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ABSTRACT

Background. Neutrophil extracellular traps (NETs) are net-like structures that have been investigated in
inflammatory diseases. However, the presence of NETs in infected persons without clinical symptoms has not been
yet studied.

Aim. To reveal NETs in healthy persons during and after the HIN1 influenza pandemic as well as to study the
functional activity of NETs.

Materials and methods. The study included two groups of volunteers (#n = 10 in each group) aged 20-25 years.
The first group of volunteers was examined in the absence of acute diseases during one month before the study
and in the absence of chronic diseases in the medical history. Volunteers of the second group were in contact with
patients with influenza, but did not get sick. The comparative study also included patients with acute inflammation
in the abdominal cavity (appendicitis, cholecystitis, abscess; 12 patients) and 9 patients with non-specific ulcerative
colitis. Neutrophils were isolated from the blood by the traditional method of Ficoll density centrifugation. The
number, morphology, and functional activity of NETs were determined (by capture of Klebsiella pneumoniae).
SYBR Green I-based fluorescence microscopy was used to visualize and quantify NETs.

Results. In healthy volunteers who were not in contact with infected patients, spontaneous NETs formation did
not occur. Neutrophils of persons who were in contact with infected patients spontaneously formed NETs. In
this case the number of NETs reached 8.58 + 0.51%, and the size of NETs amounted to 39.68 + 3.52 um. NETs
effectively captured cells of the tested microorganism, which was accompanied by retraction of network fibers
and transformation of the network structure into a cloud-like one, which retained 89.38 + 5.86 microbial cells. For
comparison, the NETs in patients with acute inflammation in the abdominal cavity captured and bound 20.2 + 1 .67
microbial cells and with non-specific ulcerative colitis — 5.53 + 0.34 cells.

Conclusion. High binding capacity of NETs is a factor contributing to effective defense of the body against the
development of an infectious disease with manifested clinical symptoms.
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MpoTuBonH$peKUMOHHaAA 3alWUTa OpraHn3Ma YenoBeKa

C yyactTnem HemTpoPubHbIX ceTen

Kasumunpckun A.H., Canmacm XK.M., Nopaaun I'.B., MaHnHa M.U., CtynuH B.A., Kum A.3,,

TutoBa E.l'., Poroxuna J1.C.

Poccuiickuil nayuonanvuwiil uccredosamenvekuii meouyunckuil ynusepcumem (PHUMY) um. H U. ITupozosa

Poccus, 117997, e. Mockea, yr. Ocmposumsnosa, 1

PE3IOME

Beenenmne. HelitpodminbHsle sxcTpakierounsie JoBymkr (HOJI) B hopMme ceTeil Hcce0BaHbI IPH BOCTIATTUTENb-
HBIX 3a00seBaHusIX. [IpucyTcTBIE HEHTPOQMIBHEIX ceTel y HHQHUITMPOBAHHBIX JI0el 6e3 KIMHIIECKIX CHMIITO-
MOB HE U3YUCHO.

Heas. Bersenenne HOJ1 y Heboneromux moaeit B neprox manaemun rpurna HIN1 u BHe 3TOTO eprofa, a Takke
nccnenoBanne GyHKINOHANBHOM akTuBHOCTH HDJIL.

IManuenTsl 1 MeToabl. J[Be rpymnmsl BojoHTepoB (1o 10 genoBek) B Bo3zpacte 20-25 ner. IlepBas rpymmna no-
OpOBOJIBIEB 00CIEJ0BaHA B CIIOKOWHBIH AMNAEMHUOJIOTHYSCKUIl TEPHOJ, IPU OTCYTCTBHUHU OCTPBIX 3a00JIeBaHuii B
TeueHue 1 Mec 10 UCCIeN0BaHHUA U XPOHHYECKUX 3a00JeBaHMil B aHaMHe3e. BononTeps! 2-i rpynmnel KOHTaKTH-
poBaiu ¢ OOJILHBIMU TPUIIIIOM, HO IIPU 3TOM He 3a0oieBanu. B uccienoBanue Takxe ObUIM BKIIOYEHBI OOJIbHBIC
(12 4enoBek) ¢ OCTPbIM BOCHAJICHHEM B OPIOIIHOI MOJOCTH (AINEHIULUT, XOJICUHUCTHUT, abcuecc) U 9 — ¢ He-
crienu(pUUECKUM SI3BEHHBIM KOJIUTOM. HelTpoduiib! BbIIEIANN U3 KPOBH TPAAULIMOHHBIM METOJIOM Ha TPaJIHEHTE
¢uxomta. Onpenessiia KOauIecTBo, Mopgosoruio U GyHkiroHansHyto aktuBHocTs HDJI (o 3axBaty Klebsiella
pneumoniae). 1ns Busyanuzauuu u noacyera HOJI ucnonb3oBanu (ryopecieHTHYI0 MUKPOCKOIHUIO C KpacuTelIeM
SYBR Green.

