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ABSTRACT

Aim. To study the morphological structure and functional activity of neutrophil extracellular traps in patients with

seasonal allergic rhinitis during the exacerbation period.

Materials and methods. The study included 12 patients with seasonal allergic rhinitis during the exacerbation
period. We studied the morphological structure and functional activity of neutrophil extracellular traps (NET) in

pollinosis patients. Fluorescence microscopy with SYBR Green dye was used to visualize NETs.

Results. The study of neutrophils from allergic patients during the exacerbation period showed spontaneous NETs
formation in the morphological form of neutrophil networks. The number of NETs during 1 hour of incubation is
10 [8.3—14] %, and their size was 28 [17.5-35] um. Culturing neutrophils from allergic patients for 2 hours does
not increase the number of NETS, but the size of NETs doubles, and 10% of NETs form as single threads and fibers.

Neutrophil networks have a high functional activity.

Conclusion. The results specify that during the exacerbation of seasonal allergic rhinitis, there is an NET formation
similar to that observed during infectious inflammation, which is combined with high functional activity of

neutrophil networks.
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O6ocTpeHne NONNHO3a CONPOBOXKAAETCA CMOHTaHHbIM ¢pOpMMpPOBaHNEM
HEeNTPOPUNbHDBIX IKCTPAK/IETOUYHbIX JIOBYLUEK B MOpdonornyeckonm

dopme HenTpoPunbHbIX ceTen

Kasumupckui A.H., Canmacu .M., NopaauH .B., MaHuHa M.U., Kum A.3., Kum T.3,,

Typuwesa 0.0.

Poccuiickutl nayuonanvusiil uccredosamenbckuii meouyunckul ynusepcumem (PHUMY)

um. HHU. ITupozosa (Ilupozoeckuii ynugepcument)
Poccus, 117997, e. Mockea, yr. Ocmposumsanosa, 1

PE3IOME

Hens. VccnenoBanue Mopdoaornueckoi CTpyKTyphl 1 (pyHKIIMOHAIEHOH aKTUBHOCTH HEHTPO(UIBHBIX dKCTpa-
KJIETOYHBIX JIOBYIIEK Y OOJBHBIX CE30HHBIM aJUIEPrUUECKUM PUHHTOM B IIEPUOI 000CTPEHHs 3a00JIeBaHMs.

Martepuaisl u MeToabl. B nccnenoBanue BitoueHs! 12 G0JIBHBIX ¢ MOIIMHO30M Ieproj 00ocTpeHus 3aboneBa-
Hus. MccnenoBam MOpdOIOTHIECKyO CTPYKTYPY U (QyHKIIHOHAIBHYIO aKTHBHOCTE HEHTPODHIBHBIX IKCTpaKIIe-
TouHbIX JoBymIeK (HOJI) y GompubIx mommuao30M. st Busyanmmsanuu HOJI ncrons3oBamu (iryopeclieHTHYTO
MuKpockonuo ¢ kpacureneM SYBR Green.

PesyabTatsel. MccnenoBanue HEUTPOQHUIOB OONBHBIX B MIEPHOJ 00OCTPEHHMS 3a00I€BaHHA MTOKA3aJI0 CIIOHTaHHOE
dhopmupoBanre HIJI B Mmopdonoruueckoit popme HelirpopmisHbIX ceteid. Kommuectso HOJI B Teuenue 1 4 uH-
Ky6anun coctasisier 10 [8,3—14]%, a ux pasmeps — 28 [17,5-35] mxm. KyneTuBrpoBaHue HEHTPODHIOB asiep-
TMYECKHX MAlMEHTOB B TeUEHHUE 2 4 He yBennunBaeT uncieHHocTs HDJI, pasmeprsr HOJI yBenmuuBarores B 2 pasa,
pH 3ToM npoucxoaut ¢popmuposanue 10% HOJI B hopme oxnHOUHBIX HUTEH U BomokoH. HelTpodunbHble cetn
MMEIOT BBICOKYIO (DYHKIIMOHAJIBHYIO aKTHBHOCTb.

3akuioyeHue. Pe3ynbTaThl CBHIETENBCTBYIOT, 4TO IIPH 00OCTPEHUHU MOJUIMHO3a HaOmoaaercs obpasosanue HOJI,
110/100HO€ Pa3BUBAIOIIEMYCs IIPH MH(EKIIMOHHOM BOCIIAJICHUH, COUCTAIONIEECs C BBICOKON (YHKIIMOHAIBHOI aK-
THUBHOCTBIO HEUTPOPHIIBHBIX CETEH.

KiroueBble cjioBa: MOJIMHO3, CE30HHBINA aJUIEPrHYECKUil PUHUT, Nepuoa obocTpeHHs 3abosieBaHMs, HEHTPO-
(uITbHBIE SKCTPAKIETOUHBIE JTOBYIIKH, HEHTPO(UIBHbBIE CETH, alnIeprus

KongaukTt uaTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIIMAIBHEIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

HMcrounuk puHAHCHPOBaHUS. ABTOPBI 3aBIISIOT 00 OTCYTCTBHY HCTOYHUKA (PUHAHCHPOBAHUS NIPU NPOBEACHUH
UCCIIEJOBAHMSI.

