Clinical and Experimental Allergy, 36, 563-567

EDITORIAL

Clinical and
Experimental
Allergy

R. Louis™ and R. Djukanovic’

© 2006 Blackwell Publishing Ltd

Is the neutrophil a worthy target in severe asthma and
chronic obstructive pulmonary disease?
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Both asthma and chronic obstructive pulmonary disease
(COPD) are recognized as chronic inflammatory airway
diseases. Over the past 20 years, considerable effort has
gone into elucidating the complex cell and mediator
interactions taking place in airways of patients with these
diseases. Traditionally, asthma has been viewed as an
eosinophilic disease, while neutrophils, together with
macrophages, have been seen as being key inflammatory
cells in COPD [1]. However, recent studies have blurred
this rather simple distinction, with studies showing that a
proportion of asthmatics, predominantly with severe
asthma, have raised neutrophils in their airway lumen [2]
and, interestingly, in their bronchial wall [3, 4]. Similarly,
studies in COPD show that the numbers of airway eosino-
phil may increase in stable patients with sign of mast cell
activation [5] and during exacerbations [6].

In a recent issue of Clinical and Experimental Allergy,
Beeh and Beier provide a comprehensive review of the role
of neutrophils in severe asthma and COPD and discuss
potential targets of anti-neutrophil treatment [7]. This
editorial discusses further the role of neutrophils in severe
asthma and COPD and the critical importance of choosing
the right outcomes when assessing the efficacy of new
anti-inflammatory drugs in severe asthma and COPD.

Neutrophils in severe asthma: key players or mere
bystanders?

Asthma has long been considered to be an eosinophilic
bronchitis, which is associated with bronchial hyper-
responsiveness. The beneficial effects of inhaled corticos-
teroids in asthma have commonly been thought to be
related to the ability of these drugs to dramatically reduce
the airway eosinophilia [8]. However, recent studies have
shown that despite a dramatic reduction in blood and
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airways eosinophils by anti-IL-5, the anticipated protec-
tion against allergen challenge and the associated increase
in bronchial hyper-responsiveness is not seen in patients
with mild asthma [9]. Furthermore, in a limited study, this
type of treatment has not been shown to improve forced
expiratory volume in 1s (FEV,) and symptoms in severe
asthma [10]. With the finding that anti-IL-5 treatment
fails to completely deplete eosinophils from the bronchial
mucosa [11], the debate about the role of eosinophils in
asthma has remained open but it has also become clear
that more work has to be directed at other effector cells. At
the same time, the recognition that some asthmatics,
particularly those who have severe disease [2, 3, 12] and
are resistant to corticosteroids [13], have raised neutrophil
counts in their airways has led to suggestions that
neutrophils might be a more valid target than eosinophils
when attempting to bring asthma under control. In addi-
tion, the fact that activated neutrophils may release a
large array of inflammatory mediators, oxygen radicals
and proteases has lent support to their involvement in the
intense airways inflammation and remodelling found in
severe asthma [14] (Fig. 1). Thus, elegant studies have
shown that raised sputum neutrophil counts are asso-
ciated with irreversible loss in lung function in asth-
matics, as reflected by FEV, values measured after
completion of a 14-day course of oral corticoids and
high-dose nebulized salbutamol [15].

Despite the increasing evidence to support a role for
neutrophils in asthma, the mere increase in their numbers
does not imply that they are pivotal in severe asthma. The
fact that severe asthma with irreversible lung function
impairment is associated with high airway neutrophilia
also does not imply that neutrophils are involved in
airway remodelling. Rather, this association might indi-
cate that remodelled airways, whatever the mechanisms
leading to remodelling may be, provide a suitable envir-
onment that favours neutrophil recruitment or survival
[16]. Furthermore, patients in this category are usually on
inhaled corticosteroids, which could prolong neutrophil
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survival [17], making the association circumstantial
rather than one of cause and effect.

An important question when seeking to identify a role
for a cell in disease is whether the presence of increased
numbers necessarily implies increased activation and if so
does this have deleterious effects or is it a beneficial,
protective reaction. Of relevance to the question of the
pathogenetic role of neutrophils is the observation that
reducing airway lumen neutrophil numbers by leuko-
triene B, (LTB,) antagonists [18] does not reduce the fall
in lung function following allergenic exposure. In that
respect, the story is reminiscent of the effects of depleting
blood and airway eosinophils with anti-IL-5. When look-
ing at the available evidence, it is also important to
consider the compartment where cells are sampled. The
majority of studies, which have highlighted the role of
neutrophils in severe asthma have been based on the
analysis of sputum or bronchoalveolar lavage, both of
which sample the lung air spaces. In contrast to eosino-
phils, where a good correlation exists between sputum and
bronchial eosinophil counts, a similar association has not
been seen for neutrophils [19]. Therefore, a high neutro-
philia in the airway lumen, as usually shown in chronic
severe asthma [20] and in some asthma exacerbations
[21], does not necessarily imply that the bronchial wall is
equally infiltrated with neutrophils. The potential remo-
delling effect of an inflammatory cell within the airway
lumen, however, is likely to be less than that of the same
cell located within the bronchial wall. Fewer biopsy
studies have been performed in severe asthma. Intense
bronchial mucosal neutrophilic inflammation is not a
characteristic finding in all chronic severe asthmatics
who fail to be adequately controlled by inhaled or oral
corticosteroids [22]. When significant neutrophilic infil-
tration was found [4], it was associated with prominent
infiltration with eosinophils, mast cells and CD3 T cells,
making it difficult to conclude definitively whether neu-
trophils were the determinants of asthma severity.

