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Chronic obstructive pulmonary disease (COPD) is one of the most common pathologies of the respiratory
system; it is characterized by increasing airflow limitation. The course of COPD is unstable and is often accompanied
by periods of exacerbation, when respiratory symptoms of the disease significantly increase. The frequency
of COPD exacerbations is an important predictor of its course, allowing to predict the decline in lung tissue function
and the outcome of the disease. Currently, the risk of future COPD exacerbations in a patient is assessed based
on the history of previous exacerbations, and the improvement of his condition is evaluated on the basis of the weakening
of COPD symptoms. However, the lack of objective criteria complicates unambiguous verdict on the probability
of acute condition development and the effectiveness of treatment of COPD patients. Based on the analysis
of literature data we propose determination of the levels of chemokines (CXCLS5, CXCL8, CXCR1/2, CD44vo0),
HIF-1a, procalcitonin, albumin and C-reactive protein, leukocyte cells, as well as their possible combination

in the peripheral blood as an informative tool for evaluation in COPD patients.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a respiratory disease characterized by progressive
airflow limitation and connective tissue destruction [1].
In 2024, COPD ranked fourth in the global structure
of adult mortality [2]. In addition, the incidence
of COPD continues to increase due to the constant
impact of the main risk factors for its development:
urbanization, smoking, air pollution [3]. According
to expert forecasts, in the period up to 2050,
global costs for the COPD treatment will be as high
as 326 trillion USD [3]. By 2030, current costs
for the diagnostics and treatment of this disease
will more than double and exceed the costs of treating
cardiovascular pathology [4].

In clinical practice, criteria for the air flow rate
limitation are determined to establish a diagnosis
of COPD using spirometry. The main criterion
is the ratio of the forced expiratory volume
in the first second (FEV1) to the forced vital capacity
of the lungs (FVC), measured after a test with
a bronchodilator. In COPD, the FEV1/FVC ratio
does not exceed 0.7 [5]. The severity of the disease
is also evaluated during selection of a treatment plan.
According to the Global Initiative for COPD (GOLD)
criteria, the degree of airflow limitation is determined

based on the post-bronchodilator FEV1 wvalue
(in % of predicted). Mild COPD is diagnosed (GOLD 1)
when this value exceeds 80%. FEV1 from 50% to 79%
of the reference values corresponds to moderate
severity (GOLD 2). In case of FEV1 of 30—-49% and
less than 30%, severe and extremely severe degrees
are diagnosed, respectively (GOLD 3 and 4).

The course of COPD is unstable: a stable course
of the disease is often interrupted by exacerbations.
COPD exacerbations are conditions that are characterized
by a sharp deterioration in disease symptoms,
an increase in local and systemic inflammatory
response, which require additional therapy [6].
As arule, they are typical for patients whose spirometry
results correspond to the GOLD 3 and 4 criteria [7].
Exacerbations leading to progressive decline
in lung functioning often require hospitalization [8].
The five-year survival rate of patients hospitalized
due to COPD exacerbation does not exceed 40%,
so the frequency and severity of COPD exacerbations
are the key criteria for assessing the severity, prognosis,
and outcome of this disease. They also play a major role
in making decisions about prescribing pharmacological
agents to patients [6, 8]. The ability to predict
COPD exacerbations helps doctors to create a treatment
plan, and patients to adjust their lifestyle to minimize
the risk of subsequent exacerbations [9].
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The COPD exacerbation risk assessment in patients
is currently evaluated based on the history of previous
exacerbations [10]. A history of at least two mild or
moderate exacerbations in the past year, or one severe
exacerbation leading to hospitalization, indicates
a high risk of future exacerbations and requires
preventive measures [11]. However, assessing the risk
of exacerbations solely based on the patient's history
is informative mainly in case of repeated medical care,
while data on the frequency of COPD exacerbations
in patients undergoing treatment for the first time
are lacking [12].

An important parameter influencing the tactics
of COPD treatment is the severity of exacerbations,
assessed mainly on the basis of the patient's subjective
sensations of increased shortness of breath, cough, or
sputum production. At the same time, patients often
underestimate the severity of these symptoms [13, 14].
The effectiveness of treatment of exacerbations
is usually assessed on the basis of FEV1 parameter
monitoring, as it is closely correlates with mortality
due to this disease. At the same time, it has been shown
that FEV1 is not associated with COPD symptoms
and for this reason is not informative enough
to distinguish COPD exacerbations from a stable
course of this disease [14, 15]. As researchers
indicate, there is still a need for objective criteria
that could be used to assess the treatment effectiveness
and prediction of COPD exacerbations in patients
during the period of disease remission [14].

Despite intensive studies of COPD, data
on molecular events in the pathogenesis of this
disease are quite ambiguous and scarce. For example,
it has been shown that the pathogenesis of COPD
is closely associated with the development
of oxidative stress in lung tissue [15]. First of all,
it is caused by the prooxidant effect of chemical
agents of polluted air and cigarette smoke [15].
There is information on a decrease in the activity
of the antioxidant system in COPD. For example,
COPD patients had an increased concentration of blood
malondialdehyde and decreased levels of reduced
glutathione and catalase activity compared to healthy
individuals [16]. Oxidative stress is recognized
in the lung tissue even in former smokers, thus
indicating that it is partly endogenous [17].

