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Abstract: The review examines the formation of inflammasome-mediated mechanisms of systemic inflammation in asthma after COVID-19. 
It provides insight into the clinical and pathophysiological relationship between asthma and COVID-19. The review summarizes information 
about the role of the NLRP3 inflammasome in the pathogenesis of asthma and describes in detail its manifestations in various asthma 
phenotypes. Emphasizing the significance of the inflammatory-mediated immune response during coronavirus infection in patients with 
bronchopulmonary pathology, the review outlines the consequences of hyperactivation of the NLRP3 pathway, leading to increased 
production of cytokines, the appearance of neutrophil and monocyte-derived traps, induction of pyroptosis and the development of 
complications.  
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Introduction  

Currently, the problems of developing symptoms caused by a 
new coronavirus infection, as well as their persistence occasionally 
leading to severe progression and long-term recovery, remain 
relevant. Patients with asthma are at risk. According to the World 
Health Organization (WHO), as of 2022, there were approximately 
339 million people with asthma worldwide, and nearly 400,000 
individuals die each year from the disease and its complications 
[1]. Respiratory viral infections play a critical role in exacerbating 
asthma. With the high prevalence of the new coronavirus 
infection, which often leads to damage to the respiratory system, 
the likelihood of asthma exacerbation is significant. 

Asthma is a heterogeneous disease with multiple phenotypes 
characterized by specific triggers and variations in the 
development of the inflammatory response. New clinical data 
shed light on the significant role of inflammasome activation of 
NOD-like receptor (NLR) family pyrin domain containing 3 (NLRP3) 
in the pathogenesis of asthma. Activation of this mechanism for 
regulating the systemic inflammatory response is also 
characteristic of COVID-19. Currently, there is a need to detail the 
mechanisms of inflammasome-mediated inflammatory processes 
in various asthma phenotypes and highlight the features of the 
influence of previous COVID-19 infection on the course of asthma. 

This review is the first to systematize information about the 
following issues: 

(1) The features of the inflammasome-mediated mechanisms 
of the systemic inflammatory process in patients with bronchial 
asthma who previously suffered from COVID-19;  

(2) The specific ways of forming an immune response in 
patients with bronchial asthma of various origins;  

(3) The markers that create the prerequisites for the formation 
of post-COVID syndrome in this pathology.  

The results of published studies characterizing the involvement 
of inflammasome-mediated mechanisms in the formation of long-
term consequences after coronavirus infection in patients with 
bronchial asthma are presented.  

 

Association of asthma with coronavirus infection 

The relationship between asthma and viral infections has been 
extensively studied. However, the emergence of the new 
coronavirus infection over the past four years has given rise to 
new considerations. SARS-CoV-2 is a new coronavirus first 
identified in Wuhan, China, on December 31, 2019 [2]. The 
infection quickly spread throughout China, and within a month the 
World Health Organization (WHO) recognized the outbreak [1]. 
Due to its rapid global spread and high number of deaths, WHO 
declared coronavirus disease 2019 (COVID-19) a global pandemic 
[3]. Towards the end of 2020, there was an increasing number of 
reports of weakness, shortness of breath, decreased quality of life 
and psychosocial distress increased. Several studies have stated 
that 87% of patients discharged from hospital continued 
experiencing symptoms such as weakness (53%), shortness of 
breath (43%), arthralgia (27%), and chest pain (22%) [4-6]. 

In the context of the global spread of the new coronavirus 
infection, asthma patients were of particular concern [7]. The 
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established role of respiratory viral infections as triggers and 
inducers of asthma has raised concerns about the increased 
susceptibility of asthma patients to coronavirus infection and its 
possible complications. Given the involvement of the respiratory 
system in the development of COVID-19, it is logical to assume 
that patients with asthma are particularly vulnerable to COVID-19. 
Some publications suggested a possible exacerbation of asthma 
among patients with confirmed COVID-19 [8, 9]. How asthma 
affects recovery from SARS-CoV-2 infection remains unclear. 

According to clinical recommendations during the COVID-19 
pandemic, patients with bronchopulmonary pathology were 
classified as a high-risk group. Consequently, even in cases of mild 
COVID-19, patients with asthma require hospitalization. An 
important characteristic of the immune response during the 
progression of COVID-19 is the cytokine storm, which is a systemic 
inflammatory response characterized by the production of large 
amounts of proinflammatory cytokines such as interleukin 6 (IL-6) 
and tumor necrosis factor alpha (TNF-α). In atopic asthma, a type 2 T 
helper (Th2) immune response is more typical, leading to the 
production of appropriate cytokines (IL-4, IL-5, IL-13, etc.) [10]. 
Several studies have demonstrated that activation of the Th2 
pathway in patients with comorbid asthma and COVID-19 plays an 
important role: some type 2 cytokines can inhibit the production of 
proinflammatory cytokines. In addition, the mucus lining the 
epithelium may act as a physical barrier to block viral entry, while 
ribonucleases released by activated eosinophils may act on the viral 
genome [10, 11]. In addition, regular use of low-dose inhaled 
corticosteroids may attenuate airway inflammation caused by SARS-
CoV-2 [12]. However, an increasing number of studies indicate that 
bronchial asthma contributes to severe and prolonged course of 
coronavirus infection [12-28]. This may be due to the presence of a 
specific non-Th2 phenotype in patients. It seems likely that the 
presence of a specific asthma phenotype will contribute to both a 
more severe course of coronavirus infection and prolongation of 
symptoms, leading to the formation of post-COVID syndrome.  

 

Inflammasomes: their role in maintaining the inflammatory 
process in COVID-19 and bronchial asthma 

At present, there is no unified pathogenetic theory of COVID-
19 formation. It is known that the virus enters the host cell by 

means of the fusion of the viral envelope with the host cell 
membrane. Angiotensin-converting enzyme 2 (ACE2) is one of the 
key cell receptors that binds to the spike (S) protein of the SARS-
CoV-2 viral envelope. The activation of the S protein is mediated 
by the transmembrane serine protease 2 (TMPRSS2) [29]. 

Accumulated scientific evidence confirmed the inhibition of 
intracellular innate immune response associated with type I, II, 
and III interferons during coronavirus infection. This contributes to 
active viral replication and rapid spread. The virus, upon entry, 
activates various immune cells: endothelial cells, dendritic cells, 
macrophages, monocytes, natural killer T cells (Figure 1) [11, 13, 
25-27]. 

 

Mechanisms of inflammasome-mediated inflammatory 
response 

Scientists now believe that in addition to ACE2, there are other 
protein compounds that help the coronavirus penetrate the host 
cell. These compounds include toll-like receptors, NOD-like 
receptors (nucleotide-binding oligomerization domain-like 
receptors, NLRs), which are a class of cytosolic structures formed 
during tissue damage. Over 20 types of NLRs have been described 
in humans. The most studied are those NLRs that form 
inflammasomes: NLRP1, NLRP3, NLRC4, NLRC5, NLRP6, NLRP7 and 
NLRP12 [31, 32]. The term ‘inflammasome’ refers to the 
macromolecular complexes formed by different types of NLRs 
upon their activation. These complexes serve as a molecular 
platform for the activation of caspase-1 (a cysteine protease that 
mediates proteolysis and activation of the cytokines IL-1 and IL-
18). In typical cases, the inflammasome contains three 
components: 1) NLR protein; 2) adaptor protein with caspase 
activation domain (ASC); 3) caspase-1 molecules (effector 
caspases). Inflammasomes are named by the NLR protein they 
contain. Among the mentioned types of inflammasomes, the most 
studied is NLRP3, which not only participates in the immune 
response against bacteria, viruses and fungi [34,35,36], but also 
recognizes danger signals such as ATP, urate crystals, increased 
generation of reactive oxygen species, amyloid beta (Aβ) [37], 
oxidized low-density lipoprotein and cholesterol crystals). NLRP3 is 
mainly expressed in airway epithelial cells, T cells, monocytes and 
neutrophils [38, 39]. 

 

 
Figure 1. SARS-CoV-2 impact on innate and adaptive immune responses. 
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Figure 2. Assembly of the inflammasome. 

Viruses and bacteria act as triggers of inflammasome formation, which 
leads to activation of the NF-κB signaling pathway and increased 
expression of the NLRP3 protein through receptors, interleukins and toll-
like receptors (TLRs) for interferon alpha. 

 

Activation of NLRP3-mediated inflammation occurs via three 
different molecular pathways: canonical, non-canonical and 
alternative [40-42]. The non-canonical pathway involves caspase-
11 in mice or caspase-4/5 in humans inducing IL-1β and IL-18 
release and pyroptosis following lipopolysaccharide (LPS) 
stimulation [42, 43]. An alternative pathway exists only in human 
monocytes, where TLR4 recognizes extracellular lLPS and induces 
NLRP3 activation, along with cytokine maturation through the 
caspase-8/FADD/RIPK3 signaling pathway without inducing 
pyroptosis [43]. 

