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Ponb B3BeLWeHHbIX MUKpOYacTUL, aTMOChepHoro | Cheter
Bo3ayxa B ¢opMUpPOBaAHUU 303MHOGUIBHOIO
BocnaneHua npu T2-anaoTune 6poHXManbHOM acTMbl

0.B. CkopoxopxuHa', M.P. Xakumosa!, I.A. Tumepbynarosa'- 2, 0.A. bapeituesa?, J1.E. Caneesa?,
P.I. Wapunosa®, A.B. Abngesa’, J1.M. ®atxytauHosa'

1 KasaHckuit rocyaapcTBeHHbI MeaMUMHCKMIA yHuBepcuTeT, KasaHb, Poccuiickas ®epnepauns
2 |leHTp rurvienbl v anupemmonorun B Pecnybnnke Tatapctan (Tatapctan), KasaHb, Poccuitckas ®enepaums
3 PecnybnnKaHcKas KMHUYecKas 6obHuLa, KasaHb, Poccuiickan Oeaepaumst

AHHOTALMA

O6ocHosanue. 06LieN3BECTHO, annepreHbl ABASAKOTCA MHAYKTOPaMU 303MHO(QUNIBHOrO BOCManeHus npu T2-3HpoTune
BpoHXManbHOW acTMbl, 0HAKO pofib Hecneumduyeckux hakTopoB (MMKpodacTuubl aTMochepHoro Bo3gyxa, PM) msydeHa
He[0CTaTOuHo.

Lless — Ha ocHoBe UccneoBaHUs OTLAENbHBIX 61MOMapKepoB 0XapaKTepu30BaTh 303UHO(ULHOE BocnaneHue npu T2-3Hao-
TMNe 6pOHXMANbHOM acTMbI B YCNOBUSAX BIIMAHUS MUKPOYaCTUL, aTMOC(EpHOro Bo3ayxa.

Mamepuaner u Memoder. 06cnefoBaHo 150 nauueHToB ¢ GpOHXMANBHOM aCTMOM, U3 HUX BKIIOYEH B UCCNeA0BaHue 61 nauu-
eHT B Bo3pacTe 18—65 net ¢ T2-3HA0TUNOM BPOHXMaNbHOW acTMbl: 34 — ¢ anneprideckon (1-a rpynna), 27 — ¢ Heannepru-
yecKoii (2-a rpynna). Fpynna cpaBHeHuss — 30 yenoBek 6e3 bpoHXMaNbHOM acTMbl U APYTUX annepruyeckux 3aboneBaHuii —
nogobpaHa MeTofoM Konus-napa. Hapsgy ¢ 0BLLEKIMHUYECKUM U CIELMGUYECKUM anneproiiornyeckum obcnefoBaHueM
NpoBeEHO onpeAeneHne KoHUeHTpaumm IL-33, IL-25, IL-4, IL-5, IL-13, [MN4 (MynsTURNeKCHbIA aHanu3) v nepuocTuHa (MDA)
B CbIBOPOTKe KpoBu. MpoaHanuanpoBaHa 6asa aaHHbIx OBY3 «LleHTp rurvensbl u anupemuonorum B Pecnybnuke TatapcTaH
(TaTapcraH)» N0 MOHUTOPUHTY COAEPKaHMS MeSIKOAMCNEPCHBIX BELLEeCTB aTMocdepHoro Bo3ayxa B r. Kasanu (2014-2020 rr.)
C OLEHKOM YCpeLHEHHBIX 33 MHOroNIeTHUI nepuog, (Avr) M MakcuManbHbIX cpefHerofoBbix (MaxAvr) KoHueHTpauuii PM2,5
1 PM10 B 30Hax npoxmBaHus. CtatucTUyecKas 0bpaboTKa AaHHbIX MPoBefeHa ¢ Mcronb3oBaHWeM naketa R (Bepcus 4.0.5).
PaboTa BbinonHeHa npu nopaep:kke rpaHta POOU B pamkax npoekta 19-05-50094.

