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PROPERTIES OF CA*-DEPENDENT AND CA**-INDEPENDENT ISOFORMS
OF NO-SYNTHASE IN BLOOD LYMPHOCYTES OF OVARIAN CANCER WOMEN
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The purpose of the present work was to study the enzyme activity and kinetic properties of NO-synthase in blood
lymphocytes of women with ovarian cancer. Studies were conducted on the blood lymphocytes of women with ovarian cancer of
the II-IV degrees (n=26) and healthy women (n=24, control group). It has been found that constitutive isoform of NO-synthase of
blood lymphocytes of women with ovarian cancer was 4.0 fold lower compared to control group. The activity of inducible NO-
synthase in blood lymphocytes of practically healthy women was (1.52+0.46) nmol NADPH(H")/min‘mg of protein and in women
with ovarian cancer it increased in 144 times. The maximum rate of constitutive isoform of NO-synthase reaction in patients with
ovarian cancer was reduced 5 fold and for inducible NO-synthase reaction was increased in tens of times compared to control
group. For oncopathology the imaginary affinity constant to arginine for inducible NO-synthase was in 5.4 times lower compared
to inducible NO-synthase of control group. The inhibition of constitutive isoform of NO-synthase occurs by competitive type — by
reducing the rate of enzyme reaction.
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BJACTHUBOCTI CA2+-3AJIEKHUX I CA2+-HE3AJIEXKHUX I30®0PM NO-CUHTA3HU
B JIIM®OIIUTAX KPOBH KIHOK XBOPUX HA PAK A€YHUKIB

Meroto nanoi po6otu Oya0 BUBYNTH aKTUBHICTH Ta KiHeTH4Hi BrnacTuBOCTI NO-cHHTa3u B NiM(OIMTAX KPOBi KIHOK 3
paKoM sie4HUKiB. J{OCIIIUKEHHS IPOBOAMIIN Ha TiM(pOIUTaX KPOBi )KiHOK 3 pakoM sieqHUKIB II-IV craxii (n=26) Ta 3M10poBHX KIHOK
(n=24, rpyna KoHTpoJ110). BcTaHOBIIEHO, 1110 aKTHBHICTH KOHCTUTY TUBHOT 130popmu NO-cuHTa3H J1iM(OOLUTIB KPOBI XKIHOK 3 pakoM
s€qHHKIB Oyna B 4,0 pa3y HIKYOO MOPIBHSHO 3 KOHTPOJIBHOIO IPYHOI0. AKTHBHICTE iHAynubensHoi NO-cuHTa3u B giMdormrax
KpOBI IPaKTHYHO 30POBHX JKiHOK cranoBmia (1,52+0,46) amons NADPH(H)/xB-Mr npoTeiHy, a y KIHOK 3 pakoM SI€YHUKIB
AKTUBHICTb eH3UMY Oyna Buiiooo y 144 pa3u. MakcumanbHa IIBUIKICTh Peakilii KaTaai30BaHOi KOHCTUTYTUBHOO i30(popmoro NO-
CHHTAa3H y Mali€HTIB 3 paKOM S€YHHKIB OyIa HIDKIOIO y 5 pasiB, a it iNO-crHTa3u MakCHMallbHa MBHAKICTH peakiii 3pocraa y
JECATKH Pa3iB IOPIBHSHO 3 KOHTPOJIHHOIO IPYyNOI0. Y MAIlieHTIB 3 OHKONATOJOTIEI0 YsIBHA KOHCTaHTa cnopigaenocti iNOS no
aprininy Oyma B 5,4 pasu HWKYO0I0 MOpiBHAHO 3 iHAynmOensHOr0 NO-cHHTa3010 B 0Ci6 KOHTpOJbHOI rpymu. [HriOyBaHHs
AKTUBHOCTI KOHCTHTYTHBHOI i30(popmu NO-cuHTa3u BifOyBa€ThCS 3a KOHKYPEHTHHUM THIIOM — IUISXOM 3HIDKEHHS MIBUIKOCTI
CH3UMAaTHYHOT PeaKIIii.

