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Introduction 

Asthma is defined as a chronic inflammatory 

disorder of the airways involving many cells and 

mediators. The principal associated symptoms are 

airway hyperresponsiveness and usually reversible 

airflow obstruction. These symptoms lead to 

recurrent episodes of wheezing, breathlessness, chest 

tightness, and coughing (Global health initiative for 

asthma 2022). It has also been defined as “a 

heterogeneous disease characterized by airway 

inflammation typified by clinical manifestations 

such as cough, wheezing, chest tightness, and 

shortness of breath that vary over time and in 

intensity, together with variable expiratory airflow 

limitations (Saidu, et al., 2022).   

Asthma is a chronic inflammatory airway disease 

with several distinct phenotypes, characterized by 

different immunopathological pathways, clinical 
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presentation, severity of the disease and response to 

treatment (Pavlidis et al., 2019). The phenotypes of 

asthma include eosinophilic, neutrophilic, mixed 

granulocytic and paucigranulocytic asthma, these are 

four various endotypes of asthma depending on cell 

counts of peripheral blood, sputum or 

bronchoalveolar fluid, Neutrophilic inflammations 

have been studied to be associated with a poor 

asthma control in addition to persistent asthma 

symptoms and atopy (Elshony et al., 2022). There 

are other several distinct clinical proposed asthma 

phenotypes, such as childhood-onset allergic asthma, 

adult-onset eosinophilic asthma, neutrophilic 

asthma, exercise-induced asthma (EIA), obesity-

related asthma, and aspirin exacerbated respiratory 

disease (AERD). Among these phenotypes of 

asthma, there are patients whose asthma is very 

severe and refractory to the standard treatment 

including high doses of inhaled corticosteroids 

(ICSs), and long-acting β2- agonists (LABAs) and/or 

any other modifier. Severe refractory asthma 

encompasses several molecular phenotypes of 

asthma, including neutrophilic asthma phenotype. 

Neutrophilic asthma is characterized by severe 

refractory disease, with fixed airway obstruction, and 

poor response to standard treatment with inhaled 

corticosteroids (ICSs), long-acting β2-agonists 

(LABAs), and other modifiers (Syabbalo, 2020). 

 

Pathophysiologic of Neutrophilic asthma   

Asthma originates from complex interactions 

between genetic factors and environmental agents 

such as aeroallergens and respiratory viruses. In 

particular, within the airway lumen allergens can be 

captured by dendritic cells, which process antigenic 

molecules and present them to naive (Th0) T helper 

cells leading to the differentiation of the naïve Th0 to 

Th17 cells, that produce IL17A and IL-17F which 

cause neutrophil recruitment and expansion. 

Furthermore, IL-12- dependent and IFN-𝛾 releasing 

Th1 cells can be activated, especially as a result of 

airway infections sustained by respiratory viruses. 

Finally, many mediators, cytokines, and growth 

factors produced by several different cells involved 

in chronic asthmatic inflammation may also affect 

the functions and proliferation rates of airway 

structural cellular elements including epithelial cells, 

fibroblasts, smooth muscle cells, and endothelial 

vascular cells (Girolamo et al., 2015). 

 

Neutrophil functions in asthma  

Neutrophils provide a crucial ‘first-line’ immune 

response and are among the first effector cells to be 

recruited to the lung during inflammation, 

irrespective of the cause, and are also the most 

abundant leucocyte, accounting for 70% of all 

circulating white cells (Summers et al., 2010). Once 

released from the bone marrow into the circulation, 

neutrophils patrol the blood vessels and navigate 

towards inflammation by sensing chemotactic 

gradients such as CXCL-8, which can be released 

due to interaction of microbial or damage associated 

molecular patterns. During this process, neutrophils 

use their cellular polarity, regulated by Rho 

guanosine triphosphatases, to perform amoeboid 

movement to accurately reach the site of 

inflammation (Amulic et al., 2012). To enable 

migration through dense extracellular matrices, 

neutrophils release proteinases, such as neutrophil 

elastase and proteinase 3, to cleave components of 

the extracellular matrix such as elastin, fibronectin, 

vitronectin, laminin and collagen (Crisford et al., 

2018) 

At the site of inflammation, neutrophils engulf 

smaller target material by phagocytosis, such as 

Haemophilus influenzae or Streptococcus 

pneumoniae. Engulfed microbes are then destroyed 

in the neutrophil phagosome through pH change, and 

exposures to reactive oxygen species (ROS) and 

cytotoxic enzymes. Besides phagocytosis, 

neutrophils can also perform microbial killing by 

degranulation, a process in which neutrophils 

extracellularly release cytotoxic ROS and proteolytic 

enzymes such as neutrophil elastase and proteinase 3 

at the site of infection. (Crisford et al., 2018). 

