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Abstract

Chronic obstructive pulmonary disease (COPD) is one of the most common causes of death, with

cigarette smoking among the main risk factors. Hallmarks of COPD include chronic air¯ow

obstruction and chronic in¯ammation in the airway walls or alveolar septa. An earlier study

reported elevated numbers of macrophages and mast cells within the bronchiolar epithelium in

smokers with COPD, compared with smokers without. Since speci®c chemokines may be involved

in this in¯ux, the in situ protein and mRNA expression of monocyte chemoattractant protein 1

(MCP-1) and of interleukin 8 (IL-8) were studied in tumour-free peripheral lung tissue resected

for lung cancer of current or ex-smokers with COPD (FEV1<75%; n=14) and without COPD

(FEV1>84; n=14). MCP-1 was expressed by macrophages, T cells, and endothelial and

epithelial cells. Its receptor, CCR2, is expressed by macrophages, mast cells, and epithelial cells.

IL-8 was found in neutrophils, epithelial cells, and macrophages. In subjects with COPD, semi-

quantitative analysis revealed 1.5-fold higher levels of MCP-1 mRNA and IL-8 mRNA and

protein in bronchiolar epithelium ( p<0.01) and 1.4-fold higher levels of CCR2 in macrophages

(p=0.014) than in subjects without COPD. The bronchiolar epithelial MCP-1 mRNA expression

correlated with both CCR2 expression on macrophages and mast cells ( p<0.05) and the numbers

of intra-epithelial macrophages and mast cells ( p<0.04). The epithelial IL-8 expression did not

correlate with the numbers of neutrophils, macrophages, CD45RO+, CD8+, or mast cells.

These data suggest that MCP-1 and CCR2 are involved in the recruitment of macrophages and

mast cells into the airway epithelium in COPD. Copyright # 2000 John Wiley & Sons, Ltd.
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Introduction

Chronic obstructive pulmonary disease (COPD), char-
acterized by a reduced forced expiratory ¯ow, is a
major health problem [1]. COPD comprises lung
emphysema and chronic bronchitis with chronic air-
¯ow obstruction. Cigarette smoking is a main risk
factor, but for unknown reasons, only 20% of smokers
develop COPD [1]. Pathological characteristics of
COPD include thickened bronchiolar walls accompa-
nied by an in¯ux of speci®c in¯ammatory cells [1].
Several studies have demonstrated increased numbers
of macrophages, mast cells, neutrophils, or CD8+ T
lymphocytes in the airway walls associated with COPD
[2±6], but little is yet known about the molecular
mechanisms underlying the pathogenesis of this
chronic airway in¯ammation.

Monocyte chemoattractant protein 1 (MCP-1) is a
beta chemokine which induces chemotaxis of human
monocytes/macrophages, murine mast cells, and a
subset of human T lymphocytes [7±10]. MCP-1 is
expressed in various tissues including human lungs,
where it occurs in macrophages, endothelial, bronchial

epithelial, and smooth muscle cells [11±13]. Increased
expression of MCP-1 was shown in interstitial pulmo-
nary ®brosis (IPF) and sarcoidosis [11±13], diseases
also characterized by in®ltrates of macrophages.
Capelli et al. [14] reported increased concentrations of
MCP-1 in the bronchoalveolar lavage (BAL) ¯uid of
smokers with or without chronic bronchitis, compared
with healthy non-smoking subjects. Apart from the
recently described C±C chemokine receptor CCR10,
the speci®c receptor for MCP-1 is CCR2, which is
mainly expressed by monocytes, macrophages, and
T cells [15±18].

Interleukin 8 (IL-8) is an alpha chemokine known to
be chemotactic for neutrophils and CD8+ T cells in
vitro, and to stimulate degranulation of neutrophils
[19,20]. IL-8 expression by airway epithelial cells can
be stimulated by cigarette smoke [21]. Keatings et al.
[22] reported increased levels of IL-8 in induced
sputum from smokers with COPD, compared with
smokers without COPD or non-smokers, suggesting a
role for IL-8 in recruiting neutrophils and CD8+
T cells in COPD.

