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ABSTRACT: Although asthma has been viewed mainly as an eosinophilic disease, and
chronic obstructive pulmonary disease (COPD) as a neutrophilic disease, recent studies
have shown increased neutrophil counts in severe asthma and sputum eosinophilia in
some COPD patients.

In an attempt to further characterise these two syndromes according to pathology,
the current authors have conducted a study of induced sputum in 15 subjects with
COPD, 17 asthmatics, and 17 nonatopic healthy individuals. Sputum was analysed for
cytology and levels of eosinophil cationic protein (ECP), albumin, tryptase and soluble
intercellular adhesion molecule-1.

The COPD subjects differed from the asthmatics as they had higher sputum
neutrophil and lower columnar epithelial cell counts, but there were no differences in
any soluble marker studied. When compared to control subjects, both the asthmatic and
COPD subjects had raised eosinophil counts and ECP levels. In a subset of COPD
subjects with sputum eosinophilia (w3% of total cells), significantly increased levels of
tryptase were detected.

In conclusion, although chronic obstructive pulmonary disease is a more neutrophilic
disease than asthma, the two diseases are difficult to distinguish on the basis of sputum
levels of the soluble markers traditionally associated with asthma. However, a subset of
patients with chronic obstructive pulmonary disease with airway eosinophilia and mast-
cell activation might represent a distinct pathological phenotype.
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Asthma and chronic obstructive pulmonary disease
(COPD) are common pulmonary inflammatory dis-
eases. Although both are characterised physiologically
by airflow limitation, this tends to be irreversible in
COPD while in asthma it is largely reversible, either
spontaneously or after bronchodilator administration
[1]. The degree of reversibility of forced expiratory
volume in one second (FEV1) to b2-agonists allowed
when labelling a patient as suffering from COPD is set
between 12 and 15%, depending on the guidelines
recommended by individual respiratory societies [2–4].
Such an arbitrary approach often makes it difficult to
make a confident diagnosis of COPD, both for clinical
and research purposes. Despite these uncertainties,
studies of well-defined asthmatics and COPD patients
have identified differences in the cellular mechanisms
underlying the two diseases. Lymphocytes of the
CD4z T-cell subset, mast cells, and eosinophils are
viewed as the key cells in asthma, whilst evidence
suggests that CD8z T-cells and neutrophils are
important in COPD [5]. However, recent studies
have shown a significant degree of overlap between
asthma and COPD, with raised levels of neutrophils in
more severe forms of asthma [6, 7] and raised counts
and activation of eosinophils in stable COPD [8–10].

These observations clearly question the value of using
eosinophils and eosinophil products in the diagnosis
of asthma, even though they may still be relatively
good markers of disease severity [11–13].

In an attempt to identify markers of inflammation
that might better differentiate between asthma and
COPD, the current authors previously measured
sputum levels of tryptase, a mast cell protease with
several inflammatory actions that are associated with
allergic diseases [14]. The authors hypothesised that its
elevation in sputum is restricted to asthma. In addi-
tion, based on the current authors9 previous studies in
asthma [15], sputum levels of albumin have been com-
pared, reflecting microvascular leakage. This pheno-
menon is currently thought to be important in the
airways instability that characterises asthma [16], but
its relevance to COPD, a disease with largely irrever-
sible lung function impairment, is less clear. Finally,
sputum levels of soluble intercellular adhesion mole-
cule-1 (sICAM-1) in the sputum fluid phase have been
compared. Raised cell surface expression of this adhe-
sion molecule has been convincingly demonstrated in
several studies of asthmatic airways [15, 17, 18], and
sICAM-1 has been found to be increased in asthmatic
sputum [15]. Whether ICAM-1 is upregulated to the
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same extent in COPD remains uncertain, as the
studies published so far have yielded conflicting results
[18, 19].

