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Background: The predominant emphysema phenotype is associated with more severe airflow limitation in
patients with chronic obstructive pulmonary disease (COPD). A study was undertaken to investigate
whether COPD patients, with or without emphysema quantitatively confirmed by high resolution computed
tomography (HRCT), have different COPD severity as assessed by the BODE index (body mass index,
airflow obstruction, dyspnoea, exercise performance) and inspiratory capacity to total lung capacity ratio
(IC/TLC), and by different biological markers of lung parenchymal destruction.
Methods: Twenty six outpatients with COPD and eight healthy non-smokers were examined. Each subject
underwent HRCT scanning, pulmonary function tests, cell counts, and measurements of neutrophil elastase,
matrix metalloproteinase (MMP)-9 and tissue inhibitor of metalloproteinase (TIMP)-1 in induced sputum, as
well as measurement of desmosine, a marker of elastin degradation in urine, plasma and sputum.
Results: Patients with HRCT confirmed emphysema had a higher BODE index and lower IC/TLC ratio than
subjects without HRCT confirmed emphysema and controls. Forced expiratory volume in 1 second (FEV1),
FEV1/forced vital capacity ratio, and carbon monoxide transfer coefficient were lower, whereas the
number of eosinophils, MMP-9, and the MMP-9/TIMP-1 ratio in sputum were higher in patients with
emphysema. In COPD patients the number of sputum eosinophils was the biological variable that
correlated positively with the HRCT score of emphysema (p = 0.04).
Conclusions: These results suggest that COPD associated with HRCT confirmed emphysema is
characterised by more severe lung function impairment, more intense airway inflammation and, possibly,
more serious systemic dysfunction than COPD not associated with HRCT confirmed emphysema.

hronic obstructive pulmonary disease (COPD) is characterised by the progressive development of airflow
limitation that is not fully reversible.1 Chronic airflow
limitation may be caused by increased resistance of the small
conducting airways and increased compliance of the lung due
to emphysema.1 We have previously shown that COPD
patients with high resolution computed tomography
(HRCT) confirmed emphysema have more severe airflow
limitation.2 We hypothesise that COPD patients with emphysema, as quantitatively assessed by HRCT scanning, may be
associated with more severe disease and may be characterised
by biological markers of lung parenchymal destruction
measurable by non-invasive methods.
The BODE index (body mass index, airflow obstruction,
dyspnoea, exercise performance) and the inspiratory capacity
to total lung capacity ratio (IC/TLC) have recently been
reported to grade the severity of COPD as a systemic and
respiratory disease and to predict the outcome in these
patients.3 4 The higher the BODE index and the lower the IC/
TLC ratio, the higher is the risk of death from any cause and
respiratory causes in subjects with COPD.
No studies have explored the possible relationship between
the extent of emphysema and the severity of COPD, including
variables such as the BODE index and IC/TLC. In the one
study in which it was shown that COPD patients with
emphysema have the lowest survival rate,5 the diagnosis of
emphysema was based on clinical characteristics only. We
therefore planned first to quantify the severity and extent of
emphysema on HRCT density mask and then to investigate if
patients with HRCT confirmed emphysema have a higher
BODE index and lower IC/TLC than patients without HRCT
confirmed emphysema.

The development of sputum induction and refined
methods of sputum examination have provided the opportunity to examine cell and molecular markers involved in the
pathogenesis of COPD.6 Neutrophil elastase (NE) and matrix
metalloproteinase (MMP)-9 have been shown to be implicated in human emphysema,7 their principal effect being the
destruction of the extracellular matrix, particularly elastin.
Desmosine, an elastin derived crosslink amino acid, is a
specific marker of elastin degradation. We therefore hypothesised that COPD patients with emphysema may have higher
levels of NE and MMP-9 in sputum and desmosine in urine,
plasma, and sputum than patients without emphysema. We
then investigated which of the biological markers showed the
strongest association with the HRCT emphysema score.

