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ABSTRACT: The leptin-leptin receptor system might be up-regulated in the airways of chronic

obstructive pulmonary disease (COPD). In bronchial biopsies obtained from normal subjects and

smokers, with and without COPD, the present study examined leptin and leptin-receptor

expression and their co-localisation in airway and inflammatory cells.

Combining immunohistochemistry with terminal deoxynucleotidyl transferase dUTP nick end-

labelling techniques, apoptosis in airway and inflammatory cells and in leptin and leptin-receptor

expressing cells was investigated. In the epithelial cells both leptin and leptin-receptor expression

was higher in normal subjects than in smokers and COPD subjects. By contrast, in the sub-

mucosa, leptin was over-expressed in COPD when compared with normal subjects and smokers.

Leptin and its receptor were co-localised, mainly with activated T cells (CD45R0) and CD8+ T

lymphocytes.

In smokers, apoptosis was found in some inflammatory cells, whereas in COPD inflammatory

cells, leptin and leptin-receptor positive cells were not apoptotic. Leptin expression was related to

COPD severity and assessed using the Global initiative for Chronic Obstructive Lung Disease

classification.

In conclusion, the present study shows an increased leptin expression in bronchial mucosa of

chronic obstructive pulmonary disease patients, associated with airway inflammation and airflow

obstruction.
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C
hronic obstructive pulmonary disease
(COPD) is considered as a disease which
profoundly affects a patient’s quality of

life. This burden is in part linked to inflammation
and to structural changes of the respiratory tract,
which are related to noxious particle exposure,
including tobacco smoking. Persistent inflamma-
tion within the proximal airways is characterised
by an endoluminal influx of neutrophils and the
presence of activated lymphocytes and macro-
phages [1]. The recruitment and survival of those
inflammatory cells within the airways might be
linked to several mediators and growth factors
including leptin. Leptin, the product of the ob
gene, is a pleiotropic molecule which regulates
food intake and some metabolic and endocrine
functions. Demonstrations have shown it to be
secreted by adipose tissue [2], gastric mucosa [3],
intestinal epithelial cells [4], placenta, mammary
epithelium and skeletal muscle [5]. The leptin-
receptor is expressed in peripheral tissues and
cells, including: kidney, lung, adrenal gland,
haematopoietic precursor cells and bone marrow,
neutrophils, monocytes and peripheral T cells [6].

Leptin also plays a regulatory role in innate and
acquired immunity, inflammation, and haemato-
poiesis [6]. Leptin shares similarities with some
cytokines, including: interleukin (IL)-6, IL-11,
ciliary neurotrophic factor and leukaemia inhibi-
tory factor. Its receptor is homologous to the gp-
130 signal-transducing subunit of the IL-6-type
cytokine receptors [7]. Leptin exerts proliferative
and anti-apoptotic activities [8] in a variety of cell
types, including: T lymphocytes, monocytes [9],
and haematopoietic progenitors [10], leptin is also
able to modulate the function of T lymphocytes
and to polarise T helper (Th) cells towards a Th1
phenotype [6]. It is also able to modulate cell
survival by inhibiting apoptosis [11] and affects
cytokine production, the activation of monocytes/
macrophages [12], wound healing [13], angiogen-
esis [14], and haematopoiesis. The signal trans-
duction pathways regulated by leptin are diverse
and include the characteristics of both cytokine
and growth factor receptor signalling [15], indicat-
ing that leptin regulates important aspects of
immunity by regulating both the number and
the activation of T lymphocytes.
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Leptin production is acutely increased during infection and
inflammation [7]. In some patients with COPD, plasmatic
leptin levels are increased and this phenomenon is related to
pro-inflammatory status and dietary intake [16]. Disturbances
in leptin metabolism are related to energy imbalance during
acute exacerbations of COPD [17]. COPD has been recognised
as an inflammatory disease of the airways, however, it is
increasingly being accepted that a link between airway and
systemic inflammation may exist in COPD. Therefore, the
current authors hypothesised that the leptin-leptin receptor
system might be upregulated in the airway mucosa and that
such a system may be involved in the regulation of the number
and phenotype of T lymphocytes in the bronchial mucosa of
COPD subjects. In smokers and COPD patients the co-
localisation of leptin and leptin-receptor expression with
pertinent inflammatory cells was assessed [18]. The apoptotic
status of inflammatory cells was also demonstrated and the
cells that expressed leptin and leptin-receptors were detected.
Finally, the present authors sought whether leptin and its
receptor were associated with clinical and functional char-
acteristics of COPD patients.

