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ABSTRACT
Rationale Neutrophils play an important role in the
inflammatory process associated with chronic obstructive
pulmonary disease (COPD). Lung-infiltrating neutrophils
secrete elastinolytic proteases that participate in elastin
breakdown and the formation of elastin peptides (EPs).
Objectives We hypothesized that circulating
neutrophil-associated immune response may be
modulated by EPs during COPD.
Methods Neutrophils obtained from patients with
either stable or exacerbated COPD and controls were
cultured with or without EPs. Cell chemotaxis was
analysed by the Boyden method and cytokine expression
was analysed by ELISA and real-time reverse
transcriptase PCR. Bacterial phagocytosis and killing of
ingested bacteria were evaluated after incubation with
Pseudomonas aeruginosa. Reactive oxygen species (ROS)
measurement and elastin receptor expression were
determined by flow cytometry.
Results Chemotactic activity of neutrophils from
patients with COPD towards the VGVAPG EP was
reduced compared with controls. VGVAPG increased
proinflammatory cytokine synthesis and bacterial load,
but reduced ROS production in neutrophils from controls
and from patients with stable COPD. Patients with
exacerbated COPD were unresponsive to VGVAPG
treatment. These findings were associated with a
decreased or almost complete loss of S-Gal elastin
receptor expression in neutrophils from patients with
stable or exacerbated COPD, respectively.
Conclusions The study demonstrates that the response
of neutrophils from patients with COPD to VGVAPG
varied according to COPD phase and critical level of
S-Gal expression. S-Gal downregulation could result from
a feedback mechanism induced by high levels of EPs.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is
characterised by progressive airflow limitation asso-
ciated with an abnormal inflammatory response of
the lung to noxious particles or gases.1 COPD
includes chronic bronchitis, with obstruction of
small airways, and emphysema, characterised by the
destruction of lung parenchyma responsible for loss
of its elasticity. The inflammatory process occurring
during COPD is characterised by activation of per-
ipheral blood neutrophils and T lymphocytes,2

increased levels of proinflammatory cytokines in
plasma and bronchoalveolar lavage (BAL),3 4 and
massive infiltration of leukocytes into the pulmonary
parenchyma.5 The natural history of COPD is also
characterised by recurrent phases of exacerbation.

Most exacerbations involve pathogens and it is now
established that 50% of exacerbations are caused by
bacterial infection. Acquisition of a new strain of
Haemophilus influenzae, Streptococcus pneumoniae
or Pseudomonas aeruginosa is strongly associated
with development of an exacerbation.6 Data from
the literature show that the number of neutrophils
in BAL from patients with COPD correlates with
progression and severity of emphysema.7 Neutrophil
recruitment is controlled by chemotactic mediators
such as interleukin 8 (IL-8), growth regulated
oncogene α (GRO-α) or regulated and normal T
cell expressed and secreted (RANTES)8 and the
bacterial clearance properties of neutrophils are
dependent on reactive oxygen species (ROS) and
granule-associated proteases.9 10

Proteases secreted by lung-infiltrating inflamma-
tory cells participate in the tissue damage associated
with COPD.11 Of interest, some of these proteases
(neutrophil elastase, matrix metalloproteinase
(MMP)-2 and 9) promote breakdown of elastin, a
protein responsible for pulmonary elasticity.11 12

Accordingly, increased excretion of desmosine, a
specific marker of elastin degradation,13 and ele-
vated levels of elastin fragments in various bio-
logical fluids reflect massive pulmonary elastin
breakdown in patients with COPD.14 15

Also of interest, it has been shown that elastin
peptides (EPs) display a wide range of biological
activities such as chemotactic activity,16 17 regula-
tion of cell proliferation18 and control of vascular
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tone.19 Moreover, they modulate the expression of proinflam-
matory cytokines.20 21 EP effects are largely mediated via their
interaction with a receptor complex, which includes a 67 kDa
elastin-binding protein (EBP or S-Gal) identified as an enzyma-
tically inactive spliced variant of the human β-galactosidase.22

This elastin receptor complex is also composed of two other
subunits named neuraminidase and protective protein/cathe-
psin A.23

Since S-Gal is expressed on the surface of neutrophils24 and
as EPs are largely generated during COPD, we hypothesized
that the inflammatory and chemotactic properties of neutrophils
may be modulated by EP/cell interactions during COPD pro-
gression, notably during the exacerbation phases associated with
bacterial infection. In this study, we demonstrated that impair-
ment of neutrophil reactivity to EPs was related to S-Gal elastin
receptor downregulation in patients with COPD.