METHODS
Subjects
Fifty patients with moderate to severe COPD1 who presented
to the outpatient Clinic of Respiratory Diseases of the
University Hospital of Ferrara, Italy underwent HRCT
scanning of the chest. Emphysema was indicated by a lung
area greater than 15% showing attenuation values lower than
2950 Hounsfield units (HU).8 Of the 14 patients with COPD
Abbreviations: BODE index, body mass index, airflow obstruction,
dyspnoea, exercise performance; COPD, chronic obstructive pulmonary
disease; FEV1, forced expiratory volume in 1 second; FRC, functional
residual capacity; FVC, forced vital capacity; HRCT, high resolution
computed tomography; IC, inspiratory capacity; KCO, carbon monoxide
transfer coefficient; MLD, mean lung density; MMP, matrix
metalloproteinase; NE, neutrophil elastase; PaO2, arterial oxygen
tension; PaCO2, arterial carbon dioxide tension; RV, residual volume;
TIMP, tissue inhibitor of metalloproteinase; TLC, total lung capacity
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Computed tomography
A third generation continuous-rotation CT scanner with
volume acquisition extendable to 50 seconds (Tomoscan
SR7000, Philips, Einthoven, The Netherlands) was used.
The quantitative evaluation of emphysema was based on 10–
15 slices of 1.5 mm thick sections acquired with 175 mA tube
current and 2 seconds scanning time, obtained at 2 cm
interval levels from the apex through the base of the lung
while the subject was breath holding at full inspiration. For
each lung at each level, the total area, the emphysematous
area less than 2950 HU, and the mean lung density (MLD)
were assessed with standard CT software (Hitachi Medical
Corporation). At each level the percentage of emphysematous
lung was calculated.8 9 The overall degree of emphysema for
each subject was expressed as a percentage of the total lung
area assessed.
Pulmonary function studies
In each subject, lung volumes both before and after 400 mg
inhaled salbutamol (Biomedin, Padova, Italy), the carbon
monoxide transfer coefficient (KCO) by the single breath
technique, oxygen (PaO2) and carbon dioxide (PaCO2)
tensions of arterial blood (Instrumentations Laboratories,
Milan, Italy) were measured as previously described10
according to published guidelines.11 12
Sputum cell counts and mediator measurements
Sputum was induced and processed in all subjects as
previously reported.10 13 Increasing concentrations of hypertonic saline were nebulised with an ultrasonic nebuliser
(Mistogen Equipment, Oakland, CA, USA). Sputum supernatant was stored at 280˚C for later assays and the total
protein content was evaluated by the Lowry method.14
The MMP-9 activity was detected by zymography as
previously described;15 the gels were analysed by GS 710
Densitomer (Bio-Rad). This assay measures both pro (latent)
form (92 kDa) of MMP-9 and active MMP-9 form (80–
88 kDa), but is insensitive to proteinase inhibitor complexes.
In our samples only the pro MMP-9 was present; no active
form was noted in any lane. The lower detection limit of the
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assay was 2.5 ng/ml, with a within-batch coefficient of
variation of 15%. The content of pro MMP-9 free and
complexed with TIMP-1, and of total TIMP-1 free and
complexed with metalloproteinases, was assessed by ELISA
assay (Amersham Pharmacia Biotech).16 The sensitivity was
0.6 ng/ml and 1.25 ng/ml for MMP-9 and TIMP-1, respectively. The within-batch coefficients of variation for MMP-9
and TIMP-1 were 0.1% and 1% and the between-batch
variations were 0.5% and 1.36%, respectively.
NE activity in sputum was determined by the micellar
electrokinetic chromatography method using the synthetic
substrate SucAla3NA, as previously described.17 The lower
detection limit of the method was 0.5 mU/ml with a within
and between-batch coefficient of variation of 1%.
Desmosines (resulting from the sum of the desmosine +
isodesmosine levels) were determined in urine and plasma by
capillary electrophoresis coupled with laser induced fluorescence, as previously described.18 19 The limit of detection of
the method was 1028 M (equivalent to 0.1 fmol on column),
with a within and between-batch coefficient of variation of
2.5% and 3.5%, respectively.
To determine the concentration of desmosines in sputum,
200 ml of supernatant were deproteinised by addition of
0.45 M trichloroacetic acid (50 ml). The pellet obtained upon
centrifugation for 10 minutes at 14000 rpm was discarded;
desmosine-containing soluble peptides included in the
supernatant were transferred to pyrex tubes, evaporated to
dryness in vacuo, and hydrolysed by refluxing with 200 ml
twice distilled constant boiling 6 M HCl at 106˚C for
24 hours. The hydrolysed material was dried under a
nitrogen stream and the residue was washed four times with
deionised water and neutralised with 0.5 M Na2CO3, pH 8.7,
to give a final volume of 200 ml. After centrifuging for
15 minutes at 13000 rpm, the supernatant was derivatised
with fluorescein isothiocyanate (FITC) and analysed on
capillary electrophoresis following the same procedure
described for urine and plasma.18 19 Each sample was
analysed in triplicate. The yield of derivatisation and the
recovery of material were practically identical to those
previously indicated for plasma.18 Although the number of
sputum samples so far analysed was limited, the within and
between-batch coefficients of variation were similar to those
indicated for the other specimens.
The presence of severe a1-antitrypsin deficiency (AATD)
was excluded by laboratory diagnosis including nephelometry, isoelectric focusing, and genotyping on dried blood
specimens.20

