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ABSTRACT: The aim of this study was to clarify the mechanism of increased airway inflammation

during an acute exacerbation.

A total of 68 chronic obstructive pulmonary disease patients in a stable phase were enrolled and

followed-up for 2–3 yrs. Inflammatory cells were analysed, and interleukin (IL)-8, neutrophil

elastase, eotaxin, tryptase and RANTES (regulated on activation, normal T-cell expressed and

secreted) were measured in sputum, both in a stable phase and during acute exacerbation.

Out of 68 patients, 30 (unstable group) developed an acute exacerbation and expectorated

adequate sputum during exacerbation. Thirty-two patients (stable group) did not develop any

exacerbation for 2–3 yrs. The number of neutrophils, lymphocytes and eosinophils, and the levels

of IL-8, eosinophil cationic protein (ECP), eotaxin and tryptase in sputum obtained from patients in

both groups during the stable phase were significantly higher than those from healthy

nonsmokers. There were no significant differences in cell analysis and biomarkers between the

two groups, but patients in the unstable group showed more severe airflow limitation. In the

unstable group, total cells, lymphocytes, neutrophils and eosinophils, and IL-8, neutrophil

elastase, ECP and RANTES levels were significantly increased during an exacerbation from

values in a stable phase.

These findings suggest that exacerbation of chronic obstructive pulmonary disease may

associate with additional increases in airway inflammation mediated by neutrophils, lymphocytes,

eosinophils, interleukin-8 and RANTES.
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T
he prognosis for chronic obstructive
pulmonary disease (COPD) is adversely
affected by acute exacerbation, which

increases mortality and morbidity, and causes
an irreversible decline of pulmonary functions,
thus possibly contributing to the development of
serious illness [1, 2]. It has been suggested that
the exacerbation may be associated with the
increase in airway inflammation resulting from
various causes, such as viral or bacterial infec-
tion, or environmental factors. AARON et al. [3]
demonstrated that markers of airway neutrophil-
ic inflammation increase at the time of acute
COPD exacerbation; however, this acute inflam-
matory response appears to occur independently
of a demonstrable viral or bacterial airway
infection. BHOWMIK et al. [4] demonstrated that
patients with more frequent exacerbations have
higher baseline sputum interleukin (IL)-6 and IL-
8 levels, and these cytokines may predict the
frequency of future exacerbations. It has also
been reported that not only neutrophils but also

eosinophils and lymphocytes may participate in
the increased airway inflammation during acute
exacerbation [5, 6]. However, the details of the
mechanism of increase in airway inflammation
during exacerbation remain obscure.

It has been suggested that, among various causes
of acute exacerbation, respiratory tract infection
due to a virus or bacteria may account for as
much as, or even more than, 80% of COPD
exacerbations, and that between one-third and
one-half of all causes clearly are the result of viral
infection [7–9]. It has been demonstrated that
viral infection of airway epithelial cells induces
various cytokines and chemokines, such as IL-8,
eotaxin and RANTES (regulated on activation,
normal T-cell expressed and secreted) [10, 11]. It
has been suggested that these cytokines and
chemokines play a role in airway neutrophilic
and eosinophilic inflammation as chemo-
attractants in the pathogenesis of COPD [7].
Conversely, it has also been demonstrated that
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mast cells increase in the airways of COPD cases [12], and that
the concentration of tryptase degranulated from mast cells in
sputum increases in COPD patients, with evidence of sputum
eosinophilia [13]. Although the role of mast cell activation in
COPD is still obscure, it has been suggested that activated mast
cells in the airway may contribute to airway hypersecretion
[14, 15].

For the current study, it was hypothesised that neutrophils
and eosinophils, recruited by chemoattractants such as IL-8,
RANTES and eotaxin, as well as mast cells, may contribute to
the increase in airway inflammation during an acute exacer-
bation. To examine this hypothesis, inflammatory cells in
sputum were examined, and the concentrations of IL-8,
neutrophil elastase, tryptase, eosinophil cationic protein
(ECP), eotaxin and RANTES in sputum obtained from patients
with COPD, both in a stable phase and while exacerbated,
were measured. The present authors also examined whether
these airway inflammatory cells and biomarkers in sputum
predict the frequency of exacerbations.

