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ABSTRACT

Objective: Despite several improvements in the management of heart failure (HF), it is still an incurable and a progressive disease. Several tri-
als demonstrated that the process of inflammation may be responsible for initiation and progression of HE The aim of the present study was to
investigate the role of interleukin-33 (IL-33) in the pathogenesis of HF and to assess whether disease etiology and course of the disease affect
the expression of cytokines.

Methods: The study included 155 (106 male and 49 female) patients with systolic HF with a mean left ventricle ejection fraction of 32.13+12.8%
and 60 (36 male and 24 female) healthy individuals. IL-33 concentrations were evaluated using enzyme-linked immunosorbent assay.

Results: The concentration of IL-33 was statistically significantly lower in patients with HF than in healthy subjects, 16.91 (0-81.00) pg/mL and 92.51
(33.61-439.61) pg/mL, respectively. Patients with HF with ischemic etiology had lower concentration of IL-33 (10.75 pg/mL) than subjects with HF with
non-ischemic etiology (21.05 pg/mL). Patients with stable HF (10.46 pg/mL) had lower IL-33 levels than those with unstable HF (19.02 pg/mL).
Conclusion: The concentrations of IL-33 were lower in patients with HF than in healthy controls, which may play an important role of above
cytokine in HF development and progression. In addition, interleukin concentrations varied depending on the etiology and severity of the course

of the disease. (Anatol J Cardiol 2019; 21: 305-13)
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Introduction

Heart failure (HF) is a cardiovascular disease and a final stage
of ischemic and non-ischemic cardiomyopathy. Despite many
advantages of present treatment strategies, HF continues to ad-
vance. It is the major cause of hospitalization and death among
patients >65 years old in Western countries (1, 2). Therefore, it
appears to be necessary to investigate novel pathophysiologic
mechanisms in view of possible new opportunities in HF treat-
ment, thereby improving survival and slowing the progression of
the disease. The role of the immune system in HF development
and course of this disease has been established. In HF, there is an
imbalance between several proinflammatory and anti-inflamma-
tory cytokines. The concentration of circulating and intracardiac
proinflammatory cytokines is upregulated (3-6). These findings
resulted in intensive attempts to discover an effective treatment
targeting the inflammatory pathways. Unfortunately, many trials
were discontinued due to adverse side effects. Infliximab, which is

a chimeric monoclonal antibody to tumor necrosis factor (TNF)-q,
increased mortality rate (7, 8). Although major improvements have
been made in the diagnosis and management of HF, there is still a
need to discover new disease markers and therapeutical strate-
gies. Therefore, understanding the underlying molecular mecha-
nisms that predict and contribute to HF is critical.

Interleukin-33 (IL-33), which is a member of the IL-1 superfam-
ily, can be detected in mast cells, lymphoid organs, brain, embryos,
macrophages, dendritic cells, epithelial cells, endothelial cells,
fibroblasts, smooth muscle cells, and keratinocytes (9). IL-33 acts
through interleukin 1 receptor-like 1(ST2) and IL-1 receptor acces-
sory protein dimeric receptor complex, which activates mitogen-
activated protein kinase and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-«<B) pathways. There are two
isoforms of IL-33 receptor: soluble (sST2) receptor and membrane-
bound (ST2L) receptor. ST2L is present in cardiomyocytes and
fibroblasts. sST2 is a soluble decoy receptor and a mechanically
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induced cardiomyocyte protein, which attenuates the antihyper-
trophic effects of IL-33 (10). This interleukin plays a role in T helper
2 (Th2)-mediated immune response and increases the synthesis of
Th2-associated cytokines, mainly through myeloid differentiation
primary response protein 83 and IL-1R-associated kinase-1/4. It
has been implicated in the pathogenesis of several diseases, such
as anaphylaxis, asthma, and atopic dermatitis, and in host defense
against parasites. Studies demonstrated that IL-33 is a chemoat-
tractant for human Th2 cells (11). In endothelial cells, IL-33 stimu-
lates the synthesis of IL-6, IL-8, vascular cell adhesion molecule-1,
monocyte chemoattractant protein-1 (MCP-1/CCL2), intercellular
adhesion molecule-1, and endothelial selectin and, therefore, pro-
motes angiogenesis and enhances vascular permeability (12, 13).
Recently, several studies demonstrated a protective effect of IL-33
in atherosclerosis, type 2 diabetes, obesity, and myocardial remod-
eling. IL-33 inhibited atherosclerotic plaques development through
the activation of IL-5 and ox-LDL antibodies (14). IL-33 lowered
adiposity, decreased fasting glucose concentration, and improved
insulin and glucose tolerance in studies on obesity in animals (15).