MATERIALS AND METHODS
Patients
COPD patients were selected according to Global initiative for
Chronic Obstructive Lung Disease (GOLD) criteria [19]. In
total, 15 current smokers with a normal lung function (GOLD
stage 0) were compared with 27 current smokers (o30
pack?yrs-1) with a mild-to-severe form of COPD (forced
expiratory volume in one second (FEV1): 50–70% of predicted).
All patients with COPD complained of various degrees of
dyspnoea, with 15 reporting a chronic cough with sputum
production. Eight smokers, with a normal lung function,
reported chronic cough and sputum. The current authors
enrolled 14 nonsmoking healthy volunteers as controls.

Fibreoptic bronchoscopy
Fibreoptic bronchoscopy was performed as previously
described [20]. Between four to six bronchial biopsies were
taken using the same forceps on a sub-segmental bronchus of
the left, lower lobe. Bronchial specimens were processed as
previously described in detail [20]. In brief, biopsies were fixed
in 10% formaldehyde (pH 7.2) and embedded in paraffin.
Tissue sections, 4 mm in size, were affixed to microscope slides
which had been pre-treated with polylysine solution (Sigma
Aldrich, St Louis, MO, USA). After de-waxing and re-
hydration the slides were used for immunohistochemistry.
All biopsy samples were coded and sections were studied in a
blinded fashion. Two independent pathologists made all
evaluations, unaware of the biopsy code. The present study
was approved by the ethic committee of Hôpital Arnaud de
Villeneuve (Montpellier, France) and all patients agreed to
participate by signing a written consent form.

Enumeration of leptin positive and leptin-receptor positive
cells
Slides were incubated with a rabbit-polyclonal antibody Ob
anti-leptin (A-20; 1:20 dilution; 1 h at room temperature), and
with a goat-polyclonal antibody Ob-R anti-leptin receptor (M-
18; 1:15 dilution; overnight; 4 C̊). Both antibodies were from
Santa Cruz Biotechnology (Santa Cruz, CA, USA) [21]. The

reaction was revealed by labelled streptovidin-biotinkit-horse-
radish peroxidase (LSAB+KIT-HRP; DAKO, Glostrup,
Denmark), according to the manufacturers instructions.
Control slides for leptin were prepared as described by
CAMPBELL et al. [22]. The immunocomplex was obtained by
immunoprecipitation (A/G plus-agarose; Santa Cruz
Biotechnology), and by incubation with the rabbit-polyclonal
antibody Ob (2 mg?mL-1) and human recombinant leptin
(20 mg?mL-1; Sigma Aldrich) overnight at 4 C̊. Control slides
for the leptin-receptor were prepared using the antibody
diluent. The cell nuclei were stained for 1 min with haematox-
ylin (DAKO). Slides were evaluated using a Leica (Wetzlar,
Germany) microscope at 6400 magnification. In the sub-
mucosa, positive cells were counted along the entire length of
the epithelial basement per unit area (mm2). In the epithelium,
positive cells were evaluated per area over a minimum length
of 260 mm from the internal side of the epithelium. The images
were then subsequently analysed using a Quantimet 500 MC
software (Leica) for image analysis.