MATERIALS AND METHODS
Subjects
A total of 68 consecutive patients with COPD, admitted to the
current authors’ outpatient clinic (Shinshu University Hospital,
Matsumoto, Japan) from October 1998 to September 2001 and
consistent with selection criteria, with adequate sputum
obtained in a stable phase, were enrolled in this study. They
had smoking-related COPD without a1-antitrypsin deficiency
and a smoking history of .30 pack-yrs. COPD was diagnosed
based on a clinical history of exertional dyspnoea, pulmonary
function characterised by irreversible airway obstruction
(forced expiratory volume in one second (FEV1)/forced vital
capacity ,70% after inhalation of a short-acting b2-agonist),
lung hyperinflation, reduced gas transfer, and anatomic
emphysema on high-resolution computed tomography
(HRCT). Patients with any history of asthma, asthmatic
symptoms such as coughing and wheezing at rest in a stable
phase, as well as patients who had taken inhaled or oral
steroids, or had suffered from respiratory tract infection or
exacerbation during the preceding 3 months were excluded.
The severity of COPD according to Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines [16]
was as follows: 14 patients in stage 1, 23 in stage 2, 20 in stage
3, and 11 in stage 4. A total of 12 patients had been receiving
long-term oxygen therapy, 43 had been treated with regular
inhalation of an anti-cholinergic agent and/or long-acting b2-
agonist, and 42 had been treated with a slow-releasing
theophylline for .6 months before the study. Eleven normal
healthy male volunteers ranging 48–76 yrs in age, with a mean
age of 66 yrs, served as controls; all were nonsmokers,
nonatopic, and showed no abnormalities in a pulmonary
function test. The study was approved by the local research
ethics committee, and all patients gave their informed consent.

Study design
A total of 68 patients with COPD in a stable phase were
enrolled from the present authors’ outpatient clinic from
October 1998 to September 2001. During the first visit, a history
of current illness was obtained, and a routine physical
examination, routine laboratory examinations, and chest

radiograph were performed. During the second visit, a chest
HRCT and pulmonary function tests were examined, and
induced sputum was obtained from the patients by inhalation
of hypertonic saline. All patients were followed-up at the
outpatient clinic every month for 2–3 yrs. During this time, if
the patient felt worse and contacted the current authors during
the observation period, they were asked to come to the
outpatient clinic as soon as possible, and a history and physical
examination were obtained, sputum was checked, and
spirometry (Chest Graph HI-701; Chest Co. Ltd, Tokyo,
Japan) and oxygen saturation by pulse oximetry were
measured (Pulsox-24M; Teijin Ltd, Osaka, Japan) or arterial
blood gas analysis was carried out. After that, it was diagnosed
whether the patient had developed an exacerbation or not,
according to the definition by ANTHONISEN et al. [17], and
sputum was obtained from the patients as frequently as
possible. The stable phase was determined as a patient’s stable
condition continuing for o3 months with normal day-to-day
variations and without any signs of airway infection. In the
current study, however, exacerbations due to heart failure,
pulmonary thromboembolism, pneumothorax, respiratory
muscle fatigue, narcotic agents and apparent pneumonia were
excluded from the analysis. The sputum samples obtained
during the stable and exacerbated phase were analysed for
total and differential cell counts, and assayed for ECP,
neutrophil elastase, IL-8, eotaxin, tryptase and RANTES.

