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Airways inflammation in chronic bronchitis: the effects of
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ABSTRACT: Airways inflammation in chronic bronchitis is thought predominantly
to be a direct consequence of neutrophil recruitment and release of elastase in
response to factors such as cigarette smoke. The aims of this study were to assess the
role of smoking and determine whether the serum elastase inhibitor a1-antitrypsin
(a1AT) influenced the process.
Airways inflammation was compared between patients with chronic obstructive
bronchitis with (n=39) and without (n=42) severe a1AT deficiency. The authors
assessed the sputum concentration of the neutrophil chemoattractants interleukin-8
(IL-8) and leukotriene (LT)B4, myeloperoxidase (MPO) as a marker of neutrophil
influx, neutrophil elastase activity and its natural inhibitors, a1AT and secretory
leukoprotease inhibitor (SLPI). Finally serum a1AT was measured to determine the
degree of protein leakage (sputum sol serum a1AT ratio).
Compared to current smokers, the exsmokers had a lower concentration of the
chemoattractant IL-8 (p<0.05) and a lower MPO concentration, although this failed to
reach conventional statistical significance (p=0.06). Patients with a1AT deficiency had
greater inflammation in the larger airways with increased LTB4 (p<0.005), MPO
(p<0.001), neutrophil elastase activity (p<0.01), protein leak (p<0.001), and were
found to have a lower anti-proteinase screen with both reduced sputum a1AT
(p<0.001) and SLPI concentrations (p<0.05).
The reduction in sputum interleukin-8 levels in exsmokers may decrease neutrophil
influx and thus explain the slower rate of neutrophil mediated progression of lung
disease compared to subjects who continue to smoke. Patients with a1-antitrypsin
deficiency had greater inflammation suggesting that a1-antitrypsin plays an important role in protecting the larger airways from the inflammatory effects of elastase
activity and may explain their more rapid progression of disease.
Eur Respir J 2000; 15: 886±890.

Chronic bronchitis was first recognized as a disabling
disorder in 1808 [1]. It is often a feature of chronic obstructive pulmonary disease (COPD), and recent studies
have shown that airway neutrophils are increased in patients with chronic bronchitis [2] and that the degree of
neutrophil recruitment is related to the severity of airflow
obstruction [3, 4]. Furthermore, increased neutrophils in
the airways are related to the rate of progression of airflow obstruction [5]. Smoking (the major risk factor in
COPD) increases neutrophil recruitment to the lung [3, 6]
possibly by inducing the bronchial epithelium to secrete
the important neutrophil chemoattractant interleukin (IL)8 [7].
Neutrophils contain a serine elastase that has been
shown to reproduce many of the features of COPD including emphysema [8], epithelial damage [9], impaired
ciliary function [10], mucus gland hyperplasia [11], mucus secretion [12], and also to inactivate many of the
critical lung host defences [13, 14]. These latter effects
may facilitate bacterial colonization, which is present in
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patients with COPD [15]. However, for neutrophil elastase to have these effects, it has to overcome the antielastases that protect the tissues. Secretory leukoprotease
inhibitor (SLPI) is thought to be the most critical antielastase protecting the airways [16], whereas a1-antitrypsin (a1AT) is thought to be less important at this site,
although critical at the alveolar level protecting against
the development of emphysema [17].
Subjects with severe a1AT deficiency (PiZ phenotype;
serum a1 AT concentration <11 mM, likely to be 22 homocygotes) have decreased (~15±20% normal) circulating
[18], and alveolar [17] concentrations of a1AT, which
facilitates the development of early onset and rapidly progressive emphysema [19]. Around 30±40% [19] of patients also have chronic bronchitis [20], although the
nature of the inflammation in the larger airways has not
been studied in these individuals.
The purposes of this study were to assess inflammation
in the larger airways using sputum from patients with
chronic bronchitis and airflow obstruction, to determine
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the effect of continued smoking and, in particular, to investigate the role of a1AT in the larger airways by studying
subjects with a1AT deficiency (a1ATD).
Patients and methods
Patients
Forty-two patients with chronic obstructive bronchitis
(COB) (forced expiratory volume in one second (FEV1)
<70% predicted) referred to as COB with normal a1AT
concentrations (PiMM phenotype, likely to be MM homocygotes) and 39 patients with a similar degree of airflow
obstruction who had severe a1ATD of the PiZ phenotype.
All patients had chronic bronchitis defined on clinical
grounds [21] and emphysema confirmed by high resolution computed tomography of the thorax. They were
studied in the stable clinical state at least 8 weeks after a
clinical exacerbation and none had received oral steroids
or antibiotics within that time period. More patients with
a1ATD [26] received regular inhaled steroids than the
COB group (18, p<0.05) although all other therapy was
similar.
Sputum and serum processing
Sputum was collected over a 4 h period, from rising, into
sterile containers from all patients on a single occasion. A
portion was removed for quantitative bacterial culture to
obtain the number of viable organisms present [22] and the
remainder was ultracentrifuged at 50,0003g for 90 min at
48C, the soluble (sol) phase was removed and stored at
-708C until analysed. Venous blood was collected at the
same time into a plain vacutainer tube and the serum was
harvested and also stored at -708C until analysed.
Assay analysis
Sputum myeloperoxidase (MPO) and elastase activity
was used to assess neutrophil influx and enzyme release,
respectively, as described previously [23]. The lower limit
of detection for elastase was 0.01 mM and samples below
this level were classified as zero for statistical purposes.
Sputum IL-8, leukotriene (LT)B4, and SLPI were measured by enzyme linked immunosorbent assay (ELISA)
using commercially available kits. These assays and their
characteristics have been described in detail elsewhere
[24].
a1AT concentration in sputum sol phase was measured
by ELISA relative to a commercially available serum standard (The Binding Site Ltd., Birmingham, UK) as described previously [16] and a1AT in serum was measured
by radial immunodiffusion (The Binding Site Ltd.). The
ratio of sol/serum a1AT was calculated and expressed as a
percentage to assess the degree of protein leakage from
serum as described previously [25].
Statistical analysis
The Mann Whitney U-test was used throughout to compare different groups as most of the data were not normally
distributed. Values are reported as meanSEM and as
median (interquartile range (IQR)) where appropriate. A pvalue of <0.05 was considered to be statistically significant.

