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Summary

The study involved 210 people, of whom 32 had MBA, 39 had
MoBA, 30 had MoBA+COPD, 38 had COPD, 17 had CAP, 25 had
HT and IHD (comparison group) and 20 were healthy subjects. All
patients signed informed consent before the study. The Protocol of
the study was passed review and was approved by the local ethics
Committee of our University. The presence of IgE was determined
to tick and house dust allergens, as well as the combined allergens of
grass pollen, trees, weeds and flowers, S. pneumon, H. influenzae, and
N. rerflava. The following cytokines were investigated: IL-4, IL-6,
IL-10, IL-17, IFNy, TNFa. All patients were examined during disease
exacerbation. The INFP and ATP were determined for each subject.
The results of the study of CK levels and CK combinations, the so-
called cytokine profile, indicate that they cannot be used for clinical
diagnosis, including nosological diagnosis, the assessment of disease
severity, and for selecting individual therapy, including anti-cytokine
medications.

The incredible heterogeneity of bronchial asthma (BA) is
becoming more and more clear. More than 30 years ago, in 1977,
we pointed out the existence of seven clinical and pathogenetic types
of BA in patients, subsequently called the following phenotypes:
infection-dependent,  atopic,  hormonal,  neuropsychological,
autoimmune, significant adrenergic imbalance, and primary bronchial
hyperreactivity.! Individual methods of diagnosis and treatment
were developed for each of these options, and the results of their
testing have been repeatedly published. Subsequently, the phrase
“primary bronchial hyperreactivity” was replaced with the idea of
exercise-induced BA, peri-menstrual and aspirin-related clinical and
pathogenetic types (phenotypes) of BA. The methods of individual
diagnosis and treatment continued to improve and their efficacy
continued to increase.

Inhalation corticosteroids (ICS) are considered to be the most
effective in the treatment of BA. However, in 5-10% of patients with
BA, comprehensive treatment is ineffective even with the inclusion
of ICS.? Although the percentage of patients resistant to ICS, is
quite low, they make up 50% of the overall cost of treatment for
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patients with BA.* The insufficient treatment efficacy of existing
methods for a group of patients with BA is a reason for examining
the BA phenotypes and the endotypes that form them. Knowledge
of the mechanisms (endotypes) that form the phenotypes creates the
prospects for developing new treatment methods, which take into
account the individual characteristics of BA in a particular patient.
A cluster analysis of two large European cohorts identified two
phenotypes. The first refers to patients with early onset allergic BA,
while the second comprises mainly women with late onset disease,
without atopy, and with a high body mass index.*

Seven parameters were selected to classify the endotypes in
patients with BA after the cluster analysis: clinical characteristics,
biomarkers, lung physiology, genetics, histopathology, epidemiology,
and response to treatment. The following BA endotypes were
proposed based on these parameters: 1. Aspirin-sensitive asthma,
2. Allergic asthma, 3. Asthma in preschool children with wheezing,
4. Severe late-onset hypereosinophilic asthma, 5. Asthma in cross-
country skiers.’ Another recent study of the type I immune response
in patients with BA revealed three phenotypes: 1. Eosinophilic
inflammation 2. Allergic sensitisation to antigen-specific IgE and
hyperreactivity, and 3. Bronchial remodeling.®

It is obvious that the above and other similar phenotypes
and endotypes do not create the conditions for developing new,
personalized treatments. Markers, characterizing the pathogenesis
mechanisms, and endotypes that form the different phenotypes of BA,
are required, treatment of which would have a therapeutic effect. The
cytological characteristics of induced sputum were used as a marker
determining the nature of inflammation in patients with BA. The
respiratory inflammatory process in patients with BA is heterogeneous,
and the diagnosis of various BA inflammatory phenotypes provides
an opportunity to determine the pathogenetic type of BA in a
particular patient, thus opening the way for individualized therapy.
JL Simpson et al.” have developed four BA inflammatory phenotypes:
neutrophilic, eosinophilic, granulocytic and pauci-granulocytic, with

”IIII Submit Manuscript | http://medcraveonline.com

J Lung Pulm Respir Res. 2017;4(3):95—104.

95

which permits unrestricted use, distribution, and build upon your work non-commercially.