Sputum collection and analysis
The current authors collected sputum induced by the inhal-
ation of hypertonic saline using general principles as pre-
viously described [18]. However, during an acute exacerbation,
the inhalation of hypertonic saline can sometimes have more
serious consequences. In such cases, spontaneous sputum was
obtained. The method of sputum induction is briefly outlined
as follows. Prior to the induction of sputum, all subjects
inhaled a b2-agonist, and 3.5% hypertonic saline was nebulised
with an ultrasonic nebuliser (NE-V10B; Omron, Tokyo, Japan)
at maximum output for a 10-min period. If appropriate sputum
could not be obtained, 4.5% hypertonic saline was nebulised
for 5-min periods. If the FEV1 dropped by .10% from the post-
bronchodilator value, the concentration of saline was not
increased. If the FEV1 decreased by .20% or if troublesome
symptoms occurred, the nebulisation was discontinued. The
nebulisation was continued for o10 min and stopped after
15 min or earlier if o2 mL of a sputum sample of good quality
was obtained. When either spontaneous or induced sputum
was collected, the subjects were asked to rinse their mouths
and throats, and then to try to cough up sputum into a sterile
plastic dish. The sputum was then separated from contaminat-
ing saliva by macroscopic examination, and the mucus plug
was removed from the dish to a sterile plastic container, after
which the volume of the sample was determined. A small
aliquot of the sample to be used for cell counting was overlaid
with an equal volume of Hank’s balanced salt solution (HBSS)
containing 1 mM dithiothreitol (Sigma Chemicals, Poole, UK)
and incubated at 37 C̊ for 15 min. The incubated suspension
was then washed twice with HBSS. After the residual mucous
was removed by filtering the suspension with gauze, the eluent
was available for total and differential cell counts. The total cell
count, except for that of squamous cells, was determined with
a standard haemocytometer, normalised for weight and
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expressed as cells 6105?g-1 wet weight sputum. Cell smears
were prepared with a centrifuge (Autosmear; Sakura, Tokyo,
Japan) and stained with May-Grünwald-Giemsa stain for the
differential cell count, which was carried out in a blinded
fashion. The slides were coded and 500 cells were counted for
the differential leukocyte count. It was determined whether the
sputum was adequate or not by referring to PIN et al. [19].
Furthermore, the salivary contamination was also assessed by
the percentage of squamous cells in differential cell counts,
excluding epithelial cells, in the slides. This was accepted as
adequate if the percentage of squamous cells was ,20% in
dithiothreitol-treated samples [18]. The results of the differ-
ential leukocyte counts were expressed as a percentage of
nucleated cells, not including squamous and epithelial cells.
An equal volume of normal saline was immediately added to
the remaining sputum samples, which did not contain
dithiothreitol, and then the samples were sonicated and
centrifuged at 2,0006g for 10 min. The supernatant was
aspirated and frozen at -80 C̊. The measurements of ECP,
tryptase, neutrophil elastase, IL-8, eotaxin and RANTES were
delegated to Mitsubishi Kagaku Bio-Clinical Laboratories Inc.
(Tokyo, Japan). ECP and tryptase were measured by fluoro-
enzyme immunoassay using UniCAP ECP and UniCAP
Tryptase kits, respectively (Pharmacia Diagnostics, Uppsala,
Sweden). Neutrophil elastase was measured with the latex
agglutination method, using an Ecoline PMN elastase kit
(Merck Co., Darmstadt, Germany). IL-8, RANTES and eotaxin
were determined by enzyme immunoassay, using Quantikine
Human RANTES and Eotaxin Immunoassay kits, respectively
(R&D Systems, Minneapolis, MN, USA).

Data analysis
The values shown in the text and tables are mean¡SEM. The
data distribution of the variables in the various groups was
first assessed with Bartlett’s test. When the data for the
variables showed a normal distribution, they were compared
with a one-way ANOVA, followed by multiple comparisons
with the Tukey-Kramer method. When the data for the
variables did not show a normal distribution, the variables
were compared with the Kruskal-Wallis test, followed by
multiple comparisons among groups with the nonparametric
Tukey-Kramer method. The comparisons between the vari-
ables in a stable phase and during an exacerbation were
performed with a paired t-test. The correlation between
variables was examined by calculating Pearson’s product
correlation coefficient. A p-value ,0.05 was considered
significant for all statistical test results.