Assembly of the NLRP3 inflammasome through the canonical 
pathway requires two signals. The source of the first signal is 
microbial products, viruses and cytokines. TNF-α, IL-1β, IL-1α, toll-
like receptor TLR ligands (such as LPS) or NLR receptor (such as 
muramyl dipeptide) induce activation of the NF-κB signaling 
pathway, leading to increased NLRP3 protein expression and 
regulation of pro-IL-1β [30, 31, 40]. The second signal is 
transmitted by extracellular molecules such as ATP, pore-forming 

toxins and crystals of various substances (calcium pyrophosphate, 
cholesterol, microbial RNA) [43]. These agents activate the NLRP3 
protein, which leads to its oligomerization and then to the 
recruitment of ASC molecules culminating in formation of the 
NLRP3 inflammasome (Figure 2), while ASC connects NLRP3 to 
caspase-1 allowing its activation. When activated, caspase-1 can 
cleave pro-IL-1β to produce IL-1β, specifically its mature, active, 
secreted form. Once IL-1β leaves the cell, it binds to the IL-1 
receptor leading to inflammation (Figure 3). 

Furthermore, activated caspase-1 can cleave gasdermin D 
(GSDMD) leading to lytic cell death known as pyroptosis. N-
GSDMD perforates the cell membrane to form non-selective pores 
with an internal diameter of 10-14 nm, causing cell swelling and 
pyroptosis [44]. On the other hand, caspase-1 also cleaves IL-1β 
and IL-18 precursors to form mature IL-1β and IL-18, which are 
released through the pore created by GSDMD, resulting in 
pyroptosis [45, 46]. Pyroptosis also leads to the release of damage-
associated molecular patterns (DAMPs), such as high mobility 
group box 1 (HMGB1) and lactate dehydrogenase (LDH), which 
recruit immune cells and further enhance inflammation [47]. 
GSDMD perforates the cell membrane forming nonselective pores, 
which subsequently leads to water influx, lysis, and cell death. 
Activated caspase-1 not only cleaves GSDMD, which leads to the 
formation of N-GSDMD and induces pyroptosis, but also processes 
IL-1β/IL-18 precursors, causing the release of IL-1β/IL-18 through 
the pores [47, 48]. High levels of pyroptosis can aggravate 
inflammatory symptoms leading to cell death and severe tissue 
and organ failure [49]. It currently remains unresolved whether 
cell death is required for IL-1β release. An attractive hypothesis 
suggests that because caspase-1 is required for both pyroptosis 
and cleavage of IL-1β, IL-1β is passively released following plasma 
membrane rupture along with DAMPs and intracellular cytosolic 
proteins such as LDH. Recent studies using single-cell imaging 
technology on monocyte cell lines or macrophages suggested that 
cell death is inevitable following caspase-1 activation, and 
therefore IL-1β is released solely from dying cells [50, 51].  

 

Pyroptosis in COVID-19 and asthma 

Cells activated by the coronavirus stimulate multiple 
inflammatory pathways, leading to hyperinflammation and 
cytokine storm, which deters the spread of the virus in the body. 
At the same time, hyperinflammation contributes to tissue 
damage by causing acute respiratory distress syndrome and 
multiple organ failure [52]. These processes are observed in the 
peripheral blood of patients in the form of considerable cell death 
in the leukocytes. Pyroptosis is one of such cell death mechanisms 
in coronavirus infection [53] (Figure 3). On the one hand, it 
deprives SARS-CoV-2 of its replicative niche via causing lysis of 
infected cells, subjecting the virus to extracellular immune 
response. However, SARS-CoV-2 has developed complex 
mechanisms to employ this mode of cell death for its own survival, 
replication, and dissemination. Viral products of SARS-CoV-2 
modulate various key components of the pyroptotic pathways, 
including caspase and gasdermin. Pyroptosis induced by SARS-CoV-
2 contributes to the development of the pathological process by 
causing outflow of the intracellular contents. Thus, pyroptosis is an 
important immunopathogenesis mechanism in COVID-19 [47, 48, 
54]. Proinflammatory factors originating from pyroptotic cells 
enter the lungs and other organs through the circulation, 
ultimately leading to multiple organ involvement in COVID-19 [55]. 
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Figure 3. Diagram of coronavirus-mediated immune cell damage leading to cell death and hyperinflammatory response. 

 

 

Pyroptosis in COVID-19 involves various subpopulations of 
immune cells. In a study by A.C. Ferreira et al., monocytes isolated 
from patients with severe COVID-19 demonstrated high activation 
of caspase-1 accompanied by intense death of monocytes. It has 
been demonstrated that SARS-CoV-2 infection induce pyroptotic 
cell death in human microvascular endothelial cells, which coincide 
with the activation of the NLRP3/caspase-1 signaling cascade and 
the maturation of IL-1β [56]. This contributes to the disruption of 
the pulmonary endothelial barrier and induced neutrophil 
recruitment, leading to a state of hyperergic inflammation [57,58]. 
Pyroptotic macrophages that phagocytize viruses may trigger the 
release of numerous alarmins, such as cytokines, chemokines, 
LDH, and reactive oxygen species, leading to a rapid response from 
neighboring immune cells and a chain reaction of pyroptosis. 
Pyroptosis may contribute to the release of viral components into 
circulating blood leading to the formation of immune complexes 
and the accumulation of immune cells in target tissues, thereby 
triggering a critical inflammatory cascade. Alveolar macrophage 
pyroptosis causes acute lung injury, promoting the infiltration of 
neutrophils and macrophages into lung tissues and increasing the 
levels of proinflammatory cytokines (e.g., IL-1β, IL-6, and TNF-α) 
[59, 61]. These events contribute to excessive release of 
inflammation mediators, cell death, and further recruitment of 
innate immune cells in patients with COVID-19. Additionally, 
pyroptotic immune cells secreting proinflammatory cytokines IL-1β 
and IL-6 may aggravate lymphopenia, thereby contributing to 
adaptive immune dysfunction in COVID-19 [62]. It is worth noting 
that suppressing pyroptosis in macrophages may alleviate 
abnormal blood coagulation by preventing the release of tissue 
factor, which acts as the initiator of coagulation cascades in 
patients with COVID-19 [63]. 

In recent years, some studies showed that bronchopulmonary 
pathology also involves pyroptotic mechanisms in its pathogenesis 
[60,64]. Pyroptosis plays an important role in airway remodeling in 

asthma [64]. Epithelial cell pyroptosis may represent a pathological 
mechanism contributing to inflammatory airway damage [65]. 
Among the various asthma phenotypes, pyroptosis seems more 
closely associated with severe, corticosteroid-resistant 
neutrophilic asthma [66]. There is a correlation between the level 
of pyroptosis and airway inflammation, symptom control, and lung 
function in neutrophilic asthma. Some authors discovered that in 
the airways of patients with severe asthma, there are numerous 
activated neutrophils, and extracellular neutrophil traps and their 
products may stimulate pyroptosis, which could be a decisive 
cause of insensitivity to glucocorticoid treatment [67]. Some 
researchers conducted transcriptomic sequencing of the lungs in 
three different phenotypes of asthma (eosinophilic, mixed, and 
neutrophilic), which demonstrated that genes associated with 
pyroptosis, such as Nlrp3, Nlrc4, Casp-1, and IL-1β, were 
frequently encountered in neutrophilic asthma [68]. In the process 
of transitioning from eosinophilic asthma to glucocorticoid-
resistant neutrophilic asthma, the pyroptotic pathway in lung 
tissue is noticeably activated, and targeted blockade of pyroptotic 
signaling can impede this transitional process [69, 70]. These 
findings imply that pyroptosis may contribute to the development 
of refractory corticosteroid-resistant neutrophilic asthma and 
therefore should be a potential therapeutic target. 

Clinical and experimental studies demonstrated the 
association between pyroptosis and the severity of COVID-19 in 
severe asthma. It was established that pyroptosis is associated 
with the development of critical conditions after infection with the 
novel coronavirus in patients with severe asthma [71]. It is likely 
that antecedent severe asthma may enhance pyroptosis induced 
by SARS-CoV-2 infection, and targeted correction of pyroptosis can 
be a promising method of treating COVID-19 in this category of 
patients [72, 73]. 
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Figure 4. Neutrophil traps. 

In Figures 4a, 4b, arrows indicate neutrophil traps. In Figure 4b, the neutrophil trap takes up almost the entire image. Photos were taken using Zen software 
with AxioCam ER5s Con. 

