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Phenotypic characterisation of
T-lymphocytes in COPD: abnormal
CD4+CD25+ regulatory T-lymphocyte
response to tobacco smoking

B. Barcel6**, J. Pons™, J.M. Ferrer”', J. Sauleda™"*,
A. Fuster’ and A.G.N. Agusti®"*

ABSTRACT: Tobacco smoking induces an inflammatory response in the lungs of all smokers but,
for reasons that are still poorly understood, only a proportion of them develop chronic obstructive
pulmonary disease (COPD). Recent evidence indicates that this inflammatory response persists
after smoking cessation, suggesting some type of auto-perpetuation mechanism similar to that
described in autoimmune disorders. T-lymphocytes (CD4+ and CD8+) have been implicated in the
pathogenesis of both COPD and several autoimmune processes. A subtype of regulatory CD4+
T-cells expressing CD25 (Tregs) plays a critical role in the maintenance of peripheral tolerance
and the prevention of autoimmunity, but their potential role in COPD has not been explored. The
present study sought to evaluate maturation (CD45RA/CD45R0) and activation markers (CD28) of
T-lymphocytes and to explore potential Treg abnormalities in COPD.

Flow cytometry was used to characterise T-lymphocytes obtained from blood and broncho-
alveolar lavage fluid (BALF) in 23 patients with moderate COPD, 29 smokers with normal lung
function and seven never-smokers.

The main findings were that in BALF: patients with COPD showed higher CD8+CD45RA+ and
lower CD8+CD45R0+ than smokers with normal lung function; and compared with never-smokers,
smokers with preserved lung function showed a prominent upregulation of Tregs that was absent
in patients with COPD.

These observations indicate a final maturation-activation state of CD8+ T-lymphocytes in
chronic obstructive pulmonary disease and, for the first time, identify a blunted regulatory T-cell
response to tobacco smoking in these patients, further supporting a potential involvement of the
acquired immune response in the pathogenesis of the disease.
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[4]. In order to understand why only some
smokers develop the disease, it is imperative to
describe the phenotypic characteristics of these
different cell types in patients with COPD

chronic obstructive pulmonary disease
(COPD) [1]. It causes an inflammatory
response in all smokers but, for reasons that are

T obacco smoking is the main risk factor for

still poorly understood, only a proportion of
them develop COPD [2, 3]. It is likely that the
intensity and/or type of inflammation elicited by
smoking differs between smokers who manage to
preserve lung function despite their habit and
those who eventually develop COPD.

Several cell lines, including macrophages, neu-
trophils and lymphocytes, participate in the
inflammatory response that characterises COPD

For editorial comments see page 486.
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compared with those determined in smokers
with normal lung function and never-smokers.
Following this research strategy, the current
authors’ group has recently reported qualitative
and quantitative differences in alveolar macro-
phages [5] and 8 T-lymphocytes [6] in smokers
with and without COPD and never-smokers.
However, little is known about cytotoxic and
memory T-cells.

Conversely, the concept that COPD might have
an autoimmune component has gained increased
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attention over the past few years [7-9]. This hypothesis is
supported by several lines of evidence, particularly the fact that
the inflammatory response previously alluded to persists after
smoking cessation [4, 10-12], suggesting a self-perpetuating
mechanism [9, 13] similar to those occurring in autoimmune
diseases [7-9]. The hypothesis is further supported by recent
data showing the presence of CD4+ T-lymphocyte oligoclon-
ality in the lungs of patients with severe emphysema [14];
the possibility of inducing autoimmune emphysema in
experimental animals [15]; and the very recent demonstra-
tion of circulating antibodies against elastin in patients with
emphysema [16].

A small subpopulation of CD4+CD25+ T-lymphocytes, also
known as regulatory T-cells (Tregs), with significant anti-
inflammatory and immunomodulatory effects, has been identi-
fied recently [17, 18]. Abnormalities in Treg regulation have
been described in many chronic inflammatory and autoimmune
disorders, including atherosclerosis and rheumatoid arthritis
[17-20], but their involvement in COPD is unclear.

The present study sought to provide further evidence for the
involvement of an acquired immune response in the pathogen-
esis of COPD by investigating: 1) maturation (CD45RA,
CD45R0) and activation (CD28) markers of CD4+ and CD8+
T-lymphocytes (both cell types are believed to play a key role in
the pathogenesis of COPD [3]); and 2) the presence of potential
differences in the distribution of CD4+CD25+ Tregs in smokers
with and without COPD, as well as in never-smokers.