Statistical analysis
Group data are expressed as mean (SE) or as median
(interquartile range) when appropriate. Differences between
groups were determined by analysis of variance followed by
the unpaired Student’s t test for normally distributed data
and the Kruskall-Wallis test followed by the Mann-Whitney
U test for not normally distributed. Categorical values were
analysed using Fisher’s exact test. The correlation between
HRCT emphysema score and the clinical, functional, and
biological variables was tested by Pearson correlation
analysis; continuous variables not normally distributed were
log transformed to achieve normality.21 p values ,0.05 were
considered significant. The calculations were made with
Statview for Windows Version 5 (SAS Institute; Cary, NC,
USA) and with MedCalc for Windows (by F Schoonjans,
Mariakerke, Belgium).

RESULTS
Based on the HRCT emphysema score, the subjects were
divided into two groups: COPD with emphysema (mean (SE)
score 27.2 (1.8)%, range 19.6–35.5%) and COPD without
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who met the criteria for an HRCT diagnosis of emphysema,
three did not complete the study (one because of unsuspected
lung malignancy and the other two because they refused to
continue). The first 15 of the 36 COPD patients without an
HRCT diagnosis of emphysema were enrolled in the study.
Five patients (two with and three without emphysema) who
completed the present study are also part of a group for
which the results have been reported elsewhere.2 To quantify
emphysema in a control group, we also carried out HRCT
scans of the chest on eight age matched healthy nonsmokers. Patients were in a clinically stable condition and
had been free from acute exacerbations in the 2 months
preceding the study. The study was approved by the ethics
committee of the University Hospital of Ferrara and all
patients gave their written informed consent.
The medical history including history of chronic bronchitis,1 pulmonary function tests, induced sputum, and collection of venous blood and morning urine samples were
performed for each subject. All patients were non-atopic, skin
prick test negative, and had no history of asthma. Three of
the 11 COPD patients with emphysema and five of the 15
without emphysema were being treated with low doses of
inhaled glucocorticoids. None of the patients reported having
taken non-steroidal anti-inflammatory drugs in the month
preceding the study. Plasma used for desmosine determination was obtained after centrifuging the blood specimens at
2500 rpm for 10 minutes. Samples were stored at 220˚C until
use. The BODE index3 was determined in COPD patients.
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Figure 1 (A) BODE index (body mass index, airflow obstruction, dyspnoea, exercise performance) and (B) IC/TLC (inspiratory capacity/total lung
capacity) ratio in patients with chronic obstructive pulmonary disease according to the presence or absence of emphysema on high resolution computed
tomographic examination. Data are presented as mean (SE). *p = 0.02; **p = 0.004.

emphysema (mean (SE) score 4.7 (0.8)%, range 1.3–13.2%).
The mean (SE) HRCT score in age matched healthy nonsmokers was 2.4 (0.7)% (range 1.3–5.8%), and was not
different from that of the COPD subjects without emphysema. The mean (SE) MLD in patients with and without
emphysema and in controls was 2886.1 (8.3) HU, 2854.9
(4.7) HU, and 2850.6 (11.5) HU, respectively (p = 0.004 in
patients with emphysema versus the other two groups).
There was no significant difference in smoking history
between COPD patients with emphysema and those with no
emphysema (mean (SE) 49 (10) and 33 (7) pack-years,
respectively). All patients were ex-smokers except two
current smokers in the group with no emphysema.
COPD patients with emphysema had a higher BODE index
and lower IC/TLC ratio (fig 1). They had a lower body mass
index (BMI), lower FEV1 % predicted, more dyspnoea
according to the modified Medical Research Council
(MMRC) scale22 than patients with no emphysema, and both
groups walked a similar distance in 6 minutes (table 1).
Emphysema patients had a lower FEV1/forced vital
capacity (FVC) ratio (%) and KCO (% predicted) than patients
with no emphysema. For similar values of total lung capacity
(TLC) in the two groups, functional residual capacity (FRC, %
predicted) and residual volume (RV, % predicted) were
significantly higher in COPD patients with emphysema
(table 1). Conversely, the two groups of patients had similar
levels of arterial blood gases (table 1) and a similar response
to inhaled bronchodilator—that is, a change in FEV1 less

