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Abstract: The paper presents data from literature and own studies of regulatory mechanisms of systemic inflammatory response in chronic 
obstructive pulmonary disease (COPD) and asthma. At the heart of the formation of a systemic inflammatory reaction is a complex of 
disturbances in the regulation of intra- and intercellular signaling. Etiopathogenesis of COPD and asthma differs, but immune disorders and 
regulatory mechanisms of systemic inflammation in the diseases have common characteristics. There are multi-type Th immune responses 
in both COPD and asthma, the nature of which depends on severity or control of the disease. Mixed phenotypes Th1/Th17 and Th2/Th17 
appear and are followed by the formation of Th17 type of immune response associated with a worsening of the disease. General 
mechanisms of maintenance of systemic inflammation in the diseases have been found. These include hyperproduction of cytotoxic 
eicosanoids, decreased expression of CB2 receptors, the formation of mitochondrial dysfunction due to violations of the fatty acid 
composition of the organelle, increased synthesis of nitric oxide. The authors presented a new view on the role of immune, lipoxygenase, 
nitroxidergic, endocannabinoid signaling systems in the formation of systemic inflammation in chronic respiratory diseases. 
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At present time, the pathogenesis of various diseases is 
considered in terms of typical pathological processes. One of the 
main typical pathological processes is inflammation, a universal 
complex of genetically programmed reactions to any phologogenic 
agents. Pathophysiological changes in chronic respiratory diseases 
are caused by local inflammation in the airways that results in 
bronchial obstruction, destructive processes in the lung 
parenchyma, remodeling of the lung tissue and disruption of gas 
exchange [1-3]. The development of local inflammation in chronic 
respiratory diseases is followed by the formation of a systemic 
inflammatory process, which is a basis for subsequent 
pathophysiological changes and systemic effects leading to 
extrapulmonary manifestations of the disease [4-6]. The concept of 
«systemic inflammation» is relatively new. Modern molecular 
biology has uncovered many mechanisms of humoral and cellular 
responses characterizing systemic inflammation (cytokinemia, 
oxidative stress, reactivity of immunocompetent cells, etc.) At the 
same time, factors that initiate the systemic inflammatory reaction 
remain unclear. The role of cytokines, eicosanoids, enzymes and 
receptors of signaling systems in many chronic diseases is known [7-
13]. There are a few studies on the involvement of the 
endocannabinoid system in the regulation of the immune response 
[14-15]. However, the functions and interactions of the cytokine, 

lipoxygenase, nitroxidergic, endocannabinoid signaling systems in 
chronic respiratory diseases are incompletely studied. 

A large number of inflammatory mediators are involved in the 
control of the systemic inflammatory process. The main defect 
underlying the development of a systemic inflammatory reaction is 
an impairment of the ability of cells to synthesize various signaling 
molecules, such as cytokines, lipid mediators (eicosanoids and 
endocannabinoids), nitric oxide (NO), carbon monoxide and etc. 
Signal molecules are unique regulators of intra- and intersystem 
interactions. They provide the concerted action of the immune, 
endocrine and nervous systems under normal conditions and 
respond to pathological impact. 

Cytokines, their soluble and membrane receptors play a key role 
in the inflammatory process. They act as mediators of the immune 
system regulating the strength and duration of the immune 
response and inflammatory process. Regulatory mechanisms, which 
are mediated by the production of anti-inflammatory cytokines and 
soluble inhibitors of pro-inflammatory cytokines, are activated to 
protect against excess manifestations of systemic inflammation. 
These mechanisms initiate the development of deep 
immunosuppression that is clinically manifested by chronicity, 
disability of repair processes and the disease worsening [16-17]. 
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Figure 1. Immune mechanisms of COPD progression. 

 

 

The definition of immunological constitution can allow 
clinicians to predict the predisposition to certain types of immune 
response, immune adaptation and various types of 
immunopathology in respiratory diseases (allergy, autoimmune 
processes and immunodeficiencies). Active subpopulations of CD4

+
 

T cells play a significant role in the regulation and the development 
of immunopathology [18]. This aspect of subpopulation activity is 
manifested under conditions of their imbalance: the 
predominance of Th2 cell differentiation underlie the 
predisposition to allergy, the expansion in the number of Th17 
cells increases the risk of autoimmune processes. The propensity 
to different types of immune response is largerly genetically 
determined [19]. The analisys of the subpopulation of CD4

+
 

regulatory cells in respiratory diseases make it possible to evaluate 
the capability of respiratory organs to adapt to increasing 
exogenous and endogenous load and detect the ability of an 
organism to properly control chronic systemic inflammation.  