Enumeration of inflammatory cells
Neutrophils, activated T-lymphocytes (CD45R0), CD8+ T cells
and macrophages were characterised using the following
monoclonal antibodies: 1) anti-neutrophil elastase (Clone
NP57 diluted 1:5; incubated overnight at 4 C̊); 2) anti-T cell
CD45R0 (Clone UCHL-1 diluted 1:50; incubated 1 h at room
temperature); 3) anti-CD8 T cell (Clone C8/144B diluted 1:10;
incubated overnight at 4 C̊); and 4) anti-CD68 (Clone KP1
diluted 1:50; incubated overnight at 4 C̊). All antibodies were
from DAKO. To expose the immunoreactive epitopes of cell
markers the slides stained for CD45R0, CD68 and elastase were
pre-incubated with 0.1% trypsin in trizma buffer saline, pH 7.6
at 37 C̊ for 10 min, while the sections to be stained for CD8+ T
cells were pre-treated in trizma buffer saline, pH 9.1 and
incubated at 92 C̊ for 45 min.

Enumeration of inflammatory cells expressing leptin and
leptin-receptor
To assess the expression of leptin and leptin-receptor by
neutrophils, macrophages, CD45R0 and CD8+ T cells, a double
immunostaining was performed. This combined the LSAB+
KIT-HRP technique used to identify cells expressing leptin
and its receptor, with the alkaline phosphatase anti-
alkaline phosphatase (DAKO) technique used to identify cell
phenotypes [23].

Enumeration of apoptosis in leptin positive and leptin-
receptor positive cells
The co-localisation of leptin or leptin-receptor with apoptotic
cells was studied by combining the alkaline phosphatase
terminal deoxynucleotidyl transferase dUTP-mediated nick
end labelling (TUNEL) technique (Roche Diagnostic GmbH,
Indianapolis, IN, USA) [23], used to identify apoptotic cells
(nuclear staining), with the DAKO LSAB+KIT-HRP technique,
used to identify the leptin and leptin-receptor (cytoplasmic
staining).

Enumeration of apoptosis in CD45R0 and CD8+ T cells
Apoptosis was also studied in CD45R0 and in CD8+ T cells
by combining the peroxidase TUNEL technique (Roche
Diagnostic GmbH) [20], used to identify apoptotic cells
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(nuclear staining), with the DAKO LSAB2 alkaline phospha-
tase method, used to identify the inflammatory cells (cyto-
plasmic staining).

Statistical analysis
Data are expressed as median (25–75 percentiles). A Kruskal
Wallis test was performed for comparison among the three
groups of subjects in addition with post hoc Bonferroni-Dunn
tests. A nonparametric Mann-Whitney U-test was applied
between two groups when the initial Kruskal Wallis was
significant. Correlations were determined using a Spearman
rank correlation or a Kendall tau test. Differences were
considered significant if p,0.05.

RESULTS
Demographic characteristics of the patients
Demographic characteristics of the patients are reported in
table 1. By comparison to the other two groups, COPD patients
with mild-to-severe disease (GOLD 1–3) had a significantly
lower FEV1 and FEV1/forced vital capacity (FVC) levels.
Moreover, they had smoked significantly more than smokers at
risk for COPD (GOLD 0). There was a significant correlation
between the smoking consumption and FEV1 (p,0.003,
Spearman rank correlation), FEV1/FVC (p,0.0009) and
GOLD stage (p,0.002, Kendall’s tau test).

Enumeration of leptin and leptin-receptor
In the epithelial cells, the expression of leptin and its receptors
was higher in normal subjects than in smokers or in mild-to-
severe COPD subjects (table 2; fig. 1). In the sub-mucosa, the
expression of leptin was significantly higher in COPD than in

smokers and normal subjects. Conversely, the expression of
leptin-receptors was similar in the three studied groups
(table 3; fig. 1).

