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of lung inflammation and functional
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Abstract. The pivotal role of neutrophils and macrophages in smoking-related lung inflammation and COPD development is
well-established.
We aimed to assess whether sputum concentrations of Human Neutrophil Peptides (HNP), Neutrophil Elastase (NE), Interleukin-
8 (IL-8), and Metalloproteinase-9 (MMP-9), major products of neutrophils and macrophages, could be used to trace airway
inflammation and progression towards pulmonary functional impairment characteristic of COPD.
Forty-two symptomatic smokers and 42 COPD patients underwent pulmonary function tests; sputum samples were collected at
enrolment, and 6 months after smoking cessation.
HNP, NE, IL-8, MMP-9 levels were increased in individuals with COPD (p < 0.0001). HNP and NE concentrations were higher
in patients with severe airways obstruction, as compared to patients with mild-to-moderate COPD (p = 0.002). A negative
correlation was observed between FEV1 and HNP, NE and IL-8 levels (p < 0.01), between FEV1/FVC and HNP, NE and IL-8
levels (p < 0.01), and between NE enrolment levels and FEV1 decline after 2 years (p = 0.04).
ROC analysis, to discriminate symptomatic smokers and COPD patients, showed the following AUCs: for HNP 0.92; for NE
0.81; for IL-8 0.89; for MMP-9 0.81; for HNP, IL-8 and MMP-9 considered together 0.981.
The data suggest that the measurement of sputum markers may have an important role in clinical practice for monitoring COPD.
Keywords: Airway inflammation, Chronic obstructive pulmonary disease, neutrophil elastase, human neutrophil peptides,
interleukin-8, likelihood ratio, metalloproteinase-9, sputum, receiver operating characteristic analysis, smoking

List of abbreviations

α1-AT: α1-antitrypsin
AUC: area under the curve

∗Corresponding author: Gregorino Paone MD, Department of
Cardiovascular and Respiratory Sciences, University “La Sapienza”,
S.Camillo-Forlanini Hospital, Via Portuense 332, 00149 Rome, Italy.
Tel./Fax: +39 06 55552553; E-mail: rpaone1023@yahoo.com.

BAL: bronchoalveolar lavage
CO: carbon monoxide
COPD: Chronic Obstructive Pulmonary Disease
DTT: Dithiothreitol
ECP: Eosinophilic-Cationic Protein
FEV1: Forced Expired Volume in one second
FEV1/FVC: FEV1 expressed as a percentage of FVC
HBSS: Hank’s Buffered Salt Solution
HNP: Human Neutrophil Peptides

ISSN 0278-0240/11/$27.50  2011 – IOS Press and the authors. All rights reserved



92 G. Paone et al. / Sputum markers in symptomatic smokers and COPD patients
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1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is
an important cause of chronic morbidity and mortality
throughout the world, and represents a major public
health concern.

It is widely recognized that the prolonged exposure
to harmful factors, such as cigarette smoke, induces
a sustained inflammatory response all through the air-
ways and lung parenchyma that accounts for the air-
way damage and remodelling, and lastly for the chron-
ic airflow limitation characteristic of the disease [1,2].
The degree of this inflammatory response correlates
with the grade of airways obstruction [3,4] and with the
prognosis of COPD patients [5].

COPD is a complex disease with multiple patholog-
ical components, which may tend to be underestimated
when spirometry is used as the only approach to eval-
uate the disorder. Additional measures are needed to
obtain a more complete and clinically relevant assess-
ment of COPD [6]. This may enable a better definition
of the different clinical phenotypes of the disease and
help to improve the evaluation of disease activity and
efficacy of therapy.

With this in mind, it is pivotal to identify molecules
which may act as markers for detection and monitoring
of smoking-related inflammation.

The role of neutrophils andmacrophages in smoking-
related lung inflammation and COPD development is
well-established [7].

These cells release a variety of pro-inflammatory
molecules that contribute to the lung destruction and
remodelling, which follow smoking exposure.

