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ABSTRACT

Background. Neutrophils can play a significant role in the formation of bronchial inflammation in asthma
exacerbation in patients with cold-induced airway hyperresponsiveness (CIAHR).

Aim. To evaluate the role of neutrophils in the dynamics of the inflammatory pattern of bronchi in the exacerbation
of asthma in patients with CIAHR.

Materials and methods. In 31 patients (average age (37.2 + 2.7) years) with persistent bronchial asthma (BA)
with moderate exacerbation and previously established CIAHR during cold air isocapnic hyperventilation (CAIH)
(- 20 °C, 3 min), the level of asthma control (Asthma Control Test (ACT), score) and external respiration (forced
expiratory volume in the first second (FEV)), forced expiratory flow between 25% and 75% of the vital capacity
(FEF,; ,,)) were assessed; induced sputum (IS) was examined initially and after 24 weeks of follow-up. At the
time of the examination, the patients were additionally prescribed prednisone orally (at a maximum dose of 30
mg) for the first 10 days in order to stop the exacerbation, and then they continued treatment with a combination of
budesonide / formoterol (640 / 18 ng per day) for 24 weeks.

Results. At the time of the initial examination, the ACT score was 17.0 (13.0; 19.5), FEV, was 89.1 + 3.9%, and
the number of neutrophils in the sputum was 55.9 + 5.6%. At the end of treatment, the ACT score was 22.0 (17.0;
24.5) (p = 0.037), FEV, was 96.2 + 2.9% (p = 0.038), the number of neutrophils in IS decreased, but remained
high enough (40.0 + 5.5%; p = 0.048); and the number of eosinophils did not change. A linear regression equation
was made reflecting the relationship between the initially high number of neutrophils in the sputum, other cellular
elements in the sputum, the level of asthma control, and the degree of severity of the bronchial response after a
bronchoprovocation test with CAIH.

Conclusion. Asthma exacerbation in patients with CIAHR is associated with an increase in the neutrophil pool
of the bronchial inflammatory infiltrate and correlates with the degree of severity of the airway response to
bronchoprovocation with cold and the level of asthma control.

Key words: bronchial asthma, cold-induced airway hyperresponsiveness, exacerbation, neutrophil-dominated
airway inflammation, pattern of bronchial inflammation, asthma control.
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PE3IOME

Beenenne. Heitrpoduiel MOryT UrpaTh 3HAYUTEIBHYIO POJIb B OPMUPOBAHHN OPOHXNAIBHOIO BOCIIAIICHHUS TIPH
oboctpennn O6ponxuansHOi acTMbl (BA) y GONBHBIX C XO0JOIOBOW T'MIEPPEaKTHBHOCTHIO ABIXATENbHBIX ITyTEH
(XTAaI).

Heab. OueHnTs poNIb HEUTPOPHUIOB B AMHAMHKE BOCIAIUTEIHHOTO MAaTTepHA OpOHXOB mpu oboctpeHnn BA y
manuentoB ¢ XTI JIT.

Matepunaasl u Meroabl. Y 31 GombHOro (cpemnuii Bospact (37,2 + 2,7) ner) mepcuctupytomeii BA co
CPEHETSDKEIbIM 000CTPEHHEM M paHee YCTaHOBICHHON XOJOJOBOH TMIIEPPEaKTUBHOCTBIO ABIXATENbHBIX ITyTeil
IIpY MIPOBEJICHUU CTAaHAAPTHON N30KATHUUECKON runepBeHTIIALUH Xoia0aHbM (—20 °C, 3 mun) Bozgyxom (UI'XB)
oneHuBaal ypoBeHb KOHTposisi BA (Asthma Control Test, ACT, 6ansl), GyHKIHIO BHEIIHETO IbIXaHUSA (00beM
¢popcrpoBanHOro BbI0XA 32 NIepBYIo cekyHny (OOB, |, MakcumanbHas 00beMHas CKOPOCTE BbIIOXA Ha YPOBHE 25—
75% (opcupoBanHOi sxu3HEHHOH emKocTH Jerkux (MOC,; ..)), uccrenoany HHIYIUPOBaHHYI0 MOkpoTy (VM)
HCXOIHO U uepe3 24 Hex HaOmoneHus. Ha MoMeHT oOcneioBanus OOIBHBIM C [ENbI0 KyIHPOBaHHUS 00OCTPEHHUS B
TedyeHue nepBrix 10 gHEel TOMOTHUTENBFHO Ha3HAYAICA PEAHU30JI0H IEPOpabHO (B MakCUMalbHOM 103e 30 Mr),
3aTeM 24 HeJl OHM MPOIOJDKAIIH JieueHne KoMOuHarmei oyaeconun/popmoreporn (640/18 mxr/cyr).

