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The aim of the investigation was to assess the significance of the content of metabolites of the nitric oxide, sICAM-1 and sICAM-3 in 
blood serum and in exhaled breath condensate, the serum level of endothelin-1 as systemic and topical markers of inflammation in patients 
with COPD, and their correlations with the parameters of lung ventilation function.

Materials and Methods. 91 patients with COPD, aged from 46 to 67, and 21 healthy, non-smoking volunteers took part in the study. 
The material for investigation was blood serum and exhaled breath condensate.

Results. The severity of progression of COPD was linked with an increase in the serum content of sCD50, sCD54, ET-1, as well as 
in the concentrations of metabolites of nitric oxide in blood and in exhaled breath condensate. For the patients with COPD we determined 
the associations between the function of pulmonary ventilation and the levels of ET-1, sICAM-1, sICAM-3 and the value of ΣNO2

– /NO3
–. The 

resulting correlations between the concentration of soluble adhesion molecules, the values of nitrosative stress, and ET-1 level indicate that 
they are involved in the genesis of chronic inflammation in COPD patients.

Key words: chronic obstructive pulmonary disease; COPD; endothelin-1; ET-1; nitrosative stress; soluble molecules of adhesion ICAM-
1 and ICAM-3; exhaled breath condensate.

Markers of progression of inflammation in COpD

The steady increase in the prevalence of chronic 
obstructive pulmonary disease (COPD) and the 
mortality rate associated with this pathology indicate the 
importance of studying the pathogenic mechanisms of 
development of this disease [1]. The identification of new 

activity markers and the progression of inflammation are 
key tasks in the studies of these mechanisms. 

The result of the immune-mediated mechanisms 
of inflammation in response to damaging factors 
is the excessive migration of effector cells to the 
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lesion site. Cellular adhesion molecules, ICAM-1 
and ICAM-3, stimulate the migration of these cells 
(neutrophils, monocytes, T-lymphocytes) through the 
alveolar-capillary membranes to the inflammation 
site. These molecules can be simultaneously present 
in membrane-bound form on the surface of the cells, 
and in soluble form in various biological fluids [2, 3]. 
Soluble differentiating adhesion molecules are formed 
by the proteolytic shedding of membrane proteins and/
or alternative splicing of matrix RNA [2]. One of the 
main mechanisms of the immunomodulatory action of 
the soluble forms of the membrane molecules is ligand-
binding and the prevention of the interaction with the 
membrane form of the antigen and also its transsignal 
function [3–5]. Imbalance of the content of the soluble 
factors under study can lead to modulation of the 
intercellular membrane interactions and to changes in 
immunological reactivity in many diseases. At present 
the role of the soluble forms of molecules of cellular 
adhesion ICAM-1 (sICAM-1, sCD54) and ICAM-3 
(sICAM-3, sCD50) in the progression of systemic and 
topical inflammation in COPD pathogenesis is unclear. 
However, the current widespread use of non-invasive 
methods of diagnosis points at the value of studying 
sICAM-1 and sICAM-3 levels in the exhaled breath 
condensate (EBC) of patients with COPD during periods 
of stability and exacerbation. 

Soluble forms of ICAM-1 and ICAM-3 can modulate 
the adhesion of leucocytes to the endothelium of 
vessels and thus change the functional activity and the 
morphological structure of the endothelial cells [4–7]. 
Damage to the endothelium and the development of 
endothelial dysfunction account for the formation of 
the most significant systemic manifestations (comorbid 
states) of COPD and mainly result from the excessive 
secretion of endothelin-1 (ET-1) by the cells of the 
vascular endothelium [8]. ET-1 belongs to a class of 
regulatory peptides and plays a key role in processes 
involved in fibrogenesis of vascular walls and bronchi, in 
the induction and maintenance of vasoconstriction and 
bronchoconstriction, as well as in the steady progression 
of chronic inflammation [9]. ET-1 level is increased in the 
blood serum in diseases caused by smoking, endothelial 
dysfunction and pulmonary hypertension [10–12]. It has 
been determined that the ET-1 concentration in blood, 
sputum, and EBC in patients with COPD is associated with 
the partial pressure of oxygen in the arterial blood [13, 14]. 
But further studies are required to determine the meaning 
of changes in ET-1 production in the case of progression 
of the functional and structural pulmonary impairments, 
depending on the stage and severity of the COPD. 