In the present study we aimed to assess whether
the sputum concentrations of Human Neutrophil Pep-
tides (HNP), Interleukin-8 (IL-8), Neutrophil Elastase
(NE), andMatrix Metalloproteinase-9 (MMP-9),major
products derived from alveolar macrophages and neu-
trophils, could be used, considered as a single mark-
er or as a panel, in symptomatic smokers and patients
with COPD, as indicators of airway inflammation and
progression towards pulmonary functional impairment,

and could be correlated with the degree of airways ob-
struction.

In addition, in order to investigate the effect of smok-
ing cessation on airway inflammation, we organized a
smoking cessation program and collected sputum sam-
ples from the subjects who quitted smoking.

2. Patients and methods

2.1. Patients

A consecutive population of current smokers with
and without COPD (according to the Global Initiative
for Chronic Obstructive Lung Disease, GOLD, guide-
lines [1]) was referred to our smoking cessation centre
or underwent pulmonary function tests for respiratory
symptoms. Inclusion criteria were: age more than 18
years, a smoking habit of 10 or more cigarettes per day
for at least 2 years, no atopy and no respiratory tract
infection 30 days prior to the study.

To avoid a potential underestimation of the differ-
ence in markers’ concentrations between subjects with
and without COPD, we excluded from evaluation indi-
viduals receiving inhaled and/or oral corticosteroids in
the 6 months prior the study [8–10].

Subjects included in the study were stratified in 2
groups: 1) symptomatic smokers, subjects with chr-
onic respiratory symptoms (i.e. chronic cough and
sputum production) without airway obstruction; 2)
COPD patients having FEV1/FVC post-bronchodilator
< 0.7. According to GOLD guidelines [1], the sever-
ity of COPD was based on FEV1% predicted post-
bronchodilator: a) stage I, mild COPD, with a FEV1 >
80%; b) stage II, moderate COPD, with 50% � FEV1
< 80%; c) stage III, severe COPD, with 30% � FEV1

< 50%; d) stage IV, very severe COPD, FEV1 < 30%,
or 30%� FEV1 < 50%plus chronic respiratory failure.

The Ethical Committee approved the study (protocol
no. 584/CE), and all the participants agreed by signing
the informed consent.

2.2. Enrollment phase

A complete smoking history, including smoking
habits and number of cigarettes per day was recorded.

Baseline spirometric measurements (Quark PFT
Cosmed, Pavona, Italy)were performed by experienced
personnel following the American Thoracic Society
and European Respiratory Society recommendations
and the reference values were those approved by the
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European Respiratory Society [11]. Bronchodilator re-
sponsiveness to 400 μg salbutamol was measured and
post-bronchodilator values were used [1].

Transcutaneous oxygen saturation (StcO2) was mea-
sured by a pulse oximeter (Respironics, Marietta GA,
USA).

All individuals underwent an identical smoking ces-
sation intervention and received behavioural coun-
selling with or without a specific pharmacological treat-
ment.

2.3. Sputum processing and analyses

Spontaneous sputum samples were collected at the
enrolment evaluation, and 6 months after smoking ces-
sation from the subjects who quitted smoking.

Samples were processed within 120 minutes accord-
ing to literature; briefly, sputum was incubated for
15 minutes with 4 times its weight of 0.01M dithiothre-
itol (DTT) in Hank’s Buffered Salt Solution (HBSS).
After incubation the volume of HBSS was doubled and
incubated for 5 moreminutes. The suspensionwas then
filtered through a 50 μm nylon gauze to remove mucus
and debris and centrifuged at 2000 rpm for 10 minutes.
Total cell counts was performed manually by using an
haemocytometer determining cell viability by the try-
pan blue exclusion method. Sputum samples adequacy
was evaluated following current literature [10,12–14].

Supernatants were frozen at −80◦C until protein
quantification assays were performed, then they were
thawed, and sputum HNP, IL-8, MMP-9, and NE con-
centrations were quantified by using commercial sand-
wich ELISA following manufacturer instructions (Cell
Sciences, Canton MA, R &D Minneapolis MN, Hbt
Canton MA).

