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Abstract. A search for new targeted therapeutic strategies based on examining immunopathogenetic mechanisms for emerging
co-infections is relevant and may further contribute not only to optimizing choice of immunotropic drugs, but also to achiev-
ing positive clinical and immunological remission for abnormal infectious processes. Previously, our studies found that re-
current viral-bacterial respiratory infections are associated with dysfunction of neutrophilic granulocytes (NG) with vary-
ing degree of intensity in altered effector properties. NG dysfunctions are often associated with diverse phenotypic profiles
characterized by varying density for expression level of functionally significant trigger receptors. The aim of the study was
to pinpoint phenotype transformation in CD64-CD32*CDI16*CD11b*, CD64"CD32*CD16"CDI11b* neutrophilic granulo-
cytes in experimental model of viral-bacterial infection in vitro. We examined 52 peripheral blood samples collected from
13 healthy adult volunteers. Viral, bacterial and virus-bacterial infection was modelled in vifro by incubating blood-derived cell
samples with formyl-methionyl-leucyl-phenylalanine (fMLP), double-stranded RNA (dsRNA) or in combination followed
by assessing changes in immunophenotyping of CD64-CD32"CDI16"CDI11b"NG, CD64"CD32°CD16"CDI11b"NG by using
using MAbs CD16-ECD, CD64-FITC, CD32-PE, CDI11b-PC5 conjugates (Beckman Coulter International SA, France).
It was demonstrated that NGs from healthy adult volunteers were dominated by CD64-CD32*CD16"CDI11b"NG as well as
minor subset CD64"CD32*CD16"CDI11b" NG varying in expression density of membrane molecules. Percentage of the minor
subset CD64"CD16"CD32"CD11b* NG was significantly increased after exposure with dSRNA, fMLP and dSRNA*fMLP
compared to untreated samples. Comparative analysis re vealed that various immunotropic agents differed in affecting expres-
sion of surface receptor molecules CD16, CD32 and unidirectional effects, but of varying magnitude altering CD11b marker
both in major and minor subsets. Preincubation with dsSRNA followed by adding fMLP allowed to find that they co-stimu-
lated expression of surface receptors in both NG subsets. We generated an experimental model of viral-bacterial co-infection
in vitro by using fMLP and dsRNA and observed types of phenotype transformation in CD64-CD32"*CD16*CDI11b* NG and
CD647CD32"CDI16"CDI11b" NG subsets. This model can be used to evaluate transformation of other NG subset phenotypes,
NG functional activity, features of NET formation as well as impact of various immunotropic agents on NG.
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PEMOZAEJIIMHI ®EHOTUMNA CYBNONYNALUIA HEATPODWUIIbHbIX TPAHYJIOLIUTOB
CD64-CD32CD16"CD11B*HI, CD64*CD32*CD16*CD11B*HI B CO34AHHOW DE NOVO
3KCMNEPUMEHTANIbHO MOJAEJIN BUPYCHO-BAKTEPUAJIbHOW UHOEKLIMK B CUCTEME
IN VITRO

Hecreposa N.B.2, Yyauaosa I'.A.2, Pycunosa T.B.2, ITasiaenko B.H.2, IOukesuu f1.A.2, Baposa H.K.2,
Tapakanos B.A.2

'DPIABOY BO Poccuiickuii ynusepcumem opyxucovl Hapodoe Munucmepcmea obpaszosanus u nayku Poccuu, Mockea, Poccus
2Prb0OY BO Kybanckuii eocydapcmeenilii meduyunckuii ynusepcumem Munzopaea Poccuu, e. Kpacnoodap, Poccus