The development of endothelial dysfunction is 
pathogenically connected with changes in the secretion 
of nitric oxide (NO) which has a broad bioregulatory 
effect [15]. The main source of formation of NO 
molecules is the inducible form of NO-synthase (iNOS), 
the concentration of which increases dramatically during 
intensification of inflammation in many diseases [16]. 

Active formation of nitric oxide and its metabolites causes 
damage to the proteins and lipids of cellular membranes, 
inhibits DNA synthesis, increases the intensity of 
oxidative and nitrosative stress, and can damage the 
structure of the vascular endothelium. In inflammation 
NO can also be synthesized non-enzymatically as a 
result of the reduction of nitrites and nitrates to nitric 
oxide [17, 18]. Our earlier works showed increase of nitric 
oxide metabolite concentration in EBC as the level of 
bronchial asthma was reducing [19], as well as increase 
of systemic and topical levels of NO derivatives and 
their interconnection with apoptosis markers both in the 
respiratory tract and circulation in patients with COPD 
exacerbation [20]. However, the features of the changes 
in the indicators of nitrosative stress in different COPD 
periods (stability and exacerbation) remain little studied. 

For a complete understanding of the pathogenic 
mechanisms of COPD progression there is a need for 
monitoring the markers of endothelial dysfunction, 
nitrosative stress and immune response at different 
stages and phases of the disease and then analyzing 
their correlation with the indicators of chronic 
inflammation which we have investigated. 

The aim of the investigation was to assess 
the significance of the content of metabolites of the 
nitric oxide, sICAM-1 and sICAM-3 in blood serum 
and in exhaled breath condensate, the serum level 
of endothelin-1 as systemic and topical markers of 
inflammation in patients with COPD, and their correlations 
with the parameters of lung ventilation function. 

Materials and Methods. COPD was diagnosed 
in accordance with the criteria of the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) [1]. 
According to the GOLD definition, COPD exacerbation 
is an acute event characterized by a worsening of 
respiratory symptoms that goes beyond normal daily 
fluctuations and leads to a change in the therapy used.

The study involved 112 people. The reference group 
included healthy non-smoking volunteers (n=21), while 
the patients with COPD (n=91) were divided into four 
groups:

patients with exacerbation of moderate COPD 
(n=21) — GOLD II exacerbation;

patients with a stable course of moderate COPD 
(n=23) — GOLD II stable;

patients with exacerbation of severe COPD (n=22) — 
GOLD II exacerbation;

patients with a stable course of severe COPD 
(n=25) — GOLD II stable.

The study was performed in accordance with the 
Helsinki Declaration accepted in June 1064 (Helsinki, 
Finland) and reviewed in October 2003 (Edinburgh, 
Scotland) and approved by the Ethical Committee of 
the Pulmonology Research Institute of the Federal 
Biomedical Agency. Every patient gave their informed 
consent. 

We selected the patients according to the following 
criteria: aged 40 or older, smoking history of around 10 
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packs/year; partially reversible obstruction after taking 
short-term-effect bronchodilators (30%<FEV1<80%; 
FEV1/FVC<70%, where FEV1 is the forced expiratory 
volume per second; FVC is the forced volume vital 
capacity; FEV1/FVC is known as the Tiffeneau index); 
clinical symptoms of COPD exacerbation (intensified 
cough, dyspnea, change in the character and/or sputum 
volume). 

Exception criteria were as follows: bronchial asthma 
and other allergic diseases; pneumonia at the point of 
hospitalization; expressed congestive heart failure; 
severe arterial hypertension; decompensated diabetes 
mellitus; conditions requiring long-term intake of 
systemic glucocorticoids.

The study of the respiratory function was performed 
on a computer Spirograph, the SpiroLab III (MIR, Italy) 
by analyzing the “flow-volume” curve and by evaluation 
of the FEV1 and FEV1/FVC, and the parameters of 
inspiratory capacity. The relevant characteristics 
of the COPD patients are presented in Table 1. 