than 200 ml and 12% baseline/predicted. Two of the 11
patients with emphysema and six of the 15 without
emphysema had symptoms of chronic bronchitis.
All the studied subjects were able to produce sputum
except one emphysematous patient. Patients with emphysema had more sputum eosinophils and fewer sputum
macrophages (table 2). They had a higher MMP-9 concentration and MMP-9/TIMP-1 ratio than COPD patients without emphysema (table 3) and healthy non-smokers (median
(interquartile range) 91.4 (39.6–153.6) ng/ml, p = 0.01 and
4.3 (1.8–22.9), p = 0.01). Both groups of COPD patients had
higher MMP-9 activity (median (interquartile range) 6.1
(4.2–7.9) and 5.7 (3.7–7.4) optical density (OD) 6 mm2/
protein mg/ml for those with emphysema and no emphysema, respectively) than control subjects (3 (1.6–3.5) OD 6
mm2/protein mg/ml; p = 0.003 and p = 0.01, respectively).
Free NE activity was detected in five of the 10 sputum
samples from COPD patients with emphysema, in two of the
15 samples from COPD patients without emphysema, and in
one of the eight healthy non-smokers (data not shown).
Given our familiarity with capillary electrophoresis, we
chose this method for measuring the concentration of
desmosines in sputum although the technique has not
previously been used to measure the cited crosslinks in this
matrix. Interestingly, the values obtained, although somewhat lower, were in good agreement with those reported by
Ma et al23 in five patients with COPD using mass spectrometry. Thus, based on our results, the levels of these specific

Table 1 Characteristics of patients with COPD according to the presence or absence of
emphysema on HRCT examination

Age (years)
Sex (M/F)
BMI (kg/m2)
Dyspnoea (MMRC score)
6MWD (m)
FEV1 (% predicted)
FEV1/FVC (%)
FRC (% predicted)
KCO (% predicted)
RV (% predicted)
PaO2 (kPa)
PaCO2 (kPa)

Emphysema
(n = 11)

No emphysema
(n = 15)

71 (3)
10/1
24.5 (1.2)
3 (0.4)
357 (42)
31.3 (2.6)
37.2 (1.9)
139.6 (7.0)
31.7 (5.2)
152.9 (7.9)
9.7 (0.4)
5.6 (0.2)

70 (2)
12/3
28.1 (0.6)
2 (0.2)
395 (23)
47.1 (3.8)
49.47 (2)
112.5 (4.3)
54.4 (4.3)
131.1 (5.8)
10.2 (0.4)
5.2 (0.1)

p value
NS
0.008
0.03
NS
0.004
0.0002
0.002
0.002
0.03
NS
NS

NS, not significantly different; BMI, body mass index; MMRC, modified Medical Research Council; 6MWD,
6 minute walk distance; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FRC, functional
residual capacity; KCO, carbon monoxide transfer coefficient; RV, residual volume; PaO2, arterial oxygen tension;
PaCO2, arterial carbon dioxide tension.
Data presented as mean (SE); comparisons made using unpaired t test.

www.thoraxjnl.com

Thorax: first published as 10.1136/thx.2006.058321 on 12 June 2006. Downloaded from http://thorax.bmj.com/ on January 23, 2022 by guest. Protected by copyright.