Materials and methods

Subjects

Seventeen asthmatics, 15 subjects with COPD and
17 healthy control subjects were studied (table 1). The
asthmatics had reversible airflow limitation based on
an increase in FEV1 w15% after inhalation of 400 mg
salbutamol [1] when FEV1 wasv80% predicted and/or
hyperresponsiveness to methacholine, as judged by the
concentration of methacholine causing a 20% fall
in FEV1 (PC20)v16 mg?mL-1, when FEV1 wasw70%
pred. Two asthmatics were current smokers with 7
and 12 pack-yrs respectively; all the others were
lifelong nonsmokers. The COPD subjects were either
current (n=10) or ex-heavy smokers (w20 pack-yrs)
(n=5) with FEV1/FVC v70% and poor reversibility to
400 mg of salbutamol, as shown by an increase in
FEV1 v15% from baseline or v200 mL [4]. None of
the COPD subjects were atopic, as demonstrated by
negative skin-prick tests to common aero-allergens,
and none had a clinical history of asthma. The healthy
subjects denied chronic respiratory diseases including
chronic bronchitis. Five were current smokers with
v10 pack-yrs; the rest were lifelong nonsmokers. All
the subjects had been stable and free of infection at the
time of sputum induction for o6 weeks. The study
was approved by the local ethics committee and all
subjects gave written informed consent.

Sputum induction and analysis

Subjects were premedicated with 400 mg of inhaled
salbutamol. Induction was performed using hyper-
tonic saline (4.5%) aerosolised by ultrasonic nebuliser
(Devilbiss 2000; Devilbiss Healthcare Inc., Somerset,
PA, USA) for three periods of 5 min. For safety
reasons, isotonic (0.9%), instead of hypertonic saline,
was used in six subjects with COPD whose baseline
peak expiratory flow (PEF) was v250 L?min-1. All
asthmatic and COPD subjects took their regular
medication (table 1) on the morning of the test.

Entire sputum was collected in a plastic container,
homogenised with an equal weight of 0.01 M dithio-
threitol (DTT; Calbiochem, LaJolla, CA, USA) and
processed as previously described [15]. Total and
differential cell counts were performed using standard
methods. Eosinophil cationic protein (ECP) was
measured using the UNICAP system (Pharmacia,
Uppsala, Sweden), with a sensitivity of 2 ng?mL-1 and
a coefficient of variation (CV) of 3%. Commercial
enzyme-linked immunosorbant assay (ELISA) (Bio-
source, Fleurus, Belgium) was used to measure
sICAM-1 according to the manufacturer9s instruc-
tions and with a sensitivity of 0.35 ng?mL-1 and a CV
of 8%. In spiking experiments using DTT-processed
sputum, recovery of sICAM-1 was extremely low at a
mean of 23%. Studying the effects of DTT on the
assay showed that 5 mM DTT shifted the standard
curve for sICAM-1 to the right by w50%. The values
in sputum samples were read from a standard curve
constructed in a pool of sputum treated with 5 mM
DTT, in which the initial assay could not detect any
sICAM-1. Albumin was measured by rocket electro-
phoresis with a sensitivity of 1 mg?mL-1 and a CV of
5% [20]. Validation of the albumin assay in sputum
showed v5% of effects on the standard curve when
this was constructed in the presence of DTT.
Recovery of albumin was w95% in spiking experi-
ments. Tryptase concentrations were measured using
an in-house sandwich ELISA. Samples were applied
to microplates coated with rabbit antibodies prepared
against human tryptase, and tryptase was detected
with biotinylated tryptase-specific monoclonal anti-
body AA5 [21], Extravidin1-peroxidase and O-pheny-
lene diamine substrate. Spiking experiments showed
good recovery from DTT-processed samples, ranging
between 76% (when samples were spiked with
4 ng?mL-1 tryptase) and 96% (when spiking with
8 ng?mL-1 tryptase). With human tryptase as the
standard, the limit of detection was 0.3 ng?mL-1 and
CV was v6%.

Statistical analysis

Comparisons of sputum markers between the three
subject groups were performed using a Kruskall-
Wallis test followed by a Dunn9s test for pairwise
analysis when the former test showed significant
differences. Comparison between current smokers
and nonsmokers in healthy and COPD patients were
performed using a Mann-Whitney U-test. Correlation
between ECP and eosinophil counts were sought by

Table 1. – Subject characteristics

Healthy subjects COPD Asthma

Subjects n 17 15 17
Age yrs 35¡14 61¡11 39¡12
Sex M:F 10:7 11:4 10:7
Atopy 1 0 15
Current smoking 5 10 2
FEV1 % pred 104¡6 54¡21 83¡12
FEV1/FVC % 84¡9 54¡14 74¡11
PEFR L?min-1 508¡105 305¡146 467¡111
FEV1 reversibility

