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Airway Inflammation and Cellular Stress
in Noneosinophilic Atopic Asthma*

Maria Tsoumakidou, MD, PhD; Evangelia Papadopouli, MD;
Nikolaos Tzanakis, MD, PhD; and Nikolaos M. Siafakas, MD, PhD, FCCP

Study objectives: It has been suggested that patients with noneosinophilic asthma (NEA) show
increased numbers of sputum neutrophils and a lack of response to therapy with corticosteroids,
which are features that are commonly related to COPD. The aim of our study was to test the
hypothesis that airway inflammation in NEA patients is different from that seen in patients with
eosinophilic asthma (EA) and is similar to COPD.
Design: Sputum cellular stress markers and neutrophilic and eosinophilic fluid-phase mediators
were analyzed in asthma and COPD patients. NEA patients were identified based on a sputum
eosinophil count of < 2.2% of the total nonsquamous cell count, and were compared to EA and
COPD patients.
Setting: University Hospital of Heraklion, Department of Thoracic Medicine.
Patients: A total of 37 atopic asthmatic patients and 25 patients with COPD.
Measurements: Sputum cell counts, cellular expression of heme oxygenase-1, inducible nitric
oxide synthase, and nitrotyrosine, and sputum levels of eosinophilic cationic protein (ECP),
myeloperoxidase (MPO), interleukin-8, and granulocyte macrophage colony-stimulating factor.
Results: A total of 17 asthmatic patients (46%) belonged to the NEA group and 20 patients (54%)
to the EA group. Patients with NEA showed no difference in neutrophil counts, fluid-phase
mediators, or cellular stress markers compared to patients with EA. Compared to COPD patients,
NEA patients showed the following significant differences: lower total cell counts (p < 0.03);
lower neutrophil counts (p < 0.01); lower nitrotyrosine positive cell counts (p < 0.003); lower
ECP levels (p < 0.005); lower MPO levels (p < 0.000); higher lymphocyte counts (p < 0.01); and
higher macrophage counts (p < 0.03).
Conclusions: Despite low eosinophil counts, airway inflammation in NEA patients may share
common features with that in EA patients but is distinct from COPD. Larger studies are needed
to investigate further the clinical and inflammatory characteristics of NEA before we are able to
categorize asthma patients into those with or without eosinophilic inflammation.

(CHEST 2006; 129:1194–1202)
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Abbreviations: DTT � dithiothreitol; EA � eosinophilic asthma; ECP � eosinophilic cationic protein; GM-
CSF � granulocyte macrophage colony-stimulating factor; HO � heme-oxygenase; IL � interleukin; iNOS � inducible
nitric oxide synthase; MPO � myeloperoxidase; NEA � noneosinophilic asthma

A irway inflammation is considered to be the hall-
mark in asthma pathogenesis. However, the

known hypothesis that T-cells produce T-helper type
2 cytokines, which trigger an eosinophilic inflamma-
tory response in atopic asthmatic patients, has been

questioned. There is now significant evidence that
noneosinophilic asthma (NEA) exists.1

Although NEA has been associated with increased
numbers of pulmonary neutrophils,2 other studies3,4

have failed to verify this finding. Furthermore, it is
unclear whether asthma patients with noneosino-
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that is clearly different from that seen in “classic”
eosinophilic asthma (EA). NEA might be more
frequent in patients with severe persistent asthma,
and it might predict a poor response to steroid
treatment.3,5–8 However, a substantial number of
patients with mild and moderate asthma also have
demonstrated noneosinophilic airway inflammation.6
Interestingly, both airway neutrophilia and steroid
resistance are major features of COPD.9–11 Although
this suggests that there may be similarities in airway
inflammation between NEA and COPD patients,
there is no evidence so far to support such an
hypothesis.