Pestome. TTorick HOBBIX TapreTHBIX TEPANEBTUYECKUX CTPATETUI, 0a3UPYIONIUXCS HA U3YYEHUU UMMYHONATOTeHe-
TUYECKUX MEXaHU3MOB BO3HUKHOBEHU ST KOMH(MDEKIU, ABISIETCS aKTyaJIbHBIM U MOXET B TaJIbHEIIIIEM CIIOCOOCTBO-
BaTh HE TOJBKO ONTUMU3ALUU BEIOOPA UMMYHOTPOITHBIX JIEKADCTBEHHBIX CPEAICTB, HO U JOCTUXEHUIO MO3UTUBHON
KJIMHUKO-UMMYHOJIOTUYECKON PEMUCCUY HETUTTUYHO MPOTEKAIOIINX NH(MEKIIMOHHBIX MpoleccoB. PaHee Hamumu
HCCeNOBAaHUSMU OBIJIO YCTAHOBJIEHO, YTO BO3BPATHBIE BUPYCHO-0AaKTEepUAbHBIE PeCIUPATOPHbIE MHMEKIIUU ac-
COLMUPOBAHBI NUCHYHKUUAMU HEUTPOGUIbHBIX rpanHysonuToB (HI) ¢ pa3HOil cTeneHblo BBIPAKEHHOCTU HApy-
meHuit ux 3¢ @eKTopHbIX cBOKCTB. 3avactyto aucyHkiuu HI compsxeHbl ¢ pa3nuyHbIMU (HEHOTUNUYECKUMU
NpoOUISMU, XapaKTepU3YIOIIUMUCS PAa3HBIMU YPOBHSMU U TJIOTHOCTBIO (DYHKIIMOHAJBHO 3HAYUMBIX TPUITEP-
HBIX perienTopoB. Lleapto uccienoBaHus ObLJIO YTOUHEHME BApUAHTOB TpaHCchopMaluu HeHoTuna cyornonyasauui
CD64-CD32*CD16"CDI11b"HI, CD64"CD32*CD16*CDI11b"HI" B co3maHHOII 3KCIIEpUMEHTAIbHOW MOMAEIN BUPYC-
HO-0akTepuaibHON KouHdekuuu in vitro. ccaenoBano 52 obpasia nepudepryeckoit KpoBu 13 3M0poBBIX B3pOC-
JIbIX 10OpOBOJIBLEB B Bo3pacTe oT 21 go 32 net. [l BoCIpoU3BeieHU S YCIOBUM BUPYCHOM, OaKTepUaibHOU U BU-
pyCHO-0aKTepHaIbHOM MHMPEKIINY 00pa3ibl THKYOMpPOBaIN ¢ (POPMUII-MEeTHOHMII-TeHIII-dennaatanuH (FMLP),
npyxuenodeyHoit PHK (nuuPHK) u coBmecTHO, 3ateM ompenensiiv (eHOTUNUUECKUE XapaKTEPUCTUKHU CyOIomny-
mauuii CD64-CD32"CDI16"CDI1Ib"HI, CD64"CD32*CDI16"CDI11b*HI’ ¢ ucronb3oBanueM KoHbioraroB MKAT
CDI16-ECD, CD64-FITC, CD32-PE, CDI1b-PC5 (Beckman Coulter International S.A., ®panius). AHanIu3 1o0-
JIYUEHHBIX JaHHBIX MpoaeMOoHCTpupoBal, yTo HI 3mM0poBbIX B3pOCHbIX JHUI[ MPEACTABIECHBl MaXOPHOU CyOIrmomny-
nsammein CD64-CD16*CD32*CDI11b" HI' m MuHopHo# cy6ornionynsuueit CD64*CD167CD32*CD11b* HI' ¢ pasHoit
MJIOTHOCTbIO MeMOpaHHBIX MoJieKyJd. MuHopHast cybnonyisuuss CD64*CDI167CD32*CDI11b* HI' 3HaumTesbHO
yBeamuunack rmon nustaueM TUPHK, fMLP u muPHK + fMLP mo cpaBHeHHMIO ¢ MHTAaKTHBIME obOpasmamu. Cpas-
HUTEJbHBIN aHATU3 MOHOBIUSIHUS UMMYHOTPOMHBIX CYyOCTAHIMI MO3BOJMII BBISIBUTh UX pasHble 2PdEKTH B OT-
HOILIEHWU JeHCTBUS Ha MOBEPXHOCTHBIE perienTopHble MoieKyabl CD16, CD32 u ogHOHampaBIeHHbIe, HO pa3HOI
nHTeHcuBHOCTU Ha CD11b, Kak B MaxkOpHOI, TaK U B MUHOpHOI cyonionyasiuusx. [Mpennkyodauus ¢ niiPHK ¢ nocie-
nyromum godasneHreM fTMLP B rpyniie uccienoBaHus MO3BOIUIA BRISBUTH 3(D(PEKTH COBMECTHOTO CTUMYJIUPYIO-
1IETO BJAUSHUS CYOCTaHIIMII HA YPOBHU MOBEPXHOCTHBIX pelenTopoB obenx cyonomynsiuu HI. Hamu 6b11a co3nana
9KCIIEPUMEHTaJIbHAsl MOJIeNIb BUPYCHO-0aKTepraTbHOI KOMH(MEKIINU B cUCTeMe in vitro ¢ ucronb3oBaHuem fMLP
n 1uPHK wm ycraHoBIeHBI BapuaHThI TpaHcopManuu deHotumna cyononyasiuuii CD64-CD32*CDI16*CDI1b*HT
n CD64*CD32CD16"CDI11b"HI. [lanHast MOJeIb MOXET ObITh UCIIOIb30BaHA ISl OLEHKU BApUaHTOB TpaHChopMa-
uuu gpeHotumna apyrux cyornonyasuuit HI, uzyuenus dbynkuunonanbHoii aktuBHocty HI, ocobenHocTeit hopmupo-
BaHus NET, BausHusg Ha HI' pa3auyHbIX UMMYHOTPOIIHBIX CYOCTaHIIUIA.

