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PesoMe

BocnaneHue apnsetcsa yHMBepcaanon peaKLlI/Iel‘/'I XMBOro OpFaHVI3Ma Ha pa3nw+Hb|e nospe»(,qalomwe (PaKTOpr n HaI'IPaBﬂeHO Ha BOCCTaHOBJ/IeHNe
Le/NI0CTHOCTHU TKaHen n MWUHUMU3AUUIO FM6eI1VI KNeTOK. AKTUBHbIMU y‘-IaCTHI/IKaMI/I BOCMa/INTE/IbHOIro OTBETa ABNAKTCA I'IpOBOCI'Ia/'IVITel'IbeIe LUNTOKU-
Hbl, B HaCTHOCTU MHTepﬂeﬁKMHbl. Yy naumeHToB C cep,quHoﬁl HeA0CTaTO4YHOCTbIO BOCMa/INTe/ibHble PeaKLI,VIVI I'IpVIBO,CI,FIT K noepe)K,qumo KapAVIOMVIO-
UnTOB, NX anonToay N aktnBauumn HeﬁPOFyMOPaanbIX CUCTeM, KOTOPbIe CI'IOCO6CTByPOT 3anyCKy r|/|6epHaL|,vw| MVIOKap,CI,a N MeXaHn3MOB ero peMer-
nmposanus. Lienb npegcraBneHHoro 063opa — paccMoTpeTb UHTepielknH-1 (IL-1) KauecTBe AMarHOCTUYECKOrO M MPOrHOCTUYECKOrO MapKepa npw

CepAeyHO HeJ0CTaTOYHOCTH, @ TaKKe BAUAHNE le4eHns peKoMbMHaHTHOM dopMoii IL-1R Ha TeueHue 3a6oneBaHus.
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Abstract

Inflammation is a universal response of a living organism to various damaging factors and is aimed at restoring tissue integrity and minimizing cell
death. Proinflammatory cytokines, in particular interleukins, are active participants in the inflammatory response. In patients with heart failure,
inflammatory reactions lead to damage to cardiomyocytes, their apoptosis and activation of neurohumoral systems, which contribute to the initiation
of myocardial hibernation and mechanisms of its remodeling. The purpose of this review is to consider IL-1 as a diagnostic and prognostic marker in

heart failure, as well as the effect of treatment with a recombinant form of IL-1R on the course of the disease.
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Introduction

As of today, the mortality due to chronic heart fail-
ure (CHF) still remains at very high level [1]. According
to the large-scale epidemiological protocol EPOCA, the
risk of total mortality due to heart failure (HF) exceeds
the risk of total mortality in individuals without CHF by
more than 10 times, and the average life expectancy in
patients with CHF of functional class I-II and III-IV FC
(according to the New York Heart Association (NYHA)
CHEF severity classification) is 7.8 and 4.8 years, respec-
tively [2]. According to the European registry of EUROb-
servational Research Programme: the Heart Failure Pilot
Survey (ESC-HF Pilot), mortality in patients with CHF
of FC I-1I and III-1IV was 4.8 % and 13.5% within one
year, respectively [3]. According to the present-day lit-
erature sources, survival in CHF is often worse than in
malignant tumors [4]. The results of many studies have
demonstrated that five-year survival rate after HF diag-
nosing is about 25-50 % [3].

The search for new biological markers and analysis
of the pathophysiological role and changes in their levels
under various treatment options allowed understand-
ing many pathogenetic aspects of the development and
course of CHF [4]. Over the past twenty to thirty years,
significant progress was achieved in the investigation of
cardiovascular biomarkers. Determining the concen-
tration of natriuretic peptides (NUP) that were used as
biomarkers for the diagnostic and prognostic evalua-
tion of patients with CHF and its implementation in the
foreign and Russian clinical practice caused fundamen-
tal changes [5]. Currently, the assessment of the level of
brain NLP (BNP) and its N-terminal precursor (NT-
proBNP) is a kind of “gold standard” for diagnosing HF
and predicting its course, however, limitations due to the
impact of many factors on the level of these biomarkers,
the ambiguity of threshold values, and sufficiently low
information content in cases of CHF with preserved left
ventricular ejection fraction (LVEF) necessitate further
scientific and clinical trials aimed at developing more

sensitive and specific laboratory tests [1, 5]. The new bio-
logical markers such as copeptin, adrenomedullin, galec-
tin-3 (Gal-3), stimulating growth factor ST2, chemokine
CX3CLI, fractalkine, etc., are getting all the closer to
being implemented into biomedical practice [6=8].

