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Figure 3. Dynamics of total seroprevalence in the population during the COVID-19 pandemic. Total refers to the presence of antibodies
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ILLUSTRATIONS FOR THE ARTICLE "MDC/CCL22 DEPLETION IN COVID-19 AND POST-COVID" (AUTHORS: KOROBOVAZ.R.,

TOTOLIAN AREG A. [pp. 773-778))
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Figure 3. Role of MDC/CCL22 in immunity and the SARS-CoV-2 infectious process

Note. I, MDC/CCL22 influence on T lymphocyte maturation in thymus via the CCR4 receptor. The presence of this chemokine also mediates an adequate balance
between regulatory T cells and helper T cells, thus creating restrictions on inflammatory reactions. I, SARS-CoV-2 influence on T cell maturation in thymus via
depletion of MDC/CCL22: A, decrease in MDC/CCL22 concentrations associated with selective binding to SARS-CoV-2 viral peptides; B, restriction of MDC/CCL22

secretion by producer cells due to their functional failure.
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WAEHTUDUKALUA Th1-NMONAPU3OBAHHbIX KJIETOK Th17:

PELLUEHVE NPOBJIEMbI
Ryxkauna E.M.,, I'te6ezguua H.C.

Hucmumym sK0n02uu u 2eHemukyu MUKpoopeanuzmos Ypaavckoeo omoenenus Poccuiickoit akademuu nayx — guauan
DI'BYH «Ilepmckuil hedepanvHbtii uccaedosamenvckuii yenmp Ypaavckoeo omoenenus Poccutickoli akademuu HayK»,
e. Ilepmo, Poccus

Pestome. T-xemmepsl, npoxynupymoiaue IL-17 (Th17), o61amaioT BBICOKOM MIaCTUIHOCTBIO: PECTUMYJISI-
U JTUM@OIIUTOB B BOCHAJIMTEIFHOM OKPYKCHHU CIIOCOOHA MHIYIIMPOBATh MX TpaHC(hOpPMAIIMIO B KJICT-
KU1 ¢ ApyruM (PEeHOTUIIOM, U HanOboJiee YacThIM SIBIISIETCSI CABUT B HampasiieHuu Thl. Pe3ymsraToM Takoii
TpaHCGhOpPMAIINU SIBJISICTCS MOSIBIICHUE KJIETOK, SKCIIPECCUPYIOIINX Hapsiay ¢ KIIACCUYESCKUMHM MapKepaMu
knetok Th17 kmoueBble Thl-accoumnpoBaHHbIe MOJIEKYJbI. B Hanbosee ob1el hopMe Takasl TTOITYISILIAS
npeacrabiieHa CD4*CD161*CCR6*CXCR3*IL-17*IFNy*T-kieTkamMu, 1 B COBpeMEHHOU JIUTepaType OHa
yaiie Bcero obo3Havaetrcd Kak Th17.1. Yacte kinetok Th17.1 MOXKeT MOJTHOCTBIO YTpauyMBaTh IMPOAYKIIAIO
IL-17, coxpaHsis TIpy 3TOM 3KCIIpeccHio Apyrux Thl7-accommpoBaHHBIX MOJIEKYJI, — 3TO TaK Ha3bIBaeMble
kietku ex-Th17 (CD4*CD161*CCR6*CXCR3*IL-17-TFNy*T-knerku). Kak cnencrsue, nomyasiuust Thl-
nonsspu3oBaHHBIX Th17 Bktogaer kineTku Th17.1, ex-Th17 u psiam momOTHUTENBHBIX ITepeXoaHbIX (hopM. OHa
MMeeT YHUKaTbHBIe (DYHKIIMOHAITBHBIE CBOCTBA — ITOBBIIICHHBIN ITPOBOCTIAIMTEIILHBIN ITOTEHIIMA U CIIO-
COOHOCTB ITPEOA0IeBaTh TUCTOreMaTUIeCKe 0apbepbl. UMEHHO 3TUM KJIETKaM B HACTOSIIEe BPEMSI OTBO-
IUTCS KITIOUEBasl poJib B MaTOTeHEe3¢ MHOTUX ayTOMMMYHHBIX 3a00JIeBaHUIA, a TIpoliecc pearuddepeHITnpPOB-
k1 Th17 B Thl paccMaTpuBaeTcs Kak NepcreKTUBHAsI TepareBTudeckas MuileHb. OgHaKO pa3BUTHE 3TOTO
HampaBJICHHUsI OCJIOXHSET cabasi COMOCTaBUMOCTh JaHHBIX O pa3Mepax Takou nmomyisuuu. [IpoBeneHHBII
B paMKax HacTosIIeil paboThl aHAJIM3 METOI0B onpeaencHus Thl-nonsspuzoBanHbix Thl7 in vivo u in vitro
TMO3BOJIMJI Pa3PEIINTh 3TU IPOTUBOPEUYHS 1 pa3padoTaTh ONTUMAITbHBIC ITOIX0IbI K MACHTU(MDUKALIAN JaHHOMN
nonyasuuu. B 6onbmmHeTBe paboT, 0COOEHHO KIIMHUYECKUX, €€ MASHTUMPUILIMPYIOT IO KOIKCIIPECCUU KITIO-
yeBbIX HUTOKMHOB (I1L-17/IFNY) miu xeMoknHoBbIX perientopoB (CCR6/CXCR3), penko — mo ux KoMou-
Hauuu. [1pu TakoM nonxoae koakcipeccusi CCR6/CXCR3 mapkupyet o611yio ronysiunio Thl-mogo6HbIx
Th17, Bkmouarouryto u Th17.1, u ex-Th17, Torna kak koakcrnpeccust uutTokuHoB [L-17/TFNy nnpentudum-
pyet xietku Th17.1, a cyoronynsuio ex-Th17 B aToM ciydae olMO0OYHO KITacCU(PULIMPYIOT KaK KITacCU-
yeckure Thl. Takas «<HemooLeHKa» cyornonyasiunu ex-1Th17 cylecTBeHHO 3aHMXKAET Pe3yJIbTaThl, ITIOCKOIBKY
UMEHHO Ha jpoio ex-Thl17 mpuxogurcs ocHoBHas 4yacTh Thl-nmogooubsix Th17. U ToibKo omHOBpeMeHHAas
OIleHKa KOIKCIIPECCHU IIMTOKMHOB M Th17-acconmmpoBaHHBIX MEMOPAHHBIX MOJICKYJI TIO3BOJISIET UACHTH -
¢dunmposath KiieTku Th17.1 n ex-Th17 oTnenbHO, YTO BasKHO YYUTHIBATH TP MHTEPIIPETALIMM JAHHBIX 10
npobJeMe U IpH MJIaHUPOBAHUY KJIIMHUYECKUX UCCIICTOBAHMIA.

Kntoueswie cnosa: Th17, pedughgpepenyuposxa, Th I-nonspusoeannvie Th17, IFNy-npodyyupyrowue Thi17, Th17.1, ex-Th17
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Abstract. Helper T cells producing IL-17 (Th17) have high plasticity: restimulation of lymphocytes in an
inflammatory environment can induce their transformation into cells with another phenotype, and a shift
towards Thl is the most common. The result of this transformation is the appearance of cells expressing
along with the classical markers of Th17 cells key Thl-associated molecules. In its most general form, this
population is represented by CD4*CD161"CCR6TCXCR3*IL-17"IFNy*T cells, and in the current literature
it is most often referred to as Th17.1. Some Thl17.1 cells can completely lose the production of IL-17,
while maintaining the expression of other Thl7-associated molecules; these are the so-called ex-Th17 cells
(CD4*CD161*"CCR6"CXCR3*IL-17-TFNy*T cells). Consequently, the population of Thl-polarized Th17
includes Th17.1, ex-Th17 cells and a number of additional transitional forms. It has unique functional
properties — an increased pro-inflammatory potential and the ability to overcome histohematic barriers. It
is these cells that are currently assigned a key role in the pathogenesis of many autoimmune diseases, and
the process of Th17 redifferentiation into Th1 is considered as a promising therapeutic target. However, the
development of this direction is complicated by the weak comparability of data on the size of such a population.
The analysis of methods for determining Thl-polarized Th17 in vivo and in vitro, carried out in this work,
made it possible to resolve these contradictions and develop optimal approaches to identifying this population.
In most studies, especially clinical ones, it is identified by co-expression of key cytokines (IL-17/IFNy) or
chemokine receptors (CCR6/CXCR3), rarely by their combination. In this approach, co-expression of CCR6/
CXCR3 marks the total population of Th1-like Th17, including both Th17.1 and ex-Th17, while co-expression
of IL-17/IFNy cytokines identifies only Th17.1 cells, and the subpopulation of ex-Th17 is misclassified as
classic Thl in this case. Such “underestimation” of the ex-Th17 subpopulation significantly marks down the
results, since it is ex-Th17 that accounts for the bulk of Thl-like Th17. And only a simultaneous assessment of
the co-expression of cytokines and Th17-associated membrane molecules allows identification Th17.1 and ex-
Th17 cells separately, which is important to consider when interpreting data on the problem and when planning
clinical trials.

Keywords: Th17, redifferentiation, ThI-polarized Th17, IFNy-producing Thi7, Th17.1, ex-Thl7

The study was carried out with the financial
support of the Russian Science Foundation and the
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Introduction

Differentiation of T helper cells producing IL-17
(Th17) is usually initiated upon activation of naive
CD4* T cells in the presence of cytokine combinations
1L-6/TGF-BorlL-6/1L-1B,andlater IL-23 entersthe
process, providing cell expansion and supporting their
functioning, in particular, the synthesis of IL-17 [11].
Classical Th17 cells express the key transcription
factor RORC, carry specific membrane markers
such as the lectin-like Killer cell receptor CDI161
and the chemokine receptor CCR6, and are capable
of producing their characteristic cytokines 1L-17A,
IL-17F, and IL-22 [9]. However, differentiated Th17
lymphocytes are unstable and can transform into cells
of a different phenotype upon restimulation in a local
cytokine environment. The most common variant of
this transformation is a shift towards Th1, which is

accompanied by the formation of cells that co-express
along with traditional Th17-associated molecules Thl
cell markers — transcription factors STAT4/T-bet,
the chemokine receptor CXCR3, and the key Thl
cytokine IFNy [8, 10, 12].

Normally, the population of IFNy-producing
Th17 is present in trace amounts in peripheral blood,
but its content in infiltrates of inflamed tissues reaches
60% [15], and it is these cells that are currently
assigned a key role in the pathogenesis of many
diseases, including autoimmune ones. Thus, the
presence of IFNy-producing Th17 was found in the
sites of inflammation in sarcoidosis [15], in the CNS
in multiple sclerosis [3, 6, 13], in the synovial tissue of
patients with rheumatoid arthritis [2, 12], in inflamed
tissues of the gastrointestinal tract of patients with
Crohn’s disease [1, 7], and for many pathologies a
direct association with this non-classical T helper
population has been convincingly shown. As a result,
the number and activity of Thl-polarized Th17 cells
are currently considered as promising diagnostic
and/or prognostic markers. However, this is hampered
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by inconsistencies in how this population is defined
and by incomparability of data between studies.

The purpose of this work is to analyze methods
for assessing Thl-polarized Th17 in vivo and in vitro,
and to develop optimal approaches to identify this
population.

Materials and methods

A literature search was performed in the PubMed
database using appropriate keywords, without lan-
guage and publication date limitations. The subject
of interest was generally not a biological effects, but
rather the ways of identification the non-classic T cell
population and comparing its size between studies.

Results and discussion

Contradictions in the data on IFNy-producing
Thl7 are primarily associated, apparently, with a
large number of potential markers of these cells,
and the markers are diverse. As noted earlier, this
population combines the phenotypic and functional
characteristics of both lines, Th17 and Thl, including
the expression of membrane molecules, cytokines,
and key transcription factors, although the latter are
not usually used for identification. In the most general
form, this population is presented in the works as
CD*CD161"CCR6"CXCR3*IL-17*IFNy*T cells [10,
12]. It is called differently in the current literature;
in this paper we will use its most common name,
Th17.1 [2, 14, 15]. However, Th17.1 cells are not the
only variant of Thl-polarized Thl7 lymphocytes:
some of these cells lack the production of IL-17, but
demonstrate the expression of the Thl7-associated
transcription factor RORC and CDI161/CCR6
membrane molecules (CD4"CD161*CCR6"CXCR3*
IL-17-TFNy*T cells) [1, 12]. In the literature, they are
usually referred to as ex-Th17. Most of the available
evidence suggests that Th17.1 and ex-Th17 cells are
not separate subpopulations, but rather different
stages of Thl7 redifferentiation into Thl, during
which classical Th17 first acquire the expression of
Thl-associated molecules, and at the next stage lose
IL-17 synthesis, producing only IFNy, but retaining
other “attributes” of the original population.

A more detailed analysis of data on the Thl7.1
subpopulation shows that in a number of cases,
when these cells are identified only with membrane
molecules, two more chemokine receptors, CCR4
and CCRI10, are added to the line of markers in
order to separate the populations of classical Th17
and Th22, which upon identification using these
membrane markers have the same phenotype
(CCR6"CXCR3~*%) but can be differentiated by the
combination of CCR4/CCRI10: CCR4 is present in
both populations, while CCR10 is highly expressed
on Th22 cells but absent in Th17 [14]. As a result, the
subpopulation of cells that co-produce 1L-17/IFNy
will have the CD4*CD161*CCR6"CCR47/°*CCRI10-
CXCR3* phenotype, in contrast to the classical

Th17 with the CD4"CD161"CCR6T"CCR4*CCRI10-
CXCR3- phenotype [14]. In addition, in ex vivo
studies, Th17.1 and exTh17 cells are usually isolated
from pre-fractionated memory T cells, either central
(CCR7*CD45RA") or effector (CCR7-CD45RA/
CD45R0%).

Of course, this is not the limit of detail; there are
studies in which, along with membrane molecules, a
wide range of intracellular molecules are evaluated,
both at the mRNA and protein levels, however,
in most studies, especially clinical ones, this
subpopulation is identified by key cytokines (1L-17/
IFNy), chemokine receptors (CCR6/CXCR3) or,
very rarely, combinations thereof. Obviously, when
using only CCR6/CXCR3 chemokine receptors as
markers, a general population of Thl-like Thl7 is
identified, including both Th17.1 and ex-Thl7 [2,
3, 13], whereas in the case of detection of Thl-like
Th17 cells by co-expression of IL-17/IFNy cytokines,
we are talking about the Th17.1 subpopulation [1,
4, 12]. It is important to emphasize that the ex-
Th17 subpopulation (IL-17-IFNy*T cells) is in
this case improperly classified as classic Thl. And
only a simultaneous assessment of the expression
of cytokines (IL-17/IFNy) and Thl7-associated
membrane molecules (CD161 or CCR6) allows us
to identify both the Th17.1 subpopulation (CD4"C
DI161*IL-17"IFNy*T lymphocytes) and the second
the key subpopulation of Thl-like Th17 — ex-Thl17
(CD4*CDI161*IL-17-IFNy'T cells), differentiating it
using CD161 from classical Th1 lymphocytes lacking
this marker (CD4*CD161-1L-17-TFNy*T cells) [10].

Conclusion

The use of CCR6/CXCR3 membrane markers
makes it possible to identify both major subpopulations
of Thl-like Th17 lymphocytes, Th17.1 and ex-Th17,
but does not allow them to be differentiated from each
other. Evaluation of co-expression of IL-17/IFNy
cytokines makes it possible to detect Th17.1 cells, but
not ex-Th17 cells; in this case, they are improperly
attributed to the population of classical [FNy-
producing Th1. Moreover, such an “underestimation”
of the ex-Th17 subpopulation significantly reduces
the informativeness of the results, since it accounts for
the bulk of T lymphocytes co-expressing Th17/Thl-
associated membrane markers CCR6/CXCR3 |5,
15]. Not surprisingly, the size of the study population
varies greatly from study to study. Therefore, when
interpreting and comparing data on Thl-like Th17-
lymphocytes, it is fundamentally important to take
into account the method of their identification, and
when planning work, to give preference to a combined
approach, with simultaneous assessment of cytokines
(IL-17/TFNy) and Thl7-associated membrane
molecules (CD161 or CCR6), which allows to
determine separately the subpopulations of Th17.1
and ex-Th17.
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NOKASATEJIU CUCTEMbI ULUTOKUHOB Y NMPAKTUHECKHU
3A0POBbIX )XEHLLUNH PASHOIO BO3PACTA
U BBAUMOCB#A3b C 9MOLUOHAJIbHbIM COCTOAHUEM

Yenypuosa H.C., bupko O.H., Kasiiu C.B., Pynuesa A.B.,
sKRapcrasa B.B., IleckoBa A.E., Mamenos P.B.

DI'bOY BO «Tuxookeanckuii 2ocydapcmeeHtblil MeOuyunckull yrusepcumem» Munucmepcmea
30pasooxpanenus PP, e. Bradusocmok, Poccus

Pe3iome. MHoOrounciieHHbIE UCCIENOBAaHUS TTOKA3bIBAIOT POJIb IIMTOKMHOBOW CETH B IMaTOTeHE3e Tpe-
BOXHOCTH, Aenpeccur. OQHAKO B HACTOsSIIEe BpeMsl MCCIEIOBaHUS COIPSDKEHHOCTU YPOBHEM IPOBOC-
MaJUTEJIbHBIX M TTIPOTUBOBOCITAIMTEIbHBIX IIMTOKWMHOB C YPOBHEM 3MOIIMOHAIBHOUW HArpy3kKu JOCTAaTOYHO
HeMHorouuciaeHHbI. Lleapro ncciaenoBaHus ObLT aHAIU3 CHIBOPOTOUYHBIX YPOBHEN MPOBOCHATUTEIbHBIX U
MPOTUBOBOCTIATIUTEILHBIX IUTOKMHOB Y MOIIMOHAIBHOTO COCTOSTHUS Y TIPAKTUYECKH 3M0POBBIX KEHIIINH B
3aBMCHMOCTH OT Bo3pacTa. B cbIBopoTKe KpoBHU ObLIM MccaenoBaHbl ypoBHU I1L-163, IL-6, IL-17, IFNy, IL-10
u IL-4 y 100 mpakTuuecKu 3M0pOBBIX XEHIIUH, KOTOPbIE OBLTU pacIipe/ieieHbl Ha 3 rpyInbl B 3aBUCUMOCTU
ot Bo3pacrta (BO3): 18-44 (mononoii Bo3pact) 30 uenoBek, 45-59 (cpennuii Bospact) 40 yesioBek, 60-74 (110-
Xunoit Bozpact) 30 yenoBeK (METOIOM CEHABUY-BapuaHTa TBepA0Ga3HOro UMMYHOMEPMEHTHOIO aHaIu3a,
ar/mi). s olleHKM 3MOLIMOHAIBHOTO KOMIIOHEHTA 3[I0POBhsI BCE 00CIeMyeMbIe ITPOXOAMIIN OIIPOCHUK SF-
36 «OlieHKa KayecTBa XXU3HW», I1e M3 § IIKaJ OlleHWBaIACh TOJBKO IIIKajia POJeBOro (yHKIIMOHUPOBAHUSI
(PMOLIMOHAJILHOE COCTOSIHME), 3HAaueHUsI BhIpaxkanu B Oaynax. CTaTUCTUYECKYI0 00pabOTKy MOJTy4EeHHBIX
JIAaHHBIX MPOBOIUIU C TOMOIIBIO aHATUTUYECKOro mporpamMmmHoro obecneueHust IBM SPSS Statistics, 22.0.
VY npakTU4ecKu 3J0POBBIX KEHITMH OOHapy:KeHo noBbllieHue 3HaueHuit I1L-1B u IL-6 B rpynme nmoxusiao-
ro Bo3pacta (p < 0,05), mpu 3TOM Mexay rpynrnaMyu MOJOAOIO W CPEIHETO BO3pacTa pa3iuyuii BBISIBICHO
He Obu10. YpoBeHb [FNy Bo Bcex BO3pacTHBIX Ipymriax XEHIIUH CTaTUCTUYECKU 3HAYMMO HE OTJIMYascCs.
ITpu aToM B rpyrre noxwioro Bo3pacta ypoBHu [FNy y 40% BapeupoBaiuch ot 1,04 mo 8,76 nr/mi, a'y
60% xeHiuH — ot 24,85 no 28,5 nir/mi. 1L-17 takke 6bu1 BeicOKUM (p < 0,05-0,01) B rpymiIie xxeHIuuH 60-
74 net. B mpoTUBOBOCTIAJIMTEILHOM 3BEHE HAOII0[a1ach MPOTUBOIIOIOXHAS KapTUHA, TaK XEHITUH MOJIO-
noro u cpenHero Bo3pacta ypoBHU 1L-10 u 1L-4 6111 BhIlIE TTOKa3aTeNei IPYNNbI MOXWIOrO Bo3pacTa. Ta-
KMM 00pa3oM, TTPOBEIeHHBIN aHaJIN3 MTO3BOJIMIT KOHCTaTUPOBATh, UTO ITOKa3aTe I IIMTOKUHOBOTO ITPOUIIST
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Y XKEHIIIMH COIIPSTKEHBI ¢ Bo3pacToM. [1pu olieHKe CTeneH!, B KOTOPOI SMOIIMOHATBHOE COCTOSTHIE MEIIIacT
BBITIOJTHEHUIO PA0OTHI WM IPYTOil OOBIYHOM ITOBCETHEBHOM NeSITEIbHOCTU B TPYIIIC XKEHIIIMH CPEIHETO BO3-
pacTa npociaeXUBaaIoCh CHIKeHUe ee ypoBHs (50,6 6awtos, p < 0,01), a B rpyniax MOJIOJOIO U ITOXKWIOTO
BO3pacTa 3HaYeHUS LIKaJIbl puoamkaauch K 90 6amiam (89,6 u 85,9, 6a/ioB COOTBETCTBEHHO).

Knrouesuie crosa: UUmMoOKUHbsl, e03pacm, JdCeHulUHbl, cmpecc, uHmep/zeb“mqul, Ka4ecmeo JHCUu3Hu

INDICATORS OF THE CYTOKINE SYSTEM IN PRACTICALLY
HEALTHY WOMEN OF DIFFERENT AGES AND INTERRELATION
WITH THE EMOTIONAL STATE

Chepurnova N.S, Birko O.N,, Knysh S.V., Rudneva A.V,,
Zharskaya V.V, Peskova A.E., Mamedov R.B.

Pacific State Medical University, Viadivostok, Russian Federation

Abstract. Numerous studies show the role of the cytokine network in the pathogenesis of anxiety and
depression. However, at present, studies of the correlation between the levels of pro-inflammatory and anti-
inflammatory cytokines and the level of emotional stress are rather few. The aim of the study was to analyze
the serum levels of pro-inflammatory and anti-inflammatory cytokines and the emotional state in apparently
healthy women depending on age. Serum levels were tested IL-1p, IL-6, IL-17, IFNy, IL-10 and IL-4 in
100 apparently healthy women, who were divided into 3 groups depending on age (WHO): 18-44 (young
age) 30 people, 45-59 (middle age) 40 people, 60-74 (old age) 30 people (sandwich variant of enzyme-linked
immunosorbent assay, pg/mL). To assess the emotional component of health, all the subjects passed the
questionnaire SF-36 “Assessment of the quality of life”. Statistical processing of the obtained data was carried
out using the analytical software IBM SPSS Statistics, 22.0. In practically healthy women, an increase in the
values of IL-1B and IL-6 was found in the elderly group (p < 0.05), while no differences were found between
the groups of young and middle age. The level of IFNy in all age groups of women did not differ significantly. At
the same time, in the elderly group, the levels of IFNy in 40% ranged from 1.04 to 8.76 pg/mL, and in 60% of
women — from 24.85 to 28.5 pg/mL. IL-17 was also high (p < 0.05-0.01) in the group of women aged 60-74. In
the anti-inflammatory link, the opposite picture was observed, for example, in young and middle-aged women,
the levels of IL-10 and IL-4 were higher than in the elderly group. Thus, the analysis made it possible to state
that the parameters of the cytokine profile and emotional state in women are associated with age.

Keywords: cytokines, age, women, stress, interleukins, quality of life

bloodstream, but also in various organs and tissues [1,
2]. An important role is played by stress resistance,
which depends on the psychological portrait of the
individual; in this regard, the nature of human life is
also an important aspect in the relationship between
stress and the immune system. The aim of the study
was to analyze the serum levels of the cytokine system
and the emotional state in practically healthy women
depending on age.

Introduction

Currently, an active lifestyle and work make up
80% of our lives. Such employment inevitably leads
to an increase in emotional stress. This is also due to
the fact that among able-bodied people, especially
women, there is high competition and the need to
strengthen the stability of their position. At the same
time, emerging stress can stimulate the development
of cognitive impairment, which leads to depletion of
the pituitary-hypothalamic-adrenal axis, manifested
by a decrease in cortisol release and pro-inflammatory

Materials and methods

activity. At the same time, elevated levels of I1L-1§,
IL-6 and TNFa can be detected not only in the

One hundred practically healthy women were
examined, who were divided into 3 groups depending
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on age (WHO): 18-44 (young age) 30 people, 45-59
(middle age) 40 people, 60-74 (old age) 30 people.
The levels of 1L-1pB, IL-6, IL-17, IFNy, IL-10 and
IL-4 in blood serum were studied by the sandwich
variant of enzyme-linked immunosorbent assay,
pg/mL. To assess the emotional component of
health, all the subjects took the SF-36 questionnaire
“Assessment of the quality of life”, where out of 8
scales (physical functioning, role-based physical
functioning, pain scale, general health, vitality
scale, scale of social functioning, role emotional
functioning, psychological health), only the scale of
role functioning (emotional state) was assessed; the
values were expressed in points. For all scales, the
maximum value was 100, the higher the score, the
better the quality of life on the scale. Before calcula-
ting the indicators, the responses were recoded.
Statistical processing of the obtained data was carried
out using the analytical software IBM SPSS Statistics,
22.0. For comparative analysis, the chi-square test (y?2)
was used. Spearman’s rank correlation coefficient was
used to identify the relationship between variables.
The scope of the studies performed made it possible
to evaluate the results with a reliability of 95-99% of
statistical methods.

Results and discussion

It should be noted that the examined women had
low values of the studied cytokines in all age groups —
from 0.1 to 30 pg/mL. When studying the level of pro-
inflammatory cytokines in practically healthy women,
an increase in the values of IL-1p and 1L-6 was found
in the elderly group (p < 0.05, Table 1), while there
were no differences in the level of the above cytokines
between the groups of young and middle age. The
level of IFNYy in all age groups of women did not differ
significantly. At the same time, in the elderly group,
IFNy levels in 40% ranged from 1.04 to 8.76 pg/mL,
and in 60% of women — from 24.85 to 28.5 pg/mL
(Table 1).

1L-17 was also high (p < 0.05-0.01) in the group of
women aged 60-74. In the anti-inflammatory link, the
opposite picture was observed, for example, in young
and middle-aged women, the levels of IL-10 and
IL-4 were higher than in the elderly group. Thus, the
analysis made it possible to state that the parameters
of the cytokine profile in women are associated with
age.

Analysis of the results of the cytokine profile of the
blood serum of the examined patients in comparison
with the data of other scientists showed that the
level of IL-1p in the group of young and middle age
is comparable with the data obtained by Markelova

E.V. et al. (1.09 pg/mL, 2016), Turmovoy E.P. et al.
(1.2 pg/mL, 2017) and Slepovoy A.S. et al. (0.65%0.5,
2016, in the older age group), but lower than the
values of patients Slepovoy A.S. et al. (2016) at the age
of 26.6£5 years. The level of IL-6 was higher than the
values established by Turmovoy E.P. et al. (1.6 pg/mL,
2017, p < 0.05) and Slepovoy A.S. et al. (2016),
exceeding them by an average of 2 times (7.2%2.3,
p < 0.05. The levels of IFNy were comparable to the
data obtained in the course of studies by Saibel A.V.
(12.52 pg/mL, 2013), but turned out to be higher
compared to the results of Turmovoy E.P. et al. (5.5
pg/mL, 2017, p < 0.05). IL-17 corresponded to the
values of all researchers, except for the values obtained
by Seibel A.V. et al. (2013), which, on the contrary,
were slightly higher (10.96 pg/mL, p < 0.05). There
were no significant differences in the level of IL-4
compared with the literature data. The values of
IL-10 in the groups of this study were 6 times lower
than those of Turmova E.P. et al. (36.7 pg/mL, 2017,
p <0.01) and 1.5 times lower than those presented by
Seibel A.V. et al. (11.77 pg/mL, 2013, p < 0.05), but
did not differ from the results of Slepovoy A.S. et al.
(2.6 pg/mL, 2016).

When assessing the degree to which the emotional
state interferes with the performance of work or
other normal daily activities, including spending a
lot of time on them, reducing the amount of work
done, reducing its quality, a decrease in its level was
observed in the group of middle-aged women (50.6
points, p < 0.01), and in the young and old age
groups, the scale values approached 90 points (89.6
and 85.9 points, respectively). When assessing the
degree to which the emotional state interferes with the
performance of work or other normal daily activities,
including spending a lot of time on them, reducing the
amount of work done, reducing its quality, a decrease
in its level was observed in the group of middle-aged
women (50.6 points, p < 0.01), and in the young and
old age groups, the scale values approached 90 points
(89.6 and 85.9 points, respectively).

It is known that acute stress is associated with
the intensification of immune responses, while
chronic stress is associated with a limitation of their
effectiveness. Currently, a third component has
been added to this two-component model, which
is characterized by simultaneous activation and
suppression of the immune response by changing
the secretion pattern during chronic stress [2]. At
the early stage of prolonged stress, the production of
pro-inflammatory (IL-1B, IL-6, TNFa and IFNy)
is inhibited and the synthesis of anti-inflammatory
cytokines (IL-4, IL-10 and IL-13, TGF-B) is
enhanced. The next stage of prolonged stress is
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TABLE 1. CONTENT OF PRO-INFLAMMATORY AND ANTI-INFLAMMATORY CYTOKINES IN THE BLOOD SERUM
OF PRACTICALLY HEALTHY WOMEN, DEPENDING ON AGE, Me (Qq5-Q;.5

Practically healthy Practically healthy Practically healthy
No Indicator, women, women, women,
’ pg/mL n=30 n=40 n=30
(18-44 years old) (45-59 years old) (60-74 years old)
1 2 3
1.1 1.22 329
1 IL-1B (0.7-3.0) (0.79-4.38) © 77;7 25)
p.5; < 0.05 p.s < 0.05 ) )
6.8 7.96
2 IL-6 (0.96-11.4) (1.38-19.42) (31 ggg 1)
p.s <0.05 p..; < 0.05 ’ '
3 IEN 13.36 15.24 16.20
Y (4.06-19.80) (5.62-19.84) (1.46-28.50)
3.22 3.80 11.30
4 IL-17 (1.3-10.0) (1.20-19.40) )
D14 < 0.01 D, < 0.05 (1.34-58.60)
6.3 7.4 237
5 IL-10 (1.86-10.83) (2.02-19.00) © 89L4 01)
p:s < 0.05 p.s < 0.001 ’ ’
11.00 14.85 960
6 IL-4 (3.64-14.50) (4.00-18.86) (1 80;12 00)
p.s < 0.05 P, < 0.05 ’ '

Note. p, , 3 compared groups (only statistically significant differences are indicated).

characterized by “saturation” (or tolerance) of cate-
cholamines and glucocorticoids, the effects of which
lead to a weakening of influences on further stress
reactions due to changes in the content of the nuclear
protein “kappa-B” in immunocytes, a key pro-
inflammatory factor. Activators of the nuclear protein
blocker are IL-1, TNFa, IFNy, which turn off this
inhibitory connection. In turn, being activated,
kappa-B stimulates the expression of IL-1, IL-6,
1L-8, TNFa, [FNy, chemokines and other molecular
substances involved in the inflammatory response. In
the third stage of chronic stress, pro-inflammatory
cytokines and inflammatory mediators are activated
again, at a certain level of which the inflammatory
process is triggered [3].

Under conditions of chronic stress of moderate
intensity, the level of pro-inflammatory cytokines,
including IL-6, increases both in the blood and in
the brain [1]. Chronic psychosocial stress in humans
causes a decrease in the production of cortisol,
which regulates the immune response, leading to
increased synthesis pro-inflammatory cytokines, as
well as a decrease in the concentration of serotonin,
norepinephrine and dopamine [4, 5]. In addition,
stress stimulates the secretion of norepinephrine in
the brain tissues, which, acting through B-adrenergic

receptors, induces the release of IL-1B from
intracellular depots, and also activates the rapid
production of this cytokine de novo. It should be
noted that in response to stress, anti-inflammatory
mechanisms are also activated in the brain, which
provide protection against an excessive inflammatory
response [1].

Cytokines IL-1 and IL-6 act in both directions,
playing the role of modulators, and their receptors are
dispersed in many structures of the central nervous
system, powerfully stimulating the production of
corticosteroids through the effect on corticoliberin. All
this testifies to the important role of IL-1 and IL-6 as
mediators of neuroimmune interaction in the body’s
response to stress. The anti-inflammatory effect of
interleukins weakens, and the pro-inflammatory
effect increases [3, 4], which was shown in the study,
namely in the group of older women, apparently in the
third phase of chronic stress.

We support the point of view of Lisitsyna T.A. et
al. (2019), this study shows that hyperproduction of
IL-6 in women aged 60-74 years can lead to a decrease
in the level of serotonin and dopamine, which play
an important role in the development of anxiety,
chronic fatigue, and sleep disturbance. According to
researchers, in healthy people who have experienced
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stress, low levels of IL-6 in the blood are an indica-
tor of a rapid regression of bad mood [2]. Differences
in the production of IL-6 in response to stress factors
are explained by genetic polymorphisms, for example,
polymorphism of the IL-6 gene (SNPrs1800795)
increases the risk of inflammation in individuals
exposed to adverse socioeconomic factors, another
polymorphism in the 1L-6 receptor gene (rs8192284)
leads to functional changes in amino acids, disrupting
proteolytic reactions [3].
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T-TIMMOOLUUTBI 2-r0 TUNA UMMYHHOI'O OTBETA U UX
POJ1b B YCUJIEHUX BOCNANEHUA NPU BbINOJIHEHUN
NPOMECCUOHANbHON AEATEJSIbHOCTU NOXXAPHbIX

Berakosa H.B.'?, Ranammaukosa A.A.!, RKanuanaa H.M."?2

'@I'BY «Bcepoccuiickuii yenmp 3xcmpenHoil u paouayuonioi meduyunst umenu A. M. Huxugpoposa» MYC Poccuu,
Canxkm-Ilemepbype, Poccus

2@I'BOY BO «Ilepsbiii Canxm-Ilemepbypeckuii 20cydapcmeenbiii MeOUyUHCKUL VHUGEPCUMEm UMeHU aKadeMuKad
U.II. Ilaenosa» Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemep6ype, Poccus

Pesome. T-mumdonuTel 2-ro TUIIAa UMMYHHOTO OTBETa CIOCOOCTBYIOT Pa3BUTUIO U OOOCTPEHUIO BOC-
HaJIeHMs, TJIaBHBIM 00pa3oM aJIepTHIeCcKOTo. YCUJICHHE BOCHAJICHUS IIPU IJINTSJIHBHOM BO3ICHCTBUM HE-
01aronpUSITHBIX (PAaKTOPOB MpPU PabOTE MOKAPHBIX MOXKET IIPUBECTU K PA3BUTHIO PA3INYHBIX 3a00IeBaHUI.
O1leHKa MMMYHUTETA MOXAPHBIX BaXKHa IS Ha3HAYEHUS alcKBAaTHOIO JICUeHMsT U TTPOGIIaKTUKY MH(PEK-
LIMOHHBIX U ajlJleprudeckux 3adojieBaHuii. Lleabro paboThl CTa)l aHAIU3 IToKa3aTesieii UMMYyHUTETa Y COTPY/I-
HUKOB roCyIapCTBEHHO! MpoTruBonoxapHoii ciy:k6sl MUC Poccun B 3aBUCMMOCTU OT BO3pacTa U UHTEH-
CHUBHOCTHU TpodeccuoHaIbHOM Harpy3ku. O0cienoBaHbl My>KUUHBI (n = 79), cpeaHuii Bo3pact 31 roa, crax
pabotsl oT 1 Toga go 22 JIeT ¢ pa3IMYHO MHTEHCUBHOCTHIO Harpy3ku. B mepudeprndeckoit KpoBM METOIOM
nporouyHoil nutoMeTpum (Navios, FC 500, Beckman Coulter) olleHuBaiu Cyonomyasiiud MOHOILIUTOB, OT-
HOCUTEIIbHOE KOJIMYeCcTBO T-1MM@OIInTOB 2-10 THITa UMMYHHOTro otBeta CD3*CD294". Onpenensiiin KOH-
HeHTpannio obmero nMmmyHoriaooyimmaa E (Immulite). B cekpeTe HOCOBBIX XOIOB OILIEHUBAIN COIEepXKaHUE
cekperopHoro nmmyHorimooynuHa A (Bekrop bect) (n = 30). Craructudeckyio oOpabOTKy pe3yabTaTOB
MPOBOIMJIM C TTOMOIIIBIO ITakeTa Statistica 12.0 (StatSoft). ¥YBenuuenue konuvectBa CD3*CD294" kieTok
Habmonanu B 16,5%. BbISIBUIM HPSIMYIO KOPPEJSIHMOHHYIO 3aBUCUMOCTb KomdyecTBa T-1uMdounToB 2 1
Bo3pacTta oocaenoBaHHbIX Jull (p < 0,05). B rpymnmne noxkapHbIX ¢ 0oJiee MHTEHCUBHOM Harpy3koi B 5 pa3
BBIIIIE BCTpedyaau nosbilieHue KonudectBa CD3*CD294* knetok (p < 0,05). Cpenu nmalmMeHTOB, UMEBIINUX
Kakoe-JIM0o 3ab0jieBaHNe PECTTMPATOPHOTO TPaKTa, YBEJIUUYSHUE 3TOM MTOMYJISIIIMY HAOMI01aIu CTaTUCTHYe-
CKM 3HAYMMO yvaiie — B 26% ciydaeB npotuB 11,5%. BbISIBUIN CHIIBHYIO TIPSMYIO KOPPEISIIUOHHYIO 3aBU-
CUMOCTb KosimyecTBa T-muMGOIUTOB 2 1 INTENbHOCTH cTaxa KypeHus (p < 0,05). YcraHoBuIM MpsiMyio
KOPPEISIIIMOHHYIO 3aBUCUMOCTh KonndecTBa T-muMmdonuToB 2 m KoHeHTpauuu obmero IgE (p < 0,05).
CHMXeHne ceKpeTopHoro IgA B cekpeTe M3 HOCOBBIX X0I0B Habmonanu y 23% mnoxapHbix, v 13% obcneno-
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BaHHBIX MOKa3aTeIb BBIXOIWII 3a BEPXHIOO TpaHUIly pechepeHTHOTO MHTepBaia. 3HAYMMO Yallle BBISIBIISIIA
OTKJIOHEHHME 3TOTO MoKazartesisi OT peepeHTHBIX 3HAaUCHUI Y OXKAPHBIX C BBICOKOI Harpy3Koi. YCTaHOBWIN
MOBBIIIEHUE CYONOMYISIINM KJIACCUYECKUX MOHOIIMTOB B TPYIITe 00CAeA0BAHHBIX C BLICOKUM KOJIMYECTBOM
CD3*CD294" knetox (p < 0,05). TakuMm 06pa3oM, ¢ yBeJIMYeHUEM MPOo(heCCUOHATBHOMN Harpy3KH MOXapHBIX
B HEGJIarOMPUSITHBIX YCIOBUSIX HECEHUSI CTYKObI OTMeUaeTcsl yrTHeTeHUe TPOTUBOMHGMEKIIMOHHOM 3aIIMThI U
ycyryosieHre MOBPeXIeHUs peCITUPATOPHOTO TPaKTa MPU YCUJIEHUU 2-TO TUIIAa UMMYHHOTO oTBeTa. OlieHKa
KoymmaectBa T-muMdonmToB 2-TO THIIA B MiepudepruuecKoil KpOBU MO3BOJUT BBISIBUTH MPEAPaCITOIOXEH-
HOCTh K T2 npoduiito UMMYHHOTO BOCITJIEHUSI, YTO OylIeT COCOOCTBOBAThH NMEPCOHUMPUIIMPOBAHHOMY MO~
XOJly K BEICHUIO MallMeHTOB.

Knrouesuie cnosa: T-aumepouumut 2, CD3*CD294" knemku, noxcapHole, ocnaneHue, CeKpemopublil UMmMyHo2100yaun A, oouuii
UMMYHO2100yAuH E

TLYMPHOCYTES OF THE 2" TYPE OF THE IMMUNE
RESPONSE AND THEIR ROLE IN ENHANCING INFLAMMATION
DURING THE PROFESSIONAL ACTIVITIES OF FIREFIGHTERS
Bychkova N.V.2? Kalashnikova A.A.% Kalinina N.M.*?

¢ A. Nikiforov Russian Centre of Emergency and Radiation Medicine, St. Petersburg, Russian Federation
b First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. T lymphocytes of the 2" type of immune response contribute to the development and exacerbation
of inflammation, mainly allergic. Increased inflammation with prolonged exposure to adverse factors during the
work of firefighters can lead to the development of various diseases. Evaluation of the immunity of firefighters
is important for the appointment of adequate treatment and prevention of infectious and allergic diseases.
This paper aimed to analyze the indicators of immunity in employees of the state fire service of EMERCOM
of Russia, depending on the age and intensity of the professional workload. The surveyed were men (n = 79),
mean age 31 years, work experience from 1 to 22 years, with different workload intensity. In peripheral blood,
flow cytometry (Navios, FC 500, Beckman Coulter) was used to evaluate subpopulations of monocytes, the
relative number of T lymphocytes of the 2™ type of immune response CD37CD294". The concentration
of total immunoglobulin E (Immulite) was determined. From nasal secretions, the content of secretory
immunoglobulin A (Vector Best) was evaluated (n = 30). Statistical processing of the results was performed
using the Statistica 12.0 package (StatSoft). An increase in the number of CD3*CD294* cells was observed in
16.5%. A direct correlation was found between the number of T lymphocytes 2 and the age of the examined
persons (p < 0.05). In the group of firefighters with a more intense workload, an increase in the number of
CD3*CD294" cells were 5 times higher (p < 0.05). Among patients who had any disease of the respiratory
tract, an increase in this population was observed statistically significantly more often — in 26% of cases versus
11.5%. A strong direct correlation was found between the number of T lymphocytes 2 and the duration of
smoking experience (p < 0.05). A direct correlation was established between the number of T lymphocytes 2
and the concentration of total IgE (p < 0.05). A decrease in secretory IgA in the secret from the nasal passages
was observed in 23% of firefighters, in 13% of the examined, the indicator went beyond the upper limit of the
reference interval. Significantly more often revealed the deviation of this indicator from the reference values in
firefighters with a high workload. An increase in the subpopulation of classical monocytes was established in the
group of those examined with a high number of CD3*CD294" cells (p < 0.05). Thus, with an increase in the
professional workload of firefighters in unfavorable conditions of service, inhibition of protection to infection
and aggravation of damage to the respiratory tract with an increase in the 2" type of immune response are
noted. Evaluation of the number of type 2 T lymphocytes in peripheral blood will reveal a predisposition to the
T2 profile of immune inflammation, which will contribute to a personalized approach to patient management.

Keywords: T lymphocytes 2, CD3*CD294* cells, firefighters, inflammation, secretory immunoglobulin A, total immunoglobulin E
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Introduction

In the pathogenesis of autoimmune, oncological,
allergic, and infectious diseases, a significant role is
given to disorders in the immune system [8] because
it is one of the three regulatory systems of the human
organism. Inflammation is a fundamental biological
process underlying almost all immune responses [2].
T lymphocytes of the 2" type of immune response
contribute to the development, maintenance, and
exacerbation of inflammation, mainly allergic, with
the participation of several mechanisms. This cell
population is involved in prolonging immediate
and delayed types of inflammation, as well as
eosinophilic and neutrophilic [1]. An increase in
type 2 T lymphocytes in the peripheral blood has
been described in patients with allergic [9] and
autoimmune diseases [13]. Recently, a hypothesis has
been proposed [5] that cells of the 2™ type of immune
response, in addition to the development of allergic
reactions, control chronic inflammatory diseases, and
metabolic homeostasis, take part in the repair and
fibrosis of tissues, etc.

Strengthening the processes of local and systemic
inflammation, which develop as a result of prolonged
exposure to adverse factors in the respiratory tract of
firefighters, can lead to the development of diseases
of the respiratory and cardiovascular systems and can
result in the occurrence of oncological diseases [14].
The complex of unfavorable professional factors for
firefighters includes exposure to burning products,
high temperatures, physical overstrain, stress,
disturbed sleep and wakefulness, nutrition, and
others not directly related to the fire extinguishing
process. The respiratory tract is primarily involved
in counteracting adverse factors of various origins,
including pathogens and toxic substances from the
environment. In the mucous of the respiratory tract,
powerful immune defense mechanisms are used, but
unfavorable professional factors that contribute to
chronic inflammation can lead to the suppression of
immunity to infection and the development of allergic
pathology in the performance of firefighters.

Evaluation of cellular and humoral immunity in
persons exposed to occupational hazards is important
not only for prescribing adequate treatment for
advanced diseases but also for determining the type
of immune response to prevent possible diseases,
including infectious and allergic ones.

This paper aim to analyze the indicators of cellular
and humoral immunity in employees of the state fire
service of EMERCOM of Russia, depending on the
age and intensity of the professional workload.

Materials and methods

The study concluded 79 employees of the federal
fire service of the state fire service of the EMERCOM
of Russia, men, with an average age of 31 years (from

21 to 47 years), and work experience in the specialty
from 1 to 22 years. The intensity of the load was cal-
culated depending on the time spent by the fire
and rescue team in personal respiratory protection
equipment.

In the peripheral blood of all examined individuals,
monocyte subpopulations were analyzed, the relative
number of T lymphocytes of the 2" type of immune
response, the concentration of total immunoglobulin
E (IgE), and the amount of secretory immunoglobulin
A (sIgA) in the secretion of nasal passages were
measured in 30 firefighters (average age and work
experience corresponded to the main group).

The evaluation of the relative number of T lym-
phocytes of the 2™ type in peripheral blood, as well
as subpopulations of monocytes, was carried out
by flow cytometry. To determine the subpopulation
composition of monocytes, whole blood aliquots were
stained with a cocktail of anti-CD14, anti-CDI16,
and anti-CD45 monoclonal antibodies (Beckman
Coulter, USA) according to the manufacturer’s
instructions. VersalLyse (Beckman Coulter, USA)
was used for the lysis of erythrocytes. Samples were
analyzed in a multicolor protocol on a Navios flow
cytometer (Beckman Coulter, USA). The monocyte
population was defined as CD45*SSCmodCD14*
cells. Depending on the CD16 expression density,
three subpopulations were distinguished among
CD14* monocytes: CDI14"CDI16- (classical),
CD14*CD16" (intermediate), and CD144"CD16"
(non-classical). To assess type 2 T lymphocytes, whole
blood aliquots were stained with a cocktail of anti-CD3
and anti-CD294 monoclonal antibodies (Beckman
Coulter, USA) according to the manufacturer’s
instructions. For the lysis of erythrocytes, OptiLyse C
(Beckman Coulter, USA) was used. The population
of T lymphocytes 2 was determined as CD37CD294*
cells and their relative number from the total pool of
lymphocytes was estimated. Samples were analyzed
on a Cytomics FC 500 flow cytometer (Beckman
Coulter, USA).

The chemiluminescent method (Immulite 2000,
Siemens, Germany) was used to determine total im-
munoglobulin E in blood serum. Determination of the
concentration of secretory IgA in nasal secretions was
carried out by enzyme immunoassay (IgA secretory-
ELISA-BEST, Vector Best, Russia). The material for
the study was obtained by blotting nasal secretions
with a standard circle of filter paper, after which
500 puL of the RPMI 1640 medium was added to the
samples, and this material was subsequently used in
enzyme immunoassay (INFINITE F50, TECAN,
Austria).

Statistical processing of the results was carried
out using the Statistica 12.0 (StatSoft) with the
determination of descriptive statistics (mean values,
standard error). The statistical significance of
differences in the groups was assessed using a non-
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parametric Mann—Whitney U test for independent
variables. Spearman’s non-parametric correlation
analysis was used to identify and assess the relationship
between quantitative traits. Frequency analysis was
performed using four-field contingency tables based
on Pearson’s X2 test. Differences in the compared
parameters were considered statistically significant at
p <0.05.

Results and discussion

It is known that lymphocytes of the 2" type of
immune response with the CD3*CD294* phenotype
are effector memory T cells [1]. An increase in the
relative number of this cell population above the upper
limit of the reference interval (0.5-1.5%) was observed
in 13 examined individuals (16.5%). In the group of
firefighters with normal values of T lymphocytes of
the 2" type, this parameter was 0.7£0.3%, in the other
group — 2.91+1.6%, the age of the examined in these
groups differed statistically significantly — 30.3+6.6%
and 36.5 + 8.4%, respectively, p < 0.05. In firefighters
younger than 35 years old, on average, 0.83+0.6%
of cells of this population among lymphocytes were
detected in the group compared with persons older
than 35 years old, where this figure was twice as high
and amounted to 1.6£1.6% (p < 0.01), which exceeds
the upper limit of the reference interval. Correlation
analysis revealed a direct correlation between the
relative number of T lymphocytes of the 2" type
of immune response and the age of the examined
individuals (Spearman’s correlation coefficient 0.3,
p <0.05).

In addition, it was shown that in the group of
firefighters with a more intense load, the frequency
of occurrence of an increased (more than 2%)
relative number of T lymphocytes of the 2™ type of
immune response was 5 times higher (17.1% versus
3.2%, p < 0.05, Pearson’s contingency coefficient
C 0.242, which indicated the average strength of the
connection). An increase in this population of cells
in several examined individuals, especially among
firefighters with an intensive professional workload,
indicated an increase in type 2 immune response
and indicated the influence of unfavorable working
conditions on the deviation of the immune response.

It should be mentioned that the analysis included
mainly young and middle-aged people, but at the
same time, a quarter of them had diseases of the
upper (in 85% of the total number of diseases) and
lower (in 15% of cases) respiratory tract diseases at
the time of the study. Among the diseases of the upper
respiratory tract dominated allergic and chronic
rhinitis, tonsillitis, and rhinosinusitis. Diseases of
the lower respiratory tract included mainly chronic
bronchitis, bronchial asthma, and chronic obstructive
pulmonary disease. When conducting a frequency
analysis, it was shown that among patients who had
any disease, an increase in the population of type 2

T lymphocytes was observed statistically significantly
more often — in 26% of cases versus 11.5% in persons
without diagnosed diseases (p < 0.05).

A strong direct correlation was found between
the number of T lymphocytes of the 2" type and
the duration of the smoking experience (Spearman
correlation coefficient 0.49, p < 0.05). Tobacco smoke
activates the epithelial cells of the respiratory tract,
as a result of which they produce pro-inflammatory
cytokines — TNE IL-1p and IL-8, granulocyte-
macrophage colony-stimulating factor, as well as
TSLP (thymic stromal lymphopoietin), which directs
the immune response in type 2 [16]. A long time of
smoking provokes the appearance of sensitization to
allergens [4] and increases the incidence of chronic
non-allergic rhinosinusitis [3]. Exposure to various
toxic substances contained in tobacco smoke
enhances the adverse effect of occupational hazards
in firefighters and contributes to the persistence of
chronic inflammation, mainly type 2.

In 30% of the firefighters, an increase in the
concentration of total immunoglobulin E in the blood
serum was revealed. A trend towards an increase in
this indicator was shown in the group of patients with
an increased relative number of type 2 T lymphocytes
in peripheral blood — 144 1TU/mL versus 103 ITU/mL
(reference interval 0-85 IU/mL). A direct correlation
was found between the number of T lymphocytes
of the 2" type and the concentration of total IgE
(Spearman correlation coefficient 0.24, p < 0.05). The
results confirm the participation of this population of
T cells in the switch of B lymphocytes to the synthesis
of IgE and indicate a more pronounced IgE-mediated
allergic inflammation in the group of firefighters with
an increase in the number of type 2 T lymphocytes.

It should be noted that the concentration of total
immunoglobulin E in both groups, on average, went
beyond the upper limit of the reference interval, which
confirmed the general trend of increased allergic
inflammation in the group of firefighters compared
to healthy individuals in the general population. The
development of a specific allergic immune response to
inhaled combustion products in firefighters has been
described, as evidenced by an increase in the number
of eosinophils, eosinophilic cationic protein, and pro-
inflammatory cytokines I1L-4 and IL-13 in sputum
and bronchoalveolar lavage [6].

In addition to assessing the indicators of systemic
cellularand humoralimmune responsein 30 firefighters
in the upper respiratory tract, the concentration of
secretory IgA, the main immunoglobulin contained
in mucous secretions (tears, saliva, sweat, colostrum,
discharge from the genitourinary tract, etc.) was
determined. It was shown that a decrease in its
amount in the secret from the nasal passages was
observed in 23% of firefighters, and in 13% of the
examined, the indicator went beyond the upper limit
of the reference interval (5-30 ug/mL). The main
function of secretory IgA is the binding of antigens

744



2023, T. 25, Ne 4
2023, Vol. 25, No 4

T-aumgboyumeot 2 u 6ocnansenue y NOICAPHHIX
12 response, inflammation in firefighters

(both infectious agents and allergens that can cause
sensitization) [7]. At the same time, it is not excluded
that the reason for the excessively high content of
secretory immunoglobulin A may be an increase in its
synthesis in damaged organs [11]. It has been shown
in animal models that exposure to high temperatures
leads to a decrease in this important humoral mucosal
protection factor [10], and adaptation to moderately
high temperatures increases the concentration of sigA
locally [12]. Therefore, secretory immunoglobulin A
can be considered a marker of the body’s adaptation
to external influences.

There was a pronounced tendency to increase the
amount of sIgA in the secret from the nasal passages
in the group of firefighters with work experience of
6-14 years compared with the group, which included
persons working less than 5 years — 52+59 ug/mL
and 19%£59 pg/mL, respectively, p = 0.07. When
conducting a frequency analysis, it was shown
that in the group of firefighters with a high load, a
deviation of this indicator from the reference values
was significantly more often (p < 0.05) — in 8 out
of 14 examined persons (in 5 people a decrease was
detected, in 3 an increase in sIgA in the secret) against
3 out of 16 people with a lower professional load (2
people showed a decrease, 1 had an increase in sIgA
in secret). The results obtained prove the influence of
unfavorable working conditions on the lesion of the
parameters of the immune system of the mucous of
the upper respiratory tract. In the group of firefighters,
multidirectional trends can be distinguished — both a
decrease immunity to infection with a decrease in one
of the main humoral factors of mucosal immunity,
and excessive synthesis of sIgA that accompanies
damage to the epithelial lining of the respiratory tract.
In both cases, as a result, there is a high probability
of developing inflammation, both infectious with a
decrease in the protection of mucous and aseptic with
the toxic effects of burning products.

There was a trend towards an increase in the
frequency of occurrence of a reduced amount of sIgA
in the secret from the nasal passages in the group
of firefighters with an increased number of type 2
T lymphocytes — 3 out of 7 people (43 %) versus 4 out of
23 (17%). Probably, in several examined individuals, an
increase in type 2 immune response leads to inhibition
of the synthesis of protective immunoglobulin A with
an increase in the production of immunoglobulin E in
the mucous, which will contribute to the development
of allergic inflammation.
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and other inhaled allergens during the professional
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to infection and aggravation of damage in the
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response with an increase in professional workload
in adverse working conditions contribute to the
deterioration of the health of firefighters. Regular
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severe complications. The use of the relative amount
of type 2 T lymphocytes in peripheral blood as a
laboratory biomarker to characterize the dominant
type of immune inflammation will make it possible
to identify in firefighters a predisposition to the T2
profile of the immune response, which will contribute
to a personalized approach to patient management.
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KJTMHUKO-UMMYHOJTIOTMYECKAHA XAPAKTEPUCTUKA
CTYAEHTOB MEOULUMUHCKOIO BY3A B SABUCUMOCTH

OoT IWJIUTENBHOCTU U NPOIrPAMMbI OBYHEHUYA
Yeooros C.A., YpazmamobeToB P.T., Aunpeena VL.U., Xapuronosa M.B.

DI'BOY BO «Pocmosckuii eocydapcmeerntblit MeOuyuHcKuil yrusepcumem», e. Pocmoe-na-Zlony, Poccus

Pesome. XpOHUIECKHUN TTICUXO3MOIMUOHAIBHEIN CTPECC MOXKET CTaTh MIPUYNHON ITNCHYHKIIUN HEUPONM-
MYHOSHIOKPUHHON TUCPETYIISINN C TTOCISACTBUSIMM B BUIIe HAPYIICHUS (DYHKIIMOHAJIBHOTO MOTESHIIAIA
UMMYHHOI CMCTEMBbI. AlanTalus K HOBbIM YCJIOBUSIM XKM3HM TIpU CTapTe yueObl B MEIUILIMHCKOM BYy3€ —
OIHO M3 HEM30EXKHBIX OOCTOSITEIECTB, KOTOPOE IIPEOOOIECBAIOT ITIEPBOKYPCHUKH. OOydeHIEe IO IIpOorpaMmMe
BOCHHOM ITOATOTOBKH B MEAUIIMHCKOM BYy3€ HECET B 3TOM acCIIeKTe JOMOTHUTEIBHYIO CTPECCOPHYIO Harpys3-
Ky. MccmemoBanms, ITOCBAIICHHBIE MeXaHN3MaM (OPMHUPOBAHUS aJallTUBHBIX peaKIIUii UMMYHHOM CHCTe-
MBI IpA O0YYEeHHWH 10 IIPOTpaMMe BOCHHOU MOATOTOBKHU O(DUIIEPOB MEAUIIMHCKOM CIIY:KOBI, IIPEACTABIISIIOT
HECOMHEHHBII MHTepec. Llenrbio mpoBeIeHHOTO MCCASOOBAaHUS CTajla COIOCTaBUTENIbHASI XapaKTepHUCTUKa
KIMHAYECKO MaHU(deCTallu UMMYHOOIIOCPEIOBAHHOM MTAaTOJIOTUN U ITapaMETPOB agallTUBHOTO M BPOXK-
JNIEHHOTO UMMYHMTETa CTYJIEHTOB MEAMILIMHCKOIO By3a B 3aBUCMMOCTHU OT CTaxka W IporpamMMbl OOyUYEeHUSI.
IMon HabmomenneM Haxomnch 104 cTynmeHTa-MeanKa, BCe — MYKUMHBI, 13 KOTOPHIX 37 MepBOKYPCHUKOB
U 67 — CTYyIEHTHI TPETHEr0 KYPCOB MEAUIIMHCKOTO YHUBepcuTeTa. O0ceayeMble KaXa0To Kypca pa3aeaecHbI
Ha B¢ MOATPYIIIBI B 3aBUCUMOCTH OT IIpOrpaMMBbI 00y4YeHMs. [pyIina nepBOKYPCHUKOB COCTOsUIa U3 18 Je-
JIoBeK BoeHHOTO yaeOoHoro 1ieHTpa (BYLI) n 19 — teae6HO-1IpodmitakTnaeckoro dpakynbrera (JITID). Cpenu
TpeThbeKYypCHUKOB cTyaeHToB BYII — 31, JIT1IdD — 36. [11s1 KIMHUYECKO XapaKTEpUCTUKU 3a001€BaAEMOCTH
B TEUCHME TOIa OOyJYEeHMS MCIIOJIB30BAJIM PETUCTPAIIMOHHEIC KApThl aHAJIM3a MMMYHOOITOCPEIOBAHHOM T1a-
TOJIOTWH, ITapaMeTPhl IMMYHHOM CHCTEMBI B KOHIIC BECEHHETO CeMeCTpa MCCISOOBAIN C MCIIOIb30BaH-
eM CTaHZAPTHBIX METOMOJIOTMYCCKNX MOoaXomoB. IlomydyeHHBIe MaHHBIC YKa3bIBAIOT, UTO Ha IICPBOM Kypce
aganTanms K o0y4eHUI0 y CTyI€HTOB, UMEIOIIUX JOMOJHUTEJbHYIO HArpy3Ky B BUJIE TTPOrpaMMbl BOEHHOM
TMOATOTOBKM, IIPOXOINUT 00JIee TSLKEI0 B CpaBHEHNHU C IEPBOKYPCHUKAMU JICICOHOTO (paKyabTeTa. DTH pas-
JIMYUSI COCTOSIT B O0Jice YAacTOM M 3HAYMMOM KIMHNYESCKON MaHu(ecTalln NHGEKIIMOHHON ITaTOJIOTUH 1
oTpaxaroTcs Ha QYHKIIMOHAIIBHOM MOTCHIINAJIe KISTOYHBIX ITOKa3aTeIei BpOXKICHHOro MMMyHUTeTa. KoH-
cTaTalysI IPU3HAKOB YyTHETCHUS (PYHKIIMOHAIBHBIX ITOTCHIINN KJIETOK MaKpodaraIbHOTO psiIa U HaTypallb-
HBIX KWJUICPOB Y TIEPBOKYPCHUKOB BOCHHOTO YUEOHOTO IEHTpA SBIISICTCS HACTOPAXMBAIOIINM (haKTOPOM
BO3MOXHOTO CPBIBA aJalTaAllMOHHBIX PE3¢PBOB CUCTEMbl MMMYHHOTO pearipOoOBaHMsI, YTO, BEPOSITHO Mpe-
moJjaraeT HeoOXOAMMOCTD Pa3pabOTKH IIPOrpaMM IIPEBEHIIMKY HETATUBHOTO BIMSIHHS CTPECCOOOPA3YIONINX
dakTopoB. K TpeTheM romy o0ydeHHUS y CTYICHTOB BOCHHOTO YI¢OHOTO IICHTPA B CPABHCHUM CO CTYACHTAMU
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CTaHIapTHOI 00pa30BaTeIbHOI MPOrpaMMbl Bpadeli-JIedeOHUKOB KIIMHNYSCKIIE T UMMYHOJIOTMYECKHUE T10-
KazaTeJu GYHKIIMOHMPOBAHUS UMMYHHOI CUCTEMBI JIydlline. BeposTHO MpearosioxXeHre, 4TO B 3TOT Nepu-
011 3aBepIIacTCs IIPOIIeCC IICUXOJTOTUICCKOM aganTallii BOGHHBIX CTYISHTOB-MEINKOB.

Knrouesvie cr06a: ncuxodaMouUOHAAbHbLI cmMpecc, a0anmayust, CMyoOeHmbl, HAMypaibHble KUAAepbl, UMMYHHAS OUCpe2y AU,
cmpeccoobpa3zyrouue paxkmopot

CLINICAL AND IMMUNOLOGICAL CHARACTERISTICS OF
MEDICAL STUDENTS DEPENDING ON THE DURATION AND
PROGRAM OF STUDY

Chebotov S.A., Urazmambetov R.T., Andreeva LI., Kharitonova M.V.

Rostov State Medical University, Rostov-on-Don, Russian Federation

Abstract. Chronic psycho-emotional stress can cause dysfunction of neuroimmunoendocrine dysregulation
with consequences in the form of a violation of the functional potential of the immune system. Adaptation to
new living conditions at the start of studies at a medical university is one of the inevitable circumstances that
first-year students overcome. Education under the military training program at a medical university carries
an additional stress load in this aspect. Research on the mechanisms of formation of adaptive reactions of the
immune system during training under the military training program for officers of the medical service is of
undoubted interest. The purpose of the study was to compare the clinical manifestations of immune-mediated
pathology and the parameters of adaptive and innate immunity of medical students depending on the length
of service and training program. Under observation were 104 medical students, all men, of which 37 were
first-year students and 67 were third-year students of a medical university. The subjects of each course were
divided into two subgroups depending on the training program. The group of first-year students consisted of 18
people from the military training center (VITC) and 19 people from the medical and preventive faculty (LPF).
Among the third-year students of the VUC — 31, LPF — 36. For the clinical characterization of the incidence
during the year of study, registration cards for the analysis of immune-mediated pathology were used, the
parameters of the immune system at the end of the spring semester were studied using standard methodological
approaches. The data obtained indicate that in the first year students with an additional load in the form of a
military training program have a more difficult time adapting to learning in comparison with first-year students
of the medical faculty. These differences consist in a more frequent and significant clinical manifestation of
infectious pathology and are reflected in the functional potential of cellular parameters of innate immunity.
The statement of signs of inhibition of the functional potencies of macrophage cells and natural killers in first-
year students of a military training center is an alarming factor in the possible disruption of the adaptive reserves
of the immune response system, which probably suggests the need to develop programs to prevent the negative
impact of stress-forming factors. By the third year of study, the students of the military training center have the
best clinical and immunological indicators of the functioning of the immune system in comparison with the
students of the standard educational program of general practitioners. It is likely that during this period the
process of psychological adaptation of military medical students is completed.

Keywords: psycho-emotional stress, adaptation, students, natural killers, immune dysregulation, stress-forming factors

military training program carries an additional stress
load to the standard educational process in a medical
school [9]. On the other hand, military medical
students initially have higher health requirements
than civilians. Is the combination of the above factors

Introduction

The educational process in a medical university
is characterized by high intensity, which affects the
psycho-emotional status of students and can lead to the

formation of chronic stress [8]. In turn, stress causes
a change in the functional activity of the homeostatic
systems of the body, including the immune system,
contributing to a decrease in immunocompetence
and the development of clinical manifestations of
immune dysfunction [2, 3, 4, 7]. Education under the

reflected in the change in the functional resources of
the immune system of medical students? Studies on
the aspects of the formation of adaptive reactions of
the immune system during training under the military
training program for officers of the medical service are
fragmentary and are extremely poorly covered.
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Adaptation to the educational process

The purpose of this work was a comparative as-
sessment of the clinical manifestation of immune-
mediated pathology and the parameters of adaptive
and innate immunity of medical students depending
on the length of service and training program.

Materials and methods

The object of the study were 37 first-year and 67
third-year students of the medical and preventive
faculty and the military training center of the Federal
State Budgetary Educational Institution of Higher
Education of the Rostov State Medical University of
the Ministry of Health of Russia. The subjects of each
course were divided into two subgroups depending on
the training program. The group of first-year students
consisted of 18 people from the military training
center (MTC) and 19 people from the medical and
preventive faculty (MPF). Among the third-year
students of the MTC — 31, MPF — 36. The study
participants were comparable in age (respectively,
years: 19+1 and 19%2 in the first year group; 23+3
and 2212 in the third year), gender (all men), physical
condition (corresponded to the I group of health).

All study participants signed an informed consent
in accordance with the protocol approved by the
Local Independent Ethical Committee of the Federal
State Budgetary Educational Institution of Higher
Education Rostov State Medical University (No.
15/19 dated October 08, 2019).

The study was conducted at the end of the second
and sixth semesters of study.

The work used registration cards for the analysis
of immune-mediated pathology (Sizyakina L.P,
2013), reflecting the incidence during the year from
the standpoint of assessing the work of the immune
system according to the main syndromes: infectious,
allergological, autoimmune, lymphoproliferative.
The parameters of the immune system were studied
using standard methodological approaches [5].

The inclusion criterion for all participants at this
stage was the absence of acute or chronic diseases in
the acute stage. Statistical calculations were performed
using the StatTech v. 1.2.0 and Statistica SPSS v. 26.
The description of the results obtained was carried out
by calculating the median (Me) and the interquantile
range of values in the form of 25 and 75 percentiles,
which is presented in the text as Me (Qg5-Qg7s)-
Comparison of two groups on a non-normally
distributed score was performed using the Mann—
Whitney U test, and groups with a normal distribution
were compared using a parametric Student’s t-test.
Differences were considered significant at p < 0.05.

Results and discussion

Processing of data from registration cards of im-
mune-mediated pathology indicates that during the
first two semesters of study at the Medical University,
there were no lymphoproliferative disorders, as well

as manifestations of autoimmune pathology, in both
subgroups of first-year students. Allergic syndrome
was absent in MTC students and was detected
(seasonal allergic rhinitis) in 10% of MPF students.
Infectious manifestations were noted in all students of
the MTC (100% of cases) and only in 36% of students
of the MPE Clinically, the infectious syndrome was
manifested by acute infections of the respiratory tract.
Complications that required the use of antibiotic
therapy developed in 36% of cases in military students
and in 20% of cases in MPF students.

Comparative characteristics of the parameters of
the immune system of the two subgroups did not reveal
fundamentally significant changes in the parameters
of the subpopulation composition and functional
characteristics of T and B-lymphocytes, as well as
the level of production of serum immunoglobulins.
At the same time, a statistically significant difference
was noted in the content of a functionally active
subpopulation of natural Kkillers in the peripheral
circulation. Thus, in MTC students, the proportion of
granzyme-containing CD3-CD16"Gr* lymphocytes
is 3 (1.9-4.8) %, while in MPF students this figure is
10 (7-13) % (p = 0, 0001). Also, in military medical
students, in comparison with the MPF group, a
smaller number of peripheral blood monocytes
express the pattern-recognizing receptor TLR4:
CDI14*CD284* 13.5 (10-18) % and 19 (13-24) %,
respectively (p = 0.03).

The data obtained indicate that in the first year
students with an additional load in the form of a
military training program have a more difficult time
adapting to learning in comparison with first-year
students of the medical faculty. These differences are
also reflected in more frequent and significant clinical
manifestations and, most importantly, affect the
functional potential of cellular parameters of innate
immunity. The results obtained are of particular
interest because they are in line with the data of
studies emphasizing that among all subpopulations
of immunocytes, natural killer cells have the highest
sensitivity to chronic stress [1, 6].

The analysis of third-year students’ survey data
revealed that duringthe 4" and 5" semesters of study, the
clinical manifestation of immune-mediated processes
was registered in 58% of the students of the MTC and
61% of the students of the LPF. At the same time, no
lymphoproliferative disorders and manifestations of
autoimmune pathology were noted. Allergosyndrome
(seasonal allergic rhinitis) was recorded in 3% of
cases of military doctors and in the same ratio (3%)
in the MPF group. Infectious manifestation in the
form of acute infections of the upper respiratory tract
was manifested in 45% of military doctors and 50%
of students of the medical faculty. Complications
that required the use of antibiotic therapy developed
in 28% of cases in military students and in 45% of
students of the MPE

A comparative analysis of the parameters of the
immune status of two subgroups of third-year students

749



Yebomoes C.A. u op.
Chebotov S.A. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

showed that statistically significant differences affected
only the functional parameters of monocytes. Thus,
students of the MTC have a higher relative amount of
CD14*HLADR®" (77.5 (70-79) % and 71 (64-74) %,
p =0.02), aswell as CD14*CD282* (78 (72.25-81.1)
and 72 (66-77), p = 0.006), respectively. As follows
from a generalized analysis of the data obtained from
the survey of third-year students, military medical
students in this period of study, in comparison with
students without an additional training program,
have better indicators of the functioning of the
immune system. This postulate is confirmed by a
fundamentally lower number of complications after
ARVI and a more pronounced activation of cells that
provide the processes of primary antigenic recognition
and regulation of the adaptive immune response.
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OUEHKATYMOPAJIbHOIO UMMYHHOI'O OTBETA

Y BETEA NPU UMMYHU3ALUU PASHBIMU TUMAMMA
NHAKTUBUPOBAHHbIX TPUNMNO3HbIX BAKUWH B CE3OH
2019-2020 rogA

Byzunkasa JK.B., Ilonos A.B.!, Pomanosckas-Pomansko E.A.L,
Cepreesa M.B.), Baproumua E. A, Epodpeesa M.R.!, Cryxkosa M.A.l,
JInozuos JI.A." 2

'@I'BY «Hayuno-uccaedosamensvckuii uncmumym epunna umenu A.A. Cmopodunyesa» Munucmepcmea
3dpasooxpanernus PO, Canxm-Ilemepbype, Poccus

2@I'BOY BO «Ilepsuviii Cankxm-IlemepOypeckuii 20cyoapcmeettblil MeOUYUHCKUL YHUBEDCUMEM UMEHU AKA0eMUKA
U1 Ilaenosa» Munucmepcmea 30pasooxpanenusn P®, Cankm-Ilemepbype, Poccus

Pestome. [pumnm siBisieTcss ogHOM M3 HanboJee pacIpOCTPaHEHHBIX PECTTUPATOPHBIX MH(MEKIINIA, BbI3bI-
Baollleli MUUIMOHBI ClydyaeB 3a00jeBaHUsI BO BceM Mupe. DDDHEeKTUBHOCTh BaKIIMHALIMKA MTPOTUB I'pUIa
M XapakTep MMMYHHOTO OTBETa Ha Ipernapar MOTI'YT BapbUpOBaTh B pa3HbIX BO3PACTHBIX I'PyINIiaX U B 3aBU-
CUMOCTH OT cocTaBa BakKIIMHbBI. [10CKOJIBKY AeTH TTOABEPXKEHbI HaboJIee BHICOKOMY PUCKY 3a00JIeBaHUsI 1
SIBJISIFOTCSI OCHOBHBIMHU PAaCIIPOCTPAHUTEISIMU TPUTITITIO3HON MHGMEKIIUN, UCCISI0BAHUS UMMYHOJIOTMYECKOM
3G GEKTUBHOCTU BaKIIMH Y IeTe MMEIOT OOJIbIIIOe 3HAYCHUE TSI KOHTPOJIS SMUAEMUIECKOro Ipoliecca B
nenoM. Ilesiblo TaHHOTO MCCENOBaHMSI CTaja OlieHKa OCOOEHHOCTel (hOpMUPOBaHUSI TYMOPAIBLHOTO MM-
MYHHOTO OTBETa y ACTel IOC/Ie UMMYHU3ALMK Pa3IMYHBIMU TUTTAMW MHAKTUBUPOBAHHBIX TPUIIITO3HBIX BaK-
WH.

HaGaoparenbHoe rcciienoBaHue ObLIO MpoBeaeHo B ce3oHe 2019-2020 r. u Bkimoyasio 230 geteil B BO3-
pacte 1o 18 jret, a TakKe 87 ydaCTHUKOB B Bo3pacTe oT 18 1o 60 jreT B KauecTBe IpyIIITbI cpaBHeHU. J1oOpo-
BOJIBLIBI, JaBIlIMe MH(MQOPMUPOBAHHOE COIJIACHe Ha yvyacTHe, ObLIM MPUBUTHI OMHUM M3 TPEX IpernaparoB:
«Iputiron ITimroc», «COBUTPUNTI» UITH « YIIBTPUKC», B OTKPBITOM pexxuMe. OIeHKY TYMOPaJTbHOTO UMMYHHO-
ro OTBeTa MPOBOAWJIM IO TUTPY aHTUTEMAarTrJIOTUHUPYIOIIMX aHTUTEJT B TApHBIX CHIBOPOTKAX JOOPOBOJIBIIEB,
B3SITBIX 10 M Ye€pe3 TPU HEMIEeJIN TTOC/Ie BaKIIMHALIMU.
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MMMyHOTeHHOCTh BaKIIMH, MMPOAaHAIM3MPOBAaHHASI CYMMAapHO I10 BCEM IperapaTaM B BO3PACTHOM TpyII-
e 1o 18 net, ynosieTBopsiia kputeprusiMm CPMP st olieHKM MHAKTUBUPOBAHHBIX TPUMITO3HBIX BaKIIUH TT0
nokKazaTeJIIM KPaTHOCTU IIPMPOCTa aHTUTE M JOJIe JINIL C CEPOKOHBEPCHUENM B OTHOIIIEHUM BCEX TPEX KOM-
moHeHToB (A/H1N1pdm09, A/H3N2 u B/Victoria). ¥ mereit B Bo3pacte ot 6 mo 18 ner HaGmonanu 6oee
aKTMBHBII OTBET K KoMnoHeHTy B/Victoria 1o cpaBHEHUIO CO B3pOCIbIMU ydyacTHUKaMu (ot 18 mo 60 jerT),
KOTOpOIO TEM HE MeHee ObLIO HEAOCTATOYHO Ijist obecrneyeHus 70%-Hoil UMMYHHOI IPOCIOMKY JIUIL C yC-
JIOBHO 3aILIMTHBIM TUTPOM aHTUTEI.

CpaBHUTEIbHBIN aHAIU3 UMMYHOTEHHOCTH TpENapaTroB, MPOBEISHHbIN [JIsi MOArPYMIIbI IeTE B BO3-
pacte oT 6 10 18 JIeT ¢ MICXOOHO HMU3KKUM YPOBHEM aHTUTEJ Ha MOMEHT BaKLIMHALIMU, [IOKA3aJjl, YTO CILIMT-
BaKLIMHA «YJIBTPUKC» MMeJIa IPEUMYIIIECTBO 110 CPAaBHEHUIO C aJbIOBAHTHOM BaKIIMHOMI «[pUITIO ITUTIOC» B
(bopMUpOBaHUM aHTUTEILHOTO OTBETA B OTHOILIIEHWM KOMITOHeHTa B/Victoria u He oTiiMyanach B OTHOIIIE-
HuM koMnoHeHToB A/H1N1pdm09 u A/H3N2. V nereit muianiie 6 et Habionanach TCHASHIIUS K MeHee
BBIpaXX€HHOMY TyMOpPaJIbHOMY UMMYHHOMY OTBETY Ha BaKIIMHAIIMIO TT0 CPAaBHEHMIO CO CTapIliell BO3pacTHOM
IPYIIION, YTO MOXET OBbITh CBSI3aHO C BO3PACTHBIMU OCOOEHHOCTSIMU UMMYHHOI CUCTEMBI Y I€TEi MJIad1lIero
JTOIIIKOJILHOTO BO3pacTa.

Knrouegwie crosa: UHAKMUBUPOBAHHAA cPUNNO3HAA 6AKUUHA, 0emu, no@pocmlm, aHnmumena, peakuyus mopmosNCeHus
cemdacenromunayuu, Kpumepuu UMMyYHOSeHHOCmu

ASSESSMENT OF THE HUMORAL IMMUNE RESPONSE
IN CHILDREN AFTER IMMUNIZATION WITH DIFFERENT TYPES
OF INACTIVATED INFLUENZA VACCINES IN THE 2019-2020

SEASON

Buzitskaya Zh.V.2, Popov A.B.?, Romanovskaya-Romanko E.A.?,
Sergeeva M.V.2 Varyushina E.A.% Erofeeva M.K.?, Stukova M.A.?,
Lioznov D.A.®"

¢ A. Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Causing millions of cases worldwide every year, influenza is one of the most common respiratory
infections. The effectiveness of influenza vaccination and the nature of the resulting immune response may vary
depending on the vaccine composition and age group. Since children are at the highest risk of disease and act as
the main carriers of influenza, the assessment of the immunological efficacy of vaccines in this group is crucial
for controlling the epidemic. Therefore, this study aimed to evaluate the characteristics of the humoral immune
response in children after immunization with various types of inactivated influenza vaccines.

An observational study was conducted in the 2019-2020 season and involved 230 children (< 18 years old)
and a comparison group of 87 adults aged 18 to 60 years. The subjects, who provided informed consent to
participate, were vaccinated with one of three vaccines (Grippol Plus, Sovigripp, or Ultrix) in an open-label
fashion. The humoral immune response was assessed by measuring the hemagglutination inhibition (HI) titer
in the paired sera taken before and three weeks after vaccination.

The immunogenicity of the vaccines in the age group under 18, met the CPMP criteria for the assessment of
inactivated influenza vaccines in terms of the fold increase in antibody titers and the proportion of individuals
with seroconversion to all three components (A/HIN1pdm09, A/H3N2, and B/Victoria). Although 6 to
18-year-old participants showed a more robust immune response to the B/Victoria component compared to
the adult participants (aged 18 to 60), it was insufficient to ensure that 70% of the participants have a protective
antibody titer.

A comparative analysis of the vaccines’ immunogenicity was carried out for a subgroup of children aged
6-18 who had initially low antibody levels at the time of vaccination. The analysis showed that the split vaccine
Ultrix outperformed the adjuvanted vaccine Grippol Plus in generating an antibody response to the component
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B/Victoria; however, the antibody responses to the A/HINI1pdm09 and A/H3N2 components did not differ
between the two vaccines. The children under 6 years of age demonstrated a less pronounced humoral immune
response to vaccination compared with the other age groups, which may be due to the age-related characteristics

of the immune system in children of preschool age.

Keywords: inactivated influenza vaccine, children, adolescents, antibodies, hemagglutination inhibition reaction, immunogenicity

criteria

The study was carried out within the government
contract of the Ministry of Health of the Russian
Federation “Assessment of the Intensity of Collective
Immunity and Epidemiological Effectiveness of
Influenza Vaccines in the Russian Federation (2019-
2021)”.

List of abbreviations: AB, antibodies; 95% CI, 95%
confidenceinterval; ITV, inactivated influenza vaccine;
IQR, interquartile range; HI test, hemagglutination
inhibition test; GMT, geometric mean titer.

Introduction

Influenza is one of the most common respiratory
infections, causing millions of cases worldwide.
Vaccination remains to be the most effective way to
prevent influenza-related morbidity and mortality.
Children are at higher risk of influenza infection
than other age groups [14]. Being the main carriers,
children of preschool age are a ‘reservoir’ for viruses
that cause flu and other seasonal acute respiratory
viral infections. Influenza causes children to seek
outpatient and inpatient treatment and their parents
to take sick leave more frequently. The clinical course
of influenza infection may vary depending on the age
of the child, comorbidities, and the type of virus [for
review see 7, 10, 11].

The effectiveness of influenza vaccination and
the nature of the resulting immune response may
vary depending on the age group and the vaccine
composition [5, 6, 9]. In adults, the response to
vaccination is often modulated by pre-existing
immunity that is formed as a result of multiple
vaccinations and past infections [9]. Studying the
antibody response in children with a well-documented
prior exposure helps identify the factors that influence
vaccine efficacy [3]. Although many countries now
recommend seasonal vaccination of children, the data
on the effectiveness of inactivated influenza vaccines
(ITV) in this age group are limited. Therefore, the
studies of the immunological efficacy of vaccines
in this group are of great importance to control the
epidemic.

Antibodies (AB) targeting the hemagglutinin
protein of the influenza virus are widely recognized
as a crucial component of protection against in-
fluenza infection. The antibody titers that inhibit
hemagglutination are considered as correlates of
protection following the administration of IIV in
adults and children [1]. Classic studies conducted

by Hobson et al. in 1972, as well as more recent
research, established that a titer of 1:40 correlates
with 50% protection against influenza infection [4,
12]. This protective titer is a key element in the
CPMP criteria for IV evaluation in adults, proposed
by the European Medicines Agency (EMA) (CPMP/
BWP/214/96) [2].

The same criteria are typically used for children
and adolescents but the question concerning the
level of the protective antibody titer in this age group
remains unresolved. Children have a reduced ability
to develop a cellular immune response and might not
have experienced influenza infection or vaccination,
so protective titers may differ in children compared
to adults. Ng et al. demonstrated that the titers of
1:40 and above corresponded to approximately 50%
protection against infection with the A(H1IN1)pdm09
and B/Victoria strains in children and adolescents
aged 6 to 17 years [8]. However, for children under
6 years of age, a greater titer threshold value of 1:110
may be required to predict 50% protection against
clinically confirmed infection [1].

This study, therefore, aimed to evaluate the
characteristics of the humoral immune response in
children from the two age groups after immunization
with various types of inactivated influenza vaccines.

Materials and methods

The observational study was conducted during the
2019-2020 epidemic season. The study included 230
participants in total from two age groups: children
under 6 years old and those aged 6 to 18. The children
were vaccinated with one of the three influenza
vaccines (Grippol Plus, Sovigripp, or Ultrix) at two
outpatient clinics in St. Petersburg (St. Petersburg
State Budgetary Healthcare Institution Municipal
Polyclinics N3 and N4). The participants were allowed
to choose the preferable vaccine. The comparison
group included 87 adults aged 18 to 60 who were
vaccinated with the vaccines at the same clinics or
at the Smorodintsev Research Institute of Influenza
of the Ministry of Health of the Russian Federation.
All adult participants signed the informed consent
form. For underaged participants, informed consent
was obtained from their parents/guardians. The study
protocol was approved by the Local Ethics Committee
of the Smorodintsev Research Institute of Influenza
(protocol No. 145 of 10/4/2019).
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There were two types of trivalent inactivated vac-
cines used for immunization: split or adjuvanted su-
bunit vaccines. Grippol Plus, manufactured by NPO
Petrovax, isaninactivated subunit vaccine that contains
5 pg of hemagglutinin of each of the epidemic virus
strain subtypes A/HIN1pdm09, A/H3N2, and B and
500 pg of the Polyoxidonium® adjuvant in a 0.5 mL
dose. Sovigripp, manufactured by NPO Microgen, is
an inactivated subunit vaccine that contains 5 pg of
hemagglutinin of each of the epidemic virus strain
subtypes A/HIN1pdm09 and A/H3N2, 11 pg of the
influenza virus type B, and 500 pg of Sovidon adjuvant
in a 0.5 mL dose. Ultrix, manufactured by FORT
LLC, is an inactivated split vaccine containing 15 ug
of hemagglutinin of each of the virus strain subtypes
A/HINI1pdm09, A/H3N2, and B in a 0.5 mL dose.
The vaccines’ strain compositions were in accordance
with the WHO guidelines for the 2019-2020 northern
hemisphere influenza season.

The blood sera from children and adults were
obtained twice during the study: before vaccination
(D0) and on the 21st day after vaccination (D21).
The hemagglutination inhibition (HI) test was used to
examine the sera as described in the guidelines MU
3.1.3490-17 [13]. To remove nonspecific inhibitors,
the serum was treated with a receptor-destroying
enzyme (RDE; Denka Seiken, Japan) following the
manufacturer’s protocol. The antigens used were Dry
Influenza Diagnostic Agents for HI (LLC “PPDP”,
St. Petersburg, Russia; TU 938824-004-4429427-
2008) of the three strains corresponding to the vaccine
strains. The sera were titrated starting at a dilution of

TABLE 1. CHARACTERISTICS OF THE STUDY POPULATION

1:10. A titer < 1:10 was considered equal to 1:5, and a
titer > 1:1280 — to 1:1280.

The immunological efficacy of the vaccines
in children and adults was assessed following the
EMA Note for Guidance on Harmonisation for
Requirements for Influenza Vaccines (CPMP/
BWP/214/96) for individuals aged 18 to 60 [2].
Seroprotection was defined as the antibody titer of
1:40 or more. Seroconversion was defined as at least
a 4-fold increase in titer from pre-vaccination (DO0)
to post-vaccination (D21). The statistical analysis
of the results was carried out using MS Excel 2016,
GraphPad Prizm 6.07, and RStudio 2022.12.0. The
95% confidence intervals (CI) for the geometric means
were determined using the logarithmic transformation
of the data, followed by the calculation of CI for
normally distributed data and inverse logarithmic
transformation of the values. CI for seroconversion
and seroprotection rates were calculated according to
the Wald method. For multiple pairwise comparisons
between independent samples, the Mann—Whitney
test was used without adjustment for multiple
comparisons. To compare the sample rates, Fisher’s
exact test was used without adjustment for multiple
comparisons. Differences were considered statistically
significant at p < 0.05.

Results and discussion

The study of the immune response included 230
children under the age of 18 who were vaccinated
with inactivated influenza vaccines during the 2019-
2020 epidemic season. The comparison group was
randomly selected from 18-60-year-old adults who

Age (years)
18-60
Under 6 6-18 U_nder 18 (comparison
(in total)

group)
Total number 21 209 230 87
of participants, n
Vaccine, n
— Ultrix 2 109 111 42
— Grippol Plus 19 92 111 42
— Sovigripp 0 8 8 3
Mean age 4 15 14 28
(IQR¥) (3.6-4.7) (13.0-17.3) (10.9-17.3) (18.3-36.8)
fe:é;ale 9 (43%) 85 (41%) 94 (41%) 21 (24%)
_ Male 12 (57%) 124 (59%) 136 (59%) 66 (76%)
Seropositive**, n
— A/HIN1pdmO09 16 (76%) 125 (60%) 141 (61%) 76 (87%)
— A/H3N2 11 (52%) 92 (44%) 103 (45%) 65 (75%)
— BlVic 10 (48%) 58 (28%) 68 (30%) 38 (44%)

Note. *, IQR, interquartile range; **, the antibody titer > 1:10 at the time of vaccination.
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were vaccinated against influenza in the same season.
When selecting the comparison group, the balance
between the proportions of those vaccinated with
each vaccine type and the corresponding indicators
of the combined group of participants under 18 was
taken into account (Table 1). This study adopted the
CPMP criteria (CPMP/BWP/214/96) used for the
assessment of inactivated influenza vaccines in adults
since there are currently no standardized criteria for
the assessment of influenza vaccine immunogenicity
in children [2].

First, the total immunogenicity of the trivalent ITVs
was assessed in the combined group of children under
18 years of age. The immunogenicity parameters in
children were contrasted with those in the comparison
group — adults aged 18 to 60 (Table 2, the first and
second rows from the top). The humoral response
in children met the CPMP criteria for the antibody
titer fold increase and seroconversion rates. The
fold increase in antibody titers and the number of
seroconversions to the B/Victoria component were
statistically significantly higher in children compared
to the adult group, even though the groups had been
initially comparable in terms of the proportion of the

participants with low and high levels of antibodies
at the time of vaccination. As for the other two
vaccine components, A/HIN1pdm09 and A/H3N2,
seroprotection rates at the time of vaccination were
statistically significantly lower in the children group,
which could contribute to the observed difference in
the immunogenicity of these components.

One of the criteria for ITV immunogenicity is that
at least 70% of the vaccinated develop a protective
antibody titer (seroprotection) after vaccination.
Seroprotection rates to the A/HINIpdm09 and
A/H3N2 components were lower in children com-
pared to the adult group both before and after vac-
cination, although it reached the CPMP threshold
value at the latter time point. As for the B/Victoria
component, the seroprotection rates after vaccination
did not reach the threshold value of 70% in both
groups. The obtained data aligns with previous studies
on the immunogenicity of trivalent IIV during the
2019-2020 season which demonstrated that children,
adolescents, and adults exhibited a less significant
response to the influenza B component compared to
both influenza A components. Particularly low rates
were seen in the adult participants and 14-17-year-old
adolescents [5].

TABLE 2. IMMUNOGENICITY OF THE TRIVALENT INACTIVATED INFLUENZA VACCINES IN CHILDREN IN DIFFERENT AGE
GROUPS AND ADULTS IN THE 2019-2020 SEASON, BASED ON HEMAGGLUTINATION INHIBITION (HI) TEST

Seroprotection Seroprotection Seroconversion
rate, % rate, % Antibody fold rate
A before vaccination after vaccination increase o ’
(4
9€ | Vaccine (DO) (D21)
(years)
Al Al Al Al Al Al Al Al
H1N1 H3N2 B/Vic | HI1N1 H3N2 B/Vic | HIN1 H3N2 B/Vic | HIN1 H3N2 B/Vic
pdm pdm pdm pdm
under all
18 L oap | 39°°°° 20°° | 7 76°°° | 73°° | 43 4.2 5.5 3.1% | 58° 66° 53°°°°
. vaccines
in total®
18-60° al {7ewec| 370 |13 |93 |88 [34 |36 |7 |21% |42 |79° |26
vaccines
under 6 GSI"L?' 32 |42 |16 |63 |47 |42 |24 |21 |17 |47 |42 |42
G;ﬁg" s+ | 24¢ |10 |75 |70 | 304+ | 2.6%* |42 |27 |50~ |58 |49
6-18
Ultrix 28*** | 11* 5 76 79 55¥* | 7.1***| 7.9 | 4.1* | 69* | 77** | 61
CPMP threshold > 70% >25 > 40%
value

Note: #, in total for all three vaccines Grippol Plus, Sovigripp, and Ultrix; # p < 0.01, the statistically significant difference between the
underage group (under 18) and the adult group (aged 18-60), the Mann-Whitney test without adjustment for multiple comparisons;
&, the groups are balanced for the proportion of the participants vaccinated with each type of vaccine; * p < 0.05, ** p < 0.01, ***

p < 0.001, the statistically significant difference between the Ultrix and Grippol Plus vaccines in the 6 to 18-year-old age group,
Fisher’s exact test without adjustment for multiple comparisons; ° p < 0.05, ** p < 0.01, ** p < 0.001, **** p < 0.0001, the statistically
significant difference between the underage group (under 18) and the adult group (aged 18-60), Fisher’s exact test without

adjustment for multiple comparisons.
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Next, we assessed the immunogenicity of the
Grippol Plus and Ultrix vaccines in the participants
under 6 years of age and those aged 6 to 18 (Table
2, rows 3, 4, and 5 from above). Young children are
known to be more susceptible to influenza [14].
According to the published research, the threshold
value for the protective antibody titer in this group is
higher than the standard, measuring at 1:110 [1]. In
our study, the vast majority of children under the age
of 6 (19 out of 21) were vaccinated with the Grippol
Plus vaccine, which motivated further analysis of the
results obtained for this vaccine. The geometric mean
titers (GMT) in this group after vaccination were as
follows: to A/HINI1pdm09 — 50 (95% CI: 25-99);
to A/H3N2 — 33 (95% CI: 16-68); to B/Victoria —
17 (95% CI: 9-29). Before vaccination, the antibody
titers above the threshold value of 1:110 were only
identified in isolated cases: in one child (5%) — to
the A/HINI1pdm09 component and in another child
(5%) — to the A/H3N2 component. After vaccination,
the antibody titers above 1:110 were observed in 42%
of the children for the A/H1N1pdm09 component, in
26% of the children for the A/H3N2 component, and
only in one child (5%) for the B/Victoria component.

At the time of vaccination, the age subgroups
(under 6 and 6 to 18 years of age) did not differ in
the seroprotection rates. Nonetheless, following
vaccination with Grippol Plus, all parameters studied
suggested a less pronounced immune response in the
younger children compared to the group aged between
6 to 18 years. The differences did not achieve statisti-
cal significance, which, however, can be attributed to
the insufficient sample size of the younger age group.

The fold increase in antibody titer and serocon-
version rates for the A/HINIpdm09 and A/H3N2
components were higher in the participants aged 6 to
18 who were vaccinated with Ultrix, than in children
of the same age who received Grippol Plus. Notably,
these subgroups were not comparable in terms of the
proportion of the seropositive participants at the time
of vaccination, as suggested by the corresponding
seroprotection rates. The humoral immune response
to vaccination is known to be less pronounced in
individuals with high pre-existing antibody titers
[3, 9]. Nevertheless, vaccination with Ultrix and
Grippol Plus led to similar seroprotection rates for the
A/HINIpdm09 and A/H3N2 components, which
met the required seroprotection criterion (more
than 70%). The seroprotection rate for B/Victoria
after vaccination was statistically significantly higher
in the subgroup vaccinated with Ultrix compared to
Grippol Plus, despite the absence of differences in the
number of seropositive individuals on day 0 between
the two groups. This difference may indicate better
immunogenicity of the Ultrix vaccine to the influenza
B component in comparison with the Grippol Plus
vaccine.

A key objective of the study was a comparative
assessment of the immunogenicity of the Ultrix
and Grippol Plus vaccines in children aged 6 to 18
years who had initially low antibody titers (Table 3).
No differences in the immunogenicity of these two
vaccines were found regarding the A/HIN1pdm09
and A/H3N2 components. However, the data analysis
confirmed that the split vaccine Ultrix exhibited a
higher immunogenicity to the B/Victoria component

TABLE 3. CHARACTERISTICS OF THE HUMORAL IMMUNE RESPONSE TO VACCINATION IN CHILDREN WITH INITIALLY
LOW TITERS DEPENDING OF THE VACCINE TYPE IN THE 2019-2020 SEASON (HI TEST DATA)

Seroprotection rate, % . . o Seroconversion rate, %
(95%Cl) Antibody fold increase (95%Cl) (95%Cl)
Age .
Vaccine
(years)
H1N1 | H3N2 B/Vic H1N1 H3N2 B/Vic H1N1 H3N2 B/Vic
Grippol 62 66 30** 8.3 8.7 3.8¢ 76 76 55*
Plus (47-78)| (54-78)| (19-40) | (5.2-13.0) | (6.0-12.4) | (2.8-5.2) (62-90) | (65-86) | (44-67)
6-18
Ultrix 70 81 54 13.6 1 5.4+ 84 88 71*
(59-80)| (73-90)| (44-65) |(9.5-20.0) | (8.3-15.0) | (4.3-6.8) (75-93) | (80-95) | (62-80)
11.1 7.3 6.6
_21& &
6-21 Flucelvax®| 70.6 73.3 64.0 (4.7-26.0) | (3.5-15.2) | (4.0-10.9) N/D N/D N/D
CPMP threshold > 70% >25 > 40%
value

Note. * p < 0.05, ** p < 0.01, the statistically significant difference between Ultrix and Grippol Plus in the 6 to 18-year-old age group,
Fisher’s exact test without adjustment for multiple comparisons; # p < 0.05, the statistically significant difference between Ultrix and
Grippol Plus in the 6 to 18-year-old age group, the Mann-Whitney test without adjustment for multiple comparisons; &, comparative
data from a similar study of a subunit inactivated vaccine [15]; N/D, no data.
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compared to the adjuvanted vaccine Grippol Plus.
Importantly, the influenza B virus infection poses the
greatest threat to children and is often accompanied
by serious complications. Children with influenza
B infection require hospitalization in the intensive
care unit more often and have a higher mortality rate
compared to those with influenza A infection [10, 11].

Furthermore, we compared our data with the results
of a similar study that was conducted in the United
States on subjects aged 6 to 21 years who had initially
low antibody titers in the 2019-2020 season [15].
The analysis showed that Ultrix and Grippol Plus
are comparable to the Flucelvax vaccine (Seqirus,
USA) in terms of the fold increase of antibody titers
against A/H1N1pdm09 and A/H3N2. Moreover, the
split vaccine Ultrix showed higher immunogenicity to
the influenza A viruses compared to Flucelvax. Both
vaccines, however, exhibited a lower fold increase in
titer against the B/Victoria component compared to
the vaccine produced in the USA. Therefore, it can be
advisable to use a vaccine from a foreign manufacturer
as a comparator when conducting similar studies.
Our data indicate that the vaccine type may impact
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3AKOHOMEPHOCTHU B PASBUTUU KOJIJIEKTUBHOI'O
MMMYHUTETA K SARS-CoV-2 B XOAE NAHOEMWUU COVID-19

IHonosa A.JO.!, Cmupuos B.C.2, Eroposa C.A.2, JIposx V1.B.2,
Mummmukuaa A.M.2 Jamkesua A.M.5, Hypmaros 3.111¢4,
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2@BYH «Canxkm-Ilemepbypeckuil HAy4HO-UCCACO08AMENLCKUL UHCMUMY SNUOEMUOL02UU U MUKPOOUON0UU UMEHU
Ilacmepa», Caukm-IlemepOype, Poccus
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> Hayuonanvhulii yenmp no KOHmpoao u npogusaxmuie 3aboneeanuii Munucmepcemea 30pagooxpanenus Pecnyoauxu
Apmenus, e. Epeean, Pecnyoauka Apmenus

¢ IV « Tadxcuk ckuii Hay4HO-uccaedo8amensckuil uHcmumym npoguaaxmuueckoli meduyuns» Munucmepcemea
30pasoOXpaHeHus u coyuanvHoll 3auumot Hacenenus Pecnybauxu Tadxcuxucman, e. Jywanbe, Pecnybauka
Taoxcuxucman

7®@I'BOY BO «Ilepsuviii Canxm-Ilemepbypeckuii 20cyoapcmeen biil MeOUUUHCKUL YHUBEPCUmMem UMeHU aKademMuka
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Pe3tome. [Tpomomxkaroiiasicss Ha MPOTSDKEHUM TIOCIEOHUX 3 JIET MaHAEMUsI KOPOHABUPYCHOU OOJIE3HU
(COVID-19) BBI3Basia IPUCTAILHOE BHUMAaHWE K MPOOJIeMe TOIYJISIIIMOHHOTO UMMYHUTETA, IO KOTOPBIM
TIOHUMAETCST «yCTOMYMBOCTh K PACTIPOCTPAHEHUIO0 MH(MEKIIMOHHOTO 3a00JIeBaHUs B MOMy siinn». Koiek-
TUBHBIA UMMYHUTET DOpMUpYETCsl KaK B pe3ysibTaTe 3a0oJieBaHUs (IMPU €CTECTBEHHOM PaCIpOCTPAHEHUU
BO30yIUTENSI B TMTOMYJISIIUN BOCIPUUMYUBBIX UHAWBUIYYMOB), TaK U B pe3yJibTaTe MPUMEHEHUs crieunudu-
yeckux BakuH. B xone mangemuun COVID-19 peanuzoBanuchk 06a BapuaHTa GOpMUPOBAHUS TTOMYJISIIM-
OHHOTO MMMYHHUTETA. B TIepBYI0 BOJTHY MTPOUCXONWIO €CTECTBEHHOE (DOPMUPOBAHNE HEBOCTIPUMMUYUBOCTU
HaceJICHUS K BUPYCY ITocJie TiepeHeceHHoro 3aboneBanuss COVID-19, o0ycioBIeHHOTO MaHIAeMIYEeCKIM pac-
npoctpaHeHueM SARS-CoV-2. Haunnag ¢ aeka6pst 2020 roga B CIIA, Benukooputanuu, Kurtae, Poccuu
U psifie APYTUMX CTPaH HAvyaJloCh IIIMPOKOE NMMpUMEHEHMEe cenpuyeckux BakiiuH nmpoTuB SARS-CoV-2. Oto
3aImyCTUJIO polecc (GOpMUPOBAHUS TTOCTBAKIIMHAITHLHOTO MOMYISIIIMOHHOTO UMMYHUTETA, CIIEIIMDUIHOCTh
KOTOPOTO 3aBUCUT OT BUJA UCIIOJb3yeMOUl BaKLIMHbBI. B HacTosiiiee BpeMsi B TeX CTpaHaX, Te MINPOKO Tpo-
BOJIMTCSI BAKIIMHALWS M peBAKIIMHALIMY T1epeOOJIEBIINX MOMYISIIUOHHBIA UMMYHUTET SIBJISIETCSI TUOPUIHBIM.
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ITpuHrMas BO BHUMaHWE OTHOCUTEIBHO CXOMHbBINA BOTHOOOPA3HBINA XapakTep 3MUAEMHAYECKOTO Mpoliec-
ca COVID-19, o6ycnoBieHHbIA CMEHOI T€HOBAPUAHTOB BO30YIUTENSI BO BCEX CTPaHAaX, a TaKXKe pa3BepHY-
TOU MPOrpaMMOil MacCOBOU BaKIIMHALIMUA HACEJEHUSI, MOXHO ClIeJaTh HEKOTOPbIE BBIBOIBLI 00 OOIIEH ISt
BCEX CTPaH TeHICHIIMY (hDOPMUPOBAHUS TTOMYJISIIIMOHHOTO UMMYHHUTETA B XOJI€ TTAHIEMUU.

B nauvane nangemuu, B 2020 roay, ceporipeBajJeHTHOCTb HAaceJeHUsI B LieJIOM He mpeBbiiiaia 20%, npu
5TOM HauOOJIbIIME TTOKAa3aTeU CEPONPEBAIEHTHOCTU OTMEUAIM B JETCKOUW BO3PACTHOU TpyMIie; BbISBIS-
JINCh BBIPAXXKEHHBIE TEPPUTOPUAIHLHBIC Pa3INins, HAUOOJIbIIIME TTOKA3aTeIM OTMEeYaIn B TPYIIIe MEeIUIINH-
CKUX paOOTHUKOB. [TOMyISIIMOHHBII UMMYHUTET Pa3BUBAJICS BCIEICTBUE IEPEHECEHHOTO 3a00JIeBaHUS U Y
OOJIBIIIMHCTBA CEPONO3UTHUBHBIX BOJOHTEPOB ObLT MPEACTABJIEH AHTUTEJIAMU K 000OUM aHTUTEHaM.

B pasrap mangemuun, jgeroM 2021 roga, ceporpeBajieHTHOCTh HaceleHust gocturia 50%. 1o ObL1o 00-
YCJIOBJIEHO KaK 3HAUUTETbHBIM YMCJIOM Mepe0O0IeBIINX JIUII, TAaK M HAYaJIOM KOMITAHUY MacCOBOM BaKIIMHA-
1 HacejeHus. Bo Bcex cTpaHax MpakTUYECKU HUBEIUPOBAIUCH cielUdUUECcKUe pa3inuusl B CEponpeBa-
JICHTHOCTU HaceJeHUsl (TeppUTOpUaIbHbIE, BO3pacTHbIe U MpodeccuoHanbHbie). B aTOT nepuon Hanbosee
SIBHO MOXHO OTMETUTH (POpMUPOBaHUE TMOPUIHOTO MMMYHUTETA — YBEJIWYWIACH MOJISI JIMI, UMEIOIINX
aHTuTesa Toabko K RBD (BciaeacTBre BakKIIMHALIMM BEKTOPHBIMU BaKLIMHAMM ).

IMo3gHee MaccoBas BaklLIMHAIMSI, a TAKXKE BOBJIEUEHHE OOJBIIEH YacTU HACEJEHUS B IMUAESMUYECKUN
TpolecC U3-3a MOSIBJIEHUSI BBICOKO KOHTAarno3Horo mramMmma «OMUKPOH», TTOAHSITA YPOBEHDb MOITYJISIIUOH-
Horo ummyHuteta 10 80-90%. DTo mpuBeEIO K PE3KOMY CHIXKEHUIO 3a0oseBaemoctu COVID-19 Bo BTO-
poii mosmoBuHe 2022 roa BO BCeX CTpaHax, y4acTBYIOIIMX B ucciaeaoBaHuu. Ha mo3gHux cpokax naHaeMuu
(2022-2023 roapr) mpaktryecku y 90% CcepoONnoO3UTUBHBIX BOJOHTEPOB TYMOPAJbHBI UMMYHUTET SIBJISIIICS
TUOPUIHBIM U OBLT MPENCTaBIEH aHTUTeIaMu K 00ouM aHTureHam (Nc+RBD).

