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Summary

Increased lung CD8 cells and their expression of chemokine receptors CXCR3
and CCR5 have been previously reported in chronic obstructive pulmonary
disease (COPD). Alterations of CD8-CCR3 and -CCR4 expression and their
ligands in COPD patients have not been fully investigated. The objective of
this study was to assess in COPD patients: (i) broncho-alveolar lavage (BAL)
CD8 CCR3 and CCR4 expression in COPD patients; and (ii) airway levels of
the CCR3 ligands, CCL11 and CCL5. Multi-parameter flow cytometric anlay-
sis was used to assess BAL CD3 and CD8-chemokine receptor expression in
COPD patients, smokers and healthy non-smokers (HNS). CCL5 and CCL11
levels were measured in BAL, and from the supernatants of lung resection
explant cultures. CD8-CCR3 and -CCR5 expression (means) were increased
in COPD patients (22% and 46% respectively) and smokers (20% and 45%)
compared with HNS (3% and 22%); P < 0·05 for all comparisons. CD3CXCR3
expression was raised in smokers and COPD while CD8CXCR3 and CD3 and
CD8 CCR4 expression was similar between groups. CD8CCR5 expression
correlated to smoking pack years (r = 0·42, P = 0·01). COPD explants released
more CCL5 compared with smokers (P = 0·02), while there was low level
CCL11 production. CD8CCR3 and CCR5 expression appear to be regulated
by cigarette smoke exposure. We show that COPD lung tissue released more
CCL5, suggesting a role for CCL5–CCR3 signalling in pulmonary CD8
recruitment in COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is charac-
terized by progressive airway obstruction and pulmonary
inflammation. Increased numbers of neutrophils, macroph-
ages and lymphocytes are found in lungs of COPD patients
[1]. A hallmark feature of COPD is the increased numbers of
CD8 cells in the airways, and it has been proposed that
auto-immunity contributes to the pathogenesis of COPD
[2,3]. The antigenic stimulation driving lymphocyte activa-
tion may either be from pathogens such as viruses or
bacteria, or altered presentation of self antigens caused
by cigarette smoke [2–4].

Chemokines are proteins involved in the recruitment of
inflammatory cells from the circulation, and their position-
ing within tissues. Chemokines signal through G-protein
coupled serpentine receptors (reviewed [5]). Chemokine
receptors are categorized broadly into the CXC and CC
families. Chemokine receptor expression may change due

to specific inflammatory signals within tissue micro-
environments [6].

Pulmonary lymphocytes express high levels of CXCR3
and CCR5 [6]. Studies of lymphocyte chemokine receptors
in COPD have focused mainly on the role of CXCR3 and
CCR5 in the pulmonary recruitment of CD8 cells. It has
been shown by immunohistochemistry that expression of
CXCR3 is increased on CD8 cells in the small airway walls of
COPD patients compared with non-smoking controls [7].
Using flow cytometric analysis of dispersed cells from lung
resections, increased CD3 lymphocyte CXCR3 and CCR5
expression in patients with emphysema compared with
ex-smoking controls has been reported [8].

CCR3 and CCR4 are both known to play a role in lym-
phocyte chemotaxis [9]. Exacerbations of chronic bronchitis
are associated with raised CCR3 levels on pulmonary eosi-
nophils and lymphocytes [10], while CCR4 is thought to play
a role in the pulmonary recruitment of lymphocytes in asth-
matics [11]. CCR3 and CCR4 have been understudied in
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COPD. Our hypothesis was that CCR3 and CCR4 are
involved in the pulmonary recruitment of CD8 cells in
COPD.

This paper reports the expression of CCR3 and CCR4 on
CD8 cells in COPD patients compared with controls. The
expression of the more commonly studied receptors CCR5
and CXCR3 was also investigated. Our results showed an
increase in CCR3 expression in COPD patients and smokers
with normal lung function compared with healthy non-
smokers (HNS). We therefore also investigated levels of the
CCR3 ligands, CCL11 chemokine (Eotaxin) and CCL5
chemokine (Rantes), to determine if CCR3 ligands as well as
the receptor itself are up-regulated in COPD.

