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Pesome. Pa3zButne 1 mporpeccupoBaHue cepaecIHOl HEAOCTaTOYHOCTH CBSI3aHO C pa3IMYHBIMU MaTOD-
3UOJIOTUYECKUMU MEXaHU3MaMu1, OCOObIIf MHTEPEC MPEACTaBIsIeT M3yUYeHHE BOCHATUTEIbHON peakliuu, Kak
dyHIaMeHTaIbHOTOo 3BeHa B nmatoreHe3e XCH 1 ee 0CHOBHOTO KOMITOHEHTa — AeKoMmeHcanu. [IpoBeneHO
OTKPBITOE, HEPAaHIOMU3UPOBAHHOE, MPOCIIEKTUBHOE UCCIeOBaHUE TT0 N3YYEHUIO KIMHUKO-MOpPdhoJIornye-
CKHX 0COOCHHOCTE! CyOKIIMHUYECKOTO BOCITAJICHUS Y OOJBHBIX C OCTPOM AJeKOMIIEH CAIIMe NIIeMIUYeCKOit
XPOHMYECKON CepeYHON HEAOCTAaTOYHOCThIO CO CHUXKEHHOM (ppakimeit Bbiopoca. B uccienoBanue ObLind
BKJIIOYEHBI 25 00JIbHBIX ¢ JekoMIteHcaleil nmemmnyeckoi XCH ¢ @B neBoro xenynouka < 40% B Bo3pac-
Te oT 35 mo 75 mer (60,124+9,3) ¢ moanmmcaHHBIM WHGOPMHUPOBAHHBIM corylacueM. B maHHOM HMcciiemoBa-
HUU u3ydalach IMHAMUKa COIep>XaHUSI B ChIBOPOTKEe KpoBu C-peakTuBHOro 6enka (CPB), N-koHieBoro
dparMeHTa 6enKa-npealecTBeHHMKa MO3roBoro Hatpuitypetudyeckoro nentuaa (NT-proBNP), pactBopu-
moro ST2 (sST2), peuenropa uHcyanHononobHoro dakropa pocta 1 (IGF-1R), unrepaeiikuna-6 (IL-6),
uHtepaeitkuna-10 (IL-10), dakropa Hekposa onyxonu-o (TNFa) Ha Multiplex Instrument FLEXMAP 3D
Luminex Corporation. Bce o6cieqoBaHHbBIC TAITUEHTHI OBUIM pa3aelIeHbl Ha IBE TPYMITHI B 3aBUCUMOCTHU OT
JUarHOCTUPOBAHHOIO MUOKApAMUTA: MalMeHThl 6€3 MPU3HAKOB MUOKAPAUTA U MAallUEHTHl C MUOKAPIUTOM.
YcTaHOBJIEHO, YTO B IPyIIe MNAIIMEHTOB C TMaTrHOCTUPOBAHHBIM MUOKAPAUTOM HAOJII0OIAJIOCh TOBBIIIEHHOE
coaepxanue CPB, IGF-1R, IL-6 u IL-10, TNFo, o cpaBHEHUIO ¢ TPYINON MAllMEHTOB 6e3 MUOKapANTA.
Cpennne koHueHTpaunu NT-proBNP u sST2 B o6eux rpyrmax He pa3nudaiuch. [1pu mociaenyroiieM Bu-
3UTe Yepes ro Habmonanochk cHskeHue cogepxkanust CPb, NT-proBNP, IL-6 B obeux rpynimax. B rpyrmme
OOJILHBIX MUOKapAUTOM HaOoganoch mosbiieHne cogepxkanusg sST2, IGF-1R, IL-10. Takum o6pasomMm,
MpOBEACHHOE B TMHAMUKE HCCeIOBAaHUE BBISBUIO JOCTOBEPHbIE pa3inyMs B UBMEHEHUU CHIBOPOTOUYHOMN
aKTUBHOCTHU MPO- U TIPOTUBOBOCIIAIUTEIbHBIX IIMTOKMHOB 1 OMOMapKepPOB CEPIACUYHO-COCYANCTOrO PUCKA Y
NaleHTOB C IeKOMITEHCUPOBAHHOU CepieuHON HEAOCTATOYHOCThIO C CUCTOINYECKON NUCHYHKIIMEN TTpU
IVUArTHOCTUPOBAHHOM MUOKAPINTE U IIPU €TO OTCYTCTBUU.
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DYNAMIC CHANGES IN CARDIOVASCULAR RISK
BIOMARKERS AND CYTOKINES OF MYOCARDITIS-FREE
PATIENTS WITH DECOMPENSATED HEART FAILURE AND
ISCHEMIC SYSTOLIC DYSFUNCTION
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Ryabov V.V.2&P