METHODS

Population and ethics

The present study involved 23 patients with COPD (Global
Initiative for Chronic Obstructive Lung Disease stage II-1II), 29
smokers with normal lung function and seven never-smokers.
All participants required bronchoscopy for the clinical evaluation
of a solitary pulmonary nodule or haemoptysis, and all of them
gave informed consent after being made fully aware of the nature
and objectives of the study, which had been previously approved
by the Ethics Committee of the present authors’ institution
(Comite Etic d’Investigaci6 Clinica, Illes Balears, Spain).

COPD patients were clinically stable and had not had an
exacerbation episode during the previous 3 months. All of
them were being treated with long-acting inhaled bronchodi-
lators and six patients also received inhaled steroids, but none
was undergoing oral steroid therapy. Subjects with atopic
diseases, allergic rhinitis and asthma were excluded. To avoid
any potential effect of acute smoking, active smokers refrained
from smoking 12 h before bronchoscopy. Exhaled carbon
monoxide concentration was measured before the procedure
and was <10 ppm in all subjects.

Lung function

Forced spirometry (GS; Warren E. Collins, Braintree, MA,
USA) was obtained in all participants according to interna-
tional guidelines [21]. Spirometric reference values were those
of a Mediterranean population [22].

Bronchoalveolar lavage fluid and blood samples

Bronchoalveolar lavage was performed as previously reported
in the current authors’ laboratory [5, 6]. Briefly, bronchoscopy
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was performed with a flexible fibreoptic bronchoscope (Pentax
15v; Pentax, Tokyo, Japan) under topical lidocaine. Eight 25-
mL aliquots of sterile saline solution were instilled in one
pulmonary segment of a lower lobe without any lung nodule.
The liquid recovered was filtered, washed twice in PBS and
resuspended at 10° cellsmL™" in RPMI-1640 medium at 4°C.
Blood samples were collected before bronchoscopy by peri-
pheral venipuncture. Both bronchoalveolar lavage fluid
(BALF) and peripheral blood samples were processed imme-
diately after attainment.

Flow cytometry analysis

In order to characterise T-cells, blood and BALF samples were
incubated with combinations of CD3, CD4, CD8, CD45RA,
CD45R0 (Pharmingen, Becton Dickinson, Madrid, Spain),
CD28, CD25, CD27 (Coulter Immunotech, Izasa, Spain),
CD62L and glucocorticoid-induced tumour necrosis factor
receptor (GITR; eBioscience, Bionova, Madrid, Spain) mono-
clonal antibodies for 20 min at room temperature in the dark.
Subsequently, 2 mL of lysing solution was added and cells
were washed and resuspended in PBS.

For intracellular detection of cytotoxic T-lymophocyte-
associated antigen (CTLA)4, cells were fixed, permeabilised
and stained with anti-CTLA4 (Coulter Immunotech) using the
Intrastain Fixation and Permeabilization Kit (Dako, Glostrup,
Denmark), according to the manufacturer’s instructions.

Intracellular detection of Foxp3 was carried out using the anti-
human Foxp3 (clone PCH101; eBioscience, Bionova) mono-
clonal antibody according to the manufacturer’s instructions.

Fluorescence-activated cell sorting analyses were performed
on an Epics XL flow cytometer using the Expo32 software
(Coulter Immunotech).

Statistical analysis

Results are shown as mean +SEM. One-way ANOVA with post
hoc Bonferroni contrasts was used to assess the statistical
significance of differences between the three groups of
subjects. An unpaired t-test was used to evaluate differences
between BALF and blood sample parameters. A p-value <0.05
was considered significant.

RESULTS

General findings

Table 1 shows the main clinical and functional characteristics
of participants. Age was similar in the three groups. The
smoking history of patients with COPD was slightly higher
than that of smokers with normal lung function. Patients with
COPD showed moderate airflow obstruction, whereas spiro-
metry was normal in the other two groups.

Table 2 shows the absolute and differential cell counts in
BALF. BALF recovery was reduced in COPD; in contrast, total
cell count was higher in COPD and in smokers with normal
lung function.

