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Potential biochemical markers of chronic bronchitis
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ABSTRACT

The review systematizes modern data on the biochemical markers that can clarify the nature and the course of
chronic bronchitis. The article describes the markers associated with bronchopulmonary pathology, such as
tumor necrosis factor alpha (TNFa), interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10
(IL-10), tissue factor, type 1 plasminogen activator inhibitor (PAI-1), and monocyte chemoattractant protein-1
(MCP-1). For each biomolecule, its properties, functions, direct role in body processes, and associations with
bronchopulmonary pathology are described. The use of these markers for early diagnosis of bronchopulmonary
pathology and monitoring of the treatment effectiveness is promising and requires further in-depth study.
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PE3IOME

B o0030pe cucreMaTH3UpyIOTCS COBPEMEHHBIE NAaHHBIE O OHMOXMMHUYECKHX MapKepax, KOTOpBIE PaCIIUPSIOT
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XEeMOATTPaKTaHTHBIA npoTenH 1. s kax0i mpencTaBIeHHOH OMOMOJIEKYJIIBI OIHCAHEI €€ CBOMCTBA, (hYHKIUH,
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JaHHBIX MapKepoB LeJecO00pa3HO Ul paHHEH AMAarHOCTUKM, KOHTPOJISA JiedeHHs U TpebyeT Ooisiee TiryGoKoro

U3yYCHUSI.

KaroueBble c10Ba: XpOHHUECKUI OPOHXUT, XPOHHUYECKAs! 0OCTPYKTHBHASI O0JIE3HB JIETKHX, OMOXHMHUYECKUE Map-
Kepbl, (hakTop HEeKpo3a OImyXoiH anb(da, HHTEPICHKHUH 1, HHTepICHKIH 6, MHTepIICHKUH 8, uHTepeiikuH 10, Tka-
HEBOH (akTop, HHTHONUTOP aKTHBATOPA IIIA3MUHOTEHA 1-ro THIIA, MOHOIUTAPHO-XEMOATTPAKTAHTHBIN NpOTenH 1.

KonpaukT nHTEpecOoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C IMyOJUKAIMEH HACTOSIICH CTAThH.

HUctounuk qmﬂancnposam/m. ABTOpBI 3asIBJIIOT 00 OTCYTCTBHUH (bHHaHCPIpOBaHI/Iﬂ IpH MPOBEACHUUN UCCIIEN0-

BaHUA.

Jas uutupoBanusi: Kyprykos E.A., Paruno FO.1. IloTeHnmansHble OMOXUMHYECKAE MapKephl XPOHHYECKOTO
Oponxuta. broanemens cubupckoi meduyunst. 2021; 20 (2): 148—159. https://doi.org/10.20538/1682-0363-2021-

2-148-159.

INTRODUCTION

At the moment, diseases of the bronchopulmona-
ry system have gained enormous prevalence not only
in Russia but throughout the world. Chronic bronchi-
tis (CB) occupies a leading position among chronic
non-specific lung diseases. According to various es-
timates, the number of patients with CB in Russia is
about 33 million people. According to the WHO rec-
ommendation and Russian clinical guidelines, CB is a
chronic diffuse progressive inflammation of the bron-
chi, manifested by productive cough lasting at least
three months a year for two consecutive years, with
the exception of other diseases of the upper respirato-
ry tract, bronchi, and lungs, which could cause these
symptoms. Chronic obstructive pulmonary disease
is not a single, specific disease, but a collective term
used to describe chronic lung diseases that restrict air-
flow to the lungs. A combination of chronic bronchitis
CB with emphysema is defined as chronic obstructive
pulmonary disease (COPD).

However, at the moment, CB occurs as an inde-
pendent disease, which may not be associated with
obstruction. According to the WHO, today, respirato-
ry diseases are the third leading cause of death in the
world with about 2.8 million people dying every year,
which accounts for 4.8% of all causes of death. The
prevalence of CB varies throughout the world, ran-
ging from 3.4 to 22.0% in the general population up to
74.1% in patients with COPD [1-3].

In the largest study of current or former smok-
ers without airflow obstruction (4,900 participants),
12.2% of people had CB using the classical definition
[4]. A recent European study showed that the prev-
alence of CB was 18% in 972 patients with COPD
[5]. A Chinese study of 1,668 patients with COPD
showed that 30% of participants met the diagnostic

criteria for CB [6]. Therefore, it is important to un-
derstand the need for earlier diagnosis of these dis-
eases and the search for possible predictors and ways
of influencing the pathogenesis of respiratory patho-
logy. The data below describe promising biochemical
markers which, according to available literature, may
have diagnostic benefits in examination of pulmonary
pathology.

TUMOR NECROSIS FACTOR

Tumor necrosis factor (TNF, cachexin or cachec-
tin, TNFa) is a cellular acute-phase signaling protein
involved in systemic inflammation and one of the
representatives of the cytokine family. It is produced
by macrophages, lymphocytes, natural killer cells,
neutrophils, mast cells, eosinophils, neurons, etc. [7].
TNF is synthesized as a type Il membrane protein,
with a molecular weight of 26 kDa (233 amino acids).
It is released via proteolytic cleavage by the TNF-con-
verting enzyme (a disintegrin and metalloprotease 17
(ADAM17)), soluble TNF with a molecular weight of
17 kDa (157 amino acids) is cleaved from the mem-
brane-binding fragment.

The TNF family includes TNF-alpha, TNF-beta,
CD40 ligand (CD40L), Fas ligand (FasL), TNF-relat-
ed apoptosis-inducing ligand (TRAIL), and LIGHT
(homologous to lymphotoxins) [8].

TNF has many important physiological and patho-
logical effects. TNF causes necrosis of tumor cells (a
process that includes swelling of cells, destruction of
organelles, and lysis of cells) and apoptosis (a process
that involves contraction of cells, formation of con-
densed bodies, and DNA fragmentation).

In addition, TNF is a key mediator of both acute
and chronic systemic inflammatory responses. TNF
not only induces its own secretion, but also stimulates
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the production of other inflammatory cytokines and
chemokines. TNF plays a central role in autoimmune
diseases, such as rheumatoid arthritis (RA), inflamma-
tory bowel diseases (IBD), including Crohn’s disease
and ulcerative colitis, multiple sclerosis, systemic lu-
pus erythematosus, and systemic sclerosis [9—11].

There is a rather large and extensive knowledge
base on the association between TNF and CB. Over
the past 20 years, several extensive fundamental me-
ta-analyses on this topic have been published, which
did not come to a single conclusion. Thus, according
to W. Gan et al., TNF has a pronounced correlation
between its serum level and the severity of CB [12].

A number of centers stated that there was no signi-
ficant correlation between TNF and CB, however, in a
detailed review of the findings, it was concluded that
at early stages of CB, the correlation between markers
of inflammation and the degree of impaired respirato-
ry function was poorly significant [13].

Recent studies by Y. Mosrane et al. demonstrated
a higher correlation with TNF in smoking CB patients
than in the group of non-smokers [14].

When assessing biochemical markers during treat-
ment, a significant direct correlation was found be-
tween the response to COPD treatment and the TNF
level in the blood [15].

Therefore, at present, TNF in patients with CB is a
promising biochemical parameter that requires a more
in-depth analysis as a biomarker and a target during
treatment in COPD patients.