Karouesvie crosa: kosnexkmusruiili ummynumem, nonyisuuonnsiii ummyrnumem, COVID- 19, nandemus, 6aKuuHa bHbLI
UMMYHUmMem, INU0eMU0N02Us

PATTERNS IN THE DEVELOPMENT OF COLLECTIVE IMMUNITY
TO SARS-CoV-2 DURING THE COVID-19 PANDEMIC

Popova A.Yu.?, Smirnov V.S.*, Egorova S.A.", Drozd 1.V},
Milichkina A.M.’, Dashkevich A.M., Nurmatov Z.S.4,
Melik-Andreasyan G.G.5, Ruziev M.M.[, Totolian Areg A.>#

¢ Federal Service for Supervision of Consumer Rights Protection and Human Welfare, Moscow, Russian Federation
b Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation

¢ Republican Center for Hygiene, Epidemiology and Public Health, Minsk, Republic of Belarus

¢ National Institute of Public Health, Bishkek, Kyrgyz Republic

¢ National Center for Disease Control and Prevention, Yerevan, Republic of Armenia

I Tajik Research Institute of Preventive Medicine, Dushanbe, Republic of Tajikistan

¢ First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. The ongoing coronavirus disease (COVID-19) pandemic over the past three years has caused close
attention to the problem of herd immunity, which is understood as: "resistance to the spread of a contagious
disease within a population or herd". Collective immunity is formed both as a result of infection (natural
spread of the pathogen in a population of susceptible individuals) and as a result of the use of specific vaccines.
During the COVID-19 pandemic, both mechanisms for the formation of collective immunity were realized.
In the first wave, there was a natural formation of collective immunity to the virus following recoveries from
COVID-19 caused by pandemic spread of SARS-CoV-2. Starting from December 2020, the widespread use
of specific vaccines against SARS-CoV-2 began in the USA, Great Britain, China, Russia, and a number
of other countries. This launched the process of post-vaccination collective immunity formation; its features
have depended on the vaccine types implemented. Currently, in those countries where vaccination and re-
vaccination of recovered patients is widely carried out, immunity is "hybrid" in nature.

Several commonalities should be noted in the pandemic experience: a somewhat regular, periodic (wave-
like) nature of the COVID-19 epidemic process; changes in pathogen genetics in variants in all countries; and
expansive mass vaccination programs in many populations. From these, we can draw some conclusions about
the general trend for all countries in the formation of collective immunity during the pandemic:

At the beginning of the pandemic in 2020, overall population seroprevalence did not exceed 20%. Other
findings were: the highest seroprevalence rates were noted in the children's age group; pronounced regional
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differences were revealed; and the highest indicators were noted among medical workers. Collective immunity
developed as a result of infection or illness, and in the majority of seropositive volunteers, it was represented by
antibodies to both antigens.

At the height of the pandemic in the summer of 2021, population seroprevalence reached 50%. This was
due to both a significant number of convalescents and the start of mass vaccination campaigns. In all countries,
specific differences in seroprevalence (by age, region, profession) leveled out, leading to more uniformity.
During this period, the formation of "hybrid" immunity is clearly prominent, and the proportion of individuals
with antibodies to RBD alone increased (due to vaccination with vector vaccines).

Later, mass vaccination, as well as involvement of most of the population in the epidemic process due to the
emergence of the highly contagious Omicron strain, raised the level of collective immunity to 80-90%. This led
to a sharp decrease in COVID-19 incidence in the second half of 2022 in all countries participating in the study.
In the later stages of the pandemic (2022-2023), almost 90% of seropositive volunteers had hybrid immunity;

reflected as antibodies to both antigens (Nc, RBD).

Keywords: collective immunity, herd immunity, COVID- 19, pandemic,vaccine-induced immunity, public health

Introduction

The ongoing coronavirus disease (COVID-19)
pandemic over the past three years has caused
close attention to the problem of herd immunity,
which is understood as: "resistance to the spread of
a contagious disease within a population or herd"
[16]. Collective immunity is formed both as a result
of infection (natural spread of the pathogen in a
population of susceptible individuals) and as a result
of the use of specific vaccines. During the COVID-19
pandemic, both mechanisms for the formation of
collective immunity were realized. In the first wave,
there was a natural formation of collective immunity
to the virus following recoveries from COVID-19
caused by pandemic spread of SARS-CoV-2. Starting
from December 2020, the widespread use of specific
vaccines against SARS-CoV-2 began in the USA,
Great Britain, China, Russia, and a number of
other countries. This launched the process of post-
vaccination collective immunity formation; its features
have depended on the vaccine types implemented.
Currently, in those countries where vaccination and
re-vaccination of recovered patients is widely carried
out, immunity is "hybrid" in nature [2]. In the recent
time period with epidemic increases in case numbers
alongside a lack of effective specific COVID-19
treatments, collective immunity has served as the only
tool for controlling and managing the epidemic.

Materials and methods

At the beginning of the local epidemic in May 2020,
Rospotrebnadzor developed a multi-stage program
for seromonitoring of the population's immunity to
SARS-CoV-2. It was implemented in 2020-2021
in Russia [5, 7, 14]. Since 2021-2023, neighboring
countries have participated in a partnership program
(Armenia, Belarus, Kyrgyzstan, Tajikistan) [6, 10,
11, 12]. The program has included the formation of
volunteer cohorts, the volume and structure of which
has made it possible to obtain representative data for
the populations in the study region (countries) by age
and professional group. Volunteers included in the

cohort were divided into seven age groups (years old):
1-17, 18-29, 30-39, 40-49, 50-59, 60-69, and > 70.

Due to their high representation during infectious
and post-vaccination processes, two SARS-CoV-2
antigens are especially relevant to analytical methods:
nucleocapsid (Nc) and S protein receptor-binding
domain (RBD). Depending on vaccine design,
antibodies to one, or both, antigens are formed. The
presence of serum antibodies as a result of a previous
infection makes it possible to use seromonitoring to
detect not only clinical, but also subclinical cases of
infection that would otherwise go unnoticed.

Levels of IgG antibodies (anti-Nc¢, anti-RBD) in
volunteers were quantified by enzyme immunoassay
using Russian assay systems: "Reagent set for enzyme
immunoassay quantitative determination of human
IgG Abs to SARS-CoV-2 N protein (N-Cov-2-IgG
PS)" (Saint Petersburg Pasteur Institute) and "SARS-
CoV-2-ELISA-IgG-screen” (LabPack). All studies
were carried out according to a single algorithm,
which included the use of cloud service (internet)
technology to form a cohort of volunteers, collect test
results, and assist analysis [8].

In Russia, the study by Rospotrebnadzor invol-
ved eight research institutes and twenty regional
departments (centers of hygiene and epidemiology,
etc.). It involved volunteers from 26 regions (located in
all of the country’s federal districts), whose population
accounted for 54.7% of the total national population.
Along with megacities featuring high populations and
density (such as Moscow and St. Petersburg), regions
with populationsbelow 800,000 (Murmansk and Amur
regions, the Republic of Crimea) and low population
density (Krasnoyarsk region 1.21 km) also took part.
The total number of volunteers was 74,158 people and
was representative of the total Russian population.
The study was conducted in 2020-2021 in 5 stages,
with an interval of 3-9 months (Figure 1) [5, 7, 14]. In
Armenia, Belarus, Kyrgyzstan and Tajikistan, 32,128
volunteers were examined for population dynamics in
2021-2023; from 2 to 4 stages were carried out in each
country (Figure 2).

The multi-stage studies, wherein the levels of Abs
to various SARS-CoV-2 antigens were assessed at
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different periods of the pandemic, made it possible to
identify some patterns in the formation of collective
immunity to coronavirus infection, common to
populations of all countries included in the study.

Results and discussion

At the beginning of the pandemic in 2020 (stages
1-2 of the study in Russia), seroprevalence in the
population varied significantly by region of the
country. Average SARS-CoV-2 seroprevalence in
the summer of 2020 was 18.0% (95% CI: 10.0-23.9),
while the range of variation across regions exceeded
10-fold. The highest seropositivity levels were found
in the Kaliningrad (50.2%; 95% CI: 48.4-52.0%) and
Amur regions (45.4%; 95% Cl: 43.6-47.2). The lowest
were seen in the Republic of Crimea (4.3%; 95%
CI: 3.6-5.1) and the Krasnodar region (8.0%; 95%
CI: 7.1-9.0). No correlations were found between
seroprevalence and local morbidity; nor between
seroprevalence and local population density.

For the first half of 2020, overall seroprevalence
in Russia could be considered low, which posed a
certain threat of a further increase in incidence. This
is exactly what has been happening everywhere since
mid-October 2020 [https://coronavirus-monitor.
ru]. Subsequently (2020-2021), following increased
COVID-19 incidence, seroprevalence in the Russian
population steadily increased, exceeding 70% in
December 2021. At the same time, fluctuations in
indicators across Russian regions gradually leveled off
[5, 7, 14].

Atthebeginning of the pandemic (summer-autumn
2020), there were age differences in seroprevalence
almost throughout Russia. Despite the fact that the
number of children with COVID-19 was small, the
seroprevalence of SARS-CoV-2 Abs in children was
higher than the average value for the entire cohort or
the value in adults [9]. One of the most likely reasons
for this phenomenon could be a high frequency of
asymptomatic or mildly-symptomatic infections in
the children's age group. Such infections may have
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proceeded under the guise of a common cold without
serious clinical manifestations, yet accompanied by
serological changes.

Thus, in the process of seromonitoring conducted
in 2020-2021, among seropositive children, the
proportion of individuals with asymptomatic
infection exceeded 90% [9]. In addition, age-related
reduced ACE-2 receptor density, and cross-immunity
to closely related seasonal coronaviruses, may have
markedly reduced susceptibility to SARS-CoV-2 [1,
3]. It has also been hypothesized that in children,
mesenchymal stem cells may be a factor in limiting
the virus in the body [13]. Such cells can suppress
the pathological activation of immune responses
(manifested in severe cases as a “cytokine storm”)
and also promote the regeneration of affected tissues.
Mild and asymptomatic forms of infection led to
the fact that children were less likely to come to
the attention of a doctor, yet remaining a source of
pathogen transmission. By March 2021, age-specific
seroprevalence differences in the Russian population
had completely evened out.

In a later period of pandemic development (spring
2021 — spring 2023), countries adjacent to Russia
joined the study: the Republic of Belarus, the Kyrgyz
Republic, the Republic of Tajikistan and the Republic
of Armenia. By the time the studies began in these
countries, significant portions of the population
had already experienced infection in a manifest or
asymptomatic form. Therefore, like Russia during this
period, some statistically significant differences (by
age, profession, region) in population seroprevalence
were no longer identified in these countries. This is
likely the result of the preceding epidemic phases
(rising, intense) as well as the vaccination campaign
initiated mid-2021 [6, 10, 11, 12].

In general, in those countries where the study
began in 2020-2021 (Russian Federation, Republic of
Belarus, Kyrgyz Republic), there was a steady upward
trend in the level of collective immunity (percentage
seropositive individuals) during the pandemic. In
countries that joined the study at the height of the
pandemic in 2022 (Republic of Tajikistan, Republic
of Armenia), already in the first stage of the study,
population seroprevalence was almost absolute
(approaching 100%), both due to high incidence
and high vaccination coverage (more than 70% of
the population). This situation continued in 2023
(Figure 3, see 2" page of cover).

Vaccines proposed for vaccination against SARS-
CoV-2 can be divided into two main groups according
to their antigenic composition and, accordingly,
antibody types elicited. The first group induce the
production of antibodies to RBD alone: vector
vaccines (AstraZeneca, Sputnik V, Sputnik Light);
and mRNA vaccines (Moderna, Pfizer). The second
group includes vaccines that generate a response to
both Ncand RBD antigens (whole-virion preparations
Sinopharm/BIBP, CoronaVac, CoviVac). In Russia
and Belarus, the Sputnik vector vaccines (Sputnik V,
Sputnik Light) were most widely used. Until recently,

they have accounted for up to 80% of vaccinations.
To a much lesser extent, the EpiVacCorona peptide
vaccine and the CoviVac whole-virion vaccine have
been used [15]. In Russia, total vaccination coverage
of the population by April 19, 2023 reached 61.4%.
In Belarus, coverage had reached almost 70% by
May 2022. In Kyrgyzstan, more than 30% of the
population had been vaccinated by the end of 2022,
with more than 70% of volunteers receiving the
Sinopharm/BIBP whole-virion vaccine. In Armenia
and Tajikistan, all volunteers who participated in the
study were vaccinated by the beginning of 2023. In
Armenia, vector and whole-virion vaccines were used
equally. In Tajikistan, up to 70% were vaccinated with
vector vaccines.

By design, specific vaccines induce the production
of antibodies to various SARS-CoV-2 antigens in
various ways. With this in mind, it is possible to draw
certain conclusions about the nature and structure of
collective immunity. At the beginning of the pandemic
(summer/autumn of 2020 in the absence of specific
prophylaxis), the structure of collective immunity was
represented approximately evenly by individuals with:
antibodies to Nc alone; or antibodies to both antigens
(Nc, RBD) as a result of a previous SARS-CoV-2
infection (Figure 4).

With the start of vaccination of the population
in 2021, and in the context of a slight decrease in
COVID-19 incidence, there was a shift in the structure
of seropositivity towards an increase in the proportion
of people who had anti-RBD antibodies only. Given
the specificity of vector vaccines (mainly used in
Russia and Belarus), the presence of antibodies to
RBD antigen alone, to a large extent although not
exclusively, indicated post-vaccination immunity. It is
obvious that, at that time, it was possible to say with
a high degree of certainty that: collective immunity
was hybrid in nature; and in half of the seropositive
volunteers, it was due to vaccination (Figure 4).

Vaccination against coronavirus (both primary and
booster) launched in the first half of 2021 and actively
carried out in all countries, as well as genetic changes
in the pathogen (such as the highly contagious
Omicron variant), undoubtedly became the main
reasons for rising collective immunity, reaching 80-
90%. In 2022 and 2023, more than 80% of seropositive
volunteers had humoral immunity with antibodies to
both antigens (Nc, RBD). Obviously, in the late stages
of a pandemic, under conditions of high incidence
of a highly transmissible strain and high vaccination
coverage, collective immunity is going to be "hybrid".
Considering the variety of vaccines obtained from
various platforms (vector, mRNA, whole-virion),
as well as vaccination schedules including booster
re-vaccination, it is currently difficult to quantify
the exact contribution of vaccination to ‘hybrid’
immunity, although its valuable contribution is
undisputed [6, 10, 11, 12].

The current pandemic has shown that a cha-
racteristic feature of COVID-19 is a large number
of asymptomatic forms. The manifestations of this
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Figure 4. Seroprevalence dynamics from August 2020 (point 1) to September 2021 (point 5) [14]
Note. The status of antibodies to various SARS-CoV-2 antigens and their combinations are shown: "RBD+Nc Abs", double-positive volunteers with
both Abs; "RBD Abs", those with only RBD Abs; "Nc Abs", those with only Nc Abs; "Total Abs", total number of seropositive volunteers (RBD+Nc,

RBD, Nc) relative to all examined; vertical black lines, 95% Cl.

phenomenon can be various, and the very definition
of "asymptomatic" needs to be clarified. One possible
form may be termed "carrier”, in which only viral RNA
is detected in blood by PCR in the absence of any other
symptoms. In this regard, it can be expected that the
host organism will respond to the circulation of viral
RNA with an immune response in one form or another.
The results obtained fully confirmed this assumption.
The study included asymptomatic volunteers who
did not have any experienced symptoms of overt
COVID-19 in their anamnesis. According to available
data, the share of asymptomatic forms of infection,
both in the early period and during development of the
pandemic, reached very high levels: in Russia (2020)

93.5%; in Belarus (2021) up to 50%; in Kyrgyzstan
(2021) upto 70%; in Armenia (2022) 75.0%; and in
Tajikistan (2022) above 90%. Moreover, the highest
rates of asymptomatic cases in all countries were noted
among children [5, 6, 7, 10, 11, 12, 14].

Conclusion

Several commonalities should be noted in the
pandemic experience: a somewhat regular, periodic
(wave-like) nature of the COVID-19 epidemic
process; changes in pathogen genetics in variants in all
countries; and expansive mass vaccination programs
in many populations. From these, we can draw some
conclusions about the general trend for all countries
in the formation of collective immunity during the
pandemic:

1. At the beginning of the pandemic in 2020, overall
population seroprevalence did not exceed 20%. Other
findings were: the highest seroprevalence rates were
noted in the children's age group; pronounced regional
differences were revealed; and the highest indicators
were noted among medical workers. Collective
immunity developed as a result of infection or illness,
and in the majority of seropositive volunteers, it was
represented by antibodies to both antigens.

2. At the height of the pandemic in the summer of
2021, population seroprevalence reached 50%. This

was due to both a significant number of convalescents
and the start of mass vaccination campaigns. In all
countries, specific differences in seroprevalence
(by age, region, profession) leveled out, leading to
more uniformity. During this period, the formation
of ‘hybrid’ immunity is clearly prominent, and the
proportion of individuals with antibodies to RBD
alone increased (due to vaccination with vector
vaccines).

3. Later, mass vaccination, as well as involvement
of most of the population in the epidemic process due
to the emergence of the highly contagious Omicron
strain, raised the level of collective immunity to 80-
90%. This led to a sharp decrease in COVID-19
incidence in the second half of 2022 in all countries
participating in the study. In the later stages of the
pandemic (2022-2023), almost 90% of seropositive
volunteers had hybrid immunity, reflected as
antibodies to both antigens (Nc, RBD).

In summarizing the presented data, we can agree
with existing opinions about the leading role of
collective immunity in the course and outcome of
the coronavirus epidemic. The combination of "post-
infectious immunity", the natural immune response to
pathogen contact, and ‘artificial immunity’, formed
as a result of vaccine usage, together form a hybrid
immunity that can serve as a major factor in ending
the global COVID-19 pandemic.

The data obtained in our study are consistent
with other authors [4] and indicate that achieving a
70% level of collective immunity may be sufficient to
prevent severe COVID-19 and stop the transmission
of SARS-CoV-2 strains with low or moderate
transmissibility. However, in order to stop the spread
of Omicron strains, or other new highly transmissible
SARS-CoV-2variants, the level of collective immunity
must reach 90%. In addition, any vaccines used must
be as effective as possible in preventing infection with
highly transmissible strains.
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LUTOKUHOBAYA AUMATHOCTUKA B NMPOrHO3E
KPUTUYECKUX COCTOAHUIN Y HOBOPOXXAEHHbIX,
POAMBLLMNXCS OT MATEPEU, UHOULIMPOBAHHbBIX
COVID-19

Hagpyszosa IILI., Baparos C.C., Haouesa 3.T.

byxapckuii eocyoapcmeentbiii meduyuHckuii uncmumym, e. byxapa, Pecnybauka Y36exucman

Pe3iome. CraThst mOCBsIIIeHa pa3paboTKe Crocoba IMMTOKUHOBOW TUArHOCTUKU [JIs TIPOTHO3UPOBAHUS
Pa3BUTUSI KPUTUYECKUX COCTOSIHUI Y HOBOPOXKIEHHBIX, poauBIIMXcsa oT Matepeit ¢ COVID-19, uto umeer
OoJTBbIITOe 3HAYEHNE IIJTSI OPTaHOB 3PABOOXPAHEHUS TIPU OPTaHU3AIINH CITeITNATU3UPOBAHHO HEOHATOIOTH -
YeCKOl U TeAUaTpUIECKOM CIyKOBbI.

Ilens — pazpaboTaTh MeTOJ HEMHBA3WMBHOW ITUTOKMHOAMATHOCTUKU TSI TIPOTHO3UPOBAHUST PAa3BUTHUS
KPUTUYECKUX COCTOSIHUI Y HOBOPOXKIEHHBIX, poxKaeHHbIX oT Matepu ¢ COVID-19. ITpeanoxkeHHbIi criocod
TMO3BOJISIET paHHEW MTMAarHOCTUKU U TIPO(MWIAKTUKN Pa3BUTHSI KPUTUIECKUX COCTOSTHUAM Y HOBOPOXKICHHBIX,
YTO UMEET BaXKHOE MpaKThiecKoe 3HaueHrue. KOHTPOJIb HIMTOKMHOB MOYM B TMHAMUKE OTIPEAEsIsieT IPOTHO3
Pa3BUTUS KPUTUIECKUX COCTOSTHUI, KaK B paHHUI, TaK ¥ B MO3MHUI MEPUOJ afanTallii HOBOPOXIEHHBIX.
SIBNISASICH MapKepoM BOCITAIUTEILHOIO TIPOLIecCa U KITIOYEBBIM LIMTOKMHOM KOCTHOM pe3opouuu, IL-17A
UTPAET CIIOXHYIO POJIb B ITpoLecce afanTalliid HOBOPOXAEHHBIX, poauBluxcs ot matepu ¢ COVID-19. Ho-
BOPOXJIEHHBIE, poxaeHHbIe oT Matepu ¢ COVID-19, umeror nossiienue IFNy u IFNo B KpoBuU B nepBbIi
JIeHb Xn3HU Ha poHe nosbieHus [L-17A B 1,48 pa3za, 4To CBUAETETIBCTBYET O PUCKE PAa3BUTHS KaK MHGbEK-
LIMU, TaK U HApYyLIEHWI OCTeoreHe3a. YCTaHOBJIEHAa aKTUBALIMS UHTEPHEPOHOBOTO cTaryca K 7-My JHIO XK13-
HU Y HOBOPOXIIEHHBIX Ha (pOHE MOBBIIIEHUS KJIIOYEBOr0 IUTOKMHA KOCTHOU pe3opouuu (IL-17A). ¥V HoBO-
POXIEHHBIX AeTei, pOXKIEHHBIX OT MaTepu, MHpuLmpoBaHHO COVID-19, o6Hapy*keHO CHUXXEHUE B MOYe
MOJIEKYJISIPHBIX MapKepOB MOBPEXXIeHUS IHI0TeMsI cocynoB — MSR-1 B 4,25 paza. bruto o6HapyXeHO CHU-
xkeHue VEGF B Moue HOBOpoXIeHHBIX Kak npu 3apaxkeHun COVID-19 y matepu, Tak U IIpU €ro OTCYTCTBUM.
HewnBa3uBHas ypOIIMTOKWHOAUATHOCTUKA TTO3BOJISIET TOCTUYb SKOHOMUYECKON 2((DEKTUBHOCTU 3a CUET
COKpAallleH!sT O0JIbHUYHBIX KOEK, a TakKe 3((HEKTUBHOCTH JIeUEHUSI 32 CUET MUHUMAaJIbHOW TpaBMaTU3aLuNu
HOBOPOXXIEHHBIX.

Kniouesvie cnosa: Hosopodcdennoie, yumoxunvt, COVID-19, kpumuueckue cocmosHus, npoeHo3, oemu
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CYTOKINE DIAGNOSTICS IN THE PROGNOSIS OF CRITICAL
CONDITIONS IN NEWBORNS BORN TO MOTHERS INFECTED
WITH COVID-19

Navruzova Sh.l, Baratov S.S., Nabieva Z.T.

Bukhara State Medical Institute, Bukhara, Republic of Uzbekistan

Abstract. The article is devoted to the development of a cytokine diagnostic method for predicting the
development of critical conditions in newborns born to mothers with COVID-19, which is of great importance
for health authorities when organizing specialized neonatology and pediatric services.

Objective: to develop a method of noninvasive cytokine diagnostics for predicting the development of critical
conditions in newborns born from a mother with COVID-19.

The proposed method allows early diagnosis and prevention of the development of critical conditions in
newborns, which is of great practical importance. The control of urine cytokines in dynamics determines the
prognosis of the development of critical conditions, both in the early and late period of adaptation of newborns.
As a marker of the inflammatory process and a key cytokine of bone resorption, IL-17A plays a complex role in
the adaptation process of newborns born from a mother with COVID-19. Newborns born from a mother with
COVID-19 have an increase in IFNy and IFNa in the blood on the first day of life against the background of an
increase in IL-17A by 1.48 times, which shows the risk of developing both infection and osteogenesis disorders.
Activation of interferon status by the 7" day of life in newborns was established against the background of
an increase in the key cytokine of bone resorption (IL-17A). A decrease in the urine of molecular markers
of vascular endothelial damage — MSR-1 by 4.25 times was found in newborn children born from a mother
infected with COVID-19. A decrease in VEGF in the urine of newborns was found, both with COVID-19
infection in the mother and in its absence. Non-invasive urine cytokine diagnostics allows achieving economic
efficiency by reducing hospital beds, as well as medical efficiency due to minimal traumatization of newborns.

Keywords: newborns, cytokines, COVID- 19, critical conditions, prognosis, children

Introduction

In modern perinatology, extensive data have been
accumulated explaining the processes occurring in the
mother — placenta — intrauterine child system both
during the physiological course of pregnancy and
childbirth, and in the case of pathological changes
in the gestational period [1]. Rendering assistance
to newborn children in critical condition at the stage
of inter-hospital transportation is one of the most
acute problems of modern neonatology and neonatal
resuscitation.

Newborns in critical condition, delivered to the
ICU of a level III hospital three days after birth, had
a more severe course of the pathological process with
a high probability of developing multiple organ failure
syndrome [1]. Proinflammatory cytokines (TNFa,
IFNy and IL-6) differentially increase in newborns
with sepsis depending on gestational age. As expected,
these cytokine values were high for newborns > 32
weeks during sepsis; however, they were insignificant
for newborns born < 32 weeks [2].

Limited data are available on COVID-19 during
pregnancy, but studies published to date do not show
an increased risk of developing severe diseases in
late pregnancy or a significant risk for the newborn.

Neither a congenital infection nor a virus was detected
in the materials of the afterbirth, which confirms the
relevance of this area of scientific research [4].

Objective: to develop a method of noninvasive
cytokine diagnostics for predicting the development
of critical conditions in newborns born from a mother
with COVID-19.

Materials and methods

The medical histories of 37 full-term and
22 premature newborns born to a mother with
COVID-19 and hospitalized in inpatient treatment
at the Department of Neonatology of the Bukhara
Children’s Multidisciplinary Medical Center in the
periods from 2020 to May 2022 were retrospectively
studied. During their stay in the hospital, all patients
were subjected to general clinical, laboratory,
functional, biochemical, radiographic studies.

Among all (59) newborns born to a mother with
COVID-19 and who died in the first months of life,
there were 22 premature newborns (37.3%), 37 full-
term (62.7%). For the convenience of comparing
the main indicators of the severity of newborns, they
were divided into 2 groups depending on the gestation
period:
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Group 1: premature newborns — 22;

Group 2: full-term newborns — 37.

The minimum gestation period of group 1
newborns was 26 weeks; the maximum period was
37 weeks, which averaged 33.55%+0.66 weeks. At the
same time, the minimum weight of newborns in this
group was 1090 g, and the maximum weight was 2880
g, which averaged 2023.23+114.64 g.

The analysis of the days of life lived by newborns
showed that the minimum day of life was 1.0 days, the
maximum lived up to 93 days, that on average the days
of life of premature newborns born from a mother
with COVID-19 is 23.09+5.37 days.

The maximum gestation period of full-term
infants was 42 weeks. The average gestation period
was 38.61%£0.57 weeks. At the same time, the weight
of full-term children was a maximum of 4,400
grams. On average, newborns were born weighing
2819.12+151.55 grams.

Results and discussion

The structure of the morbidity of premature
newborns showed a predominance of congenital
malformations-13 (59.1%), in particular, patients with
congenital heart defects-5 (22.7%), with anomalies
of the kidneys and urinary tract-3 (13.6%), with
malformations of the gastrointestinal tract-5 (22.7%).
The second place in the structure of morbidity
is occupied by intrauterine infections (TORCH
infection) with the development of neonatal sepsis-8
(36.4%). The third place is occupied by perinatal
lesions of the central nervous system of hypoxic
genesis-1 (4.5%) (Figure 1).

To determine the indications for antibacterial
therapy and evaluate its effectiveness in systemic

Perinatal damage
to the central
nervous system
4%

inflammatory reaction syndrome in newborns, a study
was conducted to determine the level of PCTs in the
blood. A fluctuation in the concentration of MPC was
detected in the range from 0.1 to 11.8 pg/mL, which
on average is 2.49 = 0.5 pg/mL. Consequently, the
results of general laboratory and biochemical blood
parameters in newborns with critical conditions
indicate the beginning of the development of a
systemic inflammatory reaction syndrome.

For a comparative assessment of the significance
of cytokine status indicators in the prognosis of the
development of critical conditions of newborns, a
clinical and laboratory examination of 94 newborns
was carried out: 33 newborns born from a mother with
COVID-19 (group 1), 30 newborns with perinatal
central nervous system lesion (PPCNS), born from a
mother with somatic diseases (group 2) and 31 healthy
newborns born from a healthy mother.

As a result of the analysis of the cytokine content
in the blood of newborns on the 2" day of life, it was
found that the concentrations of IL-17A in group 1
exceed the upper limit of the concentration range
of these indicators in the group of healthy newborns
(Table 1).

The interferon status of newborns of Group 1
and 2 is characterized by a significant increase
in IFNy to 23.64+0.81 and 29.20%+1.28 pg/mL,
respectively, against the indicators of the control
group-20.96+0.66 pg/mL (p < 0.05).

Atthesametime, IFNo hasastatistically significant
tendency to increase in newborns of the 1% group —
33.71%£1.22 pg/mL (p < 0.05), in relation to the
indicators of the control group — 26.49+1.20 pg/mL.

And in newborns of the 2" group, its value was at
the level of the control indicators.

Congenital
heart
defects
23%

Urinary tract
malformations
14%

@l Gastrointestinal
malformations
23%

Figure 1. Nosological structure of newborns with critical conditions born from a mother with COVID-19
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TABLE 1. CONTENT OF CYTOKINES IN THE BLOOD OF NEWBORNS

Cytokines Healthy newborns 1st group 2" group
in pg/mL - - -
min-max average min-max average min-max average
IFNy 14.48-27.35 20.96+0.66 15.27-32.25 23.64+0.81* 17.05-39.63 29.20+1.28*
IFNa 15.83-38.21 26.49+1.20 21.79-47.37 33.71+1.22* 15.83-38.21 24.43+1.36
IL-17A 29.93-64.97 46.9911.70 55.34-92.06 69.68+1.70* 24.22-56.17 38.74+2.07*
MCP-1 98.29-305.71 196.69+£9.92 | 422.15-1058.15 | 765.66+33.07** | 98.29-305.71 | 116.47+7.86"
VEGF 19.21-59.93 38.474+2.23 25.17-54.67 40.05+1.49 19.21-59.93 42.15+1.82
Note.*, significantly relative to the healthy group (*, p < 0.05; * p < 0.01).
TABLE 2. CONTENT OF CYTOKINES IN THE URINE OF NEWBORNS
Cytokines Healthy newborns 1st group 2" group
in pg/mL - - -
min-max average min-max average min-max average
IFNy 4.25-8.75 5.94+0.23 10.08-24.11 16.84+0.66*** 6.94-15.42 10.21£0.41*
IFNo 3.68-8.06 5.78+0.23 4.33-11.87 7.60+0.39* 5.48-14.33 9.49+0.43*
IL-17A 20.05-38.48 30.754£0.93 41.15-92.50 65.48+2.30** 23.55-54.67 37.07+1.43*
MCP-1 74.51-130.20 99.25+2.63 16.72-33.10 23.3610.75*** | 39.45-71.27 54.75+1.80**
VEGF 18.36-34.97 26.99+0.87 10.26-30.15 19.79+1.02* 14.48-33.05 22.72+0.96*

Note.*, significantly relative to the healthy group (*, p < 0.05; * p < 0.01).

In our studies, IL-17A in group 1 newborns was
increased to 69.68+1.70 pg/mL, compared to the
control group — 46.99+1.70 pg/mL (p < 0.05), and
in group 2 it has a significant tendency to decrease
to 38.74+2.07 pg/mL (p < 0.05), against the control
values of -46.99+1.70 pg/mL.

MCP-1 is produced by many types of cells,
including mononuclear cells, mast cells, T cells,
osteoblasts, fibroblasts, endothelial cells, bone
marrow cells, epithelial cells, astrocytes. The synthesis
of MSR-1 is induced by IL-1B, TNFa, IFNy, IL-6,
IL-4. Under the influence of MCP-1, proliferation
of vascular smooth muscle cells also occurs with
their secretion of proinflammatory cytokines that
contribute to the progression of the disease due to
vascular damage [1].

As a result, a 3.89-fold increase in MSR-1 was
found in group 1 newborns — 765.66+£33.07 pg/mL,
against the control — 196.69+9.92 pg/mL. In group
2 newborns, a statistically significant decrease in
MSR-1 was found to 116.47+7.86 pg/mL, against the
control — 196.69%+9.92 pg/mL.

The study of another vascular endothelial growth
factor, VEGE, showed that there was no connection
between its synthesis and the development of critical
conditions in newborns on the first day of life.

The results of the studies showed a significant
increase in the synthesis of IFNy in the first day of life
in newborns, regardless of the presence of somatic and
infectious diseases of the mother. At the same time,
IL-17A protects the mother’s body from extracellular
bacterial and fungal infections, thereby resorption of
bone. On the other hand, osteoporosis is promoted by
the use and use of anticoagulant drugs in the treatment
of COVID-19.

Consequently, an increase in the concentration of
IL-17A by 1.48 times in the blood of newborns born
from a mother with COVID-19 shows the risk of
developing both infection and osteogenesis disorders.

In order to assess the dynamics of cytokine
synthesis, the above cytokines were studied in the
urine of newborns of the examined groups on the 7%
day of life.

As a result, an increase in IFNy was found to
be 2.84 times in group 1 newborns, 1.72 times in
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group 2 newborns (p < 0.001), against the control —
5.94+0.23 pg/mL (p < 0.05). With respect to IFNa, an
increase to 7.60£0.39 pg/mL was also detected in urine.
in newborns of the 1% group, up to 9.49+0.43 pg/mL
in newborns of the 2™ group, the indicators of the
control group were 5.78+0.23 pg/mL, the results
obtained were reliable in the range of p < 0.05.

At the same time, there is an increase in the level
of IL-17A in the urine of group 1 newborns by 2.2
times (65.48%+2.3 pg/mL), up to 37.07+£1.43 pg/mL
in group 2 newborns against the control values of
-30.75£0.93 pg/mL (p < 0.05).

In contrast to the indicators VEGF in blood,
in urine studies VEGF compared to control
-26.99+0.87 pg/mL, was reduced to 19.79+1.02
pg/mL and 22.72+0.96 pg/mL in newborns of the
I and 2" groups, respectively (p < 0.05). All the
obtained results of the study of cytokines in the urine
of newborns had statistical significance in the ranges
from p < 0.05 to p < 0.0001.

Thus, the obtained results of the study of cytokines
in urine show activation of interferon status by the 7t
day of life against the background of an increase in the
key cytokine of bone resorption (IL-17A).

At the same time, there is a decrease in urine of
the leading molecular markers of vascular endothelial
damage — MSR-1 by 4.25 times and by 1.82 times
at the birth of children from mothers infected with
COVID-19 (group 1) and with other somatic diseases
(group 2), respectively. And VEGF also decreases
significantly in newborns, both with COVID-19
infection in the mother and in her absence.

When comparing the results of the cytokine status
with clinical and biochemical data, symptoms of
systemic inflammation are noted in parallel on day 7
in patients with group 1 newborns: an increase in body
temperature, leukocytosis, tachycardia, an increase
in reactive protein and a change in the prothrombin
index.

Some differences in the values of this indicator in
the blood and urine of group 2 newborns have been
established. Thus, with an increase in IL-17A and
MCP-1intheblood onthe first day of life, VEGF tends
to increase to 42.15+1.82 pg/mL, which shows the
risk of developing a systemic inflammatory response
syndrome at the level of blood vessels with endothelial
damage. On the 7™ day of life, there was a tendency to
increase IL-17A in urine to 37.07x1.43 pg/mL, than
in the healthy group — 30.75+0.93 pg/mL p < 0.05.

The obtained results of the study show the
accumulation of cytokinesin the focus ofinflammation
and indicate the activity of the inflammatory process,
requiring correct anti-inflammatory therapy. Thus,
the advantages of noninvasive immunodiagnostics
in neonatology have been established by the deter-
mination of cytokines in the urine of newborns. The
control of urine cytokines in dynamics determines the

prognosis of the development of critical conditions
in newborns both early and in the late period of
adaptation.

Consequently, IFNy in urine acts as an indicator
of the severity of the condition and the development
of critical conditions in premature newborns at birth
prematurely from a mother with COVID-19.

Thus, the clinical and laboratory assessment of
the condition of newborns shows the importance of
taking into account the state of cytokine synthesis.
To reduce invasive procedures and preserve the blood
volume of premature newborns, it is recommended to
study cytokines, in particular IFNy in urine, which
allows early prediction of the development of critical
conditions in newborns.

Based on the conducted scientific studies, it
was found that newborns born from a mother with
COVID-19 in the first day of life have an increase in
IFNy and IFNa in the blood against the background
of an increase in IL-17A by 1.48 times, which shows
the risk of developing both infection and osteogenesis
disorders. At the same time, in response to the
synthesis of IL-17A, activation of interferon status is
noted by the 7" day of life in premature newborns.

Consequently, the study of interferons in urine
reduces the risk of sepsis from invasive procedures and
predicts the development of critical conditions. In
this case, the threshold concentration is IFNy in urine
< 10.1 pg/mL and IFNy in blood < 15.3 pg/mL. A
decrease in [FNy below the indicated concentrations
in blood and urine shows the risk of developing
severe critical conditions with the development of
coagulopathy, hemorrhagic syndrome.

Conclusions

1. Newborns born from a mother with
COVID-19 have an increase in IFNy and IFNa in the
blood on the first day of life against the background
of an increase in IL-17A by 1.48 times, which shows
the risk of developing both infection and osteogenesis
disorders.

2.  Activation of interferon status by the 7%
day of life in newborns was established against the
background of an increase in the key cytokine of bone
resorption (IL-17A).

3. A decrease in the urine of molecular markers
of vascular endothelial damage — MSR-1 by 4.25
times was found in newborn children born from a
mother infected with COVID-19.

4. A decrease in VEGF in the urine of newborns
was found, both with COVID-19 infection in the
mother and in its absence.

5. Non-invasive urine cytokine diagnostics
allows achieving economic efficiency by reducing
hospital beds, as well as medical efficiency due to
minimal traumatization of newborns.
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CHNXEHUE MDC/CCL22 NP COVID-19

1 B NOCTKOBUAHOM CUHAPOME
Kopoo6osa 3.P., Torossaun Aper A.

DEYH «Cankm-Ilemepbypeckuii HayuHo-uccae008amenbCckuil UHCIMUMYm 3MU0eMuoN0ul U MUKpoOUOA02UYU UMEHU
Ilacmepa», Cankm-Ilemepoype, Poccus

DI'BOY BO <«Ilepsviit Cankm-Ilemepbypeckuii 2ocyoapcmeentblii MEOUUUHCKULL YHUBEPCUmMem UMEHU aKaoemMuKad
HU.II. ITasrosa» Munucmepcmea 30pasooxparnerus PO, Cankm-Ilemepbype, Poccus

Pesome. B 310i1 cTaThbe MBI HcciieayeM poJib MakpodaraibHoro xeMoknia MDC/CCL22 B uMMyHUTETE
npotus COVID-19.

Marepuanom mist uccienoBaHUS TTOCTYKUIU 00pa3libl MjIa3Mbl OT 289 MallMEHTOB ¢ MOATBEPXKIACHHBIM
COVID-19, nonyyaBlIuX Je4eHUE B CHelUMaIU3UPOBAaHHBIX MHMOEKIIMOHHBIX CTallMOHApax, Pa3BepHYTHIX
BO BpeMs naHgeMuu. O6pa3ibl KPOBM OTOMpPAINUCh MIPU MOCTyIUIeHNU, Ha 7-10-e cyTKu oT Havaia MHPeK-
ouu. 1711 3THX XKe TMallieHTOB IIPOBOAMIOCH TeHOTHUITMPOBAaHNE BaphaHTa BUpyca B HOCOIIOTOYHBIX Ma3Kax.
Takxe B ucciiemoBaHME BOIILIM 00pa3ibl KpoBU 69 peKOHBAJIECLIEHTOB NalimeHToB, nepeHeciux COVID-19
OoJiee ueM 3a Mecsll 10 Havaia uccienoBaHusi. KpomMe Toro, B kauecTBe KOHTPOJISI B UCClIeOoBaHMeE Bolen 51
3gopoBhIi foHop. KoHuenTpamuio MDC/CCL22 n ApyruxX MUTOKMHOB ¥ XeMOKMHOB U3MEPSIITA C TIOMOIITBIO
MYJBTUILUIEKCHOTO aHaJIM3a C UCIT0Jb30BaHMeM TexHosoruu Luminex MagPix.

PesynpraTel mokazamnu, uyto y mamueHToB ¢ COVID-19 ypoBeHb MakpodaraibHOTO XeMOKHHA
MDC/CCL22 B mrazMe ObUT 3HAYMTEILHO HITKE, He3aBHUCcHUMO OT mTtaMma SARS-CoV-2, mo cpaBHEHHIO
CO 310pPOBBIMU IoOHOpaMu. KpoMe TOro, y peKOHBaJIECLIEHTOB TaK XK€ A0 CHUX MOP OTMEYaIMCh CHDKEHHbBIE
ypoBau MDC/CCL22, 9to yKa3pIBaeT Ha TO, YTO UCTOIICHNE 3TOT0 XeMOKMNHA MOXKET COXPaHSTBCS Iaxke
TOCJIe BBI3IOPOBJICHUSI.

B pamkax Halreit paboThl MbI MpejjiaraeM aBa MexaHM3Ma, KOTOPbIE MOTYT OOBbSICHUTh NIPUYMHBI, TIPU-
Bomsine K cHikeHnio MDC/CCL22. Bo-niepBbIX, CBI3bIBAHNE M MHAKTUBAIINS 9TOI0 XeMOKWHA TTeTITHIA -
mu SARS-CoV-2 MmoxeT cHUXath ero GyHIIMOHAIBHY aKTUBHOCTb. JIpyruM mpearnosaraéMblM MEXaHU3MOM
CHMZKEHUS 3TOT0 XeMOKWHA SIBJISIETCSI «BBIKITIOUEHHE» €T0 3(P(MEKTOPHBIX KJIETOK (HAIIpUMep, JeHAPUTHBIX
KJIETOK 1 MaKpodaroB) M3 UMMYHHOTO IpoIiecca.

JInmbonenuro nociae COVID-19 moreHIIManIbHO MOXHO 00BsICHUTH oTcyTcTBUueM MDC/CCL22. 3T1o
MOXKET MPUBECTU K CABUTY BOCIIAIMTEIBbHON peakllMy B CTOPOHY FMIepaKTUBALIMU, YTO MOTEHIIUAIbHO MO-
KET 00BICHUTD TsoKecTh TedeHUsT COVID-19 0oTHOCUTEILHO IPYTUX PeCIMPaTOPHBIX MHMEKIIN, 0COOCHHO
Ha HaYaJIbHBIX 3TallaxX MMaHIeMUH.
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Harmre nccienoBanue momuyepkuBaeT BaXKHOCTh MakpodaraabHoro xeMoknHna MDC/CCL22 B uMMyHU-
tete K COVID-19. I[ToHuMaHue MeXaHU3MOB KOHILIEHTpaIlUii 3TOr0 XeMOKHMHA MOKET JaTh HOBOE IpeaCTaB-
sneHue o maroreHe3de COVID-19.

Knrouesuie crosa: maxpogaeanvubiii xemoxur, COVID- 19, xemokuHbvl, MysbmunieKcHolil AHAAU3, NOCMKOBUOHBLI CUHOPOM,
dendpumHble Kaemxu

MDC/CCL22 DEPLETION IN COVID-19 AND POST-COVID
Korobova Z.R., Totolian Areg A.

Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation
First St. Petersburg State 1. Paviov Medical University, St. Petersburg, Russian Federation

Abstract. In this article, we explore the role of macrophage-derived chemokine (MDC/CCL22) in
COVID-19 immunity. The study included plasma samples of 289 patients with PCR-verified COVID-19 from
specialized hospitals. The blood samples were collected at admission, approximately 7 days after the start of
infection. Genetic testing of the virus was performed in nasopharyngeal swabs to determine the viral strain for
each patient. We also included blood plasma of 69 convalescent patients who had recovered from COVID-19
more than a month prior to the study. Additionally, 51 healthy donors were included in the study as controls.

The concentrations of MDC/CCL22 and other cytokines and chemokines were measured with multiplex
analysis using Luminex MagPix Technology. The results showed that COVID-19 patients had significantly lower
MDC levels in their plasma, regardless of the SARS-CoV-2 strain, compared to healthy donors. This finding
suggests that MDC/CCL22 depletion may play a role in COVID-19 immunity. Furthermore, convalescent
patients still showed decreased concentrations of MDC/CCL22 more than a month after infection, indicating
that this depletion may persist even after recovery.

We propose two mechanisms that can explain the reasons leading to MDC/CCL22 depletion. The first is
binding and inactivation of this chemokine with SARS-CoV-2 peptides, making it not only undetectable for
commercial kits, but also less functionally active. Another mechanism is the dysfunction of its effector cells
(e.g., DCs and macrophages). Lymphopenia following COVID-19 can potentially be explained by the absence
of MDC/CCL22. This may lead to a shift towards hyperactivation in the inflammatory response, potentially
explaining the severity of COVID-19.

This research sheds light on the importance of MDC/CCL22 in COVID-19 immunity and highlights the
need for further investigation into its role in the disease. Understanding the mechanisms behind MDC/CCL22
depletion could provide new insights into the pathogenesis of COVID-19 and inform the development of
potential treatments.

Keywords: macrophage derived chemokine, COVID- 19, chemokines, multiplex analysis, post-COVID, dendritic cells

and inhibiting the ACE 2 receptor, leading to

Introduction

COVID-19 is an acute infectious disease caused
by the RNA-based SARS-CoV-2 virion of the ge-
Betacoronavirus. The COVID-19 pandemic
has affected millions of people worldwide, causing
significant morbidity and mortality [8]. COVID-19
enters cells through the ACE 2 receptor, which is found
in various human cells [10]. The virus primarily targets
cells in the respiratory system, causing inflammation

nus

increased angiotensin Il secretion and subsequent
activation of inflammatory transcription factors [4].
These conditions can potentially trigger a cytokine
storm, resulting in enhanced inflammation [3].
Understanding the immune response to SARS-
CoV-2, the virus that causes COVID-19, is crucial
in developing effective vaccines and therapeutics.
In this article, we review the current knowledge
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on COVID-19 immunity from the chemokine
standpoint. Specifically, we address our findings in
terms of macrophage-derived chemokine in blood
plasma and its changes in acute COVID-19 and
convalescent patients.

Materials and methods

Study population

The study included 289 patients from 2 hospitals
in Saint Petersburg with PCR-verified COVID-19.
Blood samples were collected at admission and
approximately 7 days after the start of infection.
Patients with comorbidities or previous infections
were excluded from the study. We also included 69
convalescent patients (n = 69) who had donated
their blood plasma in earlier stages of the pandemic.
Additionally, 51 blood samples were collected from
healthy donors.

Ethics approval

The study was approved by the Local Ethics
Committee of Pasteur Institute, Saint Petersburg.
All patients were consenting adults and gave their
permission for participation in the study.

Blood sample collection

Blood samples were collected from patients
and healthy donors using standard venipuncture
techniques. Samples were collected in EDTA tubes
and immediately transported to the laboratory for
processing, where, after centrifugation, the blood
plasma was stored at -70 .

Cytokine and chemokine measurements

Concentrations of MDC/CCL22, among other
cytokines and chemokines, were measured using
Luminex MagPix Technology with the Millipore kit.

Genetic testing

Genotyping of SARS-CoV-2 isolates collected
from patients was performed using near-complete
genome sequences on the Illumina MiSeq automatic
platform. Nasopharyngeal swabs were collected
from COVID-19 patients and stored at -20 °C until
analysis. Total nucleic acid samples were obtained
by extraction and purification using the RIBO-prep
DNA/RNA Extraction Kit. Reverse transcription was
performed using random hexanucleotide primers and
the Reverta-L Kit. Libraries were prepared using the
TruSeq Nano DNA Kit and the TruSeq DNA CD
Indexes Kit, and sequencing was performed using the
Illumina MiSeq System. The quality of [llumina reads
was assessed using the FastQC program, and genome
assembly was carried out by mapping to the SARS-

2000- p=0.01
p<0.01
p<0.05
1500
p<0.05
-
£ 1000
2
500
0_.
:d—l-i-d-'o
TS 88T
8 & ©
e > > S
M @© © C
c £ = o0
253 ¢
< £
1S

Figure 1. Levels of MDC/CCL22 in the blood plasma of
COVID-19 patients infected with different viral strains,
including the Wuhan strain (n = 51), Alpha (n = 95), Delta
(n =98), and Omicron variants (n = 57)

Note. The results for healthy donors (HD) are presented as well. The
bars in the graph represent the median concentrations of MDC/CCL22
in each group, while the whiskers represent the 75" quartile.
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Figure 2. MDC/CCL22 concentrations in the blood plasma
of COVID-19 convalescents (n = 69) in comparison to
infected patients in the acute phase (n = 51) and healthy
donors (n = 56)

Note. Bars represent median concentrations (pg/mL). Whiskers
represent the 75" quartile.
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CoV-2 reference genome using Bowtie 2. Variant
calling and consensus generation were performed using
samtools and beftools software, and the Nextclade tool
was used to assess the quality of assembled sequences
and to assign genomes to lineages. All sequencing was
performed retrospectively.

Data analysis

Data was analyzed using GraphPad Prism version
8.0.2 software. Descriptive statistics were used to
summarize the data, and comparisons between groups
were made using t-tests or ANOVA as appropriate.
A p-value < 0.01 was considered statistically signifi-
cant.

Results and discussion

The cytokine detection kit identified various bio-
logical substances, with the macrophage-derived
chemokine (MDC/CCL22), a CC chemokine, having
a particularly significant and surprising role. Notably,
COVID-19 patients had notably lower MDC levels in
their plasma, regardless of the SARS-CoV-2 strain.
This was noteworthy since other chemokines tended
to increase in COVID-19 patients’ blood plasma
compared to healthy donors (HD) [7].

The results of the study can be found in Figure 1.

Interestingly, convalescents of the original Wuhan
viral strain had significantly lower MDC/CCL22
concentrations, not only compared to healthy do-
nors, but also in comparison with those in phase of
infection [1]. The results of previous studies on the
matter are presented in Figure 2.

The levels of MDC/CCL22 were found to be lower
in COVID-19 patients infected with different strains
compared to healthy donors, as shown in the first figure.
The decrease in MDC/CCL22 levels in COVID-19
patients may suggest a more profound impact of the
virus on the immune system than previously thought,
and may contribute to immune dysregulation and
severe pulmonary pathology. Further research is
needed to fully understand the complex interactions
between MDC/CCL22, DCs, platelets, and immune
regulation in COVID-19. The observed decrease in
MDC/CCL22 levels may be specific to COVID-19, as
it is rarely seen in other inflammation-prone illnesses,
even those affecting the respiratory tract.

Macrophage derived chemokine belongs to the
CC family. Via this classification, it holds the double
name MDC/CCL22. MDC/CCL22 is produced by
macrophages and dendritic cells, with or without ex-
ternal stimuli like bacterial lipopolysaccharide [12].
Its function is directly linked to the CCR4 molecule,

a receptor widely present on Th2 cells. CCR4 recep-
tors on CD4" lymphocytes in the bone marrow,
like MDC/CCL22, mediate cellular growth and
maturation. Activation of cellular migration and
Th1/Th2 polarization are coordinated with the help
of MDC/CCL22.

It is possible that MDC/CCL22 deficiency can
partially explain persistent lymphopenia associated
with COVID-19 [6], noticeable even after recovery.
Several in vitro studies have shown the importance
of MDC/CCL22 in regulation of inflammation. Its
presence complemented regulatory T cell activation
and restricted enhanced inflammation with type I
helper T cells [9].

A drop in MDC/CCL22 concentration in
COVID-19 patients is worthy of attention, and it
has been previously noted by other researchers [11].
We present hypothetical explanations for the phe-
nomenon in question below.The first concept implies
possible binding of SARS-CoV-2 viral proteins
with MDC/CCL22 due to potential affinity with,
or mimicry of, MDC/CCL22’s main ligands. In
such cases, MDC/CCL22 production by producer
cells (i.e., DCs and macrophages) is unperturbed.
Yet, the selective binding of this chemokine makes
it undetectable for commercial Kits as it changes its
antigenic structure. Moreover, it is possible that its
functional activity reduces due to this process. This
hypothesis is supported by the fact that other cytokines
and chemokines, produced by DCs and macrophages,
show enhanced expression when compared to healthy
donors.

There is, however, an opposite hypothesis, im-
plying that COVID-19 can actually affect the func-
tional activity of producer cells. Specifically, resear-
chers highlighted a significant shortage of DCs in
COVID-19 patients, both in acute and post-recovery
periods. Moreover, other studies have highlighted the
relationship between disease severity [2] and dendritic
cell properties [5], both quantitative and qualitative.
This, however, for some reason does not affect other
cytokines and chemokines, produced by DCs (IL-1a,
IL-1pB, IL-6,IL-7,1L-12 (p35 and p40), IL-15, IL-18,
TNFa, TGF-B, macrophage CSFE and granulocyte-
macrophage CSE but not 1L-2, IL-3, IL-4, IL-5,
IL-9, and IFNy transcripts).

In any case, both hypotheses prove the role of the
SARS-CoV-2 infectious process in the suppression
of DCs. Theoretically, this may explain a defect in
MDC/CCL22 production and its deficiency in the
blood plasma of COVID-19 patients in comparison
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with healthy donors. While the precise mechanisms
by which SARS-CoV-2 suppresses DC function and
MDC/CCL22 production are not yet fully understood,
the deficiency of MDC/CCL22 in the blood plasma
of COVID-19 patients compared to healthy donors
suggests that this chemokine may play a critical role
in the pathogenesis of the disease. Further research
is needed to fully elucidate the complex interactions
between SARS-CoV-2, DCs, and MDC/CCL22,
with the ultimate goal of developing new therapeutic
strategies to combat COVID-19 and other infectious
diseases.
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OCOBEHHOCTU YACTOTbl BCTPEHAEMOCTU
NOJINMMOPO®U3MATEHA T-330G /L2 Y NALUUEHTOB
CCOvVID-19

AreeBa E.C.}, Aonaesa P.H., Iukxos N1.A.!, Anémuuna O.K.},
Peimapenko H.B.!, Beaoraazos B.A.L, Iaxopa E.H.?

T @IAOY BO «Kpwimckuii ghedepanvhbiii ynusepcumem umenu B.H. Beprnadckoeo», e. Cumgeponons, Pecnybauxa
Kpoim, Poccus
2I'BY3 PK «Pecnybaukanckas demckas UHQeKyUoOHHAS KauHuyeckas 6oavHuya», 2. Cumgpeponons, Pecnybruka
Kpoim, Poccus

Pesiome. MHpekuuss SARS-CoV-2 gaBisieTcsl aTMONAaTOreHETUYECKUM (PakTOpOM HOBOI KOPOHaBUPYC-
HOU MHbeKu. BocmpuMMUYUBOCTh K BUPYCY U, COOTBETCTBEHHO, 3a00J1€BAa€MOCTh OTJIUYAETCS Y JeTeN U
B3pocibiX. C OTHOU CTOPOHBI, 3TO OTpaXkaeT BO3pACTHbIE OCOOEHHOCTU UMMYHHOTO oTBeTa. C npyroi cTo-
POHBI, peaiu3yeTcsl yepe3 BeIpaboTKyY psiia IMTOKMHOB, B TOM yucie [L-2, u oTpaxxaeT reHeTU4eCKu-aeTep-
MUHUPOBAHHBIE OCOOEHHOCTU MPOAYKIIMU IMTOKUHOB. Llenbio ncciaenoBaHus ObUT aHAU3 4YaCTOThI BCTPE-
yaeMocTU noumMopdHbIX BapruaHTOB T-330G reHa /L2 y nalilieHTOB C HOBOIf KOPOHABUPYCHOM MH(MEKIIME.
Bcero 65110 06cenoBaHo 145 mauneHTos, u3 Hux 31,0% neteit (n = 45) u 69,0% B3pocibix (n = 100). qua-
THO3 «HOBas KopoHaBUpycHasi nHbekus» BepudbunrpoaH metogomM OT-TTLP nmoarsepxnaroiero Hajiu-
yue Bupyca SARS-CoV-2 u BbIsiBIeHME KITMHUYECKUX CAMIITOMOB MH(MEKIIMW BEPXHUX AbIXaTeIbHBIX ITyTEH.
Tpynny KoHTposisi coctaBuau 50 310pOBBIX JOHOPOB-100poBoJIbLIEB. U151 aHanu3a moaumopdusma T-330G
reHa /L2 CIIONIb30BaIN ajuieib-crienndndeckyro TP ¢ sanekrpodopeTndecKoit neTeknueii B 3% arapo3s-
HoM reite («JIutex», Poccus). JIist cpaBHeHUS YaCTOT KOMOMHALIMI ajuiesieil UCTOIb30BaIM KPUTEPUA > U
orHouueHue maHcoB OR u (95% CI).

JoMuHUPYIOIIUM reHOTUIIoM y raiimeHToB ¢ COVID-19 6611 rerepo3urotHsiii reHotun GT noaumop-
¢dusma T-330G rena /L2. B rpynrie neTeii ¢ pUCKOM pa3BUTUS HOBOI KOPOHaBUPYCHOU MHMEKIINU ObLI ac-
couuunpoBaH renotun GG nomumopdusma T-330G rena /L2 (31,1% y nereit u 18,0% B rpyIine KOHTPOJIS,
p < 0,05, OR = 2,047). B To Bpems Kak roMmo3urotTHbiit reHotun TT noaumopdusma T-330G rena /L2 aB-
JISITICST TIPOTEKTUBHBIM T€HOTHUITOM (€T0 YacTOTa BCTPEYaeMOCTH COCTaBUJIA Y MallMeHTOB — 26,7%, B rpyI-
ne KoHTpoJst — 54,0%, p < 0,05, OR = 0,315). ¥ B3pOCabIX C PUCKOM Pa3BUTHUS HOBOM KOPOHABUPYCHOM
UHGEKIUU ObLI acCCOUMUPOBaH reTepo3uroTHbid reHoTun GT nonumopdpusma T-330G rena /L2 (B rpyrme
nauueHToB — 44,0% nipotuB KoHTpoJis — 28,0%, p = 0,028, OR = 2,020). Huskuii puck pa3BuTus 3a6ose-
BaHUsI ObUT aCCOLIMUPOBAH ¢ ToMo3urorHoro BapuantoM TT nmonmumopdusma T-330G rena /L2 (B rpynme
nauueHToB 37,0% npotus KoHTpost — 54,0%, p = 0,024, OR = 0,500).
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IMomumopduszm T-330G nmpoMoTpoHOM 30HKI reHa /1.2 mo-pa3HOMY BIMSET Ha ero npoaykiuwo. OT ypoB-
Hs IL-2 3aBUCUT HampaBjieHUe UMMYHHOTrO OTBeTa U ero 3¢ deKTuBHOCTh. [ToHMMaHWe MHAMBUAYAJIbHBIX
($aKTOpPOB, OMpPEaeasIONIMX OCOOEHHOCTH UMMYHHOIO OTBETA MOXET MOMOYb B MOHUMAaHUM MEXaHU3MOB
pa3zsutust COVID-19-accouMupoBaHHBIX 3a00J1€BaHUA U TOAOOPE MOAXO0/I0B K NEPCOHATU3UPOBAHHBIM Me-
TOJAM UX JISUEeHUSI.

Knroueswie crosa: noaumopgusm eenos, SNP, T-330G IL2, COVID-19, demu, SARS-CoV-2

FEATURES OF THE FREQUENCY OF OCCURRENCE OF T-330G
IL2 GENE POLYMORPHISM IN PATIENTS WITH COVID-19

Ageeva E.S2 Ablaeva R.N.?, Yatskov LLA.? Aleshina O.K.?,
Rymarenko N.V.2 Beloglazov V.A.?, Diadyura E.N.P

@ V. Vernadsky Crimean Federal University, Simferopol, Republic of Crimea, Russian Federation
b Republican Children’s Infectious Clinical Hospital, Simferopol, Republic of Crimea, Russian Federation

Abstract. SARS-CoV-2 infection is the etiopathogenetic factor of the new coronavirus infection.
Susceptibility to the virus and, accordingly, the incidence differs in children and adults. On the one hand,
this reflects the age-related features of the immune response. On the other hand, it is realized through the
production of a number of cytokines, including IL-2, and reflects the genetically determined features of
cytokine production. The aim of the study was to analyze the frequency of occurrence of T-330G polymorphic
variants of the /L2 gene in patients with a new coronavirus infection. A total of 145 patients were examined,
including 31.0% of children (n = 45) and 69.0% of adults (n = 100). The diagnosis of a new coronavirus
infection was verified by RT-PCR confirming the presence of the SARS-CoV-2 virus and identifying clinical
symptoms of an upper respiratory tract infection. The control group consisted of 50 healthy volunteer donors.
Allele-specific PCR with electrophoretic detection in 3% agarose gel (Litech, Russia) was used to analyze the
T-330G polymorphism of the /L2 gene. To compare the frequencies of allele combinations, the 2 test and the
odds ratio OR and (95% CI) were used.

The dominant genotype in patients with COVID-19 was the heterozygous GT genotype of the T-330G
polymorphism of the /L2 gene. In the group of children at risk of developing a new coronavirus infection, the
GG genotype of the T-330G polymorphism of the /L2 gene was associated (31.1% in children and 18.0% in
the control group, p < 0.05, OR = 2.047). While the homozygous TT genotype of the T-330G polymorphism of
the /L2 gene was a protective genotype (its occurrence rate was 26.7% in patients, 54.0% in the control group,
p < 0.05, OR = 0.315). In adults, the heterozygous GT genotype of the T-330G polymorphism of the /L2
gene was associated with the risk of developing a new coronavirus infection (in the group of patients — 44.0%
versus control — 28.0%, p = 0.028, OR = 2.020). A low risk of developing the disease was associated with the
homozygous TT variant of the T-330G polymorphism of the /L2 gene (in the group of patients 37.0% versus
control — 54.0%, p = 0.024, OR = 0.500).

The T-330G polymorphism of the promoter zone of the /L2 gene differently affects its production. The
direction of the immune response and its effectiveness depend on the level of IL-2. Understanding the individual
factors that determine the features of the immune response can help in understanding the mechanisms of
development of COVID-19-associated diseases and the selection of approaches to personalized methods of
their treatment.

Keywords: polymorphism of gene, SNP, T-330G IL2, COVID-19, children, SARS-CoV-2

The study was financially supported by the Minist-
ry of Science and Higher Education of the Russian
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2021-1323.

Introduction

Infants and children under 5 years of age have a
unique immunophenotype and respond differently to

SARS-CoV-2 infection compared to adults who are
more often to develop a cytokine storm [4, 9]. For
children SARS-CoV-2 infection develops mild (27%)
or asymptomatic disease (66%) [2, 5, 7, 8]. Moderate
and severe severity is extremely rare in children (5 and
2%, respectively) [6].

Comparison of adult patients and children
also demonstrates differences in both the level of

780



2023, T. 25, Ne 4
2023, Vol. 25, No 4

THoaumopghusm T-330G IL2 npu COVID-19
T-330G IL2 polymorphism in COVID-19

production and the functional characteristics of
the immune response. Increasing evidence has de-
monstrated that interleukins played an important
role in the progression of COVID-19. Compared
to mild COVID19 cases, serum interleukins levels
increased greatly in severe and critical patients [3].
Pro-inflammatory cytokines induce active production
of cytokines and the immune response. Interleukin 2
(IL-2) is a monomeric glycoprotein with a molecular
weight of approximately 15 kDa, produced by Th-1
cells. IL-2 plays a critical role in the differentiation
and survival of regulatory T cells, thus ensuring their
importance in the control of the immune response.
One of the best achievements in this direction was
to highlight the important role of single nucleotide
polymorphisms (SNPs) of those genes involved in the
immune regulatory mechanism. The aim of the study
was to analyze the frequency of occurrence of T-330G
IL2 polymorphic genes in patients with COVID-19.

Materials and methods

In total, 145 patients with a new coronavirus
infection were examined, represented by a group
of “children” and a group of “adults”. The group
of “children” (n = 45) — patients admitted to the
department of the Republican Children’s Infectious
Diseases Clinical Hospital with a new coronavirus
infection of moderate severity at the age of 0 to 14
years (n = 45). Distribution of children depending on
the age of the group 0-4 years old — 40.0% (n = 18),
5-9 years old — 22.2% (n = 10) and 10-14 years old —
37.8% (n=17).

The group of “adults” (n=100) — patients admitted
to the pulmonology department of the Institution
of Healthcare of the Republic of Crimea “Academic
Research Institute of Physical Methods of Treatment,
Medical Climatology and Rehabilitation named
after I.M. Sechenov” for the purpose of sanatorium
treatment after a new coronavirus infection. Women
made up 74.07% (n = 80) of the study population,
25.93% (n = 28) were men.

Inclusion criteria for the study were: previous
novel coronavirus infection. Signed informed consent
for inclusion in the study. The exclusion criteria were:
the presence of complicated forms of viral pneumonia
in the presence of severe functional pulmonary and
extrapulmonary disorders, age over 75 years.

Verification of the diagnosis of novel coronavirus
infection was based on confirmation of the SARS-
CoV-2 virus by RT-PCR and the presence of cli-
nically identifiable symptoms or signs of an upper
respiratory tract infection, namely throat congestion,
sore throat and fever, and on x-ray. All patients signed
an informed consent for the study.

The control group consisted of 50 relatively healthy
respondents, 32 women (64.0%) and 18 men (36.0%),
whose average age was 44.3+5.23 years.

The study was conducted in accordance with the
rules of the Helsinki Declaration of 1975, revised
in 2013 and approved by the Ethics Committee of
V.I. Vernadsky.

Methods

To analyze the T-330G polymorphism of the /L2
gene, an allele-specific polymerase chain reaction
with electrophoretic detection was used. DNA was
isolated from the whole blood of patients with a
new coronavirus infection and healthy volunteers
using the DNA-express blood kit according to the
manufacturer’s instructions. Allele-specific PCR
was performed using “T-330G [IL2” kits (Liteh,
Russia) according to the manufacturer’s instructions.
Detection of amplification products was carried out
by horizontal electrophoresis in 3% agarose gel.

The study was conducted at the Collective Center
for the use of scientific equipment “Molecular
Biology” CFU named after V.I. Vernadsky.

The data obtained were analyzed using the
Statistica 8.0 software package. The expected allele
frequency was calculated based on the Hardy—
Weinberg law. To compare the frequencies of
allele combinations, the y? test was used with the
Yates correction for continuity. The association of
polymorphisms with novel coronavirus infection was
analyzed by determining the odds ratio (OR) test and
95% confidence interval (95% CI), p < 0.05.

Results and discussion

We found all the studied IL-2 mutations in
accordance with the Hardy—Weinberg law (p > 0.05).
As a result of the study, it was shown that the distribu-
tion of polymorphic variants of IL-2 genotypes
differed in all the research groups. The dominant
genotype in patients with COVID-19 was the he-
terozygous GT genotype of the T-330G /L2 gene
polymorphism (Table 1). Its frequency was statistically
significantly higher in patients than in the control
group (p < 0.05). In the group of healthy donors,
the most common genotype was homozygous TT of
the T-330G IL2 gene polymorphism. Its frequency
of occurrence was statistically significantly lower in
children and adults (Figure 1, Table 1, p < 0.05). The
frequency of occurrence of GG homozygous of the
T-330G IL2 gene polymorphism in the adult group
was comparable to that in the control group, while in
children it was statistically significantly lower than in
adults (p < 0.05).

The analysis showed that in children with the risk
of a new development of coronavirus infection, the
GT genotype of the T-330G /L2 gene polymorphism
is associated. While the TT polymorphism of the
IL2 T-330G gene is a protective genotype (Table 1).
In adults, the GT genotype of the polymorphism of
the T-330G IL2 gene is associated with the risk of
developing a new coronavirus infection. While the
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TABLE 1. MULTIPLICATIVE INHERITANCE MODEL (x2 TEST, df = 1)

OR
Genotypes Case n (%) | Control n (%) X2 p values 95% Ol
Children

TT 12 (26.7) 27 (54.0) 14.0 0.001 0.315 0.1740-0.5690
GT 19 (42.2) 14 (28.0) 3.714 0.054 - —

GG 14 (31.1) 9(18.0) 3.892 0.049 2.047 1.054-3.973

Adult

T 37 (37.0) 27 (54.0) 5.162 0.024 0.500 0.284-0.880
GT 44 (44.0) 14 (28.0) 4.883 0.028 2.020 1.122-3.640
GG 19 (19.0) 9(18.0) 0 1.0 - —

TABLE 2. COMPARISON OF THE FREQUENCY OF ALLELES AND GENOTYPES OF T-330G /L2 POLYMORPHIC VARIANTS

(rs2069762) COMPARED WITH THE FREQUENCY OF OCCURRENCE IN POPULATIONS

Population | Sample size Reference allele Alternative allele
Study groups
Total 145 0.55 44 4
Children 45 0.478 0.522
Adult 100 0.556 0.444
Control 50 0.680 0.320
According to the website rs2069762 RefSNP Report — dbSNP — NCBI (nih.gov)
African 4876 0.9219 0.0781
African American 4730 0.9207 0.0793
Asian 216 0.671 0.329
European 53642 0.69843 0.30157
Latin American 2 4672 0.6803 0.3197

120

100

Total

Children

ETT MGT

Adult

GG

Control

Figure 1. Genotype frequency of T-330G polymorphism of the IL2 gene in the studied group

Note.

*, significant differences from the groups of patients with control; **, significant differences from the group of children with adult.
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TT polymorphism of the /L2 T-330G gene is also
protective.

When detecting the frequency of occurrence of
alleles with a number of populations, a definite was
revealed. The frequency of T alleles of the T-330G
IL2 polymorphism both in the control group and
in patients with a new coronavirus infection was
considered similar to that in Asians, Caucasians and
Latin American, but was lower than in Africans and
African Americans (Table 2). Allele C of the T-330G
IL2 polymorphism was marked by an increased
frequency of occurrence in Asians, Caucasians and
Latin American, and was higher than in Africans and
African Americans.

Since the beginning of the COVID-19 outbreak, an
increasing number of cases of COVID-19 have been
confirmed. Various aspects of COVID-19 disease are
described, taking into account risk factors such as age,
gender, and pre-existing metabolic conditions such
as diabetes, obesity, and hypertension. However, the
genetic background has often been overlooked to end
up being watched as a major player by COVID-19.

The cytokine storm arose with COVID-19, and
interleukins and IFNy were involved in the process
of hyperinflammation. Immune mediators, including
interleukins, have been shown to play an important
role in the development of COVID-19 [3]. It has been
noted that genotypes correlate with susceptibility to
COVID-19, mortality, and immune response activity.
When comparing our data on the frequency of
distribution of genotypes, that in adult patients of the
Caucasian race and lived in the Trans-Baikal Territory
the chance of developing SARS-COV-2 increased in
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Pesiome. [Tanaemust kopoHaBupycHoii 6ojie3Hu 2019 roga (COVID-19) oka3zana 6ecripeLiefieHTHOE BO3-
JeliCTBME Ha 3I0pOBbE M DKOHOMMKY BO BceM Mupe. I[IpsiMoe moBpexaeHue MUOKapaa U HUTOKUHOBBIN
IITOPM, TIPUBOASIIMNA K JeCTaOMIN3allMU paHee CylleCTBOBABIIMX OJISIIIEK U YCKOPEHHOMY O00Opa30BaHUIO
HOBBIX OJISIIEK, SIBJISIIOTCS IBYMSI MEXaHU3MaMHM, TIPOBOLIMPYIOIIUMHU OCTPbIii KOPOHAPHBIM CUHAPOM TIpU
COVID-19. HenocraTouHo JaHHBIX 00 UMMYHHOM CTaTyce MalMeHTOB C OCTPHIM KOPOHAPHBIM CUHIPOMOM,
nepeHeciinM COVID-19. Lenblo paboThl ABUIOCHh UccaeaoBaHue T- u B-kjieTouHOTO, ryMOpaJibHOTO 3Be-
HbEB MMMYHUTETA B 3aBUCUMOCTH OT YMca IUToToKcudeckKux T-nmumdoriutoB (CD8™) y 60JbHBIX C OCTPBIM
KopoHapHbIM cuHapoMoM (OKC), nepeHeciuux COVID-19.

O06cienoBaHO 65 My>KYMH C HECTAOMILHOI CTEHOKapAue U OCTPbIM MH(apKTOM MUOKap/a (OCTPhIM KO-
poHapHBIM crHIpoMoM) oT 40 go 65 yeT, Kotopeie paHee 6osen COVID-19. TlpoBeneHo McciieoBaHUE
nepudeprueckon KpoBu: 001U aHaIu3 KpoBu (rmpudop Medonic — IIBewus), odiue u cneuuduiecKkue
1gM, IgG, IgA, dparmeHTsl komIuiuMeHTa («BekTop bect», Poccust). Cyononynsauuu T- 1 B-numbouunton
onpeaesieHbl METOAOM MPOTOYHOU LIUTOMETPUU. Y JIUIL C OCTPBIM KOPOHAPHBIM CUHIAPOMOM, TePEHECIINX
COVID-19 npenMyIlecCTBEHHO C HOPMaJbHBIM 1 TMOBBIIIEHHBIM YPOBHSIMU LIMTOTOKCUYECKUX T-KIIETOK
HabJiroamoch 0osee TSXKeaoe TeuyeHUe 3a0ojieBaHUs — IPeBaJIMPOBAIM OOJbHBIE C OCTPBIM MH(MAPKTOM
MUOKapJa, Y HUX OblIa 00JIbII€ CMEPTHOCTb, MPOJOKUTEIBbHOCTD JIEUYEHUsI, OTMEYaIUCh Yalle TPOMOO3bI
CTEHTOB. Y OOJIbHBIX C MOBBIIIEHHBIMU IIUTOTOKCUYECKUMU T-KJIeTKaMu Ha01101a710Ch MAKCUMaJIbHOE YBeE-
JIMYEHUE DPUTPOLIMTOB, FeMOIJIOOMHA, TeMaTOKpUTa, JUM@OIIUTOB KaK OOIIEro Yyuciaa, Tak U CyoIomyisi-
uuii — T-xenmnepoB, T-NK-nudouutos, NK-nmumdpouunton, T-1uM@OLMTOB paHHEN U TTO3IHEN aKTUBALIUU,
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Bl- u B2-numdouuron, nnaekca HCT-uHaAyLUpOBaHHOTO TecTa. Y MallMeHTOB C HOPMAJIbHBIM YPOBHEM
NK-kJIeTOK B CpaBHEHUU C APYTUMU rpynnamu Haoonanock nosbiiieHue HCT cnoHTaHHOUM aKTUBHOCTU U
uHaeKca, 3Hauumoe cHuxkeHue C3a u CSa ¢pparmeHTOB KoMIuieMeHTa. [1peBaiupoBaHue TpoM003a CTEHTOB
M CMEPTHOCTH B TPYIIIE OOJIbHBIX C HOPMAJIBHBIM YPOBHEM ITMTOTOKCUUECKUX T-KJIETOK MOXKET CBUAETEIb-
CTBOBATh O TOPITMIHOCT UMMYHHOI CUCTEMBI y 3TUX TTAIIMEHTOB C HEOJIAronmpusATHBIMU ucxonamu. [Tomy-
YeHHbIEC JTaHHBIE CBUIIETEILCTBYIOT O 3HAYNTEJIbHOM BapnadeIbHOCTH OTBETOB KJIETOK MMMYHHOM CHUCTEMBI
y nocTKoBUAHBIX nareHToB OKC ¢ paznuuHbIM YPOBHEM IIMTOTOKCHMYECKMX KJIETOK. Bce aTo ciemyer B
JTaTbHEUIIIEM PacCMOTPETh MOAXOIBI 1 K UMMYHOKOPPEKIINY BEISIBJICHHBIX HapyIIIeHUIA.

Karouesnie cnosa: yumomokcuueckue T-aumgpoyumot, COVID-19, ocmpeiii KopoHapHblii cUHOPOM, AUMPOYUMbL, UMMYHHAS
cucmema, Komniemenm

FEATURES OF THE IMMUNE STATUS OF PATIENTS WITH
ACUTE CORONARY SYNDROME WHO UNDERWENT
COVID-19, DEPENDING ON THE NUMBER OF CYTOTOXIC
TLYMPHOCYTES (CD8")
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Abstract. The 2019 coronavirus disease (COVID-19) pandemic has had an unprecedented impact on health
and economies around the world. Direct myocardial injury and cytokine storm, leading to destabilization of pre-
existing plaques and accelerated formation of new plaques, are two mechanisms that trigger the acute coronary
syndrome in COVID-19. There is insufficient data on the immune status of patients with acute coronary
syndrome who have undergone COVID-19. The aim of the study was to study T and B cell, humoral immunity
depending on the number of cytotoxic T lymphocytes (CD8*) in patients with acute coronary syndrome who
underwent COVID-19. Materials and methods of research: 65 men with unstable angina pectoris and acute
myocardial infarction (acute coronary syndrome) from 40 to 65 years old, who had previously had COVID-19,
were examined. A study of peripheral blood was carried out: complete blood count (Medonic device, Sweden),
general and specific IgM, IgG, IgA, compliment fragments (Vector Best, Russia). Subpopulations of T and
B lymphocytes were determined by flow cytometry. In persons with acute coronary syndrome who underwent
COVID-19 with predominantly normal and elevated levels of cytotoxic T cells, a more severe course of the
disease was observed: patients with acute myocardial infarction prevailed, they had longer mortality, longer
treatment duration, and stent thrombosis was more common. In patients with elevated cytotoxic T cells, there
was a maximum increase in erythrocytes, hemoglobin, hematocrit, lymphocytes of both the total number and
subpopulations — T helpers, T-NK lymphocytes, NK Ilymphocytes, T lymphocytes of early and late activation,
B1 and B2 lymphocytes, index of NBT-induced test. In patients with normal levels of NK cells, compared with
other groups, there was an increase in spontaneous NBT activity and index, a significant decrease in C3a and
C5a complement fragments. Prevalence of stent thrombosis and mortality in the group of patients with normal
levels of cytotoxic T cells may indicate torpidity of the immune system in these patients with poor outcomes.

Keywords: cytotoxic T lymphocytes, COVID- 19, acute coronary syndrome, lymphocytes, immune system, complement

Introduction nifestations of lymphopenia occur early and are

The 2019 coronavirus disease pandemic prognostic, most often potentially associated with

(COVID-19) has had an unprecedented impact on @ decrease in the number of T helpers and some
health and the economy around the world. In patients ~ cytotoxic T lymphocytes. This leads to an imbalance
with a new coronavirus infection (COVID-19), ma- of the innate and acquired immune response, delayed
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viral clearance and hyperstimulation of macrophages
and neutrophils [1]. Inflammation in the vascular
system can lead to diffuse microangiopathy with
thrombosis. Inflammation in the myocardium can
cause myocarditis, acute coronary syndrome, as well
as rapid deterioration and sudden death [6]. The
influx of T helpers into the cardiac vascular system
leads to an increase in the production of cytokines,
which stimulate the migration of smooth muscle
cells into intima and the production of collagen and
other fibrous products, which causes pronounced
atherosclerotic damage. Direct myocardial injury
and cytokine storm leading to destabilization of pre-
existing plaques and accelerated formation of new
plaques are two mechanisms provoking acute coronary
syndrome in COVID-19 [10].

In the work of Khusainova L.N. et al. [4] it was
shown that in patients with acute coronary syndrome
(ACS), the number of T lymphocytes decreased, the
number of lymphocytes affecting apoptosis increased
(CD25%, CD95%).

According to Lebedeva O.K. et al. [5] the
development of acute heart failure in patients with
acute myocardial infarction (AMI) is associated with
an increase in CD16(-) monocytes and a decrease in
the number of CD16(+) T-NK cells (natural killers).

According to other data [8], in patients with ACS,
in comparison with the control, the relative indices
of subpopulations of T helper cells, T lymphocytes of
early and late activation, as well as B lymphocytes are
statistically higher. Atthe same time, thereisatendency
to increase the absolute values of these parameters.
There was a statistically significant increase in the
T-NK lymphocyte subpopulation in relative and
absolute terms, and total T lymphocytes (p < 0.01), as
well as T cytotoxic lymphocytes (p < 0.001) decreased.
As a result of an increase in T helper cells and a
decrease in cytotoxic T lymphocytes, the CD4/CD8
lymphocyte index increased by more than 2 times
(p <0.001).

There is insufficient data in the available literature
on the immune status of patients with ACS who
have undergone COVID-19, which determines the
relevance of the study.

The aim of the study was to study the T and B cell,
humoral links of immunity depending on the number
of cytotoxic T lymphocytes (CD8") in patients with
acute coronary syndrome who underwent COVID-19.

Research objectives:

1. To identify clinical differences in the course
of the disease in patients with ACS who underwent
COVID-19, depending on the number of T cytotoxic
lymphocytes.

2. To identify differences in the content of the
main populations of T and B lymphocytes, humoral
immunity, blood cell composition in patients with

ACS who underwent COVID-19, depending on the
number of T cytotoxic lymphocytes.

Materials and methods

Sixty-five men with unstable angina pectoris
and acute myocardial infarction (acute coronary
syndrome) aged 40 to 65 years, who had previously
had COVID-19, were examined. All persons also have
hypertension. All patients required stenting of the
coronary arteries in the next 3 days after admission to
the hospital, since according to coronary angiography
(CAG), they had coronary artery stenosis of 70% or
more. CAG was performed on an Innova JE device,
stents with a drug coating from the company Xience
Alpine were implanted. Before this procedure, all
patients signed an informed consent (protocol of the
Ethical Committee of the Southern State Medical
University of the Ministry of Health of the Russian
Federation No. 9 dated 11.09.2006 and protocol of
the Ethical Committee of the GAU OTKZ GKB
No. 1 of Chelyabinsk No. 12 dated 10.10.2022).

The following examinations were performed: a
general blood test (25 parameters were examined):
leukocyte, erythrocyte and platelet sprouts of hema-
topoiesis, quantitative and qualitative composition
of hematopoietic sprouts was carried out by a stan-
dardized method on a Medonic M20 hematological
analyzer (Sweden).

From immunological indicators, the phagocytic
activity of latex particles with a diameter of 1.7
microns was evaluated by neutrophils (phagocytosis
activity, phagocytosis intensity, phagocytic number);
spontaneous and induced NBT activity of neutrophils
was determined by morphological method (light
microscopy using Olympus microscopes (Japan). The
phagocytic activity of neutrophils was determined by
their ability to absorb latex particles [2].

Specific immunoglobulins M and G to COVID-19
and general immunoglobulins A, M, G were deter-
mined by VectorBest kits using standard enzyme
immunoassay (ELISA) methods.

From immunological parameters, the following
were determined by flow cytometry on the Navios cy-
tofluorimeter (Beckman Coulter, USA) using a stan-
dardized technology for assessing the lymphocytic link
of immunity [14]: CD45*, CD3* (T lymphocytes),
CD45*, CD3*, CD4* (helper inducers), CD45",
CD3*, CD8* (cytotoxic T lymphocytes,), CD45*,
CD3*CDl16*, CD56* (T-NK cells) CD45*, CD3-,
CD16%, CD56" (natural killers), CD45*, CD3",
CD4*, CD25*, CD127- (T regulatory cells/suppres-
sors), CD45*, CD3*, CD4*, CD25" (activated
helpers, early activation of lymphocytes), CD45",
CD3*, HLA-DR (activated T lymphocytes — late
activation of lymphocytes. Phagocytosis and NBT
activity of neutrophils were evaluated by standard
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methods. Clq, C3a, and C5a complement fragments
were also determined by the standard ELISA method.

The patients also underwent a study of the lipid
profile and troponin level using a standard technique.

The clinical condition of patients was assessed
at the time of examination and during the entire
postoperative period in the hospital, and some
indicators (such as mortality and thrombosis) in the
next 6 months after surgery.

With the help of IBM SPSS Statistics 19, StatPlus
2009 Professional programs, statistical processing of
the material was carried out. Calculated: arithmetic
mean (M), arithmetic mean error (m), determined
the Student’s criterion for independent samples.

Results and discussion

All ACS patients who underwent COVID-19 were
divided into 3 groups depending on the number of
T cytotoxic lymphocytes [14]: with reduced indicators
of T cytotoxic lymphocytes (23 people), normal (36
patients) and elevated — 6 patients. In the group
with elevated T cytotoxic lymphocytes (group 1), all
patients had AMI.

AMI was diagnosed among patients with normal
T cytotoxic lymphocytes (group 2) in 58%, and with
reduced T cytotoxic lymphocytes (group 3) — in 47%.
The rest of the individuals had unstable angina. The
maximum number of stents was implanted in patients
of group 1; they also had the highest risk of Grace and
the longest duration of hospitalization. At the same
time, stent thrombosis and mortality were maximal
in patients of group 2 — with normal T cytotoxic
lymphocytes.

As for the general clinical blood test, it should be
noted that there were no significant differences in
the number of leukocytes, but there was a tendency
to increase them in group 2. Red blood cells were
significantly higher in group 1 compared to group
2 (p < 0.05) and group 3 (p < 0.001). Erythrocytes
were also quantitatively larger in group 2 individuals
compared to group 3. The concentration of hemo-
globin is maximal in individuals of group 1 in
comparison with group 2 (p < 0.05) and group 3
(p < 0.01). Statistically significant differences in
hematocrit were observed in groups 1 and 3 (p < 0.01):
higher in group 1. The average concentration of
corpuscular hemoglobin was higher in patients with
reduced T cytotoxic lymphocytes compared to their
normal level (p < 0.05). In patients with normal
T cytotoxic lymphocytes, the percentage of segmented
neutrophils was higher than in group 1 (p <0.01). The
absolute number of lymphocytes was observed more
in group 1 compared with groups 2 and 3 (p < 0.001),
and in patients with normal T cytotoxic lymphocytes
compared with their reduced level (p < 0.001). The
relative number of lymphocytes was higher in patients
with elevated T cytotoxic lymphocytes compared

with normal and reduced T cytotoxic lymphocytes
(p < 0.001). The relative number of segmented
neutrophils was recorded higher in group 3 compared
to group 2 (p < 0.05) and group 1 (p < 0.001).

The width of the distribution of red blood cells was
higher in group 3 compared to group 2.

NBT spontaneous activity and index were
significantly higher (p < 0.05) in patients with normal
T cytotoxic cell content compared with reduced.
The NBT-induced index was maximal in group 1
and significantly differed (p < 0.05) from that in
patients of groups 2 and 3. The relative number (%) of
T lymphocytes (CD45"CD3*CD19°) was maximal in
group 2 and significantly (p < 0.05) differed from the
same indicator in groups 1 and 3.

The absolute number of T Ilymphocytes
(CD45*CD3*CD19°) was significantly higher in
group 1 compared to group 2 (p < 0.01) and group 3
(p < 0.001). Also, this parameter was higher in
individuals with normal T cytotoxic lymphocytes in
comparison with the group with a reduced level of
T cytotoxic lymphocytes (p < 0.001).

As for the absolute values of T helpers, it
should be noted that they were minimal in group 3
(p < 0.001) in comparison with 2 and 3 groups. The
immunoregulatory index (CD4/CDS8) was maximal
in group 3 and significantly differed from that of group
1 (p <0.05) and group 2 (p < 0.01).

T-NK lymphocytes relative values were sig-
nificantly higher (p < 0.05) in individuals with elevated
T cytotoxic lymphocytes in comparison with this
parameter in patients of groups 2 and 3. The absolute
number of T-NK lymphocytes was higher in group 1
compared to groups 2 and 3 (p < 0.001). In patients
of group 2, this indicator exceeded that of group 3
(p <0.01).

The absolute number of B lymphocytes
(CD45*CD3*CD19*) was minimal in group 3 and
significantly differed from this parameter in group 1
(p <0.001) and group 2 (p < 0.01).

T Iymphocytes of early activation (absolute
number) were maximal in group 1 and had a statistical
difference from 3 groups (p < 0.001). At the same
time, this indicator was higher in group 2 than in
group 3 (p < 0.01).

T lymphocytes of late activation were higher in
individuals with elevated T cytotoxic lymphocytes
compared to group 2 (p < 0.001) and group 3
(p < 0.0001). In the group with normal T cytotoxic
lymphocytes, this parameter was recorded higher than
in group 3 (p < 0.01).

The content of C5a and C3a complement frag-
ments was higher in group 3 patients compared with
that of group 2 individuals (p < 0.05).

Total Bl lymphocytes (absolute number) prevai-
led in group 1 patients and significantly (p < 0.001)
differed from group 3 patients. In individuals with
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normal cytotoxic T cells, this indicator was higher
(p < 0.01) than in patients with reduced. B2 lym-
phocytes (absolute values) were significantly increased
(p < 0.01) in patients of group 1 relative to group 3.
B2 lymphocytes were higher in group 2 individuals
compared to group 3 (p < 0.05).

T regulatory cells (absolute values) were the largest
in group 2 patients and significantly larger (p < 0.05)
than in group 3 individuals (minimum values in this
group). T regulatory cells of late activation (absolute
values) were minimal in the group with reduced
T cytotoxic lymphocytes and significantly differed
(p < 0.05) from those in the group with normal
T cytotoxic lymphocytes.

According to a study by Lebedeva O.K. et al. [5],
lower T and NK cells were recorded in patients with
acute myocardial infarction.

Other authors [11] note that 51.5% of ACS
patients with implanted stents had higher helper
T lymphocytes with CD3*CD4* phenotype and
45.4% had T cytotoxic lymphocytes with CD3*CD8*
phenotype. This indicates immune activation. 63.6%
of patients had an increase in NK lymphocytes, which
could be explained by an increase in the activity of
antitransplantation immunity. In our patients, high
NK cells were observed in the group with an increased
content of T cytotoxic lymphocytes.

According to Liu Y. et al. [7], a pathological auto-
reactive immune response is responsible for plaque
rupture and the subsequent onset of acute coronary
syndrome (ACS). Naturally occurring regulatory
T cells (CD45°CD3*CD4*CD25*CD127-) are neces-
sary to suppress the pathological autoreactive immune
response and maintain immune homeostasis. In
patients with ACS, a decrease in the number and
suppressive function of T regulatory cells was revealed.
This is also observed in our patients who underwent
COVID-19 and had a reduced level of T cytotoxic
cells. According to research, Tian X. et al. [12], in
patients with ACS, compared with patients with stable
angina pectoris and the control group, a violation of
the formation of T regulatory cells is closely associa-
ted with hyperreactivity of the sympathetic system.

In Gang H. et al. [3], it was shown that T cytotoxic
lymphocytes from patients with AMI showed increa-
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NOCTKOBUAHbIN CUHAPOM MMMYHOMNATONIOIUM.
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Pesiome. B jaHHOM MccaemoBaHUM paccMaTPUBAIOTCS JOJTOCPOUYHbIE TMocaeacTBust nHgpexkuuun SARS-
CoV-2 B OTHOIIIEHUY UMMYHHOTO CTaTyca. YUUTHIBAsI JJIUTEIbHYIO U TIIyOOKYI0 UMMYHHYIO TUCPETYIISIIIUIO,
HabmogaeMyto Bo BpeMsi ocTpoit uHdpekuuu SARS-CoV-2, Heo6XoauMO OMNpenennThb, MePEXoIsT JIU 3TU
M3MEHEHUS B MOCIEAYIONIYI0 TUCGhYHKIIMIO UMMYHHOI CUCTEMBI Y BbhI3MOpaBIMBaIOIIMX Jtojaeii. B cBs3u ¢
STUM LIeJIbIO UCCIEA0BAHUS SIBUJIOCH U3YYEeHUE MapaMeTPOB UMMYHHOI CUCTEMBbI Y NAIIMEHTOB, IIEPEHECIIINX
SARS-CoV-2-nHdpeknuio.

Bruto npoBeneHo obenenoBanue 150 mameHToB, epeHecinx SARS-CoV-2 uHdekuo o 96 napame-
TpaM METOJOM IPOTOYHOI LuToMeTpuur. OO0LIMIT aHaIU3 KPpOBU MpoBoausicsa Ha npudope Medonic (I1IBe-
1LMs1); METOAOM UMMYHO(MEPMEHTHOTO aHajiu3a omnpeleaeHbl YPOBHU o01IuX U cneuudpuueckux IgM, IgG,
IgA, dparmenTsl KommmumenTta (AO «BekTop-bect», Poccust); corstacHO oOILIEMPUHSATON METOIMKE UCCIe-

JoBaHa aKTUBHOCTb (1)3.FO]_II/ITOB.
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B xome mccitenoBaHMs YCTAHOBJICHO, YTO Y MAIIEHTOB BBISIBIISICTCS MUHUMYM 4 (peHOTHIIA HapYIICHUIA
MMMYHHOI1 cucTeMbl. [1epBhle n1Ba (peHOTHUIA OTHOCSTCS K HAPYILIEHUIO BPOXAEHHBIX (DAKTOPOB UMMYHHOM
CHUCTEMBI M CBSI3aHBI CO CHIKeHneM KoandectBa CD46" n NK-kinetok. OrMedeHo, yTo cHikeHne CD46" co-
XpaHsIETCsl y 3HAYMTEIBHOTO YHcia MepeOosIeBIINX MAllMEeHTOB Ha MPOTSDKEHU Y JUTUTEIbHOTO BPEMEHHU, UYTO
MogYepKUBAETCSI HAPYIICHUSIMH 3KCIIPECCUM 3TOT0 MapKepa Ha pas3IMYHBIX CyOITONYIISIIUSIX TUM(MOIINTOB.
CHIKeHUE YPOBHS HATYPalbHbBIX KMILJIEPOB COIPOBOXIAIOCh KOMITIEHCATOPHBIM MOBBIILIEHUEM KOJIMYECTBA
T-nmumpoumTos, ipenMyiiecTBeHHO 3a cueT T-xennepoB 1 TNK-nmumdonToB 1 pocra obumx B-kieTok
namsTu. JIBa Apyrux BbISIBIEHHBIX (DEHOTUIIA XapaKTepU3YIOTCs MOBpeXAeHUEM (haKTOPOB MPHOOPETEHHOIO
MMMYHHOTO OTBETa M CBSI3aHEI ¢ MoBpexXAcHNEeM B-kieTok 1 T-nmnToToKcmuecKnx KireTokK. [TokazaHa CBI3b
TaKUX HAPYLIEHUH C MOBPEXAEHUEM 3PUTPOLIUTAPHOIO U TPOMOOLIUTAPHOTO POCTKOB KPOBETBOPEHMSI, CITO-
COOCTBYIOIINX IOSIBJICHUIO TUITIOKCHUM 1 BO3MOXHOMY HapYIIEHUIO CUCTEMbI CBEPThIBAHMSI KPOBHU.

TakuMm 00Opa3oM, MOIyYeHHbIE Pe3yJIbTaThl CBUIETEILCTBYIOT O JUIMTEIbHOM BBIPAXKEHHOM TMOBPEXIE-
HUU UMMYHHOM CHUCTEMBI TOCTKOBUAHBIX ITAIIMEHTOB, TPEOYIOIINX MMMYHOKOPPEKIINKA JAaHHBIX HapyIlle-
Huii. [Ipu 3TOM HapylleHUsI BPOXIEHHBIX U IPUOOPETEHHBIX IMapaMeTPOB UMMYHHOM CHUCTEMBI (4 HOBBIX
(heHOTHIA NOCTKOBUAHON MMMYHOIIATOJIOIMK) COIIPOBOXKAAIOTCSI ITIOBPEXICHUSIMU 3PUTPOUIHOTO U TPOM-
OoLIMTapHOI'O0 POCTKOB KpoBeTBOpeHUs. JlaHHbIe U3MEHEHUsI MOTYT CIIOCOOCTBOBaTh (POPMUPOBAHUIO KaK
HapYILIEeHW, CBI3aHHBIX C TUITOKCOMUYECKIMHU TIPOIeCCaMU, TaK U CIIOCOOCTBOBATH TPOMOOOOPA30BAHUIO
Y IMOCTKOBHIHBIX MAaIUEHTOB. TMTeIbHOE COXpaHEeHNE TAKUX IMOBPEXACHUI BCeX POCTKOB KPOBETBOPCHUST
MOXET MPUBOIUTH K HAPYIIEHUSIM U IPYTUX CUCTEM OpraHu3Ma (CepaeyHO-COCYyIUCTON, HEPBHOM U 9HJIO-
KPUHHOI), YTO TPeOYyeT MTOMOJTHUTEIbHBIX NCCIICIOBAHUI B 3TUX HAIIPaBJICHUSIX.

Knrouesuie cnosa: SARS-CoV-2, nocmkosuonsie nayuenmot, CD-munuposanue, UMMYHHAS cUcmeMa, UMMYHO2A00YAUHbL,
Komnaemenm, pazoyumot

POST-COVID IMMUNOPATOLOGY SYNDROME:
CHARACTERISTICS OF PHENOTYPICAL CHANGES IN THE
IMMUNE SYSTEM IN POST-COVID PATIENTS

Dobrynina M.A.>" Ibragimov R.V.2, Kritsky L.S.?, Verkhovskaya M.D.¢,
Mosunov A.A., Sarapultsev G.P.49, Zurochka A.V.>¢, Zurochka V.A.»¢,
Sarapultsev A.P.>¢, Komelkova M.V.>¢, Ryabova L.V,

Praskurnichiy E.A.®

¢ Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

b State Research Center, A. Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Moscow, Russian Federation

¢ Chelyabinsk State University, Chelyabinsk, Russian Federation

4 354" Military Clinical Hospital of the Russian Ministry of Defense, Yekaterinburg, Russian Federation

¢ South Ural State University, Chelyabinsk, Russian Federation

I South Ural State Medical University, Chelyabinsk, Russian Federation

Abstract. This study examines the long-term effects of SARS-CoV-2 infection on immune status. Given
the prolonged and profound immune dysregulation observed during acute SARS-CoV-2 infection, it remains
to be determined whether these changes translate into subsequent immune system dysfunction in recovering
individuals. In this sense, the aim of the study was to study the parameters of the immune system in patients
who had undergone SARS-CoV-2 infection.

150 patients who underwent SARS-CoV-2 infection were examined according to 96 parameters using
flow cytometry. A complete blood count was performed using a Medonic device (Sweden); ELISA method
determined the levels of general and specific IgM, IgG, IgA, compliment fragments (JSC Vector-Best, Russia).
The activity of the phagocytes was studied according to the generally accepted method.

The study found that at least four phenotypes of immune system disorders are detected in patients. The
first two phenotypes are related to the impairment of innate immune system factors and are associated with a
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decrease in the number of CD46% and NK cells. It has been observed that a decrease in CD46" persists for a
long time in a significant number of recovered patients, highlighted by the impaired expression of this marker
in various subpopulations of lymphocytes. The decrease in the level of natural killers was accompanied by a
compensatory increase in the number of T lymphocytes, mainly due to T helpers and TNK lymphocytes, and
the growth of total memory B cells. Two other identified phenotypes are characterized by damage to acquired
immune response factors and are associated with damage to B cells and T cytotoxic cells. The relationship
of such disorders with damage to hematopoiesis erythrocyte and platelet sprouts, which contribute to the

appearance of hypoxia and possible violation of the blood coagulation system, has been shown.
Therefore, the results obtained indicate a long-term pronounced damage to the immune system in post-
COVID patients that requires immunocorrection of these disorders.

Keywords: SARS-CoV-2, post-COVID patients, CD typing, immune system, immunoglobulins, complement, phagocytes

The study was carried out under the state assign-
ment “Immunophysiological and pathophysiological
mechanisms of regulation and correction of body
functions” (122020900136-4) and was supported by
the RFBR and NSFC grant 20-515-55003.

Introduction

Recent studies have significantly improved
our understanding of SARS-CoV-2 infection by
highlighting profound and disease-specific changes
in the innate and adaptive immune compartments [2,
3, 4]. Lymphopenia and altered lymphocyte function
in COVID-19 patients are correlated with disease
severity, indicating the key role of T and B cells in
pathology [2, 3, 4].

Given the profound and long-term immune
dysregulation observed during acute SARS-CoV-2
infection, it is necessary to determine whether these
changes translate into long-term immune changes
and subsequent dysfunction in recovering individuals.
However, the long-term consequences of SARS-
CoV-2 infection are still poorly understood. The
literature suggests significant and long-term changes
in T cell populations and key events associated with the
pathogenesis of COVID-19 in affected patients [6].
Furthermore, specific neutralizing antibodies against
SARS-CoV-2 and T cell responses have been found
to persist even 12 months after initial infection,
according to the literature [7]. Some patients may also
experience a variety of mental and somatic symptoms,
including chronic fatigue, myalgia, altered memory,
and emotional state, as well as signs of fibrotic lesions
of the lungs and diseases of the pulmonary vessels [8].

Therefore, this study aims to investigate the
parameters of the immune system in patients who
have undergone SARS-CoV-2 infection.

Materials and methods

A survey was carried out in 150 patients 6-12
months after being diagnosed with COVID-19 in
Chelyabinsk, Russian Federation, on 1 May 2021 to
30 December 2022. The sample size was determined
based on previous work [1, 5, 12]. The inclusion crite-

ria for the study groups were a confirmed diagnosis of
SARS-CoV-2 infection by polymerase chain reaction
(PCR), the presence of IgM, IgG, and IgA in the
SARS-CoV-2 virus, and data from the computed
tomography from previous pneumonia. The study was
carried out no earlier than 6 months after pneumonia
caused by SARS-CoV-2 infection.

All patients were previously examined by a general
practitioner and an immunologist-allergist to identify
concomitant diseases. The groups were randomly
assigned by sex, age, and comorbidities according
to the y? test. Depending on the examination, the
patients were divided into groups with altered immune
system parameters and normal immune parameters.
The data presented in the monograph by Zurochka et
al. (2018) [9] were used. All studies were approved by
the Independent Local Ethics Committee at the City
Clinical Hospital No. 1, Chelyabinsk, Protocol No. 8
dated April 11, 2022.

Flow cytometry was used to determine CD45* and
CD46" (panleukocyte markersforgatinglymphocytes),
CD45" and CD46", CD3* (T lymphocytes), CD45"
and CD46", CD3*, CD4" (helper inducers), CD45"
and CD46", CD3*, CD8" (cytotoxic T lymphocytes),
CD45* and CD46*, CD3*, CD56" (TNK cells),
CD45" and CD46*, CD3-, CD56" (natural killers),
CD45" and CD46*, CD3-, CD19" (B lymphocytes),
CD45" and CD46", CD3*, CD4", CD25" (activated
helpers, early activation of lymphocytes), CD45" and
CD46", CD3*, HLA-DR (activated T lymphocytes,
late activation of lymphocytes). A general blood test
was also carried out on Medonic Device (Sweden),
and the levels of general and specific IgM, IgG, IgA,
complement fragments (“Vector-Best”, Russia) were
determined by the enzyme immunoassay method.
The activity of phagocytes was studied according to
the generally accepted method.

Results and discussion

The present study selected patients with a violation
of natural killers among those who underwent
COVID-19, as described in published works [9, 10].
Among the 150 patients examined, 50.9% had a
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markedly reduced level of natural killers when gated
with the CD45 panleukocyte marker, and an even
lower level of natural Kkillers when gated with the CD46
panleukocyte marker. Additionally, an increase in
T lymphocytes, T helper cells and TNK lymphocytes
(likely compensatory), as well as memory B cells, was
observed against the background of disturbances in
the natural level of killers, accompanied by a decrease
in the level of total IgM. Platelet levels, thrombocrit,
and erythroidhemotopoietic germs also showed
decreased levels of blood cortisol. These data indicate
that patients with post-COVID syndrome exhibit a
phenotype associated with impaired innate immunity
systems.

Furthermore, the study found a pronounced
decrease in CD46" expression (the receptor for the
complement fragment) in T lymphocytes in 57.9% of
patients with post-COVID syndrome. This indicates
the involvement of CD46 in the immunopathogenesis
of the disease. According to the literature, CD46
controls at least three key metabolic events, inclu-
ding the translocation of the y-secretase-treated
intracellular domain of CYT-1 CD46 to the nucleus,
where it induces the expression of carrier proteins
(GLUTI1, LATI and CATI) and the assembly of
mTORCI. Activation of CD46 also induces increased
expression of metabolic enzymes, such as fatty
acid synthases and GAPD, as well as activation of
intracellular C5 pools with intracellularly generated
C5a, which stimulates mitochondrial C5aR1 and
drives ROS production and activation of the NLRP3
inflammasome in CD4*T cells.

These changes contribute to increased glycolysis
and OXPHOS and ROS production, which are
necessary for induction of IFNy production and
granzyme B expression, and ultimately lead to the
implementation of protective effector responsesof Th1
and T killers [11]. However, more research is needed
to determine whether the observed changes are caused
by the direct interaction of the virus and CD46. In
particular, the identified complex of changes persists
for a long time in a significant number of recovered
patients, as highlighted by the impaired expression of
this marker in various subpopulations of lymphocytes.

Additionally, the study detected two types of
phenotypic changes in the immune status of patients
with post-COVID syndrome that are related to
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Kpamxkue coobuienus
Short communications

OCOBEHHOCTU T-KJIETO4MHOIO 3BEHA UMMYHUTETA

N YPOBEHb HATYPAJIbHbIX KUJIJIEPOB Y BOJIbHbIX,
NEPEHECLUUX COVID-19 C HAPYLULEHUAMM YTJIEBOOAHOIO
OBMEHA

Casuyk R.C.