2.4. Follow-up

Current smoking status was investigatedweekly dur-
ing behavioural counselling. After the three month
treatment phase, participants were evaluated monthly
in order to provide a 6 month analysis period. Self-
assessed smoking cessation was validated by measur-
ing carbon monoxide concentration in expired air and
was confirmed by telephone interviews with household
members. Sustained quitters were defined as partic-
ipants whose self-assessed continuous smoking ces-
sation, at each evaluation, was validated by carbon
monoxide (CO) concentration in exhaled air � 10 ppm
and by confirmation from a household member.

Current smokers were considered individuals who
admitted smoking and/or whose exhaled CO levels
were > 10 ppm [15].

After 2 years from enrolment evaluation,participants
were invited to attend pulmonary function tests (PFTs)
with the aim to investigate a potential correlation be-
tween baseline markers levels and pulmonary function-
al decline.

2.5. Statistical analysis

The calculation of sample size was based on prelim-
inary data for HNP and on previous reports for NE,
MMP9 and IL8 [4,9,16–18]. For the HNP group, sam-
ple sizes of 38 and 38 achieved 90% power to detect
a difference of −1.8 between the null hypothesis that
both group means were 2.0 and the alternative hypoth-
esis that the mean of group 2 was 3.8 with estimated
group standard deviations of 2.4 with a significance
level (alpha) of 0.05 using a two-sided two-sample t-
test. To ensure an adequate sample, we aimed to enrol
42 subjects in each group (to overcome a possible 10%
rate of not evaluable sputum samples). For NE, IL-8,
and MMP9 the differences reported in the literature be-
tween symptomatic smokers and COPD were so wide
to require much smaller samples sizes as compared to
those estimated for HNP.

Continuous data are shown as mean ± standard de-
viation and as median (range). Differences between
groups were analyzed using the Mann Whitney U test.
In the group of individuals who successfully quitted
smoking, differences in markers sputum concentrations
at baseline and after 6 months were analyzed by the
Wilcoxon signed-rank test.

Correlation coefficients between variables were de-
termined by the Spearman’s rank correlation analysis.

We calculated sensitivity, specificity, likelihood ra-
tios and their confidence intervals.

We performed the receiving operating characteristics
(ROC) curve, which was constructed by plotting sensi-
tivity on the y-axis and 1 – specificity on the x-axis, for
all possible cut-off values of a clinical test.

Measures were combined through logistic regres-
sion. The best model was selected as the model mini-
mizing the Akaike InformationCriterion (AIC), among
24 possible models. The resulting combined scores
were formed by multiplying the diagnostic measures
included in the best model by the maximum likelihood
estimates of their corresponding estimated log-odds,
and summing the three addends. Values of p < 0.05
were considered significant.
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Table 1
Baseline characteristics

Symptomatic smokers (n = 42) COPD (n = 42) p value Total (n = 84)

Age (years) 53.00 ± 13.41 58.74 ± 15.16 0.082 55.87 ± 14.52
Cigarette/day 25.07 ± 14.65 25.76 ± 14.57 0.696 25.42 ± 14.53
Years of smoking 26.83 ± 11.35 31.26 ± 12.94 0.134 29.05 ± 12.30
Pack-years 36.29 ± 31.42 41.88 ± 31.57 0.230 39.08 ± 31.43
FEV1% of predicted 82.83 ± 1.82 55.84 ± 18.05 < 0.0001 69.34 ± 20.65
FEV/FVC (%) 85.17 ± 7.98 57.97 ± 10.42 < 0.0001 71.57 ± 16.50
StcO2(%) 97.4 ± 1.2 93.9 ± 1.1 < 0.0001 95.7 ± 1.3

Values are expressed as mean ± Standard Deviation;
FEV1 = Forced Expired Volume in one second; FEV1/FVC = FEV1 expressed as a percentage of FVC;
COPD = Chronic Obstructive Pulmonary Disease; StcO2 = Transcutaneous oxygen-haemoglobin saturation
at rest.