¢ Cardiology Research Institute, Tomsk National Research Medical Centre, Russian Academy of Sciences, Tomsk,
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Abstract. The development and progression of heart failure is associated with a variety of pathophysiological
mechanisms, of particular interest is the study of the inflammatory response as a fundamental link in the
pathogenesis of CHF and its main component — decompensation. An open, non-randomized, prospective
study was carried out to evaluate the clinical and morphological features of subclinical inflammation in patients
with acute decompensation of ischemic chronic heart failure with a reduced ejection fraction. The study
included 25 patients with decompensated ischemic CHF with left ventricular ejection fraction < 40% aged
35to 75 years (60.12+9.3 y. 0.). In this study the dynamics of the serum content of C-reactive protein (CRP),
N-terminal fragment of the brain natriuretic peptide precursor protein (NT-proBNP), soluble ST2(sST?2),
insulin-like growth factor-1 receptor (IGF-1R), interleukin-6 (IL-6), interleukin-10 (IL-10), tumor necrosis
factor-a. (TNFa) was performed by multiplex immunoassay using the FLEXMAP 3D. All studied patients
were divided into two groups depending on the diagnosed myocarditis: patients with no signs of myocarditis
and patients with myocarditis. It was found that in the group of patients with diagnosed myocarditis there was
an increased content of CRP, IGF-1R, IL-6 and 1L-10, TNFa compared to the group of patients without
myocarditis. The median concentrations of the NT-proBNP and sST2 in both groups did not differ. At the
follow-up visit a year later, there was a decrease in the content of CRP, NT-proBNP, 1L-6 in both groups. In
the group of patients with myocarditis, an increase in the content of sSST2, IGF-1R, IL-10 was observed. Thus,
the study carried out in dynamics revealed significant differences in the degree of changes in the serum activity
of pro- and anti-inflammatory cytokines and biomarkers of cardiovascular risk in patients with decompensated
heart failure with systolic dysfunction with diagnosed myocarditis and in its absence.

Keywords: inflammation, cytokines, biomarkers, heart failure, myocarditis

Introduction

Decompensation of CHF is a serious clinical
and public health problem with a high level of mor-
bidity, mortality and rate of hospitalizations [6].
The development and progression of heart failure
are associated with a variety of pathophysiological
mechanisms, of particular interest is examining an
inflammatory response as a fundamental link in

single effective anti-inflammatory strategy in CHF
syndrome [7].

Purpose of the study: to study the dynamics and
relationship of serum cardiovascular risk biomarkers
and cytokines in patients with decompensated heart
failure with ischemic systolic dysfunction with/wit-
hout myocarditis using xMAP technology.

the CHF pathogenesis and its main component —
decompensation [7]. An inflammatory concept has
been formulated, which is based on the persistent
inflammation present at the early stages of CHE
as well as at later stages, when CHF is verified [6].
Recently, the study of inflammation markers and
their role in cardioprotective mechanisms, as well as
growth factors and cytokines as prognostically relevant
biomarkers of developing heart failure deserved
particular interest [4, 5]. It is known that imbalance
of pro- and anti-inflammatory cytokines significantly
contributes to development and progression of CHF,
but the results of experimental and exploratory cli-
nical studies have not led to the emergence of a