Aim of the study

The aim of the present study was to investigate the role of IL-33
in the pathogenesis of HF and to assess whether the etiology and
the course of the disease affect this cytokine expression. To this
end, plasma and serum levels of IL-33 were measured in patients
with both stable and unstable ischemic or non-ischemic HF in com-
parison with healthy subjects. The correlation of interleukin levels
with echocardiographic, clinical, and biochemical parameters, in-
cluding New York Heart Association (NYHA) functional class, N-
terminal prohormone of brain natriuretic peptide (NT-proBNP), C-
reactive protein (CRP), and left ventricular ejection fraction (LVEF),
was assessed. We wanted also to investigate the influence of ac-
companying diseases, including chronic kidney disease, diabetes,
dyslipidemia, or atrial fibrillation, on the concentration of IL-33.

Methods

Patients’ characteristics

Patients with HF with reduced ejection fraction who were
admitted to the 2" Department of Cardiology, School of Medicine
with the Division of Dentistry in Zabrze, Medical University of Sile-
sia were included in the study. HF was diagnosed based on a his-
tory of cardiac diseases, symptoms and signs of cardiac diseases,
echocardiographic results, and plasma levels of NT-proBNP ac-
cording to the guidelines of the Polish Cardiac Society and Euro-
pean Society of Cardiology. Patients with HF were categorized into
the NYHA functional classes II-1V based on clinical symptoms. The
causes of HF were classified as (1) ischemic HF in patients with a
history of myocardial infarction and coronary atherosclerosis with
a stenosis >70% in at least one major coronary artery branch or (2)
non-ischemic HF in patients with no history of myocardial infarc-
tion and angiographically normal coronary arteries. Patients with
HF whose symptoms did not change within 1 month before being
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included in the study, were classified as stable, whereas patients
with exacerbation of HF whose symptoms worsened during 1
month prior to enrollment, were identified as unstable.

Inclusion criteria were as follows: patients with HF with re-
duced ejection fraction who were admitted to the 2" Depart-
ment of Cardiology, School of Medicine with the Division of Den-
tistry in Zabrze, Medical University of Silesia; written informed
consent to participate in the study; and patients aged >18 years.

Exclusion criteria were as follows: autoimmune disease,
chronic or acute infection, recent use of immunosuppressive
treatment, myocardial infarction within 3 months, congenital
heart disease, end-stage renal failure, advanced liver cirrhosis,
hyperthyroidism and other endocrinology disorders, acute respi-
ratory distress syndrome, cancer, pregnancy, and lack of written
informed consent form.

Data collected included medical history, accompanying dis-
eases, demographic information (age, gender, occupation, and
diet), physical examination, echocardiographic examination re-
sults, electrocardiogram, biochemical blood tests, chest X-ray,
and recent pharmacological treatment. A total of 60 healthy
subjects without cardiac disease or dyslipidemia with inflam-
matory markers, including CRP, erythrocyte sedimentation rate,
and leukocyte count in the physiological range, were included in
the study as the control group. The study was approved by the
Bioethical Committee of the Medical University of Silesia. Writ-
ten informed consent was obtained from all patients and healthy
volunteers after oral and written explanation of the study.

Detection of the concentration of IL-33 using ELISA

Blood samples collected from patients on admission in tubes
containing EDTA were centrifuged at 3000 g for 15 min at 4°C to iso-
late the plasma. Blood samples were also collected in tubes with
clot activator to form a clot and then centrifuged at 3000 g for 10
min at 4°C to isolate the serum. Plasma and serum samples were
stored at -80°C until further use. The concentrations of IL-33 were
measured using enzyme-linked immunosorbent assay (ELISA)
kits according to the manufacturer's specifications. Levels of IL-
33 were measured in duplicate using LEGEND MAX Human IL-33
ELISA Kit with Pre-coated Plates (BioLegend, San Diego, CA, USA).