Neutrophils can also release neutrophil extracellular 

traps (NETs), web-like structures consisting of 

cytosolic granule proteins embedded on a scaffold of 

decondensed chromatin—to capture and destroy 

pathogens (Papayannopoulos, 2018). 

A study of neutrophilic asthma defined by raised 
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blood neutrophil count were associated only with 

moderate exacerbations and poor asthma control 

with low blood eosinophil counts, found that this was 

associated with increased levels of C-reactive 

protein, matrix metalloproteinase-9, IL-6, leptin, and 

soluble urokinase plasminogen activator receptor 

serum levels. (Flinkman et al., 2023). This non-T2 or 

T2-low neutrophilic phenotype does not have any 

targeted biologic therapies since the key driving 

pathways are unclear (Chung 2023). There is a need 

for a more granular definition of asthma phenotypes 

using blood biomarkers not only to inform the 

underlying molecular pathways but also to facilitate 

personalized therapeutic choices (Flinkman et al., 

2023). 

Neutrophilic asthma is characterized by increased 

neutrophil airway inflammation, with Th17 cells 

playing a central role in this phenotype. A Th17-Treg 

cell imbalance leads to the release of IL-17 from 

Th17 cells, which indirectly induces neutrophil 

recruitment to sites of inflammation and decreases 

levels of forced expiratory volume (i.e., FEV1 %), 

steroid responsiveness and increases airway 

hyperresponsiveness. In addition to triggering the 

release of a range of inflammatory factors (e.g., IL-

6, IL-8, IL-11, granulocyte macrophage colony 

stimulating factor [GM-CSF] and vascular 

endothelial growth factor) leading to asthma 

exacerbation and airway remodeling, (Zhang et al., 

2022). Neutrophilic asthma is an adult-onset disease 

which usually starts after 12 years. It is the most 

common phenotype in adult characterized by severe 

persistent asthma with frequent exacerbations, 

Patients with neutrophilic asthma have frequent 

urgent visits to emergence rooms, hospitalization and 

intubation. This phenotype of asthma is worse at 

night with frequent nocturnal attacks and has been 

associated with sudden-onset fatal asthma in about 

23% of the patients (Syabbalo, 2020). 

 

 

 

Table 1 Characteristics of neutrophilic asthma 

 Adult on-set, after 12 years 

 Less atopic 

 Th17 cytokine milieu - IL-6, IL-8, IL-21, IL-23, IL-17A, IL-17F, IL-1β, TNF-α, TGF-β 

 Chemo attractant chemokines – CXCL1 (Gro-α), CXCL2 (Gro-β), CXCL5, CXCL6, CXCL8 (IL-8), 

MCP-1  

 Prostaglandins - prostaglandin E2  

 Low periostin levels - indicator of IL-13 inflammatory activity 

 High hydrogen sulfide levels 

 Fixed airway obstruction (low FEV1) 

 Low post-bronchodilator response to β2-agonists 

 Less responsive to methacholine bronchoprovocation tests 

 Corticosteroid unresponsiveness 

Abbreviations; FEV1, forced expired volume in 1 sec (Syabbalo, 2020) 
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Mechanisms of severe neutrophilic asthma 

T Helper 17 as IL-17 Producing Cell 

The differentiation of Th17 cells from naïve T cells 

is regulated by the combination of IL-6 and 

Transforming Growth Factor (TGF)-β (Gaffen et al., 

2014). The presence of both IL-6 and TGF-β is 

required for the upregulation of a specific Th17 cell 

transcription factor, retinoic acid Receptor-related 

Orphan Receptor (ROR. The transcription factor 

RORγt is necessary for Th17 cytokine production 

and for the expression of the IL-23 receptor complex 

(Syaballo, 2020). Interleukin-23 is required for 

expansion, stabilization, and proliferation of Th17 

cells in order to produce chemoattractant cytokines, 

and chemokines. In addition, IL-23 prolongs the 

expression of Th17 cells signature cytokines, such as 

IL-17, IL-22, and GM-CSF that induce tissue 

pathology and mediates chronic inflammation. It also 

promotes the survival, and maintenance of Th17 

cells (Zhou et al., 2007). Interleukin-21 produced by 

Th17 cells themselves, acts in a positive feedback 

loop to differentiate more Th17 cells (Syaballo, 

2020). Signal Transducer and Activator of 

Transcription 3 (STAT 3) appears to be essential for 

the differentiation of Th17 cells (Wei et al., 2007). 