% baseline
ND 9¡5# 19¡7}

PC20 M mg?mL-1
w16 ND 0.36 (0.03–13.2)

DL,CO/VA % pred ND 62¡22 91¡12
Inhaled steroids 0 3 3
Theophylline 0 2 0

Quantitative variables are expressed as mean¡SD. PC20 is
expressed as geometric mean (range). COPD: chronic
obstructive pulmonary disease; M: male; F: female; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; PEFR: peak expiratory flow rate; PC20: provoca-
tion concentration causing a 20% fall in FEV1; DL,CO:
carbon monoxide diffusing capacity of the lung; VA: alveo-
lar volume; ND: not determined. #: four patients with
COPD had a reversibility w15% but v200 mL (range 119–
192 ml); }: six asthmatic patients whose baseline FEV1 was
v80% had a bronchodilation test.
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calculating the Spearman coefficient of correlation.
p-Values of v0.05 were considered statistically sig-
nificant.

Results

Sputum cytology

There was no significant difference between the
three subject groups with respect to total and squa-
mous cell counts (table 2). Both the asthmatic and
COPD subjects had significantly higher relative and
absolute eosinophil counts than healthy subjects
(pv0.001 and pv0.05, respectively), with no difference
between the patient groups. Subjects with COPD had
significantly lower relative macrophage counts than
both the healthy subjects (pv0.01) and the asthmatics
(pv0.01), and higher relative neutrophil counts than
the asthmatics (pv0.01). Furthermore, the asthmatics
had higher absolute columnar epithelial cell counts
than the subjects with COPD (pv0.05), but these were
not higher than in control subjects.

Levels of soluble markers in the sputum fluid phase

Sputum levels of ECP were similarly increased in
both asthma and COPD when compared to those
found in healthy subjects (pv0.05 and pv0.01,
respectively). Only the asthmatics had significantly
raised sputum levels of sICAM-1 (pv0.05), albumin
(pv0.05) and tryptase (pv0.05) when compared to
control subjects, although these were not significantly
different from the levels in COPD subjects (fig. 1).

Comparison of eosinophilic and noneosinophilic chronic
obstructive pulmonary disease

Subanalysis of subjects with COPD showed that
those with eosinophilia (eosinophil counts w3% of
total cells, n=7) also had higher tryptase levels when

compared to COPD subjects without raised eosino-
phils (n=8) (pv0.05) and the control subjects (pv0.05)
(fig. 2). There were no significant differences between
the two groups of COPD subjects in levels of albumin
or sICAM-1 (pw0.05). Similarly, the levels of ECP
also failed to differ significantly between eosinophilic
and noneosinophilic COPD subjects (82 ng?mL-1

(24–2020) versus 52 ng?mL-1 (25–240), pw0.05).
Sputum ECP did not correlate with the sputum
eosinophil counts in COPD (Spearman rank coeffi-
cient (rs)=0.22, pw0.05), whereas it correlated strongly
in asthma (rs=0.86, pv0.05) (fig. 3).

COPD subjects with sputum eosinophil countsw3%
did not differ significantly from those with low
eosinophil counts in terms of age (62¡10 versus
60¡12 yrs) or lung function indices, including FEV1

% pred (50¡24 versus 57¡19%), % FEV1/FVC (52¡16
versus 55¡16%), % FEV1 reversibility (8¡5 versus
10¡4%) and carbon monoxide diffusing capacity of
the lung (DL,CO)/alveolar volume (VA) % pred (59¡26
versus 65¡22%) (pw0.05).

Subset analyses according to smoking status

The influence of current smoking on sputum cells
and mediators was tested in healthy controls and
COPD subjects but not in asthmatics in whom only
two subjects were current smokers.

In healthy controls, current smokers (n=5) had a
greater percentage of neutrophils (65.8% (40.2–79))
and a lower percentage of macrophages (30.8%
(14.6–52.6)) when compared to their nonsmoking
counterparts (n=12) (29.3% (0.8–65.4), pv0.05 and
53.1% (32.2–84.8), pv0.05, respectively). In the
COPD group, the current smokers had lower lym-
phocyte counts than the exsmokers (0.2% (0–3) versus
1.4% (1–7.3), pv0.01). No differences between smo-
kers and nonsmokers or exsmokers were found in
the groups of healthy controls and COPD subjects
with respect to the mediators/proteins (data not
shown).

