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ABSTRACT: An increasing body of evidence indicates that the bronchial epithelium
plays a crucial role in the pathophysiology of chronic obstructive pulmonary disease
(COPD). The aim of this study was to identify new genes whose bronchoepithelial
expression is specifically altered in COPD patients.

Primary bronchial epithelial cell (PBEC) cultures were established from exsmokers
with stable airflow limitation and never smokers. Complementary deoxyribonucleic acid
array technology was used to investigate the differential expression of 847 cytokine and
cytokine-related genes between the two groups. Statistical analysis was performed by
means of significance analysis of microarrays and Bonferroni-corrected analysis of
variance on ranks. Discriminant analysis and light cycler measurements as well as flow
cytometry and Western blotting were used to confirm the significance of the array
results at both the messenger ribonucleic acid (mRNA) and protein expression levels.

With respect to array experiments, melanoma cell adhesion molecule (MCAM) was
identified as the sole gene showing highly significant upregulation in PBECs from
COPD patients compared to never smokers. Light cycler measurements confirmed
these results, revealing a 2.9-fold and 2.0-fold increase in MCAM mRNA expression in
COPD patients compared to nonsmokers and smokers, respectively. In addition, these
differences are associated with higher median protein expression levels.

These results strongly suggest involvement of melanoma cell adhesion molecule in the
pathophysiology of the chronic airway inflammation seen in patients with chronic
obstructive pulmonary disease.
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The traditional view of the bronchial epithelium as a
relatively passive physical barrier to the external environment
has been superseded by the concept that the epithelial cell
plays a key role in regulating airway inflammation [1]. Human
bronchial epithelial cells can synthesise and release a wide
variety of pro-inflammatory mediators that influence the
initiation and maintenance of chronic inflammatory airway
diseases such as chronic obstructive pulmonary disease (COPD)
[2, 3]. Recent studies lead to the assumption that functional
differences exist between epithelial cells from smokers with
and without COPD and never smokers [4, 5]. Probably due to
the great variability in individual response to cigarette smoke,
only a small proportion of those who smoke develop COPD.
Functional differences between epithelial cells may contribute
to the development of inflammatory changes affecting the
airways in COPD patients. Since existing studies have mainly
focused only on a selected number of cytokines, this area of
research would greatly benefit from investigations utilising
more sophisticated and comprehensive approaches such as
array technology.

The development of gene array technology allows study of
the relative messenger ribonucleic acid (mRNA) levels of
hundreds of genes simultaneously. This method can be used
to screen for differentially expressed genes, especially in
pathological conditions such as COPD [6].

The present article reports observations on differentially
expressed cytokine and cytokine-related genes in confluent

primary bronchoepithelial cell (PBEC) cultures derived from
exsmokers with stable airflow limitation and never smokers.

Methods

Subjects

Patients referred to the clinic of the Dept of Internal
Medicine, University of Regensburg, Germany to undergo
flexible bronchoscopy for various reasons were screened for
inclusion in the present study. Selection of COPD patients
was based on the definition and classification provided by the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) [7]. In brief, inclusion criteria included patients
with stable airflow limitation, a forced expiratory volume in
one second (FEV1) of v70% of the predicted value, bron-
chodilator reversibility of v10% pred in FEV1 after 200 mg
inhaled salbutamol and a smoking history of w10 pack-yrs.
None of the patients with COPD had a history of atopy or
evidence of atopy based on skin-prick testing for common
aeroallergens. Smokers had normal lung function testing and
a smoking history of w10 pack-yrs. Control subjects were
lifelong nonsmokers with normal lung function and no
history of airway disease. Subjects who had had a respiratory
tract infection or exacerbation of the airway disease within
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the previous 8 weeks and those receiving systemic or topical
corticosteroids during the previous 12 weeks were excluded
from the study. All patients gave written informed consent,
and the study was approved by the local ethics committee.

