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Abstract

Background

Recently, it was shown that interleukin-17A (IL-17A) is involved in the pathophysiology of
reperfusion injury and associated with infarct size (IS) in experimental models of myocardial
infarction. Our aim was to evaluate whether the IL-17A serum level and the IL-17A active
fraction was correlated with IS in humans.

Methods

101 patients presenting with a ST-elevated Myocardial Infarction (STEMI) referred for pri-
mary percutaneous coronary intervention (PPCI) and 10 healthy controls were included.
For each participant, blood samples at admission (HO) and 4 hours after admission (H4)
were collected. IL-17A serum levels were assessed using ELISA and the active fraction
was assessed with a functional test. IS was determined by peak troponin and peak CK lev
els for every patient and by contrast-enhanced cardiac magnetic resonance (ce-CMR) for
20 patients.

Results

The IL-17A serum level was significantly increased in STEMI patients compared to healthy
controls, (0.9 pg/mL IQR [0.0-3.2] at HO and 1.0 pg/mL IQR [0.2-2.8] at H4 versus 0.2 pg/
mL IQR [0.0-0.7] for healthy controls; p<0.005). At either time points, IL-17A levels did not
correlate with IS as measured by peak troponin, peak CK pr ce-CMR. Also, no correlation
was found between the active fraction of IL-17A and IS.
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Conclusion

Serum IL-17A level is significantly increased in patients at the early phase of acute Ml com-
pared to healthy controls. However, the level of IL-17A in the early hours after reperfusion
does not correlate with IS.

Introduction

Myocardial infarction (MI) is one of the main causes of death in the world [1]. Infarct size
(IS) is associated with heart failure and mortality following MI [2,3]. Early reperfusion is cur-
rently the most effective treatment to reduce IS resulting from MI [4,5]. Although reperfu-
sion reduces infarct size, it causes myocardial injury by itself [6]. This process is called
ischemia-reperfusion (I/R) injury [7] and constitutes a target for the development of new
therapies to reduce the final IS [8,9]. Among, the different mechanisms involved in I/R
injury, inflammation appears to play a significant part in the final damage to the ischemic
myocardium [10].

Three recovery phases have been described following myocardial infarction: the inflam-
matory phase, the proliferative phase and the maturation phase [11]. Inflammation has
been implicated in the extension of reperfusion lesions, and in the pathogenesis of post-
infarction remodeling [12]. Cardiomyocyte death after myocardial infarction triggers an
intense inflammatory response. This response is mediated by endogenous signals known as
Danger-Associated Molecular Patterns (DAMPs) that activate the innate immune system,
via the Toll-Like Receptors (TLR) [13]. Activation of DAMPs-mediated signaling induces
the production of chemokines and cytokines that trigger recruitment of leucocytes in the
infarcted zone [14]. Tumor Necrosis Factor (TNF), Interleukin-1p (IL-1f) and Interleukin-6
(IL-6) are markedly increased during myocardial infarction [15,16]. These cytokines have
multifunctional and pleiotropic effects. They can either be deleterious, protective or both
[17-21].

Interleukin (IL)-17A belongs to the IL-17 family composed of 6 isoforms (IL-17A, IL-17B,
IL-17C, IL-17D, IL-17E, and IL-17F) [22]. IL-17A is a pro-inflammatory cytokine involved
in the pathogenesis of several inflammatory and auto-immune inflammatory diseases [23].
Recently, Liao et al. demonstrated in an experimental murine model that IL-17A contributed
to I/R injury by increasing cardiomyocyte apoptosis and neutrophil infiltration [24]. They
showed that IL-17A mRNA and protein levels in the myocardium significantly increased as
early as first hours of reperfusion to reach a peak at 24h. They also demonstrated that inhibit-
ing IL-17A in vivo significantly reduced the final infarct size and I/R injury.

In human patients, there is very little data on the association between IL-17A and IS. Cheng
et al. showed that IL-17A was increased during myocardial infarction compared to stable
angina or chest pain syndrome in a small selected population of patients [25]. Recently, Simon
et al. showed that low serum levels of IL-17A were associated with a higher risk of major car-
diovascular events in a cohort of patients with acute MI [26]. The role of IL-17A in human
patients presenting with acute MI remains unclear and there is no data on IL-17A levels in the
first hours following reperfusion and their relationship with IS.

