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ABSTRACT

SAŽETAK
Cilj. Monocitni hemoatraktantni protein-1 (MCP) -1 i
rastvorljivi molekularni adhezivni vaskularni ćelijski
molekul-1 (sVCAM-1) ključni su regulatori mesta zapaljenja
koje infiltriraju monociti. Cilj studije bio je da istraži ulogu
ovih molekula kod dece sa astmom.

Objective. Monocyte chemoattractant protein-1 (MCP)-1
and soluble vascular cell adhesion molecule-1 (sVCAM-1)
are key regulators of the inflammation sites infiltrated with
monocytes. The aim of the study was to investigate the role of
these molecules in children with asthma.
Methods. The levels of MCP-1 and sVCAM-1 during
asthma exacerbation on the background of therapy in
children with various degrees of asthma severity as well as
correlation relationships between MCP-1, sVCAM-1 and
parameters of respiration function were determined.
Results. The level of MCP-1 and sVCAM-1 in all groups
of the examined patients at the period of exacerbation of the
disease was significantly higher than in children of the
control group. On the background of therapy the levels of
MCP-1 and sVCAM-1were decreased in patients of all
groups, regardless of asthma severity. Negative correlation
relationships between MCP-1 and FEV1, PEF, VC, FVC,
FEV1/FVC were revealed before and after the therapy.

Metode. Određene su koncentracije MCP-1 i sVCAM-1
tokom terapije održavanja astme kod dece s različitim
stepenom težine astme, kao i međusobna povezanost MCP-1,
sVCAM-1 i parametara funkcije disanja.
Rezultati. Koncentracije MCP-1 i sVCAM-1 u svim
grupama pregledanih pacijenata u periodu pogoršanja
bolesti bile su znatno više nego kod dece iz kontrolne grupe.
Tokom terapije održavanja koncentracije MCP-1 i sVCAM-1
smanjile su se kod pacijenata svih grupa bez obzira na težinu
astme. Negativne korelacije između MCP-1 i FEV1, PEF, VC,
FVC, FEV1/FVC ustanovljene su pre i posle terapije.
Zaključak. Povećane koncentracije pomenutih
biomarkera održavaju se do sedmog dana terapije. Ovo
ukazuje na to da postoji veza između ovih hemokina i
stvaranja i održavanja zapaljenjskog procesa. Otkrivena
negativna korelacija između MCP-1 i glavnih parametara
plućne funkcije sugeriše učešće hemoatraktanata MCP-1 u
hroničnom zapaljenju disajnih puteva.

Conclusions. The increased levels of the abovementioned biomarkers were preserved on the seventh day of
therapy. This testifies to the involvement of these chemokines
into the formation and prolongation of the inflammatory
process. The revealed negative correlation between MCP-1
and the main parameters of pulmonary function testified to
participation of chemoattractant MCP-1 in chronic
inflammation of the airways.
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monocyte chemoattractant proteins; cell adhesion molecules.

Ključne reči: astma; zapaljenje; biomarkeri; monocitni
hemoatrakantni proteini; ćelijski adhezioni molekuli.

inflammation (7, 8). The expression of soluble vascular
cell adhesion molecule-1 (s-VCAM-1) on the endothelium
is increased under the influence of cytokines (IL-1, IL-6,
IL-8, etc.). In the site of inflammation, the activated
endothelium synthesizes chemokines and cytokines which
attract and activate neutrophils and monocytes (4, 9).
Monocytic chemoattractant protein-1 (MCP-1) is one of
the main chemokines (10). The purpose of our study was
to identify possible dependence of the levels of MCP-1
and sVCAM-1 on the severity of asthma and the effect of
anti-inflammatory therapy with corticosteroids on the
levels of these inflammatory markers and parameters of
pulmonary function in children with varying severity of
asthma.

INTRODUCTION
Asthma is defined as a chronic genetically determined
respiratory disease (1-3). A long-term aberrant immune
response to non-pathogenic stimuli, which determines the
pathogenesis of asthma, leads to such structural changes of
airways and vascular remodeling (4, 5). At the first stages,
the inflammation has general mechanisms based on the
action of the cytokines complex (5, 6). Endothelial cells
(EC) of blood vessels become the targets of all these
factors. Surface molecules expressed by EC control the
intensive migration of leukocytes to the centers of
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PATIENTS AND METHODS

was measured by enzyme-linked immunosorbent assay
(Human MCP-1 Platinum ELISA, immundiagnostik,
catalog #BMS281, Bender MedSystems GmbH, Austria).
The pulmonary function test was performed using
computerized spirometer SpiroCom “KhAImedica”.