PesynbraTtel. Ha Moment nepsuanoro obcnenosanus ACT cocrasun 17,0 (13,0; 19,5) 6antos, ODB, 89,1
3,9%, uncio HeHTpodhuiIoB B MOKpoTe 55,9 £ 5,6%. B KoHIIe JieueHns ypoBeHb KOHTPOJISI HAJl aCTMOI COCTaBHIT
22,0 (17,0; 24,5) (p = 0,037), ODB, 96,2 £ 2,9% (p = 0,038), xonuuecTBO HelTpodmnos B UM cHMXANOCH, HO
0CTaBaJIOCh JA0CTATOYHO BBICOKUM (40,0 £ 5,5%; p = 0,048); uncio 303MHOPUIOB HE H3MEHsITOCh. [locTpoeHO
ypaBHEHHE JIMHEWHOIN perpeccuy, IIOKa3aBllee 3aBUCHMOCTh MEXKIY HCXOIHO BBICOKMM KOJMYECTBOM
HEUTPO(DHUIOB B MOKPOTE, IPYTMMH KJIETOYHBIMH 3JIEMEHTaMH MOKPOTBI, YPOBHEM KOHTPOJISI Hal OOJE3HBIO M
CTENEHBIO BRIPA)KEHHOCTH PeaklMK OPOHXOB MOCIIE MPOBEICHNs OCTpol OpoHXonpoBoKkanoHHO! nmpobsr UI'XB.

3akioueHue. O6OCTpeHI/Ie y OOJIBHBIX 6p0HXHaJILHOI>1 acT™Mol ¢ XOHOI{OBOﬁ TUTICPPCAKTUBHOCTBIO AbIXAaTCIbHBIX
HyTeﬁ acCoUUpyeTCs C YBECIMYCHUEM HeﬁTpO(i)PIJII;HOFO myna 6pOHXI/IaJ'II>HOI‘O BOCHTAJIUTCIIBHOTO I/IH(i)I/IJII)TpaTa
1 KOPPEIMPYET CO CTCICHBIO BBIPAKEHHOCTH PEAKIMU HAa XOJIOAOBYIO 6p0HXOHpOBOKaHI/IIO 1 YPOBHEM KOHTPOJIA
Hazx 3a00JIeBaHUEM.

KitroueBble ci10Ba: OpOHXHAIbHAS ACTMA, XOJI0J0Bas TUIIEPPEAKTUBHOCTD bIXaTeIbHBIX My TeH, paza o0ocTpeHus,
HEHTPOMUIBbHBINA CErMEHT BOCIAJICHUS, IATTEPH BOCTIAJICHUS OPOHXOB, KOHTPOJIb ACTMBI.

KOH(‘I).]'IP[KT HHTEPECOB: ABTOpLI JCKIApUPYIOT OTCYTCTBUE ABHBIX U NMOTCHIHUAJIBHBIX KOH(I)J'[I/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/I€I71 HaCTOHIJ.[efI CTaTbHU.

Hcrounuk punancupoBanus. Yccreooganue 8uinoiHeHo npu @uHancosol noddepocke Poccutickozo ¢onoa
dynoamenmanvrvix ucciedosanuil (epanm Ne 18-54-53019).

CooTBeTcTBHE NPUHIMIIAM 3THKH. Bce manueHTs! noamucanrd HHGOPMUPOBAHHOE COTTIacHe Ha y4acTHE B HC-
cnenoBanuu. McenenoBanue ogo0peHo JIOKaJbHBIM KOMUTETOM 1o 6noMeauackoi stuke AHL] ®II/] (mpoto-
ko Ne 120/1 ot 25.10.2017).