Preparation of blood serum and exhaled 
breath condensate. In the morning blood 
samples were taken from the medial cubital 
vein of the fasting patients under examination. 
The samples were immediately centrifuged at 
3,000 rpm for 10 min. The serum samples were 
extracted and stored at a temperature of 80°С.

The RTube (Respiratory Research, USA) 
system, which prevents saliva from getting into 
the sample, was used to collect EBC within 
20 min after mouth rinsing. 

The amount of ET-1 in the blood serum 
was determined using an enzyme-linked 
immunosorbent assay (ELISA) with a set of 
reagents from Biomedica Gruppe (Austria) 
according to the method described by the 
manufacturer.

Determination of nitric oxide metabolites in 
blood serum and exhaled breath condensate. 
The total concentration of NO2

–/NO3
– (∑NO2

– /
NO3

–) in the EBC and that of nitrites (NO2
–) in the 

blood serum was determined spectrophotometrically at a 
wavelength of 540 nm with a Humalazer 2000 (Human 
GmbH, Germany) [21], using Griess reagent and a 
cadmium deoxidizer.

Determination of the amount of soluble molecules of 
adhesion, sICAM-1 and sICAM-3. The concentration of 
these molecules in the serum and EBC was measured by 
means of an ELISA test. To determine their concentration 
we used goat polyclonal antibodies against human 
leucocyte antigens and the mouse monoclonal antibodies 
ICO-60 and ICO-184 against antigens CD54 and CD50 
conjugated with horseradish peroxidase [22]. The 
measurements were performed with a Multiscan МС 
ELISA reader (Labsystems, Finland) at a wavelength 
of 405 nm. The results are provided in units per milliliter 
(U/ml). 

Statistical analysis. The data are provided as the 
mean and standard deviation (M±SD). For the normality 
distribution we used the Shapiro–Wilk’s test. Further 
processing of the results was carried out with ANOVA 
and Student-t tests. To evaluate the correlation we used 
the Pearson ratio (r). The differences were considered 
statistically significant at р<0.05. The statistical analysis 
was performed with BIOSTAT and Statgraphics v. 5.

Results. The serum concentration of ET-1 in all the 
examined patients was statistically significantly higher 
than in the healthy non-smoking volunteers (0.67± 
0.27 fmol/ml; ANOVA, р=0.006) (Figure 1). We did not 
find any significant differences in the ET-1 concentration 
between exacerbation and stable periods of COPD 
in any of the groups of patients. However, there was 
a tendency toward a linear increase in the level of 
the peptide that corresponded to the severity (with 
growth severity) of COPD. The ET-1 concentration in 
the GOLD III exacerbation group was 1.4 times higher 

T a b l e  1
Functional characteristics of patients with COPD and 
healthy non-smoking volunteers (X±δ)

Parameters
Healthy  

non-smoking 
volunteers 
(control)

COPD

GOLD II GOLD III

Number 21 44 47
Age (years) 53.1±7.8 56.1±4.6 63.2±4.3
Smoking index (packs/year) 0 37.5±5.8 39.2±4.2
FEV1 (%) 105.7±3.9 62.8±4.6 40.5±3.9
FEV1/FVC (%) 108.1±3.7 61.6±4.4 49.1±7.9
Inspiratory capacity (%) 110.1±2.52 68.6±7.9 63.1±7.5
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Figure 1. The concentration of endothelin-1 in blood serum in 
patients with COPD during exacerbation and stable periods 
* Statistically significant differences in the values compared to healthy 
non-smoking volunteers, р<0.05; # to patients with moderate COPD 
during exacerbation, р<0.05. GOLD IIex — GOLD II exacerbation period; 
GOLD IIst — GOLD II stable period

Markers of progression of inflammation in COpD
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than in the GOLD II exacerbation group (2.73±1.51 and 
1.99±0.81 fmol/ml respectively, р=0.04). We identified 
negative associations between the value of inspiratory 
capacity and the serum concentration of ET-1  
(r=–0.53; p=0.02) in all the studied patients with COPD  
(Table 2).

The level of metabolites of nitric oxide in both the 
blood serum and EBC in patients with COPD was much 
higher than in the healthy non-smoking volunteers 
(ANOVA, p=0.001 and p=0.002, respectively) (Figure 2).

