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ABSTRACT
Background Airway neutrophilia is a recognised feature
of chronic severe asthma, but the mechanisms that
underlie this phenomenon are unknown. Evidence for
factors present in airway secretions that prolong
neutrophil survival has been sought and it has been
hypothesised that these might be augmented in
neutrophilic asthma.
Methods Non-smoking subjects with severe asthma
(SA) or mild asthma (MA) and healthy control subjects
(HC) underwent sputum induction. The SA group was
subdivided into subjects with neutrophil counts above
(SA-high) and those within the normal range (SA-low).
Apoptotic neutrophils were enumerated in the cellular
phase while the fluid phase was assessed for its ability
to prolong the in vitro survival of blood-derived
neutrophils using morphometric and flow cytometric
analyses.
Results There was a significant difference between all
four subject groups with respect to the percentage of
apoptotic sputum neutrophils (KruskaleWallis,
p¼0.042). Cuzick test showed a highly significant
(p¼0.008) trend towards decreasing numbers of
apoptotic neutrophils across the four groups with
increasing asthma severity and neutrophil count. The
sputum antiapoptotic activity was also different between
the groups (p¼0.039), with a highly significant
(p¼0.005) decreasing trend across the four groups. The
survival effect could not be inhibited by blocking selective
chemotaxin receptors, neutralising neutrophil survival
factors, inhibiting phosphatidylinositol-3-kinase (using
LY294002) or with pertussis toxin pretreatment.
Similarly, it could not be explained by lipopolysaccharide
contamination or by the presence of inhaled
corticosteroids in sputum.
Conclusions These data demonstrate the capacity of as
yet unidentified factor(s) in the airways of subjects with
asthma to delay human neutrophil apoptosis and extend
their lifespan as a potential mechanism contributing to
unresolving airways neutrophilia in severe asthma.

INTRODUCTION
Accumulating evidence points to an important role
for neutrophils during acute exacerbations of
asthma and in severe forms of the disease1e3 where
raised neutrophil numbers have been observed in
bronchoalveolar lavage (BAL), induced sputum and
both bronchial and transbronchial biopsies.1 4 5

While increased concentrations of neutrophil-active
mediators interleukin 8 (IL-8),6 7 leukotriene B4
(LTB4),7 8 granulocyteemacrophage colony-stimu-
lating factor (GM-CSF)9 and tumour necrosis factor
a (TNFa)10 have been detected in BAL and plasma

of patients with severe asthma, a clear mechanistic
association between these mediators and airways
neutrophilia has not yet been demonstrated.
Theoretically, the observed neutrophilia in the

airways of those with asthma could be due to
increased chemotactic activity produced in the
inflamed airways or longer survival due to locally
produced factors, such as TNFa and GM-CSF,
which delay their apoptosis.11 It is increasingly
recognised that diverse phenotypes exist in
asthma.12 13 It is also known that there is marked
variability in airway cytokine/chemokine/growth
factor profiles, expression of receptors and signal-
ling pathways,4 14e17 all of which could represent
different phenotypes. In a subpopulation of
subjects with severe asthma, partial or complete
steroid resistance is seen.2 Paradoxically, cortico-
steroid treatment itself could contribute to airway
neutrophilia in poorly controlled asthma by
promoting neutrophil survival.18e20 While the
exact role of neutrophils in asthma is still
unknown, an extended lifespan and/or failed
clearance of apoptotic neutrophils could enhance
the proinflammatory potential of these cells to
cause lung tissue damage and to impede the
resolution of asthmatic inflammation.21