000 «llenmp axkywepcmea u eunexonoeuu No I», e. Yeasbunck, Poccus

Pesiome. [Tangemust HoBoit KopoHaBupycHoit nHpeknuu COVID-19 co3naia 4pe3BbUaiHYIO CUTYalIAIO
B 00JTacTu 001IeCTBeHHOTO 3apaBooxpaHeHust B PO B 2020-2022 romax. IMocnencteuss COVID-19 mHoTO-
00pa3HBI U YaCcTO IPOSIBIISIOTCS OIUCGYHKIIME OpraHoB 3HIOKpUHHON cucTteMbl. SARS-CoV-2 oka3biBa-
eT MPSIMOE IIUTOTOKCUYECKOEe M OIIOCPEIOBAaHHOE ITOBPEXXIalollee eCTBIEe Ha OCTPOBKY MOMXKETYIOUHOMN
JKeJIe3bl, YTO IIPUBOIUT K PA3BUTUIO TUIICPIIMKEMHUH. YCTAHOBJICHO, YTO TUIIEPTIIMKEMHUS aCCOLIMMPYETCS C
TIPOBOCHAJIUTEIIFHBIM YPOBHEM MMMYHHOI'O CTaTyca, YBEJIMYCHUEM KOJMYSCTBA LIMPKYIUPYIOIINX MapKe-
POB BOCHAJICHMSI, YTO IIPUBOIUT K MU3MECHEHUSIM BPOXICHHOTO 1 aJaliTUBHOTO UMMYyHHUTeTa. Cpenu IIepBhIX,
KTO pearupyeT Ha BUPYCHBIC MH(EKIINH, KICTKN-HaTypaibHble Kniepsl (NK) o0agaloT orpoMHBIM Tepa-
MEeBTUYCCKUM ITOTCHIIMAJIOM, 00pa3ysI MOCT MEXKIY BPOKIACHHBIMUA M adalTUBHBIMU peakKIusMHU. B memom
T-xnerounsbIil oTBeT B Koropre long-COVID mpereprieBaeT Kak (heHOTUITMYECKIE, TaK 1 (DyHKIIMOHAJIBHBIC
M3MEHEHUS. AKTYaIbHOCTBIO MCCIICIOBAHUS SIBJISIIOTCSI HEIOCTAaTOUYHBIC JaHHBIE 0 T- 1 NK-K1eTouHOM M-
MYHHTETE y OOJIbHBIX ¢ TUTIEpIIMKeMueit rmociie nepeHeceHHoro COVID-19. Llenpio n7aHHOTO NCCIIeTI0BAHMS
SIBUJIOCH BBISIBJIEHUE 0COOeHHOCTe T-KJIeTOYHOro MMMYHHUTETA Y JIMLL C IOCTKOBUIHBIM CUHIPOMOM U Ha-
PYIICHUSIMH YIJICBOITHOTO OOMEHa, B 3aBUCUMOCTH OT uncyia NK-kieTok.

[NanyeHThl ¢ HapylLIeHUsIMU yriieBogHoro ooMeHa (HYO) B mocTkoBuaHOM nepuone (Bcero 64 yeaoBe-
Ka) B 3aBUCHUMOCTH OT uyrciia NK-KJIeToK pasieeHbl Ha TPU T'PYIIIEL: CO CHIDKEHHBIMM TToKa3ateassmu NK-
KJIETOK, HOpMaJIbHbIMU 1 OBbIIIeHHBbIMU. HYO BKITI04anu HapyIlleHHYIO TOJIEPAaHTHOCTh K IJII0K03e (n = 36)
¥ caxapHbIit nuadet 2 Tuna (n = 28). [pyIiry cpaBHeHMS COCTAaBIIIM JIMLIA B TIOCTKOBUIHOM niepuone 6e3 HYO
B aHaMHe3e (Bcero 60 denoBek). OLeHKa IMM@POLIMTAPHOIO 3BeHAa MMMYHUTETa BKJIIoYayia OIpeae/IeHUE:
CD45*CD3* (T-mumdonutsr), CD45*CD3*CD4* (xenmepsl nHaykTopsl), CD45*CD3*CDS8* (1tmToTOoKCH-
yeckue T-mumborurer), CD45"CD3*CD167CD56" (T-NK-kietku), CD45*CD3-CD16"CD56" (HaTypalib-
Hble Kuiiepsl), CD45*CD3*CD4*CD25" (T-mumdonutsl — panHsas aktuBanust), CD45*CD3"HLA-DR*
(T-muMbOLNTEI — MO3THSISI AKTUBALIS).

CHIMXCHHE KOJMYECTBA HATYPaJIbHBIX KWJIJIEPOB COIPOBOXIAIOCH 0OO0Jiee BBICOKUM YPOBHEM
T-xenmepoB B TpyIIie ¢ HAPYIICHUSIMU YIJIICBOOHOTO OOMEHA, MOCIeIHEe, BEPOSITHO, CBSI3aHO C KOMIICH-
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CaTOPHBIM MOBBINIeHUWEM T-TUMGOLMTOB U HapyIIEeHUEM peryJisiiuu T-KJIeTOYHOro 3BeHa MMMYHHOM
cucteMbl. Takke MOXXHO CAeaTh BBIBOJ, U4TO Y nmanueHToB ¢ long-COVID u HYO npu HOpMabHBIX MO~
kazaTtensix NK-KiIeTok coxpaHseTcss M3MCHECHHBIN CYyOITOMYyJISIIIMOHHBIM COCTaB, a MMEHHO, 3HAYNMOES
noBbimeHne oomux T-muMmponnToB. [TomydyeHHbIE JaHHBIE 0 3HAYUMOM cHUKeHUU T-NK-nmumponntoB
MHOTHE aBTOPbI CBS3bIBAIOT CO CHMXKEHMEM MPOTUBOBUPYCHON aKTUBHOCTH MMMYHHOI CHUCTEMBI, UTO
MOXET IMPUBOJIUTHh K HEKaYeCTBEHHOMY OTBETY Ha HOBBIE BUPYCHBIE areHTHI MJIM CITOCOOCTBOBATh aKTH-
BallMM XpPOHUYECKNX BUPYCHEBIX MHMeKIIMii. [ToBeImeHne 3HaueHN T-TMM@MOIIUTOB paHHE aKTUBAlINH,
BEPOSITHO, CBSI3aHO C KACKaAOM peaKIIMii, HalIpaBJIEeHHBIX Ha aKTUBAILIAIO TPAaHCKPUNIINOHHBIX (paKTOPOB
NFAT, NF-«xB n AP-1, xoTopble OTBEUalOT 3a PETYyJISIIINIO MPOMAYKIIMM MHOXECTBA TCHOB (B TOM YHMCIIC
reHa I1L-2), koHTpoaupylomux npoaudepanuio u 1uddepeHIMPOBKY aKTUBUPOBAHHBIX JTUMQOIIMTOB.
Hapymenus perynsuumn T-knetrouHoro 3BeHa y aull ¢ long-COVID u HapylieHUsIMU yIJIeBOOAHOIO 00-
MeHa TpeOyeT OoJjiee neTaalbHOrO M3Y4YeHUS, B TOM YHMCJIE C OIIEHKO IIMTOKMHOBOIO Mpoduisd y JaHHOMN
KaTeropuu MaineHToB.

Karouesvie crosa: T-aumepoyumet, HamypansHole Kuiiepsl, NOCMKOBUOHbIL CUHOPOM, HAPYUEHHAS MOAEPAHMHOCMb K 2AH0K03e,
caxapHulil duabem 2 muna, uMMYHHAs OU3pe2yAayus

CHARACTERISTICS OF T CELL IMMUNITY AND LEVEL
OF NATURAL KILLER CELL CONTENT IN COVID-19
CONVALESCENTS WITH CARBOHYDRATE METABOLISM
DISORDERS

Savchuk K.S.

Center for Obstetrics and Gynecology No. 1, Chelybinsk, Russian Federation

Abstract. The pandemic of the new COVID-19 coronavirus infection has created a public health
emergency in the Russian Federation in 2020-2022. COVID-19 causes various consequences, often
manifested by the endocrine system dysfunction. The rationale for our study is insufficient data on
T and NK cell immunity in patients with hyperglycemia after COVID-19. The study was aimed at the
features of T cell immunity in individuals with post-COVID syndrome and disorders of carbohydrate
metabolism, depending on the NK cells count. Materials and methods: Sixty-four post-COVID patients
with carbohydrate metabolism disorders were divided into three groups: with reduced, normal, or elevated
NK cell counts. Carbohydrate metabolism disorders included impaired glucose tolerance (n = 36) and type
2 diabetes mellitus (n = 28). The comparison group comprised 60 post-COVID persons with no history
of carbohydrate metabolism disorders. The assessment of the lymphocytic link of immunity included
the definition of: CD45"CD3* (T lymphocytes), CD45"CD3*CD4* (T helpers), CD45"CD3*CD8*
(T cytotoxic), CD45*CD3*CD16*CD56* (T-NK cells), CD45*CD3-CD16"CD56" (natural Kkillers),
CD45*CD3*CD4*CD25" (T lymphocytes — early activation), CD45"CD3*HLA-DR™* (T lymphocytes —
late activation). Results and Discussion. As the study showed, a decrease in the number of natural killers was
accompanied by a higher level of T helpers in the group with carbohydrate metabolism disorders, the latter
is probably associated with a compensatory increase in T lymphocytes and dysregulation of the T cell link
of the immune system. It can also be concluded that in patients with long-COVID and CMD, with normal
NK cell counts, an altered subpopulation composition remains, namely, a significant increase in total
T lymphocytes. Many authors associate the obtained data on a significant decrease in T-NK lymphocytes
with a decrease in the antiviral activity of the immune system, which can lead to a poor response to new
viral agents or contribute to the activation of chronic viral infections. Dysregulation of the T cell link in
individuals with long-COVID and disorders of carbohydrate metabolism requires a more detailed study,
including an assessment of the cytokine profile in this category of patients.

Keywords: T lymphocytes, natural killers, long-COVID, impaired glucose tolerance, diabetes mellitus type 2, immune dysregulation
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T-xaemounvtit ummynumem u long-COVID
T cell immunity and long-COVID

Introduction

The pandemic of the new COVID-19 coronavirus
infection has created a public health emergency in
the Russian Federation in 2020-2022. The wave-
like spread of COVID-19 has led to high morbidity
in all regions of the Russian Federation. COVID-19
causes various consequences, often manifested by the
endocrine system dysfunction. SARS-CoV-2 has a
direct cytotoxic and indirect damaging effect on the
pancreatic islets, which leads to hyperglycemia [3].
Prediabetes and diabetes mellitus (DM) are often
diagnosed in patients infected with SARS-CoV-2,
who had no history of carbohydrate metabolism
disorders (CMD) or of glucocorticoid treatment.
Hyperglycemia has been found to be associated with
an increase in proinflammatory immune status and in
the circulating markers of inflammation, leading to
changes in innate and adaptive immunity.

Among the first to respond to viral infections,
natural killer cells (NK) have enormous therapeutic
potential, bridging the innate and adaptive immune
responses [5]. M. Galan et al. showed a 1.7-fold
(p = 0.032) increase in the NK cells population
expressing the CD16 marker on the surface (CD3-
CD56"CD16%) in the long-COVID group [2].
M. Dobrynina et al. showed a sharp three-fold decrease
in the NK cells count in over a third of the patients
with post-covid syndrome of immunopathology. This
decrease was accompanied by a higher relative level
of T lymphocytes and T helper cells [1]. The T cell
response in the long-COVID cohort undergoes both
phenotypic and functional changes. The rationale
for our study is insufficient data on T and NK cell
immunity in patients with hyperglycemia after
COVID-19. The study was aimed at the features of
T cell immunity in individuals with post-COVID
syndrome and disorders of carbohydrate metabolism,
depending on the NK cells count.

Materials and methods

Sixty-four post-COVID patients with carbohyd-
rate metabolism disorders were divided into three
groups: with reduced, normal, or elevated NK cell
counts. Carbohydrate metabolism disorders included
impaired glucose tolerance (n = 36) and type 2
diabetes mellitus (n = 28). The comparison group
comprised 60 post-COVID persons with no history
of carbohydrate metabolism disorders. Diagnosis of
diabetes mellitus met the criteria of Algorithms of
specialized medical care for patients with diabetes
mellitus (2021).

The post-COVID syndrome was diagnosed based
on polymerase chain reaction confirmed SARS-
CoV-2 infection, detection of IgA, IgM, or IgG to
the SARS-CoV-2 virus, and computed tomography-
confirmed pneumonia. The study was conducted
at least 6 months after the pneumonia caused by
SARS-CoV-2 infection. Before the inclusion, a
general practitioner and an endocrinologist examined
each patient to identify concomitant diseases.
Lymphocyte immunological indices were studied
by flow cytometry on the Navios cytofluorimeter
(Beckman Coulter, USA) using a standardized
technology: CD45*CD3" (T lymphocytes),
CD45*CD3*CD4" (T helpers), CD45"CD3*CD8*
(T cytotoxic), CD45*CD3*CDI16"CD56* (T-NK
cells) CD45*CD3-CD16"CD56" (natural Killers),
CD45*CD3*CD4*CD25" (T lymphocytes — early
activation), CD45"CD3*HLA-DR* (T lympho-
cytes — late activation).

The study was approved by the Independent Local
Ethics Committee at the Autonomous Healthcare
Institution Order of the Red Banner of Labor City
Clinical Hospital No. 1, Chelyabinsk, Record No. 8
of April 11, 2022, the base of the studies. IBM SPSS
Statistics, Version 19 software was used for statistical
data processing. Correlation analysis within the
groups was performed by calculating Spearman’s
rank correlation. The differences in the distribution of
values between the groups were calculated using the
Mann—Whitney U test. The differences between the
groups were considered significant at p < 0.05.

Results and discussion

As the study showed, a decrease in the number
of natural Kkiller cells was accompanied by a higher
level of T helper cells in the group with carbohydrate
metabolism disorders; the latter is probably associated
with a compensatory increase in T lymphocytes and
dysregulation of the T cell link of the immune system
(Table 1). It can also be concluded that in patients with
long-COVID and CMD, with normal NK cell counts,
an altered subpopulation composition remains, na-
mely, a significant increase in total T lymphocytes.

Many authors associate the obtained data on
a significant decrease in T-NK lymphocytes with
a decrease in the antiviral activity of the immune
system, which can lead to a poor response to new
viral agents or contribute to the activation of chronic
viral infections [6]. An increase in the values of early
activation T lymphocytes is probably associated
with a cascade of reactions aimed at activating the
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TABLE 1. COMPARISON OF T CELL IMMUNITY INDICES IN PATIENTS WITH POST-COVID SYNDROME AND DISORDERS
OF CARBOHYDRATE METABOLISM (CMD), DEPENDING ON NK CELL COUNT

Measures

Group of patients with post-COVID syndrome and CMD

(late activation), %

(n = 64)
p
1 2 3
NK cells
reduced (n = 16) normal (n = 30) elevated (n = 18)
NK cells (CD45*CD3-
86.130+7.586 246.110+14.466 546.440+25.089
CD16°CD56), 10° cells/L
Tlymphocytes 79.688+2.735 74.716+1.427 62.000+1.909 =0.029
(CD45*CD3°CD19), % OLEES: SRR OOREL Pzs =5
Tlymphocytes 1668.500+198.340 | 1781.630+145.475 | 1625.890+150.595 = 0.041
(CD45*CD3*CD19°), 10° cells/L R R DA P2s =0
T helpers (CD45°CD3°CD4%), % |  53.330+2.751 49.730+2.353 41.590+2.424 P, 4 =0.019
T helpers (CD45°CD3*CD4"),
elpers ( ) 1121.380£149.424 | 1089.680+93.715 | 1108.110+141.759 | p,,=0.006
108 cells/L '
T cytotoxic (CD45*CD3*CD8*),
y 24.263+2.295 25.484+2 658 20.000+1.432
0
T cytotoxic (CD45*CD3*CD8"),
cytotoxic ( " | 496380452527 621.160+98.659 522.330+57.936
10¢ cells/L
I latory ind
mmunoreguiatory Index 2.40040.339 2.416£0.336 2.20040.249
(Tx/Tc)
T-NK lymphocytes ps 4 =0.010
2.233+0.643 5.626:£0.649 5.911+1.281 :
(CD45*CD3*CD16*CD56*), %
T-NK lymphocytes
(CD45*CD3*CD16'CD56*), 54.140+14.647 126.110+15.616 149.670£30.769 | p, ,=0.048
10¢ cells/L
T lymphocytes - 0.026
CD45'CD3CD4*CD25* 7.36740.916 5.642+0.682 7.000£0.991 Pra =5
(early activation), %
T lymphocyt
ymphocytes 79.11015.478
CD45'CD3CD4*CD25* 79.290+14.615 58.210+7.556 o P, 4 =0.010
(early activation), 10° cells/L
T lymphocytes
CD45'CD3*CD4*HLA-DR* 3.350+0.563 4.974+0.839 7.56742.213

T lymphocytes
CD45*CD3*CD4*HLA-DR*
(late activation), 106 cells/L

67.250+31.099

51.680+9.564

80.560+20.843
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Tabnuya 1 (okoH4YaHue)

Table 1 (continued)

Group of patients with post-COVID syndrome without CMD

(late activation), 10¢ cells/L

Measures
(n =60)
p
4 5 6
NK cells
reduced (n = 14) normal (n = 38) elevated (n = 8)
NK cells (CD45*CD3-
62.290+10.167 229.110+14.561 657.75+189.051
CD16°CD56), 10° cells/L
T lymphocytes 79.414+2.608 70.961+1.125 57.975+6.143 =0.029
(CD45*CD3°CD19), % AR FRIEL FIOR0: P25 = %
Tlymphocytes 1427.140+294.744 | 1342.440+77.867 | 1636.000+247.748 =0.041
(CD45*CD3*CD19°), 10¢ cells/L e T R Pzs = -
T helpers (CD45°CD3'CD4*), % |  40.800+3.327 48.560+1.501 34.050+2.282 P. 4 = 0.019
T helpers (CD45°CD3*CD4*),
elpers ( ) 548.600+58.391 | 1018.840+83.168 | 966.500+146.301 | p,,=0.006
10¢ cells/L '
T cytotoxic (CD45*CD3*CD8*),
o, 28.87145.271 22.826+1.638 22.9500+5.8487
T cytotoxic (CD45*CD3*CD8"),
cytotoxic ( ¥ | 467200£72.987 480.740+55.944 634.250+149.956
10¢ cells/L
| latory i
mmunoregulatory index 2.3000.731 2.384+0.229 1.700+0.274
(Tx/Tc)
T-NK lymphocytes p, ,=0.010
8.350+1.601 6.653+0.942 5.450+1.648 :
(CD45*CD3*CD16*CD56%), %
T-NK lymphocytes
(CD45'CD3*CD16'CD56"), 116.400+22.997 145.580+35.064 142.000£32.432 | p, ,=0.048
108 cells/L
T lymphocytes - 0.026
CD45°CD3CD4*CD25* 4.033+0.457 6.053+0.571 8.775+2.051 Pr.s =5
(early activation), %
T lymphocytes
CD45'CD3CD4*CD25* 28.200+2.518 61.42048.103 88.250£32.082 | p;.=0.010
(early activation), 10° cells/L
T lymphocytes
CD45'CD3*CD4*HLA-DR* 4.700+1.549 3.7050.474 6.850+1.687
(late activation), %
T lymphocytes
CD45'CD3*CD4*HLA-DR* 33.860+8.860 39.370+6.393 68.250+25.477
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transcription factors NFAT, NF-«B and AP-1,
which are responsible for regulating the production
of many genes (including the IL-2 gene) that
control proliferation and differentiation of activated
lymphocytes [4]. Dysregulation of the T cell link
in individuals with long-COVID and disorders of
carbohydrate metabolism requires a more detailed
study, including an assessment of the cytokine profile
in this category of patients.

Conclusions

1. Decreased and normal values of NK cells
are accompanied by a change in the subpopulation
composition of T lymphocytes in the group of people
with long-COVID and concomitant pathologies, both
in impaired glucose tolerance and in type 2 diabetes
mellitus.

2. In individuals with impaired carbohydrate
metabolism in the post-COVID period, a decrease in
the level of NK cells is accompanied by a significantly
higher level of T helper cells.

3.  With normal NK cells, the level of total
Tlymphocytesissignificantly higher with concomitant
disorders of carbohydrate metabolism in the long-
COVID group.

4. In the group of people with post-COVID
syndrome and disorders of carbohydrate metabolism,
a significant increase in T lymphocytes of early
activation was revealed.

The obtained data showed that in the post-
COVID period, in the group of patients with
disorders of carbohydrate metabolism, dysregulation
of the immune system is observed, which in the
future can lead to an inadequate immune response,
which requires a more detailed study, including an
assessment of the cytokine profile.
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NMPOBOCMNAJIUTEJIbHBIE ULUTOKUHbI VEGFA, IL-6, IL-8 KAK

MAPKEPbI TENMATOTOKCU4YHOCTHW NOCJIE COVID-19

Ypesckuii MLA., laemyxuna JI.B., Capanckasa A.E., Jlammua A.A.,
I'acpyposa P.P.

DI'BOY BO «Yavsnosckuil eocydapcmeenHblil ynugepcumem», 2. Yavsnosck, Poccus

Pe3iome. MexaHU3M renaToLEIOJUISIPHOTO TToBpexneHus redeHu mocie COVID-19 — mHorodakrTop-
HEBI1 TIpoliecc. B mureparype Hanboiee 00Cy:KIaeMbIMH IIPUIYMHAMU SIBJISTIOTCSI TIPSIMBIC [TUTOIUTHICCKUC
TMOBpPEKISHUS TIeYCHU BCJICACTBUE BocHaauTeabHOM peaknuu mocie COVID-19, nekapcTBeHHO WHIYIIM-
POBAaHHOM Te€IMaTOTOKCUYHOCTU M MPSIMOIO IIMTOTOKCUYECKOTO AeiicTBUsA Bupyca. CylleCcTBYIOT HaOJIrone-
Hus, 9To nHMpekmss SARS-CoV-2 BBI3bIBaeT peakTUBALIMIO BUpyca rermatuta B, ogHako B3anMopaeicTBue
mexay Bupycom renatuta C u SARS-CoV-2 onmcano majo. TeueHrne KOpoHaBUPYCHON MHMEKIIUY CBI3aHO
C BBIpaXXEHHOI 3KCIIpecCcueil MpOBOCHAIUTEIbHBIX IMTOKMHOB — YYaCTHUKOB MYJBTMCUCTEMHOIO BOCHa-
nurenbHoro orBeta — IL-1f3, IL-6, IL-8, IL-18, MCP-1, TNFa, 4To BHOCUT CyllleCTBEHHBII BKJIa B Ha-
OogaeMble paHHUE U MMO3AHME HapylleHus GyHKIUKM neyeHu. Lleab ncciemoBaHusi — OLIGHUTD POJIb MPO-
BocranuTeabHbix HUTOKMHOB (VEGFA, IL-8, IL-6, MCP-1, TNFa, IL-18) Kak 10NOJIHUTEIBHBIX MAPKEPOB
renatoTrokcudyHocTu nociae COVID-19. UccinenoBaHue BBITIOJIHEHO B TIEpUOJ ¢ MapTa 1o aBrycT 2022 roga
Ha 6a3e monukymuku Ne 2 IIK MCY r. VibsiHoBcka. [TatimeHThI ObUTY pa3aesieHbl Ha 2 TPYIbL: 1-5 rpymnma —
C TIOBBIIIEHHEM aMUHOTpaHchepa3 Ha done nedyeHus or COVID-19 n/wim B mocnenywoomiue 3-6 Mecsien
TocJie IepeHeCeHHOT0 3a00JIeBaHMsI 0€3 BUPYCHOTO MOPaXKeHUS IIedeH (n = 42), 2-a rpynna — NaiueHTHI C
Ko-uHbekuuei (xpounyeckuM BupycHbiM renaturom C (HCV) u COVID-19 (n = 26). MeTogoM MUMMYHO-
(bepMeHTHOrO aHa/IM3a OLIEHUBAIUCh YpOBHU LMTOKMHOB — VEGF-A, IL-6, IL-8, MCP-1, IL-18, TNFa B
CBIBOpOTKEe KpoBU. CTaTUCTUUECKUI aHaIU3 IMPOBOAMIICS C UCIOJIb30BaHueM IporpamMmmbl StatTech v.3.1.4.
BrisBiieHO comocTtaBMMOE TTOBBIIIEHHUE YPOBHSI TpaHcaMMHa3 U C-peakKTUBHOIO Oejika B 00OMX TpyIlax,
3HAYMMO OTJIMYarolieecs oT pehepeHCHbIX 3HAUCHUN. YCTaHOBJIEHBI MIPSIMble KOPPEJISIIMOHHbBIE CBSI3U YMe-
PEHHOI cuibl (JInHelHast Koppesuus 1mo CrupMeHy) Mexay caeayiomumu uutokuHamu: TNFo-MCP-1
(R=0,559; p=10,001), TNFa-VEGFA (R = 0,400; p = 0,002), TNFa-IL-6 (R = 0,503; p = 0,001). Hamu
YCTaHOBJIEHO 3HaunMoe noBbilieHre YpoBHSI VEGFA B CBIBOPOTKE KPOBU MallMEHTOB 1-ii rpymmnbl (renato-
ToKcHM4HOCTb Tocsie COVID-19) (Me (Qg,5-Qy.75): 522 (250-1002), p = 0,001) 1 y maureHTOB 2-i TPyIIBI
(HCV + COVID-19) (Me 1196, Q,5-Q 75: (73-432). AHajlornuHasi TEHICHIIMS HaOII0AaeTCsl C CbIBOPOTOY-
HbIMU ypoBHsiMHU IL-6 u IL-8 B 1-ii rpyne maumeHTOB, BBIpaXKEHO IPEBBIIIAIOIINMA 3HAYEHUS LIUTOKMHOB
Y 3I0POBBIX JOHOPOB U JOCTOBEPHO BBIIIIE, YEM Y MAIIMEHTOB 2-i1 IPYMITbl. BHIIBIEHHBIE KOPPEISIIIMOHHBIE
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CBSI3M MEXIY BOCTIAIUTEIbHBIMY IIMTOKMHAMU JOKA3bIBAIOT OTHOHAIIPABIEHHOCTh U3MEHEHU B DYHKIIMO-
HUPOBAHUM PETYJISITOPHOI CETH, KOHTPOJIUPYIOIIEH MMMYHHbIE BUPYC-UHIYIIUPOBAaHHbBIC PEAKIIMU.

Karouegwie crosa: ecenamomoxcuunocms, COVID- 19, gocnasumenshuie mapkepst, 6ackyrodandomenuanrshoiii pakmop pocma, IL-6,
IL-§

PROINFLAMMATORY CYTOKINES VEGFA, IL-6, IL-8 AS
MARKERS OF HEPATOTOXICITY AFTER COVID-19

Urevskii MLA,, Ilmukhina L.V, Saranskaya Ya.E., Lapshin A.A,,
Gafurova R.R.

Ulyanovsk State University, Ulyanovsk, Russian Federation

Abstract. The mechanism of hepatocellular liver damage after COVID-19 is a multifactorial process. The
most widely discussed causes are cytolytic liver damage due to the inflammatory response after COVID-19,
drug-induced hepatotoxicity and direct cytotoxic effect of the virus. There are observations that SARS-
CoV-2 infection causes hepatitis B virus reactivation, but little has been described about the interaction
between hepatitis C virus and SARS-CoV-2. The course of coronavirus infection is associated with marked
expression of proinflammatory cytokines, participants in the multisystem inflammatory response, IL-18,
1L-6, IL-8, IL-18, MCP-1, TNFa, which contribute significantly to the observed early and late liver
function impairment. The aim of the study was to evaluate the role of proinflammatory cytokines (VEGFA,
I1L-8, IL-6, MCP-1, TNFa, IL-18) as additional markers of hepatotoxicity after COVID-19. The study was
performed between March and August 2022. Patients were divided into 2 groups: Group 1 — with increased
aminotransferases against the background of treatment from COVID-19 and/or in the following 3-6 months
after the disease without viral liver damage (n = 42), Group 2 — patients with co-infection (chronic viral
hepatitis C (HCV) and COVID-19 (n = 26). The levels of cytokines — VEGF-A, IL-6, IL-8, MCP-1, IL-18,
TNFa in blood serum were estimated by enzyme immunoassay method. Statistical analysis was performed
using StatTech v. 3.1.4. The results of the study revealed a comparable increase in the level of transaminases
and C-reactive protein in both groups, significantly different from the reference values. Direct correlations of
moderate strength (linear Spearman correlation) were found between the following cytokines: TNFa-MCP-1
(R=10.559; p=0.001), TNFa-VEGFA (R = 0.400; p = 0.002), TNFa-IL-6 (R = 0.503; p = 0.001). We
diagnosed a significant increase in serum VEGFA levels in group 1 patients (hepatotoxicity after COVID-19)
(Me (Qq,5-Qq75): 522 (250 to 1002), p = 0.001) and in group 2 patients (HCV + COVID-19) (Me 1196,
Qu25-Qq.75: (7310 432). Similar trend with the level of IL-6, IL-8, exceeding the values of cytokines in healthy
donors and significantly higher than in group 2 patients. Identified correlations between inflammatory
cytokines prove unidirectional changes in the functioning of the regulatory network controlling immune
virus-induced reactions.

Keywords: hepatotoxicity, COVID- 19, inflammatory markers, vascular endothelial growth factor, IL-6, IL-8

induced damage and direct cytotoxic effect of the
virus [1, 6].

Patients with SARS-CoV-2 infection and without
previous liver disease showed signs of cytolytic liver
damage proportional to the severity of COVID-19.
Patientswith cirrhosiswere at higherrisk of developing
severe COVID-19 and worse liver-related outcomes
compared to patients without cirrhosis [3]. A series

Introduction

Post-COVID syndrome — a condition occurring
after COVID-19, caused in particular by multisystem
inflammatory reaction in the body, having a variety of
pathological symptoms, and in particular hepatotoxic
manifestations [9]. One of the key reasons for the
development of hepatotoxicity after a new coronavirus

infection is direct cytolytic liver damage due to a
severe inflammatory reaction after COVID-19, drug-

of meta-analyses on hepatotoxicity after COVID-19
have been published with preliminary conclusions
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about the insufficiency and ambiguity of laboratory
and clinical data considering transaminases,
albumin, bilirubin levels in the evaluation of liver
status in post-COVID syndrome [2, 10, 11]. The
following questions remain debatable — should all
patients after COVID-19 be routinely screened for
chronic liver disease and should COVID-19 patients
with chronic hepatitis B continue antiviral therapy
started before SARS-CoV-2 infection, what are the
risks of inter-drug drug interactions between CG and
COVID-19.

The course of SARS-CoV-2 infection is associated
with marked expression of proinflammatory cyto-
kines — participants in a multisystem inflammatory
response such as IL-13, IL-6, IL-8, IL-18, MCP-1,
TNFa, which probably contribute significantly to the
early and late liver function impairments observed. In
some patients with severe disease, laboratory studies
indicate an unregulated inflammatory response
similar to cytokine release syndrome, characterized
by plasma leakage, increased vascular permeability,
diffuse intravascular clotting, and immunodeficiency.
High serum levels of proinflammatory cytokines,
particularly interleukin-6, have been found in these
patients. There may be signs of secondary hema-
tophagocytic syndrome [4].

The question of the associated toxic effect of the
SARS-CoV-2 virus on patients with chronic hepatitis
remains poorly studied. Therefore, there is a need
to search for new promising prognostic markers
of hepatotoxicity, taking into account the existing
pathogenetic mechanisms of virus-induced systemic
inflammation.

The aim of the study was to investigate the role of
proinflammatory cytokines (VEGFA, 1L-8, IL-6,
MCP-1, TNFa, IL-18) as additional markers of
hepatotoxicity after COVID-19.

Materials and methods

The study was performed in the period from
March to August 2022 at the Polyclinic No. 2 of the
Central Clinical Medical and Sanitary Unit, named

after Honored Doctor V.A. Egorov and the Research
Medical and Biological Center of Ulyanovsk State
University. Criteria for inclusion in the study — the
age of the patient from 18 to 70 years, a confirmed
case of COVID-19 infection from 3 to 12 months
ago; increase in aminotransferases (AST, AST) 2-4
times higher than normal during acute and early
long-term periods; having informed consent. The
patients were divided into 2 groups: Group 1 — with
increased aminotransferases against the background
of treatment for COVID-19 and/or in the following
3-6 months after the disease without viral liver damage
(n = 42, median age — 52) and Group 2 — patients
with co-infection (chronic viral hepatitis (HCV) and
COVID-19 (n = 26, median age — 46). Exclusion
criteria — no elevation of aminotransferases, age less
than 18 years. All patients were determined during
the period of follow-up after COVID-19 with levels
of AST, ALT, C-reactive protein. Determination
of cytokines VEGFA, I1L-6, 1L-8, MCP-1, IL-18,
TNFo in blood serum was performed by ELISA
(Vector-Best, Novosibirsk, Russia). Statistical
analysis was performed using StatTech v. 3.1.4
(Stattech, Russia). Quantitative indices were assessed
for their correspondence to normal distribution using
the Kolmogorov-Smirnov criterion. If there was no
normal distribution, quantitative data were described
using median (Me) and lower and upper quartiles
(Q1s to Qu5). Comparison of the two groups for a
quantitative indicator whose distribution differed
from normal was performed using the Mann—Whitney
U criterion.

Results and discussion

When assessing the general condition of patients
by questionnaire at follow-up after COVID-19, it
was found that more than 74% of patients included
in the study complained of shortness and asthenia,
15% had edema, and 23% had muscle and joint
pain. Seventy-three percent were vaccinated against
COVID-19. 63% of the patients included in the
study had a mild form of the disease.We found that

TABLE 1. SERUM LEVELS OF TRANSAMINASE AND C-REACTIVE PROTEIN IN PATIENTS OF THE STUDIED GROUPS

C-reactive protein
Group ALT (U/L) AST(U/L) (mglL)
1st group 64.3 (46.8-78.1) 54.5 (32.1-75.8) 11.5 (7.5-14.8)
2" group 84.6 (33.5-130.7) 77.3 (35.5-101.6)* 8.3 (3.6-13.5)

Note. *, the differences in the indicators are statistically significantly different between the groups (p < 0.05).
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TABLE 2. SERUM LEVELS OF PROINFLAMMATORY CYTOKINES IN PATIENTS OF THE STUDY GROUPS

Indicator 1st group 2" group Level of.difference
(n=42) (n = 26) (Mann—-Whitney, U test)
VEGFA, pg/mL 522 (250-1002) 196 (73-432)* p = 0.001
IL-6, pg/mL 4.8 (2.3-15.7) 2.9 (1.4-7.5)* p =0.043
IL-8, pg/mL 106.8 (25.4-250.0) 425 (8.8-115.2)* p =0.014
MCP-1, pg/mL 190 (124-352) 151 (119-185) p =0.093
TNFa, pg/mL 6.7 (2.5-12.3) 4.2 (3.5-5.2) p=0.218
IL-18, pg/mL 393 (257-550) 380 (273-510) p = 0.668

within 2-10 months after COVID-19, both groups of
patients had elevated levels of C-reactive protein and
transaminases (Table 1). At the same time, it should
be noted that C-reactive protein values were higher in
group 1 patients.

We revealed a significant difference in VEGFA,
IL-8, and IL-6 levels in serum of group 1 patients
(post-COVID, with elevated transaminases) in
comparison with group 2 HCV+COVID-19 (Table 2).
Such anincrease in cytokines indicates a manifestation
of a systemic inflammatory response caused by viral
infection. It should also be taken into account that
Group 1 patients had more comorbid conditions
(AH, DM, CHC) than patients in the HCV group.
Maximal high levels of VEGFA and IL-8 in the serum
of patients persisted for 2-6 months after COVID-19.

The dynamics of transaminase levels in both groups
were not linear and were characterized by a wave-like

250 AST
200
150
100
0 _

2 month 3 month 4 month 5 month

pattern, independent of the period of COVID-19
(Figure 1).

Study of levels of CRP, IL-18, MCP-1, TNFa
between the groups showed that there were no
statistically significant differences between them, but
higher levels of the studied parameters were noted in
patients with liver damage after COVID-19.

We established direct correlations of moderate
strength (linear Spearman correlation) between the
following cytokines: TNFa-MCP-1 (R = 0.559;
p = 0.001), TNFa-VEGFA (R = 0.400; p = 0.002),
TNFa-IL-6 (R = 0.503; p = 0.001), which proves
unidirectional changes of inflammatory markers
during development of post-COVID syndrome in
hepatotoxicity patients.

Lu X.N. et al. (2021) showed that patients with
COVID-19 and HBYV infection had a lower risk of
severe events, including ICU hospitalization or

B ALT
204

8 month 9 month 10 month

7 month

6 month

Figure 1. Serum levels of transaminase (U/L) in patients of the studied groups as the time of recovery from COVID-19
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Cytokines as markers of post-COVID

death. Factors such as whether patients had other
comorbidities, the use of antiviral medications, and
the combination of multiple medications may also
have influenced patient outcomes [9]. The use of
antibodies to block COVID-19-induced cytokine
storms that neutralize various cytokines such as IL-1,
IFNy, IL-6 and granulocyte-macrophage colony-
stimulating factor (GM-CSF) is an undeniable
approach to treating severe patients [7]. However,
persistent elevated levels of proinflammatory cyto-
kines after the acute period and their modulation of
the multisystem inflammatory response appear to be a
leading factor in longCOVID.

Activation of VEGF as an angiogenic factor is
a consequence of impaired permeability and local
hypoxia caused by infection. “Silent hypoxia” in
the lungs of patients in the acute period COVID-19
caused by a combination of biological dysfunctions
(microvascular thrombosis, redistribution of capillary
blood flow, collapse of the air sac (atelectasis),
interstitial edema may be an aggravating factor
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COXPAHEHUE UMMYHOMOAYJIUPYIOLLErO AEUCTBUA
WHTEPBAJIbHOMN TMNOKCUTEPANWN NOCJIE
KOPOHABUPYCHOW MHDEKL NN B OTAAJIEHHOM
NEPUOAE

Bopyraesa I1.X,, Abazosa 3.X,, isanos A.B., Mucuposa VLA,
IIxarymos R.IO., IllaBaeBa ®.B. Moo A.A., Runkeera T.b.,
IIokyesa A.L.

DI'BOY BO «Kabapouno-bankapckuii eocyoapcmeennniit ynusepcumem umenu X. M. Bepbexosa», . Haavuuk,
Kabapouno-banrxkapckas Pecnybauxa, Poccus

PestomMe. HoBast kopoHaBupycHast uHdexkuus COVID-19 BBuny c1oXHOro natoreHesa 3adoJjieBaHus, CU-
CTEMHOTO BO3JIEVCTBUS HAa OpPraHbl, Pa3BUTUS OCITOXHEHUN M CTOWKUX HAPYIICHW TOCJe TTepeHeCeHHOMN
WH(DEKINN OCTAeTCsl BaXKHOU MTpooieMoil MenuiimHbl. C KaXIbIM TOIOM yBEJIWUUYMBAETCS YMCIIO TTAIUEHTOB
C TIOCTKOBUIIHBIM CUHJPOMOM, HYXIAIOIINUXCSI B CBOEBPEMEHHOU U MOJIHOLIEHHOW peabwiutaiuu. Henas-
HO CTaJlu TIOSIBJISIThCSI €IMHUYHBIE PA0OTHI MO0 IPUMEHEHUIO UHTEPBAJbHOW TUTIOKCUTEPATIUY JJIST JICUCHUS
MalMEeHTOB ¢ KOpOoHaBupycHol uHdekuueil. Llenpio Halllero ucciaenoBaHusl ObLIO BbISIBJIEHUE OTIAJIEH-
HBIX PE3YyJIbTAaTOB BJIUSIHUSI UHTEPBAIBHON TMIIOKCUTEPATUU HAa UMMYHOJIOTUYECKUIN U KOAryJIsIIMOHHBIA
cTaTyc MalMEeHTOB Iocje NMepeHeceHHOU kKopoHaBupycHoil nHbekiuu COVID-19. O6cnenosano 170 ma-
LIMEHTOB B Bo3pacTte OT 45 10 59 jieT nocje rnepeHecCeHHO KOPOHAaBUPYCHOU MHMEKIIMU CpeaHel CTeNeHU
TSDKECTHM 10, MOCJIe U Yepe3 TpU Mecslia Mocjae UHTEepBalbHON rurnokcutepanuu. Onpenensyiocb KojJaudye-
CTBO JTUMGOLIMTOB, UMMYHOTI00yIMHOB A, M, G, E n tutokunos (IL-1B, IL-2, IL-4, I1L-6, IL-8, 1L-10,
TNFa) B kpoBU, D-numepa KpoBU, MPOTPOMOUHOBOTO BpeMeHU, (GUOPUHOTreHa B KPOBU, aHTUTPOMOUWHA
111, C-peakTuBHOrO OeJika u (pepputriHa B KpoBU. [IpoBeneHHBIE UCCAENOBAaHUS BBISIBUJIN U3MEHEHUS UM-
MYHOJIOTUYECKOW PEaKTUBHOCTH TTOCIIE TIepeHeCeHHOU KopoHaBupycHoil nHdekimun COVID-19, tpebyio-
mue koppekiuu. MHTepBaibHASI TUTTOKCUTEPAITUS OKa3ajla UMMYHOMOMIYJIUPYIOliee NeCTBUE U TpUBeIa
K HOpMaJIM3allM OCHOBHBIX MMMYHOJIOTMYECKUX TTOKa3arelieil, KOTOPbIe COXPAaHWINCh Yepe3 TPU Mecsiia
MOCje TUIIOKCUTEpanuu: oTMedaaoch goctoBepHoe (p < 0,05) moBblmeHU0 KojnvecTtBa T-1umMbOLIUTOB
CD3*, T-numdouutoB CD4*, T-tumdpouuntsl CD8*. O0 yny4dlieHUM UMMYHHOTO CTaTyca TakxKe CBUACTETb-
CTBOB&JIM HOPMaJIU3allMsl UMMYHOPETYJISITODHOIO MHAEKCA, MOBBILLIEHUE YPOBHS UMMYHOIJIOOYJIMHOB A 1
G. CHUXXeHUEe UMMYHOIIOOYTMHOB E B KpOBU SIBIISIIIOCH TTOKa3aTeleM YMEHBIICHUST BBIPAaXXKEHHOCTH CEH-
cubunuzaluu opranusmMa. Kypc runokcurepanuu MpuBes K CHUXKEHUIO COAEPKaHWsI TPOBOCHATUTETbHBIX
mutokuHoB: IL-1B, IL-2, IL-6, IL-8, TNFo 1 MOBBIIIIEHWIO TPOTUBOBOCHATUTEILHBIX TMTOKUHOB: 1L.-4
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u IL-10 B KpoBH, YTO CBUACTEIILCTBOBAJIO O 3aTyXaHUHW BOCITAJIMTEILHOIO Ipoliecca B JIETOYHOUM TKaHU U B
opranmusMme B ejioM. OTMeYaIoch CHIKEHME cofiepKaHUSI peppUTHUHA B KpOBH Uepe3 3 Mecslia Iocie Kypca
runokcurepanuu. Kak mokasaiau mpoBeIeHHBIC NCCICA0BaHUS, 3(PMEKT OT TMITOKCUTEPAITNH COXPAHSIETCS B
Te4eHIE TPEX MECSIIEB MociIe Kypca JiedeHUsI. Takum o0pa3oM, MHTepBaJIbHAsI TUITOKCUTEPAITNSI MOXET OBITh
PEKOMEHIOBAHA IJISI PeaObMINTAlUM OOJBHBIX ITOCJIe TIEPEHECEHHON KOPOHABUPYCHOM MHMEKIINM CPEIHEH
crerieHu TsokecTr. [ToBTOPHBIN Kype TUITOKCUTEPAITMM MOXKET OBITh IPOBEACH Yepe3 TP Mecslia ITocye Tep-
BOT'0 Kypca TMIIOKCUTEPAITUH.

Karouesnie crosa: koponagupycHas ungeKyus, UHmMepeanbHas UNOKCUMepanust, UMMYHOA0SUMECKUI CIMAMYC, KOA2YyASUUOHHbL
cmamyc, peabuaumayusi, NOCMKOBUOHbLI CUHOPOM

PRESERVATION OF THE IMMUNOMODULATORY EFFECT
OF INTERVAL HYPOXYTHERAPY AFTER CORONAVIRUS
INFECTION IN THE LONG-TERM PERIOD

Borukaeva I.LKh. Abazova Z.Kh., Ivanov A.B., Misirova LA.,
Shkhagumov K.Yu., Shavaeva F.V,, Molov A.A., Kipkeeva T.B,,
Shokueva A.G.

Kh.M. Berbekov Kabardino-Balkarian State University, Nalchik, Kabardino-Balkarian Republic, Russian Federation

Abstract. The new coronavirus infection COVID-19, due to the complex pathogenesis of the disease,
systemic impact on organs, the development of complications and persistent disorders after the infection,
remains an important medical problem. Every year the number of patients with postcovid syndrome in need
of timely and full rehabilitation is increasing. Recently, isolated work began to appear on the use of interval
hypoxytherapy for the treatment of patients with coronavirus infection. The purpose of our study was to identify
the long-term results of the effect of interval hypoxytherapy on the immunological and coagulation status of
patients after suffering coronavirus infection COVID-19. 170 patients aged 45 to 59 years were examined after
a moderate coronavirus infection before, after and three months after interval hypoxytherapy. The number of
lymphocytes, immunoglobulins A, M, G, E and cytokines (IL-1pB, IL-2, IL-4, IL-6, IL-8, IL-10, TNFa) in
blood, blood D-dimer, prothrombin time, fibrinogen in blood, antithrombin III, C-reactive was determined
protein and ferritin in the blood. The conducted studies revealed changes in immunological reactivity after the
coronavirus infection COVID-19, requiring correction. Interval hypoxytherapy had an immunomodulatory
effect and led to the normalization of the main immunological parameters, which remained three months
after hypoxytherapy: there was a significant (p < 0.05) increase in the number of CD3*T lymphocytes,
CD4*T lymphocytes, CD8*T lymphocytes. The improvement in immune status was also evidenced by the
normalization of the immunoregulatory index, an increase in the level of immunoglobulins A and G. The
decrease in immunoglobulins E in the blood was an indicator of a decrease in the severity of sensitization of
the body. The course of hypoxytherapy led to a decrease in the content of pro-inflammatory cytokines: IL-1p,
IL-2, IL-6, IL-8, TNFo and an increase in anti-inflammatory cytokines: IL.-4 and IL-10 in the blood, which
indicated an attenuation of the inflammatory process in the lung tissue and in the body as a whole. Blood
ferritin decreased 3 months after hypoxytherapy. As studies have shown, the effect of hypoxytherapy persists
for three months after the course of treatment. Thus, interval hypoxytherapy can be recommended for the
rehabilitation of patients after a moderate coronavirus infection. A repeated course of hypoxytherapy may be
performed three months after the first course of hypoxytherapy.

Keywords: coronavirus infection, interval hypoxic therapy, immunological status, coagulation status, rehabilitation, postcoronavirus
syndrome

|ntr0d UCtion Every year, the number of patients with postcovid
The new coronavirus infection COVID-19 syndrome after a coronavirus infection who need
which caused a pandemic in 2020, and currentl}i timely and full-fledged rehabilitation increases [11].

remains a serious health problem due to the complex 1he treatment of such patients is a difficult task,
pathogenesis of the disease, systemic effectson organs, since the therapy of a new coronavirus infection
the development of complications and persistent and its complications often causes the development
disorders after infection [1, 14]. of various side effects that make it difficult to help
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patients. The first target of coronavirus infection is
the lung tissue and complications primarily affected
the bronchopulmonary system with the development
of pneumosclerosis and bronchial obstruction.
Postcovid complications from the cardiovascular
system include specific virus-associated myocardial
damage, accompanied by the development of
arrhythmias, coronary and heart failure. There
are pronounced vascular changes with prolonged
thrombotic ~ microangiopathy and  persistent
hypercoagulation syndrome, as a result, thrombotic
complications develop, which increases the risk of
pulmonary embolism, stroke, heart attack, deep
vein thrombosis. The coronavirus infection caused
cognitive and psychological disorders [1, 6]. All
this has led to the need to search for new, non-drug
methods of treatment and rehabilitation of patients
after a coronavirus infection.

Normobaric interval hypoxytherapy has found
wide application in the treatment and recovery of
many chronic diseases, since properly performed
hypoxytherapy does not cause side effects and
complications [5]. Recent studies have shown that
adaptation to hypoxia during interval hypoxytherapy
has a pronounced effect on the cardiovascular system:
the efficiency and effectiveness of its work increases
due to an increase in the systolic volume of the
heart [10]. On the part of the respiratory system, an
increase in respiratory and minute breathing volumes
provides an improvement in alveolar ventilation and
gas exchange processes in the lung tissue. Adaptation
to hypoxia has a pronounced stimulating effect on
hematopoiesis due to the production of HIF factor
(hypoxia—induced factor), which leads to an increase
in the content of erythrocytes and hemoglobin in the
blood [12]. W.G. Kaelin, G.L. Semenza, P.J. Ratcliffe
for the discovery of HIF factor were awarded the
Nobel Prize in Physiology and Medicine in 2019.
The formation of long-term adaptation to insufficient
oxygen supply to cells is genetically determined and
associated with the expression of a specific protein
factor HIF, which functions as a transcription
activator and a key regulator of various cellular and
systemic responses to hypoxia [8].

Hypoxytherapy has an effect on morphofunctional
changes of the myocardium, manifested by an
increase in the capillary reserve of the myocardium, an
improvement in blood supply and oxygen supply of the
myocardium and an increase in the reserve potential
of the heart muscle [3]. In recent years, there has been
information about the specific effect of HIF factor on
the expression of genes of various types of immune cells
and their effector function. HIF-factor increases the
life expectancy of neutrophils, enhances the synthesis
of various antimicrobial substances and apoptosis [7].
Titova O.N., Kuzubova N.A., Lebedeva E.S. in their
works, they proved that hypoxia, due to the action of
HIF factor, can actively affect inflammatory processes
by regulating oxygen-sensitive signaling pathways
in multiple subtypes of immune cells [13]. All of the

above adaptive mechanisms caused by hypoxia lead to
an improvement in the clinical course of diseases and
emergency rehabilitation.

Interval hypoxytherapy cautiously entered the
rehabilitation of patients after coronavirus infection,
as it caused a lot of controversy about the possibility
of using hypoxytherapy after a coronavirus infection.
Isolated works on the use of hypoxytherapy for the
treatment of patients with coronavirus infection
began to appear, in which the effectiveness of the
use of normobaric interval hypoxytherapy in the
rehabilitation of patients after a coronavirus infection
COVID-19 has been proven [15]. Articles on the
state of the immune system in patients with a new
coronavirusinfectionbegantoappear, however, articles
on identifying the long-term results of the effect of
interval hypoxytherapy on the immunological status
of patients after the COVID-19 coronavirus infection
was not encountered. There is also no information in
the available literature on the persistence of changes
in the coagulation status of patients 3 months after
interval hypoxytherapy.

The aim of the study was to identify the long-term
results (3 months after the course of hypoxytherapy)
of the effect of interval hypoxytherapy on the
immunological and coagulation status of patients
after COVID-19 coronavirus infection.

Materials and methods

The main group consisted of 170 patients aged 45-
59 years after a moderate coronavirus infection. The
control group was represented by 60 patients after
suffering from COVID-19 coronavirus infection,
who underwent standard rehabilitation without
interval hypoxytherapy. Interval hypoxytherapy and
laboratory studies were carried out on the basis of
the University Clinic of the Kabardino-Balkarian
State University named after H.M. Berbekov. Patients
underwent normobaric interval hypoxytherapy in the
mode of alternating hypoxic intervals with normoxic
ones. The hypoxic effect was carried out using the
hypoxytherapy unit “Hypo-Oxy” of the company
“Oxyterra” (Russia), which generated a hypoxic
mixture with different oxygen content. Hypoxytherapy
was performed in the hypoxia-normoxia mode,
including alternating 5-minute hypoxic effects
with 5-minute hyperoxic (20.9% O,). To determine
individual sensitivity to hypoxia and tolerance of
hypoxic mixtures, a hypoxic test was performed for
all patients, after which the optimal oxygen content
in the hypoxic mixture was selected, the duration of
hypoxic effects and the number of procedures were
determined. Usually the course of hypoxytherapy was
15 days. As a result, there was a gradual adaptation to
hypoxia.

All patients before, after and 3 months after
hypoxytherapy underwent a study of D-dimer by
immunoturbidimetry (ACLTOP 750, Instrumentation
Laboratory, USA), prothrombin (thromboplastin)
time — according to the time of plasma recalcification
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with the addition of tissue thromboplastin. INR
was calculated using the formula: INR (INR) = BY
mich(isi), where BY = patient’s prothrombin time /
normal mean prothrombin time. Determination of
activated partial thromboplastin time (APTT) by
the clotting time of decalcified plasma after adding
kaolin-kefalin-calcium mixture to it. To determine
fibrinogen in the blood, the method of detecting lateral
light scattering, determining the percentage at the
endpoint, was used. Determination of antithrombin
111 was carried out by colorimetric method (%). All
studies were carried out on the device coagulometer
analyzer automatic CS-5100 Sysmex (Japan).
Determination of C-reactive protein and ferritin in
the blood was carried out by immunoturbidimetry
on a biochemical analyzer Cobas 6000 (Roche
Diagnostics, Switzerland).

The determination of the number of lymphocytes
was carried out by flow cytofluorimetry on the XN-
9000, Sysmex (Japan), immunoglobulins A, M,
G by immunoturbidimetry on the Cobas 6000,
Roche Diagnostics (Switzerland); the content of
immunoglobulins E and cytokines (IL-1p, IL-2,
I1L-4, 1L-6, IL-8, IL-10, TNFa) in the blood
was determined by electrochemiluminescent im-
munoassay on the Cobas 6000 apparatus, Roche
Diagnostics (Switzerland). Studies were conducted
only after obtaining the personal consent of patients
in accordance with ethical principles.

Statistical processing of the results was carried out
in accordance with the rules of mathematical statistics
using the program “Microsoft Excel” and “Statistica
6.0” for “Windows”. During the parametric analysis,
the paired and unpaired Student’s t-test was used.
The nonparametric Mann—Whitney criterion was
used to assess the reliability of intergroup differences.
All numerical data in the form of the arithmetic
mean and the standard error of the mean M+m, and
with the nonparametric nature of the distribution of
quantities — in the form of a median indicating the
25" and 75" quartiles: Me (Q, ,5-Q,-5). The differences
were considered statistically significant at p < 0.05.

Results and discussion

Coronavirus infection had a significant impact on
the coagulation system of patients, which is consistent
with the data of many authors [2, 4]. In patients, there
was a moderate decrease in the platelet content in the
blood (165.41£10.22 x 10°/L), which, apparently,
was associated with increased consumption due to
damage to the vascular wall and the action of the virus
[9]. On the part of coagulation hemostasis, there was
a statistically significant (p < 0.05) decrease in APTT,
INR, antithrombin III, an increase in the Quick

prothrombin index, fibrinogen, D-dimer, which
indicated an increased tendency to thrombosis in
patients.

After the course of hypoxytherapy, the coa-
gulogram indicators normalized and approached
the indicators of the control group. Three months

after the course of hypoxytherapy, the preservation
of changes in the hemostasis system was noted: the
platelet count increased statistically significantly
(p < 0.05) to 223.63%+11.42 x 10°/L and remained
at the level of 237.54%+13.36 x 10°/L three months
after hypoxytherapy. Activated partial thromboplastin
time significantly (p < 0.05) increased to 25.89+1.46
sec after hypoxytherapy and remained at the level of
26.15%1.12 sec 3 months after hypoxytherapy. INR
significantly (p < 0.05) increased to 0.82+0.04 after
hypoxytherapy and remained at the achieved level
after 3 months.

There was a statistically significant (p < 0.05)
increase in the content of antithrombin III in the
blood 3 months after hypoxytherapy (87.57%£3.15%).
The prothrombin index for Quick decreased to
125.61£3.15% after hypoxytherapy and remained
at 124.84+3.57% 3 months after hypoxytherapy.
The reduced fibrinogen content in the blood
was noted 3 months after hypoxytherapy and
amounted to 9.52+1.03 g/L. An important result
of hypoxytherapy was a decrease in the content of
D-dimer in the blood serum after hypoxytherapy
and 3 months after its implementation at the level of
1.52+0.03 mg/L. The revealed changes testified to
the normalization of coagulation hemostasis after the
course of hypoxytherapy and the preservation of these
changes 3 months after hypoxytherapy. A statistically
significant (p < 0.05) persistent decrease in C-reactive
protein in the blood indicated the suppression of the
inflammatory process and the preservation of the
effect of hypoxytherapy in the long term.

The conducted studies of immunological reactivity
after coronavirus infection revealed changes in cellular
immunity, manifested in a decrease in the number of
CD3*T lymphocytes to 48.6 (37.3-57.5) %, the level
of CD4*T helper cells to 28.4 (20.8-40.8) %, which
led to a violation of humoral and cellular immunity.
There was also a significant (p < 0.05) decrease in
CDS8*T lymphocytes to 14.5 (10.3-19.8) %. The
number of B-lymphocytes was not significantly
changed and was 19.6 (12.7-24.2) %.

There was a significant (p < 0.05) decrease in
the level of immunoglobulins A and M. Reduction
of immunoglobulin A levels to 0.88 (0.67-0.98) g/L
resulted in decreased resistance to various infections
against the background of developing lymphopenia
after a coronavirus infection COVID-19. The results
of our studies revealed a significant (p < 0,01) increase
in the content of immunoglobulins E to 97.43 (78.7-
121.5) IU/L, which indicated increased sensitization
of patients. There was a statistically significant
(p < 0.05) increase in the content of circulating
immune complexes to 96.57 (86.4-99.5) standard
units and the immuno-regulatory index up to 2.08
(2.05-2.20) standard units as a result of increased
immunological reactivity. A decrease in the content
of CD3*T lymphocytes, CD4*T helper cells, the level
of immunoglobulins A and an increase in the content
of immunoglobulins E and circulating immune
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complexes led to a change in the immunological
status of patients after a coronavirus infection and
the maintenance of the inflammatory process in the
bronchopulmonary system even during recovery.
Interval hypoxytherapy had an immunomodulating
effect and led to the normalization of the
main immunological parameters. There was a
significant (p < 0.05) increase in the number
of CD3*T lymphocytes to 59.3 (37.5-67.1) %
after hypoxytherapy and to 60.1 (45.3-68.4) %
3 months after hypoxytherapy. The increase in
CD4*T lymphocytes after hypoxytherapy persisted
3 months after hypoxytherapy at the level of 41.7
(29.6-49.6) %. Normalization of cellular immunity
was also observed in the long-term periods after
hypoxytherapy; the number of CD8*T lymphocytes
was 24.4 (13.7-28.5) % 3 months after hypoxytherapy.
The improvement of the immune status was
evidenced by the normalization of the immune
regulatory index to 1.77 (1.83-1.91) units, an increase
in the level of immunoglobulins A to 1.37 (1.11-
1.55) g/L and immunoglobulins G to 9.64 (6.32-
12.68) g/L, which increased the body’s resistance to
re-infection. The retention of a statistically significant
(p < 0.05) decrease in immunoglobulin E to 289.45
(272.4-374.3) IU/L in the blood indicated a decrease
in the sensitization of the body. These changes per-
sisted 3 months after the course of hypoxytherapy.
Thestudyofthe cytokine statusoftheblood revealed
changes even during the period of convalescence.
The increased content of pro-inflammatory and
decreased anti-inflammatory cytokines remained,
which indicated the depletion of sanogenetic
mechanisms and contributed to the maintenance of
the inflammatory process in the bronchopulmonary
system and in the body. Hypoxytherapy had a positive

References

effect on the cytokine profile of the blood: in the long-
term periods (after 3 months), there was a significant
(p < 0.05) decrease in the content of proinflammatory
cytokines: IL-1B to 3.46+0.84 pg/mL, IL-2 to
3.32+10.04 pg/mL, IL-6 to 3.72+0.11, IL-8 to
4.33+£0.13 pg/mL, TNFa to 9.51£0.15 pg/mL and
an increase in anti-inflammatory cytokines: 1L-4 to
5.83+1.23 pg/mL, 1L-10 to 8.63+0.11 pg/mL in the
blood, which indicated the activation of sanogenetic
mechanisms.

Conclusion

An important result of hypoxytherapy was the
preservation of the ferritin content in the blood 3
months after the course of hypoxytherapy at the level
of 86.25+5.07 mcg/L, which, along with a decrease in
the content of pro-inflammatory interleukins and an
increase in anti-inflammatory interleukins, indicated
the attenuation of the inflammatory process in the
lung tissue and in the body as a whole. Studies have
shown that the effect of hypoxytherapy persists for 3
months after the course of hypoxytherapy, which is
consistent with the literature data on the effectiveness
of hypoxytherapy. Thus, interval hypoxytherapy can
be recommended for the rehabilitation of patients
after a moderate coronavirus infection. A second
course of hypoxytherapy can be carried out 3 months
after the first course of hypoxytherapy.
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MNJEOTPOMNHbIE UMMYHOMOAYJIUPYIOLLUE
SPDEKTbI NENTUOA ARGINYL-ALPHA-ASPARTYL-
LYSYL-VALYL-TYROSYL-ARGININE HA PA3JIMYHbIE
cysnonynauum HENTPOOWUIJIbHbIX FTPAHYJIOLIUTOB
U X PEHOTUN Y NALUEHTOB C COVID-19

B 9KCMEPUMEHTAJIbHON CUCTEME IN VITRO

I'opogun B.H., Marymkuna B.A., Yanypuna B.H., Mensaiiio A.JL.,,
Rosanena C.B., Ibiasimko EJA.

DI'BOY BO «Kybanckuii eocydapcmeerniblii Meouyunckuli yrugepcumem» Munucmepcmea 30pagooxparnenus: PO,
2. Kpacnooap, Poccus

Pesiome. KitoueBas pojib HeitTpoduabHbIx TpanyaouuToB (HI') B matoreHeze COVID-19 nenaet ux Ho-
BBIMM MUIIIEHSIMU 15T TAPTETHBIX TePATTeBTUYECKUX IMOIXOIOB C BO3MOXHOCTBIO BIMSIHUS Ha TeYeHNE U UC-
xoHd 00JIE3HU, BOCCTAHOBJIEHE HEraTUBHBIX U3MeHeHuil peHoTtuna u ¢pyHkuuit HI. Haubonee nepcrnex-
TUBHBIMU B JiedeHUM COVID-19 g9BasitoTCsl CUHTETUYECKME MENTHUIbI U TTOJUIIENTUIHbIE KOMITJIEKCHI C
(bU3NONIOTMYECKUM MexaHU3MoM JeictBus. Llenb — BbIsIBUTH addexThl BaussHUA rekcanentuaa (I'TI) —
Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine Ha (¢peHOTUIT (PYHKIIMOHAIBHO-3HAYMMBIX CYOITOMYJIsi-
nuit HI npu cpenHetsxenont dopme COVID-19.

O6cnenoBanbl manueHTHI 61 (57-71) roga (n = 45) B octpom niepnoae COVID-19 — rpymnma ucciemo-
Banust 1 ('M1). KpoBb manmentoB I'M1 uukyouposanu in vitro ¢ I'Tl (10° r/n, 60 mun, T 37 °C) — rpymn-
na ucciaenoBanus 2 (I'M2). OunenuBanu kommdectBo HIT cyomomymsumit CD16*1FNo/BR11CDI1197,
CDI16*IFNa/BR17CD119, CD16"IFNa/BR1*CD119*, CD64-CD16*CD32*CD11b*, CD64*CD16*CD32*CD11b*
u peHoTur 1o uHTeHcuBHoCcTU paroopecueHuuu (MFI) (FC 500, Beckman Coulter, CIIIA); ¢parouutapHyio
aktuBHocTb HI' 1o n mocne nuky6auu ¢ I'Tl. Ipynna cpaBHeHus (I'C) — 22 noopoBoJibla 58 (57-70) ner,
00CIeIOBaHHBIX B JOKOBUIHBIN TIEPUO]I.

BrisiBnensl omHoHarnpasieHHble a3ddexTrl Tl in vifro, cnocobCcTByIOIIME BOCCTAHOBJIEHUIO (hbeHOoTUIa
cyoromrysstiinii CD16*1FNa/BR1-CD119"HT u CD16" IFNo/BR1*CD119-HI' no mokasaresneit I'C. IToka-
3aHo cHmkenue MFI CD16 (p < 0,05) B o6enx cyoronyisumsix; MFI CD119 (p < 0,05) B cyononyisiiiumn
CD16*IFNa/BR1-CD119*HT u MFI IFNa/BR1 penienitopoB B cyonomyisitimn CD16*IFNa/BR1*CD119-HIL
Bddexrtor BrusHus I'Tl Ha denorun cyoronyisumnii CD16' 1FNo/BR1TCD119*HI B 76% ciyyaeB nposiB-

Anpec 1 IepenncKu:

Mamywxkuna Banrepus Anexcandposna

DI'bOY BO «Kybanckuii eocyoapcmeeHHbLil MeOUUUHCKUL
YHueepcumen» Munucmepcmea 30pasooxparnernuss PO
350061, Poccus, e. Kpacrnoodap, ya. Imumpus baraeoesa, 4.
Tea.: 8(918) 410-22-14.

FE-mail: Im.mva@yandex.ru

Address for correspondence:

Valeriya A. Matushkina

Kuban State Medical University
4 Dmitry Blagoev St

Krasnodar

350061 Russian Federation
Phone: +7(918) 410-22-14.
E-mail: Im.mva@yandex.ru

OO0pa3sen IUTHPOBAHUS:

B.H. Iopodun, B.A. Mamywxkuna, B.H. Yanypuna,

A.U. Mensiino, C.B. Kosanesa, E.U. Jlbi0biuixo
«Ilneomponmvie ummyrnomoodyrupyrowue 3¢hpexmot
nenmuda Arginyl-alpha-Aspartyl- Lysyl-Valyl-Tyrosyl-
Arginine Ha pasauutble cyOnonyasyuu HelimpopuabHbiX
epamyaoyumos u ux gpenomun y nayuenmog ¢ COVID-19
6 IKCnepuMeHmanvHoll cucmeme in vitro» // Meduyunckas
ummynonoeus, 2023. T. 25, Ne 4. C. 815-822.

doi: 10.15789/1563-0625-PIE-2755

© lopooun B.H. u coaem., 2023
Dma cmamusi pacnpoCmMpaHsemcst o AUYEH3UU
Creative Commons Attribution 4.0

For citation:

V.N. Gorodin, V.A. Matushkina, V.N. Chapurina, A.1. Menyailo,
S.V. Kovaleva, E.I. Dydyshko “Pleiotropic immunomodulating
effects of peptide Arginyl-alpha-Aspartyl- Lysyl-Valyl- Tyrosyl-
Arginine on various subsets of neutrophilic granulocytes and
their phenotype in patients with COVID- 19 in vitro”, Medical
Immunology (Russia)/Meditsinskaya Immunologiya, 2023,
Vol. 25, no. 4, pp. §15-822.

doi: 10.15789/1563-0625-PIE-2755

© Gorodin V.N. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-PIE-2755

815



Topooun B.H. u dp. Meduyunckas Ummynonoeus
Gorodin V.N. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

nsuch cHkeHueM MFI CD16 (p < 0,05) u nossiiennem MFI IFNo/BR1 u CD119 (p, , < 0,05), a B 24%
ciyyaeB ymeHblieHueM MFI IFNa/BR1 (p < 0,05). IMox Bausinuem I'T1 in vitro yctaHOBJIEHO peMoaeIupo-
BaHue peHoTuroB cyononynasauuiit HI' CD64-CD16*CD32*CD11b*u CD64"CD16"CD32"*CDI11b*, oTBeya-
oImx 3a apdeKkTopHbIe GYHKIIMN, OT TUIICPAaKTUBUPOBAHHBIX 10 HOpMaIIbHBIX. M3meHsics ¢denorun HI™ B
cyononynsiuun CD64-CD16"CD32*CD11b* — ormeuanock cauxkenre MFI CD16 u CD11b no noka3sareneit
I'C (p,,, < 0,05). Habmonanace ymenbmeHue konuuectsa CD64*CD16"CD32*CD11b"HI, co cHHXeHHbIM
MFICDI16 (p, , > 0,05). Boccranosnenue deHoruna HI, rpancdopmuposanHoro npu COVID-19, nox Biu-
saaueM I'TI mpuBoaMIIO M K HOpMaIu3auu parouuTapHoi PyHKIIAU.

IMonoxutenpHbie 3 dexTol BmssHu I'11 in vitro Ha GeHOTUIIBI CYOIIOITYISIIN, YIACTBYIOIINUX B IIPOTH-
BoBUpycHoIi 3amute, U pyHkuu HI' mipu COVID-19 oTKpbIBalOT NMEPCIEKTUBLI 1151 CO3AaHUsI HOBBIX METO-
JIOB UMMYHOTEPAITUH C BKITIOUEHNEM TeKcalleTIThAA IJIsT BocCTaHOBIIeHUs nucdyHknmii HT.

Karouegwie crosa: COVID- 19, netimpogunvtbie epanyioyumet, cyononyiayuu, oeHomun, UmMmyHOMoOYAAuUs, ceKcanenmuo

PLEIOTROPIC IMMUNOMODULATING EFFECTS OF PEPTIDE
ARGINYL-ALPHA-ASPARTYL-LYSYL-VALYL-TYROSYL-
ARGININE ON VARIOUS SUBSETS OF NEUTROPHILIC
GRANULOCYTES AND THEIR PHENOTYPE IN PATIENTS WITH
COVID-19 IN VITRO

Gorodin V.N,, Matushkina V.A, Chapurina V.N.,, Menyailo A.L,
Kovaleva S.V.,, Dydyshko E.L

Kuban State Medical University, Krasnodar, Russian Federation

Abstract. The key role of neutrophilic granulocytes (NG) in the pathogenesis of COVID-19 makes them
new targets for therapeutic approaches and of influencing the course and outcome of the disease, restoring
changes in the phenotype and functions of NG. Synthetic peptides or polypeptide complexes of action are the
most promising in the treatment of COVID-19. Aim: to reveal the effects of the influence of the hexapeptide
(HP) — Arginyl-alpha-Aspartyl-Lysyl- Valyl-Tyrosyl-Arginine on the phenotype of functionally significant NG
subsets in moderate COVID-19.

The study examined patients 61 (57-71) years old (n = 45) in the acute period of COVID-19 — study
groupl (SG1). In vitro, samples SG1 were incubated with HP (10° g/L, 60 min, 37 °C) — study group2
(SG2). The number of NG subsets was evaluated: CD16"IFNa/BR17*CD119%, CD16*IFNa/BR1*CD119-,
CDI16"IFNo/BR1TCDI119%, CD64 CD16"CD32*CD11b*, CD64"CD16*CD32*CD11b" and phenotype by
membrane receptor expression density (MFI) (FC 500, Beckman Coulter, USA); NG phagocytic activity was
tested before and after incubation with HP. The comparison group (GS) — of 22 volunteers examined in the
pre-COVID period.

It was revealed that unidirectional effects of HP in vitro contributing to the restoration of the phenotype
of subsets CD16"IFNa/BR1-CD1197, CD16*IFNa/BRI*CDI119- to CG indicators. There was a decrease
in MFI CD16 (p < 0.05) in both subsets; MFI CDI119 (p < 0.05) in the CD16"IFNo/BR1-CD119"NG
subset, MFI IFNa/BR1 in the CD16"IFNa/BR1"CD119'NG subset. The effects of HP on the phenotype of
CDI16*IFNo/BR1*CD119*NG subsets in 76% of cases were manifested by a decrease in MFI CD16 (p < 0.05), an
increase in MFI IFNo/BR1and CD119 (p, , <0.05), and in 24% of cases a decrease in MFI IFNa,/BR1 (p <0.05).
HP in vitro remodeling of the phenotypes subsets CD64-CD16"CD32*CD11b* and CD64*CD16*CD32"CD11b*
were established, providing the usefulness of effector functions from hyperactivated to normal. In the
CD64-CD16"CD32*CD11b* subset, there was a decrease in MFI CD16 and CDI11b to the indicators CG
(p1., < 0.05). Recovery of the NG phenotype under the influence of HP led to the restoration of the phagocytic
function of NG.

Positive effects of HP in vitro on the phenotypes of subsets actively and NG functions in COVID-19 open up
prospects for the creation of new methods of immunotherapy to restore NG dysfunctions.

Keywords: COVID- 19, neutrophilic granulocytes, subsets, phenotype, immunomodulation, hexapeptide
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Introduction

The ongoing COVID-19 pandemic, the emergence
ofnew strains of SARS-CoV-2 and the lack of a specific
treatment for COVID-19 are drawing attention to
the search for effective immunotherapy due to the
possibility of increasing immunity to the virus and
reducing hyperinflammation [4]. It has been shown
that the immunological phenotype of COVID-19 is
characterized by an increased number of neutrophilic
granulocytes (NG) and depletion of lymphocytes,
the ratio of NG to lymphocytes correlates with the
severity of the disease and respiratory symptoms, being
a predictor of an unfavorable outcome [7, 10]. It was
found that the pathophysiology of severe COVID-19
is characterized by changes in the number, phenotype
and functionality of NG [6]. It is known that NG
secrete cytokines and chemokines that contribute
to the maintenance of inflammation in COVID-19,
while ROS and NETosis are involved in tissue
damage [6, 10]. Convincing evidence about the role
of NG in the pathogenesis of COVID-19 make them
the new targets for targeted therapeutic approaches
with the possibility of influencing the development,
course and outcome of the disease, restoring negative
changes in the NG phenotype.

The most promising for research and use in the
treatment of COVID-19 are short synthetic peptides
or polypeptide complexes isolated from animal organs
and tissues: inhibitors of the SARS-CoV-2 protein,
immunomodulators and broncho protectors with a
physiological mechanism of action [3]. It has been
shown that immunomodulatory peptides contribute
to the normalization of innate and adaptive immunity;,
the hemostasis system and cytokine synthesis and
have an anti-inflammatory effect, thereby preventing
the development of distress syndrome and multiple
organ failure [3].

Thymopentin is an immunomodulatory penta-
peptide  (Arg-Lys-Asp-Val-Tyr, RKDVY, TP5),
which is the active center of the thymus hormone
thymopoietin [3], which is previously used to
normalize immunological parameters in tumor,
immunodeficiency and autoimmune diseases [11],
also was used to treat COVID-19 in China. It has
been shown that TPS in vitro affects the functions
of T cells and monocytes by activating intracellular
signaling cascades [1]. The ability of TP5 to nor-
malize the functions of the immune system (IS) in
viral diseases also has been established [1]. In the
context of SARS-CoV-2, timopentin is considered
to be a 3-chymotrypsin-like protease (3CLpro) inhi-
bitor [13].

In Russia, a medicinal product No. P N000106/04
is registered, the main active substance is Hexapeptide

(HP) — Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-
Arginine, a synthetic analogue of the active center
of the thymus hormone — thymopoietin, which has
all the biological activities of the native thymus hor-
mone [9, 13].

According to the scientific data, Hexapeptide has
an immunoregulatory effect on a defectively fun-
ctioning immune system, regulating and restoring
the T cell link, the number and functional activity of
neutrophilic granulocytes, monocytes, normalizing
the synthesis of cytokines; also are described effects of
hepatoprotective, antioxidant properties, the ability to
enhance the effectiveness of antibiotic therapy, inhibit
the multidrug resistance of the body [5, 12], while
its effect on neutrophilic granulocytes in COVID-19
remains unexplored.

The particular scientific interest, from our point
of view, is the simultaneous assessment of NG subsets
that are responsible for triggering and regulating
antiviral immunity and subsets that provide effector
phagocytic and microbicidal properties of NG.

The surface receptors for IFN I and II types:
IFNo/B (IFNAR1) and CD119 (IFNy — IFNGR)
were chosen for the study, through which innate
antiviral responses are regulated [12]. The receptors
which are responsible for the effector functions of NG
were also studied: CD64 (FcyRI) is a high-affinity
cytoactivating receptor, its cross-linking induces
phagocytosis, release of inflammatory mediators,
participates in antibody-dependent cell-mediated
cytotoxicity and antigen presentation; CD32 (FcyRII)
is a low-affinity receptor takes part in activating the
processes of phagocytosis and degranulation; CD16
(FcyRIII) is a low-affinity receptor for degranulation,
oxidative burst, phagocytosis activation; CDI11b
(CR3, Mac-1, integrin) regulates adhesion and mig-
ration, participates in cell-mediated cytotoxicity,
phagocytosis.

Aim: to evaluate the various effects of the influence
of the Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-
Arginine peptide on the phenotype of 5 functionally
significant NG subsets in moderate course of
COVID-19 in vitro.

Materials and methods

A study was made of peripheral blood samples of
patients with COVID-19, in the acute period of the
disease (7-9 days of the disease), on the 1st day of
hospitalization at the Specialized Clinical Infectious
Diseases Hospital of the Ministry of Health of the
Krasnodar Territory. Study group 1 (SG1) included
45 patients, aged 61 (57-71) years, 58% men, 42%
women with a moderate form of the disease, in
accordance with clinical and laboratory severity
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criteria (World Health Organization guidelines version
10 (02/08/2021)).

In vitro system, patient samples (SG1) were incu-
bated with Hexapeptide (HP) (10°¢/L), 60 min, at
37 °C — study group 2 (SG2).

The number of NG, % of subsets, was estimated:
CDI16*IFNo/BR17CDI119*,CD16*IFNo/BR17CD119-,
CDI16*IFNo/BR17CD119*, CD64 CD16*CD32*CD11b",
CD64"CD16"CD32*CD11b* and phenotype accor-
ding to the expression density of membrane receptors
(MFTI) (FC 500, Beckman Coulter, USA); monoclonal
antibodies (Mab): IFNoaBRI1-FITC, CDI119-PE,
CD16-ECD, CD64-FITC, CD32-PE, CDI11b-PC5
(Beckman Coulter International S.A., France); pha-
gocytic activity of NG in relation to S. aureus. The
parameters were tested before and after the incubation
with HP. The comparison group (CG) was formed
from the indicators of 22 volunteers 58 (57-70) years
old, examined in the pre-COVID period.

The data were analyzed using the StatSoft Statistica
10.0 program. After checking the normal distribution
by the Kolmogorov—Smirnov method, they are
presented as a median (Me) and a quartile interval
(Qy25-Qp75). To compare groups, nonparametric
criteria was used: Mann—Whitney U test. The diffe-
rence in indicators was considered statistically signi-
ficant at p < 0.05.

Results and discussion

It was established that 3 subsets of NG ex-
pressing receptors for IFN 1 and II types cir-
culate in the peripheral blood of CG volunteers:
CDI16"IFNa/BRI1-CD119", CD16"IFNo/BR17CDI119,
CDI16"IFNo/BRITCDI119*. It is shown that
NG  subset CDI16"IFNa/BR1-CDI119* make
up 93.7 (89.8-96.5) % with MFI expression
density of CD16 — 39.8 (20.4-51.3) and CD119*
(IFNy) — 2.8 (2.5-3.1), which determines the
CDI16™IFNo/BR1-CD119%™ phenotype. The sub-
set of NG CDI16"IFNa/BR17CD119-, not expres-
sing the IFNy receptor, was 1.4 (0.5-2.3) % with an
expression density according to MFI IFNo/BR1
of 3.4 (2.6-4.1) and MFI CD16 — 39.9 (22.9-54.5)
with CDI16™IFNa/BR14mCD119- phenotype.
The CDI16"IFNo/BR17CD119" NG subset simul-
taneously expressing IFNa/pB and IFNy receptors
accounted for only 0.9 (0.4-1.8) % of NG, but had
higher MFI values of IFNo/BRI1 (p > 0.05) and
MFI CD119 (p > 0.05), which was reflected by the
CDI16™IFNo/BR1m¢CD119™¢ (Table 1).

In SG1 with a moderate form of COVID-19,
in 76% of cases (SGla, n = 36), the content of NG
in the studied subsets did not differ significantly
from CG (p > 0.05), but a phenotype type changes

was observed. There was 2 times increasing in MFI
CDI16 in all subsets (p,; < 0.05), MFI CD119
was 1.3 times increasing (p < 0.05) in the subset
CDI16*'IFNo/BR1-CD119*NG, MFI IFNa/BR1 was
1.8 times increasing in the CD16"IFNa/BR17CD119°NG
(p < 0.05) and 1.6 times increasing in the
CDI16*'IFNo/BR1TCD119*NG (p < 0.05) (Table 1).
The identified changes are characterized by
the phenotypes CD16>#"[FNo/BR1-CD119™¢NG,
CD16°et []FNa/BR1I™MCDI119-NG,
CDI16* " [FNa/BR1EMCD119mNG. At the same
time, in 24% of cases in SG1b (n = 9) there was a 63
timesincreasing in the content of subset of neutrophilic
granulocytes in the CDI16"IFNa/BR1TCDI119-
subset up to 88.95 (81.73-92.65) % versus 1.4
(0.53-2.35) % in CG and 1.2 (0.6-1.9) % in SGla
(p1., <0.05) and 15 times reduction in NG subset in the
CDI16"IFNa/BR17CD119- with phenotype transfor-
mation in the CD16e"[FNo/BR1-CD119mNG
subset, similar to that observed in SGla, and
CDI16 e [FNa,/BR1*EMCD119-NG with a 3 times
(p < 0.05) increasing in MFI IFNo/BR1 (Table 1).

Innate antiviral responses are largely controlled
by type I IFNs signaling through IFNAR. Elevated
expression levels of IFN receptors demonstrate the
readiness of NG to perceive cytokine signals and
respond to them. However, given that type I IFNs
enhance NETosis [2], it is possible to suggest that
the significant increase in receptor expression noted
in SG1b may exacerbate neutrophil infiltration and
netosis.

In vitro incubation of NG of study group with
COVID-19 with HP revealed unidirectional modulating
effects that contributed to the restoration of the pheno-
type of 2 subsets: CD16™IFNo/BR1-CD1194"NG,
CD16™IFNa/BR14mCD119-NG. A decrease in both
SG2a and SG2b expression density by MFI CD16
(p.., < 0.05) was shown in both subsets; MFI CD119
(p1., <0.05) in subset CD16"1FNa/BR1-CD119*NG
and MFI IFNo/BR1 receptors in subset
CDI16*'IFNo/BR1*CD119-NG to comparison
group values (CG) (p, , > 0.05) (Table 1). The
effects of HP in SG2a on the phenotype of
CDI16*IFNa/BR1*CD119*NG subsets are consisted
in a decrease in MFI CD16 (p < 0.05) and an increase
in MFI IFNa/BR1 and MFI CD119 (p, , < 0.05) —
CD16™IFNo/BR1%ECD119%ent, - At the same
time, SG2b is showed a decrease in MFI [FNa/BR1
(p <0.05), an increase in MFI CD119 (p > 0.05), and
the density of CD16 expression did not differ from the
values registered in SGla in patients with COVID-19
(p>0.05) — CD16 e [FNo/BR14mCD119™id (Table 1).
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TABLE 1. EFFECTS OF HEXAPEPTIDE INFLUENCE ON THE CONTENT AND PHENOTYPE OF SUBSETS OF NEUTROPHILIC

GRANULOCYTES EXPRESSING RECEPTORS FOR IFN TYPES | AND II IN PATIENTS WITH MODERATE COVID-19,

Me (Qq 55-Q.75)
Moderate form of COVID-19
. Study group 1 (SG1) Study group 2 (SG2)
. Comparison A . . . . .
Indicators group (CG) before incubation with HP after incubation with HP
SG1a,n=36 | SGIb,n=9 | SG2a,n=36 se2b,
CD16*IFNa/BR1-CD119°NG
NG % 937 95.6 15.8% A 94.9 16.8* +
170 (89.8-96.5) (92.0-98.2) (14.8-16.5) (93.0-97.0) (16.6-17.0)
39.8 79.0* 67.5% 24.8* 13.7¢
MFI CD16 (20.4-51.3) (59.2-91.4) (53.2-79.7) (20.9-32.1) (8.3-17.4)
2.8 3.6* 3.4* 2.0 6.6"
MF1 CD119 (2.5-3.1) (3.3-4.3) (3.2-3.6) (2.3-4.2) (5.9-7.4)
CD16* IFNo/BR1°CD119°NG
NG9 14 1.2 88.9% A 2.2 82.1% ¢
70 (0.5-2.4) (0.6-1.9) (81.7-92.7) (1.4-4.0) (32.4-90.1)
MEI CD16 39.9 74.8* 66.5% 24.8¢ 68.7*
(22.9-54.5) (59.6-109.0) (55.9-79.6) (20.2-32.1) (52.5-73.8)
34 6.1% 11.22% 3.7 3.8
MF1 IFNa/p (2.6-4.1) (5.0-18.1) (7.7-16.1) (2.6-5.0) (2.3-5.1)
CD16*IFNa/BR1*CD119°NG
NG. % 1.0 28 0.9 0.4 26
7o (0.4-1.8) (1.5-3.0) (0.8-2.3) (0.2-0.5) (1.7-7.6)
39.1 77.5* 66.5% 403 80.5
MFI CD16 (26.6-50.3) (59.1-109.0) (51.9-79.6) (35.0-48.0) (63.8-107.0)
57 9.2* 3.4% A 13.7* 1.72% o
MF1 IFNa/B (4.6-6.5) (7.8-12.0) (3.1-3.6) (8.3-17.4) (1.58-1.86)
3.2 25 37 6.6" 7.7
MFI CD119 (2.9-5.8) (1.7-9.0) (2.5-5.0) (5.9-7.4) (6.1-9.1)

Note. *, significant differences relative to the comparison group, p < 0.05; *, significant differences between SG1a and SG1b,

p < 0.05; #, significant differences in SG1a before and after incubation with hexapeptide, p < 0.05; 4, significant differences in SG1b

values before and after incubation with hexapeptide, p < 0.05

Testing in the CG, the number of NG
(%) subsets: CD64-CDI16"CD32*CDI11b",
CD64*CD16"CD32*CDI11b* it was shown that
the CD64CDI16"CD32*CD11b NG  subset
is major and amounts to 94.4 (89.7-959) %,
has the CD64-CD16%m"CD32¢mCD11b™d NG
phenotype determined by the density of receptor
expression: low MFI CD16 and MFI CD32 and
medium MFI CDI11b (Table 2). Also, a subset of
CD64"CD16"CD32*CDI11b™NG — 1.2 (0.7-2.7) %,
additionally expressing the CD64 receptor with
an MFI of 6.1 (3.3-9.9) and having equipment of
CD11b,CD32,CD16 receptors identical with the

major subset — CD64m¢CDI164mCD324mCD]1b™mid
phenotype (Table 2).

There is a 5 times increase (p < 0.05) of NG of the
CD64*CD16"CD32*CD11b" subset with a transfor-
med phenotype — CD64™¢CD 16" CD32mdCD1 1 bbright
versus CD64mdCD164mCD32™4CDI11b™¢ in CG
(p < 0.05, Table 2). The altered phenotype had
high levels of expression of 2 membrane activation
receptors: MFI CD16 -67.2 (44.4-84.4) u CDI1b
-39.3 (39.1-41.1) (p, , < 0.05), which indicates
negative hyperactivation of NG. The number of NG
subset CD64-CD16"CD32*CDI11b* did not change
(p > 0.05), but an altered phenotype was deter-
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TABLE 2. EFFECTS OF HEXAPEPTIDE (HP) INFLUENCE ON THE CONTENT AND PHENOTYPE OF CD64CD16*CD32*CD11b*

AND CD64*CD16*CD32*CD11b* SUBSETS OF NEUTROPHILIC GRANULOCYTES IN PATIENTS WITH MODERATE COVID-19,

Me (Qq:-Qq75)
Moderate form of COVID-19
. n=45
Indicators Comparls:E gzroup (CG) So2
- SG1 . .
. . . after incubation
before incubation with HP with HP
CD64 CD16"CD32*CD11b*NG
944 96.2 92.7
0,
NG,% (89.7-95.9) (90.5-97.8) (84.5-93.1)
33.6 79.4* 57.7% +
MFI CD16 (30.0-44.3) (64.9-87.6) (54.7-60.0)
2.7 2.7 4.7«
MFI CD32 (2.2-3.1) (2.3-3.5) (3.9-5.2)
32.3 19.3* 26.8*
MFI CD11b (24.1-38.4) (16.1-26.1) (25.7-27.6)
CD64'CD16*CD32*CD11b*NG
1.2 5.8* 2.7
0,
NG,% (0.7-2.7) (4.2-10.6) (1.7-6.5)
6.1 3.1 10.7
284 67.2 15.2
MFI CD16 (13.8-56.1) (44.4-84.4) (11.6-26.6)
3.7 4.5* 6.2
MFI CD32 (3.1-4.2) (4.4-6.8) (4.9-11.1)
31.1 39.3* 29.2
MFI CD11b (24.2-38.2) (39.1-41.1) (22.2-32.6)

Note. *, significant differences relative to the comparison group, p < 0.05; ¢, significant differences in SG1 values before and after
incubation with hexapeptide, p < 0.05.

%PhAN

=®=Study group 1

Study group 2

Figure 1. Effect of hexapeptide (HP) on phagocytic activities of NG in COVID-19
Note. *, differences from the CG, p < 0.05; #, differences from SG with moderate course COVID-19, p < 0.05

=Comparison group

hIN NG (before incubation with HP)

NG (after incubation with HP)
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mined CD64-CD16>eCD32¢mCD11bY™ NG versus
CD64-CD16%mCD32¢4mCD11b™¢ NG in comparison
group (CQG) reflects the reduced functionality of NG
(Table 2). Defects in the phagocytic activity of NG
were revealed: a decrease in the percentage of active
phagocytic neutrophilic granulocytes (%), absorbing
and killing ability (%) (p,_; < 0.05) (Figure 1).

The effects of exposure HP in vitro are shown in
Table 2. There was a decrease in the number of NG
in the subset CD647CD16"CD32"CD11b* to the
values of the comparison group (p > 0.05). Parallel the
phenotype of the subset is changed with a decrease
in MFI CD16 to comparison group values (p > 0.05)
CD64*tCD169mCD32mdCD11be", The receptor
equipment of NG in the main subset has changed
CD64-CD16"CD32*CD11b", there was a decrease in
MFI CD16 and an increase in MFI CD32 (p > 0.05)
and a decrease in MFI CD11b (p,; < 0.05) to the
values of CG — CD64-CD16m¢CD32™4CD11b™NG.
The revealed remodeling of the NG phenotype
transformed during COVID-19 under the influence
of HP also led to the restoration of the phagocytic
function of NG (Figure 1).
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XOJIEKAJIbLUNDEPOJ1 B POJIU CPEACTBA
HECNELUWUPUYECKOUN UMMYHONPODUNAKTUKU COVID-19
Beparoruna O.B., I'yces E.JO.

DPIbYH « Uncmumym ummyHnosoeuu u guzuonoeun» Ypaavckoeo omdenenus Poccuiickoii akademuu nayk,
2. Examepunbype, Poccus

PesoMe. AKTyaJIbHBIM HaIpaBJICHHEM HAyIHOTO MOMCKA TOCJICTHUX JIET CTaJ0 HCCICIOBAaHUE UMMY-
HOOMOJIOTMUYECKMX CBOMCTB BuTaMuHa D. Lleabo mnaHHON pabOTHI cTajl aHAJU3 Pe3yJbTaTOB MEepOpPaTbHO-
ro NpUMEHEeHUs XoJieKaabludeposa B LeasIX npeaynpexacHuss nHbuuupoaHus BupycoM SARS-CoV-2 B
nepByto BosiHy TaHaemuu COVID-19. UccnenoBanue BeimoaHeHO B niepuon ¢ 07 okTsa0ps 1o 29 nexkadps
2020 roma, Korga OTCyTCTBOBaJIM MMMYHOOMOJIOTMYECKUE IpeTrapaThl IJ1s crienuduiecKoi mpoduiIakKTUKI
COVID-19. O6111ee KOIUYECTBO PECIOHACHTOB COCTAaBIIIO 73 YeJoBeKa, BCe OJHOKPATHO MEPEeHECI HOBYIO
KOPOHABUPYCHYIO MHMEKIINIO. DTUOIOTMYECKast TMarHOCTHUKA 3a00JIeBaHMST BKJTIOYajia MOJICKYJISIDHO-TeHe-
TUYECKOE TECTUPOBAHUE TTOJTYIeHHBIX OOIIETTPUHSTHIM CITIOCOOOM 00pa3IioB ABYX JIOKATU3AINiA (HOCOTJIOT-
Ka, poTorioTka). KoHIleHTpallist aHTUTENI K BUPYCY OMpeesieHa B CpeTHEeM depe3 2 MecsIia ITocje 00JIe3HHU C
ncnoab3oBaHueM Habopa peareHToB SARS-CoV-2-IgG konmuectBeHHbBIN-UDA-Bect (AO «BekTop-bect»,
Poccust). OpueHTHPOBOYHYIO OIIeHKY KOHIEHTpaumu IgM ocylecTBISUIM ¢ MCHOJb30BaHWEM Habopa
SARS-CoV-2-IgM-NUDA-Bect Toro ke mpousBoauteias. Cpenn y4aCTHUKOB MCCIICAOBAaHUS ObLTH TaKWUE,
KTO B LISJISIX TPOGUIAKTUKY NHGULIMPOBAHMS MCTIOIH30BAJI UMMYHOONOJIOTMYECKIE IIpenapaThl (pUaMUIo-
BUpP, YMU(PEHOBUPA TUAPOXJIOPUIA MOHOTHAPAT, UHTEp(PEpoH alibda-2b yeoBeYeCKUl peKOMOMHAHTHBIM,
anerat uuHKa, ButamuH C), B yacTHOCTH 28 yenoBek (38,4%) npuHuMan XoseKaabimdepos (rpymma Ne 1)
u 45 yenoBek (61,6%) He ucnonns3oBanu ero (rpymma Ne 2). Cratuctrudeckass 06paboTKa MOJIy4EHHBIX JaH-
HBIX IIPOM3BEACHA C MCIOJIb3oBaHueM craTtuctrudeckoro nakera STATISTICA v.12.5.192.5 (StatSoft, Inc.,
USA). INpuMmeHeH aHanu3 0a30BBIX cTaTUCTUK, Linear Discriminant Analysis, Kolmogorov—Smirnov test,
Chi-Square test, Wald—Wolfowitz Runs Test, Kruskal—Wallis test.

BBISIBIIEHBI OTJIMYMST B YACTOTE PA3BUTUST PECTTMPATOPHOTO TMCTPECC-CUHAPOMA IBYX U3YYEHHBIX TPYITIIT:
Yy MalIEeHTOB, IIPUMHUMABIINX XOJCKAIbIMMEPOI CUHAPOM HE pa3sBUBAJICS COBceM, B Ipyrie Ne 2 oH pe-
ructpupoBaicst B 20,0% caydaeB (Chi-Square = 5,242, p = 0,02). [IToMuMo 3TOro, y mamydeHTOB I'PYIIIIbI
Ne 1 konnentpanus IgG yepes 2 Mecsiia mociie 601e3HM OblIa B 3,8 pa3 BEIIIe 3HaueHW B Tpynme Ne 2
(Chi-Square = 9,268, p = 0,003). CxoaHble OTJIMYMS BBISIBICHBI U 1151 ypoBHs IgM (Wilks' Lambda: 0,659
approx. F (7,32) = 2,367 p < 0,045). BpL10o U3BECTHO, YTO B 00EUX IpyIlNax IMPUCYTCTBOBAIM PECIOHICH-
Thl, IPUMEHSIBIINE B MPOMPUIAKTUYECKUX LIEJIAX U IPYIMe MMMYHOAKTUBHBIE BellecTBa. B nepsoit rpyme
Taknx ObUTO 18 yenmoBek (24,7% oT Bcex), Bo BTopou — 13 wenosek (17,8% ot Bcex). YCTaHOBJICHO, 4TO T€,
KTO VCTIOIb30BAJI IPyTHe UMMYHOAKTUBHBIE BEIIECTBA M HE TIpUHUMaJ BUTaMuH D nepeHecu 3aboieBaHme
JIerde BceX OCTaIbHBIX. CIIeIYIOIINMMU I10 CTEIICHU TSKECTHU TIepeHeCEHHOM MHMEKIINY OBLIN PECIIOHICHTHI,
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HE WCITOJIb30BaBIIIME HUKAKNX UMMYHOITPOMUIAKTUIECKUX CPEACTB. PeCIOHIeHThI, TIPUHUMABIIIME XOJIe-
KaJTbIIMpEpOoIT, TPEMMYIIIECTBEHHO OLEHWIIM TSKeCTh MH(MEKIIMU KaK CPEAHIO. YUaCTHUKU UCCIIeA0BaHMS,
MPUHUMABIINE U BUTAaMUH D 1 MCITONBb30BaBIINE IPYTUE CPECTBA MPOPIIAKTUKY, HAanOoJIee TSKEI0 epe-
Hecau COVID-19. PecnoHaeHThI, MpUHUMAaBIIKE XoJeKaabUMPEPOoJI, Yalle APyrux coood1Iaau o JJIMTEIbHO
COXpaHSIoLIeCs yTOMIISIEMOCTU, 00 0OOCTPEHUN XPOHUYECKUX U TOSIBJIEHUM HOBBIX 3a00JieBaHU (TUIIEpP-
TOHUYecKast 00JIe3Hb, KapAuaJITys, OpOHXUaIbHAS aCTMa, ajlJIepTrysl, CHKEHUE OCTPOTHI 3peHMsI ), BIIEPBbIE
TMOSIBUBIIIUXCST MBIIIIEUYHBIX, CYCTABHBIX U TTO3BOHOYHBIX 00s1X. DEeHOMEH apTpairuii U IpyTrux MopaxkKeHu it
KpynHbix cyctaBoB mpu COVID-19 onuckiBajicss HaMu paHee. B rccienoBaHUsIX APYTUX aBTOPOB TAKXKE CO-
00111aeTCs 0 YaCThIX Kajlo0ax Ha IMOBBIIIEHHYIO YTOMIISIEMOCTh U 00N B cycTaBax. [1pu 3TOM posib BUTaMUHA
D paccmarpuBaeTcst MCKITIOUMTEIBHO C TTIO3UIIMY €T0 HeJOCTATOYHOCTU MPY HOBOM KOPOHAaBUPYCHOM WH-
(hex1u 1 eTo MOTeHIIUATBLHOM POJIM B MHTMOUPOBAHWM TUTIEPBOCTIAJIUTEILHBIX PeaKIInii, a TAKKe YCKOpe-
HUM TIpoliecca 3aKUBJIEHUS TIOPaXKEHHBIX y4aCTKOB, OCOOCHHO B JIETOYHOM TKaHU.

YcraHOBJIEHO, YTO TIpUeM BUTaMMHA D He BJIMSUT Ha 4aCTOTY BOZHMKHOBEHUS JIMXOPAAOYHOTO COCTO-
SIHUSI, YaCTOTY Pa3BUTUs ITHEBMOHUM JIETKMX, OOBEM ITOpaXEeHUST TKaHe# JIeTKuX (Ha OCHOBAaHWU JaHHBIX
KOMITBIOTEPHOU TOMOTpachuin), INIUTEILHOCTb TOCIUTAIM3AIIMUA U 3a00JIeBaHMs B 1I€JIOM, a TaKKe He TIpe-
JMIOTBpalllaj pa3BUTHE aHOCMUM M TUCTeB3WU. VcIojib3oBaHMEe BUTaMMHa D, Kak IMPOTEeKTUBHOTO CPe/CTBA
IJIs TIpenoTBpaiieHus nHuimposanust Bupycom SARS-CoV-2, okazayio BiussHue Ha CHUKEHUE YacTOTHI /
MpeIoTBpallleHUE CITydaeB peclMpaTOPHOTO TUCTPECC-CUHIPOMa B TIpoliecce 3aboyieBaHus. Takske y IpUHU-
MaBIuux BUTaMmuH D 3aukcupoBaHo yBennueHue oopazoBaHus IgG k Bupycy SARS-CoV-2 yepes 2 Mecsiia
nocie uHuIMpoBaHus 3,8 pa3a Bbillle 3HAYEHW, 3apeTUCTPUPOBAHHBIX ¥ PECTIOHIIEHTOB, HE TIPUHUMAB-
IIMX KoJeKaabIhepos. YIaCTHUKM, IPUHUMAaBIIINE XOJeKThIIM(EPOI, TTepeHOCUIN NHMEKITNIO TSoKeee,
0COOEHHO, €CJIM MCIIOJIb30BaJIt ellle KaKhe-JIMOO IMPOTeKTUBHBIE BelllecTBa. TakoKe IMpu MPeBEeHTUBHOM TTpH -
eme ButamuHa D nmocine COVID-19 nonrbliie coxpaHsiiack MOBBIIIEHHAS YTOMJISIEMOCTb, Yallle COO0IIaIOCh O
MOSIBJIEHUM HOBBIX M aKTUBALIMY XPOHWYECKUX 3a00JIeBaHUI 1 BIIEPBbBIE MOSIBUBIITNXCSI MBIIIIEUHBIX, CYCTaB-
HBIX 1 TIO3BOHOYHBIX OOJISIX, YTO COOTHOCHUTCS C TIOJIyYeHHBIMU HAMU paHee JaHHBIMU.

Karouesvie crosa: COVID- 19, xonekanvyughepon, puamunrosup, ymugeHosupa uopoxiopuoa MoHo2uopam, ackopouHoeas Kucioma,
yunk, IFNa.-2b uenoseueckuil pekomMOuHaHmublil, cycmas, NO360HOUHUK

CHOLECALCIFEROL AS A MEANS OF NONSPECIFIC
IMMUNOPROPHYLAXIS AGAINST COVID-19
Berdiugina O.V., Gusev E.Yu.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Ekaterinburg, Russian Federation

Abstract. The current direction of scientific research in recent years has been the study of the immunobiolo-
gical properties of vitamin D. The purpose of this work was to analyze the results of oral administration of
cholecalciferol in order to prevent infection with the SARS-CoV-2 virus in the first wave of the COVID-19
pandemic. The study was performed in the period from October 07 to December 29, 2020, when there were no
immunobiological drugs for specific prevention of COVID-19. The total number of respondents was 73 people;
all had been ill with coronavirus only once. The etiological diagnosis of the disease included molecular genetic
testing of samples of two localizations obtained by the conventional method (nasopharynx, oropharynx).
The concentration of antibodies to the virus was determined on average 2 months after the disease using a
set of reagents SARS-CoV-2-IgG quantitative-ELISA-Best (JSC Vector-Best, Russia). An approximate
assessment of IgM concentration was carried out using a set of SARS-CoV-2-IgM-ELISA-Best from the same
manufacturer. Among the study participants were those who used immunobiological drugs for the prevention of
infection (riamilovir, umifenovir hydrochloride monohydrate, human recombinant interferon alpha-2b, zinc
acetate, vitamin C). In particular, 28 people (38.4%) took cholecalciferol (group No. 1) and 45 people (61.6%)
did not use this (group No. 2). Statistical processing of the obtained data was performed using the statistical
package STATISTICA v.12.5.192.5 (StatSoft, Inc., USA). We applied the analysis of basic statistics, Linear
Discriminant Analysis, Kolmogorov—Smirnov test, Chi-Square test, Wald—Wolfowitz Runs Test, Kruskal—
Wallis test.

Differences in the incidence of respiratory distress syndrome of the two studied groups were revealed: in
patients taking cholecalciferol, the syndrome did not develop at all; in group No. 2, it was registered in 20.0%
of cases (Chi-Square = 5.242, p = 0.02). In addition, in patients of group No. 1, the concentration of IgG 2
months after the disease was 3.8 times higher than the values in group No. 2 (Chi-Square = 9.268, p = 0.003).
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Similar differences were found for the IgM level (Wilks' Lambda: 0.659 approx. F (7.32) = 2.367 p < 0.045). It
was known that in both groups there were respondents who used other immuno-active substances for preventive
purposes. In the first group there were 18 people (24.7% of all); in the second, there were 13 people (17.8% of
all). It was found that those who used other immuno-active substances and did not take vitamin D suffered the
disease more easily than everyone else. The respondents who did not use any immunoprophylactic agents were
the next in terms of the severity of the infection. The respondents who took cholecalciferol mainly assessed
the severity of the infection as average. The study participants who took both vitamin D and used other means
of prevention suffered the most from COVID-19. Respondents who took cholecalciferol more often than
others reported long-term fatigue, exacerbation of chronic and the appearance of new diseases (hypertension,
cardialgia, bronchial asthma, allergies, decreased visual acuity), muscle, joint and vertebral pains that appeared
for the first time. The phenomenon of arthralgia and other lesions of large joints in COVID-19 was described
by us earlier. Studies by other authors also report frequent complaints of increased fatigue and joint pain. At the
same time, the role of vitamin D is considered exclusively from the standpoint of vitamin deficiency in a new
coronavirus infection and its potential role in inhibiting hyperinflammatory reactions, as well as accelerating
the healing process of affected areas, especially in lung tissue.

It was found that vitamin D intake did not affect the incidence of fever, the incidence of pneumonia, the
volume of lung tissue damage (based on computed tomography data), the duration of hospitalization and the
disease as a whole, and also did not prevent the development of anosmia and dysgeusia. The use of vitamin D as a
protective agent to prevent infection with the SARS-CoV-2 virus has had an impact on reducing the frequency/
prevention of cases of respiratory distress syndrome during the disease. Also, those who took vitamin D recorded
an increase in the formation of IgG to the SARS-CoV-2 virus 2 months after infection 3.8 times higher than
the values recorded in respondents who did not take cholecalciferol. The participants who took cholecalciferol
suffered the infection more severely, especially if they used any other protective substances. Also, with the
preventive intake of vitamin D after COVID-19, increased fatigue persisted longer, the appearance of new
and activation of chronic diseases and muscle, joint and vertebral pains that appeared for the first time were

reported more often, which correlates with the data we received earlier.

Keywords: COVID- 19, cholecalciferol, riamilovir, umifenovir hydrochloride monohydrate, ascorbic acid, zinc, IFNo.-2b human

recombinant, joint, spine

The work was carried out on the topic of the Plan
of research works of the IIF of the Ural Branch of the
Russian Academy of Sciences No. 122020900136-4,
head — Academician of the Russian Academy of
Sciences, MD, Professor A.V. Chereshneyv.

Introduction

The current direction of scientific research in re-
cent years has been the study of the immunobiological
properties of vitamins, in particular substances
belonging to group D [12]. It is no secret that the surge
of such interest is associated with the appearance of
commercially available test systems on the market.
Great hopes were pinned on the use of vitamin D as a
means of reducing the spread of the 2019 pandemic.
The assumptions were based on the established facts of
the involvement of 25(OH)D in the regulatory [7] and
protective [ 1] reactions in a new coronavirus infection.
Previously, it was reported that cholecalciferol may
have some protective properties in relation to reducing
the risk of infection with the SARS-CoV-2 virus,
the severity of the infectious process [10], as well as
mortality from COVID-19 [5].

Data were presented on the important role of
vitamin D in the prevention of the persistence of the
pathogen in the human population [13]. A local study
aimed at studying the feasibility of using cholecalciferol

for the prevention of a new coronavirus infection,
regardless of the use of specific immunotropic
drugs, in particular vaccines, remains relevant. The
purpose of this work was to analyze the results of oral
administration of cholecalciferol in order to prevent
infection with the SARS-CoV-2 virus in the first wave
of the COVID-19 pandemic.