No significant differences were identified in the 
concentrations of the products of nitric oxide in the blood 
serum and the EBC between the stable and exacerbation 

periods in patients from groups GOLD II and GOLD III. 
We registered a progressive increase in the amount of 
NO2

– in the blood circulation and of ΣNO2
– /NO3

– in the EBC 
in patients with COPD along with increasing of degree of 
the airway obstruction. The serum concentration of NO2

– 
in patients with severe COPD (7.4±3.7 µmol/ml) and 
during stable periods (8.2±4.46 µmol/ml) was 1.8 times 
higher than in patients from the GOLD II group in the 
same periods of the disease (р=0.001 and р=0.002, 
respectively).

The total concentration of ΣNO2
– /NO3

– in the EBC of 
all patients from the GOLD III groups (11.4±5.7 µmol/ml 
during exacerbation and 12.4±5.8 µmol/ml during stable 

T a b l e  2
Correlation between the concentrations of ET-1, NO2

–, sICAM-1, sICAM-3  
and the ΣNO2

–/NO3
– in different biological fluids in relation to parameters  

of lung function in patients with COPD

Parameters investigated FEV1 (%) FEV1/FVC (%) Inspiratory capacity (%)
Endothelin-1 (serum) r=–0.25; p=0.24 r=–0.29; p=0.21 r=–0.53; p=0.02
ΣNO2

–/NO3
– (EBC) r=–0.31; p=0.09 r=–0.17; p=0.32 r=–0.65; p=0.01

NO2
– (serum) r=–0.28; p=0.26 r=–0.28; p=0.24 r=–0.21; p=0.35

sICAM-1 (serum) r=–0.43; p=0.03 r=–0.3; p=0.1 r=–0.48; p=0.35 (GOLD III)
sICAM-1 (EBC) r=–0.26; p=0.28 r=0.51; p=0.01 r=0.15; p=0.4
sICAM-3 (serum) r=0.27; p=0.26 r=–0.31; p=–0.09 r=–0.56; p=0.02 (GOLD III)
sICAM-3 (EBC) r=0.1; p=0.65 r=–0.25; p=–0.32 r=–0.28; p=0.31

Control GOLD
IIex

GOLD 
IIst

GOLD 
IIIex

GOLD 
IIIst

Control GOLD 
IIex

GOLD 
IIst

GOLD 
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IIIst

NO2
– (serum) ΣNO2

–/NO3
– (EBC)µmol/L

Figure 2. The level of nitrites (NO2
–) in blood serum and total concentration of ΣNO2

–/NO3
–  

in the exhaled breath condensate in COPD patients during exacerbation and stable periods
* Statistically significant differences in the values compared to healthy non-smoking volunteers, 
р<0.05; # to patients with moderate COPD during exacerbation; р<0.05; ^ to patients with 
moderate COPD during stable period, р<0.05. GOLD  IIex — GOLD  II exacerbation period; 
GOLD IIst — GOLD II stable period
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T a b l e  3
Correlation between the concentrations of ET-1, NO2

– and the levels of sICAM-1, sICAM-3 
in different biological fluids in patients with COPD 

Parameters investigated Endothelin-1  
(serum)

sICAM-1  
(serum)

sICAM-1 
(EBC)

sICAM-3  
(serum)

sICAM-3 
(EBC)

Endothelin-1 (serum) — r=0.73; p=0.01 r=0.17; p=0.34 r=0.45; p=0.03 r=0.25; p=0.28

NO2
– (serum) r=0.39; p=0.01 r=0.3; p=0.21 r=0.31; p=0.28 r=0.24 p=0.25 r=0.47; p=0.03

Figure 3. Concentration of sICAM-1 molecules in blood serum and exhaled breath condensate 
in COPD patients during exacerbation and stable periods 
* Statistically significant differences in the values compared to healthy non-smoking volunteers, 
р<0.05; #  to patients with moderate COPD during exacerbation; р<0.05; ^ to patients with moderate 
COPD during stable period, р<0.05. GOLD  IIex — GOLD  II exacerbation period; GOLD  IIst — 
GOLD II stable period
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periods) was 1.3 times higher than the level of the 
studied molecules in the GOLD II groups (р=0.028 and 
р=0.026, respectively) (See Figure 2). We identified 
a negative correlation between the endobronchial 
concentration of ΣNO2

– /NO3
– and the inspiratory capacity 

IC% (where IC% represents the proportion of the normal 
values) (г=–0.65; р=0.01) in the examined patients with 
COPD (See Table 2).

