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Background. Inflammatory cytokines and growth factors are involved in various mechanisms of coronary artery disease.
Clinical studies have shown the correlation between the increase in the level of proinflammatory cytokines and the se-
verity of coronary artery disease, while the data on the role of proinflammatory interleukin IL-8 and anti-inflammatory
interleukin IL-4 are contradictory.

The aim of the study is to assess the levels of proinflammatory cytokines (IL-8, TNF-a) and anti-inflammatory interleu-
kin (IL-4) in patients with various forms of coronary artery disease who underwent coronary artery stenting.

Materials and methods. By the method of enzyme-linked immunosorbent assay, the levels of cytokines were determined
in 30 patients with acute coronary syndrome who underwent primary stenting of the coronary arteries and in 24 patients
with chronic coronary syndrome who had previously had myocardial infarction with stenting of an infarction-associated
artery, who were admitted to the clinic for staged stenting of the coronary arteries.

Results. In patients with chronic coronary syndrome the levels of IL-4 a do not exceed the reference values, in patients
with acute coronary syndrome the levels of IL-4 there was an increase 3,70 * 0,24 and 240,85 * 49,25 pg/ml, p <0,001.
In patients with chronic coronary syndrome the levels of IL.-8 a do not exceed the reference values, in patients with acute
coronary syndrome the levels of IL-8 there was an increase 7,34 * 1,29 and 110,33 * 27,67 pg/ml, p < 0,001.

Conclusion. Most likely the increase in the level of IL-4 has a compensatory character and, along with a slight increase
in TNF-qa, can be considered as a positive factor stabilizing the course of the disease. There may be some relationship
between of the increase in the level of interleukins in patients with acute coronary syndrome on the degree of stenosis
of the coronary arteries (90-95%) and impaired myocardial contractility was established.

Keywords: acute coronary syndrome; chronic coronary syndrome; stenting of coronary arteries; interleukin-4; interleukin-8;
tumor necrosis factor alpha; myocardial infarction.
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AkTyanbHoCTb. BocnanuTesnbHble LUTOKMHBI U (HaKTOpbl pOCTa Y4YacTBYKT B Pa3fIMUHbIX MEXaHU3MaX PasBUTUS ULLEMMU-
yeckoi 6onesHu ceppua. KnuHuueckne uccnenoBaHUs Nokasanu KOPpPEensuuio NoBblLUEHWS YPOBHS MPOBOCNANMUTENbHBIX
LMTOKMHOB C TSXKECTbi0 UleMuyeckoi 6onesHn cepaua, Nnpu 3TOM AaHHble O POaM NMPOBOCMANUTENbHOrO MHTEPAENKMHA
IL-8 » npoTMBOBOCNANMUTENBHOIO MHTEPAEKNHA |IL-4 npoTMBOpEYMBbLI.
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Uenb nccnepoBaHus — OLEHUTb YPOBHM NMPOBOCMANUTENbHbIX LUUTOKMHOB (IL-8, TNF-0) 1 npoTMBOBOCMANUTENLHOIO WH-
TepneiikuHa (IL-4) y nauMeHTOB, CTpafallMX pasiMyHbIMK GOpMaMMU UWEMUYECKON BonesHu cepaua, KOTopbiM 6biio
BbIMNO/IHEHO CTEHTUPOBAHUE KOPOHAPHbIX apTepuii.

Matepuanbl u MeToAbl. MeToLOM TBEPAO0(DA3HOTO UMMYHO(EPMEHTHOrO aHanM3a onpeaesieHbl YpOBHU LMTOKMHOB Y 30 na-
LIMEHTOB C OCTPbIM KOPOHAPHbLIM CUHAPOMOM, KOTOPbIM BbI/I0 BbINOAHEHO NEPBUYHOE CTEHTUPOBAHME KOPOHAPHbIX apTepUid,
My 24 — ¢ XpOHUYECKUM KOPOHAPHbIM CUHAPOMOM, paHee NepeHeclwnx MHhapKT MUOKapAa CO CTEHTUPOBAHUEM UHDAPKT-
CBSI3aHHOM apTepuu, KOTOpble MOCTYMUAN B KNIMHWUKY AN 3TANHOrO CTEHTUPOBAHUS KOPOHAPHbIX apTepui.