As yet, little is known about the pulmonary tissue
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expression pattern of MCP-1, IL-8, or CCR2, or their

relationship with the chronic airways in¯ammation in

smokers with COPD. We have now examined the

distribution of MCP-1 and IL-8 mRNA and protein,

as well as CCR2 protein, in relation to the airways

in¯ammation, in current or ex-smokers with and

without COPD. In addition, the number of CD8+
T cells was examined within the bronchial and

bronchiolar walls. The expression data were correlated

with the numbers of in¯ammatory cells.

Materials and methods

Antibodies

Antibodies were purchased as follows: a polyclonal

goat anti-human CCR2 antibody raised against a

synthetic peptide corresponding to amino acids

341±360 of CCR2b (Santa Cruz Biotechnology, Santa

Cruz, CA, USA); monoclonal antibodies against CD68

(clone KP1), neutrophil-derived elastase (clone NP57),

and tryptase (clone AA1); the rabbit anti-human CD3

antibody, as well as secondary antibodies (Dako,

Glostrup, Denmark); mouse monoclonal antibody

against CD8 (clone 4B11) (Novocastra, Newcastle

upon Tyne, UK); and mouse monoclonal anti-

human MCP-1 and IL-8 antibodies (R&D Systems,

Minneapolis, MN, USA).

Subjects and clinical data

Lung tissue specimens, including peripheral airways, of

subjects with or without COPD were retrospectively

obtained from the pathology tissue bank and used as

previously described [4]. Tissue specimens were selected

from current or ex-smokers who had undergone

lobectomy or pneumonectomy for lung cancer. Four-

teen subjects with COPD were included [FEV1 <75%

of the predicted (pred.) value before bronchodilatation;

reversibility in FEV1 j13% pred. after 400 mg inhaled

salbutamol], as well as 14 subjects without COPD

(FEV1 before bronchodilatation >84% pred.). The

total lung capacities (TLC) were at normal levels (TLC

i80% pred.). Tissue was excluded if diffuse pulmo-

nary in¯ammation or ®brotic disorders were present, if

no tumour-free or post-stenotic pneumonia-free lung

tissue specimen was found, and if the central bronchus

was obstructed due to the tumour. Lung function data

were described previously [4] and are partly given in

Table 1. All patients lacked upper respiratory tract

infection and did not receive antibiotics peri-

operatively. None of the patients had received gluco-

corticosteroids in a period of 3 months before

resection. Four patients received glucocorticosteroids

peri-operatively (Table 1). Based on the available

information, subjects with COPD could not be

subdivided into patients with predominantly either

chronic bronchitis or emphysema.

Immunohistochemistry

Serial paraf®n-embedded tissue sections (3 mm) were
alternately used for mRNA in situ hybridization
(RISH) and immunohistochemistry (IHC) for MCP-1,
IHC for CCR2, or RISH and IHC for IL-8. Detection
of cell-speci®c markers on adjacent sections was
performed in order to con®rm the cell type. IHC was
performed essentially as previously described [4,23].
After deparaf®nization, endogenous peroxidase was
inactivated with 0.3% hydrogen peroxide. Sections to
be stained with anti-CD68 were treated with proteinase
K. Sections to be stained for MCP-1 and CD8 were
pretreated by microwave antigen retrieval in 0.01 M

citrate, pH 6.0 and 1.0 mM EDTA, pH 8.0, respectively.
Subsequently, sections were preincubated with 1% (w/v)
bovine serum albumin (BSA). Antigen expression was
demonstrated with appropriate dilutions of the pri-
mary antibodies in conjugated immunoenzyme assays
using a secondary biotin conjugated antibody and a
tertiary complex of streptavidin±biotin conjugated to
horseradish peroxidase, and 3-amino-9-ethyl-carbazole
as the chromogen. Sections were counterstained with
Mayer's haematoxylin. Incubation with phosphate-
buffered saline (PBS) with 1% BSA instead of the
primary antibody served as a negative control. Nega-
tive controls for immunostaining of CCR2 included
isotype-matched goat immunoglobulins and anti-
CCR2 antibody preincubated with a synthetic peptide
corresponding to amino acids 341±360 of the CCR2b
protein, instead of the primary antibody. IHC using
negative controls did not reveal any staining.