Blood samples were also obtained for biochemical blood
tests, including NT-proBNP, CRP, troponin T, creatine kinase-MB,
complete blood count, lipid profile, glucose, electrolyte, creati-
nine, aspartate transaminase, alanine aminotransferase, biliru-
bin, and uric acid concentrations.

Echocardiographic measurements

LVEF was evaluated using the biplane Simpson's rule, as rec-
ommended by the European Society of Cardiology. In addition,
the following measurements were evaluated: left ventricular
end-diastolic volume, left ventricular end-systolic volume, left
ventricular end-diastolic diameter, left ventricular end-systolic
diameter, interventricular septum diameter, diastolic posterior
wall diameter, right-ventricular end-diastolic diameter, left atrial
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diameter, left atrial area, right atrial diameter, right atrial area, di-
mensions of the aorta, pulmonary trunk, parameters of left ven-
tricular diastolic function, including peak E-wave velocity, peak
A-wave velocity, E/E’ ratio, mitral E/A ratio, mitral A-wave dura-
tion, mitral deceleration time, pulsed-wave TDI E’ velocity, left
atrial volume index, tricuspid regurgitation, systolic jet velocity,
and the presence of valvular abnormalities.

Statistical analysis

All statistical analyses were performed using Statistica 12 Po-
land software (StatSoft, Inc., Tulsa, OK, USA). Categorical variables
were expressed as percentages. Continuous variables were ex-
pressed as mean and standard deviation for normally distributed
data. Data with non-normal distribution were presented as median
with interquartile ranges. Log transformations were performed to
normalize non-normally distributed variables. Chi-square or Fish-
er's exacttests were used for comparison of categorical variables.
Student's t-test was used to evaluate the statistical differences for
normally distributed data, and post hoc multiple comparison test or
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Mann-Whitney U test for variables with non-normal distribution.
Spearman'’s correlation was used to analyze the potential corre-
lations between interleukin levels and HF markers of severity. A
p-value <0.05 was considered statistically significant.

Results

A total of 155 (106 men and 49 women, mean age 65.39+12.75
years) patients with HF with reduced ejection fraction who were
admitted to the 2" Department of Cardiology, School of Medicine
with the Division of Dentistry in Zabrze, Medical University of
Silesia with a mean left ventricle ejection fraction of 32.13£12.8%
and 60 (36 men and 24 women, mean age 62.6+12.4 years) healthy
controls were included in the study. HF with ischemic etiology
was diagnosed in 107 patients with a history of myocardial in-
farction and coronary atherosclerosis with a stenosis >70% in at
least one major coronary artery branch, whereas HF with non-
ischemic etiology was diagnosed in 48 patients. The characteris-
tics of these groups are shown in Table 1. Patients with HF were

Table 1. Characteristics of patients-division due to the etiology of HF

Variable IHF NIHF Statistical significance
Age (years) 67.01£11.27 61.32+14.90 P=0.287
Sex (n, % men) 78;72.90% 29; 60.42% P=0.392
Hypertension (n; %) 81; 75.70% 26; 54.17% P=0.225
Dyslipidemia (n; %) 48; 44.86% 20; 41.67% P=0.099
Diabetes (n; %) 36; 33.64% 9; 18.75% P=0.083
Atrial fibrillation (n; %) 32;29.91% 24; 49.99% P=0.314
Chronic kidney disease (n; %) 19; 17.76% 7;14.58% P=0.854
Beta-adrenolytics (n; %) 103; 96.26% 47; 97.92% P=0.886
ACEI/ARB (n; %) 102; 95.33% 45; 93,75% P=0.665
Statins (n; %) 91; 85.05% 25; 52.08% P=0.0001
Diuretics (n; %) 75; 70.09% 42; 87.50% P=0.446
Aldosterone receptor antagonists (n; %) 67; 62.62% 38;79.17% P=0.091
Total cholesterol (mg/dL) 173.58+41.09 175.54+54.63 P=0.749
HDL cholesterol (mg/dL) 48.54+14.35 46.28+16.83 P=0.277
Triglycerides (mg/dL) 149.55+85.27 144.33+75.30 P=0.455
NT-proBNP (pg/mL) 1099 (406.9-4765) 1905 (465.9-7127) P=0.536
Creatinine (umol/L) 96.23+30.39 105.91+75.53 P=0.274
eGFR (mL/min/1.73 m?) 68.67+20.91 68.08+24.02 P=0.397
LVEDD (mm) 56.66+10.39 58.74+9.92 P=0.565
LVESD (mm) 45.71+12.63 49.6+12.24 P=0.291
LVEDV (mL) 140.41+54.43 155.59+82.93 P=0.251
LVEF (%) 31.55+12.08 33.43+14.47 P=0.527