Our main objective was therefore to assess IL-17A serum levels and IL-17A active fraction
in the first hours of reperfusion and their relationship with other cytokines and IS in human
patients presenting with acute ST-elevated MI (STEMI).
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Methods
Study population

The study cohort was constituted by patients admitted to our institution, a tertiary referral uni-
versity hospital, with a diagnosis of acute STEMI from 2012 to 2013. Our institutional review
board and Ethics Committee (Comité d’éthique des Hospices Civils de Lyon, Professor Jean
Francois Guérin) approved this retrospective monocentric study. All patients gave written
informed consent.

STEMI was defined by the presence of clinical symptoms (chest pain) associated with an ST
elevation of more than 2 mm in two contiguous leads on a standard 12-lead electrocardiogram,
and significant troponin-I elevation according to the European Society of Cardiology [27]. All
patients admitted to our institution underwent a coronary angiogram at the admission with
reperfusion by primary percutaneous intervention (PCI).

101 patients were included in our study. They had complete myocardial enzyme release
assessment and/or contrast enhanced Cardiac Magnetic Resonance (ce-CMR) assessment
within the first month following admission. 20 patients from this cohort underwent a ce-CMR
study to assess myocardial IS.

Patients with a medical history of auto-immune disease or active inflammatory disease
were excluded from the study.

Blood sampling protocol

All sera from our study population were stored at the hospital biobank (NeuroBioTec Biologi-
cal Resource Center). Two blood samples were collected for each patient. One sample was col-
lected upon admission in the catheterization laboratory (HO) and one sample was collected
four hours after admission (H4), in the Cardiac Intensive Care Unit (CICU). Sera were pre-
pared and stored at -80°C as presented in Fig 1. Upon extraction, all samples from our study
population were thawed only once to avoid cytokine alteration.

Ten sera samples from ten healthy volunteers were also obtained to assess the basal level of
cytokines in a reference population.

Cytokine measurement ELISA assay

The known normal values of IL-17A vary according to studies and assays used. It usually
ranges from 2 pg/mL to 25 pg/mL [28-30].

IL-17A concentrations were measured using the Human IL-17A High Sensitivity ELISA kit
(Affymetrix eBioscience, San Diego CA, USA). For IL-6 we used the Human IL-6 Quantikine
ELISA Kit (R&D Systems, Minneapolis MN, USA). IL-8 concentrations were assessed with
the Human CXCL8/IL-8 Quantikine ELISA Kit (R&D Systems, Minneapolis, MN). IL-1f con-
centrations were measured with the Human IL-1 beta ELISA Ready-SET-Go (Affymetrix
eBioscience, San Diego CA, USA). The limit of detection for IL-17A was 0.5 pg/mL, 0.7 pg/mL
for IL-6, 7.5 pg/mL for IL-8 and 2 pg/mL for IL-1p.

For IL-17A, patients with serum level below the test sensibility (0.5 pg/mL) were considered
as seronegative and patients with serum level above the test sensibility were considered as sero-
positive for IL-17A.

Functional test

In addition to the ELISA assay, an “in-house” functional test was performed for 20 patients in
which IS was also assessed by CMR. Human Umbilical Vein Endothelial Cells (HUVEC) were
collected from human umbilical cords (collagenase perfusion). HUVEC were cultured in
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For each blood puncture (HO and H4):
1 EDTA tube (7 mL)