KurouoBi ciioBa: pak sieunukis, nimdountn, Hitporen (II) okenn, NO-cunTasa, aprinasa.

The work is a fragment of the research project “To study the role of systemic and paracrine regulatory mechanisms in
ensuring homeostasis of functional and metabolic parameters of the body under conditions of adaptation to extreme factors of
different nature”, state registration No. 0116U004510.

Ovarian cancer is considered to be one of the most severe diseases of the female reproductive tract.
The study of the pathogenesis of ovarian cancer is being directed to improve methods of diagnosis and
detection of tumor formation process at early stages [3, 11].

It is known that metabolism of L-arginine and synthesis of nitric oxide (NO) plays an important
role in carcinogenesis and tumor growth [1, 3, 12]. It is assumed that NO modulates cancer-dependent
events, including angiogenesis, apoptosis, cell cycle, invasion and metastasis. The L-arginine is converted
into NO by means of nitric oxide synthase (NOS) or ornithine with the participation of arginase, is carried
out by separate metabolic pathways [4]. According to physiological conditions, the NO production from
L-arginine occurs by constitutive isoforms of NO-synthase (cNOS), which are Ca**-dependent enzyme.
The increase in NO production occurs as level of calcium ions increases. The stimulating factors of this
receipts and, as a result, increase in calcium-dependent cNOS activity are acetylcholine, serotonin,
glutamate, ADP and other biologically active substances [2, 4].

In pathophysiological conditions inflammatory stimuli induce the expression of the inducible
isoform NO-synthase (iNOS), which is Ca**-dependent isoform [11]. One or more NOS isoforms exist in
different human cells. These isoenzymes are expressed as expression products of different genes localized
in separate chromosomes. Post-translational modification of these isoenzymes may affect their intracellular
localization and activity.

Although all known isoforms of NO-synthase (eNOS, nNOS, iNOS) have a similar molecular
structure [4, 11], their regulation and functional role in different biological processes is the subject of
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research,as well as creation of selective and specific NOS inhibitors. Particular interest in the regulation
mechanisms of each NOS isoforms is due to the fact that NO causes pleiotropic biochemical effects.

Separation of constitutive and inducible NO synthesis is conditional, since they form one product
— NO molecule, which readily diffuses across cell membranes and does not require receptors for
implementations of its effects. The balance between physiological, regulatory and/or cytotoxic properties
is largely due to the local level of NO, as well as the oxidant status of tissues in which NO is synthesized
and realizes its effects [10].

It is known that NO also easily reacts with a superoxide anion radical. The reaction of NO with
superoxide anion (O?”) with formation of peroxynitrite (OONO~) radical and hydroxyl radical (ON") is a
second NO pathway. These compounds are highly reactive free radicals, have prooxidant properties and
cause destructive effects on proteins and lipids [5, 10]. Peroxynitrite is able to mediate the NO cytotoxic
effects, such as damage to DNA, oxidation of low density lipoprotein, isoprostane formation, nitration of
tyrosine, inhibition of aconitase and mitochondrial respiration [2, 5].

As for nitric oxide, according to various literary data, it plays a double role in processes of
malignant growth. In high concentrations, it inhibits, and at low levels — stimulates tumor growth and
metastasis [3, 11]. At the same time study the characteristics of changes in activity of individual isoforms
of NOS during neoplastic transformation can be used as a basis for improving the quality of diagnosing
and efficiency of this pathology correction.

In order to recognize the pathological states of organism, peripheral blood lymphocytes can serve
as one of the most appropriate model, which can objectively reflect changes in the genetic and metabolic
homeostasis of organism and maladaptive states [7]. This allows the use of metabolic parameters of
lymphocytes as indicators of the functional state of organism.

The purpose of the study was to determine both the activity and kinetic properties of different
isoforms of NO-synthase in blood lymphocytes of women with ovarian cancer.