The study of the immune mechanisms of the progression of 
chronic obstructive pulmonary disease (COPD) has showed that in 
patients with mild COPD pathology mainly develop according to 
Th1 type of immune response, in some cases Th17 phenotype is 
detected. In moderate COPD Th1/Th17 type is formed, as COPD 
progresses the immune response is switched to the Th17 
phenotype. A variety of forms of immune response is achieved 
through activation of different effector cells: Th1 immune 
response is associated with activation of macrophages and IFN-γ 
production; deviation to Тh17 immune response is characterized 
by activation of neutrophils, epithelial cells and synthesis of IL-17, 
IL-21. Cytokines, which are produced by Th17 cells as COPD 
develops, inhibit the differentiation of Th1 clones and form 
independent immunoregulatory pathway that supress the function 
of Th1 lymphocytes [20-22]. 

In recent years, a large number of scientific publications have 
been devoted to the study of the role of interleukin-6 (IL-6) in the 
development of COPD [23]. According to the studies, IL-6 level 
greatly increases in blood plasma in COPD. It indicates the 
significance of this cytokine in COPD pathophysiology. IL-6 
possesses both pro- and anti-inflammatory activities and plays an 
important role in the differentiation of T-helper cells, which are 
the main component of the acquired immune response and are 
involved in the processes of cell proliferation and apoptosis [24]. 
IL-6 induces the expression of various genes, such as the acute 
phase protein genes, transcription factor genes, and genes of 
various proteins (including suppressors of JAK/STAT pathway) that 

provide the proliferation, survival and functions of many leukocyte 
populations [25]. Currently, IL-6 is considered as an important 
mediator of the immune response that directly acts on CD4

+
 T cells 

and determines their effector functions. IL-6 plays a key role in 
switching of the immune response from the tolerant state 
supported by Treg to the active inflammatory state mediated by 
Th17. Vitkina T.I. et al. have shown that COPD progression is 
accompanied by an increase in the number of immunocompetent 
cells expressing IL-6 receptor (IL-6R). These data indicate the 
importance of classical IL-6 signaling in immunoregulation. The 
classical IL-6 signaling pathway mediates anti-inflammatory 
effects, which makes IL-6R a potential target for COPD therapy 
[26-27]. It is possible that the deviation to Th17 response along 
with the overexpression of IL-6R in chronic respiratory diseases 
plays a compensatory role in containment of the pro-inflammatory 
mechanisms of immunoregulation (Figure 1). 

According to modern views, CD4
+
 T cells play a decisive role in 

asthma pathogenesis [28]. They prevail among lymphocytes 
infiltrating the respiratory tract of patients with asthma. CD4

+
 T 

cells can quickly clone in response to certain stimuli. CD4
+
 T cells 

act on other cells and initiate in them a cascade of inflammatory 
mediators by releasing cytokines. The authors have revealed a 
multi-type Th immune response in asthma patients, the nature of 
which depends on disease control and characteristics of the 
infectious and allergic status. It has been established three Th-
dependent types of immune response in patients with controlled 
asthma in remission: Th1, Th2 and Th1/Th2. Mixed Th1/Th2 
phenotype is an indicator of worsening of controlled asthma. This 
phenotype is formed due to overlap of Th1 response and allergen-
specific Th2 response and is associated with the presence of 
chronic foci of bacterial and viral infection. Th2/Th17, Th1/Th17 
and Th17 types of immune response have been identified in 
patients with partially controlled asthma. Th17 phenotype is also 
characteristic for patients with uncontrolled asthma with mixed 
sensitization to allergens, obesity, chronic bacterial and herpetic 
infection, exacerbations more than 4-6 times per year [29-31]. The 
activation of Th17 phenotype promotes the disease prolongation, 
which is associated with the involvement of neutrophilic 
granulocytes in the inflammatory process. 

A cascade of cytokine-mediated regulatory disorders is 
accompanied by the activation of eicosanoid synthesis that is 
involved in vasoconstriction, aggregation and chemotaxis of 
leukocytes. Prostaglandins (PG), thromboxanes (TX) and 
leukotrienes (LT), which are the main mediators of inflammatory 
response at its initial stage, and pro-resolving mediators (resolvins, 
maresins, protectins, lipoxins), recently discovered biologically 
active substances, play a key regulatory role (see Figure 1 in [11]) 
[9-11, 32-33]. 

