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MODERN TREATMENT METHODS OF THE LOCALIZED
INFLAMMATORY RESPONSE IN ACUTE CEREBRAL
ISCHEMIA

The article shows the results of a complex study of the leading index
changes of the cytokine profile in patients with the brain infarction (BI) in
the course of therapy with human cryopreserved cord blood serum (CCBS).
Plasma levels of proinflammatory cytokines (interleukine-6 (IL-6), tumor
necrosis factor-o. (TNF-a)) as well as anti-inflammatory factors — IL-4,
IL-10 were tested in the blood serum of 350 patients in the mentioned medi-
cal condition on the 1%, 10" and 21 days of therapy.

Al patients were divided into 2 groups: the 1% one (n = 175) got undif-
ferentiated therapy with the additional administration of acetylsalicylic acid
(ASA); the 2™ one (n = 175) got the therapy of 1% group complemented by
administration of 1 ml of CCBS within 10 days. Additionally there were 2
more clinical sub-groups distinguished by National Institutes of Health
Stroke Scale (NIHSS) according to disease severity level: A group (n = 183)
included patients in medium severity condition; B group (n= 167) com-
prised patients in critical condition. Plasma levels of IL-4, IL-6, IL-10 and
TNF-o were specified by means of enzyme-linked immunosorbent analysis.

Summing up the above-mentioned, it is certain that the imbalance in
immune system functioning, represented by a simultaneous lytic level in-
crease of both proinflammatory (IL-6, TNF-o) and anti-inflammatory (I1L-4,
IL-10) cytokines, is observed shortly after the start of BI.

Additional administration of CCBS in a therapeutic complex caused
more considerable and more rapid stabilization of proinflammatory factor
values, which were ultimately close to the control ones. This substantially
influenced the course of disease and its prognosis. The research showed no
accurate reduction in anti-inflammatory cytokines levels of IL-4 and IL-10
which indicated intensive localized inflammatory response even at the end
of the acute period of disease. However, comparing the mentioned values
with those of the patients who were not additionally treated with CCBS,
lower value levels have to be acknowledged. It may be explained by a more
efficient and incipient reduction of proinflammatory cytokines concentration
in the course of disease, which in its turn results in normalization of IL-4 and
IL-10 levels.

Keywords: immune monitoring, cytokine, inflammation, ischemia, in-
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Introduction

The localized inflammatory response of the
brain tissue within acute anoxia occurs due to
rapid formation of cytokines, which are specific
bioregulatory glycoproteins. By their functional
properties they are divided into pro- and anti-

CYYACHI MOXKJHUBOCTI JIIKYBAHHS JIOKAJBHOI
3AITAJIBHOI PEAKIII IIJT YAC TOCTPOI IIEPEBPAJIBHOI
TIHEMII

B crarti HaBemeHi  pe3ysnpTaTH  KOMIUIEKCHOTO — BHBUCHHS
0COONMBOCTEH 3MiH TPOBITHUX TOKA3HWKIB LHUTOKIHOBOTO MPOQiIIo
XBOpHX Ha iH(papkT roioBHoro Mo3ky (II'M) B mwHamimi JTiKyBaHHS
KpioKoHCepBOBaHOIO cupoBaTkolo KopmoBoi kpoBi (KCKK) momman.
Bymn nmocmimkeni T1uia3MoBi piBHI  AK TpO3amadbHUX —IHUTOKiHIB
(inrepneiikin-6 (1JI-6), dakrop Hekposy nyxmun-o (OHII-a)), Tak i
npoTtu3anaitbHuX YUHHUKIB — 1J1-4, 1JI-10 B cupoBaTi kpoBi 350 xBopux
3 AaHOIo maTosoriero Ha 1-nry, 10-Ty i 21-n1y 100y JikyBaHHS.

Bci xBopi Oynu posgineni Ha 2 rpymu: l-ma (n = 175), mo
oTpuMmyBana  HegudepeHmiiioBaHy — Tepamilo 3 JIOJaTKOBHM
mpHU3HAa4YeHHAM anermicaminmioBoi kuciaotu (ACK); 2-ra (n = 175) —
Tepamis 1-oi rpynm, mo Oyma momoBHeHa BBeaeHHsM 1 M KCKK
npotsirom 10 mi6. 3a momomororo National Institutes of Health Stroke
Scale (NIHSS) Takoxx Oymo BuaineHo 2 KIiHIYHI MIATPYIH 32 CTyIICHEM
TsoKKocTi: A (n = 183) — xBOpi B cTaHi CepeJHHOTO CTYIEHS TSXKKOCTI; B
(n = 167) — xBopi B THKKOMY cTaHi. BusHaueHHs minasmMoBux pisHiB 1JI-
4, UI-6, U1JI-10, ®HII-o mnpoBoaWiIM METOIOM TBEpPAO(a3HOrO
iIMYHO(EPMEHTHOTO aHaTi3Yy.

