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ABSTRACT 

Tobacco smoking induces an inflammatory response in the lungs of all smokers but, for 

reasons that are still poorly understood, only a percentage of them develop chronic 

obstructive pulmonary disease (COPD). Recent evidence indicate that this inflammatory 

response persists after quitting smoking, suggesting some type of auto-perpetuation 

mechanism similar to that described in auto-immune 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 

(regulatory T cells or 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 before. This study sought to evaluate maturation (CD45RA/CD45RO) 

and activation markers (CD28) of T lymphocytes and to explore potential Tregs 

abnormalities in COPD. To achieve these goals, we used flow cytometry to characterize 

T lymphocytes obtained from blood and broncho-alveolar lavage fluid (BALF) in 23 

patients with moderate COPD, 29 smokers with normal lung function and 7 never 

smokers. Our main findings were that in BALF: (1) patients with COPD showed higher 

CD8+CD45RA+ (p<0.001) and lower CD8+CD45RO+ (p<0.005) than smokers with 

normal lung function; (2) compared to never smokers, smokers with preserved lung 

function showed a prominent up-regulation of Tregs that was absent in patients with 

COPD. These observations indicate a final maturation-activation state of CD8+ T 

lymphocytes in COPD and, for the first time identify a blunted Tregs 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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INTRODUCTION 

Tobacco smoking is the main risk factor of chronic obstructive pulmonary disease 

(COPD) 1. It causes an inflammatory response in all smokers but, for reasons that are 

still poorly understood, only a percentage of them develop COPD 2,3. It is likely that the 

intensity and/or type of inflammation elicited by smoking differ between smokers who 

manage to preserve lung function despite their habit and those who eventually develop 

COPD.  

 

Several cell lines, including macrophages, neutrophils and lymphocytes, participate in 

the inflammatory response that characterizes COPD 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 as compared to those 

determined in smokers with normal lung function and never smokers. Following this 

research strategy, our group has recently reported qualitative and quantitative 

differences in alveolar macrophages 5 and gamma-delta T lymphocytes 6 in smokers 

with and without COPD and never smokers. Little is known however about cytotoxic 

and memory T cells. 

 

On the other hand, the concept that COPD might have an auto-immune component has 

gained increased attention over the past few years 7-9. This hypothesis is supported by 

several lines of evidence, particularly the fact that the inflammatory response alluded to 

above persists after quitting smoking 4,10-12. This suggests a self perpetuating 

mechanism 9,13, similar to those occurring in auto-immune diseases 7-9. Recent data 

showing the presence of CD4+ T lymphocytes oligo-clonality in the lungs of patients 

with severe emphysema 14 , the possibility of inducing auto-immune emphysema in 
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experimental animals 15, and the very recent demonstration of circulating antibodies 

against elastin in patients with emphysema16 further support this hypothesis 

 

A small subpopulation of CD4+CD25+ T lymphocytes, also known as regulatory T cells 

(Tregs), with significant anti-inflammatory and immuno-modulatory effects has been 

recently identified 17,18. Abnormalities in Tregs 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.  

 

Our study sought to provide further evidence for the involvement of an acquired 

immune response in the pathogenesis of COPD by investigating, first, maturation 

(CD45RA, CD45RO) and activation (CD28) markers of CD4+ and CD8+ T lymphocytes 

(both cell types believed to play a key role in the pathogenesis of COPD 3) and, second, 

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 

We studied 23 patients with COPD (GOLD II-III), 29 smokers with normal lung 

function and 7 never smokers. All participants required bronchoscopy for the clinical 

evaluation of a solitary pulmonary nodule or hemoptysis, and all of them signed the 

informed consent after being fully aware of the nature and objectives of the study, 

which had been previously approved by the Ethics Committee of our institution. 
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COPD patients were clinically stable and had not had an episode of exacerbation during 

the last 3 months. All of them were being treated with long-acting inhaled 

bronchodilators and six received also inhaled steroids, but none was under 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 

hours before bronchoscopy. Exhaled carbon monoxide concentration was measured 

before the procedure and it was lower than 10 ppm in all subjects.  

 

Lung function 

Forced spirometry (GS, Warren E. Collins, Braintree, MA, USA) was obtained in all 

participants according to international guidelines 21. Spirometric reference values were 

those of a Mediterranean population 22.  