Table 2
Markers sputum concentrations in symptomatic smokers and COPD patients

Symptomatic smokers (n = 42) COPD (n = 42) p value

HNP (μg/ml) 1.96 ± 2.48; 1.25 (0.1–14) 14.99 ± 9.25; 16 (0.25–34.5) < 0.0001
NE (μg/ml) 1.45 ± 1.63; 0.9 (0.5–8) 3.37 ± 2.41; 3 (0.6–8) < 0.0001
IL-8 (ng/ml) 8.58 ± 4.43; 8.05 (1.9–21.2) 16.18 ± 3.96; 17.35 (2–21.7) < 0.0001
MMP-9 (ng/ml) 392.71 ± 162.10; 350 (99.8–700) 596.31 ± 160.16; 553.5 (250.7–1010.8) < 0.0001

Values are expressed as mean ± Standard Deviation; median (range).

Statistical analyses were performed by using SPSS
15 software (Statistical Package for the Social Sciences,
Chicago, IL, USA), CIA 2.0 (T Bryant, 2000, Univer-
sity of Southampton) software and R.

3. Results

3.1. Patients’ characteristics and sputum markers’
concentrations

We enrolled in the study 84 smokers, 42 were symp-
tomatic smokers with no airway obstruction, 24 had
mild to moderate functional impairment and 18 had
severe COPD.

Baseline characteristics of the study participants are
shown in Table 1.

The sputumconcentrationsofHNP, NE, IL-8, MMP-
9 were significantly higher in individuals with COPD
as compared to symptomatic smokers (Table 2).

Among COPD patients, HNP and NE concentra-
tions were higher in individuals with severe airways
obstruction as compared to subjects with mild to mod-
erate COPD (HNP: 18.78 ± 8.31, median 17, range
3–32 μg/ml vs. 12.16± 9.00, median 12.7, range 0.25–
34.5 μg/ml, p = 0.017; NE: 4.68 ± 2.46, median 3.5,
range 0.6–8 μg/ml vs. 2.40 ± 1.91, median 2.15, range
0.7–8 μg/ml, p = 0.02). No significant differences
were found in IL-8 and MMP-9 concentrations between
patients with severe and mild to moderate COPD (IL-

8: 17.31 ± 2.89, median 18, range 12–21.7 ng/ml vs.
15.33 ± 4.47, median 16.5, range 2–21 ng/ml, p =
0.133; MMP-9: 544.44 ± 131.33, median 547.25,
range 250.7–750.8 ng/ml vs 635.21 ± 171.16, median
600.35, range 349–1010.8 ng/ml, p = 0.121).

No correlationswere observed betweenmarkers con-
centrations and cigarettes per day, years of smoking,
pack/years, StcO2.

3.2. Correlation between sputum markers and
pulmonary functional impairment and evaluation
of disease progression

A significant negative correlation was observed be-
tween FEV1 and HNP (rho = −0.566; p < 0.01),
NE (rho = −0.519; p < 0.01) and IL-8 levels (rho
= −0.665; p < 0.01) (Fig. 1, panels A-C).

A significant correlation was also observed between
FEV1/FVC and HNP (rho = −0.665; p < 0.01),
NE (rho= −0.482; p < 0.01) and IL-8 levels (rho
= −0.529; p < 0.01) (Fig. 1, panels D-F).

No correlations were found between both FEV1 and
FEV1/FVC and MMP-9.

Sixty-six individuals underwent the 2 years PFTs as-
sessment. The average interval between baseline eval-
uation and follow-up was 22 months (± 2). A nega-
tive correlation was observed between sputum NE lev-
els measured at enrolment and the annual decline in
FEV1% predicted (rho = −0.25, p = 0.04) (Fig. 2).
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Fig. 1. Correlation between FEV1 and HNP, NE and IL-8 concentrations (Panel A, Panel B, Panel C, respectively), and between FEV1/FVC and
HNP, NE and IL-8 concentrations (Panel D, Panel E, Panel F, respectively).