B pe3ynbTati Oysi0 OTpUMaHO JaHi MPO T€, M0 BXKE 3 MEPIUINX TOIHH
II'M cnocrepiraerbest aucbanalc y GpyHKIIOHYBaHHI IMyHHOI CHCTEMH,
SIKHH TIPOSIBIISIETHCS B OJHOYACHOMY JITHYHOMY ITiBUIICHHI PiBHIB 5K
npo3anansiux (IJI-6, ®HII-a), tak i mportuszanansaux (1J1-4, 1J1-10)
LIUTOKIHIB.

JonmatkoBe 3actocyBaHHS Yy JikyBanpHOMY Komrmiekci KCKK
BUKJIIMKAIO OIBII 3HAYHYy Ta [IBUAKY CTa0LTi3alif0 3HAYCHb
Npo3anajibHUX YHHHHKIB, SIKi OyJM MaKCHMMaJIbHO HaOIIDKEeHI 0
KOHTPOJIbHUX, W10 CYTTEBO BIUIMBAIO Ha Imepedir 1 Tporso3
3aXBOpPIOBaHHs. J{OCTOBIpDHOTO 3HW)KEHHs PIBHIB NPOTH3ANAIbHUX
1uToKiHiB 1JI-4 ta [JI-10 y X0ai JOCHIKSHHS BUSIBUTH HE BAAIOCS, IO
TOBOPHUThH IPO BHPAKEHICTh JIOKAIBHOI 3amajbHOi peakiii HaBiTh Ha
KiHellb TOCTPOTO TMepiojly 3aXBOPIOBAaHHs. AJie TOPIBHIOIOUM 3HAUCHHS
ix i3 rpymor XxBopuX, mo nomatkoBo He otpumyBainm KCKK,
JIOBOAMUTHCS KOHCTATYBaTH BCE K TaKW OUIBII HU3BKI PIBHI JaHUX
MOKAa3HHUKIB. MOXJIHMBO II¢ MOSCHIOEThCA OUTBII YITKHM 1 paHHIM
3HMKCHHSAM KOHIIGHTpAIlii Tpo3amalbHUX LUTOKIHIB Y JWHAMIII
3aXBOPIOBAHHSA, IO B CBOIO Yepry HPU3BOAUTH JO HOpMai3aIlil piBHIB
1J1-4 i UI-10.

KurouoBi cjioBa: iMyHOJOTIYHUI MOHITOPHHT, IIUTOKIH, 3aMaJCHHS,
imewmisi, iHTepIIeHKiH, qucbamaHc.

ABTOp, BignoBizaapHmii 3a aucryBanns: volodlychko@gmail.com

inflammatory units [1, 2].

Interleukine-6 (IL) is one of the main triggers
of the cytokine system in acute brain infarction
(BI), which acts as a potent promotor of the
hypothalamo-pituitary-adrenal — axis via the
transmembrane receptors gpl30 [3], and is
synthesized not only by the cells of the immune
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system (monocytes, macrophages, lymphocytes,
microglial cells), but also by endotheliocytes,
astrocytes and unstriated myocytes of blood vessels
[4, 5].

Except being a mediator of inflammatory
processes, tumor necrosis factor-o. (TNF-a) is also a
key molecule in regulation of normal differentiation,
development and metabolism of different tissues [6,
7]. Due to its binding to the targeting membrane
receptors at molecular level the signaling events are
started that result in activating the transcription
factors which in their turn control the activity of
genes which encode the fusion of proinflammatory
cytokines and cause a programmed cell death [8, 9].

TNF-a promotes the universal transcription factor
NF-kB, a group of multifunctional intracellular
signaling pathways involving mitogen-activated
protein kinases which control gene expression of
immune response, apoptosis, proliferation, cell cycle
control and angiogenesis [10, 11].