 

Bronchoalveolar lavage fluid and blood samples 

Bronchoalveolar lavage (BALF) was performed as previously reported in our laboratory 

5,6. Briefly, bronchoscopy was performed with a flexible fiberoptic bronchoscope 

(Pentax 15v, 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 re-suspended 

at 106 cells per milliliter in RPMI-1640 medium at 4ºC. Blood samples were collected 

before bronchoscopy by peripheral venipuncture. Both, BALF and peripheral blood 

samples were processed immediately after obtained. 
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Flow Cytometry analysis 

To characterize T cells, blood and BALF samples were incubated with combinations of 

CD3, CD4, CD8, CD45RA, CD45RO (Pharmingen, Becton Dikinson, Madrid, Spain), 

CD28, CD25, CD27 (Coulter Immunotech, Izasa, Spain), CD62L, GITR (ebioscience, 

Bionova, Madrid, Spain) monoclonal antibodies during 20 minutes at room temperature 

in the dark. Then, 2 milliliters of lysing solution was added and cells were washed and 

resuspended in PBS.  

 

For intracellular detection of CTLA-4, cells were fixed, permeabilized and stained with 

anti-CTLA-4 (Coulter Immunotech, Izasa, Spain) using the Intrastain Fixation and 

Permeabilization kit (Dako, Glostrup, Denmark), following manufacturer instructions.  

 

Intracellular detection of Foxp3 was carried out using the anti-human Foxp3 (clone 

PCH101; ebioscience, Bionova, Madrid, Spain) monoclonal antibody following 

manufacturer instructions. 

 

FACS analysis were performed on an Epics XL flow cytometer using the Expo32 

software (Coulter Immunotech, Izasa, Spain). 
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Statistical analysis  

Results are shown as mean ± SEM. One-way analysis of variance with post-hoc 

Bonferroni contrasts was used to assess the statistical significance of differences 

between the three groups of subjects studied. A unpaired t-test was used to evaluate 

differences between BALF and blood samples parameters. A p value lower than 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 spirometry 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 characterization of CD4+ and CD8+ T lymphocytes in blood and BALF 

In peripheral blood, the percentage of naive (CD45RA+) and memory (CD45RO+) CD4+ 

and CD8+ T lymphocytes was not significantly different between groups (Table 3).  

 

Compared to blood measurements, the percentage of memory (CD45RO+) CD4+ and 

CD8+ T cells was significantly increased in BALF fluid (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).  
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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, patients with COPD showing higher CD8+ CD45RA+ and lower CD45RO+ 

percentages than smokers with normal lung function (p<0.001).  

 

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+ or 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+ T regulatory cells (Tregs) 

Figure 1 presents the percentage of  CD4+CD25+ in blood and BALF in the three groups 

of subjects studied. We did not find any significant difference between groups in 

peripheral blood samples. In contrast, we observed that, compared to never smokers, 

smokers with preserved lung function showed a prominent up-regulation of Tregs in 

BALF. Interestingly, this response was absent in smokers with COPD. We also found 

that CD4+CD25+ were higher in BALF than in peripheral blood in the three groups of 

individuals studied (Figure 1). 

 

We identified Tregs as CD4+ T lymphocytes expressing bright CD25 (Figure 2) as well 

as other surface and intra-cytoplasmatic markers that characterize these cells. Thus, 

CD4+CD25+ cells expressed higher levels of cytotoxic T lymphocyte-associated antigen 

4 (CTLA-4)/CD152, glucocorticoid-induced tumor necrosis factor receptor (GITR), 
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CD62L and CD27 than CD4+CD25- T cells (Figure 3). They also expressed the memory 

surface marker CD45RO and were negative for the activator marker CD69 (data not 

shown).  

 

A characteristic of CD4+CD25+ T cells is the production of IL-10, so we next explored 

intracellular IL-10 in stimulated T cells. We found a higher percentage of CD4+CD25+ 

T cells staining positive for IL-10 than CD4+CD25- (4.4±0.23% vs. 0.1±0.06%; 

p<0.001). 

 

Foxp3 is a forkhead transcription factor that is needed for the differentiation of 

regulatory T cells and is a hallmark of CD4+CD25+  regulatory T cells23. This leads us to 

evaluate the expression of intracellular Foxp3 in CD4+CD25+ T cells. We found that 

CD4+CD25+ T cells, both in blood and BALF expressed intracellular Foxp3 (Figure 4).   

 

DISCUSSION 

This study sought, first, to characterize the maturation-activation phenotype of T 

lymphocytes in patients with COPD and, second, to explore potential abnormalities in 

CD4+CD25+ T-regulatory cells (Tregs). Its main findings were that, in BALF: (1) 

patients with COPD showed higher CD8+CD45RA+ (p<0.001) and lower 

CD8+CD45RO+ (p<0.005) than smokers with normal lung function (Table 2); and, (2) 

compared to never smokers, smokers with preserved lung function showed a prominent 

up-regulation of Tregs that was absent in patients with COPD (Figure 1). Besides, our 

study provided two other observations of interest: (3) the proportion of CD8+CD28+ was 

lower in smokers than in never smokers, irrespective of the presence or absence of 