Results
The mean age for the patients with COB was 67.1 yrs
(SEM1.2), range 44±79 yrs and 15 were female. The patients with a1ATD were younger with a mean age of 50
(1.5 yrs), range 33±66 yrs (p<0.005) and 9 were female
(p>0.1). Average lung function for both groups is summarized in table 1. The mean post-bronchodilator (nebulized salbutamol 5 mg) FEV1 increase was 6536 mL
(6.72.0% improvement from baseline) in the COB group
and 12020 mL (14.81.9% improvement from baseline)
in the a1ATD group. Twenty of the patients in the COB
group were exsmokers and the remaining 22 were current
smokers, whereas the majority of patients in the a1ATD
group [34] were exsmokers with five current smokers.
Table 2 summarizes the average sputum values for all
the patients in each group, as well as data for the current
and exsmokers in the COB group. The current smokers
had slightly better lung function than the exsmokers
(p<0.05) with an average FEV1 (% pred) for the patients
age and height [26] of 35.13.4% and 25.01.8% respectively, although the ages were similar for both groups
(current smokers 66.01.9 yrs and 68.81.5 yrs for exsmokers).
All samples from the COB group contained measurable
quantities of all proteins with the exception of elastase
activity which was present in only 16 of the 42 patients.
Subgroup analysis showed that the IL±8 and MPO concentrations were lower in the exsmokers although the latter
just failed to reach the accepted level of significance (p=
0.06; table 2).
The a1ATD group had a greater degree of inflammation
in the larger airways compared to the COB group. The
LTB4 and MPO concentrations were higher and elastase
activity was detected in most samples (31/39) but the
concentrations of its inhibitors SLPI and a1AT were lower
despite increased protein leakage of a1AT. These differences were maintained even when the a1ATD group was
compared to the subgroups of patients with COB who were
current or exsmokers (table 2).
Table 1. ± Pulmonary function tests
COB
Observed
FEV1 L
FVC L
FEV1/FVC %
RV L
TLC L
RV/TLC %
KCO
mmol.m-1.kPa.L-1

