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Summary.

The purpose of the study was to conduct a comparative study of the synthesis of pro-inflammatory cytokines, the
state of cellular immunity, free radical oxidation reactions and antioxidant protection in patients with pulmonary tubercu-
losis with and without relapse.

Material and methods. The study was carried out on two groups of patients: the first group - basic which included
39 patients with relapsed pulmonary tuberculosis (TBR); 2nd control group - 39 patients with non-relapsed pulmonary
tuberculosis (TB). Pro-inflammatory cytokines (TNF-a, IL-2 IL-6), CD-3 lymphocyte content, lymphocyte blast transfor-
mation response to phytohemagglutinin and tuberculin, NBT-test, AOPP, SOD, and catalase were determined in patients
of both groups and healthy people.

Results. In patients with tuberculosis with relapses, compared with patients without relapses, complaints of cough
and dyspnea were more often presented, a longer duration of hospitalization, late abacillation. In patients with relapses,
a pronounced suppression of the functional and specific activity of lymphocytes and neutrophils was noted, which is
confirmed by high levels of lipid peroxidation (Advanced Oxidation Protein Products - AORP) and low levels of the an-
tioxidant system (SOD and catalase). The high content of pro-inflammatory cytokines in patients with relapses indicates
a higher activity of the inflammatory process in these patients and corresponds to a low blast formation rate for both
phytohemagglutinin and tuberculin.

Conclusion. Changes in the content of pro-inflammatory cytokines, the state of cellular immunity and the charac-
teristics of reactions of free radical oxidation and antioxidant protection indicate a higher activity of the inflammatory
process in patients with pulmonary tuberculosis with relapses compared to patients without relapses, which led to a longer
duration of hospitalization, late abacillation.
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Rezumat. Productia de citokine proinflamatorii si starea imunititii celulare la pacientii cu tuberculozi pulmo-
nari cu si fara recidiva.

Scopul a fost realizarea unui studiu comparativ al sintezei citokinelor proinflamatorii, al starii imunitatii celulare, al
reactiilor de oxidare a radicalilor liberi si al protectiei antioxidante la pacientii cu tuberculoza pulmonara cu si fara recidiva.

Material si metode. Studiul a fost realizat pe doud loturi de pacienti: I lotul de baza - 39 de pacienti cu tuberculoza
pulmonara cu recidiva (TBR); al 2-lea - lot de control - 39 de pacienti cu tuberculoza pulmonara fara recidiva (TB). Cito-
kinele proinflamatorii (TNF-a, IL-2 IL-6), continutul de limfocite CD-3, raspunsul la transformarea blastica a limfocitelor
la fitohemaglutinina si tuberculind, testul NBT, AOPP, SOD si catalaza au fost determinate la pacientii din ambele loturi
si persoane sanatoase.

Rezultate. La pacientii cu tuberculoza cu recidive, comparativ cu pacientii fara recidive, s-au prezentat mai des plan-
geri de tuse si dispnee, o duratd mai lunga de spitalizare, abacilare tardiva. La pacientii cu recidive s-a observat o suprima-
re pronuntata a activitatii functionale si specifice a limfocitelor si neutrofilelor, ceea ce este confirmat de niveluri ridicate
de peroxidare lipidica (Advanced Oxidation Protein Products - AORP) si niveluri scazute ale sistemului antioxidant (SOD
si catalaza). Continutul ridicat de citokine proinflamatorii la pacientii cu recidive indica o activitate mai mare a procesului
inflamator si corespunde unei rate scazute de formare a blastului atat pentru fitohemaglutinina, cat si pentru tuberculina.

Concluzie. Modificarile continutului de citokine proinflamatorii, starea imunitatii celulare si caracteristicile reactiilor
de oxidare a radicalilor liberi si protectie antioxidanta indicd o activitate mai mare a procesului inflamator la pacientii
cu tuberculoza pulmonara cu recidive comparativ cu pacientii fara recidive, ceea ce a condus la o duratd mai lunga de
spitalizare, abacilare tardiva..

Cuvinte cheie: Citokine proinflamatorii, tuberculoza, recidiva, imunitate celulara
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Pe3iome. ITponykuusi NpoBoCHaINTENLHBIX IMTOKMHOB U COCTOSIHME KJIETOYHOT0 HMMYHHMTETA Y 00JIbHBIX Ty-
0epKyJ1e30M JIErKHX ¢ pelluIHBOM U 6e3 penuanBa.

Leab ucciieoBaHusi — NPOBECTH CPABHUTEIILHOE MCCIICIOBAHUE CHHTE3a IPOBOCIIAIUTENLHBIX IIUTOKUHOB, COCTO-
SIHUSI KJIETOYHOTO MIMMYHUTETA, PEaKIUii CBOOOIHO-PaIMKAILHOTO OKUCIICHHS M @HTHOKCHIAHTHOM 3alUThl Y OOJIBHBIX
¢ TyOepKysIe30M JIETKHUX C PEHUANBOM U 0e3 pennanBa.

