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Pe3tome. [TocTuieMruyecknii BOCIAJIUTEIbHBII OTBET UTPAET CYIIIECTBEHHYIO POJIb B IATOT€HE3e OCTPOTO
uiemMuyeckoro nHcynasra (M), YecranosiaeHo, uto octpbiit UM conpoBoxxaaeTcs: aceNTUYECKUM BocIiajie-
HUEeM, UHAYIUPYIOIIUM aKTUBAIIUI0 KOCTUMYJIUPYIOIINX MOJIEKYJI B TIPOIIECCE OTBETHOM PeaKIIv BPOXKICH-
HOTO UMMYHUTETA Ha MOBpeXAeHe TKaH! TOJJOBHOTO Mo3Ta. [1oCcTOSIHHO TIporpeccupyoiasi 1eCTpyKIIus
HEWPOHAJIIBHBIX aHTUTEHOB CITOCOOCTBYET YBEJIMUEHUIO 0ObeMa ouara uieMudeckoro nopaxenus. [TpomoJ-
JKalT HaKaruiMBaTbhCsl J0Ka3aTeJlbCTBa, CBUAECTENbCTBYIOIIME O BaxHOU posu NLRP3-onmocpenoBaHHOTrO
BOCITJICHUSI B MMaTOTeHE3e MIIEeMUYECKOTro WHCYJIbTa, peaindyeMoro nHdpJjiammMacoMaMu — MYJIBTUIIPOTE-
MHOBBIMM OJIMTOMEPHBIMU KOMILUIEKCaMu. B mocienHee BpeMsi OOJIBIIION MHTEPEC BhI3bIBACT TMEePCIIeKTUBA
MoayaupoBaHus aytodaruu npu octpoM MW, gBasiionieiicss MOIIHBIM PETYJIITOPOM BOCHATUTEIbHbBIX pe-
akuuii. [Tokazano, yto mpu octpoM MU ayrodarus 3aaeiicTBOBaHa B BasXKHEWIITMX 3TallaX BOCHAIUTEIBHOTO
Kackaza, BBICTYITast JIMOO B Ka4eCTBE MHIYKTOPA, JTMOO B POJIM MHTUOMTOPA MOCTUIIIEMUYECKOTO HEMPOBO-
cnajieHust. Bo MHOTHMX TTIpOTMBOBOCITAIMTEIbHBIX MEXaHU3Max, peain3yeMbIX ayTodarueii mpu octpom MU,
y4acTBYIOT KJIIoueBble Oeku ayrodarndeckoro npouecca Beclin-1, LC3 u p62. DkcrnepuMeHTaIbHbIE MC-
cleaoBaHMs MoKa3aiu, yTo aytodarus noaapiset aktubalnio NLRP3-onocpenoBanHoro BocrnaneHust. [1o-
MpeXXHeMY TIPOTUBOPEUNBBIMU OCTAIOTCSI TAaHHBIE O TIePEKPECTHBIX B3aMMOIEUCTBUSIX MEXKIY alloNTO30M 1
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aytodarveil U ux OTAEAbHBIMU MeauaTopaMu B ratoreHese octporo M. Mccienoanus B 061acTu HEWPO-
UMMYHOJIOTUY TTO3BOJIMJIM YCTAHOBUTH CUTHAJIbHbIE O€JIKM, UHUIIMUPYIOIIUE KaK alloNTOTUYECKYIO, TaK U
ayrodarnieckyio rudesib KIeTOK roJIoBHOTO Mo3ra mpu octpom M. Llenbio nccnenoBanus sBuiach olieHKa
B3aMMOCBSI3U MeXAy OmoMapkepaMu ayrodaruu, BOCITJICHUsI, M arolTo3a B AMHAMUKE OCTPOTO Tlepuoaa
areporpombotruyeckoro M. B pabote nmpeacraBieHbl pe3yabTaThl IMHAMUYECKOTO UCCIEI0BAHUST ChIBOPO-
TOYHOW KOHIIEHTpaLMU KIIIOUeBbIX GoMapKepoB ayTodarun Beclin-1, LC3 n p62, moka3aresieii armonTosa
Bcl-2 u p53, nposocnanutenbHbiX HTMTOKUHOB IL-1f3, TNFa, IL-8, IL-18, yyacTBytomux B mocTuiieMmuye-
CKOM HEHPOBOCIAJIEHUN. YCTAHOBJIEHO CTATUCTUYECKU JOCTOBEPHOE MOBBIIIEHUE UCCIIEIyeMbIX ITOKa3aTe-
JIeil TI0 CpaBHEHUIO C TPYION KOHTPOJIs. MakcruMaabHOE TTOBBIIIIEHNE UCCIIeIyeMbIX OMOMapKepOB OTMe-
yaeTcs B 1-€ CyTKM Tocjie pa3BUTHS UILIEMHUU y TIAIIUEHTOB C TSKEJIbIM TeUeHUeM 3a0osieBaHusl. BoisiBieHa
B3aMMOCBSI3b MEXy aKTUBHOCTHIO ayTodharnm, GnoMapkepamMu arornTo3a 1 HEKOTOPBIMU MTOKAa3aTeIsIMU CU-
CTeMHO} BOCHAJIUTEbHOM peakiluy y MalMeHTOB C aTepOTPOMOOTUIECKUM UHCYJIBTOM CPEAHETSIKEIOTO 1
Tsikesioro TeueHus. [TonmyyeHHbIe pe3yabTaThl MOATBEPKAAIOT JaHHbIE JTUTEPATYPhI 00 yyacTuu ayTodaruu B
PEeTyJSINY MOCTUIIIEMUYECKOTO BOCITAJIMTEIbHOTO OTBETA.