 

NETosis in COVID-19 and asthma 

In addition to pyroptosis, inflammatory diseases initiate an 
alternative form of cell death known as NETosis. The term 
‘NETosis’ refers to the process of neutrophil death accompanied 
by extrusion of DNA networks and formation of neutrophil 
extracellular traps (NETs) [74, 75]. Histones and antimicrobial 
proteins aggregate within the decondensed DNA structure, serving 
as a scaffold for trapping pathogens [76]. The formation of NETs 
can be triggered by various inducers, including microorganisms, 
bacterial components, activated platelets, complement peptides, 
autoantibodies and interleukins. IL-18 released during NLRP3 
assembly induces NETosis [77]. In turn, NET formation activates 
NLRP3 assembly [77]. The antimicrobial function of NETs is 
associated with the destruction of microorganisms and the 
prevention of their spread. However, viruses that produce 
nucleases can destroy traps and be released from them, facilitating 
the spread of the virus beyond the site of entry [78-80]. 

NETs promote blood coagulation by dysregulation during viral 
infections, which is especially relevant given the massive 
neutrophil infiltration of pulmonary capillaries in COVID-19 [81, 
82]. Circulating neutrophils in the blood of patients with COVID-19 
exhibit increased activation of NETs [81, 82]. NETs affect the 
coagulation system by inducing the expression of tissue factor by 
captured leukocytes and monocytes. NETs can trap platelets and 
modulate platelet activation, adhesion, and aggregation. The 
synthesis of NETs in the microcirculatory system promotes the 
formation of microthrombi there [83, 84]. 

The appearance of a significant number of neutrophil traps 
may be associated with existing chronic conditions in patients who 
suffered from coronavirus infection. Interestingly, the formation of 
NETs has also been described in bronchopulmonary pathologies, in 
particular in bronchial asthma [85, 86]. Studies have documented 
the formation of NETs in a specific asthma phenotype: neutrophilic 
asthma. Excessive trap formation is associated with an increase in 
the intensity of the inflammatory response. NETs have been found 
to cause airway obstruction by increasing cell-rich aggregates in 
the small airways [87]. These findings suggested that increased 

NET formation in patients with asthma may be associated with 
disease severity. It was demonstrated that NETs can disrupt the 
integrity of the airway epithelium, causing cell death and 
detachment, thereby leading to increased epithelial permeability. 
Besides, NETs stimulate epithelial cells to produce IL-8, which can 
generate a positive feedback loop to attract more neutrophils to 
the airways and activate them, which exacerbates the 
inflammatory response [87]. 

Some published sources described abnormal immune 
responses in peripheral blood in patients with simultaneous 
COVID-19 and asthma [88, 89]. For example, it has been shown 
that six months after coronavirus infection, patients with asthma 
exhibited high levels of NETs in their peripheral blood, which may 
indicate a hyperactivation of their immune response [90] (Figures 
4a, 4b). 

It was also revealed that the products of NETosis stimulate 
type 17 T helper cells, leading to the secretion of IL-17, thereby 
resulting in an extended uncontrolled inflammatory process [91, 
92]. Clearly, excessive formation of NETs can have serious 
consequences. Increased trap formation may serve as a diagnostic 
criterion for differentiating various phenotypes of chronic 
obstructive respiratory diseases predicting disease progression 
and determining disease severity [92]. However, it is essential to 
more precisely define their role in the mechanisms of various 
diseases, as this may lead to the development of more effective 
diagnostic and treatment methods. 

 

Features of the inflammasome-mediated response in asthma 
and asthma with COVID-19 

Since recently, chronic inflammatory lung diseases were 
associated with activation of the inflammasome pathway [93]. 
Recent reports revealed that NLRP3-related inflammatory 
response is a key factor in the pathogenesis of asthma [94]. It was 
found that the expression of NLRP3 and caspase-1 in 
bronchoalveolar lavage (BAL) of asthma patients is higher than in 
healthy individuals [95]. The expression of NLRP3 and IL-18 is also 
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increased in the airway epithelium of asthmatic patients vs. 
healthy controls [96]. Some animal studies demonstrated that 
activation of NLRP3, caspase-1, and IL-1β causes steroid-resistant 
neutrophilic inflammation and airway hyperresponsiveness. 
Several studies established an association between NLRP3 
activation, IL-1β levels, and NET formation in severe asthma. 
Sputum NLRP3 and IL-1β gene expression levels were higher in 
severe asthma, compared with mild asthma, and were associated 
with both increased sputum neutrophil counts and poorer lung 
function [97]. 

Other studies demonstrated the involvement of the 
inflammatory pathway in patients with different asthma 
phenotypes [98]. Some evidence suggests that NLRP3 promotes 
the activation of allergen-specific Th2 cells. Animal models 
confirmed that NLRP3 plays an important role in the development 
of allergic asthma [99]. Inflammatory activation of NLRP3 may 
promote the production of the cytokines TNF-α and IL-13 and 
participate in the pathogenesis of mucus hypersecretion in the 
airways [99]. Nlrp3-/- mice were shown to have smaller eosinophil 
recruitment and less mucus secretion in the airways. Additionally, 
NLRP3 in bronchial epithelial cells or Th2 cells was demonstrated 
to promote type II immune response in eosinophilic asthma [100, 
101].  

Neutrophilic asthma deserves special attention, since 
neutrophilic pneumonia is closely associated with disease severity 
and resistance to traditional corticosteroid therapy. J.L. Simpson et 
al. showed on experimental animals that the expression of NLRP3 
genes was higher in neutrophilic asthma vs. eosinophilic asthma. 
Recent studies revealed that the pathogenetic mechanism of 
neutrophilic asthma is associated with the activation of NLRP3, IL-
1β, caspase-1 and IL-18 [102]. IL-1β is a well-known inducer of 
neutrophilia, potentially contributing to significant airway 
inflammation [103]. IL-18 triggers numerous proinflammatory 
responses and is involved in airway hyperresponsiveness [103]. In 
a mouse model of asthma, animals deficient in IL-18 exhibited 
reduced neutrophilic inflammation and airway remodeling [104]. 
Furthermore, recent evidence established that IL-1β and IL-18 act 
synergistically with IL-23 to promote Th17 cell differentiation and 
IL-17A production, thereby stimulating neutrophilic airway 
inflammation [103, 104]. Increased expression of NLRP3 may 
promote the differentiation of CD4 cells into Th17 cells, and IL-17 
expressed by Th17 cells may in turn promote NLRP3 expression, 
suggesting a positive feedback regulatory mechanism between 
NLRP3 and Th17 [102]. Blocking the NLRP3/caspase-1/IL-1 
pathway significantly reduces airway hyperresponsiveness, inhibits 
the infiltration of inflammatory cells in the bronchi, reduces their 
number in bronchoalveolar lavage fluid, and shifts the balance of 
Th17/Treg cells towards Tregs in asthmatic patients with 
neutrophilic airway inflammation. As shown by Ling Chen et al. 
(2022), inhibition of NLRP3 activation increases Foxp3 mRNA 
expression and Treg immunological response, thereby helping to 
restore Th17/Treg balance in asthma patients [102]. 

A study by Jack Seok-Jin described those differences in levels 
of inflammasome activation across different asthma phenotypes 
may be due to contributions from both neutrophils and 
macrophages. The importance of neutrophil inflammasome NLRP3 
was recently demonstrated by Xiangyong Que et al. [105], while 
several other studies showed that genetic variations in NLRP3 lead 
to delayed neutrophil apoptosis affecting the resolution of 
inflammation [105]. Putative disturbances in the inflammatory 
response in patients with asthma may be associated with the 

influence of viral, bacterial and allergenic products, as well as 
cytokines on the initiation of the inflammatory signaling pathway. 
The development of a Th17-oriented phenotype may be key to the 
development of an inappropriate immune response driven by 
inflammation. IL-17 can significantly increase the mRNA levels of 
IL-1β, IL-18, NLRP3 and caspase-1 [102]. Perhaps this creates 
conditions for chronic inflammatory process, which leads, as a 
consequence, to the formation of a vicious circle. Further studies 
are needed to elucidate the specific contribution of 
inflammasomes to the development of neutrophilic asthma.  

Recent studies confirmed that NLRP3 inflammasome plays a 
critical role in the pathobiology of COVID-19 [89, 94, 97, 106]. It 
was revealed that the expression of NLRP3, ASC, caspase-1, IL-1β, 
IL-6 and TNF-α genes is significantly increased in the lungs of 
COVID-19 patients [107]. Using single-cell RNA sequencing of nasal 
swab samples from patients in the early stages of COVID-19, 
several clusters of macrophages and dendritic cells containing an 
activated NLRP3 inflammasome were described. Possible 
mechanisms of NLRP3 inflammasome activation induced by SARS-
CoV-2 are primarily based on canonical activation pathways [95]. 
Accumulating evidence suggests that activation of NLRP3 is critical 
in the pathogenesis of asthma [94, 96]. Although NLRP3 promotes 
clearance of pathogens from the respiratory tract, persistent 
activation of NLRP3 by inhaled irritants and environmental 
allergens can lead to exacerbation of asthma [96]. 