The major substrates for eicosanoid synthesis are arachidonic 
acid (AA, 20:4n-6), metabolites of which have a high pro-
inflammatory, bronchoconstrictor and vasoconstrictor activities, 
and n-3 fatty acids (FAs) – eicosapentaenoic acid (EPA, 20:5n-3) 
and docosahexaenoic acid (DHA, 22:6n-3). Eicosanoids formed 
from these FAs exhibit either weak pro-inflammatory properties or 
anti-inflammatory, vasodilator and antithrombotic effects.  

Modification of the FA profile in membrane lipids manifests 
not only a change in the eicosanoid synthesis. It is the cause of the 
disruption of physical and chemical properties of cell membranes – 
a decrease in fluidity, receptor expression, permeability and 
transport of substances [34]. Many functions of 
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immunocompetent cells (secretion, chemotaxis, sensitivity to 
microorganisms) depend on lipid composition of membrane and, 
consequently, its fluidity [35-36]. It can be assumed that the 
modification of FA composition of cell mebranes is an important 
factor in the disturbance of the regulatory mechanisms of 
inflammatory process, the development and progression of 
respiratory diseases. There are several studies indicating that 
chronic inflammation is associated with significant changes in FA 
composition of cell mebranes. Similar changes in the quantitative 
and qualitative characteristics of unesterified FAs in blood plasma 
have been observed in patients with asthma and COPD: a decrease 
in the proportion of saturated FAs (SFAs) against the background 
of an increase in the relative level of precursors and metabolites of 
AA. An increase in the proportion of SFAs and AA and depletion of 
EPA pool in the erythrocyte membrane have been found in asthma 
and COPD [37-39]. The accumulation of SFAs in a membrane leads 
to a decrease in its fluidity and the activity of membrane-bound 
enzymes, increasing the risk of membrane destruction and cell 
death. An inflammatory process is maintained in asthma and COPD 
even in the stage of partial and complete remission of the disease. 
It is supported by a high concentration of n-6 polyunsaturated FA 
(PUFAs) and hyperproduction of cytotoxic eicosanoids. It is known 
that levels of TXB2 and LTB4 in blood of patients with respiratory 
pathology is increased. Moreover, patients with controlled asthma 
have a more pronounced increase in LTB4 level. The 
hyperproduction of cytotoxic eicosanoids has been noted against a 
background of increased expression of TNF-α. Thus, the run of 
chronic inflammation during remission in patients with COPD and 
asthma is mediated by intensive production of pro-inflammatory 
and bronchoconstrictor mediators [38-39]. 

The modification of FA composition in blood plasma and 
erythrocyte membrane, the disruption of the synthesis of 
oxygenase derivatives of FAs in respiratory diseases testify to the 
importance of FAs and their metabolites in immune and metabolic 
mechanisms of the regulation of the systemic inflammatory 
reaction. PUFAs are precursors for synthesis of potent cellular 
bioregulators – eicosanoids, proresolvins. Eicosanoids locally 
regulate functions of the endothelium and smooth muscle cells, 
vasodilator reaction, platelet aggregation, microcirculation and 
inflammation. It can be concluded that the maintenance of 
systemic chronic inflammation in respiratory diseases is carried 
out by biologically active metabolites of PUFAs – pro-inflammatory 
eicosanoids. Despite the difference in the immunological 
mechanisms regulating systemic inflammation, the development 
of asthma and COPD is associated with unidirectional changes in 
the FA composition. 

FA composition of mitochondrial membranes also undergoes 
substantial reorganization in respiratory diseases [40-43]. 
Moreover, the modification of FA composition of mitochondrial 
membranes is associated with the disease severity. As COPD 
progresses, the deficiency of n-3 PUFAs is aggravated against the 
background of an increase in the proportion of some n-6 PUFAs 
(20:4n-6, 22:4n-6) [40,42]. Patients with controlled asthma 
exhibite decreased pool of the majority of SFAs (12:0, 14:0, 18:0, 
22:0) and some PUFAs (20:4n-6, 22:4n-6, 20:5n-3, 22:5n-3) in 
mitochondrial membranes. Patients with partially controlled 
asthma have significant deficiency of n-3 and n-6 PUFAs against 
the background of accumulation of SFAs (14:0, 18:0) and monoene 
FAs (16:1n-9, 18:1n-9) in mitochondrial membranes [43]. A 
decrease in PUFA pool in the mitochondrial membrane with 
asthma progression is a logical phenomenon, since 

pharmacological control over immune mechanisms, including the 
synthesis of eicosanoids, gets complicated in partially controlled 
BA. 

