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Inflammatory cells and mediators in bronchial lavage of patients 
with chronic obstructive pulmonary disease

A. Pesci*, B. Balbi**, M. Majori*, G. Cacciani+, S. Bertacco*, P. Alciato**, C.F. Donner**

Cigarette smoking is the main cause of chronic obstruc-
tive pulmonary disease (COPD) [1–3]. The pathogenesis
of smoke-induced COPD has been evaluated in a number
of studies showing the accumulation of inflammatory
cells in patients' airways: predominantly polymorphonu-
clear leukocytes in samples representative of intraluminal
infla-mmation (sputum, bronchial and bronchoalveolar
lavage) and mainly mononuclear cells, lymphocytes and
macrophages, in tissue specimens [4–13].

While the reason (or reasons) for this discrepancy is
still not completely clear, these studies have opened the
field to new questions. Since the relevance of airway in-
flammation in COPD has been demonstrated, the next
step is the characterization of the different features of air-
way inflammation, such as the nature of chemotactic sig-
nal(s) and the contribution of the various cell types to
airway inflammation through the release of inflammatory
mediators.

In this regard, this study was targeted on a COPD
patient population of nonatopic current smokers with air-
way obstruction, with the aim of investigating the charac-
teristics of intraluminal airway inflammation in these
patients. Therefore, this study evaluated the presence in

bronchial lavage (BL) of: interleukin (IL)-8, a chemotac-
tic factor for polymorphonuclear cells into the airways;
myeloperoxidase (MPO), eosinophil cationic protein (ECP)
and tryptase, mediators of tissue damage from polymor-
phonuclear cells and mast cells; and the correlations be-
tween cellular and noncellular data obtained from BL.

Materials and methods

 Study subjects

Twelve patients with COPD entered this study. They all
had chronic productive cough for >3 months for 2 consec-
utive yrs, in the absence of other known disorders, such as
bronchiectasis, tuberculosis or lung cancer [14, 15]. The
patients met the following inclusion criteria: 1) history of
cigarette smoking, with a minimum of 15 pack-yrs, in
patients who all were current smokers at time of evalua-
tion; 2) no occupational or other exposure to other sub-
stances known to cause lung disorders; 3) absence of
atopy, i.e. with negative skin tests for common allergen
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ABSTRACT: Cigarette smoking is the most important cause of chronic obstructive
pulmonary disease (COPD). Although the precise sequence of events that leads a
smoker to experience airway obstruction is not completely clear, airway inflammation
is a relevant factor.

To investigate airway inflammation, 12 nonatopic smoking COPD patients with a
forced expiratory volume in one second (FEV1) ð75% predicted and 10 normal non-
smoking subjects (NS) were studied with bronchoscopy and bronchial lavage (BL).

Serum immunoglobulin (Ig)E levels of COPD patients correlated with the smoking
history (r=0.7, p=0.008). In BL of COPD patients there was an increase of neutrophils
(median, range) (COPD 62.6×103, 1.2–323, NS 1.35, 0–19.2, p=0.001), eosinophils
(COPD 1.6, 0–6.9, NS 0.15, 0–3.7, p=0.035), the levels of interleukin (IL)-8 (COPD
1079 pg·mL-1, 121–2,500, NS 20.4, 7.2–59, p=0.001), myeloperoxidase (MPO) (COPD
752 µg·L-1, 11–5,500, NS 22.1, 8–70, p=0.001) and eosinophil cationic protein (ECP)
(COPD 21.5 µg·L-1, 1.8–161, NS 2, 1.8–4.9, p=0.001). Significant correlations were
found in BL of COPD patients between IL-8 and neutrophils (p=0.02), MPO and neu-
trophils (p=0.02), IL-8 and MPO (p=0.0001) and ECP and eosinophils (p=0.02). In
addition, the ratios between the BL levels of MPO and the number of neutrophils and
between ECP levels and eosinophils were higher in COPD patients than in NS (p=0.03
and 0.01, respectively).

