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Summary

Whilst severe asthma has classically been categorized as a predominantly Th2‐driven
pathology, there has in recent years been a paradigm shift with the realization that

it is a heterogeneous disease that may manifest with quite disparate underlying

inflammatory and remodelling profiles. A subset of asthmatics, particularly those

with a severe, corticosteroid refractory disease, present with a prominent neu-

trophilic component. Given the potential of neutrophils to impart extensive tissue

damage and promote inflammation, it has been anticipated that these cells are clo-

sely implicated in the underlying pathophysiology of severe asthma. However,

uncertainty persists as to why the neutrophil is present in the asthmatic lung and

what precisely it is doing there, with evidence supporting its role as a protagonist of

pathology being primarily circumstantial. Furthermore, our view of the neutrophil as

a primitive, indiscriminate killer has evolved with the realization that neutrophils can

exhibit a marked anti‐inflammatory, pro‐resolving and wound healing capacity. We

suggest that the neutrophil likely exhibits pleiotropic and potentially conflicting roles

in defining asthma pathophysiology—some almost certainly detrimental and some

potentially beneficial—with context, timing and location all critical confounders.

Accordingly, indiscriminate blockade of neutrophils with a broad sword approach is

unlikely to be the answer, but rather we should first seek to understand their com-

plex and multifaceted roles in the disease state and then target them with the same

subtleties and specificity that they themselves exhibit.

1 | INTRODUCTION

The most recently revised estimates by the Global Burden Disease

study suggest that as many as 340 million individuals suffer from

asthma worldwide, with a substantial burden of disability and around

180 000 deaths annually attributed to the disease. This epidemic of

asthma is thought to be increasing in prevalence by 50% every dec-

ade and is a global affliction affecting individuals of all ages and

backgrounds. It is estimated that between 5% and 10% of asthmatics

suffer from a disease that could be classified as severe,1 though

recent studies have suggested that prevalence could be yet lower

still.2 Despite their relatively low numbers, this subset of patients

represent a particularly problematic group for the healthcare

practitioner as they exhibit near daily symptoms, persistent airflow

obstruction, frequent and severe exacerbations and, most impor-

tantly, are refractory to current gold standards for asthma treatment.

Whilst asthma had classically been categorized as a predominantly

Th2‐mediated inflammation, there has in recent years been paradigm

shift, and it is becoming increasingly apparent that severe asthma

represents a heterogeneous disease rather than a homogeneous

pathology and presentation. Consequently, there has been the real-

ization that it is critical to recognize severe asthma phenotypes with

distinct pathogenesis and subsequently define unique therapeutic

targets to provide a personalized strategy for treatment. It is now

evident that a neutrophilic infiltrate is a prominent feature of the

inflammation observed in a subset of asthmatics, being particularly
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associated with severe, corticosteroid refractory disease. Whilst neu-

trophils have classically been viewed as relatively crude and primi-

tive, it is now recognized that these cells can exhibit heterogeneity

and a pronounced awareness of the localized environment and a

remarkable capacity to interact with and modulate the behaviour of

a multitude of cells. Thus, the precise role of the neutrophil in the

pathophysiology of asthma is likely to be complex and multifactorial,

and there is a clear need to dissect their exact contribution to the

disease phenotype—be it non‐consequential, detrimental or even

beneficial—and plan specific therapeutic strategies accordingly.