CooTBeTCTBME MPUHIMNAM 3THKHU. Bce nmuna moanucand HHPOPMHUPOBAHHOE COTJIACHE HA y4acTHE B HCCIIC-
noBanuu. MccnenoBanue onodpeHo atuueckum komureroM PHUMY um. H.U. Tluporosa (nporokon Ne 239 ot
15.04.2024).

Jns uurupoBanus: Kasumupekuit A.H., Canmmacu XX.M., [opsaua '.B., [Tanura M.U., Kum A.D., Kum T.O.,
Typumesa O.0. O6ocTpeHne TOUTHHO3a COMTPOBOKAACTCSI CIIOHTAHHBIM (POPMHUPOBAHUEM HEUTPODHIBHBIX IKC-
TPAKJIETOYHBIX JIOBYIIEK B MOP(HOTOTHUECKON popMe HEUTPOPHUITBHBIX ceTel. blowiemens CubupcKko Meouyunsl.
2026;25(2):32-37. https://doi.org/10.20538/1682-0363-2026-2-32-37.

INTRODUCTION

The rapid development of immunology has led to the
creation of many new biological drugs for the treatment
of allergic diseases, including anti-immunoglobulin E
(anti-IgE), anti-interleukin-5 (anti-IL-5), and anti-
thymic stromal lymphopoietin (anti-TSLP/IL-4), but
the initiation of the allergic (atopic) process is still

unclear [1]. The dysfunction of the immune system in
allergic (atopic) diseases is associated with changes
in the functioning of the body’s defense.

One of the possible mechanisms is associated
with the disruption of the protective functions of
neutrophils as participants in the innate immunity.
This particular pathogen link was identified
during the examination of patients suffering from
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hay fever (chronic allergic rhinitis) [2], where it
was demonstrated that the neutrophils of these
patients had impaired adhesion to plastic, reduced
chemotaxis, and decreased bactericidal activity.
An increased level of neutrophils in nasal mucosa
biopsies was recorded in patients with allergies
during the blooming season, compared to healthy
individuals. Studies have shown that neutrophils in
patients with seasonal allergic rhinitis are partially
activated [3] and can, in turn, activate T-cells and
enhance the migration of eosinophils.

Recently, researchers have gradually come
to understand that in order to develop effective
treatment strategies that take into account the
complex interaction between immune system cells
and pathogens, it is necessary to study in depth the
mechanisms of neutrophil extracellular trap (NET)
formation in allergic (atopic) diseases. It can be
reasonably assumed that NETs can serve as potential
biomarkers and therapeutic targets.

The aim was to study the morphological structure
and functional activity of neutrophil extracellular
traps in patients with seasonal allergic rhinitis during
the exacerbation period.

MATERIALS AND METHODS

The study included 12 patients with hay fever
during the exacerbation period. The inclusion
criterion was the absence of other acute diseases at
the time of the study and indications of other chronic
diseases in history. The exclusion criterion was acute
infectious diseases within a month before the day of
the study.

The blood samples were analyzed at the
Department of Pathophysiology and Clinical
Pathophysiology, Institute of Biology and Human
Pathology, Pirogov Russian National Research
Medical University. All procedures were performed
in accordance with the ethical standards of the WMA
Helsinki Declaration (as revised in 2004) and the
written informed consent of the patients. The study
was approved by the local Ethics Committee of
Pirogov University (Minutes No. 239 dated April
15,2024).

Neutrophil isolation from EDTA-treated venous
blood of patients was carried out as described by
us before [4]. Immunofluorescence study of NETs
to determine their morphological structure, as well
as the study of the functional activity of neutrophil
extracellular structures using a cell culture of

Klebsiella pneumoniae (ATCC 700603) was carried
out using the method [5].

Statistical data processing was carried out using
STATISTICA 12.0 software packages (StatSoft,
USA). Descriptive statistics are presented in the
form of continuous quantitative data: for normal
distributions, in the form of the mean value (M) +
standard error (m), and for distributions that differ
from normal, as the median of the interquartile
range Me [Q-Q,]. Comparison of quantitative
variables was performed using the Mann—Whitney
test. The difference was considered to be statistically
significant at a two-tailed p value of < 0.05.

RESULTS AND DISCUSSION

The study of neutrophils in patients with allergic
rhinitis during the exacerbation period showed
spontaneous formation of NETs in the morphological
form of neutrophil networks.

The number of neutrophil networks during 1 hour
of incubation was 10 [8.3—14] %, and their size was
28 [17.5-35] pm. Culturing neutrophils from allergic
patients for 2 hours did not increase the number of
NETs, but the size of neutrophil extracellular traps
increased by almost 2 times (Table 1).