Study population
All the examined patients with asthma underwent
treatment in Kharkiv City Children's Clinical Hospital
No.16 from September 2016 to December 2017. They
were divided into groups according to asthma severity.
Group I included children with mild asthma. Group II
included children with moderate asthma. Group III
included children with severe asthma. Diagnostic criteria
of asthma and therapy comply with the recommendations
of GINA 2017. The study involved 68 patients (42 males
and 26 females) aged from 5 to 18 with persistent asthma.
There was no significant difference in sex and age in all
the groups (Table 1). Patients were excluded from the
asthma groups if other acute or chronic respiratory
diseases, congenital anomalies of the lungs, or hereditary
diseases of the pulmonary system were detected.

Statistical analysis
Stats oftStatistica Version 8 (Tulsa, OK) was used for
statistical evaluation and graphical presentation. The
Kruskal-Wallis One Way Analysis of Variance (ANOVA)
on Ranks was used for testing statistically significant
differences in the median values among all groups. Mean
MCP-1 and sVCAM-1 of two independent groups were
compared by the Mann-Whitney U-test. The nonparametric Wilcoxon test (T) was used for comparison of
two dependent samples. The correlation between MCP-1,
sVCAM-1 and parameters of lung function was assessed
by Spearman’s linear correlation analysis. P<0.05 was
considered to indicate a statistically significant difference.

Treatment regimen

RESULTS

The examination of children with asthma was carried
out on the first day of hospitalization before the beginning,
and on the seventh day of asthma exacerbation treatment.
Treatment of asthma exacerbat ionincluded the use of
short-acting beta agonists through a spacer with a facial
mask or through a nebulizer. Also, the therapy included
the use of systemic and inhaled corticosteroids.

Levels of MCP-1 before the therapy and on the 7 th
day of treatment
During asthma exacerbation the levels of MCP-1 in all
groups were higher than those in children of the control
group. MCP-1 rates declined with the increase in the
disease severity, but did not reach the healthy children
values. There was a significant difference between groups
I and II, III (pI-II=0.005, p I-III=0.001). The levels of MCP1 in group I significantly differed only from the ones in the
control group (p<0.0001). There was no significant
difference between groups II, III (p=0.573) and between
groups II, III and control group (pII-control=0.113, pIIIcontrol=0.620) (Fig. 1).
Follow-up levels of MCP-1 on the background of
therapy were decreased in patients of all groups. The
decrease in MCP-1 depended on the severity of asthma.
MCP-1 serum levels were significantly decreased in all
the groups (pI<0.0001, pII=0.043, pIII=0.027) on the
background of treatment. MCP-1 levels significantly
differed between group I and III (p=0.014). There were no
significant differences between the groups I and II
(p=0.230), II and III (p=0.423). The highest levels

Ethics approval and consent to participate
The project was approved by the Medical Ethics
Committee of Kharkiv National Medical University,
Ukraine. It was conducted in accordance with the
Declaration of Helsinki standards. All of the patients and
their parents gave written informed consent and explicitly
provided permission for treatment and blood tests, as well
as for the collection of relevant clinical data.

Measurement of serum biomarkers
Venous blood (2 ml) was taken in the morning in the
fasting state, and centrifuged at 2,300 x g for 10 min.
Serum at the lower part of the test tube was stored at 20˚C. Serum levels of sVCAM-1 were determined by
enzyme-linked immunosorbent assay (ELISA, catalog
#BMS232, Austria). The level of MCP-1 in blood serum

Table 1. General information of patients with asthma

50

doi:10.5937/mckg53-19737
COBISS . SR - ID 282677772
UDK. 616.248-074-053.2:577.1

Med Čas (Krag) / Med J (Krag) 2019; 53(2): 49-54.

Levels of sVCAM-1 before the therapy and on the 7th
day of treatment

remained in group I. Only group I (p =0.001) was found to
have a significant difference from the control group. There
were no significant differences between the groups II, III
and control group (pII-control=0.238, pIII-control=0.268) (Fig. 2).

The levels of sVCAM-1 in patients of all groups were
significantly increased in comparison with the values in
children of the control group (p <0.0001). An increase in the
severity of asthma was associated with an increase in
sVCAM-1. The highest sVCAM-1 values were observed in
patients with severe asthma. The levels of sVCAM-1
significantly differed between group I and III (p=0.012) and
between group II and III (p=0.017). There were no significant
differences between groups I and II (p=0.345) (Fig. 3).

Figure 1. MCP-1 levels in the three groups of patients
with asthma before starting of therapy and in the control
group. The levels of MCP-1 in all groups were higher
than those in children in the control group. There was
significant difference between groups I and II, III (pIII=0.005, pI-III=0.001). The levels of MCP-1 in the group
I significantly differed only from ones in the control
group (p<0.0001). There was no significant difference
between groups II, III (p=0.573) and between groups II,
III and control group (pII-control=0.113, pIII-control=0.620).