Jst mutupoBanus: Iluporos A.B., Ilpuxomsko A.I'., AdanaceeBa E.IO., llenyneko E.I'., T'opuakosa f.I'.,
Wioy C., JTu I1., [Tepensman FO.M. ObocTpenne acTMbl 1 HEHTPOQHIBHBII CErMEHT BOCITAICHHSI OPOHXOB Y Maly-
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INTRODUCTION

The clinical syndrome of cold-induced airway
hyperresponsiveness (CIAHR), associated with con-
stant exposure to such an ecologically conditioned
trigger as low ambient air temperature, is diagnosed
in the majority (60—80%) of patients with bronchi-
al asthma (BA) of any severity [1]. In addition to
other disturbing factors, exposure to low tempera-
tures, associated with cold-induced bronchospasm,
is an inducer of airway oxidative stress, which is in-
terpreted as a typical pathological process that ini-
tiates the development and progression of various lung
diseases [2].

Taking into account the fact that clinical manifes-
tations of BA are modulated by chronic inflammation
[3], a priority role in studying the mechanisms of in-
active control and exacerbations of the disease can be
assigned to the leading cellular effectors of inflam-
mation — eosinophils and neutrophils [4], generating
reactive oxygen species (ROS) and other mediators
of oxidative stress, which are presented as signaling
molecules that regulate the expression of proinflam-
matory cytokines [2]. An increased level of proinflam-
matory cytokines is potentially capable of activating a
cascade of inflammatory reactions that determine the
severe clinical course of BA [5].

It is known that with steroid-resistant asthma in pa-
tients receiving high doses of systemic corticosteroids,
a high level of neutrophils in the bronchoalveolar la-
vage is identified, whereas in patients not receiving
systemic corticosteroids, eosinophilia predominates
[6]. During acute exacerbations and fatal BA attacks,
neutrophil-dominated inflammation proceeds in the
airways [6]. Neutrophilia of the bronchial infiltrate
contributes to aggravation of clinical manifestations
of BA, limits the possibility of achieving the disease
control, and is accompanied by a decrease in airway
patency and an increase in the frequency of airway
response to a cold stimulus [4, 7].

Based on the study of bronchial biopsy specimens
obtained from patients with severe exacerbations of
BA and endotracheal intubation for respiratory fai-
lure, it was found that at the stage of exacerbation the
bronchial mucosa is intensively infiltrated by eosino-
phils and, to a greater extent, by neutrophils [8]. This
does not exclude the fact that such patients have air-

way neutrophilia before the exacerbation — due to the
previous severe course of BA against the background
of treatment with high doses of inhaled corticosteroids
ICS) [9].

The role of the morphological and functional sta-
tus of neutrophils in the manifestation of the inflam-
matory pattern in the bronchi during BA exacerbation
in patients with CIAHR has not been clarified. Since
the response of the bronchi to cold exposure is clearly
associated with a low level of asthma control and diffi-
culties in reducing a cold-induced bronchospasm [10],
the possibility of activation of neutrophil-initiated ox-
idative stress during the exacerbation could result in
loss of control and an increase in BA severity. The
solution to this problem is associated with the search
for methods of appropriate pharmacotherapy for the
neutrophil component of inflammation.

The aim of this work was to assess the dynamics
of changes in the neutrophil component of the inflam-
matory pattern in the bronchi during exacerbation and
without exacerbation of BA in patients with CIAHR.

MATERIALS AND METHODS

The study included patients (n = 31, average age
37.2 + 2.7 years) of both sexes (14 men, 17 women)
with an established diagnosis of persistent asthma
(disease duration > 2 years) and clinical symptoms of
exacerbation, according to the criteria [3], and previ-
ously identified CIAHR during a bronchoprovocation
test with cold air isocapnic hyperventilation (CAIH)
(3 min; — 20 °C) [1].