Pesynemamel. BbisiBneH BbICOKMIA YpoBEHb abCONIOTHOrO KonuyecTsa 303uHOGKN0B nepudepuyeckon Kposu u IL-5 y na-
LMEHTOB C BPOHXManbHOM acTMOM. TONBKO Y MALMEHTOB C ayIepriyeckon acTMon 0bHapyeHO MOBLILLEHHOE COZEpXaHue
obwero IgE (p=0,0001), KoppenupytoLLee ¢ BbicokuM ypoBHeM IL-4 (rS=0,38; p=0,045); kpoMe Toro, B 3TOM e rpynne oT-
Meyvasnochb Bbicokoe copepxanue IL-25 (p=0,009). Mpu 3ToM pa3nnumin B copep:kaHum IL-33 y naumeHToB ¢ BpOHXMaNbHOM
aCcTMOI BbIIBUTL He yAanoch. PerpeccoHHbIi aHanus noKasarn, uTo ysennyeHue copepxanusa PM2,5Avr Ha 1 MKr/M3 Benér
K yBennyeHunio KoHueHTpaumm IL-33 u IL-25, noBbiweHne ypoBHa PM10Avr — K yBenuueHnto KoHueHTpaumm IL-25 TonbKo
Yy NauMeHTOB C Heasepruvyeckon BpoHXManbHOM acTMON. Y NaUMEeHTOB C anepryeckon acTMOW NpY MOBLILLEHUN YPOBHSA
PM2,5Avr u PM10Avr cTatucTyecku 3HaumMoro yeennyenus IL-33 u IL-25 He BbisiBNEHO.

3aknioyeHue. Pe3ynbTaTbl PerpeccuMoHHOr0 aHanu3a YKasblBaloT Ha Bedyllyl pojlb MUKpouacTul, aTMochepHoro Bo3sgyxa
B PasBUTMM 1 MOAJEPIKAHNM 303MHO(PUIBHOTO BOCNANEHMS Y MALMEHTOB C Heanmepraiyeckum heHoTUNoM BpoHXManbHOM acTMBI.

KnioueBble cnoBa: bpoHxmanbHas acTMa; 303MHO(UILHOE BOCNaeHne; LUTOKUHLI; buomapKepsl; PM2,5; PM10.
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The role of fine suspended particles of atmospheric
air in the formation of eosinophilic inflammation
in T2-endotype of asthma

Olesya V. Skorokhodkina', Milyausha R. Khakimova', Gyuzel A. Timerbulatova' 2,
Olga A. Bareycheva?, Larisa E. Saleeva?, Rezeda G. Sharipova?®, Anastasiya V. Ablyaeva',
Liliya M. Fatkhutdinova'

! Kazan State Medical University, Kazan, Russian Federation
2 Hygienic and Epidemiological Center in Republic of Tatarstan (Tatarstan), Kazan, Russian Federation
3 Republican Clinical Hospital of the Republic of Tatarstan, Kazan, Russian Federation

ABSTRACT

BACKGROUND: Allergens induce eosinophilic inflammation in the T2 endotype of asthma. However, much less is known about
the role of non-specific factors (suspended particles in the atmospheric air-PM).

AIMS: To define eosinophilic inflammation on the basis of several biomarkers in the T2 endotype of asthma exposed to PM.
MATERIALS AND METHODS: We studied 150 patients with asthma, and 61 patients with T2 endotype of asthma (ages
18—65 years) were enrolled. Group 1 included 34 patients with allergic asthma, and group 2 included 27 patients with
non-allergic asthma. Moreover, 30 healthy matched controls without asthma and other allergic diseases were enrolled in the
study. Clinical examination and allergy testing were performed. Additionally, serum levels of IL-33, IL-25, IL-4, IL-5, IL-13,
DPP4 (multiplex assay), and periostin (ELISA) were evaluated. The analyses of the average annual concentrations (Avr) and the
maximal annual concentrations (MaxAvr) of PM2.5 and PM10 in Kazan were conducted using the database of the Center for
Hygiene and Epidemiology in the Republic of Tatarstan, being averaged over the period from 2014 to 2020 years in monitoring
points at residential areas. Statistical analyses were performed using R version 4.0.5. The study was funded by RFBR (Project
no. 19-05-50094).

RESULTS: We detected increased blood eosinophil count and IL-5 levels in patients with asthma. High levels of total IgE
(p=0.0001) that correlated with IL-4 levels were observed only in patients with allergic asthma (rS=0.38; p=0.045). Moreover,
elevated IL-25 levels were found in patients with allergic asthma (p=0.009). No significant differences in IL-13 levels in patient
with asthma were found. The regression analysis revealed that the PM2.5Avr increase by 1 mcg/m? increases IL-33 and IL-25
levels, but the PM10Avr increase raises the IL-25 levels only in patients with non-allergic asthma. No significant increase in
IL-25 and IL-33 levels under exposure to PM2.5Avr and PM 10Avr was detected in patients with allergic asthma.
CONCLUSIONS: The results of this study indicate the pivotal role of fine suspended particles in the development and maintenance
of eosinophilic inflammation in patients with non-allergic asthma.

Keywords: asthma, eosinophilic inflammation, cytokines, biomarkers, particulate matter.
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BACKGROUND

Currently, despite certain advances in the diagnosis and
treatment of asthma, several patients fail to achieve disease
control. This fact necessitates the search for new therapeutic
approaches that consider various ethiopathogenetic alternatives
of the development of chronic inflammation [1].

