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Summary

 

Chronic obstructive pulmonary disease (COPD) is characterized by an exces-
sive inflammatory response to inhaled particles, mainly tobacco smoking. T
lymphocytes are important regulatory cells that secrete several cytokines and
participate actively in this inflammatory response. According to the pattern of
cytokines secreted, the immune response is classified as cytotoxic or type 1
[interferon (IFN)-

  

γγγγ

 

-, interleukin (IL)-2-dependent] and humoral or type 2
(IL-4-, IL-5-, IL-10- and IL-13-dependent). This paper sought to compare the
intracellular profile of cytokine expression determined by flow cytometry in T
lymphocytes harvested from bronchoalveolar lavage (BAL) and peripheral
blood in patients with COPD, smokers with normal lung function and never
smokers. We found that BAL T lymphocytes from COPD patients had a
higher percentage of positive stained cells for most of the cytokines analysed
when compared to never smokers or smokers with normal lung function. Dif-
ferences reached statistical significance for IL-4, IL-10 and IL-13, particularly
in CD8

  

++++

 

 T cells. Furthermore, the expression of most of these cytokines was
related inversely to the degree of airflow obstruction present suggesting local
activation and/or selective homing of T lymphocytes to the lungs in COPD
patients. These observations were not reproduced in circulating T lympho-
cytes. These results suggest that BAL T lymphocytes in patients with COPD
produce more cytokines than in controls and tend to show a type 2 pattern of
intracellular cytokine expression, particularly a Tc-2 profile. This is related
inversely to the degree of airflow obstruction present.
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Introduction

 

Tobacco smoking induces an inflammatory response of the
airways and lung parenchyma in all smokers. However, for
reasons that are not fully understood, only some of them
develop chronic airflow obstruction [1]. It is therefore likely
that the nature, intensity and/or localization of this inflam-
matory response may differ in those smokers who manage to
preserve lung function despite their habit, compared to those
who develop chronic obstructive pulmonary disease
(COPD) [2].

Several inflammatory cells, including macrophages, neu-
trophils and lymphocytes, participate actively in the inflam-
matory response that characterizes COPD [3]. Among them
T lymphocytes, and the array of cytokines they produce, play

a key role in orchestrating the type of immune response
mounted, which can be classified as cytotoxic or humoral.
The former involves the production of mainly interferon
(IFN)-

 

γ

 

 and interleukin (IL)-2 by either CD4

 

+

 

 T helper
(Th1) or CD8

 

+

 

 T cytotoxic (Tc1) lymphocytes; the latter is
associated with the production of IL-4, IL-5, IL-10 and IL-13
(Th2 or Tc2, respectively) [4].

Several previous studies have already attempted to char-
acterize the pattern of lymphocyte cytokine production in
COPD, but results are conflicting. Some reported that
patients with COPD show a predominant Th2/Tc2 pheno-
type [5–7], whereas others found a Th1/Tc1 pattern [8–10].
Differences are probably related to the different tissues sam-
pled (blood, bronchi, alveoli), the different T cell subpopu-
lations studied (CD4

 

+

 

, CD8

 

+

 

) and/or the fact that these
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studies focused on a limited number of cytokines. We sought
to overcome these limitations and to define the pattern of
intracellular cytokine expression of T lymphocytes more
precisely in patients with COPD by analysing both CD4

 

+

 

 and
CD8

 

+

 

 T lymphocytes isolated simultaneously from periph-
eral blood and bronchoalveolar lavage (BAL) fluid, and by
determining the pattern of expression of a wide variety of
Th1/Tc1 and Th2/Tc2 cytokines. Although this is a descrip-
tive study, a detailed characterization of the pattern of lym-
phocyte cytokine expression in COPD is essential for a better
understanding of the molecular mechanisms that drive the
abnormal inflammatory response that characterizes this dev-
astating disease.