3.3. Diagnostic accuracy of evaluated inflammatory
markers

The ROC analysis results for symptomatic smokers
and COPD patients are presented in Fig. 3 (panel A).

The AUC for HNP was 0.92 (95% CI: 0.862–0.981);
the AUC for IL-8 was 0.89 (95% CI: 0.82–0.97); the
AUCs for MMP-9 and NE were 0.81 (95% CI: 0.71–
0.90). Although the AUC for HNP was the largest,
there were no significant differences between AUCs.

In addition, logistic regression was used to test the
discriminatory effect of variables considered togeth-
er; the linear prediction score, based on the combina-
tion of three markers (by means the following formu-
la: 0.255*HNP+0.36*IL-8+0.01*MMP-9) yielded an
AUC of 0.981 (95% CI: 0.98–1.00) (Fig. 3, panel B).

Positive and negative likelihood ratios (LR+ and
LR-), sensitivity and specificity calculated for each
variable and for the three markers combined together
are shown in Table 3.

The 3 markers combined together yielded a sensitiv-
ity significantly higher as compared to those obtained
by MMP-9 and NE (p = 0.01 and p = 0.004 respec-
tively). The specificity observed using the panel of
markers was significantly superior to those obtained by
using the single molecules (vs. HNP p = 0.007; vs.
MMP-9 p = 0.003; vs. IL-8 p = 0.02 and vs. NE p =
0.004).

3.4. Effect of smoking cessation on airway
inflammation in sputum

Sputum samples from 26 subjects who quitted smok-
ing (11 with and 15 without COPD) were obtained 6
months after smoking cessation.

No differences were found between HNP, NE, IL-8
and MMP-9 sputum levels at baseline evaluation and
after 6 months of smoking withdrawal (HNP: 7.05 ±
8.22, median 3.00, range 0.1–24μg/ml vs. 7.44± 9.03,
median 2.20, range 0.1–24.2 μg/ml, p = 0.827; NE:
1.81 ± 2.07, median 0.90, range 0.5–8 μg/ml vs. 1.80
± 2.05, median 0.90, range 0.3–8.0 μg/ml, p = 0.909;
IL-8: 11.75 ± 5.86, median 10.90, range 2–21.0 ng/ml
vs. 11.08 ± 7.60, median 7.40, range 1–29.5 ng/ml,
p = 0.461; MMP-9: 440.38 ± 204.34, median 448.15,
range 124.2–1010.8 ng/ml vs. 448.08± 242.42,median
402.7; range 131–1000 ng/ml, p = 0.974).

The sputum concentrations of HNP, NE, IL-8 and
MMP-9 remained significantly higher in individu-
als with COPD as compared to symptomatic smok-
ers (HNP: 16.09 ± 7.67, median 18.00, range 1.9–
24.2 μg/ml vs. 1.10 ± 1.29, median 0.50, range 0.1–
4.0 μg/ml, p < 0.0001; NE: 2.92 ± 2.63, median 2.50,
range 0.4–8 μg/ml vs. 0.98 ± 0.92, median 0.70, range
0.3–4.0 μg/ml, p = 0.01; IL-8: 15.27 ± 8.02, medi-
an 15.3, range 6–29.5 ng/ml vs. 8.00 ± 5.76, median
6.7, range 1–20.1 ng/ml, p = 0.01; MMP-9: 622.8 ±



96 G. Paone et al. / Sputum markers in symptomatic smokers and COPD patients

Table 3
Likelihood ratios, Sensitivity and Specificity of inflammatory markers

LR+ LR- Sensitivity Specificity

HNP 3.55 (2.12–5.93) 0.10 (0.03–0.29) 0.93 (0.81–0.98) 0.74 (0.59–0.85)
MMP-9 2.46 (1.52–3.99) 0.34 (0.19–0.61) 0.76 (0.61–0.87) 0.69 (0.54–0.81)
IL-8 4.33 (2.41–7.78) 0.09 (0.03–0.27) 0.93 (0.81–0.98) 0.79 (0.64–0.88)
NE 2.5 (1.49–4.18) 0.4 (0.24–0.67) 0.71 (0.56–0.83) 0.71 (0.56–0.83)
HNP+IL-8+MMP-9 20 (5.16–77.47) 0.05 (0.01–0.19) 0.95 (0.84–0.99) 0.95 (0.84–0.99)