The development of the NLRP3 inflammatory response in 
COVID-19 largely depends on the underlying conditions associated 
with bronchopulmonary pathology and its specific phenotype. It 
was established that antecedent asthmatic inflammation 
significantly influences SARS-CoV-2-induced NLRP3 activation in 
mouse lungs [108]. As expected, IL-1β blockade significantly 
reduced SARS-CoV-2-induced lung inflammation in these mice. 
Transcriptomic analysis of mouse lung tissue confirmed these 
results [109]. Analysis of a national cohort demonstrated higher 
severity of COVID-19 in patients with asthma who require systemic 
corticosteroids. W. Gao and J. Gong showed that the eosinophilic 
asthma phenotype plays a protective role during both SARS-CoV-2 
infection and COVID-19. Meanwhile, the neutrophilic phenotype 
has an increased risk of infection and the development of severe 
forms of COVID-19. As the analysis of pathophysiological 
mechanisms presented in this review has shown, the development 
of an inflammasome-mediated response plays a key role in this 
process [100, 103]. 

 

Conclusion 

Hence, the immune response mediated by inflammasomes 
plays an important role in protecting the body from infection, but 
inadequate activation of inflammasomes significantly contributes 
to the pathogenesis of a number of diseases, including COVID-19 
and bronchopulmonary pathology. Activation of inflammasomes 
causes a complex set of disorders: severe inflammation, 
disseminated intravascular coagulation and prolonged recovery 
after coronavirus infection. Understanding the role of the 
inflammasome-mediated inflammatory response in asthma and 
COVID-19-induced asthma is critical for the development of 
biomarkers in combination with novel therapeutic agents. To 
develop standards of therapy and preventive measures, further 
detailed study of the characteristics of systemic inflammation in 
patients with bronchial asthma after COVID-19 is required. 

 



 

ISSN 2304-3415, Russian Open Medical Journal 7 of 10 

2024. Volume 13. Issue 2 (June). Article CID e0201 
DOI: 10.15275/rusomj.2024.0201 

Physiology and Pathophysiology 

 

[ 

© 2024, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

Funding 

No external funding was provided. 

 

Conflict of interest 

The authors declare no conflicts of interest. 

 

References 

1. Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta 
Biomed 2020; 91(1): 157-160. 
https://doi.org/10.23750/abm.v91i1.9397.  

2. Li X, Wang W, Zhao X, Zai J, Zhao Q, Li Y, Chaillon A. Transmission 
dynamics and evolutionary history of 2019-nCoV. J Med Virol 2020; 
92(5): 501-511. https://doi.org/10.1002/jmv.25701.  

3. Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, et al. 
Post-discharge persistent symptoms and health-related quality of life 
after hospitalization for COVID-19. J Infect 2020; 81(6): e4-e6. 
https://doi.org/10.1016/j.jinf.2020.08.029.  

4. Ovsyannikov ES, Avdeev SN, Budnevskiy AV, Drobysheva ES, 
Savushkina IA. Bronchial Asthma and COVID-19: Comorbidity Issues. 
Tuberculosis and Lung Diseases 2021; 99(9): 6-14. 
https://doi.org/10.21292/2075-1230-2021-99-9-6-14. Russian. 

5. World Health Organization. Infection Prevention and Control During 
Health Care When COVID-19 is Suspected. 2020; 5 p. 
https://www.who.int/publications/i/item/10665-331495.  

6. Nenasheva NM. T2 asthma and T2-associated diseases: A consolidated 
approach to biological therapy. Russian Journal of Allergy 2020; 17(3): 
34-49. https://doi.org/10.36691/RJA1390.  

7. Zabozlaev FG, Kravchenko EV, Gallyamova AR, Letunovskiy NN. 
Pulmonary pathology of the new coronavirus disease (COVID-19). The 
preliminary analysis of post-mortem findings. Journal of Clinical 
Practice 2020; 11(2): 21-37. https://doi.org/10.17816/clinpract34849.  

8. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA, 
et al. Virological assessment of hospitalized patients with COVID-2019. 
Nature 2020; 581(7809): 465-469. https://doi.org/10.1038/s41586-
020-2196-x.  

9. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-
19 Among Children in China. Pediatrics. 2020; 145(6): e20200702. 
https://doi.org/10.1542/peds.2020-0702.  

10. Huang Y, Lau SK, Woo PC, Yuen KY. CoVDB: A comprehensive database 
for comparative analysis of coronavirus genes and genomes. Nucleic 
Acids Res 2008; 36(Database issue): D504-D511. 
https://doi.org/10.1093/nar/gkm754.  

11. Kucharski AJ, Russell TW, Diamond C, Liu Y, Edmunds J, Funk S, et al. 
Early dynamics of transmission and control of COVID-19: A 
mathematical modelling study. Lancet Infect Dis 2020; 20(5): 553-558. 
https://doi.org/10.1016/s1473-3099(20)30144-4.  

12. Babkina AS, Golubev AM, Ostrova IV, Alexei V. Volkov AV, Kuzovlev AN. 
Brain morphological changes in COVID-19. General Reanimatology 
2021; 17(3): 4-15. Russian. https://doi.org/10.15360/1813-9779-2021-
3-1-0.  

13. Amirov NB, Davletshina EI, Vasilieva AG, Fatykhov RG. Postcovid 
syndrome: multisystem "deficits". The Bulletin of Contemporary 
Clinical Medicine 2021; 14(6): 94-104. Russian. 
https://doi.org/10.20969/VSKM.2021.14(6).94-104.  

14. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, 
Erichsen, et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 
and is blocked by a clinically proven protease inhibitor. Cell 2020; 
181(2): 271-280.e8. https://doi.org/10.1016/j.cell.2020.02.052.  

15. Vitkina TI, Lobova TG. Dynamics of peripheral blood parameters in 
healthy volunteers who underwent COVID-19. In: Lazareva NV, Ed. 
Relevant Issues of Pathophysiology. Proceedings of the International 
Scientific and Practical Conference. Chita 2022: 39-41. 
https://elibrary.ru/item.asp?id=49793681.  

16. Reddel HK, Bacharier LB, Bateman ED, Brightling CE, Brusselle GG, Buhl 
R, et al. Global Initiative for Asthma Strategy 2021: Executive summary 
and rationale for key changes. Am J Respir Crit Care Med 2022; 205(1): 
17-35. https://doi.org/10.1164/rccm.202109-2205pp.  

17. Kelley N, Jeltema D, Duan Y, He Y. The NLRP3 Inflammasome: An 
overview of mechanisms of activation and regulation. Int J Mol Sci 
2019; 20(13): 3328. https://doi.org/10.3390/ijms20133328.  

18. Embry CA, Franchi L, Nuñez G, Mitchell TC. Mechanism of impaired 
NLRP3 inflammasome priming by monophosphoryl lipid A. Sci Signal 
2011; 4(171): ra28. https://doi.org/10.1126/scisignal.2001486.  

19. Duewell P, Kono H, Rayner KJ, Sirois CM, Vladimer G, Bauernfeind FG, 
et al. NLRP3 inflammasomes are required for atherogenesis and 
activated by cholesterol crystals. Nature 2010; 464(7293): 1357-1361. 
Erratum in: Nature. 2010; 466(7306): 652. 
https://doi.org/10.1038/nature08938.  

20. Kanneganti TD, Ozören N, Body-Malapel M, Amer A, Park JH, Franchi L, 
et al. Bacterial RNA and small antiviral compounds activate caspase-1 
through cryopyrin/Nalp3. Nature 2006; 440(7081): 233-236. 
https://doi.org/10.1038/nature04517.  

21. Williams EJ, Negewo NA, Baines KJ. Role of the NLRP3 inflammasome 
in asthma: Relationship with neutrophilic inflammation, obesity, and 
therapeutic options. J Allergy Clin Immunol 2021; 147(6): 2060-2062. 
https://doi.org/10.1016/j.jaci.2021.04.022.  

22. Im H, Ammit AJ. The NLRP3 inflammasome: Role in airway 
inflammation. Clin Exp Allergy 2014; 44(2): 160-172. 
https://doi.org/10.1111/cea.12206.  

23. Theofani E, Semitekolou M, Morianos I, Samitas K, Xanthou G. 
Targeting the activation of NLRP3 inflammasome in severe asthma. J 
Clin Med 2019; 8(10): 1615. https://doi.org/10.3390/jcm8101615.  

24. Que X, Zheng S, Song Q, Pei H, Zhang P. Fantastic voyage: The journey 
of NLRP3 inflammasome activation. Genes Dis 2023; 11(2): 819-829. 
https://doi.org/10.1016/j.gendis.2023.01.009.  