considered statistically significant.

Categorical variables are expressed as percentages. Continuous variables are expressed as mean and standard deviation or median with interquartile ranges. P-values <0.05 were

HF - heart failure; IHF - ischemic heart failure; NIHF - non-ischemic heart failure; ACEI - angiotensin-converting-enzyme inhibitor; ARB - angiotensin |l receptor blocker;
HDL - high-density lipoprotein; NT-proBNP - N-terminal prohormone of brain natriuretic peptide; eGFR - estimated glomerular filtration rate; LVEDD - left ventricular end-diastolic
diameter; LVESD - left ventricular end-systolic diameter; LVEDV - left ventricular end-diastolic volume; LVEF - left ventricular ejection fraction
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categorized into NYHA functional classes II-1V based on clinical
symptoms. The study included 76 patients in the NYHA functional
class Il, 52 patients in the NYHA functional class Ill, and 27 pa-
tients in the NYHA functional class IV. The characteristics of the
above-mentioned groups are presented in Table 2. Patients with
HF were also divided into groups based on the course of disease
on patients with stable and unstable HF. Patients with HE, whose
symptoms did not change within 1 month before being included
in the study, were classified as stable (n=74), whereas patients
with exacerbation of HF, whose symptoms worsened during 1
month prior to enrollment, were identified as unstable (n=81).
The characteristics of these groups are presented in Table 3.
The concentration of IL-33 was statistically significantly low-
er in patients with HF than in healthy subjects, 16.91 (0-81.00) pg/
mL and 92.51 (33.61-439.61) pg/mL, respectively (Fig. 1a). Patients
with HF with ischemic etiology had lower concentration of IL-33
(10.75 pg/mL) than subjects with HF with non-ischemic etiology
(21.05 pg/mL) (Fig. 1b). Cytokine concentration did not differ sig-
nificantly between patients in different NYHA functional classes
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(Fig. 1c). Patients with stable HF (10.46 pg/mL) had lower IL-33
levels than those with unstable HF (19.02 pg/mL) (Fig. 1d). Coex-
isting comorbidities and medications used upon hospital admis-
sion did not affect interleukin concentration (Fig. 1e-1h). No sta-
tistically significant correlations were observed between IL-33
concentration and echocardiographic, clinical, and biochemical
parameters, including NYHA functional class, LVEF, NT-proBNP,
and CRP

Discussion

In our study, the concentration of IL-33 was lower in patients
with HF than in healthy volunteers, and patients with stable HF
were characterized by lower IL-33 concentration than those
with unstable HF. Caselli et al. (16) also demonstrated that pa-
tients with HF have decreased IL-33 level. On the contrary, in our
study, both IL-33 and ST2 were downregulated in patients with
unstable HF submitted to left ventricular assist device support