Sputum induction is a safe and reproducible tech-
nique, and sputum analysis offers insight into many
biological processes of the airways.12 Characteristic
inflammatory changes in patients with asthma have
been identified in sputum and include, besides
airway eosinophilia, increased numbers of cytokines
and chemokines, and increased expression of stress-
related proteins, like heme-oxygenase (HO) and
inducible nitric oxide synthase (iNOS).13–15 Only a
few studies have investigated changes in those pa-
rameters in patients with NEA.2

In the present study, indexes of neutrophilic and
eosinophilic airway inflammation (ie, sputum cell
counts, sputum supernatant eosinophilic cationic
protein [ECP], myeloperoxidase [MPO], interleukin
[IL]-8, and granulocyte macrophage colony-stimulat-
ing factor [GM-CSF] levels) and cellular stress (ie,
HO-1, iNOS, and nitrotyrosine expression) were
evaluated in sputum samples from patients with
NEA, and were compared to those from EA and
COPD patients. The primary aim was to test the
hypothesis that NEA shows a distinct pattern of
airway inflammation, primarily neutrophilic, com-
pared to EA. Considering that NEA has been related
to increased asthma severity, a relative increase in
stress-related protein levels would also be expected.
The secondary aim of the study was to test the
hypothesis that airway inflammation in NEA patients
resembles that seen in COPD patients. Our results
did not show any difference between NEA and
EA patients. Moreover, the inflammatory profile of
NEA patients was different from that seen in COPD
patients.

Materials and Methods

Subjects

Induced sputum samples were obtained from 37 asthmatic
patients and 25 patients with COPD who had been recruited
from the Pulmonary Outpatient Clinic of the University Hospital
of Heraklion in Crete, Greece. A diagnosis of asthma was made
according to the National Heart, Lung, and Blood Institute

criteria.16 A diagnosis of COPD was made according to the
current guidelines.9,10 All asthmatic patients were life-long atopic
nonsmokers. All COPD patients were ex-smokers with irrevers-
ible airflow limitation (ie, increases in FEV1 of �12% of the
predicted baseline FEV1 after the inhalation of 400 �g of
salbutamol and/or increases in FEV1 of � 200 mL). None of the
COPD patients reported a history of allergic diseases or showed
atopy. Atopy was defined by at least one positive skin-prick
reaction test result or a positive radioallergosorbent test result.

All COPD and asthmatic patients were receiving therapy with
inhaled steroids (at least 400 mg/d fluticasone) and inhaled
bronchodilators (short-acting �2-agonists and/or long-acting �2-
agonists). No subject was receiving other medication or had
another pulmonary or systemic disease.

At the time of the study, all patients were clinically stable. No
subject had experienced a respiratory infection or an exacerba-
tion for at least 6 weeks prior to entering the study. The Hospital
Ethics Committee approved the protocol, and all subjects gave
their written consent.

Study Design

Spirometry and reversibility tests, skin-prick reaction tests,
blood sampling for total serum IgE count, and radioallergosor-
bent tests for a battery of common allergens were performed on
the first visit. Spirometry was performed with a computerized
system (MasterLab, 2.12; Jaeger; Wuerzburg, Germany) accord-
ing to standardized guidelines.17 Subjects refrained from using
long-acting and short-acting bronchodilators for 12 h and 6 h,
respectively, prior to the measurements being made and did not
smoke or drink tea or coffee during the morning of the investi-
gation. Reversibility was assessed by the inhalation of 400 �g of
salbutamol via a metered-dose inhaler.

Sputum induction was performed within 2 weeks after the first
visit. According to sputum cytology findings, patients with NEA
were identified and compared to EA and COPD patients. Using
the data on the normal ranges of sputum cellular counts in the
study by Belda et al,18 NEA was defined by the presence of
eosinophils comprising � 2.2% of the total nonsquamous cell
count.

Sputum Induction and Analysis

Sputum was induced and processed as previously described.19

Based on previous reports20 that induction time significantly
affects the cellular and fluid-phase measurements in induced
sputum, we chose 20 min as the standard duration of sputum
induction in all subjects. Total and differential cell counts were
performed using standard methods.

Immunocytochemical Analysis

Immunostaining procedures for HO-1, iNOS, and nitroty-
rosine were performed as previously described.21 On immuno-
stained slides, polymorphonuclear cells and macrophages were
identified by morphologic analysis, and positively stained cells
within 300 cells of each leukocyte population were counted using
a light microscope. The results were expressed as the percentage
of positive cells within each leukocyte population. All analyses
were performed in a blind fashion by two investigators, and the
results were averaged. Three replicate measurements were per-
formed by each observer in 10 randomly selected slides. Both the
intraobserver and interobserver coefficient of variation were
� 10%.