In order to elucidate the mechanisms that lead to
airways neutrophilia in severe asthma, we have
conducted a cross-sectional study of subjects with
mild asthma treated with b2-agonists alone and
those with severe asthma on high dose inhaled
(ICS) and oral corticosteroids (OCS), using healthy
individuals as control subjects. We have hypoth-
esised that raised neutrophil numbers in more
severe asthma are the result of their prolonged
survival promoted by factors released by inflam-
matory and structural cells of the airways. In order
to test this hypothesis, we first quantified the
extent of in vivo apoptosis by enumerating sputum
neutrophils that display characteristic morpholog-
ical features of apoptosis. Further evidence of
increased survival in asthmatic airways was then
sought by studying whether factors present in the
fluid phase of sputum, which samples the epithelial
lining fluid (ELF), could alter the proportions of
neutrophils that become apoptotic in neutrophil
cultures. Any effect of residual corticosteroids in
sputum samples was tested by pretreating neutro-
phils with the glucocorticoid (GC) receptor antag-
onist, mifepristone (RU486), added to neutrophil
survival assays.22 The mechanisms underlying any
proneutrophil survival effect of the sputum fluid
phase were then studied using selective blockers for
mediator pathways known to delay neutrophil
apoptosis.
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METHODS
Subjects
Non-smoking volunteers, classified as severe atopic asthmatics
(SA; n¼15), mild atopic asthmatics (MA; n¼11) or healthy
control subjects (HC (n¼12) using established GINA (Global
Initiative for Asthma) guidelines, were enrolled. The SA subjects
were further divided into two subgroups according to the
percentage of neutrophils in sputum using the 65% cut-off for
normal neutrophil counts reported by Belda and co-workers23 to
define SA with high counts (SA-high) and SA with low counts
(SA-low) (for criteria see the online supplement). The study was
approved by the Southampton and South West Hampshire
Ethics committee and all subjects were recruited using adver-
tisements in the media, either directly or via a departmental
database.

Sputum induction and processing
Sputum induction was conducted using guidelines of the ERS
(European Respiratory Society) Task Force on induced sputum24

with 4.5% hypertonic saline as described previously.25

Sputum cell counts and quantification of apoptotic neutrophils
Immunocytochemistry was applied to sputum cell phase cyto-
spins to identify neutrophils26 using mouse monoclonal anti-
neutrophil elastase antibody, followed by secondary rabbit
antimouse bionylated immunoglobulin G (IgG), streptavidineAP
(alkaline phosphatase) and Fast Red, and counterstained with
haematoxylin. Apoptotic neutrophils were defined as those
positively immunostained cells that also exhibited cell shrinkage,
nuclear condensation and fragmentation, plasma membrane
ruffling and blebbing, features known to be characteristic of
apoptotic cells and widely used for their identification.21

In vitro assessment of antiapoptotic activity of the sputum fluid
phase
Neutrophils were obtained from normal healthy donors, purified
to >98% purity using standard methods known not to activate
neutrophils27 and resuspended at 43106 cells/ml in RPMI 1640
with 20% fetal calf serum (FCS) plus 2% L-glutamine, sodium
pyruvate supplemented with 50 U/ml streptomycin, and peni-
cillin G, and incubated at 378C in 5% CO2. For all subjects,
experiments were carried out in this medium in the presence or
absence of sputum fluid phase (final concentration 1:20, shown
in preliminary experiments to be optimal in prolonging
neutrophil survival), or lipopolysaccharide (LPS) (10 ng/ml),
a known antiapoptotic factor for neutrophils, as a positive
control. Experiments were conducted in parallel in the presence
of the GC receptor antagonist, mifepristone (1 mM) in order to
control for any residual corticosteroids present in sputum. In
separate culture wells, the effect of mifepristone was controlled
by testing its ability to abrogate the inhibitory effects of dexa-
methasone (100 nM). Dexamethasone and mifepristone were
dissolved in ethanol (final EtOH concentration 0.01% (v/v)
found not to affect constitutive neutrophil apoptosis (data not
shown)). After 22 h culture, neutrophils were centrifuged at
300 g for 10 min at 48C, washed twice and resuspended with
10% heat-inactivated FCS/phosphate-buffered saline (PBS).
Cytocentrifuged preparations were fixed in methanol and
stained with Diff-Quik: this allowed blind counting of slides and
for apoptosis to be scored morphometrically as those cells with
decreased size and nuclear and cytoplasmic condensation (figure
S1; online supplement). Numbers of apoptotic cells were
reported as percentages of total neutrophil counts. In

subsequent inhibition experiments, in which inhibitors of
various mediators and signalling pathways were used to block
the effect of sputum on in vitro apoptosis, the extent of
apoptosis was assessed by flow cytometry using fluorescein
isothiocyanate (FITC)-labelled Annexin V (BD Biosciences,
Oxford, UK) and a FACSCalibur with Cell Quest software (BD
Biosciences) by counting 10 000 events per sample. We have
previously shown a strong (rs¼0.70) and highly significant
(p<0.0001) correlation between the extent of neutrophil
apoptosis measured using standard morphological criteria and
the extent quantified by flow cytometry.27 For further details of
all the experimental methods see the online supplement.