Phenotypic characterisation of CD4+ and CD8+
T-lymphocytes in blood and BALF

In peripheral blood, the percentage of naive (CD45RA+) and
memory (CD45R0+) CD4+ and CD8+ T-lymphocytes was not
significantly different between groups (table 3).

EUROPEAN RESPIRATORY JOURNAL
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1y:\:JE=8 W Clinical and functional data of all participants

Never-smokers

CD25 TREG CELLS IN COPD

Smokers with normal lung function COPD patients

Subjects 7
Age yrs 56+6.7
Male/female 6/1
Smoking history pack-yrs 0
FEV1 % pred 9746
FEV1/FVC % 7742

29 23
60+1.7 65+1.8

27/3 22/1
37433 46+£3.1*
92+2.3 58+2.4**
751+0.9 55 1.9%*

Data are presented as n or mean +sem. COPD: chronic obstructive pulmonary diease; FEV1: forced expiratory volume in one second; % pred: % predicted; FVC: forced
vital capacity. *: p<0.05 for COPD patients versus smokers with normal lung function; **: p<<0.01 for COPD patients versus smokers with normal lung function and

never-smokers.

Compared with blood measurements, the percentage of
memory (CD45R0+) CD4+ and CD8+ T-cells was significantly
increased in BALF in all three groups. Conversely, naive
(CD45RA+) CD4+ and CD8+ T-lymphocytes were found in a
higher proportion in blood than in BALF (table 3).

In BALF, the percentage of naive and memory CD4+ T-cells
was similar in all groups (table 3). In contrast, CD8+
T-lymphocytes showed significant differences between groups,
with COPD patients showing higher CD8+ CD45RA+ and
lower CD45R0+ percentages than smokers with normal lung
function (p<<0.001 and p<<0.05, respectively).

Table 4 presents the expression of the co-stimulatory molecule
CD28 in CD4+ and CD8+ T-lymphocytes, both in blood and
BALF. In blood, values were not different between groups,
neither for CD4+ nor CD8+ T-cells. In contrast, in BALF,
irrespective of the presence of COPD, CD8+ T-cells from
smokers have a lower percentage of CD8+ T-cells expressing
CD28 than never-smokers (table 4).

CD4+CD25+ Tregs

Figure 1 presents the percentage of CD4+CD25+ in blood and
BALF in the three groups of subjects studied. No significant
differences in peripheral blood samples were found between
groups. In contrast, it was observed that compared with never-
smokers, smokers with preserved lung function showed a
prominent upregulation of Tregs in BALF. Interestingly, this
response was absent in smokers with COPD. It was also found

that CD4+CD25+ were higher in BALF than in peripheral
blood in the three groups of individuals studied (fig. 1).

Tregs were identified as CD4+ T-lymphocytes expressing
bright CD25 (fig.2), as well as other surface and intra-
cytoplasmatic markers that characterise these cells. Therefore,
CD4+CD25+ cells expressed higher levels of CTLA4/CD152,
GITR, CD62L and CD27 than CD4+CD25- T-cells (fig. 3). They
also expressed the memory surface marker CD45R0 and were
negative for the activator marker CD69 (data not shown).

A characteristic of CD4+CD25+ T-cells is the production of
interleukin (IL)-10, so intracellular IL-10 was explored in
stimulated T-cells. It was found that a higher percentage of
CD4+CD25+ T-cells stained positive for IL-10 than did
CD4+CD25- (4.4+0.23% versus 0.1+ 0.06%; p<0.001).

Foxp3 is a forkhead transcription factor that is needed for the
differentiation of Tregs and is a hallmark of CD4+CD25+ Tregs
[23]. This led to the evaluation of the expression of intracellular
Foxp3 in CD4+CD25+ T-cells. It was found that CD4+CD25+
T-cells, both in blood and BALF, expressed intracellular
Foxp3 (fig. 4).