Studies in the last 25 years directed toward researching
the clinical and pathogenetic features of asthma have made
it possible to define the concept of disease phenotypes
and endotypes. In 1999, Wenzel et al. [2] examined tissue
samples obtained by endobronchial biopsy and suggested
two subtypes of inflammation, depending on the involvement
of eosinophils. This became the basis for distinguishing
asthma endotypes, namely, Th2-high (eosinophilic) and
Th2-low (non-eosinophilic) [3]. Continuing research in
this direction, Simpson et al. [4] studied the cellular
composition of induced sputum of patients with asthma
and found other cells along eosinophils, particularly
neutrophils. This significantly expanded the concept of the
possible mechanisms of chronic inflammation development
in asthma and allowed, in addition to eosinophilic version,
to additionally distinguish neutrophilic, mixed granulocytic,
and paucigranulocytic types of inflammation [5]. Further
investigation of pathogenetic mechanisms has led to the
emergence of new data indicating an involvement of type 2
innate lymphoid cells in the formation and maintenance of
eosinophilic inflammation in asthma [3]. Thus, the modern
concept of the problem allows distinguishing two asthma
endotypes, i.e., T2 endotype, where eosinophilic inflammation
develops, and non-T2 endotype, which is characterized by
a neutrophilic or paucigranulocytic inflammation [6].
More than 50% of patients with asthma have a T2 endotype.
Studies on the pathogenetic features of eosinophilic
inflammation made it possible to distinguish its biomarkers:
absolute count of peripheral blood eosinophils, eosinophil
count in induced sputum, nitric oxide levels in exhaled air,
and levels of total IgE, periostin, dipeptidylpeptidase-4
(DPP4), and some cytokines (thymic stromal lymphopoietin
[TLSP], IL-25, IL-33, IL-4, IL-5, and IL-13) in the blood
serum [7]. However, the value of individual biomarkers in
the characterization of eosinophilic inflammation continues,
which is unclear.

The development of eosinophilic inflammation in the
bronchial mucosa in these patients can be induced by
secondary agents — specific (allergens) and nonspecific
(viruses, microorganisms, and pollutants), which get into
contact with the epithelium of the respiratory tract, leading
to its damage and release of alarmins (TSLP, IL-25, and
IL-33). Moreover, allergens cause the development of
antibody immune response with the participation of Th2
lymphocytes producing IL-4, IL-13, and IL-5, B-lymphocytes,
differentiating in plasma cells, and synthesizing allergen-
specific IgE, and the activation of type 2 innate lymphoid
cells (ILC2). In turn, nonspecific stimuli such as ambient
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particulate matter (PM), when the epithelium of the
respiratory tract is exposed to them, lead to the preferential
activation of innate immunity mechanisms involving ILC2,
which synthesizes IL-13 and IL-5 [8, 9].

Ambient PM is a mixture of solid and liquid particles with
different chemical compositions, shapes, and sizes. Particle
size is essential because, depending on this parameter, fine
particles can reach different parts of the respiratory tract [10].
Thus, the following fractions are distinguished according to
the aerodynamic particle size: PM10 (aerodynamic particle
diameter of <10 pm), PM2.5 (aerodynamic particle diameter
of <2.5 pm), and PMO0.1 (aerodynamic particle diameter of
<0.1 pm). PM10 can reach the bronchi, and PM2.5 can reach
the bronchioles [11, 12]. In addition, ambient PM such as
transition metals and quinones from gasoline and diesel
combustion products, cigarette smoke, and secondary
organic aerosols formed in the atmosphere, when
inhaled and deposited in the respiratory tract, can induce
chemical reactions and formation of active forms of oxygen
(OH, 0,7, HO,, 0,. and H,0,) that lead to oxidative stress and
epithelium damage [13].

Studies on cell cultures have shown that epithelial
cytokines are released because of epithelial cell damage by
PM, which leads to the stimulation of dendritic cell maturation
and subsequent activation of Th2 lymphocytes [14]. Owing to
their electrostatic properties and porous surface, suspended
solids easily interact with aeroallergens (plant pollen
allergens, house dust mites, mold spores, and animal hair),
changing their allergenic properties [11]. Suspended particles,
binding to pollen grains, accelerate the release of allergens
and enhance their absorption in the respiratory tract [15].

Nevertheless, the presented data are based on the results
of studies conducted mainly on cell cultures [14]. The number
of studies on the effect of PM on eosinophilic inflammation
development in patients with asthma is limited. Therefore,
further research in this direction continues to be relevant.

This study aimed to characterize eosinophilic inflammation
in the T2 endotype of asthma under the effect of ambient PM
based on the analysis of individual biomarkers.

MATERIALS AND METHODS
Study design

An observational single-center cross-sectional sampling
“case—control” study was conducted.