These data suggest that cigarette smoke is associated with increased amounts of
airway interleukin-8, a chemotactic factor for neutrophils and eosinophils. Recruited
neutrophils and eosinophils are activated and they release increased amounts of
inflammatory mediators capable of damaging the bronchial tissue.
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extracts and no personal or family history of allergic dis-
ease; 4) no history of systemic or other pulmonary disease
or congenital and/or acquired systemic immunodefici-
ency; 5) forced expiratory volume in one second (FEV1)
ð75% predicted and no >12% improvement in FEV1 after
inhalation of 200 µg salbutamol; 6) no bronchitic exacer-
bation within the preceding month; and 7) no therapy with
inhaled or systemic corticosteroids and inhaled chrom-
ones within 3 months before entry into the study, but
patients receiving theophylline or β-agonists or both were
included.

As control subjects 10 normal, age-matched volunteers
were studied. They all were lifetime nonsmokers, without
clinical or laboratory signs of sensitization to common
allergens, no history or evidence of lung disorders, serious
illness or acute viral or bacterial infection in the preceding
3 months. In addition, all control subjects had normal
spirometric values. Table 1 shows clinical and functional
data of patients with COPD and of normal subjects.

Study design

Before entry, patients and control subjects were screen-
ed with a clinical history, physical examination, chest
radiograph and electrocardiogram. A symptom score (SS)
was recorded for each COPD patient as described: three
symptoms such as cough, dyspnoea, and sputum quantity
were graded for severity using a 0–3 scale (0=none;
1=mild; 2=moderate; 3=severe). The day before broncho-
scopy, all subjects underwent spirometric function tests
(Spiroflow, Morgan, Kent, UK) and arterial blood gas
evaluation (ABL Radiometer, Copenhagen, Denmark). In
addition, peripheral blood was drawn from each subject
and complete blood cell counts, including leukocyte dif-
ferential count and serum chemistries, were performed.
An aliquot of serum was frozen at -80°C. Subsequently,

the levels of total immunoglobulin (Ig)E (PRIST; Phar-
macia, Uppsala, Sweden) were evaluated. To investigate
airway inflammation, fibreoptic bronchoscopy (FBS) with
inspection of bronchial mucosa and all segmental bronchi
and BL was performed in all subjects.

This study protocol was approved by the local ethical
committee. Each subject gave informed written consent
before being enrolled into the study.

Methods

FBS was performed between 08:00 and 09:00 h on each
occasion, following the guidelines of the National Insti-
tutes of Health [16]. Subjects abstained from both food
and smoking for at least 12 h before FBS. Premedication
consisted of nebulized salbutamol (1.25 mg) and ipratrop-
ium bromide (0.5 mg); atropine (0.5 mg) was administer-
ed by intramuscular injection 30 min before the procedure.
Upper airways were anaesthetized with 4 mL of 2% lido-
caine. Further lidocaine (1%) was administered through the
bronchoscope channel to the lobar and/or segmental bron-
chi to suppress coughing. The instrument (1T10; Olym-
pus, Tokyo, Japan) was introduced through the nose into
the airways. The endoscopic bronchitis index (BI) was
recorded for each COPD patient as described previously
[6]. 

The bronchoscope was wedged into a segmental bron-
chus of the middle lobe and one 50 mL aliquot of sterile
saline solution, warmed to 37°C, was infused. Fluid was
gently aspirated immediately after the aliquot was intro-
duced and collected in a sterile container. After recovery,
BL fluid was strained through a monolayer of surgical
gauze to remove mucus. The fluid was immediately cen-
trifuged at 500×g for 10 min. Supernatants were removed
and frozen in 1 mL sterile polystyrene tubes, at -80°C
until processing for mediators. The cell pellet was washed

Table 1.  –  Clinical and functional data of patients with chronic obstructive pulmonary disease (COPD) and normal subjects

Subject
no.