Statistics
All statistical analyses were performed using Prism version 5 for
Windows (GraphPad Software, San Diego, California, USA)
except the Cuzick test28 which was performed using STATA,
Version 11.0 (StataCorp, College Station, Texas, USA). Sputum
neutrophil numbers and neutrophil survival in in vitro assays
were not normally distributed. These data are therefore
expressed as median, IQR and range from the indicated numbers
of experiments. Differences in these indices among the four
groups of patients were assessed by the KruskaleWallis test.
Where this returned a significant difference, the Cuzick non-
parametric test for trend across the four groups (HC, MA, SA-
low and SA-high) was performed.28 The effects of drugs on the
antiapoptotic activity of sputum supernatants on neutrophils in
vitro were assessed using the paired Wilcoxon signed-rank test. A
probability of 0.05 was defined as significant.

RESULTS
Subject details
Subjects’ clinical characteristics and their sputum neutrophil
and eosinophil counts are shown in table 1. Forced expiratory
volume in 1 s (FEV1) was significantly lower in the SA-high and
SA-low groups than in the MA or HC groups (all p<0.0001).
Analysis of sputum revealed that the percentage of neutrophils
in the SA-high group was significantly higher than in the SA-
low, MA and HC groups (all p<0.0001).

Neutrophil apoptosis in sputum
The percentage of apoptotic neutrophils counted in the sputum
cell phase was significantly different between the four subject
groups as assessed by the KruskaleWallis test (p¼0.042). Trend

Table 1 Subject characteristics

Variables
HC
(n[12)

MA
(n[11)

SA-high
(n[6)

SA-low
(n[9)

Age (years) 43615.5 36610.4 4567.1 45611.5

Gender (M:F) 9:3 7:4 4:2 5:4

Duration of asthma (years) NA 20.8612.3 33.3612.5 35.4616.9

FEV1 (% of predicted) 9967.2 95612.8 6266.8* 72618.8*

Sputum neutrophils (% of total
inflammatory cells)

50.6617.2 36.4616.9z 81.169.9y 38.5615.1

Sputum eosinophils (% of total
inflammatory cells)

0.260.4 2.061.8{ 2.662.6x 13.4617.7*

Data are expressed as mean and SEM.
The SA-high and SA-low groups were defined according to neutrophil counts >65% and
<65% of total inflammatory cell counts, respectively.
*p<0.0001 versus MA and HC.
yp<0.0001 versus MA, SA-low and HC.
zp¼0.043 versus HC.
xp¼0.0012 versus HC.
{p<0.0009 versus HC.
F, female; FEV1, forced expiratory volume in 1 s; HC, healthy controls; M, male; MA, mild
asthma; NA, not applicable; SA, severe asthma.
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analysis using the Cuzick test showed a highly significant
decreasing trend in the ranked score of apoptotic neutrophils
across the four groups with increasing asthma severity and
neutrophil counts (Cuzick test for trend, p¼0.008) (figure 1).

Effect of sputum supernatant on neutrophil apoptosis
All sputum samples contained significant prosurvival activity, as
demonstrated by their ability to reduce the degree of constitu-
tive neutrophil apoptosis in vitro (median of 56.90%, range of
19.70e85.30%). However, the activity was significantly different
between the four groups (p¼0.039, KruskaleWallis test) and
analysis by the Cuzick test showed a highly significant
(p¼0.005) decreasing trend in the ranked score of antiapoptotic
activity across the four groups with increasing asthma severity
and neutrophil counts (figure 2).

Effect of mifepristone on neutrophilic apoptosis
Mifepristone (1 mM), an antagonist of the GC receptor,22 had no
significant effect (p¼0.608) on constitutive neutrophil apoptosis
alone (n¼6, data not shown). In contrast, when used at 1 mM it
completely inhibited the apoptosis-delaying effect of dexa-
methasone (100 nM) in all experiments (n¼7, data not shown).
Mifepristone had no effect on the degree of neutrophil apoptosis
when co-culturing sputum supernatants from SA, MA and HC
in the absence or presence of mifepristone (1 mM) (figure 3),
excluding the possibility that the prosurvival effects of sputum
from SA were mediated by residual GC present in sputum.