Materials and methods

The study was performed in the period from
October 07 to December 29, 2020 (in the first wave
of a new coronavirus infection) at the time of the
absence of immunobiological drugs developed and
approved for clinical use for specific prevention of
COVID-19. There were no registered vaccines at the
time of the study. This made it possible to evaluate the
protective properties of vitamin D in infection caused
by the SARS-CoV-2 virus.

The study of the data was based on the fulfillment
of two mandatory conditions for respondents. The
first condition was: the presence of direct contact with
a primarily untreated contingent of patients, among
whom there could potentially be and were cases of
a new coronavirus infection. The second condition
was: compliance with generally accepted preventive
measures, primarily barrier measures, to prevent
infection with the SARS-CoV-2 virus, namely: the use
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of personal protective equipment (disposable medical
masks), hand sanitizing liquids / wearing disposable
gloves and distancing, such as could be possible in the
conditions of performing their work functions.

All study participants personally filled out
questionnaires to assess the nature and severity of the
course of a new coronavirus infection, premorbid and
postmorbid status, and also gave written voluntary
informed consent to the use of the information
obtained, including medical information. The above
gave grounds to assert that the rights of patients
specified in the provisions of the Order of the Ministry
of Health of the Russian Federation No. 266 of
19.06.2003 "On approval of the Rules of Clinical
Practice in the Russian Federation", international
documents based on the "Helsinki Declaration of
the World Medical Association” and its subsequent
editions, documents of the United Nations, were not
violated. The life and health of the participants of
the clinical and laboratory study were not in danger.
Before the analytical work, all open personal data was
anonymized. The study and analysis of the collected
information was carried out with the approval of the
local ethical committee of the medical organization.

All the study participants were employees of a
multidisciplinary medical institution that provided
round-the-clock emergency care to children in
Ekaterinburg. The total number of respondents
was 73 people. At the time of receiving the data,
all participants had suffered a new coronavirus
infection once. This fact was attested in the medical
documentation. The causative agent of the discase
is the SARS-CoV-2 virus. The diagnosis of a new
coronavirus infection has been confirmed by clinical
and laboratory studies. The etiological diagnosis
of the disease included molecular genetic testing
of samples of two localizations obtained by the
conventional method (nasopharynx, oropharynx)
in accordance with the provisions of the temporary
methodological recommendations of the Ministry of
Health of the Russian Federation. Ribonucleic acid
of the SARS-CoV-2 virus was detected in all cases of
infection. The concentration of antibodies to the virus
was determined on average 2 months after the disease
using a set of reagents SARS-CoV-2-1gG quantitative-
ELISA-Best (D-5505, RU No. RZN 2021/14458,
JSC Vector-Best, Russia). An approximate asses-
sment of the concentration of IgM was carried
out using a set of SARS-CoV-2-IgM-IFA-Best
(D-5502, RU No. RZN 2020/10389, JSC Vector-
Best, Russia).

The collection of additional information about
the study participants included information about
the presence of previous diseases (autoimmune,
allergic, infectious, cardiovascular, and others) and
addictions (tobacco smoking). The changes recorded
after the disease were studied: the appearance of new

or exacerbation of chronic diseases. The nature of the
course of COVID-19 was also investigated: changes in
the state of health, syndromes, the use of medicines
and others were detected. In total, more than 70
positions were studied.

Among the study participants were those who, on
their own initiative (without consulting a doctor), used
immunobiological drugs to prevent infection with
the SARS-CoV-2 virus. The duration of measures
to prevent the disease was at least three weeks. It was
found that the following were used orally: riamilovir
(250 mg three times a day), umifenovir hydrochloride
monohydrate (100 mg twice a week), ascorbic acid
(a solution of 250 mg of dry matter in 200 mL of
boiled chilled water twice a day), zinc acetate (100 mg
once a day [9]), cholecalciferol (625-1250 IU once a
day). Human recombinant interferon alpha-2b was
also administered intranasally at a dosage of 3000 ME
in each nasal passage twice a day. None of the study
participants had previously been vaccinated against
the SARS-CoV-2 virus. The decision to use non-
specific immunoprophylactic agents was made by the
participants independently after the WHO announced
a pandemic of coronavirus infection. Taking into
account the fact that all respondents were employees
of a medical institution, including doctors, nursing
staff, or had access to consultations on the specifics
of taking immunobiological agents, in this study
we believed that the implementation of preventive
measures for the use of the above substances was
carried out exactly in accordance with the described
schemes.

Among the total number of participants, 28 people
(38.4%) took cholecalciferol in order to prevent
infection with the SARS-CoV-2 virus (group No. 1)
and 45 people (61.6%) did not use it (group No. 2).
In group No. 1 there were 8 (28.6%) doctors, 10
(35.7%) people with secondary and 2 (7.1%) with
junior medical education, as well as 8 (28.6%) people
of other medical institution personnel; group No. 2
consisted of 14 (31.1%) doctors, 26 (57.8%) nurses,
1 (2.2%) junior medical officer, as well as 4 (8.9%)
specialist hospital support staff. In the first group
there were 2 (7.1%) men in the second — 8 (17.8%).
Median and interquartile age range of group No. 1 was
54.0 (45.8-62.3) years, group No. 2 —44.5 (32.0-49.0)
years. Anthropometric data (height, weight, body
mass index) had no significant differences between the
groups and fluctuated within the physiological norm.

Statistical processing of the obtained data was
performed using the Windows 10 operating system
(Microsoft Corporation, USA): STATISTICA
v.12.5.192.5 statistical package (StatSoft, Inc., USA).
The data are presented in the form of the number
of cases, percentage of the total number of people
in the group, median (Me) and interquartile range
(Qu25-Qp75). The studied indicators had mainly
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a categorical type of data. The normality of the
distribution was checked using the Kolmogorov—
Smirnov test, where the value of p < 0.05 indicated
an abnormal distribution of the studied data. The
differences between the groups were evaluated using
Chi-Square test. The significance level (p-value) of
the probability of rejection of the accepted statistical
hypothesis was considered equal to 0.05. To assess the
differences between the two study groups, the Wald—
Wolfowitz Runs Test was also used, the differentiation
was based on p-level values < 0.05. The third criterion
was the Kruskal—Wallis test, which was used to assess
the significance of the differences between four
unrelated groups. Linear Discriminant Analysis was
used in the work.

The expert opinion on the possibility of open
publication of the obtained data was approved by the
members of the expert commission of the Institute of
Immunology and Physiology of the Ural Branch of
the Russian Academy of Sciences before the transfer
of information to the open press.

Results and discussion

Seventy-three people were examined, of whom
28 (38.4%) took cholecalciferol in order to prevent
infection with the SARS-CoV-2 virus (group No. 1)
and 45 people (61.6%) did not use it (group No. 2).
The first stage of the study was a frequency comparative
analysis of the data obtained at different stages of
observation: before infection with the virus, during
the disease and after two months of observation.

1 2

It was found that patients who took vitamin D
before the disease were more likely (3.1 times) to
have metabolic syndrome or type 2 diabetes: 21.4%
versus 6.7% in group No. 2. Also, recipients who used
cholecalciferol had hypertension more often (3.2
times) before the disease (50.0% vs. 15.6% in group
No. 2). At the same time, the revealed differences were
not statistically significant (based on Chi-Square test
and Wald—Wolfowitz Runs Test). It is assumed that on
the one hand, the reason for the discovered fact could
be some age difference between the groups. On the
other hand, the presence of concomitant pathology
in respondents could cause a desire to reduce the
risk of infection with the virus. And during the
announcement of the coronavirus pandemic, patients
used non-specific immunoprophylactic agents.

We studied data on the presence of changes in the
cardiovascular system before COVID-19 (in particular,
the presence of coronary heart disease, chronic heart
failure, myocardial infarction, stroke, and others),
the pulmonary system (chronic obstructive disease,
emphysema, and others), the immune system
(autoimmune and allergic reactions), the excretory
system (kidney diseases). There were no differences
between the groups. Groups No. 1 and No. 2 also did
not differ in the number of annual previously tolerated
acute respiratory viral infections. The frequency of
hemocontact infections (HIV, hepatitis B, C), the
presence of addictions (smoking) were also similar
in both groups. The drug therapy available before the
disease (hormones, sedatives, antidepressants, etc.)

| BN
<1
I <038
[ <0.6
[]<04
B <0.2

3 4

Figure 1. 3D Contour Plot of assessment of the severity of infection by study participants 2 months after the disease

Note. Horizontally, numbering of subgroups of participants: 1, did not use any immunoprophylactic agents (32 people); 2, did not take vitamin D,
but took other immunoactive substances (13 people); 3, only vitamin D was taken to prevent infection (10 people); 4, vitamin D and other
immunoactive substances were used (18 people); vertically, assessment of the severity of infection in points: 0, mild degree, 1, medium degree, 2,

severe degree (darker color, heavier infection).
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Figure 2. 3D Wafer Plot of assessment of the appearance
of new diseases, as well as muscle and joint pain after
Covid-19, depending on the use of immunoprophylactic
agents

Note. On axis 1, numbering of subgroups of participants: 1, no
immunoprophylactic agents were used; 2, did not take vitamin D, but
took other immunoactive substances; 3, only vitamin D was taken to
prevent infection; 4, vitamin D and other immunoactive substances
were used; on axis 2, the appearance of joint and muscle pain (in
points: 1, yes; 0, no); on axis 3, the appearance of new diseases after
COVID-19 (in points: 1, yes; 0, no).

was the same. In general, the premorbid status of
respondents in both groups was similar.

Analyzing the data on changes during COVID-19,
it was found that the frequency of feverish conditions
and the development of pneumonia in groups No. 1
and No. 2 was the same. None of the study participants
were in the intensive care unit or on artificial
ventilation. The median hospitalization time for
groups No. 1 and No. 2was4 (0-11) and 0 (0-10) days,
the duration of treatment was 21 (16-30) and 21 (14-
28) days, respectively. Prophylactic administration
of cholecalciferol had no effect on the development
of pulmonary insufficiency and on the volume of
lung tissue damage. The destruction was assessed by
studying the results of computed tomography. Also,
during the illness, there were no significant differences
between the groups in the frequency of occurrence of
neurological disorders, anosmia, dysgeusia and DIC
syndrome. At the same time, there were differences
in the frequency of development of respiratory
distress syndrome. In particular, in patients taking
cholecalciferol, the syndrome did not develop at all,
in group No. 2 it was registered in 20.0% of cases
(Chi-Square = 5.242, p = 0.02).

In this study, clinical and laboratory data after
COVID-19 were evaluated. It was found that in
patients of group No. 1, the concentration of IgG
after 2 months was 3.8 times higher than the values
in group No. 2 (Chi-Square = 9.268, p = 0.003) and
amounted to 18.8 (18.0-21.7) BAU/mL (binding
antibody units), whereas in patients who did not take
vitamin D, IgG level was 5.0 (4.8-5.6) BAU/mL. The
use of Linear Discriminant Analysis (Discriminant
Function Analysis) allowed us to establish that in
addition to the concentration of IgG in patients of the
two groups, the level of class M immunoglobulins had
statistically significant differences (Wilks' Lambda:
0.659 approx. F (7.32) = 2.367 p < 0.045) — after
taking cholecalciferol, it was higher.

If we recall, in both groups (No. 1 and No. 2)
there were respondents who used other immunoactive
substances for preventive purposes, such as: riamilovir,
umifenovir hydrochloride monohydrate, human
recombinant interferon alpha-2b, zinc acetate,
vitamin C. In the first group there were 18 such
people (24.7% of all participants, 64.3% of those who
took cholecalciferol). In the second group, there were
13 such respondents (17.8% of all participants, 28.9%
of those who did not take cholecalciferol). Analysis
of the data obtained using the Kruskal—Wallis test for
four unrelated groups in assessing the differences in
the severity of the infection showed the following. A
graphical explanation of the data obtained is presented
in Figure 1.

It was found that those who used other
immunoactive substances and did not take vitamin
D suffered the disease more easily than everyone else.
The next in severity of infection were respondents
who did not use any immunoprophylactic agents.
Respondents who took cholecalciferol mainly
assessed the severity of infection as average. The
study participants who took both vitamin D and used
other means of prevention suffered the most from
COVID-19. An additional pairwise comparison of
the data obtained showed that there were significant
differences between those who did nothing and those
who selectively took vitamin D (Chi-Square = 4.421,
p = 0.004).

In this study, additional information was obtained
that respondents who took cholecalciferol were more
likely than others to report long-term fatigue (at
least up to two months after the disease), as well as
exacerbation of chronic and the appearance of new
diseases (hypertension, cardialgia, bronchial asthma,
allergies, decreased visual acuity), first-time muscle,
joint and vertebral pains (Figure 2).

The phenomenon of arthralgia and other lesions of
large joints in COVID-19 has already been described
by us earlier [4]. Studies by other authors also report
frequent complaints of increased fatigue, joint pain
and myalgia, in general, musculoskeletal symptoms of
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COVID-19 [6, 8]. At the same time, the role of vitamin
D is considered exclusively from the standpoint of
its insufficiency in a new coronavirus infection and
its potential role in inhibiting hyperinflammatory
reactions, as well as accelerating the healing process
of affected areas, especially in lung tissue [2, 3].

Currently, the post-acute sequelae of COVID-19
is widely studied [11], which can manifest itself by the
activation of chronic diseases and the appearance of
new diseases due to infection [14]. As part of this, new
information about the course of the distant period of
COVID-19 is expected to appear in the near future.
Also in this regard, do not forget that the effect of
vitamin D can be not only phenotypic, but also
determined by the polymorism of genes that regulate
the transport and metabolism of the compound. The
differences may also be related to insolation and other
factors that deserve additional study [15].

Conclusion

In this study, the results of daily oral administration
of cholecalciferol at a dose of 625-1250 1U were
evaluated in order to prevent infection with the SARS-
CoV-2 virus. It was found that vitamin D intake did
not affect the incidence of fever, the incidence of
lung pneumonia, as well as the volume of lung tissue
damage (based on computed tomography data), the
duration of hospitalization and the disease as a whole,
and also did not prevent the development of anosmia
and dysgeusia.

The use of vitamin D as a protective agent to
prevent infection with the SARS-CoV-2 virus has
had an impact on reducing the frequency/prevention
of cases of respiratory distress syndrome during
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3HAYEHUE NOTCH-CUIHAJIUHIA B PErY19LUUA
ANDODEPEHLUPOBKU Treg-JIMM®OLUTOB Y BOJIbHbIX
C NHOUJTIBTPATUBHBIM TYBEPKYJIE3OM JIETKUX

Canmuna A.E., Cepeodpsakrosa B.A., Ypazosa O.J.,
I'ap:xkues A.A., Kononosa T.E.

DI'bOY BO «Cubupckuii eocydapcmeetHuiii Meduyurckuii ynueepcumem» Munucmepcmea 30pagooxpanenus PD,
2. Tomcx, Poccus

Pesiome. B coBpeMeHHOII JuUTepaType aKTUBHO HaKaIUIMBAIOTCS MOaHHbIE O POJU PEryIsaTOPHBIX
T-nmumdonutos (Treg) B MMMyHoMaToreHese TyoepkyJiesa. [Tomasinsioliee neiicteue Treg-KJIeTOK Ha TPOJIU-
depainio, GyHKIIMOHATBbHYIO aKTUBHOCTh Thl-TMM@OLIMTOB U aHTUTEHIPE3EHTUPYIOIIUX KJIETOK IT03BO-
JISIET paccMaTpUBaTh JaHHYIO MTOMYJISILMIO B KAY€CTBE BO3MOXKHOUN MUILIEHA MOAYJISILIUM UMMYHHOTO OTBETa
y 00JbHBIX TyOepKyJe3oM. CurHaabpHbiil myTh Notch MpuHUMAET ydacTue B PeryJisiiiuy 3KCIIPeCCUU TpaHC-
KpunimoHHoro ¢dakropa FoxP3 u, ciegoBaTenbHO, CIIOCOOEH MOAAEPKUBATh CYIPECCOPHYIO aKTUBHOCTH
Treg-numdponuron. KiroueBas poJjib B GyHKLIMOHUPOBAHUM CUTHAJIBHOro Kackama Notch mpuHamIeXuT
(bepMeHTY y-ceKpeTase, OTIIEIISIoeMy BHYTPUKIETOUHBIN noMeH perientopa (Notch ICD) ¢ nocnenyio-
MM oOpa3oBaHMEM KOMILIEKCa, peryaupylomiero iuddepeHIMpoBKY KIETOK. AKTUBHO M3y4yaeMbIM WH-
rubutopoM y-cekpertasnl gBiasieTcss DAPT — N-[N-(3,5-nudtopdenanerun)-L-ananui]-S-beHAITTUIMH
TpeT-OyTWI0BBIA 3dup). MaTtepuasioM A1 UCCIAEAOBAHUS CITYXKUJIM MOHOHYKJI€apHbI€ JICHKOLIMTHI, BbIIE-
JIEHHBIE U3 KPOBU OOJBHBIX JJ€KAPCTBEHHO-YYBCTBUTEIbHBIM U JIEKAPCTBEHHO-YCTOMUYUBBIM TyOEpPKYJI€30M
JIETKAX METOJIOM IpaJle€HTHOIO HEeHTpUGYTMPOBaHUS JO Hayajla MPOTUBOTYOepKyJIe3Hou Tepanuu. Kietku
KYJBTUBUPOBAIU B YCIAOBUSIX CTUMYJISILIMM aHTUTeHaMU MUKoGakTepuii Tyoepkyne3a CFP10-ESAT6 wiu ¢
nobaBJIeHUEM B MHKYOAIIMOHHYIO cpexy mHruouropa y-cexkperasnsl (DAPT) B mo3ax S MkM/1 u 10 MkM/n B
kombOuHauu ¢ CFP10-ESAT6 nipu 37 °C u 5% CO, B Teuenue 72 4. KonmmyectBo Treg-1nMbOIIMTOB OLIEHU -
BaJIi METOAOM IMPOTOYHON IMTOMIYOPUMETPUHN ITyTEM ONpeae/IeHUs] SKCIPECCUN TTOBEPXHOCTHOTO pelen-
Topa CD4 (FITC) u BHYyTpUKIETOUYHOIrO TpaHCKpUMNiMoHHoro ¢dakTtopa FoxP3 (PE). B UHTaKTHBIX KyJIbTYy-
pax KJIETOK OOJBbHBIX TYOEPKYIE30M JIETKMX OTHOCUTEIbHOE KOJINYECTBO Treg-TuM@OIIUTOB CTATUCTUYECKH
3HaunuMo (p < 0,001) mpeBhIlIaI0O aHAJIOTMYHBIE TTOKAa3aTeJIM Y 3A0POBBIX TOHOPOB. CTUMYISLIUS KJIETOK
antureHamu CFP10-ESAT6 conpoBoxnanack yBeandeHueM goau CD4+*FoxP3*-kieTok B 06enx rpyrmnax
OOJBbHBIX TYOepKyae30M. JlobaBieHre B MHKYOAIIMOHHYIO Cpely MHTMOUTOpPa Y-CEKpeTa3bl B KOHIIEHTPALMU
5 MKM /71 He MPUBOAMIIO K CTATUCTUYECKN 3HAYMMBIM U3MEHEHUSIM KoindecTBa Treg-muMbOIUTOB. YBeIu-
yeHue koHueHTpanuu DAPT no 10 MKM /71 cOnTpoBOXIaIOCh YMEHBIIIEHUEM KondecTBa Treg-1mMpoIuToB
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M0 CPaBHEHUIO C COOTBETCTBYIOIIMMU MoKazateassMu pu ctumyisiiiuu antureHamu CFP10-ESAT6 Bo Bcex
rpyrirax oocyienyemMbiX. BHe 3aBUCMMOCTU OT yciaoBUii KynabTuBUpoBaHUs yuciio CD4*FoxP3*-knetok y
MaUeHTOB C JIEKAPCTBEHHON YCTOMYMBOCTHIO MUKOOAKTEPUI MPEBHIIIAI0 UX KOJIUISCTBO Y OOJBHBIX JIe-
KapCTBEHHO-YYBCTBUTEJIBbHBIM TYOEPKYJI€30M JIETKUX. YTHETeHUe cCUTHaJIbHOro mytu Notch rpu mmomorm
uHruoburopa y-cexkpetasnl (DAPT) B koHueHTpaiuu 10 MKM /11 cnocoOCTBYET CHUKEHUIO KoinyecTBa Treg-
JMM@OIUTOB y OOJIBHBIX JeKapCTBEHHO-YYBCTBUTEIBHEIM 1 JIEKAPCTBEHHO-YCTOMYNBBIM TYyOEPKYJIE30M
JIETKUX. YMeHbllIeHue yncia Treg-muMdOouUTOB MpU MOMOIIN MHTUOUTOPA Y-CEKPETa3bl TOATBEPXKIAET 3HA-
YeHMEe CUTHAJIBbHOTro Kackana Notch Kak moTeHIIMaJIbHO BO3MOXHOM MUIIICHHM IS KOPPEKIIUN UMMYHHOCY-
MPECCOPHOI aKTUBHOCTH Treg-TMMMOIIMTOB 1 MaTOTeHETUYECKOM Tepanuu TyoepKyJie3a.

Karouesnie cnosa: Notch, T-pecyasmopHhsie kaemku, duggepenyuposka, reKapcmeeHHas ycmoiuugocms, mybepkynes neekux,
eamma-cekpemasa, DAPT

SIGNIFICANCE OF NOTCH SIGNALING IN THE REGULATION
OF Treg LYMPHOCYTE DIFFERENTIATION IN PATIENTS WITH
INFILTRATIVE PULMONARY TUBERCULOSIS

Sanina A.E,, Serebryakova V.A., Urazova O.I, Gadzhiev A.A.,
Kononova T.E.

Siberian State Medical University, Tomsk, Russian Federation

Abstract. Data on the role of regulatory T lymphocytes (Treg) in the immunopathogenesis of tuberculosis
are actively accumulating in the current literature. The overwhelming effect of Treg cells on the proliferation,
functional activity of Thl lymphocytes and antigen-presenting cells allows to consider this population as
a possible target of modulation of the immune response in patients with tuberculosis. The Notch signaling
pathway participates in the regulation of FoxP3 transcription factor expression and, therefore, is capable
of supporting suppressor activity of Treg lymphocytes. A key role in the functioning of the Notch signaling
cascade belongs to the enzyme y-secretase that cleaves the intracellular domain of the receptor (Notch ICD),
with the subsequent formation of a complex that regulates cell differentiation. The actively studied inhibitor
of y-secretase is DAPT — N-[N-(3.5-difluorophenacetyl)-L-alanyl]-S-phenylglycine tert-butyl ester).
Mononuclear leukocytes isolated from the blood of patients with drug-sensitive and drug-resistant pulmonary
tuberculosis by gradient centrifugation before the start of anti-tuberculosis therapy were used as the material
for the study. The cells were cultured under conditions of stimulation with Mycobacterium tuberculosis antigens
CFP10-ESATG6 or with the addition of y-secretase inhibitor (DAPT) at doses of 5 uM/L and 10 uM/L in
combination with CFP10-ESAT6 at 37 °C and 5% CO, for 72 h to the incubation medium. The number of Treg
lymphocytes was assessed by flow cytofluorimetry by determining the expression of the CD4 surface receptor
(FITC) and the intracellular transcription factor FoxP3 (PE). In intact cell cultures of pulmonary tuberculosis
patients, the relative number of Treg lymphocytes was statistically significantly (p < 0.001) higher than that
of healthy donors. Stimulation of cells with CFP10-ESAT6 antigens was accompanied by an increase in the
proportion of CD4*FoxP3* cells in both groups of tuberculosis patients. Addition of y-secretase inhibitor at
a concentration of 5 uM/L to the incubation medium did not lead to statistically significant changes in the
number of Treg lymphocytes. The increase in DAPT concentration up to 10 uM/L was accompanied by a
decrease in the number of Treg lymphocytes in comparison with the corresponding indices upon stimulation
with CFP10-ESAT6 antigens in all groups of the subjects. Regardless of cultivation conditions, the number
of CD4*FoxP3* cells in patients with drug-resistant mycobacteria exceeded their number in patients with
drug-sensitive pulmonary tuberculosis. Inhibition of the Notch signaling pathway by a y-secretase inhibitor
(DAPT) at a concentration of 10 uM/L contributed to a decrease in the number of Treg lymphocytes in
patients with drug-sensitive and drug-resistant pulmonary tuberculosis. Reduction of Treg lymphocyte number
by y-secretase inhibitor confirms the importance of Notch signaling cascade as a potential target for correction
of Treg lymphocytes immunosuppressive activity and pathogenetic therapy of tuberculosis.

Keywords: Notch, T regulatory cells, differentiation, drug resistance, pulmonary tuberculosis, gamma-secretase, DAPT
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Introduction

Protective control over the infectious process
caused by Mpycobacterium tuberculosis is ensured
by the cooperative interaction of multiple im-
munocompetent cells, realized through juxtacrine
and paracrine mechanisms [12]. Data on the role of
regulatory T lymphocytes (Treg) in pathogenesis of
immune response at pulmonary tuberculosis (PT)
are actively accumulating in the modern literature [2,
3]. The immunosuppressive function of Treg cells
is implemented through the secretion of cytokines
(IL-10, TGF-p and IL-35), suppression of expression
of costimulation molecules (CD80 and CDS86)
necessary for activation of helper T cells type 1 (Thl),
and induction of granzyme-dependent apoptosis of
target cells by dendritic cells [2]. Increased number
of Treg lymphocytes in patients with PT correlates
with multidrug resistance of the pathogen, bacillary
load, and is also accompanied by chronicization
and aggravation of the pathological process [8]. The
overwhelming effect of Treg-cells on the proliferation
and functional activity of Thl lymphocytes allows
us to consider this population as a possible target of
modulation of the immune response in patients with
tuberculosis [5]. The Notch signaling pathway hasbeen
shown to be an important mechanism of intercellular
signaling that regulates innate and adaptive immune
response responses [7, 10].

The literature presents data indicating the
importance of the Notch molecular cascade
in the pathogenesis of tuberculosis. It has been
established that stimulation of mouse macrophages
is accompanied by an increase in the expression
of Notch receptors and its ligands, Jagged 1, DIl 1
and DIl 4. The progressive course of tuberculosis
infection is associated with an increase in the number
of monocytes/macrophages and dendritic cells
expressing Notch-receptor ligand — D11 4 [1, 9, 11].
The results of experiments on cell lines demonstrate
the critical importance of Notch-1 signaling pathway
in the regulation of transcription factor FoxP3
expression and, as a consequence, the maintenance of
immunosuppressive function of Treg cells [1].

Akey role in the functioning of the Notch signaling
cascade belongs to y-secretase, an enzyme that cleaves
the intracellular domain of the receptor (Notch
ICD), with the subsequent formation of a complex
that regulates cell differentiation. A known inhibitor
of y-secretase, which is being actively studied, is
DAPT — N-[N-(3.5-difluorophenacetyl)-L-alanyl]-
S-phenylglycine t-butyl ester [4, 6, 10, 13].

Materials and methods

The study involved 15 patients with newly
diagnosed infiltrative pulmonary tuberculosis. The

middle age of the patients was 45.4%6.58 vyears.
Depending on the sensitivity of mycobacteria to
anti- tuberculosis drugs, all patients were divided into
two groups: 8 patients with drug-sensitive PT and 7
patients excreting mycobacteria resistant to at least
isoniazid and rifampicin. The control group consisted
of 8 healthy volunteers of comparable sex and age. The
material for the study was whole peripheral venous
blood taken before the start of anti-tuberculosis
therapy. Mononuclear leukocytes were isolated from
blood by gradient centrifugation (p = 1.077 g/mL).
Mycobacterium tuberculosis antigens CFP10-ESAT6
(Diakintest, Generium, Russia) were added to
the incubation medium at a dose of 10 ug/mL or
y-secretase inhibitor (DAPT, Tocris Bioscience, UK)
at doses of 5 uM/L and 10 uM/L in combination
with CFP10-ESAT6. Cells were cultured in complete
RPMI-1640 medium with L-glutamine (BioloT
LLC, Russia) at 37 °C and 5% CO, for 72 h. The
number of Treg lymphocytes was estimated by flow
cytofluorimetry by determining the expression of
CD4 surface receptor (FITC, BD Biosciences, USA)
and intracellular transcription factor FoxP3 (PE, BD
Biosciences, USA). The results were processed using
a statistical software package IBM SPSS Statistics
20. The Shapiro-Wilk test was used to check the
correspondence of the data to the normal distribution
law. Significance of differences in quantitative data
was assessed using Mann—Whitney U nonparametric
test. Wilcoxon test was used to assess the significance
of differences in dependent data within the group.
The results of statistical analysis were considered
significant at the p < 0.05 level.

Results and discussion

The key role in the coordinated antigen-specific
immune response to Mycobacterium tuberculosis
belongs to homeostasis and dynamic interaction
between dendritic cells, macrophages and various
populations of T lymphocytes: Thl, Th2, Thl7,
Treg. The question about the molecular mechanisms
of immunoregulatory imbalance remains open. One
of the factors of pathological process progression in
tuberculosis is excessive immunosuppressive activity of
regulatory T cells. By inhibition of antigen-dependent
differentiation and activation of apoptosis of Thl
lymphocytes, as well as suppressive influence on
antigen-presenting cells, Treg population contributes
to suppression of immune response and induces more
severe course of disease with long-term persistence of
pathogen.

The study showed that in patients with
infiltrative drug-sensitive (DS) and drug-resistant
(DR) PT in intact cultures the relative number of
Treg lymphocytes (CD4*FoxP3*) was statistically

833



Canuna A.E. u op.
Sanina A.E. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 1. RELATIVE CONTENT OF Treg LYMPHOCYTES IN PERIPHERAL BLOOD (% OF TOTAL LYMPHOCYTES)
IN PATIENTS WITH INFILTRATIVE PULMONARY TUBERCULOSIS, Me (Q, ,5-Q,15)

Cultivation conditions

L Healthy donors
in vitro

Patients with infiltrative pulmonary tuberculosis

Drug-sensitive Drug-resistant

Treg lymphocytes (CD4*FoxP3*)

Intact culture 2.58 (2.37-3.15)

4.88 (4.63-5.11)
p, < 0.001
p, =0.022

5.31 (5.24-5.39)
p, < 0.001

With added antigens
(CFP10-ESAT6)

2.63 (2.43-3.21)
p, = 0.007

5.7 (5.65.5.76) 5.09 (4.78-5.22)

b, < 0.001 P, < 0.001
Dy = 0.012 P, =0.012
2= 0. p,= 0.001

With added antigens and

DAPT (5 uMIL) 2.61 (2.41-3.2)

5.09 (4.76-5.20)
p, < 0.001
p, = 0.001

5.69 (5.62-5.73)
p, < 0.001

With added antigens and
DAPT (10 uM/L)

2.39 (2.27-3.02)
p, = 0.008

4.91 (4.86-5.00) 4.15 (4.06-4.30)

b, < 0.001 p; < 0.001
D, = 0.012 ps; = 0.012
T p, = 0.001

Note. p,, level of statistical significance of differences compared with similar parameters in healthy donors; p,, compared with
baseline parameters (in intact cell culture); p;, compared with parameters during antigen stimulation; p,, compared with parameters

in patients with drug-sensitive pulmonary tuberculosis.

significantly (p < 0.001) higher than that in healthy
volunteers (Table 1). We may assume that increased
number of CD4*FoxP3* cells causes suppression of
Thl-mediated immune response and may promote
pathological process progression or, on the contrary,
prevent formation of hyperergic immune reaction and
lung tissue damage.

After stimulation of cell cultures with CFP10-
ESAT6 antigens, we registered an increase in the
proportion of CD4*FoxP3* cells relative to initial
values in both groups of patients and healthy donors
(Table 1).

The addition of a y-secretase inhibitor (DAPT) at
a concentration of 5 uM/L to the cell suspension in
combination with CFP10-ESAT6 antigens was not
accompanied by statistically significant changes in the
number of Treg lymphocytes both in PT patients and
healthy donors (Table 1).

Increasing the DAPT dose up to 10 uM/L resul-
ted in a decrease in the number of CD4*FoxP3*
cells compared to the corresponding indices upon
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OYHKLUUOHAJIbHOE UCTOLLEHUE
CD4'T-KJIETOK Y BU4/BIrC-KOUHPULIMPOBAHHbIX
NALUUEHTOB, NOJTYHAIOLLNX BbICOKOAKTUBHYIO
AHTUPETPOBWUPYCHYIO TEPAIUIO

Baacosa B.B., Ropoaescrkasa JI.B., Jlormanosa O.A., IlImareas H.I'.,
Cainnpgarxosa E.B.

Hucmumym sKon02uu u eeHemuku MUKpoopeanuzmos Ypanvckoeo omdenenus Poccuiickoil akademuu Hayk — guruan
DIbYH «Ilepmckuii pedepanvhbiii uccaedosamenvckuii yenmp Ypanvcikoeo omdenenus Poccuiickoil akademuu Hayk»,
2. Ilepmo, Poccus

Pe3iome. BI'C-kouHdekiuss mmpoko pacmpocTpaHeHa cpenn BUY-mHOUIIMPOBAHHBIX MAIIMEHTOB.
B Poccun no 50% BUY-no3sutuBHBIX 601bHBIX KonHGUIMpoBaHbl BI'C. [IpuMeHeHUe BHICOKOAKTUBHOM
aHTupetpoBupycHoil tepanuu (BAAPT), B OOJBIIMHCTBE Ciiy4yaeB, MPUBOAUT K MOJABICHUIO PEIUIAKAa-
uuu BUY 1 BoccTaHOBIEHUIO UMMYHHOI cucteMbl BUY-uHdunupoBaHHbix nanueHToB. OgHako BI'C-
KOMH(EKIIUS TPersTCTBYeT 3hheKTuBHOMY BoccTaHOBIeHNI0 CD4*T-kitleToK 1 moBbIIIaeT prucK 3adoJe-
BaeMocTy U cMeptu BUY-nHduumpoBaHHbBIX 001bHBIX, Noayyaomux BAAPT. M3BecTHO, 4TO CKOPOCTh
nporpeccun BUY-uHdexkumu v 3¢pheKTUBHOCTh BOCCTAHOBJICHUSI UMMYHHOI CUCTEMBI Ha (poHE mpuema
BAAPT B 3HaUUTEABbHOU MepE 3aBUCST OT YPOBHS aKTUBALlMA UMMYHHOU CUCTEMBI U CTETIEHU UCTOIIEHUS
CD4*T-xnetok. Llenbio HacTosIIEH pabOTHI OBLIO OTIpeAeIeHNE YPOBHS aKTUBAIIUYM Y UCTOIIEHUS, a TAKXKE
IUTOKUH-TIpoayuupymomeit dyukimun CD4*T-kieTok, moiydeHHBIX 13 KpoBu nonydatonimx BAAPT BUY/
BI'C-koundunupoBanHbix 1 BUY-MoHOMHGUIIMPOBAHHBIX OOMBHBIX. B MccienoBaHue ObLIU BKIIIOYEHBI
BUNY/BI'C-koundunmpoanusie (n = 11) u BUY-moHonHpummposanHeie (n = 10) malmeHTHI, Moxy4va-
e BAAPT 0Oosiee n1Byx neT. B KoHTpoJibHYIO rpynny Bouuiu 10 no6poBosblieB 0e3 npuzHakoB BUY- u
BI'C-undekumii. Beuio ycranosineHo, uto y BUY/BI'C-konHGUIIMPOBaHHBIX MAllMEHTOB, B CPAaBHEHUU
CO 3IOPOBBIMM JIOABMU, ITOBEIIMICHBI CIEAyIONINE IToKa3aTequ: moyst aktuBrupoBaHHBIX CD38*HLA-DR*
CD4*'T-mumponuroB (p < 0,05), ypoBeHb mcromeHnss CD4*'T-KIeToK, oIpencacHHBI MO IUIOTHOCTHA
akcrnpeccun TIGIT Ha moBepxHoctu Kaxnou kieTku (p < 0,05), u yncno CD4*T-numbonuros, cro-
coOHbBIX Tpou3BoauTh MHTepdepoH-ramma (IFNy) mocne aktuBauum (p < 0,05). OTHOCUTENBHOE YUCIIO
IFNy-npomytmpytonmx CD4"T-mumbo1nMToB B KPOBU JOHOPOB TO3UTUBHO KOPPEJIUPOBAJIO C JOJEH aK-
tuBupoBaHHbIXx CD4*T-xnetok (R = 0,514, p < 0,01). BaxkHO OTMETUTH, YTO, HECMOTPSI Ha OOJIBIIIOE KO-
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guyectBo [FNy-mpoayupyomux CD4 T-nmuMm@onuToB, cpeaHss MPOAYKIIUS 3TOro nutoknHa B CD4*T-
kietkax BUY/BI'C-konHMUIIMPOBaHHBIX OOJIBHBIX ObLIa CYIIECTBEHHO HIDKE, YEM Y 3MOPOBBIX CYOBEKTOB
(p < 0,05). IMpoaykuus IFNy 8 CD4*T-numdonuTax He 3aBUcena OT CTelneHu ux aktupauuu (p > 0,05).
HeraTtuBHas KkoppesiiMoHHas1 CBSI3b ObLIa YCTaHOBIEHA MexXay coaepxaHueM [FNy 1 ypoBHEM UCTOIEHUS
CD4*T-xkietok (R = -0,400, p < 0,05). [Tokazarenu uctoimeHnuss CD4*T-1uMdo1MToB Tak:ke 00paTHO KOp-
penupoBaiu ¢ conepxkanrueM CD4*T-kietok B kpoBu (R =-0,598, p < 0,01). [ToxydyeHHbIe CBEAEHUS TO3BO-
JISTIOT MPEearnoJoxXuTh, yTo BI'C-KonHdeK11s MPpUBOAUT K BhIpaxkeHHOMY (PYHKIIMOHAJIbHOMY UCTOLLIEHUIO
CD4*T-KJIeTOK 1 TeM caMbIM MOXeT OoTsroiarh TeueHrne BUY-nmHdeknm y marmeHTOB, IIPUHUMAOIINX
BAAPT.

Knroueswie cnosa: BUY-ungpexyus, eenamum C, CD4* T-aumepoyumot, ummyHHAs: aKMuUayus, UMMYHHOE UCMOWeHue, npooyKyus
UYUMOKUHO8

FUNCTIONAL EXHAUSTION OF CD4*T CELLS IN HIV/HCV
COINFECTED HAART-TREATED PATIENTS

Vlasova V.V, Korolevskaya L.B., Loginova O.A., Shmagel N.G,,
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Abstract. Infection with hepatitis C virus (HCV) is common among HIV-positive patients, with up to
50% of them being coinfected in Russia. While highly active antiretroviral therapy (HAART) suppresses
HIV replication and restores the immune system of HIV-infected subjects, HCV coinfection interferes with
CD4*T cell regeneration and increases the risk of patients’ morbidity and mortality. During HAART, HIV-
infection progression and the immune system restoration efficiency largely depend on immune activation and
CD4*T cell exhaustion. This study determined the level of activation, exhaustion, and cytokine production
in CD4*T cells obtained from the peripheral blood of HAART-treated HIV/HCV coinfected and HIV
monoinfected subjects. The study comprised 11 HIV/HCYV coinfected individuals and 10 HIV monoinfected
patients receiving HAART for more than two years, with a control group of 10 volunteers without the signs
of HIV or HCV infections. Compared with healthy controls, HIV/HCYV coinfected patients had an increased
frequency of activated CD38*HLA-DR* CD4*T lymphocytes (p < 0.05), a higher level of CD4*T cell
exhaustion determined according to the TIGIT expression density per cell (p < 0.05), and a greater proportion
of interferon-gamma (IFNy)-producing CD4*T lymphocytes following activation (p < 0.05). The frequency
of IFNy-producing CD4*T cells in the donors’ blood positively correlated with the proportion of activated
CD4'T cells (R = 0.514, p < 0.01). Despite having a large number of IFNy-producing CD4*T lymphocytes,
the HIV/HCV coinfected patients’ average production of IFNy by CD4*T cells was significantly lower
than that in healthy controls (p < 0.05). The IFNy production in CD4*T lymphocytes did not depend on
activation (p > 0.05). However, a negative correlation was established between the IFNy production and the
level of CD4*T cell exhaustion (R = -0.400, p < 0.05). The letter was also found to inversely correlate with
the CD4*T cell counts in the donors’ peripheral blood (R = -0.598, p < 0.01). These data suggest that HCV
coinfection leads to pronounced functional exhaustion of CD4*T cells and may aggravate the course of HIV-
infection in patients receiving HAART.

Keywords: HIV-infection, hepatitis C, CD4*T cells, immune activation, immune exhaustion, cytokine production

This work was carried out within the framework of HIV-positive individuals. Worldwide, approximately

the State assignment #121112500044-9. 25% of HIV-infected patients are coinfected with
. HCV [7], while in Russia the proportion of HIV/
IntrOdUCt|0n HCYV coinfected subjects goes up to 50% [15]. The

Due to shared transmission routes, hepatitis C virus  majority of HIV-positive people receive highly active
(HCV) coinfection has become prevalent among antiretroviral therapy (HAART), which suppresses
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HIV replication and leads to the immune system
regeneration defined by the increase in the peripheral
blood CD4*T cell counts [6]. However, in HIV/
HCV coinfected people receiving HAART, hepatitis
C infection interferes with CD4*T cell recovery [14].
Furthermore, compared with HAART-treated
HIV-monoinfected subjects, HIV/HCV coinfected
patients have a higher risk of developing non-AIDS-
associated diseases [10], opportunistic infections [3],
and death [1]. The mechanisms behind the negative
effect of hepatitis C on the course of treated HIV-
infection remain poorly understood.

Immune activation and CD4*T cell exhaustion
are critical for the natural history of HIV-infection,
affecting both the pace of the disease progression
and the immune restoration efficiency during
HAART [9, 11]. In treated HIV-infected individuals,
HCV coinfection has been shown to significantly
increase the chronic immune activation and systemic
inflammation levels [12]. However, it is unclear if it
affects the CD4*T cells’ functional state. Therefore,
the purpose of this study was to determine the level of
CD4"T cells’ activation and exhaustion, as well as the
cytokine-producing function of these lymphocytes
obtained from the blood of HAART-treated HIV/
HCYV coinfected and HIV monoinfected patients.

Materials and methods

The work plan was approved by the ethics commit-
tee of the Perm Regional Center for the Prevention and
Control of AIDS and Infectious Diseases (committee
registration number 1IRB00008964). The study in-
cluded HIV-infected patients receiving HAART for
more than two years (viral load < 50 copies/mL):
1) HIV/HCV coinfected subjects (n = 11); and
2) HIV-monoinfected patients (n = 10). The healthy
control group (HC) comprised 10 volunteers without
HIV or HCV infections.

Blood was collected from the cubital vein into Vacu-
tainer tubes containing ethylenediaminetetraacetic
acid. CD4*T lymphocytes count was assessed using
the commercial BD Simultest™ IMK-Lymphocyte
kit (“BD Biosciences”, USA) with a CytoFLEX S
flow cytometer (“Beckman Coulter”, USA). The HIV
viral load was determined using Versant HIV-1 RNA
3.0 assay b kits by means of a Versant 440 analyzer
(“Siemens”, Germany).

Mononuclear cells were isolated by density
centrifugation using Diacoll (1.077 g/mL, “Diaem”,
Russia). The samples were stored in liquid nitrogen
in a medium containing 90% fetal bovine serum
(FBS, “Biowest”, France) and 10% dimethyl
sulfoxide (“AppliChem”, Germany). In a day of
the study, the cells were thawed at +37 °C, washed

in 10 mL of complete culture medium (10% FCS,
100 U/mL penicillin, and 100 pug/mL streptomycin
(“Sigma”, USA) in RPMI-1640), and then in 10 mL
of Dulbecco’s phosphate buffered saline (DPBS;
“Gibco”, USA). The cytokine-producing function of
CD4*T cells was assessed after 4 hours of incubation
in complete culture medium containing phorbol
12-myristate-13-acetate (PMA), ionomycin, and
brefeldin A (“BioLegend”, USA).

Peripheral blood mononuclear cells were analyzed
on CytoFLEX S flow cytometer (“Beckman Coulter”,
USA). Viable cells were identified by the absence
of staining with the vital dye Zombie UV Fixable
Viability Kit (“BioLegend”, USA). Anti-CD3-BV605
and anti-CD4-PE antibodies (“BioLegend”, USA)
were used to identify CD4*T lymphocytes. Expression
of the TIGIT exhaustion marker was assessed using
anti-TIGIT-AF488 antibodies (“BioLegend”, USA).
Anti-IFNy-APC antibodies (“BioLegend”, USA)
were utilized to study the production of interferon-y
(IFNy). Activated cells were identified using anti-
CD38-PE/Fire700 (“BioLegend”, USA) and anti-
HLA-DR-APC-R700 (“BD Biosciences”, USA)
antibodies.

Statistical analysis and graph plotting were
performed using the “Statistica 6” software. The data
are presented as medians, interquartile ranges (25-
75 percentile), and 10-90% intervals. Significance of
differences between groups was established based on
the Mann—Whitney U test. Correlation analysis was
performed by the r-Pearson linear correlation test.

Results and discussion

All groups were similar according to age and
gender (Table 1). The HIV-infection and HAART
duration, HIV viral load, and CD4*T cell counts
did not differ between the groups comprised of HIV-
infected subjects. However, CD4*T cell counts in
these groups were significantly reduced compared to
HCs (p < 0.05).

In HIV/HCV coinfected patients compared
with healthy individuals, the proportion of activated
(CD38*HLA-DR"*) CD4'T lymphocytes was
increased (Figure 1A; p < 0.05). Meanwhile, the
difference between HIV monoinfected patients and
healthy controls was not statistically significant
(p > 0.05).

Thelevel ofexhaustionin CD4*T cellsof HIV/HCV
coinfected subjects was also increased, as evidenced by
the higher frequency of TIGIT*CD4*T lymphocytes
(p <0.05; data not shown) and the elevated expression
of the inhibitory receptor TIGIT on the surface of
these cells (Figure 1B; p < 0.05).
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TABLE 1. CLINICAL CHARACTERISTICS OF HIV-INFECTED AND HEALTHY INDIVIDUALS

Characteristics HIV/HCV coinfected HIV monoinfected Healthy
patients patients Controls (HC)
Number of enroliments 11 10 10
Age (years) 40.0% 435 43.0
gely (37.5-42.0) (37.5-44.8) (37.0-45.8)
Females (%) 45 50 50
HIV-infection duration (years) (1013;(1)9 0) 5 g;% 0) -
HAART duration (years) @3 2'_(1)3 0) 2 g_g 2) -
HIV viral load (copies/mL) < 50** <50 -
542 616 707
CD4'T cell counts (uL) (405-663) (480-763) (646-880)
pHC < 0.05 pHC < 0.05

Note. *, the data presented as medians and interquartile ranges. **, the test-system sensitivity limit. HAART, highly active
antiretroviral therapy. Significance of differences between groups was established based on the Mann-Whitney U test.

The number of CD4'T cells that produced
IFNy upon activation with PMA and ionomycin
was significantly higher in HIV/HCV-positive indi-
viduals as compared with healthy donors (Figure
2A; p < 0.05). Across all study groups, the number
of IFNy-producing CD4*T lymphocytes positively
correlated with the relative number of activated
(CD38*HLA-DR™") CD4*T cells (Figure 2B).

Importantly, although the number of IFNy-pro-
ducing CD4*T lymphocytes in HIV/HCV coin-
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fected individuals was increased, the average pro-
duction of IFNy in CD4*T cells of these patients
was significantly lower than that of healthy subjects
(Figure 3A; p < 0.05). The IFNy production in
CD4*T lymphocytes did not depend on the percent
of activated cells. However, a negative correlation was
established between IFNy production and the level of
CD4*T cell exhaustion (Figure 3B).

Both phenotypic and functional indexes of
CD4*T lymphocyte exhaustion correlated with
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Figure 1. Level of CD4'T cell activation (A) and exhaustion (B) in HIV/HCV coinfected people (HIV+HCV+),
HIV monoinfected patients (HIV+) and healthy control (HC) subjects

Note. Medians (horizontal lines within rectangles), interquartile ranges (rectangles), and 10-90% intervals (vertical lines) are shown. *, p < 0.05

(Mann-Whitney U test). MFI, mean fluorescence intensity.

840



2023, T. 25, Ne 4
2023, Vol. 25, No 4

BUY, BIC u ummynHoe ucmoujeHue
HIV, HCV, and immune exhaustion

40 x

=
R 30 8
g =
@ <
s 8
= 20 ¢
= &
= a
& o
+¢ +
S 10 DQ:

s

=

HIV+ HIV+
HCV+

HC

-
o

R=0.514
8 p<0.01 L

2x101 3x101 4x101

IFNy* CD4* T cells, %

0 1x101

Figure 2. Frequency of IFNy producing CD4*T lymphocytes (A) and its correlation with the relative number of activated

CD4'T cells (B)

Note. (A) Medians (horizontal lines within rectangles), interquartile ranges (rectangles), and 10-90% intervals (vertical lines) are shown. *,
p < 0.05 (Mann-Whitney U test). (B) Individual donor values, regression line and 95% confidence intervals are shown (r-Pearson correlation test).
“HIV+HCV+”, HIVIHCV coinfected patients; “HIV+”, HIV monoinfected patients; “HC”, healthy controls.
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Figure 3. Level of IFNy production (A) and its correlation with the degree of exhaustion (B) in CD4'T cells

Note. As for Figure 2.

CD4*T cell counts in donors’ blood. Specifically,
CD4*T lymphocytes count was directly related to the
production of IFNy (R =0.455, p < 0.05) and inversely
related to the proportion of exhausted CD4*T cells
(R=-0.598, p <0.01).

These data demonstrate that in HIV-infected
patients, HCV coinfection is associated with a high
level of CD4*T cells’ activation and exhaustion.
CD4*T lymphocytes in HIV/HCYV coinfected patients
show both phenotypic (expression of the inhibitory
receptor — TIGIT) and functional (decrease in IFNy
production) signs of exhaustion. The frequency of
exhausted CD4*T cells inversely correlate with the
total number of CD4*T lymphocytes in donors’
blood. These findings suggest that the negative impact
of HCV on the course of HIV infection controlled

by HAART is due to the functional exhaustion of
CDA4*T cells.

Previously, researchers assessed the level of
CD4*T cell exhaustion in HIV/HCV coinfected
patients by analyzing the relative number of
lymphocytes expressing inhibitory receptor PD-1
[4]. The authors found that the frequency of
PD1*CD4*T lymphocytes in HIV/HCV coinfected
patients was higher than that in HIV monoinfected
subjects or healthy individuals. A noteworthy detail
is that the surface expression of inhibitory receptors
alone does not allow identifying truly exhausted
CD4*T cells, as these molecules are also expressed by
CD4*T lymphocytes that have received an activation
signal [13]. However, exhausted and activated
CD4*T cells differ significantly in terms of the
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inhibitory receptors’ expression level [5]. The amount
of inhibitory receptors expressed on the surface of
CD4'T cells in HIV/HCV coinfected patients have
not been reported in the literature yet. To account for
this limitation, we assessed the level of CD4*T cells
exhaustion by measuring the surface expression of the
inhibitory receptor TIGIT, rather than by identifying
TIGIT*CD4*T lymphocytes alone. Our findings
show that the level of TIGIT expression on the surface
of CD4*T lymphocytes is significantly higher in HIV/
HCYV coinfected patients than in healthy individuals.
Determining the state of exhaustion in T cells
requires assessing both their phenotype and
function. TIGIT that was shown to be abundant
on CD4'T cells of HIV/HCV coinfected subjects
inhibits the interaction between the costimulatory
CD226 molecule and their common ligand,
CD155 [8], leading to a decrease in T lymphocyte
proliferation and cytokine production [5]. Previous
studies have shown that in HIV-infected patients
exhausted TIGIT*CDS8*T cells are characterized
by the reduced production of IFNy, TNF, and
1L-2 [2]. However in HIV/HCYV coinfected patients,
the cytokine-producing ability of the exhausted
CD4*T cell pool has not been evaluated. In this study,
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we have demonstrated for the first time that the IFNy
production is reduced in CD4*T lymphocytes of HIV/
HCV coinfected patients receiving HAART. These
results strongly suggest a high level of CD4*T cell
exhaustion in patients coinfected with HIV and HCV.

Conclusion

An important finding of this study was the
establishment of a link between the frequency of
CD4*T lymphocytes expressing TIGIT, the level of
IFNy production, and the amount of CD4*T cells
in the patients’ blood. CD4*T cell counts are a
significant clinical indicator in HIV-infection as it
determines the likelihood of developing non-AIDS-
related diseases and death. Therefore, it can be
assumed that the CD4*T cell exhaustion caused by
HCV coinfection may adversely impact the course of
HIV-infection in patients adherent to HAART.
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NPOAYKTbI KULLEYHbIX BAKTEPUA BUY-
UHOULIMPOBAHHBIX NALMUEHTOB NPENATCTBYIOT
PErEHEPALIUU CD4T-JINM®OLIUTOB

Ropoaesckas JI.B., Caiimakosa E.B., llImareasr H.I'., Illmareas K.B.

Hucmumym skonoeuu u eeHemuku MUKpoOpeaHu3mos Ypaavckoeo omoenenus Poccuiickoil akademuu Hayk — guauan
DI'BYH «llepmckuil pedepanvhblii uccaedosamensckuii yeump» Ypanockoeo omoenenus Poccuiickoii akademuu HayK,
e. Ilepmo, Poccus

Peswome. ¥V yvactu BUY-uHduimpoBaHHBIX O0JIBHBIX, HECMOTPS Ha MOAABJICHUE PEIUIMKALIMU BUPYCa Ha
(dOoHe TTpuemMa aHTUPETPOBUPYCHBIX MPENapaToB, He MPOoUcXoauT 3(HEKTUBHOTO NPUPOCTA Yuca rnepude-
pudeckux CD4*T-muMbonuToB (MMMYHHBIN HEOTBET Ha Teparnuio). OmHUM 13 3HAYMMBbIX (paKTOPOB B pa3-
BUTUU UMMYHOJIE(PUIIMTA CYUTAETCS UMMYHHAs aKTUBALUsl, TPUYMHON KOTOPOW, CPEAX TIPOUUX, SIBISETCS
MOCTYIUIEHUE B KPOBOTOK OaKTepPUATBbHBIX TPOAYKTOB B PE3yJbTaTe HAPYUICHUS LEJIOCTHOCTU KUIIEYHOTO
6apbepa. Kpome Toro, Mukpodaopa KuilledHrKa MPOAYyLUPYET pa3IndyHbIe pACTBOPEHHBIE BEIIECTBA, KOTO-
pble MOTYT HaKaIJIMBaTbCsl B KPOBU Y MPOSIBISITh TOKCUUYECKUE CBOMCTBA. Llenbio HacTosIeil padboTsl Obu1a
OLIEHKA BJIVSIHUS MUKPOOHBIX MPOAYKTOB KUIIIEYHOTO MPOUCXOXKIEHUST — Mapakpe3oy cyjibdara U UHAOK-
cun cynbdarta — Ha yuciio CD4YT-mumdonmtoB BUY-3apakeHHBIX TTAIIMEHTOB, MOIYYaIOIIUX aHTUPETPO-
BUPYCHYIO Tepanuio. O0beKTOM UCCIeI0OBaHUS ClTyxXwia nepudepudyeckas KpoBb BUY-nHbuULIMpOoBaHHBIX
CYOBEKTOB C pa3inyHOU 3(pPHEeKTUBHOCTHIO BOCCTAHOBJIIEHUSI UMMYHHOW CUCTEMbl Ha (POHE MPOBOAUMOM
Tepanuu U HeMHGUIMPOBaHHBIX JoHOPOB. KoHuenTpanus 1L-6 (p = 0,012), IP-10 (p = 0,0004) u sCD14
(p =0,003) B mna3zme kposu BUY-3apaxkeHHbIX UMMYHHBIX HEOTBETYMKOB ObLjIa MOBBIIIEHA IO CPABHEHUIO C
COOTBETCTBYIONIMMU TTOKA3aTeIsIMU U] ¢ 9(PHEKTUBHBIM BOCCTaHOBIIeHUEM uyncieHHoCcTH CD4+T-kineTok
(MMMYHHBIE OTBETYMKU). XOTs 00e rpynnbl BUY-n0o3UTUBHBIX CYyOBEKTOB HE Pa3inudyalrucCh MO YPOBHIO JIU-
nononucaxapuna u [-FABP B miasme KpoBu, conepxkaHue mapakpesoni cyabdara (p = 0,001) n unnokcun
cynbdara (p = 0,042) y UMMyHHBIX HEOTBETYNKOB OBITIO yBeIUYeHO. B akcriepuMeHTax in vitro 6uu10 ycTa-
HOBJIEHO HETaTUBHOE J0303aBUCUMOE BIUSTHUE MAapaKpe30J1 CyJib(aTta 1 MHIOKCUI cybdaTa Ha JKU3HECTO-
COOHOCTh U MUTOTHYECKYIO aKTUBHOCTh CD4* T-nmumdboruroB. Takum odpazom, y BUY-uHbDUIIMPOBaHHBIX
MalMeHTOB ¢ HapyleHHo! pereHepanueit CD4*T-1umdonmToB Ha (hoHe TPOBOAMMOM aHTUPETPOBUPYCHOM
Tepanuu OTMevYaeTcs 00jee BBICOKUI YPOBEHb CUCTEMHOTO BOCHAJIEHUS, YEM Yy CYOBEKTOB, OTBEYAIOINX Ha
JnedeHure ripupoctoM yncieHHoctn CD4*T-xiteTtok. BeipaskeHHOCTD TTIOBPEXIEHUsI KUIIIEUHOTO Oaphepa 1
Harpy3ka 0akTepuaJibHbIMU KOMIIOHEHTAMU, BBIXOISIIMMU B KPOBOTOK, Y BMY-3apakeHHBIX JUIl C pa3-
JIMYHOU 2((HEKTUBHOCTHIO BOCCTAHOBIIEHUS UMMYHUTETA B OTBET HA JIeUeHUE NPUMEPHO OJuHaKoBas. [1pu
3TOM IUIa3Ma KPOBU MMMYHHBIX HEOTBETUMKOB 3HAYUTEIBHO OOOralieHa MUKPOOHBIMU MPOIYKTAMU KU-
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IIIEYHOTO MPOUCXOXKAEHUS: Mapakpe30y Cyab(aTtoM U UHAOKCUI CyJib(aTtoM. BrIgBlieHHOE B IPUCYTCTBUE
JTAHHBIX TOKCUHOB CYIIECTBEHHOE CHUXeHUE TposindepaTuBHOM cnocodHoctn CD4*T-kneTok, CTUMynun-
POBaHHBIX B YCJIOBUSIX in Vitro, U UHAYKUUSI UX TUOEIU MOTYT ObITh OMHOW U3 NPUYUH HEeI(PDEKTUBHOTO
BoccTaHoBieHust uncieHHoctrn CD4*T-nmumdonmros y BUY-uHbUITMPpOBaHHBIX UL, TOJTYYaIOIAX aHTHU-
PETPOBUPYCHYIO TEPATTUIO.

Karoueswie cnosa: BUY-unpexuyus, bakmepuanvhovie mokcutot, kuuweunux, CD4* T-aumgboyumot, anmupemposupycras mepanus,
peceHepayusi UMMYHUmMema

IN HIV-INFECTED PATIENTS, INTESTINAL BACTERIA-DERIVED
PRODUCTS INTERFERE WITH CD4‘T CELL REGENERATION
Korolevskaya L.B., Saidakova E.V., Shmagel N.G., Shmagel K.V.

Institute of Ecology and Genetic of Microorganisms, Ural Branch, Russian Academy of Sciences, Branch of Perm
Federal Research Center, Ural Branch, Russian Academy of Sciences, Perm, Russian Federation

Abstract. Despite successful suppression of viral replication by antiretroviral drugs there is no significant
increase in the number of peripheral CD4*T lymphocytes in some HIV-infected patients (immune non-
response to therapy). One of the crucial factors for immunodeficiency aggravation is immune activation
developing in response to the bacterial products entry into the bloodstream through the damaged intestinal
barrier. Additionally, the intestinal microflora produces various solutes that accumulate in the blood and exhibit
toxic properties. This work aimed to evaluate the effect of intestinal microbial products (para-cresol sulfate
and indoxyl sulfate) on the number of CD4*T lymphocytes in HIV-infected patients receiving antiretroviral
therapy. The object of the study was the peripheral blood of HIV-infected subjects with different immune
system restoration efficiency during the therapy. Uninfected donors were enrolled as healthy controls. Plasma
concentrations of IL-6 (p = 0.012), IP-10 (p = 0.0004), and sCD14 (p = 0.003) in HIV-infected immune non-
responders were increased compared with those in individuals with effective restoration of CD4*T cells (immune
responders). Although both groups of HIV-positive subjects did not differ in plasma lipopolysaccharide and
I-FABP levels, para-cresol sulfate (p = 0.001) and indoxyl sulfate (p = 0.042) concentrations were increased
in immune non-responders. In vitro experiments showed a negative dose-dependent effect of para-cresol
sulfate and indoxyl sulfate on the viability and mitotic activity of CD4*T lymphocytes. Thus, in HIV-infected
patients with impaired regeneration of CD4*T lymphocytes during antiretroviral therapy, a higher level of
systemic inflammation is noted than in subjects responding to treatment with an increase in the number of
CDA4*T cells. The severity of the intestinal barrier damage and the load of bacterial components released into
the bloodstream are approximately the same in HIV-infected individuals with different efficiency of immune
recovery in response to treatment. Simultaneously, the blood plasma of immune non-responders is significantly
enriched with microbial products of intestinal origin: para-cresol sulfate and indoxyl sulfate. The significant
decrease in the proliferative capacity of CD4*T cells stimulated in vitro and the induction of their death in the
presence of these toxins may be a reason for the ineffective restoration of the number of CD4*T lymphocytes in
HIV-infected individuals receiving antiretroviral therapy.

Keywords: HIV infection, bacterial toxins, intestine, CD4*T lymphocytes, antiretroviral therapy, immune regeneration

Theworkwascarried outwithinthe frameworkofthe have a significantly increased risk of morbidity and

state assignment No. AAAA-A19-119112290007-7.

Introduction

In HIV-infected patients, the use of
antiretroviral therapy (ART) leads to suppression
of viral replication and a subsequent increase in the
peripheral CD4*T lymphocyte count (standard
response) [2]. However, up to 30% of patients referred
to as “immune non-responders” (INRs), develop a
discordant response to treatment, in which, despite
an effective viral load suppression, the number of
blood CD4*T cells remains low [10]. INRs compared
with subjects giving a standard response to ART

mortality from both AIDS-associated and non-
AIDS-associated diseases [9].

Immune activation is considered one of the
most significant factors in the development of
immunodeficiency during HIV-infection. The
generally accepted concept of immune activation
is based on the idea that intestinal barrier integrity
is disrupted and the microbial products enter the
bloodstream, maintaining high chronic systemic
inflammation level [3, 4]. HIV-infected individuals
develop intestinal dysbiosis, which manifests in
a reduction in bacterial community diversity [6,
11]. Additionally, the intestinal flora produces gut
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bacteria-derived solutes, including the so-called
“uremic toxins”, the accumulation of which in pa-
tients with chronic kidney disease is associated with
clinical progression and cardiovascular complication
development [8, 15]. The most studied uremic toxins
are para-cresol sulfate (PCS) and indoxyl sulfate (IS).
Their precursors, para-cresol and indole, are formed
as a result of amino acid fermentation by intestinal
bacteria. After sulfation, these products enter the
bloodstream in the form of PCS and IS. Although
PCS and IS have pro-inflammatory effect on a
number of cell populations [1, 5], data on their effects
on T lymphocytes are limited.

This work aimed to evaluate the effect of para-cresol
sulfate and indoxyl sulfate on CD4*T lymphocytes in
HIV-infected patients receiving ART.

Materials and methods

The study was approved by the ethics committee
of the Perm Regional Center for Protection against
AIDS and Infectious Diseases (No. IRB00008964).
Each subject signed informed consent. The study
enrolled HIV-infected patients with a suppressed viral
load (< 50 copies/ml of blood) who were adherent to
ART for more than two years. The immune system
regeneration was assessed by the number of blood
CD4*T lymphocytes and was compared to the
established threshold value of 350/uL [10]. Patients
were divided into groups: 1) immune non-responders
(INRs; n = 16) with CD4*T cell count < 350/uL; and
2) immune responders (IRs; n = 21) with CD4*T cell
count > 350/uL. The third group enrolled relatively
healthy controls without HIV-infection (HC; n = 20).
All the examined subjects had no clinical signs of
kidney dysfunction.

Blood was sampled into vials containing ethy-
lenediaminetetraacetic acid (Weihai Hongyu Medical
Devices Co Ltd, China). The peripheral blood
CD4'T lymphocyte number was assessed with a
CytoFLEX S flow cytometer (Beckman Coulter,
USA) using a commercial Immunocytometry Systems
(BDIS) Simultest™ kit (Becton Dickinson, USA). The
blood plasma concentrations of interleukin-6 (IL-6),
interferon-gamma induced protein 10 (IP-10), soluble
CDl14 (sCD14), and fatty acid-binding intestinal
protein (I-FABP) were determined using R&D
Systems ELISA kits (USA). The content of bacterial
lipopolysaccharide (LPS) in blood plasma was asses-
sed with the LAL assay QCL-1000 chromogenic kit
(Lonza, USA). The studies were conducted according
to the manufacturers’ instructions. Analysis of
PCS and IS in plasma was performed using high-
performance liquid chromatography. The effect
of PCS and IS on the T lymphocytes proliferative
capacity and their resistance to apoptosis was assessed
in vitro using mononuclear leukocytes obtained from
healthy volunteers. The isolated cells were stained

with CellTrace Violet (Invitrogen, USA) according to
the manufacturer’s instructions.

T lymphocyte proliferation was induced by sti-
mulation of the CD3/CD28 complex using a poly-
mer nanomatrix conjugated with CD3 and CD28
agonists (T Cell TransAct; Miltenyi Biotec, USA).
Unstimulated cells served as control. Samples
were incubated for 72 h in the presence of PCS
(ApexBio, USA) or IS (Sigma-Aldrich, USA) at final
concentrations of 1 uM, 10 uM, 25 uM, 50 uM or
0.1 uM, 1 uM, 10 uM, respectively. Control samples
with stimulated and unstimulated cells did not contain
these reagents. After incubation, the cells were har-
vested and stained with anti-CD3-PE and anti-
CD4-V450 antibodies (Becton Dickinson, USA). The
proliferation of T lymphocytes was assessed with flow
cytometry according to the dilution of the tracking dye
in daughter cell generations. The level of CD4*T cell
apoptosis was measured by flow cytometry using a
commercial FITC AnnexinV Apoptosis Detection
Kit I (BD, USA).

Statistical analysis of the obtained data was carried
out using nonparametric methods. The median
and interquartile ranges (25-75" percentiles) were
calculated. The significance of differences between
groups was determined using the Mann—Whitney
U test or the Kruskal—Wallis test.

Results and discussion

All three groups had no differences in age or gender
composition. The INR and IR groups did not differ
in HIV-infection or ART duration. In accordance
with the selection criteria, the absolute number of
CD4*T lymphocytes in INRs was significantly lower
than that in the comparison groups (p < 0.001).
The number of CD4*T cells in IRs was still reduced
compared with the corresponding rate in HC
(p <0.001).

The study of the inflammation, bacterial trans-
location, and intestinal epithelium damage indices in
the blood plasma of HIV-infected subjects revealed
the following (Figure 1).

Compared with IRs, INRs had significantly in-
creased content of IL-6 (p = 0.012) and IP-10
(p = 0.0004), which indicates a higher level of systemic
inflammation. Although the sCD14 concentration in
INRs exceeded that in IRs (p = 0.003), the LPS level
did not differ between the two groups. It is known that
the CD14 molecule on the membrane of monocytes/
macrophagesisa co-receptor for LPS, and its presence
in the bloodstream in a soluble form (sCD14) serves as
an indicator of bacterial translocation [4]. Based on
the fact that CD14 is shed from the cell surface during
cell stimulation [14], the presence of SCD14 in blood
plasma can also be regarded as a result of monocyte
activation. According to some [4], activation, and
inflammation in HIV-infection may be due to the
release of bacterial products into the bloodstream
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Figure 1. Systemic inflammation, bacterial translocation, and intestinal epithelium damage indices in the blood plasma

of HIV-infected patients

Note. INR, immune non-responders; IR, immune responders. Medians (horizontal lines) and interquartile ranges (vertical bars) are shown.

Statistical calculations were made using the Mann-Whitney method.

following increased intestinal permeability. When
assessing the intestinal epithelium destruction index
(I-FABP) we did not reveal any differences between
the INR and IR groups. Thus, one can assume that
intestinal permeability is not a major reason for
the increased systemic activation in HIV-infected
individuals with impaired CD4*T lymphocyte rege-
neration. The same was confirmed by the level of
plasma LPS. In addition to bacterial components,
various waste products of the intestinal flora can
enter the bloodstream [7, 12]. Their entry into the
circulation does not require an increase in intestinal
permeability since it occurs in a healthy body during
the fermentation of food compounds.

Analysis of the gut-derived bacterial products
in the blood plasma revealed the following. Median
PCS concentrations in INRs, IRs, and HCs were
65.4 uM, 31.7 uM, and 28.5 uM, respectively. Sta-
tistically significant differences were found only
between the INR and IR groups (p = 0.001). Com-
pared with PCS, the content of IS in the blood
plasma of all examined subjects was significantly
lower. The median concentrations of this microbial
toxin in INRs, IRs, and HCs were 8.1 uM, 6.1 uM,
and 4.2 uM, respectively. These indices in INRs were
significantly higher than the corresponding values in

IRs (p = 0.042) and HCs (p = 0.015). It is known that
uremic toxin accumulation in blood occurs due to the
kidney function impairment [5, 15]. As there were no
signs of kidney dysfunction in any subject, the obtained
data indicate the enrichment of the blood plasma of
INRs with uremic toxins: compared with IRs in INRs
the content of PCS was almost 2 times higher, and the
level of IS was 1.3 times higher. Since both substances
are products of the intestinal microflora metabolism,
then, apparently, the bacterial composition in IRs and
INRs differ and is characterized by the predominance
of PCS and IS producers in the latter. These toxins may
additionally contribute to increased inflammation in
INRs and affect CD4*T cells.

The impact of PCS and IS on the viability and
proliferative capacity of CD4*T lymphocytes was as-
sessed in vitro. The concentrations of PCS and IS (see
Materials and Methods) were applied on the basis of
literature data on their physiological values in serum/
plasma [7, 13]. An assessment of CD4*T lymphocytes
binding AnnexinV revealed the following (Figure 2).

In control samples incubated without the PCS
or IS, the frequency of cells prone to apoptosis was
relatively low. But, in cell samples containing PCS,
the level of CD4*T lymphocytes that bound AnnexinV
increased significantly (Figure 2A). The effect was
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Figure 2. Effect of para-cresol sulfate (A) and indoxyl sulfate (B) on the CD4*T lymphocyte viability
Note. The abscissa shows the concentrations of the uremic toxins in the sample. *, p < 0.05; **, p < 0.01. Statistical calculations were performed

using the Kruskal-Wallis method.

dose-dependent. At a PCS concentration of 50 uM,
the frequency of cells prone to apoptosis exceeded
25%. Similar results were revealed when assessing
the effect of IS on the CD4*T lymphocyte viability
(Figure 2B).

Furthermore, PCS and IS had a negative impact on
the stimulated CD4T cells proliferation (Figure 3).

The number of stimulated CD4*T lymphocytes
that underwent more than one cycle of division while
being incubated in the presence of toxins for 72 h was
significantly reduced. The effect of PCS and IS was
dose-dependent. At the maximum concentrations
used (50 uM of PCS and 10 uM of IS), almost all
stimulated cells were unable to proceed to the second
round of mitosis. Therefore, both PCS and IS cause
CD4*T lymphocyte death and disrupt their mitotic
activity. The effect of these gut-derived microbial
products on CD4*T cells is strongly dose-dependent.

Conclusion

Thus, in contrast to HIV-infected subjects with
a standard response to treatment, patients with a
discordant response to ART are characterized by hig-

A
40 ke
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0 T T T
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% CD4* T cells reaching division 2

A

her levels of systemic inflammation. Simultaneously,
in subjects with a standard and discordant response
to ART, the severity of intestinal barrier destruction
and the amount of bacterial components entering the
bloodstream are approximately the same. However,
the content of gut-derived microbial products, such
as para-cresol sulfate and indoxyl sulfate, is increased
in the blood plasma of HIV-infected immune non-
responders. Apparently, in patients with a discordant
response to ART, this may be the result of the unique
intestinal microflora composition, enriched in the
taxa-producers of para-cresol sulfate and indoxyl
sulfate. We have shown for the first time the negative
impact of these gut-derived microbial products on
CD4*T lymphocytes, namely, a significant decrease
in the proliferative capacity of cells stimulated in vitro
andthe induction of their death. This may be a reason
for the ineffective restoration of the CD4*T lympho-
cyte counts in HIV-infected patients receiving ART.
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PesomMe. B Hacrostiee BpeMsI CyIIECTBYIONIE METOOUKH JICYCHUST XPOHUICCKOTO ITAPOJTOHTHUTA HE CITO-
COOHBI OKa3bIBaTh KOMITICKCHOE BIMSIHHUE Ha IIpobeMy. CI0KHOCTb 3THONATOTCHETUUCCKNX B3aMOICH -
CTBHI B pa3BUTUM TAHHOTO 3a00JIeBaHMSI, a TaKKE BBICOKasl PACIIPOCTPAHEHHOCTb MHMEKINMOHHBIX IIa-
TOJIOTHM ITOJIOCTA pTa OOYCIOBIMBAIOT CKIIOHHOCTb JAHHOTO 3a00JieBaHUSI K XpoHM3anuu. [1apomoHTHT,
pa3BuBaronIniicsa Ha (hoHE M3MEHEHU JIOKAIbHOTO U O0IIIETO MMMYHHOTO CTaTyca, OKa3blBaeT 3HAUNTEIIHHOE
BIMSTHME Ha KaUueCTBO KM3HU MAIlMEHTOB, a TAKXKE 3aTPYIHSICT ITOCISAYIONIee BOCCTAHOBUTEIBHOE JICUCHIE.
TakuM 06pa3om, MoaAXoMd K JISUYSHHUIO JaHHOM MaTOJIOTUY JOJIKEH OBITh HAIIpaBJIEH HE TOJILKO Ha YCTpaHEeHUE
3TUOJIOTUYECKOTO (haKTopa, HO U Ha KOPPEKIINI0O UMMYHoJIorudeckoro hoHa. B cooTBeTCTBMU € 3TUM, B MO-
CJICIHUE TOIBI IPOBOMSTCS aKTUBHBIC CCIIEIOBaHMS U pa3padboTKa HOBBIX METOAUK JICUCHHUS U IIPEHapaToB,
KOTOpBbIe ObI OKa3bIBAJIM KOMILIEKCHBIM 3TUOMaTOreHeTuYecKuit 3deKT Ha JaHHOe 3a00JIeBaHUE.

B naHHOI1 cTaThe MPUBOAUTCS CPaBHUTEJIbHAS OLICHKA KJIACCUYECKOI0 1 9KCIIEPUMEHTAILHOTO METOIOB
JIeYEHUST XpPOHMUUYECKOro rmapoaoHTuTa. OCHOBBIBasSICh Ha BOCCO3MaHUM 3KCIIEPUMEHTAILHOM MOIEIN XpO-
HUYECKOTo BOCHaJIeHUs TKaHe# mapogoHTa Ha Kpbicax JUHUM Wistar, ObLJIM CpaBHEHbBI METOAbI TOIMMYECKOM
Tepanuu KOMITO3UIIUEN «KPEeMHUMOPraHUYECKUl Tulieporuaporeb — nentun» U «IloaumokcumoHuii»,
MpoBeAcHa CpaBHUTEIbHAS OlLIEHKA aKTUBHOCTU TaHHBIX IIperapaToB C KOHTPOJIbHBIMU IPyINaMu, Je4eHUe
KOTOPBIX OCYIIECTBIISITIOCh «KPEMHUMOPTaHUYECKUI TIMIIEPOTruaporeib» u «MeTtporwn JleHTa».

Panee HaMm ObUIM TIPOBEACHBI OTAEIbHBIE MCCIeA0BaHUS 3(h(HEKTUBHOCTH TTPUMEHEHUST KOMITO3UIINT
«KPEMHHUUOPTaHWMYECKUI TIUIEPOTUAPOTeNIb — TENTHI», a TAKXKE CIT0CO0a JICYeHUST TTapOJOHTHUTA ITyTeM
WHBbeKINH TIpernapara «[loanokcnaoHuit». MIX cpaBHUBAJIM C KJIACCUYECKUM METOIOM JICUEHHUS TaHHOTO 3a-
0oJIeBaHUS IJIsI TTOJIyICHUST COOTBETCTBYIOIINX JAHHBIX M PE3YJIBTaTOB.

Ha nain B3rjisia, mosydyeHHbIe HJaHHBIE TIPEACTaBISIOT 3HAaUYMTEbHBIA MHTEepec. [IpoBeneHa oleHKa U
CpaBHEHUE KIMHUYECKHUX Y TUCTOJIOTMYECKUX JaHHBIX, KOTOPhIE ITOKA3aJIM, YTO BCE MperapaThl OKa3bIBalOT
MOJIOKUTEbHOE BO3IEHCTBIE Ha IPOIECCHl peTeHepalliy TKaHel, OJHAKO KOMIIO3UIINS «KPeMHUHOpraHu-
YEeCKHMU TJIMIEPOTUIPOTENIb — MENTHUI», 32 CYeT OCOOCHHOCTH THAPOTEIIS IeICTBOBATh B KAUECTBE TPAHCKY-
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TaHHOTO MPOBOAHMKA, TTOKa3aja 6oyiee ObICTPOE MTPOTUBOMUKPOOHOE U MaTOTeHETUIEeCKOe ASHCTBUE, YTO
TMO3BOJISIET KOMITIEKCHO ITOJONTH K peIlleHUIO MaHHO# mpobiaeMbl. [1o cpaBHEHUIO ¢ TpylmaMu TJIHULEPO-
ruaporeib KpeMHUs U «IToJIMOKCUIOHUIT» CPOKU KIIMHUYECKOTO YIYUIlIEHUS B TPYIIIIE TJIULIEPOTrUIpOre)ib-
MHEeNTU YBEIUYWINCh Ha 57 %, a ¢ rpynioil «Metporui JeHTa» ImoKasaTeu yIydIninuch IpuMepHo Ha 15%.

Knroueswie crosea: kpemuuiiopeanuveckuii eauyepouopoeens, AHmumMukpooHsle nenmudbl, XpoHU4ecKull napooonmum,
Tloauoxcudonuii, Mempoeun Jlenma, eocnanrerue

COMPARATIVE EVALUATION OF THE EFFECTIVENESS OF

A PEPTIDE-CONTAINING DRUG AND POLYOXYDONIUMIN
THE TREATMENT OF CHRONIC PARODONTITIS

Chumakov N.S.2, Khlystova K.A.2 Sarkisyan N.G.", Mamedov M.M.

¢ Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

b Ural State Medical University, Yekaterinburg, Russian Federation

¢ City Clinical Oncological Dispensary, St. Petersburg, Russian Federation

Abstract. Currently, the available methods of treating parodontitis are not able to have a complex effect.
Therefore, in recent years, there has been an active search and development of new methods of treatment and
new drugs that have a complex etiopathogenetic effect on this disease.

This article provides a comparative evaluation of the classical and experimental methods of treating chronic
periodontitis. Based on the reconstruction of an experimental model of chronic inflammation of periodontal
tissues of the Wistar rat line, we compared methods of topical therapy by “Organosilicon Glycerohydrogel —
Peptide” and “Polyoxidonium” compositions. A comparative assessment of the activity of these drugs with control
groups, which were treated with “Organosilicon Glycerohydrogel” and “Metrogyl Denta”, was carried out.

Previously, we carried out separate studies of the effectiveness of the use of the composition “organosilicon
glycerohydrogel — peptide”, as well as the method of treatment of periodontitis, by injecting the drug
“Polyoxidonium”. They have been compared with the classic treatment for this disease to obtain relevant data
and results.

In our opinion, the data obtained are of considerable interest. The assessment and comparison of clinical
and histological data have been carried out, which showed that all drugs had a positive effect on the processes
of tissue regeneration. However, the composition “Organosilicon Glycerohydrogel-peptide”, due to the
characteristics of the hydrogel, which is acting as a transcutaneous conductor, showed a faster antimicrobial
and pathogenetic effect, which allows a comprehensive approach to solving this problem. In comparison with
the groups of “Organosilicon Glycerohydrogel” and “Polyoxidonium”, the period of clinical improvement
increased by 57% in the group of “Glycerohydrogel-Peptide”, and, in the “Metrogyl Denta” group, the
indicators improved by 15% approximately.

Keywords: silicon glycerohydrogel, antimicrobial peptides, chronic parodontitis, Polyoxidonium, Metrogyl Denta, inflammatory

Introduction

paratus of the tooth (periodontium) [1], bone tissue
and the complex of soft tissues of the dentoalveolar

The peculiarities of the development and course
of periodontitis, as well as the imperfection of
comprehensive programs for the prevention and
treatment of this disease, contribute to the high
prevalence of this pathology. According to the World
Health Organization, the prevalence of this disease
among the adult population is about 90-95%.

The polymorphism of etiological factors, the
complexity of pathogenetic processes and the
high resistance of microorganisms to a wide range
of antibacterial drugs [2] causes the necessity of
improvement of methods of treating periodontitis, as
well as the need to search for modern and universal
drugs that would be able to have a multi-link effect [ 14].

Periodontitis is an inflammatory disease of
the tissue complex of the dentoalveolar segments,
including the supporting-retaining ligamentous ap-

segment (periosteum, gums), leading to atrophic
processes in these tissues and, as a result, to loss of
teeth. From the point of view of modern concepts of
the development of this disease, atrophic processes are
explained by the development of cellular and humoral
reactions of the immune system in the tissues of the
mucous membrane.

In chronic parodontitis, microorganisms colonize
in the gingival sulcus, which activates the mechanisms
of innate immunity in the periodontal tissues. Toll-
like receptors located on epithelial cells recognize
pathogens and activate local immune responses,
induce the production of cytokines, chemokines,
and antimicrobial peptides. The lack of production of
antimicrobial peptides is one of the most important
factors that determine the chronicity of pathological
processes in the mucous membrane.
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The available drugs for the treatment of perio-
dontitis are capable of either exerting an effect only on
pathogenesis, by suppressing inflammatory reactions,
or only on the etiological factor, due to the presence
of antimicrobial agents, such as chlorhexidine, in the
composition. Accordingly, they are not capable of
having a complex effect.

In addition to that, with the lack of a proper
approach to the treatment of periodontitis in the early
stages, the pathogenic microbiome is activated [5]
and the immune responses are destabilized, which
leads to the chronization of the process and the lack
of a proper response to the following treatment [7].
Thus, it is needed to base the treatment on using drugs
that support the activation of immune responses and
influence the etiological factor of the disease.

Conservative therapy is of great importance in the
treatment of chronic parodontitis. Compared to other
methods, such as surgical and orthopedic treatment,
conservative therapy allows us to approach the
problem of this disease in the least invasive, but at the
same time, no less effective approach. The possibility
of using it in the early stages of the disease, as well as
using it as a supportive therapy, allows us to achieve
the elimination of foci of inflammation, long-term
stabilization of the periodontal condition, and also to
prevent the transition of the inflammatory process to
deep-lying tissues.

The most perspective drugs with these cha-
racteristics are “Polyoxidonium” and the “Orga-
nosilicon Glycerohydrogel — peptide” composition.
Composition with peptides, in contrast to “Poly-
oxidonium” [3, 6, 13], is capable of both activating
the immune response and directly affecting the
etiological factor of periodontitis: microorganisms.
Also, in combination with “Organosilicon Glycero-
hydrogel”, which has transcutaneous activity, this
composition has the great potential in the treatment.

The presence of transcutaneous activity of the gel
allows one to minimize the dose of the administered
drug and shorten the duration of treatment, while not
reducing the effectiveness of treatment.

Thus, the aim of the study was a comparative
assessment of new methods of treatment of chronic
periodontitis, with the classical treatment regimen
with the antimicrobial agent ‘Metrogyl Denta’.

Materials and methods

Based in the Federal State Institute of Immunology
and Physiology, Ural Branch of the Russian Academy
of Sciences, Russian Federation, Yekaterinburg, a
study was carried out on 4 groups of laboratory rats
of the “Wistar” line. Each group included 10 rats.
The study included recreating a model of chronic
periodontitis by inserting a 12 mm needle into the
periodontal space and its following extraction on the
26" day (RF patent No. 2545923) [4, 12]. All painful
procedures were realized in accordance with The
WMA Declaration of Helsinki.

In the first and second groups, treatment was
carried out by application of “Glycerohydrogel-
Peptide” and “Organosilicon Hydrogel” (I0S UB of
the RAS, Yekaterinburg) compositions to the area of

the inflammatory focus, with the following clinical
assessment of the effectiveness of treatment [9].

In the third group, treatment was carried out
by injecting the ‘Polyoxidonium’ (RPU Petrovax
pharm, Russia), drug into the gums. In the fourth
group, by application of ‘Metrogyl-Denta’ (Unique
pharmaceutical Lab, India) gel to the area of the
inflammatory focus [10].

Data about the control groups, which did not get
the treatment, has been described in previous studies
and used for comparison [8, 11].

Results and discussion

Asacomparative analysis of the studies, the changes
in clinical parameters were assessed, as well as the
analysis of the histological picture. For comparison
of clinical indicators, the following symptoms
were taken into account: hyperemia and swelling
of the gums, discharge of pus from the periodontal
space, change in features. In comparison with the
groups of “Organosilicon Glycerohydrogel” and
“Polyoxidonium”, the period of clinical improvement
increased by 57% in the group of “Glycerohydrogel-
Peptide”, and, in the “Metrogyl Denta” group, the
indicators improved by 15% approximately.

In addition, comparative histological analysis
was carried out to assess the nature of morphological
changes.

According to the results of the histological study,
it was noted that in the group of “Organosilicon
Glycerohydrogel”, the histological picture had a dy-
namic improvement: plasmacytic infiltration gra-
dually decreased, and the processes of tissue repair
tended to a slower restoration of the normal structure.
In this group, the regeneration process took 21 to 30
days. While in the “Glycerohydrogel-Peptide” group,
a more saccadic improvement was observed: extensive
plasmacytic infiltration was observed on days 3-15
after treatment, and the histological picture improved
dramatically on days 16-20 (Figures 1, 2, 3, see 3¢
page of cover).

The composition of “Glycerohydrogel-Peptide”
showed a better therapeutic effect than the groups of
“Organosilicon Glycerohydrogel”, “Polyoxidonium”
and “Metrogyl Denta”, since the change in the
clinical and histological picture was more intense.
An expansive change in the structure of tissues
and histological signs of inflammation allows us to
assume that the composition of “Glycerohydrogel-
Peptide” affects several pathogenetic links of the
disease, in particular, the cellular and humoral links
of immunity.

In addition, the nature of the change in the clini-
cal picture after treatment with the “Glycerohydro-
gel-Peptide” composition allows us to suggest
that the time frame for clinical improvement is
an indicator of good antimicrobial activity of the
composition. Acceleration of the healing time and
a different clinical course of the inflammatory
process when using the “Glycerohydrogel-Peptide”
composition, in comparison with the other groups,
showed the effectiveness of topical therapy of chronic
periodontitis with using peptides in the studied
animals.
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Conclusions

1. Histological examination confirmed the
normalization oftissue structureinallgroups. However,
the period of regeneration in the “Glycerohydrogel-

Peptide” group was 1.25 times shorter (16 to 20 days)
than in other groups (from 20 days).

2. Due to the presence of “Glycerohydrogel”
and peptide in the composition, both the pathogenetic
and etiological links of the disease are influenced.
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XB3OMT 6akTepuaibHOM 3TUOJIOTUH; TPYIIIa cpaBHEHUS — 20 YCIOBHO-300POBBIX KeHIIIUH. MeTonoM npo-
TouHoi uutoMeTpun (CYTOMICS FC500, CIIA) onpeaensiiu KoaudectBo HI' 1 ypoBeHb aKcnipeccuu pe-
nenTopoB cyononyisaunii CD11b"CD64-CD32*CDI16"HT' (maxopnoit) u CD11b*CD64*CD32*CD16"HT
(MUHOpPHOI1). YCTaHOBJIEHO, YTO Y UMMYHOKOMIIPOMETUPOBAaHHbBIX >keHIIUMH ¢ XB3OMT B nepuon odboctpe-
HUS BBISIBJICHBI TMarHOCTUYECKU 3HAYMMBbIC pa3ianuus B cyoromysinuoHHoM coctaBe HIL I1pu XB3OMT
6akrepuaiabHoit aTnonoruu (I'M2) cumxenue cyononyasiuuun CD11b*CD64-CD32*CD16"HI' u yBenuye-
Hue B 7,6 pa3 cyononynasauuu CD11b*CD647CD32*CD16"HI” B oriimune or XB3OMT, niporekaromnux B
COYETAaHUU C PELUIUBUPYIOLIEH Uin nepcuctupytoilein BupycHoi nngexkuueit (I'M1). HeratuBHas TpaHc-
dopmanms cyononysiiuit HI' cBsizaHa ¢ ipenMyIiecCTBEHHBIM CHUKEHUEM YPOBHSI 3KCTIPECCUU aKTUBALIM -
onHoro CD16. BbIsIBIeHO OTCYTCTBHE aIeKBaTHOT'O OTBETA Ha BOCITAJIEHUE — OTCYTCTBUE ITOBBIIIIEHUS SKC-
npeccuu aktuBaumoHHoro CD11b B maxkopHoii cyononyasiuuu B M1, a Tak:ke B MUHOPHOM CyOnOnyasiLiin
B I'U1 u '2. B maxkopHoii cyononynsuuu I'M2 BeIsIBIeHO HapyllleHUe — CHUXKEHUE dKCIPEeCCU aKTHBa-
unoHHoro Mapkepa CD11b B nepuon oboctpeHuss XB3OMT. Takke nmpu HaIW4YUM Pa3IMdHON BUPYCHOM
nHpexunu 1 XB3OMT (I'M1) B HeraTUBHO M3MEHEHHOW MUHOPHOM CYOIOITY/ISIIIMK BBISBIICHO CHIDKEHUE
ypoBHs1 skcripeccun CD16, noseiieHne ypoBHs skcripeccun CD64 1 CD32. OnpenesieHne Cyonomysim-
oHHoro coctaBa CD11b*CD64 CD32*CD16"u CD11b*CD64"CD32*CD16" HI' 1 ux (peHOTHIIa MOXXHO UC-
MOJb30BaTh KaK B KAY€CTBE AUATHOCTUYECKUX MapKepoB Wi AuddepeHmantbHoi nuarHoctuku XB3OMT
BUPYCHOM 1 GaKTepUaIbHON 3TUOJIOTUH, TaK U JUIST TIOCEAYIoIIei pa3pab0TK HOBBIX METOI0B TapreTHOM
WUMMYHOMOYJIMPYIOIIE Tepanuu.

Karoueasnie cnosa: neiimpoghunvrole epanyroyumolt, cyononyaayul, peHomun, OuazHOCMu4ecKuli Mapkep, XpoHu1eckue
gocnanrumenvHoie 3a001€6aHUs OP2AHO8 MAN020 MA3A, UMMYHOKOMNPOMEMUPOBAHHOCHb

DIAGNOSTICALLY SIGNIFICANT CHANGES IN SUBSETS
CD11b"CD64-CD32°CD16%, CD11b"CD64°CD32'CD16*
NEUTROPHILIC GRANULOCYTES OF
IMMUNOCOMPROMISED WOMEN WITH CHRONIC
INFECTIOUS AND INFLAMMATORY DISEASES OF THE
GENITAL TRACT OF VARIOUS ETIOLOGIES

Kovaleva S.V.2, Nesterova V.2 ?, Pikturno S.N.2, Dydyshko E.I%,
Prosolypova N.S.2, Chulkova A.M.?

@ Kuban State Medical University, Krasnodar, Russian Federation
b Peoples’ Friendship University of Russia, Moscow, Russian Federation

Abstract. Chronic pelvic inflammatory disease (PID) in women remains a problem due to the importance
of medical consequences. The study of the receptor apparatus of neutrophilic granulocytes (NG) involved
in anti-infective protection in disecases of various etiologies seems to be relevant. Aim: to clarify the
features of variants of quantitative and phenotypic changes in subsets of NG CD11b*CD64-CD32*CD16",
CDI11b*CD64*CD32*CD16" of immunocompromised women during exacerbation of chronic PID of various
etiologies. We were tested women 20-40 years: Study Group 1 (SG1, n = 20) — chronic PID during the
exacerbation with mono- or mixed latent/recurrent various viral infections (chronic herpes-virus infections,
papillomavirus infection, recurrent ARVI); Study Group 2 (SG2, n = 30) — chronic PID of bacterial etiologies;
Comparison Group (CG) — 20 healthy women. The number of subsets CD11b"CD64-CD32*CD16*NG (major)
and CD11b*CD647CD32"CD16"NG (minor), receptor expression density (MFI) was determined (FC500,
USA). It was found that in PID during the period of exacerbation, diagnostically significant differences in the

856



2023, T. 25, Ne 4
2023, Vol. 25, No 4

Bocnaaumenwvruie 3a0601eeanus HceHujuH
Inflammatory diseases of women

subset composition of NG were revealed. We got a decrease in the CD11b"CD64-CD32*CD16"NG subset
and in 7,6 times increase in the CD11b*CD64*CD32*CD16"NG subset in SG2 with chronic PID of bacterial
etiology, in contrast to chronic PID occurring in combination with recurrent/persistent viral infection SG1.
Negative transformation of NG subsets is associated with a predominant decrease in the level of expression
of the activation CD16. The absence of an adequate response to the infectious and inflammatory process was
revealed — the absence of an increase in the expression of the activation CD11b in the major subset in SG1, as
well as in the minor subset in groups SG1 and SG2. In the major subset of NG in groups SG2 a decrease in the
expression of the activation marker CD11b. In the various viral infections and PID (SG1), in the negatively
altered minor subset of NG we got a decrease of expression of CD16, an increase of expression of CD64 and
CD32. Determination of subsets of CD11b*CD64-CD32*CD16* CD11b*CD64*CD32*CD16"NG and their
phenotype can be used as diagnostic markers for the differential diagnosis of PID of viral and bacterial etiology,

and for the development of new methods of targeted immunomodulatory therapy.

Keywords: neutrophilic granulocytes, subsets, phenotype, diagnostic marker, chronic pelvic inflammatory disease,

immunocompromised

Introduction

Chronic inflammatory diseases of the pelvic
organs (pelvic inflammatory disease, PID) are one of
the main problems among gynecological diseases due
to their wide distribution, and they can be represented
both as separate nosological forms and in various
combinations. Despite the improvement of methods
of diagnosis and treatment according to the World
Health Organization (WHO), 448 million new cases
of chronic inflammatory diseases of the pelvic organs
are registered annually in the world (up to 60% of
the total number of gynecological diseases) [10, 12].
According to modern scientific data, the etiology of
chronic PID is polymicrobial, associated not only
with obligate pathogens (Neisseria gonorrhoeae,
Chlamydia trachomatis, etc.), but also with op-
portunistic microflora that is part of the normal vaginal
microbiota. The main features are the variety of the
clinical picture, with a short interrecurrent period or a
sluggish protracted course [2, 3, 9]. Cases with a severe
and complicated course have become more frequent;
persistent recurrence of the inflammatory process, the
absence of a positive effect on the ongoing etiotropic
and pathogenetic therapy, as a result of which the
formation of an adhesive process and impaired
reproductive functions is possible.

The immune system plays a significant role in the
pathogenesis of chronic PID, and it is from its ade-
quate or defective functioning that the characteristics
of the course and outcome of the disease depend
[8]. Thus, impaired functioning of local or systemic
immunity contributes to the emergence of atypically
occurringacuteorchronicinfectiousandinflammatory
diseases of the reproductive tract causes the onset and
chronicity of infectious and inflammatory processes of
extragenital localization of various etiologies, which

are resistant to therapy — antiviral, antibacterial,
antifungal and anti-inflammatory [7], which also
indicates clinical signs of immunocompromised being.
The particular interest is the study of the functioning
of neutrophilic granulocytes (NG), one of the most
important cells of innate immunity, which perform a
number of effector and regulatory functions during the
infectious process. They are the first cells and ready to
respond to the invasion of pathogens and the increase
in the growth of opportunistic microorganisms in
the microbiome. At the same time, the symbiotic
microflora (lacto- and bifidobacteria), being in close
relationship with NG, stimulates the formation of
NET, thereby exerting a regulatory effect on the state
of the microbiocenosis of the genital tract [11].
According to modern scientific data, the anti-
microbial activity of NG is associated with certain
surface membrane receptors. Thus, the surface mem-
brane molecules of NG receptors CD64, CD32,
CD16, CDI11b form different subsets of NG with
different phenotypes, performing both effector and
regulatory functions: immunomodulating, immu-
nostimulating, immunosuppressive [1]. Overexpres-
sion or defects in the expression of one or more
receptors cause disturbances in the effector and/or
regulatory functions of various NG subsets. Thus, in
case of dysfunctions of the NG receptor apparatus
caused by impaired expression of CD16, CDI1b
molecules, which are activation markers of the NG
effector functions, dysregulatory disorders of the anti-
infective immune defense are observed. Because of
this there are acute severe infectious and inflamma-
tory diseases, prolonged sluggish or recurrent chro-
nic infectious and inflammatory processes that
do not respond to etiotropic therapy. At the same
time, studies devoted to the study of the quantita-
tive characteristics and phenotypic features of the

857



Kosanesa C.B. u dp.
Kovaleva S.V. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

CDI11b*CD64-CD32*CD16%, CD116"CD64*CD32*CD16"NG
subsets of immunocompromised women with chronic
PID have not been conducted.

Takingintoaccountthe above, it seems promisingto
study the quantitative characteristics and phenotypic
features of subsets of CD11b*CD64-CD32*CD16%,
CDI11b"CD64"CD32*CD16"% neutrophilic granulo-
cytes of women with chronic PID. Clarification of
variants of the defective phenotype of NG subsets
and their quantitative imbalance can contribute to the
development the methods for diagnosing the defective
functioning of NG subsets. The obtained new data can
be the basis for the creation of new targeted methods
of immunomodulatory therapy, organically included
in the complex treatment of chronic PID.

Aim: to clarify the features of variants of
quantitative and phenotypic changes in subsets of
CD11b*CD64CD32*CD16%,CD11b*CD64*CD32*CD16*
neutrophilic granulocytes of immunocompromised
women during the exacerbation of chronic PID of
various etiologies.

Materials and methods

Under our supervision were 50 women from 20 to
40 years old in the period of exacerbation of chronic
PID (chronic metritis, chronic salpingo-oophoritis),
with clinical signs of immunocompromised. Groups
were formed depending on the clinical and anamnestic
data: Study Group 1 (SGI1) and Study Group 2
(SG2). Women of both groups were characterized by
a long history of chronic PID (more than 5 years),
frequent exacerbations (3 or more times a year) or
a sluggish protracted course of exacerbations, the
absence of a stable clinical effect when using systemic
and local anti-inflammatory therapy. SG1 included
20 immunocompromised women with chronic
PID (40% of all cases). When studying the history
data according to the “immunological history”
program (Nesterova 1.V., 1992), criterial signs of
immunocompromise were revealed, indicating
that SG1 patients suffered from mono- or mixed
latent or recurrent various viral infections in 100%
of cases. They had chronic herpes virus infections
caused by herpes simplex viruses types I and II,
genital and orofacial localization with a frequency
of exacerbations up to 5-6 times a year, human
papillomavirus infection (anogenital warts), recurrent
acute respiratory viral infections with a frequency
of episodes up to 7-8 times a year. SG2 included 30
immunocompromised women (60%) with chronic
PID of various bacterial etiologies. The comparison
group (CG) consisted of 20 conditionally healthy
women of reproductive age from 20 to 40 years old

who applied to the clinic to choose a contraceptive
method. An immunological study of the “major”
and “minor” subsets, CD11b*"CD64-CD32*CD16",
CDI11b*CD64*CD32*CD16"NG, was carried out
with the determination of the percentage of each NG
subset (%NG) and assessment of their phenotype,
taking into account the density of expression of each
receptor by the value of the mean of fluorescence
index (MFT) by flow cytometry (CYTOMICS FC500,
USA). Appropriate monoclonal antibodies to CD11b,
CD64, CD32, CDI16 molecules were used. For
statistical processing of the obtained data, Microsoft
Excel 2016, StatPlus 2010 software packages and non-
parametric tests — the Wilcoxon and Mann—Whitney
criteria were used. The results were expressed as a
median (upper and lower quartile) — Me (Qg,5-Qy 75)-
Differences were considered statistically significant at
p <0.05.

Results and discussion

It was revealed that in the peripheral blood
samples of the comparison group (CG) (con-
ditionally healthy women), the major subset of
NG CDI11b"CD64CD32*CD16* occurs in 94.90
(93.98-97.40) %, and the minor subset of NG
CD11b"CD64*CD32*CD16"—in 1.24 (0.29-5.41) %.

In women with SG1 during the exacerbation of
chronic PID, the quantitative composition of the major
and minor subsets did not statistically significantly
differ from the indicators of the comparison group
(p > 0.05). At the same time, a negative transformation
of the phenotype of both subsets was revealed. Thus,
in the major subset CD11b"CD64-CD32*CD16*NG,
the CD16 expression level was in 1,3 times lower, and
the CD32 expression level was in 1.2 times higher
relative to the CG (p, , < 0.05). At the same time, in
the minorsubset of CD11b"CD64*CD32*CDI16*NG,
there was a statistically significant increase in the
expression density of the CD64 molecule according
to MFI — in 3 times, and the CD32 molecule — in
1.9 times relative to CG (p, , < 0.05). A significant
decrease in the level of expression of the CDI16
molecule was found by 1.6 times relative to CG
(p < 0.05). The revealed fact attracted attention that
the expression of the CD11b molecule in the major
and minor subsets did not change and remained at the
CG level (p > 0.05) (Table 1).

In SG2 during the exacerbation of chronic PID, a
statistically significant decrease in the proportion of
the major subset CD11b*CD64-CD32"CD16"NG —
up to 87.35 (84.69-88.38) and a significant increase
by 7.6 times in the content of the minor subsets of
CD11b*CD64"CD32*CD16"™NG relative to CG
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TABLE 1. CHANGES IN SUBSETS OF CD11b*CD64:CD32*CD16* AND CD11b*CD64*CD32*CD16* NEUTROPHIL
GRANULOCYTES OF IMMUNOCOMPROMISED WOMEN DURING EXACERBATION CHRONIC PELVIC INFLAMMATORY

DlSEASES, Me (Q0_25'Qo_75)

. Comparison Group Study Group 1 Study Group 2
Indicator (CG) (SG1) (SG2)
CD11b*CD64 CD32*CD16*

%NG (%NG)

94.90 (93.98-97.40)

93.98 (89.84-95.71)

87.35 (84.69-88.38)* *

MFI CD16 118.5 (108.00-146.25) 90.5 (79.37-106.50)* 93.90 (81.80-107.00)*
MFI CD32 3.79 (3.50-4.13) 4.73 (4.36-6.42)* 4.04 (3.00-4.85)
MFI CD11b 25.10 (21.60-27.15) 22.10 (19.05-26.77) 15.50 (11.06-20.70)*

CD11b*CD64*CD32*CD16*

%NG (%NG)

1.24 (0.29-5.41)

2.32 (1.42-6.97)

9.42 (7.53-11.40)* A

MFI CD64 2.40 (2.07-5.06) 7.34 (6.88-15.35)" 1.69 (1.51-1.97)* A
MFI CD16 149.00 (128.00-157.00) 94.80 (55.20-126.00)* 109.00 (89.90-121.00)*
MFI CD32 5.84 (4.24-6.50) 11.10 (7.27-18.55)* 5.21 (3.68-5.84)
MFI CD11b 33.70 (24.10-37.40) 30.75 (23.80-46.75) 23.20 (16.92-29.35)

Note. *, the reliability of differences in indicators from the values of the comparison group, p < 0.05; *, the reliability of differences in

indicators in relation study group 1 (SG1), p < 0.05.

(P, » < 0.05). The expression density level of the
CD11b molecule in SG2 was statistically significantly
reduced by 1,6 times in the minor subset of
CDI11b*CD64*CD32*CD16™NG (p < 0.05), while in
the major subset of CD11b*CD64-CD32*CD16"NG
it remained at the level of CG indicators (p > 0.05).
The expression density level of the CD32 molecule
in SG2 did not change statistically, both in the major
and minor NG subsets relative to the CG (p, , > 0.05)
(Table 1).

Comparing the results of NG phenotyping in
women during the exacerbation of chronic PID in
SG1 and SG2, statistically significant changes were
revealed. In SG2 the relative content of the major
subset CD11b"CD64-CD32*CD16*"NG was reduced
by 1.1 times (p < 0.05), and the subset of the minor
CDI11b*CD64*CD32*CD16"NG was increased by 4
times compared to SG1 (p < 0.05). Changes in the
phenotype were found only in the minor subset. Thus,
in SG1, compared with SG2, the expression level
of the CD64 receptor increased by 4.3 times, and
the expression level of CD32 increased by 2.1 times
(p1> <0.05) (Table 1).

Taking into account the data obtained, it is evident
that in immunocompromised women during the

exacerbation of chronic PID in the 2 groups of SG1
and SG2, there are quantitative changes and various
options for negative restructuring of the phenotype of
the NG subsets as a “watchdog” of the predominant
major subset CD11b*CD64-CD32*CDI16*NG and a
minor subset CD11b"CD64*CD32*CD16*NG.

In SG1 a transformation of the phenotypic profile
in the subsets CD11b"CD64-CD32*CD16*NG and
CDI11b*CD64*CD32*CDI16"NG was revealed due to
a decrease in the density of CD16 expression and an
increase in the density of CID32 expression. However,
the level of CD64 expression density in the minor
subset increased statistically significantly, which may
indirectly indicate the stimulation of its expression
by the cytokine environment associated with the
presence of recurrent or persistent viral infection.