LR+: Positive likelihood ratio; LR-: Negative likelihood ratio.
In parenthesis the 95% CI.
Cut-off values: HNP 2.5 μg/ml; MMP-9 475 ng/ml; IL-8 11.5 ng/ml; NE 1.05; HNP+IL-8+MMP-9
10.77.

Fig. 2. Correlation between NE concentrations at baseline and FEV1 rate of decline percentage.

Fig. 3. Panel A. ROC curve of four inflammatory markers. Panel B. ROC curve for HNP, IL-8, MMP-9 in combined prediction model.
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244.1, median 600, range 145.5–1000 ng/ml vs 313.33
± 138.65, median 300.0, range 131–599.8 ng/ml, p =
0.002).

4. Discussion

Smoking is considered a major risk for the develop-
ment of COPD, however, only a fraction of smokers
(15%) will develop the functional and clinical manifes-
tations of the disease [19].

Currently, after the assessment of the smoking habit
and/or occupational exposures, the definition of a di-
agnosis of COPD requires the detection of airflow ob-
struction associated to a history of cough, sputum and
dyspnoea [20].

Since pulmonary function tests represent the only
means to identify and monitor airflow obstruction, the
diagnosis and staging of COPD are largely based on
FEV1 measures. Unfortunately, pulmonary function
measurements are of limited practical usefulness in pre-
dicting long-term health changes, because long follow
up periods are necessary to detect relevant modifica-
tions of the patient status [20].

COPD is therefore a substantially underestimated
disorder,with a diagnosis typically delayed until the air-
way obstruction appears and the condition is advanced,
at a degree where it is no longer reversible. So it be-
comes essential to identify surrogate outcome measures
of the clinical and pathophysiological abnormalities in
COPD, capable of predicting long-term responses.

Several inflammatory and anti-inflammatory mole-
cules [2,4,9,10,16,18,21–34]have been evaluated, with
the intent to assess whether their levels, in sputum
and/or bronchoalveolar lavage (BAL) fluid, are in-
creased in smokers and COPD patients, and correlate
with the degree of airflow obstruction but, despite all
the spent efforts, established screening markers and
valuable molecules, to monitor disease progression in
COPD, are still lacking.

In the present study we selected four pro-inflamma-
tory molecules, major products of neutrophils and
alveolar macrophages, which interact in the smoking-
related lung inflammation leading to COPD [7].

Nearly absent in the normal lung, HNP have been
found increased in airways of patients with neutrophil
related inflammatory lung diseases [35–38].

HNP are small molecular weight peptides abundant
in neutrophils, which may be released upon activation
in the extracellular environment [39]. In a previous
report we found increased levels of HNP in BAL from

smokers [40], but no correlation analysis between HNP
levels and functional impairment was performed.

NE, released from activated neutrophils during in-
flammation, hydrolyzes proteins of the extracellular
matrix with elastin as a major target [41].

HNP and NE interact to enhance each others’ dele-
terious effects. HNP may contribute to neutrophils re-
cruitment by stimulating, together with NE, alveolar
macrophage’s release of chemotactic molecules (e.g.,
Leukotriene B4, and IL-8) [36] and may exacerbate the
imbalance between α1-antitrypsin (α1-AT) and neu-
trophil elastase by inactivating α1-AT [42].

IL-8, secreted by alveolarmacrophages,recruits neu-
trophils, which in turn release HNP and NE [43].

MMP-9 is the major elastolytic MMP produced by
macrophages and may contribute to lung injury by ac-
tivating HNP [44]. Furthermore, NE, by inactivating
Tissue Inhibitors of Metalloproteinases (TIMPs) main-
tains MMPs’ activity [45].