Effects of inhibiting GM-CSF, TNFa, LTB4 and IL-8 on neutrophil
survival in vitro
In order to identify factors responsible for the prosurvival effect
observed in the sputum from SA subjects, neutralising mono-
clonal antibodies (mAbs) against TNFa (100 mg/ml) and GM-
CSF (100 mg/ml), as well as the selective antagonists for the IL-8
receptor, CXCR2 (SB-225002, 100 nM), and the LTB4 receptor,
BLT1 (CP-105696, 10 mM), were applied in neutrophil cultures in
the presence of sputum fluid phase. Neither the spontaneous

apoptosis in buffer control (figure 4A) nor the antiapoptotic
effects of sputum (figure 4B) were significantly (p¼0.989 and
p¼0.998, respectively) inhibited by any of the selective receptor
antagonists or neutralising mAbs in isolation or in combination.

Study of the roles of signalling pathways and LPS in neutrophil
survival mediated by sputum
To elucidate the signalling pathways involved in the anti-
apoptotic effects mediated by sputum from SA subjects,
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Figure 1 Proportions of apoptotic neutrophils in the sputum of subjects
with severe asthma with high sputum neutrophil counts (SA-high), with
severe asthma with low neutrophil counts (SA-low), with mild asthma
(MA) and healthy controls (HC). Neutrophils were identified by
immunohistochemical staining of sputum-derived cells with antineutro-
phil elastase antibody as described in the Methods section. Box and
whisker plots show the numbers of apoptotic neutrophils expressed as
percentages of total neutrophil counts. The boxes show the median and
the 25th and 75th percentiles and the whiskers show the minimum to
maximum values (KruskaleWallis test result p¼0.042; Cuzick non-
parametric test for trend p¼0.008).
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Figure 2 Antiapoptotic activity identified in sputum fluid phase of
healthy controls (HC), subjects with mild asthma (MA) and subjects with
severe asthma with either low (SA-low) or high (SA-high) neutrophil
counts. The extent of neutrophil apoptosis was assessed in cell culture
of blood-derived neutrophils to which sputum fluid phase samples from
the four subject categories were added as described in the Methods
section. The results are shown as the numbers of apoptotic neutrophils
in culture to which sputum fluid phase samples were added expressed
as a percentage of spontaneous apoptosis (ie, numbers of apoptotic
neutrophils counted in culture in RPMI medium alone). Box and whisker
plots show the median, the 25th and 75th percentiles and the minimum
to maximum values (KruskaleWallis test result p¼0.039; Cuzick non-
parametric test for trend p¼0.005).
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Figure 3 Effect of the glucocorticoid receptor antagonist, mifepristone
(1 mM), on neutrophil apoptosis in culture with sputum from subjects
with severe asthma (SA) (n¼8), those with mild asthma (MA) (n¼5)
and healthy controls (HC) (n¼6). Neutrophils were harvested after 22 h
culture and apoptosis was assessed morphologically and expressed as
a percentage of spontaneous apoptosis in medium alone incubated in the
presence of mifepristone (solid bars) or vehicle control (open bars,
ethanol 0.01% (v/v)) as indicated. Box and whisker plots show the
median, the 25th and 75th percentiles and the minimum to maximum
values. The effects of mifepristone were not significant in any of the
subject groups.
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downstream events elicited by specific signalling pathways in
neutrophils were investigated (figure 5). The antiapoptotic
effects of sputum were not inhibited when using the long-acting
phosphatidylinositol-3-kinase (PI3K) inhibitor, LY294002
(30 mM). Similarly, polymyxin B (5 mg/ml), which binds and
inactivates LPS, had no effect on sputum-induced neutrophil
survival, excluding a role for trace amounts of LPS in the
sputum. Finally, since neutrophil chemotaxin receptors are
coupled to Gi/o proteins, we determined the effects of pertussis
toxin (PTx; a Gi/o blocker) on sputum-mediated neutrophil
survival. As shown in figure 5, pretreatment with PTx (100 ng/
ml, 2 h) failed to abolish the inhibitory effects of sputum on
neutrophil apoptosis in vitro.

DISCUSSION
This study has demonstrated the presence of prominent anti-
apoptotic activity for neutrophils in sputum samples in both
healthy subjects and patients with asthma. Although a number
of studies have investigated the characteristics of neutrophil
apoptosis in induced sputum from subjects with asthma in
vitro, this is the first investigation of the relationship between
sputum neutrophil apoptosis and the prosurvival effect of the
fluid phase of sputum on human neutrophils suggesting that
prosurvival factors in the ELF are important for regulating the
extent of airway neutrophilia in both health and disease. Of

relevance to the pathogenesis of severe asthma, the anti-
apoptotic activity was highest in patients with increased asthma
severity that was associated with neutrophilia (p¼0.005 for
trend). However, extensive analysis of sputum factors that could
be responsible for this phenomenon using selective inhibitors
and blocking antibodies failed to attribute this activity to any of
the proinflammatory cytokines, chemokines and lipid mediators
that we studied.
Severe asthma has been a focus of investigation of many

studies, but the mechanisms underlying its pathogenesis remain
poorly understood. It is widely believed that severe asthma is not
a single disease entity but consists of several pathologically
distinct phenotypes.12 13 Patients with severe asthma have
persistent granulocytic inflammation and markedly differ in their
airway cytokine/chemokine profile and their receptors when
compared with those with mild or moderate asthma.4 14 15