METHODS
Study population
Controls and patients with COPD were recruited from the
Department of Respiratory Diseases, Reims University Hospital
(France). Participation was entirely voluntary and all subjects
gave their written informed consent prior to inclusion in the
study. The study was approved by the University Hospital Ethics
Committee. Additional data are given in the online supplemen-
tary data.

Neutrophil isolation and culture
Peripheral blood neutrophils were isolated from heparinised
whole blood using a density gradient medium (Polymorphprep,
Abcys Biology, Paris, France) and magnetic-activated cell sorting
using CD16 microbeads (Miltenyi Biotec, Paris, France).
Additional data are given in the online supplementary data.

Neutrophil treatment with EP
Neutrophils were incubated in the presence or absence of 1 or
10 mg/ml VGVAPG (Genepep, Prades le Lez, France) for 4 h.
Neutrophils were then either collected for total RNA extrac-
tion or for elastin receptor staining. Cell culture supernatants
were collected for cytokine quantification by ELISA. In some
experiments, pretreatment of neutrophils for 1 h with 10 mM
lactose (Sigma-Aldrich, Saint Quentin Fallavier, France), a
galactosugar known to induce S-Gal shedding from the cell
surface,25 was used to assess the specificity of VGVAPG effects.
For phagocytosis assay, neutrophils were pretreated with
VGVAPG (1 mg/ml, 4 h) before incubation with fluorescent
latex beads. For bacterial load and ROS measurements, neutro-
phils were pretreated with VGVAPG (1 or 10 mg/ml, 4 h)
before incubation with P aeruginosa.

Neutrophil chemotaxis assay
Neutrophil chemotactic activity was determined using a Boyden
chamber method. Additional data are given in the online supple-
mentary data.

Real-time RT-PCR analysis
Full details are given in the online supplementary data.

Flow cytometric analysis
Elastin binding on human neutrophils was determined after
30 min incubation with elastin-FITC (1 mg/ml) (Elastin Products
Company, Owensville, Missouri, USA), as previously described20

and fluorescence emission was assessed by flow cytometric analysis
using a FACSCalibur Instrument (BD Biosciences, Le Pont de

Claix, France). Specificity of elastin binding on neutrophils was
determined by pretreatment of cells with lactose (10 mM, 1 h)
inhibiting elastin binding to cells (data not shown). In some experi-
ments, neutrophils from controls were pretreated for 4 h with
VGVAPG (1 or 10 mg/ml) before incubation with elastin-FITC.

Detection of cytokine concentration
Determination of IL-6, tumour necrosis factor α (TNFα) and
IL-8 in neutrophil cell culture supernatants was performed in
triplicate using commercially available high-sensitivity ELISA
kits (Quantikine, R&D Systems, Lille Cedex, France) according
to the manufacturer’s instructions. The sensitivity of each ELISA
kit was 0.70 pg/ml, 4.4 pg/ml and 1.5 pg/ml, respectively.

Phagocytosis assay
Phagocytosis assay was performed following incubation of neu-
trophils with red fluorescent latex beads. Additional data are
given in the online supplementary data.

Neutrophil-associated bacteria and intracellular
ROS measurements
Full details are given in the online supplementary data.

Determination of serum elastin-derived
peptide concentration
In additional subjects, including healthy subjects (n=5), patients
with stable COPD (n=5) and COPD exacerbation (n=5), the
serum elastin-derived peptide concentration was determined
using a competitive ELISA adapted from a protocol described
by Smith et al.26 Additional data are given in the online supple-
mentary data.