Table 1

Parameters of Neutrophil Extracellular Traps (NETs)
in Patients with Seasonal Allergic Rhinitis (» = 12) during
the Exacerbation Period, Me [0 —0,]

Number of
NETs, %
Spontaneous formation of extracellular structures
(1 hour of incubation)
10 [8.3-14] | 28 [17.5-35] |
Spontaneous formation of extracellular structures
(2 hours of incubation)

NET size, microns NET structure

Networks

Networks, single

11.1[8.3-21] strands, fibers

52.5 [35-70]*
*p < 0.05 compared to cell incubation for 1 hour

The peculiarity of the NET formation in patients
with seasonal allergic rhinitis during the exacerbation
period is that, in addition to neutrophil networks,
single strands, and fibers are detected during longer
neutrophil cultivation (for 2 hours). The number of
these abnormal structures is small and does not exceed
10% of the total number of neutrophil networks.

NET formation in the morphological form of
neutrophil networks (Fig. 1), combined with single
strands and fibers, confirms that the neutrophils of
allergic patients are already pre-activated [3].
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Fig. 1. Neutrophil networks in patients with seasonal allergic
rhinitis during the exacerbation period. Incubation time 1 h.
CYBR Green staining. Magnification x 1 000

These two morphological structures (neutrophil
networks and single strands) may indicate two forms
of neutrophil activation during the exacerbation
period and may be caused by two different processes.
Neutrophil network formation in patients with
seasonal allergic rhinitis during the exacerbation
period may be induced by both contact interactions
with pathogens [5] and the action of IL-8, which
can induce the production of free radicals and the
formation of extracellular traps [6].

In severe infectious complications/sepsis,
it was found that the IL-8 concentration in the
patients’ blood plasma was closely related to the
NET formation, and the inhibition of IL-8 using
monoclonal antibodies significantly weakened the
formation of NETs [7]. Epithelial cells stimulated
by pollen extracts release IL-8, as well as a
number of pro-inflammatory cytokines, including
IL-1, IL-6, and TNFa [8]. The secretion of pro-
allergic alarmins (thymic stromal lymphopoietin
TSLP, IL-33; and IL-25) contributes to a Th2-
dominated immune response and the development
of sensitization.

For that reason, the neutrophil network
formation in the patients we examined is likely to
be caused by the action of IL-8. However, as we
have previously shown, the neutrophil network
formation is a manifestation of the body’s readiness
to trigger protective anti-infective reactions [5].
The detection of NETs in the morphological form
of single strands can be interpreted as a neutrophil
response to contact interactions with damaged
vascular endothelium [9].

The central neutrophil extracellular structure
found in patients with seasonal allergic rhinitis during
the exacerbation period is neutrophil networks.
Functional activity study of these neutrophil structures
showed that, despite the relatively small size of
the neutrophil networks — 52.5 [35-70] microns,
upon incubation for 2 hourthe pathogen Klebsiella
pneumoniae in these extracellular structures is quite
high (Table 2).

Table 2
Functional Activity of Neutrophil Networks, Single Strands,

and Fibers in Patients with Seasonal Allergic Rhinitis (n» = 12)
during the Exacerbation Period, after Incubation for 2 hours,

Me[0-0,]
. Capture of
NET struc- NET size, NET conversion pathogen cells
. after interaction .
ture microns . Klebsiella pneu-
with a pathogen .
moniae
Neutrophil |5, 5135 707 | Neutrophil veils | 50 [40-60]
networks
Stlrr;ifs 130 Single strands, 0.00
? [112.5-157.5] fibers ’

fibers

Each neutrophil network binds 50 [40—60]
pathogen cells. At the same time, the structure
of the neutrophil network changes — it undergoes
morphofunctional transformation, i.e., it transforms
into a veil-like structure (Fig. 2).

Fig. 2. Neutrophil networks of patients with seasonal allergic
rhinitis during exacerbation capture and bind the cells of the
pathogen Klebsiella pneumoniae.

We previously described such morphofunctional
transformation of neutrophil networks during
contact interactions with a pathogen in patients
with infectious inflammation in the abdominal
area [10].
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It should be noted that during the neutrophil
activation in healthy individuals, each neutrophil
network is capable of capturing and retaining an
average of 80 [60-100] Klebsiella pneumoniae
cells. In patients with inflammatory diseases of the
abdominal cavity (appendicitis, cholecystitis, and
pancreatitis), the functional activity of NETs is
reduced by several times compared to healthy donors
in the postoperative period.

In these patients, neutrophil extracellular
structures capture and bind an average of no more
than 20 cells of the test microorganism, and some of
the infectious pathogen cells remain unbound by the
extracellular neutrophil structures, which increases
the risk of postoperative infectious complications in
these patients [9].

The functional activity of spontancous
neutrophil networks in patients with seasonal
allergic rhinitis during the exacerbation period is
1.6 times lower than the activity of induced NETs in
healthy donors, but 2.5 times higher than the same
parameter in patients with inflammatory diseases of
the abdominal cavity.

CONCLUSION

The results of a study of the morphological
structure and functional activity of neutrophil
extracellular traps in patients with hay fever (seasonal
allergic rhinitis) during the exacerbation period
indicate that during the exacerbation of hay fever,
the NET formation is similar to that observed during
infectious inflammation, accompanied by relatively
high functional activity of neutrophil networks.
The conducted research suggests that neutrophil
extracellular trap formation in the morphological
form of neutrophil networks is a universal response
of neutrophils to pathogens.
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