Significant advances have been made using sputum eosinophilia
and neutrophilia as biomarkers of eosinophilic and neutrophilic
forms of asthma, respectively, although the exact pathogenic
role of these granulocytes remains unclear. Thus, eosinophilic
asthma is usually viewed as being responsive to corticoste-
roids29; indeed, studies have shown that corticosteroid treat-
ment tailored on the basis of sputum eosinophil counts is
superior to treatment guided by symptom control alone.30

Eosinophilia in patients with severe asthma is also associated
with enhanced mast cell activation, T lymphocyte infiltration
and production of profibrotic factors.12 Consistent with the
latter, sputum eosinophilia has been associated with persistent
airflow limitation,31 possibly because eosinophils are a major
source of transforming growth factor b (TGFb), a key profibrotic
factor.32 In contrast, persistent neutrophilia is a feature of
airway inflammation in patients with non-eosinophilic forms of
asthma that are poorly responsive to corticosteroids.2 12 33 The
mechanisms underlying the accumulation of these two inflam-
matory cell phenotypes are unclear, although eosinophilia is
largely explained by an overproduction of T helper (Th) type 2
cytokines that can be found in both atopic and non-atopic forms
of asthma.34e36 It is widely recognised that neutrophilia is
a consistent feature in asthma exacerbations in which context it
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Figure 4 Neutralisation/blockade of sputum-mediated neutrophil
survival. Application of the BLT1 antagonist, CP-105696 (10 mM), or the
CXCR2 antagonist, SB-225002 (100 nM), along with the antitumour
necrosis a antibody (anti TNFaAb) (100 mg/ml) or antigranulocy-
teemacrophage colony-stimulating factor (GM-CSF) Ab (100 mg/ml), or
with their isotype-matched immunoglobulin G (IgG) controls (100 mg/
ml), does not affect spontaneous, control apoptosis (A) or sputum fluid
phase-induced neutrophil survival (B). Data are shown as mean6SD of
four independent experiments, each performed in triplicate using
peripheral blood neutrophils from different non-atopic healthy donors and
sputum from subjects with severe asthma with high sputum neutrophil
counts.
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Figure 5 Sputum-induced neutrophil survival effect is not regulated by
lipopolysaccharide (LPS), phosphatidylinositol-3-kinase (PI3K) or Gi/o-
type G-proteins. Neutrophils (43106/ml) were incubated in full RPMI
culture medium alone, or with sputum from five subjects with severe
asthma, applying sputum alone (Untreated) or sputum in the presence of
the lipopolysaccharide (LPS)-neutralising agent, polymyxin B (Poly B;
5 mg/ml), or using neutrophils pretreated with the PI3K inhibitor,
LY294002 (30 mM), or the Gi/o blocker, pertussis toxin (PTx; 100 ng/ml,
2 h). Data are the mean6SD values of the percentages of apoptotic
neutrophils.
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could be a beneficial response to viral infection. In the current
study, we excluded bacterial infection/colonisation (ie, all
sputum samples were tested by routine bacterial culture
methods). However, we did not look for evidence of persistent
respiratory viral or Chlamydophila (formerly Chlamydia) infec-
tion, pathogens which have been associated with corticosteroid
resistance (albeit in guinea-pigs)37 and greater decline in lung
function in those with severe asthma.38

Neutrophils are key effector cells in innate immunity in the
defence against bacterial, fungal and viral infections, so their
increased presence in severe asthma does not necessarily imply
that they cause harm. Inflammatory neutrophils can contribute
to airway inflammation by virtue of their capacity to release
cytotoxic proteases and reactive oxygen species. Such processes
are considered to be a critical determinant in the development of
acute respiratory distress syndrome39 and chronic obstructive
pulmonary disease40 where they are associated with the decline
in lung function and small airways dysfunction.41 It has been
proposed that the neutrophilia seen in asthma is due to corti-
costeroid treatment as these agents directly promote neutrophil
survival by inhibiting their apoptosis.18e20 In our study, we were
unable to inhibit the prosurvival effect of sputum by using the
GC receptor antagonist, mifepristone. While we cannot exclude
an in vivo effect of corticosteroids, which could explain the
reduced number of apoptotic neutrophils in severe neutrophilic
asthma, this therapeutic in vivo effect cannot explain the
observation of an ex vivo effect of factors present in the sputum
fluid phase on blood-derived neutrophils.