Measurement of Soluble Mediators

Commercial immunoassays were used to measure sputum
supernatant IL-8, GM-CSF, MPO, and ECP levels, as previously
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described.21 All measurements were performed twice for the
same sample, and the results were averaged. The mean in-
trasample coefficient of variation was � 4%.

All assays were validated according to European Respiratory
Society guidelines.13 Spiking recoveries of ECP, MPO, IL-8, and
GM-CSF levels were assessed by adding a known quantity of
purified mediator to different aliquots of sputum samples. Con-
sidering that recovery might differ between individuals due to
differences in factors in the sputum that interfere with detection,
sputum from a range of subjects with asthma and COPD was
used (NEA, 5 patients; EA, 5 patients; COPD, 5 patients). The
expected concentration of the spiked mediator, assuming 100%
recovery, was in the mid-part of the standard curve. The spiking
recovery of each mediator was calculated as the percentage of the
expected value, which was the sum of the spiked purified
mediator and the mediator concentration in the original sputum
sample. The median recovery values were 88.3% (range, 71.2 to
98.9%) for ECP, 82.1% (range, 47.8 to 94.6%) for MPO, 84.5%
(range, 73.4 to 95.3%) for IL-8, and 82.8% (range, 67.4 to 92.7)
for GM-CSF.

Statistical Analysis

Before between two group comparisons were made, differ-
ences among three groups were tested using the Kruskal-Wallis
test for nonnormally distributed variables and the analysis of
variance test for normally distributed variables. Differences
between two groups were tested using the Mann-Whitney test for
nonnormally distributed variables and the t test for normally
distributed variables. Normality was tested by the Shapiro-Wilk
test. A statistical software package (StatsDirect; Camcode; Cam-
bridge, UK) was used. A p value of � 0.05 was considered to be
significant.

Results

Among the 37 asthmatic patients included in the
study, 17 patients (46%) belonged to the NEA group
and 20 patients (54%) belonged to the EA group.
Table 1 shows the characteristics of the two groups
of asthmatic patients and of COPD patients. No
difference was found between the two asthmatic
groups. However, there was a tendency toward lower

bronchodilator response in NEA patients (p � 0.1).
COPD patients were significantly older and were
more often men with more severe airflow limitation
that did not respond to therapy with inhaled bron-
chodilators.

Table 2 shows cellular counts in the three groups.
The mean (� SD) viability of the cells (as the
percentage of the total number of nonsquamous
cells) was 81 � 13% in NEA patients, 85 � 15% in
EA patients, and 83 � 16% in COPD patients. The
mean percentage of squamous epithelial cells (as the
percentage of the total of sputum cells) was 9 � 5%
in NEA patients, 8 � 4% in EA patients, and 6 � 5%
in COPD patients. No other difference except in
eosinophil counts was demonstrated between the
NEA and EA groups. Compared to COPD patients,
NEA patients showed lower total cell counts and
neutrophil percentages, and higher macrophage and
lymphocyte percentages.

Figure 1 shows the immunopositivity for HO-1
(Fig 1, top left, a1, and top right, a2), iNOS (Fig 1,
middle left, b1, and middle right, b2), and nitroty-
rosine (Fig 1, bottom left, c1, and bottom right, c2),
expressed as percentages of positive inflammatory
cells (ie, polymorphonuclear cells and macrophages)
and as absolute counts of positive cells per gram of
sputum. Comparisons across the three groups re-
vealed no differences in immunopositivity for HO-1
and iNOS, but a significant difference (p � 0.003)
for nitrotyrosine in at least one sample population vs
one other sample population. Further analyses of the
comparison between two groups showed that NEA
patients did not differ from EA patients but demon-
strated lower nitrotyrosine-positive percentages
(p � 0.07) and absolute counts (p � 0.003) in com-
parison with COPD patients.

Figure 2 shows the levels of inflammatory media-
tors. ECP, MPO, and IL-8 concentrations were

Table 1—Demographic Characteristics of NEA Patients, EA Patients, and COPD Patients*

Variables

Asthma Patients

COPD Patients (n � 25)NEA Patients (n � 17) EA Patients (n � 20)

Age, yr 45 � 18 49 � 16 69 � 8†
Sex

Male 6 7 23‡
Female 11 13 2‡

FEV1, % predicted 77 � 29 74 � 25 43 � 13‡
FEV1/FVC ratio 71 � 14 74 � 16 49 � 17‡
�FEV1, % predicted from baseline 8 � 7 14 � 10 3 � 3†
ICS,§ �g/d 500 (400–1,000) 450 (400–1,000) 640 (400–1,000)

*Values are given as the mean � SD or median (range). �FEV1 � change in FEV1 after the inhalation of 400 �g of salbutamol; ICS � inhaled
corticosteroid.