Materials and methods

Subjects

Patients undergoing clinical investigational bronchoscopies
or lung surgery for tumour resection were recruited. Subjects
with any other pulmonary conditions, including infections 6
weeks or less prior to bronchoscopy and/or a history of
asthma, were excluded. COPD was diagnosed based on a
history of smoking (> 10 pack years), typical symptoms
and airflow obstruction (forced expired volume in 1 s
(FEV1) < 80% predicted, and FEV1/forced vital capacity
(FVC) ratio < 0·7) [12]. Subjects with a smoking history but
normal pulmonary function were categorized as ‘smokers’.
All subjects gave written informed consent and the study was
approved by the local research ethics committee.

Study design

Chemokine receptor expression. Bronchoalveolar lavage
(BAL) samples from 34 subjects were assayed by flow cytom-
etry for CD3 and CD8 cell chemokine receptor expression.
These 34 subjects were part of a cohort of 53 subjects who
had CD3, CD4, CD8 and T regulatory cell data analysed, the
results of which have been published elsewhere [13]. Fifteen
COPD patients and 11 smokers with normal lung function
who were undergoing clinical investigational broncho-
scopies (demographics shown in Table 1A) were recruited.

The reasons for bronchoscopy were haemoptysis (COPD
4/15, smokers 2/11), unexplained shortness of breath or
weight loss (COPD 4/15, smokers 1/11), and investigation of
abnormal chest X-ray findings suggestive of lung cancer
(COPD, 7/15; smokers, 8/11). Five HNS were recruited spe-
cifically to undergo a bronchoscopy for research purposes,
and three HNS undergoing a clinical bronchoscopy for hae-
moptysis were also recruited.

Chemokine levels. The levels of CCL11 and CCL5 were
studied in BAL fluid from a separate cohort of COPD
patients (n = 10), smokers (n = 12) and HNS (n = 6), (demo-
graphics shown in Table 1B). The reasons for bronchoscopy
were haemoptysis (COPD, 1/10; smokers, 2/12), unexplained
shortness of breath or weight loss (COPD 3/10, smokers
5/12), and investigation of abnormal chest X-ray findings
suggestive of lung cancer (COPD, 6/10; smokers, 5/12). Four
of the HNS were recruited specifically to undergo a bron-
choscopy for research purposes. Two were being clinically
investigated for haemoptysis.

Six smokers and six COPD patients who had undergone
tumour resection surgery as part of their normal clinical care
(demographics shown on Table 1B) were recruited for bron-
chial explant cultures.

Methods

Cell collection

Bronchoalveolar lavage was collected from a lobe not affected
by radiographic or endobronchial abnormalities: The bron-
choscope was wedged in the bronchus and a maximum of
4 ¥ 60 ml aliquots of pre-warmed sterile 0·9% NaCl solution
were instilled. The aspirated fluid was stored on ice before
filtration (100 mm filter, Becton Dickenson). The filtrate
was centrifuged (400 g/10 min at 4°C) and the cell pellet
washed in RPMI 1640 medium supplemented with 2 mM
L-glutamine, 100 U/ml penicillin, and 100 mg/ml streptomy-
cin. Five millilitres of supernatant were stored at -20oC for
later chemokine ELISA.Viable cell counts were determined by
trypan blue exclusion (Neubauer hemocytometer). The cell
count was adjusted to 1 ¥ 106/ml in supplemented RPMI 1640

Table 1A. Subject demography: chemokine receptor expression.