RESULTS
Among the enrolled 68 patients, 34 patients developed an
acute exacerbation for 2–3 yrs. Out of these 34 patients,
adequate sputum samples during exacerbation could be
obtained from 30 patients (unstable COPD), and the remaining
four patients dropped out because adequate sputum during
the exacerbated period could not be obtained (n52) or their
only one-time exacerbation during the observation period
was missed (n52). The mean period before developing an
acute exacerbation was 11.5¡1.7 months in 30 patients.
Twenty-one of the 30 patients developed an acute exacerbation
more than two times during the observation period, and the
mean exacerbation rate was 1.2¡0.2 events?yr-1. Among the

remaining 34 patients, 32 patients did not develop any acute
exacerbation for 2–3 yrs (stable COPD) and two patients had
dropped out during the observation period because of a lack of
contact with the current authors’ outpatient clinic. In this
study, the current authors analysed sputum obtained in a
stable phase from 32 stable patients and sputum obtained from
30 unstable patients both in a stable phase and during the first
acute exacerbated phase. Their ages, severity and pulmonary
function test from a stable phase are shown in table 1. There
were no significant differences in age, sex and smoking history;
however, the FEV1 was significantly lower and residual
volume (RV)/total lung capacity (TLC) was significantly
higher in 30 patients who developed exacerbation compared
with 32 patients who did not develop exacerbation.
Furthermore, although there were no severe patients in stage
4 in the stable COPD group, in the unstable COPD group, nine
out of 30 were classed as severe COPD in stage 4. The 30
patients who developed exacerbation were significantly more
severe compared with 32 patients who did not.

Spirometry showed a significant decrease in FEV1 values from
the stable to the exacerbated stage (1.29¡0.08 L versus
0.99¡0.08 L; p,0.01). According to the severity of exacerba-
tion as defined by ANTHONISEN et al. [17], it was mild in 13
patients, moderate in six, and severe in 11. However, only
three patients needed hospitalisation, and none had to be

TABLE 1 Characteristics and pulmonary function

Stable COPD Unstable COPD

Age yrs 68.2¡1.4 68.9¡1.2

Males/females 31/1 27/3

BI pack-yrs 47.4¡4.2 53.9¡3.7

Severity according to GOLD staging

Stage 1 10 4

Stage 2 10 12

Stage 3 12 5

Stage 4 0 9**

VC % pred 97.6¡3.7 94.0¡3.0

FEV1 L 1.51¡0.14 1.29¡0.08

FEV1/FVC % 49.4¡2.3 43.7¡2.3

FEV1 % pred 63.0¡4.5 52.9¡4.0**

RV % pred 220.9¡12.8 248.5¡13.7

RV/TLC % 53.1¡1.8 58.4¡1.7*

DL,CO % pred 70.2¡3.9 66.2¡4.9

Pa,O2 Torr 74.1¡1.9 70.0¡1.9

Pa,CO2 Torr 40.2¡0.6 40.6¡0.7

Data are presented as mean¡SEM. The data were obtained from 32 chronic

obstructive pulmonary disease (COPD) patients who did not develop

exacerbation (stable COPD) and 30 COPD patients who developed exacerba-

tion more than once in the 2–3-yr follow-up period (unstable COPD). BI:

Brinkman index; GOLD: Global Initiative for Chronic Obstructive Lung Disease;

VC: vital capacity; % pred: % predicted; FEV1: forced expiratory volume in one

second; FVC: forced vital capacity; RV: residual volume; TLC: total lung

capacity; DL,CO: carbon monoxide diffusing capacity of the lung; Pa,O2: arterial

oxygen tension; Pa,CO2: arterial carbon dioxide tension. *: p,0.05; **: p,0.01

versus stable COPD.
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treated in the emergency clinic or had to be intubated.
Increases in the severity of the symptoms of all patients were
resolved by additional treatment with systemic corticosteroids
and antibiotics, and, where needed, with a bronchodilator, but
without hospitalisation.