 

Materials and methods

 

Population and ethics

 

We studied smokers (with and without COPD) and never
smokers (Table 1). All participants were recruited consecu-
tively from the endoscopy unit of our institution from those
requiring a bronchoscopy for clinical reasons (solitary
pulmonary nodule or haemoptysis). All patients gave their
written consent after being fully informed of the nature,
characteristics, risks and potential benefits of the study,
which was approved previously by the Ethics Committee of
our institution. COPD patients were clinically stable and had
not had an episode of exacerbation during the last 3 months.
Six patients were being treated with inhaled steroids, but
none was receiving oral steroid therapy. We excluded indi-
viduals with other chronic lung diseases (asthma, bron-
chiectasis and interstitial lung diseases), atopy, cardiac,
hepatic or renal failure. To avoid any potential effect of acute
smoking, active smokers refrained from smoking 12 h before
bronchoscopy. Exhaled carbon monoxide concentration
determined before sampling was lower than 10 parts per mil-
lion (p.p.m.) in all subjects.

 

Lung function

 

Forced spirometry (GS; Warren E. Collins, Braintree, MA,
USA) was obtained in all participants [11]. Spirometric ref-
erence values were those of a Mediterranean population
[12].

 

BAL and blood sampling

 

Bronchoscopy was performed with a flexible fibreoptic bron-
choscope (Pentax 15v, Tokyo, Japan). Under topical lidocaine,
BAL was performed by instilling eight 25 ml aliquots of sterile
saline solution in one pulmonary segment of the middle lobe
or lingula not containing any nodule [13]. The liquid recov-
ered was filtered, washed twice in phosphate-buffered saline
(PBS) and resuspended in RPMI-1640 medium at 4

 

°

 

C. Hep-
arinized blood samples were collected before bronchoscopy
by peripheral venipuncture. Peripheral blood mononuclear
cells (PBMC) were isolated by density gradient centrifugation
(Ficoll Hypaque). PBMC cells were washed twice and re-sus-
pended at 10

 

6

 

 per millilitre in RPMI-1640 medium.
We excluded the presence of airway bacterial infection by

using a sterile protected specimen brush (PSB) (Mill-Rose,
Lab Inn, OH, USA) performed before BAL [14]. The culture
of PBS samples yielded less than 10

 

3

 

 colony-forming units
(CFU)/ml in all participants.

 

Stimulation, staining and flow cytometry analysis of T 
lymphocytes

 

PBMC and BAL cells were stimulated with or without (neg-
ative controls) phorbol myristate acetate (PMA; 25 ng/ml)
and ionomycin (1 

 

µ

 

g/ml) in the presence of Brefeldin A
(10 

 

µ

 

g/ml) for 5 h at 37

 

°

 

C in a 5% CO

 

2

 

 humidified
atmosphere.

After stimulation, cells were harvested, stained with anti-
CD8 and anti-CD3 monoclonal antibodies (Coulter Immuno-
tech, Isaza, Madrid, Spain), fixed, permeabilized and intrac-
ellularly stained with anti-IL-2, IL-4, IL-10, IL-13, tumour
necrosis factor (TNF)-

 

α

 

 (all from Pharmingen Becton Dick-
inson, Madrid, Spain) and IFN-

 

γ

 

 (Coulter Immunotech)
phycoerythrin (PE)-conjugated monoclonal antibodies. The
analysis was carried out in an Epics XL flow cytometer
(Coulter Immunotech) using Expo32 software (Coulter
Immunotech). T lymphocytes were gated on a side 

 

versus

 

CD3

 

+

 

 dot plot. We analysed CD8

 

+

 

 T lymphocytes as
CD3

 

+

 

CD8

 

+

 

 and CD4

 

+

 

 T lymphocytes as CD3

 

+

 

CD8

 

–

 

 T cells.
Positive staining was established above the background level
of cells stained with isotype-matched PE-conjugated mono-
clonal antibodies and non-stimulated samples (Fig. 1).

 

Table 1.

 

Clinical and functional data of the subjects included in the study.