Structural and functional changes in mitochondria in patients 
with COPD and asthma indicate violations of the energy 
metabolism, membrane permeability and transport of substances, 
and are signs of the formation of mitochondrial dysfunction [44]. 
All these changes determine the hypoxia development and cell 
death by apoptosis. Cellular hypoxia leads to destructive processes 
in the key structural components of the respiratory system – the 
mucosa of the bronchial pathways, and create conditions for the 
formation of the chronic obstruction. The number of studies have 
demonstrated that the mitochondrial dysfunction, which is a result 
of a violation of FA composition of mitochondrial membranes, 
makes a significant contribution to the progression of chronic 
respiratory diseases. 

The endocannabinoid system occupies a special place among 
the regulatory mechanisms of the inflammatory process. It is a 
universal signal system that performs important functions: 
regulate of the energy metabolism and the metabolism of 
carbohydrates and lipids, participate in the immune response. The 
endocannabinoid system includes cannabinoids (lipid compounds 
that are metabolites of AA – anandamide and 2-
arachidonoylglycerol), their receptors type 1 and 2 (CB1 and CB2), 
which are widely expressed at the surface of cells of the brain and 
spinal cord, macrophages, neutrophils and lymphocytes, the 
enzymes of synthesis and decomposition (see Figure 1 in [47]) [14, 
45-47]. Cells synthesize different molecular species of endogenous 
cannabinoids. Endogenous anandamide stimulates the secretion of 
AA and its metabolites. This ability of endogenous cannabinoids to 
influence on the metabolism of AA play a certain role in the 
realization of immune response [14, 48]. Cannabinoid receptors 2 
type (CB2) are localized mainly on the immune cells and are able 
to regulate the level of inflammatory mediators, limit their 
releasing, control the inflammatory process at the stage of 
physiological protection. After interacting with AA derivatives CB2 
receptors impact on the differentiation and activation of 
immunocompetent cells, the production of pro-inflammatory 
cytokines and chemokines. 

Under normal conditions increased expression of CB2 receptor 
maintain the physiological balance between synthesis of pro-
inflammatory mediators and synthesis anti-inflammatory ones. A 
decrease in CB2 receptor expression triggers limiting the functions 
of the endocannabinoid system, that causes the activation of the 
immune system [45, 49-51]. 

The results of the study of the integration of the immune and 
endocannabinoid systems in COPD patients have indicated that 
the percentage of mononuclear leukocytes expressing surface 
differentiation antigen to the CB2 receptor depends on the 
persistence of the pathological process [51-52]. At the present 
time, it is known that several signaling mechanisms that regulate 
and control the reactivity of the immune system through CB2 
receptors: the inhibition of adenylate cyclase and the reduction of 
the production of cyclic adenosine monophosphate (cAMP); the 
blocking of the expression of nuclear transcription factor triggering 

the activation of the genes of pro-inflammatory cytokines (NF-B); 
the suppression of mitogen-activated proteins (MAPs). Thus, the 
endocannabinoid system regulates the expression of inflammatory 

mediators through the limitation of the activation of NF-B, MAP-
kinase and cAMP signaling pathways [8, 51]. Hypercytokinemia 
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observed in patients with COPD in a series of studies agrees with a 
violation of CB2 receptor expression. As the disease worsens, the 
number of immune cells expressing CB2 receptor decreases, 
imbalance in the production of cytokines increases and 
potentiates the development of chronic inflammation. The 
reduction of CB2 receptor expression in mild COPD is accompanied 
by an increase in the level of pro-inflammatory cytokines (TNF-α, 
bFGF, TGF-β), which is compensated by the normal concentration 
of cytokines with immunosuppressive activity (IL-8). The inhibition 
of CB2 receptor expression in moderate COPD is characterized by 
an increase in TNF-α, bFGF, TGF-β levels and the reduction of IL-8 
level. Taking into account that an decrease in CB2 receptor 
expression is associated with a violation of the regulation of the 
immune response and the development of chronic systemic 
inflammation, it can be concluded that the integration of the 
immune and endocannabinoid systems under conditions of 
inflammation is reciprocal: CB2 receptor expression by 
immunocompetent cells is inhibited, while simultaneously 
activating the synthesis of pro-inflammatory cytokines [51, 52]. 
Consequently, the blockade of CB2 receptor expression has a great 
importance for the regulation of the inflammatory response. 
Understanding these mechanisms will help us to develop 
technologies for the selective regulation of the inflammatory 
process. 