Statistical analysis
Data are presented as median and IQR range for n observations.
Comparisons within the same groups were performed using a
Wilcoxon test. Comparisons between groups of subjects were
performed using a Kruskal–Wallis test. Differences were consid-
ered significant for p<0.05.

RESULTS
Clinical features of study populations
Clinical characteristics of patients with COPD and controls are
summarised in table 1. As expected, significant differences in
airway limitation and static hyperinflation were observed

Table 1 Characteristics of the study groups

Patients with COPD

Controls Exacerbated Stable

Subjects 20 16 11
Age (years) 55±10 66±10 64±8
Current smokers % 52.6 46.1 57.1
Smoking history 23.4±19.4 51±18.7* 50.5±14.8*
Pack-years†
FEV1% predicted 98.6±10.4 — 51.2±17.1*
FEV1/FVC % 79.8±8.2 — 48.8±10.8*
Neutrophils/mm3 5529±1777 6729±2326 5136±1630

Data are presented as mean±SD or %, unless otherwise stated.
*p<0.05 vs controls.
†1 pack-year represents 20 cigarettes per day for 1 year.
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity.
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between patients with COPD and controls. Furthermore,
cumulative smoking exposure was significantly higher in
patients with stable and exacerbated COPD than in controls.
No significant difference was observed between the three
groups in terms of the mean age of the subjects, the percent of
current smokers and the neutrophil count.

Neutrophil chemotaxis towards VGVAPG is altered during
COPD
Neutrophil chemotaxis was analysed in 16 patients with exacer-
bated COPD, 11 with stable COPD following resolution of the
exacerbation, and 20 controls. The results showed that 1 mg/ml
VGVAPG, used as chemoattractant, significantly enhanced the
chemotactic activities of neutrophils from controls (figure 1A,
p=0.02). This was further confirmed by analysing samples
obtained from the same patient during stable and exacerbation
phases of COPD (data not shown). Preincubation of neutrophils
with lactose totally abolished the VGVAPG-induced chemotactic
effect on neutrophils from controls (figure 1B, p=0.02).
However, the VGVAPG chemotactic effect on neutrophils from
controls was not reproduced when this peptide was used at a
higher concentration (10 mg/ml) (figure 1A). No
VGVAPG-dependent chemotaxis was observed with neutrophils
from patients with either stable or exacerbated COPD, regard-
less of the peptide concentration used (figure 1A). Nevertheless,

analysis of chemotaxis towards RANTES, used as a pathophysio-
logical chemoattractant with regard to COPD, showed that the
migratory capacities of neutrophils from both COPD patient
groups were preserved, with similar magnitudes to those
observed in the control group (figure 1A). This effect was not
dependent on lactose pretreatment (figure 1B).

VGVAPG effects on neutrophil cytokine expression
are dependent on clinical status
As EPs modulate the expression of proinflammatory cytokines
in human monocytes and lymphocytes,20 27 we then investi-
gated whether VGVAPG altered IL-6, TNFα and IL-8 produc-
tion in neutrophils from patients with COPD and controls.
Treatment with VGVAPG (1 mg/ml) significantly increased IL-6
mRNA expression in neutrophils from controls and patients
with stable COPD, but had no effect on IL-6 expression in
neutrophils from patients with exacerbated COPD (figure 2A).
These variations were also clearly demonstrated by ELISA ana-
lysis of IL-6 protein secretion (figure 2B). However, treatment
of neutrophils with a higher concentration of VGVAPG
(10 mg/ml) did not modify IL-6 expression in either controls
or patients with stable COPD, while patients with exacerbated
COPD still failed to respond (figure 2A,B). Similar effects were
observed on TNFα expression in neutrophils treated with
VGVAPG in controls and patients with COPD (figure 2D,E).