Eligibility criteria
A total of 150 patients with asthma were examined, of
which 61 patients with T2 asthma were included in the study.
Inclusion criteria: aged 18-65 years and established
clinical diagnosis of allergic or non-allergic T2 asthma.
Exclusion criteria: allergen-specific immunotherapy or
biological therapy at the time of examination or medical
records on the use of these therapy options earlier.

449



450

ORIGINAL STUDY ARTICLES

The control group consisted of 30 people who were
selected by the copy-pair method from individuals
comparable by sex, age, body mass index, and profession
(occupation) but do not have symptoms of asthma and other
allergic diseases. Both groups and the control group provided
written informed consent to participate in the study, which
involved the collection of biological material (blood serum).

Terms and Conditions

The study was conducted at the Republican Center
for Clinical Immunology of State Autonomous Healthcare
Institution Republican Clinical Hospital of the Ministry of
Healthcare of the Russian Federation (Kazan) and LLC
“Clinical and Diagnostic Center Yasin” (Kazan), where patients
with asthma referred for consultation by local therapists and
the control group were examined.

Study duration

The study was conducted from November 2019 to August
2022, and biological material (blood serum) was collected
from February 2020 to May 2021.

Description of medical intervention

The diagnosis of asthma was established in accordance
with current clinical recommendations [16]. The examination
program consisted of general clinical and specific
allergological methods. General clinical methods included
analysis of medical history, physical examination results,
laboratory (including general blood test with differential
white blood cell count and absolute eosinophil count), and
instrumental methods of diagnostics (spirometry with bro
nchodilatation test — inhalation of 400 pg of salbutamol
broncholitic). In turn, specific allergological examinations
included the analysis of allergological history, skin prick
testing with standard allergens, and total and specific IgE
levels in blood serum. To determine the level of disease
control, the asthma control test was performed [16].
Additionally, in the asthma group and control group, the
levels of IL-33, IL-25, IL-4, IL-5, IL-13, and DPP4 in the
blood serum was determined using MILLIPLEX MAP Human
TH17 Magnetic Bead Panel — Immunology Multiplex Assay,
MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead
Panel Il = Immunology Multiplex Assay, and MILLIPLEX MAP
Human Cardiovascular Disease Magnetic Bead Panel 6 -
Cardiovascular Disease (CVD) Immunology Multiplex
Assay (Merck, Germany), and periostin concentration was
determined using enzyme-linked immunoassay (HUMAN
PERIOSTIN/OSF-2 ELISA KIT).

In addition, a database of the Federal State Healthcare
Institution “Center for Hygiene and Epidemiology in the
Republic of Tatarstan (Tatarstan)” for monitoring the content
of ambient PM in Kazan (https://fbuz16.ru) was analyzed from
January 2014 (start of monitoring ambient PM) to December
2020 to characterize the concentrations of PM fractions in
residential areas with the assessment of average annual
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concentrations of PM2.5 and PM10 fractions (PM2.5Avr
and PM10Avr), averaged over seven full calendar years,
and maximum annual average concentrations of PM2.5 and
PM10 fractions (PM2.5MaxAvr and PM10MaxAvr) of ambient
PM over the same period. An approach based on the use of
long-term averaged data as exposition parameters has been
applied in epidemiological studies on the effect of ambient
PM on public health [17, 18].

Main study outcome

The study determined the role of individual biomarkers
in the characterization of eosinophilic inflammation and the
role of ambient PM in the development and maintenance of
eosinophilic inflammation in patients with T2 asthma.

Subgroup analysis

As a result of the examination, two groups were formed,
namely, allergic asthma group (n=34) and the non-allergic
asthma group (n=27). The levels of eosinophilic inflammation
biomarkers were compared and analyzed, and the
relationship between the indicated parameters and ambient
PM was assessed.

Outcome registration methods

The results of general clinical and specific allergological
examinations were recorded in patient’s individual card. Data
on the levels of eosinophilic inflammation biomarkers were
recorded in the journal of laboratory examinations.

Ethical review

The study was approved by the local ethics committee of
FSFEI HE “Kazan State Medical University” of the Ministry of
Healthcare of the Russian Federation (Protocol No. 4 dated
April 28, 2020).

Statistical analysis

Considering the approaches adopted in one-stage
studies of biomarkers, the sample size (91 blood serum
samples) provides a statistical power of at least 95% [19].
The statistical analysis of data was performed using the R
software package (version 4.0.5, USA). Descriptive analysis
of the parameters, considering the deviation from the normal
distribution, included the calculation of median and quartiles
(Me [Q1; Q3]). Comparative analysis was based on the
statistical significance of the difference in indicators according
to the nonparametric Mann—-Whitney Z-test. The Spearman
coefficient was used to assess the correlation dependence
of the indicators. To assess the relationship between serum
levels of cytokines and the average annual concentrations of
PM2.5 and PM10, multivariate regression analysis was used.
In the regression models, sex, age, and body mass index
were used as cofounders. The critical level of significance
(p) when testing the statistical hypotheses was equal to 0.05.
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RESULTS

Study population

We examined 61 patients aged 18—65 (mean age, 41.18)
years with T2 asthma, including 21 men and 40 women.
The allergic asthma group included 34 patients (mean age,
31.9 years), whereas the non-allergic asthma group included
27 patients (mean age, 49.0 years). The characteristics of the
patients are presented in Table 1.