There is much more information about the blood
cell response to chronic inflammation. In the lungs
of COPD patients, especially during exacerbations,
the number of alveolar macrophages and neutrophils
significantly increased. They produce superoxide anion
radical and hydrogen peroxide, contributing to tissue
damage [17].

1. BLOOD CELLS

Lung tissue damage due to oxidative stress leads
to the development of an inflammatory response.

The number of macrophages, T-lymphocytes and
B-lymphocytes, as well as granulocytes, increases
in the lung tissue. They produce cytokines,
chemokines, and growth factors that increase
and maintain the inflammatory process [18, 19].
Inhalation of cigarette smoke particles and
polluted air causes neutrophil activation. Neutrophils
secrete proteases that catalyze the breakdown

of connective tissue proteins [20] and release
of proinflammatory mediators.
1.1. Neutrophils and Eosinophils

During COPD exacerbation, the number

of neutrophils in the blood of patients is significantly
higher than in patients with a stable course of this
disease. This sign is even proposed to be considered
as a risk factor for the exacerbation development [21].
Other studies provide arguments that an increased
number of neutrophils in the blood of COPD patients
not only indicates an increased risk of exacerbations,
but is also associated with the development
of complications (particularly, pneumonia) and also
with higher mortality [22]. Despite the unambiguity
of the literature data on the changes in the level of these
cells in the blood of COPD patients, the determination
of the neutrophil content as a biomarker of this disease
is limited by its low specificity and high variability,
especially in acute conditions [23].

In addition to neutrophilic granulocytes,
eosinophils play an important role in the development
of inflammation in COPD. It has been shown that
although most COPD patients are characterized
by neutrophilic inflammation of the lung tissue,
eosinophilic infiltration occurs in 20-40% of cases [24].
Producing proinflammatory cytokines, these cells
promote activation of matrix metalloproteinases and thus
mediate lung tissue remodeling [25]. Certain evidence
exists in the literature that COPD patients have increased
levels of eosinophils (especially during exacerbation)
compared to healthy people [24, 26]. The results
of cohort studies involving 1481 COPD patients
indicate that patients with a blood eosinophil
content of >2% had higher FEV1 values [27]. Another
large retrospective study showed that high levels
of eosinophils in the blood of patients during
an exacerbation of COPD were associated with a shorter
hospital stay and lower in-hospital mortality [28].
At the same time, the researchers indicate that
the blood concentration of these cells is not associated
with the risk of subsequent exacerbations [28].
In contrast, the results of some studies, including
more recent ones, indicate a relationship between
an increased number of blood eosinophils and a higher
frequency of COPD exacerbations and also a higher
risk of rehospitalization [21].

Despite the contradictory data presented
in the literature on association of the blood eosinophil
level with the severity and prognosis of COPD,
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the opinions of researchers regarding the effectiveness
of COPD therapy accompanied by eosinophilic
inflammation converge. Most of the available
reports indicate that patients with a high content
of these cells in the blood respond better to treatment
with glucocorticoids [27, 29-33]. For this reason,
attempts are being undertaken to identify these cells
as a COPD biomarker in order to monitor the course
of the disease and evaluate the treatment effectiveness.
However, the importance of their determination
in COPD is still a matter of debates [34].

1.2. Monocytes and Lymphocytes

Lymphocytes also play a significant role
in the inflammatory process accompanying COPD.
The effect of toxins and allergens on the respiratory
tract epithelium leads to excessive activation
of CD8+ T-lymphocytes, increased secretion
of inflammatory mediators and the development
of lymphocyte resistance to apoptosis, which
is also one of the factors in the development
of steroid resistance in COPD. Lymphocytes also
secrete proinflammatory chemokines, prostaglandins,
cytotoxic enzymes and generate reactive oxygen

species, thus increasing tissue damage and
inflammation [35].
Blood lymphocyte number was lower

in COPD patients compared to healthy people [36] and
this correlated with higher mortality and an increased
risk of lung cancer [36]. A reduced relative number
of blood lymphocytes (less than 20%) was found
to be associated with lower FEV1 values [37, 38]
(Table 1). However, the authors [37] could not find
a relationship between the number of lymphocytes
in the blood serum and either mortality or
the frequency of COPD exacerbations. Moreover,
it has been reported that despite the increased
number of CD8+ T-lymphocytes in the lung tissue, their
number in the Dblood of COPD patients
was not higher than in healthy people, regardless
of their smoking status [39].

The activation of alveolar macrophages derived
from monocytes is an integral part of the inflammatory
response in COPD. The mechanisms of the monocyte
impact on the development of COPD are not fully
known [40]. However, during COPD exacerbation,
the absolute number of these cells in the blood is higher
than outside of exacerbations [41].

