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ABSTRACT

Background. Many studies have shown that neutrophil extracellular traps (NETs) in the form of web-like structures
are present in the peripheral blood of patients with inflammatory diseases. In our research, in addition to traditional
web-like NET structures, several anomalous forms were identified, including NETs with cloud-like appearance.

Aim. To investigate morphological and functional transformation of NETs under the influence of Klebsiella
pneumoniae and immunoglobulin G (IgG).

Materials and methods. The study included 42 patients of Moscow City Clinical Hospital No. 51: 28 patients
with acute inflammation in the abdominal cavity (appendicitis, cholecystitis, pancreatitis, peritonitis), 6 patients
diagnosed with ulcerative colitis, and 8 patients with hernias. Neutrophils were isolated using gradient-density
centrifugation. To calculate NETs, we used SYBR Green I-induced fluorescence microscopy (Evrogen, Russia),
with the dye specifically interacting with double-stranded DNA. The functional activity of NETs was determined
in the Klebsiella pneumoniae (ATCC 700603) capture test.

Results. In patients with inflammatory diseases of the abdominal cavity in the postoperative period, the functional
activity of NETs was several times lower than in healthy individuals. NETs in these patients capture and bind
no more than 20 cells of the microorganism. Under the effect of IgG, neutrophil networks transform into loose
cloud-like structures, which can hardly capture and bind the pathogen, binding only 8.46 + 0.44 cells of the
microorganism. Spontaneous enzymatic degradation of cloud like NETs may be accompanied by the production of
secondary alteration factors.

Conclusion. The results of the study provide the grounds for the development of new approaches to elaborating
vaccination regimens and using immunobiologics that require preliminary monitoring of the state of innate
immunity, in particular, neutrophil networks in the patient’s body.
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TpaHcdopmauma HemTPpoPMNbHBbIX ceTel NoA BINAHNEM NaTOreHoB

N MMMYHOTrno6ynuHoB Knacca G

Kasumupckun A.H., Canmacu XK.M., Mopapux I'.B., MannHa M.U., Kum A.3.,
Poroxxuna J1.C.

Poccutickuii HayuonanvHvll uccredosamenvcekutl meouyurckul yrusepcumem (PHUMY) um. H.U. TTupozosa

Poccus, 117997, e. Mockea, ynr. Ocmposumsanosa, 1

PE3IOME

BBenenune. VccnenoBaHust MHOTUX aBTOPOB IOKA3aJIH, YTO B epU(EpHIECcKOi KPOBH ALIUEHTOB C BOCHATINUTEIb-
HbIMH 3a00JICBaHUSIMI PUCYTCTBYIOT HeliTpoduibHble skcTpakiaerounsle goBymku (HOJI, NETs) B mopdoio-
ruyeckoil popme HEHTPOGUIBHBIX ceTeil. B HalmmMx uccaenoBaHUsX IIOMUMO TPAJIMIMOHHOM cTpykTypsl HOJI B
BHJI€ HEUTPO(UIBHBIX ceTel ObLIM BBISABICHBI HEKOTOPbIE aHOMaJbHbIE (OPMBI, B TOM YHCIIE U ByaleoOpasHbIe
¢dopmbr HOJL.

Hens. Vccnenosanne mophodynkimonansaoi Tpancdopmarmu HOJI non snusauem Klebsiella pneumoniae n
uMmyHornooynuHoB kinacca G (IgG).

Marepuajbl 1 MeToabl. B nccnenosanme BkiroueHs! 42 60pHBIX 51-11 KB 1. MockBBI: 28 — ¢ OCTpBIMU BOCIIa-
JIUTETBHBIME MIPOIIECCAMH B OPIOIIHOM MOJIOCTH (aNMEeHANINT, XOISIUCTHT, TAHKPEATHT, IEPHUTOHHT), IIECTh — C
JIMaTHO30M «SI3BEHHBIH KOJUT», BOCEMb — C TpbhkaMu. HeHTpoduiisl BeIAESANN, HCIONB3YS TPAANCHTHOE IEHTPHU-
¢dyruposanue. s nmogcuera HOJI ucnonp3oBam (iryopeceHTHY0 MUKpockonmio ¢ kpacureneM SYBR Green
(BAO «EBporen», Poccus), ciennduano B3aumoaeicTByromero ¢ apyxuenodeynoit JJHK. @yHKmoHambHYIO aK-
tuBHOCTh HOJI onpenensimu B Tecte ¢ 3axBatoM Klebsiella pneumoniae (ATCC 700603).