Age
yrs

Sex Cigarettes 
smoked
pack-yrs

IgE
IU·mL-1

Duration of 
diseases

yrs

Blood 
eosinophils

n·µL

Pa,O2 
mmHg

Pa,CO2 
mmHg

FEV1
% pred

FEF25–75
% pred

PEFR
% pred

COPD subjects
1
2
3
4
5
6
7
8
9

10
11
12

Mean
SEM

69
57
69
68
55
89
69
67
57
48
63
61

62.6
2.03

M
M
M
M
M
M
M
M
M
M
M
F

50
17.5
55
50
40
40
51
50
80
16.5
24
24

38.6
6.7

10.4
10.9
49.6
51.6
40.8

9.6
60.8
48.9
90.8
11.2

7.5
1.3

32.8
8.1

7
5
9
9
3
5
4
3
3
5
5

20

6.5
1.4

120
410

40
170
170
330
170
240
140
120

80
60

170.8
31.5

72.2
78.4
70
65.1
68
66.6
65.4
77.0
78.9
71.6
65.3
72.0

70.8
1.4

44.7
34.8
44.6
45.0
38.2
46.3
49.8
43.8
34.5
40.5
46.0
45.3

42.7
1.3

71
75
74
74
75
70
75
73
60
61
70
75

71.08
1.5

63
68
82
83
73
54
57
89
52
71
57
71

68.3
3.5

49
71
57
66
56
72
76
71
43
41
65
67

61.2
3.4

M: male; F: female; IgE: immunoglobulin E; Pa,O2: arterial oxygen tension; Pa,CO2: arterial carbon dioxide tension; FEV1: forced
expiratory volume in one second; FEF25–75: forced midexpiratory flow; PEFR: peak expiratory flow rate; ND: not done; NA: not applica-
ble. (1 mmHg=0.133 kPa).

Normal subjects
Mean
SEM

59.6
3.5

7M/3F No ND NA 148.7
28.8

95.5
3.8

39.6
1.1

103.12
8.2

101.2
7.6

99.6
6.8
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twice with phosphate-buffered saline solution (without
Ca2+ and Mg2+). Cells were resuspended in Hanks' balanc-
ed salt solution and counted using a haemochromocytom-
eter chamber. Cytocentrifugates (Labofuge AE, Heraeus,
Germany) were stained by the May-Grünwald Giemsa
method. The differential cell counts of macrophages, lym-
phocytes, neutrophils and eosinophils were made under
light microscopy at ×1000 magnification (BH-2, Olym-
pus), by counting approximately 300 cells in random fields.
Because only a few mast cells were present and it was
therefore difficult to detect them using the May-Grünwald
Giemsa stain, they were counted in cell suspension after
staining with toluidine blue (Sigma Chemical Co., St
Louis, MO, USA), as described previously [8, 17, 18]. Mast
cells, which appeared as large cells with a large nucleus
and filled with red violet granules, were quantified by
counting 1,000 cells. All cell data are expressed as
cells·mL-1 of recovered lavage fluid.

For IL-8 determinations the BL supernatants were con-
centrated using Centriprep concentrators (Amicon, Bev-
erly, MA, USA) with a molecular weight cut-off of 300
Da. In brief, the fluid was placed into the sample contain-
ers of 2–3 Centriprep tubes, (10 mL fluid in each). The
tubes were centrifuged at 4°C, 1500×g for 50 min. IL-8
concentrations were then determined by a two-site sand-
wich IL-8-specific enzyme-linked immunosorbent assay
(ELISA) (Biotrak; Amersham International, Bucks, UK)
[19]. This method uses mouse monoclonal antibodies
(mAb) to human IL-8 coated on to the microtitre plate
provided in the kit and horseradish peroxidase-conjugated
goat polyclonal anti-IL-8 as the developing reagent. The
concentration of IL-8 in the samples was calculated by
comparison to the curve obtained with different concen-
trations of standards included in each kit. All samples
were run in duplicate and the coefficients of variation
were <10%. The minimum detectable concentration of
IL-8 was 4.7 pg·mL-1.

MPO and ECP were measured in BL by a double-anti-
body radioimmunoassay techniques (Pharmacia Diagnos-
tic, Uppsala, Sweden). MPO and ECP in samples compete
with a fixed amount of 125I-labelled MPO and ECP for the
binding sites of a specific polyclonal rabbit antibodies.
The techniques were carried out according to the package
inserts. The interassay coefficient of variation was <6.5%
for MPO [20] and 9.2% for ECP [21].

Tryptase was measured with a double-antibody radio-
immunoassay (Pharmacia Diagnostic). In this assay the
tryptase in BL reacts simultaneously with solid-phase anti-
tryptase, bound to the test tube wall and antitryptase-tryp-
tase-antitryptase 125I complex. The technique was carried
out according to the package instructions. The interassay
coefficient of variation was <12.5% [22].