© 2017 Fedoseev et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,
BY NC


https://crossmark.crossref.org/dialog/?doi=10.15406/jlprr.2017.04.00132&domain=pdf

The role of cytokines in the pathogenesis of bronchial asthma and the possibilities of anti-cytokine therapy

phenotype combinations also possible. We believe that epithelial
and macrophagic phenotypes should also be added to these cellular
phenotypes.® At the present time, 161 biomarkers have been described,
indicating the presence, severity and nature of airway inflammation in
allergic diseases.” Cytokines have been recently used as these kinds
of markers, which participate in immunological and other reactions,
and are among the mechanisms that generate endotypes of different
BA phenotypes.

Main points about cytokines

Cytokines are small proteins that perform signaling between
cells and are a group of humoral factors in both innate and adaptive
immunity. The communication that cytokines perform between cells
is necessary for various functions (growth, chemo attraction, cell
proliferation and differentiation, etc.). The combination and excessive
activity of cytokines and pleiotropy make it difficult to assess their
role in the pathogenesis of various pathological conditions. Like
other inflammatory mediators, cytokines have a high affinity for cell
membrane receptors. '

Cytokines can be divided into three main groups
according to their mechanism of action

a. Pro-inflammatory, participating in the inflammatory response
(interleukins 2, 6, 8, TNFa, interferon gamma, etc.),

b. Anti-inflammatory, reducing the development of inflammation
(interleukins 4, 10, TGF-B, etc.),

c. Cellular and humoral immunity regulators (natural or
specific) with specific functions (antiviral, cytotoxic, etc.).!!

Cytokines are divided into three groups according to
their functional direction

1. Cytokines involved in cytotoxic (antiviral and anticancer)
humoral and cellular reactions (Th1 and Th17)

2. Cytokines involved in allergic reactions (Th2),

3. Cytokines participating in immunosuppressive and regulatory
reactions (Treg).!

Due to the significant pleiotropy, the functional direction and
mechanisms of action of cytokines can manifest differently under
different operating conditions. In experimental models of asthma and
according to the results of patient studies, it was found that Th2 cells
induce BA through an array of cytokines (IL-4, -5, -9, -10, -13, -25),
which activate inflammation of the respiratory tract, either directly
or indirectly.”* The sum total of the published data on the role of
cytokines allows us to identify the main positions that characterize
the involvement of cytokines in immune responses: promoting
the recognition of antigens, assisting in the expression of adhesion
molecules on immune cells, affecting the migration of immune cells,
activating monocytes and macrophages, and being antigen co-factors
in the activation and proliferation of lymphocytes.

Known substances that have an inhibitory effect on
cytokines

1. cytokine synthesis inhibitors - glucocorticosteroids, cyclosporine
A, tacrolimus, and mycophenolate; 2. humanized antibodies that
inhibit cytokines and their receptors; 3. soluble cytokine receptor
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inhibitors; 4. antagonists and medications that block cytokine
transduction.' Cytokines are produced by different immune and non-
immune cells (lymphocytes, epithelial and endothelial cells)."

The interaction between cytokines and eosinophils

The maturation, mobilization and survival of eosinophils in the
airways is determined by IL-3 and GM-CSF, but especially by IL-5,
which plays a key role in mediating between eosinophils and other
cells in the airways, and the formation of eosinophilic inflammation
in patients with BA."* IL -5, IL-3 and GM-CSF promote the formation
of eosinophils from CD34 hematopoietic progenitor cells, although
only IL-5 has a specific effect on eosinophils during development and
differentiation.

Eosinophils participate in the generation of cytokines

1. Eosinophils activate Th2 cells, which secrete cytokines, 2.
Eosinophils induce the secretion of cytokines by Th2 cells.!® There is
growing evidence that eosinophilic inflammation is a sign of BA, and
its formation is associated with elevated levels of IL-5 in the bronchi
of these patients.'® The mechanisms of the eosinophilic type of BA
include stimulation of Th2 by allergens, which is accompanied by the
release of cytokines (IL-4, -5, -9, -13). Biopsy samples of bronchial
mucosa from these patients demonstrated eosinophilic infiltration,
activated by mast cells and Th2 cells."”