TABLE 1 Demographic characteristics of the patients

Normal

subjects

Smokers

(GOLD 0)

Mild-to-severe COPD

(GOLD 1–3)

p-value controls

GOLD 0

p-value controls

GOLD 1–3

p-value GOLD 0

GOLD 1–3

n 14 15 27 NA NA NA

Age yrs 25 (23–31) 26 (20–50) 57(45–69) NS ,0.0003 ,0.005

Sex M:F ratio 61.5 81 88 NA NA NA

FEV1 % pred 106 (96–122) 100 (91–102) 60 (48–78) NS ,0.0007 ,0.001

FEV1/FVC 95 (91–100) 89 (82–95) 65 (54–78) NS ,0.007 ,0.001

Smoking pack-yrs 0 5 (3–35) 40 (30–60) NA NA ,0.001

Data are presented as median (25–75 percentiles), n or %, unless otherwise stated. GOLD: Global initiative for Chronic Obstructive Lung Disease; COPD: chronic

obstructive pulmonary disease; M: male; F: female; FEV1 pred: forced expiratory volume in one second predicted; FVC: forced vital capacity; NA: not applicable; NS:

nonsignificant.

TABLE 2 Leptin and leptin-receptors in the epithelial cells

Normal

subjects

Smokers

(GOLD 0)

Mild-to-severe COPD

(GOLD 1–3)

p-value controls

GOLD 0

p-value controls

GOLD 1–3

p-value GOLD 0

GOLD 1–3

Leptin+cells 50 (37–57) 23 (12–30) 26 (17–44) ,0.01 ,0.003 NS

Leptin receptor+cells 39 (34–40) 16 (11–33) 24 (16–28) ,0.04 ,0.02 NS

Data presented as median (25–75 percentiles). GOLD: Global initiative for Chronic Obstructive Lung Disease; COPD: chronic obstructive pulmonary disease; NS:

nonsignificant.

a) b)

d)c)

FIGURE 1. Leptin positive biopsies of a) normal and b) chronic obstructive

pulmonary disease (COPD) subjects. Leptin-receptor positive biopsies of c) normal

and d) COPD subjects (see material and methods for details). Scale bar540 mm.
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Enumeration of inflammatory infiltrate
In the sub-mucosa, the number of macrophages (CD68 positive
cells) and the number of CD45R0 and CD8+ T cells were
significantly higher in mild-to-severe COPD subjects than in
smokers or in normal subjects, while the number of neutro-
phils (elastase positive cells) was similar in the three groups
(table 3).

Co-localisation of leptin and leptin-receptor in inflammatory
cells
In COPD patients and smokers, most of the cells expressing
leptin and leptin-receptors were CD45R0 and CD8+ T cells
(table 4; fig. 2) whereas few neutrophils and macrophages
were found to be positive for these markers. In addition, in
COPD subjects, the percentage of CD45R0 and CD8+ T cells
expressing leptin and its receptor was greater than in smokers
(table 4). In normal subjects few CD45R0 T cells were found to
be positive for leptin and its receptor (table 4), whereas there
were no CD8+ T cells, neutrophils and macrophages the co-
localisation analysis was not possible.

Enumeration of apoptotic CD45R0 and CD8+ T cells
In the biopsies obtained from normal subjects, the absence of a
sufficient number of lymphocytes precluded the performance
of any apoptosis assay. In COPD patients, no apoptotic
CD45R0 or CD8+ T cells were found (fig. 3). In contrast, in
smokers there were a low percentage of apoptotic CD45R0 T
cells (median percentage of apoptotic over total58%; 25–75

TABLE 3 Submucosal infiltrate

Normal

subjects

Smokers

(GOLD 0)

Mild-to-severe COPD

(GOLD 1–3)

p-value controls

GOLD 0

p-value controls

GOLD 1–3

p-value GOLD 0

GOLD 1–3

Macrophages 10 (5–39) 24 (19–45) 35 (17–75) ,0.0004 ,0.0001 ,0.0004

CD8+ positive cells 0 (0–0) 17 (12–22) 25 (15–43) ,0.0001 ,0.0001 ,0.02

CD45R0 positive cells 44 (41–54) 57 (25–70) 120 (97–159) NS ,0.0002 ,0.0002

Neutrophils 0 (0–2) 0.5 (0–5) 0.2 (0–4) NS NS NS

Leptin positive cells 10 (0–53) 17 (12–26) 110 (91–154) NS ,0.0001 ,0.0001

Leptin receptor positive cells 45 (26–52) 26 (18–70) 30 (15–50) NS NS NS

Data are presented as median (25–75 percentiles). GOLD: Global initiative for Chronic Obstructive Lung Disease; COPD: chronic obstructive pulmonary disease; NS: non-

significant.