Inflammation is a common response of a living
organism to various damaging factors and is aimed at
restoring tissue integrity and minimizing cell death. Ini-
tially, oxidized products and proteins of damaged extra-
cellular matrix are released from the damaged or dead
cells; they are recognized by sentinel toll-like receptors
(TLRs), resulting in the activation of pro-inflammatory
response. An active role in inflammatory response is
played by pro-inflammatory cytokines (CKs), par-
ticularly, interleukins (ILs), tumor necrosis factor-a
(TNF-a), chemokines and their receptors, cell adhesion
molecules (integrins, selectins, etc.), as well as the acute-
phase proteins (C-reactive protein (CRP) and pentraxin
3 (PTX3)). The impact of pro-inflammatory CKs leads
to the activation of fibroblasts and cardiac tissue cells in
the area of inflammation. Activated cells start producing
CKs and growth factors that are potent chemoattractants
and play a significant role in enhancing the inflammatory
response. Neutrophils and monocytes secrete transform-
ing growth factor-B (TGF-beta), including growth dif-
ferentiation factor-15 (GDF-15) that attenuates macro-
phage response and protease production. In the patients
with HE inflammatory reactions result in the damage to
cardiomyocytes, their apoptosis, and activation of neu-
rohumoral systems that trigger myocardial hibernation
and the mechanisms of its remodeling [9]. The features
of inflammatory response in each specific case depend
on the interaction of pro-inflammatory and anti-inflam-
matory CKs [9].

The objective of this review was to consider IL-1 as
a diagnostic and prognostic marker in HF, as well as to
analyze the impact of treatment with a natural recombi-
nant IL-1R on the course of the disease.
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Sourcing methodology

This paper provides the review of relevant publica-
tions. The analysis of literature sources was carried out
using PubMed, RSCI, MedLine, Google Scholar, Science
Direct databases. The authors reviewed both foreign
and Russian papers. The search was carried out using
the following keywords: biomarkers, heart failure, inter-
leukin-1. This review mainly includes the description
of studies conducted over the past 10 years, as well as
selected fundamental sources written earlier.

Interleukin-1: structure
and physiological functions

Understanding the role of IL-1 in the pathogenesis
of inflammation significantly improved after the publi-
cation of the paper “Biologic basis for interleukin-1 in
diseases” [10]. Blocking IL-1p is currently the standard
of care in autoinflammatory diseases [11]. Autoinflam-
matory conditions often respond to IL-1P blockade,
and are much less sensitive to immunosuppressive
therapy [11].

The IL-1 family includes 11 CKs and 10 receptors;
IL-1P and IL-18 are the best investigated ones [10, 12].
The description of these 11 members, their receptors, co-
receptors and their important functions are presented
in the Table. There are 4 CKs with anti-inflammatory
effect, among these, IL-1Ra (IL-1 receptor antagonist)
and IL-36Ra (IL-36 receptor antagonist) are specific,
whereas IL37 and IL-38 are nonspecific [13]. The recom-
binant form of naturally occurring IL-1Ra is anakinra.
Anakinra, as already mentioned, is used to treat a wide
range of inflammatory conditions, including cardiovas-
cular diseases (CVDs) [14]. IL-36Ra, IL-37, and IL-38
are not currently approved for human use, however, the
results of preclinical studies revealed several indications

for the management of human autoimmune diseases [15].
Alongside with the anti-inflammatory members of the
IL-1 family, extracellular domains called “soluble recep-
tors” also suppress inflammation. For example, soluble
IL-1R2 neutralizes IL-1B, and IL-18BP (IL-18 binding
protein) neutralizes IL-18 (Table) [16].