Figure 1 Neutrophil chemotactic
response towards VGVAPG in controls
and patients with chronic obstructive
pulmonary disease. (A) Neutrophils
from controls (n=20) and patients with
either stable (n=11) or exacerbated
(n=16) COPD were added to the upper
wells of a Boyden chamber and
studied for their chemotactic response
to VGVAPG (1 and 10 μg/ml) or
regulated and normal T cell expressed
and secreted (RANTES) (0.1 μg/ml;
positive control) added to the lower
wells. The number of migrating cells
was determined after 45 min of
incubation and staining with eosin and
bromophenol blue. (B) Neutrophils
isolated from controls (n=7) and from
patients with COPD (n=5) sampled at
the exacerbation and stable phases
were pretreated with or without
lactose for 1 h and studied for their
chemotactic response to 1 μg/ml
VGVAPG.

Dupont A, et al. Thorax 2013;68:421–428. doi:10.1136/thoraxjnl-2012-201833 423

Chronic obstructive pulmonary disease

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2012-201833 on 28 January 2013. D

ow
nloaded from

 

http://thorax.bmj.com/


Increased expression of IL-6 and TNFα in controls and
patients with stable COPD in response to 1 mg/ml VGVAPG
treatment was abolished by pretreatment of neutrophils with
lactose (figure 2C,F). In contrast, although VGVAPG induced
IL-8 expression by neutrophils from controls (figure 2G,H) in
a lactose-dependent manner (figure 2I), this peptide did not
affect IL-8 expression in neutrophils from patients with stable
COPD regardless of the concentration used. Of note, treat-
ment with phorbol myristate acetate (PMA) increased the
expression of all cytokines analysed, but with a greater suscep-
tibility of neutrophils to PMA in patients with exacerbated
COPD compared with those with stable COPD and controls.

VGVAPG affects bacterial load and ROS production only in
the stable phase of COPD
To further characterise the biological properties of neutrophils
from each group, we also investigated their capacity to ingest and

kill bacteria. For this purpose, we first measured the number of
colony-forming units (CFUs) corresponding to the total bacterial
load present in neutrophils incubated with P aeruginosa. Kinetic
analysis showed that CFU number associated with neutrophils
from patients with exacerbated COPD was already maximal after
30 min of incubation with P aeruginosa. At 30 min, patients with
stable COPD had a reduced CFU number compared with patients
with COPD exacerbation (p=0.014), which was nevertheless sig-
nificantly enhanced compared with controls (figure 3A). However,
when measured after 90 min, bacterial load was similar in patients
with stable and exacerbated COPD (figure 3B). Pretreatment of
neutrophils with VGVAPG (1 mg/ml, 4 h) significantly increased
the CFU number at 30 and 90 min in patients with stable COPD
and controls, but not in those with exacerbated COPD (figure 3A,
B). Regardless of the time point and the neutrophil groups ana-
lysed, 10 mg/ml VGVAPG did not alter the CFU number (figure
3A,B). We then determined whether the increased intracellular

Figure 2 Effects of VGVAPG on cytokine expression by neutrophils isolated from controls and patients with chronic obstructive pulmonary disease.
Neutrophils isolated from controls (n=16) and from patients with COPD (n=9) sampled during exacerbation and stable phases were treated with
PMA (1 mM) or VGVAPG (1 and 10 mg/ml). Four hours after treatment, mRNA expression and interleukin (IL)-6 (A,B), tumour necrosis factor (TNF)-α
(D,E) and IL-8 (G,H) cytokine secretions were determined by real-time reverse transcriptase PCR and by ELISA, respectively. *Significant difference in
cytokine expression/secretion compared with RPMI in the same cohort (p<0.05). In some experiments neutrophils from controls (n=10) and patients
with COPD (n=6) were preincubated for 1 h with lactose before treatment with 1 mg/ml VGVAPG. Four hours after treatment, IL-6 (C), TNFα (F) and
IL-8 (I) cytokine secretions were determined by ELISA.
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bacterial numbers could result from enhanced phagocytosis and/or
reduced killing. Results from figure 3C,D showed that the phago-
cytosis capacity of neutrophils was not altered during COPD,
either in the presence or in the absence of VGVAPG. Conversely,
ROS production, constituting a marker of the neutrophil bacteri-
cidal process, was significantly higher in patients with exacerbated
COPD than in those with stable COPD (p=0.015) and controls
(figure 3E). Upon VGVAPG stimulation (1 mg/ml), ROS levels
decreased in controls and in the stable COPD group, whereas
patients with exacerbated COPD were unresponsive to this treat-
ment. Similar effects were observed at 30 and 90 min (figure 3E,
F). As in all experiments, 10 mg/ml VGVAPG was ineffective to
modulate neutrophil ROS production. Globally, these results are
suggestive of alterations in bactericidal activity rather than uptake.