Table 2. – Total and differential sputum cell counts in healthy subjects, chronic obstructive pulmonary disease (COPD) and
asthma

Healthy subjects COPD Asthma

Subjects n 17 15 17
Squamous cells % 8 (0–32) 12 (2–50) 14 (2–39)
Total nonsquamous 106?g-1 1.09 (0.17–4.42) 1.27 (0.25–15.6) 1.25 (0.17–6.44)
Macrophages % 49.7 (14.6–84.8) 21.2 (2–54.7)** 45 (10–76)##

Macrophages 103?g-1 516 (77–2238) 201 (11–4018) 342 (33–2237)
Lymphocytes % 1 (0–5) 0.6 (0–7.3) 1 (0–4.8)
Lymphocytes 103?g-1 9 (0–150) 7 (0–100) 13 (0–140)
Neutrophils % 40.2 (0–79) 50 (10.7–98) 24 (4–63.6)##

Neutrophils 103?g-1 235 (0–2890) 839 (100–12823) 374 (14–2945)
Eosinophils % 0 (0–2.1) 1.8 (0–46.8)* 7.8 (0–69.4)***
Eosinophils 103?g-1 0 (0–84) 47 (0–1435)* 165 (0–4469)**
Epithelial cells % 5.4 (0–52.8) 3.6 (0–26) 9.2 (1.2–29.5)
Epithelial cells 103?g-1 41 (0–413) 34 (0–2548) 78 (25–670)#

Data are presented as median (range). Squamous cells are shown as a percentage of total cells. Other cells are shown as a
percentage of total inflammatory (nonsquamous) cells or per weight of sputum. *: pv0.05; **: pv0.01; ***: pv0.001 versus
healthy subjects; #: pv0.05; ##: pv0.01 versus COPD.
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Discussion

In this study, previous reports of eosinophilia and
eosinophil activation in the airways as shared features

of asthma and COPD have been confirmed. Contrary
to the hypothesis the current authors sought to test, it
has been shown that a subset of COPD patients with
eosinophil counts above the normal range have raised
levels of mast cell tryptase, a feature which has until
now been viewed as a hallmark of asthma and other
allergic diseases [14]. This study would indicate the
existence of a phenotype, which could be called eosino-
philic COPD and is characterised by concomitant
mast cell and eosinophilic inflammation, the patho-
physiological consequences of which remain to be
elucidated. The association between mast-cell activa-
tion and eosinophilia found in this study in some
subjects with COPD is similar to observations of the
WENZEL et al. [22] in a subset of severe, corticosteroid-
dependent asthmatics characterised by persistently
raised eosinophil counts in bronchial biopsies.

Whilst many clinicians and researchers recognise
that there is significant overlap between what is
clinically defined as asthma and COPD, in the absence
of clear-cut differences, management guidelines con-
tinue to treat these two conditions as distinct entities.
There are, however, attempts to treat COPD patients
with drugs developed for asthma. Whilst studies with
inhaled corticosteroids show some benefit in COPD
[23–25], overall the therapeutic effect is markedly
smaller than in patients with asthma where striking
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Fig. 1. – Sputum levels of a) eosinophil cationic protein (ECP), b) albumin, c) soluble intercellular adhesion molecule-1 (sICAM-1) and d)
tryptase in healthy subjects, chronic obstructive pulmonary disease (COPD) subjects and asthmatics. Bars: median values. *: pv0.05; **: pv0.01.
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improvements are typically seen both in clinical and
inflammatory indices. A number of studies have
recently identified a subgroup of COPD patients
with raised eosinophils who respond more favorably
to corticosteroids [26–28]. In the light of the finding of
raised tryptase in such patients, the current authors
propose that responders to steroids have both
eosinophil- and mast cell-driven disease regardless of
whether they have asthma or COPD, although the
magnitude of the response may be different. The
observation is entirely in keeping with that made
in a study by RUTGERS et al. [29], showing that
COPD patients who have sputum eosinophilia display
responsiveness to adenosine, an indirect stimulus
known to cause airway obstruction in asthmatics by
releasing mediators from mast cells.

It is apparent from this study that, despite the noted
similarities between COPD and asthma, the sequelae
of eosinophilic infiltration and mast-cell activation in
terms of physiology in these two conditions are dif-
ferent. As polymorphonuclear leucocytes are an
important source of matrix metalloproteases [30], it
is conceivable that sputum neutrophilia found in
COPD, which is not a feature of mild-to-moderate

asthma, may contribute to the development of fixed
airway obstruction in COPD.