Pe3ynbTaThl. Y OONBHBIX C BOCTIANUTENBHBIMHI 3a007€BaHUSAMHU OPIOIIHOM TOJOCTH B ITOCIEONEPALIHOHHOM IIe-
puone GpyHKuHOHaNbHas akTHBHOCTE HOJI ocnabieHa mo cpaBHEHHIO CO 3710POBBIMU B HECKOJIbKO pa3. Helpo-
(UIIBHBIE SKCTPAKIETOYHBIC JIOBYIIKH Y 3TUX OOJIBHBIX 3aXBATHIBAIOT U CBSI3BIBAIOT He Oosiee 20 KIETOK MUKPOOD-
rann3ma. [lox Biansauem IgG HeHTpouIbHBIE CETH NPEBPALIAIOTCS B PHIXJIbIE ByaleoOpasHble CTPYKTYpPhl. OTH
HEeHTpODMIbHBIE CTPYKTYPBI 00J1a1a10T OYEeHb CJIa00H CIOCOOHOCTBIO K 3aXBaTy M CBA3BIBAHHIO N1ATOT€HA, COCIIH-
usist 8,46 + 0,44 kierok Mukpooprannsma. CrionTaHHas pepMeHTaTHBHAS AeTpafaliys HeHTPOPUIIBHBIX «Byasei»
MOKET COMPOBOXKIATHCSA MPOAYKIUEH (pakTOPOB BTOPHUHON allbTepaliuy.

3akoueHne. Pe3ybTaThl HCCIIEIO0BAHMS CO3/IAIOT NPEAIOCHUIKH JUTsl (POPMHUPOBAHHS HOBBIX HOJIXOJOB K pa3pa-
00TKe Pe)KMMOB BaKIMHALIMU U IPUMEHEHUS] IMMYHOOHOJIOTHYECKHX TPENapaToB, TPEOYIOMNX HPeIBAPUTENHLHOTO
KOHTPOJISI COCTOSIHHSL BPO)KACHHOTO MMMYHHTETA, B YaCTHOCTH, HEHTPO(DHIIBHBIX CETeil B OpraHn3Me MalueHToB.

KiroueBble ciioBa: HeHTPODHUIBHBIC SKCTPAKICTOYHBIE JIOBYIIKH, HEUTPO(DHUIBHBIE CETH, HEHTPO(DHUIBLHBIC ByallH,
BOCHajeHue, QyHKIMOHAIbHAS akTUBHOCTE HOJI, BakuHanust, TeyeHne IMMYHOOHOIOTHIECKIMH MIPenapaTaMu

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIlPIeI>i HaCTOSIU.[efI CTaTbu.

HcTounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIISIOT 00 OTCYTCTBHM ()HHAHCHPOBAHUS IPH MPOBEICHHN HUCCIEN0-
BaHMSI.

CooTBeTcTBHE NPHHIMIIAM 3THKH. Bee yyacTHHKHM MccneoBaHus MOANHCaTH HHQOPMUPOBAHHOE COTIacHe Ha
ydacTue B uccienoBanuu. Vccnenoanue onoopeno stnaeckuMm komuretom PHUMY um. H.U. ITuporosa (mpoto-
kox Ne 203 ot 21.12.2021).

Ja nuruposanus: Kasumupckuit A.-H., Canmacu XX.M., Ilopsaun I'.B., [lanuna M.U., Kum A.D., Poroxu-
Ha JI.C. Tpancdopmaryss HEHTPODUIBHEIX CeTel MO BIMSHHEM IaTOTeHOB M MMMYHOITIOOYIHHOB Kiacca G.
bBronnemens cubupckoii meouyunwvt. 2024;23(4):22-30. https://doi.org/10.20538/1682-0363-2024-4-22-30.

INTRODUCTION

Components of innate immunity and, in
particular, neutrophils form the first line of defense
against various foreign agents (viral, bacterial, etc.)
invading the human body. Numerous studies have

shown that the protective function of neutrophils is
implemented through the formation of neutrophil
extracellular traps (NETs). The NET formation is
an effective mechanism for combating invading
microorganisms, and the lack of NET formation
or hydrolysis of the main NET nucleotide chain by
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bacterial DNases makes the human body susceptible
to infections [1].

NETs are a form of reaction of pre-activated
neutrophils to interactions with host cells in a state
of apoptosis, as well as various microorganisms,
including viruses [2]. Neutrophils receive signals
to release NETs through various innate immunity
receptors (TLRs).