25. Man SM, Karki R, Sasai M, Place DE, Kesavardhana S, Temirov J. 
IRGB10 liberates bacterial ligands for sensing by the AIM2 and 
caspase-11-NLRP3 inflammasomes. Cell 2016; 167(2): 382-396.e17. 
https://doi.org/10.1016/j.cell.2016.09.012.  

26. Shenoy AR, Wellington DA, Kumar P, Kassa H, Booth CJ, Cresswell P, et 
al. GBP5 promotes NLRP3 inflammasome assembly and immunity in 
mammals. Science 2012; 336(6080): 481-485. 
https://doi.org/10.1126/science.1217141.  

27. Pirozhkov SV, Litvitskiy PF. Inflammasomal diseases. Immunologiya 
2018; 39(2-3): 158-165. Russian. https://doi.org/10.18821/0206-4952-
2018-39-2-3-158-165.  

28. Bossaller L, Chiang PI, Schmidt-Lauber C, Ganesan S, Kaiser WJ, 
Rathinam VA, et al. Cutting edge: FAS (CD95) mediates noncanonical 
IL-1beta and IL-18 maturation via caspase-8 in an RIP3-independent 
manner. J Immunol 2012; 189(12): 5508-5512. 
https://doi.org/10.4049/jimmunol.1202121.  

29. Yu P, Zhang X, Liu N, Tang L, Peng C, Chen X. Pyroptosis: Mechanisms 
and diseases. Signal Transduct Target Ther 2021; 6(1): 128. 
https://doi.org/10.1038/s41392-021-00507-5.  

30. Vartanyan AA, Kosorukov VS. Pyroptosis as Inflammatory Cell Death. 
Clinical Oncohematology 2020; 13(2): 129-135. Russian. 
https://doi.org/10.21320/2500-2139-2020-13-2-129-135.  

31. Mao L, Kitani A, Hiejima E, Montgomery-Recht K, Zhou V, Fass I, et al. 
Bruton tyrosine kinase deficiency increases the activation of NLRP3 
inflammation and causes IL-1β-mediated colitis. J Clin Invest 2020; 
130(4): 1793-1807. https://doi.org/10.1172/jci128322.  

32. Yang F, Wang T, Yan P, Li W, Kong J, Zong Y, et al. Identification of 
pyroptosis-related subtypes and establishment of prognostic model 
and immune characteristics in asthma. Front Immunol 2022; 13: 
937832 https://doi.org/10.3389/fimmu.2022.937832.  

33. Chen L, Hou W, Liu F, Zhu R, Lv A, Quan W, et al. Blockade of 
NLRP3/caspase-1/IL-1β regulated Th17/Treg immune imbalance and 
attenuated the neutrophilic airway inflammation in an ovalbumin-

https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.1002/jmv.25701
https://doi.org/10.1016/j.jinf.2020.08.029
https://doi.org/10.21292/2075-1230-2021-99-9-6-14
https://www.who.int/publications/i/item/10665-331495
https://doi.org/10.36691/RJA1390
https://doi.org/10.17816/clinpract34849
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1093/nar/gkm754
https://doi.org/10.1016/s1473-3099(20)30144-4
https://doi.org/10.15360/1813-9779-2021-3-1-0
https://doi.org/10.15360/1813-9779-2021-3-1-0
https://doi.org/10.20969/VSKM.2021.14(6).94-104
https://doi.org/10.1016/j.cell.2020.02.052
https://elibrary.ru/item.asp?id=49793681
https://doi.org/10.1164/rccm.202109-2205pp
https://doi.org/10.3390/ijms20133328
https://doi.org/10.1126/scisignal.2001486
https://doi.org/10.1038/nature08938
https://doi.org/10.1038/nature04517
https://doi.org/10.1016/j.jaci.2021.04.022
https://doi.org/10.1111/cea.12206
https://doi.org/10.3390/jcm8101615
https://doi.org/10.1016/j.gendis.2023.01.009
https://doi.org/10.1016/j.cell.2016.09.012
https://doi.org/10.1126/science.1217141
https://doi.org/10.18821/0206-4952-2018-39-2-3-158-165
https://doi.org/10.18821/0206-4952-2018-39-2-3-158-165
https://doi.org/10.4049/jimmunol.1202121
https://doi.org/10.1038/s41392-021-00507-5
https://doi.org/10.21320/2500-2139-2020-13-2-129-135
https://doi.org/10.1172/jci128322
https://doi.org/10.3389/fimmu.2022.937832


 

ISSN 2304-3415, Russian Open Medical Journal 8 of 10 

2024. Volume 13. Issue 2 (June). Article CID e0201 
DOI: 10.15275/rusomj.2024.0201 

Physiology and Pathophysiology 

 

[ 

© 2024, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

induced murine model of asthma. J Immunol Res 2022; 2022: 9444227. 
https://doi.org/10.1155/2022/9444227.  

34. Amenta EM, Spallone A, Rodriguez-Barradas MC, El Sahly HM, Atmar 
RL, Kulkarni PA. Postacute COVID-19: An overview and approach to 
classification. Open Forum Infect Dis 2020; 7(12): ofaa509. 
https://doi.org/10.1093/ofid/ofaa509.  

35. Hong Z, Zhang X, Zhang T, Hu L, Liu R, Wang P, et al. The 
ROS/GRK2/HIF-1α/NLRP3 pathway mediates pyroptosis of fibroblast-
like synoviocytes and the regulation of monomer derivatives of 
paeoniflorin. Oxid Med Cell Longev 2022; 2022: 4566851. 
https://doi.org/10.1155/2022/4566851.  

36. Wang M, Chang W, Zhang L, Zhang Y. Pyroptotic cell death in SARS-
CoV-2 infection: Revealing its roles during the immunopathogenesis of 
COVID-19. Int J Biol Sci 2022; 18(15): 5827-5848. 
https://doi.org/10.7150/ijbs.77561. 

37. Ferreira AC, Soares VC, de Azevedo-Quintanilha IG, Dias SDSG, 
Fintelman-Rodrigues N, Sacramento CQ, et al. SARS-CoV-2 engages 
inflammasome and pyroptosis in human primary monocytes. Cell 
Death Discov 2021; 7(1): 43. Erratum in: Cell Death Discov 2021; 7(1): 
116. https://doi.org/10.1038/s41420-021-00428-w.  

38. Liu J, Fan G, Tao N, Sun T. Role of Pyroptosis in Respiratory Diseases 
and its Therapeutic Potential. J Inflamm Res 2022; 15: 2033-2050. 
https://doi.org/10.2147/jir.s352563.  

39. Tsai YM, Chiang HH, Hung Ji, Chang WA, Lin HP, Shieh JM, et al. Der f1 
induces pyroptosis in the human bronchial epithelium through the 
NLRP3 inflammasome. Int J Mol Med 2018; 41(2): 757-764. 
https://doi.org/10.3892/ijmm.2017.3310.  

40. Zhuang J, Cui H, Zhuang L, Zhai Z, Yang F, Luo G, et al. Bronchial 
epithelial pyroptosis promotes airway inflammation in a murine model 
of toluene diisocyanate-induced asthma. Biomed Pharmacother 2020; 
125: 109925. https://doi.org/10.1016/j.biopha.2020.109925.  

41. Ge X, Cai F, Shang Y, Chi F, Xiao H, Xu J, et al. PARK2 attenuates house 
dust mite-induced inflammatory reaction, pyroptosis and barrier 
dysfunction in BEAS-2B cells by ubiquitinating NLRP3. Am J Transl Res 
2021; 13(1): 326-335. https://pubmed.ncbi.nlm.nih.gov/33527027.  

42. Panganiban RA, San M, Dalin A, Park HR, Kan M, Himes BE, et al. A 
functional splice variant associated with decreased asthma risk 
abolishes the ability of gasdermin B to induce epithelial cell pyroptosis. 
J Allergy Clin Immunol 2018; 142(5): 1469-1478.e2. 
https://doi.org/10.1016/j.jaci.2017.11.040.  

43. Peraro M, van der Goot F. Pore-forming toxins: ancient, but never 
really out of fashion. Nat Rev Microbiol 2016; 14: 77–92. 
https://doi.org/10.1038/nrmicro.2015.3.  

44. Wu C, Lu W, Zhang Y, Zhang G, Shi X, Hisada Y, et al. Inflammasome 
activation triggers blood clotting and host death through pyroptosis. 
Immunity 2019; 50(6): 1401-1411.e4. 
https://doi.org/10.1016/j.immuni.2019.04.003. 

45. Marcos V, Zhou-Suckow Z, Önder Yildirim A, Bohla A, Hector A, Vitkov 
L, et al. Free DNA in cystic fibrosis airway fluids correlates with airflow 
obstruction. Mediators Inflamm 2015; 2015: 408935. 
https://doi.org/10.1155/2015/408935.  