I1-1p synthesis and secretion

IL-1P binds to IL-1 type 1 receptor (IL-1R1); then
a co-receptor chain, an additional protein (IL-1RAcP),
is assembled [13]. This ternary complex recruits the
adapter protein MyD88 (myeloid differentiation primary
response gene 88) to the Toll-IL-1 receptor (TIR) domain
of each receptor. Subsequently, phosphorylation of a part
of the kinases occurs; the nuclear factor-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-xB)) moves into nucleus, and transcription of pro-
ILB occurs [17]. Another “key player” is inflammasome,
a cytosolic molecular structure that includes an adaptor
protein, procaspase 1, and a sensor molecule. The most
well-described inflammasome has a sensor molecule
called a nucleotide-binding domain, and a leucine-rich
repeat pyrine domain (NLRP3). This sensory molecule
can be activated by both infectious stimuli known as
pathogen-associated molecular patterns (PAMPs) and
non-infectious ones in the form of damage-associated
molecular patterns (DAMPs) (cholesterol, amyloid beta,
urate crystals, and many others) [13]. This activation is
due either to the binding of adenosine phosphate (ATP)
to P2X7 receptor and the outflow of potassium into
extracellular space, or the production of reactive oxygen
species (ROS). After activation of the NLRP3 inflam-
masome, procaspase 1 turns into an active enzyme [17].
Then, active caspase 1 cleaves the IL-1 precursor in secre-
tory lysosomes or in cytosol followed by the secretion of
“mature” IL-1p [18].

Table. Members of IL-1 family. Adapted from 1. Dinarello C.A. Overview of the IL-1 family in innate inflammation
and acquired immunity. Immunol Rev. 2018; 281:8-27. DOI: 10.1111/imr.12621. [12].

IL-1 family Receptor Coreceptor Property

IL-1a, IL-I[S IL-1R1 IL-1R3 Proinﬂammatory

IL-1Receptor Antagonist IL-1R1 NA Anti-inflammatory

IL-18 IL-1R5 IL-1R7 Proinflammatory

1L-33 IL-1R4 IL-1R3 ITpoocnanurenphas/ Proinflammatory
IL-36 a, B, ¥ IL-1R6 IL-1R3 Proinflammatory

IL-36 Receptor Antagonist IL-1R6 NA Anti-inflammatory

IL-37 IL-1R5 IL-1R8 Anti-inflammatory

IL-38 IL-1R6 IL-1R9 Anti-inflammatory
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IL-1 and heart failure

It was proved that patients with HF have signifi-
cantly increased levels of various pro-inflammatory CKs,
including IL-1 [10, 11]. The inflammatory marker CRP, a
known surrogate marker of IL-1 activity, is an indepen-
dent predictor of adverse outcomes in the patients with
acute HF (AHF) and CHF [19]. The cytokine hypothesis
of HF suggests that a triggering event induces the activa-
tion of pro-inflammatory CKs leading to their negative
impact on LV function and to the acceleration of HF pro-
gression [11].

Several mechanisms were found to form a correlation
between IL-1 concentrations and impaired LV systolic
function. IL-1p is proven to reduce the beta-adrenergic
response of L-type calcium channels through a cyclic
adenosine monophosphate-independent mechanism
[20]. Moreover, IL-1P reduces the expression of genes
involved in the regulation of calcium homeostasis [21].
IL-1P increases the expression of nitric oxide synthase
(NOS) in cardiac myocytes; it leads to increased nitric
oxide (NO) activity and decreased myocardial contrac-
tility [22].

Several members of the IL-1 family have benefi-
cial effects on myocardium. Two members, IL-33 and
ST2, are a ligand and a receptor, and have cardiopro-
tective properties. Two main isoforms of ST2 were
identified: ST2L transmembrane receptor and soluble
sST2 receptor. Soluble ST2 blocks the protective action
of IL-33 contributing to the development of remodel-
ing and fibrosis processes. ST2/IL-33 signaling system
is involved in the regulation of inflammatory, neuro-
hormonal activation and prevention of cardiac remod-
eling [23]. Increased sST2 expression was registered in
patients with myocardial hypertrophy, fibrosis, dilata-
tion of cardiac chambers, and reduced ventricular con-
tractility, and is considered to be an independent pre-
dictor of one-year mortality in AHF [24]. Besides, it is
proven to be a significant predictor of hospitalizations
and mortality in stable CHF patients [25]. The patients
with elevated sST2, as a rule, have increased LV vol-
umes, reduced LV contractility, and elevated pulmonary
artery pressure according to echocardiography (ECHO
CG). The individuals with CHF demonstrated better
hemodynamic parameters at sST2 concentrations below
35 ng/mL. As a result, the investigators assumed that
during the outpatient treatment of patients with HF, this
blood sST2 level can be used to monitor the effective-
ness of treatment [26].