Cell analysis of sputum in a stable phase and during
exacerbation
In a stable phase, sputum total cell counts in the stable COPD
group and numbers of neutrophils, lymphocytes and eosino-
phils in sputum from patients with both stable and unstable
COPD groups were significantly higher than those in sputum
from healthy nonsmokers (table 2). During exacerbation in
the unstable COPD group, the total cell counts and absolute
numbers of lymphocytes, neutrophils and eosinophils, as well
as relative eosinophil counts, in sputum showed an additional
significant increase over those in the stable phase. Figure 1
shows the changes in absolute neutrophil counts, and absolute
and relative eosinophil counts in sputum from individual
exacerbated patients with COPD. The concentrations of IL-8,
ECP, eotaxin and tryptase in the supernatant of sputum from
patients with both stable and unstable COPD groups in a stable
phase were significantly higher than those in healthy non-
smokers (table 3). During the exacerbation, the levels of IL-8,
neutrophil elastase, ECP and RANTES in sputum were
significantly increased from those in the stable phase, whereas
the eotaxin and tryptase levels did not show any significant
changes.

DISCUSSION
It has been demonstrated that the numbers of eosinophils,
neutrophils and CD3 lymphocytes in bronchial biopsies
obtained during exacerbation increase compared with the

corresponding numbers in those obtained during a clinically
stable state from patients with mild COPD [20]. It was also
demonstrated that the additional significant increase in the
total cell counts and the numbers of lymphocytes, neutrophils
and eosinophils in sputum corresponded to their exacerba-
tions. The concentrations of ECP, a marker of eosinophil
activation, in sputum obtained during an acute exacerbation
also increased significantly compared with those in the stable
state. These findings suggest that not only neutrophils but also
eosinophils and lymphocytes may play a part in the increase in
airway inflammation during acute exacerbation. Some reports
have indicated that exacerbation of chronic bronchitis, defined
by sputum colour, differs in the degree of bronchial and
systemic inflammation, and that purulent exacerbation is
related to bacterial infection and associated with increased
neutrophilic inflammation [21]. In the purulent sputum of
patients in the current study, the total number of recovered
cells and neutrophils was higher than in nonpurulent sputum,
but no such difference could be found in eosinophilic airway
inflammation.

Levels of IL-8 and leukotriene B4, potent neutrophil chemo-
attractants, have been found to become elevated in sputum
during acute exacerbation of COPD compared with their levels
during a clinically stable stage [22]. In this study, the present
authors also demonstrated a significant increase of IL-8 in
sputum from patients with COPD in a stable phase compared
with that in age-matched healthy nonsmokers, and an
additional significant increase in IL-8 and neutrophil elastase
during acute exacerbation, which corresponded to the increase
in neutrophils in sputum. Neutrophil elastase degranulated
from activated neutrophils can cause epithelial detachment
and damage to mucociliary clearance and mucous hypersecre-
tion [23]. These findings suggest that neutrophil recruitment

TABLE 2 Analysis of cells in sputum

Nonsmoker Stable COPD Unstable COPD

Stable phase Stable phase During exacerbation

Total cells 6105?g-1 27.3¡6.6 84.9¡21.1# 51.0¡11.8 265.7¡67.1",+,##

Macrophage

% 43.8¡5.8 15.8¡3.1" 11.0¡2.1" 7.3¡1.1",+

6105?g-1 11.5¡2.9 8.2¡1.5 5.9¡2.2 11.7¡2.4

Lymphocyte

% 3.0¡0.3 4.4¡0.6# 4.0¡0.5 4.9¡0.7#

6105?g-1 0.8¡0.2 2.9¡0.7" 2.1¡0.5# 7.4¡2.4",1,##

Neutrophil

% 52.6¡5.9 77.1¡3.5" 83.4¡2.4" 81.2¡2.6"

6105?g-1 14.9¡4.2 72.6¡19.7" 43.7¡9.3" 233.7¡65.6",+,##

Eosinophil

% 0.5¡0.2 1.6¡0.4# 1.7¡0.5# 6.7¡2.0",+,f

6105?g-1 0.1¡0.1 1.0¡0.3" 1.0¡0.4# 12.8¡5.1#,+,f

Data are presented as mean¡SEM. Sputum was obtained from 11 nonsmokers, 32 chronic obstructive pulmonary disease (COPD) patients who did not develop

exacerbation for 2–3 yrs (stable COPD), and 30 COPD patients who developed exacerbation (unstable COPD) in a stable phase and during exacerbation. #: p,0.05

versus nonsmokers; ": p,0.01 versus nonsmokers; +: p,0.05 versus in a stable phase of stable COPD; 1: p,0.01 versus in a stable phase of stable COPD; e: p,0.05

versus in a stable phase of unstable COPD; ##: p,0.01 versus in a stable phase of unstable COPD.
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and activation, in response to IL-8 as a chemoattractant, may
play a role in the aggravation of airway inflammation during
acute exacerbation.