Interleukin-1β is essential in the early differentiation 

and conversion of Fox3+ T cells into IL-17-

producing cells (Chang et al., 2009). 

 

Interleukin-17(IL-17)  

Interleukin-17 Interleukin-17 (IL-17) plays a key 

role in the pathogenesis of neutrophilic asthma, via 

induction and expression of cytokines, chemokines, 

adhesion molecule, and growth factors which 

propagate neutrophil recruitment and activation into 

the airways (Syabbalo, 2020). Interleukin-17 (IL-17 

also termed IL-17A) plays a key role in the 

pathophysiology of neutrophilic asthma. IL-17 and 

other family members are produced mainly by Th17 

cells, but other cell can also secrete IL-17 in the 

lungs. IL-17 induces the transcription of several 

cytokines, chemokines, adhesion molecules, and 

growth factors. Chemoattractant cytokines, and 

chemokines recruit and activate neutrophils into the 

airways leading to neutrophilic asthma. The major 

role of neutrophils in the lung is respiratory defense 

against bacterial and fungi, but unfortunately, 

activated neutrophils can produce proteases, 

Reactive Oxygen Species (ROS), cytokines, and 

chemokines which can lead to epithelial injury, 

airway inflammation and hyperresponsiveness, 

culminating to severe neutrophilic asthma. 

Neutrophils upon provocation by viral and bacterial 

infections or allergic inflammation, can generate 

Neutrophils Extracellular Traps (NETs), 

inflammasomes, and cytoplasts, which can further 

orchestrate airway injury, hyperreactivity, and can 

lead to severe obstructive disease (Lachowicz-

Scroggins et al., 2019). 

 

Other IL-17 Producing Cells  

Interleukin-17 is also secreted by other activated 

immune cells, such as dendritic cells, CD8+ T cells, 

δγ T cells, natural killer cells, invariant natural killer 

T cells, lymphoid tissue inducer cells, and type 3 

innate lymphoid cells (Cua et al., 2010). 

Additionally, haematopoietic and non-

haematopoietic cells, such as eosinophils, 

neutrophils, monocytes, macrophages, and bronchial 

fibroblasts can secrete IL-17, under certain 

circumstances (Brodlie et al., 2011). Because of the 

large number of cells producing IL-17, it becomes 

very difficult to target any specific cell type. 

Moreover, most of these cells produce a plethora of 

inflammatory mediators, which could make 

precision therapeutic targeting difficult (Syabballo, 

2020). 

 

Neutrophil extracellular traps 

In neutrophilic asthma, NETs can act as a physical 

and biological barrier to prevent the spread of 

pathogens; however, NETs can exacerbate asthma 

severity when pathogens are eliminated. NETs 

reduce neutrophil migration, disrupt tight junctions 

between airway epithelial cells, induce airway 

epithelial cell death and promote IL-8 production 

(Zhang et al., 2022).  

NETs are a network of extracellular DNA strips and 

proteins released from activated or dying 
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neutrophils. These are present in the airway of 

asthma patients, and help to eliminate invading 

pathogens. However, excessive NET formation 

(NETosis) can cause airway damage, accelerating 

neutrophilic asthma progression (Poto et al., 2022).  

Studies have revealed that caspase 11-driven and 

GSDMD-dependent neutrophil pyroptosis is 

responsible for NETosis, in response to LPS 

stimulation or bacterial infection (Chen et al., 2018). 

Thus, blocking the GSDMD cleavage can prevent 

the neutrophil pyroptosis and NETosis triggered by 

phorbol 12-myristate 13- acetate (PMA) (Sollberger 

et al., 2018).  

