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ABSTRACT: Previous work has shown an increase in CD8+ T-cells, neutrophils and
eosinophils in small airway subepithelium in smokers. The authors have now
investigated whether similar changes occur in the large airways.
Immunohistochemistry on frozen sections of bronchial biopsies were obtained at
bronchoscopy in 11 nonsmokers, eight asymptomatic smokers and 11 smokers with
chronic bronchitis and chronic obstructive pulmonary disease (COPD).
There was an increase in the number of CD8+ cells infiltrating the bronchial
subepithelium in the COPD group compared to the asymptomatic smokers (305 (109±
400) versus 92 (41±550) cells.mm-2, p=0.030). There was a negative correlation between the number of CD8+ cells and the forced expiratory volume in one second
(FEV1) %predicted (p=0.005, r=-0.62), and a positive correlation between the number
of CD8+ cells and the number of pack years smoked (p=0.017, r=0.42). There was a
negative correlation between the activated/total eosinophils ratio and the FEV1 %
pred (p=0.017, r=-0.51). There was a negative correlation between pack years smoked
and the number of neutrophils (p=0.022, r=-0.36).
Smokers who develop chronic obstructive pulmonary disease have increased numbers of CD8+ T-cells in large airways when compared to asymptomatic smokers.
Airway obstruction was associated with an increase in the proportion of eosinophils
that were activated.
Eur Respir J 2000; 15: 512±516.

Smoking is the major cause of chronic obstructive pulmonary disease (COPD), a disease which is characterized
by fixed airflow obstruction [1]. However only 20% of
smokers eventually develop clinically significant COPD,
suggesting that host factors might be important in the
development of airflow obstruction [2]. There is increasing evidence that inflammation plays an important role in
the pathogenesis of COPD although there is conflicting
information as to the cellular nature of the inflammatory
infiltrate at different sites in the lung.
Previous studies have demonstrated an increase in the
number of T-cells infiltrating the large airway subepithelium and a shift towards a CD8 phenotype [3±8] in addition to increases in the number of macrophages [4, 5, 8].
An increase in the number of infiltrating eosinophils has
been observed in the large airway subepithelium although
they do not appear to be degranulated as in asthma [9].
Although studies examining bronchoalveolar lavage have
demonstrated increases in the number of neutrophils in
subjects with COPD [10±14] this has not been supported
by the majority of studies of the large airway subepithelium [4, 5, 8, 11].
It has previously been demonstrated that there is a shift
in the T-cell phenotype towards CD8+ and an increase in
neutrophils and eosinophils infiltrating the small airway
subepithelium in smokers, when compared to nonsmokers
[15]. In order to investigate whether a similar change in
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the inflammatory cell population occurs in the large
airway subepithelium, the authors have applied immunohistochemistry to bronchial biopsies obtained at bronchoscopy in a group of nonsmokers, asymptomatic smokers,
and smokers with COPD.
Methods
Subjects
In order to study the cellular infiltration in the bronchial
mucosa the authors obtained bronchial biopsies at bronchoscopy as previously described [16] in a group of 11
nonsmokers (NS) (age 52.52.8 yrs (meanSD), forced
expiratory volume in one second (FEV1) 101.14.5%
pred (meanSEM)), eight asymptomatic smokers (S) (age
50.52.6 yrs (meanSEM), FEV1 1014.5 % pred (mean
SEM)), and 11 smokers with COPD and chronic bronchitis,
defined as an FEV1 <80% pred in addition to the presence
of a cough productive of sputum on most days for at least
3 months in a year for at least 2 yrs (COPD) [16] (age
59.93.0 yrs (meanSEM), FEV1 56.84.7% pred (mean
SEM) (table 1). Nonsmokers and asymptomatic smokers
were recruited from healthy volunteers. Subjects with
COPD were recruited from outpatient clinics. They were
excluded from the study if they had had an exacerbation
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Table 1. ± Characteristics of subjects
n Males Age FEV1 Pack years
Nonsmokers
11
Asymptomatic smokers 8
Smokers with COPD
11

