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ПЛЕОТРОПНЫЕ ИММУНОМОДУЛИРУЮЩИЕ  
ЭФФЕКТЫ ПЕПТИДА ARGINYL-ALPHA-ASPARTYL-
LYSYL-VALYL-TYROSYL-ARGININE НА РАЗЛИЧНЫЕ 
СУБПОПУЛЯЦИИ НЕЙТРОФИЛЬНЫХ ГРАНУЛОЦИТОВ 
И ИХ ФЕНОТИП У ПАЦИЕНТОВ С COVID-19 
В ЭКСПЕРИМЕНТАЛЬНОЙ СИСТЕМЕ IN VITRO
Городин В.Н., Матушкина В.А., Чапурина В.Н., Меняйло А.И., 
Ковалева С.В., Дыдышко Е.И.
ФГБОУ ВО «Кубанский государственный медицинский университет» Министерства здравоохранения РФ, 
г. Краснодар, Россия

Резюме. Ключевая роль нейтрофильных гранулоцитов (НГ) в патогенезе COVID-19 делает их но-
выми мишенями для таргетных терапевтических подходов с возможностью влияния на течение и ис-
ход болезни, восстановление негативных изменений фенотипа и функций НГ. Наиболее перспек-
тивными в лечении COVID-19 являются синтетические пептиды или полипептидные комплексы с 
физиологическим механизмом действия. Цель – выявить эффекты влияния гексапептида (ГП) – 
Arginyl-alpha-Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine на фенотип функционально-значимых субпопуля-
ций НГ при среднетяжелой форме COVID-19. 

Обследованы пациенты 61 (57-71) года (n = 45) в остром периоде COVID-19 – группа исследо-
вания 1 (ГИ1). Кровь пациентов ГИ1 инкубировали in vitro с ГП (106 г/л, 60 мин, Т 37 °С) – груп-
па исследования 2 (ГИ2). Оценивали количество НГ субпопуляций CD16+IFNα/βR1+CD119+,  
CD16+IFNα/βR1+CD119-, CD16+IFNα/βR1+CD119+, CD64-CD16+CD32+CD11b+, CD64+CD16+CD32+CD11b+  
и фенотип по интенсивности флюоресценции (MFI) (FC 500, Beckman Coulter, США); фагоцитарную 
активность НГ до и после инкубации с ГП. Группа сравнения (ГС) – 22 добровольца 58 (57-70) лет, 
обследованных в доковидный период. 

Выявлены однонаправленные эффекты ГП in vitro, способствующие восстановлению фенотипа 
субпопуляций CD16+IFNα/βR1-CD119+НГ и CD16+IFNα/βR1+CD119-НГ до показателей ГС. Пока-
зано снижение MFI СD16 (p < 0,05) в обеих субпопуляциях; MFI СD119 (p < 0,05) в субпопуляции 
CD16+IFNα/βR1-CD119+НГ и MFI IFNα/βR1 рецепторов в субпопуляции CD16+IFNα/βR1+CD119-НГ.  
Эффекты влияния ГП на фенотип субпопуляций CD16+IFNα/βR1+CD119+НГ в 76% случаев прояв-
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лялись снижением MFI CD16 (p < 0,05) и повышением MFI IFNα/βR1 и СD119 (p1, 2 < 0,05), а в 24% 
случаев уменьшением MFI IFNα/βR1 (p < 0,05). Под влиянием ГП in vitro установлено ремоделиро-
вание фенотипов субпопуляций НГ CD64-CD16+CD32+CD11b+ и CD64+CD16+CD32+CD11b+, отвеча-
ющих за эффекторные функции, от гиперактивированных до нормальных. Изменялся фенотип НГ в 
субпопуляции CD64-CD16+CD32+CD11b+ – отмечалось снижение MFI CD16 и CD11b до показателей 
ГС (p1, 2 < 0,05). Наблюдалась уменьшение количества CD64+CD16+CD32+CD11b+НГ, со сниженным 
MFI CD16 (p1, 2 > 0,05). Восстановление фенотипа НГ, трансформированного при COVID-19, под вли-
янием ГП приводило и к нормализации фагоцитарной функции.

Положительные эффекты влияния ГП in vitro на фенотипы субпопуляций, участвующих в проти-
вовирусной защите, и функции НГ при COVID-19 открывают перспективы для создания новых мето-
дов иммунотерапии с включением гексапептида для восстановления дисфункций НГ.

