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NK cells play an important role in the pathogenesis of atherosclerosis, using their cytotoxic mecha-
nisms that promote the initiation, progression, and rupture of atherosclerotic plaques that leads to acute
myocardial infarction. However the data about their cytolytic activity in post-infarction period remain
controversial.

The aim of this work was to study the dynamics of changes in the NK cell cytolytic activity within
three weeks after acute myocardial infarction in connection with the level of circulating immune com-
plexes in the peripheral blood.

Material and methods. 16 healthy donors and 35 patients after the development of acute myo-
cardial infarction (AMI) on the 1st, 7th and 21st days was studied for the NK cell cytolytic activity of the
mononuclear fraction of peripheral blood, evaluated by the cytolysis of erythroleukemia K-562 cells in
vitro and levels of serum circulating immune complexes (CIC) using the method of precipitation with
polyethylene glycol-6000.

Results and discussion. In the most patients, AMI led to functional anergy of NK cells, but in the
smaller part of patients, the increase in their cytotoxicity was observed. The post-infarction period was
characterized by an increased content of CIC, the level of which positively correlated with the develop-
ment of functional anergy of NK cells.

Possible mechanisms for the development of both functional anergy and an increase in NK cell
activity in the post-infarction period are discussed.
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XEOEN MUOKAPA UH®APKTICI KE3IHOEN NK XACYLUATNAPbIHbIH
LUMTONUTUKANBIK BENCEHAINITIHIH ©3TEPY AUHAMUKACHI:
AVHANBIMOAFbI UMMYHAObIK KELUEHOEPOIH PO
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T«an-@apabu ambiHOarbl Kazak ynmmelk yHugepcumemi» KeAK,
Anmamel K., KazakcmaH Pecnybnukacei,
2«Ka3ak-Pecel meduyuHa yHusepcumemi», YebbM, Anmamei K., Kazakcmax Pecrybnukacsl,
3Macmep ambiHOarbl CaHkm-llemep6op anudemMuoio2usi XeHe MUKpobuooausi
FbIbIMU-3€pmmey uHcmumymbsl, XKaHa mexHosoausinap 6enimi, CaHkm-llemepbop, Pecel

NK >xacywanapsbl eTkip Mnokapg uHdgapkTiciHe (©/IM) akeneTiH atepocknepoTukanslk bnswkanap-
OblH 6acTanyblHa, epLUyiHe XaHe XapblnyblHa KaTblCaTblH ©3iHiH LIMTOTOKCMKanbIK MexaHu3mMaepai konga-
Ha oTblpbIn, cells aTepockneposbiHbIH NaToreHesiHAe MaHbI3abl pen atkapanbl. Anainaa onapabiH nHdap-
KTiK Ke3€HHEH KeRiHri uuTonukanblk GenceHainiri Typansl AepekTep e3 apa Kawllbl peTiHAe Kanbin oTbIp.

Byn XyMbICTbIH MakcaTbl nepudepusanblk KaHgafbl avnHanbiMaarbl UMMYHAObIK KelleHAepaiH
(AUK) neHrewiHe 6annaHbICTbl MUMOKapa UHMaPKTICIHEH KeliHri anFawkel yw antaga NK xacywana-
PbIHbIH LUTONUTMKanbIk 6enceHainiriHiy e3repy AMHamMmukacblH 3epTTey 6onabl.

MaTepuan xaHe agicTtepi. 1-wwi, 7-wi xaHe 21-wi Taynikte OUM gambiFaHHaH KeniH 35 HaykacTa
XoHe 16 cay goHopgaa in vitro xarganbiHga K-562 aputponerikeMus xacylwanapbiHbIH LMTONU3 pe-
akumusacbiHaa 6aranaHaTbiH nepudepusanblk KaHHbIH MOHOHYKNeapnbl dpakumacbiHbiH NK-xacyLa-
napblHblH, LUTONUTUKANbIK 6enceHAainirii xxaHe nonuatuneHrnukone-6000 npeunnuTauunsa aaiCiHIH
KemerimeH kaH capbicybliHaarbl AVIK Kypambl 3epTTengi.
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Hatuxenepi xaHe Tankbinaybl. KentereH Haykactapga ©MM NK >xacywanapblHbiH, (YHKLKO-
Hanabl aHeprusicblHa, an KiwinepiHae onapabliH UMTOTOKCUKanbIK ecyiHe akengi. MHdapkTTaH ken-
iHri keseH AUK KypaMblHbIH XOFapbinayblMeH cunatTangbl, onapablH AeHreni NK xacylanapbiHbliH
YHKLMOHaNabl aHeprusiCbiHbiH AamybiMeH OH GannaHbicTbl 6onabl. PyHKUMOHANAbl aHEeprusiHbl
AaMbITYAbIH XaHe nHMapKTTaH KeliHri keseHae NK xacywanblk 6encenginiriHi apTyblHbIH MYMKIH
MexaHu3maepi TankbinaHaabl.