 

Interleukin 8 (IL-8) 

 IL-8 stimulation of peripheral blood neutrophils in 

patients with severe asthma enhances neutrophil 

autophagy and the production of NETs. NETs 

consist of de-agglutinated chromatin and 

antimicrobial factors, including neutrophil elastase 

(NE) and myeloperoxidase (MPO), which trap and 

kill bacteria, fungi and parasites (Zhang et al., 2022). 

IL18 can induce the infiltration of neutrophils and 

eosinophils in the lungs, causing airway 

hyperresponsiveness, IL-18 can also exacerbate 

airway inflammation by promoting Th1 and Th2 cell 

activation, and IFN-γ and IgE production (Hao et al., 

2024). 

 

NLRP3/caspase-1/GSDMD signaling pathway in 

neutrophils 

Notably, the activation other NLRP3/caspase-

1/GSDMD signaling pathway in neutrophils, in 

response to adenosine triphosphate (ATP) or 

microbial toxin pneumolysin, can lead to IL-1β 

secretion, without inducing pyroptosis (Karmakar et 

al., 2020). This resistance to pyroptotic cell death 

keeps neutrophils alive to continuously produce IL-

1β, and sustain neutrophilic inflammation, which 

may function as a mechanism that drives the 

progression of severe, glucocorticoid-resistant 

neutrophilic asthma (Kim et al., 2017). The 

inhibition of the NLRP3 inflammasome can prevent 

the severe bronchial neutrophilic inflammation 

triggered by fungal allergen Alternaria alternata in 

mice (Killian et al., 2023). These findings indicate 

that inflammasome activation is involved in 

neutrophilic inflammation in asthma (Poto et al., 

2022). 

 

Inflammatory mediators of Neutrophilic asthma 

Neutrophil elastase  

Neutrophil elastase can induce goblet cell 

metaplasia, mucus hypersecretion, which is a 

hallmark of severe asthma. It can also induce airway 

smooth muscle proliferation (Baines et al., 2011) and 

has been implicated in airway remodeling (Vargas et 

al., 2016). 

 

Reactive oxygen species  

Activated neutrophils are the major source of 

reactive oxygen species, such as hydrogen peroxide 

(H2O2), hypochlorous acid (HOCl), and superoxide 

radical (O2
-) in allergic inflammation. ROS act 

synergistically with neutrophil proteases to cause 

lung tissue damage, sub mucus gland hyperplasia 

and mucus secretion, and airway hyperreactivity 

(Loukides et al., 2002).  

 

Myeloperoxidase  

Myeloperoxidase (MPO) released from neutrophil 

primary granules can react with hydrogen    peroxide 

(H2O2) generated during respiratory bursts, 

producing hypochlorous acid (HOCl), and other 

reactive oxygen species (Monteseirín, 2009). The 

ROS are crucial for microbial activity, and antigen 

presentation, but play deleterious role in causing 

injury to lung tissue during neutrophilic 

inflammatory process (Chang et al., 2012). 

 

Metalloproteases  

Metalloprotease-9 is one of the most investigated 

inflammatory mediators in asthma. Elevated levels 

of MMP-9 have been found in induced sputum, and 

BAL fluid from patients with asthma, and the levels 
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correlated with neutrophil numbers and asthma 

severity (Grunwell et al., 2019). 

 

Lipid mediators  

Neutrophils can synthesize lipid mediators such as 

and leukotrienes (LTB4), platelet activating factor 

(PAF), prostaglandins (PGE2), and thromboxane’s 

(TXB2) via cyclooxygenase enzyme systems. Lipid 

mediators play an important role in neutrophil 

migration and activation in the airway inflammation 

process (Syabbalo, 2020). 

 

Neutrophil and Eosinophils cross-talk  

Neutrophil proteases, such as elastase, cathepsin G, 

and protease-3 may induce airway inflammation 

through activation of eosinophils to produce 

superoxides, cytokines, and chemokines, thus 

aggravating neutrophilic asthma (Hiraguchi et al., 

2008). 