There is no consensus among researchers
on the relationship between the blood monocyte number
and the frequency and risk of COPD exacerbations.
It has been shown that the risk of exacerbations
of this disease increases in COPD patients with
both low (7.4%) and high (>10%) relative content
of blood monocytes. At the same time, the absolute
number of monocytes in the blood of patients
with a high risk of exacerbations in both cases
was <(0.62x10°)/1 [41].
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1.3. Blood Leukocyte Ratio

In addition to absolute blood cell counts,
blood cell ratios are often calculated for assessment
of the severity of the inflammatory response. They
reflect the balance between the intensity of chronic
inflammation and the activity of the adaptive immune
system and are considered more stable and reliable
indicators [23, 42]. It is reasonable to assume that their
values also change as the inflammatory response
progresses, including in COPD, and reflect its intensity.
The blood neutrophil to lymphocyte ratio (NLR) and
neutrophil to monocyte ratio (NMR) increased
in COPD patients who had exacerbations
over the past three years, compared to patients
who had COPD remission during this period [21, 32].
However, according to the authors, none of these
parameters could be considered a reliable risk factor
for the development of exacerbations of the disease.
Other researchers, on the contrary, report that
the increased NLR values were not only associated with
future COPD exacerbations, but could also be predictors
of mortality due to this disease [21]. For example,
high NLR values were noted in 33.5% of patients
with a history of COPD exacerbations, and only
in 20.4% of patients without a history of exacerbations.

Certain attempts have been undertaken to evaluate
a role of the blood monocyte to eosinophil ratio (MER)
in COPD [43]. There is evidence that high values
of this indicator are associated with an increased risk
of obstructive sleep apnea in COPD patients [43].
It has been shown that the risk of recurrent exacerbation
of the disease in patients with COPD-asthma overlap
syndrome doubles with an increase in blood MER
by one unit [43]. The results of the ROC analysis
presented in this work indicate a high prognostic value
of this parameter in assessing the risk of recurrent
exacerbation (area under the curve was 0.830).
In addition, the researchers report that the values
of blood MER in COPD without asthma were
significantly lower than during the exacerbation
of the overlap syndrome, and it was possible
to differentiate these pathologies with significant
efficiency (the area under the ROC curve was 0.7) [43].
The results of assessing the blood MER of patients
with COPD compared to healthy people, as well
as the data on its determination for the purpose
of predicting the course of COPD without asthma
are not presented in the literature.

The ratios of the number of platelets
to lymphocytes (PLR), as well as monocytes and
lymphocytes (MLR) are increased in the blood
of patients during COPD exacerbation compared
to patients outside of exacerbations. It has been noted
that high levels of these blood parameters, along
with NLR are associated with more significant
airway obstruction and in-hospital mortality [44, 45].
However, data on the assessment of these
relationships for the prediction of COPD exacerbations
are currently lacking.
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Table 1. Results of determination of potentially informative biomarkers of COPD in the blood of patients

Potential biomarker Association with COPD Reference
BLOOD CELLS
tNeutrophils Tpneumonia risk 22]
Tmortality
tduring exacerbation period' [24, 25, 26]
1Eosinophils texacerbation frequency [24]
trisk of hospitalization
tMonocytes tduring exacerbation period' [41]
1Lymphocytes TFEV1 [37, 38]
LEUKOCYTE RATIOS
NLR Texacerl.)atlon frequency [21]
Tmortality
1PLR LFEVI [45]
Tmortality
PLASMA PROTEINS
JAlbumins lin COPD! [47]
Tmortality [46]
1CRP Tmortality [52]
tduration of antibacterial therapy
PCT
f Tduration of hospitalization [60]
o Tmortality
Fib
TFibrinogen Texacerbation frequency [15]
CHEMOKINES
. 1
1CXCLY 1in COPD* _ . [79]
Does not differ between exacerbations and non-exacerbations
TCXCL10 ?during exacerbation period' (80]
1CXCL12 1in COPD! [81]
tduring exacerbation period'? [87]
1CXCL8 |FEV1 [89, 90]
Texacerbation frequency [91]
lexacerbation frequency [78]
1CXCLS tin COPD' [73]
IFEVI/FVC [80]
CELL RECEPTORS
1CXCR3 tin COPD! [97]
{CXCRI 1in COPD! [102]
|FEV1 [105]
1CXCR2 1in COPD! [102]
tduring exacerbation period'? [101]
1CD44 lin COPD! [68]
TRANSCRIPTION FACTORS
. 1
HIF-1 1in COPD [75]
IFEVI/FVC

1 — compared with individuals without COPD; 2 — compared with stable COPD.
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2. BLOOD PROTEINS: PRESENT AND
POTENTIAL BIOMARKERS IN COPD

2.1. Albumins

Literature data indicate significant changes
in protein metabolism parameters in blood
of COPD patients [46]. In this context special
attention is paid to the plasma albumin fraction.
In the blood, albumin exists mainly in a reduced state
containing a free cysteine residue (Cys34) crucial
for its antioxidant function [46]. The plasma albumin
concentration decreases during the acute phase
of the inflammatory response. In addition, albumin
is one of the key markers of malnutrition, which
is common among COPD patients and negatively
affects the quality of life, the risk of exacerbations,
the duration of hospitalization of patients and increases
the costs of treating the disease [46]. Hypoalbuminemia
is associated with a longer hospital stay during
exacerbations, acute respiratory failure and increased
mortality in COPD patients [46, 47]. The plasma
albumin concentration in patients with stable COPD
decreased compared to individuals without COPD [47].
However, results of other studies indicate no association
between the serum albumin concentration and mortality
due to this disease [48].