Herisri cespep: xxenen mvnokapa nidapkTici, NK-kxacylwanap, ainHansiMaarbl UMMYHAbIK KeLleHaep.
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NK-kneTku urpatoT Ba)KHyH porib B maToreHese atepockreposa cells, ncnonb3ys cBou LUTOTOK-
cnyeckue MexaHu3Mbl, KOTOpble y4acTBYOT B MHMLMALUKN, NPOrpeccun n paspbiBa aTepoCcKnepoTu-
Yeckux bngawek, NPMBOASLLEro K oCTPOMY UHapKTy mrnokapaa (OMM). OgHako gaHHble 06 nx LMTo-
NUTUYECKOM aKTUBHOCTM B MOCTMH(APKTHbIN Nepuos 0CTalnTcs NPpOTUBOPEYMBLIMMU.

Llenbto aTol paboTbl ABUNOCL M3yYeHWe ANHAMUKU U3MEHEHUS LMTONUTUYECKOW aKTUBHOCTU
NK-knetok B nepsble Tpu Hegenu nocrne UHdapkTa MMokapaa B CBA3M YPOBHEM LIMPKYNMPYHOLLMX
MMMYHHbIX komnnekcos (LIWK) B nepudepuryeckonn kposu.

Martepuan u metogbl. Y 35 6onbHbIx nocne pas3sutus OUM Ha 1-e, 7-e n 21-e cyTkn n 16 300poBbIX
AOHOPOB M3yYanu LUMTONUTUYECKY akTUBHOCTb NK-KNeTok MOHOHykNeapHoW dpakuum nepudepunye-
CKOW KpOBW, OLIEHNBAEMYIO B peakuuy LMToNn3a KneTok aputponerikemun K-562 B ycnosusx in vitro, n
coaepxaHue B cbiBopoTke kpoBu LIVIK ¢ noMoLubio MeToaa npeuyunuTaumm nonuatuneHrnukonem-6000.

PesynbtaTbl 1 06cyxaeHue. OVM y Gonbluen Yyactu 60MbHBIX NPUBOAMI K (PYHKLNOHANbHOW
aHeprum NK-kneTok, a y MeHbLUen — K HapacTaHUI0 NX LMTOTOKCUYHOCTK. MOCTUHMAPKTHBIN Nnepuog,
XapakTepusoBarncs noBblleHHbIM cogepaHnem LINK, ypoBeHb KOTOPbIX MONOXUTENBHO KOppenu-
poBan ¢ passutunem gyHkumMoHanbHon aHeprun NK-knetok. O6cyxaatTca BO3MOXHbIE MEXAHU3MbI
pas3BuUTUS Kak yHKLMOHANbHON aHeprun, Tak n Bo3pactaHnsa NK-KneTo4HOW akTMBHOCTU B MOCTUH-
PapKTHbIN Nepuoa.

KntoueBble cnoBa: ocTpbi MHaApKT Muokapaa, NK-kneTku, umpKynupyowmne MMMYyHHbIE KOM-
nnekceol.
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cause of death worldwide, is mainly associated with

atherosclerosis, a multifactorial and very complex dis-
ease, accompanied by the participation of innate and adaptive
immune cells in the progression of myocardial damage [1].
Acute myocardial infarction (AMI), which occurs due to acute
coronary artery ischemia resulting from rupture of an athero-
sclerotic plaque followed by thrombosis, leads to a life threat
and the development of coronary heart disease [2, 3]. Damaged
cardiomyocytes, as a result of AMI, release a combination of
alarmins, chemokines, and cytokines, which, in turn, recruit
populations of pro-inflammatory cells from the systemic cir-
culation, in which neutrophils and monocytes predominate,
forming sterile myocardial inflammation. Natural killer (NK)
cells are the minor part of the pool of innate immunity cells,