Patients underwent fibreoptic bronchoscopy after light
sedation and prior inhalation of lidocaine for local ana-
esthesia. Bronchial epithelium was obtained by gentle brushing
of segmental and subsegmental bronchi under direct visual
guidance by means of a protected brush. Samples were taken
from the contralateral side of the lung in patients with
suspected or proven bronchial malignancy to avoid potential
contamination of the sample. Brushes were immediately
placed in ice-cold bronchial epithelial growth medium and
transported directly to the laboratory for further processing.

Culture of primary bronchial epithelial cells

The preparation and culture of PBECs was performed
according to standard protocols described previously [8].
Confluent cultures were growth-arrested for 24 h by leaving
out epidermal growth factor and pituitary extract from the
medium and washed twice with freshly prepared incomplete
bronchial epithelial cell growth medium.

Ribonucleic acid isolation

Ribonucleic acid (RNA) was isolated using the High
Pure RNA Isolation Kit provided by Roche Diagnostics
(Mannheim, Germany). RNA quality and quantity were
evaluated by ultraviolet spectrophotometry and agarose gel
electrophoresis.

Cytokine complementary deoxyribonucleic acid array

A human cytokine complementary deoxyribonucleic (cDNA)
array (R&D Systems, Minneapolis, MN, USA), containing a
comprehensive collection of 847 cytokines, chemokines and
immunomodulatory factors, as well as receptors for these
categories of molecule, was used. One array was used per
patient. A maximum of four arrays were hybridised in parallel
and exposed for 7 days on storage phosphor screens for
analysis in the Cyclone Phosphoimager (Canberra-Packard,
Dreieich, Germany). AIDA Array Metrix software (Raytest,
Straubenhardt, Germany) was used for quantitative data aquisi-
tion from the array experiments. Arrays were normalised
against nine positive control housekeeping genes (a-tubulin,
b2-microglobulin, b-actin, cyclophilin A, glyceraldehyde-3-
phosphate dehydrogenase, human leukocyte antigen A0201,
hypoxanthine phosphoribosyltransferase 1, ribosomal protein
L19 and transferrin receptor) represented on the array.
Comparision between different experiments was achieved
using a human reference RNA (Stratagene, Amsterdam, the
Netherlands) for normalisation between the different experi-
mental sets.

In order to identify potentially significant differences in
gene expression, significance analysis of microarrays (SAM)
software (Stanford University, CA, USA) was used [6]. In
brief, in SAM, a score is assigned to each gene on the basis of
change in gene expression relative to the SD of repeated
measurements. For genes expressed above an adjustable
threshold, SAM uses permutations of the repeated measure-
ments to estimate the percentage of genes identified by chance
or the false discovery rate.

Real-time polymerase chain reaction

Real-time polymerase chain reaction (PCR) was performed
according to standard protocols described previously [9]. All
experiments were performed using the Light Cycler DNA
Master SYBR Green I kit (Roche, Mannheim, Germany).
Cytoplasmic b-actin was analysed in parallel to each PCR and
the resulting actin measurements were used as standards for
presentation of the concentrations of specific transcripts as
indicated. Oligonucleotide primers were designed according
to published sequences (table 1).

Flow cytometry

Confluent cultured cells were trypsinised, washed once with
2% bovine serum albumin in phosphate-buffered saline (PBS;
pH 7.4, concentration 16PBS without calcium and magne-
sium) and stained for 45 min with the monoclonal CD146
antibody P1H12 (sc-18837, 1:50 dilution; Santa Cruz
Biotechnologies, Heidelberg, Germany) at 4uC. Fluorescein
isothiocyanate-conjugated F(ab9)2 fragments of goat anti-
mouse immunoglobulins (F 0479, 1:50 dilution; Dako, Glostrup,
Denmark) were used as the second-step reagent and
incubated at 4uC for 30 min. As a negative control, unrelated
mouse immunoglobulin G1 was used (IM0571, 1:5 dilution;
Immunotech, Marseille, France) and incubated at 4uC
for 45 min. Membrane fluorescence was analysed using a
FACScan flow cytometer (Becton Dickinson, San Jose, CA,
USA).