Pe3yabTaThl. Y 310pOBBIX BOJOHTEPOB, HE KOHTAKTUPOBABIIMX C OOJIBHBIMH, CIIOHTAHHOTO (opmupoBanus HIJI
He BO3HHKaN0. HelTpoduitbl ke T0OpOBOIIBIIEB, KOHTAKTUPOBABIIHX C OOJBHBIMU, CIIOHTAHHO ()OPMUPOBAITH HE-
tpodunsHbie cet. Kommyecteo HOJI y Hux nocturano 8,58 + 0,51%, a pasmepst HOJI — 39,68 + 3,52 mxm. HDJI
3 PEKTUBHO 3aXBATHIBAIN KJIIETKH TECTOBOIO MUKPOOPTaHU3Ma, YTO COMPOBOKIAIOCH PETPAKIHEH BOJIOKOH CETH
U mpeo0pa3oBaHUEM CETEBUIHON CTPYKTYPHI B ByajeoOpasHyro, koTtopas yaep:xkusaeT 89,38 £+ 5,86 MUKPOOHBIX
KIEeTOK. J{J1sl CpaBHEHUS: HEUTPpOPHIbHAS CETh OOJFHBIX C OCTPBHIM BOCTIATIEHHEM OPIOIITHOM MOJIOCTH 3aXBAaTHIBACT
u cBs3biBaet 20,2 + 1,67 MUKPOOHBIX KJIETOK, PU HECTIEUPHUIECKOM SI3BEHHOM Kojute — 5,53 £ 0,34,

3akurouenne. Bricokasi cBs3bIBarOMIas ClIoCOOHOCTh HEUTPOPHIIBHBIX ceTel sBisieTcs (hakTopoM 3P eKTUBHOM
3aIUTHI OT Pa3BUTHS HHOEKLIHOHHOTO 3a00J1eBaHus ¢ MaHU(ecTaleil KITHHIYECKUX CHMITOMOB.

KiroueBble cioBa: QyHKIMOHAIbHAS aKTUBHOCTh HEHUTPODMIBHBIX ceTel, HEUTPO(HUIbHbIE SKCTPAKIETOYHbIC
JIOBYIIKH, ByaneoOpasHas popma, He Oonerouue BonoHTepsl, rpunt HIN1, Klebsiella pneumoniae, Bocianurenb-
HbIe 3200JIeBaHUs

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/Ieﬁ Hac*rosnueﬁ CTaTbHu.

Hcrounnk ¢punancupoBaHUs. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS P IPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTcTBHE NPUHIUIAM 3THKH. Bee y4acTHUKM HCClIeJOBaHUS TTOANUCATH JOOPOBOIbHOE HHOPMUPOBaH-
Hoe cornacue. MccnenoBanue onodpeno studeckum komureroM PHUMY um. H.U. TTuporosa (mpotoxon Ne 203
or 21.12.2021).

Jast uurupoBanusi: Kasumupcekuii A.H., Canmacu XK.M., [opsiaun I'.B., [Tanuna M.U., Ctynun B.A., Kum A.3.,

Turosa E.I'., Poroxuna JI.C. [IpoTHBOMH(EKIIMOHHAs 3al[UTa OPraHU3Ma YeJIOBeKa C y4acTHEM HEHTPOPHIbHBIX
cetel. broanemens cubupcrou meduyunwt. 2024;23(1):56—63. https://doi.org/10.20538/1682-0363-2024-1-56-63.

INTRODUCTION

Neutrophils form neutrophil extracellular traps
(NETs) as a body defense mechanism against patho-
gens. In previous studies on responses of cells of in-
nate immunity (neutrophils) to viral infections (han-
taviruses, adenoviruses, human immunodeficiency

virus, influenza viruses), data were obtained on the
formation of NETSs in patients with various acute viral
diseases [1-3]. At the same time, researchers found
that excessive formation of NETs is dangerous, as it
can cause tissue damage and lead to complications of
the underlying disease [3—6]. The role of neutrophils
in viral infection has its own particular features, and
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the threshold at which protective functions are sur-
passed by damage mechanisms, including immuno-
pathological ones, is still quite unclear.