COPD n = 15 Smokers n = 11 HNS n = 8

Sex (F/M) 4/11 4/7 4/4

Age (years) 64·6 (45–76) 60 (39–82) 64·2 (43–75)

FEV1 1·7 (1·1–2·4) 2·5 (1·1–4) 2·7 (2·4–4·2)

FEV1 predicted 64 (36–85) 94·6 (77–158) 118·5 (100–150)

FEV1/FVC ratio 67 (40–78) 78·8 (72–86) 76·2 (75–87)

Pack year history 43·7 (25–78) 33·1 (3·6–84) 0

Current/ex smokers 9/6 5/6 N/A

ICS users 5 N/A N/A

BAL yield (ml) 29·2 (11·7) 37·6 (8·1) 157·8 (112)

Results expressed as mean (range). ICS, inhaled corticosteroid.
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medium with additional 10% (vol/vol) fetal calf serum. This
cell suspension was then used for flow cytometry.

Flow cytometry

Four hundred ml aliquots of cell suspension were dispensed
into FACS tubes for antibody labelling. Cells were labelled
with three directly conjugated antibodies (BD Biosciences,
Oxford) for 45 min at 4oC in the dark. The following antibod-
ies and IgG isotype controls were used: (i) PE-Cy5: CD4,CD8,
IgG; (ii) FITC: CD3, CCR5, IgG; (iii) PE: CCR3, CCR4, CCR5,
CXCR3, IgG. Cells were washed [phosphate-buffered saline
(PBS) containing 1% bovine serum albumin] and fixed (PBS
containing 0·5% paraformaldehyde). Using EPICS XL-MCL
flow cytometer (Beckman-Coulter, Buckinghamshire), lym-
phocytes were gated using forward scatter and side scatter
profiles while ensuring FL1, FL2 and FL3 isotype control
co-plots remained in the lower left quadrants. Ten thousand
BAL lymphocyte events were collected. The percentage of
CD3, CD4 and CD8 cells expressing chemokine receptors was
determined.

Cell culture

Following surgery, lung parenchyma explants were isolated
from regions of the lung that were distal (> 10 cm) from the
tumour lesion. Samples were processed within 3 h of collec-
tion, having been placed immediately in RPMI at 4°C.
Samples were washed ¥ 2 in RPMI, weighed and adjusted to
30 mg then cultured; 1 per triplicate well in 24-well plates for
24 h in 800 ml RPMI 1640 media containing 10% FCS,
penicillin/streptomycin and L-glutamine at 37°C, 5% CO2.

Parallel triplicate wells were stimulated with the Toll receptor
2 and 4 ligand LPS (extracted from E. coli, Sigma; 1 mg/ml)
for the 24-h culture period. Supernatant was subsequently
removed and stored at -20°C for later ELISA analysis.

ELISA

Bronchoalveolar lavage fluid and lung explant supernatants
were analysed for CCL5 and CCL11 levels using ELISA
duosets purchased from R&D systems according to the
manufacturer’s instructions.

Data analysis

The percentage of leukocytes (in 10 000 events) expressing
CD3, CD4 and CD8 were determined. This figure was
adjusted by the total number of cells retrieved/ml of BAL to
calculate the total number of CD3, CD4, CD8/ml of BAL.
Cell number data were not normally distributed, so three-
way comparisons between groups were performed using
Dunn non-parametric anova, and Mann–Whitney U-tests
for two-way comparisons. Chemokine receptor expression
data were normally distributed, so comparisons between
groups (HNS versus smokers versus COPD and inhaled cor-
ticosteroid users versus non-users) were performed using
Tukey parametric anova. Subsequently, two-way between-
group comparisons (non-paired t-tests) were performed.
Spearmans coefficient was used to analyse the relationship
between lymphocytes and %FEV1 and %FEV1 with BAL
yield. CCL5 and CCL11 data from BAL and lung explants
were normally distributed, so non-paired-T tests were
performed to compare COPD patients and smokers. Paired

Table 1B. Subject demography: chemokines.