ZHU et al. [6] have demonstrated that the numbers of
lymphomononuclear cells expressing mRNA of eotaxin and
RANTES, which are eosinophil chemoattractants, are signifi-
cantly greater in smokers with chronic bronchitis than in
healthy nonsmokers, and that the expression of RANTES in
both the surface epithelium and subepithelial lymphomono-
nuclear cells was further increased following acute exacerba-
tion, whereas the expression of eotaxin did not show any
significant change. A significant correlation between the
number of eosinophilic granules type 2-positive eosinophils
and that of RANTES-expressed lymphomononuclear cells was
also found [6]. In the current study too, the eotaxin levels in
sputum from patients with COPD in a stable phase were
significantly higher than in sputum from age-matched non-
smokers, and RANTES showed a significant increase over the

level in the stable phase, whereas eotaxin levels did not
show any significant changes, similar to the histological
findings by ZHU et al. [6]. These results suggest that eotaxin
may participate in eosinophilic inflammation as eosinophil
chemoattractants in the stable phase of COPD; conversely,
RANTES may contribute to the aggravation of eosinophilic
inflammation during acute exacerbation. The role of bacterial
infections, once believed to be the main cause of COPD
exacerbations, is now the subject of debate, since it is evident
that much exacerbation in COPD is due to other causes,
such as viral infections and environmental factors [24].
Infection of bronchial epithelial cells with human rhinoviruses
results in the production of eotaxin and eotaxin-2, in addition
to IL-8 and RANTES [11]. Respiratory syncytial virus also
induces the production of IL-8 and RANTES from epithelial
cell lines [10]. It is, thus, one possible mechanism that the
neutrophil and eosinophil chemoattractants, IL-8 and
RANTES, respectively, released from epithelial cells following
viral infection may recruit these inflammatory cells and
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FIGURE 1. Changes in absolute neutrophil (a) and eosinophil (b) counts in 1 g of sputum and relative eosinophil (c) counts in sputum obtained in a stable phase and

during an acute exacerbated phase from individual patients with unstable chronic obstructive pulmonary disease (n530). During exacerbation, the absolute neutrophil and

eosinophil counts, as well as relative eosinophil counts, in sputum showed significant increases from those in the stable phase (p,0.05).

TABLE 3 Comparison of interleukin (IL)-8, neutrophil elastase (NE), eosinophil cationic protein (ECP), eotaxin, tryptase and
RANTES levels in sputum

Nonsmoker Stable COPD Unstable COPD

Stable phase Stable phase During exacerbation

IL-8 ng?mL-1 1.16¡0.18 8.10¡1.89" 4.79¡1.37# 22.73¡7.06",+,f

NE mg?mL-1 0.36¡0.13 0.33¡0.05 0.64¡0.18 1.61¡0.29",1,##

ECP mg?mL-1 0.02¡0.00 0.47¡0.16" 0.45¡0.13" 2.50¡0.76",+,f

Eotaxin pg?mL-1 12.9¡3.1 160.5¡31.5" 157.6¡35.2" 95.0¡20.3"

Tryptase ng?mL-1 ,2.00 7.2¡1.7" 5.8¡1.0" 11.2¡3.2"