2 | OUR EVOLVING VIEW OF
NEUTROPHILS IN INFLAMMATION

Neutrophils are indispensable components of the host's immune

response, being readily recruited to the site of infection before killing

the invading micro‐organisms with an array of toxic products.3,4 The

indiscriminate action of these products, however, means that neu-

trophils also cause significant bystander or “collateral” tissue damage

and thus an over‐exuberant or persistent neutrophilic inflammation

is implicated in the pathologies of an array of diseases.5,6 There has

therefore been the conventional view of neutrophils as crude and

primitive suicide killers that arrive at a site of inflammation, releasing

their payload and killing all that stands in their way. However, it is

becoming increasingly apparent that this view does not do justice to

a cell that at times can exhibit an amazing sophistication, versatility

and complexity.7-9

A common misconception is that neutrophils are short lived, iso-

lated and terminally differentiated cells that arrive at the site of inflam-

mation before throwing out their pre‐formed products and being

replaced by more specialized immune counterparts. In reality, neu-

trophils are able to sense their localized environment, being receptive

to the presence of pathogens, tissue damage and signals derived from

localized cells.10-15 This information is integrated into a central algo-

rithm informing the neutrophil and defining its ensuing behaviour. Con-

sequently, if deemed appropriate the survival of the neutrophil can be

substantially augmented,16 efferent effector programs induced and an

impressive biosynthetic programme initiated that may culminate in the

production of a vast array of pro‐inflammatory, anti‐inflammatory,

immunoregulatory, angiogenic or fibrogenic cytokines.8,17 The ability of

neutrophils to modulate the phenotype and behaviour of disparate cells

is immense and beyond the scope of this review, but it is noteworthy

that neutrophils are increasingly recognized for their capacity to directly

modulate facets of the adaptive immune response. Specifically, neu-

trophils have been demonstrated to exhibit some level of classical anti-

gen presenting cell (APC) function,18-24 drive the recruitment,

maturation and activation of macrophages and dendritic cells (DCs),25-

31 and act as a source of signals that can drive the recruitment, activa-

tion and differentiation of T cells32 as well as B‐cell survival, maturation

and differentiation.33,34 Thus, the neutrophil is fundamental to the

orchestration of an inflammatory response and can engage in complex–
bidirectional interactions with localized immune and stromal cells at the

site of inflammation—be it through aforementioned soluble mediators

or direct cell–cell contact.
The general consensus has been that neutrophils are inherently

pro‐inflammatory cells, but increasingly it is becoming apparent that

these cells also exhibit a clear immune‐regulatory or even immuno-

suppressive capacity. Neutrophils are able to facilitate the resolution

of inflammation through production of pro‐resolving lipid media-

tors,35,36 anti‐inflammatory cytokines such as IL‐1037 (although this

has become a source of conjecture38) and decoy receptors that can

act as potent chemokine and cytokine scavengers.39-42 Furthermore,

whilst we have highlighted the capacity of neutrophils to promote

APC function and antigen‐specific T‐cell responses, they are also

able to inhibit these aspects of an inflammatory response in certain

settings43-48—thus neutrophil functionality is seemingly complex and

likely context dependent.

Thus whilst neutrophils undoubtedly have the capacity to impart

enormous tissue destruction, it should be stressed that this is not

the norm and that the neutrophil actually makes a concerted effort

to resolve its own inflammation and initiate a programme of tissue

repair.7 Neutrophils are intrinsically wired to self‐destruct via apop-

tosis within a defined period to prevent the unwanted release of

their potent arsenal into an extracellular environment.49,50 They

release products that function to suppress their own activation and

limit the toxicity of their most potent effector mechanisms,51 as well

as dictating the production of anti‐inflammatory and pro‐resolving
lipid mediators that retard further neutrophil recruitment.35,36 More-

over, the neutrophil ultimately defines the recruitment and repro-

gramming of macrophages in a non‐phlogistic manner to promote

tissue repair and wound healing.52-54 Subsequently, when we see a

disease state characterized by the presence of a robust neutrophilic

infiltrate, we should not assume that their contribution is solely

destructive but should instead contemplate their pleiotropic func-

tions, adverse and even beneficial, whilst also viewing them in the

context of infections, comorbidities, environmental triggers and med-

ications that would also modulate the neutrophil decision‐making

algorithm.

3 | THE HETEROGENEITY OF HUMAN
ASTHMA

Asthma has classically been regarded as a Th2‐driven pathophysio-

logical condition. This view originally emanated from analysis of lim-

ited patient samples and from researchers working with mouse

models of allergic asthma whom reported an allergic, eosinophilic

and Th2‐mediated disease.55-57 However, the disappointing results

attained from clinical trials focused at specifically targeting these

Th2 pathways, the realization that some patients with severe asthma

presented with an underlying pathology devoid of eosinophils and

that the efficacy of corticosteroids was dependent upon the type of

underlying inflammation, ultimately led to a rethink of the notion of

asthma as a single disease with a Th2 aetiology.55,58-61 The develop-

ment of more efficient and safer sampling methods has in turn

1276 | SNELGROVE ET AL.