Table 2. Characteristics of patients-division due to the NYHA functional class

Variable NYHA Il (n=76) NYHA il (n=52) NYHA IV (n=27) Statistical significance
Age (years) 63.57+12.45 68.79+12.3 63.96+13.58 P=0.269
Sex (n; % men) 49; 64.47% 36; 69.23% 21;77.78% P=0.602
Hypertension (n; %) 54; 71.05% 39; 75.00% 14; 51.85% P=0.436
Dyslipidemia (n; %) 42; 55.26% 18; 34.62% 7;25.93% P=0.155
Diabetes (n; %) 21; 27.63% 17; 32.69% 6;22.22% P=0.985
Atrial fibrillation (n; %) 22; 28.95% 25; 48.08% 8;29.63% P=0.463
Chronic kidney disease (n; %) 9;11.84% 9,17.31% 7;25.93% P=0.132
Beta-adrenolytics (n; %) 74; 97.371% 49; 94.23% 27;100% P=0.506
ACEI/ARB (n; %) 75; 98.68% 48;92.31% 24; 88.89% P=0.166
Statins (n; %) 63; 82.89% 38; 73.08% 15; 55.56% P=0.676
Diuretics (n; %) 50; 65.79% 40; 76.92% 27;100% P=0.008
Aldosterone receptor antagonists (n; %) 47, 61.84% 31; 59.62% 27;100% P=0.022
Total cholesterol (mg/dL) 189.63+43.93 165.95+43.27 145.71+33.96 P=0.344
HDL cholesterol (mg/dL) 51.25+14.34 46.33+13.77 41.68+17.6 P=0.966
Triglycerides (mg/dL) 161.37+91.24 137.65+75.35 126.93+58.61 P=0.109
NT pro-BNP (pg/mL) 488.1(193.9-1193) 1654.5 (881.3-5941) 6309.5 (3414-17508) P=0.001
Creatinine (umol/L) 94.57+60.25 100.7+33.51 108.53+28.5 P=0.093
eGFR (mL/min/1.73 m?) 73.61£22.62 64.62+19.39 60.79+20.53 P=0.870
LVEDD (mm) 57.05+11.51 56.09+9.24 59.76+8.53 P=0.192
LVESD (mm) 45.10+13.75 47.27+12.82 49.71+5.06 P=0.549
LVEDV (mL) 133+50.98 140.7+52.82 183.89+95.18 P=0.0003
LVEF (%) 34.59+12.03 33.62+12.17 22.33+11.84 P=0.0001

considered statistically significant.

LVEDV - left ventricular end-diastolic volume; LVEF - left ventricular ejection fraction

Categorical variables are expressed as percentages. Continuous variables are expressed as mean and standard deviation or median with interquartile ranges. P-values <0.05 were

NYHA - New York Heart Association; ACEI - angiotensin-converting-enzyme inhibitor; ARB - angiotensin Il receptor blocker; HDL - high-density lipoprotein; NT-proBNP - N-terminal
prohormone of brain natriuretic peptide; eGFR - estimated glomerular filtration rate; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter;
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Table 3. Characteristics of patients-division into patients with stable HF and unstable HF.

Variable Stable HF (n=74) Unstable HF (n=81) Statistical significance
Age (years) 63.73+£12.53 66.90+12.84 P=0.217

Sex (n; % men) 49; 66.22% 57;70.37% P=0.710
Hypertension (n; %) 53; 71.62% 54; 66.67% P=0.505
Dyslipidemia (n; %) 40; 54.05% 27, 33.33% P=0.488
Diabetes (n; %) 21; 28.38% 23; 28.40% P=0.829
Atrial fibrillation (n; %) 22;29.73% 33;40.74% P=0.393
Chronic kidney disease (n; %) 9;12.16% 16; 19.75% P=0.211
Beta-adrenolytics (n; %) 72; 97.30% 78; 96.30% P=0.823
ACEI/ARB (n; %) 73; 98.65% 74, 91.36% P=0.964
Statins (n; %) 61; 82.43% 57; 67.90% P=0.791
Diuretics (n; %) 49; 66.22% 68; 83.95% P=0.857
Aldosterone receptor antagonists (n; %) 46; 62.16% 59; 72.84% P=0.575
Total cholesterol (mg/dL) 188.44+43.9 161.09+42.44 P=0.396

HDL cholesterol (mg/dL) 51.13+14.51 45,05+15.11 P=0.052
Triglycerides (mg/dL) 161.33+92.22 134.79+69.52 P=0.124