Never smokers

(

 

n

 

 

 

=

 

 7)

Smokers with normal

lung function

(

 

n

 

 

 

=

 

 16)

COPD patients

(

 

n

 

 

 

=

 

 14)

Age (years) 57 

 

± 

 

5 61 

 

± 

 

2 64 

 

± 

 

2

Smoking history (pack- years) 0 38 

 

± 

 

4 45 

 

± 

 

4

FEV

 

1

 

 (% ref) 97 

 

± 

 

6 93 

 

± 

 

3 57 

 

± 

 

2†

FEV

 

1

 

/FVC (%) 77 

 

± 

 

2 74 

 

± 

 

1 55 

 

± 

 

2†

†

 

P

 

 

 

<

 

 0·01 [chronic obstructive pulmonary disease (COPD) 

 

versus

 

 with normal lung function and

never smokers]. FEV

 

1

 

 

 

=

 

 forced expiratory volume in 1 s.
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Statistical analysis

 

Results are shown as mean 

 

±

 

 standard error of the mean
(s.e.m.). Mann–Whitney, Kruskal–Wallis and Dunn’s multi-
ple comparison tests were used to compare groups as appro-
priate. Correlations between variables of interest were
explored by the Pearson correlation test. A 

 

P

 

-value lower
than 0·05 was considered significant.

 

Results

 

Clinical and functional findings

 

Table 1 shows the main clinical and functional characteris-
tics of the three groups studied. COPD patients were slightly
older than the other two groups, but differences were not

statistically significant. The smoking history of patients with
COPD and smokers with normal lung function was similar.
Patients with COPD showed moderate airflow obstruction
(GOLD stage II) whereas, by definition, spirometry was nor-
mal in the other two groups.

 

Pattern of intracellular cytokine expression in BAL T 
lymphocytes

 

Table 2 shows the absolute and differential cell counts in
BAL. As reported previously [15], BAL recovery was reduced
in COPD; in contrast, total cell count was higher in COPD
and in smokers with normal lung function. The distribution
of CD4

 

+

 

 and CD8

 

+

 

 T cells in BAL samples was not different
between groups (Table 3), as described previously [16].

Figure 2 presents the percentage of BAL CD4

 

+

 

 and CD8

 

+

 

 T
lymphocytes (panels a and b, respectively) with positive
intracellular staining for the different cytokines studied in
patients with COPD (dark columns), smokers with normal
lung function (grey columns) and never smokers (white col-
umns). Patients with COPD showed a tendency towards
higher positive staining for basically all cytokines studied. In
CD4

 

+

 

 T lymphocytes (a), differences reached statistical sig-
nificance for IL-13 and IFN-

 

γ

 

, whereas in CD8

 

+

 

 T lympho-
cytes (b) differences were statistically significant for IL-2, IL-
4, IL-10 and IL-13. Results were not different in patients
receiving (or not) treatment with inhaled steroids (data not
shown). Interestingly, the percentage of CD4

 

+

 

 T cells staining
positive for IL-10 and IL-13, and CD8

 

+

 

 T cells staining pos-
itive for IL-4, IL-10 and IL-13 showed a significant negative
correlation with forced expiratory volume in 1 s (FEV

 

1

 

) val-
ues (Fig. 3). In contrast, type I cytokines (IL-2 and IFN-

 

γ

 

)
were not correlated with lung function (data not shown).

 

Pattern of intracellular cytokine expression in 
circulating T lymphocytes

 

The distribution of CD4

 

+

 

 and CD8

 

+

 

 T cells in peripheral
blood samples was not different between groups, although
patients with COPD showed a tendency towards higher
CD8

 

+

 

 values (Table 3). Figure 4 presents the results obtained
in circulating CD4

 

+

 

 (a) and CD8

 

+

 

 T lymphocytes (b). In con-
trast to the observations made in BAL fluid, in peripheral

 

Fig. 1.

 

Flow cytometry analysis of bronchoalveolar lavage fluid (BALF) 

T lymphocytes staining positive for intracellular interleukin (IL)-2, 

interferon (IFN)-

 

γ

 

, Il-4 and IL-13 cytokines. CD4

 

+

 

 T (CD3

 

+

 

CD8

 

–

 

) and 

CD8

 

+

 

 (CD3

 

+

 

CD8

 

+

 

) lymphocytes were previously gated on a side 

 

versus

 

 

CD3 positive dot plot. Positive staining was established above the back-

ground level (dotted line) of cells stained with isotype-matched phyco-

erythrin-conjugated monoclonal antibodies and non-stimulated 

samples.
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Table 2.

 

Absolute and differential cell counts in bronchoalveolar lavage fluid.