46. Meijer M, Rijkers GT, van Overveld FJ. Neutrophils and emerging 
targets for treatment in chronic obstructive pulmonary disease. Expert 
Rev Clin Immunol 2013; 9(11): 1055-1068. 
https://doi.org/10.1586/1744666X.2013.851347.  

47. Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer: 
Neutral no more. Nat Rev Cancer 2016; 16(7): 431-446. 
https://doi.org/10.1038/nrc.2016.52.  

48. Park J, Wysocki RW, Amoozgar Z, Maiorino L, Fein MR, Jorns J, et al. 
Cancer cells induce metastasis-supporting neutrophil extracellular DNA 
traps. Sci Transl Med 2016; 8(361): 361ra138. 
https://doi.org/10.1126/scitranslmed.aag1711. 

49. Simpson JL, Phipps S, Baines KJ, Oreo KM, Gunawardhana L, Gibson 
PG. Elevated expression of the NLRP3 inflammasome in neutrophilic 

asthma. Eur Respir J 2014; 43(4): 1067-1076. 
https://doi.org/10.1183/09031936.00105013.  

50. Krishnamoorthy N, Douda DN, Brüggemann TR, Ricklefs I, Duvall MG, 
Abdulnour RE, et al. Neutrophil cytoplasts induce TH17 differentiation 
and skew inflammation toward neutrophilia in severe asthma. Sci 
Immunol 2018; 3(26): eaao4747. 
https://doi.org/10.1126/sciimmunol.aao4747.  

51. Martín-Sánchez F, Diamond C, Zeitler M, Gomez AI, Baroja-Mazo A, 
Bagnall J, et al. Inflammasome-dependent IL-1β release depends upon 
membrane permeabilisation. Cell Death Differ 2016; 23: 1219-1231. 
https://doi.org/10.1038/cdd.2015.176.  

52. Henry BM, de Oliveira MHS, Cheruiyot I, Benoit J, Rose J, Favaloro EJ, 
et al. Cell-Free DNA, Neutrophil extracellular traps (NETs), and 
Endothelial Injury in Coronavirus Disease 2019- (COVID-19-) Associated 
Acute Kidney Injury. Mediators Inflamm 2022; 2022: 9339411. 
https://doi.org/10.1155/2022/9339411.  

53. Sun J, Li Y. Pyroptosis and respiratory diseases: A review of current 
knowledge. Front Immunol 2022; 13: 920464. 
https://doi.org/10.3389/fimmu.2022.920464. 

54. Jeong JS, Choi JY, Kim JS, Park SO, Kim W, Yoon YG, et al. SARS-CoV-2 
infection in severe asthma is associated with worsening of COVID-19 
through respiratory NLRP3 inflammasome activation. Allergy 2023; 
78(1): 287-290. https://doi.org/10.1111/all.15452.  

55. Yipp BG, Kubes P. NETosis: how vital is it? Blood 2013; 122(16): 2784-
2794. https://doi.org/10.1182/blood-2013-04-457671.  

56. Fuchs TA, Brill A, Wagner DD. Neutrophil extracellular trap (NET) 
impact on deep vein thrombosis. Arterioscler Thromb Vasc Biol 2012; 
32(8): 1777-1783. https://doi.org/10.1161/ATVBAHA.111.242859.  

57. Dwyer M, Shan Q, D'Ortona S, Maurer R, Mitchell R, Olesen H, et al. 
Cystic fibrosis sputum DNA has NETosis characteristics and neutrophil 
extracellular trap release is regulated by macrophage migration-
inhibitory factor. J Innate Immun 2014; 6(6): 765-779. 
https://doi.org/10.1159/000363242.  

58. Fujimura K, Karasawa T, Komada T, Yamada N, Mizushina Y, Baatarjav 
C, et al. NLRP3 inflammasome-driven IL-1β and IL-18 contribute to 
lipopolysaccharide-induced septic cardiomyopathy. J Mol Cell Cardiol 
2023; 180: 58-68. https://doi.org/10.1016/j.yjmcc.2023.05.003.  

59. Jakubczyk D, Górska S. Impact of Probiotic Bacteria on Respiratory 
Allergy Disorders. Front Microbiol 2021; 12: 688137. 
https://doi.org/10.3389/fmicb.2021.688137.  

60. COVID-19 Rapid Guideline: Managing the Long-Term Effects of COVID-
19. London: National Institute for Health and Care Excellence (NICE); 
2020. https://pubmed.ncbi.nlm.nih.gov/33555768.  

61. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month 
consequences of COVID-19 in patients discharged from hospital: a 
cohort study. Lancet 2021; 397(10270): 220-232. 
https://doi.org/10.1016/s0140-6736(20)32656-8.  

62. Lunding LP, Skouras DB, Vock C, Dinarello CA, Wegmann M. The NLRP3 
inflammasome inhibitor, OLT1177®, ameliorates experimental allergic 
asthma in mice. Allergy 2022; 77(3): 1035-8. 
https://doi.org/10.1111/all.15164.  

63. Generalov SI, Ishchenko OV, Konevalova NY, Frolova AV, Zherulik SV, 
Sushkova SA, et al. Detection of neutrophils and neutrophil 
extracellular traps in biological fluids by double staining assay. 
Immunopathology, allergology, infectology 2020; (3); 21-29. 
https://www.doi.org/10.14427/jipai.2020.3.21.  

64. Middleton EA, He XY, Denorme F, Campbell RA, Ng D, Salvatore SP, et 
al. Neutrophil extracellular traps contribute to immunothrombosis in 
COVID-19 acute respiratory distress syndrome. Blood 2020; 136(10): 
1169-1179. https://doi.org/10.1182/blood.2020007008.  

65. Skendros P, Mitsios A, Chrysanthopoulou A, Mastellos DC, Metallidis S, 
Rafailidis P, et al. Complement and tissue factor-enriched neutrophil 
extracellular traps are key drivers in COVID-19 immunothrombosis. J 
Clin Invest 2020; 130(11): 6151-6157. 
https://doi.org/10.1182/blood.2020007008.  

https://doi.org/10.1155/2022/9444227
https://doi.org/10.1093/ofid/ofaa509
https://doi.org/10.1155/2022/4566851
https://doi.org/10.7150/ijbs.77561
https://doi.org/10.1038/s41420-021-00428-w
https://doi.org/10.2147/jir.s352563
https://doi.org/10.3892/ijmm.2017.3310
https://doi.org/10.1016/j.biopha.2020.109925
https://pubmed.ncbi.nlm.nih.gov/33527027
https://doi.org/10.1016/j.jaci.2017.11.040
https://doi.org/10.1038/nrmicro.2015.3
https://doi.org/10.1016/j.immuni.2019.04.003
https://doi.org/10.1155/2015/408935
https://doi.org/10.1586/1744666X.2013.851347
https://doi.org/10.1038/nrc.2016.52
https://doi.org/10.1126/scitranslmed.aag1711
https://doi.org/10.1183/09031936.00105013
https://doi.org/10.1126/sciimmunol.aao4747
https://doi.org/10.1038/cdd.2015.176
https://doi.org/10.1155/2022/9339411
https://doi.org/10.3389/fimmu.2022.920464
https://doi.org/10.1111/all.15452
https://doi.org/10.1182/blood-2013-04-457671
https://doi.org/10.1161/ATVBAHA.111.242859
https://doi.org/10.1159/000363242
https://doi.org/10.1016/j.yjmcc.2023.05.003
https://doi.org/10.3389/fmicb.2021.688137
https://pubmed.ncbi.nlm.nih.gov/33555768
https://doi.org/10.1016/s0140-6736(20)32656-8
https://doi.org/10.1111/all.15164
https://www.doi.org/10.14427/jipai.2020.3.21
https://doi.org/10.1182/blood.2020007008
https://doi.org/10.1182/blood.2020007008


 

ISSN 2304-3415, Russian Open Medical Journal 9 of 10 

2024. Volume 13. Issue 2 (June). Article CID e0201 
DOI: 10.15275/rusomj.2024.0201 

Physiology and Pathophysiology 

 

[ 

© 2024, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

66. Pham DL, Ban GY, Kim SH, Shin YS, Ye YM, Chwae YJ, et al. Neutrophil 
autophagy and extracellular DNA traps contribute to airway 
inflammation in severe asthma. Clin Exp Allergy 2017; 47(1): 57-70. 
https://doi.org/10.1111/cea.12859.  

67. Grabcanovic-Musija F, Obermayer A, Stoiber W, Krautgartner WD, 
Steinbacher P, Winterberg N, et al. Neutrophil extracellular trap (NET) 
formation characterises stable and exacerbated COPD and correlates 
with airflow limitation. Respir Res 2015; 16(1): 59. 
https://doi.org/10.1186/s12931-015-0221-7.  