NT pro-BNP (pg/mL) 459.7 (193.9-1193) 3726 (983.7-7803) P=0.001
Creatinine (umol/L) 95.58+60.77 102.11£32.36 P=0.238
eGFR (mL/min/1.73 m?) 72.88+22.49 64.3+20.31 P=0.122
LVEDD (mm) 57.3+11.58 57.18+9.12 P=0.913
LVESD (mm) 45.09+13.75 48.05+10.87 P=0.636
LVEDV (mL) 134.21+51.06 154.18+72.87 P=0.067

LVEF (%) 34.31+11.81 30.14+13.4 P=0.307
Categorical variables are expressed as percentages. Continuous variables are expressed as mean and standard deviation or median with interquartile ranges. P-values <0.05 were
considered statistically significant.

HF - heart failure; ACEI - angiotensin-converting-enzyme inhibitor; ARB - angiotensin |l receptor blocker; HDL - high-density lipoprotein; NT-proBNP - N-terminal prohormone of brain
natriuretic peptide; eGFR - estimated glomerular filtration rate; LVEDD - left ventricular end-diastolic diameter; LVESD - left ventricular end-systolic diameter; LVEDV - left ventricular
end-diastolic volume; LVEF - left ventricular ejection fraction

(LVAD) compared with those with stable HF. Treatment with LVAD
resulted in an increase of IL-33 and ST2 levels. ST2 expression,
which is a receptor for IL-33, was proportional to markers of
inflammation. These results suggested that IL-33/ST2 pathway
might be important in the process of mechanical unloading and
attenuating adverse remodeling (16). However, another study
showed that IL-33 concentration was enhanced in HE whereas
its bioactivity was decreased (17). IL-33 concentrations were
positively correlated with serum levels of oxidative stress mark-
ers. The IL-33/sST2 ratio was negatively proportional to malondi-
aldehyde (MDA\) level. IL-33 directly inhibited MDA and reactive
oxygen species production and activated superoxide dismutase
in myocardial cell culture stimulated by angiotensin Il (17). IL-33
appears to have protective properties, and it could prevent from
myocardial damage and perhaps HF development and progres-
sion. Individuals with low concentration of IL-33 more often de-
velop HF This may be explained why people with HF, including
symptomatic patients, had decreased IL-33 level in our study. In
our pilot study, a small number of patients were included, and

there was no statistically significant correlation between cyto-
kine concentration and NYHA functional classes in our study.
CRPis an acute-phase protein of hepatic origin, whose levels
increase in response to inflammation following interleukin-6 se-
cretion by macrophages and T cells. It is considered an unspe-
cific marker of systemic inflammation, and increased levels are
found in inflammation, bacterial or viral infections, burns, and
pregnancy. lts concentration increases with age. Higher CRP lev-
els are associated with increased risk of diabetes, hypertension,
and cardiovascular disease and with higher mortality, especially
cardiac mortality. However, a major cause of death among pa-
tients with higher CRP levels was not due to cardiovascular
disease (18). CRP was not correlated with IL-33 concentration
in our study. These findings might suggest that CRP circulat-
ing levels could be associated with the grade of inflammation,
whereas IL-33 may be more correlated with the HF status and
disease etiology, and its concentration may reflect not systemic
but rather local myocardial inflammation. Another hypothesis is
that HF causes ischemia and intestinal edema, allowing bacte-
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rial translocation and favoring the formation of endotoxins, con-
tributing to an inflammatory state in individuals with HF. Intestinal
blood flow is reduced in patients with HE This may contribute
to juxtamucosal bacterial growth and gastrointestinal symptoms
in patients with advanced HF complicated by cachexia (19). This
could explain why patients with HF may have increased CRP con-
centration, regardless of the IL-33 concentration.