Data analysis

Group data were expressed as medians (range), or means
±SEM when appropriate. Comparisons between data from
bronchitic patients and from control subjects were made
using the Mann-Whitney U-test. Correlations between dif-
ferent parameters were tested with Spearman's rank test
and a p-value <0.05 was regarded as significant.

Results

Clinical data

The clinical and functional characteristics of COPD
patients are summarized in table 1. While no COPD pati-
ent was atopic, there was a significant correlation between
the levels of total serum IgE and the smoking history
(r=0.7, p=0.008). The total number of peripheral blood
eosinophils was similar in COPD patients and in norm-
al control subjects (eosinophils·µL-1 of blood: 170±31 in
COPD patients, 147±28 in normal subjects, NS). A symp-
tom score was recorded from all patients (table 2). The
total symptom score and the cough score correlated sig-
nificantly with the number of eosinophils in the peripher-
al blood of COPD patients (r=0.7, p=0.01 and r=0.8, p=
0.002, respectively). All patients underwent broncho-
scopic procedures without any significant complication.

Inflammatory mediators in bronchial lavage of COPD
patients and of normal subjects

The median BL level of IL-8 in COPD patients was
1079 pg·mL-1 (range 121–2,500) and in normal subjects it
was 20.4 pg·mL-1 (7.2–59) (p=0.001) (fig. 1a). Similarly,

Table 2.  –  Endoscopic bronchitis index and symptom score of patients with chronic obstructive pulmonary disease

Patient
No.

Symptom score* Bronchitis index*
Cough Sputum Dyspnoea Total Erythema Oedema Friability Secretion Total

1
2
3
4
5
6
7
8
9

10
11
12

1
2
1
1
2
3
2
3
2
1
1
1

1
1
0
1
2
1
1
2
2
1
1
1

0
1
1
2
0
1
0
2
1
2
1
1

2
4
2
4
4
5
3
7
5
4
3
3

2
2
3
2
2
3
1
3
3
2
2
1

3
1
2
2
1
3
2
3
2
1
1
1

2
1
3
1
2
3
1
3
3
1
1
1

3
3
1
1
3
1
0
3
2
1
1
1

10
7
9
6
8

10
4

12
10

5
5
4

*: score 0–3 (0=none; 1=mild; 2=moderate; 3=severe).
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the median BL level of MPO in COPD patients was 752
µg·L-1 (range 11.5–5,500), while in normal subjects it was
22.1 µg·mL-1 (8–70.1) (p=0.001) (fig. 1b) and the median
BL level of ECP in COPD patients was 21.5 µg·L-1 (range
1.8–161.6), while in normal subjects it was 2 µg·L-1 (1.8–
4.9) (p=0.001) (fig. 1c).

In contrast, no significant difference was observed be-
tween the BL levels of tryptase in COPD patients and in
normal subjects (fig. 1d).

Cytological data from bronchial lavage obtained from
COPD patients and normal subjects

Analysis of cells recovered by BL in the study confirm-
ed that bronchial inflammation in smoke-induced COPD
is associated with an increase in polymorphonuclear leu-
kocytes. In this context, BL neutrophil counts were 62.6
×103, (1.2–323) in COPD patients and 1.35 (0–19.2) in
normal subjects (p=0.001, fig. 2). BL eosinophil counts
were 1.6×103, (0–6.9) in COPD patients and 0.15 (0–3.7)
in normal subjects (p=0.035). In addition, the number of
mast cells was increased in COPD patients (0.35×103, 0–
1.7) compared with the control individuals (0.08×103, 0–
0.3, p=0.015). Conversely, the numbers of macrophages
and lymphocytes were significantly decreased in COPD
patients, compared with normal subjects (fig. 2).

In an attempt to quantify the burden of mediators capa-
ble of damaging the bronchial tissue released by neutro-
phils and eosinophils in the airways of COPD patients and
to compare this parameter with the same parameter in the
airways of normal subjects, the ratios between the am-
ounts of MPO and the number of neutrophils in BL and be-
tween the amounts of ECP and the number of eosinophils
in BL were calculated. These two ratios were significantly
higher in COPD patients than in normal subjects (fig. 3).

