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Abstract: Introduction: Interleukin 17 (IL-17) is produced by Th17 and other cells. It is debatable whether IL-17 is 
atherogenic or atheroprotective. The role of this interleukin in the development and progression of coronary artery 
disease is unknown. Our aim was to evaluate if there were differences in serum IL-17A levels according to to clini-
cal presentation of coronary artery disease. Methods: This cross-sectional study enrolled 101 patients with acute 
coronary syndrome (ACS), 100 patients with chronic coronary syndrome (CCS), and 70 healthy volunteers. Blood 
samples were collected from patients and controls (within 48 h) to analyze IL-17A levels. Clinical characteristics 
were recorded using questionnaires. This study was approved by the Ethics Committee. Results: Comparisons of 
the clinical characteristics between patients with ACS and CCS revealed the following: mean age (62 ± 12.4 years 
vs. 63.3 ± 9.8 years, P = 0.4), male (63.4% vs. 58%, P = 0.4), hypertension (85.1% vs. 79%, P = 0.1), dyslipidemia 
(48% vs. 31%, P = 0.01), diabetes mellitus (47.5% vs. 41%, P = 0.3), previous myocardial infarction (57.4% vs. 40%, 
P = 0.01), and smoking (29.7% vs. 38%, P = 1). The peripheral concentrations of IL-17A in ACS, CCS and controls 
were 5.36 ± 8.83, 6.69 ± 17.92, and 6.26 ± 11.13, respectively, with P = 0.6. In addition, the comparison between 
ACS and CCS showed: 5.36 ± 8.83 vs. 6.69 ± 17.92%, P = 0.3. Conclusion: The main finding of this study was that 
circulating IL-17 levels were similar in patients with ACS, CCS, and healthy volunteers. In addition, there was no dif-
ference between patients with ACS and those with CCS. Therefore, in patients with ACS and CCS, circulating IL-17A 
concentrations are low and there were no differences between patients with coronary artery disease and healthy 
individuals.
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Introduction

Acute coronary syndromes are primarily caused 
by coronary artery disease (CAD) and their high 
morbidity and mortality rates and high direct 
and indirect costs make them a global public 
health issue [1]. 

The pathology of CAD can be classified as 
either acute coronary syndrome (ACS) or chron-
ic coronary syndrome (CCS). CAD can limit 
blood flow in the coronary arteries without lead 
to clinical symptoms, and deprive a significant 
amount of muscle of adequate blood supply. 
However, the actual impact of this finding 
remains debatable [2, 3].

Cardiovascular diseases (CVDs) are the leading 
cause of death worldwide, accounting for 

approximately 18.6 million deaths in 2019. CAD 
is responsible for the highest proportion of 
CVD-related deaths at 42.1%. The related direct 
and indirect costs in the United States of 
America are estimated to reach over 363 billion 
[1]. 

In Brazil, 4.3% of adults aged over 50 years suf-
fer from CAD, and this disease is responsible 
for 13% of the total deaths here [4]. In 2021, 
between January 1st and September 27th, 
298,538 deaths were reported due to cardio-
vascular disease in Brazil [5]. 

In patients with ACS fibrous cap rupture is no 
longer considered the main event leading to 
most acute presentations since it is now com-
monly believed that the erosion of endothelium 
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is the major triggering factor for acute events 
[6]. 

Apart from clinical manifestations, 12-lead 
electrocardiography and markers of myocardial 
necrosis are useful for diagnosing coronary 
syndromes. In the context of cardiac makers for 
ACS diagnosis, troponin is used as a standard 
marker, with creatine kinase-MB (CKMB) used 
when troponin is not available or in exceptional 
situations.

In addition to the markers known in clinical 
practice, other substances associated with the 
inflammatory response, such as cytokines, che-
mokines, miRNAs, and several others related to 
the various pathophysiological mechanisms 
implicated in ACS, have been increasingly 
investigated [6]. 

Interleukin-17 (IL-17) is one such marker, and 
there is an ongoing debate about whether its 
function is atherogenic or atheroprotective, 
with no definitive conclusions.

This study analyzed patients with ACS and CCS 
and healthy controls to comparatively assess 
the presence and amount of IL-17A in the 
peripheral blood. 