Karouegvie caosa: HelimpoguabHble epanyroyumol, peHomun, cyononyaayus, KOUHGekyus, IKCnepumMenmanbHas mooens,
JMLP, ouPHK.

Introduction

An urgent problem of modern clinical immu-
nology is the creation of new technologies to re-
store the normal functioning of the immune system
in various infectious diseases of bacterial and viral
etiology, including mixed infections. The problem
of mixed infection in the modern world is recognized
as one of the most urgent, since so far this sixth part
of the world’s set has been affected by this combined
pathology [3, 22]. In recent years, in Russia there has
been an absolute and relative increase in the inci-
dence of children and adults with various infectious
diseases [6, 7]. It has been shown that many viral in-
fections cause a worsening of the course of the chron-
ic inflammatory processes of the respiratory tract

of bacterial etiology due to S. aureus, Str. pneumo-
niae |25, 26, 35, 37]. Viral-bacterial mixed infections
can significantly change the clinical picture of each
infection separately and lead to a more severe course
of diseases that are not amenable to standard therapy
methods [2, 18].

Neutrophilic granulocytes (NG) are multifunc-
tional cells that have a powerful protective anti-in-
fective effector potential and, in addition, carry out,
as a positive, and if necessary, negative regulation
of the innate and adaptive immune system [10, 30,
36]. On the other hand, under the influence of certain
viruses and/or bacteria, NGs can change their prop-
erties. In particular, NG hyperactivation that occurs
under the influence of pathogens leads to damage
to tissues and organs. At the same time, some viruses
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and bacteria can cause damage to NGs themselves,
which leads to the appearance of defects in their func-
tioning. In some cases, an acute viral infection can
cause neutropenia, functional, regulatory, and other
dysfunctions of NG, while cell damage can be either
mono or combined. The occurrence of defects in the
functioning of NG causes various complications,
and, first of all addition of bacterial infections [12].
Grunwell J.R. u et al. (2019) described neutrophil
dysfunctions in the respiratory tract in children with
acute respiratory failure arising from viral and bacte-
rial co-infections of the lower respiratory tract [23].

Previously, our studies found that immunocom-
promised children with recurrent viral and bacterial
respiratory respiratory infections associated with la-
tent and/or recurrent herpesvirus infections revealed
NG dysfunctions with varying degrees of severity
of their effector properties. These NG dysfunctions
were associated with various phenotypic NG profiles
characterized by different levels and expression den-
sities of functionally significant trigger receptors.

The full realization of the effector and regulatory
activity of NG is closely related to a certain group
of surface membrane proteins CD64, CD32, CD16,
CDl11b, which form a certain NG phenotype. FcyRs
activates endocytosis, phagocytosis, antibody-de-
pendent cell-mediated cytotoxicity (ADCC), the for-
mation of reactive oxygen species (ROS), an oxygen
explosion, the secretion of granular enzymatic and
non-enzymatic proteins, cytokines, and the forma-
tion of neutrophilic extracellular nets (NET) [10, 11,
12, 16, 31].

CD64 (FcyRI) — a high affinity receptor capable
of binding human IgGl1, IgG3 and IgG4 in mono-
meric form, is practically not expressed on the mem-
brane surface of unactivated NG blood in healthy
individuals [27]. CD64 is a marker for inflammatory
processes and infection [20, 21, 29, 38]. CD64 on ac-
tivated NGs binds to IgG, activates NADPH oxidase,
the formation of reactive oxygen species, which leads
to increased phagocytosis and the launch of ADCC
via an oxygen-mediated mechanism [15, 17].

The expression of the low affinity CD32 (FcyRI1a)
receptor for IgG on the NG membrane surface in re-
sponse to pathogens or cytokines triggers the Ca?*-
transit and signaling of tyrosine phosphorylation,
which leads to activation of NADPH oxidase com-
plex. In addition, CD32 mediates endocytosis, stim-
ulation of secretory activity, cytotoxic mechanisms
and immunomodulatory functions of NG [34, 39].