COPD

n = 10

Smokers

n = 12

HNS

n = 6

BAL levels Sex (F/M) 5/5 5/7 3/3

Age (years) 66·2 (55–83) 56·5 (20–81) 45·6 (24–65)

FEV1 1·6 (1·1–2·5) 2·1 (1·9–4·2) 2·8 (1·6–4·1)

FEV1 predicted 64·6 (60–75) 90 (75–113) 92·6 (86–107)

FEV1/FVC ratio 64·7 (48–70) 80 (71–87) 75·8 (71–82)

Pack year history 41·8 (16–80) 22·2 (3·7–50) 0

Current/Ex smokers 7/3 6/6 N/A

ICS users 5 0 0

n = 6 n = 6 Not done

Lung explant release Sex (F/M) 3/3 2/4 N/A

Age (years) 64·5 (50–75) 62·8 (53–73)

FEV1 1·7 (0·9–2·8) 2·2 (1·7–3·4)

FEV1 predicted 61·2 (42–81) 90 (73–128)

FEV1/FVC ratio 57·3 (45–68) 81 (75–85)

Pack year history 46·8 (35–58) 31 (10–53)

Current/Ex smokers 4/2 2/4

ICS users 4 0

Results expressed as mean ICS, inhaled corticosteroid; P, lung explant study; B, BAL study.
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t-tests were performed to assess LPS effects. P < 0·05 was
considered statistically significant in all analysis.

Results

The CD3, CD4 and CD8 data from the 34 subjects undergo-
ing flow cytometry analysis has already been reported else-
where [13] as part of a cohort of 53 subjects. As previously
reported [14], retrieved BAL yield (volume) was lower in
COPD than smokers, which was lower than HNS (Table 1A),
and the BAL yield was related to FEV1 (P = 0·008, r = 0·55).
Similar to the previous data, COPD patients had signifi-
cantly more CD3 cells/ml BAL compared with smokers and
HNS (P < 0·05); median CD3 cell numbers ¥ 102/ml BAL
were COPD 92·3, smokers 15·8, HNS 28. There were a
numerically greater number of CD8 cells/ml BAL (¥ 102) in
COPD patients (30·9) compared with both smokers (6·9)
and HNS (6), with statistical significance being reached in
comparison with HNS (P = 0·02) but not smokers (P = 0·1).
Current smoking had no significant effect on lymphocyte
subset numbers (P > 0·05 for CD3, CD4 and CD8) and simi-
larly inhaled corticosteroid treatment in COPD patients also
had no effect (P > 0·05 for CD3, CD4 and CD8).

Chemokine receptor expression

CD8 chemokine receptor expression (Fig. 1a). The propor-
tion of CD8 cells expressing CCR3 was significantly greater

in COPD patients (P = 0·02) and smokers (P = 0·008) com-
pared with HNS. The proportion of CD8 cells expressing
CCR5 was significantly greater in COPD patients (P = 0·009)
and smokers (P = 0·04) compared with HNS. For CCR3 and
CCR5, there was no difference in CD8 chemokine receptor
expression between COPD patients and smokers. CCR4 and
CXCR3 expression levels were similar in all three subject
groups (P > 0·05).

CD3 lymphocyte chemokine receptor expression (Fig. 1b). The
proportion of CD3 cells expressing CCR3 was significantly
greater in COPD patients (P = 0·02) and smokers (P = 0·01)
compared with HNS. The proportion of CD3 cells express-
ing CCR5 was significantly greater in COPD patients
(P � 0·001) and smokers (P = 0·01) compared with HNS. In
contrast to CD8 cells CXCR3 expression on CD3 lympho-
cytes was greater in COPD patients (P = 0·03) and smokers
(P = 0·01) compared with HNS. For CCR3, CCR5 and
CXCR3, there was no difference in CD3 chemokine receptor
expression between COPD patients and smokers. CD3CCR4
expression levels were similar in all three subject groups
(P > 0·05).

Current smoking and inhaled corticosteroid effects

CCR5 expression on COPD and smokers BAL CD8 and CD3
lymphocytes was significantly higher in current smokers
compared with ex-smokers (Table 2). Additionally, there was
a positive correlation between BAL CD8CCR5 expression
with pack year history (Fig. 2). Current smoking and pack
year history did not influence the BAL expression levels of
any other CD8 chemokine receptors.