At the time of examination, 15 (44.12%) patients with
allergic and 8 (29.63%) patients with non-allergic asthma
did not receive basic anti-inflammatory therapy, which
was associated with low adherence of a certain number of
patients to treatment (willfully did not use the prescribed
anti-inflammatory therapy and used only short-acting 2
agonists). Unfortunately, at present, treating patients with
asthma in many regions of the world, including Russia, is a
significant problem [20]. In 6 (9.84%) patients, asthma was
diagnosed for the first time; thus, biomaterial was collected
before the start of therapy with inhaled corticosteroids (ICS).

The control group consisted of 30 people who were
selected by the copy-pair method from individuals comparable
by sex, age, body mass index, and profession (occupation),
but had no symptoms of asthma and other allergic diseases.

Main results

The results showed high values of the absolute number
of peripheral blood eosinophils in patients with allergic and
non-allergic asthma: allergic asthma group, Me [Q1; Q3],
291.75 cells/pL [140.60; 516.50]; non-allergic asthma
group, 286.00 cells/pL [170.00; 451.00], whereas in the
control group, this marker did not exceed 56.50 cells/pL
[48.50; 111.00] (p=0.000001), which confirms the presence
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of eosinophilic inflammation (Table 2). Moreover, IL-5
levels in the blood serum did not differ significantly in the
allergic and non-allergic asthma groups, i.e., 6.33 pg/mL
[2.32; 8.77] and 4.17 pg/mL [1.82; 14.64], respectively, and
as expected, in both cases, it was significantly higher than
in the control group, 2.32 pg/mL [2.32; 2.32] (p=0.006 and
p=0.017, respectively). In addition, despite the significantly
high values of the absolute number of eosinophils and IL-5
in both groups, the correlation between these markers
could not be found. However, after the exclusion of patients
receiving basic anti-inflammatory therapy with ICS at the
time of examination from both groups, a direct correlation
was found between IL-5 levels in the blood serum and the
absolute number of peripheral blood eosinophils (rS=0.47;
p=0.033). Generally, similar data were obtained for IL-13,
and its levels in the allergic and non-allergic asthma
groups were 92.26 pg/mL [35.33; 305.46] and 205.05 pg/mL
[54.01; 322.67], respectively, and was significantly higher than
that in the control group (p=0.007 and p=0.0001, respectively;
Table 2). In addition, a correlation was not found between
IL-13 levels and absolute number of peripheral blood
eosinophils. Regarding IL-4, its level was high only in the
allergic asthma group and correlated with high levels of total
IgE (rS=0.38; p=0.045). Moreover, in the non-allergic asthma
group, these parameters had low values and did not differ
from that of the control group.

The level of another biomarker of eosinophilic
inflammation — periostin — in the allergic and non-allergic
asthma groups did not differ from that of the control group
(10.00 mg/L [3.50; 27.00]). However, when comparing this
marker in the allergic and non-allergic asthma groups,
statistically significant differences were found: in the allergic
asthma group, the level of periostin was 11.94 mg/L [4.30; 25.03],

Table 1. Characteristics of patients with allergic and non-allergic phenotype of asthma

Indicators Allergic asthma; n=34 Non-allergic asthma; n=27
Mean age, years 31.9 490
Male 15 6
Sex
Female 19 21
Mild 5 (14.7) 2 (14)
Severity of asthma, n (%) Moderate 21 (61.8) 12 (4b.4)
Severe 8 (23.5) 13 (48.2)
. N Allergic rhinitis 32 (94.1) 0
Concomitant conditions, n (%)
CRSwWNP 0 11 (40.7)
ICS as monothera
Number of patients or in combination F\J/\)/lith LABA 18 (52.94) 14 (51.85)
receiving basic therapy 1S and SCS | binati
with corticosteroids, n (%) an in combination
’ with LABA and/or LAMA 1 2.94) 5(18.52)
Number of patients who did not receive basic therapy, n (%) 15 (44.12) 8 (29.63)

Note: CRSWNP, chronic rhinosinusitis with nasal polyps; ICS/SCS, inhaled/systemic corticosteroids; LABA, long-acting f,-agonists;