CDI6 (FcyRIIIb) is a low-affinity IgG recep-
tor responsible for the cytotoxic function of NG.
CDI16 is not a phagocytosis receptor, but the bind-
ing of FcyRIla to FcyRIIIb and the combina-
tion of CDI16 with IgG initiates signaling cascades
for ADCC, degranulation phagocytosis, oxygen burst
and proliferation [1, 24]. High expression of CDI16
molecules indicates an increased functional activ-
ity of NG. A decrease or absence of CDI16 on the

membrane surface of NG can indicate immaturity
of NG and/or “reverse differentiation” of NG, lead-
ing to a decrease in the total number of leukocytes,
up to leukopenia, which leads to tissue necrosis or
bacterial infection [1]. In addition, it was shown that
CDI16 molecules are shedding on the cytoplasmic
membrane of apoptotic NG [41]. At the same time,
it was shown that the CD16 receptor is able to func-
tion together with the CD11b/CD18 receptor and en-
hance FcyRII-mediated internalization.

CDI11b (Mac-1) is a neutrophilic surface antigen,
which is the o-subunit of the B2-integrin adhesion
molecule, a transmembrane heterodimeric NG re-
ceptor for the CR3b component of complement [19].
Neutrophilic CD11b is a marker of phagocytosis of ac-
tivated NG. CDI11b is stored in intracellular granules
and is additionally expressed on the surface of NG af-
ter activation, which promotes adhesion of NG to the
endothelium and transendothelial migration into tis-
sues — to the loci of inflammation. An increase in the
expression level of CD11b NG molecules is observed
in various infections [33]. In addition, Mac-1 is a sign-
aling partner for other receptors, such as the fMLP
receptor, LPS receptor (CDI4), and Fc receptors.
Mac-1 associated with the actin cytoskeleton of NG
and signaling proteins is able to regulate chemotaxis,
migration, adhesion, phagocytosis, respiratory burst
and NG degranulation. Impaired expression of CD11b
on NG violates the regulatory mechanisms of the im-
mune system. Blocking CD11b leads to a defect in the
activation of Fcy receptors and impaired phagocytic
function of NG [28, 32].

There is no doubt that the cooperation of various
receptors plays an important role in the implementa-
tion of the effector functions and regulatory mecha-
nisms of NG, the interaction of which can both en-
hance and weaken the effect of each other [8].

The search for new targeted therapeutic strategies
based on the study of immunopathogenetic mecha-
nisms of co-infections is relevant. The study of these
mechanisms can help optimize the choice of immu-
notropic drugs and achieve clinical and immuno-
logical remission of atypically occurring infectious
processes. In this regard, the development of exper-
imental model in vitro of viral-bacterial infections,
in which it would be possible to assess the reorgani-
zation of the above functionally significant NG re-
ceptors, is of particular relevance. Such an experi-
mental model, on the one hand, would allow reveal-
ing the features of the transformation of the receptor
apparatus; on the other hand, its development is nec-
essary to search for new immunotropic substances
for optimal methods for the correction of NG dys-
functions arising from viral-bacterial infections.

Aim: to evaluate the transformation of the phe-
notype of the subsets CD64-CD32*CD16*CDI11b",
CD64"CD32"CD16"CDI11b* neutrophilic granulo-
cytes in created de novo experimental model of viral-
bacterial infection in vitro.
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Materials and methods

We examined 52 samples of peripheral blood of 13
healthy adult volunteers (7 women, 6 men) aged 21
to 38 years old. To develop a new experimental mod-
el of viral-bacterial infection in vitro, 4 groups were
formed:

1. Comparison group 1 — intact NG;

2. Comparison group 2 — model of bacterial
infection (incubation of NG with fMLP — an
analogue of a bacterial pathogen);

3. Comparison group 3 — model of viral infection
(incubation of NG with dSRNA — an analogue
of a viral pathogen);

4. Study group — created de novo model of viral-
bacterial infection (incubation of NG with
dsRNA, and then with fMLP).

To create experimental conditions for viral in-
fection in vitro, we incubated samples with double-
stranded RNA (dsRNA). DsRNA is a key activator
of innate immunity in viral infections and is a pow-
erful inducer of interferons.