In SG2, in the subset CD11b"CD64CD32*CD16"NG,
the phenotypic profile is characterized by a
quantitative decrease in CD16 expression relative to
the Comparison Group. An increase in the number of
the CD11b"CD64*CD32"CD16*NG subset, which is
diagnostically significant in the presence of a bacterial
infection was revealed. We have previously shown that
the content of the CD11b*CD64*CD32*CD16"NG
subset increases many times with the progression of
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the severity of the inflammatory process [4, 6]. Also in
the SG2 there was a decrease in the expression density
of CD16 in the NG subsets and CD64 in the minor
NG subset.

It is shown lack of receptor expression CDI11b
in subsets of NG women in both SG during an
exacerbation of chronic PID. It is known that the
CDIl11b receptor is a signaling partner for other
receptors, in particular Fcy receptors, which regulate
chemotaxis of NG to the inflammation, adhesion,
phagocytosis, respiratory burst, and degranulation [5].
A defect in the activation of the CD11b receptor and
Fcy receptors indirectly indicates a violation of the
effector functions of NG.

Changes in the subset composition of NG
and their phenotype do not contribute to the full
implementation of the effector functions of NG in
immunocompromised women with chronic PID and
may be the reason for the maintenance of a chronic
inflammatory process and the absence of a stable
positive effect from etiopathogenetic therapy.

Conclusion

As a result of this study, it was found that in
immunocompromised women suffering from
chronic PID for more than 5 years, diagno-
stically significant differences in the subset com-
position of NG were revealed during the exa-
cerbation period. There is a decrease in the
CDI11b*CD64-CD32"CD16*NG subset and in 7,6 ti-
mes increase in the CD11b*CD64*CD32*CDI16"NG
subset in chronic PID of bacterial etiology (SG2), in
contrast to chronic PID occurring in combination
with recurrent or persistent viral infection (SG1).
Negative transformation of NG subsets is associated
with a predominant decrease in the level of expression
of the activation molecule CD16. The absence of an
adequate response to the infectious and inflammatory
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aresult, achieve positive results, including clinical and
immunological effects.
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OLEHKA BJINAHUA INOSINE PRANOBEX HA CUCTEMY
MATPUKCHbIX BEJIKOB Y NAUUMEHTOK C XPOHU4YECKNMMU

BUPYCHbIMU LEPBULIUTAMU

Hesemxkuna T.A.L, Tyaynosa M.C.2, Mapkeaosa E.B.!, Kusnu C.B..,
Yaruua EAL, Pynuesa A.B.!, ®enaanna JLH.S, Beicrpunkasa A.C.

L@I'BOY BO «TuxookeaHckuii 20cy0apcmeeHHblil MeOUYUHCKULL yHueepcumem» Munucmepcmea
30pasooxpanenus PO, e. Bradusocmok, Poccus

2000 <«Ilapauenvc», e. Bradusocmok, Poccus

3 DIAOY BO «Janvresocmounbtii hedepanvhviii ynueepcumems, 2. Braousocmok, Poccus

Peswome. PeripoiyKTUBHBIN MOTEHIIMAJT KaK KEHIIWH, TAK U MYyXXYWH €XeTOAHO CHUXaeTcs. HapylleHuto
PEenpoOayKTUBHON (DYHKIIMU CIIOCOOCTBYIOT MHOXECTBO (haKTOPOB — XUMUYECKUE, (hU3UYEeCcKue, MeXaHu-
Yyeckue, TICUXOTeHHbIe, OMHAKO HauboJjiee BbIpakeHHOE BIUSIHUME Ha PEMPOAYKIIUIO OKa3bIBalOT OMOIOIHM-
yeckue (pakTopbl. XpOHUYECKUI BUPYCHBIN LEPBULIMT MOXKET SIBISITHCSI HE TOJIBKO MMPUUYUHON OeCTIonus u
PeTIPOMYKTUBHBIX ITOTEPh, HO U Pa3BUTHEM MHTPASNUTEINAIbHBIX IUCIIIA3Mi, a TAKXKE paKa IIeiKM MaTKU.
TIBUH, kak MOHOUH@EKILIMSI, BCTpedyaeTcsl 10CTaTOYHO peako, Hapsaay ¢ BITY, obmumu nyTsaMu nepenadyu u
BXOJHBIMU BOPOTaMMU, BBICTYIAIOT ApyTrUue yporeHUuTajlbHble nHMeKku. Hanbosiee yacTHOU accoumanueii c
T1BU asnsiercs repriecBUupycHast uHgexkuus. YeeanueHue MMP kak cucteMHoO, Tak ¥ Ha JIOKaTbHOM YPOBHE
MOXKET CBUIETEIbCTBOBATh O HAPYILIEHUU MPOILIECCOB KJIETOUHOIO MOASIUPOBAHNS, YTO CIIOCOOCTBYET pas-
BUTUIO ayTOMMMYHHOT'O BOCTIaJIeHUE C AaJIbHEHMIIIEH NJeCTPyKLMENH TKaHEN peNpOayKTUBHOTO TpaKTa. AKTH-
Bauuss MMP criocooctByeT Bhixony BITT n3 HepBHBIX TaHTIMEB U peakTuBanuu nHekuu. Teparmus BITY u
I'BU HOCUT mucKyTabeIbHBIN XapakTep. EnmHOTro cTapgapTa JIedeH!s HET, HO CYIIEeCTBYeT pSII IIPeIrapaToB,
KOTOpbIE 00JIaaloT MMPOTUBOBUPYCHBIM U UMMYHOMOIYJIUpyomuM 3¢ dektamu. B HacTosiee Bpems OT-
CYTCTBYIOT vccienoBanust auHaMuku BiaustHus BITY u BIIT nHdeknuu Ha coctossHue MMP u TIMP nipu
Tepanuu Inosine pranobex. Llenb uccienoBaHus — OLEHUTb UBMEHEHNSI MATPUKCHBIX METAJJIONPOTENHAS 2
1 9 M MX TKaHEBbIX MTHTUOUTOPOB 1-ro M 2-TO TUIIA Y MALIMEHTOK C MalWIOMaBUPYCHOM 1 TepIieTUYEeCKOM
nHEeKIUIMU 1ocie Tepanuu Inosine pranobex.

[IpoBeneHo obciiemoBaHue 76 MALMEHTOK C HNATMJIOMAaBUPYCHOM U repreTUYeCcKoil MHMPEKIUIMU, 10~
JIy4aBIIWX Tepanuio mpenapatamu ¢ IefCTBYOIIUM BelllecTBOM Inosine pranobex. OnpenesieHue ypoBHel
MMP-2, MMP-9 u TIMP-1, TIMP-2 B cbIBOPpOTKE KPOBH MPOBOAWIN C TOMOIIbIO CIeU(PUIECKUX peaK-
TUBOB pupMbl R&D Diagnostics Inc. (CLIIA).
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JvuHamuKka 1okasaresieid B CBIBOPOTKe KpoBHU naieHToK ¢ [IBU nokasana cHuxkeHue ypoBHSI MMP-2,
MMP-9, TIMP-1 ¢ onHoBpeMeHHBbIM ToBbIIIeHWeM TIMP-2 oTHocuTenbHO MoKa3aTejaeil 10 Tepamnuu.
¥ nanuenTok ¢ [IBU u I'BU Tepanmsa Inosine pranobex moka3saia CHUKeHHe 1moka3arenaeii MMP-2 u MMP-
9, orcyrcTBUE U3MeHeHU! B coaepxaHuu TIMP-1, HO TToBbIIIIEHHE CBIBOPOTOYHOTrO conepxanus TIMP-2.
o mpuMeHeHus1 Tepanuy ObLIO YCTAHOBJIECHO MOBbIIIeHUE KO3¢hdUIIMEHTAa B OCHOBHBIX IPYyMIiax B CpaBHE-
HUU C TPYIIION KOHTPOJISI, OHAKO HauOoJIblliee yBETUUYEHUE YCTAHOBJIEHO B IPYIINe ¢ accouualmeilt nHdek-
uit. [Tocne Tepanuu ycTaHOBJIEHA MOJIOXKUTEIbHASI JMHAMWKA B OCHOBHBIX rpyrmax. Tak, koadduimeHTt B
I rpynime cHU3WIICS U CTayl paBeH KOHTPOJIbHBIM 3HaueHusM. Bo II rpymme nmanyveHToK Ko3hdUIIUEHT, He-
CMOTDSI Ha CHUKEHHUE, OCTAJICS BbIILIE KOHTPOJIbHBIX BEJIMUMH U BbILIE B CPABHEHUU C | rpyrnmnoi KeHIIWH.

Kntouesvie crosa: supyc nanuiiomol yeaoeexa, eepnemuteckas UHQeKyus, MampuKcHole MemaniionpomeuHassl, MKaHegoie
uHeubumopwl, npomueogupycnas mepanus, Inosine pranobex

EVALUATION OF THE INFLUENCE OF INOSINE PRANOBEX ON
THE MATRIX PROTEIN SYSTEM IN PATIENTS WITH CHRONIC
VIRAL CERVICITIS

Nevezhkina T.A.2, Tulupova M.S.", Markelova E.V.2, Knysh S.V.2,
Chagina E.A.?, Rudneva A.V? Fedyanina L.N.¢, Bystritskaya A.S.?

@ Pacific State Medical University, Viadivostok, Russian Federation
b Paracelsus LLC, Viadivostok, Russian Federation
¢ Far Eastern Federal University, Vladivostok, Russian Federation

Abstract. The reproductive potential of both women and men is declining every year. Many factors contribute
to the violation of the reproductive function — chemical, physical, mechanical, psychogenic, however,
biological factors have the most pronounced effect on reproduction. Chronic viral cervicitis can be not only
the cause of infertility and reproductive losses, but also the development of intraepithelial dysplasia, as well as
cervical cancer. PVI, as a monoinfection, is quite rare along with HPV. Other UGIs (urogenital infections)
act as common routes of transmission and entry gates. The most common association with PVI is herpesvirus
infection. An increase in MM P, both systemically and at the local level, may indicate a violation of cell modeling
processes, which contributes to the development of autoimmune inflammation with further destruction of the
tissues of the reproductive tract. Activation of MMP promotes the release of HSV from the nerve ganglia and
reactivation of the infection. Therapy for HPV and HVI (herpes virus infections) are debatable. There is no
single standard of treatment, but there are a number of drugs that have antiviral and immunomodulatory effects.
Currently, there are no studies on the dynamics of the effect of HPV and HSV infection on the state of MMPs
and TIMPs during Inosine pranobex therapy. Objective: to evaluate changes in matrix metalloproteinases 2 and
9 and their tissue inhibitors types 1 and 2 in patients with human papillomavirus and herpes infections after
Inosine pranobex therapy.

6 patients with papillomavirus and herpetic infections were examined and treated with drugs containing the
active ingredient Inosine pranobex. The levels of MMP-2, MMP-9 and TIMP-1, TIMP-2 in blood serum were
determined using specific reagents from R&D Diagnostics Inc. (USA).

The dynamics of indicators in the blood serum of patients with PVI showed a decrease in the level of
MMP-2, MMP-9, TIMP-1 with a simultaneous increase in TIMP-2 relative to the values before therapy. In
patients with PVI and HVI, Inosine pranobex therapy showed a decrease in MMP-2 and MMP-9 levels, no
changes in the content of TIMP-1, but an increase in the serum content of TIMP-2. Prior to the use of therapy,
an increase in the ratio in the main groups in comparison with the control group was found, however, the
largest increase was found in the group with the association of infections. After therapy, positive dynamics was
established in the main groups. Thus, the ratio in group I decreased and became equal to the control values. In
the II group of patients, the ratio, despite the decrease, remained higher than the control values and higher in
comparison with the I group of women.

Keywords: human papillomavirus, herpes infection, matrix metalloproteinases, tissue inhibitors, antiviral therapy, Inosine pranobex
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Bausnue mepanuu na MMII npu I[1BH
Effect of therapy on MMPS in PVI

Introduction

Currently, the demographic situation is one of the
most important issues all over the world, both from
a social and economic point of view. Reproductive
potential of both women and men is declining every
year. Many factors contribute to the violation of the
reproductive function — chemical, physical, me-
chanical, psychogenic, however, biological factors
have the most pronounced effect on reproduction.
Inflammatory diseases of the female reproductive
system play important role in the opposition, adhe-
sion and invasion of the ovum to the endometrium,
as well as in the further prolongation of pregnancy.
Up to 20% of spontaneous abortions and 6-7% of
non-developing pregnancies in the 1 trimester are
registered annually [1, 13].

According to data for 2021, the frequency of
infertility in the Russian Federation ranges from
17.2 to 24% [15]. According to the literature, one of
the main clinical markers of infection is cervicitis.
The high prevalence of cervicitis is associated with
an asymptomatic course of the disease, especially
with the viral nature of the pathogen. Chronic viral
cervicitis (CVC) can be not only the cause of infertility
and reproductive losses, but also the development of
intraepithelial dysplasia, as well as cervical cancer
[1]. The greatest etiological role in the development
of CVC is attributed to human papillomavirus and
herpesvirus infections.

According to statistics, after the first 2 years of
the onset of sexual activity, up to 82-84% of women
are considered infected with HPV. Voznesenskaya
N.V. (2013) found that having even one permanent
sexual partner, the risk of infection is 20% [13]. This
may affect the vulva, cervix and/or vagina. On the
vulva, PVI appears as genital warts. Most often, the
urogenital tract is affected by HPV types -6, -11, -16,
-18, -31, -35, -40, and -52 |2, 6].

Papillomaviruses are the only group of viruses for
whichithasbeen proven that theyinduce the formation
of tumors in humans under natural conditions. They
are most often induced by HPV type 16, which is
found in 50-80% of samples of moderate and severe
dysplasia of the squamous epithelium of the cervix
and in 90% of cervical cancer. Paying great attention
to HPV oncogenesis, only a few researchers have
studied the effect of PVI on fertility, and therefore this
issue is still controversial. Recent evidence suggests
that PVI can affect a woman’s reproductive function
and significantly reduce the effectiveness of assisted
reproductive technologies [5].

A systematic literature review from 1994-
2014 showed that the effect of PVI on a woman’s
reproductive potential is possibly associated with
the genotype of the virus, high or low oncogenicity,
at least in idiopathic cases of infertility. Thus, Souho
et al. (2015) in their study found that trophoblasts

transfected with plasmids carrying the HPV type 16
genome undergo apoptosis 3-6 times higher than
trophoblasts transfected with empty plasmids. This
process of apoptosis may be responsible for placental
insufficiency and failure of trophoblast invasion of
the uterine wall, which may eventually lead to early
miscarriage or premature rupture of the membranes.
The same opinion is shared by other authors [14].

PVI, as a monoinfection, is quite rare along with
HPV. PVH and other UGIs (urogenital infections)
act as common routes of transmission and entry
gates. Moreover, it has been proven that the presence
of other UGIs optimizes the conditions for HPV
persistence [4]. There is a whole range of infectious
agents, the presence of which leads to metabolic and
morphological changes in the endometrial tissue, and
disruption of its receptor apparatus, which leads to
infertility or early pregnancy loss [11, 13]. However,
the most common association with PVI is herpes virus
infection [11]. Herpesvirus infection is a predisposing
factor to spontaneous miscarriages or intrauterine
growth retardation; it also causes pathology of the
fetus and newborn, because cytopathic, teratogenic
and mutagenic effects [15]. There is also a hypothesis
that a herpes infection can stimulate HPV replication
and help integrate its genome into the host cell
genome [4, 12], which is an important condition for
tumor transformation.

This hypothesis is confirmed by other authors,
saying that the combination of HVI and PVI increases
the risk of manifestation of cervical neoplasia. Based
on the 2006 data presented by the World Health
Organization, it was believed that the main etiological
factor in the development of CC was HSV, but now
scientists have identified the true etiological factor in
CC — human papillomavirus, and HSV is considered
a cofactor [4]. Most people are carriers of the HSV
virus. The primary infection of a person can be either
one or several types of HSV that can circulate in the
human body throughout life. Many types of herpes
can persist for a long time, however, depending on
the state of innate and adaptive immunity, a recurrent
form of herpes infection may develop [4].

Currently, in the study of the morphology of the
tissues of the reproductive tract, much attention is paid
to the study of matrix metalloproteinases (MMPs) and
their tissue inhibitors (TIMPs). MMPs are involved
in many morphological processes of the tissues of the
female reproductive tract — proliferation, migration,
and apoptosis. MM Ps play a major role in the protein
metabolism of connective tissue, the processes of
normal development of the extracellular matrix,
and in oncogenesis and angiogenesis. An increase
in MMP, both systemically and at the local level,
may indicate a violation of cell modeling processes,
which contributes to the development of autoimmune
inflammation with further destruction of the tissues of
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the reproductive tract. MMP activation contributes
to the release of HSV from the nerve ganglia and
reactivation of the infection [7, 11, 14].

Studies have shown that an imbalance of MMP-2
and MMP-9 interferes with trophoblast invasion
and normal remodeling of the spiral arteries in early
pregnancy, which can lead to reproductive disorders.
In prolonged pregnancy, in the late stages, MMP-2
and MMP-9 are involved in the implementation
of endothelial dysfunction leading to antenatal
disorders [9, 12, 13].

Today, HPV and HVI therapy is debatable. There is
no single standard of treatment, but there are a number
of drugs that have antiviral and immunomodulatory
effects. The main goal is not only to eliminate
clinical symptoms, but also to reduce the likelihood
of recurrence of the infection [2], as well as the
maximum preparation of a woman for a safe pregnancy
and childbirth without complications for her and
the fetus. Scientists around the world agree that the
highest efficiency of HPV eradication is observed with
combined treatment, i.e., surgical and therapeutic,
with the help of immunomodulators. However, in
their studies with antiviral drugs of various origins,
they show high rates of cure, remission, elimination
of the virus from the body, but do not specify the
most effective antiviral and immunomodulatory drug,
which is important for the treatment of PVI [6].

One of the main medications used to achieve
an antiviral and immunomodulatory effect is a
pharmaceutical of synthetic origin, a purine derivative
“Inosinum pranobexum” [8]. Immunomodulating
manifestations are manifested by activation of innate
immunity, increased production of interleukins,
as well as chemotactic and phagocytic activity of
monocytes, macrophages and polymorphonuclear
cells, and increased antibody synthesis.

The potential of Inosin pranobex against viral in-
fections is also confirmed by an increase in the natural
killer (NK) population and increased NK activity [3,
10]. Chemotaxis and phagocytosis of neutrophils,
monocytes, and macrophages are also potentiated by
Inosin pranobex, while the NK activity of eosinophils
is enhanced by an increase in the amount of 1gG
and complement surface markers triggered by the
administration of Inosin pranobex [10]. The humoral
immune response is mainly enhanced by stimulating
the differentiation of B-lymphocytes into plasma cells
and increasing the production of antibodies [10].

Various hypotheses have been put forward in an
attempt to explain the antiviral properties of Inosin
pranobex. It is believed that the antiviral activity of
Inosin pranobex is the result of an increase in the
host’s immune response due to the drug [10]. From
this point of view, the drug enhances the biochemical
processes in lymphocytes as soon as they are triggered

by viral antigens, since it is not able to independently
stimulate lymphocytes at rest [3, 10].

Currently, there are no studies on the dynamics of
the effect of HPV and HSV infection on the state of
MMPs and TIMPs during Inosine pranobex therapy.
Purpose of the study: To assess the dynamics of the
level of matrix metalloproteinases 2 and 9 and their
tissue inhibitors of types 1 and 2 in patients with
human papillomavirus and herpes infections before
and after Inosine pranobex therapy.

Materials and methods

We examined 76 female patients. The average
age of the patients was 33+1.7 years. The patients
were divided into a main group depending on the
etiological factor and a control group of practically
healthy women (n = 30). The main group: I — with
papillomavirus infection in a monovariant (n = 22),
and II — association of papillomavirus and herpes
infection (n = 24). At the first stage of the research,
the levels of MMP and TIMP were determined be-
fore Inosine pranobex therapy. At the second stage,
all patients of the main group were prescribed Inosine
pranobex therapy and in the second group, with the
association of PVI and HVI, Valacyclovir was included
in the scheme in combination with the main therapy.

The therapy was carried out on the basis of cli-
nical protocols and taking into account the inclusion
of drugs with an immunomodulatory effect with
according to the instructions for their use.

Inosine pranobex was prescribed at a dose of
50 mg/kg/day, divided into 3 doses, per os after meals,
28 days in the form of mono- or combination therapy.
Valaciclovir was prescribed per os at a dose of 500 mg
2 times a day for 10 days, then 500 mg 1 time a day for
20 days.

A comprehensive clinical and laboratory study
was performed twice, initially before therapy and one
month after therapy, on an outpatient basis according
to a single program including clinical, functional,
biochemical and immunological examination in order
to detail the immunological mechanisms of chronic
inflammation associated with the viral factor of the
urogenital tract of women.

Determination of the level of matrix metallopro-
teinases (MMP-2, MMP-9) and their tissue inhibi-
tors (TIMP-1, TIMP-2) in blood serum was carried
out by solid-phase ELISA using specific reagents from
R&D Diagnostic Inc. (USA).

Statistical data processing was carried out using
IBM SPSS® v. 22 programs. Intra- and inter-group
differences were assessed using the Mann—Whitney
criterion. To check the relationship or independence
between the values, the Spearman correlation coef-
ficient was determined. The associative relationship of
indicators with signs was assessed using the odds ratio
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and their 95% confidence intervals. The significance
level p < 0.05 was considered statistically significant.

Results and discussion

In the study of the level of MMP and TIMP in the
blood serum of patients before therapy, multiface-
ted results were obtained (Table 1). The levels of
MMP-2 and 9, before the use of Inosine pranobex,
increased in all major groups compared to the control
group. MMP-2 increased by 1.3 times in comparison
with reference values (p < 0.01). The concentration
of MMP-9 in the blood serum was increased by 1.3
times compared to the control (p < 0.01). Thus, the
increase in MMP-9 was registered in the main groups,
regardless of the nature of the pathogen, but the con-
tent of MMP-9 in the group with PVI (p,,, = 0.03)
was increased in comparison with the group with
HVI + PVI.

The content of TIMP-1 in the blood serum of the
patients was high in comparison with the control group
(p <0.01). At the same time, the content of TIMP-1
in the II group of patients was higher in comparison
with the I (p,, = 0.02) group of women. TIMP-2
indicators, on the contrary, were reduced in all groups
relative to the reference values (p < 0.05). It was found

that the content of TIMP-2 in the blood serum in the
group with PVI + HVI was 1.4 times lower compared
to group I (p,,, = 0.05).

Before the use of Inosine pranobex therapy, MMP
levels were high, which may indicate that, being the
key enzymes of basement membrane degradation,
this may contribute to successful trophoblast invasion,
which is regulated by MMP and TIMP, while MM P-2
regulates the earliest stage of interaction between the
embryo and endometrium. It is also worth noting
that, unlike other types of MMPs (MMP-1, MMP-3,
MMP-9), whose expression may depend on cytokines,
growth factors, and hormonal status, MMP-2
expression does not depend on these factors [12]. In
turn, TIMP plays the role of a limiting factor in the
degree of invasion [12].

The mechanism of action of TIMP is based on the
inhibition of MMP activity by binding to the Zn site of
MMP and, thus, controlling the physiological proces-
ses in the body. However, with an increase in MMP-
2, excessive remodeling of endometrial tissues can
occur, which can contribute to impaired implantation
and invasion of the trophoblast, and with a decrease
in TIMP-2, the regulation of this ratio is disturbed,
which can lead to reproductive disorders [12].

TABLE 1. LEVELS OF MATRIX METALLOPROTEASES AND THEIR TISSUE INHIBITORS IN PATIENT BLOOD SERUM,

Me (Qg,5Q,75), ng/mL

Group | Group |l .
Indicator Contrc:l group (n=22) (n=22) Confidence level
237.39** 206.89**
MMP-2 ] (213.88-243.29) (198.63-275.63)
670 pBefore-I = 0007 pBefore-II = 0007
(145-182)
Inosine pranobex 144.28™ 159.39 <0.05
P (129.41-168.16) (144.62-184.12) P2 ’
394.20** 299.91*
MMP-9 (308.81-425.72) (255.92-401.39) p:,=0.03
291.28 = 0.004 =0.05
pBefore-I . pBefore-II .
(168.44-305.10)
Inosine pranobex 298.98" 232.75% <0.01
P (208.83-349.64) (227.83-241.25) P2 ’
270.09** 306.32**
TIMP-1 (260.66-285.54) (288.84-311.65) pio= 0.02
205.08 =0.004 =0.09
Pgefore-1 . Psefore-i -
(180.21-222.10)
Inosine pranobex 222.147 303.61* <0.05
P (201.62-223.81) (243.12-337.10) Pz )
135.62* 98.81*
TIMP-2 169.04 (124.34-136.97) (91.21-125.06) p.»,= 0.05
’ pBefore-I = 0040 pBefore-II = 0001
(73.06-227.66)
Inosine pranobex 160.42 143.58™ <0.05
P (156.40-164.44) (123.07-164.62) P2 ’

Note. Statistical significance of differences with the control group: *, p < 0.05; **, p < 0.01. Statistical significance between groups:
P, groups | and Il — with HPV and HPV + HSV. Statistical significance between groups after therapy: Pg..., before therapy and
group | after therapy Inosine pranobex (I) — with PVI; Pggre.1, DEfOre therapy and group I after Inosine pranobex (1) therapy — with

PVI + BVI.
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TABLE 2. RATIO OF MATRIX METALLOPROTEINASE 2 AND TISSUE INHIBITOR 2 IN BLOOD SERUM IN PATIENTS

OF THE MAIN GROUPS AND IN THE CONTROL GROUP

Group-l Group-Il - -
Indicator Contrc:l group (n = 22) (n = 24) Statistical validity
MMP-2:TIMP-2 1.75+0.06* 2.09+0.07**
- P12 < 0.002
Before therapy 0.98+0.05 pBefore-I <0.001 pBefore-II =0.01
Inosine pranobex 0.911£0.09 1.13+£0.02* P+ < 0.01

Note. As for Table 1.

Taking into account the statistically significant
changes in MMP-2 and TIMP-2 in blood serum, and
taking into account that TIMP-2 predominantly binds
MMP-2, the indicator of MMP-2 to TIMP-2 was
calculated (Table 2), where we obtained agreement
with data of other authors on the enhancement of
the invasive potential of the viral agent [7, 9, 12]. The
concentration of matrix metalloproteinase-2 is more
affected by herpes virus infection, as a reflection of
the interaction of the system of proteolytic enzymes —
matrix metalloproteinases with the immune system,
cytokines and cellular elements.

In group I, against the background of the use of
Inosine pranobex, there was a positive trend. The
dynamics of indicators in the blood serum of patients
showed a decrease in the level of MMP-2 by an average
of 1.6 times, MMP-9 — by 1.3 times, TIMP-1 — by
1.2 times with a simultaneous increase in TIMP-2 by
1.2 times relative to pre-treatment scores. Comparing
the changes in the subgroups, it was found that there
were significant differences between the content of
metalloproteinases and their inhibitors in the blood
serum of patients. A significant decrease in MMP-2
was also found relative to the parameters of the control
group in patients after therapy.

In patients of group II, Inosine pranobex therapy
showed a slightly different picture. A decrease in
MMP-2 and MMP-9 levels was demonstrated by
1.2 times, no changes in the content of TIMP-1,
but an increase in the serum content of TIMP-2 by
an average of 1.4 times. The achievement of control
values of MMP-2 after therapy with Inosine pranobex
was revealed.

Before therapy, an increase in the ratio was noted
in the major groups compared to the control group,
however, the largest increase was found in the group
with the association of infections (p,_, < 0.002).

An increase in the ratio in all groups may indicate
increased damage to the extracellular matrix, which is
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MMMYHOJION'MYECKUE MAPKEPbBI MPU OCJIOXXHEHUAX

SHAOMPOTE3SNPOBAHUYA CYCTABOB
MockaJiaer O.B.

I'BY3 MO «Mockosckuii 004acmHOi HAYYHO-UCCAC008AMENbCKUT KAUHUMECKUT UHCIMUMYM UMEHU
M.D. Bradumupckoeo», Mockea, Poccus

Pesiome. [Tepunpore3nas nHGEKLUS CYCTaBOB A0 CUX ITOP OCTASTCS CIOXKHONM KIIMHUYECKOM IMPOOJIEMOIA,
MOCKOJIbKY TOYHOE OTIpeIeJICHME 3TOTO COCTOSIHUS 1 HaJICXKHBIC JITAOOpaTOPHBIC MapKephl ITOKA OTCYTCTBYIOT.
JaHHoe ncciemoBaHue ObLIO HAIIPaBJIEHO Ha OLICHKY MH(OPMATUBHOCTHU OIIPeAcAeHUS HEKOTOPBIX CyOIT0-
Oy TUMOOIIMTOB U MOHOIIUTOB Y TTAIIMEHTOB C MEPUIIPOTE3HON MH(EKIIMEl CYCTaBOB M HEMHMEKIIN -
OHHBIMHU OCJIOXKHEHUSIMU SHIONPOTE3UPOBaHUsA. B maHHOe MccienoBaHue ObUTO BKIIOYEHO 34 mamueHTa C
XPOHUYECKON MepUIIpoTe3HON nHdpeKIuei, 12 — ¢ HemH(pEeKIIMOHHBIMU OCJIOXXHEHUSIMHU 1 30 TIpaKTUYEeCKU
3nopoBbix inl. Komnyectso CD3*, CD3*CD4*, CD3*CD8*, CD19*, CD3-CD16"CD56", CD3*HLA-DR",
CD4*CD45RA CD45RO*, CD4"CD45RA*CD45R0O- u CD14*HLA-DR"* cyononynsuuiit nuM@onuToB 1
MOHOIIMTOB B TIepUdEprISCKOl KPOBU OIPEIC/ISIM METOIOM IIPOTOYHOI IUuTOMeTpru. OIEHKY 3KCIIpec-
CUM MeMOpaHHBIX AaHTUTEHOB MPOBOIMJIM I10 CPpEeIHE MHTCHCUBHOCTHU (DIIyOpeCCHIINM. Y MAIlMSHTOB C TIe-
PUITPOTE3HOM MH(EKIIME CYCTaBOB OBLIO BBISIBJICHO TOCTOBEpHOE yBeandeHue cyoromysanuit CD3*CD4*
(p <0,01) u mocroBepHOe cHIKeHue cyonory syt CD3-CD16"CD56" (p < 0,005) nmpu cpaBHEHUIO ¢ KOH-
TposbHOM rpynmoii. Comepxanue CD19" 1uM@bOIIMTOB y 3TUX 00JBHBIX OBUIO TOCTOBEPHO BHIIIIE, YEM Y JIUII
¢ HeMH(MEKIIMOHHBIMHU ocJioxkHeHUsIMU (p < 0,005), TocaeaHsIsI TpyIiiia TakKe XxapaKTepru30Bajiach 00Jiee BbI-
COKUM coaepKaHueM akTuBupoBaHHBIX T-1uMdborutoB (CD3*HLA-DR™) 1Mo cpaBHEHHMIO ¢ KOHTPOJIbHOM
(p < 0,001). KomnuectBo «HauBHBIX» T-mMporutoB (CD4*CD45RA*CD45R0O") 66110 HIKE Y OOJIBHBIX C
MEePUIIPOTE3HON MH(MpEKIUEN CYyCTaBOB, YeM y OOJIbHBIX ¢ HEMH(PEeKIIMOHHBIMU ociioxXHeHusMu (p < 0,05),
M B 00eUX IpyMITax 3TOT IMOKa3aTeIb ObLI JOCTOBEPHO HIKE, YeM B KOHTpoabHOI (p < 0,001). ConmepxkaHue
T-xnerok mamsatu (CD4*CD45RA-CD45R0O"), HarpoTuB, OBLJIO TOCTOBEPHO MOBBIIICHO B 00EUX CpaBHU-
BaeMbIX Tpyriax (p < 0,05). B rpymiie 601bHBIX C IIEPUIIPOTE3HOM MHMEKIINE CyCTaBOB KOJIMUYECTBO aKTH-
BupoBaHHbIX MOHOIUTOB (CD14"HLA-DR™), a TakxKe mmokasaTelib 9KCITPECCUMN JaHHOTO aKTUBALIMOHHOTO
MapKepa ObLIU CYIIECTBEHHO HIDKE, YeM B IBYX oCTabHBIX Ipyriiax (p < 0,05 u p < 0,001 cooTBETCTBEHHO).
Takum oOpa3oMm, OLIEHKY CYOITOITYISIIMi JTUM@POLIUTOB Y MOHOILIMTOB NepudeprniecKoil KpoBU, B TOM YUCTIe
M3yYCHHE MHTCHCUBHOCTH 3KCIIPECCUM aKTUBAIIMOHHBIX MapKepoB, MOXHO, BMECTE C IPYTUMU OOIIEIIPU-
HSTBIMU KJIMHUKO-JIA00PaTOPHBIMH ITOKa3aTeIsIMU, TOMOJIHUTEIbHO MCIIOJIB30BaTh IS IIPOBEACHUS TU(d-
(epeHIIMATLHOTIO IUAarHO3a MEXXIY MEePUITPOTE3HOM MH(MEKIINEH CYCTaBOB U HEMH(MEKIIMOHHBIMU OCJIOXKHE-
HUSIMU 3HIOMIPOTE3MPOBAHUS.

Kniouesvie crosa: sndonpomesuposanue cycmagos, 0CAONCHEHUsL, NEPUNPOMe3HAst UHDEKYUsL, NPOMOYHAS YUMOMEmpPUs,
aumepoyumot, MOHOUUM
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IMMUNOLOGICAL MARKERS OF ARTHROPLASTY FAILURE
Moskalets O.V.

M. Viadimirsky Moscow Regional Research Clinical Institute, Moscow, Russian Federation

Mockaney O.B.
Moskalets O.V.

Abstract. Periprosthetic joint infection still remains a clinical challenge since accurate definition of this
condition and reliable laboratory markers have not been established yet. This study aimed to evaluate the ben-
efit of some lymphocyte and monocyte subset determination in patients with periprosthetic joint infection
and non-infectious arthroplasty failure. Thirty-four patients with chronic periprosthetic joint infection, 12
patients with non-infectious arthroplasty and 30 healthy persons were included in the study. The counts of
CD3*, CD3*CD4", CD3*CD8", CD19*, CD3-CD16"CD56*, CD3*HLA-DR*, CD4*CD45RA-CD45RO",
CD4"CD45RA* CD45R0O and CD14* HLA-DR* subsets in peripheral blood were assessed by flow cytometry.
The assessment of the intensity of antigen expression was carried out according to mean fluorescence intensity.
Assignificant increase in CD3*CD4* subsets (p < 0,01) and a significant decrease in CD3-CD16"CD56" subsets
(p < 0,005) were revealed in patients with periprosthetic joint infection compared to the healthy controls. The
content of CD19* lymphocytes in these patients was significantly higher than in aseptic ones (p < 0,005); the
latter group was also characterized by more pronounced increase in the number of activated T lymphocytes
(CD3*HLA-DR*) compared to controls (p < 0,001). Patients with periprosthetic joint infection showed de-
creased “nave” T lymphocytes (CD4"CD45RA*CD45R0") count compared to aseptic ones (p < 0,05), and
both groups showed a decrease counts compared to controls (p < 0,001). On the contrary, memory T lymphocyte
(CD4*CD45RACD45RO") count was significantly increased in both compared groups (p < 0,05). Patients
with periprosthetic joint infection compared with other two groups demonstrated a significant decrease in the
number of activated monocytes (CD14"HLA-DR*) and pronounced decrease in the expression intensity of
this marker on cell membrane (p < 0,05 and p < 0,001, respectively). Thus, evaluation of lymphocyte and
monocyte subsets, including expression of cell activation antigens could be useful as additional laboratory test
in combination with other conventional methods for differentiation between periprosthetic joint infection and
aseptic arthroplasty failure.

Keywords: joint arthroplasty, complications, periprosthetic joint infection, flow cytometry, lymphocytes, monocytes.

in patients with instability endoprosthesis or isolated
pain syndrome has so far been erroneously regarded
as aseptic cases. In routine practice, physicians face
challenges in diagnosis of PJI and its differentiation
from NIAEF Biofilms, low-grade infection or culture-
negative microorganisms have been reported to
significantly reduce the sensitivity and specificity
of laboratory tests [5, 7, 13]. Underdiagnosing PJI
is followed by inappropriate treatment with severe
consequences.

Recently, several new serum and synovial fluid
biomarkers (a-definsine, calprotectin, interleukin-1,
interleukin-6, interleukin-17, leukocyte esterase, li-
pocalin, procalcitonin) were proposed to confirm PJI
[2, 3, 5, 7]. Despite promising data, many authors
note, that underlying immune disorders or other
inflammatory diseases, as well as co-morbidities, may
affect test results [1, 4, 10, 11]. The purpose of the
study was to evaluate the benefit of some lymphocyte
and monocyte subsets determination as well as
expression of cell activation antigens in patients with
PJI and NIAE

Introduction

Arthroplasty failure is a serios complication of
joint replacement surgery and may be caused by
periprosthetic joint infection (PJI) or non-infectious
factors. This condition often requires revision surgery
and implant replacement. PJI occurs in 1 to 3% of
patients after total joint arthroplasty and accounts
for 20% to 50% cases of implant failures [6, 9, 12]. A
combination of clinical signs, intraoperative findings
and pre- and intraoperative laboratory tests (periphe-
ral blood counts, serum inflammatory markers, sy-
novial fluid examination, microbiological culture,
tissue histology) is used for PJI diagnosis [8].

Non-infectious arthroplasty failure (NIAF) in-
cludes aseptic inflammation, implant instability, pe-
riprosthetic fracture, osteolysis/adverse tissue rea-
ction and other reasons and occurs in 50 to 80% of
arthroplasty failures [6, 9, 12]. As with arthroplasty
failure due to PJI, surgical intervention is usually
need to treat NIAFE Though mechanical-related
failures are typically diagnosed by X-ray, there are no
perfect assays for non-mechanical failures that often
difficult to differentiate from PJI due to inflammatory

responses at affected areas [4].
The actual incidence of PJI may be significantly
higher, since a significant proportion of these cases

Materials and methods

Forty-six patients after total large joint repla-
cement were included in the study. According to
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International Consensus Criteria on PJI (2018) after
revision arthroplasties 34 patients were classified as
chronic PJI (19 males, 15 females, mean age 51%8
years) and 12 patients as NIAF (4 males, 8 females,
mean age 47%6 years), namely implant instability
or aseptic inflammation. Complications developed
4,4%2 6 years after the main operation. Thirty healthy
persons (12 males, 18 females, mean age 43+11 years)
were recruited in control group. All patients signed
informed consent forms prior to being enrolled.

Standard laboratory evaluation was performed for
all patients: peripheral blood cell count, erythrocyte
sedimentation rate, C-reactive protein. Synovial
fluid and periprosthetic tissue samples obtained
intraoperatively were sent for microbiological and
histological examination. If there were any signs of
infection, a two-stage revision with the installation
of a cement spacer impregnated with antibiotics or
resection arthroplasty were performed. The counts
of CD3*, CD3*CD4*, CD3*CD8*, CD19", CD3-
CD167CD56", CD3*HLA-DR*, CD4"CD45RA-
CD45RO*, CD4*CD45RA* CD45RO- and
CDI14*HLA-DR™" subsets in peripheral blood were
assessed by flow cytometry (FACSCalibur, Becton
Diskinson, USA). The assessment of the intensity
of antigen expression was carried out according to
median fluorescence intensity (MFTI).

Statistical analysis was performed in Statistica
10.0 Software for Windows. Normally distributed

continuous data were shown as mean =+ standard
deviation (SD) and compared using Student’s t-test. A
p value < 0.05 was considered statistically significant.

Results and discussion

As shown in Table 1, a significant increase in
CD3*CD4* subsets (p < 0.01) and a significant de-
crease in CD3-CD16"CD56" subsets (p < 0,005) were
revealed in patients with PJI compared to the cont-
rols. The content of CD19* lymphocytes in patients
with chronic PJI was significantly higher than in
aseptic ones (p < 0.005); the latter group was also cha-
racterized by more pronounced increase in the nu-
mber of activated T lymphocytes (CD3*HLA-DRY)
(p < 0.001). Patients with PJR showed decreased
“naive” T lymphocytes (CD4*CD45RA*CD45R0O")
count compared to aseptic ones (p < 0.05), and both
groups showed a decrease counts compared to controls
(p < 0.001). On the contrary, memory T lymphocyte
(CD4*CD45RACD45R0O") count was significantly
increased in both compared groups (p < 0.05).

Quite often, a violation of the functional activity of
monocytesis detected in critical conditions (sepsis and
other serios infections). Monocytes in healthy persons
express molecules of HLA-DR with high density and
easy determined by flow cytometry. Patients with
PJI compared with patients with NIAF and controls
showed not only a significant decrease in the number
of monocytes (CD14%) expressing HLA-DR antigen

TABLE 1. LYMPHOCYTE AND MONOCYTE SUBSETS AND EXPRESSION OF CELL ACTIVATION ANTIGENS IN PATIENTS
WITH PERIPROSTHETIC JOINT INFECTION AND NON-INFECTIOUS ARTHROPLASTY FAILURE

Rate PJI NIAF Controls p

(n=34) (n=12) (n =30)

CD3*, % 76.5£1.3 69.4+4.3 73.9+1.5

CD3*, abs 176045 16881112 1038147

CD3*CD4*, % 51.8+1.8 48.0£3.4 45.9+1.4 *< 0.01

CD3*CD4*, abs 903+32 81057 644+58 *<0.01

CD3*CD8*, % 25.312.8 24.4+3.9 30.7+3.6

CD3*CD8*, abs 445126 361149 425+9

CD19%, % 13.6+3.2 6.8+1.3 10.2+0.7 **< 0.005

CD19*, abs 4661110 248+32 14317 **< 0.005

CD3-CD16/56"*, % 9.1£1.6 16.8+4.3 15.4+1.2 *< 0.005

CD3-CD16/56", abs 289+53 409421 456+19 *< 0.005

CD4*/CD8* 2.0£0.8 2.2+0.9 1.5+0.7

CD3*HLA-DR*, % 8.9+2.3 11.8+1.2 6.5£0.4 *< 0.001

CD4'/45R0*45RA", % 40.416.1 44.7+4.4 14.649.2 *p < 0.001

CD4'/45RA*45R0", % 6.614.5 12.841.8 30.1+8.9 *:g : 8881

CD14*HLA-DR*, % 78.812.6 90.7+2.4 88.7+1.1 ***p <0.05

MFI CD14* HLA-DR* (units) 57.0+2.9 186.7+15.4 184.619.9 ***p < 0.001

Note. *, statistically significant differences with parameters of the control group; **, statistically significant differences with

parameters of the comparison groups.
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(p < 0.05), but also more pronounced decrease in the
expression intensity of this marker according to the
MFI parameter (p < 0.001).

Conclusion

As already mentioned above, many serum and
synovial biomarkers may help differentiation of PJI
and NIAF but there remain cases that are clinically
challenging to classify. The profile of different cell
subpopulations during PJI and NIAF is still being
investigated [1, 4]. The data obtained demonstrated
a pronounced decrease in the number monocytes
expressing the HLA-DR antigen, as well as a decrease
in its density expression on the surface of monocytes
and T lymphocytes may indicate low functional
activity of these cells, especially antigen presentation
and regulation of intercellular interactions. The
present study showed that evaluation of lymphocyte

and monocyte subset and expression of cell activation
antigens could be useful, especially in combination
with conventional methods, for diagnosing of PJR
and differentiation between PJI and NIAF. New data
concerning host immune reactions during arthroplasty
failure may potentially identify cell subsets involved
in inflammation related to surgical procedures or
underlying inflammatory disorders. That may provide
insights into future diagnostic and possibly treatment
opportunities. The search for the most diagnostically
accurate combinations of clinical and laboratory
criteria should be continued.
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BJIMAHUE SJTIEKTPOCTUMYJIALUUN MbILLL, BEJPA HA
YPOBEHb UHTEPJIEMKUHA-6 MPU TPABMATUYECKOM
NOBPEXAEHMUW NEPEQHEN KPECTOOBEPA3HOMN CBA3KU
KOJIEHHOIO CYCTABA

AxmersanosB P.P.l, laspinosa E.B.! 2, Cabupbsanos A.P.2

I TBY3 «Yensbunckas obaacmuas kaunuveckas 6oavHuya», 2. Yeasounck, Poccus
2@I'BOY BO «Hxcho-Ypanvckuii 2ocyoapcmeenblii MeOuyuHckuil ynueepcumem Munucmepemea
30pasooxpanenus PO, e. Yensbunck, Poccus

Pesome. TpaBMaTtnueckoe ITOBpEXIeHNE ITepeaHEll KpecTOOOpa3HOM CBSI3KM MPUBOIUT K HAPYIICHUIO
OIOPOCIIOCOOHOCTU U MEXaHUYECKOM HECTAOWILHOCTU KOHEYHOCTU. OIHUM M3 YACThIX OCJIOKHEHUI I10-
cJie TpaBMBl, SIBJISIETCSI apTPOTEHHOE MBIIIIEYHOE TOPMOXKEHIE, BCIAEACTBUE MHIMOUPOBAHUS Y€ ThIPEXIIABOM
MBIIIIBI ¥ pa3BUTHS (PYHKIIMOHAJIBHON KOHTPAKTYyphl. HalmpoTuB, OMHMM M3 TTOKa3aTeyieii BBICOKOI MBI-
LIEYHOM aKTUBHOCTU SIBJISIETCSI JOCTATOYHbBIA YPOBEHb B KPOBU (DYHKIIMOHAIBHBIX MBIIIEYHBIX OCIKOB-MU-
OKWHOB, B YaCTHOCTH MHTEpJEUKUHA-6, SKCIIPECCUPYIOLIMXCS U BBICBOOOXKIAIOIIUXCSI MBIIIEYHBIMU BO-
JnokHaMmu. Llenbio uccienoBaHus SBUJIOCh U3YYEHHME YPOBHSI UHTEPJCHKNHA-6 Y MY>KYWUH C MOBPEXISHUEM
nepeaHeil KpecTooOpa3HOi CBI3KM B AUHAMUKE 3JIEKTPOMUOCTUMYJISILIMUA YEThIPEXIIaBOil MBIIILIEL Oeapa.

B nccnenpoBaHny IpUHUMANIM ydacTre 23 My>K9UHBI, cpeaHuii Bo3pacTt 34,8+2,2 roga, ¢ TpaBMaTUIeCKIM
MOBpEXIeHNEM IIepeIHel KpecTO0Opa3HOM CBSI3KM, KOTOPHIM 3a 10 aHel 10 onepaTUBHOIO BMEIIATeILCTBA
MPOBOAMJIACH DJIEKTPOMUOCTUMYJISILIMA YEThIPEXIIAaBOI MBI Geapa Ha annapare INTELECT® Advanced
(Chattanooga (DJO), CIIIA). KOHTpOAbHYIO TPYIITY COCTaBWJIM 12 3M10pPOBBIX MYKUMH, CPEAHUI BO3pacT
32,2+2,4 rona. YpoBeHb IL-6 onpenesisiiii B CBIBOPOTKE KPOBU JI0 JIEKTPOMUOCTUMYJISIIINY, U B TUHAMU-
Ke ¢ TTOMOILIbI0 Habopa A1 UMMYHopepMeHTHOro aHanu3a («BekTop-bect», . HoBocubupck). O6paboTKy
MOJIYyYeHHBIX JaHHBIX IIPOBOIMIIM ¢ IPUMEHEHNEM ITaKeTa JIMIECH3MOHHBIX ITporpamMM Statistica. vers. 10.0.

BaszanbHblii ypoBeHb 1L-6 B ocHOBHOII rpyrmmne coctaBui 1,28 (0,87-1,72) rir/mj, 4To 3HAYUMO HUXKE B
CpaBHEHUH C MOKa3aTeJIeM 3I0POBBIX Uil 5,2 (3,8-6,1) nr/Mi1 1 00yCIOBIIEHO HU3KUM YPOBHEM (PU3NYECKOM
AKTUBHOCTH, BCJIEICTBHE (DYHKIIMOHATIBHOM KOHTPAKTYPBI YeTHIPEXTIIaBOM MBIIIIEL. B nuHaMuKe 31eKTpo-
MUOCTUMYJ/ISILUM Ha 5-€ CyTKM ypoBeHb 1L-6 3Haummo yBenuuuics B 3,2 pa3a OT 60a3ajJbHOrO YPOBHSI, Ha
10-e cyTku B 4,6 pa3, Ipy 3TOM He MpeBbIIIas MoKa3aTesl TPYIIIbI 340POBbIX JIUIL. [1py cokpaleHuu MUO-
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LIMTOB, B IIUTOILIa3Me KJIETOK MOBHIIIAIACh KOHIIEHTPAIMS MUOKWHA — MHTePJIeMKUHA-6, CTOCOOCTBYIOIIAsT
HaAKOIUICHHUIO B MBIIIEYHON KJIETKE MAaKpO3PTOB, BCJICACTBME MUOKMH-3aBUCUMON aKTUBAIIUU TJIUKOTEHO-
nu3a. PerapatuBHbBIC M TPOTUBOBOCTIAIUTEIbHBIE CBoMcTBa I L-6 peain3ytoTcss B CTUMYIUPYEMBbIX TTOTIepey -
HO-TIOJIOCATHIX MBIIIIIAX TT0 MEXaHU3MY KJIACCUYECKOTO CUTHAJIMHTA, CIIOCOOHOTO OJIOKMPOBATH AKTUBALIMIO
YHUBEPCAJTbHOTO BHYTPUKJIETOUHOTO (hakTopa TpaHcKkpumnimu NF-«B, B OTHOLIEHUN TIPOAYKIINU TTPOBOC-
MaJUTEJIbHBIX IIMTOKWHOB. TakM 00pa3oM, 3JIEKTPOMUOCTUMYJISIIIMS A0 Hadajaa ONepaTUBHOTO JICUCHUS
MPUBOAUT K MOBBIIIEHUIO KOHIIEHTPALIMY B KPOBU MUOKWHA — [L-6, 4TO ciocoOCTBYeT yBeTUUEHU IO MPOTH -
BOBOCHAJIUTENIBHOTO U PeNapaTUBHOTO MOTEHIIMAIA TTOBPEXICHHBIX TKAHEN.

Knroueswie crosa: myxcuunnt, nospesxcoenue nepedreii KpecmoodpasHoll C8A3KU, IAeKMPOMUOCUMYAAUUSL, MUOKUHbL, 1L-6,
penapayus

EFFECT OF ELECTRICAL STIMULATION OF THE THIGH
MUSCLES ON THE LEVEL OF INTERLEUKIN-6 IN TRAUMATIC
INJURIES OF THE ANTERIOR CRUCIATE LIGAMENT OF THE
KNEE JOINT

Akhmetyanov R.R.2 Davydova E.V.2*, Sabiryanov A.R.”

4 Chelyabinsk Regional Clinical Hospital, Chelyabinsk, Russian Federation
b South Ural State Medical University, Chelyabinsk, Russian Federation

Abstract. Traumatic damage to the anterior cruciate ligament leads to impaired support and mechanical
instability of the limb. One of the frequent complications after injury is arthrogenic muscle inhibition due to
inhibition of the quadriceps muscle and the development of functional contracture. On the contrary, one of the
indicators of high muscle activity is a sufficient level in the blood of functional muscle proteins — myokines,
in particular interleukin-6, which are expressed and released by muscle fibers. The aim of the study was to
study the level of interleukin-6 in men with damage to the anterior cruciate ligament in the dynamics of
electromyostimulation of the quadriceps femoris.

The study involved 23 men, mean age 34.8*2.2 years, with traumatic injury of the anterior cruciate
ligament, who, 10 days before surgery, underwent electromyostimulation of the quadriceps femoris using the
INTELECT® Advanced device (Chattanooga (DJO), USA). The control group consisted of 12 healthy men,
mean age 32.21+2.4 years. The level of IL-6 was determined in the blood serum before electromyostimulation,
and in dynamics using a kit for enzyme immunoassay (Vector-Best, Novosibirsk). The obtained data were
processed using the Statistica licensed software package v. 10.0.

The basal level of 1L-6 in the main group was 1.28 (0.87-1.72) pg/mL, which is significantly lower than
in healthy individuals 5.2 (3.8-6.1) pg/mL and is due to a low level of physical activity due to functional
contracture of the quadriceps muscle. In the dynamics of electromyostimulation on the 5" day, the level of IL-6
significantly increased by 3.2 times from the basal level, on the 10" day by 4.6 times, while not exceeding that of
the group of healthy individuals. With the reduction of myocytes, the concentration of myokine interleukin-6
increased in the cytoplasm of cells, which contributes to the accumulation of macroergs in the muscle cell, due
to myokine-dependent activation of glycogenolysis. The reparative and anti-inflammatory properties of 1L-6
are realized in stimulated striated muscles by the classical signaling mechanism that can block the activation
of the universal intracellular transcription factor NF-xB in relation to the production of pro-inflammatory
cytokines. Thus, electromyostimulation before the start of surgical treatment leads to an increase in the
concentration of myokine IL-6 in the blood, which contributes to an increase in the anti-inflammatory and
reparative potential of damaged tissues.

Keywords: men, anterior cruciate ligament injury, electromyostimulation, myokines, IL-6, repair
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Interleukin-6 in the dynamics of myostimulation

Introduction

Traumatic injuries of the anterior cruciate ligament
(ACL) are leading with an incidence of 4 cases per
1000 people [1]. Traumatic ACL injury occurs 20-
30 times more often than ruptures of the posterior
cruciate ligament, more often in women than in
men [7], presumably due to the peculiarities of the
hormonal background [2]. ACL is the most important
component of knee joint stabilization, which has an
extensive proprioceptive field, which is the primary
link of the kinematic apparatus. The impulses coming
from the proprioceptors limit and mechanically
stabilize the muscle response. Rupture ofthe ACL leads
to impaired support ability and mechanical instability
of the limb [4]. Most often, the ACL is damaged by a
sharp deviation of the lower leg outward and torsion
of the thigh inward. One of the classic complications
that occurs after a knee injury is arthrogenic muscular
inhibition (AMT), diagnosed by difficulty or absence
of limb extension due to inhibition of the quadriceps
muscle and the development of functional contracture
of the hamstring. The prolonged course of the AMT
phenomenon leads to atrophy of the quadriceps
muscle, constant pain in the knee, dynamic instability
of the knee joint and has a negative impact on the
outcome of surgical treatment [11].

At the same time, one of the indicators of high
muscle activity during intensive motor mode is a
sufficient level in the blood of functional muscle
proteins — myokines, which are expressed and released
by muscle fibers and have a polymodal effect on target
organs and tissues [10]. In recent years, numerous
data have been accumulated on the effect of myokines
on the main homeostatic systems: nervous, immune,

pg/mL
N w EN (4]

—_

Healthy
individuals

Basal

4
=

endocrine. By exerting a local paracrine effect, myo-
kines, in particular IL-6, can affect the signaling
pathways involved in muscle metabolism [10].

In connection with the above, the aim of our work
was to study the dynamics of the level of myokine 1L-6
in men with ACL damage in the dynamics of static
electrical myostimulation (EMS) of the quadriceps
femoris muscle.

Materials and methods

The main study group consisted of 23 men,
whose average age was 34.8+2.2 years, with a verified
diagnosis according to ICD-10 S83.5. Stretching,
rupture and overstrain of the anterior cruciate
ligament of the knee joint with an injury less than 4
months old, admitted for reconstructive surgery. The
main complaints of patients: a feeling of instability
in the damaged knee joint (87%), moderate pain
(64%), muscle hypotrophy of the limb (43%). To
verify the diagnosis, an orthopedic examination and
X-ray examination were performed. All patients 10
days before surgery underwent EMS of the quadriceps
femoris muscle daily, working cycle 10 s stimulation/10
srelaxation, for 20 min on the INTELECT® Advanced
combination therapy device (Chattanooga (DJO),
USA). The current strength was increased every 2-3
cycles after the start of exposure, until noticeable
muscle contractions appeared.

The control group consisted of 12 healthy men
with an average age of 32.2+2.4 years. The level
of IL-6 was detected in the venous blood serum of
healthy individuals and patients with ACL damage in
dynamics before EMS, on the 5" and 10™ days using
a set of reagents for enzyme immunoassay (Vector-
Best, Russia) in the concentration range 0-300 pg/

5 days

10 days

Figure 1. Level of IL-6 in the blood of healthy individuals and in the dynamics of electromyostimulation
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mL, at a wavelength of 450 nm. The obtained data
were processed using the Statistica licensed software
package v. 10.0 (StatSoft Inc., USA). When comparing
data, the nonparametric Mann-Whitney test was
used, in the dynamics of EMS using the Wilcoxon test.
Differences were considered significant at p < 0.05.

Results and discussion

Prior to the EMS of the quadriceps femoris, the
basal level of IL-6 in the main group was 1.28 (0.87-
1.72) pg/mL, which is significantly lower than in
healthy individuals 5.2 (3.8-6.1) pg/mL (Figure 1). In
the dynamics of EMS on the 5™ day, the level of IL-6
reached a value of 4.2 (3.4-5.1), on the 10" value 6.1
(4.9-6.8), significantly different from the basal con-
centration. At the same time, the values of IL-6 on the
S5t and 10™ days did not exceed the values obtained in
the group of healthy individuals.

When exposed to and propagated by an electrical
impulse with a frequency of more than 10 Hz,
depolarization of the sarcolemma occurs, associated
with a change in the potential difference. Control over
the electromechanical conjugation of contraction
processes during EMS of the striated fibers of the
quadriceps muscle is designed to be carried out by
the intracellular T-system and the sarcoplasmic
reticulum, causing a directed current of calcium ions
in the sarcoplasm. The maximum intensity of the
contractile act occurs with the synergy of the frequency
ranges of nerve impulses and electrical stimulation.
An impulse arriving at a frequency of more than 50 Hz
forms and prolongs the excitation of the nerve fiber
and induces passive muscle contraction. It is known
that pulsed currents of low frequency, acting on the
system of blood and lymph capillaries, contribute to
the redistribution of the tissue component of the fluid.

With the reduction of myocytes, in the cytoplasm
of cells, in addition to an increase in the level and
enzymatic activity of macroergs (creatine phosphate,
adenosine triphosphate), synthetic activity increases
in relation to the production of myokines. Our studies
have shown that the baseline level of interleukin-6
before the EMS procedure was significantly reduced
in comparison with healthy men, probably due to a
low level of physical activity associated with injury
and conscious limitation of muscle loads. On the 5*
day and then on the 10™" day, there was an exponential
increase in the level of myokine IL-6 in the blood,
however, its level at the end of the EMS course did
not exceed the levels of healthy individuals, which
suggests the presence of other, in particular, anti-
inflammatory and reparative properties. myokine in
relation to muscle tissue. Some authors believe that an

increased level of 1L-6 contributes to the accumu-
lation of macroergs in the muscle cell.

Literature sources state that the role of IL-6 is not
limited to participation in the acute-phase systemic
inflammatory response, but the upregulation of its
concentration in the acceptable physiological range
contributes to the supply of actively functioning
muscles with a set of energy substrates [3, 6]. A
striking example is the myokine-dependent acti-
vation of glycogenolysis in hepatocytes with a pa-
rallel increase in the expression of type 4 glucose
transporter on hepatocytes and myocytes [9]. There
is information about the stimulation of lipolysis
processes in adipocytes and the oxidation of free fatty
acids by subthreshold concentrations of 1L-6, which
are utilized by actively functioning myocytes [8].

The pleotropic biological properties of IL-6
are realized through the coordinated work of the
receptor complex, consisting of the IL-6R monomer,
which directly binds the myokine itself, and the
active gp130 subunit, which mediates a cascade of
proteolytic transformations leading to the launch of
the JAK/STAT (janus kinase/signal transducer and
activator) signaling cascade. of transcription protein)
or MAPK (mitogen-activated protein kinase) [12].
The reparative and anti-inflammatory properties of
IL-6 are realized in stimulated striated muscles by
the classical signaling mechanism that can block the
activation of the universal intracellular transcrip-
tion factor NF-«kB, an inducer of the signaling cas-
cade responsible for generating an inflammatory
response [13, 14].

Relatively recently, it was shown that IL-6 pro-
motes the formation of an alternative phenotypic
transformation of macrophages into the M2 form,
which, through the production of a number of anti-
inflammatory cytokines, IL-10 and TGF-p, is
involved in the processes of repair and remodeling,
including in damaged muscle tissue. It has also been
shown that IL-6 exhibits the properties of an inducer of
the expression of the alpha chain of the IL-4 receptor
(IL-4R) in M2 macrophages, sensitizing these cells to
IL-4-mediated activation [5].

Conclusion

Thus, EMS before the start of surgical treatment of
traumatic ACL injury leads to an increase in the blood
concentration of myokine IL-6, within the range of
healthy individuals, which contributes to an increase
in the anti-inflammatory and reparative potential of
damaged tissues.
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AUHAMMUKA CYBNONYNAUUN T-XENNEPOB
B KPUTUHECKOM NEPUOAE TXXEJION MEXAHUYECKOW

TPABMbI Y OETEN

3akupos P.IIL"2 [Terpuayk C.B.}, @peitnmuu E.B.!, Kynuosa JI.I'.,
Aumromkuna 0.I'2, Kapacesa 0.B.1'2

T DIAY « HayuonanvHolit MeOUYUHCKULL UCCA008aMenbCKUll yeHmp 300poebs demei> Munucmepcmea
30pasooxpanenus PO, Mockea, Poccus

2I'BY3 2opoda Mockebt « Hayurno-uccaedogamenvckuii UHCMUMYm HeomaA0NCHOU 0emcKoll Xupypeuu
u mpasmamonozuu» Jlenapmamenma 3opasooxpanenus eopooa Mockewt, Mockea, Poccus

Pe3iome. Tsixenasi MexaHudeckast TpaBMa SIBJISIETCS] OHOU U3 OCHOBHBIX MPUYUH JE€TCKOW MHBAIUIU3A-
UM U cMepTHOCTU. Pa3BuBamIlIuniics nucbagaHC rUIepBOCIIAICHAS U UMMYHOCYIIPECCUU B KPUTUUECKOM
MEePUOJE TSXKEI0M TPAaBMBbI IMOBBIIIACT PUCK Pa3BUTHSI MHMDEKIIMOHHbBIX OCJIOXHEHUI U/WIY MOJIMOPraHHOMN
HemocTtaTouyHOCTU. Llenbio paboThl OBLUIO OoNpenesieHrne MHMOPMATUBHBIX UMMYHOJIOTUYECKMX KPUTEPUEB
TSKECTU MOBPEXISHUS, OLIEHKM PUCKa Pa3BUTUS OCJIIOXHEHUI M IPOTrHO3a MCXoaa TpaBMaTUYECKOM 00-
JIE3HU y feTeit npu Tsekeaoil Mmexanudeckoit TpaBme (TMT, ISS > 16, n = 87) B rpynmnax ¢ 61aronpusiTHbIM
(n =47) n HeOGnaronpusITHLIM UcxoaoM (n = 40), a TakKe B 3aBUCUMOCTHU OT Pa3BUTUS THOMHO-CETITUYECKUX
ocnoxHeHuit (I'CO, n = 16) u cunapoma noanopraHHoi HegoctarouHocT (CITOH, n=11). Metozom npo-
TOYHOM LIMTOMETPUU MPOBeIcHA olieHKa coaepxkaHus T-xenmepoB (Th) u ux cyoronysiiuii: peryasiTopHbIe
T-numdoruutel — CD4*CD127°vCD25"e" (Treg), Th17-ro Tuna — CD4"CD161* u CD4+*CD127MeCD25"ehT-
knetku (T127hi) B 1-e, 3-u, 5-¢, 7-e, 14-e cyTKM ¢ MOMEHTAa MOJy4eHUs TpaBMbI. [pyIIy cpaBHeHUS cocTa-
B 34 pebeHKa ¢ TpaBMoii Jierkoit u cpenHeit crenenu Tskecty (JIT, ISS < 16). KoHnTposibHYyI0 rpyniny B Kc-
ciaenoBaHuU cocTaBwiv 80 yCJIOBHO 3M0POBBIX JAETEi, COIIOCTABUMbIX 110 BO3pAacCTy U IoJ1y. B ucciienopanuu
BBISIBJIcHA OOpaTHasi 3aBUCMMOCTb TSKECTU TPaBMBbI, CTEIIEHU KPOBOIIOTEPU U MCX0/a ¢ aOCOIIOTHBIM YMC-
JIOM Bcex cyoromnyasunii, omHako mist Th u Treg otMeueHa Hanbouiee cunbHas cBsidb (R Cnimpmana < -0,70,
p <0,00001). Ins rpyrmsl TMT o0HapyXXeHO BbIpaxkeHHOE CHUXKEHUE aOCOMIOTHOrO KOJIM4YecTBa KieTok Th,
Treg, T127hi u Th17 B paHHeM NOCTTpaBMaTUYECKOM TIEPUOJE C TCHACHLIMEN K MOBBIIIEHUIO K 14-M CyTKaMm.
3Ha4yeHUs B MepBble CYTKU i MMoKa3aTeael mauueHToB ¢ JIT cooTBETCTBOBAIM 3HAYEHUSIM KOHTPOJIbHOM
TPYIIIBI U 3HAYUMO OTIMYaIKUCh OT rpyrnbl TMT. Bbuin BbISIBJACHBI pa3invus B IMHAMUKE IIPOLICHTHOIO
copepxaHus cyornonynsuuii Th B ocTpoMm mocTtrpaBMaTudeckoM nepuoge. ITponeHTHoe cogepxanue Thl7
u T127hi nocToBepHO MOBBIIIEHO B 1-3-i1 1 3-7-i1 AHU TTOCJIe TPAaBMbl COOTBETCTBEHHO B CpaBHEHUHU C KOH-
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TpoJibHOM rpynmnoi u JIT. i mpolieHTHOTO coaepXaHus Treg TOCTOBEPHBIX Pa3jIuduil B IIEPBYIO HEAETIO
mocJie TpaBMbI BBISIBJIEHO He ObL10. HU3KMI ypOoBeHb aOCOTIOTHOTO KOJIMYECTBA KIETOK Tregy malMeHTOB C
TMT Ha nepBble CyTKH MOCJIE TPaBMbl B 3HAUUTEIbHOU cTeneHu cBsi3aH ¢ pazputuemM ['CO u HebmaronpusT-
HBIM McxoAaoM. JInHaMuKa abCOIOTHOTO KoJnyecTBa KjieToK Th17 B oCTpoM MOCTTpaBMaTUYE€CKOM MEPUOLAE
3HaYMMo oTauvanach y aeteit ¢ TMT nipu pazputuu CITOH. A6costotrHoe KonudecTtBo Thl7 gocToBepHO
CHUXeHO B 3-7-1i nuu nocie TpaBMbl B rpyririe TMT ¢ CITOH. Pe3ynbraThl McCie10BaHUS CBUNETEIbCTBYIOT
0 TOM, uTo y Aeteii ypoBHU Treg, T127hi u Th17 1ocToBEepHO CBSI3aHBI C TSKECTHIO TPaBMbl U MOTYT ObITh
MCMIOJb30BaHbI IJI MTPOTHO3UPOBAHUS UCXOJa TPABMAaTUUECKOTO 3a00JI€BaHUSI U OLIEHKU pUCKa Pa3BUTUS
T'CO u CITOH.

Karouesnie cnosa: demu, maxceaas mpaema, noaumpaema, cyononyaayuu T-xeanepos, cunopom noauopeanHoi HedocmamouHocmu,
UHEeKYUOHHbLE 0CAONCHEHUs]

DYNAMICS OF T HELPER SUBPOPULATIONS IN THE CRITICAL
PERIOD OF SEVERE INJURY IN CHILDREN

Zakirov R.Sh.*®, Petrichuk S.V.2, Freidlin E.V.2 Kuptsova D.G.2,
Yanyushkina O.G.», Karaseva O.V.»>"?

¢ National Medical Research Center for Children’s Health, Moscow, Russian Federation
b Institute of Urgent Children Surgery and Traumatology, Moscow, Russian Federation

Abstract. Severe mechanical injury is one of the main reasons behind children’s disability and mortality.
Severe injury induces a complex host immune response to tissue injury, a parallel pro- and anti-inflammatory
state, bearing an elevated risk for infectious complications (IC) and/or multiple organ failure (MOF). This
study aimed to determine the informative immunological criteria of traumatic injury severity and prognosis
outcome in children (severe injury group (SInj, ISS > 16), n = 87; mild/moderate injury group (MInj, ISS < 16),
n = 34) based on the assessment of absolute cell count (abs) and percentage of such T helper subpopula-
tions as regulatory T lymphocytes — CD4*CD127°*CD25"e"(Treg), Th17 lymphocytes — CD4*CD161" and
CD47CDI127"e CD25%eh T cells(T127hi) in severe injury cases grouped by the outcome (favorable, n = 47;
unfavorable, n = 40) and depending on IC (n = 16) and the development of MOF (n = 11) on the 1%, 39,
St 7t 14% day after injury. The control group was comprised of 80 apparently healthy children comparable
in age and sex. An inverse relationship between severity of injury, degree of blood loss and outcome of injury
was revealed with the abs of all Th populations, but for Th abs and Treg abs the most significant correlation
was found (Spearman’s R < -0,70, p < 0.00001). For SInj group, a pronounced decrease of Th abs, Treg abs,
T127hi abs and Th17 abs, in the acute post-traumatic period with an increase to 14 days was revealed. The
values of in the first day for indicators of patients with MInj group correspond to the values of control group and
significantly differ from SInj group. There are different kinetics of percentage Th subpopulations in peripheral
blood of children with severe injuries. The Th17%CD4* and T127hi%CD4" significant increase in 1%-3¢ and
3d-7! days after injury respectively in comparation with control and MInj groups. There were no differences
between groups in terms of Treg%CD4*. The lower-level Treg abs in trauma patients admitted to the ICU is
significantly associated with develop the infectious complications and outcome of trauma. The Th17 abs is
significantly reduced in 3-7™" days after the injury in the SInj group with MOEFE. The results of the study indicate
that in children levels of Treg, T127hi and Th17 is significantly associated with severity of injury and may be
used to predict outcome of trauma and assess the risk of IC and MOFE

Keywords: children, severe injury, polytrauma, T helper subpopulations, multiple organ failure, infectious complications

inflammatory state, bearing an elevated risk for
infectious complications (IC) and/or multiple organ

Introduction

Severe mechanical injury is one of the main

reasons behind children’s disability and mortality [3].
Severe injury induces a complex host immune
response to tissue injury, a parallel pro- and anti-

failure (MOF) [1, 5]. There is usually a period of
prominent immunosuppression the pathogenesis
of which is largely shaped by the decreasing level of
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Th subsets in children with trauma

T lymphocytes (Th) in severe injury [7]. Activity,
absolute cell number and frequency of such T helper
subpopulations as regulatory T lymphocytes (Treg) —
CD4*CDI127"°*CD25"eh  and Thl17 lymphocytes
(Th17) can be a significant marker in determining the
severity of the pathological process and predicting its
outcome. Regulatory T cells play an important role
in the orchestration of self-tolerance and immune
reaction. It has been demonstrated that Tregs were
activated in response to injury which driven trauma-
induced suppression of Thl responses and T cell
anergy [4, 8]. Moreover, they have an important but
not yet profoundly characterized role during the post-
traumatic inflammation; and may, therefore, be an
important determinant of the extent and/or severity
of the post-traumatic immunosuppression as well [9].
Th17 cellis anovel subset of CD4*T cells characterized
by the production of IL-17 and other abundant
cytokines such as IL-22, and IL-26 and TNFa with
a week and proinflammatory response [12]. Trauma
patients admitted to the intensive care unit (ICU)
ward have identified increased Th17 cells during the
first week after admission, which are correlated with
development of early poor outcomes [2]. Therefore,
we have characterized and analyzed the dynamics of
some subsets of Th, which may play an important
role in the post-traumatic immunosuppression, and
thereby the recovery from trauma in children.

The purpose of this study was to identify infor-
mative immunological criteria for the traumatic
disease severity and as applicable to children. The
identification relies on the assessment of absolute and
relative number of T helper subpopulations — Th17,
Tregand CD4"CD127"eCD25"eh l[ymphocytes.

Materials and methods

The study involved 87 patients (58 boys (66.6%),
35 girls (33.4%); 331 observation sessions) with
severe injury (SInj), treated at the Department of
Anesthesiology and Resuscitation of the Research
Institute of Emergency Pediatric Surgery and
Traumatology. We used the laboratory of the National
Medical Research Center for Children’s Health for
laboratory studies, which were prescribed 1 to 5 times,
depending on the length of stay of a given child at the
ICU. The median age of the children was 12.0 (5.75-
15.0) years (Me (Q5-Qps)). The time options for
laboratory studies were the first, third, fifth, seventh
and 14™ days from the day of injury. The comparison
group was comprised of 34 patients (15 boys (44.1%),
19 girls (55.9%); 34 observation sessions) with mild/
moderate injury (MInj) treated at the Department of
Neurotrauma. The control group was comprised of 80
apparently healthy children, all of them underwent
medical examination at the National Medical
Research Center for Children’s Health. The children

were comparable in age and sex: age — 12.41 (4.4-
16.2) years; 47 boys (58.7%), 33 girls (41.3%).

Assessing the injury, we relied on the Injury Severity
Score (ISS) and the Glasgow Coma Scale (GCS).
The outcome of an SInj was assessed with the help of
the Glasgow Outcome Scale (GOS) and the Severe
Injury Outcomes Scale (OISS) [11]. These scales
were applied to assess the condition of the patient at
discharge from the hospital.

The patients in our study met the following criteria:
severe injury (ISS > 16), aged 1-18 years, admittance
to the ICU within 72 hours. Concomitant acute
inflammatory and chronic diseases were a reason for
exclusion.

At the first stage, we analyzed the results from the
control group, the MInj (ISS 4.0 (4.0-9.0)) and the
SInj group (ISS 26.0 (21.0-29.0)). At the second stage,
we analyzed the two groups from SInj formed with the
help of GOS and OISS, the favorable outcome group
(SInjfav, n = 47) and the unfavorable outcome group
(SInjunfav, n =40). The distribution into these groups
was based on the scores: patients were allocated to the
SInjfav group if they scored 4-5 points on the GOS
scale and 1-2 points on the OISS scale, and to the
SInjunfav group if they scored 1-3 points on the GOS
scale and 3-5 points on the OISS scale.

Clinical and laboratory indicators of systemic
inflammatory response syndrome and organ failure
were evaluated in all patients with severe injury. Organ
functioning was assessed daily after admission to the
ICU using MODS (Multiple Organ Dysfunction
Score) [6]. Patients with severe injury were divided
into groups depending on infectious complications
(IC n = 16) and the development of MOF (MOF

n=11).
We assessed the quantity of Th — CD4" cells,
T127hi — CD4*CDI127"eCD25"eh,  Thl7 —

CD4*CD161", Treg — CD4"CD127"°*CD25"e" in the
patients. Two-platform technology enabled assessment
of the quantitative indicators of the subpopulation
composition of peripheral blood T helpers. The
absolute number of lymphocytes was calculated with
the help of a Sysmex XT-2000i hematology analyzer
(Sysmex Corporation; Japan). The preparation
of samples for cytofluorimetric analysis included
incubation of 100 pL of whole blood with 10 pL of
monoclonal antibodies tagged with fluorochromes for
20 min in a dark place. The erythrocytes were lysed
with BD FACS™ Lysing Solution (BD Biosciences;
USA); the duration of incubation therewith in the
dark at room temperature did not exceed 10-12
minutes. The resulting samples were analyzed in a
Novocyte flow cytometer (ACEA Biosciences; USA).
The surface markers used to determine lymphocyte
subpopulations were as follows: CD45, IgG1, IgG2a,
CD3, CD4, CD25, CDI127, CD161 (Beckman
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Coulter, USA; BD Biosciences, USA; SONY corp.,
Japan).

Analysis of quantitative indicators of the popu-
lation composition of blood lymphocytes in children
is particularly difficult due to the existence of age
characteristics. To unify the indicators, we previously
carried out a transformation according to the formula,
considering the normative values for different age
groups of the parameters of the main and small
populations of peripheral blood lymphocytes [10]:

Xn = (Xmin-X) / 0,01*(Xmax — Xmin)

X — the value of the studied indicator, Xn — the
value of the indicator normalized by the age norm,
Xmax is the upper limit of the age norm, Xmin is the
lower limit of the age norm.

After the transformation, an array of data was
obtained on all the main indicators of the population
composition of peripheral blood lymphocytes in
children, in which the values of the studied indicators
are presented in uniform conventional units. If the
obtained value of the studied indicator falls into the
range from 0 to 100, then it corresponds to the age
norm. Thus, this allows you to analyze the data without
considering the age characteristics of the dynamics

of the quantitative indicators of the population
composition of blood lymphocytes in children.

We used MS Excel 365 (Microsoft corp.; USA),
Statistica 10 (StatSoft, Inc.; USA) to process the data
obtained. The results are presented as a median (Me)
and quartiles (Qg,5-Qq75). Mann—Whitney U test
and Kruskal—Wallis test with Bonferroni correction
enabled comparison of differences in the attributes.
Spearman’s rank correlation coefficient (R) was used
to assess relations between the attributes. The con-
clusions were considered significant at p < 0.05 (*).

Results and discussion

The absolut cell count and relative amount Th,
T127hi, Treg and Th17 obtained in children on the
1st day of injury, underwent a correlation analysis with
clinical parameters (Table 1). An inverse relationship
between the severity of the injury, the degree of blood
loss and the outcome of the injury according to OISS
was revealed with the absolute number of all analyzed
lymphocyte populations, but for Th and Treg absolut
cell count the most significant correlation was found
(Spearman’s R < -0.70, p < 0.00001) (Table 1,
Figure 1B, C). The similar data have been obtained

TABLE 1. SPEARMAN’S R CORRELATION COEFFICIENT FOR Th, T127hi, Treg AND Th17 ABSOLUTE CELL COUNT AND
PERCENTAGE OF T127hi, Treg AND Th17 AND CLINICAL INDICATORS IN THE 15T DAY OF INJURY IN CHILDREN

Index Factor N Spearman R t(N-2) p-level p-level

Th abs 102 -0.70 -9.76 0.00000 < 0.00001
Treg abs 102 -0.71 -10.08 0.00000 <0.00001
Treg %CD4 102 -0.05 -0.52 0.60616

ISS T127hi abs 102 -0.50 -5.80 0.00000 < 0.00001
T127hi %CD4 102 0.27 2.85 0.00524 <0.01
Th17 abs 102 -0.59 -7.25 0.00000 < 0.00001
Th17 %CD4 102 0.34 3.57 0.00055 <0.01
Th abs 102 -0.52 -6.12 0.00000 < 0.00001
Treg abs 102 -0.52 -6.06 0.00000 < 0.00001
Treg %CD4 102 -0.03 -0.30 0.76363

oISs T127hi abs 102 -0.47 -5.34 0.00000 < 0.00001
T127hi %CD4 102 0.07 0.73 0.47008
Th17 abs 102 -0.51 -5.92 0.00000 < 0.00001
Th17 %CD4 102 0.18 1.86 0.06590
Th abs 102 -0.54 -6.47 0.00000 < 0.00001
Treg abs 102 -0.52 -6.16 0.00000 < 0.00001
Treg %CD4 102 0.09 0.94 0.35031

3:;:;“5 T127hi abs 102 -0.39 -4.30 0.00004 < 0.00001
T127hi %CD4 102 0.25 2.56 0.01186 <0.05
Th17 abs 102 -0.48 -5.46 0.00000 < 0.00001
Th17 %CD4 102 0.26 2.66 0.00914 <0.01
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in other studies. It has been shown that persistence Using the nonparametric Kruscal-Wallis test with
of lymphopenia shaped by the decreasing level of Th  Bonferroni correction, we compared the differences
in severe injury following trauma is correlated with in Th, T127hi, Treg and Th17 absolut cell count and
severity and is associated with poorer prognosis [7]. the frequency of T127hi, Treg and Th17 in children
The lymphocyte counts decrease immediately after with injury over time in different groups: Control,
trauma in patients compared to the control group [5]. MInj and SInj groups (Table 2, Figure 1A, D-I).
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Figure 1. Dynamics of Th absolute cell count in the critical period of injury in children (A). Relationship between the Th and
Treg absolute cell count and Injury Severity Score in the 1st day of injury in children (B, C). Absolute cell count dynamics
of T127hi, Treg and Th17 cells in the critical period of injury in children (D-F). The frequency dynamics of T127hi, Treg and
Th17 cells in the critical period of injury in children (G-l)

Note. Me (Q,,5-Qq 75) Min-Max; the significance is represented by letters according to pairwise comparation through the Kruskal-Wallis test
adjusted with Bonferroni correction; comparison groups: Cntr, control group; ISS < 16, MInj group; Sinj group by day after severe injury.
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TABLE 2. DYNAMICS OF Th, T127hi, Treg AND Th17 ABSOLUTE CELL COUNT, PERCENTAGE AND NORMALIZED
ABSOLUTE CELL COUNT IN THE CRITICAL PERIOD OF SEVERE INJURY IN CHILDREN IN COMPARATION WITH CONTROL
GROUP AND MINJ GROUP AND ALSO IN SINJ GROUP DEPENDING DEVELOPMENT OF INFECTIOUS COMPLICATION,
MULTIPLE ORGAN FAILURE DEVELOPMENT AND OUTCOME OF SEVERE INJURY, Me (Q, ,:-Q, 75)

Sinj, day after inju
Factor Control Min;j ), CaY jury
1 3 5 7 14
n 80 34 68 87 35 74 67
886.57 923.50 319.22 446.18 460.40 565.28 720.83
Th abs (752.75- (729.6- (199.63- (302.98- (356.36- (398.96- (562.76-
1094.20) 1076.2) 550.65) 615.83) 642.75) 804.30) 942.50)
71.67 74.02 25.90 36.50 41.76 53.18 72.00
abs (59.37- (58.06- (17.49- (24.08- (26.30- (34.01- (55.90-
105.07) 103.31) 42.23) 56.48) 64.30) 76.50) 84.00)
o 7.83 8.30 8.33 9.20 9.20 9.10 9.90
Treg T; (6.95- (7.58- (7.06- (6.88- (7.92- (7.98- (8.05-
9.29) 10.33) 9.50) 10.72) 10.80) 11.70) 11.80)
abs n 39.50 -112.64 -75.26 -60.96 -28.33 39.04
cu ’ (11.21- (-139.44- (-118.09- (-106.17- (-76.38- (-25.23-
T 101.87) -78.08) -29.15) -3.86) 56.26) 89.81)
-111.55 -73.33 -60.03 -23.33 40.98
MOF N (-148.04- (-117.56- (-93.94- (-69.52- (-25.23-
Treg -80.69) -24.42) -10.00) 58.58) 89.81)
abs n, -125.74 -98.83 -136.17 -73.33 25.82
c.u. Y (-131.87- (-132.77- (-173.36- (-114.58- (-15.69-
-111.79) -66.92) 45.49) 29.48) 67.30)
-102.25 -72.42 -49.03 -28.33 50.00
IC N (-133.34- (-118.62- (-93.94- (-76.38- (-33.37-
Treg -72.87)** -22.39) 22.38)* 56.26) 89.82)
abs n, -144.00 -90.15 -125.58 -26.59 13.77
c.u. Y (-154.27- (-119.48- (-156.43- (-73.52- (-10.80-
-130.84)** -74.18) -90.00)* 32.33) 53.54)
-96.74 -72.42 -58.35 -11.11 44.52
Outcome F (-1 34.04-* (-117.56- (-92.95- (-64.96- (-35.56-
Treg -60.20) -20.00) -23.53) 61.14) 93.02)
abs n, -128.24 -83.03 -78.19 -47.30 36.67
c. u. UF (-141.98- (-119.19- (-128.23- (-90.79- (-8.69-
-102.64)* -48.81) 48.82) 38.83) 89.51)
102.65 99.23 43.04 63.18 76.31 82.85 120.74
abs (70.62- (66.79- (27.03- (44.72- (53.92- (58.26- (81.00-
133.63) 122.26) 75.31) 88.23) 131.67) 127.99) 161.54)
o 9.91 10.90 13.95 14.10 18.10 14.50 15.60
T127hi TF] (7.38- (8.53- (9.25- (10.78- (12.75- (10.95- (11.85-
13.16) 14.62) 18.95) 21.42) 22.90) 20.75) 22.40)
abs n 50.94 -48.26 -17.18 19.50 26.33 104.30
cu ’ (9.10- (-82.90- (-50.30- (-17.53- (-31.68- (3.77-
T 110.44) 0.61) 32.94) 99.38) 110.29) 168.58)
-50.91 -13.60 21.07 33.14 109.43
MOF N (-87.06- (-49.51- (-10.94- (-14.01- (3.77-
T127hi -0.40) 50.94) 96.17) 113.31)** 168.58)
abs n, -62.91 -29.20 -68.42 -32.92 88.55
c. u. Y (-76.57- (-71.00- (-81.58- (-84.10- (2.59-
-41.56) -1.14) 99.39) -24.51)** 174.04)
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Tabnuya 2 (okoH4YaHue)
Table 2 (continued)

Sinj, day after inju
Factor Control Minj ), 79Y Jury
1 3 5 7 14
n 80 34 68 87 35 74 67

-51.42 -12.46 24.21 32.94 109.43
IC N (-81.05- (-48.45- (-7.08- (-17.76- (2.69-
T127hi -0.96) 35.73) 99.39)* 120.00) 168.58)
abs n, -70.16 -32.68 -49.77 -26.75 41.75
c.u. Y (-111.08- (-84.91- (-96.77- (-40.80- (22.13-
-25.12) 0.45) -10.33)* 11.57) 195.53)

-37.16 -24.67 16.54 33.14 114.22
Outcome F (-85.65- (-58.74- (-10.94- (-0.81- (17.55-
T127hi 26.00) 15.63) 80.44) 131.02)* 168.66)
abs n, -60.70 -1.89 19.50 -4.26 82.76
c.u. UF (-87.85- (-47.12- (-68.42- (-44.96- (-10.91-
-24.76) 43.47) 99.39) 58.67)* 166.05)

144.36 128.61 69.31 91.15 95.62 109.37 144.92
abs (116.90- (103.20- (47.03- (66.29- (70.50- (67.36- (111.13-
166.04) 178.35) 95.12) 126.83) 133.57) 141.61) 196.72)

o 15.30 14.90 22.90 22.75 22.50 19.30 19.50
Th17 T; (12.40- (11.65- (15.93- (16.68- (13.60- (13.20- (14.90-
18.80) 19.78) 29.90) 28.52) 26.35) 24.38) 24.55)

abs n 17.20 -160.14 -93.31 -88.23 -53.08 28.32
o u ’ (-60.85- (-211.16- (-149.53- (-152.06- (-146.56- (-53.72-
T 99.92) -101.13) -23.86) -11.65) 21.43) 128.90)

-160.38 -81.08 -60.26 -45.45 38.74
MOF N (-211.41- (-144.59- (-121.19- (-139.56- (-43.19-
Th17 -101.89) -18.00)* -4.21)** 22.21)* 147.54)
abs n, -156.14 -170.82 -277.79 -137.74 -6.65
c. u. Y (-181.26- (-232.67- (-325.00- (-237.73- (-58.13-
-136.85) -101.43)* -215.66)** -67.58)* 44.37)

-153.46 -90.47 -64.95 -46.31 19.50
IC N (-197.67- (-148.16- (-121.43- (-132.29- (-60.09-
Th17 -99.62) -18.62) -1.95)* 21.43) 126.42)
abs n, -202.25 -128.30 -152.06 -141.99 43.14
c.u. Y (-259.88- (-158.49- (-204.08- (-153.13- (-16.14-
-167.77) -38.85) -124.06)* -66.07) 137.67)

-163.97 -96.94 -45.71 -24.06 24.61
Outcome F (-213.25- (-149.53- (-119.09- (-113.70- (-45.15-
Th17 -80.74) -25.18) 6.48) 23.74) 119.70)
abs n, -157.40 -81.08 -116.70 -112.23 28.32
c.u. UF (-204.81- (-148.16- (-219.45- (-153.72- (-56.18-
-139.29) -22.73) -45.28) -7.99) 147.17)

Note. Mann-Whitney U test; *, p < 0,05; **, p < 0,01; comparison groups: MOF group (N — no, Y — yes); IC, infectious complication
(N -no, Y -yes); Outcome (F — favorable outcome, UF — unfavorable outcome); c. u., conventional units.

For SInj group, a pronounced decrease of Th, Treg,
T127hi and Th17 absolute cell count, in the acute
post-traumatic period with an increase to 14 days was
revealed. The values of in the first day for indicators of
patients with MInj correspond to the values of control
group and significantly differ from patients with SInj
in the 1-7th day for Th17 and Treg, for T127hiin the
1-34 day after the injury (Figure 1A, D-F).

There are different kinetics of the percentage Th
subpopulations in peripheral blood of children with
severe injuries. The percentage of Th17 and T127hi
significant increse in 1%-3¢ and 3¢-7" days after injury
respectively in comparation with Control and MInj
group (Figure 1H, I). Zhang et al. demonstrated
that the level of Th17 showed increased initially and
then decreased in patients with thoracic trauma.
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The frequency of Thl7 was significantly increased
in traumatic patients compared to healthy controls
on the day after admission [12]. At the same time, in
our study there were no differences between groups
in terms of the percentage of Treg cells (Figure 1G).
In contrast, it has been demonsrated the percentage
of Treg cells in the peripheral blood was higher in
patients with thoracic trauma compared with that of
healthy group [12].

Using the nonparametric Mann—Whitney test,
we compared the differences in normalized absolut
cell count Treg (Tregn), T127hi (T127hin) and Th17
(Th17n) in children with severe injury over time in
different groups: with and without MOEFE, with and
without IC and outcome groups (Table 2). Patients
with MOF had significantly lower median values of
analised parmetrs within 1%-7"h days after admission
to the ICU than patients without MOF. Significant
differences in Th17n and T127hin level were found
in MOF groups from 3™ to 7" day and in 7" day
respectively. Only one previous study has examined
significant decreases in the number of lymphocytes
between MOF and non-MOF groups appear after day
2 [5].

Despite improvements in prognosis and survival,
there is a lack of validated diagnostic tools for post-
traumatic complications. In a retrospective study
involving 188 patients after severely injured trauma
the immunoregulatory index, in the polytrauma
patients with purulent-inflammatory complications,
was lower than in the patients without purulent-
inflammatory complications due to the reduced
values of Th [7]. In our study the levels of Tregn in 1%
and 5" day and Th17n, T127hin in 5% day after injury
differed significantly in groups without and with IC:
patients from the latter group had it considerably
lower. Study on trauma patients admitted to the ICU
ward have identified increased Th17 cells and serum
IL-17 levels during the first week after admission,
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ANDDEPEHLIMPOBAHHBIE HAPYLLEHUS UMMYHHOM
CUCTEMbI NP OCTPOM rEMATOrEHHOM U OCTPOM

NOCTTPABMATUYECKOM OCTEOMUEJIUTAX Y OETEN

Yynmuiaosa I''A., TapakanoB B.A., UYnuepen E.A., Terepun 10.B,,
Bbaposa H.R., Murponanosa M.H.

@I'bOY BO «Kybanckuil eocydapcmeennbiii Meduyunckull ynugepcumem» Munucmepcmea 30pagooxpanenus: PO,
e. Kpacnooap, Poccus

Pesrome. OcTreoMueUT — BocnajleHUue KOCTU U KOCTHOIO MO3ra, BRI3BAHHOE PAacIIpOCTpaHEeHUEM . aureus
M3 JIOKaJIbHOTO oYyara reMaToreHHbIM ITyTEM WJIU U3 OTKPBITOrO TpaBMaTUYECKOTO TMepeoMa, KOTopoe TPy -
HO TTOJJaeTCs JICUEHUIO M OCTAaeTCsl CEPhEe3HOI IMpobyieMoil. YCI0BUSIMU paclpoCcTpaHeHUsT UHGEKIIMOH-
HOTO Mpollecca B KOCTU SBJISIETCS BAUSIHUE S. aureus, HapyllleHHWE €ro 3JIMMUHALMU U3-3a TUCGHYHKIIUU
uMMyHHoOI cucteMbl (MUC). PazHopeuuBble JaHHbIE 00 UMMYHOIIATOT€HETUYECKUX MEXaHU3MaX pPa3BUTUS
OCTPOI0 OCTEOMHENIUTA TPEeOYIOT WM3Yy4YeHUs, MO3BOJISIONIEro pa3dpadoTraTh OOOCHOBAHHYIO MMMYHOTepa-
nuto. [leap ucciaenoBaHusi — YTOUHUTh BApUAHThl HApyIIEeHU I MMPOTUBOOAKTEPUATIBHO MMMYHHOM 3aIlIUThI
y IeTell C OCTPBIM T'€MaTOT€HHBIM U OCTPBIM MTOCTTpaBMaTUYECKUM ocTeoMuenuTamu. MccienoBaHsbl 1eTU
8-15 et (n = 22): rpynma ucciaenoBanus 1 (I'M1) — 12 mauyMeHTOB C OCTPbIM F'éeMaTOT€HHBIM OCTEOMUETUTOM
(OI'O); rpynina uccnenoanus 2 (I'M2) — 10 neTeii ¢ oCTpbIM MOCTTpaBMaTUYeCKUM ocTeoMueauTom (OT10).
Tpynny cpaBHeHus (I'C) — 13 3mopoBBIX AeTell COOTBETCTBYIOIIEro Bo3pacta. TectupoBanu T-muM@oLUThI
(CD3*CD19, CD3*CD4", CD3*CD8*, CD3*CD4*'/CD3*CD8%), B-mumdouurer (CD3-CDI19"),
NK (CD3-CD16*CD56™) u TNK (CD3*CD16"CD56%) numdonuter, CD16, CD32, CD64 peuenTtopbl Ha
HeliTpoduabHbIX rpanyaouuToB (HI') (FC-500 Beckman Coulter, CIIIA); ypoBeHb CBIBOPOTOUYHBIX IgA,
IgM, IgG (MDA). OuenuBanu daromurapHyio dyHkiuio HI' mo oTHomeHu o K S. aureus: KOJIMYECTBO aK-
TBHO (darouutupyoommx HI' (%®AH), npouecco 3axBata (PY, ®U) U KUJUIMHIOBYIO aKTUBHOCTh (%11,
HIT). B rpynmax OI'O u OITO BbIsiBAEHO cCHIKeHUE KoandecTBa T-numdonutos, T-xennepos, TCTL u NK
(P14 < 0,05). Takke ycraHoBseHO, yTo Ipu OI'O yposeHsb IgA, IgM, IgG He ominyasncs oT mokasateseit I'C,
toraa kak ipu OITO ormeyanocs nosbiiieHue yposHsa IgA u IgG (p, , < 0,05). ITokazaHo, B rpynnax ¢ OT'O
u OITO oTMeuaeTcs pa3Has IIOTHOCTh 3Kcrpeccuu peuenropos CD64, CD16, CD32 na HI, npenonpene-
JISI01asi HECOCTOSITENbHOCTh (harouuTapHoii ¢pyHkuuu. HdedekTol parouurosa, npu OI'O B nepByro ode-
penb, CBSI3aHHbBI C HapYIIEHUSIMU 3axBaTa U KUJUIMHTA, a ipu OITO TonbKo ¢ mpolleccaMu NepeBapuBaHuUs
OakTepuaIbHOrO aHTUTeHA. BhIsgBIeHHbIE KOMOMHUPOBaHHBIE 1edeKThl GyHKIIMOoHUpoBaHUI M C nUKTYIOT
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HEe0OXOAMMOCTh pPa3paboTKU HOBBIX Moaxoa0B B jedyeHnurn OI'O u OI1O y neteii, naToreHeTUYeCKU 0OOCHO-
BBIBAIOIIIMX MCIIOJIb30BaHME UMMYHOTEpANu B KOMIUJIEKCHOM 3TUOMNATOT€HETUYECKOM JIEYEHUHU, YTO Oy-
JIET CIMTOCOOCTBOBATh BOCCTAHOBJIEHUIO MTPOTUBOUHMEKIIMOHHOTO UMMYHUTETA, YIYUYIIIEHAO KIIMHUYECKOTO
TeueHUs 3a00JIeBaH1, a TAKXKe MPEMSATCTBOBATh XPOHU3ALMY BOCMAJIUTEIBHOTO TIpoIecca U YCYTYOJIEHUIO
nuchynkiu UC.

Karouesnie cnosa: ocmpuiii cemamozerHbiii ocmeomueaum, 0Cmpbulii HOCMMPAsMamu4eckuii ocmeomueaum, 0emu, UMMYHHAS
cucmema, ducynKuyuu, npomueoobaKmepuanbHolii UMMYHUmMem

DIFFERENTIATED DISORDERS OF THE IMMUNE SYSTEM
IN ACUTE HEMATOGENIC AND ACUTE POSTTRAUMATIC
OSTEOMYELITIS IN CHILDREN

Chudilova G.A,, Tarakanov V.A., Chicherev E.A, Teterin Yu.V.,,
Barova N.K., Mitropanova M.N.

Kuban State Medical University, Krasnodar, Russian Federation

Abstract. Osteomyelitis is an inflammation of bone and bone marrow caused by the spread of .S. aureus
from a local focus by the hematogenous route or from an open traumatic fracture; it is difficult to treat and
remains a serious problem. The condition for spreading of the infectious process into bone is the effect of
S. aureus and its impaired elimination due to immune system (IS) dysfunction. Controversial information on
the immunopathogenetic mechanisms of acute osteomyelitis needs study, which would allow the development
of sound immunotherapy. Purpose of the study: to specify the variants of antibacterial immune protection
disorders in children with acute hematogenous and acute posttraumatic osteomyelitis. Materials and methods.
Children 8-15 years old (n = 22) were studied: Study Group 1 (SG1, n = 12) — with acute hematogenous
osteomyelitis (AHO); Study Group 2 (SG2, n = 10) — with acute post-traumatic osteomyelitis (APTO). The
comparison group (CG) — 13 healthy children. Tested: T lymphocytes (CD3*CD19-, CD3*CD4", CD3*CD8"),
B lymphocytes (CD3-CD19%), NK (CD3-CD16"CD56%) and TNK (CD3*CDI16"CD56%) lymphocytes,
neutrophil granulocytes (NG, CD16, CD32, CD64) (FC-500 Beckman Coulter, USA); the level of serum
IgA, IgM, IgG (ELISA). Phagocytic function of NGs in relation to S. aureus was assessed: the number of
actively phagocytizing NGs (%PhAN), capture processes (PhN, Phl) and killing activity (%D, DI). Results. In
both groups was revealed a decrease of T lymphocytes, T helpers, T and NK quantity (p,, < 0.05). In AHO,
the levels of IgA, IgM, IgG did not differ from that in GS, while in APTO the levels of IgA and IgG increased
(p1., < 0.05). The density of CD64, CD16, CD32 receptor expression on NG in the studied groups has been
a different equipping, predetermining an incompetence of the phagocytic function: in AHO associated with
abnormalities in the function capture and killing, in APTO only with the S. aureus digestion. Conclusion. The
revealed combined defects of IS functioning necessitate the development of new approaches in the treatment
of AHO and APTO in children, pathogenetically substantiating the use of immunotherapy in the complex
etiopathogenetic treatment. This approach will contribute to the restoration of mechanisms of anti-infective
immunity, timely elimination of pathogens, improve the clinical course of the diseases, prevent the chronic
inflammatory process.

Keywords: acute hematogenous osteomyelitis, acute post-traumatic osteomyelitis, children, immune system, dysfunctions,
antibacterial immunity

The study was carried out as part of the state
assignment of the Ministry of Health of the Russian
Federation (No. 121031000071-4).

Introduction

Deep infections, such as osteomyelitis, which are
difficult to treat, remain a serious health problem
worldwide [2, 11]. Osteomyelitis is an infectious

inflammation of the bone and bone marrow caused
by the spreading of an agent from a local focus by
hematogenous route and/or from an open fracture to
all parts of the bone and its surrounding soft tissues,
which ultimately leads to progressive destruction of
the bone [7]. Acute osteomyelitis is predominantly
a childhood disease with a peak incidence occurs at
10-14 years (60-80%) [3]. In difficult cases of acute
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osteomyelitis, children continue to die, even in our
era of significant advances in surgical procedures
and the strongest antibiotics. The causative agents
of osteomyelitis are commensal staphylococci,
S. epidermidis, and the most common etiological
agent is S. aureus [6]. S. aureus is highly virulent,
expressing immunomodulatory proteins, adhesins,
toxins, and superantigens, and is able to adapt to the
immune response and evade it.

In addition, S. aureus has many mechanisms
promoting tolerance to antibiotic treatment [9].
In particular, it is able to create three-dimensional
conglomerates consisting of bacteria surrounded by
neutrophilic granulocytes (NGs) and macrophages.
S. aureus forms biofilms on necrotic bone; it secretes
SpA proteins that bind to IgG Fc-fragments and block
antibody-mediated phagocytosis, or to Fab-domains
of the VH3 chain of IgM antibodies, which causes
proliferative expansion of B cells ending in apoptosis
[9]. Recently, the mechanism of S. aureus evasion
from the response of the immune system (IS), which
leads to its persistence, was discovered: the invasion
into submicron channels deep in the bone cortex,
where bacteria can survive for many years, dissolving
the surrounding bone mineral matrix [4].

On the other hand, it has been established that
the most important condition for the spread of the
infectious process in the bone is both the negative
impact of S. aureus itself and the violation of its
elimination, and IS dysfunction [8, 12]. The imbalance
of the immune system in AHO in young children has
been confirmed in various studies [1, 3, 12]. There is
the information of the presence of immune deficiency
before the onset of the disease, which caused the onset
and progression of a focus in the bone tissue in chronic
osteomyelitis [1]. At the same time, there are many
conflicting facts of the pathogenetic mechanisms
in the development of acute osteomyelitis, which,
from our point of view, remain insufficiently studied.
It should be noted that an in-depth approach to
the study of the immunopathogenesis of acute
osteomyelitis is needed, which would allow to develop
the pathogenetically substantiated immunotherapy.

Purpose of the study: to clarify the variants of
violations of antibacterial immune defense in children
with acute hematogenous and acute post-traumatic
osteomyelitis.

Materials and methods

The study included children aged 8-15 years
with acute osteomyelitis (n = 22) hospitalized at the
Regional Children’s Clinical Hospital of the Ministry
of Health of the Krasnodar Krai.

Based on clinical and laboratory data, 2 study
groups were formed. Study group 1 (SG 1) included
12 patients (1 girl, 11 boys) with acute hematogenous
osteomyelitis (AHO). For patients from SGI, at

the time of admission to the hospital the febrile
temperature was for the 4 (2.5-6.5) days from the
onset of the disease, a high level of CRP — 60 (13-
158) mg/L. Before hospitalization, 1 person took
antibiotics.

Study group 2 (SG2) consisted of 10 children (2
girls, 8 boys) with acute post-traumatic osteomyelitis
(APTO). In SG2 patients, at 9 (7-14) from the onset of
the disease, subfebrile temperature was noted, the level
of CRP was 8 (5-30) mg/L. Prior to hospitalization,
5 people were taking antibiotics (a broad-spectrum
synthetic penicillin antibiotic with a beta-lactamase
inhibitor or a third-generation cephalosporin with
a beta-lactamase inhibitor). The comparison group
(CG) consisted of 13 conditionally healthy children
of the corresponding age.

We have determined the content of T lymphocytes
(CD3*CD19, CD3*CD4*, CD3*CDS8*, IRI, —
CD3*CD4*/CD3*CD8"), and B lymphocytes (CD3CD19"),
as well as NK lymphocytes (CD3-CD16"CD56"),
TNK lymphocytes (CD3*CD16"CD56%), CDI6,
CD32, CD64 NGs receptors on Cytomics FC-
500 cytometer (Beckman Coulter, USA) using
monoclonal antibodies (Beckman Coulter, USA).
The level of serum IgA, IgM, 1gG was determined
(ELISA, test systems of CJSC Vector-Best, Russia).
The phagocytic activity of NG was assessed with the
determination of the number of actively phagocytic
NG (%PhAN) uptake processes (PhN, Phl) and
the degree of completion of the phagocytic act with
an assessment of the digestive activity (% D, DI) in
relation to S. aureus (strain 209)

The conducted study complies with the requi-
rements of the WMA Declaration of Helsinki (DoH),
approved by the Social Ethics Committee of the
Kuban State Medical University of the Ministry of
Health of Russia.

Statistical processing of the study results was
carried out using computer programs Microsoft Excel
2016 and StatPlus 2020. Nonparametric statistics
methods were used: Me (Q,,5-Q,.+5), Mann—Whitney
U test. Differences were determined to be statistically
significant at p < 0.05

Results and discussion

An analysis of the total number of leukocytes and
their morphology made it possible, already at the level
of general clinical studies, to identify an inadequate
response to the inflammatory process in AHO and
APTO. Thus, in children with AHO in SG1, a slight
increase in WBC was found to 9.6 (8.4-10.0) x 10°/L
versus 4.6 (4.1-6.2) x 10°/L in CG (p < 0.05), by
against the background of an unchanged absolute
and percentage content of NG with an increase in the
proportion of stab forms — 7.0 (5.0-10.3) % (p, < 0.05;
p, > 0.05), a decrease in the number of lymphocytes
(LY) — 29 (19.5-30.0) % versus 37,3 (33.4-38.5) %
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(p < 0.05) and 2.1 (1.7-2.9) x 10°/L versus 2.5 (2.4-
2.5) x 10°/L in CG (p > 0.05) (Table 1).

Evaluation ofleukocyte parametersin children with
APTO in SG 2 revealed a blockade of the response to
the infectious and inflammatory process. Tendencies
were noted: an increase in the number of WBCs to the
upper limit of the reference values of CG (p > 0.05),
an increase in the absolute content of NG (p > 0.05),
against the background of a decrease in the proportion
of segmented NG due to an increase in banded NG
(p < 0.05). At the same time, the indicators of the
relative amount and absolute LY did not differ from
the values of CG (p, , > 0.05) (Table 1).