Healthy mice demonstrated reversible systolic LV
dysfunction and decreased LV contractility reserve
(measured by the decreased response to isoproterenol)
after both single and multiple injections of IL-1f [27].
To investigate the effect of circulating IL-1 activity, mice
received injections of plasma obtained from patients
with AHE, patients with chronic systolic HFE, as well as
from healthy volunteers. The results were similar to the
exogenous administration of IL-1B as described above:

plasma of decompensated HF patients caused signifi-
cant systolic and diastolic LV dysfunction and decreased
cardiac contractility. It is of interest that mice pretreated
with anakinra or IL-1 antibody did not show this nega-
tive effect [28]; this fact leads to the suggestion that
IL-1pB has cardiodepressive properties. Rodents injected
with plasma from patients with stable systolic HF and
elevated CRP levels had normal systolic heart function at
rest along with the significantly deteriorated contractile
reserve [28].

The experimental study performed in 2010 in the
field of cardio-oncology by Zhu J. et al. [29] using rodents
demonstrated that IL-1 mediates the cardiotoxicity of
doxorubicin. A sequential trial confirmed that blocking
IL-1 with anakinra reduced doxorubicin-induced micro-
structural damage to cardiac tissue and improved LV
ejection fraction (LVEF) [29]. Similar data were obtained
in the study of radiation-induced cardiopathy in mice
and the effect of anakinra on it [30].

First clinical study to evaluate the effect of IL-1
blockade on cardiac function revealed that a single
injection of anakinra (150 mg) in patients with rheu-
matoid arthritis (RA) and without HF significantly
improved the parameters of myocardial contractility
and relaxation, coronary flow reserve, and endothelial
function [31]. American physicians provided data on
a female patient with RA and HF with preserved EF
(HFpEF) who demonstrated an improvement in NYHA
FC and peak aerobic capacity after switching from
etanercept (a TNF-a inhibitor) to anakinra; this fact
also indicates a positive effect of IL-1 blockade on HF
course [32].

A double-blind, randomized, placebo-controlled,
cross-over D-HART study was aimed to determine the
effects of anakinra IL-1 blockade on aerobic exercise
capacity in 12 patients with preserved LVEF and CRP
level >2 mg. Anakinra resulted in a statistically signifi-
cant improvement in maximal oxygen consumption
(+1.2 mL/kg/min, p = 0.009) and a significant decrease
in plasma CRP levels (-74%, p = 0.006). Decreased
CRP concentrations correlated with an improvement
in maximal oxygen consumption (r = —0.60, p = 0.002).
IL-1 blockade with anakinra during 14 days signifi-
cantly reduced the systemic inflammatory response and
improved aerobic exercise capacity in patients with
HFpEF and elevated plasma CRP levels [33].

ADHF study (A Randomized, Double-Blinded,
Placebo-Controlled Pilot Study) included 30 patients
with AHF, decreased LVEF (40 %), and elevated CRP
(=5 mg/l), who were treated with anakinra or placebo.
After 72 hours, anakinra reduced CRP by 61 % from base-
line compared with a 6 % reduction in the placebo group
(p =0.004). After 2 weeks, patients treated with anakinra
demonstrated an increase in LVEF [+10% (+3, +14)]
compared with the placebo group (0 (-16% to +5 %),
p = 0.020). The authors summarized that IL-1 blockade
with anakinra reduces systemic inflammatory response
in patients with AHF [34].

425



426

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 6 e 2022

The objective of the study conducted by Imen T. et al.
in 2017 was analysis of the correlation between IL-1f-
31T/C polymorphism and serum IL-1f levels and the
risk of developing AHF in 320 patients with dyspnea
(160 with AHF and 160 without AHF) and in 100 healthy
volunteers. Genotyping of IL-1p was performed using
restriction fragment length polymorphism. IL-1B con-
centration was significantly higher in patients with HF
compared with the group without HF and with the con-
trol group. Results of the distribution of IL-1B-31T/C
genotypes and allele frequencies revealed no significant
difference between three groups. Serum levels of IL-13
were found to be higher in cases of TT genotype than in
TC and CC ones [35].