In order to reproduce the conditions of a bacterial
infection in vitro, we selected N-formyl-methionyl-
leucyl-phenylalanine (fMLP), which is a bacterial
pathogen and, according to various researchers, has
activating effects on NG. fMLP may be of exogenous
origin (bacteria tripeptide) or endogenous origin (lo-
calized in the mitochondria of human cells). fMLP
is one of the powerful chemotactic factors of NG,
which is able to bind to heterodimeric G-proteins —
cell surface receptors. fMLP activates signaling
pathways mediated by phosphatidinositol-specific
phospholipase C (PLC), phospholipase D (PLD),
phosphotidylinositol-3 kinase (PI13K), and mitogen-
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Figure 1. Characteristic of receptors
of CD64-CD16*CD32*CD11b* NG and
CD64'CD16*CD32°CD11b* NG subsets in healthy

adult subjects
Note. * — statistically significant differences, p < 0.05.

activated protein kinases (M APK) which leads to the
activation of phagocytosis, chemotaxis, reactive oxy-
gen species generation and release of microbicidal
molecules from NG granules.

The experimental study was carried out in several
stages:

Stage I — investigation the phenotype of subsets
CD64-CD32*CDI16"CDI1Ib*NG, CD64*CD32*CD16"
CDI11b*NG in comparison group 1 (intact NG);

Stage II — investigation phenotype of subsets CD32*
CD16*CD11b*NG, CD647CD32"CDI16"CDI1Ib*NG
in comparison group 2 after incubation samples with
fMLP (107 M) for 15 minutes at T 37°C;

Stage III — investigation the phenotype of sub-
sets CD32*CDI16"CDI11b"NG, CD64*CD32*CD16"
CDI11b*NG in comparison group 3 after incubation
samples with dSRNA (10-¢ g/1) for 30 minutes at
T 37°C;

Stage IV — investigation the phenotype of sub-
sets CD32*CDI16"CDI1b"NG, CD64*CD32*CDI16"
CDI11b*NG in study group in created de novo model
of viral-bacterial infection (after incubation samples
with dsRNA (10-¢ g/1) for 30 minutes at T 37°C, and
then with fMLP (107 M) for 15 minutes at T 37°C).

The transformation of the phenotype of NG sub-
sets under the influence of substances fMLP, dSRNA
and dsRNA + fMLP was evaluated by flow cytom-
etry (FC 500, Beckman Coulter, USA) using M Abs
conjugates CDI16-ECD, CD64-FITC, CD32-PE,
CDI11b-PC5 (Beckman Coulter International S.A.,
France). We determined the number (in %) of subsets
of CD32*CDI16"CDI1b*NG, CD64*CD32°CDI16"
CDI11b*NG and the intensity of expression of each
receptor (CD64, CD32, CD16, CDIl11b) according
to MFI.

Statistical processing of the obtained data was
carried out using computer programs Microsoft
Exel 2016 and StatPlus 2010 using nonparametric
Wilcoxon and Mann—Whitney tests. The results were
presented as the median (upper and lower quartile)
Me (Q1; Q3). Significance of differences was deter-
mined at p < 0.05.

Results

Data showed that NG in healthy adults is repre-
sented by a subset of CD64-CDI16"CD32"CDI11b*
NG in 96.1 (93.7; 97.2)% — major subset and a sub-
set CD64"CD16"CD32*CDI11b"™ NG in 0.2 (0.1;
1.9)% — minor subset; expression density of mem-
brane molecules of these subset is different. The sub-
set CD64"CD16*CD32"CDI11b* NG with CD64 re-
ceptor has a higher level of MFI CD16 — 30.4 (24.6;
36.0), CD32 — 5.32 (4.9; 6.3) and CDl11b — 67.2
(54.8; 71.1) (p; 55 < 0,05) (Fig. 1.).

Incubation of samples with fMLP (comparison
group 2) led to an 18-fold increase in CD64*CD16*
CD32"CDI11b" NG (p<0.05)andadecreasein CD64-
CD167CD32*CDI11b* NG (p > 0.05) (Fig. 2).
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The level of MFI CDI16 increased 1.4 times (p <
0.05) and CDl11b increased 3.3 times (p < 0.05) in the
major subset after incubation of samples with fMLP.
This indicates the readiness of NG healthy adults
to develop an adequate response to exogenous and
endogenous pathogens and various injuries. There
was no significant effect of fMLP on the MFIs of NG
receptors in the minor subset (Table).