Cytokine interaction with other cells

Mast cells are the main source of allergy-related cytokines (IL-
4, TL-5, IL-6, TNFa)."® Mast cells are equipped with receptors for
interaction with cytokines (IL-3R, IL-4R, IL-5R, IL-9R, IL-10R,
etc.).”” Patients with neutrophilic BA demonstrate significant activity
of IL-17. The disease severity correlates with the level of serum IL-
17.2°TL-8 affects neutrophil function,?' while IL-17 attracts neutrophils
to the area of inflammation and active infection.”? Lymphocytes
are divided into three groups according to their ability to produce
cytokines: group 1 is the production of IFNy, group 2 is the production
of IL-5 and IL-13, and group 3 is the production of IL-17 and IL-22.%
Due to the involvement of IL-5 in the formation of eosinophilic BA,
this cytokine has been called eosinophilic colony-stimulating factor.

IL-17 acts on the respiratory epithelium, stimulating the secretion
of'a large number of biologically active substances including cytokines
IL-4 and IL-5. In addition, IL-17 is an activator of endothelial cells,
resulting in the migration of neutrophils to the area of inflammation.?*
The link between cytokines and cells ensures that they fulfill their main
function — the interaction between cells during immunological and
other reactions. This link between cytokines and cells can be clearly
illustrated by the reaction of the immune system to an antigen stimulus.
Through the antigen-presenting cells, the antigen affects the ThO cells,
leading them to differentiate into Th2, with IL-4 participating in this
event. Then, with the participation of IL-4, IL-5 and IL-13, there is
activation of B cells, with the formation of specific IgE, which are
fixed on the surface of mast cells. When stimulated by the antigen,
mast cells secrete histamine, prostaglandins and leukotrienes, which
leads to bronchospasm, hypersecretion and mucosal swelling in the
respiratory tract. At the same time, exposure to IL-5 causes the Th2
cells to stimulate eosinophils to form leukotrienes and reactive oxygen
species. All this, under normal conditions, is aimed at eliminating the
antigen, but in patients leads to obstruction and inflammation®
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Anti-cytokine therapy

The number of research articles about asthma exceeds 1,500,000
articles, and nearly 6% of them report on the results of randomized
controlled trials for the treatment of BA. However, despite these
studies, the treatment options for asthma remain limited, and steroids
are the predominant type of medication.” The discovery of different
inflammatory phenotypes in patients with BA and the related
molecular phenotyping, thanks to new technologies in the field of
molecular biology and immunogenetics, have made it possible to
synthesize specific monoclonal antibodies, including anti-cytokine
antibodies.”® Anti-IL monoclonal antibodies should reduce airway
inflammation and prevent eosinophilic activation.”’

Mepolizumab is a humanized monoclonal antibody that blocks IL-
5, which moves from the bone marrow and activates eosinophils.?®
Ortega HG et al® used mepolizumab in the treatment of 539 patients
with BA. Compared to the placebo, the frequency of disease
exacerbations was 47% lower. The positive effect of treatment with
mepolizumab was present with both intravenous and subcutaneous
administration in 50% of patients. Bel EH et al.** treated 135 patients
with BA using mepolizumab. The dose of oral glucocorticoids
decreased by an average of 50% in the patient group. There was no
decrease in the medication dose in the placebo group. In 2015, the FDA
in the United States and the European EMA approved mepolizumab
as maintenance therapy in severe eosinophilic BA in adults.?!

Reslizumab is a humanized monoclonal antibody to IL-5. Castro M
etal*used reslizumab to treat 53 adult patients with severe eosinophilic
asthma. There was an improvement in the clinical status, a reduction
in the eosinophilic content of the blood and sputum, and an increase
in the FEV1. The treatment was most effective in patients with nasal
polyps. Benralizumab is a humanized monoclonal antibody to the
IL-5 receptor. Castro M et al** used benralizumab to treat 385 patients
with uncontrolled eosinophilic asthma. A single dose of benralizumab
reduced the number of serum eosinophils, and reduced the number
of exacerbations. Lebrikizumab is a humanized monoclonal antibody
that blocks IL-13, which induces periostin secretion by bronchial
epithelial cells,” stimulates IgE synthesis, bronchial fibrosis, and
respiratory hypersensitivity.* J Corren et al.®® used lebrikizumab
to treat 219 patients with BA. There was an insignificant tendency
towards a reduction in the severity of exacerbations as compared to
the placebo group. Treatment efficacy was higher in patients with
a high serum periostin level. M Noonan et al.’ treated 210 patients
with BA using lebrikizumab. Treatment efficacy analysis showed no
significant changes in the clinical course and FEV1 of BA patients
treated with lebrikizumab as compared to the placebo group.