Correlations between the levels of inflammatory media-
tors and cellular data

The amounts of IL-8 in BL of COPD patients corre-
lated significantly with the number of BL neutrophils (r=
0.65, p=0.02, fig. 4a), and with the levels of MPO (r=0.89,
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Fig. 1.  –  Levels of: a) interleukin (IL)-8; b) myeloperoxidase (MPO);
c) eosinophil cationic protein (ECP); and d) tryptase in bronchial lavage
of patients with chronic obstructive pulmonary disease and normal sub-
jects. IL-8, MPO and ECP data are presented on a logarithmic scale.
Horizontal bars represent median values. ***: p=0.001, significant dif-
ference between groups. 
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p=0.0001, fig. 4b). In addition, the BL levels of the tissue-
damaging effector proteins MPO and ECP significantly
correlated, respectively, with the number of BL neutro-
phils (r=0.66, p=0.02, fig. 4c) and with the number of
eosinophils (r=0.64, p=0.02, fig. 4d).

Discussion

By using BL to evaluate the cellular and soluble compon-
ents present in the airways of a patient population composed
of current smokers with COPD, this study demonstrated: a
striking increase in the amount of the chemotactic factor IL-
8; an increase in inflammatory cells, mostly neutrophils, but
also eosinophils and mast cells; increased levels of two
inflammatory mediators, MPO and ECP, and the correla-
tion between the levels of mediators and the number of
effector cells, and also between different mediators.

Cigarette smoking is the most important cause of COPD.
The presence in inhaled cigarette smoke of a number of
toxic compounds is considered to be the starting point of
a pathogenetic pathway in which the release of oxidants
and proteases by airway and lung-resident cells, with sub-
sequent chronic damage to the bronchial and alveolar
structures, together with peribronchial inflammation and
hyperplasia of mucus-secreting cells, represent the coun-
terpart of the clinical syndrome known as COPD.
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The precise sequence of events that leads a smoker to
develop airway obstruction is not completely clear, nor are
the cause(s) that, given a similar smoking history, make
some individuals develop only bronchial inflam-mation
without airway obstruction (simple chronic bronchitis),
while others develop bronchial inflammation with signifi-
cant airway obstruction (COPD). The link between ciga-
rette smoke, bronchial inflammation and bronchial
obstruction is relevant to understanding fully the patho-
genesis of COPD in smokers.

Therefore, in these patients, IL-8 was evaluated as a
possible candidate to link between cigarette smoke and
airway inflammation and a striking increase in IL-8 levels
was found. Similar data were reported by RIISE et al. [23]
who evaluated, using a low-volume BL, a population of pati-
ents with chronic bronchitis. However, this study did not
include any data on the cellular content of BL. In contrast,
in the present study, when mediator and cellular data from
BL of COPD patients were correlated, a highly significant
correlation was observed between the amount of IL-8 and
the number of neutrophils, although the analysis of data,
as seen in figures showing the data as individual points,
seems to suggest that there may be subgroups of patients
with more severe inflammation ongoing in the airways.

IL-8 is a C-X-C chemokine that can be produced in the
airways and in the lung by a variety of resident cells and
by mobile cells which is able to recruit and activate neu-
trophils and, albeit to a lesser extent, eosinophils [24].
Although it is possible that smoke may increase the
amounts of other chemokines or other chemotactic factors
in the lung, this study demonstrates in a COPD patient
population a link between the presence of increased
amounts of a chemokine able to recruit granulocytes at
sites of disease and the number of neutrophils crowding
the airways of COPD patients. In this regard, KEATINGS et al.
[25] showed similar correlations in the sputum from
COPD patients and other researchers have shown similar
data from asthmatic patients [26].

Recently, MIO et al. [27] reported the presence of
increased amounts of IL-8 and a correlation between the
levels of IL-8 and the neutrophil counts in bronchial sam-
ples of BAL from normal smokers. Thus, at least some of
the changes observed in lavage samples from "normal
smokers" are similar to those found in COPD patients.
Although it is possible that "normal smokers" may share
some features of airway inflammation with COPD pati-
ents, the present study was designed to characterize the
inflammatory cells and mediators in BL of current smok-
ers with COPD, rather than to compare smokers with dis-
ease to smokers without clinically evident disease.