Pesynbratbl. YpoBeHb IL-4 y 601bHbIX XPOHUYECKMM KOPOHAPHbIM CMHAPOMOM HaxoAWNCa B npepenax pedepeHCHbIX
3HAYeHW, B TO BPEMS KaK Yy MaLMEHTOB C OCTPbIM KOPOHAPHbIM CMHAPOMOM OTMEYanocb ero nosbiweHne — 3,70 £ 0,24
n 240,85 49,25 nr/mn, npu p<0,001. YpoBeHb IL-8 y naunMeHTOB C XPOHWYECKUM KOPOHAPHbIM CUMHAPOMOM TakXKe Ha-
XOAMNCS B npefenax pedepeHCHbIX 3HaYeHWM, TOrAA Kak B rpynne C OCTPbIM KOPOHAPHbIM CUHAPOMOM OTMEYanochb ero
nosblwenne — 7,34+ 1,29 n 110,33 = 27,67 nr/mn, npu p < 0,001.

3aknwoueHue. BeposiTHee Bcero noBbileHne ypoBHS |L-4 MMeeT KOMNEeHCAaTOPHbIA XapaKTep U, HapsAy C He3HAYUTENbHbIM
nosblweHnem TNF-a, MOXeT paccMaTpmMBaTbCs KakK MOMOXUTENbHbIA (DaKTop, CTabUNM3MPYOWHNA TeyeHUe 3aboneBaHus.
MoeT cylecTBOBaTb ONpeAeneHHas 3aBUCUMOCTb MeX Ay NOBbILEHUEM YPOBHS MHTEPNENKMHOB Y NALUEHTOB C OCTPbIM
KOPOHApHbIM CMHAPOMOM OT CTEMeHW CTEHO3MPOBAHWS KOPOHapHbIX aptepuit (90-95 %) n HapylweHus COKpaTUMOCTH
MuUoKapaa.

KnioueBble cnoBa: oCTpbii KOPOHAPHbIA CUHAPOM; XPOHUYECKUIA KOPOHAPHbIA CUHAPOM; CTEHTUPOBAHME KOPOHAPHBIX apTepuii;

WHTepneiknH-4; MHTepnenkunH-8; GakTop Hekpo3a onyxonu anbda; MHHapKT MMOKapAa.

BACKGROUND

Cardiovascular system diseases currently rank
first in mortality and disability in all economically
developed countries [2, 4, 16].

Coronary heart disease (CHD) affects a large
proportion of the population in industrialized coun-
tries and causes more than a third of deaths among
people aged >35 years [14]. According to Federal
State Statistics Service, as of June 22, 2019, in
the structure of mortality from diseases of the
blood circulatory system, more than half (52.6%)
of the cases accounted for CHD in 2018 [24].
In the same year, myocardial infarction as the cause
of death was recorded in 54,427 people (6.5% in the
structure of mortality in diseases of the blood cir-
culatory system). With the widespread introduction
of invasive treatment for patients with CHD, mor-
tality from myocardial infarction is decreasing [5];
however, its indicators in Russia exceed those in
Europe and North America [4].

Risk factors for CHD include obesity, diabe-
tes, hypertension, high levels of low-density lipo-
protein (LDL), tobacco smoking, cocaine or am-
phetamine abuse, family history, chronic kidney
disease, human immunodeficiency virus infection,
autoimmune disorders, and anemia [11]. The main
etiological factors in the CHD development include
atherosclerosis, chronic inflammatory lesion with
infiltration of mononuclear leukocytes, proliferation

of vascular smooth muscle cells, and accumulation
of extracellular matrix [13, 23].

Acute coronary pathology includes unstable angi-
na, myocardial infarction (acute coronary syndrome,
ACS) with and without ST segment elevation, and
acute myocardial infarction, which differ in the de-
gree of myocardial damage and level of cardiac
markers [5].

Acute coronary pathology is most commonly
caused by atherothrombosis, which is triggered by
damage to the atherosclerotic plaque. Moreover, the
initial degree of coronary artery stenosis can be
different, in some cases not reaching hemodynam-
ic significance. A less common cause is coronary
artery vasospasm (a variant of Prinzmetal angina
pectoris) caused by endothelial or vascular dysfunc-
tion [12].