Before inclusion in the study, the patients received
anti-inflammatory therapy with a combined medica-
tion ICS / long-acting beta(2)-agonists (LABA) at a
daily dose of < 1000 pg equivalent to beclomethasone
for at least 3 months. The therapy was inadequate and
irregular for various reasons, mainly economic ones.
From the start of the study (1% visit) for the entire fol-
low-up period (24 weeks), treatment of patients with
the first-line anti-inflammatory drug budesonide/for-
moterol (Symbicort® Turbuhaler®) was planned in a
stable dosing regimen, at an increased dose of 640 /18
ug per day. To relieve exacerbation symptoms, oral
prednisolone therapy (at a maximum dose of 30 mg)
was used for 5-10 days [3], and then the treatment
with budesonide/formoterol at a stable dose continued
for 24 weeks.
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The study design included assessment of BA se-
verity and determination of the pulmonary function
with analysis of the indices of the forced expiratory
flow-volume curve (forced expiratory volume in the
first second (FEV)), forced expiratory flow between
25% and 75% of the vital capacity (FEF,; ..), forced
vital capacity (FVC), the FEV /FVC ratio, peak expi-
ratory flow (PEF), maximal expiratory flow at 50% of
vital flow capacity (MEF, ), maximal expiratory flow
at 75% of vital flow capacity (MEF_,)) by spirometry
on an Easy on-PC (NDD Medizintechnik AG, Swit-
zerland) with subsequent registration of parameters
after inhalation of a f,-agonist (salbutamol, 400 pg)
initially (1* visit), 10 days after the start of the treat-
ment (2™ visit), and at the end of 24 weeks of the ther-
apy (3" visit ). At the 1* and 3™ visits, asthma control
was assessed using the Asthma Control Test (ACT,
Quality Metric Inc., 2002). The criteria for complete,
good, and insufficient control of the disease were 25,
24-20 and less than 20 points, respectively.

At the 1% and 3" visits, samples of induced sputum
(IS) were collected and studied [11]. The cytosis level
was determined by the number of cells contained in 1
ul of sputum. In order to determine the cellular com-
position, the sputum smears were examined according
to the standard technique using optical microscopy,
with calculation of at least 400 cells in 100 fields of
view in the central and peripheral parts of the spec-
imen. The number of neutrophils, eosinophils, mac-
rophages, lymphocytes, and bronchial epithelial cells
counted in the cytological smears was expressed as a
percentage; according to the results, cytograms were
formed.

Statistical analysis of the obtained results was car-
ried out using the Statistica 10.0 software package
(StatSoft, Inc., USA) and the Automated System for
Scientific Research program [12]. Compliance of the
trait with the law of normal distribution was evaluated
using the Kolmogorov — Smirnov and Pearson — von
Mises tests. With normal distribution, Student’s ¢-test
was used. With the distribution of data other than nor-
mal, the Wilcoxon test was used. Descriptive statistics
of quantitative variables was presented as the mean,
a standard error of the mean (M + m), as well as the
median and the interquartile range Me (Q; Q,). In or-
der to establish the type of dependence and build a
mathematical model between a random variable and
values of several independent variables, stepwise mul-
tiple regression analysis was used with creation of a
regression equation. For all values, the level of p less
than 0.05 was considered statistically significant.

RESULTS

In accordance with the criteria [3], clinical symp-
toms of moderate exacerbation at the time of the
initial examination were present in all patients with
BA included in the study and were characterized by
increased respiratory discomfort, shortness of breath
(92%), an increase in the number of daytime episodes
of shortness of breath and their appearance at night
(64%), suffocation (56%), cough varying in intensity
and nature (88%), wheezing (60%), chest congestion
(50%), and an increase in the need for short-acting
bronchodilators (94%).

Interviewing patients with subsequent assessment
of the severity of the disease using a validated ACT
questionnaire showed a low level of asthma control
and significant improvement in the bronchial patency
(AFEV)) during the bronchodilation test (Table). The
clinical success of the treatment, which was greatly
determined by patients’ adherence to therapy (it was
85% at the final stage of observation), was reflected in
the dynamics of ACT (Table). When assessing ACT
values in the group as a whole at the 3™ visit, a sta-
tistically significant increase in the level of asthma
control was observed (Table). At the final stage of
monitoring (3 visit), 62% of patients reported signs
of achieving asthma control (ACT score > 20), 22% of
patients receiving regular ICS therapy assessed their
condition as the one without changes (ACT score
<19), in 16% of patients, a decrease in ACT compared
to the initial testing (score less than 15) and clinical
signs of repeated exacerbation were observed. 38% of
patients continued to experience the need for the use
of short-acting bronchodilators.