All the examined patients with COPD had a positive 
correlation (r=0.39; р=0.04) between their serum 
concentrations of ET-1 and NO2

– (Table 3). Furthermore, 
the patients with moderate COPD had a high correlation 
between the molecular markers under study (r=0.72; 
р=0.001).

The concentrations of sICAM-1 in the blood serum 
and EBC in the COPD patients was statistically 

significantly higher than in the reference group (ANOVA, 
р=0.006 and p=0.001, respectively) (Figure 3).

The concentration of sICAM-3 in the EBC was 
increased in all the patients with COPD compared to 
the healthy non-smoking volunteers (220.2±81.1 U/ml; 
ANOVA, p=0.05) and did not differ statistically between 
the GOLD II and GOLD III groups of patients 
(Figure 4). However, the serum level of sICAM-3 was 
only higher than the values for the reference group 
(351.4±45.7 U/ml) in the case of severe COPD (р<0.05).

It was identified that the increase in the concentrations 
of sICAM-1 and sICAM-3 was connected with increased 
COPD severity. Their values in blood serum in the 
patients from the GOLD III groups was statistically 
significantly higher than in the GOLD II exacerbation and 
GOLD II stable groups (р<0.05). 

Markers of progression of inflammation in COpD
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Figure 4. Concentration of sICAM-3 molecules in blood serum and in exhaled breath 
condensate in COPD patients during exacerbation and stable periods  
* Statistically significant differences in the values compared to healthy non-smoking volunteers, 
р<0.05; # to patients with moderate COPD during exacerbation; р<0.05; ^ to patients with 
moderate COPD during stable period, р<0.05. GOLD  IIex — GOLD  II exacerbation period; 
GOLD IIst — GOLD II stable period
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Figure 5. Correlation between the levels of sICAM-1 and sICAM-3 in blood serum in patients 
with COPD
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In the EBC, the sCD54 levels in severe COPD were 
statistically significantly lower than the values in the 
group of patients with moderate bronchoobstructive 
impairments (р<0.05).

No major differences in the amounts of sCD50 and 
sCD54 were detected in the biological fluids representing 
the exacerbation and stable periods in the two groups of 
patients with COPD. 
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Analysis of the associations between the 
concentrations of the soluble molecules sICAM-1 and 
sICAM-3, as well as the parameters of nitrosative stress, 
endothelial dysfunction and the parameters of lung 
function revealed the following correlations: 

a    positive correlation between the serum 
concentrations of sICAM-1 and sICAM-3 (r=0.62; 
р=0.0001) (Figure 5);

a positive correlation between the serum level of 
sICAM-3 and the concentration of sICAM-3 in EBC 
(r=0.4; р=0.007) (Figure 6);

a positive correlation between the serum level of 
sICAM-1 and the concentration of sICAM-1 in EBC 
(r=0.33; р=0.01) (Figure 7);

a negative correlation between the serum levels of 
sICAM-1 and FEV1 (r=–0.43; р=0.03) (See Table 2);

sICAM-3 in serum (U/ml)

sI
C

AM
-3

 in
 e

xh
al

ed
 b

re
at

h 
co

nd
en

sa
te

 (U
/m

l)

r=0.4; p=0.007

Figure 6. Correlation between the serum level of sICAM-3 and the concentration of sICAM-3 
in exhaled breath condensate in COPD patients
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Figure 7. Correlation between the serum level of sICAM-1 and the concentration of sICAM-1 
in the exhaled breath condensate in COPD patients 
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a positive correlation between the level of sICAM-3 in 
EBC and the value of FEV1/FVC (r=0.51; p=0.01) (See 
Table 2);

a     negative correlation between the inspiratory 
capacity and the concentrations of sICAM-1 (p=–0.48; 
р=0.03) and sICAM-3 (r=–0.56; р=0.02) in patients with 
severe COPD (See Table 2);

a     positive correlation between ET-1 and the 
concentrations of sICAM-1 (r=0.73; р=0.01) and 
sICAM-3 (r=0.45; р=0.03) (See Table 3);

a     positive correlation between the level of sICAM-3 
in EBC and the concentration of NO2

– (r=0.47; р=0.03) 
(See Table 3).