INTERLEUKIN-1

Interleukin-1 (IL-1) is one of the most important
cytokines of innate immunity and inflammation. The
IL-1 family includes 7 ligands with proinflammatory
activity: IL-1a and B, IL-18, IL-33, IL-36q, B, v, three
receptor antagonists (IL-1Ra, IL-36Ra, IL-38), and an
anti-inflammatory cytokine (IL -37). The IL-1 recep-
tor (IL-1R) family includes 6 receptor chains forming
4 receptor complexes, two decoy receptors (IL-1R2,
IL-18BP), and two negative regulatory receptors (TIR
8, IL-1RACcPD). Strict regulation by receptor antago-
nists, decoy receptors, and signal transduction inhibi-
tors provides a balance between enhanced innate im-
munity and uncontrolled inflammation [16].

The most studied representatives of this family at
the moment are IL-1a and IL-1PB. The precursor IL-
la is constantly present in the epithelial layers of the
entire gastrointestinal tract, lungs, liver, kidneys, en-
dothelial cells, and astrocytes. In cell death from ne-
crosis, as occurs in diseases associated with local or

global ischemia, the precursor IL-1a is released. Thus,
IL-10 mediates early phases of sterile inflammation by
rapidly initiating a cascade of inflammatory cytokines
and chemokines and functions as an alarmin [17].

In contrast, IL-1pB is produced by hematopoietic
cells, such as blood monocytes, tissue macrophages,
dendritic skin cells, and brain microglia, in response
to Toll-like receptors (TLR), activated complement
components, and other cytokines (Table) [18].

Table
Members of the IL-1 family
Interleukin Receptor Function
IL-1a, IL-1B IL-1R1 Proinflammatory
IL-1B IL-1R2 Anti-inflammatory
IL-1ra IL-1R1 Anti-inflammatory
IL-18 IL-1R5 Proinflammatory
1L-33 IL-1R4 Proinflammatory
1L-36a, B, y IL-1R6 Proinflammatory
IL-36Ra IL-1R6 Anti-inflammatory
1L-37 IL-1R5 Anti-inflammatory
1L-38 IL-1R6 Anti-inflammatory

Members of the IL-1 family regulate most cells of
the innate immunity, including macrophages, neutro-
phils, eosinophils, basophils, and mast cells. Based on
this, control over IL-1 in patients with CB is consi-
dered justified. Although the pathogenesis of COPD
has not been fully studied and is still under discussion,
it is known that chronic inflammation caused by con-
stant exposure of the respiratory tract and lung paren-
chyma to cigarette smoke is a leading cause of COPD
[19]. In a mouse model, N.S. Pauwels et al. showed
an increase in the level of IL-1 in mice with long-term
exposure to cigarette smoke compared to the control
group. Later, the study in humans confirmed the data
obtained in mouse models in lung tissue samples, as
well as in the induced sputum of patients with COPD:
the IL-1 level was significantly increased compared to
the healthy controls [20].

The serum levels of IL-1B were also higher in pa-
tients with COPD than in the healthy controls. The
level of the inflammatory mediator in the serum
correlated with important clinical parameters for
controlling the course of the disease, such as airflow
limitation, smoking status, C-reactive protein (CRP),
serum neutrophilia, etc. [21].

The levels of inflammatory markers, such as pro-
calcitonin, CRP, CCL17, TNF and IL-1pB, were ana-
lyzed depending on the type of CB exacerbation. A
pronounced correlation was found between the se-
verity of the exacerbation and the level of IL-1p. The
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authors also came to the conclusion about a more sig-
nificant correlation with bacterial inflammation and
ventilator-associated pneumonia (VAP), which com-
plicated the course of CB exacerbation [22].

A very promising research area is phenotyping of
the NLRP gene depending on the level of IL-1p. So,
studies by P. Ozreti¢ not only proved an increase in
IL-1P in the group of patients with CB compared to
the healthy controls, but also traced the IL-1p level
depending on the NLRP gene polymorphism. It was
found that homozygosity for the main alleles was as-
sociated with a lower concentration of IL-1 [23].

Phenotyping of NLRP is of great scientific interest,
since it makes it possible to detect various risk groups
for developing bronchopulmonary pathology, on the
whole, and CB, in particular.

INTERLEUKIN-6

Interleukin-6 (IL-6) is a member of the cytokine
family which has proinflammatory and anti-inflam-
matory properties. IL-6 is encoded by the /L-6 gene.
Human IL-6 consists of 212 amino acids, including a
signal peptide with 28 amino acids. Its gene is mapped
to the chromosome 7, locus 7p15-21-q21. A segment
of DNA in the regulatory region of this gene at posi-
tion —572, where guanine (G) is replaced by cytosine
(C), is called a genetic marker G (-572) C. The IL-6
gene can exist in the form of two allelic variants, des-
ignated as the G-allele and the C-allele [24].

The cytokine is produced primarily by cells of
the immune system, such as monocytes, lympho-
cytes, macrophages, endotheliocytes, microglia, and
a number of non-immune cells, such as osteoblasts,
myocytes, keratinocytes, synovial cells, chondrocytes,
epithelial cells, folliculo-stellate cells of the pituitary
gland, trophoblasts, vascular smooth muscle cells, etc.

IL-6 transmits signals through a complex of type
I cytokine receptors on the cell membrane, consisting
of a ligand-binding chain of IL-6Ra (CD126) and a
signal-transmitting component, gp130 (also called
CD130) [25].

IL-6 is responsible for stimulation of protein syn-
thesis in the acute phase, as well as for neutrophilia.
It supports the growth of B cells and is an antagonist
of regulatory T cells. IL-6 can be secreted by mac-
rophages in response to specific microbial molecules
called pathogen-associated molecular pattern mole-
cules (PAMPs). These PAMPs bind to an important
group of detecting molecules of the innate immune
system called pattern recognition receptors (PRRs),
including Toll-like receptors (TLRs).

They are present on the cell surface and in intracel-
lular compartments and induce intracellular signaling
cascades that cause production of inflammatory cyto-
kines [26]. In the light of recent data on the structure
and functions of IL-6, studies have been conducted to
identify the relationship between chronic obstructive
and non-obstructive bronchitis. So, a recent longitu-
dinal study, which investigated 1,843 participants for
three years, demonstrated that an increased level of
IL-6 was a prognostic factor in increasing mortality in
chronic obstructive bronchitis [27]. Serum IL-6 level
was significantly increased in the COPD groups com-
pared to the healthy control [28, 29].

A. Agusti et al. demonstrated in the sample of
2,254 people that an increase in IL-6 associated with
persistent inflammation was characterized by worse
prognosis for CB [30].

A meta-analysis conducted by J. Wei et al. inclu-
ding at least 6,837 patients showed that serum IL-6
levels increased even in mild COPD, which may be
the best marker for early inflammation and associated
comorbidities. IL-6 is directly involved in inflamma-
tion and can be considered as a marker of mild system-
ic inflammation and an additional parameter for risk
assessment along with smoking, the number of exacer-
bations, the frequency of hospitalization, and mortality
[31]. Some authors point out contradictions with some
studies that did not find significant differences in the
level of IL-6 and the severity of the disease; however,
most studies have a small sample [32, 33].

INTERLEUKIN-8

Interleukin-8 (IL-8) is a member of the CXC
chemokine subfamily. It is an important activator and
chemoattractant for neutrophils and is involved in
various inflammatory diseases. Numerous reports
show that various cells express IL-8 mRNA and pro-
duce IL-8 protein, including monocytes, T-lympho-
cytes, neutrophils, fibroblasts, endothelial cells, and
epithelial cells [34]. The human /L-8 gene has a length
of 5191 bp and contains four exons separated by three
introns. It is located on the human chromosome 4, lo-
cus 4q12-g21. There are at least two different types of
IL-8 receptors (CXCR1 and CXCR2). The activity of
IL-8 is not species-specific. IL-8 affects adhesion of
neutrophils to the endothelium and induces transendo-
thelial migration of neutrophils. IL-8 also exhibits in
vitro chemotactic activity against T-lymphocytes and
basophils [35].