DISCUSSION

The present study sought first to characterise the maturation-
activation phenotype of T-lymphocytes in patients with COPD,
and secondly, to explore potential abnormalities in CD4+
CD25+ Tregs. Its main findings were that in BALF: 1) patients
with COPD showed higher CD8+CD45RA+ (p<<0.001) and

17:\:18 8 Absolute and differential cell counts in bronchoalveolar lavage fluid (BALF)

Never-smokers

Smokers with normal lung function COPD patients

Subjects 7
Total cell count x 10°-mL"" 63.8+15.3
Macrophages % 93+1
Lymphocytes % 611
Neutrophils % 1+£0.3
BALF recovery mL 104+6

29 23
283+ 49* 186428
93+2 86+2
6+1 10+2
1402 442
95+3* 69+5%*

Data are presented as n or mean +sem. COPD: chronic obstructive pulmonary disease. *: p<0.05 versus never-smokers; **: p<<0.01 versus never-smokers; *: p<0.01

versus COPD patients.
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ay: {88 Proportion of CD4+ and CD8+ naive (CD45RA) or memory (CD45R0) T-cells in blood and bronchoalveolar lavage

fluid (BALF)
Never-smokers Smokers with normal lung function COPD patients p-value

CD4+CD45RA+ %
Blood 24.0+3.9 24.7+3.0 21.9+22 NS
BALF 12404 1.8+0.4 14402 NS
p-value 0.0004 0.0001 0.0001

CD4+CD45R0+ %
Blood 57.6+5.0 60.2+3.6 61.6+3.1 NS
BALF 95.8+0.7 91.7+1.7 93.1+1.2 NS
p-value 0.0001 0.0001 0.0001

CD8+CD45RA+ %
Blood 31.4+6.5 39.4+34 41.4+53 NS
BALF 54+16 29+06 10.2+1.5 <0.001%
p-value 0.014 0.0001 0.0001

CD8+CD45R0+ %
Blood 40.2+5.9 39.3+3.1 36.2+4.3 NS
BALF 83.2+4.1 821428 71.342.9 <0.05%
p-value 0.0017 0.0001 0.0001

Data are presented as mean +sem, unless otherwise stated. Percentage of CD4+CD45RA+/45R0+ or CD8+CD45RA+/45R0+ refers to the total amount of CD4 or CD8
T-cells, respectively. COPD: chronic obstructive pulmonary disease; Ns: nonsignificant. *: for COPD patients versus smokers.

lower CD8+CD45R0+ (p<<0.005) than smokers with normal
lung function (table 2); and 2) compared with never-smokers,
smokers with preserved lung function showed a prominent
upregulation of Tregs that was absent in patients with COPD
(fig. 1). In addition, the present study provided two further
observations of interest: the proportion of CD8+CD28+ was
lower in smokers than in never-smokers, irrespective of the
presence or absence of COPD; and in peripheral blood there
were no significant differences between groups in any of the
different markers studied, whereas their distribution varied
markedly between blood and BALF. This suggests an active
but physiological (it also occurred in never-smokers) compart-
mentalisation process of T-lymphocyte traffic.

Many previous studies have shown that T-lymphocytes
accumulate in the lungs of patients with COPD [4, 7, 24-26]

but, to the current authors” knowledge, only one has attempt-
ed to characterise the maturation-activation phenotype of
T-lymphocytes in patients with COPD [14]. SULLIVAN et al.
[14] reported a higher percentage of CD4+ and CD8+ T-cells
expressing CD45R0 and a lower proportion expressing CD28
in the lung of patients with emphysema, as compared with in
their own blood. This observation, which fully agrees with the
present results (tables 3 and 4), indicates that the majority of
these cells are mature/activated T-cells. However, whereas
SULLIVAN et al. [14] suggested that this was indicative of
activated effector memory T-cells being actively recruited into
the lungs of patients with emphysema, the current authors’
interpretation of this same finding is different because, at
variance with the previous investigation, control subjects were
also studied. By doing so, the present study found that the
higher proportion of CD4+CD45R0+ and CD8+CD45R0+

ay: ]R8 Expression of the co-stimulatory molecule CD28 in CD4+ and CD8+ T-lymphocytes in blood and bronchoalveolar

lavage fluid (BALF)

Never-smokers Smokers with normal lung function COPD patients p-value
CD4+CD28+ %
Blood 95.6+1.7 98.4+0.7 97.3+0.9 NS
BALF 58.0+11.2 75.0+6.9 71.1+£5.3 0.08
p-value 0.007 0.006 0.0001
CD8+CD28+ %
Blood 52.5+4.6 55.2+8.6 58.9+4.7 NS
BALF 57.6+6.3 26.6+7.3 29.1+4.7 0.0078%
p-value NS 0.026 0.0002