Never smokers

(

 

n

 

 

 

=

 

 7)

Smokers with normal

lung function

(

 

n

 

 

 

=

 

 16)

COPD

(

 

n

 

 

 

=

 

 14)

Total cell count ( 

 

× 

 

10

 

3

 

/ml) 65·6 

 

± 

 

17·6 271 

 

± 

 

58* 182 

 

± 

 

33

Macrophages (%)  92 

 

± 

 

1 92 

 

± 

 

2 85 

 

± 

 

3

Lymphocytes (%)  7 

 

± 

 

1 7 

 

± 

 

2 9 

 

± 

 

2

Neutrophils (%)  1 

 

± 

 

0·4 1 

 

± 

 

0·2 3 

 

± 

 

2

BAL recovery (ml)  105 

 

± 

 

7 94 

 

± 

 

4† 70 

 

± 

 

7**

*

 

P

 

 

 

<

 

 0·05 

 

versus

 

 never smokers; **

 

P

 

 

 

<

 

 0·01 

 

versus

 

 never smokers; †

 

P

 

 

 

<

 

 0·01 

 

versus

 

 chronic

obstructive pulmonary disease (COPD).
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blood differences between groups were mainly absent, both
in CD4+ and CD8+ T lymphocytes. Only in the case of TNF-
α did we observe an unexpected lower staining in circulating
CD8+ T lymphocytes of smokers with normal lung function
compared to never smokers or patients with COPD.

Discussion

The main results of our study indicate that: (1) BAL T lym-
phocytes in patients with COPD produced more cytokines
than controls (Fig. 2). This was not the case in circulating T
lymphocytes (Fig. 3), suggesting local activation and/or
selective homing of T lymphocytes to the lungs; (2) the pat-
tern of cytokine production tended to follow a Tc2 profile, as
shown by the higher percentage of CD8+ T cells staining pos-
itive for IL-4, IL-10 and, particularly, IL-13 (Fig. 2); and (3)
several type 2 cytokines were correlated inversely with the
degree of airflow obstruction (Fig. 3). Overall, these results
suggest that the profile of cytokines expressed in pulmonary
T lymphocytes follows a type 2 pattern, mainly a Tc2, and
that this is related to the severity of the disease.

It is now well established that T lymphocytes participate
actively in the inflammatory response of the airways and
lung parenchyma that characterizes COPD [1,3,17,18]. Sev-
eral previous studies have attempted to characterize the pro-
file of cytokine production in these patients, but results were
conflicting. Mattoli et al. reported that, compared to never
smokers or smokers with normal lung function, CD8+ T cell
clones harvested from patients with COPD present a Tc2
phenotype [5]. These findings were confirmed later by
Miotto et al. [6] and Zhu et al. [7] in bronchial tissue. In con-
trast, Majori et al. found that peripheral CD4+ T lympho-
cytes developed a Th1 phenotype in patients with COPD
compared to smokers with normal lung function and never
smokers [8] and, in keeping with these findings, more
recently Di Stefano et al. published that lymphocytes in
bronchial tissue of patients with mild to moderate stable
COPD showed a Th1/Tc1 pattern [9], although Th-2 cytok-
ines (such as IL-4 or IL-5) were never determined. Further-
more, a Tc2 phenotype has also been associated with
interstitial fibrosis and declining lung function in patients
with systemic sclerosis [19]. Finally, in a recent paper

Grumelli et al. suggested a Th1 pattern of BAL T lympho-
cytes based on IFN-γ production and chemokine receptor
expression [10]. In contrast to these previous investigations,
which measured only a reduced number of cytokines, we
screened cytokine production by both CD4+ and CD8+ T
lymphocytes comprehensively, not only in those harvested
from BAL but also in those isolated from the circulating
pool. Our results show that the percentage of cytokine-pro-
ducing BAL T lymphocytes was higher in patients with
COPD than in controls for many cytokines (Fig. 2), suggest-
ing a highly effector state of these cells in the lungs of these
patients. Interestingly, this was absent in circulating T lym-
phocytes (Fig. 4), suggesting that lung lymphocytes are acti-
vated locally or recruited selectively to the lungs. We also
found that BAL CD8+ T lymphocytes in patients with COPD

Table 3. Percentage of CD4+ and CD8+ T lymphocytes in blood and 

BAL samples.