Since IL-8 is responsible for induction and main-
tenance of the inflammatory state, there is a high
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probability of a correlation between exacerbations
of CB and the serum IL-8 level. W.I. de Boer et al.
demonstrated that the IL-8 level in the bronchoalve-
olar lavage (BAL) was 1.4 times higher compared to
the control group, but did not determine a significant
correlation between the level of IL-8 in the epitheli-
al tissue and the severity of exacerbation [36]. These
findings allow to suppose that the IL-8 level can be a
parameter of a local neutrophil response before man-
ifestations of CB exacerbation, which will allow to
take preventive measures.

In the experimental model, a relationship between
high levels of IL-8 and airway remodeling in diseases
associated with chronic inflammation of the lung tissue
was revealed, acting directly on smooth muscle cells
reducing their length and increasing their sensitivity to
inflammation [37]. The work by J. Zhang and C. Bai
demonstrated a correlation between the IL-8 level in an
exacerbation of chronic obstructive bronchitis and the
level of inflammatory markers. In people with COPD
without an exacerbation, IL-8 was significantly higher
compared to the healthy controls, which may again in-
directly indicate a relationship between the level of the
cytokine and airway wall remodeling [38].

IL-8 is a promising marker, an increase in which
may signal more pronounced airway remodeling in
people with persistent COPD. However, this hypo-
thesis is always secondary in the studies mentioned
above, and no targeted long-term studies have been
carried out on this topic.

INTERLEUKIN-10

Interleukin-10 (IL-10) is a powerful anti-inflam-
matory cytokine that reduces inflammation in some
disease models [39]. Being an anti-inflammatory cy-
tokine, IL-10 serves to counteract the proinflammato-
ry effects of other cytokines, and thus can strike the
balance between pro- and anti-inflammatory systems.
IL-10 inhibits expression of cytokines, such as TNFa,
IL-1B, and IL-8. It can inhibit expression of adhesion
molecules [40]. It has immunoregulatory and pleio-
tropic effects. It is mainly secreted by macrophages,
Th1 and Th2 lymphocytes, dendritic cells, cytotoxic T
cells, B lymphocytes, monocytes, and mast cells [41].
It inhibits expression of Thl cytokines, MHC class II
molecules, and co-stimulatory molecules on macro-
phages. IL-10 increases B-cell survival and prolifera-
tion and production of antibodies. IL-10 can also block
the activity of NF-xB and is involved in the regula-
tion of the JAK-STAT signaling pathway [42]. Further
studies showed that IL-10 mainly inhibits the proin-

flammatory cytokines TNFa, IL-1B, IL-12, and IFNy
from TLR induced by lipopolysaccharide (LPS) and
bacterial production and activates myeloid cells [43].

In terms of pulmonary inflammation, there are cur-
rently extensive data on direct involvement of IL-10
in regulation of inflammation in the lungs. According
to recent observations, a decreased level of IL-10 was
associated with more frequent development of exac-
erbations in people with CB, and IL-10 levels were
significantly lower compared to the healthy controls
[44, 45]. In addition, it was demonstrated that serum
and sputum levels of IL-10 were higher in healthy,
non-smoking patients compared to patients with
COPD and healthy smokers [46]. Moreover, the lev-
els of IL-10 in healthy smokers were suppressed in the
BAL [47, 48]. Currently, there is some inconsistency
among the authors regarding a correlation between IL-
10 and other factors that activate inflammation, which
is most likely associated with its polymorphism and
requires a more detailed and in-depth study [49-51].
Therefore, the IL-10 level may be useful for prognos-
ing the patient’s condition in terms of development of
bronchopulmonary pathologies and determination of
risk groups, as well as for taking more effective pre-
ventivemeasures.

MONOCYTE CHEMOATTRACTANT
PROTEIN-1

Monocyte chemoattractant protein-1 (MCP-1,
CCL2) appears to be a member of the cytokine group
belonging to the CC chemokine family, also known as
CCL2. MCP-1 is a monomeric polypeptide with a mo-
lecular weight of about 13—15 kDa, depending on the
level of glycosylation [52]. CCL2 is mainly secreted
by monocytes, macrophages, dendritic cells, epithelial
cells, astrocytes, fibroblasts, and endotheliocytes.

The MCP-1 gene located on the chromosome
17 consists of three exons and two introns; the gene
length is 1927 bp [53]. CCL2 is fixed in the plasma
membrane of endothelial cells with glycosaminogly-
can side chains of proteoglycans. Enhanced produc-
tion of MCP-1 can occur under the influence of many
factors, such as TNF, LPS of bacterial agents, inter-
leukin-1, interferons, platelet growth factor, etc. [54].

Induction of MCP-1 initially attracts monocytes
and basophils to the site of inflammation. After dele-
tion of the N-terminal residue, MCP-1 loses its spec-
ificity for basophils and becomes an eosinophil che-
moattractant. After exposure to MCP-1, basophils and
mast cells release their granules into the intercellular
space. This effect can also be enhanced by pretreat-
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ment with IL-3 or other cytokines [55]. CCL2 is in-
volved in the pathogenesis of several diseases charac-
terized by monocytic infiltrates.

So, in the studies by A. Di Stefano et al., an in-
crease in serum MCP-1 was observed in patients with
COPD with an exacerbation compared to patients
without COPD [56]. The same trend was demon-
strated by S. Traves et al. for the levels of MCP-1
in BAL and sputum: the content of MCP-1 in spu-
tum was elevated in patients with CB compared to
the control group and the group of healthy smokers.
There was a direct correlation between the level of
neutrophils in the sputum and the level of MCP-1 and
a negative correlation between the MCP-1 level and
FEV1, which suggests that MCP-1 can participate in
the inflammatory load during an exacerbation of CB
and directly indicates clinical manifestations [57].
This work confirmed the findings of earlier studies
on direct involvement of MCP-1 in the inflammatory
process and monocyte macrophage infiltration of the
bronchiole walls during an exacerbation and without
it in patients with CB [58, 59].

TYPE 1 PLASMINOGEN ACTIVATOR
INHIBITOR

Type 1 plasminogen activator inhibitor (PAI-1),
also known as an endothelial plasminogen inhibitor,
is a serine protease inhibitor that functions as an an-
tagonist of tissue plasminogen activator and inhibits
fibrinolysis [ 60]. It is located on the chromosome 7,
locus 7921.3-Q2 in the gene called SERPINEI, in the
promoter region of which there is a 5G \ 4G polymor-
phism [61].

PAI-1 is mainly produced by the endothelium
(cells lining the blood vessels). High expression of
PAI-1 in cultured endothelial cells suggests that these
cells make a significant contribution to the PAI-1
pool. However, in vitro studies show that PAI-1 is
synthesized by various cells, and its biosynthesis can
be caused by growth factors, cytokines, hormones,
and other compounds [62].

In pathological conditions, a big amount of PAI-1
is secreted by other tissues: tumor cells, endothelial
cells in response to inflammatory cytokines, and other
cells activated by inflammation. High plasma PAI-1
levels are constantly detected in patients with severe
sepsis, tumor processes, and other acute or chronic
inflammatory diseases, such as atherosclerosis. PAI-1
is activated by inflammatory cytokines and, therefore,
can be considered as a marker for the ongoing inflam-
matory process. However, it is very important that no

classical elements of the inflammatory response were
found in the promoter region of PAI-1, and it is still
unclear through what mechanism PAI-1 expression is
activated during inflammation [63].