Marepuana u MeToabl. MccnenoBanne npoBOIMIN Ha IBYX IPyMIax OOMBHBIX: |- 0CHOBHas rpymma — 39 60IbHBIX
TyOepKyIe30M JIETKUX C PELUANBOM; 2- KOHTPOJIbHASA Tpymnmna — 39 O0MbHBIX TyOEpKYIIe30M JIETKHX 0e3 pennuausa. Y
00BHBIX 00EUX TPYTII ¥ 3J0POBBIX OMPEACIUTH poBocnaauTenbable TUTOKUHEI (TNF-a, IL-2 IL-6), conepxxanune CD-3
TUMQOITUTOB, PEaKIHI0 OIacTTpaHchopManuy TUM(OITOB HA (PUTOTEMArTIIIOTHHUH U TyOepkynuH, NBT-test, AOPP,
SOD u karamnasa.

Pesyabrarbl. Y OONBHBIX TYOSPKYJIE30M C PEHUAMBAMH IO CPABHEHHIO C OOJIBHBIMH 0€3 periINBOB JaIle Ipeab-
SIBJISITMCH JKaJIo0bl HA KalIeJb U OJBIIIKY, OOJBIIMN CPOK FOCIHUTAIN3AINH, TO3IHISI a0ausiuus. Y OOJBHBIX C PeLH-
JIMBaMH OTMEUYEHO BBIPOKEHHOE TO/IaBlieHNne (YHKIIMOHAIBHOM U Crielu(pUIeckol aKTUBHOCTH JTUM(OIMTOB U HEUTPO-
(UIIOB, YTO MOATBEPIKIACTCS BBICOKMMH MOKA3aTEIISIMH ITEPEKUCHOT0 okucieHus aunuaoB (Advanced Oxidation Protein
Products - AOPP) n HM3kMMU TIOKa3aTeIsIiMu aHTHOKCcHIaHTHOM cucTembl (SOD u karanasa). Beicokoe copepikanue mpo-
BOCTIAJIUTEIbHBIX [IUTOKUHOB Y OOJIbHBIX C PELMIMBAMH CBUJICTEILCTBYET O OOJiee BHICOKOH aKTUBHOCTH BOCIAINTEIb-
HOTO TIpOIecca y 3TUX OONBHBIX U COOTBETCTBYET HM3KOMY ITOKa3aTemto 01actooOpa3oBaHus Kak HA (PUTOreMarTiIioTH-
HUH, TaK U Ha TYOCPKYJIHH.

3aku0uenue. M3mMeHeHus! coliepiKaHusl IPOBOCIAIUTEIbHBIX IUTOKUHOB, COCTOSIHUSI KIIETOYHOTO MIMMYHHUTETA M 0CO-
OeHHOCTEH peakinii CBOOOHOPAINKAIBHOTO OKUCIICHHS U aHTUOKCH/IAHTHOM 3aIUThI CBUCTEILCTBYIOT O 00JIee BHICOKOM
AKTUBHOCTH BOCIAJIIMTEIILHOTO TIporiecca y OOJbHBIX C TYOSpKyYJIe30M JIETKUX C PELHMIMBAMH 110 CPABHEHHUIO ¢ OOJILHBIMU

6e3 PeIINBOB, YTO 00YCIOBIIO OOJBIIYIO POAODKUTETBHOCTD JICYCHHUS B CTAIIMOHAP, TIO3/1HEE abaIINpOBaHue.
KuaroueBble ciioBa: [IpoBocnanuTesbHbIe IUTOKUHBI, TYOSPKYIIe3, pElUANB, KICTOYHbIH HIMMYHHTET.

Introduction.

Tuberculosis is classified as a cytokine-
dependent disease with a pronounced imbalance of
T-lymphocyte subpopulations and changes in the
cytokine network. The course of tuberculosis at the
present stage is characterized by a variety of clinical
and morphological features, which may be associated
with the emerging secondary immunodeficiency,
which is detected in the vast majority of patients with
pulmonary tuberculosis (Erokhin V.V., 2009).