†p � 0.01 (NEA vs COPD patients).
‡p � 0.001 (NEA vs COPD patients).
§Dose was calculated as fluticasone equivalents, where 1 �g of fluticasone � 2 �g of beclomethasone � 2 �g of budesonide.
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detected in 100% of sputum supernatant samples,
and GM-CSF concentrations were detected in 79%
of sputum supernatant samples. Comparisons across
the three groups revealed no difference in IL-8 and
GM-CSF concentrations, but a significant difference
in ECP concentration (p � 0.01) and in MPO con-
centration (p � 0.0001) in at least one sample pop-
ulation vs one other sample population. Further
analyses of the comparisons between two groups
showed that NEA patients did not differ from EA
patients, but that they had significantly lower ECP
and MPO levels compared to COPD patients.

Discussion

Sputum cytology, inflammatory mediators, and
stress-related proteins were measured in NEA, EA,
and COPD patients. Despite previous evidence of
neutrophilia and increased asthma severity in NEA
patients, no difference could be detected between
NEA and EA patients. Compared to COPD patients,
NEA patients showed lower neutrophil counts and
lower airway inflammatory and oxidative load. These
findings suggest that there might be similarities in
airway inflammation between NEA and EA patients,
but that NEA patients were clearly different com-
pared to COPD patients.

There are several limitations regarding our study.
First, due to the relatively small number of subjects
included in the two asthma groups and to the large
scatter of values for sputum mediators, the study in
these particular comparisons was underpowered. It
is obvious that the data from this study are not
sufficient to exclude that there are differences in
fluid-phase mediators between NEA and EA pa-
tients, and that further studies are needed in order to

duplicate these findings. Second, all of our subjects
were clinically stable and receiving treatment with
inhaled steroids. Therefore, it is possible that a
significant proportion of patients with EA did not
have eosinophilia at the time of our study due to a
steroid effect or because they were in a clinically
stable condition. We decided to study only steroid-
treated subjects for ethical reasons and in order to
keep the results between groups comparable. We
could have recruited only steroid-naive subjects, but
this would have limited us to a smaller population of
asthmatic patients with mild disease. Similarly, pre-
vious studies2,3,6 on NEA have evaluated steroid-
treated asthmatic patients. Even if our patients were
clinically stable and underinhaled the steroid treat-
ment at the time of the assessment, we were still able
to demonstrate two distinct groups according to
sputum eosinophilia. Moreover, the existence of
NEA has been confirmed in steroid-naive subjects
and in subjects with current symptoms.6,22–24 Third,
were we have used previously published data to set
the normal sputum eosinophil count at � 2.2% of
the total cell count.18 Although it is a commonly
accepted approach to defining sputum eosinophilia
based on eosinophil percentages, as can be seen
from Table 2, there are NEA patients with higher
absolute eosinophil counts than those for EA pa-
tients. This finding raises considerations as to
whether absolute sputum eosinophil counts rather
than percentages should be used to define sputum
eosinophilia. Finally, dithiothreitol (DTT), a reduc-
ing agent that we used to homogenize sputum, might
have affected the detection of inflammatory media-
tors in our sputum sol phase.25 However, spiking
experiments showed good recovery for all mediators,
and other investigators26–28 have shown no effect of

Table 2—Sputum Differential Cell Counts Within the Total Non-Squamous Cell Count and in Absolute Numbers of
Cells in NEA Patients, EA Patients, and COPD Patients*

Variables

Asthma Patients

COPD PatientsNEA Patients EA Patients

TCC, �106 cells/g sputum 6 (0.3, 78) 8 (4, 34) 20 (0.7, 77)†
MAC, % 44 � 18 42 � 14 18 (1, 41)‡

AC, �106 cells/g sputum 4 (0.01, 19) 3 (0.3, 20) 4 (0, 19)
NEU, % 51 � 21 48 � 16 79 (50, 99)‡