1 Serum-separating tube (7 mL)

PREPARATION

5 Plasma samples (500 plL)
2 Buffy Coat samples (white blood cells)

5 Serum samples (500 pL)

ADMISSION Catheterization
» Laboratory

for STEMI

Fig 1. Blood samples collection protocol for STEMI cohort at our institution.
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EGM™-2 medium (Lonza, Basel, Switzerland) with Fetal Bovine Serum (FBS) and incubated
overnight at 37°C. Sera from patients were incubated at 56°C for 30 min in order to inactivate
complement.
HUVEC were then exposed to 10% of patients’ sera (diluted in EGM™-2 medium) with or
without addition of anti-IL-17A antibody at the concentration of 10 ug/mL (R&D Systems,
Minneapolis MN, USA). After 48h of incubation, supernatants were collected and IL-8 levels
were measured by ELISA (R&D Systems, Minneapolis MN, USA). For each patient, the IL-8
delta (AIL-8) corresponding to the difference between IL-8 produced by HUVEC: treated with
patients’ serum alone and HUVEC: treated with patient serum and anti-IL-17A antibody was
calculated. The AIL-8 corresponds to HUVECs IL-8 secretion induced by IL-17A (= active
fraction of IL-17A). All experiments were duplicated. This test was previously described and
validated [31].

Other biomarkers measurements

Blood samples for serum troponin I (Immunoassay Access™ AccuTnI™ Troponin I Assay) and

creatine kinase levels (Beckman Coulter Inc, expressed in IU/L) were taken at admission, at 4

hours, 12 hours, 24 hours and 48 hours after admission.

C-reactive protein (CRP), leucocytes and neutrophils count and creatinine serum levels

were also measured upon admission. Glomerular Filtration Rate was estimated using the Mod-

ification of Diet in Renal Disease formula (MDRD).

Cl

inical data

Cardiovascular Disease (CVD) Risk Factors, treatment at admission, in-hospital management
were collected for each patient. Ischemia time was defined as the time from symptom onset
to complete reperfusion after percutaneous coronary angioplasty. Left Ventricular Ejection
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Fraction (LVEF) was evaluated using the Biplan method by routine cardiac ultrasound during
the ICU admission.

Cardiac magnetic resonance imaging protocol

20 of the 101 patients underwent a ce-CMR study one month after initial admission for MI.
Patients were scanned in a supine position on a 1.5 T MAGNETOM Avanto TIM system (Sie-
mens, Erlangen, Germany).

Ce-CMR were analysed as previously described [32-34]. Briefly, LV function at rest was
assessed with retrospective ECG-gated steady-state free precession pulse cine sequences (cine
TrueFISP) in long and short axis views in the true heart axis.

An intravenous bolus of Gadolinium-DOTA at a dose of 0.2 mmol/kg body weight for the
late enhancement analysis was performed. Late gadolinium enhancement (LGE) was evaluated
10 minutes after contrast injection using a 3D-gradient spoiled TurboFLASH sequence with a
selective 180° inversion recovery pre-pulse, in the short axis covering the whole ventricle.

MI was identified by LGE within the myocardium, defined quantitatively by myocardial
postcontrast signal intensity > 2SD above that within a reference of region remote non-
infarcted myocardium within the same slice with the post-processing software Osirix (OsiriX
Foundation, Geneva, Switzerland).

Statistical analysis

Data are expressed as mean * standard deviation (SD) or median and interquartile range
depending on their distribution. The majority of the biochemical parameters were character-
ized by their high non-Gaussian distribution, using the Shapiro-Wilk test. Comparisons
between groups were performed using unpaired  test for continuous variables and Pearson y”
test or Fisher’s exact test for categorical variables. For Gaussian distributed values, differences
among groups were assessed using one-way ANOVA followed by the Dunnett test. For non-
Gaussian distributed values difference among groups was tested using the non-parametric
Kruskal-Wallis test followed by the Dunn’s test for multiple comparisons. Correlations were
tested by Spearman correlation for non-Gaussian distribution values and Pearson correlation
for Gaussian distributed values. A two-tailed p-value <0.05 was considered as significant. All
statistical analyses were performed with GraphPad 7.01 (Prism).

Results
Baseline characteristics

Baseline demographic and clinical characteristics of the study population are presented in
Table 1. Briefly, patient age was 61+11 years, 78% males with an ischemia time of 180 min;
interquartile range IQR [120-270 min]. The left anterior descending (LAD) coronary artery
was the culprit coronary in 40.6% cases and the left ventricular ejection fraction was 45% IQR
[40-55].