Dupilumab is a humanised monoclonal antibody to the IL-4
receptor, blocking the effects of IL-4 and IL-13. These cytokines
have an increased activity in patients with eosinophilic BA and other
signs of increased Th2 immune system activity.”” Wenzel S et al.*®
treated 104 patients with BA using dupilumab, and these patients had
fewer exacerbations due to cessation of medications (p < 0.001) and
an increase in FEV1 (p < 0.001) as compared to the placebo group.
Daclizumab is a humanised monoclonal antibody to IL-2, inhibiting
cell proliferation and the release of cytokines by cells. Busse WW et
al.’” used daclizumab to treat 115 adult patients with severe asthma.
There was only a small improvement in lung function and control over
the disease. Anrucinzumab is a humanised monoclonal antibody to IL-
13. DeBoever FH et al. * used anrucinzumab to treat 237 patients with
severe asthma, who were receiving the maximum dose of ICS. There
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was a lack of positive change in regards to the eosinophil content and
IgE levels. Tralokinumab is a humanized monoclonal antibody to
IL-13. May RD et al.** used tralokinumab to treat 194 patients with
moderate and severe BA. A moderate improvement in lung function
and a reduced use of adrenoceptor agonists was noted.

a. Available publications on the treatment of patients using anti-
cytokine drugs have made the following conclusions.

b. The treatment efficacy of these drugs is low and the clinical
effect, if present, does not exceed 50-60%.

c. Individual studies demonstrate a higher effect in the presence
of blood or sputum eosinophilia, or increased nitrogen oxide
content in exhaled air.

d. There is no information on the iatrogenic effects of these drugs
and their contraindications.

e. The levels of respective cytokines were not measured before the
start and during treatment.

Data analysis of the literature and our own experience suggests
that the current knowledge about the level and interaction of CK, and
our clinical understanding of this contains a lot of unsolved questions,
with the following being the main ones:

A. Ts there a difference in the CK levels in different study groups,

B. What combinations of CK, taking into account their levels, are
present in different study groups,

C. How statistically significant are the possible links between CK,
and if such links exist, how should they be interpreted,

D. What is the role of CK in sensitisation,

E. Can the results of a study of CK be used for clinical diagnosis
and prescription of medications.

Personal data

Study aim: to collect and analyze the facts supporting the
involvement of CK in the pathogenesis, sensitisation and clinical
presentation of patients with BA and COPD.

Study objectives:

1. To determine the CK levels in different study groups (during
the acute phase of the illness in patients).

2. To determine the frequency (in %) of different CK
combinations, considering their level and numbers.

3. To study the possible CK combinations, taking their levels into
consideration.

4. To analyze the presence and reliability of the links between
CK for the entire set of data and for each studied group.

5. To study the involvement of CK in the sensitisation to bacterial
and atopic allergens, taking into account the availability and
absence of allergic diseases.

Study materials and methods

The study included 210 persons: group 1 was 32 patients with
bronchial asthma light currents (MBA), group 2 was 39 patients
with moderate bronchial asthma (MoBA), group 3 was 39 patients
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with moderate bronchial asthma combined with chronic obstructive
pulmonary disease (MoBA+COPD), group 4 was 38 patients with
chronic obstructive pulmonary disease (COPD), group 5 was 17
patients with community-acquired pneumonia (CAP), group 6 was
25 patients with HT and IHD, and group 7 consisted of 20 healthy
subjects. The age and sex of the subjects are shown in Table 1.

General clinical, laboratory and instrumental studies were carried
out. Serum allergen-specific IgE antibodies and cytokines were
determined using solid phase immunosorbent assays. The presence of
IgE to tick and house dust allergens, as well as to grass pollen, tree,
weed and flower allergens, S. pneumon, H. influenzae, and N. rerflava
was determined. For the overall assessment of infectious sensitisation,
the infectious potential (INFP) was determined, and for the overall

Table | Patient characteristics according to age and sex
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assessment of atopic sensitisation, the atopic potential (ATP) was
determined for each subject. Infectious potential: IgE to Strept.
pneumon. + IgE to Haemoph. influenzae + IgE to Neiss. perflavae
(KE/).Atopic potential: IgE to tick + IgE to dust + IgE to field grasses
+ IgE to tree pollen + IgE to weeds + IgE to flowers (classes). To
assess the severity of each indicator, it was assigned a level in each
subject: low, medium and high. The levels were calculated when
analyzing the histograms of each indicator. The level boundaries of
the studied indicators are shown in Table 2. Statistical 6.1 by Stat
Soft, Inc. was used for the statistical data analysis. When interpreting
the results, 0.05 was the critical value of the significance level. The
mean and standard deviation (M#+s) were used as descriptive statistics
for the quantitative signs. The Student’s t-test and Pearson correlation
coefficient were also used.