Western blotting

Western blots were performed by solubilising 16106 PBECs
in 200 mL lysis buffer. Whole cell proteins (100 mg per lane)
were separated by sodium dodecyl sulphate gel electrophor-
esis under reducing conditions and blotted onto nitrocellu-
lose. Blots were then incubated with the primary antibody
(NCL-CD146, 1:50 dilution; Novo Castra, Newcastle upon
Tyne, UK) for 60 min. This was followed by a 45-min incu-
bation with a horseradish peroxidase-conjugated sheep anti-
mouse antibody (sc-2031, 1:2500 dilution; Santa Cruz
Biotechnologies, Heidelberg, Germany). A chemolumines-
cence detection system was used for visualisation of mela-
noma cell adhesion molecule (MCAM) on Kodak X-ray film

Table 1. – Accession numbers of genes investigated and primer sequences used for real-time polymerase chain reaction

Gene Accession number Primer

Forward Reverse

b-Actin X00351 ACCGAGCGCGGCTACAGC CTCATTGCCAATGGTGAT
MCAM NM_006500 GATGGCATTCAAGGAGAGGA GAGTCTGGTGTGAGGGTGGT
TGF-bRI NM_004612 GATGGGCTCTGCTTTGTCTC CAAGGCCAGGTGATGACT

MCAM: melanoma cell adhesion molecule; TGF-bRI: transforming growth factor-b receptor type I.
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(Eastman Kodak Company, Rochester, New York, USA).
Individual blots were exposed for 30–120 s to optimise the
signal-to-noise ratio. Bands were quantified using densitom-
etry and expressed as arbitrary densitometric units.

Statistical analysis

Lung function, flow cytometric and Western blot data are
presented as mean¡SEM or median (range) as appropriate.
Group data were compared using either Kruskal-Wallis
analysis of variance on ranks with post hoc analysis or the
Mann-Whitney rank-sum test for comparison of two groups.
Significance was established at pv0.05.

Different methods were used for statistical analysis of the
array data. First, SAM software was used to identify signi-
ficant genes. Secondly, the AIDA-derived and normalised
expression data for each gene were compared between the two
groups using the Mann-Whitney rank-sum test. For those
genes that showed an increase in mean expression between
COPD patients and control subjects, Bonferroni adjustment
was performed to determine the level of significance (pv
0.0002). Thirdly, for assessment of differences between the
two groups, the results from the first 20 positive and negative
genes were used for stepwise discriminant analysis. Signifi-
cance of differences was checked using the Chi-squared
significance test for every canonical discriminant coefficient.

Results

Subjects

Thirty-three patients (13 lifelong nonsmokers, six smokers
with normal pulmonary function and 14 exsmokers with
COPD) were included in the study. All patients were referred
for bronchoscopy for clinical reasons. Fifteen patients under-
went preoperative diagnostic procedures for suspected
peripheral or central carcinoma of the bronchus. Five patients
had histologically proven carcinoma of the distal oesophagus.
Seven patients were referred with a single episode of suspected
haemoptysis for exclusion of underlying malignancy. Six patients
underwent extended diagnostic procedures due to unex-
plained shortness of breath during exercise. The patient charac-
teristics of the three groups are shown in table 2. The mean
FEV1/forced vital capacity ratio was 55.7¡4.5% in the COPD
group (pv0.001) and within normal ranges in the control and
smoker groups. Twelve patients had COPD of moderate
severity (GOLD II), whereas the remaining two were classified
as GOLD III. All COPD patients were exsmokers with a median
smoking abstinence of 5.0 (0.5–13.0) yrs. Bronchodilator

medication in the COPD group consisted of long-acting
inhaled b2-agonists and anticholinergics in 10 patients. In
addition, two patients took slow-release theophylline and two
were treated solely with anticholinergics. No individual
showed bronchodilator reversibility of w10%. None of the
patients had taken oral or inhaled steroids for o12 weeks
prior to the study.

