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Abstract: The aim is to establish interrelations between levels of cytokines and adipokines in blood serum of patients with asthma; to
reveal the features of cytokine and adipokine regulation in asthma associated with obesity.

Material and Methods — We examined 71 patients with partially controlled mild asthma: 24 normal-weight patients (group 1), 24
overweight patients (group 2), 23 patients with grade | and Il obesity (group 3). The control group consisted of 25 healthy volunteers. Blood
serum levels of Tumour necrosis factor alpha (TNF-a), interferon gamma (IFN-y), interleukin-2 (IL-2), IL-4, IL-6, IL-10, and IL-17A were
studied by flow cytometry. The concentrations of leptin and adiponectin were measured by an enzyme immunoassay.

Results — Increase levels of TNF-q, IL-6, IL-17A and IL-4 have been found in asthma patients regardless of body weight. At the same time,
IL-6 level in the groups 2 and 3 was 1.4 times higher than in group 1. IL-17A level in patients with asthma and obesity was 1.2 times higher
than in the groups 1 and 2. The elevation of IL-10 level in 1.8 and 2.3 times in patients of groups 2 and 3 in comparison with the group 1,
respectively, has been determined. Hyperleptinemia was detected in the groups 2 and 3. A positive correlation between the body mass
index and the levels of leptin, IL-4, IL-6, IL-10, IFN-y and an invert correlation between this index and adiponectin concentration has been
established. The interrelations between the levels of leptin, pro- and anti-inflammatory cytokines, depending on the body weight, have
been revealed.

Conclusion — The production of pro-inflammatory cytokines IL-6 and IL-17A, as well as anti-inflammatory cytokine IL-10 enhances in
asthma patients as the body weight increases and the obesity develops. The features of cytokine and adipokine imbalance indicate the
prevalence of neutrophilic inflammation in asthma with obesity and demonstrates pathogenetic link between obesity and asthma.
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Introduction Various mechanisms of the pathogenetic impact of obesity on

Currently, asthma remains one of the global public health asthma course are discussed in the literature. At the present time,

problems. Epidemiological studies have shown an increase in the
number of patients with asthma and obesity. It is believed that
obesity may be a risk factor for asthma development. According to
studies, the risk for the development of the disease in the
background of overweight is 28% [1-2].

Chronic persistent inflammation as a reaction to various
allergens and nonspecific stimuli underlies asthma pathogenesis
regardless of disease severity [3]. Cytokines, which are the most
intensively produced by T-helper (Th) cells and macrophages, play
an important role in the regulation of immune response. The
multifunctionality of their action due to the localization of
receptors on different cell subpopulations and the presence of
several types of receptors for one cytokine is known [4]. When
analyzing the role of cytokines in a systemic inflammatory
response, it is important to consider the effect of various
mediators, including hormonal ones, on immunity [5].

an increased risk for asthma in overweight people is associated
with the biological activity of adipose tissue. Understanding the
role of metabolic and biological effects of adipokines allows us to
consider their activity in the context of the main components of
the pathogenesis of asthma with obesity [6-7].

Adipocytes and macrophages of adipose tissue are known to
produce leptin, pro-inflammatory cytokines and other acute-phase
proteins that lead to low intensive systemic chronic inflammation.
The importance of leptin in innate and adaptive immunity has
become known in recent years. It affects inflammation by
enhancing the synthesis and release of leukotrienes by alveolar
macrophages and lymphocytes. Despite numerous studies, the
specific role of leptin in asthma is not fully defined [8-9].

Adiponectin is a key autocrine regulator of adipocyte
secretion. Their main role is to reduce the release of interleukin-6
(IL-6), IL-8, growth regulators, monocyte chemoattractant protein-
1, inflammatory proteins (MIP-1a, MIP-1B). It is believed that the
balance between anti-inflammatory (adiponectin) and pro-
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inflammatory (leptin, resistin) adipokines plays an important role
in the association of obesity and asthma [10].

Nowadays, studies of the immune-metabolic features of asthma
in overweight people are being conducted. Obtained results are
often contradictory due to the heterogeneity of clinical
manifestations of the disease [11-12]. The mechanisms and
correlation links of cytokine and adipokine regulation in this
pathology have not been sufficiently studied. The study of the
interrelations between the levels of adipokines and cytokines and
their interaction in asthma in people with different body weight
helps to clarify the main pathogenetic mechanisms of this pathology.