Recent studies have established that influenza vi-
ruses are capable of inducing the formation of NETs
in the blood of healthy donors in vitro [7, 8]. At the
same time, it was found that the formation of NETSs
in the form of net-like structures, as a response of in-
nate immunity cells contributing to the fight against
acute viral infection, is accompanied by a pronounced
antiviral effect that helps control the virus at the sys-
temic level [9]. It is generally accepted that NETs are
absent in the blood of healthy people and are found
only during inflammation. NETs have been described
in detail, but their presence in the body of people with-
out clinical manifestations of the disease is unknown.
There is no exact data on the presence of NETSs in the
peripheral blood of people who are in contact with in-
fected individuals but do not become ill. In addition,
the mechanisms underlying the formation of NETs are
still unclear.

Most researchers are not aware of wvarious
morphological forms of NETs; their functional activity
has not been studied. One approach to elucidating
these issues is to determine the content of NETsS,
their morphological structure, and functional activity
in people who do not become ill during and after an
influenza pandemic.

Th aim of the study was to reveal NETs in healthy
persons during and after the HIN1 influenza pandemic
as well as to study the functional activity of NETs.

MATERIALS AND METHODS

The study included two groups of volunteers (n =
10 in each group) aged 20-25 years. The inclusion cri-
terion was the absence of acute diseases at the time of
the study and chronic diseases in the medical history.
The exclusion criterion was acute infectious diseases
within a month before the day of the study.

Volunteers of the first group were examined in
May — June 2022. During this period, the lowest
morbidity rates for influenza and COVID-19 were
recorded. Members of this group had no contact with
people suffering from acute respiratory diseases.

Volunteers of the second group were examined
in December 2022. During this period, the epidemic
threshold for HINI1 influenza was exceeded in
children and adults. Moreover, the volunteers of the
second group during the month preceding the study
were in constant contact with HIN1 influenza patients
but did not get sick themselves.

The study also included patients treated in Mos-
cow clinical hospital No. 51. Patients of the first group
(n = 12) were hospitalized with acute inflammation in
the abdominal cavity (acute appendicitis, acute chole-
cystitis, abscess). Patients of the second group (n = 9)
were diagnosed with non-specific ulcerative colitis.

The blood test was carried out at the Department
of Pathophysiology and Clinical Pathophysiology
of Pirogov Russian National Research Medical
University. All procedures were performed in
accordance with the ethical standards of the WMA
Declaration of Helsinki (as amended in 2004) and
the patient’s written informed consent. The study was
approved by the Ethics Committee at Pirogov Russian
National Research Medical University (Protocol No.
203 of 21.12.2021).

Determining NETs content. Obtaining cell frac-
tions of neutrophils. The Vacutainer EDTA blood
collection tubes were used to sample blood from vo-
lunteers to prevent clotting. Isolation of neutrophils
from the EDTA-treated venous blood was performed
by Ficoll density gradient centrifugation. To do this,
the blood was diluted 4 times with sodium phosphate
buffer solution, pH 7.4, and layered on the Ficoll —
Hypaque density gradient. The top layer density was
1.077 g / cm?, and the density of the bottom layer
was 1.190 g / cm®. After centrifugation (1,600 rpm,
30 min), neutrophils accumulated at the interface be-
tween the gradients (98—100% purity). Neutrophils
were twice washed with sodium phosphate buffer
(50 mM, pH 7.4) to remove Ficoll impurities. Sedi-
mentation of blood cells was performed by centrifu-
gation (1.200 rpm, 15 min). The isolated neutrophils
in the RPMI-1640 medium were used for cell culture
experiments. The viability of the isolated neutrophils
was 95 % (test with 0.1% trypan blue solution).

Immunofluorescence detection of NETs. Fluores-
cence microscopy was used for detection and quanti-
fication of NETs [10]. The results were expressed as
a percentage, as the ratio of the number of NETs to
the total number of cells in the field of view. NETs
were detected using the SYBR Green I fluorescent dye
(Evrogen, Russia), which is able to bind specifically
to double-stranded DNA. Microscopy, quantification,
and photo registration of cells and extracellular struc-
tures were performed at x1,000 magnification.