facilitated a more extensive analysis and understanding of the char-

acteristic pathologies of human disease. Accordingly, asthma has

undergone a paradigm shift, and it is becoming increasingly apparent

that severe asthma represents a heterogeneous disease rather than

manifesting as a homogeneous pathology and presentation.55,57,62

Consequently, there has been the realization that it is critical to rec-

ognize severe asthma phenotypes with distinct pathogenesis and

subsequently define unique therapeutic targets to provide a person-

alized strategy for treatment.63 The heterogeneity of the disease has

made classification difficult for the medical practitioner, and this cou-

pled with misconceptions about the relation between different

aspects of severe asthma, along with underlying comorbidities and

confounders, have hindered treatment strategies and novel drug

development.

Non‐Th2 inflammation, characterized by low eosinophilia, is

observed in a substantial proportion of asthmatics, although consider-

ably less is understood about this patient group and the underlying

causes of disease. These individuals can exhibit highly variable inflam-

matory and physiological profiles57,64 and often respond poorly to

corticosteroids.65,66 Studies aimed at dissecting the inflammatory pat-

tern of these patients have revealed a significant innate immune com-

ponent, with increased levels innate cytokines, such as TNF‐α and IL‐
8 and airway neutrophilia having been reported.67,68 Confounders or

triggers associated with this non‐eosinophilic asthma include exercise,

occupational irritants, smoking,69 obesity70 and recurrent infection or

endotoxin exposure.67 As early as 1988, it was identified that neu-

trophils may play a pathological role in asthma. Kelly et al71 identified

that increased neutrophil numbers and activation within bronchoal-

veolar lavage fluid (BALF) correlated with increased bronchial hyper-

responsiveness to methacholine. Furthermore, the same group

demonstrated that isolated neutrophils from BALF of asthmatic

patients produced more reactive oxygen species.71,72 Wenzel and col-

leagues subsequently reported the presence of neutrophils in BAL,

endo‐bronchial and trans‐bronchial biopsies of patients, particularly

those with severe asthma on high dose corticosteroids.73 A neu-

trophilic component is now increasingly being recognized as a promi-

nent feature of the pulmonary infiltrate in some subsets of asthmatic

patients.55-57,62,73,74 Neutrophilic asthma as a phenotype has gener-

ally been described as those patients with high sputum neutrophil

counts ranging from 40% to 76% of cells. However, it must be

acknowledged that neutrophils represent a prominent population in

blood and sputum of all asthmatics and as such may also be contribut-

ing to disease progression more broadly. Green et al60 identified a

subgroup of 60 patients with higher neutrophil counts that were less

likely to be atopic within a cohort of 259 adult asthmatics. Subse-

quently, the same research group identified that patients with high

sputum neutrophil counts but non‐differential eosinophil counts had

lower FEV1 measurements post‐bronchodilator administration.75

Gupta et al76 assessed CT scans from 99 patients with severe asthma

and identified that those with limited airflow exhibited a persistent

neutrophilic airway inflammation. Indeed, neutrophils are anticipated

to be fundamental to the progressive airflow limitation, as they nega-

tively correlate with FEV1.
60 It should be acknowledged that the

majority of studies assess neutrophilia in the airway lumen of asth-

matic patients, whereas many significant disease processes occur in

the airway wall. Accordingly, it is important to consider the relative

location of neutrophils in the context of disease pathology. Examina-

tion of post‐mortem biopsies of asthmatic patients has identified neu-

trophil dense areas within the inner airway walls in a subgroup of

patients.77 Importantly, some studies have demonstrated that

increased airway lumen neutrophils have actually been linked with

improved clinical symptoms and resolution of inflammation in certain

chronic lung disease.78,79 Therefore, disease pathology may be influ-

enced by the location of neutrophils within the mucosal tissue and

airways.