TABLE 4 Results of double-immunostaining

Normal

subjects

Smokers

(GOLD 0)

Mild-severe COPD

(GOLD 1–3)

p-value controls

GOLD 0

p-value controls

GOLD 1–3

p-value GOLD 0

GOLD 1–3

CD8+/Leptin+ NA 45 (41–49) 69 (45–89) NA NA ,0.0003

CD8+/Leptin receptor+ NA 47 (44–48) 67 (47–92) NA NA ,0.0003

CD8+/TUNEL+ NA 16 (13–20) 0 (0–5) NA NA ,0.0001

CD45R0/Leptin + 0 (0–10) 42 (17–52) 90 (85–90) ,0.0001 ,0.0001 ,0.0001

CD45R0/Leptin receptor+ 18 (15–38) 47 (25–50) 90 (70–92) ,0.009 ,0.0001 ,0.0006

CD45R0/TUNEL+ 7 (6–8) 3.5 (0–7.5) NA NA ,0.0001

Data are presented as median (25–75 percentiles of percentages of total CD45R0 or CD8+ cells). GOLD: Global Initiative of Chronic Obstructive Lung Disease; COPD:

chronic obstructive pulmonary disease: TUNEL: terminal deoxynucleotidyl transferase dUTP nick end-labelling; NA: not available.

a) b)

c) d)

FIGURE 2. Leptin and its receptor are expressed by CD45R0 and by CD8+ T

cells in chronic obstructive pulmonary disease (COPD). Double stained cells show

a co-localised immunoreactivity. Leptin expression by a) CD45R0 and b) CD8+ T

cells. Leptin receptor expression by c) CD45R0 and d) CD8+ T cells. Arrows indicate

the double stained cells (see material and methods for details). Scale bar518 mm.
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percentile56.7–9.6) and of apoptotic CD8+ T cells (median
percentage of apoptotic over total518%; 25–75 percentile53.5–
20).

Enumeration of apoptotic leptin positive and leptin-receptor
positive cells
The combination of the TUNEL technique with immunohis-
tochemistry for leptin and leptin-receptor showed that, in
COPD patients and in smokers, none of the cells expressing
leptin and/or leptin-receptors were apoptotic (fig. 4).

Correlation between leptin positive and leptin-receptor
positive cells and clinical and functional parameters
Leptin positive cells negatively correlated with both FEV1

and FEV1/FCV values (p,0.01 and p,0.006, respectively,
Spearman rank correlation) and GOLD stages (p,0.0001;
Kendall’s tau test: 0.57; fig 5). With the exception of one
patient, a relevant number of leptin positive cells were
present in only patients with FEV1 ,80% predicted. There
was no significant correlation between smoking consump-
tion and leptin positive cells. GOLD stages were signifi-
cantly associated with CD45R0 apoptotic cells (p,0.02,
Kendall’s tau test correlation) and CD8+ T apoptotic cells
(p,0.01).

DISCUSSION
The present study demonstrated that in the submucosa, the
expression of leptin is significantly higher in COPD than in
smokers and normal subjects. In epithelial cells, the expression
of leptin and its receptors is higher in normal subjects than in
smokers or in mild-to-severe COPD patients. Leptin plays a
role in the regulation of food intake and energy expenditure

and appears to act as a link between immune and endocrine
functions [6, 7, 24–28]. The present study is the first
investigating the leptin and leptin-receptor expression in the
bronchial tissue of smokers with or without COPD. Previous
findings have shown a relationship between leptin release
in patients with COPD and wasting [16, 17]. A pleiotropic role
for leptin in mammalian physiology has been suggested,
this being leptin-deficient mice characterised not only by
obesity, but also by abnormalities in reproductive function,
hormone levels, wound repair, bone structure, and immune
function [13, 27]. Based upon this evidence, and on leptin and

a) b)

c) d)