Ключевые слова: COVID-19, нейтрофильные гранулоциты, субпопуляции, фенотип, иммуномодуляция, гексапептид

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.I., 
Kovaleva S.V., Dydyshko E.I.
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 
group1 (SG1). In vitro, samples SG1 were incubated with HP (106 g/L, 60 min, 37 °C) – study group2 
(SG2). The number of NG subsets was evaluated: CD16+IFNα/βR1+CD119+, CD16+IFNα/βR1+CD119-,  
CD16+IFNα/βR1+CD119+, 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+IFNα/βR1-CD119+, CD16+IFNα/βR1+CD119- to CG indicators. There was a decrease 
in MFI CD16 (p < 0.05) in both subsets; MFI CD119 (p < 0.05) in the CD16+IFNα/βR1-CD119+NG 
subset, MFI IFNa/βR1 in the CD16+IFNα/βR1+CD119-NG subset. The effects of HP on the phenotype of  
CD16+IFNα/βR1+CD119+NG subsets in 76% of cases were manifested by a decrease in MFI CD16 (p < 0.05), an 
increase in MFI IFNα/βR1 and CD119 (p1, 2 < 0.05), and in 24% of cases a decrease in MFI IFNα/βR1 (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 CD11b to the indicators CG  
(p1, 2 < 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 

of new 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 TP5 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 Hexapep tide 

(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: 
IFNα/β (IFNAR1) and CD119 (IFNγ – 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 (FcγRI) 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 (FcγRII) 
is a low-affinity receptor takes part in activating the 
processes of phagocytosis and degranulation; CD16 
(FcγRIII) is a low-affinity receptor for degranulation, 
oxidative burst, phagocytosis activation; CD11b 
(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) (106g/L), 60 min, at 
37 °C – study group 2 (SG2).

The number of NG, % of subsets, was estimated:  
CD16+IFNα/βR1+CD119+, CD16+IFNα/βR1+CD119-,  
CD16+IFNα/βR1+CD119+, CD64-CD16+CD32+CD11b+,  
CD64+CD16+CD32+CD11b+ and phenotype accor-
ding to the expression density of membrane receptors 
(MFI) (FC 500, Beckman Coulter, USA); monoclonal 
antibodies (Mab): IFNαβR1-FITC, CD119-PE, 
CD16-ECD, CD64-FITC, CD32-PE, CD11b-PC5  
(Beckman Coulter International S.A., France); pha-
go cytic activity of NG in relation to S. aureus. The 
para meters 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 
(Q0.25-Q0.75). 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 I and II types cir-
culate in the peripheral blood of CG volunteers:  
CD16+IFNα/βR1-CD119+, CD16+IFNα/βR1+CD119-,  
CD16+IFNα/βR1+CD119+. It is shown that 
NG subset CD16+IFNα/βR1-CD119+ make 
up 93.7 (89.8-96.5) % with MFI expression 
density of CD16 – 39.8 (20.4-51.3) and CD119+ 
(IFNγ) – 2.8 (2.5-3.1), which determines the  
CD16midIFNα/βR1-CD119dim phenotype. The sub-
set of NG CD16+IFNα/βR1+CD119-, not expres-
sing the IFNγ receptor, was 1.4 (0.5-2.3) % with an 
expression density according to MFI IFNα/βR1  
of 3.4 (2.6-4.1) and MFI CD16 – 39.9 (22.9-54.5) 
with CD16midIFNα/βR1dimCD119- phenotype. 
The CD16+IFNα/βR1+CD119+ NG subset simul-
taneously expressing IFNα/β and IFNγ receptors 
accounted for only 0.9 (0.4-1.8) % of NG, but had 
higher MFI values of IFNα/βR1 (p > 0.05) and 
MFI CD119 (p > 0.05), which was reflected by the  
CD16midIFNα/βR1midCD119mid (Table 1).