Materials and methods

An open, non-randomized, prospective study was
carried out to evaluate the clinical and morphological
features of subclinical inflammation in patients with
acute decompensation of ischemic chronic heart
failure with reduced ejection fraction. This study is
registered at the ClinicalTrials.gov, ID: NCT02649517.
The study included 25 patients with decompensated
ischemic CHF with left ventricular ejection fraction
< 40% aged 35 to 75 years (60.12+9.3 y.0.), who
signed informed consent, 6 months after successfully
performed angioplasty and/or coronary artery bypass
grafting. The therapy performed in patients at the
time of enrolling to the study corresponded to the
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current recommendations such as: beta-blockers,
diuretics, mineralocorticoid receptor antagonists,
cardiac glycosides. Exclusion criteria were: acute
coronary syndrome less than 6 months before hospi-
talization; hemodynamically significant valvular heart
disease; severe concomitant diseases that could affect
the course of the underlying disease and the study
results. All patients underwent invasive coronary
angioplasty to exclude the progression of coronary
artery atherosclerosis, as well as endomyocardial
biopsy with immunohistological analysis to verify
myocarditis. This article analyzes the dynamics of
biomarkers in such patients by using Milliplex kit
(Merck KGaA, Darmshdadt) (n = 10). The diagnosis
of myocarditis was established in 5 patients according
to immunohistochemical criteria: the presence of at
least 14 leukocytes/mm?, with the presence of CD3
positive T-lymphocytes > 7 cells/mm?. Fasting blood
sampling for biomarkers from the cubital vein was
carried out during hospitalization of patients and
one year later at the checkpoint visit. The evaluation
serum of high-sensitive C-reactive protein (hCRP)
concentration was carried out in blood serum by
ELISA (Biomedica); level of N-terminal fragment
of brain natriuretic peptide precursor protein (NT-
proBNP) pg/ml was determined using Human
Cardiovascular Disease Panel 1. Levels of soluble
ST2 (sST2) ng/ml, insulin-like growth factor-1
receptor (IGF-1R) pg/ml were investigated by
using Human Cardiovascular Disease Panel 5. The
level of interleukin-6 (IL-6) pg/ml, interleukin-10
(IL-10) pg/ml, tumor necrosis factor-o (TNFa)) pg/ml
was measured by using Human Cytokines/Chemo-
kines-38 kit. All studies were performed using
Multiplex Instrument FLEXMAP 3D Luminex
Corporation and MILLIPLEX Analyst 5.1 software
(Merck KGaA, Milliplex; Darmshdadt), the Core
Facility “Medical genomics”, Tomsk NRMC.

Results and discussion

All patients were divided into two groups depen-
ding on the diagnosed myocarditis: patients with no
signs of myocarditis were included in group 1 and
patients with myocarditis were included in group 2.
Clinical characteristics are presented in Table 1.
Examining serum biomarkers from patients during
hospitalization showed that in the group of patients
with diagnosed myocarditis, there was an increased
content of C-reactive protein, insulin-like growth
factor receptor-1, interleukins-6 and 10, tumor necro-
sis factor - compared to the group of patients without
myocarditis. The median NT-proBNP concentration
in both groups was comparable and exceeded the
pathologically significant level of 125 pg/ml. The sST2
level in both groups was also comparable on admission,
but did not exceed the pathologically significant level

of 30 ng/ml. The data are presented in Table 2. A
decreased level of C-reactive protein was noted in both
groups, at the follow-up visit one year later in patients
without myocarditis, the observed decrease was by
58%, while in the group with diagnosed myocarditis it
was decreased only by 28%. The NT-proBNP content
in both groups decreased by 40% one year later, but its
concentration also remained above the pathologically
significant level. The level of sST2 one year later in
the group of patients without myocarditis remained
unchanged; in the group of patients with myocarditis,
it was increased by 76%. In the group of patients with
myocarditis, the IGF-1R content increased by 5-fold,
while the median IGF-1R concentration in the blood
serum of patients without myocarditis remained
at the level comparable to that observed at the time
of hospitalization. The content of interleukin-6 in
both groups of patients decreased by 48 and 43%,
respectively. The content of interleukin-10 in the
group of patients with myocarditis increased by 18%
compared to the baseline level; in the group of patients
without myocarditis, the level of IL-10 remained
unchanged. In both groups, the content of TNFa
decreased by 12 and 20%, respectively. Thus, the study
of the dynamics of biomarkers in both groups revealed
decreased concentrations of inflammation markers
such as CRP, 1L-6, and NT-proBNP a marker of the
risk of heart failure after 12 months of observation.
Moreover, in the group of patients with myocarditis,
there was increased content of sST2, IGF-1R, IL-10
after 12 months of observation. Correlation analysis
in the group of patients without myocarditis revealed
a negative relationship between the content of NT-
proBNP and IGF-1R (r = -0.70, p < 0.05). In both
groups of patients, a positive relationship with high
correlation coefficient was found between serum level
of sST2 and IGF-1R (r=0.90) p < 0.05 on admission
and at the follow-up visit one year later.