Knrouesvie cnosa: aymoghaeus, anonmos, ocmpulil umieMuvecKuil UuHCyaom, Ouomapkepol aymogpazuu, OUoMapkepsv anonmosd,
Beclin-1, LC3, p62, IL-1B, IL-18, NLRP3-ungrammacoma, nocmuuiemuteckoe HelipogocnaneHue

IDENTIFICATION OF THE RELATIONSHIP BETWEEN
BIOMARKERS OF AUTOPHAGY, APOPTOSIS

AND INFLAMMATION IN THE ACUTE PERIOD OF
ATHEROTHROMBOTIC ISCHEMIC STROKE
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St. Petersburg, Russian Federation

¢ A. Nikiforov Russian Center of Emergency and Radiation Medicine, St. Petersburg, Russian Federation

4 8. Kirov Military Medical Academy, St. Petersburg, Russian Federation

Abstract. The postischemic inflammatory response plays a significant role in the pathogenesis of acute
ischemic stroke (IS). It hasbeen established that acute IS isaccompanied by aseptic inflammation, which induces
the activation of costimulatory molecules in the process of innate immunity response to brain tissue damage. The
constantly progressive destruction of neuronal antigens contributes to an increase in the volume of the ischemic
lesion. Evidence continues to accumulate indicating an important role of NLRP3-mediated inflammation in
the pathogenesis of IS. It has been shown that autophagy is involved in the inflammatory cascade in acute IS.
Many of the anti-inflammatory mechanisms mediated by autophagy in acute IS involve the key autophagic
proteins Beclin-1, LC3, and p62. Experimental studies have shown that autophagy suppresses the activation of
NLRP3 inflammation. Data on cross interactions between apoptosis and autophagy in the pathogenesis of IS
are still controversial. The aim of the study was to evaluate the relationship between biomarkers of autophagy,
inflammation, and apoptosis in the dynamics of the acute period of atherothrombotic IS. The article presents
the results of a dynamic study of the serum concentration of the key autophagy biomarkers Beclin-1, LC3 and
p62, apoptosis indicators Bcl-2 and p53, pro-inflammatory cytokines 1L-13, TNFa, IL-8, IL-18 which are
involved in postischemic neuroinflammation. A statistically significant increase in the studied parameters was
established in comparison with the control group. The maximum increase in the studied biomarkers is noted
on the 1t day after the development of ischemia in patients with a severe course of the disease. The relationship
between autophagy activity, apoptosis biomarkers, and some indicators of the systemic inflammatory response
in patients with moderate and severe atherothrombotic stroke was revealed. The results obtained confirm the
literature data on the involvement of autophagy in the regulation of the postischemic inflammatory response.