Capture of the test microorganism. The functio-
nal activity of NETs was determined using the test for
capturing Klebsiella pneumoniae (ATCC 700603). To
do this, the microbial culture of Klebsiella pneumoniae
in the RPMI-1640 medium at a concentration of
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103/ pl was added to neutrophils immobilized on the
poly-L-lysine-coated glass slides. Net-like structures
captured the test microorganism in accordance with
the potential functional activity of NETs. After
staining (SYBR Green, 15 min) and removing excess
dye during microscopy, the number of Klebsiella
pneumoniae cells associated with each NET was
determined.

The STATISTICA 12.0 software package (StatSoft
Ink., USA) was used for statistical data processing.
The results were reported as the mean and the standard
error of the mean (M =+m). Comparison of quantitative
variables was performed using the Mann — Whitney
U-test and the Kruskal — Wallis test. The differences
were considered statistically significant at p < 0.05.

RESULTS

Quantitative and qualitative characteristics of
NETs were determined in in vitro research. We deter-
mined variants of their morphological structure, quan-
tity, size, and functional activity (in the test with the
capture of Klebsiella pneumoniae).

The results of the study in two groups of volun-
teers (those who had no contact with infected people
(Group 1) and those who had contact with infected
people, but did not have clinical signs of the disease
(Group 2)), are shown in Table.

Table

Results of the study of NETs in healthy volunteers, M + m
Parameters of NETs

Characteristics of th Morp - .
aracgri;i;: o gica(l) stillf;t(ilre umber of | Size of
0,
of NETs NETs, % | NETs, um

Volunteers who had no
contact with infected - 0.00 0.00
patients, n =10

Volunteers who contacted
with infected patients and
did not get sick, n =10

net-like 8.58 £ 39.68 +
structure 0.51%* 3.52%

* p <0.05 compared to the controls

In healthy volunteers who had no contacts with in-
fected people and were examined not during the pan-
demic (Group 1), spontaneous formation of net-like
NETs did not occur. The neutrophils of the volunteers
from Group 1 were presented as classic mature seg-
mented granulocytes (Fig. 1).

In healthy volunteers who contacted with infected
people (Group 2), the results were different. In this
case, neutrophils spontaneously formed net-like traps
(Fig. 2, 3). The number of neutrophil extracellular
traps was 8.58 = 0.51%, and the size of NETs

amounted to 39.68 = 3.52 um. Neutrophils in this
group spontaneously formed net-like structures

without any additional stimulation. Consequently,
volunteers who had contacts with infected patients
were infected themselves, and their neutrophils were
previously activated.

Fig. 1. Neutrophils of healthy people who had no contact with
infected patients. Staining with CYBR Green I, x1,000.

Fig. 2. NETs of people who had been in contact with infected
patients but did not get sick: incubation time 1 hour. Staining
with CYBR Green I, x1,000.

Fig. 3. NETs of people who had been in contact with infected
patients but did not get sick: incubation time 1 hour. Staining
with CYBR Green I, x1,000.
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In the next series of experiments, the functional
activity of the NETs found in the healthy volunteers
who had contacts with infected patients (Group 2) was
determined in the test with the capture of Klebsiella
pneumoniae (ATCC 700603).

Neutrophils of the volunteers from Group 2 were
added to the cells of the test microorganism Klebsiel-
la pneumoniae placed on the glass slides (Fig. 4).
The neutrophils of the disease-free volunteers
who were examined during an unfavorable
epidemiological period formed NETs (Fig. 2, 3)
and captured the cells of the test microorganism. It
was accompanied by retraction of network fibers
and transformation of the net-like structure into a

cloud-like one. Moreover, the size of the newly
formed cloud-like traps, together with the captured
cells of Klebsiella pneumoniae, became 2-3 times
smaller than the size of the original net-like traps
(Fig. 6). Our observations show that the capture of
the test microorganism cells was very effective. An
extensive array of Klebsiella pneumoniae cells was
almost completely cleared of this pathogen, and all
microorganisms were trapped inside the cloud-like
structures (Fig. 4). Each cloud-like structure that
originated from the net-like NET of the volunteers
who were not ill but had contacts with infected people
captured and retained 89.38 + 5.86 cells of Klebsiella
pneumoniae (Fig. 5).