Refractory asthma that is unresponsive to inhaled corticosteroids

is characterized by elevated neutrophilia and shares similar pathologi-

cal features to neutrophil‐driven pathology in chronic obstructive pul-

monary disease (COPD), such as bronchiectasis, emphysema and fixed

airflow obstruction.60,75,80-82 Whilst elevations in neutrophil numbers

have not always been observed in patients with mild asthma,83 it is

now apparent that increased neutrophilia is prevalent in severe,

chronic asthma and sudden severe exacerbations.56,60,73-75,81,84,85

Djukanovic and colleagues demonstrated that airway neutrophils in

severe asthmatics displayed a pro‐survival capacity with reduced num-

bers of apoptotic neutrophils compared to mild asthmatics and healthy

control patients.86 Subsequently, this group showed that profound

EGF signalling in the epithelial cells of severe asthmatics seemingly

induced neutrophil survival by inducing the release of neutrophil

chemokines and survival factors such as IL‐6, IL‐8, GM‐CSF and

TNF‐α.87 Fahy and colleagues reported increased sputum neutrophils

post‐asthma exacerbations,81 with a subsequent study observing

increased neutrophil infiltration in bronchial biopsies of patients with

sudden‐onset fatal asthma.88 Additional studies have also described

increased BAL neutrophils in asthmatic patients requiring ventilation

due to exacerbations.89 Likewise, sputum neutrophilia and heightened

IL‐8 concentrations were observed in children admitted to hospital

emergency departments post‐exacerbation.90 Neutrophil infiltration

has also been observed in patients with occupational asthma after

being challenged with agents such as toluene diisocyanate.91 Respira-

tory infections have often been implicated in driving the observed

neutrophilic inflammation in asthmatic patients. Respiratory syncytial

virus (RSV) infection of asthmatics is associated with an increased neu-

trophilic infiltrate and exacerbation of disease.92,93 Likewise, bacterial

species are frequently detected in asthmatic patients and associated

with neutrophilia and exacerbations of disease.94,95 Chlamydia pneu-

moniae infection has been observed in asthmatic patients hospitalized

with an acute exacerbation and was associated with increased neu-

trophil numbers.96 Similarly, Moraxella, Haemophilus and Streptococcus

species have been associated with elevations in neutrophilic inflamma-

tion in severe asthmatics on high dose corticosteroids.97 Conse-

quently, antibiotic usage has been suggested as a possible therapy for

asthma.98 A study in 52 stable asthmatics highlighted that

clarithromycin treatment improved FEV1 measurements in patients

that were positive for BAL Chlamydia pneumoniae and Mycoplasma

pneumoniae.99
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With it now apparent that there is a need to tailor therapies

to specific sub‐phenotypes of patients with severe asthma,63

there has become a sharper focus on those patients presenting

with severe persistent, steroid‐resistant, neutrophilic inflammation

for which treatment options are completely inadequate. However,

this is a population that is complex and incompletely understood

with little concept of the exact role of the neutrophil in the asth-

matic lung. Accordingly, it is critical that we define and dissect in

what way the neutrophil may contribute to asthma pathophysiol-

ogy and subsequently if and how we should target this cell thera-

peutically.

4 | A PATHOLOGICAL ROLE FOR
NEUTROPHILS IN ASTHMA?

Despite the clear indication that neutrophils can be a prominent

component of the allergic response, their significance and relative

contribution to the development and pathophysiology of asthma

remain unclear. Nonetheless, the general consensus is that neu-

trophils are detrimental and indicate a worse prognosis: neutrophilic

inflammation in the asthmatic lung is generally associated with

enhanced severity of disease, diminished responsiveness to corticos-

teroids, lower lung function and is a feature of rapid onset asthmatic

deaths. Direct interrogation of the role of neutrophils in animal mod-

els of allergic airways disease has been surprisingly lacking. Neu-

trophil depletion with an anti‐Gr‐1 monoclonal antibody in an OVA

murine model significantly reduced the magnitude of late asthmatic

response (LAR).100 Additionally, in a mouse model of chemical

induced asthma, it was demonstrated that neutrophil depletion pre-

vented airway hyperresponsiveness (AHR), lung epithelial damage

and reduced airway inflammation.101 Studies in dogs have also sup-

ported the notion that neutrophils may contribute to the pathology

of asthma, with ozone‐induced AHR associated with increased num-

bers of intraepithelial neutrophils102 and the depletion of neutrophils

reducing AHR in this model.103

IL‐17 is a cytokine that is consistently linked with asthma and

particularly the severe forms of the disease,104,105 with several

studies reporting correlations between IL‐17 levels and the number

or neutrophils retrieved from sputum, BAL and blood.104,106,107

Whilst IL‐17 has no direct effect on neutrophil function, it is able

to indirectly promote neutrophil recruitment by triggering the

release of neutrophil chemokines from structural cells108,109 and is

also capable of promoting neutrophil survival and activation.110,111

Animal models of allergic airway disease have highlighted the

importance of IL‐17 producing cells in the recruitment of neu-

trophils and induction of AHR.108,112 In a steroid‐insensitive Th‐17
cell adoptive transfer model of allergic airways disease, neutrophil