The principal biological and in-hospital management characteristics are presented in Tables
2 and 3 respectively.

Healthy controls were 53.3+4.7 years old. There were five males and five females. They had
no known previous history of Cardiovascular Disease (CVD) and no Risk Factors.

IL-17A measurements

IL-17A was significantly increased at admission (HO0) in the serum of the STEMI patients (0.9
pg/mL IQR [0.0-3.2]) compared to 0.2 pg/mL IQR [0.0-0.7] for healthy controls (p = 0.032).
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Table 1. Baseline characteristics of the study population.

Demographic Characteristics and Clinical Presentation
Age (yn*
Sex (M/F)
Hypertension (no.)
Smoking (no.)
Dyslipidemia (no.)
Diabetes (no.)
Prior history of coronary artery disease (no.)
Ischemia time (min)*
Killip at admission
Killip 1
Killip > 2
Infarct-related artery (no.)
Left anterior descending coronary artery
Right coronary artery
Left circumflex coronary artery
Left main coronary artery
Left ventricular ejection fraction (%)

*MeanzSD.
TMedian value and interquartile range.

https://doi.org/10.1371/journal.pone.0188202.t001

(n=101)
61211
79/22

42
41
40
14
16
180 [120-270]

90
11

41
41
18
1
45 [40-55]

Four hours after admission (H4), IL-17A median level remained significantly increased at 1.0
pg/mL (0.2-2.8) compared to healthy controls (p = 0.015). There was no significant variation

of IL17A levels between HO and H4 (p>0.999) (Fig 2).

34 STEMI patients (33.7%) were seronegative (IL-17A < 0.5 pg/mL) for IL-17A at HO and

30 patients (29.7%) remained seronegative at H4.

As shown on Fig 3A, HUVECs produced significantly more IL-8 when incubated with
STEMI patient serum than with healthy control serum (n = 20 patients for the STEMI group
and n = 10 patients for the control group). The median value was 3.07 ng/mL IQR [2.26-3.70]
at HO and 2.58 IQR [2.13-3.40] at H4 for STEMI patients versus 2.06 ng/mL IQR [1.88-2.22]

Table 2. Principal biological characteristics of the study population at admission and myocardial bio-

markers peak values.

Biological Characteristics*

Serum creatinine (umol/L)
MDRD (mL/min/1.73m?)t

CRP (mg/L)

Leucocytes (G/L)
Neutrophil granulocytes (G/L)
Lymphocytes (G/L)

Peak troponin level (ug/L)

Peak CK level (IU/L)

*Median value and interquartile range.

(n=101)
77 [64-96]
88 + 32
3.2[1.9-6.7]
12.0[9.4-15.2]
9.3[7.3-11.9]
1.7[1.4-2.3]

98.2 [57.6-167.5]
2748 [1717-4021]

TMean+SD. MDRD: Modification of Diet in Renal Disease formula; CRP: C-Reactive Protein; CK: Creatine

Kinase

https://doi.org/10.1371/journal.pone.0188202.t002
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Table 3. In-hospital management.

Characteristics (n=101)
PCI (no.) 97 (96.0%)
Thrombolysis (no.) 6 (5.9%)
Coronary artery bypass surgery (no.) 0 (0%)
Antiplatelet therapy (at discharge)

Aspirin (no.) 97 (96.0%)

P2Y12 inhibitor (no.) 96 (95.0%)
Low molecular weight heparin (no.) 95 (94.1%)
TIMI flow pre-PCI (no.)

TIMI O 72 (71.3%)

TIMI > 1 29 (28.7%)
TIMI flow post-PCI (no.)

TIMI <2 11 (10.9%)

TIMI 3 90 (89.1%)

PCI: percutaneous coronary angioplasty; TIMI: Thrombolysis in Myocardial Infarction.

https://doi.org/10.1371/journal.pone.0188202.t003

for healthy controls (p = 0.003 and p = 0.04 respectively). After incubation of HUVECs with
each patient serum in the presence of anti-IL-17A antibody (neutralizing antibody) we
assessed the specific IL-17A induction of IL-8 production. The production of IL-8 by HUVECs
was significantly decreased because of the neutralization of IL-17A. As shown on Fig 3B, AIL-8
was significantly increased for STEMI patients at HO with a median value of 0.25 ng/mL IQR
[0.0-0.45] compared to 0.0 ng/mL IQR [0.0-0.07] for healthy controls (p = 0.03). At H4, AIL-8
decreased with a median value of 0.06 ng/mL IQR [0.0-0.49], comparable to healthy controls
(p = NS compared to healthy controls).