Increases in concentrations of neutrophil-active factors, IL-8,
LTB4, GM-CSF and TNFa,6e10 have been reported in both blood
and airway secretions from subjects with asthma and we have
recently shown these to be involved in promoting neutrophil
chemotaxis mediated by the bronchial epithelium conditioned
with epidermal growth factor.42 We postulated that these
proinflammatory mediators might mediate the observed anti-
apoptotic activity of sputum, but this possibility was excluded
by the ineffectiveness of specific neutralising/blocking agents for
these neutrophil-active factors. We further investigated the
intracellular signalling that might be involved in the observed
survival-promoting activity and initially focused on PI3K which
is known to modulate the survival responses of neutrophils.11

We found that the inhibition of apoptosis caused by the sputum
fluid phase was not affected by the PI3K inhibitor, LY294002. We
then sought to investigate whether the prosurvival activity is
initiated by coupling of the receptor to a PTx-sensitive G-
protein, such as Gi or Go, and found that pretreatment with PTx
(100 ng/ml) for 2 h, optimally known to inhibit neutrophil
functions mediated via these G-proteins,43 failed to block
prosurvival effects induced by sputum. It was further speculated
that the sputum might contain residual or contaminating levels
of LPS which can also delay neutrophil apoptosis.20 However,
we found no effects of the inactivator of endotoxins, polymyxin
B, arguing against the possibility that the prosurvival effects of
sputum are mediated by contaminating LPS.

One possible explanation for the observed antiapoptotic effects
of sputum is ATP released from dying airway cells. This premise is
based on several lines of evidence thatATPhas prosurvival activity
for neutrophils and is released from dying cells,44 45 notably in
chronic inflammatory conditions of the airways such as cystic
fibrosis.46 Neutrophils themselves also release ATP, particularly
under conditions of hypoxia,47 and ATP could act in an autocrine
or paracrine manner to enhance neutrophil longevity at sites of
inflammation. It would be interesting to determine, through
a blocking approach, whether selective purinergic receptor

antagonism is sufficient to prevent sputum-induced neutrophil
survival. A further possible explanation for the observed anti-
apoptotic effects of sputum is that neutrophil survival may be
prolonged because of respiratory viral infections and atypical
bacterial pathogens such as Mycoplasma and Chlamydophila
pneumoniae which are known to cause exacerbations of
asthma.48e50 However, our study did not look at whether these
respiratory pathogens are present in the sputum of those with
severe asthma or whether interaction with these respiratory
pathogens alters the bioactivity of sputum to modulate neutro-
phil survival programmes, a possibility that warrants further
investigation. It is important to note, however, that none of the
patients had had an exacerbation of asthma for at least 6 weeks.
One limitation of this study is the use of neutrophils from

healthy donors, which raises the question of whether survival of
neutrophils from patients with asthma might be different.
Patients with asthma could not serve as donors of blood
neutrophils since their blood often contains high eosinophil
counts and there are no methods of neutrophil purification
which can selectively deplete these cells. It would also have been
desirable to study the interaction between the sputum fluid
phase and neutrophils from sputum itself and from the same
(autologous) donors, but this would have been technically
difficult because of the large numbers of eosinophils that are also
seen in neutrophil-enriched samples. This study should, there-
fore, be seen as a demonstration of increased proneutrophil
survival activity in the ELF, leaving some uncertainty as to how
exactly this heightened neutrophil apoptosis-resistant effect in
the airways of those with severe asthma interacts with the
neutrophils of the same patients.
In summary, this study has shown, for the first time, the

presence of a prominent prosurvival activity in the airways of
both healthy individuals and patients with asthma, the levels of
which increase relative to the neutrophil counts and are highest
in patients with severe neutrophilic asthma. Further investiga-
tion is required to fully elucidate the survival pathways regu-
lated by these sputum-derived factors and how they contribute
towards the apoptosis-resistant phenotype of neutrophils
present in the airways of subjects with severe asthma.
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