In the course of BI the presence of cerebral
endothelium is frequently distinguished. That is
TNF-o which makes special importance in its
progression. TNF-a is proved to promote
endothelium permeability, increase
procoagulantive capacity and reduce
anticoagulative features along with accumulation
of immune cells in tissues. TNF-a can also start
the signaling events which result in activating the
endotheliocytes apoptosis in vitro [6, 12].

In the course of acute cerebral ischemia an
extensive induction of TNF-a is caused by the
oxidative stress and glutamate exitotoxity after the
very first hour of neurologic disorder onset [13].

In the human’s body there also exists an
antagonist of the proinflammatory cytokine system
which deactivates acute stress reactions. These
effects can be realized due to the hyperproduction of
anti-inflammatory triggers [14], one of which is IL-4.
It is involved in T-helpers differentiation, controls
the production of TNF-o, IL-1p, IL-6 and IL-8,
activates the macrophages, and strengthens their
cytotoxic capabilities. In the course of acute hypoxia
of brain tissue the maximum value of IL-4 gene
expression is reached in first 6 hours, while the factor
synthesis peaks in 48 hours. The highest production
of IL-4 in vitro is observed on the 3" day [15].

The mentioned cytokine promotes expression of
the products of class Il major histocompatibility
system as well as antigen-presenting cells. To some
extent it can be regarded as a functional analogue of
interferon-y [16, 17]. IL-4 causes an anti-

inflammatory effect by deactivating the functions of
macrophages and their secretion of IL-1, IL-6, IL-8
and TNF-a [18].

Another important anti-inflammatory cytokine is
IL-10, which is primarily produced by such immune
cells as T-helpers, B-lymphocytes, monocytes and
macrophages. An acute cerebral hypoxia causes the
hyperproduction of IL-10 by these cells [19].

It acts as an inflammation inhibitor due to
synthesis depression of other cytokines, chemokines
and adhesive molecules, primarily of TNF-a, IL-1,
IL-6, IL-12 and others. This cytokine can depress the
effector functions of macrophages, T-killers,
neutrophils, synthesis of interferon-y, the process of
expression of adhesion molecules and alternatively
stimulate chemotaxis, poliferation and thymocytes
maturation [20, 21].

Being a protective factor for vascular
endothelium, IL-10 greatly decreases the action of
angiotonin Il in the course of BI, which is always
activated by the outputs of oxidative stress. It can
modulate the reconstruction of vessels, reduce
adhesion of leucocytes, improve leucocytal and
endothelial interaction and provide vasodilatation by
increased production of NO [22, 23].

Various immunoinflammatory reflexes are
observed almost in all kinds of acute cerebrovascular
pathology, while Bl is the classic case of amicrobic
inflammatory process which starts along with
forming the necrotic zone of brain tissue and directly
influences the damage severity. The intensity of
system reactions in the course of inflammation is
mainly determined by the levels of proinflammatory
cytokines, prostaglandins, kinin and some hormones
with leading values of IL-6 and TNF-o [24]. The
initial rapid increase of their content in blood is the
appropriate response of the immune system to the
caused damage and has to promote the recruitment of
immunodefence. Therefore, the immune monitoring
in Bl follow-up is prior in this case. It makes
possible to estimate the level of damage and to make
prognosis of the further course and outcome of
disease [1, 25].

The objective was to perform a complex study of
the character of changes of cytokine profile based on
the patients’ medical condition in acute brain
infarction in the course of therapy with CCBS in
order to estimate its immune modulating properties.

Methods and materials. The levels of
proinflammatory (IL-6 and TNF-o) and anti-
inflammatory (IL-4 and IL-10) cytokines were
studied in the blood serum of 350 patients in
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mentioned medical condition during their
hospitalization on the 1% 10" and 21% days of
therapy in order to determine the degree of changes
of cytokine profile in the course of BI.

The patients with Bl were treated with a solution
of human cryopreserved cord blood serum (CCBS)
“Cryocell-cryocord”, which contained a set of
different hemopoietins, growth factors, adaptogens
and reproductive immune response-modulating
agents. The solution was developed and produced by
Sl of ISC of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Academy
of Medical Sciences and Ministry of Health Care of
Ukraine (Kharkiv, Ukraine).

According to the medicamentous therapy all
patients were randomly divided into 2 groups before
the start of treatment: the 1% one (n = 175) got
undifferentiated treatment with the additional
administration of ASA; the 2" one (n = 175) got
undifferentiated therapy with the additional
administration of ASA  complemented by
administration of 1 ml of CCBS solution
intravenously within 10 days. Both groups of
patients had the same clinical features of disease,
comorbidity, age and sex.