In a subgroup analysis, we excluded all current smokers to
remove any confounding effect of this variable (see Table 2).
Significantly raised CCR3 levels were observed on CD8
and CD3 cells in the COPD group compared with HNS
(P = 0·01, and 0·005 respectively). The levels in ex-smokers
with normal pulmonary function were numerically lower
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than COPD patients, although this was not statistically
significant.

CD8 chemokine receptor expression in COPD patients
who were inhaled corticosteroid (ICS) users was not signifi-
cantly different from the non-users. The mean % expression
levels for ICS versus non-users, respectively, were: CCR3 14·1
versus 25·2, P = 0·21; CCR5 49·9 versus 45·5, P = 0·38; CCR4
20 versus 31·5, P = 0·18; and CXCR3 31 versus 37, P = 0·32.

Bronchoalveolar lavage CCL11 and CCL5 Levels

Having found increased CCR3 levels in BAL CD8 cells
from COPD patients and smokers, levels of the CCR3
ligands CCL11 and CCL5 in BAL fluid were assessed in a
separate cohort of COPD patients, smokers and HNS (see
Fig. 3a). CCL5 levels in smokers and COPD patients
were numerically higher than HNS (mean pg/ml: 30 and
23 and 5 respectively), but these differences did not reach
statistical significance (P = 0·1 and 0·09 respectively).
CCL11 levels were significantly higher in smokers com-
pared with HNS (mean pg/ml: 4·1 and 3·1 respectively,
P = 0·03), but the numerical difference between COPD
patients and HNS did not reach statistical significance
(mean pg/ml: 5·7 and 3·1 respectively, P = 0·08). For CCL5
and CCL11, there was no difference between COPD
patients and smokers. CCL5 and CCL11 levels in COPD
BAL were similar in ICS users compared with non-users
(P = 0·42 and 0·15 respectively).

Lung explant cultures

After 24-h culture, CCL5 levels (mean pg/ml) were signifi-
cantly raised in COPD subjects compared with smokers

Table 2. Interaction of smoking and BAL CD8 and CD3 chemokine receptor expression.

Current smoking effects

Current versus ex-smokers: Data from COPD patients and smokers are combined

BAL CD8 cells BAL CD3 cells

Current

n = 14

Ex

n = 12

Non-paired t-test

P value

Current

n = 14

Ex

n = 12

Non-paired t-test

P value

CCR3 19·9 (5·8) 22·3 (6·9) 0·39 11·7 (4) 9·5 (2·3) 0·32

CCR4 33·4 (6·7) 20·1 (4·4) 0·06 20·6 (4·2) 10·6 (3·1) 0·07

CCR5 55·4 (7·5) 36·3 (7·9) 0·04 33·3 (4·1) 21·3 (5·3) 0·04

CXCR3 45·4 (6·7) 37·2 (8·4) 0·22 29·3 (4·8) 21·9 (6) 0·17

Analysis of ex- and non-smokers: COPD ex-smokers versus ex-smokers (Hex) versus HNS

BAL CD8 cells BAL CD3 cells

COPD ex

n = 6

Hex

n = 6

HNS

n = 8

Three-way anova

P value

COPD ex

n = 6

Hex

n = 6

HNS

n = 8

Three-way anova

P value

CCR3 30·1 (12·3) 14·5 (5·6) 3·4 (1·4) 0·03 12·2 (3·8) 6·9 (2·3) 1·1 (0·3) 0·019

CCR4 27·9 (6·9) 12·4 (4) 21·5 (5·6) 0·23 14·4 (5·5) 6·8 (2·8) 7 (1·5) 0·26

CCR5 41·8 (12·9) 30·9 (9·8) 21·6 (6·4) 0·32 22·8 (7·8) 19·9 (8) 6·5 (2·8) 0·18

CXCR3 31·7 (9·1) 42·7 (14·7) 36 (10·5) 0·82 17·3 (5·9) 26·4 (10·7) 9·5 (2·7) 0·24

Mean per cent cell chemokine receptor expression (standard error of the mean). Hex, ex-smoker with normal lung function.
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(30·4 and 2·6 respectively, P = 0·02). LPS was used to stimu-
late culture to maximize chemokine release, but levels were
not increased by LPS stimulation (34·3 and 3·8 respectively,
see Fig. 3b).

