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Abstract: Objective — To evaluate the expression of receptors for interleukin-4 (IL-4R), 6 (IL-6R), toll-like receptors 2 (TLR2) and 4 (TLR4) of
T helper (Th) cells (CD4%), as well as the content of interleukin-4 (IL-4) and 6 (IL-6) in the blood serum of patients with mild and moderate
bronchial asthma (BA) exposed to suspended solid particles (SSP).

Methods — The in vitro study included 244 patients with BA and 60 conditionally healthy individuals. Model suspensions (MS) of
substances simulating multicomponent air pollution were used as a load. The concentrations of IL-4 and IL-6 were determined by enzyme
immunoassay. The CD4* population was analyzed by flow cytometry using monoclonal antibodies, and the expression of IL-4R, IL-6R, TLR2,
and TLR4 was assessed. The results of the SSP effect are presented as indices reflecting the values of the indicators with and without MS
exposure.

Results — Against the back-ground of well-controlled BA, the most pronounced differences were observed between the groups of patients
with mild and moderate BA in the expression of IL-4R and IL-6R: 6.8 times and 1.9 times, respectively. In contrast, TLR2 expression was
higher with mild BA. The maximum increase in the level of TLR4 expression (15.5 times) was observed in patients with partially controlled
mild BA. When analyzing the indicators of the SSP effect, more pronounced changes were found in patients with moderate BA. In well-
controlled BA, the most noticeable differences in the parameters between the groups with mild and moderate BA severity were observed
in the IL-4R (1.3-fold) and IL-6R (1.6-fold) expression indices. In patients with partially controlled BA, the most significant changes were
found in the TLR2 (1.6-fold) and TLR4 (1.3-fold) expression indices.

Conclusion — Under the influence of SSP, changes in the content of IL-4 and IL-6 cytokines, as well as the expression of specific receptors
(IL-4R, IL-6R, TLR2 and TLR4) were noted in BA. As the course of BA worsened, a noticeable deterioration in the cytokine status and the
state of the receptor apparatus of CD4* cells was noted, despite the participation of compensatory mechanisms. Our data convincingly
indicate the need to monitor patients with bronchopulmonary pathology in conditions of an unfavorable technogenic environment in order
to carry out timely corrective measures.
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Introduction IL-6 is a pleiotropic cytokine that is produced in response to a
variety of inflammatory stimuli [2, 3]. The cytokine response in BA
can be mediated by toll-like receptors 2 (TLR2) and 4 (TLR4). These
receptors contribute to allergic inflammation by stimulating the
Th2 immune response. They are also involved in the initiation of
non-Th2 immune responses and stimulation of neutrophilic
inflammation [4]. However, the mechanisms by which IL-4R, IL-6R,
TLR2 and TLR4 contribute to the pathogenesis of BA remain poorly

Bronchial asthma (BA) is a chronic pathology that begins with
localized inflammation in the airways and progresses to a systemic
process involving various immunocompetent cells and regulatory
molecules [1]. Systemic inflammation in BA is characterized by
impaired intracellular and intercellular signaling, which is
evidenced by high levels of proinflammatory cytokines, more
severe oxidative stress and increased reactivity of

immunocompetent cells [1]. The role of interleukin-4 (IL4), understood.

interleukin-6 (IL-6) and their receptors (IL-4R and IL-6R) in the Air pollution is an important risk factor for the development
pathogenesis of BA depends on the type of immune response. and progression of BA [5, 6]. Exposure to particulate matter (PM)
These molecules are involved in signaling mechanisms that play an in the atmosphere leads to the formation of reactive oxygen
important role in the disease process. IL-4 is considered the main species (ROS) and the development of oxidative stress, which in
cytokine in the Th2 immune response, which also regulates the turn activates signaling pathways associated with inflammation
production of other proallergic cytokines by T helper 2 (Th2) cells. and cell damage. Oxidative stress products trigger a cascade of

signals regulating the expression of cytokines and their receptors
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[7-10]. Therefore, it is extremely important to conduct a
comprehensive study of the features of the immune system in
patients with BA when exposed to SSP.

Our study aimed at evaluating the expression of IL-4R, IL-6R,
TLR2 and TLR4 in CD4* cells and the content of IL-4 and IL-6 in the
blood serum of patients with BA when exposed to SSP in the
atmospheric air.