2.2. C-Reactive Protein

Levels of some acute phase proteins, first of all
C-reactive protein (CRP) [49], were evaluated
in the context of possible association with
the severity of the course and the effectiveness
of COPD therapy. CRP activates the classical pathway
of the complement system and induces phagocytosis,
mediating a non-specific immune response.
The blood CRP concentration directly proportional
to the intensity of inflammation was elevated
in patients with COPD exacerbations. In addition,
it has been shown that increased levels of blood CRP
in COPD patients persist even outside of exacerbations
and can be a predictor of its worse prognosis [49].

High plasma CRP is associated with
higher mortality but not with the risk
of COPD exacerbations in patients treated with
inhaled glucocorticosteroids [50-52] (Table 1).
No relationship was found between the blood
CRP concentration and the FEV1 parameters [53].
In order to assess CRP informativeness
as a COPD biomarker, GOLD recommends conducting
additional studies of its level in the blood of patients
due to the inconsistency of study results and
the non-specificity of this indicator [54].

In addition to absolute values, attempts
are undertaken to determine their ratio for prognostic
purposes [55]. Higher CRP/albumin ratios in the blood
of COPD patients are associated with higher
mortality due to this disease [55, 56]. Increased blood
CRP/albumin values upon admission to hospital
of apatient with an exacerbation of COPD are associated
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with a high frequency of subsequent exacerbations and
the development of COPD complications [57, 58].

According to results of our study,
the CRP/albumin ratio increased in blood of patients
during COPD exacerbation compared to healthy
individuals [59]. It demonstrated a 9.4-fold increase,
mainly due to an increase in the CRP level and
decreased to control values after the exacerbation.

2.3. Procalcitonin (PCT)

Numerous literature data indicate a higher PCT level
in the blood of patients with exacerbations of COPD
than in patients with a stable course of COPD [60].
Apparently, this explains, why the treatment of patients
with high blood PCT levels requires more financial
costs, which are associated with their more frequent
hospitalization and a longer duration of hospital stay
(Table 1) [60].

Acute COPD is often accompanied by bacterial
infections. For this reason, acute pneumonia
is the most common comorbid pathology in patients
with an exacerbation of COPD [61]. One of the proteins
whose synthesis is activated in response to the addition
of a bacterial infection in COPD is PCT, a precursor
of the hormone calcitonin, which also belongs
to the acute phase proteins [54, 62]. Normally,
its synthesis and post-translational modification
are carried out in the C-cells of the thyroid gland,
but in the presence of a bacterial infection,
the expression of its gene increases sharply
in all parenchymal organs [54]. Parenchymal tissues
are not able to convert PCT into active calcitonin and
this leads to an increase in its level in the blood [54].

Currently, serum PCT levels are actively studied in
patients as a putative criterion for antibiotic therapy
prescription. However, up to 20% of COPD exacerbations
are not accompanied by a bacterial infection [60].
Despite this, systemic antibiotic therapy is prescribed
to all patients during this period [54]. However,
monitoring the concentration of PCT in the blood
it is possible to reduce the use of antibiotics
in COPD patients by 50% and shorten the duration
of antibiotic therapy for this disease [54]. For example,
antibiotic therapy is not recommended if the blood
PCT level in patients is less than 0.1 pg/l [54].

2.4. Fibrinogen

Fibrinogen is another acute phase protein
determined in COPD. During the acute inflammatory
reaction, the blood level of fibrinogen increases
significantly [15]. A relationship between its increased
concentration and the frequency of future exacerbations
and higher mortality due to this disease has been
demonstrated [15] (Table 1). At the same time,
no relationship has been recognized between high
fibrinogen concentration and a decrease in FEVI1.
Therefore, it is believed that this parameter
cannot be used to assess COPD progression [15].
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There is also no consensus on the advisability
of determining fibrinogen concentrations for monitoring
the course and assessing the effectiveness
of COPD treatment. For example, it has been reported
that the level of this protein in the blood of patients
with stabilized COPD normalized within 4-6 weeks
after exacerbation [63, 64]. Other researchers
have not found a relationship between blood fibrinogen
in COPD patients and the weakening of disease
symptoms during recovery [65].

2.5. Connective Tissue Components

The role of cell adhesion molecules
in the pathogenesis of various inflammatory diseases
is discussed in the literature [66]. One of these
molecules is the CD44 receptor, which is actively
expressed by lung tissue macrophages. Its main ligand
is hyaluronic acid (HA). High molecular weight
HA polymers are normal components of connective
tissue. Smaller HA molecules (MM<10°¢ Da) accumulate
in areas of inflammation and tissue damage. Their
interaction with the CD44 receptor mediates
the activation of signaling pathways that promote
attraction of leukocytes, especially T-lymphocytes,
to the inflammatory focus [66]. It has been reported
that this may lead to T-cell-mediated endothelial injury
and increased inflammatory response [67].