Many authors in their studies have shown that
NETs are present in the peripheral blood of patients
with inflammatory diseases in the form of neutrophil
web-like structures. However, in our research, in
addition to traditional web-like NET structures, some
anomalous forms were identified, including NETs
with cloud-like appearance [3].

These cloud-like NETs can be formed under the
effect of immunoglobulin G (IgG) [4]. Some reports
also mention cloud-like NETs that were found in the
blood of patients with inflammatory diseases and in
some healthy persons [5, 6]. However, the causes
underlying the formation of various forms of NETs
are still unclear. The functional role of web-like and
cloud-like NETs is also unclear.

The aim of the study was to investigate
morphological and functional transformation of
NETs under the influence of Klebsiella pneumoniae
and IgG.

MATERIALS AND METHODS

The study included 42 patients treated at Moscow
City Clinical Hospital No. 51: 28 patients who
underwent surgery for acute inflammatory processes
in the abdominal cavity (acute appendicitis, acute
cholecystitis, acute pancreatitis / necrotizing
pancreatitis, peritonitis), 6 patients with ulcerative
colitis undergoing non-surgical treatment, and 8
patients with umbilical and inguinal hernias (5 patients
did not undergo surgery, while 3 patients underwent
surgery).

The study of blood samples was carried out in
the laboratory at the Department of Pathological
Physiology and Clinical Pathological Physiology
of the Institute of Human Biology and Pathology
(Pirogov Russian National Research Medical
University). All procedures were performed in
accordance with the ethical principles of the WMA
Declaration of Helsinki. Patients signed an informed
consent to participate in the study. The study was
approved by the Ethics Committee at Pirogov Russian
National Research Medical University (Protocol No.
203 0f 21.12.2021).

Determining the composition of NETs

Obtaining neutrophil cell fractions. Vacutainer
EDTA blood collection tubes were used for blood
sampling. Neutrophils were isolated from venous
blood treated with EDTA by the traditional method
using gradient density centrifugation. The purity of the
isolated neutrophil fraction was 98—100%. Neutrophils
were washed twice from Ficoll impurities with a
sodium phosphate buffer solution (50 mM, pH 7.4).
Blood cells were precipitated by centrifugation (600 g,
15 min). Isolated neutrophils were resuspended in the
RPMI-1640 medium and used in short-term culture
experiments. The viability of isolated neutrophils was
at least 95% (test with 0.1% trypan blue solution).

Immunofluorescence detection of NETs. We
developed a method using fluorescence microscopy,
the main stages of which were described earlier, and
used it to register NETs [7]. NETs were detected using
a fluorescent SYBR Green-I dye (Evrogen; Russia),
which specifically interacts with double-stranded
DNA. Microscopy, counting, and photo registration
of cells and extracellular structures were performed at
x 1,000 magnification. The results were expressed as
a percentage, the ratio of the number of extracellular
traps to the total number of cells in the field of view.

Culture of neutrophils with IgG. Human IgG
preparation (Sorbent, Russia) was added to the sterile
isolated cells and incubated with the cells in an
atmosphere of 5% CO, at 37 °C for 1 hour. A 100 pl
sample prepared in the RPMI-1640 medium contained
neutrophils and IgG preparation (5 pg / ml). The final
concentration of cells in the culture medium was 2 x
105/ ml.

Capturing a test microorganism. The functional
activity of web-like NETs was determined using the
Klebsiella pneumoniae capture test (ATCC 700603).
To do this, a microbial culture of Klebsiella pneumo-
niae in the RPMI-1640 medium at a concentration of
10%/ pl was added to neutrophils immobilized on poly-
L-lysine coated glass slides. Web-like NETs capture the
test microorganism in accordance with their potential
functional activity. After staining (SYBR Green-I, 15
min) and washing off the excess dye, the morphological
structure of NETs and the number of Klebsiella
pneumoniae cells associated with each extracellular
structure were determined by microscopy.

Statistical processing

The results obtained were processed using the
Statistica 12.0 (StatSoft Inc., USA). NET parameters
obtained in the study of blood samples obtained from
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patients were processed using nonparametric statistics
and presented as the median and the interquartile
range Me [Q,~Q.]. Quantitative variables were
compared using the Mann — Whitney U test and the
Kruskal — Wallis analysis of variance. The results
of experiments on short-term neutrophil culture,
characterized by normal data distribution, were
presented as the mean and the standard error of the
mean (M = m). Quantitative variables were compared
using the Student’s t-test. The differences were
considered statistically significant at p < 0.05.