In SG1 with a moderate form of COVID-19, 
in 76% of cases (SG1a, 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 
CD16 in all subsets (p1-3 < 0.05), MFI CD119 
was 1.3 times increasing (p < 0.05) in the subset 
CD16+IFNα/βR1-CD119+NG, MFI IFNα/βR1 was  
1.8 times increasing in the CD16+IFNα/βR1+CD119-NG  
(p < 0.05) and 1.6 times increasing in the 
CD16+IFNα/βR1+CD119+NG (p < 0.05) (Table 1). 
The identified changes are characterized by  
the phenotypes CD16brightIFNα/βR1-CD119midNG,  
C D 1 6 b r i g h t I F N α / β R 1 m i d C D 1 1 9 - N G ,  
CD16brightIFNα/βR1brightCD119midNG. At the same 
time, in 24% of cases in SG1b (n = 9) there was a 63 
times increasing in the content of subset of neutrophilic 
granulocytes in the CD16+IFNα/βR1+CD119-  
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 SG1а  
(p1, 2 < 0.05) and 15 times reduction in NG subset in the 
CD16+IFNα/βR1+CD119- with phenotype transfor-
mation in the CD16brightIFNα/βR1-CD119midNG 
subset, similar to that observed in SG1a, and 
CD16brightIFNα/βR1brightCD119-NG with a 3 times 
(p < 0.05) increasing in MFI IFNα/βR1 (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 modula ting 
effects that contributed to the restoration of the pheno-
type of 2 subsets: CD16midIFNα/βR1-CD119dimNG,  
CD16midIFNα/βR1dimCD119-NG. A decrease in both 
SG2a and SG2b expression density by MFI CD16  
(p1, 2 < 0.05) was shown in both subsets; MFI СD119 
(p1, 2 < 0.05) in subset CD16+IFNα/βR1-CD119+NG  
and MFI IFNα/βR1 receptors in subset  
CD16+IFNα/βR1+CD119-NG to comparison 
group values (CG) (p1, 2 > 0.05) (Table 1). The 
effects of HP in SG2a on the phenotype of  
CD16+IFNα/βR1+CD119+NG subsets are consisted 
in a decrease in MFI CD16 (p < 0.05) and an increase 
in MFI IFNα/βR1 and MFI СD119 (p1, 2 < 0.05) – 
CD16midIFNα/βR1brightCD119bright. At the same 
time, SG2b is showed a decrease in MFI IFNα/βR1 
(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 SG1a in patients with COVID-19 
(р > 0.05) – CD16brightIFNα/βR1dimCD119mid (Table 1). 
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Testing in the CG, the number of NG  
(%) subsets:  CD64-CD16+CD32+CD11b+, 
CD64+CD16+CD32+CD11b+ it was shown that 
the СD64-CD16+CD32+CD11b NG subset 
is major and amounts to 94.4 (89.7-95.9) %, 
has the CD64-CD16dimCD32dimCD11bmid NG 
phenotype determined by the density of receptor 
expression: low MFI CD16 and MFI CD32 and 
medium MFI CD11b (Table 2). Also, a subset of 
СD64+CD16+CD32+CD11b+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 – CD64midCD16dimCD32dimCD11bmid 
pheno type (Table 2).

There is a 5 times increase (p < 0.05) of NG of the 
CD64+CD16+CD32+CD11b+ sub set with a trans for-
med phenotype – CD64midCD16brightCD32midCD11bbright  

versus CD64midCD16dimCD32midCD11bmid 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) и CD11b 
-39.3 (39.1-41.1) (p1, 2 < 0.05), which indicates 
negative hyperactivation of NG. The number of NG 
subset CD64-CD16+CD32+CD11b+ did not change 
(p > 0.05), but an altered phenotype was deter-

TABLE 1. EFFECTS OF HEXAPEPTIDE INFLUENCE ON THE CONTENT AND PHENOTYPE OF SUBSETS OF NEUTROPHILIC 
GRANULOCYTES EXPRESSING RECEPTORS FOR IFN TYPES I AND II IN PATIENTS WITH MODERATE COVID-19, 
Me (Q0.25-Q0.75)

Indicators Comparison 
group (CG)

Moderate form of COVID-19

Study group 1 (SG1)
before incubation with HP

Study group 2 (SG2)
after incubation with HP

SG1a, n = 36 SG1b, n = 9 SG2а, n = 36 SG2b, 
n = 9

CD16+IFNαα/ββR1-CD119+NG

NG,% 93.7
(89.8-96.5)

95.6
(92.0-98.2)

15.8* ^
(14.8-16.5)

94.9
(93.0-97.0)

16.8* ♦
(16.6-17.0)

MFI CD16 39.8
(20.4-51.3)

79.0*
(59.2-91.4)

67.5*
(53.2-79.7)

24.8#

(20.9-32.1)
13.7♦

(8.3-17.4)

MFI CD119 2.8
(2.5-3.1)

3.6*
(3.3-4.3)

3.4*
(3.2-3.6)

2.0#

(2.3-4.2)
6.6* ♦

(5.9-7.4)

CD16+ IFNαα/ββR1+CD119-NG

NG,% 1.4
(0.5-2.4)

1.2
(0.6-1.9)

88.9* ^
(81.7-92.7)

2.2
(1.4-4.0)

82.1* ♦
(32.4-90.1)

MFI CD16 39.9
(22.9-54.5)

74.8*
(59.6-109.0)

66.5*
(55.9-79.6)

24.8#

(20.2-32.1)
68.7*

(52.5-73.8)

MFI IFNαα/ββ 3.4
(2.6-4.1)

6.1*
(5.0-18.1)

11.22*
(7.7-16.1)