Multivessel coronary artery disease (MVCAD)
is defined as significant stenosis (>70%) of two or
more large coronary arteries (>2.5 mm in diameter)
[8]. Approximately 40%—60% of patients with ST-
segment elevation myocardial infarction have mul-
tivessel coronary disease [21, 22]. However, the
strategy of myocardial revascularization in patients
with MVCAD has not yet been ultimately deter-
mined. Simultaneous stenting of all hemodynami-
cally significant stenoses of the coronary arteries or
only infarction-related artery with subsequent stent-
ing of hemodynamically significant stenoses within
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the same hospitalization or staged revasculariza-
tion continues to be a subject of discussion [7, 9].
A recent meta-analysis (which included 7423 pa-
tients from 10 randomized trials) confirmed a sig-
nificant reduction in the incidence of major adverse
cardiovascular events in patients with a history of
complete coronary revascularization (CR) compared
with infarction-related arterial
The significant decrease was mainly caused by the
low rate of repeated revascularization in the CR
group, and a decrease was more pronounced when
CR was performed during ST-segment elevation
myocardial infarction rather than in stages [20].

Inflammatory cytokines and growth factors are in-
volved in various pathways of CHD, including tran-
scription activator, mitogen-activated protein kinase,
and SMAD (transcription factor family) [1, 10, 18].
Clinical studies have shown a direct correlation be-
tween an increase in the level of proinflammatory cy-
tokines (interferon-y, tumor necrosis factor [TNF]-a,
and interleukin [IL]-2, IL-6, IL-9, and IL-17)
and CHD severity, determined by coronary angi-
ography. Data on the level of anti-inflammatory
IL-4 in patients with CHD are contradictory [17].
Various studies have highlighted the ambiguous
role of IL-8 as an indicator of CHD risk. IL-8 is
a leukocyte chemoattractant that is also present in
atherosclerotic plaque and can contribute to the
development of plaque instability by increasing
leukocyte extravasation and endothelial cell adhe-
sion [3, 15]. Moreover, in ischemic tissues, 1L-8
accelerates neovascularization and promotes an-
giogenesis. Some authors have reported that high
levels of IL-8 cannot be considered a marker of
the risk of cardiovascular diseases in the future,
while they are associated with an increased risk of
death, regardless of the underlying cause. The main
properties of IL-8, i.e., being pro-inflammatory and
anti-ischemic, noted in experimental studies may
partially explain the discordant association of IL-8
with the risk of cardiovascular diseases associated
with atherosclerosis [6, 19].

Thus, inflammatory biomarkers, in particular
pro- and anti-inflammatory cytokines, play essen-
tial roles in the initiation and development of CHD.
Their analysis can provide a better understanding
of the mechanism of vascular lesions and offer the

revascularization.

most objective markers for predicting outcomes of
CHD treatment.

The study aimed to assess the levels of pro-in-
flammatory cytokines (IL-8 and TNF-o) and anti-
inflammatory cytokines (IL-4) in patients with vari-
ous forms of CHD, who underwent coronary artery
stenting.

MATERIALS AND METHODS

The study was performed in accordance with
Good Clinical Practice and the principles of the
World Medical Association Declaration of Hel-
sinki on Ethical Principles for Scientific Medical
Research Involving Human Subjects, as amended
in 2000. The study protocol was approved by the
Ethics Committees of all participating centers. Writ-
ten informed consent was obtained from all patients
before inclusion in the study.

The study enrolled 54 male patients aged
52-59 years (ACS group) and those aged 45-59 years
(chronic coronary syndrome [CCS] group). The ex-
clusion criteria were type I and Il diabetes mellitus,
chronic kidney disease requiring renal replacement
therapy, ongoing inflammatory diseases that could
affect an additional change in the cytokine sta-
tus, as well as vasospastic and non-coronarogenic
CHD.

All patients examined were distributed into two
groups. The ACS group included 30 (55.6%) male
patients admitted to the clinic with a diagnosis of
ACS that subsequently progressed to unstable angi-
na pectoris, without a history of myocardial infarc-
tion, with a single-vessel coronary artery disease,
who underwent primary stenting of the coronary ar-
teries. The CCS group consisted of 24 (44.4%) male
patients who were admitted to the clinic with CCS
and had a history of ST-segment elevation myocar-
dial infarction with revascularization of the infarct-
dependent artery with drug-eluting stents within the
previous 2—6 months. This group underwent staged
(planned) stenting of hemodynamically significant
stenoses.

All patients underwent a comprehensive clini-
cal examination. Before coronary angiography, the
blood levels of pro-inflammatory cytokines (TNF-a
and IL-8) and anti-inflammatory interleukin (IL-4)
were measured. The enzyme-linked immunosorbent
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assay with the use of reagents (indirect fluorescent
antibody [IFA]-IL-4, IFA-IL-8, and IFA-TNF-a]
produced by Cytokin (St. Petersburg) was applied
on the Uniplan apparatus (CJSC Picon, Russia). The
degree of stenosis of the coronary arteries was as-
sessed using the standard Stenosis Analysis software
installed on GE Healthcare angiography (Chicago,
IL, USA). The ejection fraction was calculated with
a two-dimensional Echo-CG according to the Simp-
son method.