Elastin receptor expression on neutrophil surface is
downregulated during COPD
To further address the relationship between the biological
responses of neutrophils towards VGVAPG and COPD phases,
we hypothesized that elastin receptor expression on the

neutrophil surface could represent a critical mechanism to
explain the differential effects observed. Protein elastin receptor
quantification by flow cytometry using elastin-FITC revealed a
high constitutive level of elastin receptor on the surface of neu-
trophils from controls (figure 4A). This expression was mark-
edly reduced on the surface of neutrophils from patients with
stable COPD, and almost completely abolished on neutrophils
from patients with exacerbated COPD (figure 4A). The statis-
tical significance of this result was confirmed by studying eight
different donors (figure 4B). To further characterise the receptor
involved in VGVAPG effects, we then analysed S-Gal mRNA
expression by real-time reverse transcriptase (RT)-PCR.
Compared with controls, quantification of S-Gal mRNA expres-
sion in neutrophils from patients with stable and exacerbated
COPD revealed a 3.0-fold and 7.7-fold reduced S-Gal level,
respectively (figure 4C). To further investigate whether this
S-Gal downregulation was related to EP production, we deter-
mined the level of these peptides in sera from patients with
COPD with respect to controls. Figure 5A shows that patients
with exacerbated COPD exhibited significantly higher levels of

Figure 3 Effects of VGVAPG on
bacterial load, phagocytosis and
reactive oxygen species (ROS)
production by neutrophils isolated from
controls and patients with chronic
obstructive pulmonary disease (COPD).
(A,B) Neutrophils isolated from
controls (n=20) and patients with
COPD (n=11) sampled during
exacerbation and stable phases were
pretreated with or without VGVAPG
before incubation with Pseudomonas
aeruginosa. Neutrophil bacterial load
analysed 30 min (A) and 90 min
(B) after P aeruginosa incubation was
determined by number of
colony-forming units (CFUs) obtained
24 h after culture of
neutrophil-associated bacteria in a
specific medium. (C,D) Neutrophils
isolated from controls (n=5) and
patients with COPD (n=5) sampled
during exacerbation and stable phases
were pretreated with or without
VGVAPG (1 mg/ml, 4 h) before
incubation with fluorescent latex
beads. Neutrophil phagocytic activity
analysed 30 min (C) and 90 min
(D) after fluorescent latex bead
incubation was determined by flow
cytometry. (E,F) Neutrophils isolated
from controls (n=20) and patients with
COPD (n=11) sampled at exacerbation
and stable phases were pretreated with
or without VGVAPG before incubation
with P aeruginosa. ROS production
analysed at 30 min (E) and 90 min
(F) after incubation was determined by
flow cytometric analysis. *Significant
difference in bacterial load, phagocytic
activity and ROS production compared
with RPMI from controls (p<0.05);
**significant difference in bacterial
load, phagocytic activity and ROS
production compared with RPMI in the
same cohort (p<0.05).
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EPs than patients with stable COPD, and these levels were also
higher than in controls. We therefore hypothesized that S-Gal
receptor expression on the neutrophil surface could be downre-
gulated by high EP concentrations. To investigate this hypoth-
esis, neutrophils from controls were preincubated with
VGVAPG before elastin receptor determination. Treatment with
10 mg/ml VGVAPG markedly decreased elastin receptor expres-
sion, whereas no significant effect was observed with a concen-
tration of 1 mg/ml (figure 5B). This result was also observed at
the protein level and was statistically confirmed by studying six
different donors (figure 5C,D).