68. Quax RA, Manenschijn L, Koper JW, Hazes JM, Lamberts SW, van 
Rossum EF, Feelders RA. Glucocorticoid sensitivity in health and 
disease. Nat Rev Endocrinol 2013; 9(11): 670-686. 
https://doi.org/10.1038/nrendo.2013.183.  

69. Obermayer A, Stoiber W, Krautgartner WD, Klappacher M, Kofler B, 
Steinbacher P, et al. New aspects on the structure of neutrophil 
extracellular traps from chronic obstructive pulmonary disease and in 
vitro generation. PLoS One 2014; 9(5): e97784. 
https://doi.org/10.1371/journal.pone.0097784.  

70. Wright TK, Gibson PG, Simpson JL, McDonald VM, Wood LG, Baines KJ. 
Neutrophil extracellular traps are associated with inflammation in 
chronic airway disease. Respirology 2016; 21(3): 467-475. 
https://doi.org/10.1111/resp.12730.  

71. Rodrigues TS, de Sá KSG, Ishimoto AY, Becerra A, Oliveira S, Almeida L, et 
al. Inflammasomes are activated in response to SARS-CoV-2 infection 
and are associated with COVID-19 severity in patients. J Exp Med 2021; 
218(3): e20201707. https://doi.org/10.1084/jem.20201707.  

72. Niknam Z, Jafari A, Golchin A, Danesh Pouya F, Nemati M, Rezaei-
Tavirani M, Rasmi Y. Potential therapeutic options for COVID-19: an 
update on current evidence. Eur J Med Res 2022; 27(1): 6. 
https://doi.org/10.1186/s40001-021-00626-3. 

73. Vitkina TI. Lobova T.G. Immune and Metabolic Parameters in Patients 
with Bronchial Asthma Who Have Suffered from Coronavirus Infection. 
In: Proceedings of the 10th Congress of Pulmonologists of Siberia and 
the Far East with international participation. Blagoveshchensk. 2023: 
90-93. https://elibrary.ru/item.asp?id=54521421.  

74. Chakir J, Shannon J, Molet S, Fukakusa M, Elias J, Laviolette M, et al. 
Airway remodeling-associated mediators in moderate to severe 
asthma: Effect of steroids on TGF-beta, IL-11, IL-17, and type I and type 
III collagen expression. J Allergy Clin Immunol 2003; 111(6): 1293-1298. 
https://doi.org/10.1067/mai.2003.1557.  

75. Al-Ramli W, Préfontaine D, Chouiali F, Martin JG, Olivenstein R, 
Lemière C, et al. T(H)17-associated cytokines (IL-17A and IL-17F) in 
severe asthma. J Allergy Clin Immunol 2009; 123(5): 1185-1187. 
https://doi.org/10.1016/j.jaci.2009.02.024.  

76. Muñoz-Planillo R, Kuffa P, Martínez-Colón G, Smith BL, Rajendiran TM, 
Núñez G. K⁺ efflux is the common trigger of NLRP3 inflammasome 
activation by bacterial toxins and particulate matter. Immunity 2013; 
38(6): 1142-1153. https://doi.org/10.1016/j.immuni.2013.05.016.  

77. Ma M, Li G, Qi M, Jiang W, Zhou R. Inhibition of the Inflammasome 
activity of NLRP3 attenuates HDM-induced allergic asthma. Front 
Immunol 2021; 12: 718779. 
https://doi.org/10.3389/fimmu.2021.718779.  

78. Mangan MSJ, Olhava EJ, Roush WR, Seidel HM, Glick GD, Latz E. 
Targeting the NLRP3 inflammasome in inflammatory diseases. Nat Rev 
Drug Discov 2018; 17(8): 588-606. 
https://doi.org/10.1038/nrd.2018.97.  

79. Theofani E, Semitekolou M, Morianos I, Samitas K, Xanthou G. 
Targeting NLRP3 Inflammasome activation in severe asthma. J Clin 
Med 2019; 8(10): 1615. https://doi.org/10.3390/jcm8101615.  

80. Ou H, Fan Y, Guo X, Lao Z, Zhu M, Li G, et al. Identifying key genes 
related to inflammasome in severe COVID-19 patients based on a joint 
model with random forest and artificial neural network. Front Cell 
Infect Microbiol 2023; 13: 1139998. 
https://doi.org/10.3389/fcimb.2023.1139998.  

81. Pinkerton JW, Kim RY, Robertson AAB, Hirota JA, Wood LG, Knight DA, 
et al. Inflammasomes in the lung. Molecular Immunology 2017; 86: 44-
55. https://doi.org/10.1016/j.molimm.2017.01.014.  

82. Kim RY, Pinkerton JW, Essilfie AT, Robertson AAB, Baines KJ, Brown AC, 
et al. Role for NLRP3 Inflammasome-mediated, IL-1β-Dependent 
Responses in Severe, Steroid-Resistant Asthma. Am J Respir Crit Care 
Med 2017 196(3): 283-297. https://doi.org/10.1164/rccm.201609-
1830oc.  

83. Gao W, Gong J, Mu M, Zhu Y, Wang W, Bao P. The pathogenesis of 
eosinophilic asthma: A positive feedback mechanism that promotes 
Th2 immune response via filaggrin deficiency. Front Immunol 2021; 12: 
672312. https://doi.org/10.3389/fimmu.2021.672312.  

84. Pries AR, Secomb TW. Microcirculatory network structures and 
models. Ann Biomed Eng 2000; 28(8): 916-921. 
https://doi.org/10.1114/1.1308495. 

85. Kraposhina AYu, Sobko EA. Demko IV, Kazmerchuk OV, Kacer AB, 
Abramov YuI. The role of cathepsin S in the pathophysiology of 
bronchial asthma. Bulletin of Siberian Medicine 2022; 21(3): 198–204. 
https://doi.org/10.20538/1682-0363-2022-3-198-204.  

86. Liu L, Zhou L, Wang LL, Zheng PD, Zhang FQ, Mao ZY, et al. 
Programmed cell death in asthma: Apoptosis, autophagy, pyroptosis, 
ferroptosis, and necroptosis. J Inflamm Res 2023; 16: 2727-2754. 
https://doi.org/10.2147/jir.s417801.  

87. Theofani E, Semitekolou M, Morianos I, Samitas K, Xanthou G. 
Targeting NLRP3 inflammasome activation in severe asthma. J Clin 
Med 2019; 8(10): 1615. https://doi.org/10.3390 /jcm8101615.  

88. Pan P, Du X, Zhou Q, Cui Y, Deng X, Liu C, et al. Characteristics of 
lymphocyte subsets and cytokine profiles of patients with COVID-19. 
Virol J 2022; 19(1): 57. https://doi.org/10.1186/s12985-022-01786-2.  

89. Chen R, Sang L, Jiang M, Yang Z, Jia N, Fu W, et al. Longitudinal 
hematologic and immunologic variations associated with the 
progression of COVID-19 patients in China. J Allergy Clin Immunol 
2020; 146(1): 89-100. https://doi.org/10.1016/j.jaci.2020.05.003.  

90. Dounce-Cuevas CA, Flores-Flores A, Bazán MS, Portales-Rivera V, 
Morelos-Ulíbarri AA, Bazán-Perkins B. Asthma and COVID-19: a 
controversial relationship. Virol J 2023; 20(1): 207. 
https://doi.org/10.1186/s12985-023-02174-0.  

91. Nie YJ, Wu SH, Xuan YH, Yan G. Role of IL-17 family cytokines in the 
progression of IPF from inflammation to fibrosis. Mil Med Res 2022; 
9(1): 21. https://doi.org/10.1186/s40779-022-00382-3.  

92. Zemans RL, Jacobson S, Keene J, Kechris K, Miller BE, Tal-Singer R, 
Bowler RP. Multiple biomarkers predict disease severity, progression 
and mortality in COPD. Respir Res 2017; 18(1): 117. 
https://doi.org/10.1186/s12931-017-0597-7.  

93. Sariol A, Perlman S. Lessons for COVID-19 immunity from other 
coronavirus infections. Immunity 2020; 53(2): 248-263. 
https://doi.org/10.1016/j. immuni.2020.07.005.  

94. Jiang Z, Zhu L. Update on the role of alternatively activated 
macrophages in asthma. J Asthma Allergy 2016; 9: 101-107. 
https://doi.org/10.2147/jaa.s104508.  

95. Gholaminejhad M, Forouzesh M, Ebrahimi B, Mahdavi SA, Mirtorabi 
SD, Liaghat A, et al. Formation and activity of NLRP3 inflammasome 
and histopathological changes in the lung of corpses with COVID-19. J 
Mol Histol 2022; 53(6): 883-890. https://doi.org/10.1007/s10735-022-
10101-w.  