CCL11 production in smokers and COPD was low and
similar (mean pg/ml: 1·8 and 1·0 respectively) and was
not altered by LPS stimulation (mean pg/ml: 2 and 1·1
respectively).

Discussion

Smokers, with and without COPD, had increased CCR3 and
CCR5 expression on BAL CD3 lymphocytes and specifically
on CD8 cells compared with healthy non-smoking controls.
The expression of CCR3 and CCR5 on BAL CD8 cells was
not different between COPD patients and smokers, suggest-
ing that smoking history, and not the development of air-
flow obstruction, alters the expression of these chemokine
receptors. This is the first study to suggest a role for CCR3 in
the recruitment of CD8 cells into the lungs of smokers and
COPD patients.

To further investigate the role of CCR3 signalling in CD8
recruitment, we assessed the levels of the CCR3 ligands
CCL5 and CCL11 in two distinct compartments of the lung;
BAL to assess chemokine levels in the airway lumen pro-
duced by the epithelia and luminal inflammatory cells, and
explant cultures to assess chemokine production from
parenchymal cells. CCL5 and CCL11 levels were numerically
raised in BAL from smokers and COPD subjects compared
with HNS, but only CCL11 levels in smokers were signifi-
cantly higher compared with HNS. We suggest that our
sample size was too small to prove statistically significant
differences in all cases. However, our data support previous
observations of increased BAL and induced sputum CCL5
and CCL11 levels in COPD patients compared with controls
[15,16]. It would certainly be of interest to investigate airway
levels of other CCR3 ligands such as MCP 2, 3 and 4.

Explant cultures used to investigate the spontaneous and
LPS-induced release of CCL5 and CCL11 from lung paren-
chyma showed CCL5 levels were increased in COPD patients
compared with smokers, while CCL11 levels were low and
not different between groups. This suggests that CCL5
production is up-regulated specifically in COPD patients.
Altered CCL5–CCR3 signalling may be a key mechanism for
CD8 recruitment in COPD. A disadvantage of the explant
model is that we could not recruit HNS, as there were no
patients of this phenotype undergoing lung surgery. The low
levels of CCL11 production from lung parenchyma, in con-
junction with our BAL findings and other published findings
showing increased levels of this chemokine in the airway
lumen [15,16], suggest that CCL11 is predominantly pro-
duced by the airway epithelia [17] and/or luminal inflam-
matory cells in COPD patients.

CCL5 may play a role in lymphocyte recruitment via
CCR3, and can also signal through CCR5 [18]. CCL5 may

also play a role in eosinophil recruitment through CCR3,
and it is known that a subset of COPD patients have signifi-
cant airway eosinophilia [19]. Other possible roles for CCL5
include the promotion of TH1 IFNg producing lymphocytes
[20]. Although the current study was focused on CD8
recruitment, our data regarding CCL5 may have wider
implications in the pathophysiology of COPD.

CCR3 is a member of the inducible CC family [5], with
expression levels regulated by inflammation in the sur-
rounding microenvironment [10]. CCR3 has been impli-
cated in CD4 recruitment in atopy, with TH2 cytokines such
as IL-4 capable of increasing CD4CCR3 expression levels
[21]. CCR3 expressing lymphocytes are thought to be TH2
cells [9]. It is known that COPD lymphocytes have a TH1
profile [22,23]. However, there is also evidence that airway
lymphocytes from COPD patients can secrete more TH2
cytokines, notably IL-4 and IL-13, compared with lympho-
cytes from controls [24,25], and that some COPD patients
have significant airway eosinophilia [19]. These observations
support our findings that CCR3 expressing TH2 CD8 cells
may be involved in the pathophysiology of COPD. We specu-
late that CCR3 up-regulation on BAL CD8 cells in smokers
and COPD patients is caused by inflammation and/or oxi-
dative stress.