AC, �106 cells/g sputum 3 (0.2, 62) 4 (1, 14) 12 (0.5, 69)‡
LYM, % 2 (0, 8) 3 (0, 5) 1 (0, 6)†

AC, �106 cells/g sputum 0.1 (0, 0.8) 0.2 (0, 1) 0.1 (0, 1)
EOS, % 0 (0, 2) 8 (3, 28)§ 0.5 (0, 8)

AC, �106 cells/g sputum 0 (0, 0.2) 0.6 (0.1, 3)§ 0.02 (0, 3)

*Values are given as the mean � SD and median (minimum, maximum). TCC � total cell count; MAC � macrophages; NEU � neutrophils;
LYM � lymphocytes; EO � eosinophils, AC � absolute count.
†p � 0.01 (NEA vs COPD patients).
‡p � 0.001 (NEA vs COPD patients).
§p � 0.001 (NEA vs EA patients).
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DTT on their standard curves. Even if DTT has a
small effect on any of these measurements, compa-
rability between samples should be preserved.

Airway inflammation in asthma patients is cur-
rently the subject of a number of studies investigat-
ing both the nature of inflammatory cells and of the

cytokines present. The eosinophil is thought to be
the most important cell involved in asthma patho-
genesis, and for many years all asthma cases were
assumed to be related to increased eosinophilic
inflammation.29 However, the surprising finding that
a subgroup of severe asthmatic patients shows nor-

Figure 1. Top left, a1: percentages of HO-1-positve inflammatory cells (ie, polymorphonuclear cells
and macrophages) in the total number of inflammatory cells in NEA patients, EA patients, and COPD
patients. The results are expressed as the mean (SEM). Top right, a2: the absolute number of
HO-1-positive inflammatory cells (ie, polymorphonuclear cells and macrophages) per gram of sputum
in NEA, EA, and COPD patients. The results are expressed as the mean (SEM). Middle left, b1:
percentages of iNOS-positive inflammatory cells, as expressed in top left, a1. Middle right, b2: absolute
number of iNOS-positive inflammatory cells, as expressed in top right, a2. Bottom left, c1: percentages
of nitrotyrosine-positive inflammatory cells, as expressed in top left, a1. Bottom right, c2: absolute
number of nitrotyrosine-positive inflammatory cells, as expressed in top right, a2. NS � not significant.
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mal airway eosinophil counts and high neutrophil
counts led to the hypothesis that other inflammatory
mechanisms, primarily neutrophilic, might be in-
volved in the development of airway obstruction in
these patients.2,30 There is now increasing evidence
that NEA is much more frequent than previously
thought, even among patients with mild asthma, and
neutrophilia is presumed to be triggered by the
activation of innate immunity.1,6

We have evaluated a cohort of atopic asthmatic
subjects with a wide range of airflow limitation, from
mild to severe, and found that only 54% of asthmatic
patients belong to the eosinophilic phenotype. Sim-
ilar percentages have been reported by other inves-
tigators.1 Patients with NEA showed no significant
difference in the severity of airflow limitation or the
response to short-acting �-agonists compared to

patients with EA. However, the bronchodilator re-
sponse tended to be smaller in NEA patients
(p � 0.01). Accordingly, Green et al6 studied a large
cohort of asthmatic patients and found no correlation
between sputum eosinophil count and the FEV1
percent predicted. However, a weakly negative cor-
relation was observed between the provocative con-
centration of methacholine causing a 20% fall in
FEV1 and sputum eosinophil counts among atopic
patients. Moreover, NEA patients with sputum neu-
trophilia showed irreversible airflow limitation after
inhaled steroid treatment. Taken together, all of
these findings and ours suggest that low sputum
eosinophil counts might not predict increased
asthma severity, but may indicate decreased bron-
chial hyperresponsiveness and poor response to
treatment.