RESULTS

Morphological characteristics of NETs in patients
with inflammatory diseases of the abdominal cavity.
Web-like NETs were present in the peripheral
blood in all patients with inflammatory diseases of
the abdominal cavity in the postoperative period.
The number of neutrophil web-like structures was
registered in the range from 14.2 % [7.7-17.9%]
in acute appendicitis to 17.6% [10.3-26.6%] in
the development of peritonitis. Uncomplicated
abdominal inflammation in the postoperative period
was characterized by a similar number of NETs in the
peripheral blood. Thus, in local acute inflammation,
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the relative count of NETs corresponded to the range of
Me 14.2-15.1%. Diffuse peritonitis was accompanied
by an increase in the number of NETs up to the level of
Me 17.6% (Fig.1). Thus, when inflammation spread to
other organs and serous membranes of the abdominal
cavity (in the case of peritonitis), the number of web-
like NETs increased (p = 0.668).

Determination of the size of NETs in microns
showed a statistically significant (p = 0.0189)
increase in the size of NETs in patients with acute
cholecystitis and pancreatitis. The size of NETSs
increased up to 53.65 [43.9—88.45] microns in acute
cholecystitis and up to 91.9 [62.0—120.0] microns in
acute pancreatitis compared to the group of patients
with acute appendicitis, where it was 44.65 [35.6—
57.6] microns (Fig. 2). In addition to web-like NETs,
neutrophilic structures in the form of single strands,
fibers, and clouds were found in patients. The increase
in the size of NETs in patients with cholecystitis
and pancreatitis was associated with the presence of
these unusual extracellular structures in the blood that
previously were not thoroughly described and studied.
The smallest size of NETs was found in patients with
ulcerative colitis (comparison group) who received
non-surgical treatment (32.2 (6.3—57.4) microns).

176
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<
Fig. 1. The number of NETs in inflammatory
diseases of the abdominal cavity (postoperative
Peritonitis period), Me [Q25_Q75]9 %
3.2
[24.9-374]
|
Fig. 2. Sizes of NETs in various inflammatory
diseases of the abdominal cavity, Me [Q,~0O. ],
Peritonitis microns
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The study of the morphological characteristics
of NETs in patients with inflammatory diseases
(Fig. 3, 4) raised a number of important questions
related to understanding the process of functional
transformation of neutrophil extracellular structures.
Solving the issues of morphological and functional
transformation of web-like NETs might be the key to
understanding the role of various forms of NETs in
the defense against infections and will allow to draw
conclusions regarding their functional activity.

Fig. 3. Web-like NETs. Large structures. Uncomplicated

appendicitis after surgery. An example of an uncomplicated

inflammatory process with a favorable course. Here and in Fig.

4, 5, 7, incubation time is 1 h. Staining with CYBR Green 1.
x1,000

Fig. 4. Web-like NETs. Ulcerative colitis (non-surgical
treatment). Small structures

Functional characteristics of NETs in healthy
persons and patients with inflammatory diseases of
the abdominal cavity. To study the role of NETs in
the immune defense of the body and their functional
activity, we developed a methodological approach
in which NETs obtained from patients interacted
in vitro with cells of the test microorganism
Klebsiella pneumoniae (ATCC 700603). During the
interaction of neutrophils with pathogen cells, the

protective potential of innate immunity cells was
realized.

Healthy donors. Neutrophils obtained from healthy
donors have high functional activity [3]. Contact
interactions with Klebsiella pneumoniae cells cause
the formation of web-like NETs, as well as capture
and binding of a large number of cells of the test
microorganism (Fig. 5). During this process, web-like
NET fibers are retracted and transformed into a cloud-
like structure. The range of binding pathogen cells by
NETs obtained from healthy donors is 70-90 cells per
cloud. Each NET under our experimental conditions
captured and retained an average of 78.05 + 10.58
Klebsiella pneumoniae cells. Moreover, almost all
cells of the test microorganism were localized inside
NETs.

Fig. 5. Web-like NETs of healthy donors capture and bind a
large number of Klebsiella pneumoniae (ATCC 700603) cells
and acquire a cloud-like appearance

Patients with inflammatory diseases of the
abdominal cavity. In patients with inflammatory
disecases of the abdominal cavity (appendicitis,
cholecystitis, pancreatitis) in the postoperative
period, the functional activity of NETs is much more
weakened compared to healthy donors. NETs in these
patients capture and bind on average no more than 20
cells of the test microorganism. Some of the cells of the
test microorganism remain unbound by NETs, which
may contribute to the development of a postoperative
infectious complication in these patients [8].