Cytokines are a key element of the immune
system in the development of acute and chronic
inflammation. The majority of chronic inflammatory
diseases, regardless of their organ location, are based
on imbalanced production between pro- and anti-
inflammatory mediators[4]. Therefore, thebasisforthe
treatment of any inflammatory process is attempted to
normalize it by any means. It has now been established
that not only lymphocytes and macrophages, but also
other cells are capable of synthesizing cytokines,
and in this respect the heart is a unique source of
their production [9]. The concentration of hCRP is
considered as the most sensitive and specific labo-
ratory marker of inflammation and tissue damage [8]
and, as we demonstrated in our study, it correlates
with the synthesis of IL-6 both with/without myo-
carditis, which, in turn, plays an important role
in the developing inflammation. It is known that
cardiomyocytes in patients with heart failure produce
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TABLE 1. BASELINE CHARACTERISTICS OF PATIENTS WHO WERE INCLUDED IN THE STUDY, Me (Q,55-Q;75)

Parameters

Group 1 (n =5)

Group 2 (n =5)

Age, years

58.0 (51.0-61.0)

61.0 (56.0-67.0)

Body Mass Index, kg/m?

31.6 (30.3-34.7)

28.0 (25.30-31.07)

Duration of chronic heart failure, month

24.0 (12.7-77.0)

12.0 (8.0-48.0)

Time between the last myocardial infarction before the
development of chronic heart failure, month

26.0 (6.0-114.0)

80.0 (13.0-120.0)

Functional class of CHF by (NYHA) before hospitalization:

4

2

3

\"

1

Systolic pressure, mmHg

130.0 (100.0-138.0)

120.0 (100.0-130.0)

Diastolic pressure, mmHg

80.0 (60.0-80.0)

70.0 (60.0-80.0)

Heart rate, beats/min.

68.0 (64.0-82.0)

72.0 (68.0-90.0)

Respiratory rate, breath/min.

18.0 (17.0-20.0)

18.0 (16.0-20.0)

Medical treatment during hospitalization:

A2 receptor Blockers/ ACE inhibitors

Beta-blockers 3 -
Cardiac glycosides - 2
Diuretics 4 4
Acyclovir - 2
Viferon 1 4
TABLE 2. CYTOKINE LEVEL, Me (Q,,5-Q,75)
Baseline At 12 mounts
Group 1 Group 2 Group 1 Group 2
Parameter (n=5) (n=5) (n=5) (n=5)
C-RP(h) 6.59™ 8.26 ’ 95'_1732) 5.93
mg/I (1.03-9.66) (1.34-10.20) o (1.69-10.46)
p =0.06
579.70 525.31
Nt-proBNP 362.12 323.40
(93.13-683.71) (212.34-532.80) . ]
pg/ml w5 = 0.06 w5 = 0.06 (163.79-656.05) (268.72-625.72)
sST2 2.22 2.14** 2.10* 8.58
ng/ml (1.83-4.38) (1.35-3.36) (1.83-6.54) (5.90-10.98)
IGF-1R 6639.96 8245.50** 7758.29* 39808.16
pg/ml (4213.32-7839.19) (7275.64-8819.10) (5552.64-15202.21) (23040.85-95407.03)
6.79 8.11
IL-6 3.50 4.60
(4.69-7.05) (5.33-9.80) ) )
pg/ml w5 = 0.06 w5 = 0.06 (3.48-6.87) (4.02-8.84)
IL-10 1.70 2.57 1.55* 3.16
pg/ml (1.28-2.41) (0.92-3.60) (1.23-2.10) (3.09-6.25)
TNFa 7.62* 20.46 6.71* 16.53
pg/ml (4.98-12.65) (19.53-23.90) (6.42-11.60) (11.60-17.81)

Note. *, statically significant within the group 1 vs 2; **, statically significant within the group Baseline vs At 12 mounts;