COPD; and, (4) in peripheral blood there were no significant differences between 
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groups in any of the different markers studied, whereas their distribution varied 

markedly between blood and BALF. This suggests an active but physiological (it 

occurred also in never smokers) compartmentalization 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 our knowledge, only one has tried very recently to 

characterize the maturation-activation phenotype of T-lymphocytes in patients with 

COPD 14. In this paper, Sullivan et al reported a higher percentage of CD4+ and CD8+ T 

cells expressing CD45RO, and a lower proportion of those expressing CD28, in the lung 

of patients with emphysema, as compared to their own blood 14. This observation, 

which fully agrees with our own results (Tables 3 and 4), indicate that the majority of 

these cells are mature/activated T cells. However, whereas Sullivan et al suggested that 

this was indicative of activated effector memory T cells being actively recruited into the 

lungs of patients with emphysema 14, our interpretation of this same finding is different 

because, at variance with this previous study, we studied also control subjects. By doing 

so, we found that the higher proportion of CD4+CD45RO+ and CD8+CD45RO+ T-cells 

(as well as the lower percentage of CD4+CD28+ or CD8+CD28+) reported in COPD 

occurred also in smokers with normal lung function and even in never smokers (Tables 

3 and 4). Thus, these changes can not be directly linked to the pathogenesis of COPD 

and probably represent the physiological homing of mature T cells in the lungs as 

compared to the general pool of circulating T lymphocytes.  Further, the inclusion of 

controls in our study allowed us to compare BALF data between groups and to unravel 

some interesting differences. First, we observed that patients with COPD showed higher 

CD8+CD45RA+ and lower CD8+CD45RO+ than smokers with normal lung function 

(Table 3). The normal maturation-activation process of T lymphocytes involves the 
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sequential expression of CD45RA (naïve T-cells), CD45RO (mature T-cells) and, again, 

CD45RA (effector/cytotoxic T-cells) 27. Thus, our 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 expressing CD45RA and perforin) with a 

correspondingly higher potential for tissue injury 27. However, the exact phenotype of 

these lymphocytes should be addressed to confirm the data. In contrast, we observed 

that the percentage of CD4+ T lymphocytes expressing the maturation markers 

CD45RA or CD45RO 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+ T regulatory cells discussed 

below.  

 

Regulatory T cells (Tregs) constitute a small subpopulation of CD4+ T lymphocytes 

expressing CD25 that has been recently identified as a key immunomodulator in many 

chronic inflammatory and autoimmune disorders, including atherosclerosis and 

rheumatoid arthritis 17-20. To our 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 

activation of undesirable responses to self and non-self antigens. After activation Tregs 

suppress proliferation of CD4+ and CD8+ T cells through cell-contact dependent 

mechanisms and secretion of cytokines, mostly IL-10.  We found that those smokers 

who manage to preserve their lung function despite their habit showed a prominent up-

regulation of Tregs in BALF as compared with never smokers, whereas this response 

was blunted in those smokers who had developed COPD (Figure 4). Given the array of 
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immunoregulatory functions of Tregs 17-20, their upregulation in smokers with normal 

lung function may be interpreted as an attempt to regulate and minimize the 

inflammatory response elicited by tobacco smoking, whereas the failure of this 

mechanism in patients with COPD may contribute to enhance and/or disregulate such 

inflammatory response, thus contributing to the pathogenesis of the disease. This pattern 

of response is in fact very similar to that of gamma-delta T lymphocytes, another 

subpopulation of T lymphocytes involved in tissue repair, recently described by our 

group 6 and is in keeping with a recent report published while our study was under 

review 16. In any case, the abnormal response of Tregs in patients with COPD described 

here provides further support to the hypothesis that auto-immunity may play an 

important pathogenic role in COPD.  

 

Our 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 who also found 

lower expression of CD28 on CD8+ T lymphocytes in BALF from smokers with normal 

lung function compared to never smokers 28. Given that the maturation process of T 

lymphocytes involves the down-regulation 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. And, 

second, we did not find significant differences between groups in any of the different 

markers studied in peripheral blood whereas we observed marked compartmentalization 

when blood and BALF samples were compared (Tables 3 and 4). These observations 
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agree with previous studies 29-31 and suggest that differences observed in BALF (see 

above) are due to specific recruitment and/or local activation in the lungs.  

 

Our study has some limitations that deserve comment. First, we studied BALF and 

blood samples. It is possible therefore that T lymphocytes isolated from other lung 

compartments (bronchial mucosa, interstitium) may show different phenotypic 

characteristics. Second, we did not fully characterize the population of CD8+CD45RA+ 

T lymphocytes isolated in BALF to demonstrate that they represent the final stage of 

their maturation process. This should be done in future studies. Third, six patients 

received inhaled steroids. For this reason, we compared the results obtained in patients 

receiving or not inhaled steroids and found no significant differences. Fourth, COPD 

patients had more years of cigarette smoke than smokers without COPD. Therefore, we 

can not exclude an effect of smoking. However, the absolute difference in smoking 

exposure between the two groups (9 pack-year) is relatively small. 