Materials and methods

This was an observational, prospective, and 
analytical study conducted at a tertiary care 
hospital and basic science laboratory of a fed-
eral university.

The inclusion criteria were age over 18 years, 
diagnosis of ACS, CCS with refractory symp-
toms, or confirmed severe ischemia through a 
non-invasive functional test. The exclusion cri-
teria were previous history of a lower limb, 
peripheral arterial, or aortic artery disease, 
active cancer, severe blood dyscrasia, psychiat-
ric disorders, inability to answer question-
naires, life expectancy of less than 1 year, or 
participation in another study. Patients had to 
meet one of the inclusion criteria to be included 
in the study, and the presence of one of the 
exclusion criteria excluded them from the study.

Seventy healthy volunteers were recruited to 
establish reference values for normal IL-17A 
levels.

The clinical variables of interest in this study 
were collected using previously validated ques-
tionnaires. The researchers defined the study 
sample as 101 ACS patients, 100 CCS patients, 
and 70 controls.

IL-17 dosage protocol 

Enzyme-linked immunosorbent assay (ELISA): 
IL-17A levels were measured by sandwich  
ELISA using an Invitrogen kit (Invitrogen, 
Massachusetts, USA). The plates were tested 
using a 10x coating buffer solution and capture 
antibodies from the kit. Each plate contained  
5 mL of 10x coating buffer and 20 µL of anti-
body, with aliquots of 50 µL in each well; the 
plates were incubated overnight at 4°C. After 
incubation, the plates were washed thrice using 
a wash buffer (phosphate-buffered saline [PBS] 
+ Tween 20).

The absorbance standard was prepared using 
an IL-17A lyophilized standard resuspended in 
enzyme-linked immunospot (ELISpot).

The standard was added to the plates (50 µL 
per well) from the lowest to the highest concen-
tration well (3.9-500 pg/mL), which was the 
detection limit of the kit.

The detection antibody solution was prepar- 
ed by mixing 20 µL of antibody with 5 mL of 
ELISpot in each plate, and then adding 50 µL 
per well, followed by incubation for 1 h at room 
temperature. The plates were then washed five 
times with the wash buffer, and 50 µL of a  
solution containing 20 µL Streptavidin-HRP 
enzyme diluted in 5 mL of ELISpot per plate 
was added per well, followed by incubation at 
room temperature in dark for 30 min.

The reaction was stopped with the STOP solu-
tion, and the absorbance of each well was read 
at 450 nm using an ELISA plate reader. After 
acquiring the absorbance data, the values   were 
analyzed using an established protocol.

Ethical considerations

This study was conducted in compliance with 
the laws governing clinical research in Brazil 
and the ethical guidelines of the 1975 
Declaration of Helsinki. This study was approv- 
ed (number of the approval: 29977220.9.00- 
0051929) by the Ethics Committee of the com-
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plex Hospital HUOC/PROCAPE, Recife, Pernam- 
buco, Brazil.

Statistical analysis

Statistical analysis was performed after export-
ing the database that was initially built in Excel 
to SPSS version 21. The numerical variables 
were tested for normality using the Shapiro-
Wilk test, with normal variables presented as 
mean and standard deviation, and non-normal 
variables as median and 25th/75th percentiles. 
Categorical variables were presented as abso-
lute values and percentages. Descriptive and 
comparative analyses of the variables were 
performed. The chi-square test was used to 
compare categorical variables, while the 
Student’s t-test, Mann-Whitney U test, or analy-
sis of variance (ANOVA) were used for numeri-
cal variables. The p-value was considered sig-
nificant if the p-value was < 0.05. 

Patient recruitment process

Patient inclusion and exclusion criteria were 
analyzed in the catheterization laboratory, and 
those who met the criteria were invited to par-
ticipate in the study. Those who accepted were 

informed about the research and informed con-
sent forms were procured. Questionnaires were 
provided to collect clinical information, blood 
samples were collected, and patients under-
went coronary angiography.