DISCUSSION
EPs produced by the degradation of lung connective tissue are
known to share miscellaneous biological properties. It has been
shown that EPs could alter adaptive immunity by facilitating T
helper 1 polarisation of T lymphocytes27 and could also initiate
the autoimmune process in the lung.28 The present study was
designed to assess, in healthy subjects and in patients with
COPD, the effects of EPs on peripheral polymorphonuclear
(PMN) cells, a major component of the innate immune process.

Neutrophils from healthy subjects demonstrated increased
chemotaxis in response to EP, which is in agreement with previ-
ous studies.29 30 Moreover, EP induced synthesis and release of
IL-6, IL-8 and TNFα, proinflammatory cytokines known to be

strong neutrophil activators. EP pretreatment of neutrophils
from healthy subjects exposed to bacteria also increased the
intracellular concentration of bacteria, suggesting alteration of
their bactericidal properties related to reduced ROS production
rather than defective phagocytosis function. In healthy subjects,
therefore, it can be postulated that EPs exert proinflammatory
properties consisting of neutrophil chemotaxis and inflamma-
tory cytokine release, but paradoxically alter ROS production
and consequently the clearance of bacteria. Apart from chemo-
taxis, similar results were obtained in patients with stable
COPD. Thus, cytokine production (IL-6 and TNFα) and bac-
tericidal function displayed the same patterns as in healthy sub-
jects when neutrophils were stimulated with EPs. A recent study
demonstrated that neutrophils were rapidly recruited from the
circulation during pulmonary inflammation.31 EPs do not seem
to be involved in this migration in patients with stable COPD.
Previous studies have demonstrated that EP effects are largely
mediated via their interaction with a receptor which includes
the EBP S-Gal.22 We have previously established a correlation
between cytokine production and S-Gal receptor expression in
EP-treated immune cells.20 27 In the present study, we demon-
strated that the effects of EPs on neutrophil migration, cytokine
release and ROS production were mediated via the elastin recep-
tor, as lactose, the natural elastin receptor agonist, blocked
EP-related changes. Interestingly, it has been reported that

Figure 4 S-Gal expression on
neutrophils isolated from controls and
patients with chronic obstructive
pulmonary disease (COPD). Neutrophils
from controls and patients with COPD
sampled during exacerbation and
stable phases were incubated with or
without elastin-FITC (1 mg/ml, 30 min)
and elastin binding on cells was
determined by flow cytometry analysis.
(A) The data of one representative
experiment are presented.
(B) Statistical analysis of results
obtained from eight independent
experiments. Data are expressed as
mean fluorescence intensity. The
negative control was obtained with
neutrophils isolated from the three
groups (n=24) and not treated with
elastin-FITC. (C) Total RNA was
extracted from neutrophils from
controls (n=20) and from patients with
either stable (n=11) or exacerbated
(n=16) COPD and S-Gal mRNA
expression was determined by
real-time reverse transcriptase PCR.
This figure is only reproduced in colour
in the online version.
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COPD and emphysema are associated with increased EP pro-
duction due to excessive breakdown of lung matrix compo-
nents.13 It can therefore be hypothesized that in the stable state,
excess EP production could participate in the chronic inflamma-
tory process and susceptibility to infection in COPD.

COPD exacerbations are known to be characterised by a burst
of systemic and airways inflammation. This condition is asso-
ciated with many clinical, biological and physiological
changes.32 The present study demonstrated that neutrophil
chemotaxis in response to EPs was abolished in patients with
exacerbated COPD, as already observed in patients with stable
COPD. Consistent with these results, previous studies demon-
strated that neutrophil migration induced by N-Formyl-Met-Leu
Phe (fMLP) or IL-8 was reduced in patients with moderate to
severe COPD compared with patients with mild COPD and
healthy controls. As in our study, no difference was observed
between smoking and non-smoking healthy individuals, suggest-
ing that smoking did not influence in vitro neutrophil migra-
tion.33 34 Conversely, it has been demonstrated that cigarette
smoke extract induces a direct migratory effect on neutrophils
via a β2 integrin-dependent mechanism.35 The discrepancy
between these studies could be explained by the difference in
their experimental design, as the first studies used neutrophils
exposed in vivo to tobacco and the last study used ‘naive’