It has previously been reported in patients with chronic
bronchitis that CCR3 expression is increased on lung tissue
lymphocytes during exacerbations [10]. In contrast,
Grumelli et al. [8] found low-level expression of CCR3 and
CCR4 in COPD pulmonary lymphocytes dispersed from
lung tissue and analysed by flow cytometry.

In agreement we also observed very low CCR3 levels in
our control group of HNS. The differences between our
findings in smokers and COPD patients and those of
Grumelli et al. may be due to the following. (i) It is possible
that the lymphocyte dispersion methodology altered the
ability to detect CCR3 and CCR4. (ii) Alternatively, it is
entirely possible that the CD8CCR3 population is specifi-
cally recruited into the airway lumen/alveolar spaces,
leading to lower expression levels in the tissue. It has been
reported that CCR3 expression was not observed in
sputum lymphocytes [26]. Again, this may be suggestive
of different recruitment mechanisms into separate lung
compartments.

We performed a subgroup analysis to compare chemokine
receptor expression in subjects who were not current
smokers. We observed that CCR3 expression was increased
in the COPD patients compared with HNS, providing some
evidence that the increase in the expression levels of this
chemokine receptor in COPD patients is not only dependant
on smoking history. The numbers in this subgroup analysis
were small, but nevertheless the difference between COPD
patients and controls was large.

Previous studies of CCR5 and CXCR3 expression on
pulmonary CD8 cells in COPD patients have evaluated
lung parenchymal cells. Chemokine receptor expression may

CD8 chemokine receptors in COPD
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change as CD8 cells traverse across the epithelium into the
airway lumen, so the results from these studies may differ
compared with the current study. Previous work has shown
that CD8CCR5 expression is increased in COPD patients
compared with ex-smokers [8], which is supported by our
data; CD8CCR5 expression was associated with acute ciga-
rette smoke exposure and the overall burden of cigarette
smoke pack years. We also found similar CD8CCR5 levels
in COPD patients and smokers that were increased when
compared with HNS, suggesting that smoking was the key
determinant of CCR5 expression.

We did not find any difference between COPD patients
and smokers in pulmonary CD8CXCR3, in agreement with
the findings of Saetta et al. [7]. Similarly to our study, the
study by Grumelli et al. [8] reported increased CD3CXCR3
in COPD patients compared with ex-smokers, but the
specific data for CD8CXCR3 were not shown.

A possible limitation of the lung explant sub-study
was the small sample size. However, the differences for
CCL5 were striking, and we feel that this is unlikely to be a
chance observation. Another issue is that we cannot totally
rule out any effects lung cancer may have had on our
results, but we ensured that sampling occurred at a differ-
ent site to any endobronchial or radiological abnormality.
Additionally, it is possible that some of our smokers had
subclinical emphysema, and we were not able to perform
high resolution CT scanning to rule this out. However, even
if we had done this, the patients would still have been cat-
egorized as not having COPD according to GOLD criteria
[12].

In conclusion, BAL CD8 chemokine receptor expression
appears to be regulated by cigarette smoke exposure,
rather than the development of airflow obstruction in
smokers. CCR3 and CCR5 were the most highly regulated
BAL CD8 receptors. We also present data to support a role
for CCR3 and CCR5 ligands in the recruitment of CD8
cells into the airways, and in particular we show that pro-
duction of CCL5 from airway tissue is increased in COPD
patients compared with smokers. Therapeutic approaches
designed to interfere with these recruitment mechanisms
may reduce the burden of pulmonary inflammation in
COPD patients.
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