Dynamics of changes in the functional activity
of web-like NETs. The dynamics of changes in the
functional activity of NETs (pathogen capture and
binding) in patients during web-like NET formation
was studied in a group of patients with umbilical and
inguinal hernias. In patients with non-strangulated
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hernias who did not undergo surgery, the number of
pathogen cells captured in vitro by a single NET varied
from 4.62 + 0.36 t0 26.56 + 3.45 after 1 and 2 hours of
culture, respectively, which means it increased during
culture by 5.8 times.

In patients who underwent surgery for strangulated
hernias, pathogen capture reached 38.17 = 3.74
Klebsiella pneumoniae cells per NET after 1 hour
of culture and 25.85 + 3.20 pathogen cells per one
NET after 2 hours of culture. The sharp increase in
the capture and binding of the pathogen by NETs
in operated patients after 1 hour of culture may be
explained by the involvement of in vivo pre-activated
neutrophils in in vitro interaction between neutrophils
in the operated patients and pathogen cells.

The subsequent decrease in the functional activity
of NETs in operated patients during the second hour of
culture may be due to the fact that part of the initially
formed web-like NETs together with pathogen cells
after 1 hour of culture turn into cloud-like structures
that are absorbed by neutrophils capable of developing
phagocytic activity.

A decrease in the number of NETs after their
formation was investigated in vivo and in vitro and
described in detail in the works of other researchers
[9]. The conducted studies revealed the dependence of
the elimination of formed NETSs on both the phagocytic
activity of neutrophils and macrophages [10, 11] and
the enzymatic activity of pancreatic DNase [ [12,
13]. Proinflammatory cytokines have been shown to
stimulate phagocytosis and accelerate the destruction
of NETs by macrophages and dendritic cells [14].
In patients with severe bacterial infections, vascular
occlusions were caused by impaired elimination of
NETs ex vivo, which was accompanied by the formation
of intravascular blood clots containing NETs [15].

Functional characteristics of NETs in patients
with inflammatory diseases of the abdominal cavity
under the influence of IgG. Web-like NETs are very
sensitive to IgG. Under the influence of IgG they turn
into loose cloud-like structures (Fig. 6), while their
size increases [4], and the ability to capture and bind
the pathogen sharply deteriorates (Fig. 8).

In addition to the fact that cloud-like NETs formed
under the IgG influence have a very weak ability to
capture and bind the pathogen, they also bind cells of
the test microorganism only on the periphery of the
cloud-like structure (Fig. 7). This type of binding,
apparently, makes it possible for the pathogen to
avoid the influence of damaging factors produced in
activated neutrophils.

Fig. 6. Cloud-like NETs. Cloud-like forms of NETs were

obtained from web-like neutrophil structures during their

incubation with IgG (5 mcg / ml). Incubation time was 30 min.
Coloring with CYBR Green-I. x1,000

Fig. 7. Attenuation of pathogen capture and binding (Klebsiella
pneumoniae) by cloud-like NETs. Peripheral binding of the
pathogen by cloud-like NETs

It should be noted that similar cloud-like
extracellular structures were also found in some
patients. They also had a low binding capacity in
relation to Klebsiella pneumoniae and also bound
them only on the periphery of the cloud-like structure.

The results of the study of the functional activity
of cloud-like NETs in comparison with web-like
structures are shown in Table.

Table
Effect of IgG on neutrophil trapping of Klebsiella pneumoniae

in patients with acute inflammatory processes
in the abdominal cavity

Number of microorganisms
captured by neutrophil traps,
M=+m

Morphological structure of NETs
and incubation conditions

Neutrophil web-like structures

without IgG influence 20.+1.67
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End of table

Number of microorganisms
captured by neutrophil traps,
M+m

Morphological structure of NETs
and incubation conditions

Cloud-like structures formed

%
under IgG influence 8.46+0.44

* p<0.001 compared to parameters without IgG influence.

In addition to the weakening of functional activity,
cloud-like NETSs are more susceptible to spontaneous
enzymatic degradation of DNA fibers that form the
basis of this morphological structure of NETs in
comparison with web-like NETs, which carries an
obvious risk of developing subsequent long-term
complications in these patients. As a result of DNA
fiber degradation in the extracellular space, the content
of extracellular purine bases, which are factors of
secondary alteration, can significantly increase. This
effect was previously found and described in patients
with post-COVID syndrome. NETs in the form of
single DNA strands of considerable size were found
in patients with post-COVID syndrome. Spontaneous
enzymatic degradation of these strands causes an
increase in the concentration of extracellular purine
nitrogenous bases and is an additional factor in tissue
damage and inhibition of T lymphocyte activity.