Minor subset of CD64*CD16"CD32"CDI11b* NG
significantly increased by 20 times (p < 0.05) un-
der the influence of dSRNA in comparison group 3,
the levels of membrane receptors CD32 and CDI11b
were also higher than in comparison group 1 (p, <
0.05, p, < 0.05). Significant effects of dsSRNA influ-
ence on the CD64-CD16"CD32"CDI11b*NG subset
and levels of CD16 and CD32 molecules were absent;
the level of MFI CDI11b was 2 times higher compared
with comparison group 1 (p < 0.05) (Table).

Upon incubation with fMLP, the level of CD16 re-
ceptor increased statistically significantly in the sub-
set of CD64-CDI16"CD32*CD11b* NG (p < 0.05),
while the effect of dsSRNA showed a slight decrease
(p > 0.05). Incubation with dsRNA led to an increase
in the expression of the CD32 receptor by 1.5 times
on the NG subset of CD64"CD16"CD32*CDI11b*
(p <0.05) and 1.34 times on the NG subset of CD64-
CDI167CD32*CDI11b*NG (p > 0.05), while signifi-
cant effects of fMLP were absent.

Preincubation with dsRNA followed by the addi-
tion of fMLP in the study group revealed the effects
of a joint stimulating effect of substances on the MFI
levels of surface receptors of both subsets of NG.
The content of CD64"CD16"CD32"CDI11b" subsets

study group (dsRNA+fMLP)

comparison group 3 (dsRNA)

comparison group 2 (fMLP)

comparison group 1

|If

T
0 20 40 60 80 100
D CD64°CD16°CD32°CD11b'NG . CD64°CD16°CD32°CD11b'NG

Figure 2. Transformation of CD64-CD16"*CD32*CD11b*
and CD64°CD16"CD32*CD11b* neutrophilic
granulocytes subsets under the influence of fMLP

and dsRNA

Note. * — differences are significant compared with
comparison group 1, p < 0.05.

of NG (p < 0.05) significantly increased, the MFI
of all receptors also increased: CD64 by 1.1 times,
CD16 — 1.4 times, CD32 — 1.56 times, CDI11b
by 1.78 times (p, < 0.05; p, < 0.05; p; < 0.05; p, <
0.05) (Table, Fig. 2). The combined effect of both
substances did not change the content of CD64-
CD16*CD32*CDI11b* subsets of NG and led to an
increase in the expression density of CDI16 by 1.15
times, CD32 — 1.5 times, CD11b — 1.53 times (p, <
0.05; p, < 0.05; p; < 0.05) (Table).

A comparative analysis of the effect of immuno-
tropic substances revealed multidirectional effects
on the receptor molecules CD16, CD32 and the uni-

Table. The effect of fMLP and dsRNA on phenotype of CD64-CD16*CD32'CD11b* and
CD64'CD16"CD32'CD11b* neutrophilic granulocytes subsets in healthy adults in vitro, Me (Q1; Q3)

Fpynnbl CD64-CD16*CD32°CD11b*
Groups NG, % MFICD16 MFI CD32 MFICD11b
Comparison group 1 %1 22,3 3,5 28,9
P group (93.7;97,2) (18,3; 24,9) (3,09; 4,28) (19,5; 37,9)
. 915 305" 3.8 71,4
Comparison group 2 (fMLP) (90,0 95.7) (27,5; 36,9) (3,21: 5,1) (69,15; 98,3)
. 93.4 216" 47 57,9
Comparison group 3 (dsRNA) (91,7; 96,2) (19,1; 24.5) (2,97:6,3) (46,0; 65,3)
947 25,5% 5,044 73,2
Study group (dsRNA + fMLP) (94,7:96,2) (25,5: 34,8) (5,12:6,9) (73,2; 98,25)
Fpynnbi CD64'CD16'CD32'CD11b*
Groups NG, % MFI CD64 MFICD16 MFI CD32 MFICD11b
Comparison group 1 0,2 1.9 304 5,32 67,2
P group 0,1:1,9) (1,45; 2,09) (24.6; 36) (4,9:6,3) (54,8 71,1)
. 37" 2.26 31,3 6.1 79.8
Comparison group 2 (fMLP) (2,9,5,7) (1,8,24) (27,2,35,5) (5,1,7.0) (62,181.7)
_ 42" 215 226 8,2 87,7
Comparison group 3 (dsRNA) (2,9:57) (1,8;2,2) (19,5; 34,2) (7,34: 11,3) (85,3; 108)
3.85% 21" 40 7% 8,3"#e 119,09 %
Studygroup (dsRNA+TMLP) | (5 5. 5.66) (213,243 | 4065742 | (825103 | (1190;166)

Notes. * — the differences are significant compared with the comparison group 1, p < 0.05; " — differences are significant between comparison group 2
and comparison group 3, p < 0.05; #— differences are significant between the study group and the comparison group 2, p < 0.05; ¢ — differences are

significant between the study group and the comparison group 3, p < 0.05.
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directional effect on CDI11b, both in the major and
minor subsets (Fig. 3).