4
4
8

53+3 1015
513 1015
603 575

0
406
5311

Data are expressed as absolute numbers and meanSEM. FEV1:
forced expiratory volume in one second; COPD: chronic obstructive pulmonary disease.

was outlined on a captured image and the contained area
measured using image analysis software (Colour FreeLance software, Sight Systems, Hove, Sussex, UK). All
cell counts were expressed as cells.mm-2. Some sections
were inevitably lost in the staining procedure during the
repeated incubations and washing required by the technique of immunohistochemistry and this accounts for the
occasional missed cases in some cell counts.
Statistical analysis and ethics

in the previous 2 months, were taking inhaled steroids, or
had a history of asthma, eczema or allergic rhinitis. All
subjects underwent spirometry (Medisoft PulmoLink
Partn'Air 5500; Medisoft, Dinant, Belgium) and were
excluded if reversibility to 1 mg inhaled terbutaline assessed after 15 min >15% of initial value of FEV1. Subjects also had skin-prick tests to a battery of common
aeroallergens (ALK, Horsholm, Denmark) and were excluded if any reaction was >2 mm.

Statistical analyses of the data were performed using the
Kruskal-Wallis test with a Dunns post test. Correlations
were assessed using a Spearman test. Results are expressed
as median (range). A p-value of <0.05 was considered
statistically significant. The study was approved by the
Guy's and St Thomas' Hospitals Ethics committees. All
subjects gave written informed consent.

Immunohistochemistry

T-cells

Bronchial biopsies were snap frozen in OCT embedding medium (Miles, Elkhart, IN, USA) in isopentane
(BDH, Poole, Dorset, UK) cooled over liquid nitrogen.
Samples were stored at -708C. Consecutive 5 mm frozen
sections were then cut and used for immunohistochemistry
as previously described [17] using the avidin biotin complex. Mouse monoclonal immunoglobulin (Ig)G1 primary
antiodies were used for cell identification as follows:
anti-CD3 (MO835; DAKO, High Wycombe, UK) a panT-lymphocyte marker used at 1:50 dilution; anti-CD4
(MO716; DAKO) used at 1:50 dilution; anti-CD8 (MO707; DAKO) used at 1:50 dilution; EBM11 (MO718;
DAKO) a pan-macrophage marker recognizing CD68
used at 1:100 dilution; NP57 (MO752; DAKO) an antihuman neutrophil elastase (NE) antibody to identify
neutrophils used at 1:600 dilution; BMK13 (CBL419;
Cymbus Bioscience Ltd, Chilworth, UK) a pan-eosinophil marker recognizing major basic protein (MBP) used
at 1:40 dilution; EG2 (10/9196/01; Pharmacia, Uppsala,
Sweden) a marker for activated eosinophils recognising
the cleaved activated form of the eosinophilic cationic
protein (ECP) used at 1:100; and ACT-1(MO731; DAKO)
a marker for activated T-cells recognizing the interleukin
(IL)-2 receptor (CD25) used at 1:50 dilution. Rabbit antimouse biotinylated antibody (EO354; DA-KO) was used
as a secondary antibody at a dilution of 1:400. Endogenous biotin and peroxidase activity was abolished as previously described [17]. The immunoperoxidase colour
reaction was developed by incubation with diaminobenzidine. A positive control using nasal polyp tissue and a
negative control without primary anti-body were included
in each staining run.