The prognostic stratification of patients with idio-
pathic dilated cardiomyopathy (DCM) is known to be
a complicated task. In 2017, Italian scientists have stud-
ied the additive significance of assessing biomarkers of
inflammasome activation and systemic inflammation in
order to further stratify long-term risk in patients with
DCM. 156 outpatients with DCM were examined (mean
age 58 years, 77 % males, median LVEF 35 %, mean serum
sodium 139 meq/L, BNP median 189 pg/mL, median
IL-1beta (I1-1f3) 1.08 pg/mL, median IL-6 1.7 pg/mL, and
median IL-10 2.7 pg/mL). During the follow-up period
of 89.6 months, 35 patients (22 %) died/underwent heart
transplantation. Patients who died/underwent heart
transplantation were more likely to have NYHA class III,
had atrial fibrillation (AF), lower LVEF, and higher BNP
concentrations. Levels of IL-1f3, IL-6 and IL-10 did not
differ significantly between the groups of patients with
good or poor prognosis. There were no significant dif-
ferences in IL-1p values among either different NYHA
classes or LVEF quartiles. However, in a multidimen-
sional model, IL-1p was a strong and independent pre-
dictor of all-cause mortality (HR 1.193, 95% CI 1.056-
1.349, p = 0.005 for log-squared values). Other factors
associated with poor outcome included: male sex, pres-
ence of AF and blood sodium level. The estimated time-
dependent ROC curve of multivariate model is AUC 0.74
(95% CI 0.65-0.86) [36].

In 2017, Tassell B. et al. suggested that the admin-
istration of an IL-1 receptor antagonist could suppress
inflammatory response and improve peak aerobic exer-
cise capacity in patients with decompensated systolic
HE In the REDHART (Recently Decompensated Heart
Failure Anakinra Response Trial) clinical protocol,
60 patients with reduced LVEF (<50%) and elevated
CRP levels (>2 mg/L) were examined. Eight patients
withdrew from the study on their own volition. Patients
were randomized in three groups: group 1 (16 indi-
viduals) 14 days after the discharge from the hospital
received anakinra s/c at a dose of 100 mg for 2 weeks,
group 2 (18 individuals) received anakinra injections at
a dose of 100 mg up to 12 weeks, and group 3 (18 indi-
viduals) received placebo. Patients were monitored for
maximal oxygen consumption (Vo2, mL/kg per minute)
and ventilation efficiency (VE/Vco2 slope indicates

the relationship between ventilation and CO2 produc-
tion). Anakinra therapy had no effect on maximal Vo2
(Vo2 peak) or VE/Vco2 slope in 2 weeks. After 12 weeks,
patients who continued anakinra demonstrated an
improvement in Vo2 peak from 14.5 (10.5-16.6) mL/
kg per minute to 16.1 (13.2-18.6) mL/kg per minute (p
= 0.009 for intergroup variations). The rate of death or
readmission for HF in 24 weeks was 6 %, 31 %, and 30 %
in the patients who received anakinra for 12 weeks, for
14 days, and in placebo group. Larger extension studies
are required to confirm the effect of the long-term treat-
ment with the studied agent on maximal Vo2 and read-
mission for HF [37].

Aerobic capacity, as measured by Vo2, is one of the
most powerful predictors of HF prognosis. Inflamma-
tion is a key factor that contributes to the change in
aerobic capacity, and IL-1 is known to be involved in
this process. Apoptosis-associated speck-like protein
(ASC) containing a CARD domain is required for the
activation of IL-1p and IL-18 inflammasomes. ASC
expression is controlled by epigenetic modification;
lower ASC methylation is associated with worse out-
comes in HE. All this information determined the need
for a trial to analyze the relationship between methyla-
tion of ASC, IL-1p and IL-18 with Vo2 peak in patients
with HE This study was conducted in North America
by the staff of the Department of Cardiology at the Uni-
versity of Alabama, the Department of Cardiology at
Stony Brook University, and Emory University. In this
paper the relationship between ASC methylation, IL-1,
IL-18, and Vo2 peak was analyzed in 54 stable outpa-
tients with HE. All participants had HF of NYHA FC
IT and IIT and were able to complete a treadmill exer-
cise test. Results obtained: mean Vo2 peak was 16.68
+ 4.7 mL/kg/min, Vo2 peak was positively correlated
with the average percentage of ASC methylation (r =
0.47, p = 0.001) and negatively associated with IL-1f (r
= —0.38, p = 0.007); multiple linear regression models
demonstrated that Vo2 peak increased by 2.30 mL/
kg/min for every 1% increase in ASC methylation
and decreased by 1.91 mL/kg/min for every 1 pg/mL
increase in plasma IL-1 [38].