IL-17A relationship with IS

There was no correlation between IL-17A levels (n = 101 patients) at HO or H4 and troponin
peak in STEMI patients (r = -0.025, p = 0.80 and r = 0.044, p = 0.66 respectively). There was no
correlation between IL-17A levels and CK peak at HO and H4 (r = -0.034, p = 0.74 at HO and

r = 0.023, p = 0.82 at H4). Finally, there was no correlation between IL-17A levels at HO and
H4 and IS by CMR (r = -0.26, p = 0.28 and r = -0.29, p = 0.23 respectively).

No significant correlation was found between AIL-8 (n = 20 patients) and troponin peak at
HO0 and H4 (r = 0.26, p = 0.27 and r = 0.036 and p = 0.88 respectively). In the same way there
was no correlation between AIL-8 and CK peak at HO and H4 (r = 0.18, p = 0.45 and r = 0.26,
p = 0.27 respectively). The same results were found with infarct size assessed by CMR and AIL-
8 at HO and H4 (r = 0.09, p = 0.71 and r = 0.16, p = 0.50 respectively) (Fig 4).

Other inflammatory markers in STEMI patients

IL-6 was 2.1 pg/mL IQR [0.0-4.2] at HO and 4.7 pg/mL IQR [2.0-11.0] at H4. No correlation
was found between IL-6 level at HO and peak troponin or peak CK levels in our population
(r=0.09, p=0.36 and r = -0.07, p = 0.46 respectively). Conversely, at H4 IL-6 levels were sig-
nificantly correlated with IS as measured by peak troponin and CK level (respectively r = 0.38,
p<0.0001 and r = 0.22, p = 0.029) (n = 101 patients).

There was no significant increase in IL-1f at HO or H4 in our study population compared
to healthy volunteers. Median serum level was 0.30 pg/mL IQR [0.16-1.53] at HO and 0.67 pg/
mL IQR [0.44-4.11] at H4 (p = 0.19 HO versus H4) (n = 101 patients).
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Fig 2. IL-17A level in STEMI patient at admission (H0) and 4 hours after admission (H4). IL-17A was
measured by ELISA at HO and H4 in patients with acute myocardial infarction (Ml). IL-17A was increased as
early as the first hours of acute M, with a median value of 0.9 pg/mL IQR [0.0-3.2] at HO and 1.0 pg/mL IQR
[0.2—2.8] at H4 compared to 0.2 pg/mL IQR [0.0-0.7] for healthy controls. STEMI: ST-Segment Elevation
Myocardial Infarction. NS: not significant, *p<0.05.

https://doi.org/10.1371/journal.pone.0188202.9002

A significant correlation was found between leucocyte count at H24 and infarct size
assessed by peak troponin release (r = 0.43, p<0.0001) (n = 95 patients) (Fig 5A). We also
found a significant correlation between neutrophil count at H24 and myocardial IS assessed by
peak troponin release (r = 0.49, p = 0.02) (Fig 5B) (n = 24 patients).

Discussion

Our study has four main findings: 1) IL-17A prior to reperfusion and in the first hours follow-
ing reperfusion was significantly increased at the acute phase of myocardial infarction when
compared to healthy controls. However, one third of STEMI patients were seronegative for
IL-17A in the first hours following reperfusion; 2) early IL-17A levels were not correlated
with markers of IS; 3) Serum from STEMI patients stimulates HUVEC through the secretion
of IL-8 which is a powerful neutrophils chemoattractant. 4) IL-6 and CRP were significantly
increased at the acute phase of MI and IL-6 was significantly correlated with IS.