No significant difference was detected in the number of
CD3+ cells (total T-cells) infiltrating the large airway
subepithelium between the NS (451 (138±996) cells.mm-2,
n=10), the S (330 (182±1062) cells.mm-2, n=8) and the
COPD (560 (183±1520) cells.mm-2, n=9). However, there
was a negative correlation between the number of CD3+
cells infiltrating the large airway subepithelium and the
FEV1 % pred when all smokers were analysed (p=0.029,
r=-0.47, n=17). There was no difference in the number of
CD25+ cells (activated T-cells) between the NS (3.1 (0±
21.4) cells.mm-2, n=11), the S (3.0 (0±27.6) cells.mm-2,
n=8) and the COPD (3.38 (0±42.8) cells.mm-2, n=10).
There was an increase in the number of CD8+ cells
infiltrating the large airway subepithelium when the COPD
(305 (109±400) cells.mm-2, n=8) were compared to the S
(92 (41±550) cells.mm-2, n=8, p=0.030) (fig. 1a). In addition there was a negative correlation between the number
of CD8+ cells infiltrating the large airway subepithelium
and the FEV1 % pred when all smokers were analysed
(p=0.005, r=-0.62, n=16) (fig. 1b) and a positive correlation between the number of CD8+ cells infiltrating the
large airway subepithelium and the number of pack years
smoked when all smokers were analysed (p=0.006, r=
0.61, n=16) (fig. 1c). There was no significant difference
in the number of CD8+ cells infiltrating the large airway
subepithelium between the NS (145 (20±260) cells.mm-2,
n=10) and either the COPD (305 (109±400) cells.mm-2,
n=8) or the S (92 (41±550) cells.mm-2, n=8).
No significant difference was detected between the
number of CD4+ cells infiltrating the large airway subepithelium between the NS (321(92±498) cells.mm-2, n=
11), the S (156 (70±372) cells.mm-2, n=7) and the COPD
(244 (0±591) cells.mm-2, n=11).

Cell counts
The number of cells positive for the appropriate cell
marker was counted by a blinded investigator in the subepithelium of each biopsy section, excluding areas of
smooth muscle and mucous secreting glands when these
were identified. One section from one biopsy from each
subject was analysed for each antibody. The relevant area

Results

Eosinophils
No significant difference was detected between the
number of MBP positive cells (total eosinophils) between
the NS (129 (27±282) cells.mm-2, n=11), the S (99 (34±
300) cells.mm-2, n=8) and the COPD (63 (12.5±166)
cells.mm-2, n=10). There was a weak positive correlation
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Fig. 1. ± a) Number of CD8+ cells infiltrating large airway subepithelium obtained from 10 nonsmokers (NS), eight asymptomatic smokers (S) and eight
smokers with chronic obstructive pulmonary disease (COPD). b) Relationship between number of CD8+ cells infiltrating large airway subepithelium and
forced expiratory volume in one second (FEV1) % predicted in all smoking subjects (n=16) (h: asymptomatic smokers open squares; &: smokers with
COPD). p=0.005, r=-0.62. c) Relationship between number of CD8+ cells infiltrating large airway subepithelium and pack years smoked in all smoking
subjects (n=16) (h: asymptomatic smokers; &: smokers with COPD). p=0.006, r=0.61. Horizontal lines represent mean values.