No Study groups N Average age Mis Men % °V°Vomen

| MBA 32 32.75+11.753 25 75

2 MoBA 39 45.38+18.104 25.6 744

3 MoBA+COPD 39 60.85+10.835 56.4 43.6

4 COPD 38 64.45+ 8.096 789 21.1

5 CAP 17 44.88+17.345 529 47.1

6 HT, IHD 25 59.68+18.314 32 68

7 Healthy 20 35.15+11.726 25 75

Table 2 The level boundaries of the studied indicators using the entire data sum
Low level Medium level High level
Indicator N
n % level boundary n % level boundary n % level boundary

IL-4 133 49 368 <16 44 33.1 11.6-2.6] 40  30.1 >2.6
IL-6 90 32 356 <17 29 322 11.7-37] 29 322 >37
IL-10 134 47 351 <37 44 328 13.7-7.1] 43 321 >7.1
IL-17 148 51 345 <25 49 33.1 12.5-4.2] 48 324  >42
IFNy 133 44 33.1 <47 44 33.1 14.7-8.5] 45 338 >85
TNFo 177 59 333 <25 57 322 ]25-44] 6l 345 >4.4
INFP 165 55 333 <72 55 333 ]72-155] 55 333 >|55
ATP 188 62 33 <4 62 33 14-7 64 34 >7

Results and discussion

The CK levels in all of the groups are shown in Table 3. There
were different CK levels in the study subjects of all the groups: the
incidence range of the low level varied from 4.3% to 61.5%, while
the incidence range of the high level varied from 11.8% to 75.0% of
the subjects. Different CK levels were present in all of the groups,
including patients with ischaemic heart disease, HT, and healthy
volunteers. The incidence (%) of a combination of several cytokines
of the same level, in each group, is presented in Figure 1. The “0”
frequency means that a particular group lacks CK at this level. In
all the groups, the frequency of a combination of several CK of one
level did not differ significantly. Table 4 presents the incidence of
a combination of several high-level CK in one study subjects. 3.1-
39.1% of subjects had high levels of several CK, irrespective of the
study group, including patients with HT, IHD, and healthy volunteers.
The incidence of a number of high-level CK is presented in Table

4. High-level CK were absent in 19.4-51.6% of all subjects, while
16.1-27.8% of patients had one high-level CK. Combinations of
different amounts of high-level CK were noted in all of the study
groups.A 9-cell matrix (Table 5) was used to study the presence of
combinations of different levels of two CK, which contained the fixed
percentage of the nine combinations of two CK in the study group.
For example, the matrix shown in Figure 2 was designed to identify if
any group had one of the nine combinations of the levels of IL-4 and
IL-10. The first cell contained the percentage of subjects in a group
with low levels of IL-4 and IL-10, while the ninth cell contained the
percentage of the subjects in a group with high levels of IL-4 and IL-
10. The remaining 7 cells contained percentages of subjects with the
corresponding levels of IL-4 and IL-10. Figure 2 shows a graphical
demonstration of IL-4 and IL-10 combinations in the subjects from
different groups. Thus, the incidence was obtained for each of the 9
combination options of two levels of comparable CK for each study
group. In order to determine whether the frequency range of the levels
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of two comparable CK, obtained from the 9-cell matrix, is different
in different study groups, and not having the opportunity to include
the whole actual material in this article, we present the frequency
range (minimum and maximum frequency in %) of the comparable
CK for each of the study groups (Table 6). The data obtained indicate
that the frequency range of values of the investigated CK does not
significantly differ between the different study groups, including
patients and healthy volunteers.

