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MNJEOTPOMNHbIE UMMYHOMOAYJIUPYIOLLUE
SPDEKTbI NENTUOA ARGINYL-ALPHA-ASPARTYL-
LYSYL-VALYL-TYROSYL-ARGININE HA PA3JIMYHbIE
cysnonynauum HEATPOOUJIbHbIX FTPAHYJIOLIUTOB
U UX PEHOTUN Y MALUEHTOB C COVID-19

B 9KCMEPUMEHTAJIbHON CUCTEME IN VITRO

I'opoaun B.H., Marymkuna B.A., Yanypuna B.H., Meunsaiiio A.JI.,
Rosanena C.B., Ibiasimko EJI.

DI'bOY BO «Kybanckuii eocydapcmeeniblii meduyunckuil ynugepcumem» Munucmepcmea 30pagooxpatnenus: PO,
2. Kpacnooap, Poccus

Pesiome. KitoueBast posib HeitTpouabHbix rpanyaouuToB (HI') B matoreHeze COVID-19 nenaet ux Ho-
BBIMM MUIIIEHSIMU TSI TAPTETHBIX TePATIeBTUYECKUX IMOIXOIOB C BOBMOXKHOCTBIO BIMSIHUS Ha TeYeHWE 1 UC-
xod 00JIE3HU, BOCCTAHOBJIEHE HEraTUBHBIX U3MeHeHUuil peHoTumna u ¢pyHkuuii HI. Haubonee nepcrnex-
TUBHBIMU B JiedeHUM COVID-19 gaBasitoTcsi CUHTeTUYECKME MENTUIbl WU TTOJUIIENTUAHbIE KOMITJIEKCHI C
Gbu3noNOrnyecKuM MexaHusMoM aeictBusi. Lleab — BoIsIBUTH addekThl BaussHus rekcanentuaa (I'TI) —
Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine Ha (¢peHOTUIT (PYHKIIMOHAIBHO-3HAYUMBIX CYOITOMYJIsi-
nuit HI' npu cpenneTtsxenoit dopme COVID-19.

O6caenoBaHbl maueHTHI 61 (57-71) romga (n = 45) B octpom nieprone COVID-19 — rpymma mucciemo-
Banust 1 ('M1). KpoBp manmentoB I'M1 uukyouposanu in vitro ¢ I'Tl (10° v/n, 60 mun, T 37 °C) — rpyn-
na ucciaenoBanust 2 (I'M2). OuenuBanu xommdectBo HI cyoromymsumit CDI16'1FNo/BR11CD1197,
CDI16IFNa/BR17CD119, CD16"IFNa/BR17CD119*, CD64-CD16*CD32*CD11b*, CD64*CD16*CD32*CD11b*
u peHoTur 1o uHTeHcuBHocTU proopecueHuuun (MFI) (FC 500, Beckman Coulter, CIIIA); ¢parouutapHyio
aktuBHOCTb HI 1o n mocne nukyo6amuu ¢ I'Tl. Ipynna cpaBHeHus (I'C) — 22 no6poBoJibla 58 (57-70) ner,
00CIeIOBaHHBIX B JOKOBUIHBIN TIEPUO]I.

BrisiBnensl omHoHarnpasieHHble 3ddexTrl Tl in vifro, cnocodCcTByIOIME BOCCTAHOBICHUIO (heHOoTUIa
cyoromrysstiinii CD1671FNa/BR1-CD119"HT u CD16" 1FNo/BR1*CD119-HI' no nmokasaresneit I'C. IMoka-
3aHo cHmkenue MFI CDI16 (p < 0,05) B o6enx cyoronyisiuusix; MFI CD119 (p < 0,05) B cyonomysiiiumn
CD16'1FNa/BR1-CD119*HT u MFI IFNa/BR1 penenitopoB B cyornomyssitimun CD16*IFNa/BR1*CD119-HIL
Bddexrtor Brusaus I'Tl Ha denorun cyoronyisumniit CD16' 1FNo/BR1TCD119"HI B 76% ciydaeB nposiB-
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ssuch cHkeHueM MFI CD16 (p < 0,05) u nossiiennem MFI IFNo/BR1 u CD119 (p, , < 0,05), a B 24%
ciyuyaeB ymeHbieHueM MFI IFNo/BR1 (p < 0,05). IMoxa Bausinuem I'T1 in vitro yctaHOBJIEHO peMoaeIupo-
BaHue peHoTuIroB cyononyisauuit HI' CD64-CD16"CD32"CD11b"u CD64"CD16"CD32"CDI11b*, orBeya-
oImx 3a apdeKkTopHbIe (GYHKIIMN, OT TUIICPAaKTUBUPOBAHHBIX 10 HOpMaJIbHBIX. M3meHsics ¢penorun HI B
cyonomnysinun CD64-CD167CD32*CD11b* — ormeuanoch cuukenrne MFI CD16 u CD11b no noka3saresneii
I'C (p,,, < 0,05). Habmonanace ymenbieHue konuuectsa CD64*CD16"CD32*CD11b"HI, co cHUXeHHbIM
MFICDI16 (p, , > 0,05). Boccranosnenue deHoruna HI, rpancdopmuposanHoro npu COVID-19, noa Biu-
saaueM I'TI mpyuBoaMIIO M K HOpMaIu3auu parouuTapHoi pyHKIH.