 

In summary, our study is the first to characterize the maturation-activation phenotype of 

T-lymphocytes in patients with COPD in comparison to that of smokers with normal 

lung function and never smokers. We found that patients with COPD 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, our study is the first one to investigate potential abnormalities in 

CD4+CD25+ T regulatory cells (Tregs) in these patients. We found that the normal 

response of Tregs to tobacco smoking is blunted in patients with COPD, further 

supporting a potential involvement of the acquired immune response in the pathogenesis 

of COPD.  
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Table 1. Clinical and functional data of all participants. 

 

* p<0.05, COPD vs. smokers with normal lung function 

+ p<0.01, COPD vs. smokers with normal lung function and never smokers. 

 

 

 

 

 

 

 

 Never smokers 
(n=7) 

Smokers with normal 
lung function 

(n=29) 

COPD patients
(n=23) 

Age (years) 56±6.7 60±1.7 65±1.8 

Sex (M/F) 6/1 27/3 22/1 

Smoking history (pack-yr) 0 37±3.3 46±3.1* 

FEV1 (% ref) 97±6 92±2.3 58±2.4+ 

FEV1/FVC (%) 77±2 75±0.9 55±1.9+ 
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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=29) 

COPD 
(n=23) 

Total cell count (x103/ml) 63.8 ± 15.3 283 ± 49* 
            

186 ± 28 
 

Macrophages (%) 93 ± 1 93 ± 2 
            

86 ± 2 
 

Lymphocytes (%) 6 ± 1 6 ± 1 
            

10 ± 2 
 

Neutrophils (%) 1 ± 0.3 1 ± 0.2 
            

4 ± 2 
 

BALF recovery (ml) 104 ± 6 95± 3*** 
            

69 ± 5** 
 

* 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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Table 3. Percentage CD4+ and CD8+ naive (CD45RA) or memory (CD45RO) T cells in 

blood and 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±2.2 ns 

BALF 1.2±0.4 1.8±0.4 1.4±0.2 ns 

p value 0.0004 0.0001 0.0001  

CD4+CD45RO+ (%)     

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±3.4 41.4±5.3 ns 

BALF 5.4±1.6 2.9±0.6 10.2±1.5 <0.001 
COPD vs. smokers 

p value 0.014 0.0001 0.0001  

CD8+CD45RO+ (%)     

Blood 40.2±5.9 39.3±3.1 36.2±4.3 ns 

BALF 83.2±4.1 82.1±2.8 71.3±2.9 <0.05 
COPD vs. smokers 

p value 0.0017 0.0001 0.0001  

 

Percentage of CD4+CD45RA+/45RO+ or CD8+CD45RA+/45RO+ referred to the total 

amount of  CD4 or CD8 T cells respectively.
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Table 4. Expression of the co-stimulatory molecule CD28 in CD4+ and CD8+ T 

lymphocytes in blood and 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 

 Never smokers vs smokers 
(with or without and COPD) 

p value ns 0.026 0.0002  

 

Percentage of CD4+CD28+ or CD8+CD28+ referred to the total amount of  CD4 or CD8 

T cells respectively.
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FIGURE LEGENDS 

Figure 1. Percentage of CD4+CD25+ referred to the total amount of CD4+ T 

lymphocytes on peripheral blood and BALF samples of nevers smokers, smokers with 

normal lung function and COPD.  

 

 

Figure 2. Regulatory T cells were identified as CD4+CD25+bright. Lymphocytes were 

gated on a forward vs. side scatter dot plot. Percentages of CD4+CD25+ T cells were 

referred to the total amount of CD4+ T cells.  

 

Figure 3. Flow cytometry analysis of of CTLA-4, GITR, CD62L and CD27 expression. 

Representative histograms of the mean fluorescence intensity (mfi) of citoplasmic 

CTLA-4 and surface GITR, CD62L and CD27 on BALF CD4+CD25- (left column) and 

on BALF CD4+CD25+ T cells (right column). Numbers represent the mean±SEM of mfi 

values. 

 

Figure 4. Flow cytometry analysis of Foxp3 (clone PCH101). Expression of 

cytoplasmic Foxp3 was evaluated on BALF CD4+CD25- (upper left quadrant) and 

CD4+CD25+ (upper right quadrant) T cells. Numbers represent the mean±SEM of 

Foxp3 expression on both subpopulations. Lower quadrants show a representative dot 

plot of CD25 and IgG isotype control (left) or Foxp3 (right) expression on CD4+ T 

lymphocytes. The percentage is referred to the total amount of CD4+ T cells. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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