Keywords: autophagy, apoptosis, acute ischemic stroke, autophagy biomarkers, apoptosis biomarkers, Beclin-1, LC3, p62, IL-1,
IL-18, NLRP3-inflammasome, postischemic neuroinflammation
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Introduction

Postischemic neuroinflammation is a critical pa-
thophysiological process within the framework of
the entire scheme of cerebral ischemia, covering
early damage and the period of tissue repair. It is
characterized by microglial and astroglial activation
with increased expression of inflammatory mediators
and development of innate and adaptive immune
responses. After the onset of acute ischemic stroke
(IS), damage to the blood-brain barrier (BBB)
occurs in 2 stages. The first begins within the first
hours with the participation of innate immunity,
and the second — 24-48 hours after an ischemic
attack. During extravasation, leukocytes attracted by
chemokines release matrix metalloproteinases 2 and 9
(MMP-2 and MMP-9), which cleave tight junctions
between endothelial cells of cerebral vessels [12]. This
leads to damage to the BBB, resulting in increased
vascular permeability, which can contribute to the
development of vasogenic edema, one of the most
severe complications of cerebral infarction [9].
Violation of the integrity of the BBB contributes to
the disintegration of brain tissue and the “leakage”
of brain autoantigens (myelin basic protein, myelin
oligodendrocyte glycoprotein (MOG), glial fibrillary
acid protein (GFAP) into the peripheral blood.
The release of brain autoantigens into circulation is
accompanied by the activation of the immune system
and the influx of peripheral immunocompetent
cells into the central nervous system [12]. Thus,
acute cerebral ischemia triggers a local and systemic
immune response [5].

According to the literature, after acute IS, mic-
roglia are polarized into the pro-inflammatory
phenotype M1, characterized by the secretion of
pro-inflammatory cytokines, in particular TNFa
(tumor necrosis factor a), IL-1pB, IL-6, 1L-18, 1L-21
(interleukins-1f3, interleukins-6, interleukins-18,
interleukins-21) [3]. In the acute period of IS, patients
have a significant increase in the concentration of
pro-inflammatory cytokines in serum. It has been
shown that a high level of serum IL-1B correlates
with the severity of acute IS and is a predictor of
a poor prognosis of the disease. These results are
consistent with literature data on the key role of this
interleukin in ischemic injury [15]. According to the
latest experimental data, autophagy is associated with
postischemic neuroinflammation and is involved
in its regulation [7]. In recent reports, autophagy
is considered as a negative regulator of NLRP3
inflammation (nucleotide-binding oligomerization
domain-like receptor [NLR] family pyrin domain-
containing 3), which plays a significant role in the
pathogenesis of ischemic stroke [2]. This is supported
by experimental data demonstrating that the use
of autophagy inhibitors promotes the activation of
the NLRP3 inflammasome. It has been shown that
macrophages with knockout of the Atg7 autophagy
gene are characterized by a significantly increased

production of IL-1f in response to inflammation
inducers compared to normal macrophages [10].

Numerous evidences have been provided for
the involvement of autophagy in the regulation
of the production of pro-inflammatory cytokines
and chemokines [7, 8]. The interactions between
autophagy and inflammation have been shown to
work in a feedback manner. Autophagy is involved
in the induction and suppression of inflammation
and, in turn, can be both induced and suppressed by
inflammatory mediators [4]. It has been established
that basic autophagy under normal physiological
conditions contributes to the maintenance of
immunological tolerance, while excessive activation of
autophagy in immunocompetent cells or the presence
of defects in autophagy-inhibiting genes in them leads
to the development of autoimmune processes [14].

A similar trend was revealed in the study of the
mutual regulation of apoptosis and autophagy [6].
A number of recent studies show that basic autophagy,
by stimulating the overexpression of anti-apoptotic
proteins of the Bcl-2 family, inhibits apoptosis,
protecting brain cells from delayed death. In
contrast, activation autophagy acts in conjunction
with apoptosis to exacerbate cell death. As a result
of experimental studies, proteins were identified that
are effectors of brain cell death both by apoptosis and
by activation autophagy in acute IS. These proteins
are the Bcl-2 and p53 antagonist proteins, as well
as the autophagy initiator Beclin-1 (the protein
encoded by the Atgb gene initiates the initial stage
of autophagy, the formation of a phagophore) [1,6].
Recent reports indicate that selective mitochondrial
autophagy (mitophagy) with the participation of
Beclin-1 and p62/SQSTM1 (LC3-binding adaptor
p62/sequestosome 1) proteins can suppress the
proapoptotic activity of the p53 protein and inhibit
apoptosis [1].

Considering the latest literature data on the sig-
nificant role of autophagy in the regulation of
postischemic neuroinflammation and apoptosis pro-
cesses in acute IS, it seems relevant to evaluate the
relationship between biomarkers of autophagy, in-
flammation, and apoptosis in the dynamics of the
acute period of IS and compare it with the severity of
the clinical and neurological status of patients.