Material and Methods
Study participants

The in vitro study involved 244 people with BA, including 131
patients with mild BA (of which 57 had well-controlled BA and 74
had partially controlled BA) and 113 patients with moderate BA
(55 with well-controlled BA and 58 with partially controlled BA).
The control group consisted of 60 volunteers who were considered
practically healthy. The mean age of patients was 42.5+4.4 years.
BA was diagnosed in accordance with the Global Strategy for the
Treatment and Prevention of Bronchial Asthma (2024), Federal
Clinical Guidelines for the Diagnosis and Treatment of Bronchial
Asthma (2021) and the International Classification of Diseases,
10th revision. The study was conducted in compliance with the
ethical standards set out in the Declaration of Helsinki (2013),
approved by the Ethics Committee of the Vladivostok Branch of
the Far Eastern Scientific Center for Physiology and Pathology of
Respiration, Research Institute of Medical Climatology and
Rehabilitation Treatment (protocol No. 9 of November 24, 2021).
Voluntary informed consent for the physical examination was
obtained from each patient. The criteria for excluding patients
from the study were as follows: the presence of acute infectious
diseases, chronic diseases of internal organs in the exacerbation
phase, and chronic decompensated heart failure.

Model suspension loads

Peripheral blood was collected in glass vials with an
anticoagulant, ethylenediaminetetraacetic acid (EDTA). Model
suspensions (MS) of substances simulating multicomponent air
pollution were used as loads. MS were developed taking into

account preliminary studies of the air in the city of Vladivostok and
designed to correspond to the pollution of the ground layer of
atmospheric air in an area with a high anthropogenic load [11].
The load was administered at a dose of 1 ug of suspension per 1
ml of blood. The samples were incubated for 1 hr. at a
temperature of 37°C. The study was carried out on blood samples
subjected to the load of MS, as well as on control samples without
MS load.

Instruments

The concentration of IL-4 and IL-6 (Vector-Best, Russia) in
blood serum was determined by the enzyme immunoassay
method using an automated enzyme immunoassay analyzer, Evolis
Twin Plus (Bio-Rad, USA). A suspension of leukocytes was isolated
from peripheral blood on a Ficoll-Paque Plus/Ficoll-Verografin
gradient. The T helper population (CD4*) was analyzed by flow
cytometry using monoclonal antibodies (BD, USA) on a FACS Canto
Il flow cytometer (BD, USA) with an assessment of the expression
of IL-4R, IL-6R, TLR2 and TLR4. Data were processed using FACS
Diva software. The results of SSP exposure were presented as a
total suspended solids (TSS) action index reflecting the ratio of
values under the exposure to MS to values without such exposure.

Statistical data processing

Statistical processing of the obtained data was performed
using Statistica 10 software (StatSoft Inc., USA). The results were
presented as a median (Me) with the lower and upper quartiles
(Q25; Q75). Considering that most groups had a non-normal
distribution, the Kruskal-Wallis test was employed to test
statistical hypotheses. Differences were considered statistically
significant at p<0.05.

Results

The results of the calculations performed in the groups of
patients with mild and moderate BA without and with exposure to
SSP in atmospheric air are presented in Table 1.

Table 1. CD4+ cell signaling in bronchial asthma (BA) patients exposed to suspended solid particles (SSP) of atmospheric air