The patients were graded by National Institutes
of Health Stroke Scale (NIHSS) according to their
disease condition and the degree of neurologic deficit
by 15 indexes, which were stated in points rated at
the first hours of disease and in the course of therapy
on the 10" and 21% day. Thus, all patients were
divided into 2 clinical sub-groups: A group (n = 183)
included patients in medium severity condition (an
avarage point scaled by NIHSS in the 1% group was
11.74+ 0.33 and 11.61+ 0.22 in the 2™ one); B
group (n= 167) comprised patients in critical
condition (an avarage point scaled by NIHSS in the
1* group was 23.11 + 0.37 and 24.06 + 0.29 in the
2" one).

Plasma levels of IL-4, IL-6, IL-10 and TNF-a
were specified by enzyme-linked immunosorbent
analysis. The statistical results were processed by
Statistica 6.0 program.

Results. The analysis showed that average values
of IL-6 proved to be the highest in blood serum of
the patients with BI at the moment of hospitalization.
At the same time these values exceeded the indexes
of the control group almost ten-fold (34.33 =+
2.9 pg/ml in patients with severe Bl compared to
3.51+ 0.28 pg/ml in the control group, p < 0.001).
Patients with medium severity condition of Bl had 5
times higher IL-6 indexes (17.62+ 2.3 pg/ml, p <

0.001) than the control group. The detected changes
can indicate a considerable and early stress of the
cytokine system in all patients, which is maximal in
severe Bl.

All severity-specific sub-groups of both groups
had a firm reduction of plasma levels of 1L-6 after
the therapy compared to the indexes at the moment
of hospitalization (p < 0.05). In A sub-groups of both
groups the levels of IL-6 were close to each other on
the 10" day of disease. There was a certain reduction
of indexes compared to those of the 1% day after the
acute neurological symptoms onset by 15.5 % and
37.3 %, respectively. It is attributable to the fact that
in the not-critical brain tissue injury the levels of
proinflammatory cytokines can approach to the
stated values within a shorter period of time than in
severe conditions. Apparently it takes place due to
the early activation of anti-inflammatory factors.

On the 10" day reliably lower values of IL-6
were detected in patients with severe Bl of the 2™
group in comparing to the corresponding indexes of
the patients not treated with CCBS (p < 0.05)
additionally. As for the percentage correlation the
levels of IL-6 in patients with severe BI of the 2™
group reliably reduced by 48.5% on the 10" day of
disease whereas the 1% group showed the reduction
only by 30.1 %. Still a considerable difference in
18.4% can be indicative of the anti-inflammatory
effects of CCBS being presented even in
considerable injuries.

On the 21 day of therapy the levels of IL-6 were
close to the control values almost in all groups of
patients. It was clearly observed in patients of the 2™
group of A sub-group additionally treated with
CCBS.

Seriously ill patients of both groups showed the
highest TNF-a values (20.15+ 0.71 and 21.06 +
0.50 pg/ml correspondingly). This fact indicated the
maximal strain of the cytokin system in the course of
severe BI. Patients in severe condition of all sub-
groups and patients in medium severity condition in
the 1% group had tendency to reduction of TNF-
a values on the 10" day of BI comparing to initial
indexes registered on the 1%day, but it was not
statistically significant. While analyzing the indexes
of the 2" group, the reduction of TNF-a levels was
also noticed in patients of both severity-specific sub-
groups on the 10"day of disease, which was
statistically significant only in the severe condition
group of patients (p < 0.05).

A certain reduction of TNF-o level was also
observed in patients of the 2™ sub-group on the 21%
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day of therapy, but its average value (7.24+
0.22 pg/ml) was a bit higher than that of A sub-group
(5.34 + 0.15 pg/ml). The patients of the 2" group
with severe Bl additionally treated with CCBS had a
considerably lower level of TNF-o than the patients
of the 1% group (p < 0.05): 7.24 + 0.22 pg/ml and
12.63 + 0.47 pg/ml, correspondingly.

The study showed that patients with severe Bl
had the highest level of anti-inflammatory cytokin
IL-4 in blood serum at the moment of
hospitalization. Besides, its level was almost 3,6
times higher than the indexes in the control group
(5.28 = 0.34 pg/ml in both sub-groups compared to
1.48 + 0.21 pg/of ml of the control group, p < 0.001).
Patients in medium severity condition of Bl also had
higher IL-4 indexes than those of the control group,
but only by 2.5 times (3.74 + 0.69 pg/ml, p < 0.05).
The detected changes can be indicative of a
functional strain of the anti-inflammatory system in
all patients with Bl which is fully observed in the
course of severe conditions.