 

T regulatory cells  

Tregs are a specialized population of CD4+T cells 

that act to suppress the immune response, thereby 

maintaining the body’s immune homeostasis and 

self-tolerance. Tregs can be divided into two main 

subpopulations: thymus-derived Tregs (tTregs) and 

peripherally-derived Tregs (pTregs). tTregs 

primarily recognize self-antigens, which is important 

for maintaining self-tolerance and preventing 

autoimmunity (Wang and Liu, 2024). However, 

pTregs are thought to be involved primarily in the 

tolerogenic response to foreign antigens and 

microbes (Lan  et al., 2020). Reduced numbers of 

Tregs have been observed in the blood and induced 

sputum of patients with asthma, and during acute 

asthma exacerbations, asthmatics have a greater 

degree of Tregs deficiency (Mamessier et al., 2008). 

Studies by Wang and Liu (2024), support the idea 

that decreased numbers of Tregs and functional 

deficits contribute to asthma (Wang and Liu, 2024). 

 

Risk factors associated with Neutrophilic asthma 

exacerbation 

Air pollution  

Multiple studies have recently found that air 

pollutants (e.g., diesel exhaust particles [DEP]) 

(Weng et al., 2018) ozone, fine particulate matter 

(PM2.5) and nitrogen dioxide [NO2] (Martin, et al., 

2013) are involved in the inflammatory response of 

Th17-type asthma. These pollutants activate 

oxidative stress or directly induce the release of Th17 

cell associated inflammatory cytokines and 

chemokines, thereby exacerbating the severity of 

allergic asthma (Zhang et al., 2022)  

 

Smoking  

Smoking is an important risk factor for the 

exacerbation of asthma. The expression of IL-17A, 

IL-6 and IL-8, as well as the number of neutrophils 

in the bronchial mucosa are significantly increased in 

asthmatic smokers compared with non-smokers 

(Siew, et al., 2017). IL-17A induced IL-6 and 

CXCL8 expression in human primary airway 

epithelial cells and cigarette smoke extracts were 

able to increase IL-17A-induced IL-6 and CXCL8 

expression in a synergistic manner. (Zhang et al., 

2022) 

 

Bacterial infections  

Pathogens such as Haemophilus influenzae, 

Moraxella catarrhalis and Streptococcus 

pneumoniae, are among colonizing bacteria of the 

airway mucosa, which can induce a proinflammatory 

immune response and promote asthma exacerbations 

(Larsen et al., 2014). According to previous reports, 

41% of airway secretions from neutrophilic asthma 

patients, carried potentially pathogenic bacteria. 

Among these individuals, the infection rate of 

Haemophilus influenzae in patients with neutrophilic 

asthma was as high as 60% (Wood et al., 2010). The 

study by Essilfie et al. (2011), showed for the first 

time that a Haemophilus influenzae infection can 

promote the innate and adaptive response of 
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macrophages and Th17 cells to produce IL-17, which 

in turn induces neutrophil dominant inflammation 

and aggravates asthma. Moraxella catarrhalis 

infection in the airways of mice can cause substantial 

neutrophil infiltration, the production of elevated 

levels of IL-6 and TNF-a, and moderate levels of 

CD4+ T cell-derived IFN-c and IL-17.11 

Extracellular vesicles (EVs) are spherical bilayers of 

phospholipids widely found in Gram-negative and 

some Gram-positive bacteria. PAMPs in EVs 

derived from Gram-negative bacteria (e.g., LPS and 

peptidoglycan) can induce a host adaptive immune 

response towards EV proteins. In addition, studies 

have shown that sputum LPS levels are significantly 

higher in patients with neutrophilic asthma than in 

healthy controls (Zhang et al., 2022). 

 

Respiratory viral infections  

Respiratory RNA viruses (e.g., rhinovirus [RV], 

respiratory syncytial virus [RSV] and influenza) are 

a major cause of respiratory infections that 

exacerbate asthma and other respiratory diseases 

(Hossain et al., 2020). Respiratory RNA viruses or 

polyinosinic acids: poly (I:C) (a viral substitute) that 

can be used to explore the immunological 

mechanisms of exacerbation in an allergen-driven 

model of neutrophilic asthma (Zhang et al., 2022). 

 

Fungal infection  

Fungi are ubiquitous in both indoor and outdoor 

environments (Zhang et al., 2022). b-Glucan is an 

important component of the fungal cell wall and 

represents the major PAMPs of fungi. b-Glucan 

induces an immune response via dectin1, which 

promotes DCs to polarize T cells into Th17 cells, 

inducing potent Th17 responses and neutrophilic 

inflammation (Zhang et al., 2017). Aspergillus 

versicolor induces a strong Th17 response and 

neutrophilic inflammation due to the increased 

exposure of b-glucan, which depends on IL17A and 

dectin-1 signaling pathways this indicates that fungal 

exposure plays an important role in the deterioration 

of neutrophilic asthma (Zhang et al., 2022). 