Group Indicators

IL-4, pg/ml IL-6, pg/ml IL-4R, % IL-6R, % TLR2, % TLR4, %
Control group 1.16 2.12 0.93 1.75 1.31 1.02
n=60 (1.1;1.21) (2.08; 2.16) (0.75; 1.14) (1.63; 1.8) (1.1; 1.37) (0.85; 1.09)
Well-controlled mild BA 1.29%** 2.9%** 1.25%** 2.68%** 1.99%** 1.17%**
n=57 (1.25;1.31) (2.86; 2.93) (0.92;1.41) (2.59; 2.74) (1.91; 2.05) (1.11; 1.19)
Partially controlled mild BA 1.32%** 3.38%** 2.48*** 3.03*** 2.10%** 1.49%**
n=74 (1.29; 1.34) (3.34;3.4) (2.11; 2.74) (2.95;3.11) (2.08; 2.16) (1.43; 1.56)
Well-controlled moderate BA 1.33%**¢ 4.13%** 4 3.02%** 4 3.5%** i 2.23***f 1.23%** 44
n=55 (1.32; 1.35) (4.08; 4.17) (2.89; 3.27) (3.42; 3.58) (2.19; 2.25) (1.2;1.27)
Partially controlled moderate BA + SSP 1.A4%** 4.60***#itH 3.72% % H 3.87*** it 2.30%** i 1.05###
n=58 (1.41; 1.48) (4.55; 4.63) (3.45;3.91) (3.74; 3.97) (2.28;2.37) (1.01; 1.06)
Well-controlled mild BA + SSP 1.63*** 5.42%** 1.69* 3.16** 2.39%** 1.35%*
n=57 (1.53; 1.74) (5.33; 5.54) (1.56; 1.84) (2.88; 3.44) (2.32; 2.44) (1.24; 1.44)
Partially controlled mild BA + SSP 1.74%** 7.33%** 3.39%* 4.85%** 2.60*** 2.18***
n=74 (1.65; 1.82) (7.25;7.42) (3.21; 3.44) (4.73; 4.93) (2.51; 2.68) (2.04; 2.33)
Well-controlled moderate BA + SSP 1.98***#Ht 9.56% **#tt 4.12*%**## 6.44%** it 2.79%F 1.49%**#HHt
n=55 (1.85;2.11) (9.38;9.76) (3.97; 4.29) (6.37; 6.52) (2.72; 2.84) (1.41; 1.56)
Partially controlled moderate BA + SSP 2.26* ¥ Hit 11.41%** 444 5.08*** 8.51***Hi 2.97*** 1.08%**
n=58 (2.12; 2.35) (11.36; 11.47) (4.86; 5.22) (8.4; 8.62) (2.9; 3.05) (1.07;1.1)

IL, interleukin; TLR, toll-like receptor; *, **, *** statistical significance of differences in patients with BA vs. the control group: p<0.05, p<0.01, *** p<0.001,
respectively; #, ##, ### statistical significance of differences in patients with mild severity BA vs. patients with moderate severity BA: p<0.05, p<0.01, ***

p<0.001, respectively.
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Figure 1. Cytokine levels and receptor expression of CD4* cells in patients with bronchial asthma (BA).

¥, k¥ kx¥statistical significance of differences in patients with BA vs. the control group: p<0.05, p<0.01, *** p<0.001, respectively; #, ##, ### statistical
significance of differences in patients with mild severity BA vs. patients with moderate severity BA: p<0.05, p<0.01, *** p<0.001, respectively.
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Figure 2. Total suspended solids (TSS) action index values in patients with bronchial asthma (BA) reflecting cytokine levels and receptor expression of

CD4* cells with and without TSS exposure in the atmospheric air.

* k% kxxstatistical significance of differences in patients with BA vs. the control group: p<0.05, p<0.01, *** p<0.001, respectively; #, ##, ### statistical
significance of differences in patients with mild severity BA vs. patients with moderate severity BA: p<0.05, p<0.01, *** p<0.001, respectively. A value of one
on the ordinate axis indicates that there is no significant difference between the indices with and without SSP exposure.

The expression levels of IL-4R, IL-6R, TLR2B and TLR4 on
circulating CD4* cells in patients with mild and moderate BA were
analyzed to assess their contributions to the pathogenesis of BA.
The results for the groups of patients with BA vs. the control group
are presented in Figure 1.

Compared with the control group, patients with mild BA
exhibited a statistically significant increase in IL-4 levels by 11%
(p<0.001) and 13% (p<0.001) in the well-controlled BA and
partially controlled BA groups, respectively. Similarly, IL-6 levels
were elevated by 37% (p<0.001) and 59% (p<0.001) in these
groups. In patients with moderate BA, a statistically significant

increase in the concentration of IL-4 by 15% (p<0.001) and 24%
(p<0.001) was observed, along with an increase in the levels of IL-6
by 95% (p<0.001) and 117% (p < 0.001) in the groups with well-
controlled and partially controlled BA course, respectively.

Relative to the control group, in patients with mild BA, the
expression of IL-4R increased by 33% (p<0.001) and 167%
(p<0.001) in the well-controlled BA and partially controlled BA
groups, respectively. Similar increase was detected for IL-6R: by
53% (p<0.001) and 74% (p<0.001) in the groups with well- and
partially controlled BA, correspondingly. Finally, in patients with
moderate BA, the expression of IL-4R increased by 225% (p<0.001)
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and 300% (p<0.001), while the expression of IL-6R was higher by
100% (p<0.001) and 121% (p<0.001) in groups with well- and
partially controlled disease, respectively.