The aim is to establish interrelations between levels of cytokines
and adipokines in blood serum of patients with asthma; to reveal the
features of cytokine and adipokine regulation in asthma associated
with obesity.

Material and Methods

The study included 96 people: 71 patients with partially
controlled mild asthma with different body weight and 25 healthy
volunteers matched by sex and age with the patients (control
group). Among the examined subjects were 39 men and 57 women
aged 20-65 years (48.7+21.3 years; data presented as mean with
standard deviation). All test subjects gave an informed consent for
inclusion prior to their participation in the study.

Inclusion criteria are partially controlled mild asthma, normal
body weight, body overweight or alimentary constitutional obesity
of I-1l grades, 18-65 years of age.

Exclusion criteria are uncontrolled moderate and severe asthma,
chronic obstructive pulmonary disease, occupational diseases of the
bronchopulmonary system, endocrine diseases, alimentary-
constitutional obesity of Ill-IV grades, decompensated diseases of
internal organs.

All patients underwent standard clinical, laboratory and
functional examination in accordance with the standard of
examination for asthma and alimentary-constitutional obesity.
Asthma is diagnosed in accordance with the recommendations of
Global Initiative for Asthma (GINA), 2017 [13]. The level of asthma
control reflects the intensity of asthma symptoms or how decreased
their severity under basic therapy. The criteria for a partially
controlled asthma were the presence of 1 or 2 following symptoms
in a patient over the past four weeks: daily symptoms were more
often than twice a week; any night awakening caused by asthma;
the need for short-acting B,-agonists was more than twice a week;
any activity restriction due to asthma [13]. ACQ-5 (Asthma Control
Questionnaire) test score from 0.75 to 1.5 confirmed partial control
of the disease [14]. The study of pulmonary function (PF) was
performed using the apparatus “Master Screen Body” (“Care
Fusion”, Germany). Vital capacity (VC), forced vital capacity (FVC),
forced expiratory volume in 1 sec (FEV1) and FEV1/FVC were
estimated. Salbutamol (400 pg) was used to study airway
obstruction reversibility. According to the latest recommendations
of the European Respiratory Society (ERS) and the American
Thoracic Society (ATS), the absolute and relative changes
(bronchodilator coefficient) of FEV1 make it possible to accurately
determine airway obstruction reversibility. If after inhalation of a
short-acting bronchodilator the bronchodilator ratio is more than
12% and an absolute increase is more than 200 ml, a bronchodilator
test is positive [13, 15].

To diagnose alimentary-constitutional obesity and determine its
grade we calculated Quetelet's index (Ql) using the formula: weight,
kg / height, m2. According to the World Health Organization (WHO)
recommendations, QI=18.9-24.9 kg/m? is corresponded to normal
body weight (NBW), QI=25-29.9 kg/m? — body overweight (BOW),
QI=30-34.9 kg/m? — | grade obesity, 1Q=35-39.9 kg/m? — Il grade
obesity and QI=40 or more kg/m? — Il grade obesity [16].

After the examination, all patients with partially controlled mild
asthma were divided into 3 groups depending on body weight. The
Group 1 included 24 asthma patients with NBW (Ql=22.39+2.32
kg/mz), the Group 2 included 24 asthma patients with BOW
(QI=27.95+1.45 kg/mz), the Group 3 included 23 asthma patients
with nutritional-constitutional obesity (Ql=32.8+3.29 kg/mz).

Serum concentrations of tumor necrosis factor-a (TNF-a),
interferon-y (IFN-y), interleukins (IL) 2, 4, 6, 10, and 17A was
determined by flow cytometry (test systems “Cytometric Bead
Array”, “BD”, USA; cytometer “BD FACS Canto II”, USA). “FCAP 3.0”
software (“BD”, USA) was used for data processing. Blood level of
leptin and adiponectin was assessed by ELISA method using an
enzyme immunoassay analyzer “STAT FAX 3200” (USA).

Statistical data processing was performed using the standard
statistical software “Statistica 6.1” (StatSoft, USA). The hypothesis of
normal distribution of quantitative traits in groups was tested using
Kolmogorov-Smirnov, Shapiro-Wilk and Pearson x? criteria. The
descriptive statistical data are expressed as M#SD (for normal
distribution; M, mean; SD, standard deviation) and Me (LQ, UQ) (for
non-normal distribution; Me, median; LQ, lower quartile; UQ, upper
quartile). The statistical significance of differences between
alternative quantitative parameters was assessed using Student's t-
test (for normal distribution) or Mann-Whitney and Kolmogorov-
Smirnov tests (for non-normal distribution). The analysis of
interrelations between pairs of parameters was carried out using the
Spearman’s correlation coefficient (r). P<0.05 being considered as
significant.