FIGURE 3. CD45R0 positive cells (a, c) and CD8+ T cells (b, d) are not

apoptotic in chronic obstructive pulmonary disease patients. The identification of

apoptosis was given by nuclear staining while the identification of CD45R0

and CD8+ T cells was given by cytoplasmic staining. Arrows indicate CD45R0

and CD8+ T cells. Arrowheads indicate apoptotic cells a, b) Scale bar540 mm,

c, d) scale bar518 mm.

a) b)

c) d)

FIGURE 4. Leptin positive cells (a, c) and leptin receptor positive cells (b, d)

are not apoptotic in chronic obstructive pulmonary disease patients. The

identification of apoptosis was given by nuclear staining while the identification of

leptin and its receptor-positive cells was given by cytoplasmic staining. Arrows

indicate leptin and its receptor-positive cells. Arrowheads indicate apoptotic cells.

a, b) Scale bar540 mm, c, d) scale bar518 mm.
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FIGURE 5. Leptin positive cells are directly correlated with Global Initiative of

Chronic Obstructive Lung Disease (GOLD) stages. Gold 0: n515; Gold 1: n511;

Gold 2: n57; Gold 3: n59. Kendall tau test: 0.57; p,0.0001.
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leptin-receptor structure, the concept that leptin may function
as an immunomodulatory cytokine has been increasingly
accepted [6, 7]. Leptin can also modulate the function of T
lymphocytes, being able to enhance T-cells proliferative
response and cytokines production by T lymphocytes. Also
of great interest is the finding that leptin can polarise Th cells
toward a Th1 phenotype [28], and can modulate cell survival
by inhibiting apoptosis [11], suggesting that leptin regulates
important aspects of immunity by regulating the survival of T
lymphocytes.

It has also been demonstrated that leptin has a proliferative
and anti-apoptotic role for intraepithelial CD8+ T lympho-
cytes in colitis in wild type mice versus ob/ob mice [29]. In
keeping with the aforementioned concepts, in the present
study it was demonstrated that in COPD there is an over-
expression of leptin in the sub-mucosa correlated to the
expression of the lymphocytes T activated, mainly CD8+ T
lymphocytes. Besides, none of the inflammatory cells are
apoptotic and none of the cells expressing leptin and/or
leptin-receptor are apoptotic. In contrast, in the sub-mucosa
of smokers with normal lung function the expression of leptin
and its receptor is lower than in the sub-mucosa of COPD, as
well as the expression of inflammatory cells, some of which
are apoptotic. These findings suggest that in COPD the
expression of leptin and its receptor can regulate proximal
airway inflammation. Furthermore, a significant correlation
was found between leptin and the severity of COPD,
suggesting that leptin over-expression may have an impact
on both mucosal inflammation and disease status. Therefore,
the current results suggest that in bronchial sub-mucosa
leptin may act within the bronchial wall as a potential
mediator able to perpetuate bronchial inflammation by
increasing the survival of some inflammatory cells.
Compelling evidence has shown a rich inflammatory cellular
network infiltrating the airways of COPD that significantly
correlates with airflow limitation [30, 31]. However, since the
COPD patients were older than the control subjects (smokers
or nonsmokers), it is unlikely that this difference might have
influenced the proximal airway inflammation despite some
data obtained in rodents showing an increase in CD45R0 cells
with ageing [32]. The contribution of proximal airways to
COPD was associated with the chronic bronchitis phenotype.
In the present study few patients complained of chronic
cough and sputum production, a situation which did not
allow examination of the potential relationships with leptin
expression. In COPD, CD8+ T lymphocytes are thought to act
as effectors of the cell-mediated immune response, represent-
ing the anti-viral arm of the immunological system. In the
present study, no apoptotic CD8+ cells could be found in
COPD patients while a low percentage (median: 3%) of
apoptotic CD8+ cells was detected in smokers. These findings,
together with the finding that leptin, a well established anti-
apoptotic mediator [6, 9, 11], was over-expressed in COPD
patients suggest a probable role of leptin in the regulation of
CD8+ cell apoptosis in COPD. Leptin may affect other
lymphocytes as shown by the high number of CD45R0 cells
being positive for leptin and nonapoptotic. CD4 lymphocytes
are potential key players in COPD, but their role remained to
be fully demonstrated. Conversley, albeit of potential impor-
tance, few neutrophils and airway macrophages were positive