Figure 2. Sputum ECP levels (top left, a), MPO levels (top right, b), IL-8 levels (bottom left, c), and
GM-CSF levels (bottom right, d) in NEA patients, EA patients, and COPD patients. The results are
expressed as the mean (SEM). See Figure 1 legend for expansion of abbreviation.
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Several investigators2,30,31 have addressed the im-
portant role of neutrophilic inflammation in NEA
patients. Green et al6 identified in their cohort of
asthmatic patients a subgroup with low eosinophil
counts and sputum neutrophilia (23% of 259 asth-
matic patients); however, not all NEA patients
showed high neutrophil numbers. In another sputum
study by Simpson et al,31 28% of 93 asthma patients
were noneosinophilic and neutrophilic. In our group
of 37 asthmatic patients, only 2 patients (5%) showed
high neutrophil counts (if the normal range for
neutrophils is set to 65.3%, as in the study by Green
et al6). As expected, we did not find any difference in
sputum neutrophil counts between subjects with
sputum eosinophilia and those without. Similarly,
Wenzel et al3 failed to find any connection between
eosinophil and neutrophil numbers in endobronchial
biopsy specimens from patients severe asthma. How-
ever, both our study and the study by Wenzel et al3
included a limited number of subjects, which per-
haps did not allow the identification of an adequate
number of neutrophilic asthmatic patients for the
further differentiation of NEA into neutrophilic and
nonneutrophilic. Moreover, we have evaluated only
atopic asthmatic patients, while Green et al6 in-
cluded equal numbers of atopic and nonatopic pa-
tients in their study. In fact, they found a connection
between the subgroup of patients with neutrophilia
and the absence of atopy. According to these results,
which are in agreement with ours, neutrophilia
might be a characteristic of nonatopic NEA. Toward
this result, Douwes et al1 have supported the hypoth-
esis that nonatopic asthma derives from the activa-
tion of innate immunity, which triggers the neutro-
philic response. Still, Simpson et al31 recruited
mainly atopic asthmatic patients and were still able
to identify a significant percentage of neutrophilic
subjects. Therefore, the relationship between nona-
topic asthma and neutrophilia is not yet clear.

It is important to notice that by defining sputum
neutrophilia at neutrophil percentages of � 65.3%
or � 61%, respectively, Green et al6 and Simpson et
al31 included a large number of asthmatic patients in
the neutrophilic subgroup. However, Belda et al18

analyzed sputum samples from a large cohort of
healthy subjects and set the upper normal limit for
neutrophil percentages at 77.7%, according to which
neutrophilic NEA is less frequent than what these
authors showed.31

Having found no difference in neutrophil numbers
between patients with EA and those with NEA, no
difference was also found in the levels of neutro-
philic markers, such as MPO and IL-8. Gibson et al2
also reported similar MPO levels in NEA and EA
patients, but increased IL-8 levels in NEA patients.

However, in that study NEA patients showed in-
creased numbers of neutrophils.

Despite low eosinophil numbers in NEA patients,
no difference was found in ECP or GM-CSF levels
compared to EA patients. GM-CSF has been desig-
nated as the main cytokine enhancing the survival of
eosinophils in the asthmatic airways, but it affects
multiple leukocyte lineages and has much broader
functional activities.32,33 ECP is an eosinophil de-
granulation product; however, there have been re-
ports21 from patients with noneosinophilic airway
disease, such as COPD, of increased ECP levels.
Previous studies21,34 have shown a close correlation
between total cell count and ECP levels, as well as
between the severity of airflow limitation and ECP
levels. It is possible that the few eosinophils that are
present in the airways of NEA patients are highly
degranulated due to an increase in the presence of
degranulating agents. There is also evidence that
other types of cells except eosinophils, like neutro-
phils, contain ECP.35 Therefore, our finding of
similar ECP levels in NEA and EA patients might be
associated with the similar neutrophil counts in the
two groups of asthma patients.

We have gone further in evaluating NEA and
measured sputum immunopositivity for stress-re-
lated proteins such as HO-1, iNOS, and nitroty-
rosine. Inflammatory and oxidant stimuli induce the
cellular expression of iNOS and HO-1.36,37 Nitric
oxide under aerobic conditions reacts with oxygen
and superoxide anion radicals to yield peroxynitrite.
Peroxynitrite leads to tyrosine nitration, making ni-
trotyrosine an indicator of the involvement of nitric
oxide in irreversible oxidative reactions. We have
used these molecules to assess the inflammatory and
oxidative load imposed on the cells present in the
airways of EA and NEA patients, and have found no
difference between the two groups. Previous inves-
tigators14,15,38 have demonstrated increased numbers
of HO-1-positive, iNOS-positive, and nitrotyrosine-
positive cells in sputum and bronchial or lung biopsy
specimens from asthmatic patients compared to
those from healthy subjects. To the best of our
knowledge, until today no study had evaluated the
differences in these parameters between NEA and
EA patients. Our results showing no difference in
stress-induced enzyme and nitrotyrosine levels indi-
cate a similar intensity of inflammatory and oxidant
stimuli in the airways of NEA and EA patients. This
finding is in accordance with the similar severity of
airflow limitation that we found in NEA and EA
patients, and does not favor the hypothesis that NEA
is predictive of increased asthma severity.