Data are presented as mean + Sem, unless otherwise stated. Percentages of CD4+CD28+ or CD8+CD28+ refer to the total amount of CD4 or CD8 T-cells respectively.
COPD: chronic obstructive pulmonary disease; Ns: nonsignificant. #: for never-smokers versus smokers, with or without COPD.
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FIGURE 1. Percentage of CD4+CD25+ referred to the total amount of CD4+
T-lymphocytes on peripheral blood (CJ) and bronchoalveolar lavage fluid () samples
of never-smokers, smokers with normal lung function and chronic obstructive
pulmonary disease (COPD) patients. **: p<0.01; *: p<0.0001; ': p=0.0004.

T-cells (as well as the lower percentage of CD4+CD28+ or
CD8+CD28+) reported in COPD also occurred in smokers with
normal lung function and even in never-smokers (tables 3 and 4).
Therefore, these changes cannot be directly linked to the
pathogenesis of COPD and probably represent the physio-
logical homing of mature T-cells in the lungs as compared
with the general pool of circulating T-lymphocytes.
Furthermore, the inclusion of controls allowed the present
study to compare BALF data between groups and to unravel
some interesting differences. First, it was observed that
patients with COPD showed higher CD8+CD45RA+ and
lower CD8+CD45R0+ levels than smokers with normal lung
function (table 3). The normal maturation-activation process
of T-lymphocytes involves the sequential expression of
CD45RA (naive T-cells), CD45R0 (mature T-cells) and, again,
CD45RA  (effector/cytotoxic T-cells) [27]. Therefore, the
observation of a higher proportion of CD8+CD45RA+
T-lymphocytes in patients with COPD may indicate a final
maturation-activation state of these cells (CD8+ cells expres-
sing CD45RA and perforin) with a correspondingly higher
potential for tissue injury [27]. However, the exact phenotype
of these lymphocytes should be addressed in order to
confirm the data. In contrast, the current authors observed
that the percentage of CD4+ T-lymphocytes expressing the
maturation markers CD45RA or CD45R0 in BALF was not
significantly different between groups (table 3), suggesting a
different role for these T-cells in the pathogenesis of the
disease, such as the modulation of the immune response by
CD4+CD25+ Tregs discussed hereafter.

Tregs constitute a small subpopulation of CD4+ T-lymphocytes
expressing CD25, which have been recently identified as key
immunomodulators in many chronic inflammatory and auto-
immune disorders, including atherosclerosis and rheumatoid
arthritis [17-20]. To the current authors’” knowledge, the
potential involvement of Tregs in COPD has not been explored
before. This may be relevant because the involvement of an
acquired immune response has been recently postulated as
part of the pathogenesis of the disease [4, 7, 8, 14, 15]. Tregs
maintain the homeostasis of the immune system, avoiding the

EUROPEAN RESPIRATORY JOURNAL
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FIGURE 2. Regulatory T-cells were identified as CD4+CD25+bright (boxed
area). Lymphocytes were gated on a forward versus side scatter dot plot.
Percentages of CD4+CD25+ T-cells refer to the total amount of CD4+ T-cells.

activation of undesirable responses to self- and nonself-
antigens. After activation, Tregs suppress proliferation of
CD4+ and CD8+ T-cells through cell contact-dependent
mechanisms and secretion of cytokines, mostly IL-10. The
present study found that those smokers who manage to
preserve their lung function despite their habit showed a
prominent upregulation of Tregs in BALF compared with
never-smokers, whereas this response was blunted in smokers
who had developed COPD (fig. 1). Given the array of
immunoregulatory functions of Tregs [17-20], their upregula-
tion in smokers with normal lung function may be interpreted
as an attempt to regulate and minimise the inflammatory
response elicited by tobacco smoking, whereas the failure of
this mechanism in patients with COPD may contribute to the
enhancement and/or disregulation of such an inflammatory
response, thus contributing to the pathogenesis of the disease.
This pattern of response is, in fact, very similar to that of yé
T-lymphocytes, another subpopulation of T-lymphocytes
involved in tissue repair recently described by the current
authors” group [6], and is in keeping with a recent report
published while the present study was under review [16]. In
any case, the abnormal response of Tregs in patients with
COPD described here provides further support to the hypoth-
esis that autoimmunity may play an important pathogenic role
in COPD.