For physiological and clinical interpretation of the multiple links
between the studied cytokines, we need to know whether there is
a statistically significant link between them. The statistical links
between pairs of cytokines were investigated using the whole data,
and for each group of subjects. The results of the research into links
across the whole data are shown in Table 7. The interaction of 1L-4
with IL-10, IL-17, interferon-gamma; IL-6 with TNFo; [L-10 with IL-
17 and interferon gamma; and IL-17 with interferon gamma and TNFa
have a statistically significant link. The function of these significant
links between CK is unknown, but undoubtedly, these links are
relevant to the functioning of CK both in healthy and disease states.
The results of the study into the links between CK in the different

Table 3 Frequency (in %) of the CK levels in the study groups
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study groups are presented in Table 8. In 25% of comparable CK
pairs, the interaction between them was not statistically significant.
To assess the involvement of cytokines in the sensitisation to bacterial
and atopic allergens, a statistical analysis was carried out of the
comparable indicators characterizing infectious (INFP) and atopic
(ATP) sensitisation, with different levels of each of the studied CK
in patients without allergic diseases (COPD + CAP+ HT and IHD
+ HEALTHY) versus patients with allergic diseases (MBA + MoBA
+ MoBa combined with COPD) (Table 9 & Figure 3 & Figure 4). It
was found that: 1) there was a significant difference between INFP
in subjects without allergy and subjects with allergy, in the presence
of predominantly high levels of CK (apart from TNFa); 2) there was
no significant difference found in the indicator characterizing ATP
in the study groups, in any of the CK levels (apart from high level
of IL-4); 3) there was no significant link established between TNFa
and different INFP and ATP in the study subjects; 4) higher levels of
INFP and ATP in the study subjects without allergies again confirms
the earlier hypothesis that in people without allergies, specific IgE
antibodies to infectious and non-infectious allergens have a protective
role.*!

Cytokines
Study groups Levels IL4 IL6 ILIO IL17 IFNy TNFo
n % n % n % n % n % n %
low 9 39,1 I 55,0 9 22,2 6 22,2 3 13 9 33,35
MBA med 5 21,7 6 30,0 8 34,8 13 48,1 1 47,8 il 40,7
high 9 39,1 3 15,0 6 26,1 8 29,6 9 39,1 7 25,9
low 7 41,2 4 44,4 9 50,0 13 41,9 3 17,6 16 51,5
MoBA med 8 47,1 3 333 4 22,2 13 41,9 6 353 10 32,3
high 2 11,8 2 22,2 5 27,8 5 16,1 8 47,1 5 16,1
low 8 29,6 4 25,09 9 333 5 23,8 13 48,1 4 12,9
MoBA+COPD med 8 29,6 6 37,5 7 25,9 6 28,6 5 18,5 12 38,7
high I 40,7 6 37,5 I 40,7 10 47,6 9 333 15 48,8
low 6 333 4 36,4 3 16,7 I 36,7 4 22,2 16 50,0
COPD med 5 27,8 3 27,3 6 333 10 333 6 333 8 25,0
high 7 38,9 4 36,4 9 50,0 9 30,0 8 44,4 8 25,0
low 4 57,1 0 0,0 3 42,9 I 25,0 4 57,1 | 1,1
CAP med 2 28,6 2 333 3 42,9 0 0,0 | 14,3 3 333
high | 14,3 4 66,7 | 14,3 3 75,0 2 28,6 5 55,6
low 5 22,7 3 30,0 8 36,4 4 21,1 8 36,4 | 43
HT, IHD med 10 45,5 3 30,0 9 40,9 6 31,6 8 36,4 9 39,1
high 7 31,8 4 40,0 5 22,7 9 47,4 6 27,3 13 56,5
low 5 38,5 3 25,0 4 30,8 6 54,5 8 61,5 8 444
Healthy med 5 38,5 5 41,7 3 23,1 I 9,1 3 23,1 4 22,2
high 3 23,1 4 333 6 46,2 4 36,4 2 15,4 6 333
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Figure | Incidence (%) of the combined five CK, considering the number and level of CK.