Chemokine and receptor expression was assessed
by a semi-quantitative method of analysis using an
arbitrary visual scale [23,24]. The expression was
examined throughout the entire section. A subset was
analysed twice to assess intra-observer variability
(Pearson correlation coef®cient r=0.75; p<0.05). The
staining intensity in each of the following cell types was
scored in a blinded manner: epithelial cells, smooth
muscle cells, macrophages (CD68+), and endothelial
cells of larger blood vessels. The staining intensity
was graded and expressed as follows: 0=absence of
staining; 1=moderate staining; 2=intense staining;
3=very intense staining [23].

Cell counting of CD8+ T cells was done using
the KS400 version 2 digital image acquisition and
analysis system (Zeiss, Oberkochen, Germany). Cells
were counted within the bronchial and bronchiolar
epithelium and in the lamina propria in the widest
possible area, extending up to 100 mm deep beneath the
epithelial basement membrane. Smooth muscle and
bronchial glands were excluded from the lamina
propria area. Cell numbers were expressed within the
epithelium per mm of basement membrane and within
the lamina propria per 0.1 mm2 of lamina propria.

mRNA in situ hybridization

Full-length human MCP-1 cDNA cloned into pGEM-
7Zf(+) (Promega, Madison, USA) was obtained from
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the American Type Culture Collection (ATCC), and
full-length human IL-8 cDNA cloned into pBluescript
II SK(x) was kindly provided by Dr C. Power
(formerly of Glaxo Institute for Molecular Biology,
Geneva, Switzerland). The speci®c cRNA probes were
labelled with digoxigenin following the manufacturer's
protocol (Boehringer, Mannheim, Germany). RISH
was performed essentially as previously described, on
sections adjacent to those on which MCP-1 or IL-8
immunoreactivity was assessed [23,24]. After pretreat-
ment, sections were hybridized with 50 ng of riboprobe
per slide for 16 h at 42uC. Subsequently, sections were
washed in 2X SSC with 50% formamide at 37uC, in
0.1X SSC with 20 mM b-mercaptoethanol at 42uC, and
®nally treated with 2U/ml RNAse T1 (Boehringer,
Mannheim, Germany) in 2X SSC plus 1 mM EDTA
at 37uC. Immunodetection of digoxigenin-labelled
hybrids was done using nitro blue tetrazolium as the
chromogen and bicholylindolyl phosphate as the
coupling agent (Boehringer, Mannheim, Germany).
Sense riboprobes included as negative controls did
not show any staining. The staining intensity was
expressed as described for IHC.

Statistics

IHC and RISH data showed a normal distribution and
were expressed as meantSEM. Signi®cance levels
were obtained using the unpaired, two-tailed Student's
t-test. Pearson correlation analysis and statistics
between expression levels and numbers of intra-
epithelial mast cells and macrophages were done
using Stata Statistical Software 5.0 (Stata Corp.,
College Station, USA). At p<0.05, differences were
considered to be statistically signi®cant.

Results

Expression patterns

MCP-1 mRNA and protein were localized mainly in
in¯ammatory cells, including CD3+ T cells and
CD68+ cells (regarded as macrophages), and, to a
lesser extent, in alveolar epithelial cells and in the

apical parts of airway epithelial cells (Figures 1 and 2

and Table 2). Relatively high levels of MCP-1 tran-

scripts, but low MCP-1 immunoreactivity, were also

found in endothelial cells (Table 2). In subjects with

COPD, MCP-1 mRNA (1.5 times) levels were sig-

ni®cantly higher ( p<0.0005) in airway and alve-

olar epithelial cells than in subjects without COPD

(Figure 2 and Table 2). The MCP-1 protein expression

levels did not differ signi®cantly between subjects with

and without COPD ( p=0.25).
CCR2 expression is predominantly found in macro-

phages and mast cells, and, unexpectedly, in airway

and alveolar epithelium (Figures 1 and 2 and Table 3).