We identified a tendency to increase MFI CD32
in the study group in the major subset; the level
of MFI CDI11b increasing under the mono influence
of dsRNA or fMLP (p, < 0.05; p, < 0.05) remains at
the level of the effect induced by fMLP. In contrast,
the MFI CDI16 receptor is reduced in equipment
density, which is similar to the fMLP effect.

Sequential incubation with dsRNA and fMLP
caused statistically significant effects of an increase
in the number of CD16 and CD64, which was not es-
tablished with mono-influence of substances in a sub-
set of CD64"CDI16*CD32*CDI1b"NG. Noteworthy
are the higher levels of MFI CD32 and CDIl1b de-
tected by the combined effect of dsSRNA and fMLP
in the study group compared with the effects identified
in comparison group 3.

Discussion

NGs fight viral and bacterial infections through
the implementation of phagocytic activity, the abil-
ity to extracellularly degranulate enzymatic and non-
enzymatic proteins, exosomes, initiating the devel-
opment of a basic inflammatory response, forming
NET, producing reactive oxygen species, synthesiz-

ing and secreting pro- and anti-inflammatory cy-
tokines and, thus, regulate the work of both the innate
and adaptive immune systems. It has been shown that
there are subsets of NG with both pro-inflammatory
and anti-inflammatory properties. At the same time,
NGs are plastic and, depending on the conditions
in which they are (contact with various antigens,
change of cytokine background, hormonal effects,
etc.), can change the phenotype, acquiring new or
losing existing useful properties. In turn, various vi-
ruses and bacteria lead their struggle for survival and
can cause both quantitative and functional disorders
of NG: neutropenia, defects in phagocytic activity,
which leads to violations of their killing properties
and microbicidal activity, suppression of the produc-
tion of reactive oxygen species, depression of antivi-
ral and antibacterial activity, inability to form NET,
negative transformation of functionally significant
subsets, and etc. Defective functioning of NG leads
to the appearance of atypically occurring, not re-
sponding to the standard therapy of viral and bacte-
rial infections, as well as viral-bacterial mixed infec-
tions, which negatively affects their prognosis and
outcomes of diseases [4, 5, 10, 11, 14].

For the first time, we performed a comparative
analysis of the phenotype reorganization of two func-
tionally significant subsets of blood CD64-CD32*

Major subpopulation CD64-CD16*CD32°CD11b*NG
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Figure 3. Subset phenotype transformation under the influence of immunotropic substances in vitro
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CDI16"CDI11b*NG and CD64"CD32*CD16"CDI11b*
NG in models of viral infection, bacterial infection
and viral-bacterial co-infection.

The results demonstrate that in the peripheral
blood under physiological conditions the major subset
of CD64-CD32*CD16*CDI11b*NG predominates.
This subset is 96.1% and is characterized by moder-
ate expression of CD16, CD32, CD11b molecules and
very low level or complete absence of 64 molecules.
The minor subset is only 0.2%, has a CD64 receptor,
and higher expression levels of CD16, CD32, CD11b
than in the major subset. The data obtained suggest
that the major subsets are inherent in the properties
of the “watchful guard”, ready, if necessary, to re-
build and activate their potential. A minor subset,
circulating in a very small amount, is more active and
able to provide immediate protection.

The contact of a major subset of NG with a bac-
terial pathogen leads to an increase in the expres-
sion of molecules of CD16 and CDI11b on the surface
membrane. It is known that an increase in the expres-
sion of CD16 molecules indicates an increased func-
tional activity of NG [1, 24]. Therefore, an increase
in the expression density of CD16 on the NG mem-
brane promotes the launch of ADCC, an increase
in phagocytic activity, transmembrane degranula-
tion, production of reactive oxygen species, etc. It is
also known that a simultaneous increase in the ex-
pression of CD11b and CD16 molecules can enhance
CD32-mediated internalization.

The number of NG minor subsets of CD64"CD32*
CDI16"CDI1b* NG significantly increased from 0.2%
to 3.7% — by 18.5 times, due to the fact that about
4% of NG major subset, being in closed experimental
system, transformed into an activated minor subset
under the influence of the bacterial pathogen.