For example, in the analysis of CB and COPD with
and without metabolic syndrome (MS) in the ethnic
group, it was shown that the polymorphism of alleles
can directly predispose to the development of both
variants. The 4G \ 4G genotype was more common in
the group with MS and in the group with COPD and
MS [61], as evidenced by worldwide studies of other
ethnic groups [64, 65, 67].

A direct correlation between the clinical data on
manifestations of CB and laboratory data was proved
in the work by H. Wang et al. Serum PAI-1 levels
were significantly increased in patients with COPD,
especially in smokers with COPD, and serum PAI-1
levels were associated with parameters of lung func-
tion, such as FEV 1/Pre, FEV 1/FVC, and CRP [66].
However, neither comorbid COPD nor airflow limita-
tion (from mild to very severe stages) was considered.

According to a similar design, the same results
were obtained in the study by B. Waschki et al. The
level of PAI-1 increased regardless of the concomitant
pathology, and the highest levels of PAI-1 were ob-
served in patients with stage Il and III COPD accord-
ing to Global Initiative for Obstructive Lung Disease
(GOLD) [68].

TISSUE FACTOR

Tissue factor (TF) is a transmembrane protein that
is present on the surface of subendothelial tissue and
leukocytes and directly involved in the cascade of the
coagulation system, both in the external and internal
pathways [69]. The tissue factor is a 47 kDa glyco-
protein consisting of three domains: the cytoplasmic
domain, which is involved in the signaling function
of the tissue factor, the hydrophobic transmembrane
domain, which passes directly through the membrane,
and the extracellular domain, which consists of two
fibronectin filaments and a hydrophobic nucleus and
has three N-terminal binding sites with carbohydrates.
The main function is performed by the last two do-
mains; without the cytoplasmic end, the tissue factor
is functional [70].

TF signaling plays a role in the angiogenesis and
apoptosis [71]. In the context of coagulation, TF can
be found in the pool of circulating TF in the soluble
form or bound to the membrane [72, 73].

Monocytes are some of the main sources of TF [74,
75] which is involved in formation of blood clots in pa-
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tients with myocardial infarction [76, 77], as well as in
other thrombotic diseases [78]. In vitro platelet parti-
cle generation from differentiated human megakaryo-
cytes showed that platelets can carry both TF and its
mRNA [79]. TF is also expressed by neutrophils, trig-
gering thrombin generation and clot formation. Neu-
trophil activation is necessary for the effect of TF on
the cell membrane [80]. Platelets, neutrophils, and, as
recently reported, even T-lymphocytes can be an im-
portant source of TF in patients [81].

Based on the research data, a hypothesis was put
forward on the role of TF not only in coagulation, but
also in other pathological processes. So, in a number
of studies, it was shown that the level of TF can be
increased not only in patients with severe or moder-
ately severe COPD [82], but also in stable CB [83].
Not only did the pool of TF associated with the occur-
rence of chronic inflammation in the airways increase,
but also a decrease in tissue factor pathway inhibitor
(TFPI) was recorded, aimed at restraining the proco-
agulant ability of TF [84]. A direct correlation with
other procoagulants and inflammatory markers was
also observed [85].

COMPLEMENT SYSTEM

Complement factors are a part of the immune sys-
tem, a set of circulating and membrane-bound pro-
teins in human blood, the main function of which is
to fight foreign agents [86]. Most of them belong to
B-globulins [87]. According to the nomenclature, indi-
vidual components of the complement system are de-
noted by the symbols Cl, C2, C3, C4, C5, C6, C7, C8,
C9 or capital letters (D, B, P) and are called factors.
[88]. There are also regulators of complement activity
(RCA), whose main function is to inhibit activation of
the complement system and protect cells [89].

There are three main ways to activate the comple-
ment system: the classical pathway, the lectin path-
way, and the alternative pathway.

Activation of the classical pathway requires the
presence of an antigen-antibody pattern. Activation
occurs when Clq binds to IgM or IgG in complex with
antigens. After that, a cascade of reactions takes place
during which the activation of the C3 component oc-
curs [91].

The lectin pathway is homologous to the classi-
cal pathway, but instead of Clq, there are opsonin,
mannose-binding lectin (MBL), and ficolins. This
pathway is activated by binding MBL to mannose res-
idues on the surface of the pathogen, which activates
MBL-related serine proteases, MASP-1 and MASP-

2, which can then cleave C4 and C2. Their products
bind together to form a classical C3 convertase, as in
the classical pathway. Further, the pathway continues
homologously according to the classical pattern [92].

The alternative pathway is associated with constant
hydrolysis of a small amount of the C3 complement
molecule due to the presence of a thioester bond in the
given molecule. The process is called tickover and its
speed is approximately 0.3—1% of C3 molecules per
hour. This process has an internal positive loop, due
to which, in theory, it should have an avalanche-like
nature following support of factors B and D. Howe-
ver, due to factors H and I, this does not happen, as
they inhibit this loop by breaking the C3 complex [93].

It is generally accepted that the main site for syn-
thesis of complement system proteins is the liver,
however, pulmonary alveolar type 2 epithelial cells
synthesize and secrete complement proteins C2, C3,
C4, C5 and factor B [94], while human bronchial
epithelial cells can generate C3 [95]. Local comple-
ment synthesis provides understanding of the interac-
tion between complement factors and lung disease. In-
flammatory cytokines, such as IL-6, IL-1, TNFa, and
IFNy, can initiate complement synthesis in cells, such
as resident polymorphonuclear leukocytes, epithelial
cells, and fibroblasts [96].

Complement anaphylatoxins (C3a, C5a) are pow-
erful inflammatory mediators involved in the exagger-
ated inflammatory response observed in CB. Recent
studies have revealed elevated levels of circulating
C3a and C5a in patients with COPD, which indirectly
suggests that complement proteins may contribute to
the pathogenesis of the disease [97]. Moreover, when
assessing the levels of C3 and C4, which account for
approximately % of the total pool of complement pro-
teins, it was found that they were initially lower in
patients with chronic obstructive bronchitis; and the
more severe the course of the disease, the lower the
levels [98, 99].

There is also a large number of studies that sug-
gest that exposure to cigarette smoke leads to chron-
ic activation of the complement system according to
the alternative pathway [97, 100, 101]. S. Grumelli
et al. obtained data showing that a decrease in CD46
expression correlated with a loss of lung function in
COPD, which may help explain the principles of in-
flammation and excessive complement activation in
this group of patients [102]. However, most authors
agree that due to the sufficiently large pool of comple-
ment proteins and heterogeneity of the studied groups,
there is currently no clear understanding of the state
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of complement factors in CB, therefore, this topic re-
quires further research [97, 98, 102].

CONCLUSION

The above-described biochemical markers are in-
volved in the pathological processes in CB. Among
these biochemical markers, IL-6 is especially worth
noting as a marker that can help in early detection of
a disease exacerbation, which allows to start more
well-thought treatment. The same can be concluded
about MCP-1, however, its evidence base is somewhat
smaller and requires more detailed consideration.

These markers are useful not only in the field of
scientific knowledge about the pathogenesis of CB,
but also in clinical use and as potential targets for tar-
geted therapy for this disease. A more detailed study
of these biomarkers may help to construct a model
of disease development and develop ways of clinical
control and programs for prevention and control of
disease sanogenesis.

REFERENCES

1. Kim V., Criner G.J. The chronic bronchitis phenotype in
chronic obstructive pulmonary disease: Features and im-
plications. Curr. Opin. Pulm. Med. 2015; 21 (2): 133-141.
DOI: 10.1097/MCP.0000000000000145

2. Burgel P.R., Nesme-Meyer P., Chanez P. et al. Cough and
sputum production are associated with frequent exacerba-
tions and hospitalizations in COPD subjects. Chest. 2009;
135 (4): 975-982. DOI: 10.1378/CHEST.08-2062.