neutrophils exposed to cigarette smoke extract in vitro.
Similarly, we showed that neutrophils from patients with exacer-
bated COPD were unresponsive to EP stimulation for cytokine
production. Furthermore, neutrophils from patients with exacer-
bated COPD produced high levels of ROS, but were unable to
clear pathogens, with or without EP stimulation. As phagocyt-
osis function and ROS production were preserved in patients
with exacerbated COPD, we suggest that loss of killing function
in neutrophils could be due to alteration in the killing process
of bacteria unrelated to ROS production.

Due to the unresponsiveness of neutrophils to EPs in exa-
cerbated COPD, we addressed the issue of S-Gal receptor
expression and in vivo EP production in patients with exacer-
bated COPD. Our results showed that S-Gal receptor expres-
sion was markedly reduced in the stable state and almost
completely abolished during exacerbation. Furthermore, EP
concentrations were increased in patients with COPD and
twofold higher during exacerbation than in the stable state.
These results are consistent with those of previous studies
reporting enhanced plasma, urine and alveolar concentrations
of EPs in patients with COPD.14 Furthermore, it has been
shown that EP concentrations were increased in BAL fluid
from smokers and correlated with neutrophil elastase activity,
supporting the theory of protease/antiprotease imbalance.15 It

Figure 5 Serum elastin peptide (EP)
levels in patients with chronic
obstructive pulmonary disease (COPD)
and S-Gal expression on
VGVAPG-treated neutrophils isolated
from controls. (A) EP concentrations in
serum from controls (n=5) and patients
with either stable (n=5) or exacerbated
(n=5) COPD were determined by
competitive ELISA. Standards and
variable dilutions of serum samples
were analysed in triplicate. EP
concentrations were calculated from
the standard curve and expressed as
micrograms per millilitre.
(B) Neutrophils from controls (n=12)
were treated with VGVAPG (1 or
10 mg/ml, 4 h) and total RNA was
extracted to analyse S-Gal mRNA
expression by real-time reverse
transcriptase PCR. (C) Neutrophils from
controls were treated with or without
VGVAPG (1 or 10 mg/ml, 4 h), then
incubated with elastin-FITC (1 mg/ml,
30 min). Elastin binding on neutrophils
was determined by flow cytometry
analysis. The data of one
representative experiment are
presented. (D) Statistical analysis of
results obtained from six independent
experiments studying elastin binding
on neutrophils from controls. Data are
expressed as mean fluorescence
intensity. The negative control was
obtained with neutrophils isolated
from the three groups (n=18) and
neither treated with VGVAPG nor
stained with elastin-FITC. This figure is
only reproduced in colour in the online
version.
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has previously been demonstrated that S-Gal located on the
cell membrane surface could be internalised in the presence of
tropoelastin.36 Since enhancement of plasma EP and S-Gal
receptor downregulation were demonstrated in patients with
COPD in the stable state and during exacerbation, we postu-
lated that elastin receptor expression could be regulated by EP
concentrations. In support of this hypothesis, the present
study showed that S-Gal level on neutrophils was drastically
reduced by high EP concentrations in vitro, suggesting a puta-
tive downregulation of elastin receptor in the presence of high
EP concentrations in COPD.

In conclusion, COPD outcome is characterised by recurrent
episodes of exacerbation associated with the acute inflammatory
process. Our results showed that plasma EP concentrations are
enhanced in patients with stable COPD and twofold higher
during exacerbation. Peripheral blood neutrophils from patients
with stable COPD displayed altered cytokine release and ROS
production in response to EP stimulation. Furthermore, during
exacerbation, neutrophils became unresponsive to EP stimula-
tion, a condition associated with downregulation of elastin
receptor on the neutrophil membrane surface. This study there-
fore suggests that COPD exacerbations are associated with
EP-dependent alteration of PMN functions and changes in
innate immunity.
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