The results described above have been confirmed by E.G. 
Lobanova. et al. They studed the impact of various doses of the 
synthetic ligands of cannabinoid receptor WIN-55,212-2 and 
anandamide on the reactivity of immunocompetent cells and the 
synthesis of eicosanoids [51, 53]. The synthetic cannabinoids have 
been shown under in vitro conditions to inhibit the ability of 
immune cells to express IL-2, IL-8, TNF-α, while exhibiting a dose-
dependent immunosuppressive effect. It has also been established 
that WIN-55,212-2 and anandamide dose-dependently block the 
lipoxygenase pathway of the production of a pro-inflammatory 
eicosanoid, leukotriene B4, without affecting thromboxane B2 
synthesis. The inhibition of leukotriene B4 synthesis has a 
suppressor effect on the activity of the immune system. The 
revealed selective effect of WIN 55,212-2 and anandamide on the 
expression of oxylipins can be used to develop pharmaceutical 
preparations with a targeted immunomodulatory action. 

The second messengers of the nitroxidergic system are an 
important part in the regulation of the immune and metabolic 
response of a cell and the inflammatory processes. The signaling 
system has universal mechanisms of the regulation of various 
physiological and pathophysiological processes in the body and 
include a complex of structures that are capable to rapidly 
generate a powerful auto- and paracrine mediator, NO, under 
action of a specific group of enzymes [54-55]. NО is a member of a 
new class of signaling molecules and serves as a regulator of pro-
oxidant, antioxidant and immune processes.  

The study of systemic NO level has showed that the response 
of the nitroxidergic system is the same in the respiratory diseases 
associated with airflow limitation and inflammation. NO blood 
level equally increased in asthma, COPD and comorbid state of 
these pathology. At the same time, the increase in NO level 
directly correlated with the severity of the pathological process 
[56]. This evidence suggests that regulatory pathways of the 
nitroxidergic system are uniform in the chronic inflammatory 
respiratory diseases [54]. The increased NO production in 
pulmonary diseases is a compensatory mechanism aimed at 
maintaining vascular tone, protection against platelet aggregation, 

reducing spasm of smooth muscles of the respiratory tract, 
increasing resistance to bronchoconstrictors and bactericidal 
action. However, the activation of the inducible form of NO 
synthase in inflammation can lead to a sharp increase in NO 
production by cells of the respiratory system. A high NO level in 
this case contributes to the intensification of inflammatory 
processes and damage to the airways in COPD and asthma. The 
increased NO level is of particular importance in the pathogenesis 
of COPD, because active forms of nitrogen intensifies oxidative 
stress, which is one of the main factors for the disease 
progression. The results of researchs have indicated that the 
nitroxidergic system is key to the development of respiratory 
diseases, since it has systemic effects on many processes, such as 
inflammation, oxidative stress, smooth muscle and vascular tone 
in the airways. The correction of NO production can be used to 
specifically influence on the inflammatory response and prevent of 
the diseases progression. 

 

Conclusion 

Thus, a complex of disturbances in the regulation of intra- and 
intercellular signaling underlie systemic inflammatory process that 
determines a number of pathophysiological changes in chronic 
respiratory diseases. The disturbances include: the activation of 
various effector cells contributing to the development of different 
types of immune response, the modification of FA profile in the 
lipid membrane that lead to a change in its properties and an 
increase in the synthesis of pro-inflammatory eicosanoids, a 
change in CB2 receptor expression accompanied by an imbalance 
in cytokine production. Althought COPD and asthma have a 
different etiopathogenesis, there is a generality of immune 
disorders and regulatory mechanisms of systemic inflammation in 
the diseases. Both COPD and asthma is characterised by multi-type 
Th immune responses, the nature of which depends on severity or 
control of the disease. Mixed phenotypes apper and are followed 
by the formation of Th17 type of immune response associated 
with a worsening of both COPD and asthma. Common mechanisms 
of maintenance of systemic inflammation in the diseases include 
hyperproduction of cytotoxic eicosanoids, decreased expression of 
CB2 receptors, the formation of mitochondrial dysfunction due to 
violations of FA composition of the organelle, increased NO 
synthesis. Understanding these mechanisms will allow developing 
medical technologies for the selective regulation of chronic 
inflammation, which limit the destructive effects of inflammatory 
mediators. 
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