7

1040

Boschetto, Quintavalle, Zeni, et al

3

Total non-squamous cells (610 /mg)
Macrophages (6103 cells/mg)
Neutrophils (6103 cells/mg)
Eosinophils (6103 cells/mg)
Lymphocytes (6103 cells/mg)

Emphysema
(n = 10)

No emphysema
(n = 15)

p value

24.4 (15.7–29.5)
1.6 (0.9–2.4)
21.2 (13.2–23.8)
0.8 (0.3–1.9)
0.1 (0–0.1)

17.7 (12.9–25.5)
2.7 (1.8–4.6)
13.3 (9–21.1)
0.2 (0–0.6)
0 (0–0.1)

NS
0.04
NS
0.02
NS

NS, not significantly different.
Data presented as median (interquartile range); comparisons made using Mann-Whitney U test.

crosslinks in sputum, urine, and plasma were found to be
similar in patients with and without emphysema (table 3),
although they were significantly increased in both groups of
patients compared with healthy non-smokers. The median
(interquartile range) levels of desmosines in the latter group
were 5.3 (3.9–6.0) ng/mg protein for sputum; 25.4 (21.0–
33.8) mg/g creatinine for urine; and 18.3 (11.9–21.2) ng/ml
for plasma.
None of the patients was affected by AATD, but four
patients (two with and two without emphysema) were found
to be carrying intermediate AATD—that is, two PI*MS, one
PI*MZ, and one PI*MR (where R denotes a rare, non-S and
non-Z deficiency allele). However, the mean serum levels of
a1-antitrypsin did not differ between patients with and
without emphysema (mean (SE) 169.5 (15.4) and 163.3
(16.7) mg/dl, respectively; normal values 83–199 mg/dl).
The correlation analysis involving the 26 COPD patients
showed strong associations between the HRCT emphysema
score and both the BODE index and the IC/TLC ratio (table 4).
Table 4 also shows the significant correlations between the
HRCT score and functional parameters. Among the biological
markers, the number of sputum eosinophils showed a
positive association with the HRCT score (table 4) and also
correlated with IC/TLC (r = 20.401, p = 0.04). However,
when the patients with and without emphysema were
considered separately, no correlation was observed between
the HRCT emphysema score and the BODE index, IC/TLC, or
sputum parameters.

DISCUSSION
This study has shown that COPD patients with HRCT
confirmed emphysema have a higher BODE index and lower
IC/TLC ratio than those without HRCT confirmed emphysema. COPD patients with emphysema had lower FEV1,
FEV1/FVC, and KCO, higher FRC, an increased number of
eosinophils, and an increased MMP-9 concentration and
MMP-9/TIMP-1 ratio in induced sputum.

We have previously shown that COPD patients with
emphysema defined by an HRCT visual score have a higher
degree of airflow limitation. In this study we have confirmed
these findings using CT scanning with a density mask which
gives an objective, non-invasive, quantitative method for
diagnosing and quantifying emphysema in vivo.24
Our findings of a combination of functional measurements
reflecting a decrease in maximum flow, a degree of lung
hyperinflation, and a decrease in KCO in patients with HRCT
confirmed emphysema are in agreement with the results of a
recent study that focused on the relationship between the
severity and extent of emphysema assessed by HRCT scanning
and lung function data.25 In addition we found that, in COPD
patients, abnormal pulmonary function parameters characteristic of emphysema—FEV1, FEV1/FVC, KCO, and FRC—
correlate with the BODE index and IC/TLC (data not shown),
supporting the hypothesis that the emphysema phenotype is
associated with more severe disease.
The body mass index was significantly lower and the score
on the MMRC dyspnoea scale was significantly higher in
patients with emphysema than in those without emphysema.
Furthermore, these BODE variables correlate with the HRCT
emphysema score, suggesting a more important systemic
involvement in emphysematous patients. In these subjects
the 6 minute walk distance (6MWT) was lower, but not
significantly so, indicating that exercise capacity, as assessed by
6MWT, was slightly impaired in subjects with emphysema
compared with those with no emphysema. However, we are
aware that formal cardiopulmonary exercise testing should be
performed to provide a global evaluation of the exercise
capacity.26 Further investigations are therefore needed to
evaluate a difference in exercise capacity between the two
COPD phenotypes.
The most accepted hypothesis for the pathogenesis of
emphysema is the proteinase/proteinase inhibitor hypothesis.27 In this hypothesis, emphysema develops as a result of
an excessive proteinase burden which leads to a proteinase/
proteinase inhibitor imbalance. This study, using induced

Table 3 Levels of biological markers in patients with COPD according to the presence or
absence of emphysema on HRCT examination
Variable*

Emphysema
(n = 10)