Obesity  

Obesity plays a role in aggravating asthma 

symptoms. A high-fat diet increases the body weight 

of asthmatic mice (de Oliveira et al., 2019) and 

further increases allergen-induced neutrophilic 

airway inflammation, airway hyperresponsiveness, 

cupped cell proliferation, tissue remodeling, the 

production of cytokines (i.e. IL-17A, IL1b and 

macrophage inflammatory protein-2), and the level 

of MPO in the lungs (Panda et al., 2017) In addition, 

obesity increases the IL17A+ / RORcT+ Th cell 

population in the spleen of asthma mice, (de Oliveira 

et al., 2019) which is associated with neutrophilic 

inflammation and leads to a worsening of asthma 

symptoms. Asthma patients with an elevated visceral 

fat area have elevated total leukocytes, fewer 

eosinophil’s, and increased IL-6 and IL-8 in the 

sputum (Deng et al., 2020).  

 

Some biomarkers of neutrophilic asthma 

Biomarkers can be used for a variety of purposes, 

such as disease diagnosis, disease process, and 

severity assessment or clinical response monitoring 

to treatment. S100 calcium binding protein A9 

(S100A9) is secreted by activated neutrophils, 

macrophages and AECs (Wang et al., 2018) In 

addition, higher levels of S100A9 have been 

observed in the sera and sputa of patients with 

neutrophilic asthma (Lee et al., 2017). S100A9 

stimulates NET formation, induces M1 macrophage 

polarization, and plays a key role in the regulation of 

neutrophilic asthma. Therefore, S100A9 is 

considered to represent a potential serum biomarker 

and therapeutic target for neutrophilic asthma (Quoc 

et al., 2021). 

Serum YKL40 is correlated with sputum neutrophils, 

MPO, IL-8 and IL-6, as well as the induction of 

epithelial mesenchymal transition and subepithelial 

fibrosis through activating focal adhesion kinase and 

mitogen-activated protein kinase signaling pathways 

(Zhang et al., 2022). YKL-40 has been suggested as 

a blood-based biomarker for airway 

inflammation/remodeling in neutrophilic asthma 

(Sun et al., 2020). All types of cells involved in the 

pathogenesis of severe asthma produce and secrete 
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exosomes. Since exosomes can be collected easily 

from different biofluids, they can be utilized as non-

invasive biomarkers (Agache, 2019).  

 

Why Neutrophilic asthma is steroid resistance  

Mild to moderate asthma is mainly well controlled 

by glucocorticoids, whereas neutrophilic severe 

asthma is ineffective or resistant to glucocorticoids, 

and can make asthma more difficult to control by 

increasing the production of associated inflammatory 

factors (Ouyang et al., 2020). Increased miR-9 

expression in the sputum of neutrophilic asthma 

patients reduces protein phosphatase 2A activity, 

which inhibits the nuclear translocation of the 

glucocorticoid receptor induced by dexamethasone, 

and renders neutrophilic asthma patients ineffective 

to corticosteroid treatment (Zhang et al., 2022). 

 

Conclusion 

Neutrophils comprise 70% of the total circulatory 

white cells and play a critical defense role during 

inflammatory and infective challenges. Neutrophilic 

asthma is a multifaceted phenotype of severe and 

persistent asthma, characterized by frequent 

exacerbations, leading to hospitalizations, due to 

near-fatal asthma and fixed airflow obstruction. The 

molecular mechanisms underlying the severity of 

neutrophilic asthma remain unclear making the 

diagnosis and treatment of this type of severe asthma 

an extremely challenging. Many clinical case studies 

including ex vivo and in vivo experiments needs to 

be conducted to explore the specific relationships 

between risk factors, airway epithelial cells, immune 

cells and cytokines. The discussion of the 

pathophysiology, mechanism, characteristic, 

mediators, risk factors, biomarkers and steroid 

resistance of neutrophilic asthma, in this paper may 

provide some direction for the prevention, diagnosis 

and treatment of severe neutrophilic asthma.  
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