CD44 is involved in lung tissue regeneration [66].
It is suggested that this receptor participates
in apoptotic cell phagocytosis by macrophages [68].
This prevents release of proinflammatory mediators
and subsequent stimulation and propagation
of the inflammatory process [68]. CD44 loss in murine
lung interstitial cells is associated with persistent
inflammation. Murine lung macrophages lacking CD44
were more susceptible to oxidative stress and
transformation into foam cells, which deteriorated
inflammatory reactions and lung tissue injury [69].

Besides standard isoforms of the CD44 receptor,
connective tissue and blood leukocytes contain
isoform variants originated from pre-mRNA alternative
splicing. CD44v6 is the most studied form; in contrast
to the standard glycoprotein it contains an amino acid
sequence encoded by the variable sixth exon
of the primary transcript of the CD44 gene [70].

Studies of the structure and function of CD44v6
are mainly focused on elucidation of its role
in oncogenesis [71]. Nevertheless, it is also known
that CD44v6 is involved in lymphocyte migration [71].
The CD44v6 level increased in enterocytes
in blood lymphocytes during inflammatory bowel
disease [71, 72]. CD44v6 is also involved in the lung
fibrosis development [73].

CD44 expression was significantly lower in tissue
macrophages from COPD patients as compared with
healthy individuals [68]. Decreased expression of CD44
was also found in the group of COPD patients
who quitted smoking. At the same time, the smoking

status had an insignificant impact on the level of this
receptor in macrophages of healthy individuals. Other
researchers found a high level of CD44v6 expression
in circulating pulmonary cells of 35.2% COPD patients,
while for COPD-free patients this was not typical [72].
Evaluation of CD44 and CDA44v6 levels in blood
of COPD patients has not performed yet.

Lung tissue remodeling, which accompanies
the inflammatory process in COPD, is associated
with transcription factor synthesis in cells.
Hypoxia-inducible factor 1o. (HIF-1a) is one of them.
It regulates the development and propagation
of COPD related inflammatory process, mainly
due to induction of vascular endothelium growth
factor (VEGF) synthesis; VEGF overexpression
is associated with a more intense inflammatory reaction
in this disease [73, 74]. In lung tissue of COPD patients
expression of genes encoding HIF-la, VEGF and
its receptors was higher than in healthy people [73].
The levels of these proteins negatively correlated
with FEV1 and FVC [73].

ELISA-based assays of these proteins in blood
are generally consistent with results of histological
studies. For example, the blood HIF-1a concentration
in COPD patients exceeded control values even
during the stable course of the disease; it correlated
with disease severity (by the GOLD classification)
and lower FEVI1/FVC values [75]. However,
data on possible use of HIF-la concentrations
for monitoring of treatment efficiency and prediction
of COPD exacerbation are still absent in the literature.

2.6. Chemokines

For realization of the immune response
leukocytes secrete proinflammatory cytokines and
also chemoattractants, promoting further cell attraction
to the inflammatory area. Cytokines play a key role
in regulation of chronic inflammation in COPD
by attracting cells, the major participants
of the inflammatory reactions, and maintaining
their survival. Thus, chemokines are considered
not only as potential diagnostic markers, but also
as targets for pharmacological agents [76].

Many cytokines and chemokines are involved
in the development of COPD-related chronic
progressive inflammation of lung tissue. However,
despite their importance as key players of inflammation
information about their concentration in blood
of COPD patients is very limited (or even absent).
Current interest is focused not only on their levels
in blood but their receptor mediated signaling in blood
cells. This significantly extends the list of potential
participants and consequently possibilities to find
some quantitative changes associated with symptoms
and prognosis of COPD.

The attention of most researchers studying the role
of chemokines in the pathogenesis of COPD is focused
on the CXC chemokine subfamily, which has received
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its name because its members are characterized
by the presence of two adjacent cysteine residues
near the N-terminus of the molecule and the residue
of any other amino acid between them [77].

2.6.1. CXCL9 and CXCL10. Proinflammatory
chemokines CXCL9 and CXCLI10 are produced
by alveolar macrophages, smooth muscle, and
bronchial epithelial cells [78]. By interacting
with the CXCR3 receptor, these chemokines trigger
signaling pathways that mediate attraction of activated
T-lymphocytes to the inflammation site.

These cytokines have been determined
in the sputum of patients. The level of both cytokines
increased in COPD patients and correlated with
the number of neutrophils in it [78]. The other
study has shown that the level of CXCL9
was higher in COPD patients than in healthy people,
but no differences were found between groups of patients
with stable COPD and during its exacerbation [79].
The level of CXCL10, on the contrary, increased
in sputum only during COPD exacerbation and
did not differ from control during a stable course
of the disease. Data on determining the concentration
of these proteins in the blood of COPD patients
are scarce. There are indications of an increase
in the concentration of CXCL10 in the blood
of COPD patients during exacerbation associated
with rhinovirus infections [80]; however, the results
of measuring its blood level in patients with
stable COPD for the prognosis of this disease
are still absent.