Material and methods. Study was carried out on peripheral blood lymphocytes of practically
healthy women and women with neoplastic changes in the ovary. Total number of practically (clinically)
healthy women, representative by age (mean age 53.8+5.4 years), was 24. This group was formed from
volunteers among the employees of the Danylo Halytsky Lviv National Medical University, as well as
employees of the Lviv Regional Clinical Hospital. Group of women with neoplastic ovary changes (ovarian
cancer degree II-1V) consisted of 26 persons, aged 24-75 years (mean age 55.4+5.3 years) who were
hospitalized in the Lviv State Oncological Regional Treatment and Diagnostic Center during the years
2015-2018 and underwent a complete clinical and laboratory examination. Only women with confirmed
diagnosis of ovarian cancer without the presence of concomitant diseases at the start of the study were
enrolled in this study.

For allocation of lymphocytes, the peripheral blood collection in women of experimental groups
was performed after the preliminary completion of their clinical examination before an appointment of a
course of treatment for them. Blood sampling was conducted by elbow venipuncture in the morning hours
under conditions of physiological tranquility, before meals in the amount of 20 ml in test tubes which were
stabilized with heparin (final dilution 1:100). Isolation of peripheral blood lymphocytes was carried out in
accordance with method of Boyum A. [7] with some modifications [12]. Counting of the number of live
and dead cells was carried out in the Goryaev grid. The integrity and viability of blood lymphocytes in all
experiments was not less than 95 %. For permeabilization of blood lymphocyte membranes and disclosure
of latent enzymatic activity 0.2 % saponin was added to the suspension.

Determination of NOS enzyme activity on saponin-perforated lymphocytes was performed in
accordance with the method [12]. The activity of Ca**-independent isoforms (iNOS) was evaluated by adding
inducible isoform selective inhibitor aminoguanidine instead CaCl. to the incubation medium. The activity of
the Ca?*-dependent isoform corresponding to cNOS was calculated as the difference between the total activity
of NOS activity and activity of Ca**-dependent isoform of NOS. The NOS activity was expressed in nmoles
of oxidized NADPH(H")/min‘mg of protein. The imaginary kinetic parameters of the isoforms NOS were
determined in the Lineweaver-Burk plot by linearizing the curves and calculating the constants.

Variational and statistical processing of data was carried out using the software package for
personal computers Microsoft Excel. The following statistical parameters, such as the arithmetic mean (M)
and standard deviation (m), were determined. The significance of the changes was established according
to the Student's t-criterion.

Results of the study and their discussion. Endothelial and inducible isoforms of NO-synthase
were found that in blood lymphocytes cNOS activity in practically healthy women is (71.4+£6.9) nmol
NADRH(H*)/min'mg of protein (fig. 1).
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300 In literature there is a significant variability in the
BcNOS DOiNOS absolute values of NOS enzymatic activity in blood
lymphocytes, which is probably due to various
methodological approaches to studying the enzyme
200 | - activity. In the blood lymphocytes obtained from women
with ovarian cancer, the cNOS activity is reduced by 4.0
times comparing to the control group and is (18.0£1.6)
nmol NADRH(H*)/min-mg of protein (p<0.001).
100 e It is known that cNOS produces low concentrations
of NO, while iNOS products a high levels of NO (>300
nM) [11]. Inducible NOS isoform is calcium-independent
. and, unlike the constitutive isoform NOS, not always
0 u [ expressed (constitutively).
Contxdl group  Fationtswith OC It has been found that iNOS activity in blood
Fig. 1. cNOS and iNOS activity in blood Jymphocytes in practically healthy women is identified
lymphocytes of practically healthy women and patients .7 .~ .. . . .
with ovarian cancer (OC), Mm. insignificantly, practically at the margin of error, and is
Note: changes are significant in terms of (1.5%0.46) nmol of NADRH(H')/min'mg of protein.
parameters in lymphocytes of the control group Contrary to cNOS inhibition in blood lymphocytes in
individuals, *p<0.001. patients with ovarian cancer, a sharp increase in iNOS
activity up to (218.2+21.5) nmol NADRH (H*)/min-mg of protein, in 144 fold (p<0.001) was observed.