Cells were kept in culture for a median time of 7.5 (4–11)
days until they were confluent. Growth characteristics were
not significantly different between the three groups (p=0.485),
and the median numbers of culture days were 7.5 (4–11), 6.5
(5–8) and 7.3 (5–11) in nonsmokers, smokers and COPD
patients, respectively.

Analysis of complementary deoxyribonucleic acid arrays

Figure 1 shows a scatter plot of the observed relative dif-
ferences against the expected relative differences. The vast
majority of genes are located close to the line of identity,
indicating no differences in gene expression between groups.
With a threshold of 0.25, 13 genes were identified as being
significantly upregulated. In addition, a false discovery rate of
28.4% was calculated. Table 3 denotes genes with positive
changes in expression determined to be significant by SAM.

Of the 847 genes present in the array, 287 showed greater
expression in PBECs derived from COPD patients. For 23
genes, a p-value of v0.05 was calculated. After Bonferroni

Table 2. – Patient characteristics of the three groups

Control Smoker COPD

Age yrs 55.4¡2.8 51.5¡6 62.1¡1.4
Males:females n 7:6 3:3 11:3
Exsmokers n 0 14
Smoking history pack-yrs 35.75¡6.7 35.6¡3.5
FEV1 L 3.15¡0.22 2.87¡0.33 1.67¡0.16#,}

FEV1 % pred 110.0¡3.6 99.9¡5.12 55.7¡4.5z

FEV1/FVC % 83.4¡1.8 88.2¡1.8 54.8¡2.9z

TLC % pred 98.0¡4.3 94.9¡2.9 106.4¡4.7
RV/TLC % 34.3¡3.0 32.8¡4.3 55.3¡2.7

Data are presented as mean¡SEM; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one second; FVC: forced vital
capacity; TLC: total lung capacity; RV: residual volume; % pred: percentage of the predicted value; #: pv0.01 versus smokers; }: pv0.001 versus control;z:
pv0.001 versus control and smokers.

�

�

�

�

��

��

��

�
��
	

�	
�

� �� �� � � � 
���	��	�

�
�

�

�������
����

������
����

�����
�����

����
�����

�����
�����

����
����

�����
����

��

�������� �

�

���������������������������������������������������������

�

Fig. 1. – Significance analysis of microarrays. Scatter plot of the
observed relative difference against the expected relative difference.
The solid line indicates where these are identical. ..........: 0.25 from
the solid line. The arrow indicates melanoma cell adhesion molecule.
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adjustment, only MCAM expression reached the level of
significance (p=0.0001), showing 5.2-fold upregulation in COPD
patients. Table 4 lists the first 13 positive genes identified
in the Mann-Whitney rank-sum test. Four genes, MCAM,
tumour necrosis factor receptor superfamily, member 11b/
osteoprotegrin, G protein-coupled receptor 19 and polo-like
kinase were identified with both analytical attempts.

For the first 20 positive and negative genes identified using
the Mann-Whitney test, Wilk9s lambda was determined by
discriminant analysis. The four genes with the lowest Wilk9s
lambda were used for further analysis. Thereby, MCAM
and transforming growth factor-b receptor type I (TGF-bRI)
were identified as independent variables with respect to
discriminating between the two groups. The standardised
canonical discriminant coefficients for MCAM and TGF-bRI
were 1.176 and -0.959, respectively (pv0.001 for both

coefficients). Classification results of actual versus predicted
group membership revealed 100% accurate classification.