LAMA, long-acting muscarinic receptor antagonists.
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Table 2. Differences in biomarkers of eosinophilic inflammation in patients with T2 asthma and control group

Biomarkers Allergic asthma Non-allergic asthma Control group
Me [Q1; Q3] Me [Q1; Q3] Me [Q1; Q3] P
251,50 61.02 ]
IgE, 1U/mL. [165.20; 496.10] [26.01; 84.05] - 0.0001
Eosinophil count, 291.75 286.00 56.50 0.000001°
cells per pL, abs. [140.60; 516.50] [170.00; 451.00] [48.50; 111.00] 0.000001¢
L25 ool 0.03 0.03 0.025 <0.009°
P9 [0.03; 0.11] [0.025; 0.03] [0.025; 0.025] <0.021°
915 373 180
IL-33, pg/mL [1.80; 23.82] [1.80; 10.55] [1.80: 22.23] -
N 0.42 0.05 0.10 0,005
P [0.05; 1.49] [0.01; 0.30] [0.01; 0.38] 0.001b
417 232 0.006"
IL-5, pg/mL 6.33[2.32; 8.77] [1.82: 14.64] [2.32: 2.32] 0.017¢
LT3 o/ 92.2 205.05 40.28 0.007b
P [35.33; 305.46] [54.01; 322.67] [27.62: 9.87] 0.0001¢
- 1.9 685 10.00
Periostin, mg/L [4.30; 25.03] [2.10; 35.80] [3.50; 27.00] 0.0122
—— 1121.50 926.27 116700 0 05¢

[893.40; 1212.00]

[665.11; 1118.00]

[957.32; 1311.00]

Note: Statistical significance of differences between the following groups: 2 allergic asthma and non-allergic asthma; b allergic asthma
and control group, and ¢ non-allergic asthma and control group. Statistical significance was calculated using the Mann-Whitney test.

whereas in the non-allergic asthma group, it was significantly
lower at 6.85 mg/L [2.10; 35.80] (p=0.012).

Generally, similar data were recorded in relation to DPP4
levels, and its values in the allergic asthma group did not
differ from that in the control group, i.e., 1121.50 pg/mL
(893.40; 1212.00] and 1167.00 pg/mL [957.32; 1311.00],
respectively, and that in the non-allergic phenotype asthma
group was even lower than that in the control group,
926.27 pg/mL [665.11; 1118;00] (p=0.045).

We paid special attention to the assessment of alarmins.
In the allergic asthma group, the IL-25 level was
0.03 pg/mL [0.03; 0.11], which was significantly higher than
those in the non-allergic asthma (p=0.009) and control
(p=0.021) groups. Moreover, the results of the correlation
analysis demonstrated a direct relationship between
IL-25 and IgE (rS=0.41; p=0.042), IL-25 and IL-4 (rS=0.45;
p=0.043), IL-25 and IL-13 (rS=0.81; p=0.000001) in the
allergic asthma group. In addition, no significant differences
were found in the levels of IL-33 in the blood serum of the
asthma and control groups.

Simultaneously, we studied the relationship between the
levels of ambient PM (PM2.5; PM10) and individual biomarkers
of eosinophilic inflammation (Fig. 1). The regression analysis
showed that an increase in the PM2.5Avr level by 1 pg/m3
leads to an increase in IL-33 and IL-25 levels in the non-
allergic asthma group by 19.810+8.948 and 0.014+0.005 pg/mL,
respectively (Table 3). Additionally, IL-25 levels increased
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in patients by 0.006+0.002 pg/mL and increased PM10Avr
levels. Moreover, significant increase was not found in
IL-33 and IL-25 levels with high levels of PM2.5Avr and
PM10Avr in the allergic asthma group. Regression analysis
data also confirmed that an increase in PM10Avr levels in
ambient air by 1 pg/m?3 leads to an increase in IL-13 levels
by 6.228+2.878 pg/mL in the non-allergic asthma group, and
an increase in PM2.5Avr by 1 pg/m? leads to an increase in
DPP4 levels by 74.210+32.180 pg/mL.

Additional study results

Although ambient PM is involved in the pathogenesis of
both allergic and non-allergic asthma, significant regression
models were obtained only for the non-allergic asthma

group.

Adverse events
No adverse events were observed during the study.

DISCUSSION

Summary of the main result of the study

This paper describes eosinophilic inflammation in T2
asthma under the influence of ambient PM. Moreover, the
role of ambient PM in the development and sustaining of
eosinophilic inflammation in patients with T2 asthma is
determined.
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Fig. 1. Ambient air pollution in the residence of patients with asthma and controls: a, PM10Avr; b, PM10MaxAvr; ¢, PM2,5Avr;

d, PM2,5MaxAvr.

Note: Statistical significance was calculated using the Mann-Whitney test in the following groups: allergic asthma and control group, non-

allergic asthma and control group; * p <0.05; ** p <0.001.