Obtained results are consistent with the data obtained earlier by the researchers, which also showed
an increase in iNOS activity and expression in women with ovarian cancer [12]. It also was shown that in
women with ovarian cancer, the iNOS expression correlated with the stage of the tumor differentiation,
and intracellular NO level — with the ovarian cancer stage. Besides, iNOS inhibition by specific inhibitors
may be a potential therapeutic target in the ovarian cancer treatment [11]. The hyperexpression of iNOS
was detected in different types of malignant tumors. Selective inhibitors of iNOS suppress the tumors
growth, the development of which is induced by different carcinogens [6].

Mostly, NOS-dependent production of physiologically necessary NO ("basal NO") occurs by
eNOS and nNOS, and the NOS-dependent production of additional amounts of NO in the cell for the
development of various pathological states is realized by iNOS. Therefore activation of iNOS is an integral
part of numerous adaptive-protective reactions of a cell and an organism [6, 11]. The results obtained by
us indicate the violation of the blood lymphocytes arginase/NO-synthase system, which leads to an
imbalance of regulatory systems of lymphocytes, in particular, the NO regulatory function. Multiple times
growth of iNOS activity is associated with a decrease in cNOS activity and indicates the NO
hyperproduction in blood lymphocytes under conditions of oncopathology. It has been shown that NO
formed in excessive amounts in pathological states of the organism has a marked cytotoxic effect as a result
of the formation of peroxynitrite is a product of the interaction of NO and superoxideanium radical which

4500 destroys almost all of the cell components. Cells in which an
o /}/\-} 3 uprising of NO concentrations was marked have an increased
4000 / growth rate [2, 9].
3500 The change in the activity of the NOS enzymatic
system only indicates the direction of dysmetabolic
disturbances in the NO-homeostasis system. However, the
biochemical mechanisms which caused changes in the NOS
activity in the development of ovarian cancer remain unclear.
2000 Therefore, the next stage of our research was devoted to the
1500 / 31 study of kinetic properties of cNOS and iNOS isoforms of
) / ¢ lymphocytes in the blood. In order to study the features and
1000 mechanism of NOS functioning, the maximum instantaneous
/ reaction rate (Vp), the maximum of the formation of the product
e Bm———- 22 of the reaction (Pn.) and the characteristic reaction time (t)
0 i . . were determined. To establish these kinetic parameters of NOS,
0 10 20 30 the dynamics of NADPH(H™) reduction which indicates the NO
Time, min production was studied. For this, the suspension of
Fig. 2. Dynamics of NADPH(H") lymphocytes was incubated in a standard incubation medium
consumption in  NOS  reaction of blood  for various intervals of time (0-30 min.). The obtained results
lymphocytes of ~practically healthy women g} 53 that the kinetic curves of NO production in NOS reaction

1 — cNOS d patients with i . .
E2 _ CCNOS, )3 f“iNSZ)le“ ® Wi ovarian caneer in blood lymphocytes tend to saturate (fig. 2).
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From this figure it can be seen that the kinetics of the NO production with the participation of
cNOS, corresponds to the laws of zero order reaction in the time range of 0-20 min: in this time interval
the graph of the dependence of the NO generation on the incubation period is practically linear. Therefore,
in subsequent experiments, the duration of incubation of lymphocytes and, accordingly, NO-synthase
reaction was 20 minutes. The dynamics and the amount of NO generation by cNOS in lymphocytes in
women with ovarian cancer are significantly lower than in practically healthy women.