In the study of cellular immunity in children with
AHO and APTO, unidirectional, but with varying
degrees of dysfunction, are revealed. Thus, in SG 1
with AHO, there was a 1.4-fold decrease in the level of
T lymphocytes — CD3*CD19-to 1.3 (1.1-1.6) x 10°/L
against 1.9 (1.7-2.0) x 10°/L in CG (p < 0.05), due
to a parallel decrease in T helpers — CD3*CD4*
by 1.6 times (p < 0.05) and 1.9 times the amount
of Tep-CD3*CD8* (p < 0.05), implementation
index inversion (IRI,) — 1.3 (0.9-1.6). Also, a
pronounced trend of a 2.5-fold decrease in NK-
CD3-CD16'CD56" to 0.2 (0.2-0.4) x 10°/L versus
0.5 (0.3-0.4) x 10°/L in CG (p > 0.05), while the
level of TNK-CD3*CD16"CD56" and the content of

B lymphocytes CD3-CD19* did not differ from the
values determined in the CG (p > 0.05) (Table 2).

The SG2 of APTO children also showed a 1.3-
fold decrease in TI-CD3*CDI19 (p < 0.05) and
Th-CD3*CD4* (p < 0.05) and 1.6-fold decrease in
T -CD3*CD8* (p < 0.05) and 2,5-fold NK-CD3-
CD167CD56" (p < 0.05). In contrast to SG1, there
was a 2,3-fold increase in TNK-CD3*CD16"CD56*
(p <0.05) in SG2. The content of BI-CD3-CD19" did
not differ from that of CG (p > 0.05) (Table 2).

It is interesting to note that only 1 child from SG1
with AHO and 1 child from SG 2 with APTO had
leukocytosis, an adequate increase in the amount of
NG necessary to eliminate the bacterial pathogen.
Against the background of leukocytosis in patients
with AHO and APTO, there were similar changes in
the relative parameters of cellular immunity noted
in the corresponding groups of SG1 and SG2, which
were partially leveled due to an increase in the total
number of leukocytes.

In the analysis of humoral immunity in children
with AHO in SGI1, the concentrations of the main
classes of immunoglobulins IgA, IgM, IgG did not
differ from the values of GS (p,; > 0.05), and for IgA
and IgG, a downward trend was recorded (Table 2).
In GI2 of children with APTO, there is an increase
in the concentration of IgG to 18.1 (15.9-22.2) g/L
(p < 0.05) and IgA to the upper limits of the CG

TABLE 1. LEUKOCYTES IN CHILDREN WITH ACUTE HEMATOGENOUS AND ACUTE POST-TRAUMATIC OSTEOMYELITIS,

Me (Qy25-Qy )
SG1 SGI 2 Comparison group
Indicators acute hematogenous acute post-traumatic healthy children aged 8-15
osteomyelitis osteomyelitis years.
n=11 n=9 n=13
9.6* 6.3" 4.6
9
WBC, 10°/L (8.40-9.96) (6.0-7.0) (4.16.2)
LY, % 29.0* 36.5 373
0 (19.5-30.0) (25.5-40.8) (33.4-38.5)
2.1 2.3 25
9
LY, x 10°/L (1.7-2.9) (1.8-2.8) (2.4-2.5)
51.0 51.5 57.8
0,
NG, % (36.8-68.3) (46.8-54.8) (54.3-59.8)
3.9 3.7 27
9
NG, x10°L (2.6-6.6) (3.3-5.3) (2.6-3.3)
445 47.0* 55.5
0,
segmented NG, % (33.3-59.5) (42.5-49.5) (54.1-58.0)
banded 7.0* 5.00* 25
NG, % (5.0-10.3) (3.0-7.0) (1.0-3.5)
9.0% 5.00 4.0
0,
MON, % (7.0-13.3) (4.0-8.0) (3.3-5.8)
1.0 6.0 35
()
EOS, % (0.1-5.0) (3.0-7.0) (3.0-4.0)

Note. *, differences in the indicators of study groups with osteomyelitis from those of healthy children; *, differences between study
groups, statistically justified with an error of the 15t kind p < 0.05 (Mann-Whitney test).
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TABLE 2. INDICATORS OF CELLULAR AND HUMORAL IMMUNITY IN CHILDREN WITH ACUTE HEMATOGENOUS AND

ACUTE POST-TRAUMATIC OSTEOMYELITIS, Me (Q 25~Q; 75)

SG1 SG 2 Comparison group
. acute hematogenous acute post-traumatic healthy children aged
Indicators - .
osteomyelitis osteomyelitis 8-15 years
n=1 n=9 n=13
9.6* 6.3" 4.6
9
WBC, x10°/L (8.40-9.96) (6.0-7.0) (4.1-6.2)
LY, % 29.0 36.5 373
(19.5-30.0) (25.5-40.8) (33.4-38.5)
2.1 2.3 25
9
LY, x 10°/L (1.7-2.9) (1.8-2.8) (2.4-2.5)
T lymphocytes 60.8 58.7 75.8
CD3*CD19, % (52.4-67.5) (50.7-66.2) (71.8-78.2)
T lymphocytes 1.3* 1.5 1.9
CD3*CD19, x 10°%L (1.1-1.6) (1.1-1.8) (1.7-2.0)
T helpers 33.2* 35.7* 46.9
CD3*CD4*, % (29.5-34.5) (29.0-36.9) (41.3-58.6)
T helpers 0.6* 0.8 1.1
CD3*CD4*, x 10°/L (0.5-0.9) (0.5-1.0) (0.9-1.9)
CTL 27.7* 22.5* 347
CD3*CD8*, % (22.8-30.4) (22.4-24.9) (31.4-38.9)
CTL 0.5 0.6 0.9
CD3*CD8*, 10°/L (0.4-0.8) (0.5-0.7) (0.7-1.0)
IRI 1.3 1.4 1.8
CD4/CD8 (0.9-1.6) (1.2-1.6) (1.5-2.0)
NK, % 11.9* 7.7* 19.8
CD3-CD16*CD56* (7.3-15.0) (5.2-11.3) (17.1-19.9)
NK, x 10°/L 0.2* 0.2* 0.5
CD3-CD16*CD56* (0.2-0.4) (0.1-0.3) (0.3-0.5)
TNK, % 0.8 2.8* 0.7
CD3*CD16*CD56* (0.6-2.2) (1.4-3.7) (0.5-0.9)
TNK, x 10°/L 0.03 0.06 0.03
CD3*CD16*CD56* (0.01-0.05) (0.02-0.06) (0.02-0.06)
B lymphocytes 17.2 10.3 114
CD3-CD19*, % (11.8-19.7) (9.9-14.1) (9.2-7.7)
B lymphocytes 0.3 0.2 0.3
CD3-CD19%, x 10°%/L (0.2-0.4) (0.1-0.3) (0.2-0.3)
1.2 217 1.5
lgA g/L (1.1-1.8) (1.8-2.2) (1.4-2.6)
1.3 0.9 1.4
IgM g/L (1.1-1.4) (0.8-1.3) (1.1-1.6)
12.5 18.1* A 13.2
19G g/L (11.4-15.6) (15.9-22.2) (12.8-13.6)

Note. As for Table 1.

quartile zone — 2.1 (1.8-2.2) g/L (p > 0.05) against
the background of low IgM values of 0.9 (0.8-1.3) g/L
(p > 0.05) (Table 2).

NG dysfunctions common to all children with
AHO and APTO were also found. The functional
activity of NG, in particular, the phagocytic function,
depends on the number and density of expressed
receptors [10]. It is known that CD64 (FcyRI), CD16

(FcyRIII), CD32 (FCyRII) receptors trigger immune
phagocytosis and killing processes, antibody-
dependent cellular cytotoxicity (ADCC).

It was shown that children with SG1 with AHO,
there was a 1,2-fold decrease in the number of NG
expressing CD16 (p < 0.05), and a 29-fold increase
in the level of CD64"™NG (p < 0.05) against the
background of an unchanging quantity of CD32
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TABLE 3. INDICATORS OF RECEPTOR AND PHAGOCYTIC FUNCTIONS OF NEUTROPHILIC GRANULOCYTES IN CHILDREN
WITH ACUTE HEMATOGENOUS AND ACUTE POST-TRAUMATIC OSTEOMYELITIS, Me (Q, ,5-Q,15)

SG1 SG 2 Comparison group
Indicators acute hematogenous acute post-traumatic healthy children aged
osteomyelitis osteomyelitis 8-15 years
n=1 n=9 n=13
51.0* 67.0* A 54.7
0,
% PhAN (42.8-58.3) (58.5-71.5) (51.0-57.0)
1.9* 3.2%A 4.4
PhN (1.7-2.3) (2.4-3.7) (3.8-4.7)
PhI 1.0* 2.0 1.9
(0.9-1.5) (1.5-2.3) (1.7-2.2)
% D 41.9* 46.0* * 64.5
¢ (37.8-44.8) (40.3-47.0) (62.6-66.9)
DI 0.5* 1.0* 7 1.7
(0.3-0.7) (0.6-1.2) (1.5-2.0)
86.5* 93.17 98.3
0,
CD16, % NG (80.5-96.4) (91.1-96.0) (96.8-99.4)
93.8 93.7 93.1
0,
CD32, % NG (90.8-96.9) (92.7-94.3) (91.1-96.6)
14.5* 3.4%A 0.5
0,
CD64, % NG (5.9-15.7) (2.1-4.7) (0.4-0.7)

Note. As for Table 1.

(p > 0.05) in relation to the indicators of CG (Table 3).
At the same time, depression of phagocytic activity is
observed in SG1 with AHO, which is associated both
with a decrease in the number of actively phagocytic
NG (% PhAN) (p > 0.05), impaired capture functions
(PhN, PhI) (p, , < 0.05) and processes of killing
(%D, DI) (p,., <0.05) due to impaired NG receptor
function.

Meanwhile, in children with AHO in SGI1,
the content of NGs expressing CD16 and CD32
receptors did not significantly differ from CG values
(p1,» > 0.05), while there was a 6,8-fold increase in
the level of CD64"NG (p < 0.05) (Table 3). When
assessing phagocytic activity in children with SG2,
a slight increase in % PhAN to 67.0 (58.5-71.5) %
versus 54.7 (51.0-57.0) % (p < 0.05), however, there
was a decrease in 1,4 times the index of PhN reflecting
the ability of NG to capture (p < 0.05) and, asin SG1,
the Kkilling ability of cells was reduced (% D, DI,
p <0.05).

Thus, combined defects in the functioning of
IS indicators of different severity were revealed in
children with AHO s and APTOs aged 8-15 years old.

So, in both studied groups, general dysfunctions
of the cellular link of IS were revealed: a decrease in
the number of T lymphocytes with a parallel decrease
in the proportion of T helpers and Ty, lymphocytes,
a decrease in NK cells against the background of
an unchanged content of B lymphocytes. At the
same time, it was found that in AHO, the level of

immunoglobulins of the main classes did not change
and did not differ from the CG indicators, while in
APTO in SG 2, an increase in the level of IgA and IgG
was noted. The received data obtained partly coincide
with the trends noted by other authors in children of
other age groups with AHO [3, 12].

When analyzing the receptor and phagocytic
activity, it was found that the expression levels of the
CD64,CD16,CD32, and NG receptors in the studied
groups of children with AHO and APTO demonstrate
different equipment, which predetermines the failure
of the phagocytic function. Defects in phagocytosis,
in AHO, are primarily associated with impaired
functions of NG capture and killing of the bacterial
antigen, and in APTO, only with the completion of
the phagocytic act.

Conclusion

The identified combined defects in the functioning
of the immune system necessitate the development
of new approaches in the treatment of AHO and
APTO in children, pathogenetically substantiating
the use of immunotropic medicines in the complex
etiopathogenetic treatment of this pathology, which
will help restore disturbed mechanisms of anti-
infective immunity and, as a result, timely elimination
of pathogens, improve clinical the course of diseases,
as well as to prevent the chronicity of the inflammatory
process and the aggravation of the dysfunction of the
immune system.
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AHTUTEHNPE3EHTUPYIOLLASA Cybrionyndauu4d
CD66b*CD16*CD33*HLA-DR* HENTPOOWUJIbHbIX
rPAHYJIOLUUTOB NPU OCTPOM OCTEOMMUEJIUTE
Y AETEWN: UMMYHOMOAY/TUPYIOLUME 3DDEKTDI
BJINAHUA UMMYHOTPOMNHOIO FrEKCANENTUAA

B 9KCMEPUMEHTAJIbHON CUCTEME IN VITRO

Hecreposa VI.LB." 2, Yynuaosa I''A.l, Terepun FO.B.}, Ynuepesn E.A.L,
Yanypuua B.H.!, Murponanosa M.H.!

'@IBOY BO «Kybanckuii eocydapcmeennbtii Meouyunckuii yrugepcumem» Munucmepemea 30pagooxparenus PO,
e. Kpacnooap, Poccus
2@IAOY BO «Poccuiickuii ynusepcumem dpyxucool Hapodoe», Mockea, Poccus

Pesome. BxintoueHue HeliTpodmibHbIXx rpanynouuToB (HI') B BocnajeHue 3aBUCUT OT 9KCHPECCUU pe-
nentopoB, obecrneynBaronx GyHkiyuu HI. Octprolit octeomuenutr (OOM) 3aHMMaeT LIEHTPAJIbHOE MECTO
cpeay THOWHO-BOCHAJIUTENbHBIX 3a0oeBaHuil y neteii. OOM — rHOWHO-HEKPOTUYECKUIA Tpoliecc, Mpo-
TeKaeT B KOCTU, KOCTHOM MO3Te, OTBETCTBEHHOM 3a KpoBeTBopeHue. [IpencrapisieTr uHTepec onpeaeaeHue
cyononynsauuii HI, ux deHoruna npu OOM u olieHKa BIUSHUS UMMYHOTPOITHBIX CYOCTaHIIMIA 111 KOPPEK-
1y nucyHkuuii. leab — yTOUHUTH BapyuaHThl U3MEHEHU I KOJTMYECTBEHHBIX U (DEHOTUITMYECKUX XapaKTe-
puctuk cyononyisiiuii CD66b*CD16"CD33*HLA-DR-, CD66b*CD16"CD33*HLA-DR* HI mipu octpoM
OCTEOMUENUTE Y AeTel U OLIEHUTh BO3MOXHOCTbh UX UMMYHOMOIYJIUPOBAHMWS MO BIUSHUEM TeKcarenTuaa
(T'TI) — Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine B 3KcnepuMeHTe in Vitro.

HccnenoBana nepudepudeckas kposb (ITK) 24 nereit OOM 8-15 netr — rpynmna ucciaegoBanus (I'M).
Ipynma cpaBHeHust — 13 3mopoBbix Aeteit. s onenku Bausitaus I'TT (106 r/m) T1IK neteit ¢ OOM MHKYy-
oupoBaiu 60 mMun (37 °C) — rpymnna ucciegoBanus 1. Onpenensiin konudectBo HIT cyGromyasimii
CD66b*"CDI16"CD33*HLA-DR*, CD66b"CDI16"CD33*HLA-DR- (FC 500, Beckman Coulter, CIIIA),
TUIOTHOCTB 3Kcnpeccuu peuentopoB mo MFI, darouurapryio aktuBHocTs HI' 1o 1 mocne nnkyoaiuu c I'TI.

I[Ipu OOM peructpupyetcst cyononynsiust HI, skcnpeccupyiomass HLA-DR — 29,9 (18,4-43,6) %
CD66b*"CDI16"CD33*HLA-DR"*, otcyrctBytomast B 1K 3gopoBsix mereit. IMon BmustHuem I'T1 BwIsiBITe-
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HO cHKeHue koimdectBa CD66b"CD16"CD33"HLA-DR™ B 1,5 pa3za (p > 0,05), noBbiiieHue B 1,2 pa3a
CD66b"CD16*"CD33*HLA-DR- HI" (p > 0,05) otHocutenbHo I'U. IlepepacnpeneicHue CyOMOITYJISILIMIA,
oueBUIHO, mpoucxoaut 3a cueT cBsa3biBaHUs ['T1 ¢ HLA-DR na mem6pane HI. Takzke MFI HLA-DR 6n11a
Hu3Koi -1,7 (1,6-2,2) (p > 0,05). IIpm sTom BeisgBiieHO ycrneHne MFI CD66b B 1,3 pasa u cHuskenue B 1,4
pasza MFI CD16 (p < 0,05).

B wmccnemoBanmu BriepBble TokKaszaHo Haanmune B IIK y mereit ¢ OOM cyononmymsauuum HI
CD66b"CD16"CD33"HLA-DR* Ha ¢oHe ymeHbuieHuss koaudectBa CD66b"CD16"CD33*HLA-DR-HI.
Cyononyisuus CD66b*CD16*CD33*HLA-DR*HI mipu OOM, cBUIETEILCTBYET O MOSIBJICHUU aKTUBUPOBAH-
Hoit cyononysisitimu HIT B TTK co cBovictBamu ATTK. B cucteme in vitro mpoaeMOHCTPUPOBAHO MO3UTUBHOE BIIUSI -
nue I'TI Ha penoTum cyoronynsuuit CD66b*CD16"CD33*HLA-DR-, CD66b"CD16*CD33"HLA-DR* HI.
Boccranosienue darouuraprHoit ¢dyHkumu 1on meiictBuem [Tl cBsI3aHO ¢ MOBBIIIEHHMEM 3KCIIPECCUU
CD66b, Bugiomux Ha 3pdekropHyto dyHkuuio HI, 1 yMeHbIIIEHHEM TAITepIKCIIpeccuy MoJieKyabl CD16,
YTO O0YCJIaBIIMBACT CHIDKEHHE TTIOBPEXIAIOIIel IMTOTOKCUYecKoi akTuBHOCTH HIT.

Knroueguie crosa: Heiimpoghunbhble epanyaoyumol, OCMpbLil 0Cmeomuesum, oemu, AHMueeHnpe3eHmupyouas cyononyiayus,
2eKcanenmud, cucmema in vitro

ANTIGEN PRESENTING SUBSET OF
CD66b*CD16"CD33'HLA-DR* NEUTROPHILIC
GRANULOCYTES IN ACUTE OSTEOMYELITIS IN CHILDREN:
IMMUNOMODULATING EFFECTS OF IMMUNOTROPIC
HEXAPEPTIDE IN AN IN VITRO EXPERIMENTAL SYSTEM

Nesterova LV.»? Chudilova G.A2 Teterin Yu.V.2, Chicherev E.A2,
Chapurina V.N.?, Mitropanova M.N.?

¢ Kuban State Medical University, Krasnodar, Russian Federation
b Peoples’ Friendship University of Russia, Moscow, Russian Federation

Abstract. Inclusion of neutrophilic granulocytes (NG) in inflammation depends on the expression of
receptors providing the functions of NG. Acute osteomyelitis (AOM) occupies a central place among purulent-
inflammatory diseases in children. AOM purulent-necrotic process proceeds in the bone, bone marrow — the
site of hematopoiesis. It is interesting to determine the functionally significant NG subsets, their phenotype
in OM and evaluate the effect of immunotropic substances for the correction of dysfunctions. Aim: to specify
the variants of changes in quantitative and phenotypic characteristics of CD66b*CD16*CD33*HLA-DR",
CD66b*CD16"CD33*HLA-DR* NG subsets at AOM in children and evaluate the possibility of their
immunomodulation under the influence of hexapeptide (HP) — Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-
Arginine in vitro.

Peripheral blood (PB) of 24 children 8-15 years old AOM were the study group (SG). The comparison
group (CG) — 13 healthy children. HP (10-° g/L) were incubated with PB SG (60 min, 37 °C) to evaluate the
effects (SG1). The number of NG subsets CD66b*CD16"CD33"HLA-DR*, CD66b"CD16*CD33*HLA-DR-
(FC500, Beckman Coulter, USA), receptor expression density (MFI), phagocytic activity before and after
incubation with HP were determined.

The NG subset expressing HLA-DR — 29.9 (18.4-43.6) % CD66b*CD16*CD33*HLA-DR* was registered
in children with AOM. The number of CD66b"CD16"CD33*HLA-DR™" was 1.5 times lower (p > 0.05), of
CD66b"CD16*"CD33*HLA-DR* was 1.2 times higher (p > 0.05) than before incubation with of HP. The
redistribution of subsets apparently occurs due to the binding of HPs to HLA-DR on the NG membrane. Also
MFI HLA-DR was low (p > 0.05); the 1.3-fold increase in MFI CD66b, 1.4-fold decrease in MFI CD16 were
revealed (p < 0.05).
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The study was the first to demonstrate the presence of NG subset of CD66b"CD16"CD33*HLA-DR" in the
PB of children with AOM. Subset of CD66b™CD16"CD33*HLA-DR*NG in AOM indicates the appearance
of an activated subset of NG in PB with the properties of APC. The positive influence of HP on the phenotypic
characteristics of subsets CD66b*CD16"CD33"HLA-DR-, CD66b*CD16"CD33*HLA-DR"*. Restoration of
phagocytic function of NGs under the influence of HP is connected with the increase of CD66b expression,
which influences the effector function of NGs and decrease of CD16 molecule hyperexpression that stipulates

decrease of damaging cytotoxic activity of NGs.

Keywords: neutrophil granulocytes, acute osteomyelitis, children, antigen-presenting subset, hexapeptide, in vitro system

The study was carried out as part of the state
assignment of the Ministry of Health of the Russian
Federation (No. 121031000071-4).

Introduction

Currently, active scientific research is underway,
the purpose of which is to study the causes and me-
chanisms of the occurrence of atypically occurring
purulent-inflammatory diseases (PID) and the role
of various dysfunctions of neutrophilic granulocytes
(NG) in the immunopathogenesis of these diseases [3].

NGs are known for their contribution to anti-
microbial defense, effectively destroying pathogens
through phagocytosis, production of antimicrobial
peptides, reactive oxygen species, secretion of
proinflammatory cytokines and chemokines, and
formation of neutrophil extracellular networks
(NETs) [11]. NGs showed to be phenotypically and
functionally heterogeneous cells that participate in
cross-interactions with other leukocyte populations
and provide a link between innate and adaptive
immunity [11]. In addition, they can influence the
adaptive immune response by modulating CD4*T cell
responses. It was found that in response to the action
of GM-CSE as well as IFNy and TNFa, IL-3 NGs
express HLA class II molecules on their surface and
become antigen-presenting cells [7, 13]

The multifunctionality of the NG is in direct
dependence on the expression of various receptors on
the surface membrane ofthe NG. Underthe conditions
of impaired functioning of the NG receptor complex,
dysfunction associated with the absence or defects in
signalsisobserved. Thereisalack of quantitative growth
of NG in the focus of inflammation, reduced number
of actively phagocytosing cells, defective capture and
digestion of bacterial antigens, inadequate response
of microbicidal systems associated with defects in
the activity of NADPH-oxidases, myeloperoxidase,
neutrophil elastase, cathepsin G, defensins, etc. [11].

Osteomyelitis (OM) is a purulent-necrotic process
developing in bone and bone marrow (BM) as well
as in the surrounding soft tissues, is central to the
structure of PID of the musculoskeletal system and
accounts for 0.3-0.75% per 1000 children [1]. A highly
specific pathogen in OM is S. aureus. S. aureus is able
to invade, colonize and reproduce in bone tissue,

produces virulence factors: degradation of host
tissues, adhesion to components of the extracellular
matrix, biofilm formation, evasion of destruction
by phagocytes. [3]. In response, the chemokines
CXCLS, IL-1p, CXCL2, and CCL3 are produced,
attracting and activating even more NGs, creating an
inflammatory microenvironment that promotes the
formation of bone-resorbing osteoclasts [3].

The peculiarity of OM is the fact that the in-
flammatory process occurs in the BM, the site of
hematopoiesis. The red BM contains the entire
spectrum of differentiation of myeloid, erythroid
cells, early and mature [14]. The first response to
most pathogens includes myeloid cells, especially
macrophages and NGs. However, their immature
precursors and the pool of MDSCs (a subset of myeloid
suppressor cells from mature and immature NGs) in
CM are unable to exhibit antimicrobial activity [14].
MDSCs have immunosuppressive functions and
contribute to the spread of infection [15]. Moreover,
cytokines, bacterial products and reactive oxygen
species interact with hematopoietic stem cells to in-
duce emergency myelopoiesis, in which both mature
NG and MDSC production are enhanced [15]. NGs
constitutively express CD16, CD66b, CD33 receptors
on the surface membrane.

CD66b (CEACAMS) is a single-stranded GPI-
anchored glycoprotein of the Ig superfamily that is
of interest to determine the functionally important
subsets of NGs and their expressed only on the
NG from the promyelocyte stage, a marker of
NG activation [5]. HLA-DR is a receptor that is
expressed on myeloblasts. HLA-DR is not present
on circulating NGs, but is expressed on the surface of
tissue NGs in specific inflammatory conditions such
as rheumatoid arthritis, Wegener’s granulomatosis [4].
CD33 (Siglec-3), belonging to the immunoglobulin
superfamily contains two domains (IgV and IgC2)
and is a marker of myeloid cell differentiation. The
density of CD33 expression gradually decreases from
the myeloblast stage to the segmentonuclear NG. The
intracellular part of CD33 contains tyrosine-based
inhibitory motifs (ITIM), which are involved in the
inhibition of cellular activity [6].

The CD16 (Fc RIII) receptor is a marker for
banded NG and segmented NG. Upon contact
with a bacterial or viral antigen, this receptor trans-
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locates from the cytoplasmic depot of the NG to its
surface. Increased expression of membrane CDI16
on the NG indicates cell overactivation, while
decreased expression or complete absence of CD16
characterizes the immaturity of the NG and/or
“reverse differentiation” of the cell, which is observed
in severe bacterial infections or tissue necrosis [2].

The immune response to pathogens is signifi-
cantly modified by local factors in specific tissues.
The response to bacteria in bone has unique features
compared to other infected tissues. It is phenotype
when the cell is included in the inflammatory process,
in OM and assess the possibility of influencing the
expression level of surface receptors of immunotropic
substance molecules to correct the NG functions.

Literature data indicate direct binding of the
thymopoietin hormone pentapeptide, Timopentin
(TP5), a synthetic analog of the thymopoietin
active center, to HLA-DR molecules [8]. Given the
molecular similarity of Hexapeptide (HP) — Arginylyl-
alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine and
Timopentin — Arginyl-Lysyl-Asptyl-Valyl-Tyrosil,
it is interesting to specify the effects of HP on the
phenotype of NG subsets expressing on their surface
markers CD16, CD66b, CD33 and CD HLA-DR in
children with AOM in the experiment in vitro.

Purpose of the study: to specify the variants
of quantitative and phenotypic characte-
ristics of CD66b*CD16"CD33"HLA-DR-,
CD66b*CD16"CD33"HLA-DR* neutrophil granu-
locytes subsets at acute osteomyelitis in children and
evaluate their immunomodulation possibility under
the influence of HP in experiment in vitro.

Materials and methods

Peripheral blood (PB) samples of 24 children with
acute hematogenic (AHO) and acute posttraumatic
(APTO) of 8-15 years old (2 girls, 22 boys), the
Study Group, were studied. The Comparison Group
consisted of PB samples of 13 healthy children aged
8-15 years.

To assess the effect of HP, the PB samples of
children with AOM of the study group were incubated
with HP (10-6 g/L) for 60 min, 37 °C — study group 1.

Flow cytometry (FC 500, Beckman
Coulter, USA) tested the number of NG sub-
sets of CD66b*CD16"CD33*HLA-DR",
CD66b*"CD16"CD33*HLA-DR-  simultaneously
expressing CD66b, CDI16, CD33, HLA-DR and
receptor expression density by fluorescence intensity
(MFI) before and after incubation with HP (Mab,
Beckman Coulter International S. A., France).
Phagocytic activity of NGs before and after incubation
with HP was determined in parallel. We evaluated
the content of active-phagocytic NGs (%PhAH),
the volume of captured bacterial pathogen S. aureus
(strain 209) by indicators — phagocytic number

(PhN), phagocytic index (Phl); to evaluate the killing
activity — percentage of digestion (%D), digestion
index (DI).

All legal representatives of patients obtained
informed consent to participate in the study and
blood sampling according to the WMA Declaration
of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013). The study was
approved by the local ethical committee of the Federal
State Educational Institution of Higher Professional
Education “KubSMU?” of the Russian Ministry of
Health.

Statistical data processing performed using
Microsoft Excel 2016 and StatPlus 2020. Wilcoxon—
Mann—Whitney parameters used after assessing
normality of distribution of laboratory indices.
Presentation of the results in the form of median (upper
and lower quartile) — Me (Q,,5-Q, 75). Determination
of statistically significant differences at p < 0.05.

Results and discussion

The NG phenotyping in the comparison
group of healthy children identified one
CD66b"CD16"CD33*HLA-DR- subset in 98.8
(98.0-100.0) %. It was characterized by a low MFI
CD66b molecule expression density of 4.6 (4.2-5.0),
CD33 of 3.7 (3.3-4.6) and a mean MFI CD16 value
of 81.5 (69.3-99.2).

Two subsets of CDI16"CD16*CD33*HLA-DR-
and CD66b"CD16"CD33"HLA-DR", whose content
in PB varied depending on the localization of the
infectious process, were identified in the study group
of children with AOM. Both subsets showed elevated
expression levels of activating CD66b and CDI16
receptors.

We revealed a 1.4-fold decrease in the relative
amount of NGs in the CD66b*"CD16"CD33*HLA-DR-
subset to 71.2 (52.5-80.5) % relative to 98.8 (98.0-
100.0) % in the comparison group (p < 0.05). There
was an increase in MFI CD16 receptor expression
density to 114.5 (100.3-139.0) versus 81.5 (69.3-99.2)
and CD66b to 6.23 (5.7-7.3) versus 4.6 (4.2-5.0) in
the comparison group (p; , < 0.05) and unchanged
MFI CD33 — to 2.9 (2.5-3.1) versus comparison
group (p > 0.05) (Figure 1).

At the same time, a subset expressing the HLA-DR
receptor — CD66b*"CD16*CD33*HLA-DR*NG —
was detected in AOM, which was absent in the PB of
the healthy control children. The proportion of this
subset was 29.9 (18.4-43.6) %. MF1 HLA-DR — 2.2
(1.8-4.0), MFI CD33 — 3.5 (3.3-4.2), the density of
expression of CD66b and CD16 molecules was compa-
rable with that of CD66b*CD16*CD33"HLA-DR-NG
subset (Figure 2)

It showed that NGs BM exposed to GM-CSE,
1L-3, IFNy can differentiate into neutrophil-DC
hybrids, exhibiting a DC-like phenotype and antigen-
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Figure 1. Number of CD66b*CD16*CD33*HLA-DR'NG subset and density of receptor expression (MFI) receptor expression
density in acute osteomyelitis before and after in vitro incubation of the system with hexapeptide

Note. *, significant differences between the parameters of the comparison group and the study group (AOM), p < 0.05; 4, significant differences
between the parameters of the study group and the study group after in vitro incubation with hexapeptide, p < 0.05.
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Figure 2. Number of CD66b*CD16*CD33*HLA-DR* subset and density of receptor expression (MFI) in osseous osteomyelitis
before and after incubation of the system in vitro with hexapeptide

Note. A, significant differences between the parameters of the study group (AOM), and the study group after in vitro incubation with hexapeptide,

p <0.05.
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presenting function, while retaining the properties of
NGs [10]. In addition, it demonstrated that cytokine-
exposed NGs acquire the ability to stimulate T cells via
histocompatibility complex (MHC-II) molecules. In
addition, the CD66b molecule expressed exclusively
on NG can function as a receptor for galectin-3,
which is expressed by CD4* memory T cells, at a low
level by naive T cells [7]. Receptor-ligand interactions
between memory T cells and NGs can provide the
necessary signals to initiate MHC-II expression on the
NG membrane. When MHC-II is expressed on the
NG membrane, further amplification of MHC-TCR
ligation occurs. As a result, more cytokine-secreting
T cells are activated, causing an increase in MHC-
II expression on the NG membrane. This positive
feedback loop may play a central role in the induction
and maintenance of HGH antigen presentation [7].

In addition, it was found that during the
incorporation of NG into the immune response, there
is an additional translocation of intracellular reserve
pools of CD16, CD66b receptors to the membrane
of NG, which manifests itself in a multiple increase
in the number of highly equipped activated NGs.
CD16 molecules are able to activate degranulation,
phagocytosis, and oxidative burst, allowing NGs to
destroy opsonized pathogens [2].

In addition, activation of CD66 on the NG surface
induces functional responses such as cell aggregation
and protein kinase activity. Interestingly, activation of
CD66b on the NG membrane promotes the secretion
of presynthesized 1L-8, which forms a chemotactic
pathway to attract other NGs to the inflammation
zone [5].

% PhAN

DI~

%D

Analysis of the effect of HP on NG
subsets of CD66b*CD16"CD33*HLA-DR",
CD66b*CD16*CD33*HLA-DR* children from study
group 1 showed different effects.

Thus, a lower NG level of the
CD66b*CD16*CD33*HLA-DR™ subset was detected
at 20.3 (18.7-39.9) % versus 29.9 (18.4-43.6) %.
(p > 0.05) in the study group before incubation with
HP. At the same time, there was a higher number
of NG of the CD66b*CD16"CD33*HLA-DR-
subset — 80.7 (72.5-84.5) % versus 71.2 (52.5-80.5) %
before incubation (p > 0.05). This redistribution of
subsets was apparently due to the binding of HPs to
HLA-DRs on the NG membrane. HLA-DR ex-
pression density was also quite low MFI HLA-DR —
1.7 (1.6-2.2) versus MFI HLA-DR 2.2 (1.8-4.0) in the
study group before incubation (p > 0.05). We found
a 1.3-fold increase in CD66b expression density, 8.2
(8.0-11.1) versus 6.23 (5.7-7.3) in the study group
(p < 0.05) and a 1.4-fold decrease in MFI CD16 to
94.6 (72.7-97.3) versus 114.5 (100.3-139.0) before
incubation (p < 0.05). No effects of HP were detected
in relation to MFI of CD33 receptors in both subsets
(Figure 2).

Thus, the data obtained from the experiment
in vitro demonstrated the possibility of a positive
immunomodulatory effect of HP on both subsets.
The increase of CD66b molecule under the influence
of HPs apparently improves chemotactic, adhesive
properties of cells necessary for realization of the
NG effector functions. In addition, HP statistically
significantly reduces the density of CD16 expression
on the NG membrane, and therefore reduces the
hyperactivation of cells with cytotoxic activity.

=—comparison group

- PhN

group with acute
osteomyelitis before
incubation with HP

=fegroup with acute
osteomyelitis after
incubation with HP

Figure 3. Phagocytic activity of neutrophil granulocytes in acute osteomyelitis before and after incubation of the system

in vitro with hexapeptide
Note. As for Figure 1.
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An in vitro study of the effect of HP on the
phagocytic function of NG in children with AOM
revealed an increase in %PhAN to 76.0 (70.0-77.0) %
versus 51.0 (42.8-58.3) % (p < 0.05) in the study group
and 54.7 (51.0-57.0) % in the comparison group
(p < 0.05). We also found an increase in the killing
ability of NG from 41.9 (37.8-44.8) % in the study
group with AOM to 57.4 (53.6-61.1) % (p < 0.05), i.e.
almost to the comparison group values of 64.5 (62.6-
66.9) (p < 0.05) (Figure.3).

Thus, the positive effects of HP on phagocytic
function were established, which was associated
with the previously identified modulating effects of
HP on subsets of CD66b"CD16"CD33*HLA-DR-
and CD66b"CD16"CD33*HLA-DR™" subsets, as
previously revealed

Conclusion

The present study was the first to demonstrate
the appearance of CD66b*CD16"CD33*HLA-DR"
subset against the background of statistically signifi-
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WMMYHOJIOMM4YECKUE UHOAWUKATOPbI OCJIO)XKHEHWUN

XUPYPI'MYECKUX 3ABOJIEBAHUN KULLEYHUKA 'Y OETEU
Mycaxomsxaesa JI.A.l, Kapumos P.K.Z, Pacyinosa C.X.2

I Hnemumym ummyHoso2uu u eeHomuxu uenosexa Axademuu nayx Pecnyonurxu Y30exucman, e. Tauwikenm,
Pecnybauxa Yzbexucman
2 Pyxapckuii eocydapcmeennulii meduyurckui uncmumym, e. byxapa, Pecny6auxa Y36exucmarn

Pesome. CtaThst MOCBSIIEHa pa3padOTKe MMMYHOJOTHUESCKUX MHINKATOPOB BOCITAJICHUS KUIICUHMI-
Ka y OeTeli, 9TO MMeeT OOJIbIIOe 3HAYSHHE IUISI OPTaHOB 3IPAaBOOXPAHEHUS TP OPTraHU3alIMK CIICIIAATIH -
3UPOBAHHOMN TMeAUATPUUYECKON U XUPYypPrudecKou ciaykonl. [1peaioskeHHbIN METO CITOCOOCTBYET paHHE
IVUAaTHOCTUKE W IIPOMPUIAKTUKE Pa3BUTHUS OCIIOXHEHUM BOCIHAJMTEIBHBIX XUPYPTUUECKUX 3a00JIeBaHUMI
KUIIIEYHWKA Yy JeTel, YTO MMEeT BaXKHOE IIPaKTUICCKOe 3HaUeHNEe. ABTOpaMU MIPOBEICHO MMMYHOJIOTHYE -
cKoe uccjaenoBaHue 91 maimeHTa 1eTCKOro Bo3pacTa. Lleab uccienoBaHus sBUjach pa3paboTka UMMYHO-
JIOTUYECKUX TTOKa3aTeJIei OCIIOKHEHWN XUPYPIrUUeCKIX 3a00JIeBaHUI KUIITEYHUKA Y Ie TSI,

[IpoBeneH peTPOCHEKTUBHEBIN aHaIU3 867 UCTOpUit 6OJIE3HU AETEM, ITOJy4aBIINX CTAIMOHAPHOE Jieue-
HHE B OTACJICHMM OeTCKol xupypruu byxapckoro dmimana PecnmyOnnkKaHCKOTO HAyIHOTO IIEHTPA HEOT-
JIOXXHOU MenuuuHcKou momoiu ¢ 2019 o 2022 roa mo MoBoAy XUPYyPruuyecKux 3a00aeBaHUN KeJIyI0uYHO-
KHUIIIEYHOTO TPaKTa.

Bcewm nmeTsim ObLIO MPOBEIEHO MMMYHOJIOTUUECKOE MCCIIeTOBaHNE KPOBU: N3YISHBI KJIETOYHBIN U TYMO-
panbHbIif UMMYyHUTET, HTUTOKUHBI (TNFa, IFNa, IL-8, MCP-1 1 cocyaucThlii 3HIOTEIUAIBHBIN (PakTop
pocta VEGF-A). [Insg npoduiaakTUK nocje orepaluoHHbIX ocloxHeHui X3K y geteit pekoMeHayeTCs
onpeneneHne IFNao B CBIBOPOTKE KPOBH B IEPHUOI 0 OTIePAlNH [IJIST peIIeHUS TToKa3aHWit K MMMYHOKOD-
peKIur. ABTOpaMH YCTAaHOBJICHO, UTO JIJISI KOPPEKTHOTO OIpeAceHUS MOKa3aHUil K aHTHOAKTepUaIbHOMN
Teparuu 1 OLIeHKU ee 3(P(heKTUBHOCTU HEOOXOAUMO OIIpeAe/ieHE MPOKaJbIIMTOHUHA B CBIBOPOTKE KPOBU
B TEUYCHUH TIEPBHIX 2 CYTOK ITOCJIe ONepalii M B TMHaAMUKe. bblia ycTaHOBIeHa 3aMeTHAST TOJIOXKUTEIbHAsT
B3anMocBs3b Mexkay IFNa u CD8 — r = 0,34, mexny I[IFNo u CD23 — r = 0,38, mexny IFNa u IgA — r =
0,39, mexny IFNa u PCT — r = 0,36. B To ke BpeMs1 PCT uMmeer 3aMeTHYI0 HETaTUBHYIO B3aMMOCBSI3b C
CD16 —r=-0,31uc CD8 — r=-0,31 Ha (poHE 3aMETHOI MOJIOXUTEILHOM B3aumMocsa3u ¢ IgG —r= 0,32
u IFNo — r = 0,36. YcranosieHo, yro IFNa sBisieTcss 6o1ee nHGOpPMaTUBHBIM ITOKa3ateneM 3(hheKTUB-
HOCTU UMMYHHoOro otBeTa, a PCT — moka3zareneM 3(ppeKTUBHOCTU aHTUOAKTEepUaJIbHOM Teparuy Npu X1-
pyprudyeckmx 3a00JeBaHMSIX KUIIEYHUKA Y IETE.
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IMMUNOLOGICAL INDICATORS OF COMPLICATIONS OF
SURGICAL BOWEL DISEASE IN CHILDREN
Musakhodzhaeva D.A.2, Karimov R.K.’, Rasulova S.Kh.”

¢ Institute of Human Immunology and Genomics, Tashkent, Republic of Uzbekistan
b Bukhara State Medical Institute, Bukhara, Republic of Uzbekistan

Abstract. The article is devoted to the development of immunological indicators of intestinal inflammation
in children, which is of great importance for health authorities when organizing specialized pediatric and
surgical services. The proposed method contributes to the early diagnosis and prevention of complications of
inflammatory surgical bowel diseases in children, which is of great practical importance.

The purpose of the study: To develop immunological indicators of complications of surgical bowel diseases
in children.

A retrospective analysis of 867 case histories of children who received inpatient treatment at the Department
of Pediatric Surgery of the Bukhara branch of the Republican Scientific Center of Emergency Medical Care
from 2019 to 2022 for surgical diseases of the gastrointestinal tract was carried out.

The authors conducted an immunological study of 91 pediatric patients. All children underwent
immunological blood tests: cellular and humoral immunity, cytokines (TNFa, IFNa, IL-8, MCP-1 and
vascular endothelial growth factor VEGF-A) were studied. For the prevention of postoperative complications
of CKD in children, it is recommended to determine IFNa in the blood serum in the period before surgery to
solve the indications for immunocorrection. A noticeable positive relationship was established between IFNo
and CD8 —r =0.34, between IFNo and CD23 —r =0.38, between IFNa and IgA —r = 0.39, between IFNa
and PCT —r = 0.36. At the same time, PCT has a noticeable negative relationship with CD16 —r = -0.31 and
with CD8 — r = -0.31 against the background of a noticeable positive relationship with IgG — r = 0.32 and
IFNoa — r = 0.36. It was found that IFNa is a more informative indicator of the effectiveness of the immune
response, and PCT is an indicator of the effectiveness of antibacterial therapy in surgical bowel diseases in

children

Keywords: cellular immunity, cytokines, surgical bowel disease, chronic constipation, children, intestinal obstruction

Introduction

In the structure of mortality of patients with acute
surgical pathology of the abdominal organs, this
disease occupies one of the first places, amounting
to 4.3—18.9%, and among people over 70 years of
age — up to 36.0% [3]. In acute intestinal obstruction
(AIO) complicated by peritonitis, the mortality
rate approaches 100% [1]. Among acute surgical
diseases of the abdominal cavity, acquired intestinal
obstruction ranks second in frequency, second only
to acute appendicitis; at the same time, the number
of deaths in it is greater than in other acute surgical
diseases of the abdominal cavity combined. The
frequency of intestinal obstruction in relation to
acute surgical diseases of the abdominal cavity can
reach 9.4%. Intestinal intussusception and adhesive
intestinal obstruction are most common in children,
much less often - obstruction on the basis of Meckel's
diverticulum, inversions and nodules of the small and
large intestine, strangulated internal hernias [2].

Despite significant achievements in modern
surgery, the development and introduction of new
methods of early diagnosis and surgical treatment

of patients with AIO, there is a large number of
unsatisfactory results and deaths in this pathology.
All this ultimately necessitates the search and clinical
application of reliable methods for determining the
type and level of intestinal obstruction, the choice
of adequate surgical aids in each case, and the
improvement of existing diagnostic and treatment
algorithms that help save patients' lives [4].

Inflammatory bowel diseases (IBD) often develop
in patients with pathology of adaptive immunity.
Numerous genetic defects that can disrupt T and
B differentiation and activation eventually lead
to the development of complex dysfunctions of
adaptive immunity, including immunodeficiency
and autoimmune inflammation. Diseases manifested
by IBD-like symptoms include B Ilymphocyte
defects, such as general variable immunodeficiency,
hyperimmunoglobulinemia M, agammaglobulinemia.
A number of severe combined primary immu-
nodeficiencies (Wiskott—Aldrich syndrome, Omenne
syndrome) may also be accompanied by IBD-like
intestinal inflammation.

Understanding the pathophysiology of a disease
caused by a genetic defect can serve as a justification
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for choosing an unconventional therapy due to
specific pathogenetic effects. For example, patients
with mevalonate kinase deficiency or chronic
granulomatous disease accompanied by an increase
in IL-1pB levels may be indicated therapy with an
IL-1pB receptor antagonist. In cases of phagocytosis
and/or neutropenia disorders, the introduction of
a granulocyte colony-stimulating factor may be
effective. This is not a standard therapy for IBD, but it
is justified from the point of view of pathophysiology
and, in the future, may be very effective in relation to
this group of patients.

The purpose ofthe study: Todevelopimmunological
indicators of complications of surgical bowel diseases
in children.

Materials and methods

A retrospective analysis of 867 case histories of
children who received inpatient treatment at the
Department of Pediatric Surgery ofthe Bukharabranch
of the Republican Scientific Center of Emergency
Medical Care from 2019 to 2022 for surgical diseases
of the gastrointestinal tract was carried out. The total
number of hospitalized sick children for 3 years was
5,650, in 2019 — 1,551 (27.5%), in 2020 — 1,149
(20.4%), in 2021 — 1,353 (23.9%), in 2022 — 1,597
(28.3%).

Of these, 2853 sick children were admitted for
IBD, which is 50.5% of all hospitalized in the surgery
department. To develop informative indicators of
complications of surgical bowel diseases in children,
patients were divided into 3 groups: group 1 (control)
consisted of 30 healthy children; group 2 consisted
of 31 sick children with intestinal obstruction (10);
and group 3 consisted of 30 sick children with
chronic constipation (CC). All children underwent
immunological blood tests: cellular and humoral
immunity, cytokines (TNFa, IFNa, IL-8, MCP-1
and vascular endothelial growth factor VEGF-A)
were studied. The study was conducted in accordance
with the Helsinki Declaration.

Statistical processing of the results was carried out
using Excel programs from the Microsoft Office XP
application package (Microsoft, USA), correlation
analysis was performed using the Pearson method and
evaluated on the Cheddock scale.

Results and discussion

The relative number of CD3 lymphocytes was
reduced in patients of both the main group and
the comparison group to 46.3+0.31% and 34.2+
0.47%, respectively, against the control indicators —
51.7£0.62% (p < 0.05-0.001). The relative percentage
of CD4 helper lymphocytes was significantly reduced
in patients of the main group to 27.0+0.41% versus
the control — 34.4+0.43% (p < 0.01).

When studying the level of CDS8-immunore-
gulatory subpopulation of T suppressors/cytotoxic
lymphocytes, a significantly reduced content was
revealed at IO to — 19.5+0.59% (p < 0.05), and at CC
in patients of the main group there was a statistically
significant increase to 28.0+0.94% (p < 0.05).

Thus, at 10 in children have a deficiency of
cellular immunity. There is a decrease in the relative
number of CD3, CD4 and CDS8 lymphocytes.

The B system is represented by the quantitative
content of B lymphocytes with CD20 and CD23
molecules and the level of immunoglobulins of IgG,
IgA, IgM and IgE classes. CD20* lymphocytes are
known to be directly involved in specific immune
defense reactions of the body.

A comparative assessment of the content of
circulating CD20* cells in the blood showed that
with IO and CC, the level of these cells significantly
increased to 31.7£0.52% and 28.9+0.5%, respec-
tively (p < 0.01) compared with the control group —
23.24+0.63%. Our research data showed that in the
main group of patients, the level of relative values of
CD23* cells was significantly increased by 2.3 times
(p <0.001).

A study of the concentration of the main classes of
IgG, IgA and IgM, as well as IgE, showed that with
CC, there was a 3.2 — fold decrease in IgG against the
background of an increase in IgM to 1.7£0.09 g/L
versus control — 1.2%0.13 g/L. In the main group
of patients with 10, IgG concentration was at the
level of control values, and IgM was increased to
1.61+0.11 g/L versus control — 1.2+0.13 g/L.

As is known, this type of antibody is produced
against infectious agents, activates complement and
enhances phagocytosis. It is possible that the increased
synthesis of IgM in the main and comparative group
of patients with 10 and with CC is associated with
the addition of an infectious process. Very important
properties of IgM are their attraction of phagocytic
cells to the location of the antigen or to the focus of
infection and activation of phagocytosis.

IgG is the primary antibody of the secondary
immune response. The main biological function of
immunoglobulins of this class is to protect the body
from pathogens of infection and their waste products.
Being thymus-dependent, IgG is produced only with
the obligatory participation of T lymphocytes.

As can be seen from the above data, the most
increased synthesis of IgA occurs in the group of
patients with IO — 1.4+0.08 g/L (p <0.01), and in the
comparative group its concentration was increased to
0.9£0.04 g/L, against the control — 0.4+0.03 g/L,
p <0.05.

With an immediate type of hypersensitivity reac-
tion, specific antibodies (reagins) with the ability to
sensitize their own tissues are detected in the body.
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Its concentration in the blood serum in the control
group averaged 105.4x11.4 ng/mL. In all groups of
examined patients, its concentration was at the level
of control values.

The special attention of researchers is attracted by
the class of immunocompetent cells, which performs
a killer function. We are talking about natural Kkiller
cells, NK cells (CD16%). The control group contains
natural killer cells (CD16" cells) with an average
of 16.4+1.0%. The absolute value of this indicator
averaged 182%9.0 in 1 pl. The relative content of
NK cells in the bloodstream of patients with CN and
CD was increased to 23.2+0.9% and 20.6+0.23%,
respectively, in relation to the data of the control
group — 17.1£0.44% (p < 0.05).

Analysis of the results showed that with 10O,
there was a significant increase in the expression
of activation markers of early activation — CD25*
cells to 20.4+0.28% in patients of group 2 and to
25.2%0.62% in patients of group 3 of the examination,
against control values — 18.0+£0.41%, p < 0.05.

The level of lymphocytes with a receptor for
apoptosis (CD95) in our studies in the main group of
patients with 1O was at the level of control values, and
in patients with CC was significantly increased by 1.65
times. Thus, the maximum increase in their relative
number is observed, where the level is increased by
1.65 times and averages 29.8+£0.47% (p < 0.001).

During the immunological assessment of blood
parameters in patients, a statistically significant
decrease in the level of IFNa with CC was found
to 10.7%£0.23 pg/mL compared to the control —
11.6+0.22 pg/mL, which is explained by the chro-
nization of the pathological process and the depletion
of the body's defense mechanisms with the formation
of a state of immunodeficiency. In patients of the
main group, the IFNa was at the level of control
values, which confirms the acute onset of 1O.

To study the nature of inflammation in the
intestine, IL-8 was studied in the blood serum of
patients and healthy children. Its significant increase
in patients of the main group was found to be 1.33
times, on average up to 48.7+3.39 pg/mL compared
to the control values — 36.8+1.44 pg/mL. At the same
time, in patients with IO, a tendency to decrease I1L-8
to 32.6+1.93 pg/mL was revealed, which confirms the
importance of dysbiosis in constipation in children.

As a result of apoptosis and cell death, the
intestines disintegrate and destructurize, which
is confirmed paraclinically by the level of TNFa
in the blood serum. In our studies, the greatest
increase in its level was found in patients of the 3%
group (comparison) to 149.7+1.29 pg/mL, and in
the main group to 136.7+£10.89 pg/mL against the
control — 58.4+1.84 pg/mL (p < 0.001). The results
obtained, obviously, prove the disintegration of tissue

at the intestinal level in our studies by the formation
of megacolons or other secondary changes in the
intestinal tract in CC and 10 in case of obstruction.

Taking into account the above facts, the
assessment of the chemotaxis process in patients
selected for the study showed an increase in the level
of MCP-1 in patients of the main group by 1.3 times
(366.7+20.69 pg/mL), compared to the control —
279.8+£28.6 pg/mL, which confirms the presence
of an acute inflammatory process and activation of
macrophages. In patients of the comparative group,
MSR-1 was reduced to 183.1+25.17 pg/mL, which is
1.5 times lower than the control values. The obtained
result indicates the chronization of the pathological
process and a decrease in macrophage activity.

In the study, we found a tendency to increase
VEGF-A to 208.4x£13.05 pg/mL in patients of the
main group and a statistically significant decrease
to 144.319.48 pg/mL in patients of the 3™ group
in relation to the indicators of the control group —
191.3£14.76 pg/mL. Consequently, with 10, acti-
vation of chemotaxis with the participation of endo-
thelial growth factor is noted.

One of the promising directions for improving
the quality of diagnosis and stratification of patients
according to the severity of the condition in scientific
and practical research is the determination of the
concentration of procalcitonin (PCT), a marker
of systemic inflammatory reaction and bacterial
infection [1].

The study of the nature of inflammation and the
activity of inflammatory markers made it possible
to determine bacterial infection. Thus, in patients
of the main group, there was a 7.25-fold increase
in PCT (up to 2.940.64 ng/mL) in relation to the
control group — 0.4%£0.44 ng/mL (p < 0.05) and
3.2-fold increase against the comparison group —
0.940.06 ng/mL (p < 0.05).

Thus, with 10, an increase of IL-8 by 1.33 times,
TNFa by 2.4 times, MCP-1 by 1.3 times, PCT by
7.25 times was found against the background of
activation of chemotaxis with the participation of
endothelial growth factor VEGF-A. The obtained
results of the immunological study indicate the
activation of the body's defense system in children
with 10 and allow determining the prognosis of the
outcome of surgical corrections and postoperative
complications. Therefore, for the prevention of
postoperative complications in 10, it is important to
take into account the immune status.

To develop indicators of postoperative comp-
lications, a correlation analysis of immunological
parameters was performed in patients of the main
group (Figure 1, see 3™ page of cover). As a result,
a noticeable positive relationship was established
between IFNo and CD8 — r = 0.34, between IFNa
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Figure 2. Relationship of INFa in intestinal obstruction in
children

CD8

and CD23 — r = 0.38, between IFNa and IgA — 1 =
0.39, between IFNa and PCT — r = 0.36 (Figure 2).
At the same time, PCT has a noticeable negative
relationship with CD16 — r = -0.31 and with CD8 —
r = -0.31 against the background of a noticeable
positive relationship with IgG — r=0.32 and IFNa —
r = 0.36 (Figure 3).

Consequently, among all the studied immu-
nological indicators, IFNa and PCT with a no-
ticeable correlation dependence were determined to
be the most informative indicators. As an indicator
of immunity, IFNa has the most noticeable positive
association with CD23, with IgA and PCT. According
to the level of IFNa, it is possible to predict the
outcome of the postoperative period. And PCT, as an
indicator of the activity of inflammation and bacterial
infection, due to the noticeable links with the studied
immunological parameters of the blood, it acts as an
indicator for the indication of antibacterial therapy
and its effectiveness.

The greater the activation of protective mecha-
nisms of protection (for example, the level of IFNa),
the better the prognosis of the outcome of surgical
correction of the intestine in children. That is, the
body's response with an increase in the level of the
above-mentioned immunological (CDS8, CD23, IgA
and PCT) indicators confirms the compensatory
phase of the immune response.

This leads to the conclusion that IFNa is a more
informative indicator of the effectiveness of the
immune response, and PCT is an indicator of the
effectiveness of antibacterial therapy in surgical bowel
diseases in children.
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Conclusions

1. There was a deficiency of cellular immunity
in intestinal obstruction in children, while there
was a decrease in the relative number of CD3, CD4
and CDS8 lymphocytes against the background of
an increase in CD20 and CD23 lymphocytes (2.3
times).

2. Surgical bowel diseases in children aged 6
years and older are characterized by an increase in
IgM and IgA against the background of normal IgG
and IgE values and an increase in the expression
of activation markers of early (CD25) and Kkiller
(CD16) activation.

3. With intestinal obstruction, an increase of
IL-8 by 1.33 times, TNFa by 2.4 times, MCP-1
by 1.3 times, PCT by 7.25 times was found against
the background of activation of chemotaxis with
the participation of endothelial growth factor
VEGF-A.

4. A noticeable positive relationship was established
between IFNoa and CD8 — r = 0.34, between IFNa
and CD23 —r = 0.38, between IFNa and IgA —r =
0.39, between IFNo and PCT —r = 0.36. At the same
time, PCT has a noticeable negative relationship with
CD16 —r =-0.31 and with CD8 — r = -0.31 against
the background of a noticeable positive relationship
with IgG —r =0.32 and IFNoa —r = 0.36.

5. It was found that IFNa is a more informative
indicator of the effectiveness of the immune response,
and PCT is an indicator of the effectiveness of
antibacterial therapy in surgical bowel diseases in
children
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Pesiome. TacTtpoazodareanbHas pedirokcHasa 6oje3Hb ('DPbB) nmpencrasisieT coboit pacrpocTpaHeH-
HOE€ KMCJIOTO3aBUCUMOE 3a00JIeBaHUE CPeau HACEJISHUSI, B TOM YMCJIe JETCKOIo ¢ MYJIbTH(haKTOpHUaIbHBIM
reHe3zoM. OHa, Kak 1 MHOTUE JIpyrue KUCI0TO3aBUCUMBbIE 3a0oyieBaHUsl (sI3BeHHasi 00Jie3Hb 1 JIp.), acco-
LIUMPOBaHa C CeMEIHON MpeapacIioNoXXeHHOCThIO K 3a00jieBaHuI0. MITHTepec IpencTaBiIsieT U3y4deHUe pOJIn
OUTOKWHOB B PETYJISIIIMU ITATOJIOTMM B ASTCKOM BO3pacTe B 3aBUCHUMOCTH OT OTSATOIICHHOCTH CeMEHHOro
aHaMHe3a Mo sI3BeHHOM 0oJie3HU. Lleab — olleHUTh MoKa3aTeIu IUTOKUHOB B ChIBOPOTKE KPOBU IIPU CeMeit-
HOM OTSITOIIICHWH 10 SI3BEHHOM 00JIe3HN Y IIKOJBHUKOB C TaCTPUTOM, accormupoBaHHbIM ¢ [OPB. B xone
HayyHOro uccieaoBaHusl oOcienoBaHo 142 pebeHKa C racTpOdHTEPOJOTrMUYECKUMU XajlobaMMu B BO3pacTe
7-17 net. Aunarno3 «I'DPb» BeIcTaBsICS TIPU HAJIMYUU eXEHEIeTbHOM M3XKOTH B COOTBETCTBUM C TI00ATb-
HBIM KOHCEHCYCOM IIO TIATOJIOTUM Y JeTeii. BceM ob6cieayeMbIM OBITa TIpOBeIeHa TaCTPOCKOITHS C B3ITUEM
OMOIICUITHOTO MaTepuaja U3 CIM3UCTON XeIyaka U MOPGOJIOTHISCKIM ITOATBEPKICHNEM Y HUX AUarHo3a
TacTpPUT B cOOTBeTCTBNU ¢ CUIHECKOI KitaccuduKkaineit. MeTogoM MMMYHOGEPMEHTHOTO aHaJIN3a TTOJTy-
YeHa KOHIIEHTpalMsI IIUTOKWUHOB B cbiBOpoTKe KpoBu (IL-2, IL-4, IL-6, IL-8, 1L-10, IL-18, IL-1pB, IFNa,
TNFa). I1pu cTaTucTUYECKOM 06paboTKe UCITOIb30BaICh KpuTepuu x> 1 ManHa—YutHu. UcciaenoBanmst
0I00pEeHBI STUUYECKUM KOMUTETOM M IO Havajia UCCIeI0BaHUs MOJydeHbl MH(MOPMUPOBaHHbIE COTJIACHUS Ma-
OUEHTOB U UX pomauTesieil. Pe3yabraTsl MCCIeIOBaHUS HE MOKa3aad 3HAYMMBIX Pa3IMIUil KOHIIEHTPALTUN
LUTOKWHOB Y IIIKOJbHUKOB B 3aBUCUMOCTH OT Hainuus 'OPB. ¥V gereit ¢ ceMeiiHbIM OTSTOIIIEHUEM IO 13-
BeHHOU 601e3HU ['OPB omnpenensurace game (p = 0,054), 9T0, BEpOSITHO, SIBJISICTCS CICACTBUEM HAJIMIUS Y
HUX ITOBBIIIIEHHOTO KUCI0TOO0Opa3oBaHus. OTMeueHBI U3MEHEHHSsI B IUTOKMHOBOM Mpoduie KpoBu. B Teue-
Hue 'ODPB nipu oTsgroiieHnn 1o s13BeHHOM 001e3HU 0bUT0 yemneHue perukanuu 1L-4 (p = 0,027) u IFNa
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(p=10,001). YBenuuenue IFNa B kpoBu y aeteii ¢c 'OPb npu ceMeiitHOM OTSATrolleHU 0YeBUIHO HAIPaBJIEHO
Ha yCWJIEHMEe MMMYHHBIX peaKIIUii ¢ y4acTHEM BCETO OpraHM3Ma Ha IOBpeXIeHHEe. DTO 00YCIOBICHO €ro
GYHKIIMOHAJIFHOM POJIBIO — y9acTHe B UMMYHHOM OTBeTe. YcuileHne perummkanun 1L.-4, oaueBunHO, obecrie-
YMBaeT YCWICHHE MeTa0OJIMUEeCKNX, MMMYHHBIX IIPOIIECCOB B OpTaHM3ME, HAIIPaBJICHHBIX Ha oOeCIIcueHNE
ONTUMM3ALN TEUSHUSI TIPOJIU(DEPaTUBHBIX IIPOIIECCOB B CIM3UCTON ITUIIEBOAA B YCIOBUSIX ITOBBIIIIEHHOM
CEeKpEeLH COJISHOM KUCIOTHI B XKeayake. TakuM odpa3oM, PU OTITOILIEHUM CEMETHOro aHaMHe3a 10 SI3BeH-
HoOI1 60JIE3HU Y IIKOJBHUKOB C TACTPUTOM, acCOLIMUpPOBaHHBIM ¢ 'DPb HabmonaeTcs nepexon psiga 3BEHbEB
nutokrHoBo cetu (IL-4, IFNo) Ha cMCTeMHBII YPOBEHb PETYJISILIUU.

Knrouesuie crosa: yumokuHsl, demu, eacmpo3zoghazeanrvHas pearokcHas 604e3Hb, 2acmpum, 136eHHAs 001e3Hb, ceMeliHas
npeodpacnoNoNCeHHOCMb

FEATURES OF THE BLOOD CYTOKINE PROFILE

IN GASTROESOPHAGEAL REFLUX DISEASE IN
SCHOOLCHILDREN WITH GASTRITIS AND FAMILY HISTORY
OF PEPTIC ULCER

Polivanova T.V.2?, Vshivkov V.A.?, Akhmetshin T.N.?

@ Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation
b Krasnoyarsk State V. Voino- Yasenetsky Medical University, Krasnoyarsk, Russian Federation

Abstract. Gastroesophageal reflux disease (GERD) is a common acid-dependent disease among the
population, including children, with multifactorial genesis. It, like many other acid-dependent diseases
(peptic ulcer, etc.) is associated with a family predisposition to the disease. Of interest is the study of the role
of cytokines in the regulation of pathology in childhood, depending on the severity of a family history of peptic
ulcer disease. Aim: to evaluate the levels of cytokines in the blood serum in case of family history of ulcerative
diseases in schoolchildren with gastritis associated with GERD. In the course of a scientific study, 142 children
with gastroenterological complaints aged 7-17 years were examined. The diagnosis of GERD was made in the
presence of weekly heartburn in accordance with the global consensus on pathology in children. All subjects
underwent gastroscopy with taking biopsy material from the gastric mucosa and morphological confirmation of
their diagnosis of gastritis in accordance with the Sydney classification. The concentration of cytokines in blood
serum (IL-2, IL-4, IL-6, IL-8, IL-10, I1L-18, IL-1B, IFNa, TNFa) was obtained by enzyme immunoassay.
During statistical processing, the x> and Mann—Whitney tests were used. The studies were approved by the ethics
committee and informed consents of patients and their parents were obtained prior to the start of the study.
The results of the study did not show significant differences in the concentration of cytokines in schoolchildren
depending on the presence of GERD. In children with a family burden of peptic ulcer, GERD was detected
more often (p = 0.054), which is probably a consequence of their increased acid formation. Changes in the
cytokine profile of the blood were noted. During GERD, with aggravation of peptic ulcer, there was an increase
in the replication of IL-4 (p = 0.027) and IFNa (p = 0.001). The increase in blood IFNa in children with
GERD with family burden is obviously aimed at enhancing immune responses involving the whole body to
damage. This is due to its functional role — participation in the immune response. Increased replication of IL-4,
obviously, provides an increase in metabolic, immune processes in the body aimed at optimizing the course
of proliferative processes in the esophageal mucosa under conditions of increased secretion of hydrochloric
acid in the stomach. Thus, when a family history of peptic ulcer is aggravated in schoolchildren with gastritis
associated with GERD, a number of links in the cytokine network (IL-4, IFNa) move to the systemic level of
regulation.

Keywords: cytokines, children, gastroesophageal reflux disease, gastritis, peptic ulcer, family predisposition
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Introduction

Gastroesophageal reflux disease (GERD) is a
common pathology in all age groups, which has a
multifactorial origin and is related to acid-mediated
diseases [3, 4]. The Ilatter explains the increase in
the prevalence and severity of esophageal lesions in
GERD in adults compared with children, which is
largely predetermined by the functional state of acid
formation in the population in age populations [6,
9]. In a number of studies, scientists emphasize the
close relationship between acid-dependent diseases
of the stomach, in particular, with peptic ulcer.
Such a close relationship between diseases is due,
according to researchers, to the presence of common
pathogenetic mechanisms in their development: the
presence of an imbalance of protective and aggressive
factors of the stomach and motor disorders of the
organ [5, 13]. Similarly, like any other diseases with
high acid production in genesis, they have a genetic
nature associated with a family predisposition to the
disease, which manifests itself already in childhood
and adolescence [2, 10].

Inthis context, ofundoubted interest is the question
of the role of regulatory mechanisms (cytokine link)
in the course of GERD in childhood and whether
there is an influence of family predisposition to peptic
ulcer on the formation of the disease. This issue has
not been studied in child populations.

The aim of this work was to evaluate the levels of
cytokines in the blood serum (1L-2, IL-4, IL-6, IL-8,
IL-10, IL-18, IL-1B, IFNa, TNFa) in case of family
history of ulcerative diseases in schoolchildren with
gastritis associated with GERD.

Materials and methods

The concentration levels of cytokines in the blood
of 142 children with gastroenterological complaints
were studied. All existing complaints and their
characteristics were recorded in the questionnaires.
In parallel, the questionnaire method collected data
on the presence of diseases of the gastrointestinal tract
in relatives (1-2 degrees of kinship) of the examined
children.

All schoolchildren underwent endoscopic exa-
mination of the digestive system (esophagogastro-
duodenoscopy) with the taking of biopsy material from
two sections of the stomach (antral, body). The biopsies
were placed in separate vials containing 10% buffered
formalin. Staining with hematoxylin-eosin and
Giemsa was performed, followed by a morphological
assessment of the state of the mucous membrane in
accordance with the Sydney classification [1, 12]. In
all cases, gastritis was morphologically confirmed.

The study does not include schoolchildren: less
than 7 years old and over 17 years old; in the presence

of acute inflammatory diseases during the last month;
with recrudescence of chronic diseases of other
organs; in the presence of functional insufficiency
of organs and systems of the body; in the presence
of allergic diseases; in the absence of morphological
signs of inflammation in the gastric mucosa; in the
presence of organic pathology of the stomach (peptic
ulcer, erosive gastritis).

The presence of GERD was determined based on
the global pediatric consensus definition of GERD
[11]. This nosology was registered in schoolchildren
with complaints of heartburn at least once a week.
Heartburn was considered as a feeling of discomfort
and/or burning behind the sternum.

The study of the cytokine profile of blood serum
(IL-2, IL-4, IL-6, IL-8, IL-18, IL-1B, IFNa, TNFa,
IL-10) was carried out using a set of reagents from
the company “Vector-Best” (Russia) for the ELISA
method. Direct preparation of biological material for
enzyme immunoassay included taking blood from
children with a volume of 5 ml. Next, the serum was
separated from the blood sample by centrifugation and
stored until the time of the study itself at a temperature
of -20 °C.

The study protocol complies with the ethical
principles of the Helsinki Declaration of the World
Medical Association (1964) and Article 24 of the
Russian Constitution. The Ethics Committee of
the Research Institute of Medical Problems of the
North (Krasnoyarsk) reviewed and approved the
plan and protocol of the scientific study (No. 9 dated
September 12, 2016). Written informed consents were
obtained from all examined patients prior to the start
of the study.

SPSS software, version 23.0 (IBM) was used
for statistical processing of the received scientific
data. The significance of differences was calculated
for qualitative features using the y? criterion; and
to compare the severity of quantitative traits, the
nonparametric Mann—Whitney U test was used for
unrelated samples. The data obtained were calculated
for samples that do not correspond to the normal
distribution of feature values and are described by the
median (Me) and interquartile interval (Q,,5-Q,75)-
The significance level of differences in variables was
taken equal to 0.05.

Results and discussion

The results of the study did not show significant
differences in the cytokine profile in schoolchildren
with GERD in comparison with children with
other gastroenterological complaints (Table 1). It is
important that both groups of children were dominated
by those examined with functional diseases related to
other nosologies (dyspepsia syndrome, irritable bowel
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TABLE 1. INDICATORS OF CYTOKINES IN BLOOD SERUM IN CHILDREN DEPENDING ON THE PRESENCE OF

GASTROESOPHAGEAL REFLUX DISEASE

Gastroesophageal reflux disease + Gastroesophageal reflux disease —
Cytokine (n=42) (n =100) o
Me Qs Q75 Me Qs Qs
IL-2 0.1 0.1 0.2 0.1 0.1 0.4 0.791
IL-4 15 0.8 2.0 1.2 0.6 1.8 0.304
IL-6 0.1 0.1 0.1 0.1 0.1 0.1 0.363
IL-8 16.4 0.1 73.9 17.4 0.1 89.6 0.985
IL-18 117.9 64.5 215.9 129.0 74.2 182.0 0.968
IL-1p 0.1 0.1 0.1 0.1 0.1 0.1 0.762
IFNa, 0.1 0.1 1.3 0.1 0.1 15 0.747
TNFa 0.1 0.1 0.1 0.1 0.1 0.1 0.621
IL-10 0.1 0.1 0.1 0.1 0.1 0.1 0.442

Note. n, number of children; p, level of significance.

TABLE 2. FREQUENCY OF GASTROESOPHAGEAL REFLUX DISEASE IN CHILDREN WITH A FAMILY HISTORY OF PEPTIC

ULCER DISEASE
Family history of peptic ulcer disease Gaitroesophageal reflux diS(:/jse
Yes (n = 57) 22 38.6
No (n = 85) 20 23.5
p 0.054

Note. n, number of children; p, level of significance.

syndrome, abdominal migraine, etc.). The absence of
differences obviously indicates a certain commonality
of dysfunction of regulatory systems, regardless of the
nosology of functional pathology.

In children with a family burden of peptic ulcer,
GERD was determined much more often (Table 2),
which is probably a consequence of their increased
acidity of gastric contents. In the presence of motor
disorders of the gastroesophageal region, this leads to
its damaging effect on the mucous membrane of the
esophagus, which leads to the occurrence of clinical
manifestations of heartburn.

The presence of a family predisposition to peptic
ulcer was associated not only with an increase in
the clinical manifestations of GERD, but was also
reflected in the cytokine regulation of the disease. In
particular, the course of GERD in the presence of a
family history of peptic ulcer disease was associated
with increased replication of both 1L-4 and IFNa
(Table 3).

The increase in IFNa replication (p = 0.001)
in the blood serum of children with GERD with a
family burden of peptic ulcer is obviously aimed at
enhancing immune responses involving the whole
body to damage. This is due to its functional role in
the body: participation in the immune response. At
the same time, the considered cytokine has not only
immunomodulatory and antiviral effects, but also
antibacterial activity due to the ability to induce the
activity of enzymes with antibacterial activity in the
damaged cell [8].

IL-4 performs a diverse function in the body:
it reduces macrophage activity; activates the
replication of such cytokines as TNFa, IL-6;
regulates proliferative processes [7]. Enhancement
of IL-4 replication (p = 0.027), obviously, enhances
various metabolic and immune processes in the
body, one of the main purposes of which is to
maintain homeostasis of proliferative processes
in the esophageal mucosa under conditions of
hyperproduction of hydrochloric acid in the
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TABLE 3. INDICATORS OF CYTOKINES IN BLOOD SERUM IN CHILDREN WITH GASTROESOPHAGEAL REFLUX DISEASE,
DEPENDING ON THE PRESENCE OF A FAMILY HISTORY OF PEPTIC ULCER DISEASE

Family
history LSRR il p
of peptic | Cytokine (n* =22; n** = 20) (n* = 35; n** = 65)
ulcer
disease Me Q.25 Q,75 Me Q25 Qo5
1. 1L-2 0.1 0.1 0.3 0.1 0.1 0.5 0.578
2.1L-4 1.7 14 24 1.2 0.5 1.8 0.035
3.1L-6 0.1 0.1 0.1 0.1 0.1 0.1 0.869
4.1L-8 15.4 0.1 73.0 8.3 0.1 447 0.895
Yes 5.1L-18 132.1 66.6 213.5 113.0 79.1 149.6 0.442
6. IL-1pB 0.1 0.1 0.1 0.1 0.1 0.1 0.914
7. IFNa 1.1 0.1 1.9 0.2 0.1 1.5 0.200
8. TNFa 0.1 0.1 0.1 0.1 0.1 0.1 0.604
9.1L-10 0.1 0.1 0.1 0.1 0.1 0.1 0.672
10. IL-2 0.1 0.1 0.2 0.1 0.1 0.1 0.984
11.1L-4 1.1 0.1 1.9 1.2 0.6 1.8 0.427
12. IL-6 0.1 0.1 0.1 0.1 0.1 0.1 0.679
13. IL-8 16.4 0.1 91.7 21.6 0.1 89.8 0.996
No 14. IL-18 99.6 9.6 228.9 146.6 44.2 231.1 0.414
15. IL-1B 0.1 0.1 0.1 0.1 0.1 0.1 0.441
16. IFNo 0.1 0.1 0.1 0.1 0.1 1.3 0.142
17. TNFa 0.1 0.1 0.1 0.1 0.1 0.1 0.573
18. IL-10 0.1 0.1 3.7 0.1 0.1 0.1 0.143
1-10 0.832 0.293
2-11 0.027 0.915
3-12 0.865 0.770
4-13 0.712 0.638
p 5-14 0.562 0.306
6-15 0.142 0.184
7-16 0.001 0.097
8-17 0.172 0.269
9-18 0.500 0.483

Note. GERD, Gastroesophageal reflux disease; n, number of children; n*, number of children with a family history of peptic ulcer
disease; n**, number of children without a family history of peptic ulcer disease; p, level of significance.

stomach, which is characteristic of people with
family burden for peptic ulcer disease. In addition,
in children with a family history of peptic ulcer,
there was an increase in serum IL-4 in children with
GERD compared with children who did not have

clinical signs of GERD (p = 0.035).

Conclusion

When a family history of peptic ulcer is aggravated
in schoolchildren with gastritis associated with
GERD, a number of links in the cytokine network
(IL-4, IFNao) transition to the systemic level of
regulation.
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CPABHUTENIbHASI XAPAKTEPUCTUKA LUTOKMHOBOU
PErynqdauuny nAUMEHTOB C 3ABOJIEBAHNAMMU
XENYAKA, ACCOUMUPOBAHHBIMU C HELICOBACTER

PYLORI-UHO®EKLEMN
CvmpuoBa O.B., Cunsakos A.A.

Hayuno-uccaedosamenvckuii uncmumym meduyunckux npobaem Cesepa — o60cobarennoe noopazdeserue PIBHY
«Dedepanvrutii uccredosamensvckuii yenmp “Kpacrospckuii nayunotit yenmp Cubupckoeo omdeaenus Poccuiickoii
akademuu Hayk”», e. Kpacnoapck, Poccus

Pesiome. [1pu nnumpoBaHuu opraHmusma dakrepueii Helicobacter pylori 3ammycKaeTcsi IMTOKMHOBBIN Ka-
CKaJ, UTPpalolI1il KIIOUYEBYIO POJIb B IMIPOrpeCCUPOBAHUN XPOHUYECKUX BOCHATUTEIbHBIX U NECTPYKTUBHBIX
MPOLIECCOB B CIM3UCTON 000JIOUKE XKeayaka. TakumM o0pa3oM, MPOUCXOAUT CTUMYJISIIUS CEKPELUU 1IeJIoro
psila [IMTOKMHOB, KOTOPHIE B CBOIO OYepelb CITOCOOCTBYIOT MPUBICUCHUIO UMMYHOKOMIIETEHTHBIX KJIETOK,
Pa3BUTHUIO BOCTTUIMTENIbHBIX U3MEHEHU. OTHAKO T’MNEePHPOAYKIIMS IIMTOKUHOB MOXKET IMPUBECTU K aTpodui-
yeckuM nszMeHeHussM COZK 1 Kak ciieicTBUe NMepepokaeHUe B pak XKeyaka. TakuM o0pa3oM, posib IUTOKKU-
HOB B IIPEIPaKOBBIX COCTOSTHUSIX HEOJTHO3HAYHA, C OAHO CTOPOHBI, OHU aKTUBUPYIOT UMMYHHBIIA OTBET, Ha-
MpaBJIeHHbBIN Ha 3JIMMUHALIMIO TTATOTeHAa, C IPYTOii, CaMU CITOCOOCTBYIOT MPOIPECCUPOBAHUIO 3a00JIeBaHUSI.

B KOoMITJTeKCHOE KIIMHMKO-1a00paTOPHOE UCCIeToBaHYE ObLTA BKITIOYeHBI 00JIbHBIE: 60 — C XpOHUYECKUM
ractputoM (XI'), 55 — ¢ xpoHnueckum arpodudeckum ractputom (XATI'), 50 — ¢ pakom xenynka (P2, I-11
cranuu, MOpOJIOTUYECKUI BapuaHT — aieHoKapiimHoMa) 1 60 — KOHTpoJibHas rpyrma. JuarHo3sl Bepudu-
LUPOBAIMCH COTJIACHO MEXIYHApOAHbIM U PoccuiickuM peKoOMeHIalUsIM U MOATBEePXITUCh JabopaTop-
HO-UHCTPYMEHTAILHBIMU KCClieNoBaHUsIMU. Bce 00JbHbIE ObUIM COMOCTAaBUMBI 110 T€HASPHO-BO3PaCTHBIM
xapaktepuctukam (p > 0,05). ¥V Bcex 60sbHBIX BhISBIsIUCH cieniuduueckue 1gG k H. pylori. UccnenoBaHue
OBITO 0HOOPEHO JTOKATBHBIM 3TUecKMM KomuTeToM @UIT KHII CO PAH (mpotokon Ne 11 ot 11.11.2013),
coOJIIoJaIuCh BCE ITUYECKUE TpeboBaHUsI, OOJbHbIE TTOANUCHIBATIU HOPMY MHGMOPMUPOBAHHOIO COIJIACUS
Ha ydyactue. Y OOJbHBIX U JUIl KOHTPOJBHOI IPYyTIIbI MMPOBOAUIICS OQHOKPATHBIN 3a00p KPOBU U3 JTOKTEBOM
BEHBI NP MOCTYIJIEHUU B BAKYTEHHEPHI C TeITapUHOM.

YposHu IL-2, IL-4, IL-8, TNF-a, nunTepdepoHa-y B CHIBOPOTKE KPOBU OOJBHBIX U 3[I0POBBIX JIUI] OIpPE-
JIEeJISTU C TIOMOIIbIO METOJa UMMYHOMEPMEHTHOIO aHAIN3a C MCIT0JIb30BaHEM HabOpOB peareHTOB MPOn3-
BoacTBa AO «Bekrop-bect». CtatucTnueckass o0paboTKa JaHHBIX IIPOBOANIACH C TIOMOIIBIO TTAKETOB IIPH-
KJIaaHbIX TIporpamm Statistica for Windows 8.0.

¥ Bcex 60onbHBIX ¢ H. pylori — acconmmmpoBaHHbIMU 3a0oeBaHusIMU (XTI, XAI, P2XK) BeIsIBAsICTCST YBEIM-
yeHue nmposocnaauTeabHbIX (IL-2, IL-8, IFNYy) co 3HauutenbHbIM pocToM IL-8 y Bcex 60abHBIX M IFNYy nipu
P2K u mpotuBoBocnanuTeapHOro nToknHa (I1L-4) ¢ MakcMMarbHBIM 3HAYCHMEM TIpH pake keirynka. OoHa-
pyxuBaetcs coueTaHHbI Thl- 1 Th2-omocpenoBaHHBINT UMMYHHBINM OTBET C MAKCUMAaJIbHBIM HapylIeHUEM
LIMTOKMHOBOM peryisiiuu ripu P2K.

Karouesvie crosa: unmepaeiikunst, Helicobacter pylori, xponuueckuii eacmpum, Xponuueckuii ampo@u4eckuii 2acmpum, pax
JcenyoKa, UMMyHUmMem
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Abstract. When the body is infected with the bacterium Helicobacter pylori, a cytokine cascade is launched,
which plays a key role in the progression of chronic inflammatory and destructive processes in the gastric
mucosa. Thus, the secretion of a number of cytokines is stimulated, which in turn contribute to the attraction
of immunocompetent cells and the development of inflammatory changes. However, hyperproduction of
cytokines can lead to atrophic changes in the gastric mucosa and, as a result, degeneration into gastric cancer.
Thus, the role of cytokines in precancerous conditions is ambiguous. On the one hand, they activate the
immune response aimed at eliminating the pathogen. On the other hand, they themselves contribute to the
progression of the disease.

The complex clinical and laboratory study included patients: 60 with chronic gastritis (CG), 55 with chronic
atrophic gastritis (CAG), 50 with gastric cancer (GC, stage I-II, morphological variant — adenocarcinoma)
and 60 — control group. The diagnoses were verified according to international and Russian recommendations
and confirmed by laboratory and instrumental studies. All patients were comparable in terms of gender and age
characteristics (p > 0.05). All patients had specific IgG to H. pylori. The study was approved by the Local Ethics
Committee of the FRC KSC SB RAS (protocol No. 11 dated November 11, 2013). All ethical requirements were
observed, and the patients signed the informed consent form for participation. Patients and persons of the control

group underwent a single blood sampling from the cubital vein upon admission to vacutainers with heparin.

The levels of IL-2, IL-4, IL-8, TNFa, interferon-y in the blood serum of patients and healthy individuals
were determined using the enzyme immunoassay method using reagent kits manufactured by JSC “Vector-
Best”. Statistical data processing was carried out using the Statistica for Windows 8.0 application package.

All patients with H. pylori-associated diseases (CG, CAG, GC) showed an increase in pro-inflammatory
(IL-2, TL-8, IFNy) with a significant increase in IL-8 in all patients and IFNy in gastric cancer and anti-
inflammatory cytokine (IL-4) with a maximum value in gastric cancer. A combined Th1 and Th2 is found — a
mediated immune response with a maximum violation of cytokine regulation in gastric cancer.

Keywords: interleukins, Helicobacter pylori, chronic gastritis, chronic atrophic gastritis, stomach cancer, immunity

Introduction

Currently, H. pylori infection is classified as a
carcinogen, and long-term persistence of infection
in the gastric mucosa initiates a cascade of patho-
genetic disorders from inflammatory changes to
atrophy and even metaplasia of gastric epithelial
cells [2]. The number of patients with diseases of the
stomach increases annually, while even in practically
healthy volunteers, infection of the gastric mucosa
with a pathogenic bacterium is found. All this
determines the relevance of studying this topic [1, 3,
4, 6]. The aim of our work was to compare the content
of cytokines and study the features of cytokine
regulation in chronic gastritis, chronic atrophic
gastritis and gastric cancer infected with H. pylori.
We assume that a common pathogenetic mechanism
caused by H. pylori infection will be revealed in
different pathogenetic diseases.

Materials and methods

A comprehensive clinical and laboratory study
included patients: 60 with chronic gastritis (CG),
55 with chronic atrophic gastritis (CAG), 50 with
stomach cancer (SC, stages I-II, morphological
variant — adenocarcinoma) and 60 — control group.

The diagnoses were verified according to international
and Russian recommendations and confirmed by
laboratory and instrumental studies. All patients were
comparable in terms of gender and age characteristics
(p > 0.05). All patients had specific 1gG to H. pylori.
The study was approved by the Local Ethics
Committee of the FRC KSC SB RAS (protocol
No. 11 dated November 11, 2013). All ethical require-
ments were observed, and the patients signed the in-
formed consent form for participation. Patients and
persons of the control group underwent a single blood
sampling from the cubital vein upon admission to
vacutainers with heparin.

The content of cytokines was determined in
blood plasma by enzyme immunoassay using a Mul-
tiskan FC (Thermoscientific) analyzer. Based on
the analyses, a database was compiled in Excel, and
statistical processing was carried out in the Statistica
8.0 program [5, 7, 8].

Results and discussion

In patients with CG, CAG and SC there is an
increase in the content of IL-2 compared with
the control group, with the maximum value of the
indicator in CG (Table 1). In patients of all the studied
groups, there is a significant increase in the median
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concentration of IL-8 compared with practically
healthy volunteers, with the maximum value of the
median parameter in SC. The median of the indicator
increases by about 20 times in all the studied patients.
In all patients, there is a significant increase in the
median content of IFNy relative to the control, 5
times in patients with CG and CAG and 8 times in
patients with SC.

Thus, in all patients with inflammatory changes in
the gastric mucosa (chronic gastritis), degenerative-
inflammatory processes (chronic atrophic gastritis)
and with metaplasia of epithelial cells of the gastric
mucosa (cancer of the stomach), an increase in the
content of pro-inflammatory cytokines (IL-2, IL-8,
IFNy) with a significant increase in IL-8 in all patients
and [FNy in stomach cancer.

The content of anti-inflammatory cytokine (IL-4)
was assessed in CG, CAG and SC. There is a large
increase in the median concentration of IL-4 in all
patients; the median content of IL-4 is approximately
increased by 13 times with a maximum level of IL-4 in
stomach cancer.

Thus, in all patients there is an increase in pro-
inflammatory and anti-inflammatory cytokines,
which indicates the activation of immune cells and
an imbalance in the cytokine regulation system. An

increase in the production of Thl and Th2 helper
cytokines indicates a combined Thl- and Th2-
mediated immune response in H. pylori-associated
diseases (CG, CAG, and SC).

At the next stage, the immune responses in CAG
were characterized depending on the severity of
atrophy relative to the control group, patients with
CG and SC. In general, regardless of the severity of
degenerative-atrophic changes in the gastric mucosa,
there was an increase in pro-inflammatory cytokines
(IL-2, IL-8, IFNy) and anti-inflammatory cytokine
(IL-4) relative to the control group, while there was
a tendency to increase medians of all indicators in
severe atrophy of the gastric mucosa.

When comparing the parameters in CAG
depending on atrophy relative to those in CG and SC,
no statistically significant changes in the parameters
of pro- and anti-inflammatory cytokines were ob-
tained, while the trend towards an increase in the
median of all cytokines in severe CAG versus CG
and in SC versus severe CAG remains. Taking into
account that all patients with CG, CAG and SC had
specific antibodies to H. pylori, in this case we regard
all conditions as H. pylori-associated diseases. The
inflammatory process in the cancer of the stomach is

TABLE 1. CONTENT OF CYTOKINES IN PATIENTS WITH CHRONIC GASTRITIS (CG), CHRONIC ATROPHIC GASTRITIS
(CAG), GASTRIC CANCER (GC) COMPARED WITH THE CONTROL GROUP (Me, Q,,5-Q; 75, Py.u)

. . Patients with Patients with Patients with . .
Contro_l group, Patlents_Wlth CG, CAG, CAG Pl 25 CAG PI < 25 ug/l, Patlents_Wlth GC,
. n =60 n =60 n =50
Indicator n =55 -50 pug/L, n =24 n=31
Me | Qy;5-Q,75 | Me Q25-Qy 75 Me Qu2s-Qo7s | Me | Qyp5-Qyps Me Qo 25-Qy 75 Me | Qy55-Qors
TNFa | 0.54]0.38-0.87] 0.67|0.44-0.93 | 0.78/0.56-1.30 | 0.7 0.54-1.20 | 0.78] 0.56-1.30 | 0.76]0.45-0.95
(pg/mL)
IL-2 1.1 [050-3.05| 57 | 36103 [ 49 | 38-95 [ 44| 38101 49| 3895 [52 [ 3.0-87
(pg/mL) P, < 0.001 P,.; < 0.001 .., < 0.001 p.; < 0.001 P, < 0.001
IL-8 21| 05-4.0 |405 | 75972 [38.1 | 5.5-87.3 [37.3| 4.2-85.6 [38.1 | 55-87.3 }41.1 [12.299.5
(pg/mL) P, < 0.001 P;.; < 0.001 P, < 0.001 P,.; < 0.001 P4 < 0.001
N 06 [0.22-4.00] 2.9 | 2240 |32 ] 2348 |31] 1951 [32] 2348 [44 | 3369
Y .
(pg/mL) P12 < 0.001 Py < 0.001 P2<0001 | po<0001 | P<000%
P, = 0.02
IL-4 7.0 | 5.6-7.8 [86.8 | 76.8-103.5/91.4 |73.2-112.3|88.7 | 68.2-105.4|91.4 | 73.2-112.3[93.3 |68.6-122.1
(pg/mL) P, < 0.001 P..s < 0.001 P, < 0.001 P..s < 0.001 P14 < 0.001

Note. p,_,, statistically significant differences between the group of CG patients and the control group; p,.;, statistically significant
differences between the group of patients with CAG and the control group; p,_,, statistically significant differences between the
control group and the group of patients with CAG with a Pl level of 25-50 pg/L; p,.s, statistically significant differences between the
control group and the group of CAG patients with Pl < 25 ng/L; p,., Statistically significant differences between the group of patients
with gastric cancer and the control group; p,.s, statistically significant differences between the group of patients with CG and the
group of patients with CAG; p,.,, statistically significant differences between the group of patients with CG and the group of patients
with CAG with a Pl level of 25-50 pg/L; p,.s, statistically significant differences between the group of patients with CG and the group
of patients with CAG with Pl < 25 pg/L; p,.s, Statistically significant differences between the group of patients with CAG with a Pl level
of 25-50 pg/L and the group of patients with CAG with a level of Pl < 25 nug/L; p.., statistically significant differences between the
group of patients with chronic hepatitis and the group of patients with GC; p,_, statistically significant differences between the group
of patients with CAH and the group of patients with GC; p,., statistically significant differences between the group of patients with
CAH with a Pl level of 25-50 pg/L and the group of patients with GC; ps_g, statistically significant differences between the group of
patients with CAH with PI < 25 ug/L and the group of patients with gastric cancer;
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initiated by H. pylori, followed by other pathogenetic
changes, such as atrophy and metaplasia.

The criterion for inflammation according to a
clinical blood test is leukocytosis. We studied the
correlation relationships between leukocytosis
and indicators of pro-inflammatory and anti-
inflammatory cytokines in control, in chronic
hepatitis, CAG and SC. The following relationships
were obtained: in the control group, five to four
straight lines between the number of leukocytes
and the content of TNFa (r = 0.7; p = 0.05), IFNy
(r=0.76;p=0.01), IL-2 (r=0.84; p=0.015), IL-8
(r=0.88; p=0.02) and inverse with IL-4 (r = -0.64;
p = 0.03), which is natural, since pro-inflammatory
cytokines increase leukocytosis, anti-inflammatory
cytokine reduces the number of leukocytes. In
patients with CG and CAG, 4 direct correlations
are found: IFNy (CG —r=0.81; p=0.013, CAG —
r=0.69; p=0.04), IL-2 (CGr=0.8; p=0.015,
CAG — r=0.71; p = 0.02), IL-8 (CG — r = 0.82;
p=0.04, CAG —r=0.9; p=0.01) and inverse with
IL-4 (CG — r=-0.6; p =0.05, CAG — r = -0.7;
p = 0.02), there is no connection with TNFa, and
with stomach cancer there are only 3: direct — I[FNy
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OYHKUUOHAJIbHAA U METABOJIUMECKASAA AKTUBHOCTb
HEWTPO®UJIbHbIX FPAHYJIOLIUTOB KPOBU Y LIETEN

C 93PO3UBHO-A3BEHHbLIM NOPAXXEHUEM XEJTYAKA

N 12-NEPCTHOW KULLKW C BbIABNEHHON NHOEKLIMEN
HELICOBACTER PYLORI

JIureunora J1.C., RoiaenuykoBa O.A.

Hayuno-uccaedosamenvckuii uncmumym meduyunckux npobnem Cegepa — obocobnennoe nodpazoenenue PIbHY
«@Dedepanvruiii uccredosamenvckuil yenmp “Kpacnospcxuit nayunoiii yeump Cubupcroeo omdenenus Poccutickoti
akademuu Hayk”», e. Kpacnoapck, Poccus

Pesome. OnHUM M3 BEAYIINX 3TUOMATOTCHETUISCKIX (DAKTOPOB (hOPMUPOBAHMS I3BEHHOMN O0JIC3HU Ke-
JIyiKa U IBEHAILaTUIIEPCTHON KUIIKM Y AeTeil X B3POC/IBIX B HACTOSIIEe BpeMsl paccMaTprUBaeTCsl OaKTepus
Helicobacter pylori. HecMOTps1 Ha MHOXECTBO MCCJIEA0BaHUI B TaHHOW 00JacTH, MEXaHU3MbI darouuTap-
HOM aKTUBHOCTHU B OTBET Ha BoszuelictBue Helicobacter pylori mo KoHIIa He sICHHL. Llenbio paGOTHI BIISIIIOCH
MOJy4YeHUEe Pe3yJIBTaTOB 110 (PYHKIIMOHAIBHON 1 METa00JIMIECKOW aKTUBHOCTH HEATPOMDIILHBIX ITPaHyJI0-
LIUTOB KpoBU y aeteii ¢ Helicobacter pylori-accolluMpoOBaHHBIM 3PO3UBHO-SI3BEHHBIM MOPaKeHUEM KeJTyaKa
¥ ABEHAIIATUTIEPCTHON KUIIKU. OOBEKTOM MCCIENOBAHUS SIBJISTIOTCS HEUTPOMUITbHBIE TPAHYIOLUTHI, BbI-
JieJIEHHbIE U3 KPOBU O00JIbHBIX U KOHTPOJIbHOM rpymiibl. O0pa3Lbl ObUIx B3sThl y 46 il ¢ Helicobacter pylori-
aCCOLIMMPOBAHHBIM 3PO3UBHO-SI3BEHHBIM MOPaKeHUEM XKeyaKa U 12-TepCcTHOM KMIIKU B Bo3pacTe oT 11 1o
18 16T M KOHTPOJIBHYIO TPYIIITY, KOTOPYIO COCTABIISIIIA 55 MPaKTUYECKU 3M0POBBIX JIUIL, Y KOTOPBIX OBLIO UC-
KJIIOYCHO JaHHOE 3a00JIeBaHNE B aHAJJOTHIHOM BO3PacTHOM IHana3oHe. [IpoBereH cpaBHUTEIBHBINA aHAIN3
(YHKIIMOHAILHOM aKTMBHOCTU KJIETOK C ITOMOIIBI0 XeMUJIIOMHUHECIIEHTHOTO aHaIM3a U MeTaboJIMuecKoit
aKTMBHOCTU OMOJIIOMUHECIIEHTHBIM MeTOoAoM. B KadecTBe akTuBaTOpa XEeMIJIIOMUHECIIEHIIMA WCITOJb30-
BaJIcs JJIOMUHOJI. M3MepeHre (yHKIIMOHAITBHOW aKTUBHOCTU (DarollMTOB OCHOBBIBAJIOCH HA OIpEaeIICHUN
0a30BOI aKTUBHOCTH (CIOHTaHHAs peaKIlys) U Pe3ePBHBIX BO3MOXHOCTEH KJIETOK ITPY BO3IEHCTBUM HA HUX
HecreuuUuIecKUM UHAYKTOpOM 3uMo3aHoM. HabirogaeTcs MOHM>KeHHbBIN MHAEKC aKTUBAlIMU HEUTpohu-
JIOB OOJIBHBIX OTHOCHUTEIBHO KOHTPOJILHOM TPYIIIBI, YTO MOXET XapaKTepu3oBaTh IMOHMXEHHbIE MeTabo-
JIMYECKUE pe3epBhl KJIEeTOK. B HeiiTpodmibHbIX rpaHynouuTax npoucxoaut cHukenue ['6D/AI-depmenTa,
KOTODBIH 3aITycKaeT IIIMKOJIN3 MO TTeHTOo30(hochaTHOMY IIyTHU M CIIOCOOCTBYET BOCCTaAHOBJICHUIO HUKOTUHA-
munaneHuH-guHykiaeotuadocdara (NADP) no NADPH, koTopslii Heob6xoauM misi 00pa3oBaHUsI BOCCTa-
HOBJICHHOTO TJIyTaTMOHA, CBA3BIBAIONIET0 oKUCauTenu. [1pn ero HemoCTaTOYHOCTH ITPOUCXOANUT CHIDKCHUE
SHEPreTUYCCKUX 3aI1acOB KJIETOK. B HEHTpOMMIBHBIX TpaHyJIOIUTAaX KPOBHU Y IETEH C 3PO3UBHO-SI3BEHHBIM
nopaxKeHueM kKeJlyaka U 12-mepcTHOM KUILKU ¢ BbISIBIeHHON uHdekuuen H. pylori HabogaeTcs MOHMXKe-
HUE MeTabOIMUECKUX PE3EPBOB, YTO CBI3aHO C UHTMOMPOBAHUEM META0OIMIECKUX TTPOIIECCOB B KJIETKAX.

Karouegwie caosa: Helicobacter pylori, eacmpum, s36a, neiimpoguavHole epanyaoyumel, GyHKYUOHANbHAS AKIMUBHOCTD,
Memabdoausm, gpepmeHmol

Anpec 1 epenucKu:
Konenuyxoea Oxcana Anekcandposna

Address for correspondence:
Oksana A. Kolenchukova

Hayuno-uccaedosamenvckuii uncmumym mMeoOuyUHCKUX
npobaem Cegepa

660022, Poccus, e. Kpachospck,

ya. [lapmuzana XKenesnska, 3e.

Tea.: 8(923) 573-00-98.

E-mail: i.s.litvinova93@gmail.com

Research Institute of Medical Problems of the North
3g Partizan Zheleznyak St

Krasnoyarsk

660022 Russian Federation

Phone: +7(923) 573-00-98.

E-mail: i.s.litvinova93@gmail.com

OO0pasel IUTHPOBAHUA:

HU.C. Jlumeunosa, O.A. Korenuykosa «Pyukyuonarvhas
u Memaboau4eckas akmMueHOCMb HellmpoQpUAbHbIX
2PaHyA0UUmMOo8 Kpogu y demeli ¢ 3PO3UBHO-A36EHHbIM
nopaicenuem xceayoxka u 12-nepcmuoii Kuuku

¢ eviaerennoll ungexyueil Helicobacter pylori»

// Meduyunckas ummynonoeus, 2023. T. 25, Ne 4.

C. 923-926.

doi: 10.15789/1563-0625-FAM-2836

© Jlumeunosa H.C., Kosenuykosa O.A., 2023
Dma cmamos pacnpoCMpaHsiemcst No AUUEH3ULU
Creative Commons Attribution 4.0

For citation:

LS. Litvinova, O.A. Kolenchukova “Functional and metabolic
activity of blood neutrophilic granulocytes in children with
erosive and ulcerative lesions of the stomach and duodenum
with detected Helicobacter pylori infection”, Medical
Immunology (Russia)/Meditsinskaya Immunologiya, 2023,
Vol. 25, no. 4, pp. 923-926.

doi: 10.15789/1563-0625- FAM-2836

© Litvinova 1.S., Kolenchukova O.A., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-FAM-2836

923



Jumeunosa U.C., Korenuykosa O.A.
Litvinova 1.S., Kolenchukova O.A.

FUNCTIONAL AND METABOLIC ACTIVITY OF BLOOD
NEUTROPHILIC GRANULOCYTES IN CHILDREN WITH
EROSIVE AND ULCERATIVE LESIONS OF THE STOMACH
AND DUODENUM WITH DETECTED HELICOBACTER PYLORI
INFECTION

Litvinova LS., Kolenchukova O.A.

Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
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Abstract. The Helicobacter pylori bacterium is currently considered one of the leading etiopathogenetic
factors in the formation of gastric and duodenal ulcer in children and adults. Despite many studies in this
area, the mechanisms of phagocytic activity in response to exposure to Helicobacter pylori are not completely
clear. The aim of the work was to obtain results on the functional and metabolic activity of blood neutrophilic
granulocytes in children with Helicobacter pylori-associated erosive and ulcerative lesions of the stomach and
duodenum. The object of the study are neutrophilic granulocytes isolated from the blood of patients and the
control group. Samples were taken from 46 persons with Helicobacter pylori-associated erosive — ulcerative
lesions of the stomach and duodenum aged 11 to 18 years and the control group, which consisted of 55 practically
healthy persons who had this disease excluded in the same age range. A comparative analysis of the functional
activity of cells using chemiluminescent analysis and metabolic activity by the bioluminescent method was
carried out. Luminol was used as a chemiluminescence activator. The measurement of the functional activity of
phagocytes was based on the determination of the base activity (spontaneous reaction) and the reserve capacity
of the cells when they were exposed to the nonspecific inducer zymosan. There is a reduced activation index
of neutrophils in patients relative to the control group, which may characterize reduced metabolic reserves of
cells. In neutrophilic granulocytes, there is a decrease in G6PDG, an enzyme that triggers glycolysis along the
pentose phosphate pathway and contributes to the reduction of nicotinamide adenine dinucleotide phosphate
(NADP) to NADPH, which is necessary for the formation of reduced glutathione that binds oxidants. With its
insufficiency, a decrease in the energy reserves of cells occurs. In neutrophilic blood granulocytes in children
with erosive and ulcerative lesions of the stomach and duodenum with H. pylori infection, a decrease in
metabolic reserves is observed, which is associated with inhibition of metabolic processes in cells

Keywords: Helicobacter pylori, gastritis, ulcer, neutrophilic granulocytes, functional activity, metabolism, enzymes

The indicators of the following oxidoreductases
were determined: glucose-6-phosphate dehydroge-
nase (G6PDH), glycerol-3-phosphate dehydrogenase
(G3PDH), malic enzyme (NADPMDH),
NAD* and NADH-dependent reaction of lactate
dehydrogenase (NALDDH and NADHLDH),
NAD" and NADH-dependent reaction of malate
dehydrogenase (NADMDH and NADHMDG),
NADP* and NADPH-dependent reaction of glutamate
dehydrogenase (NADPGDH and NADPHNGDG),
NAD* and NADH-dependent reaction of glutamate
dehydrogenase (NADHDH and NADHMDG),

Introduction

One of the leading etiopathogenetic factors in the
formation of peptic ulcer of the stomach and duodenum
in children and adults is currently considered the
bacterium Helicobacter pylori. The severity of the
clinical course of helicobacteriosis largely depends on
the degree of pathogenicity of the pathogen strains.
Despite many studies in this area, the mechanisms of
phagocytic activity in response to exposure to H. pylori
are not completely clear [1, 2, 5].

Materials and methods

The objects of the study were neutrophilic
granulocytes isolated from venous blood in 101
people: 46 people with H. pylori-associated erosive
and ulcerative lesions of the stomach and duodenum
aged 11 to 18 years and the control group, which
consisted of 55 practically healthy individuals of the
same age range, and who hadn’t had the disease.

NAD* and NADP-dependent isocitrate dehydro-
genases (NADICDH) and NADFITSDG). En-
zyme activity is expressed in enzymatic units (1 E =
1 umol/min) per mg of protein. The study was car-
ried out on the NAD(P)H:FMN oxidoreductase-
luciferase enzymatic system.

One of the most sensitive methods for assessing
the formation of ROS (reactive oxygen species) is
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chemiluminescence analysis. Luminol is used as a
chemiluminescence activator. The determination of
the functional activity of phagocytes was based on
the determination of the base activity (spontaneous
reaction) and the reserve capacity of the cells when
exposed to the nonspecific inductor zymosan.
Bioluminescent and chemiluminescent analyzes
were carried out on a BLM-3607 chemiluminescent
analyzer (Russia).

Results and discussion

In the study of chemiluminescence in patients’
neutrophil fraction with the inducer luminol, a
decrease in the time to reach the peak is observed, but
an increase in intensity and an area under the curve
relative to the control. The activation index is more
than 2 times lower in the patients’ group (Figure 1).

Metabolic enzymes of neutrophilic granulocytes,
which are indicators of intracellular metabolism,
were also studied. They take an active part in
bioenergetic processes. Also, they participate in
the directed coordination of conjugated metabolic
flows, largely determine the adaptive changes in
cellular metabolism. Thus, there was a decrease in
G6PDH, NADHLDH, NADFICDH, NADICDH,
NADLDH, NADMDH, NADFMDH, NADDMDH,
NADPHNG, NADNGDH with an increase in the
activity of G3PDH and NADHDG (Figure 2).

It was found that in the luminol-dependent pro-
cess, an increase in the area under the curve and the
maximum intensity of the luminescence of neutrophils

in the blood of patients relative to control neutrophils
determines an increased level of production of reactive
oxygen species, which in general may reflect the
cytotoxic activity of neutrophilic granulocytes in the
focus of inflammation. However, there is a reduced
activation index of neutrophils in patients relative to
the control group, which may characterize reduced
metabolic reserves of cells [4].

Thus, in neutrophilic granulocytes, there is a
decrease in G6PDG, an enzyme that triggers glyco-
lysis along the pentose phosphate pathway and
contributes to the reduction of nicotinamide adenine
dinucleotide phosphate (NADP) to NADPH, which
is necessary for the formation of reduced glutathione
that binds oxidants. With its insufficiency, there is a
decrease in the energy reserves of cells [1]. Also, in the
group of patients, the LDH enzyme, one of the key
enzymes of glycolysis, is reduced. At the same time,
the enzymatic reaction, which can compensate for
the outflow of substrates from glycolysis, is catalyzed
by G3PD, the activity of which is increased in
neutrophils in the group of patients [3]. There is also
an increase in NADHDH activity in patients, which
indicates substrate stimulation of the Krebs cycle by
products of amino acid metabolism reactions. One
of the metabolic systems maintaining the hydrogen
gradient is the malate-aspartate shunt, the key
reaction of which is carried out by NADHMDH. In
blood neutrophils in the group of patients, its activity
is reduced relative to the parameters of the control
group.