Discussion of the main result of the study

Data indicate the presence of eosinophilic inflammation in
patients of both groups. This is evidenced by the high absolute
number of peripheral blood eosinophils and increased IL-5
levels in the blood serum of the allergic and non-allergic
asthma groups. In addition, a direct correlation was found
between IL-5 levels in the blood serum and absolute number
of peripheral blood eosinophils in patients not receiving
therapy with ICS and/or systemic corticosteroids, which is
associated with the possible effect of this drug on the severity
of eosinophilic inflammation. Other authors revealed similar
findings [21, 22]. In addition, IL-13 influences the development
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of peripheral blood eosinophilia by inducing the expression of
chemokine molecules, particularly eotaxin-1[9, 23]. Our study
highlighted significantly high levels of IL-13 in both groups.
The results regarding IL-4 and IgE levels were also
anticipated. High IL-4 levels were found only in patients with
allergic asthma, and it correlated with high levels of total
IgE. In addition, in the non-allergic asthma group, the levels
of these markers were low and did not differ from that of
the control group. Our results generally correspond to the
development of eosinophilic inflammation in allergic asthma
because IL-4 promotes the differentiation of Th2 lymphocytes
and the switch from IgM heavy-chain synthesis to IgE [9].
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Table 3. Coefficients of regression models
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Non-allergic asthma (J45.1)
and control group

Allergic asthma (J45.0)
and control group

Allergic asthma (J45.0)
and non-allergic asthma (J45.1)

Biomarkers
B14s.1%SE, Bpw*SE B1is.0+SE Buss.1-putSE
- } } Boa 4. 1+pMz 5= 19.810+8.948
IL-33, pg/mL j p=0v.E139b
) ) Ban 45.1prrz s =T.210+32.180
DPP4, pg/mL j p:El]r_[]3[|C
BBA j45.1*PM2.5AVT=U'0‘|AiU'UU p=0013d
IL-25, pg/mL - - A j45.1-pmionur=0-0060.002
p=0.0114
i Bea jus.1=0.092+0.022 ) Boa 45 1+pmioa=6-228+2.878
IL-13, pg/mL | =0.021° i p=0‘fr039e
) Bap 45 =0.010+0.004 ) ]
IL-5, pg/mL j -0.028°
1 i BBA '45.1=U'35110'049 BBA 'A5_0=0.40410.16[I _
Eosinophils J 5-0.001% j 50,018

Note: The table represents only significant coefficients of regression (p <0.05). These linear multivariate regression models include the
following variables: asthma phenotype (J45.0, allergic asthma; J45.1, non-allergic asthma), variable of exposure (PM2.5Avr and PM10Avr),
and variable of interaction between asthma and PM. Cofounders in multivariate regression models: @ age, body mass index, and sex;
b age, sex, body mass index, and total IgE; © sex, total IgE, and asthma severity; 9 age, sex, body mass index, and asthma severity; © sex

and asthma severity. PM, particulate matter; SE, standard error.

Analysis data of other biomarkers of eosinophilic
inflammation, periostin and DPP4, were unclear. Indeed, levels
of periostin in the allergic and non-allergic asthma groups did
not differ from those in the control group, whereas high levels
of periostin were found in the allergic asthma group, which
may be due to concomitant pathologies such as allergic rhinitis
in a significant number of patients in this group and their lower
body mass index. Kimura et al. [24] reported similar results;
when they studied the levels of serum periostin in patients with
asthma and allergic rhinitis, a negative correlation was found
between body mass index and periostin levels. In addition, they
revealed a trend toward an increase in the level of periostin in
patients with allergic rhinitis.

Generally, similar data were registered in relation to DPP4,
and its levels in the allergic asthma group did not differ from
that in the control group, and in the non-allergic asthma group,
they were even lower than that in the control group (p=0.045).
These differences can probably be explained by the use of ICS
as basic therapy in the vast majority of patients with asthma.
Solanki et al. [25] also showed a significant decrease in levels
of serum periostin in patients with asthma after 4 weeks of
initiation of corticosteroid therapy. In addition, evidence revealed
lower significance of periostin and DPP4 for characterizing
eosinophilic inflammation in patients with asthma [26, 27].