At the same time, throughout the range of the time factor, the NO generation NO by iNOS in blood
lymphocytes of women with ovarian cancer significantly exceeds these values for cNOS. By linearization
of the data in the coordinates {P/t; P} the main kinetic characteristics of NOS reaction in blood lymphocytes
were calculated (table 1).

bl
Kinetic parameters of NOS reaction in blood lymphocytes of practically healthy women
and patients with ovarian cancer (M+m, n=8)
Kinetic parameters Practically healthy women | Patients with ovarian cancer

cNOS

Vo, nmol NADPH(H")/min'mg of protein 94.0£7.4 18.5+1.5"

Puax, nmol NADPH(H*)/mg of protein 34134315 908.6+186.2 *

T min 36.7+4.6 50.6+12.9
iNOS

Vo, nmol NADPH(H")/min-mg of protein 739.0+59.6

Pmax, nmol NADPH(H*)/mg of protein 5536.4+57.7

T, min 7.620.7

Note: changes are significant in relation to the values of blood lymphocytes in individuals in the control group (physiological
norm), *p<0.001.

The values of kinetic parameters for cNOS and iNOS lymphocytes in practically healthy women
and patients with ovarian cancer are significantly different. Thus, Vy in the control group was (94.0+7.4)
nmol NADRH (H*)/min'mg of protein. In women with ovarian cancer, V) significantly decreased to
(18.5+1.5) nM NADRH(H")/min-mg of protein (p<0.001).

The NO production by cNOS in women with oncopathology is slower and less active than at norm.
Regarding the maximum amount of the produced product of the reaction produced in the cNOS reaction,
in the case of ovarian cancer it was 3.8 fold less than in women of control group (p<0.001). In the iNO-
synthase reaction, Pmax in ovarian cancer women was 6 times higher than in the cNO-synthase reaction
(p<0.001). Analysing the characteristic time of the reaction, it was found that in women with ovarian
cancer, its value was increased in 1.4 times (p<0.05).

The obtained kinetic parameters confirm the data that in blood lymphocytes of women with ovarian
cancer hyperinsynthesis of NO occurs by iNOS, and the “basal” NO generation in normal physiological
/lr—\ conditions occurs by cNOS. Changes in L-arginine

= concentration in the incubation medium are likely to affect
the rate of NOS reaction. In this regard, an important
characteristic of NOS is is dependence of the NOS activity
on the substrate concentration in the incubation medium,
which is determined by imaginary constants of affinity to

200

A, nmol NADPH(H*)/min mg protein

100 the substrate Ki.ar. It was calculated by determining the

specific NOS activity in the incubation medium containing

e s —3 1 L-arginine in the concentration range from 0.1 to 30 MM

3 (with a constant concentration of CaCl, — 10 mM and
g VT T T——=2  NADPH-0.12mM).

0 30 It was found that increasing the L-arginine

10 20
L-arginine], uM . . . . . .
. [L-argininel, 1 . concentration in the incubation medium in the
Fig. 3. Concentration dependence of L-arginine

level on NOS activitv in blood Ivmph concentration range from 0.1 to 30 MM leads to a gradual
y in blood lymphocytes of X . ) .
practically healthy women (1 — ¢cNOS) and patients  increase in the rate of NOS reaction by both isoforms NOS
with ovarian cancer (2 — cNOS, 3 —iNOS), M+m, n=8. with plateau (fig. 3).

The maximum activity of cNOS lymphocytes in practically healthy womwn and iNOS blood
lymphocytes in women with ovarian cancer is tested in the presence of 20 MM L-arginine in an incubation
medium. The cNOS activity in lymphocytes of women with ovarian cancer reaches the plateau at
significantly lower substrate concentrations. By the linearization of the obtained concentration
dependences in the Lineweaver-Burk plot, the basic kinetic parameters of NOS in blood lymphocytes were
calculated (table 2).
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Table 2
Kinetic parameters of certain isoforms of NOS in blood lymphocytes of practically healthy women
and patients with ovarian cancer, determined by L-arginine (M+m, n=8)

Kinetic parameters Practically healthy women | Women with ovarian cancer
cNOS
Vimax, nmol NADPH(H"*)/ min per mg of protein 235.6+44.0 131.2430.7*
Ki-Arg, MM 14.6+2.7 21.24+4.1
iNOS
Vmax, nmol NADPH(H*)/ min per mg of protein - 244.3+6.9
Kiarg, MM - 2.7+0.2 **

Note: changes are significant for the values of cNOS in blood lymphocytes of the control group individuals (physiological
norm), *p<0.05, **p<0.001.