RANTES pg?mL-1 35.3¡4.1 41.5¡4.0 49.1¡6.8 137.9¡38.2#,+,f

Data are presented as mean¡SEM. Sputum was obtained from 12 nonsmokers, 32 chronic obstructive pulmonary disease (COPD) patients who did not develop

exacerbation for 2–3 yrs (stable COPD), and 30 COPD patients who developed exacerbation (unstable COPD) in a stable phase and during exacerbation. #: p,0.05

versus nonsmokers; ": p,0.01 versus nonsmokers; +: p,0.05 versus in a stable phase of stable COPD; 1: p,0.01 versus in a stable phase of stable COPD; e: p,0.05

versus in a stable phase of unstable COPD; ##: p,0.01 versus in a stable phase of unstable COPD.
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increase airway inflammation during acute exacerbation.
Conversely, increased tryptase levels in the sputum from
COPD during a stable state were also detected when compared
with those in nonsmokers, although metachromatic cells in
sputum were not evaluated. However, no significant associ-
ation with sputum eosinophilia could be demonstrated, as has
been reported by LOUIS et al. [13]. The elevated tryptase levels
did not show any further increase during acute exacerbation.
Although the role of mast cell activation in COPD remains
obscure, mast cells in the airway may not appear to contribute
to the further increase in airway inflammation during acute
exacerbation.

BHOWMIK et al. [4] demonstrated that patients with more
frequent exacerbations have higher baseline sputum IL-6 and
IL-8 levels, and that IL-6 levels, but not IL-8, were further
increased during exacerbations compared with stable condi-
tions, whereas there were no significant increases in airway
inflammatory cells during their acute exacerbation. They
concluded that these cytokines may predict the frequency of
future exacerbations. In the current study, when stable, the
FEV1 was significantly lower and RV/TLC was significantly
higher in 30 unstable COPD patients compared with 32 stable
COPD patients. It has been demonstrated that the exacerbation
frequency is associated with the severity of COPD [25].
However, there were no significant differences in cell analysis
and biomarkers in sputum obtained during a stable phase
between the two groups. Although IL-6 was not measured, it
could not be demonstrated that the patients with more
frequent exacerbations have higher baseline IL-8 in sputum.
In the current study, mild COPD patients in stage 1 and 2
comprised 58.1% of all subjects and the mean FEV1 was 58%
predicted. However, in the East London study [4], the enrolled
COPD patients were moderate to severe and their mean FEV1

was 39.5% predicted; that is, the subjects had more severe
COPD than those in the current study. Furthermore, the
frequent exacerbation group was defined as the patients with
o3 exacerbations?yr-1, and they developed exacerbation more
frequently when compared with the patients with unstable
COPD in this study whose exacerbated rate was 1.2¡0.2
events?yr-1. There is some evidence that exacerbations are more
frequent in those with regular sputum production [26]. In the
present study population, when stable, most of the patients
(81%) did not have increased sputum and did not show regular
sputum production, whereas 56% of patients had daily sputum
in the East London study [4]. Furthermore, 21 of the patients
were current smokers (36.8%) and 51 of the patients were on
inhaled steroids in the East London study [4], but most of the
subjects in the current study were ex-smokers, current smokers
were ,1% and none of subjects had taken inhaled or oral
steroids. The smoking history and anti-inflammatory treatment
may largely affect the exacerbation and airway inflammation.
From these findings, the present authors speculated that the
difference in results from the East London study [4] may be
due to the differences in COPD severity, frequency of
exacerbation, smoking history and steroid therapy. Also, the
methodological difference may influence the result. BHOWMIK

et al. [4] used daily diary cards and the monitoring of peak
expiratory flow to evaluate exacerbations without missing any
events, which may contribute to the difference in exacerbated
frequency.

In conclusion, many inflammatory cells, such as lymphocytes,
neutrophils, eosinophils and mast cells, and mediators, such as
interleukin-8, eotaxin and tryptase, may be implicated in
airway inflammation in chronic obstructive pulmonary disease
in a stable phase. Of these inflammatory cells and mediators,
eosinophils, as well as neutrophils, may also participate in the
additional aggravation of airway inflammation during acute
exacerbation of chronic obstructive pulmonary disease, and
that interleukin-8 and RANTES may play an important role in
recruiting neutrophils and eosinophils into the airway during
exacerbation.
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