C ardiovascular failure, which is the most important

participating in myocardial inflammation [4]. Subsequently,
as the autoimmune response to autoantigens from the necrotic
myocardium develops, cells of the adaptive immune system (T
and B lymphocytes) join them [5]. As a result, the formation of
anticardial antibodies occurs, which leads to the formation of
circulating immune complexes (CICs) [6], the amount of which
was found to correlate with the mass of necrotic tissue [7]. The
population composition of T-lymphocytes in cardiomyopathy,
including AMI [8], is intensively studied and actively debated.
The activity and role of NK cells in the pathogenesis of coro-
nary heart disease remains obscure and controversial.

The aim of this work was to study the dynamics of chang-
es in the cytolytic activity of NK cells within three weeks after
AMI in connection with the level of CICs in the peripheral
blood.
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MATERIAL AND METHODS

We examined 35 patients who had myocardial infarction
(mean age 48.3 + 5.5 years) and 16 healthy people (control
group), comparable in age and sex. All patients and healthy
people gave their written informed consent before enrollment
according to the Declaration of Helsinki. The diagnosis of
AMI was made on the basis of clinical, electrocardiographic
and biochemical parameters. The study did not include the pa-
tients, who had, at the time of admission to the hospital, com-
plications such as true cardiogenic shock, pulmonary edema,
severe disturbances of conduction and heartbeat (AV block-
ade of 3rd grade, paroxysmal tachycardia). Primary focal AMI
was diagnosed in 30 patients, and in 5 patients, myocardial
infarction was repeated. According to localization, anterior
myocardial infarction was established in 25 patients, posterior
diaphragmatic - in 10. There were complications in the form
of disturbance of conduction and heartbeat (17 patients), heart
failure (15 patients), left ventricular myocardial aneurysm (10
patients), acute left ventricular failure (10 patients), recurrence
of myocardial infarction (5 patients).

Patients received standard therapy, including nitrates, an-
giotensin-converting enzyme inhibitors, anticoagulants, anti-
platelet agents, non-narcotic and narcotic analgesics.

All patients underwent general clinical and biochemical
examination upon admission to the hospital and in the dynam-
ics of observation, including a general blood analysis, the ac-
tivity of aspartate aminotransferase, alanine aminotransferase
and the content of myoglobin in the blood, as well as electro-
cardiography, echocardiography and coagulogram.

The cytolytic activity of NK cells of the peripheral blood
mononuclear fraction was determined on the 1st, 7th and 21st
day of the disease. The mononuclear fraction of cells was
isolated from whole venous heparinized blood by isopycnic
centrifugation on a density gradient of Histopack 1077 (Sig-
ma-Aldrich, Germany) at 3000 g for 20 min at 4°C. The cells
of the interphase ring were washed with a 20-fold volume of
RPMI-1640 medium (Sigma-Aldrich, Germany) and centri-
fuged at 300 g for 15 min at 20°C. After this, the monocytes
were depleted by two-hour adhesion on glass Petri dishes. NK
cell activity was determined using the Cellular DNA Fragmen-
tation ELISA kit (Sigma-Aldrich, Germany) according to the
manufacturer's instruction, by culturing mononuclear cells at
37 °C and 5% CO2 in round-bottom plates in RPMI-1640 me-
dium supplied with 10% of fetal bovine serum (Sigma-Aldrich,
Germany), together with bromodioxiuridine-labeled erythro-
leukemia K-562 cells in a ratio of 20:1. After 4 hours of culti-
vation the content of labeled DNA was determined in the cell
cultures supernatant, using monoclonal antibodies to bromodi-
oxiuridine by enzyme-linked immunosorbent assay. The cyto-
toxicity index (CI) of NK cells was calculated by the formula:
(E-C)/Cx100%, where E is the experiment, C is the control
(target cells without adding mononuclear cells).

CICs were determined in blood serum according to the
method of M.Digeon et al. (1977), using for their precipitation
polyethylene glycol 6000 (Merck, USA) followed by nephelo-
metry of the solution by a spectrophotometer.