One potential criticism of this study is the difference
in age between the study groups. To the authors9
knowledge, age has not been shown to have an influ-
ence on sputum cells and mediator levels, although it
is plausible that there may be effects on structural
elements that are responsible for the natural decline in
lung function with age. A recent study [31] has shown
that the typical phenotype, consisting of raised
eosinophils and collagen deposition, is also seen in
older asthmatics. Therefore, in asthmatics, it is likely
that age has little effect on the indices that have been
studied here. Furthermore, no difference between the
cell counts in the control subjects in the current study
and 60-yr-old control subjects reported in a recent
study [32] were found. Ideally, the subjects would have
been matched for the duration of COPD and asthma,
respectively, as it is the duration of inflammation that
is likely to be more important than biological age.
However, the date of the onset of changes in COPD is
far too uncertain and the history in asthma sufficiently
unreliable that such matching is impossible.

In this study, one important difference seen between
asthma and COPD with respect to the eosinophilic
inflammation is the lack of relationship between
sputum eosinophil counts and ECP in COPD. These
patients may sometimes display very high levels
of ECP despite low numbers of eosinophils. This
suggests that neutrophils are an additional source of
ECP [33] or that there is high variability among the
patients with respect to the extent of eosinophil
degranulation, with some subjects having extensive
degranulation despite a modest cell count.

The factors that determine the tissue response in the
two diseases remain to be elucidated. One difference,
which might account for the increased airways
responsiveness despite normal baseline calibre that is
typical of asthma, is the relatively increased shedding
of epithelial cells that is seen in asthma when
compared to COPD. Increased epithelial shedding
has been viewed as being characteristic of asthma,
while squamous metaplasia is often encountered in
smoking patients with COPD [5]. This points to
different mechanisms involving the epithelial lining
layer, which might be an important feature that
differentiates the asthmatic from COPD phenotypes.
It is generally believed that eosinophil activation plays
a key role in epithelial damage by generating cationic
proteins which are known to be toxic to the epithelium
[34]. However, this study suggests that the extent of
epithelial disruption cannot be accounted for solely by
the toxic effects of ECP, since the asthmatics and
subjects with COPD had similar levels of this basic
protein. The correlation between airways hyper-
responsiveness and ECP concentrations in sputum,
which is restricted to asthmatics, suggests that the
epithelium may be more susceptible to its effects and
that this may account for increased airways respon-
siveness. There is increasing evidence that the epithe-
lium has an altered phenotype in asthma that also
involves increased susceptibility to insults incurred
by oxidant stress [35]. It has been postulated that
the presence of allergic inflammation per se is not
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sufficient to cause asthma, and that additional altera-
tions in the epithelial cell response to injury are
required for the full asthma syndrome to develop [36].

Based on sputum albumin levels measured in this
study, it appears that the extent of plasma exudation
found in COPD is not as high as in asthma, although
a proportion of subjects with COPD had levels well
above those found in control subjects and similar to
those in asthma. This is in keeping with histological
studies showing that mucosal vascular congestion is
more evident in asthma than COPD [37, 38]. In
keeping with the current authors9 previous report [15],
it was found that the levels of the soluble form of
sICAM-1 are raised in the sputum of asthmatics but
the levels in COPD patients are intermediate when
compared to asthma and the healthy state. Like those
of albumin, sputum levels of sICAM-1 in COPD were
highly variable, suggesting heterogeneity in the
pathology in this group. These data are in line with
studies on bronchial biopsies or brushings that have
consistently shown increased airway cellular expres-
sion of ICAM-1 in asthma [17, 18], while the evidence
for this in COPD has been unclear [18, 19].

In conclusion, when defined on the basis of
reversibility testing to bronchodilators, asthma and
chronic obstructive pulmonary disease share many
inflammatory features. In a proportion of chronic
obstructive pulmonary disease patients sputum eosi-
nophilia is associated with mast-cell activation.
Accumulating evidence suggests the relevance of
these inflammatory features in determining the mag-
nitude of response to corticosteroids. This study adds
support to the view that asthma and chronic obstruc-
tive pulmonary disease need to be defined according
to pathological as well as lung functional criteria.
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