depletion reduced airway inflammation and rescued lung compli-

ance but did not improve AHR to methacholine.113 Whilst the

physiological relevance of some of these models to human disease

and the specificity by which neutrophils are targeted can be

debated, there is enough to argue that neutrophils can contribute

to asthma pathophysiology. Nonetheless, detailed mechanisms

underlying any detrimental effects of neutrophils in asthma are

predominantly speculative.

As already noted, products released by neutrophils, such as pro-

teases and reactive oxygen species, possess a marked capacity to

cause direct non‐specific tissue damage and thus it is easy to

rationalize the pathological contribution of these cells when deregu-

lated in the asthmatic lung. This likely represents an oversimplified

view, however, of the probable multifaceted and complex potential

of neutrophils in allergic airways disease. As previously discussed,

neutrophils release a plethora of mediators that, directly or indi-

rectly, drive the migration, activation, maturation, differentiation and

survival of both stromal cells and leucocytes.7-9 Furthermore, as neu-

trophil derived products are capable of eliciting significant tissue

damage, this may result in cell death and release of “alarmins” that

may further activate the immune system. Given the capacity of neu-

trophils to interact with localized stromal cells as well as both innate

and adaptive arms of the immune response, as discussed in a previ-

ous section, it is logical that neutrophils could contribute to both

sensitization and elicitation phases of allergic airways disease. It is

worth considering briefly how some of the most prominent neu-

trophil‐derived products may directly participate in the development

of some of the hallmark pathological features of asthma—although

some of this interpretation and conclusions are extrapolated from

basic biological studies or those in other disease states, and as such

their significance may still be somewhat speculative with regards to

asthma.

Neutrophils are a rich source of matrix metalloproteinases

(MMPs), especially MMP‐8 and MMP‐9, which contribute to extra-

cellular matrix degradation in asthma. MMP‐8 has been reported to

be elevated in BAL and biopsy samples of asthmatics, exhibiting a

significant inverse correlation with FEV1 and a greater level of acti-

vation in severe, poorly controlled asthmatics.114 An abundance of

literature highlights the augmented levels of MMP‐9 in the asthmatic

lung, and although this protease can be derived from a multitude of

cells, it has been found to be almost entirely neutrophil derived.115

BAL, sputum, exhaled breath condensates and tissue biopsy levels of

MMP‐9 have all been described to be elevated in asthmatics, with

levels being reportedly refractory to corticosteroids and correlating

with the extent of cellular infiltrate and the severity of disease.115-

121 MMP‐9 is capable of degrading extracellular matrix components

including type IV collagen of the basement membrane that con-

tributes significantly to endothelial/epithelial integrity. The endothe-

lium forms a selective barrier between the vasculature and the lung

interstitium preventing the accumulation of fluid (oedema), which

contributes to clinical symptoms of asthma.122,123 For example,

oedematous airways are narrowed, they exhibit increased airflow

resistance and altered mechanical properties, and it has been sug-

gested that their hyperreactivity is enhanced. The airway epithelium

forms the first structural barrier to inhaled allergens and disruption

of this barrier may facilitate access of allergens to submucosal cells

and promote inflammation.124,125 The potential of MMP‐9 to drive

asthma related pathophysiology is reinforced by the finding that
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MMP‐9 deficient mice exhibit impaired mononuclear cellular infiltra-

tion and bronchial hyperresponsiveness in a model of allergen‐
induced airway inflammation.126