As follows from the table data, the Viax value for nNOS of the control group is by 1.8 times higher
that value for cNOS lymphocytes in patients with ovarian cancer (p<0.05). At the same time, the value of
K1 arg for all studied groups does not significantly differ from each other, which suggests that while of
oncopathology, the affinity of cNOS to L-arginine practically does not change. The Vi« value for an iNOS
activated in the case of cancer pathology is practically no different from this value for cNOS of blood
lymphocytes in both groups (p>0.05). However, blood lymphocytes iNOS of patients with ovarian cancer
has a much higher affinity to L-arginine: Ki.are value for iNOS is lower in 5.4 times comparing to blood
lymphocytes cNOS of the control group individuals (p<0.001).

Consequently, in interpreting the obtained kinetic parameters determined by L-arginine, it was
shown that in the oncopathology the imaginary constant of iNOS affinity to L-arginine is by 5.4 times
lower (p<0.001) than for cNOS in healthy women of the control group and inhibition of cNOS activity
occurs in a competitive type — by reducing the enzyme reaction rate. Consequently, under the conditions
of oncopathology, the ratio of NO-synthase and arginase metabolism of L-arginine is disturbed, indicating
dismetabolic changes in the NO synthesis system, namely its hyperproduction.

From the literary data it is known that NO promotes a carcinogenesis as a modifier of xenobiotics
metabolism and as an agent that violates pro- and anticarcinogenic genetic balance, causing one- and
double-stranded DNA breaks [8, 10]. Nitric oxide metabolite peroxynitrite (ONOO") is a potent mutagen
[2, 5]. The NO effects on the cell depends on its concentration, which in turn depends on the various NOS
1soforms, however, is usually associated with iNOS. The main function of NO generated by iNOS is
participation in immune processes, including antipathogenic reactions, nonspecific cytotoxicity, antitumor
protection, transplant rejection, etc. [2, 4]. According to the literature, data in lymphocytes endothelial and
inducible isoforms of NO-synthase were identified [4, 10]. High activity of this enzyme leads to NO
accumulation and initiation of cell pathological processes (inhibition of mitochondrial enzymes, DNA
damage, etc.). Excessive NO generation occurs during transplant rejection, arthritis, septic shock,
inflammatory processes. It also leads to the destruction of nerve cells and may lead to Alzheimer's disease,
inhibits cell proliferation and increased lymphocytes apoptosis and macrophages and causing secondary
immune deficiencies. This mechanism is related to the reaction of nitrification of DNA or RNA of cells
directly by NO. Therefore, the selective inhibition of each of NOS isoforms is of particular importance
relevance, and, first of all, of iNOS inhibition. In this regard, the considerable efforts of researchers and
are aimed at studying the mechanisms of regulating of the of NOS isoforms activity. Since high NO levels
are toxic to cells, iNOS is considered to be pathological in contrast to the constitutive isoform.

DA

1. In women with ovarian cancer, cNOS activity in the blood lymphocytes decreases and iNOS
activity increases several folds.