TLR2 expression levels increased by 153% (p<0.001) and 160%
(p<0.001) in patients with mild BA who were classified as well-
controlled or partially controlled, respectively. In patients with
moderate BA, TLR2 expression levels increased by 122% (p<0.001)
in well-controlled and 72% (p<0.001) in partially controlled BA.
Compared with the control group, TLR4 expression increased by
15% (p<0.001) and 46% (p<0.001) in the well-controlled and
partially controlled mild BA groups, respectively. In the well-
controlled moderate BA group, an increase of 21% (p<0.001) was
observed. In partially controlled moderate BA, statistically
significant differences in the TLR4 expression level relative to the
control group were not detected.

The analysis revealed more pronounced changes in the
content of ILs and their corresponding receptors in the group of
patients with moderate BA, both with well-controlled and partially
controlled disease course. In well-controlled BA, the greatest
differences between the mild and moderate severity groups were
observed in the level of IL-6 (2.6 times, p<0.001), as well as
expression of IL-4R (6.8 times, p<0.001) and IL-6R (1.9 times,
p<0.001). In partially controlled BA, the greatest changes were
found in the level of IL-4 (1.8 times (p<0.001)). In mild asthma,
TLR2 expression was 1.3 (p<0.001) and 2.2 (p<0.001) times higher
in the well-controlled and partially controlled groups, respectively.
The most pronounced difference in TLR4 expression was observed
in the group of partially controlled mild BA (15.5 times (p<0.001).

The results of calculating the TSS action index values for IL
levels and IL-R expression in the groups of patients with mild and
moderate BA when exposed to SSP in the atmospheric air are
presented in Figure 2.

In patients with mild BA, an increase in the TSS action index
values for the IL-4 level was observed by 26% (p<0.001) and 32%
(p<0.001); for the IL-6 level, by 87% (p<0.001) and 117% (p<0.001)
in the groups of well-controlled and partially controlled disease,
respectively. In moderate BA, an increase in the TSS action index
values for the IL-4 level was detected by 49% (p<0.001) and 57%
(p<0.001); and for IL-6 level, by 131% (p<0.001) and 148%
(p<0.001) in the well-controlled and partially controlled groups,
respectively.

In the mild BA group, TSS action index values increased for IL-
4R expression by 12% (p<0.05) and 37% (p<0.01); and for IL-6R, by
18% (p<0.01) and 60% (p<0.001) in the well-controlled and
partially controlled groups, correspondingly. In moderate BA, TSS
action index values increased for IL-4R by 42% (p<0.001) and 59%
(p<0.001); and for IL-6R, by 84% (p<0.001) and 120% (p<0.001) in
the well-controlled and partially controlled groups.

In both well-controlled and partially controlled mild BA groups,
as well as in controlled moderate BA group, a decrease in the TSS
action index values for TLR2 expression was observed in the
magnitude of 16% (p<0.05), 22% (p<0.05), and 2% (p<0.05),
respectively. In contrast, an increase in this parameter was found
in partially controlled BA by 23% (p<0.01).

TSS action index values in mild BA demonstrated an increase in
TLR4 expression of 14% (p<0.01) and 23% (p<0.001) in the well-
controlled and partially controlled clinical groups, respectively. In
patients with moderate BA, an increase in TSS action index values
for TLR4 levels was observed by 38% (p<0.001) and 58% (p<0.001)

in well-controlled and partially controlled course of the disease,
correspondingly.

Comparison of the TSS action index values in mild and
moderate BA yielded maximum changes in IL-6 by 44% (p<0.001),
in IL-4R by 30% (p<0.001), and in IL-6R by 66% (p<0.001) with a
well-controlled course of moderate BA. Such changes constituted
25% for IL-4 (p<0.001), by 45% for TLR2 (p<0.001)) and by 35% for
TLR4 (p<0.001)) with a partially controlled course of moderate BA.