IL-17A level after Ml

Few studies have studied IL-17A level during MI in human and their results remain controver-
sial. In a report by Hashmi et al. [35]. realized in patients with stable and unstable coronary
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Fig 3. IL-17A functional test with Human Umbilical Vein Endothelial Cells (HUVEC). A; HUVECs were incubated 48 hours with the
serum of each patient. IL-8 production by HUVECs was significantly higher in STEMI patient (at HO and at H4) compared to healthy control.
B; HUVECs were also incubated with each patient serum in the presence of anti-IL-17A antibody (neutralizing antibody). The difference
between IL-8 secretion by HUVECs without and with IL-17A neutralizing antibody (named AIL-8) represented the secretion of IL-8 due to IL-
17A. AIL-8 was significantly increased at HO for STEMI patients compare to healthy controls but not at H4. STEMI: ST-Segment Elevation
Myocardial Infarction. *p<0.05, **p<0.01.

https://doi.org/10.1371/journal.pone.0188202.9003

artery disease, IL-17A was significantly increased in patient with MI. Patients had much higher
IL-17A level than our population (mean at 307.42 pg/mL versus median at 1.0 pg/mL for our
population). This important difference may be due to the fact that blood sampling in Hashmi
study was done within the first 48h, while in our study, blood samples were collected signifi-
cantly earlier, at admission and 4h after admission. IL-17A may increase during the first 48h
hours following MI. The inflammatory response to ischemic myocardial infarction develops in
the following 24 hours after reperfusion. Its peak is not well known, and might be situated at
24 hours as suggested by Liebetrau et al. [36]. In an experimental murine model of MI, it was
shown that IL-17A messenger ribonucleic acid (mRNA) rose progressively until 24h and then
began to decrease until 72h after ischemia reperfusion [24].

The level of IL-17A in our study was very low with a median of 1.0 pg/mL and 29.7% of IL-
17A seronegative patients at the acute phase of STEMI. However, these results are close to
those that have been published by Eid et al. and Simon ef al. in recent studies, in MI patients
[26,37]. Furthermore, the values found after MI seem to be lower than values reported in rheu-
matoid arthritis, with a mean level of 11.25 pg/mL [38].

Previous clinical studies have evaluated the level of IL-17A during MI [25,35,37] or the rela-
tionship between the level of IL-17A and cardiovascular outcome [26], but none had evaluated
the relationship between IL-17A level and IS in human. Our study is the first to assess this rela-
tionship. No correlation was found at the early hours following reperfusion of MI (at HO and
H4) between IL-17A level and IS as measured by troponin and creatine kinase (CK) release.
These results suggest that IL-17A is slightly activated in the initial hours following MI, but
might significantly increase at a later stage. It has been shown that IL-17A increases during the
72 hours following MI in mice [24]. IL-17A could therefore be implicated in a later phase of
inflammation, more than in the first hours following reperfusion in human patients.

Furthermore, our study is the first to evaluate the capacity of STEMI patient’s serum to
induce IL-8 by HUVEC. Indeed, patient’s serum at the acute phase of STEMI, as early as
admission, contains cytokines and other molecules that are able to induce IL-8 excretion by
endothelial cells (HUVEC) when compared to serum from healthy volunteers. This result
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Fig 4. IL-17A activity assessed by AlL-8 on Human Umbilical Vein Endothelial Cells (HUVEC) and its
correlation with infarct size (IS) in STEMI patients. A, B and C; IL-17A activity (AIL-8) at HO was not
correlated with IS as measured by peak troponin level (A) (r = 0.2576, p = 0.27) peak CK level (B) (r=0.1753,
p = 0.45) or Cardiac Magnetic Resonance (CMR) (C) (r=-0.09123, p=0.71). D, E and F; AIL-8 at H4 was not
correlated with IS as measured by peak troponin level (D) (r = 0.03628, p = 0.88) peak CK level (E)
(r=0.2137,p=0.36) or CMR (F) (r=-0.1615, p = 0.50). Correlations were tested using Spearman correlation.
CK: Creatine Kinase.