RESULTS AND DISCUSSION

The results of the study of NETs in patients with
acute inflammation in the abdominal cavity revealed
the dependence of the quantitative parameters of NETs
(their number and size) on the type of inflammation,
the size and degree of delimitation of the inflammatory
lesion.

A comprehensive analysis of NETs, including not
only the quantitative determination of NET parameters,
but also the assessment of the morphological and
functional transformation of neutrophil structures, will
allow to fully identify the pathophysiological patterns
of the inflammatory process, will become the key to
understanding the role of certain NET forms in the
fight against infections, and will allow to determine the
functional activity of neutrophil extracellular structures.

The functional activity of NETs, understood as
pathogen capture and binding, in healthy donors and
in patients with acute infectious inflammation in the
abdominal cavity has some similarities, but there are
also differences.

In both healthy donors and patients, the interactions
of the pathogen and neutrophils cause the formation
of web-like NETs, and then the formed web-like

structures capture and bind the pathogen. During this
process, the DNA fibers are shortened (retracted),
the size of this neutrophil structure becomes more
compact, and the web-like NET is transformed into a
cloud-like one. The pathogen cells are localized in the
central part of this cloud-like structure.

The differences relate to the number of pathogen
cells captured by cloud-like NETs. Cloud-like
neutrophil structures originating from web-like ones
in healthy donors capture and bind a significant
number of cells of the test pathogen, several times
more than similar cloud-like structures in patients.
Some pathogen cells remain unbound in the study
of the functional activity of NETs in patients with
inflammatory diseases.

A morphological and functional restructuring of
the NETs is observed under the influence of IgG. The
results of the study demonstrate changes in the structure
of NETSs under the influence of IgG. Neutrophil web-
like structures turn into loose cloud-like ones that have
a weakened ability to bind the pathogen, which means
they acquire low functional activity. A feature of the
functional activity of I[gG-induced NETs is peripheral
binding of the pathogen.

The study demonstrates two types of cloud-like
structures: functionally active clouds, which are formed
from neutrophil web-like structures after pathogen
capture, and ineffective clouds, which are formed from
neutrophil web-like structures under the influence of IgG.
In our opinion, these ineffective cloud-like structures
pose a certain danger to the human body due to the
possible generation of secondary alteration factors in the
form of extracellular purine bases. The content of these
extracellular purine nitrogenous bases can significantly
increase as a result of spontaneous enzymatic hydrolysis
of DNA in neutrophil cloud-like structures and induce a
decrease in immune resistance as a result of inhibition of
the activity of T cells in the immunity.

In addition, extracellular purine nitrogenous bases
can cause damage to the structures of the nervous
system and cells of internal organs. Their long-term
effect on the body can cause long-term adverse effects.

CONCLUSION

From a practical perspective, the study and its
results create prerequisites for new approaches to
the development of vaccination regimens and the use
of immunobiologic drugs, in particular, monoclonal
antibody drugs, especially considering the fact that
at present new medical technologies are sought to
improve the effectiveness of patient treatment.
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The lack of knowledge about the mechanisms of
interaction between innate immunity and adaptive
immune responses in the human body can significantly
limit the use of vaccines and monoclonal antibody
preparations. It also contributes to certain distrust of this
type of therapy in patients [16]. Cases of thrombosis in
combination with thrombocytopenia after vaccination
[17] and progressive multifocal leukoencephalopathy
caused by polyomavirus during treatment with
monoclonal antibodies [18] have been described.

Asthe indications for the use of monoclonal antibody
drugs expand, there are reports of complications and
even deaths after the use of these drugs [19, 20] due
to the development of multiple organ dysfunction
syndrome. The causes of adverse effects after
monoclonal antibody therapy are still insufficiently
studied, but it can be assumed with a high degree of
probability that the formation of ineffective neutrophil
cloud-like structures can become a mechanism for
inducing hemocoagulation and producing secondary
alteration factors. Therefore, it is important to
correlate the vaccination and treatment regimen with
immunobiologic drugs with control of the state of innate
immunity, in particular, with detection of spontaneous
neutrophil web-like structures in the blood of patients.
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