Figure 3. sVCAM-1 levels in the three groups of patients
with asthma before start oftherapy and in the control
group. The levels of sVCAM-1 in patients of all groups
were significantly increased in comparison with the
values of children from the control group (p<0.0001).
The highest sVCAM-1 values were in patients with severe
asthma. Levels sVCAM-1 were significant different
between group I and III (p=0.012) and between group II
and III (p=0.017). There was no significant difference
between the groups I and II (p=0.345).

Figure 2. MCP-1 levels in patients with asthma on the
7th day of treatment. Levels of MCP-1 were decreased in
patients of all groups. One the background of treatment
MCP-1 levels in the serum was significantly decreased in
all groups (pI<0.0001, pII=0.043, pIII=0.027).The highest
levels remained in group I. Significant differences from
the control group occurred only in group I (p<0.0001).
There was no significant difference between the groups
II, III and the control group (pII-control=0.238, pIIIcontrol=0.268).

Figure 4. sVCAM-1 levels in patients with asthma on 7th
day of treatment. sVCAM-1 levels in the serum were
significantly decreased in all groups (pI<0.0001,
pII=0.011, pIII=0.027).Despite the decrease in sVCAM-1
values during the treatment, they remained significantly
higher than those in the control group (p <0.0001).
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Serum sVCAM-1 level was significantly decreased in
all the groups (pI<0.0001, pII=0.011, pIII=0.027) on the
background of treatment. Despite the decrease in sVCAM1 during treatment, its values remained significantly
higher than those in the control group (p <0.0001). The
levels of sVCAM-1 were significantly different between
group I and III, II and III (pI-III=0.011, pII-III=0.038). There
were no significant differences between groups I and II
(p=0.140) (Fig. 4).

inflammatory enzymes, receptors and proteins (active in
chronic inflammation) is one of the main effects of
corticosteroids. In higher concentrations they additionally
affect synthesis of anti-inflammatory proteins and exert a
post-genomic effect (16, 17).
The study also showed an increase in the level of
sVCAM-1 in all groups of patients. The more severe
asthma course was, the higher sVCAM-1 levels were
observed in patients during exacerbation. The increase in
the level of sVCAM-1 in patients with asthma can be
regarded as a marker of the severity of chronic
inflammatory process in view of the fact that this molecule
has relatively selective inhibition of leukocyte adhesion. It
provides the accumulation of mononuclear cells in the
transition of acute phase of inflammation to the chronic
one. Increased sVCAM-1 levels in patients with asthma in
the absence of clinical manifestations after therapy
testifies to the persistence of endothelial dysfunction. The
severity of endothelial dysfunction is stipulated by the
level of sVCAM-1 expression (4, 18, 19). The role of
adhesion molecules in asthma has been confirmed by
several studies which demonstrated an increase in the
expression of adhesion molecules in bronchial epithelial
and endothelial cells in patients with asthma(20, 21).
Increased adhesion of eosinophils to sVCAM-1 was also
studied in patients with labile asthma (22, 23), during
seasonal birch blossom in individuals with sensitization to
birch pollen (24). After a series of studies, serum adhesion
molecules were proposed as markers of inflammation in
asthma and allergies (25).
Long-term persistence of the antigen prolongs the
course of alteration and exudation secondary to the
developed proliferation, triggering chronic inflammation
(4, 22). Macrophage cells are the main cells in the
regulation of proliferation. Activated macrophages are
accumulated in the focus of inflammation. In addition to
the production of chemokines and cytokines, they
synthesize the growth factor of fibroblasts and attract
fibroblasts to the focus of inflammation, stimulate the
proliferation of endothelial and smooth muscle cells of the
vascular wall and basal membrane. Chronic exposure to
cytokines has a special effect on endothelial cells.
Adhesion molecules, such as sVCAM, previously
diffusely expressed on the luminal surface of endothelial
cells, are redistributed into intercellular clefts. A vicious
circle is formed in the focus of chronic inflammation:
lymphocytes activate macrophages through lymphokine
secretions, and macrophages secrete monokines, thereby
activating lymphocytes (9, 11, 14). In the late stages of
chronic immune inflammation of EC, mast cells,
eosinophils, basophils and mediators of inflammation
produced by them, cause remodeling of the bronchi with
the development of irreversible sclerotic changes due to
angiogenesis, thickening of the basal membrane and
proliferation of smooth muscles.