Quantitative real-time polymerase chain reaction

In order to verify the induction of MCAM and inhibition
of TGF-bRI seen in the cDNA array at the transcriptional
level, real-time PCR experiments were performed with total
RNA from the same patients and an additional six COPD
patients plus five control subjects, who were also used for
protein expression studies. Furthermore, steady-state MCAM
mRNA expression was measured in six current smokers
without airway obstruction. Measurements of b-actin mRNA
levels did not vary significantly between the two groups (data
not shown). COPD patients revealed a 2.9-fold and 2.0-fold
increase in MCAM expression compared to control subjects
(pv0.001) and smokers without airway obstruction (p=0.038),
respectively. The median abundance of TGF-bRI in control
subjects and COPD patients used in the array analysis
amounted to 11.9 (7.2–22) and 11.7 (7.6–14)%, respectively
(p=0.96). Figure 2 summarises the results of the MCAM light
cycler experiments.

Flow cytometry

PBECs from five never smokers and six COPD patients
were used for flow cytometry to evaluate membrane expres-
sion of MCAM. Of the PBECs derived from control subjects
and COPD patients, 92.0¡4.7 and 98.9¡3.0%, respectively,
showed MCAM expression. Furthermore, COPD patients
revealed a significantly higher mean fluorescence intensity
(p=0.002), indicating a 50% increase in MCAM membrane
expression compared to control subjects. Figure 3a shows
representative flow cytometry results from a control subject
and COPD patient, and figure 3b summarises the FACScan
data.

Western blotting

Western blot analysis of MCAM expression was under-
taken in three COPD patients and three nonsmokers. This

Table 3. – Upregulated genes identified by significance
analysis of microarrays

Rank Accession number Gene

1 NM_006500 MCAM
2 NM_002546 TNFRSF11B/OPG
3 NM_003467 CXCR-4
4 NM_000740 CHRM3
5 NM_006143 GPR-19
6 NM_001202 BMP-4
7 X68742 a1-integrin
8 NM_003808 TNFSF13
9 NM_006664 SCYA27
10 NM_000142 FGFR3
11 NM_005030 PLK
12 NM_001775 CD38
13 NM_002609 PDGFRb

MCAM: melanoma cell adhesion molecule; TNFRSF11B/OPG:
tumour necrosis factor receptor superfamily, member 11b (osteoprote-
grin); CXCR-4: CXC chemokine receptor 4; CHRM3: muscarinic
acetylcholine receptor subtype 3; GPR-19: G protein-coupled receptor
19; BMP-4: bone morphogenetic protein 4; TNFSF13: tumour necrosis
factor (ligand) superfamily, member 13; SCYA27: CC chemokine
ligand 27; FGFR3: fibroblast growth factor receptor 3; PLK: polo-like
kinase; PDGFRb: platelet-derived growth factor receptor b.

Table 4. – Upregulated genes identified by the Mann-Whitney
rank-sum test

Rank Accession number Gene p-value

1 NM_006500 MCAM 0.0001
2 NM_002546 TNFRSF11B/OPG 0.01
3 NM_003158 STK6 0.01
4 NM_005658 TRAF1 0.01
5 NM_002190 IL-17 0.01
6 NM_005030 PLK 0.01
7 NM_001237 Cyclin A2 0.01
8 NM_003836 Pref-1 0.01
9 NM_006143 GPR-19 0.01
10 NM_001425 EMP3 0.02
11 NM_001558 IL-10Ra 0.02
12 NM_000612 IGF-II 0.03
13 NM_000064 C3 0.03

MCAM: melanoma cell adhesion molecule; TNFRSF11B/OPG:
tumour necrosis factor receptor superfamily, member 11b (osteoprote-
grin); STK6: serine/threonine kinase 6; TRAF1: tumour necrosis factor
receptor-associated factor 1; IL-17: interleukin-17; PLK: polo-like
kinase; Pref-1: preadipocyte factor-1; GPR-19: G protein-coupled
receptor 19; EMP3: epithelial membrane protein 3; IL-10Ra inter-
leukin-10 receptor a; IGF-II: insulin-like growth factor-II; C3:
complement component 3.