IMomoxutenphbie 3 dexTsl Busaus 11 in vitro Ha (GeHOTUTIBI CYOIIOITYISIINA, YIACTBYIOIINUX B IIPOTH-
BoBuUpycHoIi 3amuTe, U pyHkuuu HI' mpu COVID-19 oTKpbIBalOT NMEPCIIEKTUBDI 151 CO3aHUsI HOBBIX METO-
JIOB UMMYHOTEPAITUH C BKITIOUEHUEM TeKcalleTITUAA IJIsT BocCTaHOBIIeHUs nucdyHknmii HT.

Karouegwie crosa: COVID- 19, netimpogunvhoie epanyirouumst, cy6nonyaayuu, oeHomun, UmMmyHOMOoOYAAYUs, 2eKcanenmuo

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"IFNao/BR17CD119%, CD16*IFNa/BR1*CD119-,
CDI16"IFNo/BRI1TCDI119%, 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 TPS5 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*IFNa/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): IFNoaBRI-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/BRI-CD119", CD16"IFNo/BR17CDI119,
CDI16"IFNo/BRITCDI119*. It is shown that
NG  subset CDI6"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/BR1TCD119-, 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™[FNa/BR14mCD119- phenotype.
The CDI16"IFNo/BR17CD119" NG subset simul-
taneously expressing IFNa/pf and IFNy receptors
accounted for only 0.9 (0.4-1.8) % of NG, but had
higher MFI values of IFNo/BRI (p > 0.05) and
MFI CD119 (p > 0.05), which was reflected by the
CDI16™IFNo/BR1m¢CD119™¢ (Table 1).

In SGI1 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/BR1"CD119°NG
(p < 0.05) and 1.6 times increasing in the
CDI16*'IFNo/BRI1TCD119*NG (p < 0.05) (Table 1).
The identified changes are characterized by
the phenotypes CD16" & [FNo/BR1-CD119™¢NG,
CD16°Et[FNa/BRI™MCDI119-NG,
CDI16* " [FNa/BR1EMCD119mING. 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/BR1TCD119-
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 CDI16&"[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
(p1., < 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 IFNo/BR1 and MFI CD119 (p, , < 0.05) —
CD16™IFNo/BR1bEMCD119%ent, At the same
time, SG2b is showed a decrease in MFI IFNa/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 Il 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 . . . . - .
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* +
70 (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* IFNa/BR1°CD119°NG
NG9 1.4 1.2 88.9% A 22 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 38
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 IFNo/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" 77
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: CD64CDI16"CD32*CDI11b",
CD64*CD16"CD32*CDI11b* it was shown that
the CD64 CDI16"CD32*CD11b NG  subset
is major and amounts to 94.4 (89.7-95.9) %,
has the CD64 CD16%mCD32¢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" CD32mdCD 1bbrieht
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 (Qq5-Qq75)
Moderate form of COVID-19
. n=45
Indicators Compans:z gzroup (CG) 502
- SG1 . .
. - . after incubation
before incubation with HP with HP
CD64 CD16"CD32*CD11b*NG
94.4 96.2 92.7
o,
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
28.4 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.

=®=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-CD16Ye"CD32¢mCD11b%™ NG versus
CD64-CD164mCD324mCD11b™¢ 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 CD647"CD16"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*CD169mCD32mdCD11be", The receptor
equipment of NG in the main subset has changed
CD64CD16"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-CD16m4CD32™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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