Obtained data were processed on a personal com-
puter using IBM SPSS Statistics (IBM Corp., Ar-
monk, NY, USA). Student’s ¢-test was used to assess
the differences between the two groups of values
of indicators with normal distribution. Differences
were considered significant at p < 0.01.

RESULTS AND DISCUSSION

Patients from both groups were distributed ac-
cording to the degree of stenosis and localization of
coronary artery lesions. Circumflex artery stenosis
was recorded more often in the CCS group than
in the ACS group (p <0.01). Moreover, 80%—90%
stenosis of the coronary artery was diagnosed in

83% of the cases (p <0.01). In the ACS group,
90%—-95% stenosis of the coronary artery (p < 0.01)
was revealed in 60%, anterior interventricular artery
in 40%, and right coronary artery in 50% of all
cases (Table 1).

The degree of stenosis was higher in patients
with ACS and single-vessel coronary artery disease,
who underwent primary stenting of the coronary
arteries, than in patients with CCS having a his-
tory of ST-segment elevation myocardial infarction
with revascularization of the infarction-dependent
artery with drug-eluting stents within the previous
2—6 months (Table 1). Moreover, circumflex artery
lesion was noted less often in the ACS group.

Left ventricular ejection fraction was preserved
in all patients of the CCS group (54%—63%).
The ACS group had preserved and an intermediate
left ventricular ejection fraction (48%—62%). The
average group value of the ejection fraction in the
ACS group with unstable angina pectoris was sig-
nificantly lower than in the CCS group with sta-
ble angina pectoris (50.5+£0.7 versus 59 + 0.6%)
(p £0.001). Impaired myocardial contractility was
recorded in 18 (60%) patients of the ACS group

Table 1 / Tabnuya 1

The degree of stenosis coronary arteries in different patients groups with acute coronary syndrome and chronic coronary

syndrome

CTeneHb cTeHO3a KOPOHApHbIX apTepMﬁ B rpynnax nauyMeHToOB C OCTPbIM KOPOHAPHbIM CUHOAPOMOM U XPOHUYECKNUM

KOPOHapHbIM CMHAPOMOM

The degree of stenosis Left anterior . .
. . Left circumflex Right coronary
coronary arteries / Group / descending artery / Outcome /
artery / Orubarommas artery / [IpaBas
CreneHb CTEHO3a KO- I'pynma TepenHsis MexKIKENy- Hroro
. aprepus KOpOHapHas apTepus
POHApHBIX apTepuil JIOYKOBast apTepHs
1 3 (10%) 0 3 (10%) 6 (20%)
70—-80%
2 0 0 0 0
1 3 (10%) 3 (10%) 0 6 (20%)
80-90%
2 4 (17%) 12 * (50%) 4 (17%) 20 * (83%)
1 6 (20%) 0 12 (40%) 18 (60%)
90-95%
2 0 0 4 (17%) 4 * (17%)
1 12 (40%) 3 (10%) 15 (50%) 30 (100%)
Total / Becero
2 4 (17%) 12 * (50%) 8 (33%) 24 (100%)

* Differences with group 1 are statistically valid at p < 0.01.

* Pa3nuuus OTHOCUTENBHO 1-i TPYNIBI CTATUCTHYECKH 3HaYUMBI Ipu p < 0,01.
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Risk Factors CAD in different patients groups with acute co
MakTopbl pUcka uwemmnyeckon 6onesHn cepaua B rpynn
HMYECKMM KOPOHapPHbIM CUHLPOMOM

Table 2 / Tabauya 2
ronary syndrome and chronic coronary syndrome
axX NauMeHTOB C OCTPbIM KOPOHAPHbIM CUMHAPOMOM U XpO-

Indication / Group 1/ 1-s rpynna | Group 2/ 2-s rpynna | Statistics significance of dif-
(n=30) (n=24) ferences (f) / Ctatuctuueckas
Iloxasarenu o
n % n % 3HAYUMOCTb pa3nuuuit (f)

Hyperlipidemia (LDL > 1.8 mmol/L) / 24 80 6 25 p<0.001
Tunepaunuaemus (JITTHIT > 1,8 mmosns/m) “4.7)
Hypertensive disease 3 stage / 5 16.7 24 100 p <0.001
l'umepronnyeckas 6one3ns 3-if cTaguu 4.4)
Chronic obstructive pulmonary disease / 7 23 3 12.5 p>0.05
XpoHudeckas OOCTPYKTHBHAsS OOJE3HB JIETKUX (1.0)
Smoking / 23 76.7 10 41.7 p<0.05
Tabakokypenue 2.7
Obesity I-11I stage / 14 46.7 6 25 p>0.05
Oxupenne [-11 crenenn (1.7)

Note. LDL — low density lipoproteins.
Ipumeyanue. JITTHII — nunonpoTenibl HU3KOM MJIOTHOCTH.