Results

Comparisons of the clinical characteristics 
between patients with ACS and CCS showed: 
mean age (62 ± 12.4 y vs. 63.3 ± 9.8 y; P = 
0.4), male (63.4% vs. 58%; P = 0.4), hyperten-
sion (85.1% vs. 79%; P = 0.1), dyslipidemia 
(48% vs. 31%; P = 0.01), diabetes mellitus 
(47.5% vs. 41%; P = 0.3), previous myocardial 
infarction (57.4% vs. 40%; P = 0.01), and smok-
ing (29.7% vs. 38%; P = 1).

Tables 1 and 2 show all comparisons of the 
study variables of interest between the ACS 
and CCS.

There were no reports of death, stroke, emer-
gency revascularization surgery, or procedure-
related AMI in hospitalized patients with ACS. 
One patient had a hematoma smaller than 5 
cm (the procedure was performed via femoral 
access). Radial access route was used in 91% 
of the patients.

Among the hospitalized CCS patients, there 
were no reports of death, stroke, emergency 
revascularization surgery, procedure-related 
AMI, or complications at the vascular access 
site. Radial access route was used in 74% of 
the patients.

Table 3 shows the comparisons of IL-17A levels 
between the ACS, CCS, and control groups, as 
well as between the ACS and CCS groups sepa-
rately. The peripheral concentrations of IL-17A 
in ACS, CCS and controls were 5.36 ± 8.83, 
6.69 ± 17.92, and 6.26 ± 11.13, with P = 0.6. 
In addition, the comparison between ACS and 
CCS showed: 5.36 ± 8.83 vs. 6.69 ± 17.92%, P 
= 0.3.

Discussion

The main findings of this study were the 
absence of differences in the circulating IL-17A 
levels between patients with ACS, CCS, and 
healthy controls, and in the serum IL-17A levels 
between ACS and CCS patients. ACS patients 
had higher rates of dyslipidemia, previous coro-
nary bypass graft, previous percutaneous coro-

Table 1. Clinical characteristics: comparison 
between ACS and CCS patients
Variables ACS group CCS group p value
Age (y) 62 ± 12 63.3 ± 9.8 0.4
Male (%) 64 (63.4) 58 (58) 0.4
Hypertension (%) 86 (85.1) 79 (79) 0.1
Diabetes Mellitus (%) 48 (47.5) 41 (41) 0.3
Dyslipidemia (%) 48 (47.5) 31 (31) 0.01
Stroke (%) 5 (4.9) 6 (6) 0.7
ACS: acute coronary syndrome; CCS: chronic coronary syn-
drome.

Table 2. Personnel history: comparison between 
ACS and CCS patients
Variables ACS group CCS group p value
CABG (%) 13 (12.9) 63.3 ± 9.8 0.8
PCI (%) 47 (46.5) 58 (58) < 0.001
MI (%) 58 (57.4) 79 (79) 0.01
Smoking (%) 30 (29.7) 41 (41) 0.01
Drunker (%) 3 (2.9) 13 (13) 0.009
Sedentary (%) 97 (96) 86 (86) 0.01
ACS: acute coronary syndrome; CCS: chronic coronary 
syndrome; CABG: coronary bypass graft; PCI: percutaneous 
coronary intervention; MI: myocardial infarction.
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nary intervention, and sedentary lifestyle. On 
the other hand, patients with CCS had high 
rates of smoking and drinking. 

The pathophysiology of coronary atherosclero-
sis is characterized by endothelial dysfunction, 
low-density lipoprotein (LDL), and immune and 
inflammatory responses, leading to atheroma 
formation within the intima [6-8]. In the context 
of coronary atherosclerosis, a better under-
standing of IL-17 and Th17 cells is still needed. 
The IL-17 family is composed of interleukins 
17A, B, C, D, E, and F. Such interleukins can be 
produced by Th17 cells, γδ T cells, neutrophils, 
monocytes, and NK cells. Studies have shown 
that both IL-17A and IL-17F are present in ath-
erosclerotic plaques. Some authors believe 
that IL-17 may be a link between innate and 
adaptive immunity [9].