The present study provided two other observations of interest.
First, smoking reduced the expression of the co-stimulatory
molecule CD28 in CD8+ T-lymphocytes in BALF (but not in
blood) and this occurred irrespectively of the presence or
absence of COPD (table 4). This observation agrees with a
report by EKBERG-JANSSON et al. [28], who also found lower
expression of CD28 on CD8+ T-lymphocytes in BALF from
smokers with normal lung function compared with never-
smokers [28]. Given that the maturation process of
T-lymphocytes involves the downregulation of CD28 [27],
these observations suggest that mature CD8+ T-lymphocytes
are being actively recruited into the lungs as a response to
tobacco smoking that is not specifically linked to the
pathogenesis of COPD. Secondly, no significant differences

VOLUME 31 NUMBER 3 559
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FIGURE 3. Flow cytometry analysis of cytotoxic T-lymphocyte-associated antigen (CTLA)4 (a, b), glucocorticoid-induced tumour necrosis factor receptor (GITR; c, d),
CD62L (e, f) and CD27 (g, h) expression. Representative histograms () of the mean fluorescence intensity (MFI) of cytoplasmic CTLA4 and surface GITR, CD62L and CD27
on bronchalveolar lavage fluid (BALF) CD4+CD25- (a, ¢, e and g) and on BALF CD4+CD25+ (b, d, f and h) T-cells. Mean +sem of MFI values: a) 7.6+0.7; b) 39+3.1;

0) 13+5.2; d) 33+7.3; €) 8.8+2.3; f) 30+4.4; g) 20.7+6; h) 92+18.
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FIGURE 4. Flow cytometry analysis of Foxp3 (clone PCH101). Expression of cytoplasmic Foxp3 was evaluated on a) bronchoalveolar lavage fluid CD4+CD25- (CJ) and

b) CD4+CD25+ T-cells (O0). The mean + sem values of Foxp3 expression were a) 5.84+0.85 and b) 19+6.5.

. expression background level of cells stained with isotype-

matched monoclonal antibodies. Representative dot plots of CD25 and ¢) immunoglobulin G isotype control (boxed area) and d) Foxp3 expression (boxed area) on CD4+
T-lymphocytes. Percentages, referred to the total amount of CD4+ T-cells, had values c) 0.09% and d) 2.06%.

were found between groups in any of the different markers
studied in peripheral blood, whereas marked compartmenta-
lisation was observed when blood and BALF samples were
compared (tables 3 and 4). These observations agree with
previous studies [29-31] and suggest that differences observed
in BALF (previously discussed) are due to specific recruitment
and/or local activation in the lungs.

The present study has some limitations that deserve comment.
First, BALF and blood samples were studied. Therefore, it is
possible that T-lymphocytes isolated from other lung compart-
ments (bronchial mucosa, interstitium) may show different
phenotypic characteristics. Secondly, the population of CD8+
CD45RA+ T-lymphocytes isolated in BALF was not fully
characterised in order to demonstrate that they represent the
final stage of their maturation process. This should be done in
future studies. Thirdly, six patients received inhaled steroids.
For this reason, the results obtained in patients receiving or not
receiving inhaled steroids were compared, and no significant
differences were found. Fourthly, COPD patients had a longer
history of cigarette smoking than smokers without COPD.
Therefore, an effect of smoking cannot be excluded. However,

EUROPEAN RESPIRATORY JOURNAL

the absolute difference in smoking exposure between the two
groups (9 pack-yrs) was relatively small.

In summary, the present study is the first to characterise the
maturation-activation phenotype of T-lymphocytes in patients
with chronic obstructive pulmonary disease in comparison to
that of smokers with normal lung function and never-smokers.
It was found that patients with chronic obstructive pulmonary
disease showed increased percentages of CD8+CD45RA+
T-lymphocytes, which is consistent with a final maturation-
activation state of these cells with a correspondingly higher
potential for tissue injury. Also, the present study is the first to
investigate potential abnormalities in CD4+CD25+ regulatory
T-cells in these patients. It was found that the normal response
of regulatory T-cells to tobacco smoking is blunted in patients
with chronic obstructive pulmonary disease, further support-
ing a potential involvement of the acquired immune response
in the pathogenesis of chronic obstructive pulmonary disease.
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