T (9) J

2306

<0005 p <0.001
p .

1689

Strae ¥10° (ru.)

<0001 p <0.001

gl
2224 ﬂ .7

Spontaneous reaction Induced reaction

Spontaneous reaction Induced reaction

lmax X103 (r.U.)

p<0.001
p<0.001

14.5
3.7 =

IA

} p =0.002
46

Spontaneous reaction Induced reaction

control

B patients

Figure 1. Luminol-dependent chemiluminescence of the patients’ neutrophilic granulocytes and the control group
Note. T,,,,, time to reach the reaction peak; |,,,,, maximum luminescence intensity; S,,,, area under the curve; IA, activation index.
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Figure 2. Bioluminescent activity of NAD(P)H-dependent enzymes in the patients’ neutrophilic granulocytes of patients and
the control group

Condusion and duodenum with H. pylori infection, a decrease

In neutrophilic blood granulocytes in children in metabolic reserves is observed, which is associated

with erosive and ulcerative lesions of the stomach with inhibition of metabolic processes in cells.
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OCOBEHHOCTU MMMYHOIOr'M4YECKUX NPOABJIEHMN
Y NAUMEHTOB C PEBMATOMAHbBIM APTPUTOM NPU
HAJTUYUU XPOHUYECKOIoO UHOULIMPOBAHUA
LUTAMMOM HELICOBACTER PYLORI, KOOUPYIOLLUM

ACCOLIMMPOBAHHbIN C LUTOTOKCUHOM FEH A

Anexcangpos A.B.'2 IlInaosa JL.H.!, Anekcaaapos B.A."2,
Jleskuna M.B.}, Ilapamonosa O.B.}, Anexkcangposa H.B.%,
30opoBckas VI.A.2

"@I'BOY BO «Bosazoepadckuii 20cyoapcmeentblit MeOuyuHcKul ynueepcumem» Munucmepcmea 30pasooxpanenus
PD, 2. Boazoepao, Poccus

2@I'FHY «Hayuno-uccaedosamenvckuii uHCmumym KAUHUHECKOU U IKCHePUMEHMANAbHOU PeMAMOoA0UU UMEHU
A.B. 360posckoeo», e. Boaeoepad, Poccus

Pesiome. Lleb vcciienoBaHus — OLIEHUTh B3aUMOCBSI3b MEXIY CEPOIMO3UTUBHOCTBIO 110 aHTUTEJIaM K 11~
KJIIMYECKOMY LIMTPYUNIMHUPOBAHHOMY TIENTUAY U XpoHuUecKoi uHdekuueit Helicobacter pylori (H. pylori) y
NalueHTOB ¢ peBMaTouAHBIM apTpuToM (PA). B ucciienoBaHue ObLIM BKIIOYEHbI 92 XKEHIIUHBI C YMEPEHHOM
akTUBHOCTBIO PA. B *MMyHO(EpMEHTHOM aHaAIN3€e OIPEIeIISIIA CBIBOPOTOYHBIE aHTUTEN A K IIUKIINIECKOMY
ouTpymuHupoBaHHoMy nentuny (anti-CCP), anturena k H. pylori (anti- H. pylori-1gG), cymmapHbIe aHTU -
Tena K antureny CagA H. pylori (anti-CagA); Haauuue mo3uTUBHOrO pesyJibraTta anti-CagA-IgG noaTBepx-
JTaJTH METOAOM NMMMYHOOJI0Ta. 68,5% 60bHEIX PA TI0Ka3aJIM ITOJIOXKUTEILHBIN pe3ynbTat anti- H. pylori-1gG,
MpUYEM Cpely MaleHTOB AaHHOoU rpyniibl 40% naav TOJIOKMTEIbHBIN pe3ynbraT Ha anti-CagA-IgG. Bce
YYaCTHUKM MCCIEIOBaHUs ObUIM paclpenesieHbl Ha rpynmbl: | — H. pylori cepoHeraTUBHBIE MallMEHTHI
(H. pylori); 11 — H. pylori nonoxutenbHble, HO CagA otpuuarenabHbie (H. pylorit/CagA~); 111 — nauueHTsI
cepornoyioxkutenbHbie U Ha H. pylori, n Ha CagA (CagA™). Ilokazatenu anti-CCP y 6oabHbIX PA ¢ CagA*
(rpymnma IIT) 6b11M 1OCTOBEPHO BhIIIE HE TOJBKO MO CPABHEHUIO C TPYMNIION OOJIbHBIX, CEpPOHETaTUBHBIX IO
H. pylori (p < 0,001), HO 1 Mo cpaBHeHMIO ¢ MaureHTamMu u3 rpymisl 11 (H. pylorit/CagA’) (p < 0,041). Uz-
y4eHUe BIUSHUS akTUBHOCTH PA, Hammumus P® wn H. pylori naHHBIX (aKTOpoB Ha comepxkanne anti-CCP
MPOIEMOHCTPUPOBAJTIO HE3HAYMTEIbHYIO TOJI0 M3MeHUYnBOCTH anti-CCP mpu BEICOKOM yIeIbHOM BKJIaie
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H. pylori (beta = 0,25). lobaBiaeHue B IpeacTaBIeHHYI0 MoAesb roka3atesisi CagA(+) (beta = 0,503) mo3Bo-
JIWJTO onucaTh u3aMeHYnBocTh anti-CCP nipaktuuecku B 30% cirydaeB (R? = 0,29). B rpyniie 601bHbBIX PA ¢
noka3zatesimMu anti-CCP, mpeBBIIIaIIMMy YCTaHOBJICHHOE TToporoBoe 3HauyeHune B 20 ME /M (Tmokaszarenb
HOPMBI), HAOII0IAIOCh MOBBIIIEHUE OO0 O0JBHBIX, MHbUIIMpoBaHHBIX H. pylori (p < 0,001), HO He mojs
CagA-11010kUTeNIbHbBIX TTalueHToB (p = 0,06). [1pu yBenmyeHUM moporoBoro ypoBHs 10 60 ME/ma (Tpex-
KpaTHOE MpeBBIIIEHNEe BepXHeil rpaHUIIbl HOPMBI) Y MAIMEHTOB € TOCTOBEpHO BhICOKMM anti-CCP cBsI3b ¢
no3uTuBHOCTHIO Ha CagA ctana 3Hauumolii (p = 0,005). CagA, obyianas BbBICOKOW UMMYHOT€HHOCTBIO, CITO-
CcO0OCH BBI3BIBATh BOCITAIUTEILHYIO PEaKIINIO B OpTaHU3ME XO3sIMHA, KOTOpast BEIXOIWUT 32 PAMKH ICHCTBUS
camoit H. pylori. HeobxoguMbl JOMOTHUTEIbHBIC SKCIIEPUMEHTAIbHBIC MCCASIOBAHUS IJIsI M3YICHUST BO3-
MOXHBIX KIMHUYECKUX U J1a00OpaTOPHBIX aCCOLMAIUii, KOTOPhIE MOTYT OKa3aTh BJIMSHUE Ha TAKTUKY Jieue-
Hus CagA* mauueHTOB ¢ PA, cepono3UTUBHBIX 110 aHTULATPYJJIMHUPOBAHHBIM aHTUTEIaM, a TaAKXKe OLle-
HUTb 2PEeKTUBHOCTD 3paaukauuu H. pylori B i7aHHOI Tpyrmne.

Karouesvle croea: peemamoudnsiii apmpum, aHmumena K YUKAUHECKOMY YUMPYAIUHUPOBAHHOMY Nenmudy, UH@eKyus,
duaenocmuka, xeaukobaxkmep nuaopu, 6esok CagA

PECULIARITIES OF IMMUNOLOGICAL MANIFESTATIONS IN
PATIENTS WITH RHEUMATOID ARTHRITIS IN THE PRESENCE
OF CHRONIC INFECTION WITH HELICOBACTER PYLORI
VARIANT ENCODING CYTOTOXIN-ASSOCIATED GENE A

Aleksandrov A.V.2» Shilova L.N.?, Aleksandrov V.A.»%, Levkina M.V .2
Paramonova 0.V.2, Aleksandrova N.V.*, Zborovskaya L.A.P

¢ Volgograd State Medical University, Volgograd, Russian Federation
b A. Zborovsky Research Institute of Clinical and Experimental Rheumatology, Volgograd, Russian Federation

Abstract. The study aimed to evaluate the association between cyclic citrullinated peptide antibody
seropositivity and chronic Helicobacter pylori (H. pylori) infection in patients with rheumatoid arthritis (RA).
We examined 92 women with moderate RA activity. Serum antibodies to cyclic citrullinated peptide (anti-
CCP), antibodies to H. pylori (anti-H. pylori-1gG), and total antibodies to H. pylori CagA antigen (anti-
CagA) were determined by enzyme immunoassay; the presence of anti-CagA-IgG positivity was confirmed
by immunoblot. 68.5% of RA patients were positive for anti-H. pylori-1gG, and 44.4% of patients in this
group were positive for anti-CagA-IgG. All the study participants were divided into three groups: 1 — H. pylori
seronegative (H. pylori); I1 — H. pylori positive, CagA negative (H. pylorit/CagA-); 111 — H. pylori positive and
CagA positive (CagA™). The anti-CCP values in RA patients with CagA* (group III) were significantly higher
not only in comparison with patients seronegative for H. pylori (p < 0.001), but also in comparison with patients
from group I (H. pylori*/CagA~) (p = 0.041). A study of the influence of the RA activity, the presence of RF
and H. pylori on anti-CCP content demonstrated a small proportion of anti-CCP variability (R2 = 0.09), with a
high contribution of H. pylori (beta = 0.25). The addition of the CagA(+) index (beta = 0.503) to the presented
model allowed us to describe the variability of anti-CCP in almost 30% of cases (R2 = 0.29). In the group of
RA patients with anti-CCP values exceeding the established threshold value of 20 U/mL (normal index), there
was an increase in the proportion of patients infected with H. pylori (p < 0.001), but not the proportion of
CagA-positive patients (p = 0.06). When the threshold level was increased to 60 U/mL (three times the upper
limit of normal) in patients with significantly high anti-CCP, the association with positivity for CagA became
significant (p = 0.005). CagA is highly immunogenic and is capable of inducing an inflammatory response in
the host that goes beyond the effect of H. pylori itself. Additional experimental studies are needed to investigate
possible clinical and laboratory associations that may influence the treatment tactics of CagA* patients with RA
who are seropositive for anti-citrullinated antibodies, as well as to evaluate the possible effects of therapeutic
intervention aimed at the eradication of H. pylori in this group.
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Introduction

In recent years, the association of Helicobacter py-
lori (H. pylori) infection with the spread of autoim-
mune pathology has attracted much attention because
H. pylori can participate in the etiopathogenesis of a
number of autoimmune diseases and persist chronic
inflammation by stimulating the immune overall
response [13]. Various mechanisms associated with
H. pylori can cause loss of cellular tolerance and
the production of various autoantibodies (IgM-
rheumatoid factor, antinuclear and antiphospholipid
antibodies, etc.) [4]. According to statistical analysis,
infection with a more virulent variant of H. pylori
encoding cytotoxin-associated gene 4 (CagA) can
significantly increase the risk of autoimmune di-
seases [14]. This strain of H. pylori has an increased
ability to stimulate the secretion of pro-inflammatory
cytokines, which ultimately leads to modulation of
the patient’s immune responses [2].

The results of the many studies suggest a possible
pathogenetic role of H. pylori infection in the pro-
gression of non-digestive diseases [3], such as chro-
nic autoimmune rheumatic diseases, including rheu-
matoid arthritis (RA). Although a number of studies
do not support a significant association between
H. pylori infection and RA [1, 14], there is evidence
of significant improvement in both clinical and la-
boratory parameters after successful eradication of
H. pylori infection in patients with RA [2].

It should be stated that the relationship bet-
ween H. pylori infection and RA is understudied
nowadays [4].

The study aimed to evaluate the association between
cyclic citrullinated peptide antibody seropositivity
and chronic H. pylori infection in patients with RA.

Materials and methods

We examined 92 women (mean age, 55.5+9.6 years
old; mean disease duration, 8.5 (7.0-9.5) years; body
mass index, 29.1 (24.8-32.9) points) with moderate
(3.2 < DAS28 < 5.1) RA activity. The mean value of
the DAS28-ESR index was 3.83 (3.47-4.38) points.
Rheumatoid factor (RF) seropositivity was found
in 56 (61%) people. Rheumatoid arthritis diagnosis
was based on the diagnostic criteria defined by the
“American College of Rheumatology/European Lea-
gue Against Rheumatism Collaborative initiative”
(2010).

Serum samples were obtained after centrifugation
(5 mL of whole blood at 3000 rpm for 5 minutes),
then samples were kept at -20°C until testing. Serum
antibodies to cyclic citrullinated peptide (anti-CCP)
were determined by enzyme immunoassay (Anti-CCP
hs kit, Cat. No. 416-6010, Orgentec Diagnostika,

Germany). The presence of helicobacteriosis was
established using the Anti- Helicobacter pylori ELISA
(IeG) ELISA test (EI2080-9601G, Euroimmun,
Germany) designed for semi-quantitative/quanti-
tative determination of human IgG antibodies to
Helicobacter pylori (anti-H. pylori-IgG) in blood
serum and plasma. All serum samples from RA
patients were also analyzed for the presence of total
antibodies to Helicobacter pylori CagA antigen (anti-
CagA) (Vector-Best, Russia). The threshold values
were determined at the levels recommended in the
manufacturer’s instructions. The immunoblot method
and the recomLine Helicobacter IgG 2.0 kit (Cat.
No. 4774, Mikrogen, Germany) were additionally
used to confirm Helicobacter pylori CagA-1gG asso-
ciated infection.

Statistical analysis

The results were statistically analyzed using
Microsoft Excel 2011 and Statistica 10.0 (Stat Soft
Inc., USA).

Data were displayed as median and lower/upper
quartile Me (Q,,5-Q, ;) for variables with asymmet-
ric distribution, and as mean * standard deviation
(M=SD) for variables with normal distribution. The
test of variance analysis (ANOVA) and Kruskal—
Wallis H test (as appropriate) were used in intergroup
comparisons. Categorical variables were presented as
percentages (%). Correlation analysis was performed
using Spearman’s coefficient (r)). We used the y?
criterion to analyze differences in the frequencies of
the variables between the groups. Differences were
considered statistically significant at p < 0.05.

Results and discussion

In determining anti-CCP, the mean interquartile
range was 63.4 (9.49-312) U/mL. About half of the
patients (47.8%) had a significantly high level of anti-
CCP (> 60 U/mL; three times the upper limit of
normal). In 18.5% of the patients the index was in the
range of 20 U/mL to 60 IU/mL (moderate increase).

68.5% of RA patients (n = 63) were positive for
anti-H. pylori-1gG, and 44.4% (n = 28) of patients in
this group were positive for anti-CagA-IgG.

All the study participants were divided into three
groups: group I (n = 29; H. pylori’) — H. pylori sero-
negative (no anti-H. pylori-1gG); group II (n = 35;
H. pylori* /CagA-) — H. pylori positive, CagA negative
(positive anti-H. pylori-1gG, but no anti-CagA-IgG);
group III (n = 28; CagA*) — H. pylori positive and
CagA positive (positive anti-H. pylori-1gG and anti-
CagA-IgQG).

There were no intergroup differences in determi-
ning C-reactive protein (CRP) and rheumatoid factor
class IgM (IgM-RF) (p > 0.05), except for group
3 patients, whose IgM-RF levels were significantly
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TABLE 1. LEVELS OF LABORATORY MARKERS OF RHEUMATOID ARTHRITIS IN GROUPS OF PATIENTS WITH CHRONIC

H. PYLORI INFECTION

Group | Group |l Group Il
CRP, mg/L 17.0 (9.4-19) 12.5(4.8-17.7) 13.3 (9.4-19.7)
IgM-RF, IU/mL 13.5+10.9" 20.6x17.7 23.2419.9

anti-CCP, U/mL 9.07 (3.77-32.4)- -

63.7 (14.6-149.0)"" 788 (74.3-1392.0)

Note. CRP, C-reactive protein; IgM-RF, rheumatoid factor class IgM; anti-CCP, antibodies against cyclic citrullinated peptide; the

upper register indicates intergroup differences at p < 0.05.

higher (p = 0.026) than those of H. pylori seronegative
patients (group 1) (Table 1).

The anti-CCP values in RA patients with CagA(+)
(group III) were significantly higher, not only in
comparison with patients seronegative for H. pylori
(group I), but also in comparison with patients from
group 11 (H. pylori*/CagA-) (p < 0.001 and p = 0.041,
respectively) (Table 1).

Previous studies have noted the correlation bet-
ween H. pylori infestation, confirmed by histological
method and the immunological manifestations of
RA [5]. The research on laboratory parameters in RA
patients with the presence of H. pylori demonstrates
an increase in inflammatory markers and various
autoantibodies [13].

Mechanisms of H. pylori evasion of the humoral
immune response remain unclear. The persistence of
H. pylori in the human body is accompanied, as a rule,
by a successive change in the pronounced immune
response at the introduction of the bacterium to the
further development of immune tolerance [10].

The immune response to the soluble protein
CagA present in highly virulent strains of H. pylori is
often accompanied by increased levels of RE, ESR,
CRP, and anti-mutant citrullinated vimentin (anti-
MCV) [2]. CagA is highly immunogenic, has a direct
effect on cancer-promoting signaling pathways, and
causes an inflammatory response in the host body that
goes beyond the action of H. pylori itself [9]. And if in
our study the absence of correlation between CagA(+)
and the studied markers of inflammatory reaction
(CRP, CRP) can be explained by the homogeneity of
RA patients by sex, age, activity and duration of the
disease (the association with Helicobacter infection
was previously established for all parameters), the
presence of close association of anticitrullinated
proteins and CagA(+) is most indicative.

Anti-CCP levels correlated with the RA activity
index DAS28 (r,=0.19), the presence of RF (r,=0.29),
and H. pylori (r; = 0.45). The study of the influence

of these factors on anti-CCP content demonstrated a
small proportion of anti-CCP variability (R? = 0.09),
with a high contribution of H. pylori (beta = 0.25). The
addition of the CagA(+) index (beta = 0.503) to the
presented model allowed us to describe the variability
of anti-CCP in almost 30% of cases (R? = 0.29).

In the group of RA patients with anti-CCP
values exceeding the established threshold value of
20 IU/mL (normal index), there was an increase in the
proportion of patients infected with H. pylori (Chi-
square = 13.5; p < 0.001), but not the proportion of
CagA-positive patients (Yates Chi-square = 3.55;
p = 0.06). When the threshold level was increased to
60 IU/mL (three times the upper limit of normal) in
patients with significantly high anti-CCP (n = 44),
the association with positivity for CagA became
significant (Yates Chi-square = 7.67; p = 0.005).

The high level of H. pylori infection is apparently
associated with impaired immune system formation
in RA patients due to pronounced immune disorders
and the influence of immunosuppressive therapy.
Autoreactive B cells actively producing antibodies to
citrullinated proteins in RA are exposed to H. pylori.
Using modeling techniques to detect specific
physiological free amino acids as biomarkers of
H. pylori-related peptic ulcer disease, citrulline has
been identified as one of the key traits [6]. It has been
argued that citrullination processes could potentially
play a role in bacterial and viral sepsis because high
levels of circulating citrullinated histone H3 have been
found in patients with sepsis and coronavirus [11,
12]. According to Kastbom et al., decreased muco-
sal immunity to citrullinated proteins/peptides and
recruitment of new B-cells are important chara-
cteristics of the response to antirheumatic therapy in
patients with early RA [8].

Based on the results of our study, we can conclude
that chronic infection with Helicobacter pylori strain
encoding cytotoxin-associated gene A (CagA) and
immunological processes occurring in anti-CCP-
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positive patients, regardless of the activity and dura-
tion of rheumatoid arthritis, are closely associated.

Conclusion

The role of H. pylori infection in the induction
and maintenance of autoimmunity remains unclear.
Clarification of the mechanisms of the influence
of chronic H. pylori infection on the course of
immunological processes in RA, especially in CagA*
patients, is of clinical significance due to the fact
that an infection with CagA-positive strains leads
to increased resistance to antibiotics [7] used in
eradication therapy.

Additional experimental studies are needed to
investigate possible clinical and laboratory asso-
ciations that may influence the treatment tactics
of CagA™* patients with RA who are seropositive for
anti-citrullinated antibodies, as well as evaluate the
possible effects of therapeutic intervention aimed at
the eradication of H. pylori in this group.
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Short communications

NMMMYHOBOCHNAJIUTEJIbHBIE MAPKEPbI CUHTPOIHbIX
CEPAEYHO-COCYAUCTbIX 3ABOJIEBAHUMA
I'anmuera IILIIL, Ipramena M.Y ., Ilanoes X.III.

Byxapckuit eocyoapcmeennbiii meduyunckuii uncmumym, e. byxapa, Pecnybauxa Y36exucman

Pesome. Llenbro nccaeqoBaHUS SIBUJIOCH U3YINTh MMMYHOBOCITAIUTEIBHBIC MapKephl MIIEMIUYECKOU 00-
JIC3HU Cep/lia, apTepuaIbHOM TUIIEPTEH3UHU U UX COYETAHHOTO TSUCHMSI.

B uccinenoBanuu npuHsu yyactue 116 mManueHToB ¢ CepaedyHO-COCYIUCTHIMU 3a00ICBAaHUSIMU CPETHE-
ro ¥ Moxujaoro Bo3pacra. CpeaHUil BO3pacT NaLeHToOB cocrasisieT 62,411,27 roma. Bce nalmeHThl ObLIN
obcnenoBaHbl B byxapckoMm dunuaine PecrmybankaHCKOro HaydHO-MPaKTUUYECKOTO LIEHTPA HEOTIOXKHOM Me-
JULIMHCKOW ToMoli. B xone aHain3a ObLIO YCTAHOBJIEHO, YTO YPOBEHb CUCTOJUYECKOTO apTepUaTbHOTO
MaBJICHUS HAIIPSIMYIO 3aBUCHUT OT KOHIIeHTpalmu hudpuHoreHa — r = 0,3 ¥ IPOTUBOIOJIOXHO 3aBUCHUT OT
KoHueHTpauun npokaabiuuToHHa (ITKT) — r =-0,3 u IL-6 — r = -0,26. B T0 ke BpeMs1 TakKe Obliia BbISIB-
JIeHa 3aMETHasI TMOJIOKUTETbHAsI CBSI3b YaCTOThI CEPIIEUHBIX COKPAIIIEHUI C ypOBHEM KpeaTUHUHA B KPOBU —
r=0,35. YcTaHOBJIICHHbBIC CBSI3U ITOKA3bIBAIOT BKJIA CUHAPOMAa BOCTIAJIEHUs] (MMMYHHOTO) B IIPOTPECCUPOBa-
HUE apTepuaibHON r'MIepTeH3MH, TOUHee, IToKa3aTeIsSIMUA TIPOrPECCUPOBAHMST apTePUATbHOM TMIEPTEH3UN
MIpY UILEMUYECKOM 00JIE3HU CepALIA SIBISIIOTCS KpeaTuHuH, pudbpuHoreH, ITKT u IL-6. Biaaromapst BBICOKO#
M 3aMETHOM KOPPEJISILIUY ¢ U3y9aeMbIMA UMMYHOOMOXUMHUYECKMMU MOKa3aTeIsIMU KPOBU U (DYHKIIMOHATb-
HBIMU MoKa3atejassmMu cepaua, IL-6 sBasiercs 6ojiee MHGOPMATUBHBIM MOKa3aTeseM MPOTrpeCcCUPOBaAHMST
WIIEeMUYIECKOM 0OJIC3HU Cepalla ¢ PUCKOM OCIOXHEHUN U TMOJIMOPTaHHON HEeIOCTATOUHOCTU. TaknuMm obpa-
30M, YCTAaHOBJICHHbBIE CBSI3M B HAllIMX MCCJIEOOBAHUSIX IMO3BOJISIOT BKIIIOUUTh BBIBOA O TOM, YTO, Hapsay C
BBIIIIEU3JIOKEHHBIM, (DAaKTOpaMM PUCKa pa3BUTUS pa3pbiBa W/WIM aHeBpU3MBI aopThl ipy MBC saBisioTcs
noBblieHre ypoBHs1 KoMmrieMeHTa C3, IL-17 u I1KT B kpoBu. CiegoBateabHO, C MOBBIIIEHUEM YPOBHS
VEGF B kpoBu nipu MBC AS Bo3pacTaeTr puck yBeaudeHus ToaiHbl JIXK B nuacroiy, a nossimeHue 1L-6,
IL-17A 1 MOYEBHHBI B KPOBU CBUAETEAbCTBYET 00 yMEHbIIIEHUU TONLIMHBI JIZK B nnactony. nuacrosa, KOTO-
pas 1o3BoJseT AuddepeHIMPOBaTh PECTPUKTUBHBINA BapUAHT OT TUIepTpoduIecKoii (hopMbl IIPU aTUITAY-
HOIi cTeHOKapauu. biarogapst BBICOKO# M 3aMETHOU KOPPEJISILIMU C U3y9aeMbIMU UMMYHOOMOXUMUYECKUMU
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IMMUNO-INFLAMMATORY MARKERS OF SYNTROPIC
CARDIOVASCULAR DISEASES
Ganieva Sh.Sh,, Ergasheva M.U,, Panoev Kh.Sh.

Bukhara State Medical Institute, Bukhara, Republic of Uzbekistan

Abstract. Objective: To study the immuno-inflammatory markers of coronary heart disease, arterial
hypertension and their combined course.

The research work included 116 patients with cardiovascular disease of middle and old age. The average age
of patients is 62.41+1.27. All patients were examined at the Bukhara branch of the Republican scientific and
practical Center for emergency medical care. During the analysis, it was found that the level of systolic arterial
blood pressure directly depends on the concentration of fibrinogen — r = 0.30 and oppositely depends on the
concentration of procalcitonin (PCT) — r = -0.3 and IL-6 — r = -0.26. At the same time, a noticeable positive
association of heart rate with creatinine in the blood — r = 0.35 was also revealed. The established connections
show the contribution of inflammation syndrome (immune) in the progression of hypertension, or rather,
indicators of the progression of hypertension in coronary heart disease are creatinine, fibrinogen, PCT and
1L-6. Due to the high and noticeable correlation with the studied immuno-biochemical parameters of blood
and functional parameters of the heart, IL-6 is a more informative indicator of the progression of coronary
heart disease with the risk of complications and multiple organ failure. Thus, the established connections in
our studies allow us to include the conclusion that, along with the above, risk factors for the development of
rupture and/ or aneurysm of the aorta in CHD are an increase in the blood level of complement C3, IL-17 and
PCT. Consequently, with an increase in the level of VEGF in the blood in CHD AS, the risk of an increase in
the thickness of the LV in the diastole increases, and an increase in IL-6, IL-17A and urea in the blood shows a
decrease in the thickness of the LV in the diastole, which makes it possible to differentiate the restrictive variant
from the hypertrophic form in atypical angina. Due to the high and noticeable correlation with the studied
immuno-biochemical parameters of blood and functional parameters of the heart, IL-6 is a more informative
indicator of the progression of coronary artery disease with the risk of complications and multiple organ failure.

Keywords: cardiovascular diseases, ischemic heart disease, arterial hypertension, immunity

Transforming growth Factor-f (TGF-B) is a
cytokine, a protein growth factor that plays an
important role in the regulation of cell growth,
differentiation and regeneration of various tissues.
In the heart, TGF-B1 is induced by MI, pressure
overload, with the introduction of angiotensin II,
norepinephrine and is inhibited by nitric oxide [5]. In
the myocardium, TGF-B1 is synthesized by fibroblasts
and cardiomyocytes and plays a key role in the
development of tissue fibrosis. Thus, along with the
already “gold standard” biomarker of heart failure pro-
BNP, new biomarkers are being intensively studied,
such as markers of apoptosis, remodeling of connec-
tive tissue extracellular matrix and inflammation,
which allow not only to more accurately diagnose, but
also to determine the risk of developing or progressing
heart failure and death [7, 8].

Objective: to study the immuno-inflammatory
markers of coronary heart disease, arterial hyper-
tension and their combined course.

Introduction

In modern literature, the term “remodeling of
the heart” has appeared, which includes the whole
complex of changes in the mass, volume and shape of
the left ventricle due to cardiomyocyte hypertrophy,
as well as hypertrophy and hyperplasia of interstitial
cells and endothelium, leading to a violation of
the biochemical and functional properties of the
myocardium under the influence of various factors,
including hypertension [1].

Age is a recognized risk factor for cardiovascular
diseases and mortality, including in patients with
hypertension. In many ways, this influence is realized
through age-related changes in the structure and
function of blood vessels [6]. The results of research
in recent decades confirm the crucial role of vascular
endothelium in the regulation of vascular homeostasis,
while a significant contribution of endothelial dys-
function (ED) to the development of cardiovascular
diseases (CVD) has been established, in particular,
participation in the pathogenesis of hypertension. It is
generally recognized that the endothelium maintains
a balance between the processes of vasoconstriction
and vasodilation, produces inflammatory factors

Materials and methods

The study included 116 middle-aged and elderly
patients with an average age of 62.4+1.27 years.

and vascular proliferation, participates in vascular
remodeling and in thrombosis [2, 3, 4].

All patients were examined for cytokine status:
IL-17A, TNFa, C3 complement component, VEGF
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and a marker of the acute phase of inflammation —
procalcitonin (PCT), the lipid spectrum of blood
was studied, an echocardiogram (ECHOCG) and a
biochemical blood test were performed.

The inclusion criteria were patients aged 45 to 74
years with a diagnosis of arterial hypertension (AH),
coronary heart disease (CHD), confirmed by clinical
and laboratory-instrumental methods, hospitalized in
a hospital.

The patients of the study groups were comparable
in age, gender, and the presence of CVD risk factors.
AH verification was carried out according to the
requirements of the World Health Organization
(WHO), classified according to the International
Classification of Diseases (ICD-10).

At the same time, the ACC/AHA Hypertension
Guidelines (2017) classification was adhered to.

The exclusion criteria from the study were patients
with acute myocardial infarction, acute coronary
syndrome, acute infectious diseases, myocarditis
and cardiomyopathies, chronic renal and hepatic
insufficiency, pulmonary hypertension, congenital
and acquired heart defects, systemic diseases,
oncological and hematological diseases.

The research was carried out in accordance with
the Helsinki Declaration.

Statistical processing of the results was carried out
using Excel programs from the Microsoft Office XP
application package (Microsoft, USA), correlation
analysis was carried out using the Pearson method and
evaluated on the Cheddock scale.

Results and discussion

To develop specific indicators of the progression of
AH in CHD, a correlation analysis of the relationship
of the studied blood parameters with the parameters
of ECHOCG in patients with CHD selected for
examination was carried out.

The dependence of the aortic diameter on the
studied immunological parameters of the blood was
established: a weak positive relationship with C3 —
r=0.20, with IL-17A —r=0.21, with PCT —r=10.25,
a negative relationship between the aortic diameter
and TNFoa — r=-0.21, VEGF — r=-0.2.

The established relationships show a directly pro-
portional positive dependence of the aortic diameter
on the level of inflammatory markers: complement
C3, IL-17A and PCT (r = 0.2-0.25).

In patients of this group, the average concentration
of PCT was 0.2+£0.01 ng/mL, which indicates the
absence or low risk of infectious complications. The
established weak positive association of PCT with the
diameter of the aorta shows the risk of developing
infectious complications in coronary heart disease
and the importance of dynamic determination of
PCT in this case.

Thus, the change in the diameter of the aorta
depends on the degree of the infectious process in

the body. Therefore, in case of CHD, it is important
to take into account the state of syntropy, that is, the
presence of concomitant diseases, for the prognosis
of complications. At the same time, the longer the
duration of chronization of the infectious process and
the dynamic increase in the level of complement C3,
IL-17 and PCT, the greater the risk of an increase in
the diameter of the aorta in CHD.

It is known that the aorta regulates blood
pressure and heart rate. Age-related enlargement
of the aortic root leads to thinning of the aortic
wall, increases the risk of aortic rupture and/or
aortic aneurysm. Hypertension, hyperglycemia and
hypercholesterolemia are risk factors for changes in
the state of the vascular wall.

At the same time, negative weak connections of
the aortic diameter with TNFa (r = -0.2) and VEGF
(r =-0.2) were also revealed (Figure 1).

Consequently, the established negative associations
of the aortic diameter with TNFa in CHD confirm
the data of literature sources and allow the inclusion
of TNFa in the list of indicators of the progression of
hypertension in CHD as a marker of inflammation in
CHD.

Taking into account the data of the above-
mentioned modern literature sources, the negative
connections between the diameter of the aorta and
TNFa, VEGF in CHD indicate a compensatory
phase of the body’s defense system.

Thus, the established connections in our studies
allow us to include the conclusion that, along with
the above, risk factors for the development of rupture
and/or aneurysm of the aorta in CHD are an increase
in the blood level of complement C3, IL-17 and PCT.
At the same time, the greater the degree of increase
in the dynamics of the level of C3, IL-17 and PCT,
the greater the risk of rupture and/or aneurysm of the
aorta in CHD. Consequently, the more the level of
TNFa, VEGF increases in coronary heart disease, the
more the diameter of the aorta decreases. At the same
time, it is necessary to take into account the state of
syntropy.

In CHD revealed a noticeable positive association
of final diastolic volume of the left atrium (FDV LA)
with IGF-1 (r = 0.30), PCT (r = 0.30) and total blood
protein (r = 0.39) against the background of a weak
correlation with TGF-pB1 — r = 0.21 (Figure 2).

The established features of the relationship show
the effect of syntropy and chronic inflammation in
CHD. At the same time, with coronary heart disease,
an increase in the level of TGF-B1 and PCT in the
blood against the background of an increase in total
blood protein leads to an increase in FDV LA.

In CHD, the total blood protein has a noticeable
negative relationship with final diastolic volume of
the left ventricle (FDV LV) — r = -0.31, which makes
it possible to determine it as an indicator of the shift
of FDV LA and FDV LV. Consequently, in CHD, an
increase in the level of total protein is accompanied
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Figure 1. Relationship of aortic diameter with immuno-inflammatory markers in CHD
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Figure 2. Relationship of the size of the left atrium with immuno-inflammatory markers in CHD

by an increase in FDV LA and a decrease in FDV LV.
Thus, by determining the total protein in the blood,
it is possible to predict the risk of developing LV
dysfunction of the heart in CHD.

ECHOCG LV indices showed noticeable negative
associations between muscle mass of the left ventricle
(MMLV) and IL-6 — r = -0.31, a high negative
association between LVEF and IL-6 — r = -0.41.
At the same time, final systolic volume of the left
ventricle (FSV LV) has a high positive relationship
with IL-1 — r = 0.40, and specific volume of the left
ventricle (SVLV) has a high positive dependence on
the concentration of C3 in blood serum — r = 0.41
(Figure 3).

Consequently, SVLV decreases with an increase in
IL-6, and MMLYV increases with an increase in 1L-1
in the blood, both cytokines are proinflammatory and
show the role of immune inflammation at the level of
the heart and blood vessels in coronary artery disease.

During the analysis, it was found that the level
of SAP directly depends on the concentration of
fibrinogen — r = 0.30 and oppositely depends on the
concentration of PCT —r=-0.3 and IL-6 — r=-0.26.

At the same time, a noticeable positive association
of heart rate with creatinine in the blood — r = 0.35
was also revealed.

The established connections show the contribution
of inflammation syndrome (immune) in the prog-
ression of hypertension, or rather, indicators of the
progression of hypertension in coronary heart disease
are creatinine, fibrinogen, PCT and IL-6 (Figure 3).

Thus, revealed on the basis of correlation analysis
of the relationship between the studied blood para-
meters and functional studies of the heart, the role
of inflammation syndrome in the progression of
hypertension in coronary heart disease has been
established. At the same time, the development of
cardiac restructuring dictates the need to develop
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Figure 3. Relationship of ECHOCG indicators and cytokines in CHD

immunological and biochemical indicators for pre-
dicting the progression of hypertension in coronary
heart disease in middle-aged and elderly people.

The dynamic study of immunological and
biochemical blood parameters and the use of these
recommendations allows the control and monitoring
of hypertension, improving the effectiveness of
diagnosis and the correct choice of treatment for
patients with CHD, contributes to reducing mortality
and disability at the same time.

In order to compare the relationship of immu-
nological and biochemical parameters of blood with
functional parameters of ECHOCG, a correlation
analysis of the results obtained in patients with atypical
angina was performed.

As a result, aortic diameter connections were
established: weak positive with TNFa (r=0.20), weak
negative connections with IL-17A(r = -0.20), total
blood protein (r = -0.20), PCT (r = -0.20) and VEGF
(r=-0.26).

The obtained results of correlation analysis of the
relationship allow a comparative assessment with the
results of patients with CHD. Distinctive features of
the relationship of the studied blood parameters with
the diameter of the aorta in coronary artery disease
were revealed: there is a weak positive relationship with
TNFa (r = 0.20) against the background of a weak
negative relationship between the diameter of the aorta
and IL-17 (r = -0.20), total blood protein(r = -0.20),
PCT(r = -0.20) and VEGF(r = -0.26). Consequently,
in the atypical form of coronary angina, there is no
risk of rupture and/or aneurysm of the aorta.

The study of the relationship between the FDV
LA showed a noticeable positive relationship with
the blood creatinine level in coronary artery disease
(r=10.32).

At the same time, weak negative associations
of FDV LA with IL-17A (r = -0.21), fibrinogen
(r = -0.20) and VEGF (r = -0.20). Consequently,

in CHD, an increase in fibrinogen, IL-17A and
VEGTF in the blood is accompanied by a decrease in
FDV LA. The degree of increase in creatinine shows
the maximum size of the FDV LA. Therefore, with
coronary artery disease, creatinine is an indicator of
the prognosis of an increase in FDV LA.

In contrast to the correlation between FDV LA
in CHD, in atypical angina, a noticeable positive
relationship was established between FDV LV
and PCT (r = 0.30), complement C3 (r = 0.40),
weak noticeable connections with urea (r = 0.20),
fibrinogen (r = 0.22), total blood protein (r = 0.22)
against the background of a weak negative association
with creatinine (r = -0.21).

The results obtained made it possible to determine
the C3 complement of indicators of LV dysfunction
in coronary artery disease in middle-aged and elderly
people.

FDV LA in CHD has a high negative association
with creatinine (r = -0.47) and TGF-p1 (r =-0.40), a
noticeable negative association with 1L-6 (r = -0.35),
IL-1B (r=-0.30) and total blood protein (r = -0.30), a
noticeable positive association with IGF-1 (r = 0.30).
At the same time, the more creatinine and TGF-p1
increase in the dynamics in the blood, the more the
FDV LA decreases. Consequently, creatinine and
TGF-B1 are indicators of pancreatic hypertrophy in
coronary artery disease atypical angina.

Consequently, in atypical angina, a decrease in
TNFa in the blood in dynamics against the back-
ground of an increase in fibrinogen, VEGF and IL-1j
in the blood indicates a threat of hypertrophy of the
LV.

The state of the thickness of the posterior LV wall
in the diastole (PWLV) is important. There was a
noticeable positive association of PWLV with VEGF
(r = 0.35) against the background of a noticeable
negative association with IL-6 (r = -0.37), IL-17A
(r=-0.30).
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At the same time, weak associations of CSL were
also revealed: negative with blood urea (r = -0.26) and
positive with IGF-1 (r = 0.21), which shows a low risk
of developing fibrosis in CHD.

The data obtained show that with coronary artery
disease, an increase in IL-6, C3, and IGF-1 in the
blood is accompanied by an increase in the size of
the LV and vice versa, a decrease in these indicators
in dynamics indicates an increase in LV with atypical
angina in middle-aged and elderly people.

In general, a correlation analysis of blood
parameters in CHD revealed a strong relationship
between IL-6 and left ventricle ejection fraction
(LVEF) (r = 0.44). At the same time, C3 complement
and IL-6 were effective informative indicators of the
severity of atypical angina.

Thus, the obtained high correlations made it
possible to determine informative indicators of the
risk of cardiac remodeling in CHD: an increase in
IL-6 in the blood in dynamics predicts the risk of
developing uremia (an increase in creatinine in the
blood), tachycardia, a decrease in the thickness of the
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BbIABJIEHUE BSAUMOCBA3N MEXDY BUOMAPKEPAMU
AYTODAINU, ANMOMNTO3A U BOCINAJIEHUS B OCTPOM
NEPUOAE ATEPOTPOMBOTUHECKOIO MLLEMUYECKOI'O
UHCYJIbTA
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Pe3stome. [TocTuieMuyecknii BOCTIAJIUTEILHBIN OTBET UTPAET CYIIIECTBEHHYIO POJIb B IATOT€HE3€ OCTPOTO
uieMuyeckoro nHcynsra (M), YcranosiaeHo, uto octpbiit UM conpoBoxaaeTcs aceNTUYECKUM BocTiaie-
HUEeM, UHAYLUPYIOIIUM aKTUBAIIUIO0 KOCTUMYJIUPYIOIINX MOJIEKYJI B TIPOLIECCE OTBETHOM PeaKIIU BPOXKIECH-
HOTO UMMYHUTETa Ha MOBpeXIeHEe TKaH! TOJIOBHOTO Mo3ra. [1ocTosTHHO TIporpeccupyoniasi 1eCTpyKIIus
HEWPOHAJIBHBIX aHTUTEHOB CITOCOOCTBYET YBEJIMUEHUIO 0ObeMa oyara uiieMudeckoro nopaxenus. [Tpomor-
KalT HaKaruIMBaTbCsl JOKa3aTeJlbCTBa, CBUAETENbCTBYIOIIME O BaxHOU poiu NLRP3-onmocpenoBaHHOrO
BOCITJICHUSI B TMaTOTeHE3e MIIeMUYECKOTO WHCYJIbTa, peaiudyeMoro nHdpJjiaMmmMacoMaMu — MYJIBTUIIPOTe-
WHOBBIMM OJIMTOMEPHBIMU KOMILUIEKCaMu. B mociemnHee BpeMsi OOJIBIIION MHTEPEC BHI3bIBACT TEPCIIeKTHBA
MoOAyupoBaHus aytodaruu npu octpoM MU, gBasiiolieiicss MOIIHBIM PETYJISITOPOM BOCHATUTENbHbBIX pe-
akuuii. [TokazaHo, yto mpu octpoM MU ayrodarus 3aaeiicTBOBaHa B BaXKHEWIITMX 3TallaX BOCHAIUTEIBHOTO
Kackaja, BBICTYITasl JIMOO B Ka4yeCTBE MHIYKTOPa, JIMOO B POJIM MHTUOMTOPA MOCTUIIIEMUYECKOTO HEMPOBO-
cnajieHust. Bo MHOTHX TTIpOTMBOBOCITAIMTEIBHBIX MEXaHU3MaX, peain3yeMbIX ayTodarueii mpu octpom MU,
Y4acTBYIOT KJIIoueBble Oeku ayrogarndeckoro npouecca Beclin-1, LC3 u p62. DkcnepuMeHTaIbHbIE MC-
cleaoBaHus MoKa3aiu, yTo aytodarus noaapiaset aktubalnio NLRP3-onocpenoBanHoro BocrnaneHust. I1o-
MpeXXHeMY TTIPOTUBOPEUYNBBIMU OCTAIOTCSI TaHHBIE O TIEPEKPECTHBIX B3aMMOIEUCTBUSIX MEXIY alfoNTO30M 1
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aytodarveil 1 ux OTAEIbHBIMUA MeauaTopaMu B ratoreHese octporo M. Mccnenoanus B 061acTu HEWpPO-
VUMMYHOJIOTUY TO3BOJIMJIA YCTAHOBUTh CUTHAJIbHBIE OEIKW, UHUIIMUPYIOIIUE KaK allONTOTUYECKYIO, TaK U
ayroarnieckyio rubesb KIeTOK roioBHOTO Mo3ra mpu octpoM M U. Llenrio nccnenoBanus sBuiach olieHKa
B3aMMOCBSI3U MeXAy OmoMapKepaMu ayrodaruu, BOCITJICHUsI, U arolTo3a B AMHAMUKE OCTPOTO Iepuojaa
areporpombotrudyeckoro M. B pabote npeacraBieHbl pe3yabTaTbl IMHAMUYECKOTO UCCIEI0BAHUS ChIBOPO-
TOYHOW KOHIIEHTpaLMU KITIOUeBbIX GrioMapKepoB ayTodarun Beclin-1, LC3 n p62, nmokasaresneii armonTosa
Bcl-2 u p53, nposocnanutenbHbiX TMTOKUHOB IL-1f3, TNFa, IL-8, IL-18, yyacTBytomux B mocTAllieMUYE-
CKOM HEUPOBOCIAJIEHUN. YCTAHOBJIEHO CTATUCTUYECKU JOCTOBEPHOE MOBBIIIEHUE UCCIIEyEMbIX ITOKa3aTe-
JIeil I0 CpaBHEHUIO C TPYIION KOHTPOJIsI. MakcuMaabHOE TTOBBIIIIEHNE UCCIeNyeMbIX OMOMapKepoOB OTMe-
yaeTcs B 1-€ CyTKM Tocjie pa3BUTHS UILIEMUU y TIAIIUEHTOB C TSKEJIbIM TeUeHUEeM 3a0osieBaHusl. BoisiBieHa
B3aMMOCBSI3b MEXy aKTUBHOCTHIO ayTodharnu, OMoMapkepaMu arornTo3a 1 HEKOTOPBIMU MTOKAa3aTeIsIMU CU-
CTeMHON BOCHAJIUTEBHOM peakiiy y MallMeHTOB C aTepOTPOMOOTUIECKUM MHCYJIBTOM CPEIHETSIKEJIOT0 1
Tsikesoro TeueHus. [lonmydeHHbIe pe3yabTaThl MOATBEPKAAIOT JaHHbIE JTUTEPATYPhI 00 yyacTuu ayTodaruu B
PEeTyJISIINY MOCTUIIIEMUYECKOTO BOCITAIMTEIbHOTO OTBETA.

Karouesvie cnosa: aymogpazus, anonmos, ocmpblii umieMuvecKuil UHCyaom, Ouomapkepot aymogpazuu, OUoMapkepsv anonmosda,
Beclin-1, LC3, p62, IL-1B, IL-18, NLRP3-ungarammacoma, nocmuuiemuteckoe HelipogocnaneHue

IDENTIFICATION OF THE RELATIONSHIP BETWEEN
BIOMARKERS OF AUTOPHAGY, APOPTOSIS

AND INFLAMMATION IN THE ACUTE PERIOD OF
ATHEROTHROMBOTIC ISCHEMIC STROKE

Lugovaya A.V.2?, Kalinina N.M.*¢, Ivanov A.M.4, Nikitin Yu.V.9,
Sukhina LAY, Mitreikin V.F.?, Semenova E.V.2

@ First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

b St. Petersburg Institute of Bioregulation and Gerontology, North-Western Branch, Russian Academy of Sciences,
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 ), 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-1B 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 Atg6 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 cm3. Group I1I (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 | llgroup | lll group | I group | Il group | lllgroup | I group | Il group | lll group
1st day 7t 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+ 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. Rl, abbreviation for the reference interval.
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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
| ] 1 ] | ]
1¢t 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-1B 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-1fB
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.

The authors declare that there is no conflict of
interest and express their gratitude to the staff of the
Department of Clinical Biochemistry and Laboratory
Diagnostics of the S.M. Kirov, St. Petersburg for
cooperation and providing a base for examining pa-
tients.
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FrEHAEPHbIE PASJINYUA COOEP)XAHUA B CbIBOPOTKE
KPOBU MAPKEPOB BOCIAJIEHUA U AKTUBALIUA
TPOMBOLMTOB Y NALMEHTOB C ®UBPUTTALIMEN
NPEACEPAWUN HEKTAMAHHOIO FEHE3A

Orypkosa O.H., JIyrauésa FO.I',, Iparynosa M.A., CutkoBa E.C.

Hayuno-uccaedosamenvckuii uncmumym kapouonoeuu — guauar OIBHY «Tomckuil HayuoHarbHbLi
uccaedosamenvckuil meouyurckuii yenmp Poccuiickoii akademuu Hayk», 2. Tomck, Poccus

Pesiome. PacnpocTpaHeHHOCTh (UOPMIIISILMU TMpeAcepAnuii BLICOKA U COTIOCTaBMMa y 000uX MoJjioB. Ta-
Kue (aKTOpbI, KaK pa3IMIHO BKCIIPeCcCUpyeMble OMOMapKepbl KPOBH Y SKEHIIMWH W MYXXYUH MOTYT UTpaTh
ONpPEACJICHHYIO POJIb B BOBHUKHOBEHUHU (GUOPWUISIIIMU MPEACEPAN U Pa3BUTUU TPOMOOTHUECKUX OCIOXK-
HEHUA.

Llenp — MccaemoBaHWE MapKepOB BOCTIAJICHUS] M aKTUBALIUM TPOMOOIINTOB Y OOJIBHBIX ¢ (hUOpHILISIIINEH
npeacepanii HeKJIalTaHHOTO TeHe3a, MOIyJalolnX aHTUKOATYJISTHTHYIO Tepaluio U MMEIIIMX B aHaMHe3¢e
TPOMOOTHUYECKHME OCTOXKHEHUS Y MallMeHTOB ¢ QUOpUILIILIMEN peacepanii 6€3 TPOMOOTUYECKUX OCTOXKHE-
HUI B 3aBUCUMOCTH OT TeHASPHOM IMIPUHAIJIECKHOCTHA OOJTBHBIX.

B ncciienoBanue ObIJIO BKIIIOUEHO 22 3M0POBBIX JOOPOBOabLA U 60 MallMEHTOB C IMAarHO30M «(OUOpUII-
JISTIMST IPEACEePANiA», TIOMYJYalOIINX aHTUKOATYISTHTHYIO Tepaltiio, W3 HUX y 21 TmaliMmeHTa IMponu30IIIJIo pa3-
BUTHE TPOMOOTHUYECKUX OCIoXHeHU. MccaenoBaHue coaepxkaHusl B CBIBOPOTKE KPOBU a2-macroglobulin,
hsC-reactive protein, fetuin A, o-1-acid glycoprotein, L-selectin, serum amyloid P, adipsin, platelet factor 4
npoBoauau Ha FLEXMAP 3D, ¢ ucnojib3oBaHuEM nMarHoCTUYeCKUX TecT-cucteM Acute Phase Panel 3.

CpaBHHUTEIBHOE UCCIIEIOBAHNE CONEPKAHMS OMOMapKepOB MPOASMOHCTPUPOBAJIO MOBBIIIEHHOE COIEp-
KaHue C-peakKTUBHOTO 0eJIKa y My>KUYMH U 3KCHIIIMH B 00€1X rpyMITax MallueHTOB ¢ (pUOPMILISIIUCH IIpeacep-
vii; cHukeHue etynHa A 1 L-cejileKTrHa B rpyIIe XeHIIUH ¢ TPOMO03aMU 110 CPaBHEHMUIO C XKEHIIIMHAMU
6e3 TPOMOOTHMYECKUX OCJIOXKHEHUI M TI0 CPaBHEHMIO CO 3A0POBBEIMU XeHIMMHAMU. [10JIOBEIX pa3audunii B
coaepxaHuu petynHa A u L-cenekTrHa B rpyIire 00JbHBIX ¢ GUOpUIISIUEi TIpeacepanii 6e3 TpoMOoTruYe-
CKMX OCJIOXKHEHMI 1 Y 30POBBIX TOOPOBOJIBIIEB HE OOHAPYKEHO. YPOBEHbB aIMIICMHA HE MMEJT TTIOJIOBBIX pa3-
JIMYUWA B TPYIIIE MAIUEHTOB ¢ (GUOPMLIAIINCH Tpeacepanii ¢ TpoMO03aMU U 'y 300POBBIX JOOPOBOJIBIIEB, OI-
HaKO OH OBIJI 3HAYMTEIBHO ITOBBILICH Y XeHIIUH 6e3 TpoM0030B. CoaepxkaHue TpoMOouMTapHOro pakropa
4 y >)XeHILIMH B 00eMX TpynIiax MayeHTOB MPeBbIIIaeT 3HaYeHe JAaHHOTO 1TOKa3aTelIsl Y 310POBBIX KEHIINH,
MOJIOBBIX PA3JIMIUil B TPyMIIaX y HAUEHTOB ¢ UOPIIUISIIINEH TIpeIcepanii He 0OHapyXKeHO.
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Huskue ypoBHU deTyrHa A U L-cenekTuHa mpu OJHOBPEMEHHOM IMOBBIIIEHUU coaepxaHus C-peak-
TUBHOTO O€JIKa U TPOMOOILIMTapHOTO (hakTOpa 4 MPUBOASAT K YBEJIUUESHUIO MPOTPOMOOTEHHOI0 MOTEHIIMAIA U
U3MEHEHUIO OasaHca MPo- U MPOTUBOCTAIMTEbHBIX MEIUATOPOB B CTOPOHY YCUJIEHUS BOCITAJIEHUS Y TTallU -
€HTOB ¢ GUOPUWITSILIME Tpeaceparii )XEHCKOTO MoJa.

Knrouesuie cnosa: gubpuinayus npedcepouil, mpombomu4ecKue 0CA0ICHEHUS, 80CNAAeHUe, buomapkepsl, beaku ocmpoil ¢asvl,
2eHOepHble pazauHus

GENDER DIFFERENCES IN SERUM MARKERS OF
INFLAMMATION AND PLATELET ACTIVATION IN PATIENTS
WITH NON-VALVULAR ATRIAL FIBRILLATION

Ogurkova O.N., Lugacheva Yu.G., Dragunova M.A,, Sitkova E.S.

Cardiology Research Institute, Branch of Tomsk National Research Medical Center of the Russian Academy
of Sciences, Tomsk, Russian Federation

Abstract. The prevalence of atrial fibrillation is high and comparable in both sexes. Such factors as diffe-
rently expressed blood biomarkers in women and men may play a role in the occurrence of atrial fibrillation and
the development of thrombotic complications.

To study markers of inflammation and platelet activation in patients with atrial fibrillation of non-valvular
origin, receiving anticoagulant therapy and having a history of thrombotic complications and patients with
atrial fibrillation without thrombotic complications, depending on the gender of the patients.

The study included 22 healthy volunteers and 60 patients diagnosed with atrial fibrillation receiving
anticoagulant therapy, of which 21 patients developed thrombotic complications. Serum levels of o2-
macroglobulin, hsC-reactive protein, fetuin A, a-1-acid glycoprotein, L-selectin, serum amyloid P, adipsin,
and platelet factor 4 were studied on FLEXMAP 3D using Acute Phase diagnostic test systems Panel 3.

A comparative study of the content of biomarkers demonstrated an increased concentration of C-reactive
protein in men and women in both groups of patients with atrial fibrillation; decrease in fetuin A and L-selectin
in the group of women with thrombosis compared with women without thrombotic complications and compared
with healthy women. There were no gender differences in the concentration of fetuin A and L-selectin in
the group of patients with atrial fibrillation without thrombotic complications and in healthy volunteers. The
level of adipsin had no gender differences in the group of patients with atrial fibrillation with thrombosis and
in healthy volunteers, however, it was significantly increased in women without thrombosis. The content of
platelet factor 4 in women in both groups of patients exceeded the value of this indicator in healthy women; no
gender differences were found in the groups of patients with atrial fibrillation.

Low levels of fetuin A and L-selectin, with a simultaneous increase in C-reactive protein and platelet
factor 4, lead to an increase of prothrombogenic potential and to a change in the balance of pro- and anti-
inflammatory mediators towards increased inflammation in female patients with atrial fibrillation.

Keywords: atrial fibrillation, thrombotic complications, inflammation, biomarkers, acute phase proteins, gender differences

in the risk of thrombotic complications and stroke and
a 2-fold increase in mortality compared with patients
with sinus rhythm [1, 11]. It is now well known that
men and women with atrial fibrillation differ in most
clinical and demographic characteristics. Factors

Introduction

Atrial fibrillation (AF) is one of the most common
persistent arrhythmias and is known as a risk factor
for the development of heart failure, cerebrovascular
events, and sudden cardiac death. An increase in

mortality associated with the presence of AF is
observed in almost all groups of patients: with coro-
nary heart disease, arterial hypertension, and also in
individuals with an isolated form of AF [1]. Every
year there is more and more data on the gender
characteristics of cardiovascular diseases and factors
predisposing to their development. The prevalence of
atrial fibrillation is high and comparable in both sexes.
Atrial fibrillation is associated with a 6-fold increase

such as sex hormones or differently expressed blood
biomarkers in women and men may play a role in the
onset of AF.

Structural and electrophysiological changes in AF
include many factors, among which inflammation
plays an important role, its participation in the ini-
tiation, maintenance and progression of AF has been
noted. Activation of the blood coagulation system
and platelet aggregation is observed during atrial
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fibrillation. In recent years, the relationship between
thrombosis and inflammation has been actively stu-
died, since it is known that not only inflammation
is accompanied by an increase in the activity of the
blood coagulation system, but also thrombosis, in
turn, leads to the development of inflammation [2].

To date, the assessment of biomarkers is widely
used in the diagnosis of myocardial infarction, heart
failure, however, studies on gender differences in
the composition of biomarkers in atrial fibrillation
are not sufficient. Some biomarkers reflect the
pathophysiological process of AF development, while
others can be used as markers to predict the risk of
thromboembolic complications.

Thus, it seems relevant to us to study gender dif-
ferences in blood biomarkers in patients with atrial
fibrillation in order to gain an understanding of the
gender specificity of pathophysiological mechanisms
in AF and their possible involvement in the deve-
lopment of thrombotic complications (TC).

Purpose of the study: to study markers of in-
flammation and platelet activation in patients with
non-valvular atrial fibrillation, receiving anticoagu-
lant therapy and having a history of thrombotic com-
plications and patients with atrial fibrillation without
thrombotic complications, depending on the gender
of the patients.

Materials and methods

The study included 22 healthy volunteers and 60
patients over 18 years old with a diagnosis of atrial
fibrillation, verified on the basis of clinical guidelines
(ESC 2020 recommendations for the diagnosis and
treatment of atrial fibrillation), confirmed by ECG,
daily ECG monitoring, receiving anticoagulant
therapy. Of these, 21 patients (35%) developed
thrombotic complications at the background of
adequate anticoagulant therapy. In the presence of
indications and in the absence of contraindications,
endocardial EPS and RFA were performed using
the non-fluoroscopic navigation system CARTO
3 EP (Biosense Webster, USA). Exclusion criteria
were as follows: contraindications to anticoagulants,
chronic heart failure with a pronounced decrease
in left ventricular ejection fraction of less than 40%
and significant dilatation of the heart -cavities,
valvular heart disease, pregnant women or women
of childbearing age planning a pregnancy at the
time of the study, mentally incompetent patients —
neurological conditions. All patients gave their written
informed consent for inclusion in the study.

Serum lipid testing (total cholesterol, low
density lipoproteins (LDL) cholesterol, high density
lipoproteins (HDL) and triacylglycerol) was performed
by standard methods on an automatic biochemical
analyzer Cobas C311 (Roche Diagnostics, USA).
Serum a2-macroglobulin (mg/mL), hsC-reactive
protein (hsCRP) (mg/L), fetuin A (mcg/mL), a-1-
acid glycoprotein (mcg/mL), L-selectin (mcg/mL),

serumamyloid P (SAP) (mcg/mL), adipsin (mcg/mL),
platelet factor 4 (PF4) (mcg/mL) was carried out
on the equipment of the Center for Collective Use
“Medical Genomics” of the Tomsk Research Center
FLEXMAP 3D, using diagnostic test systems Acute
Phase Panel 3 and MILLIPLEX Analyst 5.1 software
(Merck KGaA, Milliplex; Darmshdadt) in accordan-
ce to the supplier’s instructions. The multiplex ana-
lysis technology on the Luminex platform (xMAP®
technology) is an important tool for the simultaneous
quantification of a complex of different biomarkersina
single sample. The possibilities of xMAP® technology
allow performing simultaneous quantitative analysis
of a complex of 8 biochemical analytes contained
in one blood serum sample of patients with AF and
healthy volunteers with high sensitivity. Statistical
processing of the obtained results was carried out
using the Statistica 10.0 software (StatSoft Inc.,
USA). Quantitative data are presented medians and
25t 75t percentiles (Q,,5-Q,75), categorical data —
in the form of n, % (the number of patients with this
characteristic, the proportion of their frequency in
the group). The statistical significance of differences
between two independent quantitative variables
was assessed using the Mann—Whitney U test. Dif-
ferences were considered statistically significant at
p < 0.05. Spearman’s rank correlation coefficient
(Spearman R) was used for correlation analysis.

Results and discussion

All patients were divided into groups: group 1 —
patients with atrial fibrillation without thrombotic
complications, group 2 — patients with atrial fib-
rillation with thrombotic complications. Within
the group patients were divided by gender — group
A — women and group B — men. The patients of
the studied groups were comparable by age, gender,
functional class of CHEF, presence of coronary artery
disease, arterial hypertension. The main clinical
parameters and medical history of the patients of the
study groups are presented in Table 1. Thrombotic
complications (TC) in AF without damage to the
valvular apparatus of the heart among all patients
included in the study were as follows: thrombosis
of the left atrial appendage was noted in 10 patients
(17%), spontaneous echocontrast II degree in 5
patients (8.3%), cardioembolic stroke — in 3 patients
(5%), thrombosis of peripheral arteries — in 1 (2%),
thrombosis on the pacemaker electrodes — 2 (4%).
The patients of the study groups were also comparable
in terms of the frequency of use of the main groups
of medications. Prescribed therapy, at the time of
inclusion in the study, complied with contemporary
recommendationsand included standard conventional
antiarrhythmic and anticoagulant therapy, as well
as therapy for the underlying cardiovascular disease
(beta-blockers, statins, angiotensin-converting en-
zyme inhibitors, diuretics), detailed characteristics
are presented in Table 2.
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TABLE 1. CLINICAL CHARACTERISTICS OF PATIENTS WITH ATRIAL FIBRILLATION

Women Men .
. - Women with Men
without without . . .
- - thrombotic with thrombotic
Parameter thrombotic thrombotic N s
A A complications complications
complications complications (n = 10) (n=11)
(n=18) (n=21)
Age, years, 66.5 56.5 66.0 68.0
Me (Qq25-Qq.75) (61.0-71.0) (48.0-64.0) (63.0-74.0) (60.0-73.0)
Left atrium size, mm, 39.0* 41.0* 455 47.0
Me (Qq25-Qq.75) (37.0-45.0) (40.0-44.5) (40.0-48.0) (45.0-50.0)
Form of atrial
fibrillation, n (%):
paroxysmal form 8 (44.4) 10 (47.6) 4 (40) 3(27.3)
persistent form 10 (55.6) 11 (52.4) 6 (60) 8 (72.7)
Arterial hypertension, 13 (72.2) 14 (66.7) 2 (20) 1(9.1)
n (%)
:‘(’;")"ary heart disease, 11 (61.1) 10 (47.6) 5 (50) 9(81.8)
0
Functional class
of heart failure (NYHA),
n (%)
:I 5(27.8) 4 (19.0) 1(10) 1(9.0)
m 9 (50) 8(38.1) - 4 (36.4)
- 2 (9.5) - -
Thrombotic complications
Left atrial auricular
thrombosis, n (%) - - 2(20) 8(72.7)
Spontaneous
echocontrasting, n (%) B B 5(50) B
Right atrial thrombosis, _ _ _
n (%) 1(10)
Cardioembolic
stroke, n (%) B B B 3(27.3)
Right ventricular
electrode thrombus, - - - 2(18.2)
n (%)
Peripheral artery
thrombosis, n (%) B B B 2(18.2)
Total cholesterol, mmol/L 5.28* 410 3.99 3.30
Me (Qq25-Qq 75) (3.91-6.19) (3.43-4.72) (3.32-4.77) (2.99-4.45)
Triacylglycerol, 1.29 1.09 112 112
Me (Qq25-Qq.75) (1.04-1.69) (0.87-1.31) (0.90-1.34) (0.86-1.31)
HDL cholesterol, 1.39 1.07 2.25 1.51
mmol/L, Me (Qq5-Q, 75) (1.12-1.56) (1.01-1.22) (1.50-2.95) (1.23-3.00)
LDL cholesterol, 3.46* 2.43* 1.24 1.1
mmol/L, Me (Qq 5-Qq 75) (2.14-4.06) (1.95-2.92) (1.06-1.51) (0.88-1.42)
LDL / HDL, 243 2.06* 3.06 1.34
Me (Qq25-Qq.75) (1.92-2.98) (1.79-2.73) (3.06-3.06) (0.80-2.47)

Note. Data are presented as the % and median Me (Q, ,5-Q, ;5) for continuous non-normally distributed variables. *, statistical
significance of differences between groups of patients with atrial fibrillation without vs with thrombotic complications (p < 0.05).
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TABLE 2. MEDICATION THERAPY AT THE TIME OF THE STUDY

Patients without thrombotic Patients with thrombotic
Parameter complications complications
Group1 Group2
(n=39) (n=21)

Anticoagulant therapy:

Warfarin, n (%) 8 (20) 8 (38)

Xarelto, n (%) 19 (48) 5(24)

Pradaxa, n (%) 1(2) 1(5)

Eliquis, n (%) 11 (28) 8 (38)
Antiaggregant therapy:

Aspirin, n (%) 2(9)

Clopidogrel, n (%) - 2(9)

None, n (%) 39 (100) 15 (71)
Statins, n (%) 33 (85) 13 (85)
Beta-blockers, n (%) 12 (31) 13 (62)
ACE inhibitors 25 (64) 17 (81)
Diuretics 5(13) 3(14)
Antiarrhythmic therapy:

Propanorm, n (%) 3(8) 1(5)

Cordarone, n (%) 6 (15) 7 (33)

Sotalex, n (%) 5(13) 4 (19)

Note. Data are presented as the absolute value; (%).

A comparative study of the concentration of bio-
markers in men and women in groups of patients
and in healthy volunteers showed that both men
and women in both groups of patients with AF had
an increased concentration of C-reactive protein,
which is a sensitive and specific laboratory marker
of inflammation and tissue damage, the data are
presented in Table 3. However, there was no dif-
ference in CRP concentration between men and
women in groups of patients with AF and in healthy
volunteers. When determining the concentration
of a2-macroglobulin and a-1-acid glycoprotein in
blood no gender differences were found, and their
concentration in patients with AF did not differ
from the level in the group of healthy volunteers.
A decrease in fetuin A and L-selectin concentration
was noted in blood serum in the group of women
with thrombosis compared to women from the group
without thrombotic complications and compared to
healthy women. At the same time, in the group with
thrombotic complications, the levels of fetuin A and
L-selectin in women were reduced compared to men.
The concentration of L-selectin in women without
thrombotic complications exceeded the value of this
indicator compared to healthy women. There were
no gender differences in the content of fetuin A and
L-selectin in the group of patients with AF without
TC and in healthy volunteers.

In women, both from group without TC, and from
the group with thrombosis, a reduced concentration
of serum amyloid P was observed compared to men.
In healthy volunteers there were no gender differen-
ces, the data were not statistically significant. One of

the key adipokines that have a multidirectional effect
on metabolic processes is adipsin secreted by fat cells.
Adipsin acts as a regulator of carbohydrate and lipid
metabolism possesses the same activity as comple-
ment factor D, which is necessary for the normal f
activation of the alternative pathway of complement
system. Due to this fact, adipsin acts as a link between
the energy block of the endocrine system and the
humoral block of the immune system [6, 9].

The data of our study demonstrated that the level
of adipsin had no gender differences in the group of
patients with atrial fibrillation with thrombosis and
in healthy volunteers, however, it was significantly
increased in women in the group without thrombosis
compared to men from the same group, and also
compared to women both from the group with
thrombosis and the group of healthy volunteers. The
proportion of patients included in the study and ta-
king statins to correct lipid metabolism disorders was
87%. Statins are known to have pleiotropic effects:
anti-inflammatory, antioxidant, cardioprotective, and
antiarrhythmic. They participate in the normaliza-
tion of body weight and hormonal levels, and lead
to an improvement of endothelial function. The
antithrombotic effect of statins is realized through the
increase of thrombomodulin expression [8, 12]. Of all
the examined patients, pronounced disorders of lipid
metabolism, in the form of an increase in the content
of total cholesterol and LDL cholesterol, were noted
in women in the group without thrombosis.

The molecules associated with the cellular link
of hemostasis include platelet factor 4, which is
released into the plasma from platelet a- granules
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TABLE 3. COMPARATIVE ANALYSIS OF ACUTE PHASE PROTEINS IN WOMEN AND MEN

Patients without thrombotic Patients with thrombotic
complications complications Healthy volunteers
Group 1 Group 2 (n=22)
(n=39) (n=21)
Group A Group B Group A Group B Group A Group B
Parameters | -, _ 1g) (n=21) (n = 10) (n=11) (n=11) (n=11)
hsC-
reactive 26.33* 27.96* 23.961* 29.01* 16.716 11.61
protein (14.62-54.5) (13.91-41.93) (0.00-58.64) (14.40-71.76) (1.19-21.42) (8.162-15.470)
(mg/L)
?jémi‘:“n 3.81 3.51 2.86 3.55 2.71 3.16
(mg/mL) (2.78-4.94) (2.99-4.56) (2.58-3.43) (2.80-4.98) (2.67-4.88) (2.25-5.25)
o-1-Acid
glycopro- 4.28 419 3.89 3.48 4.16 3.86
tein (mcg/ (3.20-7.93) (3.10-5.27) (2.68-4.73) (2.62-4.31) (2.17-5.13) (2.91-4.67)
mL)
281.27
Fetuin A (396 1521_Aé'859814) 444,75 (169'720;311'245) 375.229 412.33 448.95
(mcg/mL) T (337.28-623.06) o (14.40-71.76) |(241.8028-478.2000) [(308.25-597.43)
3.075 (1 o;l?595)

L-selectin (2.59-4.08) 2.70 T 2.04 2.53 2.54
(mcg/mL) * (1.82-3.47) . (1.83-2.62) (1.781-4.750) (1.83-3.32)
:;r“l':l ap | as ooy 52) 24.325 12.62 20.21 23.58 24.45

y T een (14.24-31.97) | (10.63-17.05) (11.67-25.14) (9.30-27.93) (13.83-28.12)
(mcg/mL)

40.59

Adipsin (31.20-47.87) 27.83 32.745 33.43 27.04 27.9
(mcg/mL) o (20.44-36.18) | (23.95-40.24) (26.76-43.92) (19.260-40.005) (21.33-37.35)
zz‘:g'rez 27.70* 23.10 21.29* 29.81 13.90** 21.77
(mcg/mL) (21.4-35.5) (17.04-36.03) | (13.11-24.47) (12.81-57.30) (8.97-21.76) (14.67-47.52)

Note. Data are presented as the % and median Me (Q,,5-Q, ;5) for continuous non-normally distributed variables; *, statically
significant groups of patients with atrial fibrillation with a group of healthy volunteers; **, statically significant difference between
women and men in the group; ***, p < 0,05, statically significant within the group 1 vs group 2.

upon their activation. The content of platelet factor
4 in women in both groups of patients exceeded the
value of this indicator in healthy women; no gender
differences were found in the groups of patients with
atrial fibrillation. However, in the group of healthy
volunteers, the level of platelet factor 4 in women
was lower than in healthy men. PF4 has high anti-
heparin activity, as well as the ability to potentiate the
aggregation of platelets and erythrocytes. Correlation
analysis in patients with thrombosis of the left atrial
appendage, revealed a positive relationship between
hsC-reactive protein with the size of the left atrium
(r = 0.77, p < 0.05). Also, in the group of women
with atrial fibrillation and with developed TC, there
were statistically significant positive correlations of
platelet factor 4 with the parameters of ADP and

adrenaline-induced platelet aggregation (r = 0.94
and r = 0.88, respectively) p < 0.05 and inverse rela-
tionship of L-selectin concentration with ADP
and adrenaline-induced aggregation (r = -0.82 and
r = -0.82, respectively) p < 0.05. The level of fetuin A
negatively correlated with adrenaline-induced plate-
let aggregation (r = -0.90, p < 0.05). Correlation ana-
lysis also demonstrated the existence of a relationship
between the studied biomarkers and indicators of
lipid metabolism. Thus, in the group of men with
thrombosis, the level of fetuin A was negatively
correlated with the concentration of total cholesterol
in blood serum (r = -0.64, p < 0.05). The concentra-
tion of platelet factor 4 had a negative relationship with
the level of HDL cholesterol (r = -0.90), and there
was also a positive relationship with a high correlation
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coefficient between the atherogenic index and the size
of the left atrium (r = 0.94; p < 0.05).

The study revealed an imbalance of pro- and anti-
inflammatory mediators, as well as gender differen-
ces in the content of inflammatory biomarkers and
thrombosis markers in groups of patients with atrial
fibrillation, as well as their differences compared to
healthy volunteers. The most pronounced changes
were found in women with thrombotic complications.
It is known that in response to the electrical instability
ofthe myocardium, the nervous and endocrine systems
change their properties. Heart rhythm disturbances
occur under the influence of various pathological
conditions, as a result of which the neurohumoral
mechanisms of homeostasis are activated. Since the
nervous and endocrine systems complement each
other, their restructuring triggers the immune system,
which in turn can affect the neurohumoral system [1,
2]. Among the biological and immunological markers
used to assess active inflammation, a special role is
given to C-reactive protein, the protein of the acute
phase of inflammation. In our study, the level of
hsCRP was significantly increased in all the patients
compared to healthy volunteers. In our opinion, these
data coincide with other authors’ observation that
inflammatory processes play a significant role in the
onset, maintenance, and preservation of AF [2].

Most cardiovascular diseases are accompanied by
an imbalance between the synthesis of pro- and anti-
inflammatory mediators. Fetuin A is a negative acute
phase protein, and can be considered as a link between
chronic inflammation and cardiovascular diseases.
Fetuin A is considered to be an anti-inflammatory
mediator involved in macrophage deactivation,
antifibrotic activity and inhibition of apoptosis of
vascular smooth muscle cells, has a proatherogenic
effect, increasing insulin resistance, inhibits the
production of pro-inflammatory cytokines TNFa and
TGF-b, in the vascular system is an inhibitor of the
formation of hydroxyapatites in the vascular system.
A decrease in its content in the blood is a risk of
cardiovascular calcification [3]. Studies investigating
the role of fetuin A in cardiovascular disease provide
conflicting results. Thus, it was shown that in patients
with metabolic syndrome, fetuin A levels positively
correlate with CRP, and higher biomarker levels
are associated with an increased risk of myocardial
infarction and ischemic stroke [4]. Other studies have
shown that low concentrations of fetuin A can increase
inflammation and overproduction of cardiotoxic
cytokines such as tumor necrosis factor [10]. Studies
conducted exclusively on patients with coronary
artery disease indicate an association between low
levels of fetuin A and mitral aortic calcification and
stenosis [3]. In our study, a low level of fetuin A in
men with thrombosis was negatively associated with
lipid metabolism, and a decrease in the level of fetuin
A in women with thrombotic complications negatively
correlated with an increase in platelet aggregation

activity. The effect of fetuin A appears to differ
depending on the patient cohort studied, suggesting
the need for further study of its role in various
cardiovascular diseases.

L-selectin plays a key role in the adhesion of
leukocytes to activated endothelium and their
migration across the vascular barrier to the lymphoid
tissue or area of inflammation. Participating in the
regulation of selectin-dependent activation and
adhesion of leukocytes, cell adhesion molecules
function in various physiological and pathological
processes, including the development of cardiovascular
diseases. It is known that the level of soluble L-selectin
is affected by inflammatory processes in the vascular
wall. Circulating L-selectin maintains functional
activity by preventing the interaction of leukocytes
with L-selectin ligands on endothelial cells, which
confirms the hypothesis that circulating L-selectin
plays a protective role in the inflammatory process [5].

This hypothesis is consistent with the decrease
in the amount of soluble L-selectin in the blood
serum obtained in our study in women with atrial
fibrillation and thrombotic complications and a
negative relationship between its content and platelet
aggregation activity. As is known, platelets take the
most important and direct part in the reactions of
hemostasis and thrombosis. Platelet activation leads
to aggregation and exocytosis of the contents of the
granules, the production of immunomodulatory
molecules. One of the secreted factors is platelet
factor 4, a positively charged glycoprotein of the
alpha granule of platelets. An increase of the platelet
factor 4 content is one of the markers of intravascular
activation of platelet hemostasis [7]. Thus, inflam-
matory factors can contribute to the onset and
maintenance of AF, causing structural and electrical
atrial remodeling. An increase or decrease in the
activity of the interactions between the inflammatory
processes and the coagulation system can lead to
the fact that coagulation and thrombosis become
pathological factors, contributing to the development
and progression of diseases.

Conclusion

Our data suggest that low levels of fetuin A and
L-selectin, with a simultaneous increase in the content
of CRP and platelet factor 4, lead to an increase in
prothrombogenic potential and a change in the balance
of pro- and anti-inflammatory mediators towards
increased inflammation, which plays a role in the
pathophysiology of thrombotic events complications
in female patients with atrial fibrillation. Thus, our
data suggest that the pathophysiological factors
for the occurrence of thrombotic complications in
atrial fibrillation may differ in women and men. This
argues for further detailed and in-depth studies of sex
differences in atrial fibrillation to support a gender-
based personalized medicine approach.
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T-PEFYNIATOPHbIE JIMMOOLUTDBI U AAEPHASA
TPAHCJIOKALUS FoxP3 B PASJIN4HbIX AEMO )XUPOBOW
TKAHU Y NAUMEHTOB C ULLEMWUYECKOW BOJIE3HbIO
CEPALA

Koaorpusosa .B.!, Imurprokos A.A.'% Xapuronosa 0.A.},
Kpasuenko E.C.!, Hapezxaaa H.B.!, Komteanckas 0.A.}, Cycaosa T.E.!

! Hayuno-uccaedosamenvciuii uncmumym kapouoaoeuu — guauar @IBHY « Tomckuii HayuonanbHblil
uccaedosamenvckuil meduyurckuil yenmp Poccuiickoil akademuu Hayk», e. Tomck, Poccus

2@I'BOY BO «Cubupckuii cocyoapcmeentbiil MeOuyuHcku ynusepcumem» Munucmepemea 30pasooxpanenus PD,
2. Tomck, Poccus

Pesome. Perynstopabie T-nmumdonutel (Treg) mpUCyTCTBYIOT B XKMpOBOI TKaHU. WX oTHOcUTenbHOE
coliepXXaHHUe, a TAaKXKe YPOBEHbD simepHOi TpaHcoKauu FoxP3 B anmkapanaibHON 1 TUMYC-3aMeIIaroIeii
KMPOBOM TKAHM OCTAIOTCS HEU3YYCHHBIMHU. B TO ke Bpems CBOIMCTBa Pe3UACHTHBIX Treg B XKMPOBOM TKa-
HU MOTYT UMEThb OOJIBIIIOe 3HAUYCHHUE Y MAIMEHTOB C UIIIEMUYECKOM 00JIE3HBIO Cep/lla KaK MOTeHIIUAIbHBII
naToU3NOJIOTMUECKUI (paKTOp pa3BUTHs aTepocKiieposa. Llenpo nccienoBaHus SIBIISIOCHh CPaBHEHHUE CO-
nepxanus FoxP3*Treg-mumdonuToB u simepHoit TpaHcaokanuu FoxP3 B anmmkapanaibHOM, TUMYCHOI, TIOJI-
KOXXHOM XXUPOBOU TKaHU U TepudepruecKoii KpOBU y MTALIUEHTOB C UILIEMUYECKOM OoJie3HbIo cepaua. [1u-
JIOTHOE MCClIeA0BaHMe BKI0Yaso 11 ImalmeHToB ¢ NIIIEeMAYECKOM 00JIE3HBIO Ceplia, y KOTOPBIX B INTAaHOBOM
nopsigKe ObUIO MPOBEASHO A0PTOKOPOHAPHOE IITYHTUPOBAHUE TTOCJIE MPEAIICCTBYIOLICH CEJICKTUBHOI KOPO-
Haporpaduu. Yactory CD4*CD25"FoxP3* 1 CD4"CD25°FoxP3* ntuM@o1MTOB 1 ypOBEHb SAECPHOI TpaHC-
Jnokau FoxP3 orteHnMBaIu METOIOM NPOTOYHOM IIMTOMETPUY C BU3yaT3allMeil B TepudepruIecKoit KpOBU
U CTPOMAJIBHO-COCYIMCTOM (pbpaKIIMU SIMUKAPINATbHON, MOJKOXHOW M TUMYCHOI XXHUPOBOM TKaHU. ons
CD4*CD25"FoxP3* n1 CD4"CD25"°FoxP3* nuMmdoruToB Oblj1a BhIIIE B SNUKAPANATIBHON XUPOBO TKaHU
0 CPaBHEHUIO ¢ KpoBbIo (B 3 1 5 pa3, p = 0,020); nonss CD4*CD25"FoxP3* kjieTOK B HOAKOXHOM KMPOBOM
TKaHU ObLTa B 4 pa3a BhIle, 4eM B KpoBH (p = 0,028). YpoBeHb simepHoit TpaHcaokauu FoxP3 ObL1 Makcu-
MaJIbHBIM B KPOBU M CHIZKAJICS B STIMKAPIUAJIBHOM, MOAKOKHOMN ¥ TUMYCHOI XkupoBoit TKaHu (p = 0,020 kak
g CD4*CD25"FoxP3*, tak u miiss CD4*CD25"°FoxP3* numdouuTos). Jons CD4*CD25°FoxP3* kieTok
OblJ1a MPSIMO CBsI3aHa ¢ Bo3pacToM B TUMycHOH (r, = 0,818; p = 0,002) 1 06paTHO MPOITOPLIMOHAJIIFHO — B
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SMUKapAUAIbHON XX1poBoii TKaHM (1, = -0,618; p =0,043). [lomu CD4*CD25"FoxP3* u CD4*CD25°FoxP3*
KJIETOK C siiepHoi TpaHcnokauyeil FoxP3 B MoaKoXHOM KMPOBOM TKAHM OTPULATEIbHO KOPPEIUPOBAIU
¢ BospactoM (r, = -0,827; p = 0,002 u r, = -0,648; p = 0,031 coorBeTcTBeHHO). [lonst CD4*CD25°FoxP3*
KJIETOK C siaepHOl TpaHciaokamueit FoxP3 B TUHMyCHOIT XXUPOBOM TKaHU OTPULIATEILHO KOppeaupoBaia ¢
COOTHOIIIEHUEM OKPYKHOCTH Tajuu u 6enep (r, = -0,700; p = 0,016). TskecThb aTepockiepo3a Oblia CBsI3aHa
TOJbKO ¢ goseit CD4*CD25°FoxP3* kj1eToK B IOAKOXKHOI KUpoBoii TKaHu (1, = -0,655; p = 0,029). Takum
0o0pa3oM, snuKapauajibHast U MOOKOXHAS XKMpPOoBask TKaHb oboraimieHbl Treg, HO (DaKTOphI, BIUSIONINE Ha
HakorieHue Treg u simepHyo TpaHcnokanuio FoxP3 B 3TuX XXUpoBBIX €110, MOTYT pasiandaTtbes. [lomyaeH-
HEBIE pe3yJIbTaThl B JaJIbHEMIIIEM MOTYT OBITh UCITOJIb30BaHbI IS TIEPCOHU(MUKAITNT UMMYHOMOIYJINPYIOIICH
Tepanuru y OOJIbHBIX aTEPOCKIECPO30M.

Karouesvie crosa: snuxapouanshas xcupogas mxaus, mumyc, T-pecyaamopuvie aumepoyumot, FoxP3, cybkaemounas nokasuzauus,
amepockaepos, uwiemuteckas 60ae3nb cepoya
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TRANSLOCATION IN VARIOUS ADIPOSE TISSUE DEPOTS
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Abstract. T regulatory lymphocytes (Treg) are present is adipose tissue. Their frequency, as well as the level of
FoxP3 nuclear translocation, in epicardial and thymus adipose tissue remains unexplored. Properties of adipose-
resident Tregs may be of high significance in patients with coronary artery disease as potential pathophysiological
factor in the development of atherosclerosis. The aim of the study was to compare frequency of FoxP3*Tregs
and FoxP3 nuclear translocation in epicardial, thymus, subcutaneous adipose tissue and peripheral blood in
patients with coronary artery disease. A pilot study was conducted in 11 patients with coronary artery disease
scheduled for the coronary artery bypass graft surgery after prior selective coronary angiography. Frequency of
CD4+*CD25"FoxP3* and CD4"CD25"FoxP3* lymphocytes and FoxP3 nuclear translocation were evaluated
by imaging flow cytometry in peripheral blood and in stromal vascular fraction of epicardial, subcutaneous
and thymus adipose tissue. Frequencies of CD4*CD25"FoxP3" and CD4*CD25"°FoxP3* lymphocytes were
higher in epicardial adipose tissue compared to blood (3 and 5 times higher, p = 0.020); CD4+*CD25"°FoxP3*
cells frequency in subcutaneous adipose tissue was 4 times higher than in blood (p = 0.028). The level of
FoxP3 nuclear translocation was the highest in blood and decreased in epicardial, subcutaneous and thymus
adipose tissue (p = 0.020 both for CD4*CD25"FoxP3* and CD4"CD25"°FoxP3* lymphocytes). Frequency
of CD4*CD25"°FoxP3* cells was directly related to age in thymus (r, = 0.818; p = 0.002), and inversely in
epicardial adipose tissue (r,=-0.618; p =0.043). Frequencies of CD4*CD25"FoxP3* and CD4*CD25"°FoxP3*
with FoxP3 nuclear translocation in subcutaneous adipose tissue negatively correlated with age (r, = -0.827;
p=0.002 and r, = -0.648; p = 0.031, respectively). Frequency of CD4*CD25"°FoxP3* cells with FoxP3 nuclear
translocation in thymus adipose tissue negatively correlated with waist-to-hip ratio (r, = -0.700; p = 0.016).
The severity of atherosclerosis was related only to the frequency of CD4*CD25"°FoxP3™ cells in subcutaneous
adipose tissue (r, = -0.655; p = 0.029). Thus, epicardial and subcutaneous adipose tissue are enriched with
Tregs, but factors that influence Treg accumulation and FoxP3 nuclear translocation in these fat depots may
be different. The obtained results may further be used for personalized immunomodulatory therapy in patients
with atherosclerosis.

Keywords: epicardial adipose tissue, thymus, T regulatory lymphocytes, FoxP3, subcellular localization, atherosclerosis, coronary
artery disease
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Introduction

Adipose tissue plays one of the key roles in the
regulation of metabolism, inflammation and endocrine
functions through a finely tuned system of adipokines,
chemokines, intercellular interactions both between
adipocytes and between cells of the stromal vascular
fraction of adipose tissue, composed of endothelial
cells, pericytes, lymphocytes, monocytes, dendritic
cells, and adipose-derived stromal stem cells [15].
Various fat depots have been demonstrated to possess
unique properties and some of them may be directly
involved in the pathogenesis of atherosclerosis.
Epicardial adipose tissue (EAT) is a unique fat depot
situated between the myocardium and the epicardium,
and its dysfunction is associated with the development
of coronary artery disease (CAD) [8]. Replacement
of thymus with adipose tissue (thymus adipose
tissue, TAT) takes place since young adulthood and
continues throughout the lifetime. The development
of atherosclerosis may be interconnected with the
decline of thymus function, but the pathophysiology
of this process remains unexplored [3].

T regulatory lymphocytes (Tregs) represent an
important cell population in adipose tissue, regulating
development of the local and systemic inflammation
and maintaining insulin sensitivity in adipose
tissue [15]. Decrease of adipose-resident Tregs was
associated with increase of inflammatory cytokine
production and adipose tissue dysregulation. Tregs in
adipose tissue turned out to be primarily of thymus
origin and express molecules typical to canonical
Tregs, such as CD25, FoxP3, glucocorticoid-induced
tumor necrosis factor receptor (GITR), cytotoxic
T lymphocyte antigen-4 (CTLA-4), and OX40. The
specificity of TCR-receptor was different in adipose-
resident Tregs, and they appeared to be highly de-
pendent on the activity of peroxisome proliferator-
activated receptor-y (PPAR-y) and ST2, a receptor to
IL-33 [12]. The majority of data on Tregs in adipose
tissue was obtained in animal-studies and requires
translation into clinics. Information on Tregs in EAT
and TAT is absent.

Translocation of FoxP3 to the nucleus is an obli-
gatory process for the stable suppressive activity of
Tregs. Its perinuclear accumulation in cytoplasm
was associated with the disruption of Treg regulatory
functions [10]. The level of FoxP3 nuclear transloca-
tion in adipose tissue remains unexplored. The de-
velopment of many autoinflammatory disorders was
associated with the increase of CD4*CD25"°FoxP3*
lymphocytes that presumably represent terminal dif-
ferentiation stage of regulatory T cells [4]. Since
atherosclerosis also represents a chronic inflammatory
disorder with autoimmune component [11], one may

expect increase of CD4"CD25°FoxP3" lymphocytes
during CAD as well, but their numbers have never
been previously evaluated in adipose tissue of patients
with CAD.

The aim of the study was to compare frequency
of FoxP3*Tregs in epicardial, thymus, subcutaneous
adipose tissue and peripheral blood and explore
FoxP3 nuclear translocation in patients with coronary
artery disease.

Materials and methods

We have performed a pilot study which included 11
patients with CAD scheduled for the coronary artery
bypass graft surgery (CABG) who underwent selective
coronary angiography. All the procedures and tests
were conducted in accordance with the guidelines of
the Declaration of Helsinki and “Rules of Clinical
Practice in the Russian Federation”, approved by
the Order of the Ministry of Health of the Russian
Federation. The study’s protocol was approved by
the Biomedical Ethics Committee of Cardiology Re-
search Institute, Tomsk NRMC (protocol Ne 210
from February 18, 2021). All patients recruited into
the study signed an informed consent.

Exclusion criteria included: acute cardiovascular
complications at least 6 months prior to the study
(stroke, myocardial infarction, transient ischemic
attack); active inflammatory disease other than
atherosclerosis; chronic kidney disease class above
C3b; decompensated diabetes mellitus; cancer;
hematological and autoimmune disorders; change
in body weight of more than 3% in the previous 3
months; refusal to participate in the study.

Anthropometric measurements were performed to
assess total obesity according to the level of body mass
index (BMI) and abdominal obesity according to the
size of the waist circumference, hip circumference, and
waist-to-hip ratio. The selective coronary coronary
angiography was performed on angiographic complex
Cardioscop-V and computer system Digitron-3NAC,
Siemens (Germany). The severity of atherosclerosis
was estimated via calculation of Gensini Score [7].

The basic characteristics of patients are presented
in Table 1.

The samples of EAT, TAT and SAT were obtained
in the amount 0.2-1.0 g during the CABG surgery. The
samples were placed in M1999 medium preheated to
37 °C straight after obtainment and processed not
later than 15 minutes after collection. To isolate the
stromal-vascular fraction of adipose tissue, samples
were minced, and placed into 5 mL of collagenase
type I solution (PanEco, Moscow, Russia) 1 mg/mL
in Krebs-Ringer buffer (2 mM D-glucose, 135 mM
NaCl,2.2mM CaCI2-2H20, 1.25mM MgS04-7H20,
0.45 mM KH2PO4, 2.17 mM Na2HPO4, 25 mM
HEPES, 3.5% BSA, 0.2 mM adenosine) at 37 °C for
35-40 minutes. Krebs-Ringer buffer (37 °C) was ad-
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TABLE 1. BASIC CHARACTERISTICS OF PATIENTS

Parameter
Sex (men/women) 10/1
Age, years 66 (58-70)
Patients with hypertension, n (%) 10 (90,9)
Hypertension duration, years 15 (10-17)
Patients with diabetes mellitus
type 2, n (%) 4(36.4)
Duration of diabetes in patients 10.5 (8.5-18)

with diabetes mellitus type 2, years

Atherosclerosis severity (Gensini

Score, points) 57.0 (30.5-75.0)

Body mass index, kg/m? 28.7 (24.7-31.0)
100 (96-111)
0.99 (0.96-1.07)

9 (100)

Waist circumference, cm

Waist-to-hip ratio
Statins intake, n (%)

ded to the digested tissue to neutralize collagenase in
1:1 ratio. The suspension of cells was filtered through
the nylon mesh (Falcon™Cell strainer, 100 um),
adipocytes were removed, and the suspension of
stromal-vascular cells was centrifuged at 400g for
5 minutes at 4 °C, filtered through the 70 um strainer
(Falcon™Cell strainer) and centrifuged at 400g for
5 minutes at 4 °C. The pellet was resuspended in
RPMI 1640 containing 10% fetal bovine serum, 1%
L-glutamine and 1% penicillin/streptomycin.

The peripheral blood mononuclear cells (PBMC)
were isolated 1-2 days prior to the scheduled CABG
surgery using Histopaque 1077 (Sigma Aldrich, USA).

Imaging flow cytometry was used to identify
FoxP3*Treg cells both in PBMC and stromal vascular
fraction of adipose tissue. For this purpose, cells were
stained with anti-CD45APC-Cy 7, anti-CD4 FITC,
anti-CD25 PE or anti-CD25 APC (BD Pharmingen,
USA). The residual erythrocytes were lysed, cells were
fixed, permeabilized with a specialized buffer set (BD
Pharmingen, USA) and stained with anti-FoxP3 PE
or anti-FoxP3 AF647 (BD Pharmingen, USA). After
intracellular staining, cells were fixed and stained
with DNA dye 7-actinoaminomycin D (7-AAD, BD
Pharmingen, USA).

Cellswere acquired on Amnis FlowSight (Luminex,
USA) equipped with 488 nm and 642 nm lasers in
INSPIRE software (Amnis Corporation, Seattle,
USA). Brightfield images were acquired in channel 1.
Side scatter was evaluated in channel 6 using 785 nm
laser. Frequencies of both CD4*CD25"FoxP3" and
CD4+*CD25"FoxP3* lymphocytes were evaluated.
Nuclear Localization Wizard was used for analysis
of FoxP3 nuclear translocation. Cell subset, positive
both for 7-AAD and FoxP3 staining, was identified
using inbuilt wizard algorithm, and the degree

of cross-correlation between 7-AAD and FoxP3
signals was calculated based on the feature Similarity
Morphology. As a result, percentages of cells with
nuclear and cytoplasmic FoxP3 localization out of
all FoxP3-positive cells were obtained separately for
CD4*CD25"FoxP3* and CD4"CD25"FoxP3* lym-
phocytes.

Data were analyzed using STATISTICA 10.0
(StatSoft, USA). Shapiro-Wilks test was used for
evaluation of the type of distribution of variables in
the data set. Results were represented as median and
interquartile interval (Me (Q,,5-Q,+s)). Categorical
data were described by absolute (n) and relative (%)
frequencies. The Mann-Whitney U-test was used
to estimate the significance of differences between
groups. Spearman’s rank correlation coefficient
(r,) was used to estimate relationships between
the variables. A value of p < 0.05 was considered
statistically significant.

Results and discussion

We revealed that EAT had the highest frequency
of CD4"CD25"FoxP3" cells, which exceeded median
values in blood by 3 times approximately, and SAT
CD4*CD25"FoxP3* cell frequency also tended to
increase (Figure 1). As for CD4*CD25"FoxP3" cells,
their frequency was also the highest in EAT, exceeding
peripheral blood frequency by 5 times, followed by
the frequency of CD4*CD25"°FoxP3" cells in SAT,
which was 4 times higher than blood median value
(Figure 1). Frequencies of both CD4*CD25"FoxP3*
and CD4*CD25"°FoxP3* lymphocytes in TAT were
comparable to the blood (Figure 1).

Frequency of CD4*CD25"FoxP3* cells with
FoxP3 nuclear translocation, on the contrary, was
lower in all the studied fat depots compared to the
blood (Figure 1). Of note, in TAT frequency of
CD4*CD25"FoxP3* lymphocytes was higher com-
pared to EAT, and tended to increase compared to
SAT (Figure 1). Frequency of CD4*CD25"FoxP3*
Ilymphocytes with FoxP3 nuclear translocation was
also lower in TAT, EAT and SAT compared to blood
(Figure 1).

There were no correlations between frequencies
of FoxP3* cells in fat depots and FoxP3* cells in the
blood. Meanwhile, the level of FoxP3 nuclear trans-
location in EAT correlated with the level of FoxP3
nuclear translocation in TAT in CD4*CD25"FoxP3*
Ilymphocytes (r, = 0.843; p = 0.001), while the level
of FoxP3 nuclear translocation in SAT correlated
with the level of FoxP3 nuclear translocation in TAT
in CD4*CD25"FoxP3* lymphocytes (r, = 0.878;
p < 0.001); these indicate the common regularities of
FoxP3* cell functioning in adipose tissue, and may be
explained by the primarily thymus origin of adipose-
resident Tregs [15]. The question remains whether
FoxP3* cells in thymus adipose tissue represent newly
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Figure 1. Frequency of T regulatory lymphocytes and frequency of cells with FoxP3 nuclear translocation in peripheral

blood and various fat depots

Note. TAT, thymus adipose tissue; EAT, epicardial adipose tissue; SAT, subcutaneous adipose tissue; FoxP3 nuclear, cells with FoxP3 nuclear

translocation; indicated p values are after Bonferroni correction.

developed thymic Tregs, or belong to the subset of
recirculating Tregs, which could have migrated from
the periphery and possess the capacity to suppress
de novo Treg production [9]. Detection of other cell
markers, such as CD31, that was not possible at this
stage of work, will be required in future.

Since nuclear translocation of FoxP3 is obligatory
for Treg suppressive function, predominant cyto-
plasmic localization of FoxP3 may display the dec-
reased functional capacity of adipose-resident Treg-
cells in CAD patients. However, adipose Tregs have
been shown to be highly dependent on activity of
PPAR-y. In adipose tissue, PPAR-y in conjunction
with FoxP3 regulates the transcriptional activity
of Treg genes, and mediates Treg responses to the
metabolic changes in microenvironment [14].
Hence lower nuclear translocation of FoxP3 in
adipose-resident Tregs revealed in our study may be
counterbalanced by PPAR-y activity. This hypothesis
requires confirmation in further studies.

Frequency of CD4"CD25"FoxP3* cells was
directly related to age in TAT (r, = 0.818; p = 0.002),

and inversely — in EAT (r, = -0.618; p = 0.043). In
SAT, we revealed negative correlation between age
and frequency of both CD4"CD25"FoxP3* cells
and CD4*CD25"°FoxP3* cells with FoxP3 nuclear
translocation (r, = -0.827; p = 0.002 and r, = -0.648;
p=0.031, respectively) (Figure 2). The first observation
that numbers of Treg cells in adipose tissue depend on
age wasreceived inmice. Increase of Tregs was observed
between 5 and 25 weeks, then dropped significantly at
the age of 40 weeks [2]. According to our data, age
influences distribution of human FoxP3* cells among
various fat depots unequivocally. Of note, we did
not observe dependence of CD4*CD25"FoxP3™" cell
numbers upon age, probably due to the small sample
size.

Frequency of CD4'CD25°FoxP3* cells with
FoxP3 nuclear translocation in TAT negatively
correlated with waist-to-hip ratio (r, = -0.700;
p = 0.016) (Figure 2). Waist-to-hip ratio represents a
surrogate marker of visceral adiposity [5]. According
to the findings of Yang H. et al., the degree of
adiposity in thymus appeared to be inversely related
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Figure 2. Correlations between basic patient characteristics and frequency of FoxP3* cells in thymus, epicardial and

subcutaneous fat depots

Note. TAT, thymus adipose tissue; EAT, epicardial adipose tissue; SAT, subcutaneous adipose tissue; FoxP3 nuclear, cells with FoxP3 nuclear

translocation.

to the preservation of thymic immune function [13].
Our results support the idea that thymic regulatory
potential may depend on the degree of systemic
obesity as well.

The severity of atherosclerosis was related only to
the frequency of CD4*CD25"°FoxP3* cells in SAT
(r;, = -0.655; p = 0.029) (Figure 2). The ability of
Tregs to inhibit the development of atherosclerosis
have been demonstrated in multiple studies [6].
Usually, visceral or ectopic adipose tissue (such as
omental, or, in our case, epicardial adipose tissue) are
attributed the major significance in modulation of the
cardio-metabolic health compared to subcutaneous
fat [8]. Meanwhile, recently it was demonstrated
that activation of NLRP3 in SAT is associated with
the severity of coronary atherosclerosis and CAD
development [1]. Our data indicate that Treg-lym-
phocytes might be involved in the development of in-
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JIABOPATOPHbI BUOMAPKEP FAJIEKTUH-3

B AUATHOCTUKE BOCMNAJIUTENIbHbIX UBMEHEHUA
MUOKAPZA Y NALMEHTOB C dDUBPUNINALMEN
NPEACEPOUN

I'ycakoBa A.M., Porosckasa 10.B., Apuakos E.A.

Hayuno-uccaedosamenvciuit uncmumym kapouonoeuu — guaruas PIBHY « Tomckuii HauuonanvHwLi
uccaedosamenvckuil meduyurckuil yenmp Poccuiickoil akademuu Hayk», e. Tomck, Poccus

Pesome. B Hactostiee BpeMst pubdpmmramus npencepauii (PIT) ssiasgeTcss ogHUM M3 HanmboJjee paciipo-
CTpaHEHHBIX HAPYIICHU CepAeIYHOTO pUTMa. MHOTOUNMCIIEHHBIE JaHHBIC CBUICTEIBCTBYIOT O 3HAUYNTSIIBHOM
BKJIaJI¢ BOCITAJIUTEIbHBIX U3MCHEHU MUOKapaa B pa3BUTUU U nporpeccupoBannn PI1. ITorck HOBBIX a-
0OpPaTOPHBIX OMOMaPKEPOB, MO3BOJISIIONIMX OLIEHUTh AKTUBHOCTD BOCITAJIUTEIbHBIX ITPOLIECCOB B MUOKap/e,
a TaKKe M3ydeHMe UX TUarHOCTUYEeCKOM 3HAUNMOCTH JIJIST HEMHBAa3WBHOU TUAarHOCTUKM y TTalimeHToB ¢ PI1
TPEICTABIISIETCS aKTyaIbHBIM. B 3TOM CBSI3U LIEBIO paOOTHI SIBUJIOCH N3YYUTH OCOOCHHOCTH CBIBOPOTOYHOTO
comepxxanus omoMmapkepa [an-3 1 BEIIBUTE €70 B3aMOCBSI3b C BOCITAIMTECIIbHBIMI N3MEHCHUSIMI MUOKapaa
y nanueHToB ¢ API1. B 3aBUCMMOCTH OT pe3yJIbTATOB TMCTOJIOTMYECKHUX UCCIeIOBAaHUI NALIMEHThl ObLIM pa3-
JeJIeHbl Ha 2 TPYIIIbL: 1-5 rpymna — ¢ Mopdoaorudyecku BepuUuIIMpOBaHHBIM aKTUBHBIM JTUMMOLIMTaAPHBIM
muokapauToM (AJIM), 2-g — ¢ npusdHakaMu JuMdorutapHoi nHbuisTpanuu (JIM). AHaiu3 4acTOThI BbI-
SIBJICHUST Y CTETIEHU BBIPAXKEHHOCTU BOCITAJIMTEILHOTO ITpOIecca B MUOKAapIe IToKa3ajl, 9YTO aKTUBHOCTD 4-5
0ay10B OOHapyKeHa TOJIbKO B TpyTe |, OOJBITMHCTBO MAIIMEHTOB B TPYMIie 2 UMEJIN CTeTIeHb aKTUBHOCTU
BOCITaJINTENILHOTO TIpoliecca 1 6amit. Y Bcex nauueHToB ¢ JIM moka3aHo ciadboe MHTepCTUIIMAILHOE BOocMa-
Jenue. B rpyne ¢ AJIM peructpupoBajiui yMEpPEeHHOE U BbIPaXKEHHOE MHTEPCTUIIMAIbHOE BOCIIaIeHUE, 110
pesyiabstataM MT'X ncciienoBaHusi 0OHApY>KeHO BbICOKOE KoJinuecTBO KieTok CD3" u CD45* B cpaBHeHUU
¢ rpymmoii 2 (p < 0,001). He BBIsIBIIeHO 3HAYMMBIX MEKTPYIITOBBIX OTJINYNI CBIBOPOTOYHOTO YpOoBHS [ai-3.
IIpu sToM B rpymne 1 mokazaHo 3HauuMoe cHykeHue lan-3 yepe3 6 mecsieB nocie abmauuu (p = 0,028).
VYV nmauyeHToB ¢ AJIM BBISIBIICHBI TTOJIOKUTENbHbIE KOppeassuuu [an-3 ¢ TakuMu KpuTepusiMu MUOKapIuTa,
KaK CTEeMeHb BbIPaXKEHHOCTH BOCITAJIMTEILHOTO Mpoliecca, BOBJICYCHHOCTh 3HI0Kapaa. Y NMalueHTOB IpyIl-
nel 1 mokasaHa accoupalus CBIBOPOTOYHOro comepxanus Tan-3 ¢ yposaem CD68* (R = 0,48 p = 0,030).
B rpymirie 2 BeIsiBIEHa KOppesLns Mexay ypoBHeM Tan-3 gepes 6 mecsaues mmocine PHA ¢ nHGuasTpanuei
CD45" knerkamu (R = 0,69 p = 0,003). TakuMm oGpa3oM, y nauueHToB ¢ @I1 1 npusHakaMyu aKTUBHOIO
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J'[I/IMq)OHI/ITapHOl"O MuokapauTa yCTaHOBJICHBI 3BHAYMMbIC aCCOLIMALIN MEXKITY 6I/IOMapKCpOM Tan-3 u nokasa-
TEJIIMU BOCHAJIUTENbHBIX U3BMEHEHUN B MUOKapac, 4YTO MOATBEPKAACT BAXKHYIO POJIb Tan-3 B KauecTBe y4dyactT-
HHMKa BOCITAJIMTCJIBbHOTO ITpoLECCa.

Knrouesvie cnosa: chubpurnsauus npedcepouii, socnasumenvHvle UsMeHeHUs, MUOKAPOUM, UHDUALMPAUUs, 1a00pamOopHast
duaenocmuka, earekmun-3

LABORATORY BIOMARKER GALECTIN-3 IN THE
DIAGNOSTICS OF MYOCARDIAL INFLAMMATORY CHANGES
IN PATIENTS WITH ATRIAL FIBRILLATION

Gusakova A.M., Rogovskaya Yu.V., Archakov E.A.