No emphysema
(n = 15)

p value

MMP-9 (ng/ml)
TIMP-1 (ng/ml)
MMP-9/TIMP-1 ratio
MMP-9 activity (OD 6 mm2/protein mg/ml)
NE activity (U/ml)
Desmosines (ng/mg protein)
Urinary desmosines (mg/g creatinine)
Plasma desmosines (ng/ml)

220.9 (175.5–293.3)
2.3 (1.4–19.7)
58.7 (20.1–171.5)
6.1 (4.2–7.9)
0.01 (0–0.29)
12.2 (8.0–13.1)
55.8 (37.7–74.3)
40.0 (22.8–57.0)

72.2 (41.9–165.4)
7.5 (4.5–12.7)
7.6 (4.3–28.2)
5.7 (3.7–7.4)
0 (0–0)
6.3 (5.8–13.0)
38.7 (34.3–54.9)
29.5 (20.5–40.9)

0.04
NS
0.01
NS
NS
NS
NS
NS

MMP-9, matrix metalloproteinase-9; TIMP-1, tissue inhibitor metalloproteinase-1; NS, not significantly different;
OD, optical density; NE, neutrophil elastase.
*Variables measured in sputum except where indicated otherwise.
Data are presented as median (interquartile range); comparisons made using Mann-Whitney U test.
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Clinical variables
BODE index
BMI (kg/m2)
Dyspnoea (MMRC score)
IC/TLC
FEV1 (% predicted)
FEV1/FVC (%)
FRC (% predicted)
KCO (% predicted)
RV (% predicted)
Biological variables
Eosinophils (6103 cells/mg)

r value

p value

0.589
20.525
0.581
20.557
20.480
20.659
0.587
20.615
0.414

0.008
0.006
0.004
0.003
0.013
0.0003
0.002
0.0008
0.03

0.409

0.04

BODE, body mass index, airflow obstruction, dyspnoea, exercise
performance; BMI, body mass index; MMRC, modified Medical Research
Council; IC/TLC, inspiratory capacity/total lung capacity; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity; FRC,
functional residual capacity; KCO, carbon monoxide transfer coefficient;
RV, residual volume.
*Range 1.3–35.5%. Log transformed value.

sputum, showed a significant increase in MMP-9 concentration and MMP-9/TIMP-1 ratio in COPD patients with
emphysema. An increase in bronchoalveolar lavage (BAL)
fluid concentrations and macrophage expression of MMP-9
(gelatinase B) has been reported in patients with emphysema
compared with normal volunteers.28 29 Our results, obtained
by a non-invasive method such as sputum induction, extend
this finding. Indeed, MMP-9 levels and the MMP-9/TIMP-1
ratio were higher in COPD patients with emphysema than in
both controls and COPD patients without emphysema,
suggesting an amplified protease imbalance in the emphysema phenotype of COPD. There was no difference in MMP-9
activity between the two groups of patients (with or without
emphysema). It is likely that the MMP-9 activation occurring
in the alveolar compartment macrophages of emphysematous
patients could not be measured in induced sputum as the
enzyme is rapidly inactivated. There was a positive correlation
between MMP-9 activity and the percentage of neutrophils in
the COPD patients (r = 0.729, p,0.0001), suggesting that
MMP-9 activity in sputum may originate mainly from
activated neutrophils which are typically located in the
airway lumen of subjects with COPD30 and so are detectable
in the sputum. Another possible explanation for the low
levels of MMP-9 activity, which was similar in the two groups
of patients, is that most of the enzyme present in sputum
samples is still in the latent pro-form.
Neutrophil elastase activity and levels of desmosines were
similar in the two groups of COPD patients. Although the
prominent role of NE in the pathogenesis of emphysema has
been known for more than 40 years,31 32 its association with
human emphysema has been inconsistent.7 It could be
argued that the measurement of elastolytic activity in
induced sputum may not accurately assess the activity in
the interstitium, the site of extracellular matrix degradation
in emphysema. However, the study which showed NE in
close association with elastic fibres in the interstitium in an
amount that correlates with the severity of emphysema33 has
been questioned by another study that failed to reproduce
these findings.34 Furthermore, homogenates of lung removed
during volume reduction surgery revealed a significant
increase in MMP-9 with no significant increase in NE.35 In
our patients, only negligible levels of unopposed NE activity
could be detected. It is therefore likely that, in these stable
patients, NE was efficiently and almost totally inhibited by
naturally occurring inhibitors such as a1-antitrypsin and