�

�

�

�

�

��

�
��

�
��
��
��
��
��
��

�

�

�

�

�
�

�

���
 

�!

�"��
"# !�"$	
 ��%&

Fig. 2. – Light cycler analysis of melanoma cell adhesion molecule
(MCAM) messenger ribonucleic acid (mRNA) expression in primary
bronchial epithelial cells from control subjects (n=13), smokers with-
out airway obstruction (n=6) and chronic obstructive pulmonary
disease (COPD) patients (n=14). Data are presented as mean and
interquartile range. The vertical bars represent the 5th and 95th
percentiles. Within the boxes, the bold horizontal bars mark the
mean value and the lighter horizontal bars mark the median value.
$; outliers. ***: pv0.001; #: p=0.038.
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analysis showed a major protein of y120 kDa and a minor
protein of y110 kDa of variable intensity. Densitometric
quantification of both bands revealed a median densitometric
value of 986 (936–1,001) in control subjects and 2,020 (1,666–
2,882) in COPD patients, a significant difference (p=0.028).
The Western blot results are summarised in figure 4.

Discussion

In the present study, it is reported that MCAM, a member
of the immunoglobulin superfamily, is differentially expressed
and induced in cultured PBECs derived from COPD patients.
Array technology was used as a screening tool to measure the
expression of several hundred cytokine and cytokine-related
genes in parallel in order to identify new genes whose
expression is different in bronchial epithelial cells from
COPD patients compared to control subjects. Real-time
PCR using PBECs from lifelong nonsmokers, smokers
without airway obstruction and COPD patients confirmed
these results. Protein expression as investigated by means of

flow cytometry and Western blot analysis demonstrated, in a
subset of COPD patients and control subjects, that the
differences in mRNA expression also reflect differences in
protein expression. Furthermore, it could be demonstrated
that almost all bronchial epithelial cells constitutively express
MCAM.

Western blot analysis revealed two bands ofy120 kDa and
y110 kDa, which presumably represent post-transcriptional
modification (e.g. glycosylation) which alters the molecular
weight and interaction of the cell adhesion molecule, as has
already been described for several cell adhesion molecules
[10–12]. Since MCAM mRNA expression was significantly
higher in exsmokers with airway obstruction than in smokers
with normal lung function, it seems unlikely that smoking
itself is the main cause of the differential MCAM expression.
Rather, the results indicate that differences in MCAM
expression are related to COPD pathophysiology itself.

It might be considered hard to believe that, of the 847 genes
investigated, MCAM was the only one identified as being
significantly upregulated between the two groups. Recently
published studies have suggested increased epithelial expres-
sion levels of transforming growth factor-b1 [13], monocyte
chemoattractant protein-1 and interleukin-8 in COPD patients
[5]. Although these genes were spotted on the array, none
was confirmed using the present comprehensive approach.
However, in the present study, cultured primary epithelial
cells were used, which do not necessarily yield an identical
gene expression profile to that obtained during bronchoscopy.
This might be a potential limitation of the present study, but
is not inconsistent with data from other groups.