Discussion

Cytokines play an important role in the pathogenesis of
chronic inflammatory processes, affecting the nature of the
inflammatory response and the severity of the clinical course of
BA. The study confirmed an increase increase in the level of IL-4
and IL-6 with the severity of BA. It was established that cytokines,
acting as regulatory mediators of systemic inflammation, control
the processes of immune reactivity, thereby establishing a balance
between proinflammatory and anti-inflammatory agents. In the
case of the inability of regulatory systems to maintain
homeostasis, the destructive effects of inflammatory mediators
become dominant, which leads to the development of systemic
inflammation [12]. In patients with BA, a multitype Th immune
response is observed [13, 14]. Current literature shows the
importance of the imbalance of Th immune response types in the
pathogenesis of BA and its important role in disease control. IL-4 is
the primary mediator of allergic reaction formation in the Th2
response. However, recent studies have shown that elevated IL-4
levels are also a hallmark of non-allergic BA, highlighting its key
role as a regulator of inflammatory processes in this condition.
Overall, IL-4 can exert pleiotropic effects on a wide range of target
cells, including macrophages, hematopoietic progenitor cells, NK
cells, and fibroblasts. In addition, it can act as a potent anti-
apoptotic factor. IL-4 facilitates the differentiation of naive ThO
cells into Th2 cells, which in turn produce IL-4, I1L-13, and IL-5,
thereby creating a cyclic effect [15]. IL-4 signaling in T cells is
mediated through the type | receptor. The IL-4 receptor alpha (IL-
4Ra) is a key element in the pathogenesis of allergic asthma. IL-4 is
notable for its ability to potently activate STAT6, which then binds
to key phosphotyrosines of IL-4Ra. IL-4/STAT6 signaling in
activated CD4* T cells induces the expression of the master Th2
transcription factor GATA3, which is essential for the function and
maintenance of Th2 cells [16]. Thus, IL-4 is able to regulate the
polarization of Th2 cells derived from naive CD4* T cells, and, in
addition, it induces a Th2 cell phenotype in differentiated Th cells,
including Th17 cells [17].

The pleiotropic cytokine IL-6 plays a key role in T cell
activation, proliferation, and survival. Therefore, it is a key factor
in the formation and maintenance of the systemic inflammatory
process observed in BA. IL-6 is responsible for the imbalance
between effector T cells and regulatory T cells (Tregs) [18]. In
addition, IL-6 is associated with the stimulation of Th2 responses,
as it has the ability to interfere with Th1 differentiation by inducing
IL-4 expression on activated T cells [19]. According to recent
studies, Th17 and Tregs are linked in a reciprocal relationship in
which a switching factor such as IL-6 forms a pathway for Treg to
Th17 transition. IL-6 signaling can occur in various ways, the least
studied of which is classical signaling through the IL-6R receptor.
The information presented on its role in the inflammatory process
is rather diverse. There is evidence that classical IL-6 signaling
controls the polarization of Th2 cells. Based on the above
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mechanisms, elevated levels of the proinflammatory cytokine IL-6
contribute to a more severe course of BA [20]. Published data on
the concentration of IL-4 [21] and IL-6 [22] in the blood serum
correlate with our results, showing an increase in the level of these
cytokines in BA. An increase in their content indicates an increase
in systemic inflammation in BA with an increase in the severity of
the disease.

Analysis of the receptor apparatus revealed an increase in the
expression of IL-4R and IL-6R as the severity of BA progresses.
Elevated IL-6 levels combined with increased expression of its
receptor on CD4* cells aggravate the inflammatory process and
redirect the inflammatory response towards the Th2 type, which
has an adverse effect on the clinical status of patients with atopic
bronchial asthma. In addition, there is evidence to suggest that
this receptor plays a role in the activation of Th cells and the
formation of Th17 cells, which may contribute to the aggravation
of BA. Conversely, IL-4R activates STAT6 transcription, which
promotes the release of IL-4 from cells and enhances IL-4R
expression in CD4* cells, thereby stimulating their differentiation
into the Th2 phenotype. Due to the ability of these cells to
independently release IL-4, a positive feedback loop is established
[23]. Such changes may worsen the condition of people with BA,
gradually weakening the disease control.

TLRs may be associated with aberrant stimulation of immune
responses, contributing to the chronic inflammation observed in
BA. Our study showed that TLR2 expression increased in BA vs. the
control group, with the comparison of groups revealing the
maximum increase in mild BA. TLR4 expression increased in mild
BA and moderate well-controlled BA. However, we revealed no
statistically significant difference between the control group and
partially controlled moderate BA. TLRs serve as key costimulatory
and regulatory molecules in T cells. By acting directly on T cells,
TLR agonists can enhance cytokine production by activated T cells
and increase the sensitivity of T cells to stimulation of their
receptors. They also promote long-term memory of T cells and
reduce the activity of Tregs [24]. TLR stimulation determines the
Th1/Th2 balance and Th17 cell differentiation, and also controls
eosinophil activation.