Objective: to quantify pro-inflammatory cytokines,
C-reactive protein, autophagy biomarkers, apoptosis
biomarkers in the serum of patients in the acute period
of moderate and severe atherothrombotic IS. To reveal
the relationship between biomarkers of autophagy,
inflammation and apoptosis in the dynamics of the
acute period of atherothrombotic IS.

Materials and methods

All studies were approved by the ethical committee
of the Pavlov First St. Petersburg State Medical
University of Russian Federation. We examined
92 patients (63 men and 29 women) in the acute
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period of newly developed atherothrombotic IS
and 56 healthy donors comparable in sex and age
to patients with acute IS. Inclusion criteria for the
study were: informed consent to participate in the
study; age from 45 to 60 years; verified by magnetic
resonance imaging (MRI) for the first time identified
acute IS in the system of the internal carotid artery
(atherothrombotic pathogenetic variant); gender of
patients: male, female; no more than 24 hours from
the onset of the disease; neurological symptoms no
more than 14 points on the NIHSS scale (National
Institutes of Health Stroke Scale).

According to the results of clinical neurological
and laboratory examinations, as well as the results of
neuroimaging diagnostic methods, all patients were
divided into 3 groups: with mild (n = 6), moderate
(n = 59) and severe disease (n = 27). Due to the small
number of observations, patients with mild acute
IS were not included in further analysis. Group I
(moderate course) consisted of patients with a severity
of neurological symptoms of no more than 10 points
on the NIHSS scale, no more than 3 points on the
Rankin scale (used to assess the degree of disability
after a stroke), with a brain parenchymal lesion
volume of less than 50 cm?. Group II (severe course)
consisted of patients with a severity of neurological
symptoms of more than 10 points on the NIHSS
scale, from 3 to 5 points on the Modified Rankin
Scale (mRs), with a brain parenchymal lesion volume
of more than 50 cm?3. Group 111 (control) consisted of
donors (n = 56).

Patients underwent a dynamic clinical and neuro-
logical examination with an assessment of the severity
of neurological deficit according to the NIHSS scale,
a study of the volume of the lesion by brain MRI,
testing by mRs on the 1, 7" and 14" days from the
onset of the disease. At the same time intervals, blood
was taken for the study.

Serum concentrations of pro-inflammatory cy-
tokines IL-1B, TNFa, IL-8, IL-18, apoptosis
biomarkers p53, Bcl-2, and autophagy biomarkers
Beclin-1, LC3, and p62 were determined by enzyme-
linked immunosorbent assay using appropriate test
systems (ELISA Kits; Abcam, UK) and (ELISA Kits;
Enzo, UK).

A highly sensitive immunoturbidimetric method
(Cobas 6000, Roche Diagnostics, Switzerland) was
used to quantify C-reactive protein in peripheral
blood.

For statistical processing of the obtained data,
the nonparametric Wilcoxon—Mann—Whitney test
was used to compare the means, Spearman’s corre-
lation analysis. The material was processed using
the Statistica 10.0 software package (StatSoft, USA,
Windows 10). The critical confidence level of the null
hypothesis (the absence of significant differences) was
taken equal to 0.05.

Results and discussion

The results of the assessment of the studied
indicators in the dynamics of the acute period of IS
are presented in Tables 1 and 2.

TABLE 1. COMPARATIVE CHARACTERISTICS OF THE CONTENT OF BIOMARKERS OF AUTOPHAGY, APOPTOSIS, AND
PRO-INFLAMMATORY CYTOKINES IN THE PATIENT’S BLOOD SERUM IN THE DYNAMICS OF THE ACUTE PERIOD OF IS

Groups of examined persons
Index I group | Il group | lll group | I group | Il group | lllgroup | I group | Il group | lll group
1st day 7 day 14 day
LC3, ng/L 180.9* 250.3** 89.3 215.6* | 309.8* - 198.5* 274.6** -
Beclin-1, ng/L | 150.6* 190.8* 75.6 199.8* 232.5** - 170.6* 201.4** -
p62, pg/mL 36.8* 21.9* 1.4 33.5% 40.9** - 25.4% 37.8** -
P53, U/mL 31.2% 19.9** 1.5 16.5** 23.5** - 9.8* 15.9** -
Bcl-2, ng/mL 6.6* 10.1** 1.8 11.3** 18.9** - 19.4** 26.5%* -
TNFa, pg/mL 28.9** 65.3*** 6.4 19.3* 28.8* - 15.4* 21.5% -
IL-1B, pg/mL 31.8** 54.6%** 3.9 20.4** 30.6*** - 10.3* 19.8** -
IL-8, pg/mL 40.5** 80.9*** 12.8 31.1* 60.3** - 25.4* 42.6™** -
IL-18, pg/mL 406.7* 894.9*** | 158.9 301.3* 503.9** - 209.3* 418.4* -

Note. | group, moderate course of the disease (n = 59); Il group, severe course of the disease (n = 27); lll group, control (n = 56).