Neutrophil‐derived serine proteases, such as neutrophil elastase

(NE) and proteinase 3 (PR3), are capable of degrading elastin of the

extracellular matrix, and elastic fibres are disrupted in the bronchi of

asthmatic patients owing to a protease imbalance.127 Accordingly,

NE is reportedly elevated in induced sputum of asthmatics where it

negatively correlated with FEV1 and in bronchial secretions during

asthma exacerbations.56,128,129 Furthermore, neutrophils isolated

from asthmatics released NE by an IgE‐dependent mechanism fol-

lowing challenge with specific allergens that evoke symptoms in the

respective patients, and levels of NE release inversely correlated

with FEV1.
128 NE possesses the potential to promote many of the

pathophysiological features of asthma, with a purported capacity to

promote epithelial damage, vascular permeability, altered cilia beat

frequency, mucus gland metaplasia and mucus hypersecretion,

smooth muscle cell proliferation, collagen deposition and airway wall

thickening and ultimately bronchoconstriction and bronchial hyperre-

activity.56,84,129-134

Neutrophils are a prominent source of reactive oxygen species

(ROS), being capable of producing quantities of superoxide anion

(O2
−), hydrogen peroxide (H2O2) and hypochlorous acid (HOCl).

Whilst these species are indispensable component of host defence

against invading micro‐organisms, they are also capable of immense

tissue damage in the asthmatic lung. Peripheral blood neutrophils

isolated from adult asthmatics with clinically stable disease have

been demonstrated to produce more O2
− in response to PMA or

fMLP stimulation relative to healthy controls.135,136 Furthermore, in

those subjects with asthma, the level of O2
− generation correlated

with the degree of AHR to methacholine135 and inversely with

FEV1
136. Additionally, it was increased with progression of disease

and disease duration and was greater when patients were undergo-

ing an exacerbation.136 Furthermore, reports have suggested a rela-

tionship between ROS and airway narrowing, with ROS shown to be

capable of increasing the contractile response of airway smooth

muscle,137 enhancing endothelial barrier dysfunction with subse-

quent plasma leakage via up‐regulation of VEGF138 and promoting

goblet cell metaplasia and mucus hypersecretion via activation of

epidermal growth factor receptor.132,133,139

Lactoferrin, derived from the secondary granules of neutrophils,

has been reported to be elevated in sputum of asthmatics that read-

ily expectorate relative to healthy controls.140 Furthermore, aug-

mented lactoferrin expression is seen in lung tissue sections from

individuals with fatal slow‐onset and sudden‐onset asthma relative

to non‐asthmatic controls.141 Lactoferrin functions as an important

mediator of host defence against bacterial and fungal pathogens by

sequestering iron. However, it is now acknowledged that lactoferrin

is a multifunctional protein with an array of immunoregulatory func-

tions pertinent to the establishment of an inflammatory response,

with roles ascribed in antibody synthesis, pro‐inflammatory cytokine

production, complement activation, T‐cell proliferation and NK cell

cytoxicity.142 It has been postulated that lactoferrin in the asthmatic

airways may have a role in eosinophil activation, with studies

highlighting its capacity to promote O2
- production, degranulation

and cysteinyl leukotriene release.143 Although this list of neutrophil

products is not meant to be exhaustive, it highlights how neutrophil‐
specific products can directly drive tissue damage and many of the

hallmark features of asthma pathophysiology.

5 | NEUTROPHILS IN ASTHMA:
NECESSARILY AN EVIL?

Whilst a strong case can certainly be made for a pathological role

for neutrophils in asthma, the evidence is by no means conclusive.

Although clinical data highlight the presence of neutrophils in

severe, poorly controlled asthma, the presence does not naturally

equate to causality. Indeed the majority of the evidence is largely

circumstantial, generally representing a snapshot of a complex

chronic disease with variable origins and aetiologies—consequently

studies clearly dissecting the contribution of neutrophils in asthma

are limited and predominantly speculative. Manipulation of neu-

trophilic inflammation in a clinical setting has done little to support

the notion that they may underlie the observed pathophysiology

and represent a viable therapeutic target in asthma. In a small

phase 2 study, administration of an anti‐CXCR2 receptor antagonist

to asthmatics reduced sputum and peripheral neutrophil counts, with

some reduction in mild exacerbations but no improvement in FEV1,

symptoms or asthma control.144 Consequently, the CXCR2 antago-

nist AZD5069 also proved ineffective in reducing the frequency of

severe exacerbations or improving asthma symptoms or lung func-

tion when tested in a phase 2b trial in patients with uncontrolled,

severe asthma.145 Similarly, various strategies that have targeted the

potent neutrophil chemoattractant LTB4 in asthmatics have yielded

disappointing results,146-149 and treatment with an anti‐IL‐17 recep-

tor antibody in poorly controlled moderate‐to‐severe asthmatics

failed to show patient benefit.150 However, it is important to recog-

nize that these clinical studies alone do not fully support the asser-

tion that neutrophils are non‐pathogenic in asthma as many of the

trials failed to selectively enrol patients with a heightened neu-

trophilia and the inclusion of subjects of a non‐neutrophil endotype
may mask efficacy of the treatments. Furthermore, several of the