for leptin. Neutrophils are mainly found in the lumen of the
bronchi in COPD. Macrophages can be regulated by leptin,
but they are not able to produce leptin to the best of the
current knowledge [33]. Leptin has been associated with
bacterial pulmonary infection, a condition which could
induce COPD exacerbations. The over-expression of leptin
in inflammatory cells within the submucosa of the bronchi in
COPD might be related to the recurrence of infections in that
condition. Apoptosis helps to maintain constant cell numbers
and its deregulation causes pathological conditions such as
inflammation and cancer, due to the activation of anti-
apoptotic Bcl-2 family members (e.g. Bcl-2 and Bcl-xl) [34].
A Previous study shows the ability of leptin to upregulate
Bcl-xl through the leptin receptor on lymphocytes [11]. In this
context leptin may contribute with its anti-apoptotic activity
to the accumulation of T lymphocytes in the bronchial
submucosa of COPD patients. In smokers without airflow
obstruction, the lower expression of leptin may allow those
cells to become apoptotic more frequently and then to be
removed from the airways. The importance of the apoptosis
rate to maintain the airways with a low inflammatory number
has not been yet investigated. In the epithelial cells, and in
very few inflammatory cells infiltrated within the epithelial
layer in COPD, the expression of leptin and its receptor
observed in the present study deserves some considerations.
The increased immunoreactivity of leptin and its receptor in
normal subjects in comparison with smokers and COPD
patients may reflect different patterns of maturation and
differentiation in the bronchial epithelium among the studied
groups. As previously studied in animal models [35], the
pathway of leptin and its receptor may be important in
regulating the maturation of epithelial cells of the foetal lung
as human gastric epithelium expresses leptin mRNA and
leptin protein [36]. Epithelium abnormalities are hallmarks in
the bronchi of smokers and COPD subjects [37]. The higher
expression of leptin and its receptor in epithelial cells of the
normal subjects rather than in modified epithelium of
smokers and COPD subjects suggest that the leptin/leptin-
receptor pathway is involved in the correct proliferation of
the epithelial cells, and the decrease of leptin and its receptor
expression in these two groups of subjects might be related to
the ongoing epithelial changes demonstrated in these condi-
tions. The exact contribution of leptin in those epithelial
abnormalities deserves further investigation. A different
pattern of expression of leptin and leptin receptors in the
bronchi of normal subjects was observed in patients at risk for
COPD (GOLD 0) and patients with COPD with airflow
impairment. Leptin positive cells inversely correlated with the
FEV1 and with the FEV1/FVC values in COPD subjects
(GOLD 0–3), demonstrating that the pro-inflammatory role
played by leptin is also associated with a progressive
functional impairment. This evidence may support the
hypothesis that leptin can play a cytokine-like role within
the airways and mainly regulates the inflammatory cell
infiltration of the submucosa in COPD. Several cytokines,
including IL-4 and IL-13, have been shown to act as potential
pro-inflammatory mediators in the bronchi of COPD patients
[38]. Some other cytokines involved in the COPD inflamma-
tion, such as IL-6 and tumour necrosis factor-a, have been
shown to regulate leptin in several models [39]. Leptin
influences innate and adaptive immune responses as well as
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autoimmunity [2]. White adipose tissue is now recognised to
be a multifunctional organ, by the production of different
adipokines involved in inflammation which can influence
inflammatory process at different levels [40].

In this context, leptin represents a pleiotropic molecule
together with the other adipokines involved in the regulation
of the immune system. In this scenario it is conceivable that
leptin might act as a cytokine-like mediator capable of playing
a role in airway inflammation in chronic obstructive pulmon-
ary disease with a potential impact on the severity of the
disease.
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