Results

The analysis cytokine profile has revealed a statistically
significant increase in levels of pro-inflammatory cytokines TNF-a IL-
6, IL-17A and anti-inflammatory cytokine IL-4 in asthma patients
regardless of body weight (Table 1). At the same time, asthma
patients exhibited a more significant elevation in the concentration
of IL-6 and IL-17A as their body weight increased. Thus, IL-6 level
was 1.4 times higher in patients with BOW (Group 2) and obesity
(Group 3) than in subjects of Group 1. The level of IL-17A was 1.2
times higher in patients with asthma associated with obesity
compared to patients of Groups 1 and 2.

An increase in the level of anti-inflammatory cytokine IL-10 was
characteristic for asthma patients with BOW and obesity. The
concentration of this cytokine were increased by 1.5 and 2.9 times in
patients of Groups 2 and 3 compared to patients of Group 1,
respectively. It is important to note, that median values of IL-10 level
was almost 2 times higher in obesity patients (Group 3) than in BOW
patients (Group 2).

The study of adipose tissue activity has shown a statistically
significant increase in serum leptin level in asthma patients
compared to the control group regardless of Ql. The interquartile
range of leptin level was increased by almost 3 times and 9 times in
asthma patients with BOW and obesity compared to Group 1 and
the control group, respectively.
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Table 1. Cytokine and adipokine profile in patients with asthma

Parameters

Group 1: normal-weight

Control group (n=25) asthma patients (n=24)

Group 2: overweight asthma
patients (n=24)

Group 3: patients with asthma
and obesity (n=23)

Quetelet's index, kg/m> 22.33#2.55 22.39+2.32 27.95+1.45 32.80£3.36

IL-2, pg/ml 28.65 (27.70, 29.21) 27.48 (22.46, 35.59) 26.66 (22.82, 29.94) 29.9 (22.71, 40.84)

IL-4, pg/ml 75.49+13.56 169.26+44.34, p;<0.001 167.96+45.44, p;<0.001 176.07461.72, p;<0.001

IL-6, pg/ml 37.78+3.88 56.46+21.41, p;=0.001 80.66£32.92, p;<0.001, p,=0.014  83.26+34.58, p;<0.001, p,=0.037

IL-10, pg/ml 33.10 (30.98, 35.23) 28.90 (22.24, 38.81) 44.36 (27.62, 77.69), p,=0.002, 84.74 (40.02, 104.35),
p,<0.001 p1<0.001, p,<0.001, p;<0.001

TNF-0, pg/ml 38.93+8.43 105.19+23.07, p;<0.001 98.24442.23, p;<0.001 103.31+49.76, p;<0.001

IFN-y, pg/ml 107.77+10.98 91.88+21.54 87.78+33.21 103.31#45.37

IL-17A, pg/ml 352.16+69.95 57.08+233.04, p,<0.001 582.20+196.06, p,<0.001 707.84+199.31,

p1<0.001, p,=0.029, p:=0.038

Adiponectin, ug/ml 10.15 (7.78, 15.2)

10.61 (9.63, 16.28)

12.94 (6.85, 14.25) 13.47 (9.65, 16.23)

Leptin, ng/ml 8.9 (5.48, 12.43)

14.74 (6.25, 27.55), p;=0.011

18.25 (11.05, 32.04),
p1=0.007, p,=0.024

18.85 (8.28, 67.85),
p;=0.004, p,=0.018

Data are presented as mean with standard deviation (MSD, for normal distribution) or median with lower and upper quartiles (Me (LQ, UQ), for non-normal

distribution).

p1 — significance of differences compared to the control group; p, — significance of differences compared to the Group 1; p; — significance of differences

compared to the Group 2. Only values with p<0.05 are given in the table.

The results of the analysis of interrelations between Ql and levels
of pro-, anti-inflammatory cytokines, adipokines are presented in
Table 2. A positive correlation between Ql and levels leptin, IL-4, IL-6,
IL-10, IFN-y, and an invert correlation between QI and adiponectin
have been found. The type and number of interrelations differed in
groups of patients depending on body weight.