Herein we report that sputum samples from patients
with COPD contain significantly higher levels of HNP,
NE, IL-8 and MMP-9 as compared to symptomatic
smokers, and that, amongCOPD patients, HNP and NE
concentrations are increased in individuals with severe
airways obstruction as compared to subjects with mild
to moderate COPD. We also demonstrate that these
molecules, tested singularly or combined, are able to
discriminate between subjects with and without pul-
monary functional impairment.

In addition sputumHNP,NE and IL-8 concentrations
correlate with the degree of airway obstruction, based
on FEV1 and FEV1/FVC measures, and NE baseline
concentrations are associated with annual decline in
FEV1% predicted during a two year follow-up period.

Therefore our findings suggest that these molecules
may have a role in monitoring lung inflammation and
may be connected with airway obstruction and disease
progression. Our report, while confirming previous da-
ta showing a correlation between NE and IL-8 sputum
levels and pulmonary function (in studies with similar
or smaller populations) [2,4,9,10,16,21–26], indicate,
for the first time, that also HNP may be considered as
a new marker of chronic inflammation and pulmonary
functional impairment during COPD.

A biomarker, by definition, should possess sufficient
discriminatory power, in terms of sensitivity and speci-
ficity, to reflect disease state. In order to analyse the
markers ability to differentiate smokers with and with-
out COPD, we performed a receiver operating charac-
teristic (ROC) analysis. As shown by the ROC curve,
all the selected markers own a significant diagnostic
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accuracy to discriminate between symptomatic smok-
ers and patients with pulmonary functional impairment;
interestingly the AUC analysis indicate that HNP has
the highest diagnostic ability to distinguish the two
groups of subjects, and may suggest its role as a ma-
jor neutrophil-derived marker to monitor the disease
progression. A promising and tantalising approach to
obtain the maximum classification accuracy would be
to use a panel of molecules combined together; in this
regard our attempt resulted in a significantly enhanced
diagnostic accuracy as compared to each single mark-
er. Along with other independent studies that analyze
the possibility to associate discriminant power of more
variables [46,47], we believe that our data should be
considered as an additional attractive effort to optimize
the biomarkers performance in monitoring the COPD
clinical course.

Importantly, we also tested our biomarkers ability to
predict functional impairment: we found a correlation
between NE sputum baseline levels and the annual de-
cline in predicted FEV1%, in line with previous results
obtained using BAL samples [48]. Therefore our re-
sults suggest that sputum analysis, a non invasive pro-
cedure well tolerated by patients,could replace invasive
approaches for studying respiratory tract inflammation.

Moreover our findings, together with the high dis-
criminative accuracy demonstrated by HNP, and with
the significantly higher levels of HNP and NE observed
in severe COPD, may represent another piece of evi-
dence of neutrophil-associated inflammation in COPD
pathogenesis and progression.

Finally, with the aim to identify new molecules that
could trace the effect of smoking cessation on airway
inflammation in smokers with and without COPD, we
organized a smoking cessation program and designed a
longitudinal study to test whether smoking withdrawal
may reduce HNP and NE concentrations, as an effect
of the decreased inflammatory status.

According with previous reports [10,49], we found
no decrease of IL-8 and MMP-9 levels in sputum sam-
ples of smokers who successfully quitted smoking and,
moreover, no reduction in HNP and NE concentrations
was observed.

We are aware that the explanation for this finding
may not be univocal. It may reflect the persistence of
lung inflammation after smoking cessation, or it may
mirror a healing of defence mechanisms after recover-
ing from the deleterious effects of smoking.

In conclusion, our results indicate that HNP may
be considered as a novel useful marker of airway in-
flammation and obstruction during smoking, and sug-

gest that the use of a panel of markers may optimize
the diagnostic accuracy in discriminating symptomatic
smokers from COPD patients. With the limitation of a
mono-institutional study, we believe that our observa-
tions may prompt further investigations to validate the
potential ability of sputum biomarkers to monitor the
disease in patients with COPD, and to predict which
subgroup of smoking subjects could be at risk to devel-
op functional impairment.
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