Among other functions, IL-17 activates tran-
scription factors (e.g., NK-κB), mitogen-activat-
ed kinases, and activator protein 1, stimulates 
epithelial cells, myeloid cells, and other inter-
leukins, indirectly stimulates the attraction of 
neutrophils and monocytes, and induces the 
release of chemokines, production of metallo-
proteinases, and apoptosis of vascular cells. 
Therefore, considering the above, the debate 
on whether this interleukin is atherogenic or 
atheroprotective remains [8-15]. 

In this context, some researchers have investi-
gated whether IL-17 could be detected in the 
peripheral blood of CAD patients and whether 
this finding would be related to a specific char-
acteristic of CAD or its evolution [12, 15].

Data from patients with ACS and CCS who 
underwent coronary angiography revealed that 
circulating IL-17 levels were higher in patients 
with ACS [12, 16, 17].

On the other hand, Eid et al. investigated 108 
patients who underwent coronary angiography 
and found no differences in serum IL-17 con-

in patients with ACS [19]. The authors pointed 
out that the serum IL-17 detection protocol, 
time taken for blood sample collection (< 48 h 
vs. ≥ 48 h), the action of statins suppressing 
IL-17 expression, and ethnic group variations 
may account for the differences between the 
cited studies.

Another study used the serum bank of the 
French ACS registry [20] to investigate 981 
patients with a 2 y clinical follow-up. The medi-
an IL-17 level of the patients was 6.26 pg/mL. 
At the end of the second year of follow-up, 176 
patients (18%) had died or suffered a myocar-
dial infarction. The authors noted that the prev-
alence of these events was lower in those with 
IL-17 levels below the median (21% vs. 15%, P = 
0.02). An IL-17 level below the median of 6.26 
pg/mL was associated with a greater risk of 
death or myocardial infarction, even after 
adjusting for confounding variables (HR = 1.4 
[1.03-1.91], P = 0.03). In these patients, the 
blood samples used for interleukin detection 
were collected within the first 48 h.

Consistently, our study and others reveal that 
the levels of IL-17A in patients with CCS are not 
significant. Most patients in our study had no 
detectable levels of circulating IL-17 in the 
peripheral blood. Therefore, significant differ-
ences in the circulating IL-17A levels between 
patients with CCS and controls cannot be 
evaluated.

As for ACS patients, some studies investigating 
patients with angiographically documented 
CAD suggested an increase in circulating IL-17 
and linked this finding with the potential proin-
flammatory and apoptotic effects of this inter-
leukin [12, 16]. However, a study by Patel et al. 
[19] did not confirm these findings. The most 
appealing explanation for these differences is 
related to the time of blood collection (whether 
or not it was done within the first 48 h), since 
this is associated with acute inflammation [21]. 

Table 3. Interleukin-17A: comparison between patients 
with ACS, CCS, and healthy volunteers
Variables ACS group CCS group Controls p value
IL-17A 5.36 ± 8.83 6.69 ± 17.92 6.26 ± 11.13 0.6
IL-17A 5.36 ± 8.83 6.69 ± 17.92 ----------- 0.3
ACS: acute coronary syndrome; CCS: chronic coronary syndrome; IL: 
interleukin.

centrations between CAD patients and 
controls and between ACS and CCS 
patients [18]. The study further revealed 
that there were no differences according 
to the angiographic severity of the 
disease.

A study by Patel et al. assessed 100 
patients and found no IL-17 expression 
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In our study, blood samples were collected 
within the first 48 hours, and there was no 
increase in IL-17 levels in ACS patients.

The study of the French ACS refistry revealed 
that some patients with blood samples collect-
ed within the first 48 h express IL-17 while oth-
ers do not. Therefore, relevant studies, includ-
ing ours, are complementary in concluding that 
there are variations in the expression of IL-17 in 
ACS patients. It is necessary to have a better 
understanding of these variations, and the fact 
that statin intake by patients may account for 
these findings. In addition, the presence of 
other inflammatory and autoimmune diseases, 
the use of medications, and the patient’s age 
group affect the circulating IL-17A levels.

Therefore, our study suggests that circulating 
IL-17A levels in ACS patients vary, with no uni-
form pattern that allows generalization. The 
reasons for such variations need to be better 
understood, along with the clinical impact of 
the presence or absence of this interleukin in 
the peripheral blood of patients with ACS.
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