We also assessed alarmins. Damage to the epithelium of
the respiratory tract when exposed to allergens, pollutants,
and tobacco smoke leads to the secretion of alarmins [8].
We registered significantly high levels of IL-25 in the allergic
asthma group. Paplinska-Goryca et al. [28] reported similar
data when studying the levels of IL-25 in induced sputum,
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which revealed high levels of IL-25 in the allergic asthma
group. As shown in previous studies, IL-25 enhances the
production of IL-4, IL-5, and IL-13 by Th2 lymphocytes and
IL-5 and IL-13 by ILC2 [29], whereas the inhibition of IL-25
leads to a decrease in the levels of Th2 cytokines [30]. In
the present study, a relationship between IL-25 and total IgE,
IL-25 and IL-4, IL-25, and IL-13 was found only in patients
with allergic asthma, which generally fits into the concept of
eosinophilic inflammation pathogenesis in allergic asthma.
However, we failed to identify significant differences in IL-33
levels in the blood serum of patients with allergic and non-
allergic asthma. However, when assessing the relationship
between the number of ambient microparticles and levels of
alarmins using multivariate regression analysis, the level of
PM2.5Avr increased by 1 ug/m3, which leads to an increase
in the levels of IL-33 and IL-25 in the non-allergic asthma
group. Alarmins released from epithelial cells upon exposure
to PM activate ILC2, which synthesizes IL-5 and IL-13 [9].
In turn, IL-13 activates the synthesis of matrix peptides,
including DPP4 [27]. In our study, an increase in PM10Avr
by 1 pg/m3 increased DPP4 levels by 74.210+£32.180 pg/mL.
In addition, in patients of the same group, with an increase
in the amount of PM10Avr, level of IL-25 also increased.
Thus, our data generally correlate with modern views on
the development of eosinophilic inflammation in patients
with non-allergic phenotype of T2 asthma. Moreover, in
the allergic asthma group, no significant increase in IL-33
and IL-25 levels associated with higher levels of average
annual concentrations of PM2.5 and PM10 in areas where
patients live, which suggests the secondary role of ambient
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PM compared with the influence of specific stimuli (allergens)
in the induction of eosinophilic inflammation in the allergic
asthma group.

Study limitations

In this study, data on the content of ambient PM (PM2.5
and PM10) are based on geospatial approach (distance from
places of residence of the patient group and control group to
monitor points of the “Hygiene and Epidemiology Center in the
Republic of Tatarstan (Tatarstan)’). To obtain more accurate
data in the future, reducing the distance between indicators’
measurement points is possible. In addition, our results can
only be extrapolated to residents of industrial cities because
the study considered data on the content of ambient PM
within a large city, and its residents comprised the study
population. The prevalence of patients with moderate and
severe asthma is also a certain limitation.

CONCLUSION

Regression analysis data demonstrate that ambient PM
plays the main role in the development and maintenance of
eosinophilic inflammation, primarily in patients with non-
allergic phenotype of T2 asthma. Conversely, in patients with
an allergic asthma, results indicate the secondary role of PM.

REFERENCES

1. Global Initiative for Asthma [Internet]. Global Strategy for
Asthma Management and Prevention. 2022. Available from:
www. ginasthma.org. Accessed: 15.10.2022.

2. Wenzel SE, Schwartz LB, Langmack EL, et al. Evidence that
severe asthma can be divided pathologically into two inflammatory
subtypes with distinct physiologic and clinical characteristics.
Am J Respir Crit Care Med. 1999;160(3):1001-1008. doi:
10.1164/ajrcem.160.3.9812110

3. Kuruvilla ME, Lee FE, Lee GB. Understanding asthma phenotypes,
endotypes, and mechanisms of disease. Clin Rev Allergy Immunol.
2019;56(2):219-233. doi: 10.1007/512016-018-8712-1

4. Simpson JL, Scott R, Boyle MJ, Gibson PG. Inflammatory
subtypes in asthma: Assessment and identification using
induced sputum. Respirology. 2006;11(1):54-61.  doi:
10.1111/).1440-1843.2006.00784.x

5. Avdeev SN, Nenasheva NM, Zhudenkov KV, et al. Prevalence,
morbidity, phenotypes and other characteristics of severe bronchial
asthma in Russian Federation. Pulmonologiya. 2018;28(3):341-358.
(In Russ). doi: 10.18093/0869-0189-2018-28-3-341-358

6. Nenasheva NM. T2-high and T2-low bronchial asthma, endotype
characteristics and biomarkers. Pulmonologiya. 2019;29(2):216-228.
(In Russ). doi: 10.18093/0869-0189-2019-29-2-216-228

7. Diamant Z, Vijverberg S, Alving K, et al. Toward clinically
applicable biomarkers for asthma: An EAACI position paper. Allergy.
2019;74(10):1835-1851. doi: 10.1111/all.13806

8. Hong H, Liao S, Chen F, et al. Role of IL-25, IL-33, and TSLP
in triggering united airway diseases toward type 2 inflammation.
Allergy. 2020;75(11):2794-2804. doi: 10.1111/all.14526

Vol 19 (4) 2022

DOl https://doiorg/10.36691/RJA1579

Russian Journal of Allergy

The key part in the induction of eosinophilic inflammation in
this case, clearly, belongs to allergens.
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