Like other mediators, cytokines serve for
intercellular signaling during the development of the
inflammatory process. In its initial stages, local tissue
cells can secrete cytokines such as IL-6, but as soon
as lymphocytes and mononuclear phagocytes appear
in the focus of inflammation, they can, when activated
by the action of an antigen, secrete their own cytokines
(TNF-a, INF-y) , which, acting on the endothelium of
local vessels, further enhance cell migration. (Kitaev
M.L, etal. 2016; Shovkun L.A. et al. 2016). Cytokines
act according to the relay principle, in the form of
a cytokine cascade. They are secreted by cells only
under external influences, providing homeostasis
and immune protection. The main activity of
cytokines is the regulation of the immune response.
The cytokine system plays an important role in the
regulation of inflammatory processes. Tuberculosis is
accompanied by pronounced changes in the cytokine
system (Urdahl K.B., et al. 2003). One of the reasons
for the unfavorable course of tuberculosis may be
the high production of pro-inflammatory cytokines.

Anti-inflammatory cytokines are able to suppress
the cytotoxic activity of immunocompetent cells
[Bowssiotis V. et al., 2000].

One of the reasons for the unfavorable course
of tuberculosis may be the high production of
pro-inflammatory  cytokines.  Anti-inflammatory
cytokines are able to suppress the cytotoxic activity of
immunocompetent cells [Bowssiotis V. et al., 2000].

The human immune system uses oxidative
stress to fight pathogens, and some reactive oxygen
species can serve as mediators in cellular signaling
pathways. However, the most dangerous component
of oxidative stress, the formation of reactive oxygen
species (ROS), is very unfavorable for the immune
system. To combat this adverse factor, there is an
antioxidant system. Antioxidant levels and ensuring
good protection from antioxidant systems are very
important in preventing oxidative stress. Enzymes
such as superoxide dismutase and catalase are
involved in the complex mechanisms of antioxidant
defense, which are released to reduce ROS levels.

Changes in the system of free radical oxidation
and antioxidant protection also affect the course of
the tuberculosis process (Shepelev A.P. et al., 2012).

The purpose of the study was to conduct a
comparativestudy ofthe synthesis of pro-inflammatory
cytokines, the state of cellular immunity, free radical
oxidation reactions and antioxidant protection in
patients with and without relapse of pulmonary
tuberculosis.
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Material and methods.The study was carried
out on two groups of patients: the first group - basic
which included 39 patients with relapsed pulmonary
tuberculosis (TBR); 2nd control group - 39 patients
with non-relapsed pulmonary tuberculosis (TB), and
100 healthy people.

In patients of both groups and healthy people, the
content of pro-inflammatory cytokines (TNF-a, IL-2
IL-6) was determined in an enzyme immunoassay
using kits from Vector-Best, the content of CD-3
lymphocytes, the severity of the reaction of blast
transformation of lymphocytes to phytohemagglutinin
(RBTL -fga) and tuberculin (RBTL-tub) according to
the method of Ghinda S.S. (1982). NBT-test, as an
indicator of neutrophil activity according to the Park
B.H. et al. (1968). Marker AOPP (end products of
deep oxidation of proteins) according to the method
of Witko-Sarsat V. et al. (1996). SOD and catalase
according to the method of Gudumac V., et al., (2010).

Results. In both groups there were patients
comparable in sex and age. In both groups (table 1) there
were significantly fewer women (p<0.05). Compared
to TB patients, TBR patients had a significantly longer
duration of hospital treatment (p<0.01), abacillation
(p<0.01) occurred significantly later.

Compared to TB patients, TBR patients
significantly (Table 2) more often complained of
cough (p<0.05) and dyspnoea (p<0.05).

The content of CD-3 lymphocytes (table 3) in
patients with TBR was 56.3+1.33%. In patients
with TB - 61.1£1.28%, that is, significantly more
(p<0.001). The content of CD-3 lymphocytes in both
groups was significantly lower than in healthy people
(from p<0.05 to p<0.001).

In RBTL, the rate of blast formation (table 3)
for phytohemagglutinin in patients with TBR was
56.8+0.96%, and for tuberculin 3.0+0.19%. In patients
with TB, phytohemagglutinin was 64.1+0.77%, and
tuberculin was 4.4+0.28%, that is, in both cases it was
significantly higher (p<0.001). The indices of blast
formation for phytohemagglutinin and tuberculin in
all cases significantly differed from those of healthy
individuals (from p<0.05 to p<0.001).

NBT-test as an indicator of neutrophil activity,
in patients with TBR was 0.11+£0.003, which is
significantly less than in patients with TB - 0.12+0.004
(p<0.05). The NBT-test indicators in both groups were
significantly lower than in healthy people (p<0.001).

Thus, in patients with TBR, both the activity of
lymphocytes (functional and specific) and the activity
of neutrophils are suppressed.