studies failed to demonstrate a reduction in airway neutrophils thus

precluding any conclusions being drawn as to their pathological

involvement.

It could be argued, however, that the presence of neutrophils is

inconsequential and has little impact on the outcome of disease,

with perhaps the lungs of severe asthmatics being more conducive

to neutrophil recruitment or survival. Many of the patients with sev-

ere asthma are on high doses of corticosteroids, which function to

inhibit neutrophil apoptosis via several molecular mechanisms151—
suggesting that the steroid treatment itself actually accounts for the

elevated neutrophila.152,153 For example, Cowan et al154 observed a

reduction in sputum neutrophil counts post‐steroid withdrawal,

which eliminated a subgroup of patients that were previously
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defined as “neutrophilic”. As such, it is important to consider that

neutrophilia may be present in severe asthmatic patients as a conse-

quence of corticosteroid administration rather than the severity of

the disease alone. The relationship between neutrophilic asthma and

smoking status is also unclear, and previous studies have suggested

that if data are controlled for corticosteroid use and smoking then a

neutrophilic asthma phenotype does not exist.154,155

Conversely, is it feasible that neutrophils may in some way be

beneficial and play a positive role in disease outcome? Could their

presence in the more severe forms of asthma represent an effort to

control inflammation, restore homeostasis and promote tissue repair?

Whilst this concept may seem unlikely, it is not beyond the realms

of possibility that neutrophils may fulfil some favourable role. Neu-

trophils have the capacity to phaocytose and clear apoptotic cells

and debris and are a source of pro‐resolving lipid mediators, anti‐

inflammatory and immunomodulatory cytokines, decoy receptors and

cytokine scavengers.8,35-37,39,41,42,52-54 Although the significance has

not been explored in the context of asthma, it is recognized that

neutrophils can facilitate the resolution of inflammation through

scavenging or blocking the action of pro‐inflammatory cytokines or

chemokines. Specifically, apoptotic neutrophils up‐regulate CCR5 on

their surface in response to specific pro‐resolving lipid mediators to

function as a decoy receptor for CCL3 and CCL5 and terminate che-

mokine signalling.39 Similarly, neutrophils have been reported to

express the CC‐chemokine receptor D6 that functions as a decoy

receptor to virtually all CC‐chemokines156. Furthermore, neutrophils

are a source of both membrane expressed and released forms of the

IL‐1 decoy receptor IL‐1R2, which binds IL‐1β and prevents it inter-

acting with its signal transducing receptor IL‐1R1.41 Furthermore,

neutrophils release IL‐1RA, particularly in response to anti‐

F IGURE 1 The contrasting roles of the
neutrophil in asthma. There is now little
doubt that a subset of patients with severe
asthma present with an underlying
pulmonary infiltrate with a significant
neutrophilic component. However, why the
neutrophil is present in the asthmatic lung
and what precisely it is doing there
remains largely speculative, with
circumstantial and conflicting reports.
Corticosteroids, cigarette smoke, infection
and various other intrinsic and extrinsic
factors potentiate neutrophilic
inflammation and thus it is important to
consider this neutrophilic phenotype in the
context of comorbidities and confounders.
It is generally anticipated that neutrophils
fulfil a pathological role in the context of
asthma. However, increasingly it is being
acknowledged that neutrophils may not be
entirely pathological, and may even serve
positive roles in defining asthma
pathophysiology. Evidence cited comes
from circumstantial clinical observations,
limited animal studies and cell based
approaches as well as speculative roles of
neutrophils based upon findings in other
disease settings. Ultimately, it seems
plausible that the neutrophil exhibits
pleiotropic and potentially conflicting roles
in defining asthma pathophysiology, with
context, timing and location of the
neutrophil all critical in defining the overall
outcome