96. Ma M, Li G, Qi M, Jiang W, Zhou R. Inhibition of the inflammasome 
activity of NLRP3 attenuates HDM-induced allergic asthma. Front Immunol 
2021; 12: 718779. https://doi.org/10.3389/fimmu.2021.718779.  

97. Chen D, Zhang Y, Yao C, Li B, Li S, Liu W, Chen R, Shi F. Increased levels 
of serum IL-17 and induced sputum neutrophil percentage are 
associated with severe early-onset asthma in adults. Allergy Asthma 
Clin Immunol 2021; 17(1): 64. https://doi.org/10.1186/s13223-021-
00568-9. 

98. Shi B, Li W, Hao Y, Dong H, Cao W, Guo J, Gao P. Characteristics of 
inflammatory phenotypes among patients with asthma: relationships 

https://doi.org/10.1111/cea.12859
https://doi.org/10.1186/s12931-015-0221-7
https://doi.org/10.1038/nrendo.2013.183
https://doi.org/10.1371/journal.pone.0097784
https://doi.org/10.1111/resp.12730
https://doi.org/10.1084/jem.20201707
https://doi.org/10.1186/s40001-021-00626-3
https://elibrary.ru/item.asp?id=54521421
https://doi.org/10.1067/mai.2003.1557
https://doi.org/10.1016/j.jaci.2009.02.024
https://doi.org/10.1016/j.immuni.2013.05.016
https://doi.org/10.3389/fimmu.2021.718779
https://doi.org/10.1038/nrd.2018.97
https://doi.org/10.3390/jcm8101615
https://doi.org/10.3389/fcimb.2023.1139998
https://doi.org/10.1016/j.molimm.2017.01.014
https://doi.org/10.1164/rccm.201609-1830oc
https://doi.org/10.1164/rccm.201609-1830oc
https://doi.org/10.3389/fimmu.2021.672312
https://doi.org/10.1114/1.1308495
https://doi.org/10.20538/1682-0363-2022-3-198-204
https://doi.org/10.2147/jir.s417801
https://doi.org/10.3390%20/jcm8101615
https://doi.org/10.1186/s12985-022-01786-2
https://doi.org/10.1016/j.jaci.2020.05.003
https://doi.org/10.1186/s12985-023-02174-0
https://doi.org/10.1186/s40779-022-00382-3
https://doi.org/10.1186/s12931-017-0597-7
https://doi.org/10.1016/j.%20immuni.2020.07.005
https://doi.org/10.2147/jaa.s104508
https://doi.org/10.1007/s10735-022-10101-w
https://doi.org/10.1007/s10735-022-10101-w
https://doi.org/10.3389/fimmu.2021.718779
https://doi.org/10.1186/s13223-021-00568-9
https://doi.org/10.1186/s13223-021-00568-9


 

ISSN 2304-3415, Russian Open Medical Journal 10 of 10 

2024. Volume 13. Issue 2 (June). Article CID e0201 
DOI: 10.15275/rusomj.2024.0201 

Physiology and Pathophysiology 

 

[ 

© 2024, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

of blood count parameters with sputum cellular phenotypes. Allergy 
Asthma Clin Immunol 2021; 17(1): 47. https://doi.org/10.1186/s13223-
021-00548-z. 

99. Xu W, Wang Y, Ma Y, Yang J. MiR-223 plays a protecting role in 
neutrophilic asthmatic mice through the inhibition of NLRP3 
inflammasome. Respir Res 2020; 21(1): 116. 
https://doi.org/10.1186/s12931-020-01374-4. 

100.Kim SR, Kim DI, Kim SH, Lee H, Lee KS, Cho SH, Lee YC. NLRP3 
inflammasome activation by mitochondrial ROS in bronchial epithelial 
cells is required for allergic inflammation. Cell Death Dis 2014; 5(10): 
e1498. https://doi.org/10.1038/cddis.2014.460. 

101.Li F, Xu M, Wang M, Wang L, Wang H, Zhang H, et al. Roles of 
mitochondrial ROS and NLRP3 inflammasome in multiple ozone-
induced lung inflammation and emphysema. Respir Res 2018; 19(1): 
230. https://doi.org/10.1186/s12931-018-0931-8. 

102.Simpson JL, Phipps S, Baines KJ, Oreo KM, Gunawardhana L, Gibson 
PG. Elevated expression of the NLRP3 inflammasome in neutrophilic 
asthma. Eur Respir J 2014; 43(4): 1067-1076. 
https://doi.org/10.1183/09031936.00105013.  

103.Mahmutovic Persson I, Menzel M, Ramu S, Cerps S, Akbarshahi H, Uller 
L. IL-1β mediates lung neutrophilia and IL-33 expression in a mouse 
model of viral-induced asthma exacerbation. Respir Res 2018; 19(1): 
16. https://doi.org/10.1186/s12931-018-0725-z 

104.Evans MD, Esnault S, Denlinger LC, Jarjour NN. Sputum cell IL-1 
receptor expression level is a marker of airway neutrophilia and 
airflow obstruction in asthmatic patients. J Allergy Clin Immunol 2018; 
142(2): 415-423. https://doi.org/10.1016/j.jaci.2017.09.035.  

105.Butts B, Gary RA, Dunbar SB, Butler J. The Importance of NLRP3 
Inflammasome in Heart Failure. J Card Fail 2015; 21(7): 586-593. 
https://doi.org/10.1016/j.cardfail.2015.04.014.  

106.Paul O, Tao JQ, West E, Litzky L, Feldman M, Montone K, et al. 
Pulmonary vascular inflammation with fatal coronavirus disease 2019 
(COVID-19): possible role for the NLRP3 inflammasome. Respir Res 
2022; 23(1): 25. https://doi.org/10.1186/s12931-022-01944-8. 

107. Gao P, Chen L, Fan L, Ren J, Du H, Sun M, et al. Newcastle disease virus 
RNA-induced IL-1β expression via the NLRP3/caspase-1 inflammasome. 
Vet Res 2020; 51(1): 53. https://doi.org/10.1186/s13567-020-00774-0. 

108.Pan P, Shen M, Yu Z, Ge W, Chen K, Tian M, et al. SARS-CoV-2 N 
protein promotes NLRP3 inflammasome activation to induce 
hyperinflammation. Nat Commun 2021; 12(1): 4664. 
https://doi.org/10.1038/s41467-021-25015-6.  

109.George L, Mitra A, Thimraj TA, Irmler M, Vishweswaraiah S, Lunding L, 
et al. Transcriptomic analysis comparing mouse strains with extreme 
total lung capacities identifies novel candidate genes for pulmonary 
function. Respir Res 2017; 18(1): 152. https://doi.org/10.1186/s12931-
017-0629-3.  

 
Authors: 
Tatyana I. Vitkina – DSc, Professor of Russian Academy of Sciences, Head 
of the Laboratory of Medical Ecology and Recreational Resources, Institute 
of Medical Climatology and Rehabilitation Therapy, Vladivostok Branch of 
Far Eastern Scientific Center for Physiology and Pathology of Respiration, 
Vladivostok, Russia. http://orcid.org/0000-0002-1009-9011.  
Tatyana G. Lobova – Graduate Student, Institute of Medical Climatology 
and Rehabilitation Therapy, Vladivostok Branch of Far Eastern Scientific 
Center for Physiology and Pathology of Respiration, Vladivostok, Russia. 
https://orcid.org/0000-0003-1721-6548.  
Tamara T. Bogomaz – Graduate Student, Institute of Medical Climatology 
and Rehabilitation Therapy, Vladivostok Branch of Far Eastern Scientific 
Center for Physiology and Pathology of Respiration, Vladivostok, Russia. 
http://orcid.org/0009-0007-8606-699Х.  
Eleonora V Korableva – PhD, Associate Professor, Department of Clinical 
Medicine, Far Eastern Federal University, Vladivostok, Russia. 
http://orcid.org/0009-0009-4814-2263.  

 

https://doi.org/10.1186/s13223-021-00548-z
https://doi.org/10.1186/s13223-021-00548-z
https://doi.org/10.1186/s12931-020-01374-4
https://doi.org/10.1038/cddis.2014.460
https://doi.org/10.1186/s12931-018-0931-8
https://doi.org/10.1183/09031936.00105013
https://doi.org/10.1186/s12931-018-0725-z
https://doi.org/10.1016/j.jaci.2017.09.035
https://doi.org/10.1016/j.cardfail.2015.04.014
https://doi.org/10.1186/s12931-022-01944-8
https://doi.org/10.1186/s13567-020-00774-0
https://doi.org/10.1038/s41467-021-25015-6
https://doi.org/10.1186/s12931-017-0629-3
https://doi.org/10.1186/s12931-017-0629-3
http://orcid.org/0000-0002-1009-9011
https://orcid.org/0000-0003-1721-6548
http://orcid.org/0009-0007-8606-699Х
http://orcid.org/0009-0009-4814-2263