Fig. 4. Cells of Klebsiella pneumoniae (ATCC 700603) placed on glass slides. Staining with CYBR Green I, x1,000

Fig. 5. Net-like NETs effectively capture and bind Klebsiella pneumoniae cells and turn into cloud-like structures. Incubation time
of NETs with Klebsiella pneumoniae cells is 2 hours. Staining with CYBR Green I, x1,000
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For comparison, the functional activity of neu-
trophils in the disease-free volunteers was compared
with the results obtained in the test with the capture
of Klebsiella pneumoniae in two other groups of
patients. We studied the capture and binding of test
microorganism cells by NETs in patients with acute
infection and inflammation in the abdominal cavity
(acute appendicitis, acute cholecystitis, abscess) and
in patients with non-specific ulcerative colitis.

The functional activity of NETs in patients with
acute infection and inflammation in the abdominal
cavity was reduced. Each NET in such patients cap-
tured and bound 20.2 + 1.67 microbial cells. The bind-
ing capacity decreased by more than 4 times compared
to clinically healthy, disease-free volunteers (Fig. 6).

The study of the capturing and binding capaci-
ty of NETs the in patients with ulcerative colitis
revealed a very weak functional activity of NETs
in this group of patients. The number of Klebsiella
pneumoniae microorganisms captured by NETs in
patients with ulcerative colitis was only 5.53 = 0.34
microbial bodies. Thus, the results of the compara-
tive study of cell binding capacity in relation to the
test microorganism (Fig. 7) showed that NETSs in the
healthy volunteers who had contacts with infected
patients had the highest binding capacity. High bind-
ing capacity of NETs in such patients, apparently,
was a factor in their effective protection from the
development of the infection with manifestation of
clinical symptoms.

Fig. 6. Weakening of pathogen binding in patients with acute inflammation in the abdominal cavity. Net-like NETs of patients with
inflammation in the abdominal cavity capture and bind Klebsiella pneumoniae cells and turn into cloud-like structures. Incubation
time of NETs with Klebsiella pneumoniae cells is 2 hours. Staining with CYBR Green I, x1,000
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Fig. 7. Capture and binding of the Klebsiella pneumoniae pathogen by NETs in healthy people and in patients with various

inflammatory diseases: on the vertical axis — the number of microbial bodies captured by one neutrophil structure, on the horizontal

axis — healthy volunteers who had contact with infected patients (1); patients with acute inflammation in the abdominal cavity (2);
patients with non-specific ulcerative colitis (3)
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NETs in the patients with acute infection and
inflammation in the abdominal cavity (appendicitis,
cholecystitis, abscess) had a reduced capturing and
binding capacity; however, it still remained at a
fairly high level. The transformation of the net-like
NETs into cloud-like structures in such patients was
accompanied by weakening of their binding capacity
in relation to the cells of the test microorganism.

NETs in the patients with ulcerative colitis had the
lowest ability to bind pathogen cells. The weakening of
the capturing and binding capacity of NETSs in patients
with this chronic autoimmune disease indicates reduced
functional activity of NETs and, apparently, underlies
comorbidity in patients with ulcerative colitis.

CONCLUSION

Obtaining  detailed information about the
morphological variants of NETs is based on the
adequate method for their visualization, which we
described earlier [10]. The results of the in vitro study
demonstrateB the structure of NETs and changes in
their morphology during the response of neutrophils
to the pathogen, which indicates the crucial role of
these innate immunity cells in the body defense against
infection.

The results obtained showed that the group of
disease-free volunteers who were in contact with
infected people were protected from infection due to the
effective work of the neutrophil link of innate immunity.
Their neutrophils were already pre-activated, as they
were able to spontaneously form NETs. Net-like traps
very effectively captured pathogen cells, developed
fiber retraction, and turned into compact cloud-like
structures. Then these structures naturally underwent
phagocytosis; intracellular hydrolysis developed, and
antigen presentation occurred. From this moment, the
adaptive immunity response began.

Inthe patients with acute infection and inflammation
in the abdominal cavity (appendicitis, cholecystitis,
abscess), the experiment confirmed weakening of the
capturing and binding capacity of NETs, which in the
clinical setting can increase the risk of developing
complications of the underlying disease.

The functional activity of NETs was drastically
weakened in the patients with ulcerative colitis, which
explains increased sensitivity to infection and high
comorbidity in these patients.

The results of the study show that body defense
against infection with the participation of innate

immunity cells consists in the effective capture
and binding of the pathogen. Weakening of the
binding capacity of NETSs carries a potential risk of
complications.

The authors draw attention to the fact that this is
the first study devoted to the study of the functional
activity of NETs in the human body.
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