2.6.2. CXCL12. The proinflammatory chemokine
CXCL12 acts via a similar mechanism. It plays
an important role in the maturation and movement
of lymphocytes, as well as the migration of granulocytes
to the inflammation site [81, 82]. In COPD patients
the blood CXCL12 concentration is not only higher than
in the control group, but it exhibited moderate negative
correlation with lung tissue function parameters
(r = -0.551) [81]. The results of the ROC analysis
presented in the study indicate a fairly high diagnostic
efficiency of determining the of CXCL12 concentration
in differentiating patients with COPD and healthy people
(the area under the ROC curve was more than 0.7) [81].
However, there is no information on determining
the concentration of CXCL12 in the blood
of COPD patients during an exacerbation of the disease.
An assessment of the feasibility of using this cytokine
to predict the course of COPD has also not been
conducted yet.

2.6.3. CXCLS (Interleukin-8, IL-8). CXCLS is another
chemokine identified as a player involved
in the COPD-related inflammatory process [78].
CXCLS8 is synthesized primarily by leukocytes
(monocytes, T-lymphocytes, neutrophils, NK cells),
epithelial cells and fibroblasts. Expression
of the CXCL8 gene is activated only during
the inflammation development [83]. Its secretion
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is stimulated by bacterial lipopolysaccharides, leading
to the release of the contents of neutrophil granules
and a respiratory burst [78]. In vitro studies have shown
that bronchial epithelial cells exposed to exhaust gases
and small particulate matter also secrete IL-8 [84, 85].
This leads to stimulation of the airway epithelium,
airway narrowing and increased permeability
to inflammatory cells [86]. It has been shown that
the CXCLS concentration in the sputum of patients with
stable COPD is higher than in healthy non-smokers,
and is associated with the number of neutrophils
in the sputum (in other words with the inflammation
intensity) [86]. The level of this chemokine
in the sputum of patients is higher than in the group
of smokers with preserved lung function [86].

It has been repeatedly demonstrated that the blood
CXCLS8 concentration is higher in COPD patients
than in healthy people even during the stable course
of the disease [87—89]. Although there are indications
in the literature on the involvement of IL-8
in the development of COPD exacerbations, researchers
still have not come to a common viewpoint on its role
in this process [78]. For example, some studies
have shown that IL-8 levels in the sputum of patients
with a COPD exacerbation is higher than in a stable
course [90]. High concentrations of IL-8 have been
found in the blood of patients who have suffered
more than one COPD exacerbation over the past
three years [91]. In another study, on the contrary,
it was noted that, despite the relationship with a decrease
in FEV1 parameters and the progression of pulmonary
emphysema, the level of blood IL-8 negatively
correlated with COPD exacerbation frequency [78].

2.6.4. CXCLS5. CXCLS5 is another chemokine secreted
by leukocytes and involved in the pathogenesis
of COPD [92]. Traditionally, this chemokine
is considered a powerful inducer of neutrophil
chemotaxis to the inflammatory site. It has been shown
that CXCLS5 is secreted primarily by T-lymphocytes
of the lung tissue in response to stimulation with
cigarette smoke. The level of this chemokine
in the bronchoalveolar lavage of COPD patients
is higher than that of healthy individuals [93].
The CXCLS5 gene expression in lung epithelial cells
is increased during a COPD exacerbation [94].
There are quite a few studies devoted to assessing
the blood CXCLS5 concentrations in COPD patients.
However, there are results indicating that the serum
level of this chemokine is higher in smoking
and non-smoking COPD patients than in healthy
individuals [95]. According to ROC-analysis data
it is possible to use the CXCL5 concentration
to differentiate COPD patients from healthy individuals
(area under the ROC curve of 0.882) [95].
It has been shown that the CXCLS level in the blood
of COPD patients remains high even after smoking
cessation; however, no significant differences
in its concentration in the blood of smoking and
non-smoking patients were found.
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High concentrations of CXCLS5 in the blood plasma
of patients are associated with lower FEV1/FVC values,
i.e., its determination can be informative in predicting
a decrease in lung function in patients [95].
However, prognostic importance of this chemokine
level for predicting COPD exacerbation frequency
has not been yet examined.

2.7. CXC Chemokine Receptors

Realization of metabolic effects of the cytokines
CXCL9 and CXCLIO requires their interaction
with the membrane receptor CXCR3. The number
of CXCR3 expressing cells increased in the epithelium
and submucosa of the respiratory tract of smokers
with COPD compared to non-smoking patients [81, 96].
Previously, we also noted an increased level of this
receptor in the population of B-lymphocytes in the blood
of COPD patients compared to healthy people [97];
however the analysis of the blood concentration
of this protein to assess the severity and effectiveness
of treatment of the disease was not performed.

Another receptor of proinflammatory cytokines
involved in cell migration to the inflammation site
is CXCR4. The main ligand for this receptor
is the chemokine CXCL12. Synthesis of this
receptor in fibrocytes of COPD patients increased
during exacerbation; this increased the chemotactic
capacity of these cells [98]. In this regard,
the CXCL12/CXCR4 axis has attracted attention
as a target for drugs [99]. For example, certain evidence
exists that the use of CXCR4 inhibitors improved
lung function [100]. Determination of the CXCR4 level
in the blood of patients with COPD for prediction
of its course has not been previously carried out.