The high affinity CD64 receptor is practically not
expressed on the membrane surface of non-activated
NG in the blood in healthy individuals [27]. The ap-
pearance of the CD64 molecule on the NG mem-
brane has a direct connection with the activation
of cells by the bacterial antigen, followed by translo-
cation of this molecule from the granular apparatus
of the cell to the surface membrane of NG. It should
be noted that the level of membrane molecules
CDl1b, CDI16, CD32 in the minor subset did not
change under the influence of the bacterial pathogen
and remained at the level of comparison group 1.

After dsRNA exposure, the minor subset
of CD647CD32"CDI16"CDI1b* NG significantly
increased from 0.2% to 4.2% due to the fact that
the NG major subset reoriented into the activated
minor subset due to the translocation of the CD64
molecule from the cytoplasmic space to the surface
membrane. In addition, there was a significant in-
crease in the expression density of CD32 and CDI11b
receptors, and a decrease in CD16 molecules, which,
apparently, is associated with shedding of CD16 un-
der the influence of dsSRNA.

In the created model of viral-bacterial co-in-
fection obtained by sequential exposure to dsR-
NA and then fMLP, we revealed completely dif-
ferent profiles of phenotypic changes, both ma-
jor CD64-CD32*CDI16'CDIIb*™NG and minor
CD647CD32*CD16*CDI11b*NG subsets. Taking
into account the specific features of the phenotype
of the CD64-CD32"CD16"CDI11b"NG subset, it can
be concluded that this subset is more active in the
model of viral-bacterial infection than in other ex-
perimental models.

In the minor subset of CD64"CD32°CDI16"
CDI11b*NG under the influence of the bacterial
pathogen and dsRNA, we found a significant in-
crease in the number of NG expressing CD64 from
0.2% to 3.85% — 19.25 times. The expression den-
sity of CD32, CD16, CD11b molecules was the high-
est in the model of viral-bacterial infection, not only
in comparison with healthy individuals, but also
in comparison with the data obtained in the models
of viral and bacterial infection. The data obtained
suggest that the experimental model of viral-bacteri-
al infection has a superactivated phenotype of a mi-
nor subset with possible defective phagocytic and oxi-
dase microbicidal activity. Similar changes were pre-
viously discovered by J.R. Grunwell and colleagues
(2019) [23], who revealed the presence of NG dys-
functions in acute distress syndrome in children with
viral and bacterial co-infections of the lower respira-
tory tract. The NG of these patients had an increased
level of activation markers on the cytoplasmic mem-
brane, but paradoxical facts were established: a de-
crease in the ability of NG to kill bacteria in the re-
action of phagocytosis, a defective respiratory burst,
and impaired transmigration activity of NG.

In other words, a significant remodeling of the
phenotype of the CD64-CD32*CDI16*"CDI11b*NG
and CD64"CD32"CDI16*CDI11b" NG subsets in de
novo experimental model of viral-bacterial infection
in vitro was performed. Remodeling of the phenotype
of both the major and minor subsets was significantly
different from the changes obtained in both the viral
model and the bacterial infection model.

Conclusion

Thus, we reproduced models of bacterial in-
fection using fMLP, viral infection using dsRNA
and created a new model of viral-bacterial co-
infection in a comparative experimental study
in vitro. It was shown that functionally significant
subsets of NGs CD64-CD32*CD16*CDl11b* NG
and CD647CD32"CDI16"CD11b*NG respond differ-
ently to the mono- and combined effects of fMLP,
dsRNA substances. It was established that each
of the models is characterized by its own options
for reorienting the phenotype of subsets CD64-
CD32"CD16"CD11b*NG and CD64"CD32°CDI16"
CDI11b*NG. The most significant transforma-
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tion of the NG phenotype was obtained in a new
model of viral-bacterial co-infection: there was
an intense activation of the major subset CD64~
CD32*CD16*CDI11b*NG and overactivation of the
minor subset of CD64'CD32"CDI16"CDI11b*NG,
which may be associated with acquired defects in the
functioning of NG.

Created in vitro experimental model of viral-bacte-
rial co-infection can be used to evaluate the transfor-
mation of other subsets NG with different phenotype,
to study the features of the functional activity of NG,

to assess changes in their effector, secretory and regu-
latory functions, and the ability to form NET.

The model of viral-bacterial co-infection that
we developed can be used in immunopharmacology
to study the characteristics of the effect of immuno-
tropic substances on the NG phenotype. The data
obtained are promising for the development of new
targeted immunotherapeutic strategies for the cor-
rection of the negatively transformed phenotype
of defectively functioning subsets of NG in viral-
bacterial and other co-infections.
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