Neutrophils were negative for CCR2. In the airways

of subjects with COPD, CCR2 expression was sig-

ni®cantly higher in macrophages (1.4 times, p=0.014)

and epithelial cells (1.5 times, p=0.01), and tended to

be higher in mast cells (1.4 times, p=0.05), than in

subjects without COPD (Figure 2 and Table 3).
As shown in Figure 1 and Table 2, IL-8 mRNA or

protein was mainly localized in neutrophils, airway and

alveolar epithelial cells, and macrophages. In subjects

with COPD, approximately 1.5 times higher IL-8

mRNA and protein levels were found in bronchiolar

and alveolar epithelium ( p<0.05) than in subjects

without COPD. IL-8 protein levels were also two times

higher in neutrophils in subjects with COPD

(p=0.0006).
The smoking status of the patient (ex-smoker versus

current smoker) did not affect the expression data of

either chemokine or of CCR2.

CD8+ T-cell numbers

Complementary to our previous ®ndings on cell type-

speci®c numbers [4], we assessed the number of CD8+
T cells within the bronchial and the bronchiolar

airways of the same patients in the epithelium and the

lamina propria. Within the epithelial layer, CD8+
T cells were predominantly localized near the basement

membrane. We did not ®nd signi®cant differences in

CD8+ T cell numbers between subjects with or

without COPD (Table 4).

Table 1. Characteristics of subjects without (non-COPD) and with COPD including numbers of males (M), females
(F), peri-operative steroid users (peri), and current versus ex-smokers

Sex Age (years) py FEV1 FEV1/FVC Steroid Smokers

Non-COPD 3 F None 10 ex

11 M 4 current

Range 28±79 1±110 86±133 0.62±0.86
MeantSEM 64t3.7 42t7.7 101t3.3 0.72t0.02

COPD 14 M 4 peri 8 ex

10 no 6 current
Range 48±76 19±68 48±72 0.38±0.66

MeantSEM 64t2.3 44t0.8 63t2 0.54t0.02

p-value 0.84 0.82 5r10x9 5r10x6

FEV1 and FVC are given as percentages of the predicted values before bronchodilatation. py=number of pack-years.
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Statistical analysis

MCP-1 mRNA levels in bronchiolar epithelial cells

correlated with the number of intra-epithelial macro-

phages (r=0.50, p=0.01), the number of intra-

epithelial mast cells (r=0.42, p=0.04), and also with

CCR2 levels in airway macrophages (r=0.44,

p=0.048) and mast cells (r=0.58, p=0.01) (Figure 3).

The MCP-1 mRNA expression in airway endothelial

cells also correlated with CCR2 expression in airway

macrophages (r=0.58, p=0.007) and mast cells

(r=0.61, p=0.008). Bronchiolar epithelial IL-8

Figure 1. Micrographs of lung tissue sections from subjects without COPD (A, B) and with COPD (C±G). The respective
photographs show MCP-1 mRNA (A, C) and IL-8 mRNA (B, D) localization in bronchioles, using the antisense cRNA probes, and
adjacent sections after incubation with the sense MCP-1 (E) or IL-8 (F) cRNA probe and anti-CD68 antibody (red). CCR2
immunoreactivity (red) in a bronchiole is shown in G. Large arrows indicate macrophages, and arrow-heads pneumocytes;
L=bronchiolar lumen. The sections in A±F are not counterstained
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mRNA or protein levels did not correlate with the
numbers of macrophages, mast cells, neutrophils,
CD45RO+ or CD8+ cells within the lamina propria
or epithelium of the bronchioles.

Taking all subjects together reveals a signi®cant
inverse correlation between FEV1 and the bronchiolar
epithelial MCP-1 and IL-8 mRNA expression
(r=x0.51, p=0.01) as well as IL-8 protein expression
in bronchiolar epithelial cells (r=x0.60, p=0.001).
CD8+ T-cell numbers did not correlate with FEV1.