Other potential cell targets in severe asthma

There are several other cell types that deserve further
attention as potential targets in the clinical setting of
severe asthma. Recent intriguing data have indicated that
bronchial mucosal CD8™, rather than CD4™", T cells, are
associated with the lung function decline in asthma [23],
suggesting a role for these cells in airways remodelling. A
potential role for CD8™ T cells has also been recently
highlighted as possibly precipitating asthma death during
viral infection [24]. Looking beyond inflammation, there
is now little doubt that the structural cells that constitute
the airways are important in asthma [25]. Among these,
airway smooth muscle cells, have long been known to
have an altered phenotype. Because asthma is a disease
where lung function can change dramatically and respond
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Fig. 1. Role of neutrophil in chronic obstructive airway diseases.
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very promptly to (3,-agonists, the evidence for the role of
smooth in asthma is conclusive. The smooth muscle layer
is considerably thickened in severe asthma [22] prompting
a lot of research into the mechanisms leading to smooth
muscle proliferation [26]. Of particular interest is the
recent demonstration that the airway smooth muscle layer
in asthma is infiltrated by mast cells [27] and that this is a
major feature that distinguishes asthma and eosinophilic
bronchitis, which is not associated with bronchial hyper-
responsiveness. This tight spatial relationship between
mast cells and smooth muscle may be of critical impor-
tance not only in the events triggering acute bronchos-
pasm following allergen exposure, but may also be
important in the genesis of smooth muscle hypertrophy/
hyperplasia.

Targeting tumour necrosis factor-o rather than
neutrophils in severe asthma

Rather than trying to deplete the airways of their inflam-
matory cells, some therapeutic strategies aim to counter-
act cytokines released by these cells on the assumption
that these might be pivotal to asthma pathogenesis. After
a series of disappointing results obtained with anti-T-
helper cells type 2 (Th2) cytokines (anti-IL-5 or anti-IL-4),
current research has turned towards blocking non-specific
pro-inflammatory cytokines such as TNF-o which are
classically associated with neutrophilic inflammation.
This strategy has proved to be efficient in other chronic
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inflammatory diseases such as rheumatoid arthritis [28]
and Crohn disease [29]. Anti-TNF-« is presented by Beeh
and Beier[7] as an anti-neutrophilic strategy. Two very
recent studies have shown that targeting TNF-o. in severe
corticosteroid dependent asthma with etanercept, a p75
TNF receptor-IgG fusion protein, that binds to TNF-o and
TNF-B, could benefit patients in terms of symptom control
and quality of life [30, 31]. Interestingly, this improvement
was found to be independent of any reduction in airways
neutrophil counts but was linked to the baseline expres-
sion of membrane-bound TNF-o by peripheral-blood
monocytes [31]. This suggests that the detrimental up-
regulation of the TNF-o axis may be independent of
airways neutrophils in severe asthma. Even more surpris-
ing and interesting, is the fact that etanercept rapidly and
convincingly reduced the extent of methacholine bron-
chial hyper-responsiveness [30, 31], lending support to a
possible direct action of TNF-o« on smooth muscle. To-
gether with the ability of inhaled TNF-« to induce airway
hyper-responsiveness [32] and the recent demonstration
that airway smooth muscle is typically infiltrated with
mast cells in asthma, these observations emphasize the
importance of the localization of inflammation within the
wall [33]. Based on these observations, it is also tempting
to speculate that TNF-o released by mast cells in the
vicinity of airway smooth muscle profoundly affects the
behaviour of the latter. This would fit the hypothesis
according to which asthma is a smooth muscle inflamma-
tion in which mast cell-derived mediators/cytokines play
a prominent role.

Are neutrophils key cells leading to lung function decline in
chronic obstructive pulmonary disease?