The role of TLR2 and TLR4 in the development and progression
of BA remains poorly understood due to inconsistent data on the
mechanism of their involvement. It has been found that TLR2 and
TLR4, which are expressed on the T cell membrane, have a number
of effects. They promote the development of allergic inflammation
by stimulating the Th2 immune response, while participating in the
initiation of non-Th2 immune response and stimulation of
neutrophilic inflammation [4, 25]. It has been shown that
costimulatory signals produced by TLR2 induce NF-kB activation,
which in turn leads to increased Thl signaling. It has been
suggested that the stimulatory function of TLR2 in BA depends on
the activation of the inflammasome-mediated inflammatory
response [17, 26]. Recent studies have shown that TLRs expressed
in CD4* T cells promote increased functionality and survival of T
cells, which is an unfavorable phenomenon in BA [27]. In addition,
TLR signaling specific for CD4* T cells promotes the formation of
the Th17 response type and significantly contributes to the
chronicity of the systemic inflammatory process.

Calculation of TSS action index values allowed evaluating
changes in IL-4 and IL-6 levels, as well as the expression of IL-4R,
IL-6R, TLR2 and TLR4 receptors in BA under unfavorable
anthropogenic conditions. SSP exposure activates a number of

processes associated with the formation of ROS, stimulation of
oxidative stress, initiation of cellular signaling cascades and
destabilization of antioxidant mechanisms. This leads to activation
of systemic inflammation and respiratory disorders [6, 28]. SSPs
trigger signaling pathways that in turn lead to the activation of a
complex immune system response involving various cell types,
with CD4* cells playing an important role in this process [8].

Our study showed that TSS action index values increase with
increasing BA severity both in terms of IL-4 and IL-6 levels and in
terms of expression of their receptors in CD4* cells. Exposure to
small atmospheric toxic particles leads to a significant increase in
IL-4 levels [29], as well as to an increase in IL-6 expression, which is
regulated by the TLR2 and TLR4/NBAPH oxidase/AFK/NF-kB
signaling pathway. The key process initiating the cascade of
reactions is the activation of the NF-kB pathway [9, 10]. It was
found that TSS action index values for TLR4 expression significantly
increase. A decrease in the TSS action index values for TLR2
expression is observed in both well-controlled and partially
controlled mild BA, as well as in well-controlled moderate BA.
However, an increase in this indicator is observed in partially
controlled moderate BA. We believe that this finding implies an
existence of a compensatory relationship between reparative
mechanisms and SSP in the case of BA exacerbation.

Hence, under the influence of the SSP in BA, the content of
cytokines (IL-4, IL-6) and the expression of specific receptors (IL-
4R, IL-6R, TLR2 and TLR4) change. During an exacerbation of BA,
instabilities in the cytokine status and the state of the receptor
apparatus of CD4* cells are more pronounced, despite the
presence of compensatory mechanisms.

Conclusion

Signaling pathways mediated by IL-4R, IL-6R, TLR2 and TLR4
are involved in modulating the functions of CD4* cells. Therefore,
these markers can be considered as a diagnostic test indicating the
increasing severity of BA via the reflection of systemic
inflammatory processes. In well-controlled BA, the greatest
differences between the mild and moderate severity groups were
observed in the expression of IL-4R (6.8 times) and the expression
of IL-6R (1.9 times) in the case of moderate BA. Expression of TLR2
was higher in mild BA. The greatest increase in the level of TLR4
expression (15.5 times) was observed in partially controlled mild
BA. When analyzing the TSS action index values, more pronounced
changes were observed in moderate BA. In well-controlled BA, the
greatest differences in the TSS action index values between the
groups with mild and moderate severity were observed for the IL-
4R (1.3-fold) and IL-6R (1.6-fold). In partially controlled BA, the
most pronounced changes in the TSS action index values were
detected for the TLR2 (1.6-fold) and TLR4 (1.3-fold). Our results
convincingly  indicate that  monitoring  patients  with
bronchopulmonary pathology in conditions of an unfavorable
technogenic environment is important for timely correction of
disorders.

Limitations

The small sample size is a main limitation of the study.
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