On the 10" day of therapy lower values of IL-4
were detected in patients with severe Bl of the 2™
group in comparing to the corresponding indexes of
the 1% group (p< 0.05). As for the percentage
correlation, the levels of IL-4 in patients with severe
BI of the 2" group reliably reduced by 28.3% on the
10" day of disease whereas the 1% group showed the
reduction only by 17.9 %.

On the 21" day of the therapy the changes in
levels of the mentioned index proved to be positive,
since the values were close to the control ones almost
in all groups of patients. It was firmly stated in
patients of the 2" group of A sub-group additionally
treated with CCBS. Patients with severe Bl had the
highest level values of 1L-4 (3.25+ 0.29 pg/ml) on
the 21 day of a standard medical therapy, which still
exceeded the control indexes by 2.2 times.

Besides, the patients with acute Bl had the
highest level of IL-10 in blood plasma on the 1st day
of the therapy, while it exceeded the indexes of the
control group almost by 4,4 times (2.52 + 0.44 pg/ml
in both sub-groups compared to 0.57 + 0,17 pg/ml of
the control group, p < 0.001). Patients in medium
severity condition of BI had 3.5 times higher 1L-10
indexes (2.00+ 0.16 pg/ml, p< 0.05) than the
patients in the control group.

Conclusions

Summing up the above-mentioned, it is certain
that the imbalance in immune system functioning,
represented by a simultaneous lytic level increase

In the course of the therapy all severity-specific
sub-groups of both groups had reduction of IL-6
levels in blood plasma compared to the indexes of
the first day. On the 10™ day of the therapy, the
patients in medium severity condition of Bl had a
slight reduction of index values compared to those
stated at the moment of hospitalization, still it was
not statistically significant. Similar findings proved
to be in both groups of patients with severe condition
(p > 0.05).

On the 21% day of the therapy the changes in
levels of IL-10 in blood serum gradually reduced
almost in all groups of patients, but the values didn’t
even get close to those of the control group. A
certain reduction of IL-10 levels was stated only
when comparing the values studied at the moment of
hospitalization and on the 21* day of disease in both
sub-groups of the group of patients which were
additionally treated with CCBS in 3,6 and 2 times,
correspondingly.

The direct correlation relationship between an
average clinical result scaled by NIHSS and values
of IL-6 (r = + 0.89; p < 0.05), TNF-a (r=+0.89; p<
0.05) IL-4 (r= + 0.95; p< 0.05) and IL-10 (r=
+0.97; p < 0.05) was fixed in the course of statistical
analysis. This correlation persisted throughout the
therapy and was indicative of dependence of
cytokine levels in blood plasma and a patient state in
disease onset.

The direct correlation relationship between the
levels of IL-6 and IL-4 (r = +0,87; p < 0,05), TNF-a
and IL-4 (r = +0.86; p < 0.05), IL-6 and IL-10 (r =
+0.91; p< 0.05) as well as TNF-o, and IL-10 (r =
+0.88; p< 0.05) is indicative of the potent
simultaneous  activation of pro- and anti-
inflammatory cytokin systems in the course of BI.

Discussion. The measured changes of the cytokin
system enable us to regard them as a special incipient
and adaptable body mechanism in acute Bl. The
disease severity level is one of the key factors, which
can substantially influence the degree of changes of
leading pro- and anti-inflammatory factors. The
results of the experiment suggest that CCBS has a
powerful immunomodulating effect due to involving
the interferons and anti-inflammatory cytokins (IL-4,
IL-8 and IL-10).

of both proinflammatory (IL-6, TNF-a) and anti-
inflammatory (IL -4, IL -10) cytokines, is observed
shortly after the start of BI.

The detected characteristics confirm the direct
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relation of the indicated factors to the early onset of
both activation and suppression of the localized
starting reaction because of the ischemic injury of
brain tissue and their further functioning in the
pathogenetic mechanisms of the acute cerebral
ischemia progression.

Additional administration of CCBS in a
therapeutic complex caused more considerable and
more rapid stabilization of IL-6 and TNF-a values,
which were ultimately close to the control ones.
This substantially influenced the course of disease
and its prognosis. The research showed no accurate
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