As far as COPD is concerned, emphasis has traditionally
been placed on macrophages and neutrophils, and more
recently CD8™ T cells, as key cells orchestrating inflam-
mation and mediating the tissue damage that charac-
terizes the disease [34]. Of particular importance is the
recognized ability of neutrophils to release oxygen radi-
cals and elastase, which may be essential for the patho-
genesis of bronchiolitis and emphysema, respectively.
Furthermore, neutrophils appear to be a potent source of
matrix metalloproteinases, the role of which has recently
been highlighted in airway remodelling [35]. Therefore,
neutrophil activation has the biochemical potential to
initiate remodelling and speed up lung function decline
in COPD. There is compelling evidence in the literature to
support that view. In advanced COPD, sputum neutrophi-
lia may account for up to 70-900% of the cells found in the
airway lumen [36] and sputum neutrophilia is associated
with greater airflow limitation as measured by both FEV,
and the FEV,/forced vital capacity ratio, together with an
accelerated decrease in FEV,; over a 15 year follow-up
period [37]. In addition, a recent study of surgically
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resected lung tissue in a large number of COPD patients
showed that the number of neutrophils in the small
airways clearly increases in association with the reduction
in FEV, [38] (Fig. 2). However, arguments have been put
forward that neutrophils are more related to smoking itself
rather than to airway obstruction and emphysema [39].
Additionally, there are examples in clinical medicine in
which extensive and selective lung infiltration by neutro-
phils does not result in severe remodelling. One of those is
pneumococcal pneumonia, which usually resolves
completely after a short period of inflammation when the
patient is appropriately treated with antibiotics. It is,
therefore, reasonable to postulate that remodelling
occurs after prolonged neutrophilic infiltration, and/or
when neutrophils interact with other inflammatory
cells. It may also be that the phenotype of the neutro-
phil is markedly different in chronic disease. In this
respect, it is also important to emphasize that both
in severe asthma [4] and COPD [38] neutrophilic
infiltration coexists with infilitration with other inflam-
matory cells such as T and B cells, eosinophils and
macrophages.

Neutrophils and mucus production

Neutrophils rapidly traffic from blood (through airway
wall) into the airway lumen where they contribute to
defences against microorganisms [40]. In their review
Beeh and Beier [7] briefly state that neutrophils may
release products that stimulate mucus secretion. This
interaction between neutrophils and mucous glands cer-
tainly deserves further attention. Indeed, diseases where
sputum is produced in abundance, such as cystic fibrosis
and bronchiectasis, are often associated with intense
sputum neutrophilia [41, 42]. Furthermore, smokers with
chronic bronchitis [43] and asthmatics [44] have neutro-
phil infiltration of their bronchial glands. These observa-
tions suggest that products secreted by neutrophils might
play a critical role in mucus secretion. This is further
supported by the fact that mediators released by neutro-
phils, such as LTB, [45], elastase and proteinase 3 [46], are
potent stimuli for glandular secretion in vitro (Fig. 1). Both
in severe COPD [38] and fatal asthma [47], there is
convincing evidence of mucus retention in the airways
which contributes to airway lumen obliteration and,
thereby, to airflow impairment. In addition chronic mucus
hyper-secretion is associated with accelerated lung de-
cline and risk of hospitalization [48]. Therefore, therapeu-
tic strategies that would aim to regulate the amount and
viscosity of mucus secreted in the airways would be of
great value in the management of both severe asthma and
COPD. Careful analysis of interactions between neutro-
phils and airway glands might lead to new pharmacologi-
cal tools to control airway secretion in the future.
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The importance of choosing the right outcome in severe
asthma and COPD

Strategies that dramatically reduce eosinophils in asthma,
such as the use of monoclonal antibody directed against
IL-5, have probably been dismissed too early. Better
selection of patients - primarily those with persistent
eosinophilia - and a better choice of outcome in the study
design are needed. Given that eosinophils might have a
particularly important role in asthma exacerbations,
either directly or as markers of a risk of exacerbation
[49], and in view of their possible role in COPD exacerba-
tions [6], studies aimed at elucidating whether there is any
benefit of reducing exacerbations by controlling eosino-
phil numbers by way of anti-IL-5 antibody treatment
would be welcome. In the design of such studies care
should be taken to select those asthmatics in whom high
sputum (and perhaps blood) eosinophil counts persist
despite treatment with high doses of inhaled corticoster-
oids. As pointed out by Beeh and Beier [7] there is not yet
convincing evidence for a drug that selectively and
consistently reduce neutrophilic inflammation. If such a
drug endowed with selective anti-neutrophil activity,
validated in a proof of concept study, were to be tested in
severe asthma and COPD, exacerbation frequencies, the
rate of lung function decline and possibly mortality
should be chosen as primary outcomes. This would, of
course, require long-term studies and large cohorts of
patients. However, it should be borne in mind that clinical
situations in which neutrophil numbers are markedly
reduced put patients at risk of developing severe and
potentially lethal infections.
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