Int J Cardiol
2017; 228: 779-783.

Mufoz-Garcia B, Madrigal-Matute J, Moreno JA,
Martin-Ventura JL, Lépez-Franco O, Sastre C,
Ortega L, Burkly LC, Egido J, Blanco-Colio LM.
TWEAK-Fn14 interaction enhances plasminogen
activator inhibitor 1 and tissue factor expression
in atherosclerotic plaques and in cultured vascu-
lar smooth muscle cells. Cardiovasc Res 2011;
89: 225-233.

Damen SAJ, Cramer GE, Dieker HJ, Gehlmann
H, Aengevaeren WRM, Oude Ophuis TJM, Fok-
kert MJ, Dikkeschei LD, Vroemen WHM, Verheu-
gt FWA, Brouwer MA, Suryapranata H. A multi-
site coronary sampling study on CRP in non-
STEMI: Novel insights into the inflammatory pro-
cess in acute coronary syndromes. Atherosclero-
sis 2018; 278: 117-123.

Brunetti ND, Troccoli R, Correale M, Pellegrino
PL, Di Biase M. C-reactive protein in patients with
acute coronary syndrome: correlation with diag-
nosis, myocardial damage, ejection fraction and
angiographic findings. Int J Cardiol 2006; 109:
248-256.

Zhang X, Cheng M, Gao N, Li Y, Yan C, Tian X,
Liu D, Qiu M, Wang X, Luan B, Deng J, Wang S,
Tian H, Wang G, Ma X, Stone GW, Han Y. Utili-
ty of S100A12 as an Early Biomarker in Patients
With ST-Segment Elevation Myocardial Infarc-
tion. Front Cardiovasc Med 2021; 8: 747511.

7643