*, differences in the studied indicator with the control group are statistically significant (p < 0.05); **, differences in the studied
indicator with the control group are statistically significant (p < 0.01); ***, differences in the studied indicator with the control group
are statistically significant (p < 0.001).
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The data obtained show that in the acute period
of IS, there is a sharp increase in the concentration
of the studied pro-inflammatory cytokines, which
is most pronounced in patients with a severe course
of the disease (group II), which, combined with a
sharp increase in CRP, can be a criterion for a general
inflammatory response. It is known that the pro-
inflammatory cytokines IL-1B, IL-8 and TNFa, a
sharp increase in which was revealed as a result of the
study, play a key role in the development of the acute
phase response to inflammation [5, 15]. Considering
that the acute phase protein CRP is increased by 44.2
times in the group with severe IS and by 18.98 times
in patients with a moderate course of the disease,
it is probably possible to assume a systemic nature
of inflammation in the acute period of IS, which is
consistent with literature data [14].

As can be seen from the data presented in Tables
1 and 2, in both groups of patients there is a dynamic
decrease in the concentration of inflammatory
biomarkers. However, even by the 14" day, the median
values of inflammation indicators are statically
significantly increased compared to the control group,
which indicates an ongoing inflammatory response.
According to the literature, the postischemic
inflammatory response, on the one hand, is aimed
at removing necrotic tissue from the ischemic zone,
pursuing protective goals. On the other hand, it
leads to an increase in the volume of the lesion and
aggravates the disease. The initial damage to neurons
occurs within a few minutes after an ischemic attack,
while the inflammatory response that contributes to
the progression of the pathology can last from several
days to several months [12].

The study found a statistically significant increase
in biomarkers of apoptosis and autophagy compared
to the control group, most pronounced in severe
stroke (Table 1). According to the literature, this
indicates that ischemic attack-induced activation
autophagy acts in conjunction with apoptosis in the

early stages of the acute period of IS, contributing
to the progression of the disecase. Of interest is the
multidirectional dynamic change in the biomarkers of
autophagy and the apoptosis inducer p53 protein. As
can be seen from Table 1, the maximum values of the
p53 protein concentration are observed on the 1% day
after a stroke, with a further clearly defined downward
trend.

These results are consistent with the literature data
that the apoptotic cascade is triggered in the penumbra
1-2 hours after the development of ischemia and
reaches its maximum activity on the 3" day. In the
future, with properly prescribed therapy, the process
of apoptosis declines [8]. Against this background,
as the results show, all studied biomarkers of
autophagy reach maximum values on the 7" day with
a slight downward trend on the 14" day of the study
(Table 1). In addition, there is a dynamic increase in
the concentration of the apoptosis inhibitor Bcl-2,
reaching maximum values on the 14" day. Probably,
a gradual increase in the level of serum Bcl-2 is
associated with the time required for the activation of
compensatory anti-apoptotic processes.

To identify the relationship between autophagy
activity in the dynamics of the acute period of
IS, indicators of apoptosis and inflammation, the
microtubule-associated protein light chain 3 (LC3)
protein, which is involved in the formation of
autophagosome, was chosen as the studied parameter
of autophagy. It is a reliable marker of autophagy, since
its content in the studied biological material positively
correlates with the number of active autophagosomes,
the most important components of the autophagy
process [1]. The results of the study of the relationship
between the LC3 protein and the studied parameters
are presented in Table 3.

A strong direct correlation was found, more
pronounced in the group with severe stroke, between
the level of autophagy and the concentration of serum
protein p53 (r = 0.74; p < 0.05), CRP (r = 0.81;

TABLE 2. CONCENTRATION OF C-REACTIVE PROTEIN (CRP) IN THE PATIENT’S PERIPHERAL BLOOD IN THE DYNAMICS

OF THE ACUTE PERIOD OF IS (HIGHLY SENSITIVE METHOD)

Time from onset of stroke
Groups of examined 1+t day 7 day 14" day
persons
CRP concentration (mg/L)
I (n =59) 12.34* 7.65* 5.11*
Il (n =27) 28.75%** 15.11% 10.89**
Il (n = 56) 0.65 - -
RI 0.00-1.00

Note. As for Table 1. RI, abbreviation for the reference interval.