3.7^
(2.6-5.0)

3.8
(2.3-5.1)

CD16+IFNαα/ββR1+CD119+NG

NG,% 1.0
(0.4-1.8)

2.8
(1.5-3.0)

0.9
(0.8-2.3)

0.4 
(0.2-0.5)

2.6
(1.7-7.6)

MFI CD16 39.1
(26.6-50.3)

77.5*
(59.1-109.0)

66.5*
(51.9-79.6)

40.3 
(35.0-48.0)

80.5
(63.8-107.0)

MFI IFNαα/ββ 5.7
(4.6-6.5)

9.2*
(7.8-12.0)

3.4* ^
(3.1-3.6)

13.7*
(8.3-17.4)

1.72* ♦
(1.58-1.86)

MFI CD119 3.2
(2.9-5.8)

2.5
(1.7-9.0)

3.7
(2.5-5.0)

6.6*
(5.9-7.4)

7.7 
(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; ♦, significant differences in SG1b 
values before and after incubation with hexapeptide, p < 0.05



820

Gorodin V.N. et al.
Городин В.Н. и др.

Medical Immunology (Russia)/Meditsinskaya Immunologiya
Медицинская Иммунология

TABLE 2. EFFECTS OF HEXAPEPTIDE (HP) INFLUENCE ON THE CONTENT AND PHENOTYPE OF СD64-CD16+CD32+CD11b+ 

AND СD64+CD16+CD32+CD11b+ SUBSETS OF NEUTROPHILIC GRANULOCYTES IN PATIENTS WITH MODERATE COVID-19, 
Me (Q0.25-Q0.75)

Indicators Comparison Group (CG)
n = 22

Moderate form of COVID-19
n = 45

SG1
before incubation with HP

SG2
after incubation 

with HP

СD64-СD16+CD32+CD11b+NG

NG,% 94.4
(89.7-95.9)

96.2
(90.5-97.8)

92.7
(84.5-93.1)

MFI CD16 33.6
(30.0-44.3)

79.4*
(64.9-87.6)

57.7* ♦
(54.7-60.0)

MFI CD32 2.7
(2.2-3.1)

2.7
(2.3-3.5)

4.7* ♦
(3.9-5.2)

MFI CD11b 32.3
(24.1-38.4)

19.3*
(16.1-26.1)

26.8*
(25.7-27.6)

СD64+СD16+CD32+CD11b+NG

NG,% 1.2
(0.7-2.7)

5.8*
(4.2-10.6)

2.7
(1.7-6.5)

MFI CD64 6.1
(3.3-9.9)

3.1
(2.1-6.6)

10.7
(5.7-14.7)

MFI CD16 28.4
(13.8-56.1)

67.2
(44.4-84.4)

15.2
(11.6-26.6)

MFI CD32 3.7
(3.1-4.2)

4.5*
(4.4-6.8)

6.2
(4.9-11.1)

MFI CD11b 31.1
(24.2-38.2)

39.3*
(39.1-41.1)

29.2
(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.

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

*

*
*

*
*

*#

*##
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mined CD64-CD16brightCD32dimCD11bdim NG versus  
CD64-CD16dimCD32dimCD11bmid NG in comparison 
group (CG) 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 (%) (р1-3 < 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 CD64+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) 
CD64brightCD16dimCD32midCD11bbright. 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 (p1-3 < 0.05) to the 
values of CG – CD64-CD16midCD32midCD11bmidNG. 
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). 

Conclusion
Thus, a positive effect of the Arginyl-alpha-

Aspartyl-Lysyl-Valyl-Tyrosyl-Arginine peptide on 
the phenotypes of functionally significant subsets 
actively involved in antiviral protection and on 
the function of NG in moderate COVID-19 
was shown in vitro. Unidirectional modulating 
effects were revealed that contributed to the res-
toration of the phenotype of regulatory subsets  
CD16+IFNα/βR1-CD119+, CD16+IFNα/βR1+CD119-,  
expressing receptors for IFN I II types to the indi-
cators of the comparison group. Subset pheno type 
remodeling noted CD64-CD16+CD32+CD11b+ NG,  

CD64+CD16+CD32+CD11b+ NG ensure the use-
ful ness of effector functions from hyperactivated to 
normal, which is confirmed by the restoration of the 
defective phagocytic activity of NG. The data obtained 
open up prospects for the creation of new methods 
of immunomodulatory therapy for the restoration of 
NG dysfunctions in COVID-19 with the inclusion of 
the hexapeptide Arginyl-alpha-Aspartyl-Lysyl-Valyl-
Tyrosyl-Arginine, which is the active ingredient of a 
Russian registered medicinal product.
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