Discussion. The results of this study showed 
excessive serum and endobronchial accumulation of 
soluble molecules of adhesion ICAM-1 in all the COPD 
patients compared with the reference group. The 
concentration of circulating sICAM-3 increased only 
in cases of severe COPD. However, at a topical level, 
there was an increase in the amount of these proteins 
in all the groups of patients with COPD compared to the 
healthy non-smoking volunteers. It is worth mentioning 
that the growth in the concentration of these soluble 
proteins in the blood circulation was associated with 
the lowered bronchial patency found in COPD. The 
registered linear correlation of the amount of sICAM-1 
and the level of sICAM-3 in the blood serum confirms the 
unidirectionality of the changes in the tested markers of 
inflammation as COPD progresses. 

During the exacerbation and stable periods of the 
disease the concentration of these soluble proteins in 
the biological fluids investigated for each group did not 
differ significantly. Thus, changes in the concentrations 
of sICAM-1 and sICAM-3 do not depend on the stage of 
COPD. 

The functional significance of sICAM-1 and sICAM-3 
is determined by their participation in the modulation 
of the immune response [4, 5]. In particular, they can 
inhibit activation, adhesion and cell migration. Soluble 
molecules of CD54 can compete with the membrane 
form of ICAM-1 for binding with the antigens LFA-1 and 
Mac-1 on lymphocytes and monocytes, and thus, lower 
the adhesion of these leucocytes to the endothelium [2, 
4, 5]. sCD50 molecules, interacting with homological 
receptors on the surfaces of antigen-presenting 
cells can inhibit initiation of the immune response 
processes [2]. So the excessive production of circulating 
molecules of sICAM-1 and sICAM-3 in patients with 
COPD may be part of a restrictive mechanism helping 
to inhibit excessive migration of inflammatory cells to 
phologogenic areas, but therefore leading to impairment 
of an adequate immune response. In this case the 
increase in the concentration these soluble molecules, in 
combination with the progression of airway obstruction, 
can be an unfavorable prognostic factor in COPD, 
because the capacity of the effector cells to carry out 
their function at the lesion site can be inhibited. But, 
still, it is possible that the increased concentrations of 

the soluble molecules CD54 and CD50 in circulation 
can have an anti-inflammatory effect and stimulate the 
self-limiting mechanisms of the inflammatory response. 
Previously, Schmal et al. [23] have suggested that, in the 
lungs, sICAM-1 can function either as a pro-inflammatory 
or an anti-inflammatory mediator depending on the 
anatomical localization of the release of this protein. 
It was shown that the shedding of ICAM-1 molecules 
from the surface of macrophages and epithelial cells 
in the distal sections of the respiratory tract leads to 
increased damage to the lung tissue due to activation 
of the alveolar macrophages and their stimulation into 
excessive production of cytokines — MIP-2 and TNF-α. 
Taking into account that the distal parts of the respiratory 
tract are the first to be exposed to damage in COPD 
patients, high concentrations of the s-forms of the CD54 
proteins can play a significant role in the progression of 
an inflammatory response of the airways. 

Thus, increased concentrations of circulating soluble 
molecules of adhesion at a systemic level can inhibit the 
development of inflammatory processes while a local 
increase in these proteins can, by contrast, increase the 
inflammation in the respiratory tract. 

The correlation analysis showed a positive association 
between the serum and topical concentrations of the 
soluble molecules of adhesion under study, which can 
testify to the identity of the mechanisms regulating 
the production of these molecules in response to 
the development of systemic and local inflammatory 
reactions in COPD. 