PiZ a1-ATD

%
Observed
%
Predicted
Predicted

0.80.1 30.13.1 0.90.1 27.43.0
2.00.2 64.34.4 2.90.2 70.74.6
36.42.2 46.32.8 29.92.1 36.52.5
4.20.3 187.38.6 3.20.2 159.211.5
6.90.4 116.83.8 7.90.3 120.83.2
61.31.7 159.83.9 41.62.4 130.87.4
0.80.1 51.45.1 1.00.1 53.36.2

Lung function data for patients with chronic obstructive bronchitis (COB) and patients with PiZ phenotype (serum a1-antitrypsin concentration <11 mM, likely to be 22 homocygotes)
a1-antitrypsin deficiency (ATD). Data is presented as mean
SEM. Values are also expressed as a percentage of that predicted
for the patients age, height and sex. FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; RV: residual
volume; TLC: total lung capacity; KCO: carbon monoxide
transfer coefficient.

888

A.T. HILL ET AL.

Table 2. ± Airways inflammation in patients with chronic obstructive bronchitis and patients with PiZ a1-antitrypsin
deficiency (ATD)
COB

COB

PiZ a1ATD

Current
n
MPO units.mL-1
Elastase mM
IL-8 nM
LTB4 nM
SLPI mM
a1AT ratio %
a1AT mM

0.2
0
4.7
6.0
2.4
0.7
0.17

42
(0.1±0.4)****
(0±0.04)**
(1.3±12.2)
(2.4±10.0)***
(1.6±5.3)*
(0.5±1.1)****
(0.13±0.34)****

0.3
0
8.8
5.9
2.0
0.9
0.24

Exsmokers

22
(0.1±0.5)****
(0±0.04)*
(3.5±15.5)#
(2.1±9.8)*
(1.0±2.8)
(0.5±2.9)****
(0.13±0.86)****

0.1
0
2.0
6.6
2.7
0.6
0.17

20
(0.1±0.3)****
(0±0.04)*
(1.0±9.5)
(2.4±11.1)*
(1.5±5.9)*
(0.5±0.7)*
(0.13±0.24)****

0.6
0.02
4.6
10.4
2.0
2.0
0.11

39
(0.3±2.2)
(0.01±0.04)
(1.8±13.9)
(5.2±27.7)
(0.6±3.8)
(1.0±3.1)
(0.04±0.14)

Data for all COB patients, and subset into COB current and exsmokers, and those with PiZ a1ATD. Values were presented in sputum
and are presented as medians with the (interquartile range in parentheses). Significant differences between the COB group and the group
with PiZ phenotype (serum a1-antitrypsin (AT) concentration <11 mM likely to be 22 homozygotes) a1ATD are indicated: *: p<0.05;
**: p<0.01; ***: p<0.005; ****: p<0.001. Significant difference between the COB current and exsmokers (#: p<0.05). MPO:
myeloperoxidase; IL-8 interleukin-8; LTB4: leukotriene B4; SLPI: secretory leukoprotease inhibitor.

Mixed normal flora
The sputum MPO (fig. 1) and LTB4 concentration (fig.
2) were greater in subjects with a1ATD. Samples from
nine of the 13 patients with a1ATD had low but detectable concentrations of elastase activity (median=0.02
mM; IQR=0±0.04 mM) whereas 18 of the 19 samples
from the COB patients had no detectable elastase activity
(remaining subject=0.03 mM, p<0.0005 for group comparison). The median protein leakage in the a1ATD group
(1.7%; IQR=0.4±3.0) was higher (p<0.05) than the COB

group (0.6%; IQR=0.5±0.8), whereas sputum median
a1AT concentration was lower in the a1ATD group (0.09
mM; IQR=0.04±0.13, p<0.005) than the COB group (0.16
mM; IQR=0.11±0.25) which is consistent with the serum
deficiency of this inhibitor. The concentrations of SLPI,
however, were similar in both the a1ATD (3.9 mM;
IQR=2.3±4.3) and COB patients (3.9 mM; IQR=2.4±5.4).
More than 107 colony forming units per millilitre
The sputum MPO, elastase activity, LTB4 and IL-8 concentrations were increased in both the COB and a1ATD
group colonized by >107 cfu.mL-1 compared to those not
colonized (mixed normal flora) as shown in figures 1±3.
Elastase activity was detectable in 15 of 23 samples from
COB and 13 of 14 for a1ATD patients (median=0.04 mM;
IQR=0±0.04, and 0.08 mM; IQR=0.02±0.49 respectively). In addition protein leakage (COB 0.9%; IQR= 0.6±
3.4 and a1ATD 2.8%; IQR=1.8±4.3) was greater in both