At the 2™ visit, after 10 days of oral prednisolone
(at a dose of 30 mg), there was no change in bronchial
patency parameters (Table). A statistically significant
improvement in the ventilation function of the lungs
with a decrease in the response during the broncho-
dilation test occurred by the 3™ visit, with long-term
regular use of a stable dose of ICS/LABA.

Calculation of the main cellular elements in in-
duced sputum was performed at baseline, before pre-
scribing corticosteroid therapy, and 6 months after
ICS treatment. In all patients included in the clinical
study, sputum induction was carried out increasingly
by means of 7-minute inhalations with 3-, 4- and 5%
sodium chloride solution. To perform the cytological
study, a sample was selected that had a minimum level
of contamination with squamous epithelial cells (less
than 20% of squamous epithelial cells from the total
number of cells).
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Table

Pulmonary ventilation function and the level of asthma control
in patients with BA at runtime, n = 31

Parameter 1t visit 2" visit 3 visit 14 )2

FEV,,1,
3.17+£0.22(3.10£0.16 | 3.43+0.23 | 0.024 | 0.022

M+m
MEF, ¢ 15 66+0242.61024(321+026 0.013 | 0.006
/s, M£tm
FEV /FVC,

%, Al/[:t m 72717 | 748+1.5 | 78.0£1.5 | 0.005 [ 0.008
FEV , % of
pred., 89.1+3.9 | 883+23 | 96.2+2.9 | 0.038 [0.016
M+m
MEF,; ., %
of pred., 64.6+43 | 648+3.1 | 76.0£3.8 | 0.015 [0.006
M+m
AFEV , %, 12.3 11.0 (5.0; 4.5 0018 >
M=+m (6.0;20.0) | 15.0) | (2.0;13.5) | - 0.05
ACT, points, 17.0 3 22.0 0037 3
M=m (13.0; 19.5) (17.0;24.5)|

Note. p — level of significance of the differences between the 1* and
2 visits; p, — between the 2™ and 3" visits.

Relevant sputum samples, which allowed to assess
changes in the cellular pattern of bronchial inflamma-
tion, were obtained in only 26 people. As the results of
the data analysis showed, the pattern of bronchial in-
flammation underwent transformation: from predom-
inantly mixed during exacerbation of BA, with a high
number of eosinophils (>2%) and neutrophils (> 1%)
in the sputum, to eosinophilic, with a pronounced
neutrophil component, without exacerbation of the
disease, at the end of the examination period (Figure).

60 1 o4
50 Visit 1
p=0.048 =0.024

40 - P W Visit 2

30

20

10 4 p=0.045
0 - raca] =

Neutrophils Macrophages Eosinophils Lymphocytes

Figure. Cellular composition of induced sputum (%) in BA
patients at runtime

If the percentage of eosinophils in the sputum at
the 1% and 3" visits did not differ significantly (2.2
(1.5;7.8) and 1.6 (0.8; 3.6) %, respectively, p > 0.05),
the number of neutrophils dramatically decreased
from 55.9 £ 5.6% during exacerbation to 40.0 + 5.5%;
(p = 0.048) without exacerbation, remaining suffi-
ciently high. Additionally, without exacerbation,
the level of lymphocytes decreased (from 4.1 &+ 0.79
to 2.1 £ 0.41%; p = 0.045) and the level of macro-

phages increased (from 23.8 + 2.9 to 39.0 + 6.1%;
p=10.024).

Linear regression analysis was used to build a mod-
el that would best show the relationship between the
studied indices. When assessing the baseline values
of parameters at the time of the initial examination,
a relationship was revealed between the initially high
number of neutrophils (N) in the sputum, other cellu-
lar elements of the sputum (macrophages, M, %), the
level of control over the disease (ACT, points), and
the severity of the bronchial response (AFEV ) after a
bronchoprovocation test with IHCA:

N (%)=93.0-1.4 x M (%) —0.3 x ACT (points) —
0.25 x AFEV1 (%)

The regression is significant with 98.8% probabili-
ty, explains 71.7% of the dispersion. This dependence
disappeared after regular long-term use of [CS/LABA.