High concentrations of sCD50 and sCD54 can be 
caused by the intensive release of these proteins from 
the surface of antigen-positive cells. It is known that 
activated endobronchial epithelial cells, endothelial 
cells, fibroblasts and alveolar macrophages are potential 
sources of the soluble molecules of sICAM-1 and 
sICAM-3 [23–27]. Hypoxic factors can also have an 
impact on the increased formation of such adhesion 
molecules. Chronic hypoxia in patients with severe and 
very severe COPD have a negative impact on a number 
of pathogenic links. Madjdpour et al. [28] showed that, 
in long-term hypoxia, excessive production of TNF-α 
and a hypoxic inducible factor α (HIF-α) is activated by 
alveolar macrophages and as a result the release of 
soluble molecules of ICAM-1 is stimulated. However, it 
is known that sCD54 molecules take part in the initiation 
of secretion of such inflammatory mediators as IL-8, 
IL-6, TNF-α, γ-INF by endothelial cells and leucocytes 
[23, 29]. The above factors, together, can lead to a 
vicious circle and maintain progression of the systemic 
inflammatory process, to destructive processes in 
the respiratory tract and to impairments in pulmonary 
ventilation in COPD patients. 

To clarify the role of the soluble molecules of 
adhesion in the genesis of COPD-related impairments 
of pulmonary ventilation we performed a correlation 
analysis between the amounts of sCD50 and sCD54 
and the parameters of lung function. It was noted that 
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a decrease in FEV1 values in COPD patients was 
associated with an increase in the concentration of 
sICAM-1. Since the level of FEV1 reflects the degree of 
bronchial obstruction the level of sICAM-1 in blood can, 
potentially, be regarded as a marker for the progression 
of bronchial conductivity impairment. 

Despite the increase in the concentration of soluble 
molecules in the EBC in all COPD patients, the level of 
sCD54 in cases of severe of the disease was statistically 
much lower in the GOLD II group. The decrease in 
the topical concentration of ICAM-1 may result from 
the inactivation of the cells producing it due to the 
suppression of the immune response in conditions of 
the induction of fibrogenesis and remodeling of the 
lung tissue during the treatment of severe COPD. 
Moreover, the drop in the level of sICAM-1 in the EBC 
in the GOLD III groups may be caused by augmentation 
of the programmed of the cells death, producing these 
soluble adhesion molecules in the respiratory tract. This 
hypothesis is supported by the results of our previous 
study where an increase in apoptosis markers in the 
respiratory tracts of patients with severe COPD was 
demonstrated [20]. 

The identified association between the levels of 
sICAM-1 in the EBC and the FEV1/FVC confirms the 
pattern of a fall in the topical amount of this inflammation 
marker as the disease progresses. Moreover, the 
determined correlations allow considering the amount of 
sICAM-1 in the EBC to represent a non-invasive marker 
of COPD progression. 

Thus, analysis of our results enables us to refer 
to the changes in the concentrations of the adhesion 
molecules ICAM-1 and ICAM-3, present in soluble forms 
in the blood and EBC as representing the most important 
pathogenic mechanisms of systemic and topical 
inflammation in COPD. 

Among a wide range of phlogogenic molecules 
affecting the development of systemic inflammation 
in COPD one should also mention the vasoactive 
mediator ET-1 [30]. The results of this study showed 
an increase in the level of this peptide in all COPD 
patients compared to the reference group. Maximum 
accumulation of ET-1 was registered in patients with 
exacerbation of severe COPD. Thus, activation of an 
inflammatory process in patients with explicit bronchial 
obstructive impairments is characterized by a high 
release of ET-1 into the blood by endothelial cells. The 
functional ability of ET-1 is its pleiotropy. It is known that 
excessive accumulation of this vasoactive peptide in 
response to the realization of an endothelial dysfunction 
causes initiation of fibrogenesis in the lungs, induction 
of vaso- and bronchoconstriction [9, 13, 31, 32]. It is 
probable that the increased concentration of ET-1 in the 
blood is one of the most unfavorable factors influencing 
the processes of the remodeling of bronchopulmonary 
tissue in conditions of the activation and progression of 
chronic inflammation in COPD. 

ET-1 additionally affects the migration of inflammatory 

cells while also changing their activity and adhesive 
properties [32, 33]. The identified positive association 
of ET-1 level and the amount of sICAM-1 and sICAM-3 
in blood serum may indicate the general mechanism of 
participation of these biomarkers in the modulation of 
immunological reactions and cell migration. 