The largest number of statistically significant interrelations has
been detected for IL-2 (with leptin, IFN-y, IL-10) and IL-17A (with IL-6,
TNF-a, leptin) in asthma patients with NBW (Group 1). The highest
number of interrelations between levels of leptin and cytokines (IL-2,
IFN-y, IL-17A, TNF-a) as well as between leptin level and QI has been
established in this group. An inverse interrelation between
adiponectin level and Ql has been identified.

The leading parameters in terms of the number of statistically
significant correlations in asthma patients with BOW (Group 2) were
IL-10 (with Ql, IL-6, TNF-a) and TNF-a (with leptin, IL-10, IL-17A). In
contrast to Group 1, correlation links between QI and levels of
cytokines such as IL-6, IL-10, IFN-y have been detected.

A significant increase in the secretion of IL-10 and IL-17A observed
in patients with asthma associated with obesity (Group 3) affected the
number of correlation links between these parameters and other
studied ones in the group of patients. IL-10 level positively correlated
with the concentrations of IL-4, IL-6, TNF-a and inversely did with IL-2
level. A positive correlation IL-17A with leptin, IL-4, IL-6, IL-10 and a
negative correlation between IL-17A and IL-2 have been found.

Discussion

The obtained results indicate features of cytokine and adipokine
status in asthma patients with different body weight.

The increase in the levels of TNF-a, IL-6, IL-17A and IL-4 in all
groups of patients suggests that they are inflammatory inductors in
asthma, provide differentiation and maintain a balance between T-
helper 1, 2 and 17 cells (Th1, Th2, Th17). It is consistent with the
evidence that asthma is independently of the disease phenotype
characterized by cytokine hyperproduction, which impact on the
intensity of pro- and anti-inflammatory response [17, 18].

According to the literature, TNF-a determines the severity of
bronchial hyperresponsiveness and is able to induce the synthesis of
IL-6, IL-10, IL-17A [8]. The identified correlation links in groups of
patients convincingly confirm this fact (Table 2).

The excess of IL-6 level in Groups 2 and 3 as well as the identified
correlation links allow us to consider this cytokine as a marker of an
unfavorable course of the disease in patients with increased body
weight. It is well known, that IL-6 contributes to the de-differentiation
of T-regulatory cells (Treg) into Th17 cells and thereby leads to a
decrease in the number of Tregs and the activation of autoimmune
process [18, 19].

A statistically significant increase in IL-17A level in patients of
Group 3 compared to Groups 1 and 2, established strong correlation
connections with the main pro-inflammatory cytokines indicate the
involvement of Thl7-mediated immune mechanisms in the
development and progression of the disease. It indicates the
prevalence of neutrophilic inflammation in patients with asthma
associated with obesity. According to the literature, Th17-lymphocytes
and IL-17, IL-8, IL-32 play the main role in the formation of this type of
inflammation. The production of IL-17A results in the activation of
neutrophils and antimicrobial factors and the formation of an
autoimmune inflammation [20].

An elevated level of anti-inflammatory cytokine IL-10 and the
highest number of correlation links for it have been defined in asthma
patients with obesity. IL-10 serves as a synergist for IL-4 as evidenced
by an established direct correlation between these parameters. A
negative association between IL-10 and IL-2 and its direct correlation
with IL-17A indicate ambiguous role of this cytokine in inflammation.
On the one hand, IL-10 suppresses the production of IL-2 and IFN-y by
T-lymphocytes and contributes to the activation of Th2 immune
response. On the other hand, this mediator has immunosuppressive
properties that are manifested through the induction of Treg cells into
Th17 cells. In cases of an intensive inflammatory reaction, IL-10 can be
secreted not only by macrophages, but also by antigen-non-specific
CD8" cells, that does not always indicate a prognostically favorable
variant of the disease [21].
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Table 2. The interrelations between body mass index, levels of pro- and

anti-inflammatory cytokines and adipokines (Spearman’s correlation

coefficient, r)
Parameters
Group 1, n=24

Correlation coefficient, r

Leptin — Quetelet's index 0.64**
Leptin —IL-2 0.37*
Leptin — IFN-y 0.55%*
Leptin —IL-17A 0.64**
Leptin — TNF-a -0.73**
Adiponectin — Quetelet's index -0.56**
IL-2 — IFN-y 0.93**
IL-2 —-1L-10 0.38*
IL-17A - IL-6 0.45*
IL-17A — TNF-a -0.71%*
Group 2, n=24