5
Sputum MPO units·mL-1

Quantitative bacterial culture indicated that some of the
patients in both the COB and a1ATD groups were colonized by bacteria despite being in a stable clinical state.
Nineteen of the patients with COB had either no bacterial
growth in their sputum or low numbers (<105 colony
forming units (cfu).mL-1) of mixed normal flora. However,
for the remainder a single organism was isolated and the
median bacterial load was 33108 cfu.mL-1 (range 13107 ±
53109). Of these patients 17 cultured Haemophilus sp.,
four Branhamella catarrhalis and two Streptococcus sp.
Sputum from 13 patients with a1ATD grew no recognized
organism or few mixed normal flora. Twelve patients had
<107 cfu.mL-1 of a single viable organisms in their sputum
(all were Haemophilus sp.). The remaining 14 patients had
organisms at $107 cfu.mL-1 in their sputum with a median
bacterial load of 83108 cfu.mL-1 (range 23107 ± 23109).
Eleven of the organisms were Haemophilus sp., one Staphylococcus aureus, one a coliform, and one Pseudomonas
aeruginosa.
The presence of bacterial colonization may influence the
degree of inflammation in the larger airways [27]. In view
of this, both the COB and a1ATD groups were subdivided according to the results of bacterial culture. However, in the COB group the identified pathogen load was
always >107 cfu.mL-1, whereas the patients with a1ATD
had a wider concentration range of colonizing organisms
(105±109). Therefore the groups were only compared for
those subjects where either no pathogen was present or
where the bacterial load was >107 cfu.mL-1. There was no
significant difference in FEV1 (% pred) between colonized and noncolonized patients in either group.

****
+++

4
3
2
1

+
***

0
-1
PiZ not
colonized

COB not
colonized

PiZ
colonized

COB
colonized

Fig. 1. ± Sputum myeloperoxidase (MPO) is shown for patients with
chronic obstructive bronchitis (COB) and a1-antitrypsin deficiency
(a1ATD). The data is separated into patients colonized (>107 colony
forming units.mL-1) or not colonized (mixed normal flora only) with
bacteria in the stable clinical state. The boxplots represent the median
results, interquartile range, with minimum and maximum values. ***:
p<0.005; ****: p<0.001, COB compared to a1ATD patients. +: p<0.05;
+++
: p<0.005, differences within the COB and a1ATD patients in relation
to bacterial load.
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Fig. 2. ± The sputum concentrations of leukotriene (LT)B4 are shown
for patients with chronic obstructive bronchitis (COB) and a1-antitrypsin deficiency (a1ATD), divided into those with and without bacterial colonization. The boxplots represent the median results, interquartile
range, with minimum and maximum values. **: p<0.01; ****: p<0.001,
COB compared to a1ATD patients. ++++: p<0.001, differences within the
COB and a1ATD patients in relation to bacterial load.

patient groups (both p<0.05) and sputum a1AT concentration (COB 0.24 mM; IQR=0.15±0.81, and a1-ATD
0.13 mM; IQR=0.08±0.16) were increased (p=0.08, and
p<0.05 respectively). On the other hand SLPI concentration (COB 1.9 mM; IQR=1.4±2.1 and a1ATD 0.4 mM;
IQR=0.2±1.6) were reduced (p<0.05, and p<0.0005 respectively).
Comparisons between patient groups colonized with
>107 cfu.mL-1 showed that the a1ATD group had greater
concentrations of MPO (fig. 1), elastase activity (p<0.05),
LTB4 (fig. 2), IL-8 (fig. 3) and protein leakage (p<0.05)
but lower concentrations of a1AT (p<0.01) and SLPI
(p<0.05).
Discussion
The present data shows evidence of inflammation in the
larger airways in patients with COB with a wide range of