https://doi.org/10.1371/journal.pone.0188202.9004

PLOS ONE | https://doi.org/10.1371/journal.pone.0188202 November 22, 2017

10/15


https://doi.org/10.1371/journal.pone.0188202.g004
https://doi.org/10.1371/journal.pone.0188202

®PLOS | o

IL-17A and myocardial infarction

A 251 B 204
g < 45
%) 0" A e
2 n
<, = 101
[*]
8 £
3 3 s
= 5 =0.4301 z =0.4856
p< 0.0001 p=0.0161
0 T T T ] 0 T T |
1] 100 200 300 400 0 100 200 300
Peak troponin level (ug/L}) Peak troponin level (ug/L)

Fig 5. Leucocytes and neutrophil granulocytes at 24 hours (H24) and their correlation with myocardial
infarct size (IS). A; Leucocytes count at H24 was significantly correlated with IS as measured by peak troponin
release. B; At H24 neutrophil count was available for 24 patients only. For these patients, we found a significant
correlation between neutrophil count and IS as measured by peak troponin release. Dotted line shows 95%
confidence bands.

https://doi.org/10.1371/journal.pone.0188202.9005

suggests a significant inflammation activation in first hours of STEMI that is able to induce IL-
8 secretion by endothelial cells. Interestingly IL-8 is a powerful chemokine involved in neutro-
phils recruitment in the injured area [39,40]. It has been shown that neutrophils are the first
immune cells recruited in the infarcted area [41]. IL-17A could participate in this recruitment
via the activation of endothelial cells.

Inflammation and MI

Conversely to IL-17A, other inflammatory markers such as IL-6, CRP, leucocytes and neutrophil
granulocytes at the same stage and at 24 hours were correlated with IS. These results confirm
data presented in previous studies and represent a quality marker for our study. IL-6 has been
reported to be increased during myocardial infarction, but its correlation with IS remains con-
troversial [42,43]. In our study we found that IL-6 was significantly correlated with IS as assessed
by peak troponin and CK levels. Prior reports have shown that CRP gradually increased during
the first 48h after myocardial infarction [42,44]. We also confirmed the previous data published
by Chia et al. showing the increase of leucocyte and neutrophil counts and their significant
correlation with IS [45]. Taken together, these results support the fact that inflammation is an
important factor at the acute phase of MI in the following 48 hours after reperfusion.

Inflammation is currently an orphan therapeutic target after myocardial infarction. Our
data show the complex and intense inflammatory response in the myocardial tissue after
infarction. Further studies are warranted to better understand the complex kinetics and inter-
action between inflammatory cells, injured tissue and cytokines that result in additional dam-
age to the myocardium. This is needed in order to find potential efficient therapeutic targets
that could efficiently reduce infarct size in the early days after reperfusion and explore anti-
inflammatory drugs in this setting. Recently, Deftereos et al. showed in a pilot study that col-
chicine (that has anti-inflammatory effects) significantly reduces IS in patients treated with
Colchicine for 5 days, compared to patients treated with placebo [46]. Further experimental
and clinical trials are needed to assess the effect of potent anti-inflammatory drugs on infarct
size and clinical outcomes, but also on cytokine and inflammatory marker kinetics.

Limits of our study

Our study was monocentric and retrospective and this induces a potential risk for selection
bias. Further, blood samples were collected at the early phase of acute MI (HO and H4), and we
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did not assess IL-17A after H4. As shown in an experimental study on mice, IL-17A RNA lev-
els peaked at 24 hours after MI [24]. Our data only allows us to assess the early phase of reper-
fusion and therefore is incomplete. This also raises the limitation of direct measurement of
cytokine levels in the myocardial tissue and their correlation with serum levels. In our study
we did not perform myocardial biopsies, that could have shown different results in terms of
IL17A expression. Finally, we had a small sample size for the comparison with CMR IS.

Conclusion

IL-17A is significantly higher in the serum of patients at the early phase of acute MI following
reperfusion compared to healthy controls. Early IL-17A levels and active fraction of IL-17A at
the acute phase of MI did not correlate with IS. However, serum of STEMI patients induce the
secretion of the powerful chemoattractant IL-8 by HUVECs.
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