DISCUSSION

In our earlier works concerning the relationship
between the clinical manifestations of BA and the
inflammatory pattern in the bronchi in patients with
CIAHR, the negative effect of neutrophils on the
achievement of clinical criteria for disease control
was repeatedly mentioned [4]. Thus, in patients with
persistent mild-to-moderate BA of mixed type, a de-
crease in the clinical and functional features of BA
depended on an increase in the number of neutrophils
and a rise in the level of neutrophil peroxidase in the
inflammatory pattern of the bronchi [4].

The use of a 24-week treatment regimen with a
combination of ICS/LABA in patients with mode-
rate asthma exacerbation did not lead to a controlled
decrease in the number of neutrophils in the airways,
which was interpreted as a risk factor of the possible
loss of the achieved asthma control [7]. The prognos-
tically unfavorable mixed pattern of inflammation in
patients with severe uncontrolled asthma in combi-
nation with CIAHR was characterized not only by a
large pool of neutrophils, but also by a high degree of
activity of oxidative enzymes and destruction and cy-
tolysis of bronchial granulocytes, which was clinically
manifested through a more severe course of the disease
and a more complex problem of asthma control [13].

According to a number of authors, a mixed pat-
tern of inflammation, determined in approximately
10-15% of patients with BA, is combined with more
severe symptoms and more frequent exacerbations
difficult to treat with ICS, compared to the Th2 pat-
tern of bronchial inflammation [14, 15]. Neutrophilia
and a mixed pattern of inflammation are associated
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with increased expression of non-Th2 cytokines — IL-
17 cytokine and proinflammatory IFNy [14]. The ex-
pression of IL-17 is associated with the in vitro and
in vivo identified phenomena of neutrophil NETosis,
which often develops in BA patients according to the
so-called non-lytic pathway with the formation of
enucleated cytoplasts that induce differentiation of
naive CD4" T-helper lymphocytes (CD4* ThO) into a
subpopulation of T-helpers 17 (Th17) — producers of
IL-17 [14, 15].

Enucleated cytoplasts, resulting from disintegra-
tion of the nuclear envelope into many vesicles and
eruption of decondensed chromatin through the rup-
ture in the neutrophil plasma membrane with resealing
of the latter, have a set of rather significant functional
properties. If the discarded double-stranded DNA can
interact with dendritic cells of the airways via TLR2
receptors, which leads to the formation of CD4* Th2,
then activation of dendritic cells by cytoplasts, on
the contrary, causes differentiation of ThO into anti-
gen-specific Th17 [14, 15].

Overproduction of Thl7-related cytokines, includ-
ing IL-17A and IL-17F, is considered to be the main
driving force for recruitment and activation of neutro-
phils through induction of cytokines and chemokines,
such as CXCLS, IL-6, G-CSF and GM-CSF, IL-8,
and CXCL1 and CXCLS, the expression of which
correlates with the severity of BA and bronchial neu-
trophilia [16]. Cytokines and activated enzymes inter-
acting in Th17 and Thl inflammatory responses mod-
ify the structure of the respiratory tract in BA patients
and cause remodeling and an increase in bronchial
obstruction, which contributes to a fall in FEV/ [17].
Differentiation of Th2 cells of the respiratory tract into
double positive cells Th2 / Th17 is of particular inter-
est. In vivo studies showed that the predominance of
double positive Th2/Th17 cells in the bronchoalveolar
lavage of BA patients is associated with a high degree
of airway obstruction and hyperresponsiveness and an
increase in the severity and cortical resistance of the
disease [18].

Comparing the data on the accumulation of neu-
trophils, activation of Th17-associated cytokines, and
the possibility of development of non-Th2 inflamma-
tion during increasing BA severity with identification
of a mixed inflammatory phenotype in patients with
CIAHR in the exacerbation phase, it can be assumed
that deterioration of the clinical characteristics of BA
during exacerbation is associated with stimulation
of neutrophil-dominated inflammation. Without ex-
acerbation, despite the decrease, the number of neu-

trophils in IS in 71% of patients remained quite high
(more than 41%), as a result of which a pronounced
neutrophil component in the inflammatory pattern
was isolated.