In the second part of our study, we compared
NEA to COPD patients. Considering previous re-
ports2,6,30 of neutrophilia and steroid resistance in
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NEA patients, we looked for similarities in airway
inflammation and cellular stress between these two
groups. Our study showed decreased neutrophil
counts, lower MPO levels, and a tendency toward
decreased IL-8 levels in NEA patients compared to
those in COPD patients (p � 0.17). These results
suggest that neutrophilic inflammation is less prom-
inent in the airways of NEA patients compared to
those of COPD patients. The lack of a statistically
significant difference in IL-8 levels despite the
strong difference in neutrophil numbers could be
due to the fact that other mediators, such as leuko-
triene B4, might be more powerful neutrophil che-
moattractants than IL-8.39 Total cell counts were also
decreased in NEA patients, which probably reflects a
less intense inflammatory process in the airways of
these patients. An interesting finding, but one that
was not surprising, was that of decreased ECP levels
in NEA patients compared to those in COPD pa-
tients. This is very much associated with the de-
creased neutrophil numbers found in NEA patients
and with the reported release of ECP from these
cells.35

Previous investigators have shown that an impor-
tant factor that might influence the number of
sputum neutrophils is age and that neutrophil num-
bers increase with increasing age (specifically, num-
bers in persons � 50 years of age).40 Therefore, one
might attribute the increased number of neutrophils
that we found in COPD patients compared to those
in NEA patients to the significant age difference
between the two groups. We did not succeed in
recruiting patients in similar age groups because, in
general, the first diagnosis of COPD is established in
subjects who are � 40 to 50 years of age.41 However,
we think that the difference found between NEA
and COPD patients is disease specific rather than
age specific because the neutrophil numbers in our
COPD group were higher than the number that
should be expected from healthy subjects in similar
age group (mean, 68.5%; SD, 20.6%), based on data
from the study by Thomas et al.40

Previous studies14,15,38 have shown the increased
expression of HO-1 and iNOS, and the increased
formation of nitrotyrosine in asthmatic patients and
COPD patients. Ichinose et al38 have demonstrated a
relative increase in nitrotyrosine levels in COPD
patients compared to those in asthma patients, but
no difference in iNOS levels, suggesting that NO is
mainly consumed via oxidative reactions in COPD
patients compared to asthma patients. Our results
confirm and extend these findings to patients with
NEA, and indicate that NEA, like EA, is associated
with lower degrees of airway oxidative stress com-
pared to COPD.

Although COPD patients showed increased oxida-

tive stress, a similar increase in the expression of
HO-1, which is induced by oxidant stimuli, was not
detected. Maestrelli et al42 have reported deficient
HO-1 expression in patients with severe COPD
compared to control smokers. Moreover, it has been
shown43 that microsatellite polymorphism in the
HO-1 gene promoter is associated with the suscep-
tibility to emphysema. These findings and ours sug-
gest that an impairment of the HO-1 pathway in
COPD patients may be involved in the pathogenesis
of the disease.

In conclusion, despite previous evidence for air-
way neutrophilia and steroid resistance in NEA
patients, as in COPD patients, this study reported
significantly decreased neutrophilic inflammation
and oxidative stress in NEA patients compared to
COPD patients. This evidence clearly suggests that
NEA is distinct from COPD. Contrary to previous
observations, in which similar numbers of neutro-
phils, and neutrophilic and eosinophilic markers
were seen, a similar expression of stress-related
proteins was found to exist in atopic patients with
NEA and EA, which suggests that there might be
similarities in airway inflammation between NEA
and EA patients. However, larger studies are needed
to investigate further the clinical and inflammatory
characteristics of NEA before we are able to catego-
rize asthma patients into those with or without
eosinophilic inflammation. Moreover, to be able to
interpret whether NEA is a distinct phenotype it is
necessary to show whether the phenotype is repro-
ducible.
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