Discussion

In the present study, expression patterns of MCP-1,
IL-8, and CCR2 were examined in the airways and

Table 2. Pulmonary expression levels of MCP-1 and IL-8
mRNA and protein per cell type in patients without
(non-COPD) and with COPD. Scores are indicated sepa-
rately for bronchiolar and for alveolar tissue

Bronchioles Alveoli

Non-

COPD COPD

Non-

COPD COPD

MCP-1

Epithelium mRNA 1.3t0.1 1.9t0.1* 2.1t0.1 2.8t0.1*

Protein 1.2t0.1 1.4t0.1 0.8t0.2 1.0t0.2
Vascular SMC mRNA 0.9t0.1 0.9t0.1 1.0t0.1 1.2t0.1

Protein 0.3t0.1 0.2t0.1 0.1t0.1 0.04t0.04

Airway SMC mRNA 1.0t0.1 1.1t0.1 1.3t0.1 1.3t0.1

Protein 0.2t0.1 0.2t0.1 0.2t0.1 0.2t0.1
Endothelium mRNA 1.9t0.1 2.3t0.2** 2.1t0.1 2.2t0.2

Protein 0.3t0.1 0.4t0.1 0.3t0.1 0.4t0.1

Macrophages mRNA 2.5t0.1 2.6t0.2 2.9t0.1 2.7t0.2

Protein 0.9t0.1 1.2t0.1 0.8t0.1 1.0t0.1

IL-8

Epithelium mRNA 1.4t0.1 1.9t0.1* 1.7t0.1 2.0t0.1**

Protein 1.1t0.1 1.8t0.1* 1.1t0.1 1.8t0.1*
Vascular SMC mRNA 0.9t0.1 1.0t0.1 1.0t0.1 0.7t0.1

Protein 0.8t0.1 0.8t0.1 0.7t0.1 0.8t0.1

Airway SMC mRNA 1.1t0.1 1.0t0.1 1.2t0.1 0.8t0.2

Protein 0.8t0.1 0.8t0.1 ND ND
Endothelium mRNA 1.8t0.1 1.9t0.1 1.9t0.1 1.6t0.2

Protein 0.9t0.1 0.8t0.1 0.5t0.1 0.9t0.1*

Macrophages mRNA 1.8t0.1 1.8t0.1 2.3t0.2 2.1t0.1
Protein 1.0t0.1 0.9t0.1 1.4t0.1 1.4t0.1

Neutrophils mRNA ND ND ND ND

Protein 1.0t0.1 2.0t0.1* 1.0t0.1 1.8t0.1*

Scores range from 0 (no staining) to 3 (very intense staining) and are given
as meantSEM. Asterisks indicate signi®cance levels of differences between

subjects with and without COPD:

*p<0.005.
**pj0.05.

SMC=smooth muscle cells.

ND=not determined.

Table 3. Expression levels per cell type of CCR2 protein
in bronchiolar and alveolar tissue of patients without
(non-COPD) and with COPD

Bronchioles Alveoli

Non-COPD COPD Non-COPD COPD

Epithelium 0.9t0.1* 1.3t0.1** 0.8t0.1 1.0t0.1

Vascular SMC 0.1t0.1 0.3t0.1 0.5t0.1 0.3t0.1

Airway SMC 0.3t0.1 0.5t0.1 0.5t0.1 0.4t0.1

Endothelium 0.0t0.0 0.0t0.0 0.0t0.0 0.0t0.0
Macrophages 1.5t0.1 1.9t0.1** 1.9t0.1 1.9t0.1

Mast cells 0.8t0.3 1.1t0.1*** 0.7t0.1 0.9t0.2

Immunostaining scores range from 0 (no staining) to 3 (very intense
staining) and are given as meantSEM. Signi®cance levels of differences

between subjects with and without COPD are indicated by asterisks:

*p<0.01.

**p<0.02.
***p=0.05.

SMC=smooth muscle cells.