3. De Oca M. M., Halbert R.J., Lopez M.V. et al. The chronic
bronchitis phenotype in subjects with and without COPD:
the PLATINO study. Eur. Respir. J. 2012; 40 (1): 28-36.
DOI: 10.1183/09031936.00141611.

4. Martinez C.H., Kim V., Chen Y. et al. The clinical impact
of non-obstructive chronic bronchitis in current and for-
mer smokers. Respir. Med. 2014; 108 (3): 491-499. DOI:
10.1016/J RMED.2013.11.003.

5. Lahousse L., Seys L.J.M., Joos G.F., Franco O.H., Stricker
B.H., Brusselle G.G. Epidemiology and impact of chronic
bronchitis in chronic obstructive pulmonary disease. Eur.
Respir.J.2017;50(2): 1-4.DOI: 10.1183/13993003.02470-
2016.

6. Lu M., Yao W., Zhong N. et al. Chronic obstructive pul-
monary disease in the absence of chronic bronchitis in
China. Respirology. 2010; 15 (7): 1072-1078. DOI:
10.1111/J.1440-1843.2010.01817.X.

7. Carbone M., Ly B., Dodson R., Pagano I., Morris P., Do-
gan U., Gazdar A., Pass H., Yang H. Malignant mesothe-
lioma: facts, myths, and hypotheses. J. Cell Physiol. 2012;
227 (1): 44-58. DOL: 10.1002/jcp.22724.

8. Chu W.M. Tumor necrosis factor. Cancer Lett. 2013; 328
(2): 222-225. DOI: 10.1016/j.canlet.2012.10.014.

9. Swardfager W., Lanctot K., Rothenburg L., Wong A., Cap-
pell J., Herrmann H. A meta-analysis of cytokines in Alz-

heimer’s disease. Biol. Psychiatry. 2010; 68 (10): 930-941.
DOI: 10.1016/j.biopsych.2010.06.012.

10. Dowlati Y., Herrmann N., Swardfager W., Liu H., Sham
L., Reim E.K., Lanctdt K.L. A meta-analysis of cytokines
in major depression. Biol. Psychiatry. 2010; 67 (5): 446—
457. DOLI: 10.1016/j.biopsych.2009.09.033.

11.Kim E.Y., Moudgil K.D. Immunomodulation of autoim-
mune arthritis by pro-inflammatory cytokines. Cytokine.
2017; 98: 87-96. DOI: 10.1016/j.cyt0.2017.04.012.

12. Gan W.Q., Man S.P., Senthilselvan A. et al. Association
between chronic obstructive pulmonary disease and sys-
temic inflammation: a systematic review and a meta-anal-
ysis. Thorax. 2004; 59 (7): 547-580. DOI: 10,1136 /
thx.2003.019588.

13.Yang Y., Jing Z.,, Xin D., Wang S. Association bet-
ween tumor necrosis factor-a and chronic obstructive
pulmonary disease: a systematic review and meta-analy-
sis. Ther. Adv. Respir. Dis. 2019; 13: 1-4. DOI: 10.1177/
1753466619866096.

14. Mosrane Y., Bougrida M., Alloui A.S., Martani M., Roua-
bah L. Systemic inflammatory profile of smokers with and
without COPD. Rev. Pneumol. Clin. 2017; 73 (4): 188—
198. DOL: 10.1016/j.pneumo.2017.07.003.

15. Jiang D.H., Wang X., Liu L.S. et al. The effect of ven-
tilator mask atomization inhalation of ipratropium bro-
mide and budesonide suspension liquid in the treatment of
COPD in acute exacerbation period on circulating levels
of inflammation and prognosis. Eur. Rev. Med. Pharma-
col. Sci. 2017; 21 (22): 5211-5216. DOI: 10.26355 / eur-
rev_201711_13843.

16. Boraschi D., Tagliabue A. The interleukin-1 receptor
family. Semin. Immunol. 2013; 25 (6): 394-407. DOI:
10.1016/j.smim.2013.10.023.

17.Rider P., Carmi Y., Guttman O., Braiman A., Cohen I.,
Voronov E., White M.R. et al. IL-1a and IL-1f recruit dif-
ferent myeloid cells and promote different stages of ster-
ile inflammation. J. Immunol. 2011; 187 (9): 4835-4843.
DOI: 10.4049/jimmunol.1102048.

18. Dinarello C.A. Interleukin-1 in the pathogenesis and treat-
ment of inflammatory diseases. Blood. 2011; 117 (14):
3720-3732. DOIL: 10.1182 / blood-2010-07-273417.

19. Cosio M.G., Majo J., Cosio M.G. Inflammation of the air-
ways and lung parenchyma in COPD: role of T cells. Chest.
2002; 121 (5): 160-165. DOI: 10.1378/chest.121.5_sup-
pl.160s.

20. Pauwels N.S., Bracke K.R., Dupont L.L. et al. Role of
IL-1alpha and the Nlrp3/caspase-1/IL-1beta axis in ciga-
rette smoke-induced pulmonary inflammation and COPD.
Eur. Respir. J. 2011; 38 (5): 1019-1028. DOI: 10.1183 /
09031936.00158110.

21. Bafadhel M., McKenna S., Terry S. et al. Acute exacer-
bations of chronic obstructive pulmonary disease: identi-
fication of biologic clusters and their biomarkers. Am. J.
Respir. Crit. Care Med. 2011; 184 (6): 662—671. DOI:
10.1164/rccm.201104-05970C.

22.Zou Y., Chen X., Liu J., Zhou D.B., Kuang X., Xiao J.,
Yu Q. et al. Serum IL-1B and IL-17 levels in patients
with COPD: Associations with clinical parameters. Int.

bionneteHb cMbupckoin meanumHbl. 2021; 20 (2): 148-159 155



Kurtukov E.A., Ragino Yu.l.

Potential biochemical markers of chronic bronchitis

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

156

J. Chronic Obstr. Pulm. Dis. 2017; 12: 1247-1254. DOI:
10.2147/COPD.S131877.

Ozreti¢ P., Filho P., Catalano C., Sokolovi¢I., Vuki¢-Du-
gac A., Suti¢ M. Association of NLRP1 coding polymor-
phism with lung function and serum IL-1f concentration
in patients diagnosed with chronic obstructive pulmo-
nary disease (COPD). 2019; 10 (10): 783. DOI: 10.3390/
genes10100783.

Fragoso J.M., Delgadillo H., Juarez-Cedillo T., Rodri-
guez-Pérez J.M., Vallejo M., Pérez-Méndez O. et al.
The interleukin 6 -572 G>C (rs1800796) polymorphism
is associated with the risk of developing acute coronary
syndrome. Genet. Test Mol. Biomarkers. 2010; 14 (6):
759-763. DOI: 10.1089/gtmb.2010.0001.

Heinrich P.C., Behrmann I., Miiller-Newen G., Schaper F.,
Graeve L. Interleukin-6-type cytokine signalling through
the gp130/Jak/STAT pathway. The Biochemical Journal.
1998; 334 (2): 297-314. DOI: 10.1042/bj3340297.
Tanaka T., Narazaki M., Kishimoto T. 11-6 in inflam-
mation, immunity, and disease. Cold Spring Harb. Per-
spect. Biol. 2014; 6 (10): 1-4. DOI: 10.1101/cshperspect.
a016295.