For statistical processing, the Microsoft Excel application
program was used. The arithmetic mean (M), standard devia-
tion (Sd), and the correlation coefficient (r) were calculated.

The statistical significance of differences in the means was
evaluated by Student t-test at a significance level of p<0.05.

RESULTS

A study of the NK cell cytotoxicity of healthy donors
showed a low CI level (5.8+3.7%), however, non-zero. In the
group of patients with AMI on the 1st day of observation in 15
of 35 cases (42.9%), there was a complete absence of NK-cell
cytotoxicity (CI = 0%). In the remaining 20 patients (57.1%),
the average CI level reached 12.1+2.8%. On the 7th day there
was an increase in the number of patients with "zero" CI (22 of
35 - 61.5%). Moreover, in the remaining 13 patients (38.5%),
the level of NK-cell cytotoxicity increased significantly (CI
= 18.4+ .9%). On the 21st day the absence of NK cell cyto-
toxicity was detected in 28 patients (80%). In the remaining
7 patients the average CI was 24.7+4.1%. The results of the
analysis of blood NK cells of patients with "non-zero" cytolyt-
ic activity are presented in Figure 1.
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Figure 1 - Dynamics of the cytolytic activity of peripheral blood
NK cells in patients with "non-zero" Cl after acute myocardial
infarction. Designations: * P<0.01, ** P<0.001

Analysis of the occurrence of "zero" and "non-zero" NK
cell cytolytic activity among patients in the dynamics of ob-
servations showed an increase in the proportion of the patients
with lack of NK cell ability to lyse target cells from 42.9% (1st
day) to 80% (21st day) (Fig. 2).
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Figure 2 - The occurrence of "zero" and "non-zero" cytolytic
activity of peripheral blood NK cells among patients with AMIin the
dynamics of observations

The analysis of CICs is presented in Figure 3. Already on
the Ist day in the examined patients, the level of CICs sig-
nificantly (p<0.05) exceeded its value in the control group
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(1.60+0.15 g/l against 1.13+0.02 g/1). CIC level was increased
on the 7th day after AMI (2.15+0.18 g/I), remaining at a high
level on the 21st day of observation (2.0£0.15 g/1).
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Figure 3 - Dynamics of changes in the content of circulating
immune complexes in the peripheral blood serum of patients with
acute myocardial infarction. Designations: ** P<0.001

DISCUSSION

NK cells are a subpopulation of innate lymphoid cells with
pronounced cytolytic activity integrated into the effector link
of innate immunity during the antiviral, antitumor, antimicro-
bial, and antiparasitic immune responses [9]. It has been sug-
gested that NK cells play an important role in the pathology
of atherosclerosis using their cytotoxic mechanisms that pro-
mote the initiation, progression, and rupture of atherosclerotic
plaques [10], which indicates the integration of NK cells asso-
ciated with plaques into the pathogenesis of AMI, although the
exact mechanism of this process remains unknown. A number
of researchers, however, note a decrease in the cytolytic activi-
ty of circulating NK cells in atherosclerosis, as well as in AMI
[11, 12]. In our study, divergence of the cytotoxicity index of
NK cells was observed in a cohort of examined patients. In
the majority of patients, a decrease in CI occurred up to the
full functional anergy of NK cells (“zero” CI). In the minor
part of patients, CI, on the contrary, increased. Obviously, the
mechanisms of these opposite processes were significantly dif-
ferent. A comparative analysis of the dynamics of changes in
the proportion of the studied patients with functional anergy of
NK cells and the level of CICs revealed a high positive correla-
tion (r = 0.70) between these indicators, which suggests the in-
volvement of CICs into suppression of the cytolytic activity of
NK cells. The direct inhibitory cytolytic activity of human NK
cells by the action of immune complexes in vitro was shown in
earlier study [13]. Obviously the binding of the immune com-
plex to NK cells was due to the interaction of the low affinity
FeyRIII receptor (CD16) with the IgG Fe fragment. Previously,
it was shown that binding of CD16 to antibodies led to func-
tional anergy of NK cells [14] that supports the assumption of
the negative effect of CICs on the NK cell cytolytic activity.

As for the increase in the cytolytic activity of NK cells in
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