Table 4 The incidence (in %) of a different number of high-level cytokines in one study subject

Study groups The number of high-level CK in one subject

the frequency percentage of this number of high-level CK

MBA 27 333 22,2 18,5 7,4 18,5 0,0
MoBA 31 51,6 25,8 9,7 9,7 3,2 0,0
MoBA+COPD 31 19,4 16,1 35,5 9,7 12,9 6,5
COPD 32 43,8 18,8 6,3 18,8 9,4 3,1
IHD, HT 23 21,7 17,4 39,1 4,3 4,3 13,0
Healthy 18 333 27,8 16,7 1,1 1,1 8,0

Table 5 The matrix to determine the frequency of the nine combinations of two CK, considering their level (low, medium, high) in %

Which cytokines IL4
Low level Medium level High level
IL10 low level | 2 3
medium level 4 5 6
high level 7 8 9
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Figure 2 The distribution of subjects in %%, depending on the ratio of IL4 and ILI0.
Table 6 The frequency range (in %) of the combinations of different CK levels in the study groups
Study groups  IL4 & IL6 IL4 & ILI10 IL4 & ILI17 IL4 & IFNy IL4 & TNFa IL6 &ILIO IL6 & ILI7 IL6 & IFNy  IL-10 & IL-17 IL-10 & GIN
MBA 0,0-30,0 0,0-30,4 0,0-21,7 0,0-21,7 4,3-21,7 0,0-35,0 0,0-20,0 0,0-20,0 0,0-21,7 0,0-26,1
MoBA 0,0-33,0 0,0-23,5 0,0-17,6 0,0-23,5 0,0-23,5 0,0-33,3 0,0-22,2 0,0-33,0 0,0-33,7 0,0-29,4
MoBA + COPD  0,0-25,1 0,0-33,0 0,0-41,2 0,0-29,6 0,0-25,9 0,0-25,0 0,0-33,3 0,0-37,5 0,0-50,0 0,0-38,9
COPD 0,0-27,3 0,0-27,8 0,0-25,0 5,6-16,7 0,0-22.2 0,0-27,3 0,0-22,2 0,0-27,3 0,0-50,0 0,0-38,9
CAP 0,0-33,3 0,0-42,9 0,0-50,0 0,0-42,9 0,0-42,9 0,0-33,3 0,0-56,7 0,0-33,3 0,0-50,0 0,0-42,9
HT,IHD 0,0-40,0 4,5-18,2 0,0-50,0 0,0-27,3 0,0-27,3 0,0-30,0 0,0-50,0 0,0-18,2 0,0-27,8 0,0-18,2
Healthy 0,0-16,7 0,0-15,4 0,0-22,2 0,0-38,5 0,0-30,8 0,0-25,0 0,0-50,0 0,0-30,8 0,0-33,3 0,0-30,8
Table 7 Significant links between CK, the overall data sum irrespective of the study groups
Comparable CK N R P
IL4 & ILI10 98 0,44 0,000006
IL4 & ILI17 80 0,44 0,000039
IL4 & IFNy 98 0,50 0,000000
IL6 & TNFa 71 0,38 0,000932
ILI0 & ILI7 8l 0,65 0,000000
IL10 & IFNy 98 0,53 0,000000
IL17 & IFNy 80 0,56 0,000000
IL17 & TNFa 118 0,40 0,000007
Table 8 Significant links between CK in the study groups (p)
Study eroups '14& IL4& IL4& IL4& IL4& IL6& IL6& IL6& IL6& IL4I0& ILIO& ILI0& ILi7a ILi7a IFNy &
Y group IL6 ILI0 IL17 IFNy TNFa ILIO IL17 IFNy TNFa ILI7 IFNy TNFa IFNy TNFe TNFq
MBA 0,045 0,008 0,015 0,083 0,559 0,605 0,845 0,930 0,654 0,001 0,000 0,191 0,002 0,192 03059
MoBA 0,776 0,458 0,691 0,891 0,305 0,907 0,571 0,081 0,275 0,119 0,464 0,106 0,895 0,135 0,966
MoBA+COPD 0,038 0,002 0,007 0,000 0,020 0,387 0,658 0,330 0,196 0,002 0,000 0,585 0,004 0,020 03202
COPD 0,285 0,340 0,209 0,237 0,229 0,830 0,965 0,872 0,112 0,000 0,006 0,860 0,005 0,019 0,514
CAP 0,913 0,288 - 0,067 0,175 0,110 - 0,026 0,704 - 0,006 0,052 - 0,800 0,07l
HT, IHD 0,188 0,151 0,160 0,105 0,654 0,234 0,0136 0,325 0,117 0,041 0,020 0,816 0,253 0,045 03716
Healthy 0,399 0,7878 0,083 0,657 0,639 0,335 0,8268 0,018 0,006 0,004 0,521 0,528 0,354 0,698 -0,02
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Table 9 Comparison of INFP and ATP with different CK levels in patients without allergic diseases and in patients with allergic diseases