Table 1
Distribution of patients by sex, age and duration of treatment (M+m)
Indicators Group 1-TBR Group 2 -TB
Age (years) 42,2+1,73 44,3+2.00
Gender: men (abs./%) 25/64,1+7,85 25/64,1+7,85
women (abs./%) 14 /35,94+7,85e 14 /35,9+7,85e
Duration of treatment (days) 93,9+7,81 64,6+3,880
Abacillated (days) 79,6+9,19 49,243,660
e - statistically significant difference between the indicators of men and women
O - statistically significant difference between the indicators of groups 1 and 2
Table 2
Symptoms (M+m)
Indicators Group 1-TBR Group 2 -TB
Cough (days) 38,8+6,23 22,942,820
Sputum (days) 23,244,10 20,04+2,97
Shortness of breath (days) 30,9+6,27 15,242,710
Chest pain (days) 9,24+2.80 4,11+1,61
O - statistically significant difference between the indicators of groups 1 and 2
Table 3
Peculiarities of cellular immunity in the examined groups (M+m)
Indicators Healthy Group 2 - TBR Group1-TB
CD-3 (%) 26,7+1,37 56,3£1,33A 61,1+1,28A0
PBTJI (¢ra) (%) 78,4+0,72 56,8+0,96A 64,1+0,77A0
PBTJ (ty6) (%) 1,34+0,080 3,0+0,19A 4,4+0,28A0
NBT-test  (ycu.en) 0,140,006 0,11+0,003A 0,12+0,004A0

O - statistically significant difference between the indicators of groups 1 and 2
A- statistically significant difference between the indicators of healthy and sick people
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Table 4
Peculiarities of the content of proinflammatory cytokines in the examined groups (M+m)
Indicators Healthy 1st group - TBR 2nd group - TB
IL-2 (pg/ml) 4,24+0,23 23,6£1,25A 28,8+2,60A
IL-6 (pg/ml) 6,2+0,42 46,3+2,23A 36,84+2,17A0
TNF-a (pg/ml) 26,7+1,37 221+30,1A 118+10,5 Ao
O - statistically significant difference between the indicators of groups 1 and 2
A- statistically significant difference between the indicators of healthy and sick people
Table 5
Lipid peroxidation and the antioxidant system
Indicators Healthy 1st group - TBR 2nd group - TB
AOPP (uM/1) 25,6+1,03 42,542,57A 33,542,76A0
SOD (u.c.) 831 £29,2 717£101,3A 1086+146,9A0
Catalase (uM/1) 13,6+0,60 9,2+0,59 A 16,6+2,18A0

O - statistically significant difference between the indicators of groups 1 and 2
A- statistically significant difference between the indicators of healthy and sick people

The content of IL-2 in patients with TBR (Table 4)
was 23.6+1.25 pg/ml, and in patients with TB it was
28.8+2.60 pg/ml, that is, it did not differ significantly.
The content of IL-6 in patients with TBR was 46.3+£2.23
pg/ml, and in patients with TB it was 36.8+2.17 pg/
ml, i.e. significantly lower (p<0.05). The content of
TNF-a in patients with TBD was 221£30.1 pg/ml,
and in patients with TB it was 118+10.5 pg/ml, i.e.
significantly lower (p<0.05). The content of TNF-a,
IL-2, IL-6 in all cases significantly differed from that
of healthy people (from p<0.05 to p<0.001).

The high content of proinflammatory cytokines in
patients with TBR indicates a higher activity of the
inflammatory process in these patients.

The indicator (Table 5) of lipid peroxidation
(AOPP) was most pronounced in patients with TRR
42.5£2.57 puM/l, which was significantly higher
than in TB patients 33.5£2.76 uM/1 (p<0 .05). The
indicator of the system of antioxidants (SOD), on
the contrary, was significantly higher in patients with
TB - 1086£146.9 u.c. vs. 717+£101.3 u.c. in patients
with TBR (p<0.05). The indicator of the antioxidant
system (catalase), on the contrary, was significantly
higher in patients with TB - 16.6+£2.18 uM/I, versus
9.240.59 uM/1 in patients with TBR (p<0.05 ).

The values of AOPP, SOD, catalase in all cases
significantly differed from those of healthy people
(from p<0.05 to p<0.001).

Conclusion. In patients with relapses, a
pronounced suppression of the functional and specific
activity of lymphocytes and neutrophils was noted,
which is confirmed by high levels of lipid peroxidation

(AOPP) and low levels of the antioxidant system
(SOD and catalase).

The high content of proinflammatory cytokines
in patients with relapses indicates a higher activity
of the inflammatory process in these patients and
corresponds to a low blast formation rate for both
phytohemagglutinin and tuberculin.

Changes in the content of pro-inflammatory
cytokines, the state of cellular immunity and the
characteristics of reactions of free radical oxidation
and antioxidant protection indicate a higher activity of
the inflammatory process in patients with pulmonary
tuberculosis with relapses compared to patients
without relapses, which led to a longer duration of
hospitalization, late abacillation.

Publication realised within the project with the
cipher 20.80009.8007.23, State Program 2020-2023.
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