Figure 2. Semi-quantitative analysis of the MCP-1 and IL-8 mRNA and IL-8 protein in bronchiolar epithelial cells (A) and CCR2
protein expression per indicated cell type in bronchiolar airways (B). The immunostaining score is given on the Y-axis, ranging from 0
(no staining) to 3 (very intense staining). Open and closed circles represent the individual data from subjects without COPD (N) and
with COPD (O), respectively. Means are indicated by a horizontal line
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alveoli of subjects with and without COPD. The results

were correlated with in¯ammatory cell numbers in the

bronchiolar walls of these subjects. Only the higher

expression of MCP-1 in bronchiolar epithelial cells in

COPD correlated with the CCR2 expression and the

increased numbers of macrophages and mast cells in

the bronchiolar epithelium in COPD [4]. These data

suggest the involvement of MCP-1 and CCR2 in the

in¯ux of macrophages and mast cells into the bronch-
iolar epithelium in COPD. Several studies have

suggested the implication of MCP-1, IL-8 or macro-

phage in¯ammatory protein (MIP-1) in chronic in¯am-

matory processes in lung diseases of different

aetiology, including sarcoidosis, interstitial pulmonary

®brosis (IPF), and COPD [12,13,22,25,26]. However,

these studies examined either BAL ¯uid or sputum

[12,13,22], or plasma [25]. Although it was suggested

that enhanced MCP-1 and IL-8 levels affect macro-

phage recruitment in these lung diseases, no correlation

was made with macrophage numbers in most of these

studies. One study presented a correlation between the

numbers of MIP-1a-positive bronchial epithelial cells

and the numbers of subepithelial macrophages in

COPD [26].
The functional consequences of the increased IL-8

expression in COPD observed in the present study are

not clear. Neutrophils, CD8+ T cells, and even mast

cells may respond to IL-8 in vitro [19,20,27]. However,

the numbers of neutrophils, CD45RO+, and CD8+
T cells in the airway walls did not differ between

Figure 3. Correlations between MCP-1 mRNA expression in bronchiolar epithelium, intra-epithelial in¯ammatory cell numbers, and
CCR2 protein expression on in¯ammatory cells. (A) Macrophage numbers and MCP-1 mRNA levels; (B) mast cell numbers and
MCP-1 mRNA levels; (C) CCR2 expression on macrophages and MCP-1 mRNA expression; (D) CCR2 expression on mast cells and
MCP-1 mRNA expression. Cell numbers are given per mm of basement membrane (BM). Open circles represent data from subjects
without COPD; closed circles data from subjects with COPD. Data were obtained by linear regression analysis. Correlation (r) and
signi®cance level (p value) are given

Table 4. Numbers of CD8+ cells in subjects without
(non-COPD) and with COPD

Epithelium Lamina propria

Bronchi Bronchioles Bronchi Bronchioles

Non-COPD
Range 2.2±74.7 5.1±32.6 30.0±143.2 24.5±106.5

Median 8.7 25.0 8.7 53.6

COPD

Range 2.7±23.0 0.6±47.0 2.7±23.0 18.5±350.5

Median 5.1 7.9 5.1 56.7

p value 0.20 0.19 0.14 0.63

Data are given as median cell numbers and ranges in the epithelium (per

mm basement membrane) and in the lamina propria (per 0.1 mm2 area),

both in the bronchi and in the bronchioles. Statistical signi®cance levels are
given as the p value.
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subjects with or without COPD [4] (this study). In
addition, the IL-8 expression in bronchiolar epithelial
cells did not correlate with the numbers of neutrophils,
T cells, or mast cells within either the epithelial or the
subepithelial layer in the present study [4]. Hence, the
higher epithelial IL-8 expression in COPD may not be
suf®cient to increase the numbers of neutrophils or
T cells. Lacoste et al. [28] showed that although
neutrophil numbers in the BAL ¯uid from smokers
with COPD are higher than in smokers without
COPD, the neutrophil numbers within the airway
walls do not differ. Thus, as an alternative explanation,
the higher epithelial IL-8 expression in COPD reported
here may lead to a faster transit of neutrophils and/or
CD8+ T cells from the airway wall into the lumen.