IL Without allergic diseases With allergic diseases P
N Mediana 25% 75% N Mediana 25% 75%
L4 L INFP 19 99.84 583 132.22 28 66.035 35.255 926 0.080926
ATP 20 6.5 4 9 29 5 3 7 0.106288
M INFP 19 156.42 82.63 281 15 68.4 45.48 92.45 0.003075
ATP 22 6 5 8 22 75 4 9 0.568834
H INFP I 154.54 98.06 259.67 12 58.87 36.235 116.04 0.043879
ATP 18 9 7 10 22 6 4 8 0.014925
IL6 L INFP 10 75.52 43.21 103.84 20 49.93 20.39 81.35 0.130729
ATP 10 8 6 12 22 6.5 4 9 0.091868
M INFP I 121.01 98.06 281.34 13 755 52.17 92.45 0.08213
ATP 13 6 4 7 16 5 3 8 0.681573
H INFP 16 136.48 88.38 269.97 13 82.44 583 86.81 0.055535
ATP 16 5.5 4.5 8 13 5 3 6 0.249468
ILI0 L INFP 17 103.84 43.21 156.42 27 67.02 45.48 90.86 0.171281
ATP 18 6 5 9 29 5 4 7 0.272104
M INFP 17 143.4 76.91 281 20 63.28 33.69 112.29 0.048471
ATP 21 8 4 9 23 6 3 9 0.455949
H INFP I5 121.01 99.84 258.93 9 92.45 48.78 94.3 0.00435
ATP 21 8 6 10 22 75 5 8 0.163998
IL17 L INFP 21 88.79 7248 130.82 28 936 57.46 205.01 0.77164
ATP 22 5 3 8 29 5 4 8 0.813742
M INFP 16 176.25 93.95 265.95 25 61.5 37.1 246.88 0.051924
ATP 17 8 6 9 32 7 4 9 0.229724
H INFP 16 118.93 78.18 243.02 12 71.95 50.48 94.32 0.02918
ATP 25 8 6 10 23 6 4 9 0.06908
IFNy L INFP 21 143.4 82.63 281 17 78.44 53.97 90.86 0.041813
ATP 24 5 2 9.5 20 4.5 25 6 0.461678
M INFP 16 96.32 23.64 222.05 23 61.5 32 82.45 0.107292
ATP 18 8 6 9 26 6.5 4 9 0.092604
H INFP 12 130.88 106.08 224.31 15 65.05 24.5 96.55 0.010208
ATP 18 85 7 10 27 7 4 9 0.130115
TNFa L INFP 23 109.95 76.12 180.24 32 80.21 34.14 220.57 0.51434
ATP 26 6.5 3 9 33 5 4 8 0.52916
M INFP 21 123.06 82.63 259.67 22 85.72 47.73 167.47 0.112125
ATP 24 8 5.5 9 33 6 4 8 0.115587
H INFP 27 188.95 95.14 286.48 22 83.76 61.5 175.7 0.115184
ATP 32 7 4 9 29 6 3 8 0.459783
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Figure 3 INFP in the presence and absence of clinically significant allergies,
taking into consideration the CK level.
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Figure 4 ATP in the presence and absence of clinically significant allergies,
taking into consideration the CK level.

Conclusion

A.

There is a wide range of CK levels in all of the study subjects,
including the comparison group (HT and IHD) and the healthy
control group.

In all of the study subjects, the frequency of combinations of
several CK of one level did not differ significantly. There were
high levels of several CK in 3.1-39.1% of subjects, irrespective
of the study group, including patients with HT, IHD, and healthy
volunteers.

The frequency range of combinations of different CK levels did
not significantly differ between the groups, including patients
with HT, IHD, and healthy volunteers.

There was a statistically significant link between cytokines
found across all the study subjects. Significant links between
cytokines in specific groups were noted in approximately 25%
of comparable CK pairs for each group of patients.

There was a significant difference between the severity of INFP
in patients without allergies and the severity of INFP in patients
with allergies, in the presence of predominantly high levels of
cytokines (except TNF), which can be considered as another
pathogenesis mechanism of sensitization and allergy.
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The results of the study of CK levels and CK combinations,
the so-called cytokine profile, demonstrate that they cannot be
used for clinical diagnosis, including nosological diagnosis,
assessment of disease severity, and for selecting individual
therapy, including anti-cytokine medications.
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