No significant difference was detected between the
number of NE positive cells (neutrophils) between the NS
(247 (89±684) cells.mm-2, n=11), the S (190 (57±267)
cells.mm-2, n=8) and the COPD (165 (29±578) cells.mm-2,
n=11). There was a negative correlation between the number of NE positive cells infiltrating the large airway subepithelium and the number of pack years smoked when all
smokers were analysed (p<0.001, r=-0.69, n=19).
Macrophages
No significant difference was detected between the number of EBM11 positive cells (macrophages) between the
NS (321 (192±575) cells.mm-2, n=10), the S (249 (162±
1009) cells.mm-2, n=8) and the smokers with COPD (420
(163±566) cells.mm-2, n=10).
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nonsmokers. These two observations suggest that CD8+
cells may play a central role in the pathogenesis of COPD.
These results are consistent with those of O'SHAUGHNESSY
et al. [8] who demonstrated an increase in CD8+ infiltration into the large airways in a group of subjects with
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between the number of MBP positive cells infiltrating the
large airway subepithelium and the FEV1 % pred when all
smokers were analysed (p=0.043, r=0.42, n=18) (fig. 2a).
No significant difference was detected between the number of EG2 positive cells (activated eosinophils) between
the NS (17 (0±103) cells.mm-2, n=9), the S (8.9 (0±27)
cells.mm-2, n=8) and the COPD (19 (0±91) cells.mm-2,
n=10). There was a negative correlation between the EG2
positive/MBP positive ratio of cells infiltrating the large
airway subepithelium and the FEV1 % pred when all
smokers were analysed (p=0.017, r=-0.51, n=17; fig. 2b).
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Fig. 2. ± a) Relationship between number of major basic protein (MBP)
positive cells infiltrating large airway subepithelium and forced expiratory volume in one second (FEV1) % predicted in all smoking
subjects (n=18) (h: asymptomatic smokers; &: smokers with chronic
obstructive pulmonary disease (COPD)). p=0.043, r=0.42. b) Relationship between ratio of EG2 positive cells (activated eosinophils) to MBP
positive cells (total eosinophils) infiltrating large airway subepithelium
and FEV1 % pred in all smoking subjects (n=17) (h: asymptomatic
smokers; &: smokers with COPD). p=0.017, r=-0.51.
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COPD when compared to a group of nonsmokers and a
positive correlation with increasing obstruction. A shift
towards CD8+ T-cells in the small airways has previously
been demonstrated in smokers [15] and SAETTA et al. [18]
have previously demonstrated CD8+ infiltration into the
small airways in COPD, suggesting that these cells play a
role at different levels of airway within the lung.
In addition to their accepted role as cytotoxic cells,
CD8+ cells are known to be capable of inducing lung damage when present in excess [19]. There is increasing
evidence for their role in the regulation of the inflammatory response through the release of cytokines [20, 21].
A recent study has demonstrated genetic control of the
ratio between CD8+ and CD4+ cells with a small (5%)
percentage of the population having a CD4/CD8 ratio of
<1 [22]. The current data would be consistent with the
hypothesis, suggested by O'SHAUGHNESSY et al. [8], that
those with a genetically determined increase in the
CD8+ population may be more susceptible to a further
increase in CD8+ cells induced by smoking. This hypothesis might also explain the overlap between the number of CD8+ve cells between the nonsmokers and the
asymptomatic smokers. Subpopulations of subjects with
high and low CD8+ cells may be present in the nonsmoking group whereas a subpopulation with low CD8+
cells is selected in the smokers who are resistant to the
development of COPD and a subpopulation with high
CD8+ cells is selected in the group of smokers who do
develop COPD.
The finding of a positive correlation between the EG2
positive cells/MBP positive ratio of cells infiltrating the
large airway subepithelium (which can be taken as an
approximation of the ratio of activated eosinophils to total
eosinophils) and increasing obstruction, suggests that increasing airways obstruction is associated with an increase
in the fraction of those eosinophils that are activated.
The demonstration of an inverse relationship between
the number of infiltrating neutrophils and pack years is
consistent with another previous study which has noted a
similar reduction in the number of neutrophils infiltrating
the alveolar septum associated with cigarette smoking [23].
However, the data are in contrast to the authors' previous
findings [15] and those of BOSKEN et al. [24] in which
amount smoked correlated positively with the number of
infiltrating neutrophils in the small airways. This may
reflect differences between the large and small airways in
the inflammatory response induced by cigarette smoke.
The absence of any correlation between the number of
neutrophils infiltrating the large airway subepithelium and
increasing obstruction is consistent with previous studies
which have reported no increase in neutrophils in the large
[4, 5, 8, 11] or the small airways [15, 24] in subjects with
COPD. The discordance of these results with those showing an increase in numbers of neutrophils and markers of
neutrophil activation in bronchoalveolar lavage [10, 11,
13, 14, 25], induced sputum [26±28] and airway epithelium [29] remains to be explained.
In conclusion, this study demonstrates an increase in the
number of CD8+ T-cells infiltrating the large airway subepithelium in a group of smokers with chronic obstructive
pulmonary disease when compared with an asymptomatic
group of smokers, supporting the central role of CD8+
cells in the pathogenesis of chronic obstructive pulmonary
disease. Further research is needed to investigate the me-

chanisms by which CD8+ve cells may induce the fixed
airflow obstruction characteristic of chronic obstructive
pulmonary disease.
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