Celli B.R., Locantore N., Yates J., Tal-Singer R., Miller
B.E., Bakke P., Calverley P., Coxson H., Crim C. et al.
ECLIPSE Investigators. Inflammatory biomarkers improve
clinical prediction of mortality in chronic obstructive pul-
monary disease. Am. J. Respir. Crit. Care Med. 2012; 185
(10): 1065-1072. DOI: 10.1164/rccm.201110-17920C
Donaldson et al. Airway and systemic inflammation and
decline in lung function in patients with COPD. Chest.
2005;128 (4):1995-2004. DOLI: 10.1378/chest.128.4.1995.
Garcia-Rio F., Miravitlles M., Soriano J.B., Munoz L.,
Duran-Tauleria E., Sanchez G., Sobradillo V., Ancochea J.
Systemic inflammation in chronic obstructive pulmonary
disease: a population-based study. Respiratory Research.
2010; 11 (1): 63-77. DOLI: 10.1186/1465-9921-11-63.
Agusti A., Edwards L.D., Rennard S.I., MacNee W.,
Tal-Singer R., Miller B.E., Vestbo J. et al. Persistent sys-
temic inflammation is associated with poor clinical out-
comes in COPD: a novel phenotype. PLoS ONE. 2012; 7
(5): €37483. DOI: 10.1371/journal.pone.0037483.

Weil., Xiong X., Lin Y., Zheng B., Cheng D. Association
between serum interleukin-6 concentrations and chronic
obstructive pulmonary disease: a systematic review and
meta-analysis. Peer J. 2015; 3: 1199. DOI: 10.7717 /
peerj.1199.

Sabit R., Bolton C.E., Edwards P.H., Pettit R.J., Evans
W.D., McEniery C.M. et al. Arterial stiffness and osteopo-
rosis in chronic obstructive pulmonary disease. American
Journal of Respiratory and Critical Care Medicine. 2007,
175(12): 1259-1265. DOI: 10.1164/rccm.200701-0670C.
Van Helvoort H.A., Heijdra Y.F., Thijs H.M., Vina J.,
Wanten G.J., Dekhuijzen P.N. Exercise-induced systemic
effects in muscle-wasted patients with COPD. Medicine
and Science in Sports and Exercise. 2006; 38 (9): 1543—
1552. DOI: 10.1249/01.mss.0000228331.13123.53.
Zhang W., Chen H. The study on the interleukin-8. Sheng
Wu Yi Xue Gong Cheng Xue Za Zhi. 2002; 19 (4): 697-702.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Hébert C.A., Baker J.B.
view. Cancer Invest. 1993;
10.3109/07357909309046949.
De Boer W.1., Sont J.K., van Schadewijk A., Stolk J., van
Krieken J.H., Hiemstra P.S. Monocyte chemoattractant
protein 1, interleukin 8, and chronic airways inflamma-
tion in COPD. J. Pathol. 2000; 190 (5): 619-626. DOI:
10.1002/(SIC1)1096-9896(200004)190:5<619::AID-
PATHS555>3.0.CO;2-6.

Govindaraju V., Michoud M.C., Al-Chalabi M., Ferraro
P., Powell W.S., Martin J.G. Interleukin-8: novel roles in
human airway smooth muscle cell contraction and migra-
tion. Am. J. Physiol. Cell Physiol. 2006; 291 (5): 957-965.
DOI: 10.1152/ajpcell.00451.2005.

Zhang J., Bai C. The significance of serum interleukin-8
in acute exacerbations of chronic obstructive pulmonary
disease. Tanaffos. 2018; 17 (1): 13-21.

Samuel D., Lopez-Vales R., Wee Yong V. Harmful and
beneficial effects of inflammation after spinal cord injury:
potential therapeutic implications. Handbook of Clinical
Neurology. 2012; 109: 485-502. DOIL: 10.1016/B978-0-
444-52137-8.00030-9.

Hector R., Wong J.E., Nowak-Stephen W., de Oliveira
C.F. Sepsis. Pediatric Critical Care. 2011;4: 1413-1429.
DOI: 10.1016/B978-0-323-07307-3.10103-X.

Pestka S., Krause C.D., Sarkar D., Walter M.R., Shi Y.,
Fisher P.B. Interleukin-10 and Related Cytokines and
Receptors. Ann. Rev. Immunol. 2004; 22: 929-979. DOI:
10.1146/annurev.immunol.22.012703.104622.

McGeachy M.J., Bak-Jensen K.S., Chen Y., Tato C.M,,
Blumenschein W., Cua D.J. TGF-f and IL-6 drive the pro-
duction of IL-17 and IL-10 by T cells and restrain TH-
17 cell-mediated pathology. Nat. Immunol. 2007; 8 (12):
1390-1397. DOI: 10.1038/ni1539.

Spits H., De Waal M.R. Functional characterization of
human IL-10. Int. Arch. Allergy Immunol. 1992; 99 (1):
8-15. DOI: 10.1159/000236329.

Couper K.N., Blount D.G., Riley E.M. IL-10: The Mas-
ter Regulator of Immunity to Infection. J. Immunol. 2008;
180 (9): 5771-5777. DOI: 10.4049/jimmunol.180.9.5771.
LeVan T.D., Romberger D.J.,, Siahpush M., Grimm
B.L. Relationship of systemic IL-10 levels with proin-
flammatory cytokine responsiveness and lung function in
agriculture workers. Respir. Res. 2018; 19 (1): 166. DOI:
10.1186/s12931-018-0875-z.

Zhang L., Cheng Z., Liu W., Wu K. Expression of in-
terleukin (IL)-10, IL-17A and IL-22 in serum and
sputum of stable chronic obstructive pulmonary dis-
ease patients. COPD. 2013; 10 (4): 459-465. DOI:
10.3109/15412555.2013.770456.

Takanashi S., Hasegawa Y., Kanehira Y., Yamamoto K.,
Fujimoto K., Satoh K., Okamura K. Interleukin-10 lev-
el in sputum is reduced in bronchial asthma, COPD and
in smokers. Eur. Respir. J. 1999; 14 (2): 309-314. DOL:
10.1034/5.1399-3003.1999.14b12.x.

Moermans C., Heinen V., Nguyen M., Henket M., Sele
J., Manise M., Corhay J.L., Louis R. Local and system-
ic cellular inflammation and cytokine release in chronic

Interleukin-8: a re-
11 (6): 743-750. DOI:

Bulletin of Siberian Medicine. 2021; 20 (2): 148-159



Reviews and lectures

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

obstructive pulmonary disease. Cyfokine. 2011; 56 (2):
298-304._.DOI: 10.1016/j.cyt0.2011.07.010.

Figueiredo C.A., Barreto M.L., Alcantara-Neves N.M.,
Rodrigues L.C., Cooper P.J., Cruz A.A. et al. Coassoci-
ations between IL10 polymorphisms, IL-10 production,
helminth infection, and asthma/wheeze in an urban trop-
ical population in Brazil. J. Allergy Clin. Immunol. 2013;
131 (6): 1683-1690. DOI: 10.1016/j.jaci.2012.10.043.
Bradford E., Jacobson S., Varasteh J., Comellas A.P.,
Woodruff P., O’Neal W., DeMeo D.L., Li X., Kim V., Cho
M. et al. The value of blood cytokines and chemokines
in assessing COPD. Respir. Res. 2017; 18 (1): 180. DOLI:
10.1186/512931-017-0662-2.