The linear dependency between the increase in 
the level of nitric oxide metabolites in blood and in the 
EBC and the progression of COPD severity helps 
demonstrate the pathogenetic role of nitrosative stress in 
the development of systemic and topical inflammation in 
this disease. The increased synthesis of nitric oxide may 
be caused by activation of inducible NO-synthase which 
is expressed in macrophages, neutrophils, mast cells, 
endothelial, epithelial cells and smooth muscle cells 
[16, 34]. The increased formation of NO-metabolites in 
the respiratory tract in COPD can result from the effects 
of such factors as pathogenic bacteria and viruses, the 
inhalation of a range of exogenous compounds including 
cigarette smoke, nitrogen dioxide and fine particles 
[35–37]. Furthermore, it has been shown [38, 39] that 
the increase in the amount of nitric oxide products is 
associated with increased hypoxia in patients with 
severe COPD. All the above factors can contribute to 
the accumulation of NO and its derivatives both in the 
respiratory tract and in the whole body. 

The current study has determined that rising amounts 
of nitrite (NO2

–) in the blood serum are associated with 
increases in ET-1 in all the patients with COPD. It is 
known that ET-1 and NO can both be synthesized by 
the same cells — epitheliocytes, alveolar macrophages, 
neutrophils and fibroblasts [9, 15]. Activation of these 
cells during chronic inflammation contributes to the 
simultaneous release of different vasoactive mediators 
and thus the joint participation of ET-1 and NO in the 
progression of the systemic inflammatory process in 
COPD cannot be excluded. 

We identified positive correlations between the serum 
concentration of nitrites and the topical level of sICAM-3. 
ICAM-3 molecules play a particular role in the initiation 
of the primary contact between T-lymphocytes and 
antigen-presenting cells in the process of an immune 
response [40]. sCD50 molecules, by contrast, take 
part in the suppression of immune reactions by binding 
with receptor molecules on the surfaces of antigen-
presenting cells [40]. Thus, ICAM-3 molecules at high 
concentrations can cause a blocking effect on the 
processes of forming immune synapsis and antigen 
presentation impairing thereby an adequate immune 
response. The observed correlation between the topical 
content of sICAM-3 and serum level of nitrites may be 
the evidence of the possibility of antigen presentation 
impairment under the influence of nitrosative stress in 
the airways of COPD patients, which may be one of the 
causes of disease exacerbation and/or inflammation 
progression. 

The pathogenetic significance of the mediators of 
inflammation under study in the mechanisms of COPD 
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development is confirmed by the negative associations 
between the serum levels of ET-1, sICAM-1, sICAM-3, 
the topical concentration of ΣNO2

– /NO3
– and such 

parameters of lung function as inspiratory capacity. 
It is known that a decrease in inspiratory capacity is 
associated with such pathophysiological impairment as 
the development of pulmonary hyperinflation, which is 
manifested by an increase in hypoxia and impairments 
in respiratory metabolism. The identified associations 
can testify to a systemic effect of ET-1 and circulating 
molecules of adhesion ICAM-1 and sICAM-3 on the 
structural and functional changes in the respiratory 
system with the increasing severity of CODP. At the 
same time the activation of nitrosative stress in the 
respiratory tract is associated with the progression 
of hyperinflation and the development of hypoxia in 
conditions of severe inflammation in this pathology.

Conclusion. Our findings indicate that endothelin-1, 
metabolites of nitric oxide, sICAM-1 and sICAM-3 play 
an important role in the pathogenesis of bronchial 
obstruction and the steady progression of topical and 
systemic chronic inflammation in COPD. 

The determined associations of lung function 
parameters and the complex of the examined 
inflammation markers in COPD patients support the 
relevance of determining the serum and topical content 
of sICAM-1, sICAM-3, endothelin-1 level in circulation, 
and total NO2

–/NO3
– concentration as additional systemic 

and topical indicators of the disease severity degree. 
The identified correlations between the concentrations 

of the soluble molecules of adhesion CD50 and CD54, 
endothelin-1 and the markers of nitrosative stress 
provide an opportunity to obtain a more complete picture 
of the pathogenetic mechanisms of the progression of 
chronic inflammation both in the respiratory tract and at 
a systemic level in COPD patients. 
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