Correlation between MCP-1 and the main
parameters of pulmonary function
The study showed a significant correlation between the
levels of MCP-1and FEV1, PEF, VC, FVC, FEF1/FVC in
group I patients before the treatment. The r values of
MCP-1 and FEV1, PEF, FVC, VC, FEF1/FVC were- 0.65,
- 0.47, - 0.45, - 0.52, - 0.59, respectively (р<0.05). There
was also a significant correlation between MCP-1 and
FEV1, VC, FVC, FEF1/FVC in group I patients after the
treatment (r = - 0.52, r = - 0.46, r = - 0.69, r = - 0.56
(р<0.05)). MCP-1 correlated negatively with VC (r = 0.90, p<0.05) in group III after treatment. There was no
significant correlation between MCP-1 and group II
indices. There were no significant correlations between
soluble adhesion molecules sVCAM-1 and the above
parameters.

DISCUSSION
The study involved determination of the levels of MSP1 and sVCAM-1 during exacerbation of asthma, and after
cessation of clinical signs on the 7th day of therapy. The
ability of these cells to release pro-inflammatory molecules
is one of the pathogenic factors of the inflammatory
response development in asthma (11, 12). MСP-1 also
triggers proliferation of smooth muscle cells in vessels with
secretion of pro-inflammatory cytokines leading to the
disease progression due to vascular damage (3, 13). It
should be noted that individuals with asthma have higher
levels of MCP-1 (14, 15). However, these studies were
conducted among adults. Such trials in pediatric population
are limited, which prompted us to perform our study. The
study showed that the level of this chemoattractant was
increased in all pediatric patients with asthma as compared
to the control group. The highest MCP-1 levels were
detected in patients with mild persistent asthma course. An
increase in asthma severity was associated with a decrease
in MCP-1 levels. But these levels did not reach values of
healthy children. We hypothesized that this was probably
due to intensification of therapy. Anti-inflammatory basic
therapy, including inhaled corticosteroids, becomes more
intensive with an increase in asthma severity.
Corticosteroids block many pathways of inflammation in
asthma(16). Blockage of several genes encoding the
synthesis of cytokines, chemokines, adhesion molecules,
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to participation of MCP-1 in chronic inflammation leading
to remodeling of airways.

After the 1st week of the treatment MCP-1 levels in
patients with severe asthma decreased to the control group
levels, while in patients with mild and moderate course of
the disease, these parameters, although decreased, did not
reach the normal values. Perhaps this is due to
administration of not only bronchodilators, but also of
systemic corticosteroids, used to treat exacerbation of
severe asthma in doses significantly exceeding the doses
of inhaled steroids, which are usually used in the treatment
of the attack period of mild and moderate asthma. As
mentioned above, corticosteroids have a powerful antiinflammatory effect. Inhibition of chemokine formation as
an inflammation factor is one of the mechanisms of antiinflammatory action of corticosteroids. The levels of
sVCAM-1 during therapy were decreasing in all groups of
patients, but they did not reach the normal values.
Previous studies have also shown a decrease in sVCAM-l
levels in patients receiving higher doses of inhaled
steroids. This might probably be caused by steroidinduced inhibition of IL production (26).
Assessing the level of inflammation biomarkers MCP1 and sVCAM-1we suggested that the inflammatory
process in patients with asthma of different severity
persisted even after reversal of clinical signs of
exacerbation. Prolonged inflammation requires antiinflammatory therapy during a longer period of time.
Levels of MCP-1 and sVCAM-1 can be considered to be
one of the laboratory criteria for the duration and
effectiveness of anti-inflammatory therapy of asthma.
The revealed correlations between endothelial markers
of inflammation and the main parameters reflecting the
functional state of the respiratory tract allows us to
confirm that the chemoattractant MCP-1 plays a direct
role in inflammation of the airways, promotes the growth
of hypersensitivity and bronchial hyperactivity (27). The
remaining elevated levels of endothelial markers of
inflammation after the therapy create conditions for the
development of chronic inflammation which stipulates
progressive tracheobronchial tree remodeling (3, 28, 29).
Ultimately irreversible changes in the bronchial ways lead
to a decrease in FVC, VC. This is confirmed by the
detected negative correlations between MCP-1 (after the
therapy) and such parameters as FEV1, VC, FVC,
FEV1/FVC in group I patients and between MCP-1 (after
the therapy) and VC in group III patients.
In conclusion, the levels of MCP-1 and sVCAM-1
were increased in patients of all groups at the time of
hospitalization and remained high on the 7thday of therapy.
This indicates the involvement of these chemokines into
the formation and prolongation of the inflammatory
process. A decrease in MCP-1 level along with an increase
in severity of the disease may reflect the progression of
inflammation with the formation of bronchial tree
remodeling with elements of irreversible sclerotic
changes. The revealed negative correlation between MCP1 and the main parameters of pulmonary function testified
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