SLPI. In fact, excess free elastase activity can be detected at
high levels in lung secretions, particularly during acute
bacterial exacerbations.36
Desmosine, an elastin derived crosslinked amino acid, has
been shown to be increased in the urine of patients with
COPD.37 38 Our study confirms and extends these results,
demonstrating an increase in desmosines also in induced
sputum, a more immediate site of the disease, following the
preliminary results obtained in spontaneous sputum by HPLC
mass spectrometry.23 However, no difference was observed in
desmosine concentrations in sputum, urine and plasma
between patients with and without emphysema. These
findings are in agreement with those reported by Gottlieb et
al.39 Indeed, they showed that, among smokers with a rapid
decline in lung function, there was no difference in
desmosine excretion between those with and those without
CT evidence of emphysema, suggesting that elastin degradation may occur both in emphysema and in airway disease. In
contrast, Cocci and co-workers found a negative correlation
between the urinary excretion of desmosine and the extent of
emphysema.40 They used an ELISA method to quantify urine
desmosine levels and studied patients admitted for acute
exacerbation or under evaluation for lung transplantation.
Differences in the methodology and in the selection of
patients might therefore explain these discrepancies. In our
patients, desmosine levels in sputum, urine and plasma
correlated positively with the HRCT emphysema score when
all the studied subjects were considered together.
Interestingly, desmosines also correlated negatively with
FEV1/FVC and positively with FRC% and RV% (data not
shown). These data suggest that desmosine may be a useful
biological marker of lung destruction in emphysema,
although its role in supporting the diagnosis, monitoring
disease progress, and assessing the efficacy of therapeutic
interventions needs to be further investigated.
This study showed a significant increase in the number of
sputum eosinophils in patients with emphysema. The finding
of eosinophilic inflammation in the airways of COPD patients
strongly supports the so-called ‘‘Dutch hypothesis’’—that is,
smokers with an allergic diathesis have a greater predisposition
to develop severe and chronic airflow obstruction.41 42 However,
our patients were non-atopic and the role of eosinophils in
COPD is not well established. There are some reports of
increased numbers of eosinophils in the airways, BAL fluid,
and induced sputum of patients with stable COPD, while
others have found no increase in eosinophil numbers in airway
biopsy specimens or BAL fluid.43 44 We found that the number
of sputum eosinophils was higher in COPD patients with
emphysema than in those with no emphysema or control
subjects, but there was no difference between COPD patients
with no emphysema and healthy non-smokers. Furthermore,
the number of sputum eosinophils correlated positively with
the HRCT emphysema score. Interestingly, in situ hybridisation
for lung MMP-9 mRNA in a small group of patients with
emphysema showed a correlation with the emphysema
histological grade and an eosinophilic source of the protein.45
On the other hand, MMP-9 is implicated in the chemotaxis of
eosinophils46 and MMP-9 levels were increased in our patients
with emphysema. Finally, the number of sputum eosinophils
significantly correlated with the IC/TLC ratio, thus supporting a
possible role of eosinophils in the outcome of COPD.
This study has some limitations. Firstly, we performed a
cross sectional study which does not allow us to exclude the
weight of COPD progression in our findings. To try to rule out
the bias of the different FEV1 between patients with and
without emphysema, we compared the emphysema group
with a subgroup (n = 11) of the patients without emphysema
matched for FEV1. The significant differences in the clinical
and functional parameters and in the number of sputum
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eosinophils were confirmed (data not shown) despite the
smaller number of patients. Secondly, because of the small
number of observations, we cannot establish whether the
lack of correlation between the HRCT emphysema score and
the BODE index, IC/TLC, and sputum parameters when
patients with and without emphysema were considered
separately was due to the small sample size or to a nonexistent relationship. Nevertheless, the patients with COPD
and HRCT confirmed emphysema had (1) a higher BODE
index, (2) lower IC/TLC, FEV1, FEV1/FVC, and KCO, and (3) a
higher number of eosinophils, MMP-9 and MMP-9/TIMP-1
ratio in induced sputum than subjects without HRCT
confirmed emphysema.
In conclusion, COPD patients with emphysema have more
severe lung function impairment, more intense airway
inflammation, and possibly more serious systemic dysfunction than patients without emphysema.
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