It was beyond the scope of the present study to investigate
the functional role of MCAM expression on bronchial
epithelial cells. Therefore, this aspect remains speculative
and is hindered by the fact that the ligand for MCAM
remains unidentified to date. MCAM or CD146 was originally
cloned from a human melanoma cDNA library [14, 15].
Further insight into functional aspects showed that this
molecule acts as a cell adhesion molecule when expressed in
melanoma cells [16]. Recent studies have demonstrated that
MCAM belongs to the growing immunoglobulin superfamily,
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Fig. 3. – Expression of exogenous melanoma cell adhesion molecule in
primary bronchial epithelial cells from control subjects and chronic
obstructive pulmonary disease (COPD) patients determined by
immunofluorescence analysis using an anti-CD146 mouse monoclonal
IgG1. a) Representative results from a lifelong nonsmoker (- - - -)
and a COPD patient (––––). ..........: negative control stained with an
isotype-matched negative control antibody. b) Mean fluorescence
intensities of control subjects (n=5) and COPD patients (n=6). Data
are presented as mean and interquartile range. The vertical bars
represent the 5th and 95th percentiles. Within the boxes, the bold
horizontal bars mark the mean value and the lighter horizontal bars
mark the median value. $; outliers. #: p=0.002.
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Fig. 4. – a) Western blot showing melanoma cell adhesion molecule
expression in primary bronchial epithelial cells from three lifelong
nonsmokers (lanes 1–3) and three chronic obstructive pulmonary
disease patients (lanes 4–6); and b) corresponding densitometric
quantification.
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which comprises a variety of cell surface receptors charac-
terised by structural similarities in their extracellular domains
[11]. These molecules play an important role in a variety of
biological and pathological processes, including regulation of
organogenesis, maintenance of tissue architecture, inflamma-
tory responses, wound healing and tumour invasion [17].
Homophilic cell/cell interactions have been reported for
neural cell adhesion molecule and platelet endothelial cell
adhesion molecule-1. Alternatively, heterophilic cell/cell inter-
actions are also possible, and have been described for inter-
cellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1, as well as MCAM [17].

Neoexpression of cell adhesion molecules under inflamma-
tory conditions is a well-known phenomenon. For example,
ICAM-1 is upregulated on basal keratinocytes in psoriasis
and other inflammatory dermatoses [18]. In addition, in primary
explant cultures of human bronchial epithelial cells derived
from COPD patients, greater susceptibility to the effects of
cigarette smoke was seen with respect to the release of soluble
ICAM-1 in comparison to smokers without obstruction [4]. In
this particular investigation, soluble ICAM-1 was used as a
marker implicated in the development of inflammatory changes
affecting the airways. Furthermore, ICAM-1 serves as a homing
receptor for activated T-cells [4, 19]. Therefore, upregulation
of ICAM-1 on basal epithelial cells in patients with COPD
suggests a mechanism for recruitment of these cells and their
migration into the airway lumen [20]. Analogous to ICAM-1,
it could be speculated that MCAM may also mediate the
homing of leukocytes in the airways of COPD patients. This
possibility is supported by the fact that activation of
T-cells causes neoexpression of MCAM on peripheral blood
T-cells within 1 day of stimulation, which could facilitate
extravasation via putatively homotypic interaction of CD146-
expressing T-cells and bronchial epithelial cells [21].

Recent studies show that MCAM is localised at inter-
cellular boundaries [22, 23]. In addition, interactions with the
actin-containing cytoskeleton have been reported, suggesting
the involvement of MCAM in the organisation of cohesive
contacts between adjacent cells [24]. Given the important role
of MCAM in different cell systems and its engagement in
homophilic and heterophilic cell/cell interactions, it seems
possible that MCAM contributes to airway remodelling in
subjects with chronic obstructive airflow limitation.

Several patients recruited for the present study underwent
bronchoscopy due to suspected bronchial neoplasia. Since
MCAM expression has been demonstrated in various neo-
plastic tissues [17], great care was taken to perform the
bronchial brushing at the contralateral side. Thereby, the risk
of contamination of the cell cultures was reduced to a
minimum and confounding effects of neoplasia on the results
of the study are unlikely.

In summary, it has been shown that melanoma cell adhesion
molecule is constitutively expressed in cultured primary
bronchial epithelial cells derived from chronic obstructive
pulmonary disease patients, smokers and control subjects,
and that the steady-state messenger ribonucleic acid level of
this adhesion molecule is significantly upregulated in chronic
obstructive pulmonary disease patients in accordance with
significantly higher protein expression levels. It is concluded
that melanoma cell adhesion molecule expression by bron-
chial epithelial cells may play a role in the pathophysiology of
chronic inflammatory airway conditions seen in chronic
obstructive pulmonary disease patients.
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