2. The affinity of cNOS to L-arginine in blood lymphocytes of two studied groups is practically
identical.

3. A decrease in cNOS activity in ovarian cancer women is due to a decrease in the reaction rate.

4. Furthermore, in women with ovarian cancer, the iNOS affinity to L-arginine is lower than that
for cNOS.
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CYTOKINES AS MEDIATORS OF THE IMMUNE SYSTEM AND THEIR ROLE
IN THE PATHOGENESIS OF COMMUNITY-ACQUIRED PNEUMONIA

e-mail: nortail @gmail.com

The clinical and immunological examination of patients with community-acquired pneumonia has been carried out that
included the study of the IL-2, IL-4, IL-6, IL-8 and TNFa cytokines’ system. Immune system disorders that determine the severity of
pneumonia, the amount of inflammatory damage to the lung tissue, disrupted elimination of the immune complexes have been found.
These tendencies to a decrease in the immunoglobulins M and G result in a moderate course of community-acquired pneumonia and
lobar lesions of the lungs, and the immune system disorders are reliably associated with imbalance of cytokines, with a predominance
of their pro-inflammatory activity and a decrease in regulatory functions. The findings of the immunological monitoring indicate that
standard antibiotic therapy in patients with community-acquired pneumonia leads to its clinical and radiological resolution, though it
is not accompanied by the normalization of immunity parameters. The imbalance of the cytokine component of immunity justifies the
need for further development of pathogenetic, as well as immunocorrective therapy, in patients with community-acquired pneumonia.

Keywords: community-acquired pneumonia, pathogenesis, immunity, cytokines.
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NUTOKIHA K HOCEPEJHUKH IMMYHHOI CUCTEMMH TA iIXHS POJIb
B TATOT'EHE3I HETOCIITAJIbHOI TIHEBMOHIT

IIpoBeneHo KIIiHIKO-IMMYHOJIOTTHHE JOCTIIKEHHS XBOPHX 3 HETOCIITAILHOIO ITHEBMOHIEIO, 1[0 BKJIIOYA€ BUBUCHHS CHCTEM
murokiniB-IL-2, IL-4, IL-6, IL-8 ta TNFo. BusiBieni nopyIieHHs B CHCTeMi IMyHITETy. BU3HAYAIOUH CTYIIHb Ba)KKOCTI ITHEBMOHIi,
00'eM 3alaJIbHOTO ypaXKEHHs JIETEHEBOI TKAHWHW, MOPYIICHHS eNiMiHaIii iMyHHMX KomInlekciB. L[i TeHmeHIil 10 3MeHIIEHHS
iMmyHOr1I00Y:MiHIB M i G 00yMOBJIIOIOTH CEPEeHBO TSHKKHM Mepedir MPOTAroM HeroCmiTalbHOT MHEBMOHIT 1 10J1eBOT Opa3Ky JIereHb,
MIOpPYIICHHS B CUCTEMI IMyHITETY, JOCTOBIPHO IIOB'sI3aHi 3 UCOaIaHCOM IIUTOKIHIB, 3 TIEPeBaKaHHAM IX IPOBOKYIOUOi aKTUBHOCTI Ta
3MEHIICHHSAM pETYJSITOPHUX QYHKIIHA. Pe3ympratm IMyHOJNOriYHOTO MOHITOPHHTY CBiq4aTh IIpO Te, IO CTAaHAAPTHA
aHTHOaKTepiajJbHa Teparis XBOPHUX 3 HErOCHITAILHOI MTHEBMOHIEIO TIPU3BOAUTH JI0 1i KIIiHIKO-PEHTTEHOIOTIYHOTO BPETy IIOBaHHS,
aJie He CIIPOBOKOBaHA HOpMai3allis TOKa3HHUKIB iMyHiTeTy. J{ncOanaHC IUTOKIHOBOTO 3ipKOBOTO IMyHITETy BH3Ha4Ya€e HEOOXiJHICTh
MIOZIAJIBIIOT PO3POOKH MMATOreHETHYHOT Ta, Y TOMY YHCII, IMyHOKOPHTYIOUOI Tepamii, y XBOPHX i3 HErOCHITaIbHOIO ITHEBMOHIEIO.
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Currently, pneumonia is ranked 4"-5" in the structure of causes of death worldwide after
cardiovascular and oncological diseases, cerebrovascular pathology, injuries and poisoning, and is ranked
first among infectious diseases [7]. Mortality in hospital patients with severe form of the disease ranges
from 14 to 40 % and increases among patients over 60 years of age [3].
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