Never smokers

(n = 7)

Smokers with normal

lung function

(n = 16)

COPD

(n = 14)

CD4+ (%)

Blood 71 ± 3·7 72 ± 2·2 64 ± 3·6

BAL 62 ± 5·4 59 ± 3·3 51 ± 3·7

CD8+ (%)

Blood 28 ± 3·7 27 ± 2·1 34 ± 3·6

BAL 36 ± 5·3 38 ± 3·2 45 ± 3·8

COPD: chronic obstructive pulmonary disease.

Fig. 2. Percentage (mean ± s.e.m.) of bronchoalveolar lavage (BAL) 

CD4+ (a) and CD8+ T lymphocytes (b) with positive intracellular stain-

ing for the different cytokines studied in patients with chronic obstruc-

tive pulmonary disease (COPD) (dark columns), smokers with normal 

lung function (grey columns) and never smokers (white columns). 

†P < 0·05 COPD versus non-smokers; *P < 0·05 COPD versus smokers 

with normal lung function.
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follow a mainly Tc2 pattern because the production of IL-4,
IL-10 and IL-13 was higher than in the other two groups
(Fig. 2b). This pattern was less well defined in CD4+ T lym-
phocytes, which showed a higher production of IL-13 and
IFN-γ (Fig. 2a). However, CD4+ T cells staining positive for
IFN-γ reached statistical significance only when compared to
never smokers (Fig. 2a), an observation that may indicate a
direct effect of tobacco smoke on the production of this
cytokine. Thus, these observations pinpoint towards a
mainly Tc2 pattern of response in COPD. In support of this
contention is the fact that circulating levels of IL-6 are
known to be increased in COPD patients [20], and IL-6
polarizes mainly T cells towards a type 2 immune response
[21,22]. A possible explanation of these results is that stim-
ulation of the innate immune system induces the produc-
tion, among others, of IL-6 in COPD patients, which would
commit T cells to produce a type 2 cytokine profile, this pat-
tern being a consequence rather than a cause of the disease.

Mechanistically speaking, two other aspects of our study
deserve comment. First, several type 2 cytokines (IL-4, IL-10
and  IL-13)  showed  a  significant  negative  correlation  with
the  degree  of  airflow  obstruction  (Fig. 3).  Secondly,
among the different cytokines screened, IL-13 was the one
showing the highest up-regulation in COPD (both in CD4+

and CD8+ BAL T lymphocytes (Fig. 2a,b). It is known that
over-expression of IL-13 in transgenic mice causes emphy-
sema, mucus metaplasia and inflammation [23], all well-
known pathological changes of COPD [1,3,17,18]. These
observations therefore support a role for type 2 cytokines in
general and IL-13 in particular in the pathogenesis of the dis-
ease. For instance, the higher percentage of CD8+ T cells
staining positive for type 2 cytokines could render them
more resistant to apotosis [24], thus increasing their life span
and destructive capability in the lungs.

In summary, our study provides a comprehensive descrip-
tion of the activation pattern of CD4+ and CD8+ T lympho-
cytes in BAL and peripheral blood of patients with COPD.
We found that differences were significant in the BAL com-
partment (much less so in peripheral blood), and that the
cytokine profile tends to follow a type 2 pattern, mainly a

Fig. 4. Percentage (mean ± s.e.m.) of circulating CD4+ (a) and CD8+ T 

lymphocytes (b) with positive intracellular staining for the different 

cytokines studied in patients with chronic obstructive pulmonary dis-

ease (COPD) (dark columns), smokers with normal lung function (grey 

columns) and never smokers (white columns). ††P < 0·01 non-smokers 

versus smokers with normal lung function; *P < 0·05 COPD versus 

smokers with normal lung function.
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Fig. 3. Correlation analysis between the percentage of CD4+ (a) and 

CD8+ (b) bronchoalveolar lavage (BAL) T lymphocytes with positive 

intracellular staining for type 2 cytokines [interleukin (IL)-4, IL-10 and 

IL-13] and the degree of airflow obstruction [forced expiratory volume 

in 1 s (FEV1), % reference] in smokers [with and without chronic 

obstructive pulmonary disease (COPD)].
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Tc2 one. Finally, this appears to be related to the severity of
the disease, as determined by the degree of airflow
obstruction.
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