Demeo D.L., Campbell E.J., Barker A.F., Brantly M.L.,
Eden E., McElvaney N.G. et al. IL10 polymorphisms are
associated with airflow obstruction in severe alphal-anti-
trypsin deficiency. Am. J. Respir. Cell Mol. Biol. 2008; 38
(1): 114-120. DOI: 10.1165/rcmb.2007-01070C.
Yoshimura T. The chemokine MCP-1 (CCL2) in the host
interaction with cancer: a foe or ally? Cellular & Molec-
ularlimmunology. 2018; 15 (4): 335-345. DOI: 10.1038/
cmi.2017.135.

Batiushin M., Gadaborsheva K. Monocyte chemoattrac-
tant protein-1: its role in the development of tubuloint-
erstitial fibrosis in nephropathies. Medical News of the
North Caucasus. 2017; 2: 1-3.

Panee J. Monocyte Chemoattractant Protein 1 (MCP-1) in
obesity and diabetes. Cyftokine. 2012; 60 (1): 1-12. DOI:
10.1016/j.cyt0.2012.06.018.

Dean R.A., Cox J.H., Bellac C.L., Doucet A., Starr A.E.,
Overall C.M. Macrophage -specific metalloelastase
(MMP-12) truncates and inactivates ELR+ CXC chemo-
kines and generates CCL2, -7, -8, and -13 antagonists:
potential role of the macrophage in terminating polymor-
phonuclear leukocyte influx. Blood. 2008; 112 (8): 3455—
3464. DOI: 10.1182/blood-2007-12-129080.

Di Stefano A., Coccini T., Roda E., Signorini C., Balbi B.,
Brunetti G., Ceriana P. Blood MCP-1 levels are increased
in chronic obstructive pulmonary disease patients with
prevalent emphysema. Int. J. Chron. Obstruct. Pulm-
on. Dis. 2018; 13: 1691-1700. DOI: 10.2147/COPD.
S159915.

Traves S., Culpitt S., Russell R., Barnes P., Donnelly L.
Increased levels of the chemokines GROo and MCP-1 in
sputum samples from patients with COPD. Thorax. 2002;
57 (7): 590-595. DOI: 10.1136/thorax.57.7.590.

De Boer W.I,, Sont J.K., van Schadewijk A., Stolk J.,
van Krieken H., Hiemstra P.S. Monocyte chemoattrac-
tant protein 1, interleukin 8, and chronic airways in am-
mation in COPD. J. Pathol. 2000; 190 (5): 619-626.
DOI:10.1002/(SICI)1096-9896(200004)190:5<619:: AID-
PATH555>3.0.CO;2-6.

Aldonyte R., Jansson L., Piitulainen E. Circulating mono-
cytes from healthy individuals and COPD patients. Respir.
Res. 2003; 4 (1): 11. DOIL: 10.1186/1465-9921-4-11.
Mimuro J. Type 1 plasminogen activator inhibitor: its role
in biological reactions. The Japanese Journal of Clinical
Hematology. 1991; 32 (5): 487-489.

bionneteHb cMbupckoin meanumHbl. 2021; 20 (2): 148-159

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Borisova E.P., Kylbanova E.S., Asekritova A.S. Clinical
and genetic features of chronic bronchitis with comorbid
COPD with metabolic syndrome in Yakuts. Bulletin of
North-Eastern Federal University named after M.K.Am-
mosov. 2014; 11 (4): 1 (in Russ.).

Lijnen H.R. Pleiotropic functions of plasminogen activator
inhibitor-1. Journal of Trombosis and Hemostasis. 2005; 3
(1): 35-45.DOI: 10.1111 /j.1538-7836.2004.00827 .x.
Binder B.R., Christ G., Gruber F., Grubic N., Hufnagl P.,
Krebs M., Mihaly J., Prager G.W. Plasminogen activator
inhibitor 1: physiological and pathophysiological roles.
News in Physiological Sciences. 2002; 17: 56-61. DOLI:
10.1152/nips.01369.2001.

Berberoglu M., Evliyaoglu O., Adiyaman P. et al. Plas-
minogen activator inhibitor-1 (PAI-1) gene polymorphism
(-675 4G/5G) associated with obesity and vascular risk in
children. Pediatr. Endocrinol. Metab. 2006; 19 (5): 741—
748. DOLI: 10.1515/jpem.2006.19.5.741.

Khavinson V.Kh., Strekalov D.L., Lyshchev A.A. et al.
Association analysis of some genetic risk factors for coro-
nary heart disease with indicators of lipid metabolism and
arterial pressure. Kliniko-Laboratornyi Konsilium. 2010;
4:52-53.

Wang H., Yang T., Li D. et al. Elevated circulating PAI-
1 levels are related to lung function decline, systemic
inflammation, and small airway obstruction in chronic
obstructive pulmonary disease. Int. J. Chron. Obstruct.
Pulmon. Dis. 2016; 11: 2369-2376. DOIL: 10.2147 /
COPD.S107409.

Essa E.S., Wahsh R.A. Association between plas-
minogen activator inhibitor-1-675 4G/5G insertion/
deletion polymorphism and chronic obstructive pul-
monary disease. COPD. 2016; 13 (6): 756-775. DOLI:
10.3109/15412555.2016.1168392.

Waschki B., Watz H., Holz O., Magnussen H., Olejnicka B.,
Welte T., Rabe K.F., Janciauskiene S. Plasminogen acti-
vator inhibitor-1 is elevated in patients with COPD inde-
pendent of metabolic and cardiovascular function. Int. J.
Chron. Obstruct. Pulmon. Dis. 2017; 12: 981-987. DOI:
10.2147/COPD.S128689.

Muller Y.A., Ultsch M.H., de Vos A.M. The crystal struc-
ture of the extracellular domain of human tissue factor re-
fined to 1.7. Journal of Molecular Biology. 1996; 256 (1):
144-459. DOI: 10.1006/jmbi.1996.0073.

Zhang E., Charles R., Tulinsky A. Structure of extracellu-
lar tissue factor complexed with factor VIla inhibited with
a BPTI mutant. Journal of Molecular Biology.1999; 285
(5): 2089-2104. DOI: 10.1006/jmbi.1998.2452.

Ruf W., Disse J., Carneiro-Lobo T.C., Yokota N., Schaff-
ner F. Tissue factor and cell signalling in cancer pro-
gression and thrombosis. Journal of Thrombosis and
Haemostasis. 2011; 9 (1): 306-315. DOI: 10.1111/5.1538-
7836.2011.04318.x.

Szotowski B., Antoniak S., Poller W. et al. Procoag-
ulant soluble tissue factor is released from endotheli-
al cells in response to inflammatory cytokines. Circ.
Res. 2005; 96 (12): 1233-1239. DOI: 10.1161/01.
RES.0000171805.24799.fa.

157



Kurtukov E.A., Ragino Yu.l.

Potential biochemical markers of chronic bronchitis

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

158

Davizon P., Lopez J.A. Microparticles and thrombotic
disease. Curr Opin Hematol. 2009; 16(5): 334-341. DOL:
10.1097/MOH.0b013e32832ea49c.

Osterud B., Bjorklid E. Sources of tissue factor. Semin.
Thromb. Hemost. 2006; 32 (1): 11-23. DOI: 10.1055/s-
2006-933336.

Peshkova A.D., Le Minh G., Tutwiler V. et al. Activated
monocytes enhance platelet-driven contraction of blood
clots via tissue factor expression. Sci. Rep. 2017; 7 (1):
5149. DOI: 10.1038/s41598-017-05601-9.

Chiva-Blanch G., Laake K., Myhre P. et al. Platelet-,
monocyte- derived and tissue factor-carrying circulating
microparticles are related to acute myocardial infarction
severity. PLoS One. 2017; 12 (2): 1-3. DOI: 10.1371/
journal.pone.0172558.