Leptin — TNF-a -0.44*
Leptin —IL-17A 0.54**
Quetelet's index — IL-6 0.55%*
Quetelet's index — IL-10 0.69**
Quetelet's index — IFN-y 0.56**
IL-2 — IFN-y 0.65**
IL-10 - IL-6 0.64**
IL-10 = TNF-a 0.45*
IL-17a — TNF-a -0.59**
Group 3, n=23

Leptin —IL-4 0.61**
Leptin —IL-17A 0.75%*
Quetelet's index — IL-4 -0.44*
IL-17A - 1L-4 0.82**
IL-17A —IL-6 0.70**
IL-17A —1L-10 0.70
IL-17A —1L-2 -0.45*
IL-10 - IL-4 0.43*
IL-10 - IL-6 0.82%*
IL-10 - TNF-a 0.59*
IL-10 —IL-2 -0.62*

Only statistically significant correlations between the parameters are given
in this table: * — p<0.05; ** — p<0.01.

Serum concentration of the anti-inflammatory cytokine IL-4,
characterizing the state of the subpopulation of Th2 lymphocytes,
was exceeded in all studied groups compared to the control group.
However, there were no differences between the groups of
patients. It indicates that humoral immunopathological
mechanisms involve in asthma pathogenesis, as IL-4 plays a major
role in Th2 immune response. At the same time, the strongest
correlations of IL-4 have been revealed in Group 3 (with leptin, IL-
17A and Ql). These effects are due to the fact that IL-4 is an
antagonist for pro-inflammatory cytokines and an increase in body
weight may contribute to some depletion of the activation
potential of the cells that are responsible for the production of this
cytokine. Changes in the concentration of this cytokine have
influenced to a certain extent the balance of cytokines and
adipokines in asthma, the chronicity and the severity of the
disease [22].

An elevated leptin levels and correlation links between leptin
and cytokines in all groups of asthma patients indicate its
association with inflammation and suggest that leptin promotes
the differentiation of Th cells and the progression of autoimmune
reactions, enhances the synthesis and production of a number of
Thl-associated cytokines (IL-2, IL-6, TNF-a) by macrophages.

Besides that, these cytokines are able to induce the secretion of
leptin by mononuclear phagocytes [23].

There were no statistically significant differences in
adiponectin levels between the groups. Moreover, its
concentration tended to decrease in all groups. In the context of
the association between obesity and asthma, adiponectin is
usually considered as an anti-inflammatory cytokine, which has
the ability to inhibit TNF-a, IL-1 as well as induce the synthesis of
other anti-inflammatory cytokines (IL-10). It is important to note
that adiponectin concentration as a rule decreases during obesity,
despite the fact that its source is adipocytes. This paradox is
explained that macrophages of adipose tissue in obese patients
actively produce IL-6 and TNF-a, which are able to directly inhibit
adiponectin secretion, that leads to the loss of anti-inflammatory
properties of this adipokine and, possibly, the progression of
asthma [24-26].

The identified correlations between QI and leptin (positive)
and adiponectin (inverse) in Group 1 can be considered taking into
account the data on the dependence of adipokin level on body
weight [27]. The associations of QI with IL-6, IL-10, IFN-y in Group
2 and with IL-4 in Group 3 confirm the literature data on the
pathogenetic significance of adipose tissue in the development of
asthma [10, 28].

The established imbalance of cytokines and adipokines and the
identified correlation links indicate to the fact that cells can
change the intensity of production of particular cytokines during
the development of Thl, Th2, Th1l7 immune response. The
obtained data have shown that the development of immune
response is determined by the search for the middle ground
between the types of Th immune response.

Conclusion

The production of pro-inflammatory cytokines IL-6 and IL-17A
as well as anti-inflammatory cytokine IL-10 enhances in patients
with partially controlled mild as the body weight increases and the
obesity develops. The features of cytokine and adipokine
imbalance indicates the prevalence of neutrophilic inflammation in
asthma associated with obesity. The established correlation links
indicate the important immune-pathophysiological role of
hyperleptinemia and pro- and anti-inflammatory cytokines in the
formation of asthma with obesity and provide the pathogenetic
association of obesity and asthma, largely determining the
direction, severity and outcome of the pathological process.

Limitations

The limitations of this study are related to the fact that it was
performed only in a group of patients with partially controlled mild
asthma. The obtained results may differ from those in a group of patients
with more severe asthma of varying degrees of control.
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