Some studies revealed higher IL-33 concentrations in pa-
tients with diabetes mellitus than in subjects without diabetes.
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However, in our study, patients with diabetes were character-
ized by similar IL-33 levels to patients without diabetes. The ex-
planation could be the fact that diabetes status correlated with
myocardial impairment in the course of HF in these patients,
and that IL-33 concentration reflects the multiple immunological
processes contributing to the acute and chronic aspects of HF
(20). Data regarding the association between IL-33 and chronic
kidney disease are inconsistent. Several studies implied that
IL-33 levels did not differ between patients with chronic kidney
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Figure 1.(a) The concentration of IL-33in patients with HF versus healthy subjects. The concentration of interleukin-33 was statistically significantly
lower in patients with HF than in healthy subjects, 16.91 (0-81.00) pg/mL and 92.51 (33.61-439.61) pg/mL, respectively. (b) The concentration
of IL-33 in ischemic HF versus non-ischemic HF. Patients with HF with ischemic etiology had lower concentration of interleukin-33 (10.75 pg/
mL) than subjects with HF with non-ischemic etiology (21.05 pg/mL). (c) The concentration of IL-33 in patients depending on NYHA functional
class. Cytokine concentration did not differ significantly between patients in different NYHA functional classes. (d) The concentration of IL-33 in
patients with stable HF versus unstable HF. Patients with stable HF (10.46 pg/mL) had lower IL-33 levels than those with unstable HF (19.02 pg/mL).
(e) The concentration of IL-33 in patients with chronic kidney disease versus without chronic kidney disease. (f) The concentration of IL-33 in
patients with diabetes versus without diabetes. (g) The concentration of IL-33 in patients with dyslipidemia versus without dyslipidemia. (h) The
concentration of IL-33 in patients with atrial fibrillation versus without atrial fibrillation. Data are presented as median with interquartile ranges
HF - heart failure; IHF - ischemic heart failure; NIHF - non-ischemic heart failure
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Figure 1.(a) The concentration of IL-33 in patients with HF versus healthy subjects. The concentration of interleukin-33 was statistically significantly
lower in patients with HF than in healthy subjects, 16.91 (0-81.00) pg/mL and 92.51 (33.61-439.61) pg/mL, respectively. (b) The concentration
of IL-33 in ischemic HF versus non-ischemic HF Patients with HF with ischemic etiology had lower concentration of interleukin-33 (10.75 pg/
mL) than subjects with HF with non-ischemic etiology (21.05 pg/mL). (c) The concentration of IL-33 in patients depending on NYHA functional
class. Cytokine concentration did not differ significantly between patients in different NYHA functional classes. (d) The concentration of IL-33 in
patients with stable HF versus unstable HF. Patients with stable HF (10.46 pg/mL) had lower IL-33 levels than those with unstable HF (19.02 pg/mL).
(e) The concentration of IL-33 in patients with chronic kidney disease versus without chronic kidney disease. (f) The concentration of IL-33 in
patients with diabetes versus without diabetes. (g) The concentration of IL-33 in patients with dyslipidemia versus without dyslipidemia. (h) The
concentration of IL-33 in patients with atrial fibrillation versus without atrial fibrillation. Data are presented as median with interquartile ranges

HF - heart failure; IHF - ischemic heart failure; NIHF - non-ischemic heart failure

disease and healthy individuals. In addition, IL-33 levels were
similar in three stages of kidney injury when they are divided
into three groups according to their glomerular filtration rate
(21, 22). In another study, IL-33 levels did not differ between
multiple myeloma patients with and without kidney failure (23).
However, in some trials, IL-33 increased with increasing stage
of chronic kidney disease and was associated with vascular
dysfunction and also a predictor of fatal and nonfatal cardio-
vascular events and survival (24).

The important role of IL-33 in the development and progres-
sion of HF with both ischemic and non-ischemic etiology was
confirmed by several studies on animals. Mechanical stress was
found to be the factor stimulating the synthesis of IL-33 in cardiac
fibroblasts (25). IL-33 prevented from angiotensin Il- and phen-
ylephrine-induced hypertrophy. Moreover, IL-33 activated NF-«B
and blocked phosphorylation of inhibitor of NF-«xB caused by an-
giotensin Il or phenylephrine (25). IL-33 treatment led to reduced
hypertrophy, diminished fibrosis and cardiac remodeling pro-
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cesses, lower expression of natriuretic peptides RNA, and better
survival after pressure overload in mice (25). IL-33 knockout mice,
which underwent pressure overload, demonstrated more pro-
nounced deleterious myocardial remodeling and hypertrophic
changes, reduced fractional shortening, more severe inflamma-
tion, adverse fibrosis, lower survival rate, and increased level of
natriuretic peptides RNA, including B-type natriuretic peptide
and C-Myc. They had also enhanced Th1 cytokines” mRNA level
and infiltration of inflammatory cells in the myocardium (26).