1280 | SNELGROVE ET AL.



inflammatory IL‐10, which acts to bind IL‐1R1 but not induce any

intracellular signalling.42 Neutrophils have themselves also been

described to be a source of anti‐inflammatory cytokines IL‐1037 and

TGF‐β8 and so can potentially be immunosuppressive. Indeed, higher

numbers of TGF‐β‐positive neutrophils have been reported in the

airway tissue of asthmatic patients relative to healthy controls and

higher levels of this cytokine are spontaneously released from

peripheral blood neutrophils derived from asthmatics157—potentially

with an immunomodulatory role or alternatively implicated in the

pathological tissue remodelling. Neutrophils also actively facilitate

the resolution of inflammation through the production of pro‐resol-
ving lipid mediators that limit further neutrophil influx.158 During res-

olution of inflammation, neutrophils switch eicosanoid biosynthesis

from pro‐inflammatory leukotriene B4 production to that of pro‐
resolving lipoxin A4, which acts to inhibit further neutrophil recruit-

ment. Furthermore, neutrophils support the generation of resolvin

and protectin molecules from omega‐3‐essential polyunsaturated

fatty acids, which then act to inhibit neutrophil transendothelial

migration. Furthermore, the phagocytosis of apoptotic neutrophils by

tissue macrophages during the resolution of inflammation induces an

anti‐inflammatory IL‐10hi IL‐12lo M2‐like phenotype in the macro-

phage.53 Thus, perhaps the traditional misconception that neu-

trophils can only be pathological should be disregarded.

As discussed above, there is strong circumstantial evidence that

MMP‐9 is elevated in asthma and may contribute to pathology of dis-

ease; however, two studies in animal models have suggested that

MMP‐9 may actually serve a positive role in limiting and resolving aller-

gic airways disease.159,160 Another study has demonstrated a positive

role for neutrophil derived proteases in the destruction of mucus plugs

that are such an important cause of airway obstruction in severe

asthma.161 In keeping with these studies, it has recently been shown

that the presence of neutrophil chemokines was actually associated

with better clinical outcomes in a subset of patients with severe neu-

trophilic asthma.113 Furthermore, we have shown that a proportion of

children with severe therapy resistant asthma (STRA) have increased

intraepithelial neutrophils within their lungs and higher IL‐17RA, which

correlated with better lung function.162 Together these studies suggest

that it is possible that neutrophils may play a beneficial role in the

pathophysiology of asthma and that context and location may be

important in defining their contribution to the disease state.

6 | CONCLUSIONS

Given that neutrophils are armed with a toxic arsenal capable of elic-

iting profound tissue destruction and the clear indication that neu-

trophils are a prominent inflammatory cell in a subset of asthmatics

with an often severe and corticosteroid refractory phenotype; then, it

is unsurprising that the neutrophil has been cast as the villain that

drives disease pathology and that should be therapeutically targeted

at all costs. Whilst this viewpoint is not without merit, we should dis-

card the outdated misconception of neutrophils as primitive, primarily

pathological cells. Instead, we should acknowledge a cell that at times

can exhibit a pronounced awareness and plasticity, an impressive and

broad biosynthetic capacity, and a marked potential to influence and

shape the inflammatory environment to which it enters. Furthermore,

we should consider the neutrophil in the asthmatic lung as a poten-

tially heterogeneous population and in the context of location,

comorbidities and intrinsic and extrinsic confounders. In this complex

setting, there is the clear need to define and dissect precisely what

role the neutrophil is playing rather than infer its role from circum-

stantial evidence and often obsolete misgivings of the neutrophil as a

harbinger of doom. It is feasible, and perhaps probable, that the neu-

trophil exhibits pleiotropic and potentially conflicting roles in defining

asthma pathophysiology (Figure 1)—some almost certainly detrimen-

tal and some potentially beneficial—that may be variable in a context

and patient specific setting. Accordingly, therapeutic manipulation of

neutrophils with a broad sword approach may not be the answer and

may indeed cause serious adverse effects. Rather we should first seek

to understand their complex and multifaceted roles in the disease

state and then target them with the same subtleties and specificity

that they themselves exhibit.
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