Sputum interleukin-8 nM

50
*
++++

40

++++

30
20
10
0
-10
PiZ not
colonized

COB not
colonized

PiZ
colonized

COB
colonized

Fig. 3. ± The sputum concentrations of interleukin-8 are shown for
patients with chronic obstructive bronchitis (COB) and a1-antitrypsin
deficiency (a1ATD), divided into those with and without bacterial colonization. The boxplots represent the median results, interquartile range,
with minimum and maximum values. *: p<0.05, COB compared to
a1ATD patients. ++++: p<0.001, differences within the COB and a1ATD
patients in relation to bacterial load.
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neutrophil influx (as reflected in the MPO concentration)
in response to the chemoattractants IL-8 and LTB4 which
are thought to play a key role in neutrophil recruitment
[28]. Elastase activity was absent or low even though
these samples are known to contain the enzyme [29]
probably due to inhibition by the natural inhibitors,
especially SLPI. Comparisons between current and exsmokers showed that the only differences were lower IL-8
and MPO concentrations in the latter group. This did not
reflect differences in therapy and the exsmokers had
worse lung function which would, if anything, increase
neutrophil numbers [3, 4]. IL-8 is thought to be a major
airways neutrophil chemoattractant [30] and is increased
in healthy smokers [3] and subjects with COPD [3]
although the effect of smoking cessation has not been
assessed previously. The current data indicate that cessation of smoking in chronic bronchitis is related to a
reduction in airways IL-8 concentration that in turn would
reduce neutrophil recruitment, thereby explaining the
beneficial effect of smoking cessation on progression of
lung disease. The reasons for this effect are not clear at
present but may be due to loss of cigarette smoke induced
epithelial production of IL-8 [7].
The current data shows that inflammation in the larger
airways is increased in the a1ATD subjects despite more
using inhaled steroids (which would be expected to have a
beneficial effect) [23] and the subjects being younger
(which would also be associated with less inflammation
in the larger airways) [31, 32]. MPO concentrations were
higher, as was the chemoattractant LTB4. This suggests
that LTB4 may be the major chemoattractant responsible
for the increased neutrophil migration and is consistent
with previous findings in bronchoalveolar lavage [33].
The source of the LTB4 is uncertain although HUBBARD et
al. [33] suggested that it was released from alveolar
macrophages as a direct effect of uninhibited elastase due
to a1ATD. Indeed, in the current study elastase activity
was more readily detected in the a1ATD patients irrespective of bacterial colonization and hence would support the suggestion that this may be responsible [33]. The
elastase activity was more readily detected in the larger
airways in a1ATD probably due to the combined effect of
the lower concentrations of both a1AT and SLPI. The
mechanisms involved may be complex but elastase can
reduce the secretion of SLPI [34] as well as the increase in
the permeability of airway cells [35]. Despite the latter
effect which accounts for an increase in a1AT "leak" into
the lung, the low a1AT concentrations in these subjects
may be critical in determining the overall changes, suggesting that this inhibitor also has a major role in the
larger airways where SLPI has been conventionally
thought of as the important inhibitor.
Bacterial colonization is clearly related to the degree of
airways inflammation, suggesting that this may not always
be a benign state even though the patients were "clinically"
stable. However, even when controlled for airways colonization, the a1ATD group still had increased evidence of
inflammation that is likely to be responsible for or to reflect
the development of severe airflow limitation at an earlier
age. It is of importance to note that these changes were
present in exsmokers with a1ATD and would suggest that
measures other than smoking cessation may be critical in
stabilizing lung disease in these patients. Although by convention this could include a1AT augmentation therapy,
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antibiotics may also be of value in patients that are colonized in the stable clinical state to reduce the degree of
inflammation in the larger airways.
In conclusion, patients with chronic bronchitis have
evidence of inflammation in the larger airways. The chemoattractant interleukin-8 plays a key role in neutrophil
recruitment and the beneficial effects of smoking cessation
may be mediated through reduction of the concentration of
this cytokine. Patients with a1-antitrypsin deficiency have
greater inflammation (probably related to increased leukotriene B4 production) and this suggests that a1-antitrypsin
has an important role in protecting the larger airways from
the inflammatory effects of elastase. Bacterial colonization
may play a major role in determining the degree of airways
inflammation and hence progression of airflow obstruction
even in the stable state.
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