Only a few reports have mentioned signi®cant
differences in CD8+ cell numbers within the epithe-
lium or lamina propria between smokers with normal
FEV1 and smokers with COPD [2,6], whereas others
could not con®rm this [3,5,26] (this study). It should be
noted that in all of these studies the subject subgroups
showed different (clinical) characteristics. Nevertheless,
this indicates that the role of CD8+ T cells in the
pathogenesis of COPD remains to be elucidated.

Few human studies have reported a correlation
between higher MCP-1 expression and increased
macrophage numbers. Marra et al. [29] demonstrated
a correlation between enhanced hepatic epithelial
expression of MCP-1 in human chronic liver disease
and in®ltration of monocytes/macrophages into the
bile ducts. Engelhardt et al. [30] reported an in¯ux of
macrophages in regenerating human skin paralleled by
an increased epithelial MCP-1, but not MIP-1, mRNA
expression. Functional in vivo studies indicated that
targeted overexpression of MCP-1 in murine lungs
causes recruitment of macrophages, in particular [31].
Evidence for a role of MCP-1 in a mouse model of
emphysema was found by Hautamaki et al. [10], who
showed that intratracheal instillation of MCP-1 in mice
resulted in pulmonary recruitment of macrophages and
enhancement of cigarette smoke-induced emphysema.
Studies on mice lacking CCR2 indicated that CCR2 is
important in the recruitment of macrophages [32,33].
Taken together, our data support the hypothesis that
MCP-1 causes increased numbers of macrophages
within the bronchiolar walls in subjects with COPD.

Whereas the MCP-1 mRNA levels differed between
subjects with and without COPD, the MCP-1 protein
expression did not differ signi®cantly and did not
correlate with mast cell or macrophage numbers. The
apical localization of MCP-1 in bronchial epithelial
cells [12] (this study), the predominant apical secretion
by alveolar epithelial cells in vitro [34], and the fact
that MCP-1 is not stored within epithelial cells support
the hypothesis that lack of differences between cell-
associated MCP-1 protein levels in patients with
COPD versus patients without COPD may be due to
a predominant direct apical secretion of MCP-1 by
epithelial cells into the epithelial lining ¯uid. This point
could not be addressed in this retrospective study, since

BAL ¯uid was not available. This does not preclude
baso-lateral secretion of MCP-1 proteins by airway
epithelial cells. Both immunohistochemistry on tissue
sections and mRNA analysis of primary bronchial
epithelial cells (data not shown) showed the presence of
CCR2 in epithelial cells, suggesting an autocrine role.

We have previously shown a correlation between
levels of transforming growth factor b1 (TGFb1)
protein and mRNA in bronchiolar epithelial cells and
the numbers of intra-epithelial macrophages and mast
cells in COPD, using adjacent tissue sections [23]. We
now observe that the TGFb1 mRNA and protein
expression also correlates with the MCP-1 mRNA
levels in the bronchiolar epithelium (r=0.65 and
r=0.59; p<0.002, respectively, by Spearman rank
test). Since TGFb1 can induce the expression of
MCP-1 in ®broblasts [35], this may suggest functional
relationships between the epithelial TGFb1 and MCP-1
expression.

Our data show that chemokine expression partly
correlates with cell in¯ux, and also correlates with
FEV1 if all subjects are taken together. Within the
group of subjects with COPD, there was no signi®cant
correlation, which may be due to the lack of subjects
with mild or severe COPD in our study. The correlation
of the higher MCP-1 mRNA expression in bronchiolar
epithelial cells with the elevated CCR2 expression on
bronchiolar macrophages and mast cells, and with
higher numbers of intra-epithelial macrophages and
mast cells in COPD, suggests the involvement of MCP-1
and CCR2 in the recruitment of macrophages and mast
cells into the bronchiolar epithelium in COPD. Apart
from MCP-1, TGFb1 [23] and MIP-1a [26] may also be
involved in the in¯ux of macrophages and mast cells into
the bronchiolar epithelium in COPD. This also points to
future studies on MCP-1 antagonists in therapeutic
strategies for COPD.
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