CXCR1 and CXCR2 receptors also interact
with a number of CXC chemokines. IL-6 and IL-8
are ligands for CXCR1, while CXCR2 can also bind
other CXC chemokines (CXCLI, 2, 3, 5, 6, 7) [78].
It was shown that the level of CXCR2 receptor mRNA
in the bronchial epithelium of patients with
COPD exacerbations was higher than in the stable
course of this disease, while CXCRI gene expression
in these cells did not differ from the control group
and did not differ in dependence on the phase
of the COPD course [101, 102]. In a later study,
it was found that the level of gene expression of both
receptors in the bronchial epithelium of patients
with COPD significantly increased compared to healthy
people (but regardless of the exacerbation stage) [102].

Most of the currently available literature data
is devoted to the analysis of the concentration of cytokine
receptors in the lung tissue of COPD patients.
At the same time, it is known that cytokine receptors
are also present on the leukocytes membranes.
Interacting with them, cytokines activate signaling
pathways necessary for the activation and chemotaxis
of cells, as well as further synthesis of inflammatory
mediators [103, 104].

There are a few reports on evaluation of cytokine
receptor concentrations in blood of COPD patients.
They mainly describe results of the determination
of the blood level of CXCR1 and CXCR2 receptors.
Some researchers report that the concentration of CXCR1
in blood neutrophils from COPD patients is significantly
higher than in healthy people, and it correlates with
a decrease in FEVI parameters in patients, while
the level of CXCR2 in the same cells does not differ
in COPD patients compared to the control group [105].

Other researchers obtained opposite results.
It was shown that the fluorescence intensity
of antibody-CXCR1 complexes, characterizing

the membrane receptor density was significantly lower
in blood neutrophils from COPD patients than in healthy
people [106]. As in the previous study, it was shown that
the concentration of CXCR2 in neutrophils in COPD
did not differ from that in healthy individuals [106].
It should be noted that in both studies, the analysis
of the receptor level in patients' blood cells was carried
out outside of exacerbation periods.

Previously, we  published the results
of determination of CXCR1 and CXCR2 in blood
cells from patients with in acute pulmonary
inflammatory diseases. We found a three-fold increase
in the proportion of lymphocytes equipped with
the CXCRI1 receptor in the total population of blood
lymphocytes in patients with an exacerbation of COPD
and in patients with pneumonia compared to healthy
people. The CXCR2 receptor density in lymphocytes
also demonstrated significant changes. In COPD and
pneumonia, it increased by 20.5% and 60.0%,
respectively, compared to the control group.
At the same time, the CXCRI1 receptor density
in granulocytes increased by 2.0 and 2.1 times,
respectively. The level of these parameters stabilized
as the acute inflammatory process was relieved and
decreased to the control level by the time of discharge
from the hospital [59].

Table 1 summarizes the data on blood components
that have been found to be associated with the COPD
and its course.

CONCLUSIONS

Thus, using currently available results of the search
for potential biomarkers of COPD, it is not possible yet
to come to an unambiguous opinion regarding
the assessment of the severity of the course and
the effectiveness of COPD therapy based on laboratory
parameters of intra- and extracellular metabolism
in the blood. At the same time, researchers
have demonstrated the involvement of blood cells,
acute phase proteins, chemokines and their receptors
in the formation and course of the inflammatory
response in this disease. First of all, this includes
blood leukocytes; this is quite logical, due to their
immunocompetence. The secretion of proinflammatory
mediators, including chemoattractants and reactive
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oxygen species increases. In this context bacterial
infections are not always the trigger. Acute phase
proteins and chemokines, affecting lung cells, contribute
to the progression of the inflammatory response and,
ultimately, tissue remodeling. Lung function decreases,
the frequency of COPD exacerbations increases.
At the same time, basically all of the above-considered
studies do not provide results of determination
of parameters characterizing their prognostic value
in this pathology. This does not allow us to make
an unambiguous conclusion and even to compare
the informativeness of potential biomarkers. Therefore,
further research in this direction is clearly needed.

Criteria are urgently needed for prediction
of exacerbations not only on the basis of the patient's
medical history, but also on objective data.
This will help to justify the appropriateness
of including corticosteroids, antibiotics, and other drugs
in the treatment regimen for exacerbations.
Such criteria should be accessible (and inexpensive
for evaluation) and they should be characterized
by a high degree of probability in detecting the severity
of the course and the risk of exacerbations of COPD.
During an exacerbation of the disease, treatment
should be rational. Therefore, the selected criteria
should be monitored during the therapy.

At the same time, the analysis of literature data
reviewed suggests the potential informativeness
of determining the concentration of leukocytes,
albumins, and acute phase proteins (procalcitonin,
fibrinogen, CRP), a number of CXC chemokines
(CXCL5, 8, 9, 12), cellular receptors (CXCRI1, 2,
CD44v6) and transcription factors (HIF-la)
in the blood of COPD patients. These indicators
of intra- and extracellular metabolism are significant
for the pathogenesis of the disease and undergo
quantitative changes in the blood of COPD patients.
Some of them respond to an exacerbation of this
disease. At the same time, much remains to be studied,
especially during the exacerbation, since the data
presented in the literature are still fragmentary and
their results are ambiguous.