It has already been demonstrated that polymorphonu-
clear cells (PMN) are selectively increased in lavage sam-
ples from COPD patients, both in bronchoalveolar lavage
(BAL) and in BL [4–8]. In this context, the present data
show that neutrophils are present in BL of COPD patients
in proportions varying among different patients, from 10–
104 and eosinophils from 10–102 orders of magnitude
greater than those observed in BL of normal subjects.

If neutrophils are the characteristic cells in lavage sam-
ples from COPD patients, eosinophils are expected to be
found in increased proportions mainly in BL or BAL from
asthmatic patients [7]. Still, in the present COPD patients,
selected as nonatopic and current smokers, increased
numbers of BL eosinophils, increased levels of ECP and a

correlation between them was found. The data on ECP in
lavage from COPD patients are not consistent in the litera-
ture, although the different results may be due to different
techniques of lavage: from BL (this study and Ref. [23])
to BAL [7]. Since the effect of IL-8 as a chemotactic fac-
tor is mainly on neutrophils, the increase in eosinophils in
BL may simply be seen as a side-effect phenomenon.
Alternatively, given the increase in capillary leakage due
to airway inflammation, allergens may have easier access
through the airways and this can elicit an "allergic" resp-
onse with recruitment of eosinophils, as the increase of cir-
culating IgE in smokers might suggest [28, 29]. Another
possibility is that, in the present study, the patient selec-
tion, although it was made using the internationally acc-
epted criteria, may include some patients with an intrinsic
asthmatic background relevant to the airway inflammation.

The data collected in this study population therefore
confirm the previous observations on the increase in BL
PMN and add the finding of increased numbers of BL
mast cells. Mast cells were found in increased proportions
in the first aliquots of BAL performed by LUSUARDI et al.
[30] in a selected population of patients with chronic
bronchitis who never smoked while, in another patient pop-
ulation, comprising mostly lifetime nonsmokers or former
smokers, no significant increase of the proportions of
mast cells was found [8]. Evaluating bronchial biopsies
showed that mast cells are increased in bronchial submu-
cosal glands in patients with chronic bronchitis, and that
the mast cells are degranulated [18]. However, the deter-
mination in BL of the levels of tryptase, a mediator
released by mast cells when they degranulate in response
to an activating signal (e.g. IgE cross-bridging in atopic
subjects), may suggest that if mast cells are increased in
BL, they do not seem to play a role in intraluminal inflam-
mation, while further studies are needed to evaluate their
activities in the bronchial tissue.

If IL-8 is the, or at least one of the chemotactic factors
responsible for the accumulation of increased numbers of
PMN in the airways of smokers with COPD, the next
question is: what are these cells doing there? The present
data show that two of the main inflammatory mediators
released by PMN when they are activated, i.e. MPO by
neutrophils and ECP by eosinophils, are significantly and
strikingly increased in BL from COPD patients, with clear
correlations between MPO and neutrophils and ECP and
eosinophils. Furthermore, the significant correlation be-
tween IL-8 and MPO seems to confirm the pathogenetic
loop of recruitment into the airways and of activation of
PMN in these patients. When the ratios between the infla-
mmatory mediators (MPO and ECP) and the effector cells
(neutrophils and eosinophils) were calculated and comp-
ared to those obtained in normal subjects, it was clear that in
smokers with COPD, PMN are not only recruited into the
airways but also activated to release their mediators that
are able to damage the bronchial tissue and the airways. 

In conclusion, although caution is needed in interpret-
ing data from airway lavage, as proof of cause and effect,
the present data, together with the existing evidence, seem
to suggest a pathogenetic loop, comprising cigarette smoke,
chemotactic factor(s), and cell and soluble mediators of
tissue inflammation and damage, as the mechanism
under-lying airway inflammation in current smokers with
COPD.
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Further studies are needed in different chronic obst-
ructive pulmonary disease patient populations (e.g. with
different smoking history or habits) to define better the
different profiles of inflammatory mechanisms ongoing
in the airways of these patients. Understanding the patho-
genetic mechanisms of chronic bronchial inflammation
and obstruction at a molecular level may be relevant in the
future for identifying possible targets for treatment of
patients with chronic obstructive pulmonary disease. 
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