Research Institute of Cardiology, Branch of Tomsk National Research Medical Center, Russian Academy of Sciences,
Tomsk, Russian Federation

Abstract. Atrial fibrillation (AF) is one of the most common cardiac arrhythmias. Numerous data indicate
a significant contribution of myocardial inflammatory changes in the development and progression of AF. The
search for new laboratory biomarkers to assess the activity of myocardial inflammatory processes, and the
study of their diagnostic significance for noninvasive diagnosis in patients with AF is relevant. Therefore, the
aim was to study the features of the serum level of the biomarker Gal-3 and to identify its relationship with
inflammatory changes in the myocardium in patients with AF. Depending on the results of histological studies,
the patients were divided into 2 groups: group 1 — with morphologically verified active lymphocytic myocarditis
(ALM), group 2 — with lymphocytic infiltration (LI). Analysis of the frequency of detection and severity of the
inflammatory process in the myocardium showed that activity of 4-5 scores was detected only in group 1. In 2™
group, activity of the inflammatory process in most patients was 1 score. All patients with LI mild interstitial
inflammation were showed. In the ALM group moderate and severe interstitial inflammation was detected. A
high number of CD3* and CD45™* cells were found in 1% group compared to group 2 (p < 0.001).

There were no significant intergroup differences in the serum level of Gal-3. At the same time, in 1% group
showed a significant decrease in Gal-3 in 6 months after treatment (p = 0.028). Positive correlations of Gal-3
with the severity of the inflammatory process and endocardial involvement were revealed in patients with ALM.
The association of serum Gal-3 levels with CD68™" levels in 1 group was detected (R = 0.48, p = 0.030). In
2" group, a correlation between the level of Gal-3 in 6 months after ablation with infiltration of CD45" cells
was found (R = 0.69, p = 0.003). Thus, in patients with AF and active lymphocytic myocarditis, significant
associations were established between biomarkers of Gal-3 and inflammatory changes in the myocardium. This
confirms the important role of Gal-3 as a participant in the inflammatory process.

Keywords: atrial fibrillation, inflammation changes, myocarditis, infiltration, laboratory diagnostics, galectin-3

AF. Among them, diabetes, arterial hypertension,
coronary heart disease, hypertrophic and dilated
cardiomyopathy, congestive heart failure and valve
defects [15]. However in 3-11% of cases, the etiology
of AF cannot be established. In such patients, AF
develops in the absence of concomitant diseases,
clinical- instrumental, functional and laboratory
research methods do not reveal the causes of AF

Introduction

Atrial fibrillation (AF) is one of the most common
and clinically significant cardiac arrhythmias. Cur-
rently, the prevalence of AF in the adult population
ranges from 2 to 4% and increases with age [11]. Des-
pite the rapid development of interventional and phar-
macological treatment, the number of arrhythmias is
steadily increasing. This increases cardiac mortality,

morbidity, duration of hospitalization and overall
health system costs.

Currently in population cohort studies have
been identified many independent risk factors for

In these cases they talk about an idiopathic form of
AF. The absence of an obvious cause of idiopathic
AF can complicate the choice of medical and
surgical treatment tactics, reduce the effectiveness
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of radiofrequency ablation, and have unpredictable
effects on drug therapy [3].

It is known that various pathological processes
underlie the occurrence of AF. Numerous clinical and
experimental data indicate a significant contribution
of inflammatory changes in the myocardium to the
initiation, maintenance and progression of AF [7, 10].

Currently various research methods are widely used
to diagnose inflammatory changes in the myocardium.
Among them instrumental methods of radionucli-
de imaging and single-photon emission computed
tomography with 99mTc-pyrophosphate, laboratory
studies of nonspecific markers of inflammation.
However, the diagnostic capabilities of these methods
in determining signs of myocardial inflammation are
limited by insufficient specificity and sensitivity, high
cost, and therefore cannot be widely used in everyday
clinical practice.

The most accurate diagnostic method is to perform
a lifetime endomyocardial biopsy (EMB) [2]. EMB
is a reliable method for determining inflammatory
myocardial disease based on histological and immu-
nohistochemical studies (IHC) [1]. Despite the
obvious advantages of EMB, this method is associa-
ted with a number of significant disadvantages, such
as limited indications for the procedure and a high risk
of complications. In this regard, the search for new
methods of noninvasive diagnosis of inflammatory
changes in the myocardium is relevant.

An analysis of literature data over the past decade
has shown the widespread use of laboratory bio-
markers, reflecting various aspects and pathogenetic
mechanisms of the development and progression of
AF [4, 8]. Recently the role and prognostic value of
the biomarker galectin-3 (Gal-3) has been actively
studied in AF. Gal-3 is known to induce myocardial
fibrosis, enhancing myofibroblast proliferation,
extracellular matrix accumulation and macrophage
infiltration, stimulating the signaling pathway of
transforming growth factor B [13]. Along with this,
there is no data on the role of Gal-3 in the diagnosis
of myocardial inflammatory changes.

Thus, the search for new laboratory biomarkers for
the noninvasive diagnosis of myocardial inflammatory
processes and the determination of their diagnostic
significance in patients with AF is relevant and necessa-
ry for understanding the pathogenetic mechanisms of
the development and progression of AF.

Objective: to study the features of the serum level
of the Gal-3 and to identify its relationship with
myocardial inflammatory changes in patients with
idiopathic AF.

Materials and methods

A total of 39 patients with idiopathic AF (41.0£9.2
y. 0.) were recruited in the prospective single-center

study. All patients underwent radiofrequency ablation
(RFA) of the pulmonary veins. Endomyocardial biopsy
from the right ventricle with histologic and IHC studies
was performed. Histological studies were performed
at the light-optical level using an Axiolmager M2
Zeiss microscope. Morphological verification of
myocarditis was performed in accordance with the
modified Dallas criteria. The degree of inflamma-
tion activity and the severity of fibrosis were assessed
using semi-quantitative histological criteria proposed
for assessing morphological changes in inflammatory
cardiomyopathy, taking into account the consensus of
the European Society of Cardiology for the diagnosis
and treatment of myocarditis [10]. An ITHC study to
determine the immunophenotype of infiltrate cells
was performed on paraffin sections. The polyvalent
detection system HRP DAB (Spring BioScience) was
used to visualize the studied antigens. The calculation
of CD3*, CD45" and CD68" cells of the infiltrate was
carried out taking into account the area of sections in
each fragment of the endomyocardium; the number
of these cells per 1 mm? was calculated.

Venous blood was drawn into sterile vacutainers
before surgery (T1) and 6 months after RFA (T2).
Obtained blood samples have been stored at room
temperature for 30 min and were centrifuged at
3000 rpm for 15 min. The serum samples have been
collected and stored at -40 °C until the quantitative
analysis was performed. The serum levels of Gal-3
were evaluated using enzyme-linked immunosorbent
assay and Human Galectin-3 Platinum ELISA test
system (eBioscience, Austria).

The analysis of the obtained data was performed
using the STATISTICA 10.0 software. The type of the
distribution of the data was evaluated by Kolmogorov—
Smirnov test. Results were presented as the median
value (Me) and the interquartile range (Q,,5-Q,7s) in
the case of non-normal distribution. The Kruskal—
Wallis rank criterion was used for pairwise comparison.
Wilcoxon test was used to estimate the significance of
differences in the values of the dependent parameters.
The Pearson’s y2-criterion with the Yates correction
was used to comparison of results measured in score
scales. The Spearman’s rank correlation coefficient
(R) was calculated to assess the relationship between
the parameters. A value of p < 0.05 was considered
statistically significant in all statistical evaluations.

All patients signed an informed consent forms
prior to participation in the study. The protocol of
the study was approved by the local ethics committee
and it was developed in compliance with the Medical
Association Declaration of Helsinki “Ethical prin-
ciples for medical research involving human subjects”
and the “Rules of Clinical Practice in the Russian
Federation™.
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Results and discussion

According to the results of laboratory and
instrumental studies, there are no data for organic
pathology of the cardiovascular system, as well as
inflammatory diseases and conditions that would
cause the development of arrhythmia in patients in
both groups. Depending on the results of histological
and THC studies the patients were divided into 2
groups: 1 — with active lymphocytic myocarditis
(ALM) (n = 22); 2 — with lymphocytic infiltration
(IL) (n = 18). Clinical and functional characteristics of
the groups were comparable (Table I). A comparative
analysis of the frequency of detection and severity of
the inflammatory process in the myocardium showed
that the number of patients with inflammation activity
0-1 significantly differed between groups (p = 0.035,
p = 0.006, respectively). In the 2" group, activity of
the inflammatory process in most patients was 1 score
(55.6%). Activity 4-5 scores were detected only in
group 1. An equal number of patients in 1% group had
a degree of activity of 2 and 3 points (Table 2).

Analysis of the data revealed intergroup diffe-
rences in the level of interstitial inflammation. All
patients with LI mild interstitial inflammation
(< 7 T lymphocytes/mm?) were showed. In the pa-
tients with ALM moderate and severe interstitial
inflammation was detected. A high number of CD3*
and CD45" cells were found in the 1% group compared
to group 2 (p < 0.001). In the 1% group severe (> 14
T lymphocytes/mm?) interstitial inflammation was
recorded in 6 patients (28.6%). In both groups,
endocardial involvement was absent in most cases.
Also, focal necrosis was registered in most patients: in
9 patients (42.9%) in the 1% group and 11 (61.1%) —
in the 2" group. There were no significant intergroup
differences in the level of cardiomyocyte degeneration
were not revealed (Table 2).

The results of the IHC study showed significant
intergroup differences in infiltration by immuno-
competent cells. According to the data obtained, a
higher level of CD3* and CD45* was detected in the
1 group compared to group 2 (p < 0.001) (Table 2).

TABLE 1. CLINICAL AND INSTRUMENTAL CHARACTERISTICS OF PATIENTS DEPENDING ON THE RESULTS

OF ENDOMYOCARDIAL BIOPSY
Group 1 Group 2
(n=21) (n=18)
Age, years 41 (35-49) 41.5 (38-46)
Arrhythmic history, years 4 (2-6) 4.5 (2-9)
Male, n (%) 18 (85.7%) 15 (83.3%)
Female, n (%) 3 (14.3%) 3 (16.7%)
Arrhythmia form, n (%)
paroxysmal 5 (23.8%) 9 (50%)
persistent 7 (33.3%) 5(27.8%)
long-standing persistent 9 (42.9%) 4 (22.2%)
Left atrium, mm 41 (36-43) 37.5 (34-44)
Right ventricle, mm 25 (21-26) 21.5 (20-26)
End diastolic size, mm 49 (46-54) 50 (48-53)
End systolic size, mm 31 (29-36) 33 (30-37)
Ejection fraction, % 65 (59-67) 65.5 (57-67)
Interventricular septum, mm 10 (9-11) 9 (8-10)
Thickness of the posterior wall of the left ventricle, mm 10 (9-10) 9 (8-10)
End diastolic volume, mL 116 (93-128) 118 (101-128)
End systolic volume, mL 37 (33-50) 42.5 (35-55)
Myocardial mass, g 182 (157-194) 171.5 (135-212)
Myocardial mass index 82 (77-97) 79.5 (69-93)
Stroke volume, mL 70 (61-79) 72 (61-81)
Mean pressure in the right ventricle, mmHg 28 (23.5-31.5) 28.5 (24-31)
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TABLE 2. RESULTS OF HISTOLOGICAL, IMMUNOHISTOCHEMICAL AND LABORATORY STUDIES

Group 1 Group 2 p

Inflammatory process activity, score n (%) n (%)

0 - 5(27.8) 0.035
1 2(9.5) 10 (55.6) 0.006
2 5(23.8) 2(11.1) 0.541
3 7 (33.3) 1(5.5) 0.081
4 5(23.8) - 0.082
5 2(9.5) - 0.538
Interstitial inflammation n (%) n (%)

Weak < 7 T lymphocytes (cells/mm?) 18 (100) 0.000
Moderate 7 < 14 T lymphocytes 15 (71 4) - 0.000
Severe > 14 T lymphocytes 6 (28.6) - 0.043
Endocardial involvement n (% ) n (%)

No detected 13 (61.9) 16 (88.9) 0.119
Availability 8 (38.1) 2(11.1) 0.119
Necrosis n (%) n (%)

No detected 3(14.2) 5(27.8) 0.521
Focal 9 (42.9) 11 (61.1) 0.415
Multifocal 9 (42.9) 2(11.1) 0.066
CcD3* 8.0 (5-11) 2.5 (0-5) < 0.000
CD45* 21.0 (14-25) 10.0 (8-14) 0.008
CcD68* 15.0 (11-22) 14.0 (10-16) 0.496
Galectin-3, ng/mL

T 16.8 (14.3-25.7) 17.5(13.5-22.1) 0.686
T2 15.4 (11.7-18.0) 12.0 (10.1-16.2) 0.141

No intergroup differences were found in infiltration
by CD68".

There were no statistically significant intergroup
differences in the serum level of Gal-3 at stages T1
and T2. In the 1% group showed a significant decrease
of the Gal-3 level in 6 months after RFA (p = 0.028).
In the 2™ group the Gal-3level did not differ between
stages.

In patients with ALM Gal-3 levels was associated
with the severity of myocardial inflammatory pro-
cesses (R, = 0.52, p =0.016; R, = 0.48, p = 0.031)
and interstitial inflammation (R, =-0.53, p=0.015).
In 1% group Gal-3 levels were significantly higher in
patients with the identified criterion of endocardial
involvement compared with patients without sign
(pr;=0.022, p1,=0.049, respectively). The association
of serum levels of Gal-3 with CD68" levels in 1 group
was shown (R = 0.48, p = 0.030). In patients with LI,
a correlation between the level of Gal-3 in 6 months
after RFA and the CD45* cells level was found
(R = 0.69, p = 0.003). There were no correlations
between Gal-3 expression and histological criteria in
2 group. However, positive correlations of infiltration
by CD3* and CD45" cells with the activity of the
inflammatory process and necrosis were revealed
(R =0.55, p = 0.018). In patients with ALM, there

were no correlations between IHC and histological
criteria of inflammatory processes in the myocardium.

Numerous clinical and fundamental studies have
been devoted to the study of the role of inflammation
in the initiation, maintenance and progression of AF.
It is believed that the presence of inflammation in the
atrial tissue is crucial in the mechanisms of electrical
remodeling and structural adjustment, such as a
decrease in the conduction velocity, a reduction in the
duration of the action potential, as well as an increase
in the size of the atrium [8].

It is known that the frequency of myocarditis is
from 20 to 30% of all non-coronary heart diseases [1].
Analysis of the literature data showed that, despite
the small number of EMB results in patients with AF,
all of them indicate a high prevalence of myocarditis.
A number of studies have revealed infiltration by
immunocompetent cells in the atrial myocardium
of patients with isolated AF was detected, and
the number of patients with active lymphocytic
myocarditis reached 80% [10]. According to our
results, histological signs of ALM were detected in 21
patients (53.8%) with idiopathic AF, in other cases LI
was detected.

It is known that activation of T lymphocytes in
peripheral blood can play an important role in the
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pathogenesis of AF. In patients with AF, endocardial
infiltrates containing CD45*, CD3*T lymphocytes,
CD68" macrophages were detected [9]. According to
the authors, the T cell response mediated by a chronic
inflammatory process may be part of the pathogenetic
process leading to the development of cardiac
arrhythmias. In our study, patients with ALM showed
moderate (> 7 and < 14 T lymphocytes/mm?) and
severe interstitial inflammation (= 14 T lymphocytes/
mm?). In addition, according to the results of IHC
studies, it was revealed that the expression of the
membrane protein CD3, which is one of the main
components of the T cell receptor, was significantly
higher in ALM. The expression level of CD45, which
is a common leukocyte antigen, was also significantly
higher than in the group with LI.

According to our results, in patients with AF,
infiltration of a large number of CD68* macrophages
into the atrial tissue was observed without significant
intergroup differences. It is known that macrophages
(CD68* cells) regulate the development of inflam-
matory response and fibrosis, and can support
chronic subclinical inflammation, and are involved
in the development of autoimmune reactions. CD45
is a common leukocyte antigen. The expression level
CD45" was also significantly higher than in the group
with LI. According to our results, patients with AF had
infiltration of a large number of CD68" macrophages
into the atrial tissue without significant intergroup
differences. As is known, macrophages (CD68*
cells) regulate the development of inflammatory res-
ponse and fibrosis, can support chronic subclinical
inflammation, and are involved in the development of
autoimmune reactions.

The histological criterion of endocardial invol-
vement characterizes how deep the infiltration
of immunocompetent cells occurs outside the
myocardium. In our study, in the group with ALM,
signs of endocardial involvement, as well as multifocal
necrosis, were detected more often. The presence of
individual signs of myocarditis in the 2" group may
be due to the fact that AF itself is a factor provoking
the development of inflammation in the atrial myo-
cardium.

It is likely that the identified myocardial inflam-
matory changes are signs of an ongoing inflam-
matory process associated with infiltration by
immunocompetent cells, and can further lead to
structural restructuring, fibrosis, and the formation of
new multiple diffusely located arrhythmogenic foci in
the left atrium.

The possibilities of diagnosing inflammatory
changes in the myocardium are currently limited.
Therefore, the search for new laboratory biomarkers
that will allow indirectly assess the activity of
myocardial inflammatory processes, as well as the

study of their clinical and diagnostic significance in
patients with AF seems relevant.

To date, there is no information on randomized
trials to assess the significance and informativeness of
determining biomarkers for myocarditis. According
to the clinical guidelines for the diagnosis and
treatment of myocarditis [1], in the absence of specific
biomarkers, it is recommended to study of C-reactive
protein, troponin T and I, the N-terminal fragment
of the natriuretic propeptide, cardiac autoantibodies
specific to myocardial tissue in the blood serum.

Gal-3 plays an important role in immune and in-
flammatory responses, regulating homeostasis and
immune cells function. Depending on the intra-
cellular or extracellular localization, Gal-3 can play
a damaging or protective role. As a regulator of the
immune response and T cell activity, Gal-3 par-
ticipates in the development of autoimmunity me-
diated T cell [12]. Gal-3 is a well-studied biomarker
associated with cardiac remodeling and unfavorable
prognosis in heart failure of various etiologies. Ho
et al. (2014) have demonstrated that a high level of
circulating Gal-3 is associated with an increased risk
of AF [6]. Along with this, there are no data on the
role of Gal-3 in the diagnosis of inflammatory changes
in the myocardium in patients with various forms of
rhythm and conduction disturbances.

A number of studies have shown that the level of
the Gal-3 in patients with AF is higher than in healthy
volunteers [5, 14]. The results of our study did not
reveal any differences in the Gal-3 level between
patients with ALM and LI. At the same time, only in
1t group a significant decrease in Gal-3 in 6 months
after RFA was shown.

According to the literature, there is information
about the relationship between the level of Gal-3 in
patients with AF and the severity of left atrial fibrosis,
established by magnetic resonance imaging [14]. In
our work in patients with ALM, positive correlations
of Gal-3 with criteria of myocarditis (as the degree of
severity of the inflammatory process and interstitial
inflammation) were revealed. For the first time in
patients with ALM was established a relationship
between the serum levels of Gal-3 and the criterion of
endocardial involvement.

In an experimental mouse model of acute and
chronic myocarditis induced by Coxsackievirus B3,
high expression of Gal-3 in macrophages, T cells
and fibroblasts was shown using flow cytometry
analysis [12]. The positive correlations between the
level of Gal-3 and infiltration by immunocompetent
cells revealed in our work and confirm the important
role of Gal-3 as an active participant in the inflam-
matory process.

The comparatively small number of the recruited
patients may be regarded as the major limitation of
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our study. However, all the patients included in our cardium. Further studies are needed to assess the
study, underwent rigorous screening to correspond to  prognostic value of the level of circulating galectin-3
the strict inclusion and exclusion criteria. in the diagnosis of myocardial inflammatory changes

Conclusion in AF.

Thus, in patients with AF and signs of active ACkﬂOWledgmentS
lymphocytic myocarditis, significant associations

were established between the galectin-3 biomarker The authors thank A.E. Shelemekhov for his as-
and indicators of inflammatory changes in the myo- sistance in recruitment and examination of patients.
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90TAKCWUH U CEPLEYHO-JI0ABDKEYHbIN COCYAUCTBIN
WHAEKC Y NAUUMEHTOB BbICOKOIo U OMEHb BbICOKOIO
CEPOEYHO-COCYAUCTOIO PUCKA

Kpasuenko E.C., CycaoBa T.E., Ronxorpusosa I1.B., Romeancrasa O.A.

Hayuno-uccaedosamenvciuit uncmumym kapouonoeuu — guauas PIBHY « Tomckuii HauuonanvHwii
uccaedosamenvckuil meduyunckuil yenmp Poccuiickoil akademuu nHayk», e. Tomck, Poccus

PesomMe. DOTaKCHH — XeMOKMH, KOTOPBIH SIBJISIETCS XeMOATTPAKTAHTOM IIPEMMYIIIECTBEHHO TSI 903MHO-
duioB, a Takxke 6azopunos u Th2-mumMmpounTos. I1To JTaHHBIM HCClIeTOBaHU, CBEPXIKCITPECCUs S0TaKCUHA
OoOHapyXeHa B SHIOTEeINAIbHBIX 1 TJIaJKOMBIIIEYHBIX KJIETKaX COCYIOB B 00JIACTH aTepPOCKIIEPOTUUECKOM
oK. B KIMHNYECKON MeIUIIMHE ITMPOKO MCITOIb3YETCS CePIeUHO-TOABIKEYHBINA COCYIUCTBIN MHAEKC
(CAVI) kak MHAUKATOP apTEepUOCKIIEpO3a U MPEeAUKTOP CEPAEYHO-COCYAUCTBIX COObITUI. B HEeMHOTOUMC-
JICHHBIX UCCJIEIOBAHMSIX MTOKa3aHa B3aMOCBSI3b COIEPKaHMsI 20TaKCMHA C HAJIMYMEeM KOPOHApHOIO aTepo-
CKJIepo3a, Toraa Kak B APYTUX MCCIEAOBAaHUSIX HEe ObLIO YCTAHOBJIEHO acCOLMAIlUM COAEpPXKaHUS B KPOBU
90TaKCHUHA C aTePOCKIIEPO30M, MH(APKTOM MHUOKapia M CKOPOCThIO MYJILCOBOM BOHEI. Llenbio HacTosIero
MCCJICIOBAHUS SIBJISIETCSI OLIEHKA YPOBHS 30TaKCHMHA B KPOBU M CEPACUHO-JIOABIKEYHOTO COCYINCTOrO MH-
JeKca U UX acCOLMAaIMS C OCHOBHBIMU KapAWOBACKYISIPHBIMU (haKTOpaMU PUCKa Y MallMeHTOB BHICOKOIO 1
OYeHb BBICOKOI'O CEPACYHO-COCYAUCTOro prcKa. bblio o6ciiemoBaHo 65 MallMEeHTOB BLICOKOIO I OY€Hb BBICO-
KOTO CEepIACUYHO-COCYIUCTOrO prcKa, 00yCIOBICHHOIO JOKYMEHTUPOBAHHOMN MILIEMUYECKOM 00JIe3HbIO Cep/I-
11a, caXapHbIM JMa0EeTOM 2-TO TUIIA WJIM COYETaHUEM KapIUOBacKY/ISIPHBIX (paKTOPOB pHCKa, U HAXOISIIIUXCSI
Ha OOLIETIPUHATON KapAMOaKTUBHOM, caxapoCHMXKalolel 1 TMNUACHUKAaIolIel Tepanuu. Bcem manmueHTam
BBITTOJTHEHO MCCJIeAOBaHME 3JaCTUYECKUX CBOMCTB COCYIMCTOI CTEHKM METOIOM OOBEeMHOM cdurmorpa-
¢duu ¢ orieHkoit nunaekca CAVI. B kpoBu onpenensyin KOHIIEHTPALIIO 30TaKCUHA, BHICOKOYYBCTBUTEIbHOTO
C-peakTUBHOro 0ejiKa, NTMKO3MJIMPOBAHHOIO TeMOIJIO0OMHA 1 MoKa3aTesieil TUIMMAHOIo criekTpa. Bece 00-
cleoBaHHbIE ObLIM pa3laeseHbl Ha IBe TPYIIIbl: ¢ HopManbHbIM 3HadeHUueM CAVI (MeHee 8) 1 MOBBIIIEH-
HbIM. IlanmeHTsl ¢ noBbilieHHBIM CAVI mMmenu 6ojiee BbICOKME KOHLEeHTpanuu 3otakcuHa (p = 0,013),
o6iero xonectepuHa (p = 0,009), xojiecTeprHa JMIIONPOTEMHOB HU3KOM ioTHOCcTH (p = 0,016), a Takxke
obutn crapiie (p < 0,0001) u pexxe nmpuHuManu ctatuHbl (p = 0,002). Y Bcex o6clienoBaHHBIX OBIJIU BBISIB-
JICHBI KOPPEJISIIIUM MEXIY KOHIIEHTpalMeil 30TakcuHa B cbiBOpoTke KpoBU U CAVI (1, = 0,34; p = 0,005), a
Takxke Bo3pacToMm (r, = 0,32; p = 0,006). BospacT nmauueHToB Koppeauponai ¢ CAVI (r, = 0,35; p = 0,007).
TakuMm 006pa3om, B HallleM MCCJIEIOBAaHMM MbI BIIEPBbIC ITOKA3aJIM B3aMMOCBSI3b BBICOKUX KOHIIEHTPALIMM 30-
TaKCHHA C MOBBILIEHHBIM CEPACYHO-JIONBIKEYHBIM COCYAUCTHIM NHASKCOM Y MTallMeHTOB BHICOKOTO U OYEHb
BBICOKOTI'O CEPIIEUHO-COCYIUCTOTO prcKa. CepaeuHO-TOAbIKEUHbBIN COCYTUCThINM MHAESKC ObLIT aCCOLIMMPOBaH
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C BO3pacCToM, C 1roxkaszaTcjiaAMu JUIIUIHOIO obMeHa M HaJInuueM JIMIUACHWKAoLLEe TCpalinu. HOJ’[y‘ICHHBIe
PE3YJIbTaThI ITIO3BOJIAIOT pacCMaTpuBaThb 90TAKCMH KakK (l)aKTOp, CBSI3aHHBII C aTCpOrc¢HE30M 1 apTepHaﬂbHOﬁ
KECTKOCTbBIO.

Karouesvle croea: 50makcut, XeMOKUHbL, APMeEPUANbHAS HCECMKOCMY, CEPOSUHO-100bINCEUHbL COCYOUCMbLE UHOEKC, amepOCKAepos,
ghaxkmopui pucka cepdeuHo-cocyoucmoix 3a001e6aHULL

EOTAXIN AND CARDIO-ANKLE VASCULAR INDEX IN PATIENTS
WITH HIGH AND VERY HIGH CARDIOVASCULAR RISK
Kravchenko E.S,, Suslova T.E., Kologrivova L.V, Koshelskaya O.A.

Research Institute of Cardiology, Branch of Tomsk National Research Medical Center, Russian Academy of Sciences,
Tomsk, Russian Federation

Abstract. Eotaxin is a chemokine, which is a chemoattractant mainly to eosinophils, as well as basophils
and Th2 lymphocytes. According to studies, overexpression of eotaxin is found in endothelial and smooth
muscle cells of blood vessels in the area of atherosclerotic plaque. In clinical medicine, cardio-ankle vascular
index (CAVI) is widely used as an indicator of arteriosclerosis and a predictor of cardiovascular events. Few
studies have shown the relationship of eotaxin with coronary atherosclerosis; in other studies, the relationship
of eotaxin with atherosclerosis, myocardial infarction and pulse wave velocity was not revealed. The aim of
the present study was to assess blood level of eotaxin and cardio-ankle vascular index and their association
with major cardiovascular risk factors in patients with high and very high cardiovascular risk. We examined
65 patients with high and very high cardiovascular risk, due to documented coronary artery disease, type 2
diabetes mellitus, or combination of cardiovascular risk factors and who were undergoing generally accepted
cardioactive, hypoglycemic therapy and lipid-lowering therapy. All patients were examined for the elastic
properties of the vascular wall by volumetric sphygmography with assessment of CAVI. In the blood, the
concentrations of eotaxin, high-sensitivity C-reactive protein, glycosylated hemoglobin and lipid spectrum
indicators were determined. All examined were divided into two groups: with a normal value of CAVI (less
than 8) and elevated. Patients with elevated CAVI had higher concentrations of eotaxin (p = 0.013), total
cholesterol (p = 0.009), low-density lipoprotein cholesterol (p = 0.016), were older (p < 0.0001) and less likely
to take statins (p = 0.002). In all those examined, correlations were found between serum eotaxin concentration
and CAVI (r, = 0.34; p = 0.005), as well as age (r, = 0.32; p = 0.006). The age of the patients correlated with
CAVI (r, = 0.35; p = 0.007). Thus, in our study, we for the first time showed the relationship between higher
concentrations of eotaxin and an increased cardio-ankle vascular index in patients with high and very high
cardiovascular risk. Cardio-ankle vascular index was associated with age, lipid metabolism and lipid-lowering
therapy. The obtained results allow us to consider eotaxin as a factor associated with atherogenesis and arterial
stiffness.

Keywords: eotaxin, chemokines, arterial stiffness, cardio-ankle vascular index, atherosclerosis, risk factors for cardiovascular disease

The work was conducted within the framework of
fundamental scientific research No. 122020300043-1
“Molecular cellular mechanisms of development of
cardiovascular diseases of ischemic and non-ischemic
genesis. Fundamental aspects of the implementation of
organoprotective effects of therapeutic interventions”.

Introduction

Chemokines are a class of low-molecular cytokines
that can induce directed chemotaxis of immune
system cells, smooth muscle cells, fibroblasts, and
other body cells in response to the activation of
receptors associated with G-protein. However, the

biological activity of chemokines is not limited to the
stimulation of chemotaxis. Stimulation of chemokine
receptors can affect proliferation, differentiation,
degranulation, respiratory burst in cells; has an
effect on vascular permeability and angiogenesis [5].
Eotaxin (CC chemokine ligand 11, CCLII1) is a
chemokine of class CC, which is a chemoattractant
predominantly to eosinophils, as well as basophils and
Th2 lymphocytes, activating CCR3 receptors [2, 7].
The detected overexpression of CCR3 and eotaxin
mRNA in human atherosclerotic plaques indicates
the role of this chemokine in vascular inflammation
and atherosclerotic process [4].
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In mouse smooth muscle cell culture, eotaxin
has been shown to be a potent chemotactic factor
for smooth muscle cells, capable of regulating their
migration to the atherosclerotic plaque region [7].
Eotaxin has also been found to stimulate the
calcification of smooth muscle cells [9]. On the
other hand, other studies have found no association
between eotaxin levels and the presence of coronary
atherosclerosis or prior myocardial infarction [1, 8].
The relationship of eotaxin with such risk factors
for cardiovascular diseases as obesity and smoking
has been established [3, 10, 14]. Cell culture studies
show that increased expression of eotaxin plays a role
in vascular inflammation and atherosclerotic process
by increasing endothelial permeability, migration and
calcification of smooth muscle cells in the presence of
reactive oxygen intermediates [10].

At the present time, the importance of assessing
vascular stiffness as an indicator of arteriosclerosis
and a predictor of cardiovascular events has been
demonstrated. For the past fifteen years, cardio-
ankle vascular index (CAVI) has been widely used in
clinical medicine to assess the risk of cardiovascular
disease. As a marker of arterial stiffness, CAVI has a
number of advantages over other methods, namely, it
is easy to measure, has high reproducibility, reflects
the stiffness of the entire aorta, femoral, popliteal and
tibial arteries, allows you to assess the vascular age, to
control the dynamics of treatment and the effectiveness
of lifestyle changes, and to evaluate the severity of
atherosclerotic process, and it is less dependent on
blood pressure than pulse wave velocity [6, 12, 13].

Few studies have shown the relationship of eotaxin
with coronary atherosclerosis; in the other studies,
the relationship of eotaxin with atherosclerosis,
myocardial infarction and such a marker of vascular
stiffness as pulse wave velocity was not revealed.

The aim of the present study was to assess blood
level of eotaxin and cardio-ankle vascular index and
their association with major cardiovascular risk factors
in patients with high and very high cardiovascular risk.

Materials and methods

We examined 65 patients aged 41-70 years, 29 men
and 36 women. 86% of the surveyed were diagnosed
with coronary artery disease, 97% were diagnosed
with arterial hypertension, and 54% were diagnosed
with type 2 diabetes mellitus. At the time of the study,
all patients were undergoing generally accepted
cardioactive and hypoglycemic therapy. Statins were
taken by 62% of those examined. The study did not
include patients with acute coronary syndrome,
persistent atrial fibrillation, acute infectious diseases,
allergic and autoimmune diseases, or oncological
diseases. All the procedures and tests were conducted
in accordance with the guidelines of the Declaration
of Helsinki and “Rules of Clinical Practice in the

Russian Federation”, approved by the Order of the
Ministry of Health of the Russian Federation. The
study’s protocol was approved by the Biomedical
Ethics Committee of Cardiology Research Institute,
Tomsk NRMC (protocol No. 210 from February 18,
2021). All the patients recruited into the study signed
an informed consent.

All patients underwent a study of the elastic
properties of the vascular wall by volumetric sphyg-
mography on the VaSera VS-1000 device (Fukuda
Denshi, Japan) with an assessment of cardio-
ankle vascular index on the right and on the left
and calculation of the average cardio-ankle index.
In whole blood, the concentration of glycosylated
hemoglobin A,. (HbA,;) was determined by the
immunoturbidimetric method (DiaSys, Germany).
The concentration of total cholesterol (TCH) and
triglycerides (TG) was determined by the colorimetric
enzymatic method (DiaSys, Germany). To determine
the cholesterol of high-density lipoproteins (HDL),
a combined method without precipitation was used
(DiaSys, Germany); the concentration of low-density
lipoprotein (LDL) cholesterol was calculated using
Friedwald’s formula. High-sensitivity C-reactive
protein (hsCRP) was determined in the blood se-
rum by enzyme-linked immunoassay (Vector-Best,
Russia).

Eotaxin concentration was measured with Human
Cytokines/Chemokines-38 kit using multiplex
instrument FLEXMAP 3D (Luminex Corporation)
and MILLIPLEX Analyst 5.1 software (Merck KGaA,
Milliplex; Darmshdadt), the Core Facility “Medical
genomics”, Tomsk NRMC.

All examined were divided into two groups: with a
normal value of cardio-ankle vascular index (less than
8) and elevated (more than 8).

The results were statistically processed using the
STATISTICA 10.0 software package (StatSoft Inc.,
USA). The compliance of the law of distribution
of variables with the normal one was checked using
the Shapiro-Wilk test. Since the distributions of all
variables were non-normal, the results are presented
as median and interquartile interval: Me (Q,,5-Qy 75)-
Qualitative variables are presented as absolute and
relative frequencies. The Mann—Whitney test was
used to compare the groups. Qualitative variables
were compared using Fisher’s exact test. Correlation
relationships were assessed using the Spearman rank
coefficient (r,). The critical significance level (p) was
assumed to be 0.05.

Results and discussion

Patients with elevated CAVI were older. Higher
concentrations of total cholesterol and low-density
lipoprotein cholesterol in patients with elevated CAVI
were consistent with rarer statin intake (Table 1).
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TABLE 1. CHARACTERISTICS OF THE EXAMINED PATIENTS DEPENDING ON THE LEVEL OF CARDIO-ANKLE VASCULAR

INDEX
Indicator CAVI<38 CAVI 2 8 p
n=23 n=42
CAVI 7.3 (6.90-7.45) 9.1 (8.6-9.8) 0.000
Eotaxin, pg/mL 60.84 (46.28-98.66) 93.09 (63.19-139.43) 0.013
Age, years 54 (50-59) 65 (56-67) 0.000
Men, n (%) 10 (43.5) 19 (45.2) 0.550
Smoking, n (%) 7 (30.4) 14 (33.3) 0.519
Patients with coronary artery disease, n (%) 19 (82.6) 37 (88.1) 0.397
Coronary artery disease, years 1(0.5-4.0) 2 (0.5-5.0) 0.169
Patients with hypertension, n (%) 22 (95.7) 41 (97.6) 0.586
Hypertension duration, years 10 (5-20) 10 (5-17) 0.951
Patients with diabetes mellitus type 2, n (%) 12 (52.2) 23 (54.8) 0.523
Duration of diabetes mellitus type 2, years 0.5 (0-9) 1 (0-10) 0.995
Body mass index, kg/m? 30.4 (29.1-34.7) 30.9 (28.3-33.3) 0.600
Waist-to-hip ratio 0.95 (0.88-0.98) 0.97 (0.93-1.02) 0.259
Systolic blood pressure, mm Hg 120 (110-130) 129 (120-140) 0.061
Diastolic blood pressure, mm Hg 80 (75-80) 80 (70-82) 0.433
Statin intake, n (%) 20 (86.9) 20 (47.6) 0.002
HbA,¢, % 6.0 (5.2-7.7) 6.8 (5.7-7.7) 0.195
TCH, mmol/L 3.85 (3.24-5.03) 5.08 (4.33-5.44) 0.009
TG, mmol/L 1.40 (1.03-1.96) 1.37 (1.13-1.92) 0.908
LDL, mmol/L 2.21 (1.77-2.90) 3.06 (2.29-3.74) 0.016
hsCRP, mg/L 2.37 (1.35-3.61) 1.92 (1.01-3.94) 0.802

In all those examined, correlations were found
between serum eotaxin concentration and CAVI,
as well as age (Figure 1). The age of the patients
correlated with CAVI (r, = 0.35; p = 0.007).

Of all the cardiovascular risk factors studied, the
eotaxin in the present study was associated only with
age and the arterial stiffness score, CAVI. CAVI,
in turn, was associated with age, the state of lipid

220
200
180 = 0.32

160 | P =0.006

Eotaxin, pg/mL

035 40 45 50 55 60 65 70 75
Age, years

metabolism and lipid-lowering therapy, which is
consistent with other studies [6, 11, 12, 13].

Age is a significant predictor of cardiovascular
risk. Depending on the ratio of chronological age
and biological age, the concept of early vascular
aging (EVA) and normal (healthy) vascular aging was
proposed [12]. In 2019, leading experts in the study
of vascular stiffness confirmed the hypothesis that

220
200
180 | 1,=0.34

160 | P =0.005

Eotaxin, pg/mL

CAVI

Figure 1. Correlations of eotaxin concentration in the blood with age and cardio-ankle vascular index
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arterial stiffness is the best indicator of the combined
action of known and unknown risk factors for damage
to the arterial wall, and proposed to express very high
and very low arterial stiffness in terms of EVA and
SUPERNOVA (supernormal vascular aging). Patients
with the SUPERNOVA phenotype have extremely low
vascular stiffness for their age and sex. The plasticity of
vascular smooth muscle cells plays an important role
in increasing blood pressure not only by regulating
the interaction of actomyosin for contraction, but
also by participating in the homeostasis of the cell-
extracellular matrix and is very important for the
physiology of normal and early vascular aging [11].
The activation of CCR3 receptors and increased
expression of eotaxin in case of injury can stimulate
the migration of vascular smooth muscle cells from the
media of the artery to the intima. This migration and
subsequent proliferation of smooth muscle cells in the
intima leads to intimal hyperplasia and narrowing of
the clearance [7]. Eotaxin promotes the formation of
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BJINAHUE TEPANTUN AEKCAMETASOHOM HA ®AKTOPbDI
ALAFE3MBHOCTU U KOATynqauuu nPu 0OCTPON ULLEMUN

HU)KHMUX KOHEYHOCTEWN

Maramenos ./, IInsoBaposa JLIL, Il1aronos C.A., Opasiaern C.B.,
Hoxpun C.II., Apucknna O.B., Ocunosa V1.B., @ovmuu R.H.,
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Pestome. JleiikoluTapHO-TpoOMOOLIMTapHAas aare3ust Mpy TMIIOKCUM, MOBPEXISHUN TKaHEW, aKTUBaIlU1
BOCHAJICHUSI U KOATyJISIUY aCCOLIMUPOBaHa ¢ 3KcIpeccueit MeMopaHHbIX MoJieKyal ICAM-1 u MHTEerprHOB
KJIETKaMU KpOBU U TKaHeil. OMHOBPEMEHHO aire3MOHHbBIE PELICIITOPHI TPOMOOIIMTOB OOYCIOBIMBAIOT UX al-
Ie3UI0 K SHAOTEINIO U K peKPYTUPOBAaHHBIM JIMMboLuTaM. Pojib TPOMOOLIMTOB B ITATOTeHE3€ UILIEMUYECKUX
CepIeYHO-COCYAUCThIX 3a00IeBaHUI TaKXKe COCTOUT B UX CIIOCOOHOCTU MOAYJIMPOBAaTh KaK peaKlMy reMo-
CTa3a, TaK M BOCHAJIUTEIbHbIC PEAKIIUM, YTO COIPOBOXKAACTCI CEKPELME BOCIIAIMTEIbHbBIX MEAMATOPOB U
(bakTOpOB, CHOCOOCTBYIOIIMX PEKPYTUPOBAHMIO JICMKOLIMTOB B MeCTa MOBpexXaeHus TKaHei. Llenp uccie-
JIOBaHUSI — U3YYUTh BJIUSIHUE CMHTETUYSCKOrO INIIOKOKOPTUKOMUIA AeKCaMeTa30Ha Ha 9KCIIPECCHUIO alre3u-
oHHbIX perenTopoB CDI18* u CD54* Ha nelikoluTax, coaepXaHue TPOMOOILIMTOB U (hpMOpUHOreHa B KPOBU
nanueHToB ¢ OMHK, cB3b 3TUX MMOKa3aTesieil ¢ TSKECThIO TEYEHUSI U UCXOI0M 3a001eBaHUs.

Jns udydeHUs: BIUSIHUS TTPOTUBOBOCHAIMTEIBHOM Tepanuu cpopMrpoBaHa rpynna u3 32 mauyueHTOB C
TepalMeil JeKcaMeTa30HOM; IpyIla cpaBHEeHUs npeAcTaBieHa 71 nalyMeHToM ¢ 6a31MCHOM Teparnueil, KOH-
TPOJILHYIO TPyIINy cocTaBWIM 15 BojmoHTepoB. [locie onepalium peBacKyIsipu3aiuy Bce OOJIbHBIC ITOTyYa-
JIM Ae3arperaHTHYIO U aHTHUKOATryIsSHTYI0 Tepanuio. MHdy3un nekcamerazoHa NpOBOAMIM KypcoM OT 4 1o
6 IHel 1mociie peKOHCTPYKTUBHOI onepalnu. Y BceX MalMeHTOB OIpeae)isiii coaepxanue C-peaKTUBHOIO
0eJika B KpOBHU, coAepKaHue TPoMOOLIUTOB 1 prudprHoreHa. C MoMoIIbI0 UMMYHOILIUTOXUMHUUYECKOTO METO-
J1a TIOACYUTHIBAIN YMCIIO TUMMOLUTOB, dKCTIpeccupytommnx mosekyibl anre3un ICAM-1 (CD54%) u unre-
rpuHbl (CD18%). MccnenoBaHus BBITIOMHSIIN 0 oTiepaluu U Ha 1-e, 3-u, 7-e, 10-e cyTKu nmocie onepainuu.
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ITpu 060CTpEeHNM MITIEMUU U TTIOBPEXKIECHUYW IHIOTEJINS, HAKOTIJIEHUH MTPOIYKTOB IIMTOJIN3a YCUITUBAETCS
BKCIIPEeCCUsT MOJIEKYJT a[Ire3MM KaK Ha SHAOTEIMOIIMTAX, TaK U Ha KiieTKax-3¢hdeKTopax BocHaJeHUs — Jiei-
KOIIMTAaxX 1 TpoMOonuTax. MoJIEKYJIbI aiTe3UN IIPOBOIST aKTUBAIIUOHHBIN CUTHAJI BHYTPb KJIETKU, YTO CIIO-
COOCTBYET aAre3uu JEUKOLMTOB U TPOMOOLIMTOB K SHAOTENHIO, IUM@POLUTAPHO-TPOMOOLIMTAPHON aAre3uu,
00pa30BaHMUIO MPUCTEHOUYHOrO TpOoMOa M BO3MOXKHOM OKKJIIO3UM ITOBPEXICHHBIX COCYIOB. YCUIEHUE 3KC-
TIpecCcUyr MOJIEKYJI aiTe3UU CBSI3aHO C aKTUBallMeit MeTaboIrM3Ma, BOCHaJeHMs, KOaryJIsiliiy U OKCUIaTUBHO-
ro cTpecca, CTUMYJIMPYET BCE POCTKU KPOBETBOPEHUSI, B TOM YMCJIe TPOMOOIIMTApPHbBINA. YPOBEHb BOBICUECHUS
KJIETOYHBIX peaKIIMii B MaToreHe3 3a00JieBaHs BIUsIeT Ha 3(p(heKTUBHOCTH Y TPOAOJLKUTEIBHOCTD JICUSHMS,
PUCK pelMaIUBOB TPOMOO3a U JIETAILHOTO McXoia. [IpoTMBOBOCITAIMTEIbHAS Tepanus ¢ TeKcaMeTa30HOM
croco0cTBOBaIa OoJjiee paHHEN PEMUCCUH, CHIDKECHUIO JOJIM MHMOEKINOHHBIX OCIOXHEHUI, TAKMX KaK Ha-
rHoeHue paH ¢ 10% no 6%, KonuyecTBa HEOOXOMMMBIX amIyTaluii ¢ 32% no 16%, 4acTOTHI JeTaIbHBIX UC-
x010B ¢ 31% 10 6%, coKpallleH1IO CPOKOB IIpeObIBaHuUs B cTalimoHape ¢ 13 aHeii go 10.

Bocnanenue, aare3amBHOCTh KJIETOK-3(P(HEKTOPOB U TPOMOO3 SBJISIIOTCS BasKHBIMU (pakTOpaMU ITaTore-
He3a OCTPOil MILIEMUU HIDKHUX KOHEeYHOoCTel. Tepamnus gekcaMeTa30HOM CIIOCOOCTBYET CHUKEHUIO YPOBHS
CUCTEMHOTr0 BOCHAJMTEIbHOIO OTBETA, KOJMYECTBA HEOOXOAUMBIX aMITyTalliid, YMCIa OCJIOXHEHUI U He-
OnaronpusATHBIX McxonaoB npu JieueHun OMHK, cokpaiiieHrn1o cpoKoB NpeObIBaHUS B CTallMOHApPE.

Karouesvie crosa: ocmpas uuiemus HUNCHUX KOHEYHOCMe, MOAEKYAbl adee3ul, pubpuroeer, mpomooobpasosanue, dekcamemason

EFFECT OF DEXAMETHASONE THERAPY ON FACTORS OF
ADHESIVENESS AND COAGULATION IN ACUTE LOWER LIMB
ISCHEMIA

Magamedov LD, Pivovarova L.P., Platonov S.A,, Ordynets S.V,,
Nokhrin S.P., Ariskina O.B., Osipova L.V,, Fomin K.N., Kurilov A.B.,
Tomchenko A.L, Zhigalo V.N., Potskhor-ogly S.L., Kolichenko L.V.,
Dyko O.I, Kopylova T.V,, Isaev T.A.

1. Dzhanelidze St. Petersburg Research Institute of Emergency Medicine, St. Petersburg, Russian Federation

Abstract. Leukocyte-platelet adhesion during hypoxia, tissue damage, activation of inflammation and
coagulation is associated with the expression of ICAM-1 membrane molecules and integrins by blood and tissue
cells. At the same time, platelet adhesion receptors determine their adhesion to the endothelium and recruited
lymphocytes. The role of platelets in the pathogenesis of ischemic cardiovascular diseases also consists in their
ability to modulate both hemostasis and inflammatory reactions, which is accompanied by the secretion of
inflammatory mediators and factors that promote the recruitment of leukocytes to tissue damage sites. Purpose
of the study: to study the effect of the synthetic glucocorticoid dexamethasone on the expression of adhesion
receptors CD18" and CD54" on leukocytes, the content of platelets and fibrinogen in the blood of patients with
ALLLI, the relationship of these indicators with the severity and outcome of the disease.

To study the effect of anti-inflammatory therapy, a group of 32 patients treated with dexamethasone
was formed; the comparison group was represented by 71 patients with basic therapy, the control group
consisted of 15 volunteers. After revascularization, all patients received antiplatelet and anticoagulant therapy.
Dexamethasone infusions were carried out in a course of 4 to 6 days after reconstructive surgery. In all patients,
the content of C-reactive protein in the blood, the content of platelets and fibrinogen were determined. The
number of lymphocytes expressing adhesion molecules [CAM-1 (CD54") and integrins (CD18") was counted
using the immunocytochemical method. Studies were performed before surgery and on days 1, 3, 7, and 10
after surgery.

With exacerbation of ischemia and damage to the endothelium, the accumulation of cytolysis products,
the expression of adhesion molecules increases both on endotheliocytes and on inflammatory effector cells —
leukocytes and platelets. Adhesion molecules conduct an activation signal inside the cell, which promotes
adhesion of leukocytes and platelets to the endothelium, lymphocytic-platelet adhesion, the formation of a
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parietal thrombus, and possible occlusion of damaged vessels. Increased expression of adhesion molecules is
associated with the activation of metabolism, inflammation, coagulation and oxidative stress, stimulates all
hematopoietic lineages, including platelets. The level of involvement of cellular reactions in the pathogenesis
of the disease affects the effectiveness and duration of treatment, the risk of recurrent thrombosis and death.
Anti-inflammatory therapy with dexamethasone contributed to earlier remission, a decrease in the proportion
of infectious complications, such as wound suppuration from 10% to 6%, the number of necessary amputations
from 32% to 16%, the frequency of deaths from 31% to 6%, and a reduction in hospital stay from 13 days to 10.

Inflammation, adhesiveness of effector cells and thrombosis are important factors in the pathogenesis of
acute lower limb ischemia. Therapy with dexamethasone helps to reduce the level of systemic inflammatory
response, the number of necessary amputations, the number of complications and adverse outcomes in the

treatment of ALLI, and reduce the length of stay in the hospital.

Keywords: acute lower limb ischemia, adhesion molecules, fibrinogen, thrombus formation, dexamethasone

Introduction

Thrombogenesis underlies a number of diseases
of the cardiovascular system (cerebral stroke,
myocardial infarction, damage to the vessels of the
extremities, kidneys, etc.) and is currently the main
cause of death in industrialized countries. The leading
component of the pathogenesis of vascular diseases is
endothelial dysfunction, and thrombosis in arterial
vessels is mainly based on activation of the vascular-
platelet link of hemostasis. The cessation of blood
flow due to blockage of the vessel by a thrombus leads
to the development of acute lower limb ischemia
(ALLI). Currently, the most effective method of
revascularization in patients with ALLI is the surgical
method, however, this does not eliminate the main
cause of the disease [14]. One of the most common
postoperative complications are retromboses and
restenoses in the area of vascular reconstruction
due to neointimal hyperplasia, as well as general
hemodynamic disorders and disorders of the blood
coagulation system [12].

In patients with ALLI, obviously, vascular
occlusion is the result of activation of chronic
inflammation of the vascular wall, increased adhesive
properties of blood leukocytes and endothelium,
tissue ischemia. Recirculation and recruitment of
leukocytes in the area of inflammation is mediated
by a specific ligand-receptor interaction between
adhesion molecules of endotheliocytes, platelets and
leukocytes, the expression of which is regulated by
inflammatory mediators and cytokines. Membrane
molecules involved in lymphocytic-platelet adhesion
are ICAM-1 (Intercellular adhesion molecule,
CD54%), expressed by blood and tissue cells [12].

Adhesion molecules that mediate leukocyte-
endothelial interactions undergo complex changes
in patients treated for ALLI. Both postischemic
reperfusion and the particular treatment chosen seem
to influence the expression of adhesion molecules,
which include ICAM-1, selectins, and integrins.

Integrins are a large family of cell surface molecules
found on cells of various tissues. Integrins mediate

the interaction of cells with their microenvironment,
providing cell-to-cell and cell-to-matrix adhesion.
Integrins are heterodimers of glycoproteins, con-
sisting of various combinations of a- and J-chains.
Expressed on leukocytes: CD18 as part of lymphocyte
function associated antigen-1 (LFA-1, CDlla),
macrophage antigen-1 (Mac-1, CDI11b), pl50.95.
Ligands for LFA-1 are: ICAM-1 (CD54%), ICAM-2,
ICAM-3, for Mac-1 ICAM-1. These integrins
mediate adhesion to the endothelium of neutrophils,
basophils, eosinophils, monocytes, and lymphocytes.

The aMp2 leukocyte integrin (CDI11b/CDI8,
Mac-1) is also a high-affinity fibrinogen receptor on
stimulated macrophages, monocytes, and neutrophils.

The function of inflammatory CAMs can be
modulated by several mechanisms, including
competitive blockade, altered cell surface expression,
and, for integrins, interference with receptor
activation. The ultimate therapeutic goal of each
is to interrupt the multi-step recruiting cascade. In
clinical practice, several groups of pharmaceuticals
are used that directly or indirectly affect the function
of CAMs [13]. For example, inhibition of IL-1(3
or TNFa by antibodies or soluble receptors has
a powerful effect on the expression of CAMs on
endothelial cells. Moreover, corticosteroids, non-
steroidal anti-inflammatory drugs, and antioxidants
also reduce the expression of inflammatory CAMs and
chemokines, at least in part, by blocking the function
of the inflammatory nuclear transcription factor B
(NF-xB) [5, 10].

In an experimental model, Mac-1 and CDIS8
knockout mice show reduced infarct volume and lower
mortality after cerebral ischemia/reperfusion [6].
Immunoblockade of CD11b, CD18 or Mac-1 also
protects the brain from ischemic damage [5]. In
addition, CD18 immunoblockade reduces leukocyte
recruitment while reducing cerebral edema and
infarct size [4, 6].

Blocking CAMs that mediate leukocyte accu-
mulation during inflammation is considered an
effective strategy for the treatment of clinical

979



Maeamedos U.JI. u op.
Magamedov 1.D. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

inflammatory diseases. However, despite promising
preclinical results, results from clinical trials have
been inconsistent. With the exception of some positive
effects in psoriasis and asthma, prevention of either
selectin or CDI18 p2-integrin activity has had a
limited effect, especially in the treatment of ischemia-
reperfusion injury [2].

The common chain B2 integrin (CDI18) is a
major target for modulating innate immunity, and
blocking this pathway has a profound effect on
neutrophil adhesion and accumulation in acute
inflammation [6]. However, clinical trials of CD18-
blocking monoclonal antibodies (mAb) Rovelizumab
and Erlizumab (LeukArrest™) were unsuccessful
in reducing myocardial or brain ischemic injury [1,
4]. Moreover, a mAb against ICAM-1, CD54
(Enlimomab), the main counter-receptor for CDI18
on leukocyte and endothelial cells, even had a negative
effect in a phase II study in stroke [11]. The study
highlights that blocking the effects of inflammatory
CAMs may be of limited use in the treatment of
ischemic injury. The use of monoclonal antibodies
to prevent thrombosis did not lead to the desired
clinical result, because radical inhibition of leukocyte
adhesion to the endothelium led to undesirable side
effects (development of infections, death [1, 11]).

The aim of the study was to study the effect of
the synthetic glucocorticoid dexamethasone on the
expression of adhesion receptors CD18* and CD54*
on leukocytes, the content of platelets and fibrinogen
in the blood of patients with ALLI, the relationship of
these parameters with the severity of the course and
outcome of the disease.

Materials and methods

To achieve the goal, 2 groups of patients were
formed: the main one, in which, against the
background of basic therapy, dexamethasone (DM)
was administered intravenously at a dose of 8§ mg in
200 ml of isotonic sodium chloride solution for 4-6
days after reconstructive surgery, 32 patients, age 76
(70-81) years; comparison group — 71 patients with
basic therapy, age 70 (64-83) years. Basic therapy
(BT) included painkillers, antibacterial, antiplatelet,
anticoagulant agents. Patients with uncompensated
ischemia underwent revascularization; patients with
irreversible ischemia underwent revascularization
to reduce the level of amputation; the volume of
surgical intervention was to perform an embolectomy
followed by a large amputation. The control group is
represented by practically healthy volunteers, aged 70
(55-80) years.

The studies were performed before surgery
upon admission to the hospital and on days 1, 3, 7,
and 10 after surgery. In all patients, the blood levels
of C-reactive protein (CRP) as an inflammation
marker, creatine kinase activity (Cobas 6000 C501,

Switzerland), the number of platelets — PLT and large
platelets — P-LCR — (SYSMEX XT4000i, Japan), the
relative content of CD18* and CD54" mononuclear
leukocytes by immunocytochemical method (Novo-
castra, UK), fibrinogen content in blood (StaCompact
Plus, France). To assess comorbidity, the Charlson
M.E. index was used. [3]. The level of systemic
inflammatory response (SIRS) was determined using
the criteria adopted at the ACCP/SCCM consensus
conference in 1992 (USA). The result of treatment
was determined by the length of stay in the hospital
and the outcome of the disease: good (4) — discharge
after 7 days and earlier; satisfactory (3) — treatment for
more than 7 but less than 14 days; unsatisfactory (2) —
treatment for more than 14 days; bad (1) — death.
Statistical processing was performed by the methods
of variation statistics (Statistica 6.0): the median (Me)
and percentiles (Q,,5-Q,75), Spearman’s correlation
coefficient, Student’s t-test were determined. The
critical significance level (p) of statistical hypotheses
was taken as 0.05.

Results and discussion

In the period of acute ischemia (before surgery),
51% of patients with basic therapy developed SIRS (2
or more signs), in the reperfusion period, SIRS was
registered in 53% of patients, and in 10% the degree
of SIRS increased to 4 signs (Table 1). In patients
treated with DM, SIRS was noted in 47% of patients
on admission; in the reperfusion period, SIRS
decreased to 27%. Thus, the reduction in the degree
of systemic inflammation is more pronounced in the
treatment of DM. The level of systemic inflammatory
response in the acute period (at admission before
surgery) had a high predictive value for the outcome of
the disease (AUC = 0.88; sensitivity 88%, specificity
75%); during the reperfusion period, an increase
in the systemic inflammatory response leads to an
unfavorable outcome (predictive value AUC = 0.93;
sensitivity 89%, specificity 92%).

In all patients, chronic cardiovascular diseases
prevailed in the structure of comorbidity. The mean
Charlson comorbidity index in patients treated with
BT + DM was 10.0 points; in patients with BT — 9.9
points, in volunteers of the control group — 6.7 points.
The concentration of CRP in the blood of all patients
upon admission to the hospital exceeded normal values
by 11-14 times and reached a maximum in the period
of reperfusion, that is, on days 3-7 after surgery (Table
2). In patients treated with DM, the concentration of
CRP decreased by the 7th day of observation and was
2 times lower than in the comparison group.

Receptors involved in lymphocyte-platelet adhe-
sion are ICAM-1 ligands for p2-integrins (CD11a/
CD18, CDI11b/CD18), LFA-1, Mac-1, and CD43
[9]. The content of cells carrying integrins was
increased in all patients during the period of acute
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ischemia, after thrombectomy, the number of CD18*
and CD54* began to gradually decrease, but only
in patients receiving dexamethasone infusions,
these parameters normalized by day 7 of the disease
(Table 2).

In all patients with ALLI, the content of CD54*
lymphocytes correlated with the outcome of ALLI
before thrombectomy (r = -0.652, p < 0.05) and
during reperfusion (r = -0.956, p < 0.05). The
number of these cells is associated with the activity of
inflammation, as evidenced by the correlation with
the concentration of CRP (r = 0.952; p < 0.01) and
the number of large (immature) platelets (r = -0.845;
p < 0.001). An increase in the content of large
platelets is also associated with the number of CD18*
mononuclear cells (r = 0.563; p < 0.001).

The content of fibrinogen in the blood of patients
with ALLI at admission increased 1,3 times compared
with the concentration in practically healthy
people. In the period of reperfusion, the products
of necrosis and cytolysis accumulated as a result of
vessel occlusion are washed into the bloodstream
and contribute to the activation of inflammation,
oxidative stress [7, 8], and coagulation. Strengthening
the coagulant properties of blood is accompanied by
the risk of thrombosis, which can also occur in other
problematic vascular areas (myocardial infarction,
acute cerebrovascular accident). For this period,
patients with ALLI are characterized by a continuing
increase in the concentration of fibrinogen in the
blood (Table 2), which leads to an increase in viscosity,
and, consequently, a slowdown in blood flow and the
risk of rethrombosis.

TABLE 1. RATIO OF THE NUMBER OF SIGNS OF SIRS IN PATIENTS WITH DIFFERENT THERAPIES IN THE ACUTE PERIOD

AND THE PERIOD OF REPERFUSION

Number of SIRS signs in the group (%)
Type of therapy Disease period

0 1 2 3 4
Acute ischemia 13 36 31 20 0

Basic therapy
Reperfusion period 19 28 23 20 10
Dexamethasone Acute ischemia 13 40 29 18 0
therapy Reperfusion period 33 40 20 7 0

TABLE 2. FACTORS OF ADHESIVENESS AND THROMBOSIS IN PATIENTS WITH ACUTE ISCHEMIA OF THE LOWER

EXTREMITIES WITH DIFFERENT THERAPY

Terms Patients with basic therapy Patients with therapy dexamethasone
of
obser- CRP CD18* CD54* Pit fibrino- CRP CD18* CD54* PIt (10°/L) fibrino-
vation | (mg/L) (%) (%) (10°L) |gen (g/L)| (mg/L) (%) (%) gen (g/L)
Before 41* 59 32 246 4.9 35* 65* 29* 255 4.4
surgery | (9-86) | (48-62) | (23-41) [(171-283)] (4.3-5.8) (8-52) | (55-72) | (25-40) [(180-329)| (4.3-5.2)
After 67" 57 25* 229 4.8* 62* 56 24 241 5.2¢
surgery | (31-156) | (54-68) | (21-34) |[(154-279)| (4.2-5.3) | (19-86) | (50-71) | (14-31) [(179-322)| (3.4-6.1)
34 da 108* 66* 24 350" 6.1* 7> 60 20 295 5.9*
y (52-157)| (63-73) | (19-27) [(298-409)| (5.2-7.1) | (13-81) | (34-73) | (14-24) [(202-351)] (5.2-6.0)
7t da 62* 78 15* 421* 7.2* 28* 42# 9* 299*# 6.2*
y (21-135) | (76-80) (9-18) |(341-516)| (6.1-8.3) | (15-34) | (34-52) (5-16) [(234-362) | (4.4-8.5)
10" da 74" 66 26* 324 7.2* 31*# 42¢# 17# 282 5.1#
y (51-141)| (56-69) | (22-31) |(257-340)| (6.0-7.3) | (22-39) | (34-49) | (14-23) |(202-360) | (5.0-6.0)
Control 3 49 19 227 3.7 3 49 19 227 3.7
(1-4) (46-53) | (15-22) [(189-258)] (3.5-4.0) (1-4) (46-53) | (15-22) [(189-258) | (3.5-4.0)

Note. *, differences from the control group; #, differences between groups of patients; p < 0.05.
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When using DM infusions, we observed a decrease
in the concentration of fibrinogen by the 10" day
of observation to the reference values. In patients
receiving basic therapy, the fibrinogen level increased
from the 3rd day after the operation and remained
elevatedupto 10 daysdespite the ongoinganticoagulant
therapy (Table 2). That is, with standard therapy in
patients with ALLI, along with persistent clinical and
laboratory signs of inflammation activity, the level
of fibrinogen and platelets remains elevated, which
indicates the importance of limiting inflammation
in the treatment of ALLI. The use of additional anti-
inflammatory therapy contributed both to the onset
of remission of ALLI, combined with a significant
decrease in the level of fibrinogen and platelets, the
number of leukocytes expressing adhesion receptors.

The activity of creatine kinase as a marker of
cytolysisinischemic tissues also significantly increased
upon admission of patients and reached 1600-
2500 U/L (in healthy volunteers 76 (65-97) U/L). In
patients with DM therapy, the activity of this enzyme
returned to normal by day 5, in patients with BT, only
by day 7 after surgery.

Correlation analysis showed that the concentration
of fibrinogen in the blood in the acute period is
associated with the level of inflammation (leukocyte
level: r = 0.952, p < 0.05, SIRS: r =0.910, p < 0.05,
CRP: r = 0.995, p < 0.05), cytolysis (r = 0.985,
p < 0.05), chemiluminescence of blood leukocytes
(r = 0909, p < 0.05), ALT activity r = 0.943,
p < 0.05. Also, a high concentration of fibrinogen
creates a risk of a lethal outcome of the disease
(r=-0.914, p < 0.05). In the reperfusion period, the
fibrinogen level also maintained a correlation with
the CRP level (r = 0.651, p < 0.05), platelet count
(r = 0.586, p < 0.05), leukocyte chemiluminescence
(r =0.921, p < 0.05). On the 10* day of the disease,
the correlation with the above indicators remained.
In the acute period and in the reperfusion period, the
platelet count in the blood correlated with creatine
kinase activity (r = 0.634, p < 0.01) and creatinine
level (r = -0.465, p < 0.05), which demonstrated the
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POJIb MOP®OIEHHbIX BEJIKOB WNT-CUITHAJIbHOIO
NyTU NPU ULLEMUYECKOW BOJIE3HU CEPOLA

Canvumiunkona VLA, IlnoTaukosa M.O.

DI'BOY BO «Opaosckuii eocydapcmeennuiii ynusepcumem umenu U.C. Typeenesa», . Open, Poccus

Pesiome. UccrienoBaHus TOCIEAHUX JIET MOKAa3bIBAIOT CJIOXHOCTh MaTO(MU3UOJIOTUYECKUX IIPOIeC-
COB, YYaCTBYIOIIMX B Pa3BUTUM OCTPBIX (OpM HIIEeMHUUYECKOIN 00JIE3HU cepilla U MaToJOrM4YecKOoro pe-
MOIEIMPOBaHUSI MHOKapaa. B mociaenHne rogbl BHUMaHUE HCCICAOBATeIeil HAalpaBJICHO Ha M3y4YeHUE
WNT-curHajibHOro myTu, peryJupymoliero npouecchl aMOprUoreHe3a U y4acTBYIOIIETO B pa3BUTUU MATO-
JorudecKux coctossHuii. [1pu aToM pob MopdoreHHBIX 0e1koB WNT-cUTHAIBHOTO ITyTH B TeHe3e Kap-
JMMOBACKYJISIPHOM ITAaTOJOTHUU TIPAaKTUYECKM He BbIsicHeHa. Lleabio ncciaenoBaHus IBUIOCh KOMITJIEKCHOE
uzyyeHue ocHOBHbIX O6e1koB WNT-curnansHoro nytu (B-karenuna, ckiepoctuHa, GSK-3a, GSK-34,
WIF-1 u DVL-1) ceiBopoTku KpoBU 353 OGOJBHBIX OCTPBIMU (hOpMaMU UIIEMUYECKOU OOJIE3HU cepala,
HaXOJIMBIIUXCS Ha JIEYEHUU B perMOHAJIbHOM COCyarCcTOM lieHTpe OpJiioBckoit o6nactu ¢ 2019 o 2021 rr,
u 50 3mopoBBIX Jinll. KOMIUIEKCHEBIN aHAIM3 BKIIIOYA OIIEHKY KIMHUKO-JTA00paTOPHBIX 1 MTHCTPYMEHTAIIb-
HBIX MOKa3arejeil B paMKaxX IeMCTBYIOIINX KIMHUYSCKNX PEKOMEHIAIN, a TaK:Ke MMMYHOJIOTUIECKOe
obciemoBaHre MO OoIpeAeieHnIo MopdoreHHbIX 0e1KoB WNT-curHaimHra MeTomoM MMMYHO(EepMeHT-
HOTro aHayim3a. Pe3yssraThl McCiiefOBAaHMI MOKA3aIM IITUPOKYIO BapruadeIbHOCTh 3HAUYeHU I MOP(OTEHHBIX
6enkoB WNT-curHajabHOro IyTH B CBIBOPOTKE KPOBU O0bHBIX. [1pu 3TOM ypoBeHb B-kateHuHa, WIF-1 u
DVL-1 3Ha4nTEIBHO IIPEBHINIAT AaHATOTUIHEIC TTOKAa3aTeIIH, TTOJIyUYeHHbIC ¥ 3[I0POBHIX JIUII, a KOHIICHTpA-
uu ckaepoctuHa U GSK-3p He uMesnn ¢ HUMU TocToBepHbIX oTiimyuit. Hapsiny ¢ atum yposeHb GSK-3a B
CBIBOPOTKE KPOBHU MAIIMEHTOB OBLI B 2 pa3a HIKE, YeM Y 3T0POBBIX JIUIl. MaKCUMaIbHO BEICOKME KOHIICH-
TpallMM CKJIEPOCTUHA ObLIN BHISBJICHBI Y TTAIIMEHTOB C UMEIOIIMMCST KaJIbIIMHO30M CTBOPOK a0PTajbHOTO
KJIallaHa M CTeHOK aopThl. HebmaronpusaTHOe Te4eHUE OCTPOro KOPOHAPHOIo CUMHAPOMA HAOJII0IaI0Ch Y
ManreHTOB Ha (DOHe KaK KpaifHe BEICOKHMX, TaK M MaKCUMaJIbHO HM3KMX noka3artenaeit WIF-1 celBopoTKHM
KPOBU. YCTaHOBJIEHBI 3HAYMMbIE KOPPEJSIIMOHHBIE 3aBUCUMOCTU MEXIY YPOBHEM MOP(OreHHbIX OEJIKOB
WNT-curHaJbHOrO IMyTH W MOKAa3aTeIsIMU JUIIMIHOTO OOMEHa, a TaKKe pPeMOASIMPOBAaHUS MUOKapIa.
IMonyyeHHbIe TaHHBIE 00 U3MEHEHWHU MPOAYKIIMU arOHUCTOB M aHTaroHUCToB WNT-CUTHAJIBHOTO ITyTH
TMO3BOJISIIOT PACIIMPUTD IIPEACTABICHUS O MOJIEKYJISIPHBIX aCIIeKTaxX MMMYHONATOT¢He3a MUOKapANaJIbHO-
0 peMOJeTMPOBAHUS TIPU UIIEMUYECKON 00Je3HU cep/iila, MOBBIIIAIOT MPEIUKTUBHBIN MTOTEHIIMAT JHa-

Address for correspondence:
Irina A. Snimshchikova

Anpec i nepenucKu:
Cuumwuxosa Upuna Anamonveena

DI'bOY BO «Opaoséckuiti eocydapcmeeHtblil YyHUsepcumem
umenu HU.C. Typeenesa»

302026, Poccus, . Open, ya. Komcomonwckas, 95.

Tea.: 8(910) 748-29-29.

E-mail: snimshikova@mail.ru

Federal State Budgetary Educational Institution of Higher
FEducation "Orel State University named after 1.S. Turgenev"
95 Komsomolskaya St

Orel

302026 Russian Federation

Phone: +7(910) 748-29-29.

E-mail: snimshikova@mail.ru

Oo0pa3sen NMTHPOBAHMS:

U A. Chumugurosa, M.O. [Thomuuxoea «Poab
mopoeenubix beaxoe WNT-cuenarvrHoeo nymu npu
umwemuueckoli 6oae3nu cepoya» // Meduyunckas
ummyHnonoeus, 2023. T. 25, Ne 4. C. 985-990.

doi: 10.15789/1563-0625-ROM-2835

© Crumwurxoea U.A., Ilhomnuxosa M.O., 2023
Dma cmamosi pacnpoCmMpaHsiemcst o AUYEeH3UU
Creative Commons Attribution 4.0

For citation:

1L.A. Snimshchikova, M.O. Plotnikova “Role of morphogenic
proteins of the WNT signaling pathway in coronary artery
disease”, Medical Immunology (Russia)/Meditsinskaya
Immunologiya, 2023, Vol. 25, no. 4, pp. 955-990.

doi: 10.15789/1563-0625-ROM-2835

© Snimshchikova I.A., Plotnikova M.O., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-ROM-2835

985



Meduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

Crumuwuxosa U.A., Ilnomuuxosa M.O.
Snimshchikova 1.A., Plotnikova M.O.

THOCTUKMU CEPACHHO-COCYAUCTHLIX 3a00JieBaHUll U OIIpCACIAIOT BEKTOPD NaJIbHEUIIIETO pa3BUTUA KapANONUM -
MYHOJIOTUH.
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ROLE OF MORPHOGENIC PROTEINS OF THE WNT SIGNALING
PATHWAY IN CORONARY ARTERY DISEASE

Snimshchikova L.A., Plotnikova M.O.

Federal State Budgetary Educational Institution of Higher Education "Orel State University named after 1.S. Turgenev”,
Orel, Russian Federation

Abstract. In recent years, researchers’ attention has been directed to the WNT signaling pathway study,
which regulates embryogenesis processes and is involved in pathological condition development. The role
of morphogenic proteins of WNT signaling pathway in the cardiovascular pathology genesis is practically
not clear. The research aim was a comprehensive study of the main proteins of WNT signaling pathway
(B-catenin, sclerostin, GSK-3a, GSK-3p, WIF-1 and DVL-1) in the blood serum of 353 patients with
coronary artery disease acute forms who were treated at the Orel regional vascular center from 2019 to
2021, and 50 healthy individuals. A comprehensive analysis included an assessment of clinical, laboratory
and instrumental parameters in the framework of current clinical guidelines, as well as an immunological
examination to determine the morphogenic proteins of WNT signaling by enzyme immunoassay. The results
showed a wide variability in the values of morphogenic proteins of WNT signaling pathway in the patient’s
blood serum. The levels of B-catenin, WIF-1 and DVL-1 significantly exceeded those obtained in healthy
individuals, while the concentrations of sclerostin and GSK-3p did not differ significantly from them. The
level of GSK-3a of patients was twice lower than in healthy individuals. The highest sclerostin concentrations
were found in patients with existing calcification of the aortic valve leaflets and aortic walls. Acute coronary
syndrome unfavorable course was observed in patients with both extremely high and extremely low WIF-1
levels. Significant correlations were established between the level of morphogenic proteins of WNT signaling
pathway and lipid metabolism, as well as myocardial remodeling. The obtained data on changes in the protein
production of WNT signaling pathway allow us to expand our understanding of the molecular aspects of the
immunopathogenesis of myocardial remodeling in coronary artery disease, increase the predictive potential
for cardiovascular disease diagnosis and determine the vector for further development of cardioimmunology
determination.

Keywords: WNT signaling pathway, B-catenin, sclerostin, GSK3a, GSK3p, WIF-1, DVL- 1, myocardial infarction, coronary heart
disease

ways, oxidative stress, and mitochondrial disorders [2,
3,4,10].

At the same time, the molecular mechanisms
associated with inflammation and reflecting various
aspects of the pathological process remain the subject
ofdiscussionand need tobe clarified. Overrecent years,
the attention of researchers has been focused on the
study of the WNT signaling pathway, which regulates

Introduction

Cardiovascular diseases remain one of the most
acute problems of modern medicine, due to their
high prevalence and high mortality among young
and middle-aged people. Recent studies prove the
complexity of pathophysiological processes involved
in the development of acute forms of coronary

artery disease (CAD) and pathological myocardial
remodeling, among the chief causes of which are
immune dysfunction, activation of signaling path-

the processes of embryogenesis and is involved in the
development of various pathological conditions. At
the same time, the role of morphogenic proteins of
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the WNT signaling pathway in the pathogenesis of
cardiovascular pathology is practically not clear.

In this regard, the aim of the study was a com-
prehensive study of the main proteins of the WNT
signaling pathway (B-catenin, sclerostin, GSK-3a,
GSK-3B, WIF-1 and DVL-1) in the blood serum of
patients with acute forms of coronary artery disease
and healthy individuals (HI).

Materials and methods

The study included 353 young and middle-aged
patients (from 18 to 59 years old) with acute forms of
CAD who were treated in the cardiology departments
of the regional vascular center of the Orel Regional
Clinical Hospital in the period from 2019 to 2021. All
patients with coronary artery disease were divided into
2 groups: group I consisted of patients with myocardial
infarction (MI) (165 people), group II included
patients with unstable angina (UA) (188 people). The
average age of patients with CAD and myocardial
infarction was 50.8+7.4 years and with unstable angina
53.2%5.7 years. There were no statistical differences
in age (p > 0.05). In both groups, the number of
men was predominant and amounted to 79.4% of
all subjects. A comprehensive analysis included an
assessment of the anamnesis and objective status of
patients, a general clinical laboratory examination,
echocardiography, within the current clinical
guidelines for the management of an exacerbation
of CAD, as well as an immunological examination
to determine morphogenic WNT signaling proteins.
Blood sampling for research from a peripheral vein was
carried out in the first 24 hours after hospitalization.
The concentration of morphogenic WNT proteins
(B-catenin, sclerostin, WIF-1, GSK-3a and GSK-3f,
DVL-1) in blood serum was determined by enzyme-
linked immunosorbent assay (ELISA) on a STAT
FAX 2100 photometer using reagent kits Sunlong
Biotech Co (China) in the Laboratory of Clinical
Immunology of the Medical Institute of the “Orel
State University named after I.S. Turgenev”.

To determine the values of the immunological
parameters of the WNT signaling pathway, taken as
the physiological norm, we conducted a survey of
50 healthy individuals who did not have CAD, were
comparable in age and gender with patients in the
research groups.

The research was performed in accordance with the
standards of clinical practice (Good Clinical Practice)
and the principles of the Declaration of Helsinki, the
study protocol was approved by the Ethics Committee
of the Orel State University.

Inclusion Criteria: young (18-44 years) and mid-
dle-aged (45-59 years) people with a clinically esta-
blished diagnosis of acute forms of CAD, the patient’s
consent to participate in the research.

Exclusion Criteria: age younger than 18 years and
older than 59 years, cardiogenic shock, hypertension
above 2 stage, chronic heart failure above I stage,
verified oncological, autoimmune, neuropsychiatric
diseases, the presence of a pathology affecting lipid
metabolism, decompensated diabetes mellitus, exa-
cerbation of chronic diseases, pathologies of he-
mostasis, pregnancy and lactation, acute infectious
diseases, refusal of the patient to participate in the
research.

Results and discussion

It is known that the WNT signaling pathway is
traditionally divided into two types: canonical and
non-canonical. Although the modalities of WNT
signaling in the embryonic stages of heart development
are fairly well understood and experimental evidence
identifies canonical WNT/B-catenin signaling as a
“key factor” in the regulation of cardiac function
and dysfunction, however, in a few different studies
conflicting data have been obtained on the involvement
of morphogenic proteins of the canonical and non-
canonical WNT signaling pathway in the pathogenesis
of cardiovascular diseases, including coronary heart
disease [4].

There is growing evidence that reactivation
of the canonical WNT pathway negatively affects
myocardial healing after ischemic exposure, causing
death of cardiomyocytes and the development of the
heart muscle fibrosis [10].

In addition, the clinical significance of serum
concentrations of morphogenic proteins of the WNT
signaling pathway remains debatable and needs to
be clarified in order to determine them as possible
potential predictors in the pathology of the circulatory
system and to develop new approaches to targeted
therapy.

Taking this into account, it was of interest to study
the features of the production of the main proteins of
the WNT signaling pathway (B-catenin, sclerostin,
GSK3a, GSK3p, WIF-1 and DVL-1) in acute forms
of CAD, as well as to establish the relationship of
the studied morphogenic proteins with clinical and
laboratory data and indicators of the structural and
functional state of the myocardium in patients with
MI and UA.

According to current data, [B-catenin is an
integral structural component and the main effector
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of canonical WNT signaling involved in tissue
homeostasis, myocardial remodeling, and control of
the proliferative capacity of cardiomyocytes [10].

The results of our studies have shown a wide
variability in the values of 3-catenin in the blood serum
of patients with coronary artery disease. At the same
time, its level in patients with MI and unstable angina
was 418 (293-579) pg/mL and 462 (384-588) pg/mL,
respectively, which was several times higher than
similar indicators obtained in HI 63.5 (57.25-
86) pg/mL, p < 0.001. It is worth noting the revealed
data on a significant increase in serum [-catenin in
patients with coronary heart disease with concomitant
hyperlipidemia (p = 0.007), which was also confirmed
by the results of correlation analysis: a moderate
direct correlation between the level of -catenin and
total cholesterol, low density lipoprotein (LDL) and
a noticeable direct correlation with high-density
lipoprotein, which is consistent with literature data
indicating a correlation between impaired cholesterol
metabolism and WNT/B-catenin signaling [7].

Given the important role of B-catenin in the
processes of myocardial remodeling, its relationship
with the parameters of intracardiac hemodynamics
and the structural and functional state of the myo-
cardium was evaluated. The most significant inverse
correlations were found between the level of B-catenin
and end-diastolic and systolic heart sizes (p = 0.015,
p = 0.018, respectively).

The search for possible early markers of the
development of cardiovascular complications led to

the interest in the study of sclerostin, on the one hand,
as the main inhibitor of the WNT signaling pathway,
and on the other hand, as a potential participant
in extraosseous calcification [5]. Taking this into
account, we carried out the determination of the level
of sclerostin in the blood serum of young and middle
age patients with coronary artery disease and in HI.

According to the results of the research, the
level of sclerostin in patients with CAD did not
differ significantly from HI (p > 0.05). However, the
analysis of the data obtained showed that the highest
concentrations of sclerostin (above 215 pg/mL) were
detected in patients with calcification of the aortic
valve leaflets and aortic walls according to ECHO-CG
data (p =0.002; p =0.004, respectively). It should also
be noted that there was a direct statistically significant
correlation between the level of sclerostin and the
indicator of cardiovascular conjugation (r = 0.7;
p<0.01).

In recent years, data have appeared that the
extracellular antagonist of the WNT signaling pathway
WIF-1 is an important modulator of an adequate
inflammatory process after myocardial injury, and
the absence of this factor can lead to an increase in
the inflammatory response and the development of
pathological myocardial remodeling [8].

Analysis of the level of WIF-1 in the blood
serum showed that in patients with acute forms of
coronary artery disease, the concentration of WIF-1,
on average, was 15.5 times higher than in healthy
individuals (p < 0.001), and MI was characterized
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by an even higher content of WIF-1 in blood serum.
At the same time, in patients with a history of
postinfarction cardiosclerosis, the ischemic process
proceeded against the background of both extremely
high (more than 3000 pg/mL) and extremely low
(less than 1400 pg/mL) WIF-1 serum levels, which
was combined with an unfavorable course of acute
coronary syndrome.

Noteworthy are the results of a statistically
significant high correlation between the concentration
of WIF-1, the level of leukocytes and erythrocyte
sedimentation rate (r = -0.81, r = -0.70, p < 0.001,
respectively), as well as the content of [B-catenin
(r=0.743; p <0.001).

The study of DVL-1, which is involved in both
canonical and non-canonical transmission of WNT
signals, showed that in patients with acute forms of
coronary artery disease, the level of DVL-1 significantly
exceeded (8 times) the level of HI (p =0.009), however,
no statistically significant intergroup differences were
found. In patients with transmural MI, maximum
DVL-1 values were recorded at the level of 3400-
3440 pg/mL (Figure 1). The analysis of the serum
level of DVL-1 with clinical and laboratory data in
patients with coronary artery disease made it possible
to establish statistically significant direct correlations
between DVL-1, total cholesterol (p = 0.008) and
LDL (p = 0.006), as well as the presence of a direct
relationship with levels of B-catenin (p < 0.001) and
WIF-1 (p < 0.001), indicating the important role
of DVL-1 as an integrator of canonical and non-
canonical WNT signaling [11].

Recently it has been shown that glycogen synthase
kinase-3 (GSK-3a and GSK-3p) plays an important
role in the regulation of cell proliferation processes,
including cardiomyocytes [1].
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Considering the involvement of GSK-3a in the
pathophysiology of cardiometabolic diseases [6, 9],
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Conclusions

Thus, the obtained data on changes in the
production of agonists and antagonists of the WNT
signaling pathway (B-catenin, sclerostin GSK-3a,
GSK-3B, WIF-1 and DVL-1) allow us to expand
our understanding of the molecular aspects of the
immunopathogenesis of myocardial remodeling in
CAD, increase the predictive potential of diagnosing
cardiovascular diseases and determine the vector of
further development of cardioimmunology.
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Short communications

rMNOKCUEN NHAYLUUPOBAHHbIN PAKTOP-10 U MAPKEPbI
BOCNAJIEHUSA Y NAUUEHTOB C ULLEMWUYECKUM

UHCYJIbTOM

IIusorapora JLIL!, Bozuwok JI.A.% Ocunora I1.B.), Apuckuna O.B.},
I'oronesa E.A.l, IIpoxoposa M.B.!, Kapnosa H.I'.!

' T'RY «Cankm-Ilemepbypeckuii HayuHo-uccae008amenbCckuil uncmumym ckopoil nomowu umenu M. 1. Jincaneauodse»,
Cankm-Ilemepobype, Poccus

2@I'BOY BO «Ilepsviii Canxkm-Ilemepbypeckuii 20cydapcmeeHHbiil MeOUYUHCKUL YHUGEPCUMEN UMEHU aKadeMuKa
U.II. Ilaenosa» Munucmepcmea 30pasooxpanenusn PD, Cankm-Ilemep6ype, Poccus

Pesome. Miniemuueckuii nHcyasT (M) Bo3HUKAET B pe3ysbTaTe JIOKAIbHOTO HapyllleHUsI TeMOLIUPKY-
JIIUMYA M TUIOKCUM B TKaHU TOJIOBHOro Mo3ra. MHmyuumpyemsiit runokcueit ¢akrop-lo (HIF-1a), yua-
CTBYIOIIIUI B PETYJISIIIUM YPOBHST KMCIIOPOAA B TKAHSIX, UTPAET BaAXKHYIO POJIb B TTATO(U3NOJIOTUN WUHCYJIBTA,
BKJIIOYasi BBDKMBAeMOCTb HEMPOHOB, HeWpoOBOCMHAJIEeHUE, aHTMOreHe3, MeTaboIM3M TJII0KO3bl, TPOHUIIAe-
MOCTh TeMaTo3HIIehanndeckoro 6aprepa (I'Db), 1 nMeeT 3HaUCHME B MCXOIAX UIIIEMUYECKOTO MHCYJIBTA.
Caenenwus o poinu HIF-1a B pazBuTm nHcynbra pasHopeuunBbl. Dddexts! BausHus HIF-1a cBsi3anbl ¢ mm-
TEJBHOCTBIO U TsixkecTbio uiemuu. M3sectHo o ponu HIF-1a B nimemMuyeckoM MOBpeXAESHUN TOJIOBHOTO
MO3Ta, BKJII0o4asi BOCTIAJIUTENbHYIO peaklnio 1 notepio 1ejioctHoctu ['Ob nmocne uncynwra. Lenas uccre-
JIOBaHUsI — OTIpeNeJIeHUe CBSI3W COAEPKaHUSI TUITOKCUEN MHAYIIMPOBaHHOTO (pakTopa-lo B KpOBU TAIv-
€HTOB CO CTETIEHbIO HEBPOJIOTMYECKOTO NedUIIMTa B OCTPOM TE€PHUOJIe UIIIEMUYECKOTO UHCYJIbTa U UCXOJ0M
3abosieBanusg. O0Caeq0BaHbI 58 YeI0BEK ¢ MIIEMUYECKMM MHCYIBTOM B Bo3pacte 73 (67-81) net. IlarmeHTh
ObUTM pa3aesieHbl Ha IBE TPYIIIBI — BhINTUCAaHHbBIE U yMepinne. Omnpenesnsuiy TsokecTb nHCybTa (NITHSS), He-
BPOJIOTMUECKUI Ae(ULUT, UHAEKC KOMOPOUIHOCTU, coaepxkaHue B KpoBu HIF-1o, Genka p53, unrepJeii-
kuHa-6, nucratnHa C, CPb, kpearnHMHa, reMaTOJI0rMYEeCKHE ITOKa3aTeIu IPU MOCTYIUIEHUH, Ha 3-u u 10-¢
cyTku 3aboneBaHus. Conepxanue HIF-1a B kpoBu nanuenTos ¢ MU npu noctyruieHUu ObUIO HUXKE, YEM
B IpyIIie CpaBHEHUSI U OCTaBAIOCh CHUXKEHHBIM 10 10-ro aHsa HaOmoneHus. Ha 10-e cyTku onpenesnsiiach
cBa3b HIF-1a ¢ NIHSS, HeBposornueckum aeuIMTOM, MHISKCOM KOMOPOMIHOCTU U MCXOIOM 3a0osie-
BaHusl. Habmomanu obparnyto cBsi3b HIF-1a ¢ conepxkaHueMm 3pUTPOLIMTOB, TEMOTJIOOMHA U TeMaTOKpUTa
YTO MOXHO paCLIEHUBATh KaK OTpakeHUe reMUIeCKOl COCTaBISIONIeH cMeIlIaHHOM TUIMoKcuu. Takxke y ma-
LIMEHTOB C HebJaronpusTHeIM ucxonoM MW BbIsSIBIIeHO MOBBIIIEHHOE cofepxkaHue 1uctatuHa C B KpPOBH,
KOTOpoe ObUIO CBsI3aHO ¢ KoHleHTpaluii HIF-1o. Bo Bce cpoku HabmoneHus 1epedbpaibHOil KaTacTpodbl
OblJ1a OTMeUYeHa KoppeJsiiMoHHas cBs3b LuctatuHa C ¢ conepxkanueM KpeatuHuHa U CPB. O1u pe3yabrarsl
MOTYT CBUAETEIbCTBOBATH O NTUCHYHKIIMU DHAOTEINOIUTOB, HAPYIIEHNU KITyOOUKOBOI (DUIBTpaliuu, BOC-
najeHuu, acCouurupoBaHHbIMU ¢ rurnokcueil npu MU. Ilpornoctuueckas 3HaunMocTh ypoBHs HIF-1a B
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KpoBu Ha 10-e cyTtku 3a6oaeBanus ajs ucxoga MM cocraBuna AUC = 0,900. Coaepxanue HIF-1a B KpoBu
B OCTPOM MEPUOJIC CBSI3aHO C TSKECThIO UIIEMUYECKOT0 MHCYJIBTa U UCXOA0M 3a00JIeBaHUS.

Karouesvie crosa: eunoxcueil undyyuposannblii paxmop- la, anonmo3s, mapkepui 6ochansenus, yucmamun C, uuemu1eckul
UHCYAbM, UCX00

HYPOXIA-INDUCED FACTOR-10 AND MARKERS OF
INFLAMMATION IN PATIENTS WITH ISCHEMIC STROKE

Pivovarova L.P.2 Voznyuk I.A.*, Osipova I.V.2 Ariskina O.B.%,
Gogoleva E.A.? Prokhorova M.V.2 Karpova N.G.?

@ I. Dzhanelidze Research Institute of Emergency Medicine, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Ischemic stroke (IS) occurs as a result of local disturbance of hemocirculation and hypoxia in the
brain tissue. Hypoxia-inducible factor-1o (HIF-1a), which is involved in the regulation of tissue oxygen levels,
plays an important role in the pathophysiology of stroke, including neuronal survival, neuroinflammation,
angiogenesis, glucose metabolism, blood-brain barrier permeability, and is important in IS outcomes. The
purpose of the study was to determine the relationship between blood levels of HIF-1a and the degree of
neurological deficit in the acute period of IS and the outcome of the disease. We examined 58 people with IS
aged 73 (67-81) years. Patients were divided into two groups — discharged and dead. The severity of stroke
(NIHSS), neurological deficit, comorbidity index, blood levels of HIF-1a, p53 protein, interleukin-6,
cystatin C, CRP, creatinine, hematological parameters were determined at admission, on days 3 and 10 of the
disease. At admission the blood levels of HIF-1a was lower than in the comparison group and remained reduced
until the 10" day. On day 10 the association of HIF-1a with neurological deficit, comorbidity index and disease
outcome was determined. We observed a feedback of HIF-1a with the content of erythrocytes, hemoglobin and
hematocrit, which can be regarded as a reflection of the hemic component of mixed hypoxia. In dead patients,
an increased blood level of cystatin C was detected, which was associated with HIF-1a concentrations. In
all periods of observation of IS, a correlation between cystatin C and creatinine and CRP levels was noted.
These results may indicate dysfunction of endotheliocytes, inflammation associated with hypoxia in IS. The
prognostic significance of the blood level of HIF-1a on the 10th day for the outcome of IS was AUC = 0.900.
Blood levels of HIF-1a in the acute period was associated with the severity of IS and the outcome of the disease.

Keywords: hypoxia-induced factor- 1o, apoptosis, markers of inflammation, cystatin C, ischemic stroke, outcome

involved in the regulation of intracellular proteasome
degradation of other proteins [5]. With a decrease in
the level of oxygen in the cell, hydroxylation does
not occur, HIF-la stabilizes and dimerizes with
the second subunit of the HIF transcription factor,
HIFp, which is insensitive to oxygen. The resulting
complex is translocated to the nucleus, where it binds
to hypoxia response elements, HREs, thus launching
the genetic program for cell survival under conditions

Introduction

Ischemic stroke (IS) occurs as a result of a local
disturbance of hemocirculation in the brain tissue,
which causes the development of hypoxia. Hypoxia-
inducible factor la (HIF-1a), which is involved in
the regulation of tissue oxygen levels, has been shown
to play an important role in the pathophysiology of
stroke, including neuroinflammation, regulation of

blood-brain barrier permeability, glucose metabolism,
neuronal survival, and angiogenesis [4].

HIF-1 (hypoxia inducible factor) is a transcription
factor that allows the cell to survive in hypoxia; it was
discovered more than 20 years ago when studying
the mechanisms of adaptation of living organisms to
changes in the oxygen content in the environment;
found in various cells and tissues subject to hypoxia.

HIF is a heterodimer containing two protein
subunits, HIF-1a (73-120 kDa) and HIF-1B (91-
94 kDa) [11]. HIF-1a is a DNA-binding protein that
undergoes hydroxylation in the presence of oxygen and
binds to the conservative protein ubiquitin, which is

of oxygen deficiency.

HIF-1a mediates the expression of many genes
that are involved in neurogenesis, angiogenesis, cell
proliferation, erythropoiesis, and cell metabolism,
increasing the adaptation of nervous tissue to ischemic
stress and, therefore, exhibiting a neuroprotective
role [5]. Other studies have reported a detrimental
role for HIF-1a in ischemic brain injury, including
the inflammatory response and loss of blood-brain
barrier (BBB) integrity following ischemic stroke.
This indicates that HIF-1a is likely to be a mediator
of neuroinflammation or a factor that determines
BBB permeability [4]. Pan Z. et al. (2021) described
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the mechanisms of regulation of HIF-1 production
in stroke, when an elevated level of reactive oxygen
species promotes HIF-1 expression by inhibiting prolyl
hydrolase (PHD) activity and the NF-xB pathway.
HIF-1 increases glucose uptake by regulating glucose
transport proteins and glycolytic enzymes. Also,
HIF-1 induces the production of pro-inflammatory
cytokines 1L-6, TNE, 1L-20, MCP-1.

HIF-1 is involved in the regulation of expression
of BNIP3, a pro-apoptotic member of the Bcl-2
and p53 family, to activate autophagy and inhibit
the anti-apoptotic Bcl-2 protein, thus activating
apoptotic signaling pathways and apoptosis. Increased
production of erythropoietin (EPO) and vascular
endothelial growth factor (VEGF) under the influence
of HIF-1 contributes to the weakening of apoptosis.
At the same time, the production of VEGF leads
to disruption of the BBB [15]. The main structural
component of the BBB is the endothelial cells of
the walls of blood vessels that provide exchange in
the blood-CNS system. Proliferation and migration
of endothelial cells are largely dependent on VEGFE
In addition, VEGF increases vascular permeability
by initiating angiogenesis and neovascularization
in ischemia-damaged tissue. After a stroke, the
formation of a new vasculature is vital to compensate
for the function of an occluded vessel in the penumbra.
However, structural changes and an increase in
vascular basement membrane permeability during
activation of angiogenesis can lead to cerebral edema
or hemorrhagic transformation in the acute phase of
a stroke.

Information about the role of HIF-1 in the
development of stroke is contradictory. In a mouse
stroke model deficient in HIFloa/HIF2a, early
neuronal death and neurological damage were
reduced. At 24 h after stroke, cell death and edema
were significantly reduced, but after 72 h, cerebral
edema increased, accompanied by activation of
apoptosis and a decrease in angiogenesis [1].

In another study, suppression of HIF-la pro-
duction after 0.5 h of ischemia in rats attenuated
cerebral edema and apoptosis, while after 8 h of
ischemia, neuronal damage increased and VEGF
expression decreased [14]. It is likely that the effects
of HIF-1 are associated with the duration and severity

of ischemia. Chen C.H. et al. (2010) reported that
HIF-1 inhibition can reduce BBB damage after stroke
in adult and neonatal rats, which may be due in part
to blocking the HIF-1a signaling pathway in neuronal
apoptosis and suppressing VEGF activity to protect
the BBB. Baranova O. et al. (2007) in an experiment
showed that the expression of HIF-1 o is associated
with the outcome of ischemic stroke.

Purpose of the study — to determine the relationship
between the content of hypoxia-induced factor
(HIF-1a) in the blood of patients with the degree of
neurological deficit in the acute period of ischemic
stroke and the outcome of the disease.

Materials and methods

We examined 58 people with ischemic stroke (IS),
aged 73 (67-81) years, including 34 women, 24 men.
The examination was carried out in accordance with
the Procedure for the provision of medical care to
patients with stroke of the Ministry of Health of the
Russian Federation No. 928n, 2012. The condition
of patients was assessed using the National Institutes
of Health Stroke Scale (NIHSS), a modified Rankin
scale for assessing the degree of disability and
functional patient independence, Rivermead mobility
index, Charlson comorbidity index (Table 1). The
comparison group consisted of 25 volunteers aged
65.0 (62.0-67.0) years.

Blood levels of hypoxia-induced factor (Hypoxia-
inducible factor 1-alpha, HIF-la, R&D Systems,
Inc, USA), p53 protein (Human p53 ELISA Kit,
Invitrogen, ThermoFisher Scientific), interleukin-6
(IL-6), cystatin C (ELISA, Vector-Best, Russia)
by ELISA; CRP by immunoturbidimetric method,
creatinine (Roche, Cobas ¢501, Roche Diagnostics,
Switzerland); hematological parameters (Sysmex
XN1000, Japan) at admission, on days 3 and 10 of the
disease was determined.

Statistical processing of the results was carried out
using the Statistica 6.0 software package; the median
(Me) and percentiles (Qgy5-Qy75), Spearman’s
correlation coefficients were determined; the
prognostic significance of the indicators was assessed
using ROC analysis. In the correlation analysis of
indicators with the outcome of the disease, discharged

TABLE 1. CHARACTERISTICS OF NEUROLOGICAL DEFICIT IN PATIENTS WITH ISCHEMIC STROKE

Groups Age NIHSS Rivermead Rankin Scale Charlson n
Index Index
. . 73 95 20 40 6.0
All patients with IS (67-81) (5-13) (1.0-7.0) (3.0-4.0) (4.0-7.0) 58
. 71 73 25 40 5.0
Discharged (66-79) (4.3-12.8) (1.0-6.5) (3.0-4.0) (4.0-7.0) a4
16.0 75
80 1.0 4.0
Dead (11.0-21.0) (6.0-9.0) 14
(72-81) e (0.0-2.0) (4.0-5.0) o bon

Note. p, significance of differences between groups of patients discharged and dead.
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patients were assigned 1 point, and those who died — 0
points. Statistical significance was taken for p < 0.05.

Results and discussion

Patients with IS were divided into two groups —
a group of discharged patients and a group of dead
patients. Patients of the selected groups significantly
differed in the severity of stroke at admission and the
value of the Charlson comorbidity index (Table 1).
NIHSS scores and comorbidity index were associated
with disease outcome (r = -0.497; p < 0.001 and
r=-0.394; p < 0.001, respectively).

Itis known from the literature that the level of HIF-
la in the blood of patients increases during hypoxia,
which is associated with cerebral ischemia [4]. In
our study, we observed a decrease in the content of
HIF-1a in the blood both in discharged patients (by
2 times) and in dead patients (by 2.8 times) during
all periods of observation (Table 2). It is not yet clear
what mechanisms are responsible for the inhibition of
HIF-1a production in the acute period of stroke.

A decrease in the content of the apoptotic protein
p-53 by 3 times by the 3™ day of observation was also
noted in discharged patients and 8 times in the dead.
The concentration of HIF-1a was associated with the
level of p-53 in the blood serum of patients on the 10
day of observation (r = 0.999, p < 0.001). We observed
inhibition of apoptosis with a decrease in HIF-1a
in the blood, while in the literature, inhibition of
apoptosis is described with an increase in HIF-1a
expression [7].

Recently, cystatin C has been considered as a
biomarker of endothelial dysfunction in cerebro-
vascular pathology, as well as an adequate indicator
of the state of renal functions, including those with
normal renal function, but diagnosed with ischemic
stroke [6]. The content of cystatin C in patients with

IS is associated with the severity of stroke and its
consequences [8]. Cystatin C is a non-glycosylated
protein with a molecular weight of 13.4 kDa, an
inhibitor of cysteine proteinases, synthesized by all
cells containing nuclei, freely filtered through the
glomerular membrane, and completely metabolized
in the kidneys.

Wang Y. et al. (2019) in a meta-analysis that inclu-
ded nine studies involving 3773 patients with ischemic
stroke, showed an association between cystatin C and
the risk of ischemic stroke: it turned out that patients
with ischemic stroke had significantly higher serum
cystatin C concentrations compared with participants
without ischemic stroke.

Our results also demonstrated a more pronounced
increase in the level of cystatin C in the blood in
patients with an unfavorable outcome of ischemic
stroke (Table 2). On the 10th day of observation, a
relationship was found between the concentrations
of HIF-1a and cystatin C (r = 0.927; p < 0.001). In
all periods of observation of cerebral catastrophe, a
medium and strong correlation was noted between
cystatin C and creatinine and CRP levels. These
results may indicate dysfunction of endotheliocytes,
impaired glomerular filtration, inflammation asso-
ciated with hypoxia in IS.

At the same time, the feedback of HIF-1o with the
content of erythrocytes, hemoglobin and hematocrit
was observed (r = -0.648, p < 0.05; r = -0.586,
p <0.05; r=-0.579, p < 0.05 respectively), which can
be regarded as a reflection of the hemic component of
mixed hypoxia.

An experiment [ 12] showed that pro-inflammatory
cytokines, including IL-6, are involved in the
activation of HIF-1a in the rat hippocampus and
contribute to cerebral damage caused by transient
global ischemia. Xu S. et al., 2020 found that under
hypoxic conditions, IL-6 enhances the expression of

TABLE 2. BLOOD LEVELS OF HIF-1, p53, AND CYSTATIN C IN IS PATIENTS DISCHARGED AND DEAD

. . HIF-1a, p53, Cystatin C,
Patients with IS | Days after IS pg/mL E/mL mkg/mL
Comparison group 114 (44-116) 2.54 (1.08-4.06) 0.64 (0.62-1.17)
56 (47.5-67.0)
1 oo 1.16 (0.41-6.66) 0.87 (0.71-1.04)
Discharged 3 58.0 (48.0-66.0) 0.71 (0.31-3.95) 0.85 (0.76-1.02)
b = 0.040
52.0 (48.0-58.0)
10 o 0.5 (0.4-0.9) 1.0 (0.8-1.4)
42.0 (39.0-44.0)
1 o O ors 2.2 (1.8-2.5) 0.9 (0.9-1.1)
40.0 (40.0-40.0) ] 122 (1.18-1.42)
Dead 3 o 0.3 (0.29-0.31) o ooy
10 - 0.34 (0.34-0.34) 14 (1.3-1.6)

Note. p, significance of differences compared with data from the comparison group.
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TABLE 3. BLOOD LEVELS OF IL-6 AND CRP IN IS PATIENTS DISCHARGED AND DEAD

. . IL-6, CRP,
Patients with IS Days after IS pg/mL mglL
Comparison group 2.2 (2.0-2.7) 1.3 (1.0-4.8)
1 10.1 (4.6-29.4) 5.0 (3.1-18.0)
10.4 (2.7-30.1) 106 (4.4-25.9)
3 = 0.000 p = 0.007
Discharged P =0 p, = 0.000
13.9 (4.6-35.7) 12.9 (4.9-40.7)
10 p = 0.058 p =0.025
p, = 0.000 p, = 0.000
1 32.3 (24-180) 19.1 (10.6-44.8)
p, = 0.003 p = 0.000
84.7 (48.9-239.7) 130 (75.8-193.0)
Dead 3 p=0.011 b = 0.000
10 91.9 (64.6-117) 172 (165-195)
p = 0.003 p = 0.000

Note. p, significance of differences compared to data from the comparison group; p;, significance of differences between groups

discharged and dead.

HIF-1a through a signal protein and transcription
activator 3 (STAT3). In our study, an increase in the
content of IL-6 compared with the norm by 5-6 times
in discharged patients and by 14-42 times in patients
with alethal outcome was noted (Table 3). Although we
did not find a direct relationship between HIF-1o and
IL-6 concentrations, there was a correlation between
HIF-1a and CRP levels (r = 0.978; p < 0.001).
Previously, we showed [9] that in patients with IS,
an increase in the concentration of 1L-6 in the blood
preceded an increase in the concentration of CRP;
changes in indicators were interrelated and reflected
the severity of ischemic stroke. We can assume an
indirect effect of IL-6 on the level of HIF-1a in IS.
The content of HIF-la in the blood of all
patients with IS decreased upon admission to the
hospital and remained at the same level during 10
days of observation, but only on the 10th day was
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Figure 1. After treatment with the “Silativit-peptide” drug l_
Note. Scattered lymphocytic infiltration, vascular congestion, x200. _
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Figure 2. After treatment with the “Metrogyl Denta” drug
Note. Diffuse lymphocyte infiltration, formed connective tissue. x100. =CD8 ulgM
= CD16 mIgE
nCD25 wIL-8
CD95 = VEGF-A
= CD20 uMCP-1
nCD23 » TNFa
nlgG ® INFo
mlgA mPCT

Figure 1. Correlations of immunological parameters of blood in
intestinal obstruction in children

Figure 3. After treatment with the “Polyoxidonium” drug
Note. Focal mucosal necrosis, massive leucocytic infiltration, x200.
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