In addition to determining the level of individual
markers, their informativeness can be increased
by creating diagnostic panels including a combined
assay of several markers. Using a model that
includes several markers it is possible to achieve
more than 90% diagnostic sensitivity at high
specificity of tests, while initial sensitivity/specificity
characteristics of individual markers included
in the model were low [107]. Currently, there are no data
on the development of such models for COPD
in the literature.
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. M, amxo’*, A.,ZI. Tazanoeuu’, H.H. KOBZﬂHKOI, H.A. HuKumuHa’, A.B. K-Oﬂﬁl,
P
JIL.C. Bozymz, E.UN. ,ZIasuOoscmmz, 0.A. B:Vol'llll('z

'benopycckuii rocynapcTBeHHBIN METUIIMHCKUN YHUBEPCUTET,
220116, benapycb, MuHck, nip. J[3epxkunckoro, 83; *an. noura: dashamurashka@mail.ru
PecrryOnuKaHCKUN HayYHO-NIPAKTHYECKUH LIEHTP ITYJIbMOHOJIOTHU U (PTHU3HATPUH,
220080, benapyck, Munck, JlonruHoBckuit Tpakt, 157

Xponudeckass oOcTpykTtuBHas Oone3nb nE€rkux (XOBJI) sBisercs omHOW W3 CaMbBIX PacHpOCTPaHEHHBIX
MATOJIOTUH JBIXaTENIbHON CHCTEMBI, KOTOpasl XapaKTepu3yeTcs HapacTalollMM OTPaHWYCHHEM BO3JYIIHOTO ITOTOKA.
Teuenne XOBJI HecTaOWJIBHO M HEPEIKO COMPOBOXKAAETCS IMEPHUOAAMU OOOCTPEHHsI, KOTJa PEeCHUpPaTOPHbIE
CHUMIITOMBI 3a00JieBaHus CyllecTBeHHO ycuiuBatorcs. Hactora oboctpenuit XOBJI siBnsieTcsi BaKHBIM IPEIUKTOPOM
e€ TedyeHMs, MO3BOJIONIMM MPOTHO3MPOBATH CHIDKEHHE (YHKIMHM JIETOYHOW TKAaHM W HMCXOJA 3a00JIeBaHMS.
B Hacrosimee Bpemst oneHka pucka Oymymmx obocrpennit XOBJI y nanmenTa ocymecTBiIsieTcst Ha OCHOBaHHH HCTOPUH
MPEIBIAYIINX 000CTPeHHH, a 00 YITydIIeHHH €ro COCTOSHUS CYIAT Ha ocHOBaHWH ociabmeHus cummromMoB XOBJL.
OTtcyTcTBHE OOBEKTUBHBIX KPUTEPHEB HE IIO3BOJIAET OJHO3HAYHO CYAWTh O BEPOATHOCTH pAa3BUTUS OCTPBIX
cocrosiHuii u 3¢ ¢exTuBHOCTH JedeHus nanueHToB ¢ XOBJI. Ha ocHoBaHMM aHanmu3a JIMTEpaTypHBIX JaHHBIX
clellaH BBIBOJ O IIOTEHIMAJbHOW HWH(GOPMATUBHOCTH OIPEICIIEHUs C OTOH LEJIbI0 YPOBHSI XEMOKHHOB
(CXCL5, CXCLS8, CXCRI1/2, CD44v6), HIF-la, mpokampnuToHWHA, anbOymuHa u C-peakTHBHOTO Oclika,
KJIETOK JIEHKOLIUTAPHOTO PsiZia, a TAKKe MX BO3MOXKHOM KOMOMHANMH B repudeprudeckoi kposu naruenToB ¢ XOBJL.

Tonnwvitl mexcm cmambvu Ha PyccKoM A3vlKe docmyner Ha caiime dcyprana (hitp://pbmc.ibmc.msk.ru).

Karuesbie ciaoBa: XOBJI; omomapkepsr; CXCLS; CXCLS; CXCR1/2; CD44v6; HIF-1o; Oenku octpoi (haser
BOCTIAJICHHUST; KJICTKU KPOBU

duHaHcupoBanne. Pabora BeimonHena B pamkax [TIHU 4 “TpancimsimonHas menunuua” (mommporpamma 4.2
“dyHmaMeHTabHBIC aCTeKThl MEAUIMHCKON Hayku™”) Ha 2021-2025 ronel, 3ananus 4.2.44 “Onpeneautb TUHAMUKY
U3MEHCHUH COAEPIKaHUS B KPOBU IPOBOCHAIHATEIEHBIX OCJIKOB, IMTOKAHOB, UX PEIECNITOPOB U KICTOK y TMAIUCHTOB
C XpOHHUYECKOW 00CTPYKTHBHOM OONE3HBIO JIETKUX .

[Mocrynuna B penakuuto: 24.04.2025; nocne nopadotku: 13.06.2025; npunsra k nedaru: 17.06.2025.
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