Group 1, there is no myocarditis; Group 2, there is myocarditis.
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TNFa, even without manifested inflammatory pro-
cess. In addition, TNFa induces the process of car-
diomyocyte programmed death, which Iloses its
compensatory character under the pathological con-
ditions posing TNFa as having fundamental im-
portance in myocardial remodeling. [8]. In our study,
an increased content of serum TNFa was noted in the
group of patients with myocarditis; after 12 months of
observation, its level remained unchanged, whereas
content of interleukin 10 tendned to increase. It is
known that the anti-inflammatory cytokine 1L-10
can inhibit TNFa production and counterbalance its
negative effectsin heart failure [2]. However, the results
of clinically examined IL-10 in heart failure and its
progression are controversial. On the one hand, there
is an evidence of decreased IL-10 levels in HF and
left ventricular remodeling; on the other hand, there
are reports showing its increased levels and elevated
mortality in HF patients with a simultaneousincreased
IL-10 and TNFo concentrations [1]. IL-10 can
function as a component of the feedback mechanism:
elevated levels of TNFa in HF stimulate the secretion
of IL-10, and IL-10, on the contrary, suppresses
excessive activity of pro-inflammatory cytokines;
however, a role of IL-10 regardless of TNFa, cannot
be ruled out as the production of IL-10 is induced
together with pro-inflammatory cytokines, TNFa in
particular in inflammatory processes and in HF [3].
It was supported by showing positive correlations
between the content of TNFa and IL-10 (r = 0.70)
p < 0.05 in the group of patients with myocarditis.
Among diverse existing modern biochemical markers,
natriuretic peptides have been introduced into
routine clinical practice, proving to act as markers
of myocardial stress, myocardial dysfunction and
heart failure [9]. Currently, not a single biomarker
can account for all aspects of CHF syndrome and
development of its decompensation [9]. According to
the numerous modern studies, sST2 has recently been
included in the European and American guidelines
for CHF treatment. The data obtained in the group of
patients with diagnosed myocarditis after 12 months
of observation demonstrate not only increased serum
sST2 content, but also a positive relationship with
proinflammatory cytokines. It is possible that the level
of sST2 expression not only confirms the inflammatory
mechanism of CHF development, but also reflects
the activity of systemic inflammatory response upon
disease progression. In recent years, the association of
IGF-1 with cardiovascular diseases as an independent
risk factor has been discussed, but the results of these
studies are rather contradictory. IGF-1 under the

influence of growth hormone is secreted in the liver
as well as also produced in cardiomyocytes, smooth
muscle cells and fibroblasts; it is capable of exerting an
insulin-like metabolic effect that exerts a significant
role in regulating the structure and function of the
myocardium and blood vessels [1]. There is evidence
that decreased synthesis of IGF-1 promotes enhanced
apoptosis of cardiomyocytes and progression of
myocardial fibrosis that appears to be a predictor of
decompensated chronic heart failure [3,9]. IGF-1
exerts its action through ubiquitously expressed
receptors (IGF-1R) including cardiomyocytes, which
determines their role as modulators of myocardial
structure and function. Insulin-like growth factors
in the bloodstream are associated with proteins that
play a key role in the bioavailability of ligands, as
they compete with IGF-1R for IGF-I. By binding
to IGF-1, IGFPs thereby inhibit proliferation
signals and, according to the feedback loop, IGF-1R
becomes elevated if IGF-1R is over-activated. There
is evidence that proinflammatory cytokines can be
involved in blocking IGF-1 specific receptor binding
due to the phosphorylation of serine residues in
IRS [9]. It is possible that the significant increase
in the IGF-1R content obtained in our study in the
group of patients with myocarditis underlies hor-
monal and neurohumoral processes and serves as a
biochemical marker of altered metabolic processes,
whereas established positive relationships with inflam-
mation markers seem to be a predictor of aggravated
chronic heart failure decompensation, indicating an
unfavorable prognosis. Thus, a study in the dynamics
of biomarkers in patients with diagnosed myocarditis
demonstrated increased level of IGF-1R, soluble
ST2, IL-10, a decrease in NL-6, NT-proBNP and
C-reactive protein and their close inter-relationship.
In the group of patients without myocarditis, there
was a decrease in IL-6, NT-proBNP and C-reactive
protein, the levels of other biomarkers remained
unchanged. The follow-up study revealed significant
differences in magnitude of changes in serum level of
pro- and anti-inflammatory cytokines and biomarkers
of cardiovascular risk in patients with decompensated
heart failure with systolic dysfunction with/without
diagnosed myocarditis. The established relationships
allow us to assume that the presence of myocarditis
in patients with decompensated heart failure with
ischemic systolic dysfunction leads to formation
of more unfavorable relationships in the feedback
loop of cytokine secretion, leading to evenly greater
shift in the cytokine balance towards quantitative
predominance of pro-inflammatory cytokines.
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