Maintenance of relative neutrophilia in the bron-
chi of BA patients with CTAHR without exacerbation
can be explained by the role of budesonide / formo-
terol therapy in the increase in the functional activi-
ty of neutrophils, namely, the antiapoptotic effect of
budesonide on neutrophils. The ability of ICS to sup-
press the cytotoxicity of pulmonary NK cells, leading
to a decrease in the intensity of NK-mediated apop-
tosis in granulocytes, which promotes efferocytosis
in macrophages, was proven [13]. Researchers argue
that neutrophilia in patients with BA can be observed
independently of hormonal therapy, and non-eosino-
philic asthma is the phenotype of the disease that is
characterized by insensitivity to ICS therapy [17].

The mechanisms responsible for the decrease in
the number of neutrophils in the airways of patients
with CIAHR without exacerbation include classical
NETosis — the process of programmed oxygen-de-
pendent cell death, the purpose of which is to form
highly active neutrophil extracellular traps (NETSs)
in response to irritants, which serve as an important
tool for elimination of pathogens and inflammation
products [19-21]. The formation of NETs begins with
priming of neutrophils, triggering of the NADFH-
oxidase enzyme complex and respiratory burst, and
generation of ROS, inducing neutrophil elastase and
PAD-4, which convert arginine and methylarginine
residues into citrulline in histones of the nucleus. As a
result, chromatin decondensation occurs with a simul-
taneous disturbance of the structural integrity of the
cytoplasmic granule membranes. When decondensed
chromatin (DNA strands, histones) is mixed with en-
zymes of lysosomal granules, net-like NETs are se-
creted into the extracellular space [19-21].

Exocytosis of myeloperoxidase (MPO) can take
place not only as a result of neutrophil NETosis. As
it is known, MPO, when interacting with H,0,, cata-
lyzes the oxidation of halides (CI, Br, I"), generating
the production of hypohalogenites (active forms of
halogens (AFH)), hypohalogenite derivatives (HOCI,
HOBr, and HOI), and their ionized forms (hypo-
chlorite, hypobromite, and hypoiodite), resulting in
a link between oxidative and halogenated stress [22,
23]. Being a product of azurophilic granules of neu-
trophils, MPO is secreted into the intercellular envi-
ronment during cell degranulation associated with a
respiratory burst.
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It was shown that degranulation of neutrophils
in IS of BA patients with CIAHR is capable of in-
tensifying to the level of destruction [4, 7, 13]. To-
tal degranulation of cells, which induces destruction
and to the fullest discloses the effector capabilities of
neutrophils with a maximally pronounced respirato-
ry burst, is preceded by enzymatic activation in the
form of enhanced synthesis and intragranular deposi-
tion of MPO, proportional to the needs of bronchial
inflammation in AFH, involved in the prolongation
and maintenance of CIAHR. Enhanced accumulation
of peroxidase reserves in neutrophils, stimulated by
accelerated utilization of highly reactive halogen-con-
taining compounds in the bronchial matrix, ends with
functional depletion of cells, depletion of the perox-
idase-positive granule reserve, intensive destruction,
and cytolysis with destruction of the cytoplasm and
then the nucleus with cell lysis.

Therefore, a slight decrease in the number of neu-
trophils in the inflammatory pattern of the bronchi of
BA patients with CIAHR without exacerbation was a
consequence of ROS-stimulated NETosis, as well as
destructive and cytolytic processes, the manifestation
of which corresponded to the period of exacerbation
associated with the activation of non-Th2 inflammato-
ry response, the prevalence of proinflammatory cyto-
kines, and escalating oxidative stress.

CONCLUSION

It can be concluded that first-line anti-inflammato-
ry therapy, accompanied by the elimination of clini-
cal and functional manifestations of exacerbation and
the increase in the level of control over the disease,
promoted transformation of the mixed inflammatory
pattern in the bronchi into the eosinophilic one. At the
same time, the neutrophil component remained quite
pronounced without exacerbation, which indicated the
limited effectiveness of the proposed therapy in rela-
tion to the regulation of neutrophil-dominated inflam-
mation. This is an evidence of the preserved difficulty
of comprehensive drug control over inflammation in
asthma, in particular, over the pool of neutrophils in
the granulocyte population, infiltrating the bronchi of
patients with CIAHR.
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