In 2019, a study was conducted with the objective of
analyzing the relationship between IL-1p and sST2 and
the prognostic value of the combination of these bio-
markers in patients with AHE. As part of the clinical pro-
tocol, 316 patients hospitalized with AHF were examined
sequentially (age 72 * 12 years, 57 % males, LVEF 45 +
17 %). IL-1P concentration on admission was associated
with previous hospitalizations for HF, more severe HF,
higher concentrations of NT-proBNP and high-sensitiv-
ity troponin T. IL-1p levels were higher in patients who
died within a year of hospitalization (n = 52, 16.5%) (p =
0.005). Circulating IL-1p demonstrated positive correla-
tion with sST2 (p = 0.65; p < 0.001). Patients with high
sST2 and II-1B levels had a significantly higher risk of
death (30 % vs 14 %; hazard ratio: 2.52; 95 % confidence
interval: 1.40-4.56; p = 0.002) [39].
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In 2021, American investigators evaluated the effect
of IL-1 blockade on cardiac remodeling. Transverse
narrowing of the aorta was performed in C57BL labo-
ratory mice. Six weeks after the intervention, the pro-
gressive decrease in EF and the increase in LV mass and
size were reduced after intraperitoneal administration
of an IL-1 receptor antagonist (IL-1ra). IL-1ra reduced
the expression of collagen-1, tissue inhibitor of metal-
loproteinases-1 (TIMP1), and periostin. Infiltration
of immune cells (macrophages and lymphocytes) was
also reduced in mice treated with IL-1ra. In addition,
decreased concentrations of cytokines IL-1, IL-18, and
IL-6 was observed after the administration of IL-1ra [40].

In the same year, a pooled analysis of three early-phase
randomized clinical trials was performed. Endpoints
included the pool of all-cause deaths and new-onset HE,
and the pool of all-cause deaths and HF hospitalizations
during follow-up in one year. The safety of anakinra was
also analyzed, including injection site reactions and seri-
ous infections. This study included 139 patients with
ST-elevation myocardial infarction (STEMI) from three
single studies: VCUART (n = 10), VCUART2 (n = 30),
and VCUART3 (n = 99). 84 (60 %) individuals of these
patients were randomized to anakinra group and 55
(40 %) to placebo group. Treatment with anakinra signif-
icantly reduced the incidence of all-cause death or wors-
ening HF (7 (8.2 %) vs 16 (29.1 %), log P = 0.002) and all-
cause death or hospitalization for HF (0 (0) vs 5 (9.1 %),
log-rank P = 0.007). Patients treated with anakinra had
significantly more pronounced injection site reactions
(19 (22.6 %) vs 3 (5.5%), p = 0.016) with no significant
difference in the incidence of serious infectious compli-
cations (11 (13.1%) vs 7 (12.7 %), p = 0.435). Treatment
with anakinra significantly reduced the area under the
curve for highly sensitive CRP from baseline to 14 days
(75.48 (41.7-147.47) vs. 222.82 (222.82 (117.22-399.28)
mg/day/L, p < 0.001). The researchers concluded that
IL-1 blockade with anakinra for 14 days in patients with
STEMI reduces the rate of new-onset HF or of hospital-
izations for HF after 1 year [41].

The D-HART 2 study is a randomized, double-blind,
placebo-controlled, single-center, phase 2, 2:1 clinical
trial that included patients with HFpEF, NYHA FC II-I1I,
and with highly sensitive CRP levels >2 mg/L. Patients
received anakinra 100 mg once daily or placebo during
12 weeks. The primary endpoints included changes in
maximal oxygen consumption and ventilatory capac-
ity at week 12; secondary endpoints were the effects of
IL-1 blockade on cardiac performance, systemic inflam-
mation, endothelial function, life quality, nutritional
status, and clinical outcomes. This study is completed
and its results are upcoming [42].

Conclusion

Currently, there are state-of-the-art technologies for
identification of new biological markers, therefore, it
would be reasonable to develop a multibiomarker model

for diagnosing and predicting the CVDs course. This will
definitely require the improvement of bioinformational
technologies used for a large database analysis. This lit-
erature review indicates the potentially important diag-
nostic and prognostic value of interleukin-1 assessment.
The further scientific and clinical trials are expected to
demonstrate the possibility of its use as an additional
laboratory method for the diagnosis, risk stratification
and prediction of cardiovascular events in the patients
with HE. The effect of interleukin-1 blockade on reduc-
ing morbidity and mortality in CHF is to be assessed in
more detail, of course, taking into consideration the rea-
sonable costs and side effects of the drugs.
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