IL-33 has been also implicated in HF caused by ischemic dis-
ease. Cardiomyocytes incubated in hypoxia with IL-33 had up-
regulated level of antiapoptotic proteins, including clAP1, XIAP
and survivin. Rats, which underwent ischemia and reperfusion,
administered with IL-33 demonstrated reduced caspase produc-
tion and, therefore, decreased apoptosis. This cytokine improved
myocardial function, diminished infarct size, and adverse remod-
eling. IL-33 did not influence the course of ischemia—reperfusion
injury in ST2 knockouts. These findings implied that cardiopro-
tective properties of IL-33 are mediated through ST2 signaling
(10). The concentration of IL-33 mRNA was upregulated in the
myocardium up to 12 weeks after infarction, whereas sST2 ex-
pression was increased on week 1 and decreased at 4 weeks
after infarction in studies on animals. The concentration of
sST2 mRNA was proportional to the expression of inflammatory
markers, including TNF-q, IL-6, MCP-1, and transforming growth
factor-g, and markers of fibrosis (27).

ST2 knockouts presented more severe systolic dysfunction,
adverse remodeling, left ventricular hypertrophy, myocardial fi-
brosis, and worse survival in both ischemic and non-ischemic
HF (25). sST2, which is a soluble isoform of IL-33 receptor, com-
petes with ST2L and inhibits its binding with IL-33. Increased
serum ST2 concentration is a well-known predictor of adverse
outcome and death in patients with both chronic and acute HF
and myocardial infarction (28-30). Moreover, it predicts adverse
cardiovascular outcomes in healthy individuals (31). In our study,
the concentration of IL-33 was lower in patients with HF than in
healthy subjects; however, patients with stable HF were charac-
terized by lower IL-33 concentration than those with unstable HF,
which appeared to challenge the hypothesis of a cardioprotec-
tive role of IL-33 in HF. In fact, the positive influence of IL-33 in
these patients can be blocked by compensatory increased levels
of sST2, which is a decoy receptor and inhibits IL-33. This thesis
can be supported by several trials showing enhanced concen-
tration of sST2 in HE, and the finding that sST2 is a predictor of
adverse outcome in this disease.

IL-33 plays a dual role. Under certain circumstance, it can act
both as a proinflammatory and as an anti-inflammatory protein. IL-
33 appears to have protective properties, and it could prevent from
myocardial damage and perhaps HF development and progression.
Individuals with low concentration of IL-33 more often develop
HF. This may be explained why patients with HF had decreased
IL-33 level. Reduced IL-33 concentrations are responsible for in-
creased sensitivity of the myocardium to ischemia—reperfusion
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injury. However, the direct effect of this cytokine probably depends
on the pathway that it activates, whether it binds to ST2L receptor
complex or regulates processes of transcription as an intracel-
lular nuclear factor. IL-33 signaling regulates innate and adaptive
immunity and acts as an “alarmin” after cellular damage, including
necrosis. Its activation could be cardioprotective, leading to favor-
able outcomes, or may exacerbate disease, resulting in chronic
inflammation, depending on the type of diseaseg, time of its activa-
tion, and pathway, which it activates (32). Future investigations to
understand the precise mechanisms underlying the role of IL-33 in
HF and the clinical significance need to be conducted.

Conclusion

The concentrations of IL-33 were lower in HF patients com-
pared to healthy controls, which may indicate an important role
of above cytokine in HF development and progression. In addition,
interleukin concentrations varied depending on the etiology and
severity of the course of the disease. However, the detailed mo-
lecular mechanisms underlying the role of IL-33 as well as pos-
sible therapeutic options in heart failure remain to be elucidated.
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