943



Jlyeosas A.B. u op.
Lugovaya A.V. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 3. CORRELATIONS BETWEEN THE CONCENTRATION OF THE KEY AUTOPHAGY BIOMARKER LC3 (ng/L) AND
THE LEVEL OF INDICATORS OF APOPTOSIS AND INFLAMMATION IN THE DYNAMICS OF THE ACUTE PERIOD OF IS

IN PATIENTS WITH DIFFERENT SEVERITY OF THE DISEASE

Spearman’s coefficient (r),
p <0.05
Index Groups of examined patients
I ] 1 ] 1 ]
1st day 7t day 14" day
p53, U/mL 0.67 0.74 0.51 0.63 0.39 0.31
Bcl-2, ng/mL -0.59 -0.68 0.31 0.45 0.58 0.69
TNFa, pg/mL 0.69 0.73 0.42 0.34 0.44 0.36
IL-1B, pg/mL 0.79 0.83 0.31 0.23 -0.39 -0.45
IL-8, pg/mL 0.44 0.56 0.35 0.29 0.36 0.26
IL-18, pg/mL 0.71 0.79 0.33 0.21 -0.33 -0.53
CRP, mg/L 0.65 0.81 0.61 0.74 0.59 0.76

Note. | group, moderate course of the disease (n = 59); Il group, severe course of the disease (n = 27). The revealed correlations
between the concentration of the LC3 biomarker and the studied parameters are indicated in the table with a lowercase letter “r”

(Spearman’s coefficient).

p <0.05), and IL-1B (r = 0.83; p < 0.05), respectively.
At the same time, there is a pronounced inverse
correlation between the key autophagy biomarker
and the apoptosis inhibitor Bcl-2 (r = -0.68;
p < 0.05). These results confirm the literature data
on the synergistic destructive effect of autophagy and
activation apoptosis at the beginning of the acute
period of IS. Of particular interest is the dynamic
change in the relationship between autophagy and
the level of Bcl-2, which by the end of the observation
acquired a pronounced positive character (r = 0.69;
p < 0.05). These results may indicate that timely
prescribed therapy inhibits activation and triggers
basic autophagy, which performs a neuroprotective
function and has a beneficial effect on the outcome
of the disease.

The revealed relationship between the autophagy
biomarker LC3 and the concentration of cytokines
IL-1B and IL-18 draws attention (Table 3). As is
known, IL-1p is a universal mediator of post-stroke
inflammation [15]. In acute IS, this proinflammatory
cytokine activates almost all inflammatory processes:
it polarizes immune cells according to the pro-
inflammatory phenotype, causes recruitment of
leukocytes from the bloodstream, stimulates excessive
activation of the NLRP3-inflammasome, leading to
the death of neurons and microglia by the pyroptosis
mechanism [7, 13]. Experimental animal studies
have shown that the use of recombinant human
IL-1RA (an antagonist of the IL-1 receptor) reduces
the area of brain damage in ischemic stroke and its

accompanying symptoms, and also helps to restore
lost motor functions [14, 15]. Blocking of IL-1f
and NLRP3 receptors is currently considered as
a promising approach to limiting inflammation in
ischemic stroke [8, 13]. The negative correlations
between LC3, IL-1p and IL-18 (r = -0.45; p < 0.05
and r = -0.53; p < 0.05, respectively) revealed in
our study indirectly confirm the literature data. that
autophagy in acute IS plays the role of a negative
regulator of NLRP3 inflammation [7].

Conclusion

Thus, the obtained results indicate a clear rela-
tionship between autophagy, apoptosis, and neuro-
inflammation in the pathogenesis of acute IS.
Considering the numerous mechanisms by which
autophagy affects individual stages of postischemic
neuroinflammation, it is reasonable to consider pos-
sible ways of its modulation in order to influence
certain targets of the inflammatory process. Such
targets can be autoreactive T lymphocytes, NLRP3-
inflammasome, proteins of signaling complexes that
activate NLRP3-inflammation, receptors of some
pro-inflammatory cytokines.
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