Leatham E.W., Bath P.M., Tooze J.A. et al. Increased
monocyte tissue factor expression in coronary disease. Br.
Heart J. 1995; 73 (1): 10-13. DOI: 10.1136/hrt.73.1.10.
Shantsila E., Lip G.Y. The role of monocytes in throm-
botic disorders. Insights from tissue factor, mono-
cyte-platelet aggregates and novel mechanisms. Thromb.
Haemost. 2009; 102(5): 916-924. DOI: 10.1160/TH09-
01-0023

Brambilla M., Facchinetti L., Canzano P. et al. Human
megakaryocytes confer tissue factor to a subset of shed
platelets to stimulate thrombin generation. Thromb. Hae-
most. 2015; 114 (3): 579-592. DOI: 10.1160/TH14-10-
0830

Darbousset R., Thomas G.M., Mezouar S. et al. Tissue
factor-positive neutrophils bind to injured endothelial wall
and initiate thrombus formation. Blood. 2012; 120 (10):
2133-2143. DOI: 10.1182/blood-2012-06-437772

De Palma R., Cirillo P., Ciccarelli G. et al. Expression of
functional tissue factor in activated T-lymphocytes in vi-
tro and in vivo: A possible contribution of immunity to
thrombosis? Int. J. Cardiol. 2016; 218: 188-195. DOI:
10.1016/j.ijcard.2016.04.177

Vaidyula V.R., Criner G.J., Grabianowski C., Rao A.K.
Circulating tissue factor procoagulant activity is elevated
in stable moderate to severe chronic obstructive pulmo-
nary disease. Thromb. Res. 2009; 124 (3): 259-261 DOI:
10.1016/j.thromres.2008.12.030

Jankowski M., Undas A., Kaczmarek P., Butenas S. Ac-
tivated factor XI and tissue factor in chronic obstructive
pulmonary disease: links with inflammation and thrombin
generation. Thromb. Res. 2011; 127 (3): 242-246. DOI:
10.1016/j.thromres.2010.11.005.

Undas A., Jankowski M., Kaczmarek P., Sladek K., Brum-
mel-Ziedins K. Thrombin generation in chronic obstruc-
tive pulmonary disease: dependence on plasma factor
composition. Thromb. Res. 2011; 128 (4): 24-28. DOI:
10.1016/j.thromres.2011.05.004.

Szczypiorska A., Czajkowska-Malinowska M., Goral-
czyk B. Tissue factor and tissue factor pathway inhibitor
in chronic obstructive pulmonary disease. Folia Medica
Copernicana. 2015; 3 (1): 32-37.

Go A.S., Chertow G.M., Fan D. et al. Chronic kidney dis-
ease and the risks of death, cardiovascular events, and hos-

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

pitalization. N. Engl. J. Med. 2004; 351 (13): 1296-1305.
DOI: 10.1056/NEJMo0a041031.

Drannik G.N., Maidannyk V.G. The role of the com-
plement system in physiological and pathological
body responses. Medical Practice. 1989; (4): 69-73
(in Russ.).

Maidannyk V.G., Bohomolets A.A. The complement sys-
tem and complement-mediated injury of kidney disease in
children. International Journal of Pediatric, Obstetric and
Gynecology. 2013; 49 (1): 119-134.

Holers V.M. Complement and its receptors: new insights
into human disease. Annu. Re.v Immunol. 2014; 32: 433—
459. DOI: 10.1146/annurev-immunol-032713-120154.
Abbas A K., Lichtman A.H., Pillai S. Cellular and mole-
cular. Immunology. 2010; 6: 272-288.

Serna M., Giles J.L., Morgan B.P., Bubeck D. Structural
basis of complement membrane attack complex formation.
Nature Communications Pediatric Hematology/Oncology
and Immunopathology. 2016; 7: 10587. DOI: 10.1038/
ncomms10587.

Héja D., Kocsis A., Dobd J., Szilagyi K., Szasz R.,
Zavodszky P., et al. Revised mechanism of complement
lectin-pathway activation revealing the role of serine
protease MASP-1 as the exclusive activator of MASP-2.
PNAS USA. 2012; 109(26): 10498-10503. DOI: 10.1073/
pnas.1202588109.

Ferreira V.P., Pangburn M.K., Cortés C. Complement
control protein factor H: The good, the bad, and the in-
adequate. Mol. Immunol. 2010; 47(13): 2187-97. DOI:
10.1016/j.molimm.2010.05.007.

Strunk R.C., Eidlen D.M., Mason R.J. Pulmonary alveolar
type ii epithelial cells synthesize and secrete proteins of the
classical and alternative complement pathways. J. Clin.
Invest. 1988; 81: 1419-1426. DOI: 10.1172/JCI113472.
Varsano S., Kaminsky M., Kaiser M., Rashkovsky L.
Generation of complement c¢3 and expression of cell mem-
brane complement inhibitory proteins by human bronchial
epithelium cell line. Thorax. 2000; 55 (5): 364-369. DOI:
10.1136/thorax.55.5.364.

Volanakis J.E. Transcriptional regulation of complement
genes. Annu. Rev. Immunol. 1995; 13: 277-305. DOI:
10.1146/annurev.iy.13.040195.001425.

Westwood J.P., Mackay A., Donaldson G., Machin S.,
Wedzicha J.A., Scully M. The role of complement acti-
vation in COPD exacerbation recovery. ERJ Open Res.
2016; 2 (4): 27. DOIL: 10.1183/23120541.00027-2016.
Chauhan S., Gupta M.K., Goyal A., Dasgupta D.J. Al-
terations in immunoglobulin and complement levels in
chronic obstructive pulmonary disease. Indian. J. Med.
Res. 1990; 92: 241-245.

Mahesh M., Yalamudi M., Lokesh S. Complement levels
in chronic obstructive pulmonary disease: correlation with
pulmonary function and radiological emphysema score.
International Journal of Scientific Study. 2016; 3 (12):
284.

100.Kew R.R., Ghebrehiwet B., Janoff A. Cigarette smoke

can activate the alternative pathway of complement in
vitro by modifying the third component of complement.

Bulletin of Siberian Medicine. 2021; 20 (2): 148-159



Reviews and lectures

J. Clin. Invest. 1985; 75 (3): 1000-1007. DOI: 10.1172/ Biol. 2003; 29 (4): 472—448. DOI: 10.1165/rcmb.2002-
JCI111760. 01430C

101.Floreani A.A., Wyatt T.A., Stoner J., Sanderson S.D., 102.Grumelli S., Lu B., Peterson L., Maeno T., Gerard C.
Thompson E.G., Allen-Gipson D., Heires A.J. Smoke Cd46 protects against chronic obstructive pulmonary
and c5a induce airway epithelial intercellular adhesion disease. PLoS ONE. 2011; 6(5): 18785. DOI: 10.1371/
molecule-1 and cell adhesion. Am. J. Respir. Cell Mol. journal.pone.0018785.

Authors information

Kurtukov Evgeniy S., Post-Graduate Student, RIIPM — a Branch of ICG SB RAS, Novosibirsk, Russian Federation. ORCID 0000-
0001-7837-406X.

Ragino Yulia V., Dr. Sci. (Med.), Professor, Corresponding Member of the RAS, Director of RIIPM — a Branch of ICG SB RAS,
Novosibirsk, Russian Federation. ORCID 0000-0002-4936-8362.

(><) Kurtukov Evgeniy S., e-mail: cawertty@gmail.com.

Received 02.03.2020
Accepted 29.09.2020

bionneteHb cMbupckoin meanumHbl. 2021; 20 (2): 148-159 159