Level of cytokine in different patients groups with acute co

Table 3 / Tabnuuya 3
ronary syndrome and chronic coronary syndrome

ypOBEHb LMTOKMHOB B rpynnax naunMeHToB C OCTPbIM KOPOHAPHbIM CMHOAPOMOM U XPOHUYECKNUM KOPOHAPHbIM CUH-

ApPOMOM
Indication / Group 1 / 1-a rpynmna | Group 2 / 2-s1 rpynna Statistics significance of dif-
_ _ ferences (f) / Craructudeckas
Tlokaszarenu (n=130) (n=24) .
3HAYHUMOCTH Pa3IHIuil (7)
p <0.001
IL-4 (0—4 pg/ml / nr/mn)* 240.85 +49.25 3.70 £0.24 .8)
p=<0.01
IL-8 (0-10 pg/ml / nr/mm)* 110.33 £ 27.67 7.34 +£1.29 3.7)
TNF-a (0-6 pg/ml / nr/mm)* 0.81 £0.45 0.04 £ 0.004 p (>1(;)05

Note. * Reference interval according to laboratory data.

IIpumeuanue. * PedepeHCHBIH HHTEPBAJ 10 AaHHBIM 1a00PATOPUH.

and only in 4 (17%) patients of the CCS group
(»<0.01).

According to the anamnesis, the risk factors for
CHD were established in patients with ACS and
CCS (Table 2).

Hyperlipidemia and tobacco smoking signifi-
cantly more often occurred in the ACS group (p <
0.05-0.001). In the CCS group, the stage 3 hyper-
tensive disease was noted in all patients with CCS
(p < 0.001). The presence of chronic obstructive
pulmonary disease and obesity grades [-II was not
significantly different between the groups, and a
tendency to their increase was only found in the
ACS group (Table 2).

In the CCS group, a more favorable situation with
regard to hyperlipidemia was associated with mainte-
nance therapy with statins, which included in the com-
plex treatment of myocardial infarction complications.

The CCS group had no significant change in
the level of both pro-inflammatory and anti-inflam-
matory cytokines (Table 3). Their IL-4, IL-8, and
TNF-a levels were within the reference interval.
By contrast, the ACS group had very high mean
group indicators of both pro-inflammatory IL-8 and
anti-inflammatory IL-4 (Table 3).

As a result, the differences in the IL-8 and
IL-4 levels between the groups were significant
(» £0.01-0.001) with an increase in the IL level
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in the ACS group. Moreover, in 18 (60%) patients
with ACS, the levels of IL-4 and IL-8 were higher
than the reference values. The increase in the 1L-4
level was probably of a compensatory property to
proinflammatory cytokines and can be considered
a positive factor in stabilizing the disease course.
No significant change was noted in the levels of
TNF-a in patients with ACS, which can also be con-
sidered a factor that facilitates the course of ACS.

According to echocardiography data, all patients
with increased IL levels had 90%—95% coronary ar-
tery stenosis and impaired myocardial contractility.
By contrast, IL levels in patients with ACS having
70%-90% stenosis did not increase. In the clinical
analysis of blood in patients with increased IL lev-
els, the erythrocyte sedimentation rate was higher in
patients with ACS having normal IL level than in
those with CCS.

CONCLUSIONS

1. In patients with ACS, levels of both pro-inflam-
matory IL-8 and anti-inflammatory IL-4 were
increased. The increase in IL-4 level was most
probably of a compensatory nature. In patients
with CCS, the levels of IL-4 and IL-8 were within
the reference values.

2. In patients with ACS, which subsequently pro-
gressed into unstable angina pectoris, and in pa-
tients with CCS, the level of TNF-o was not in-
creased.

3. A higher degree of stenosis of the coronary arter-
ies in combination with a disorder of local myo-
cardial contractility leads to higher levels of IL-4
and IL-8, which may indicate a more extensive
inflammatory response that resulted in the devel-
opment of ACS.
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