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Abstract 

Bronchial biopsies in COPD demonstrate increased numbers of CD8+ T-

lymphocytes, macrophages and, in some studies, neutrophils and eosinophils. 

Smoking cessation affects the rate of FEV1 decline in COPD, but the effect on 

inflammation is uncertain. We have compared bronchial biopsy inflammatory cell 

counts in current and ex-smokers with COPD.  

We performed a pooled analysis of data for subepithelial inflammatory cell counts 

from three bronchial biopsy studies that included COPD patients who were either 

current smokers or ex-smokers.  

In total, cell count data from 101 subjects; 65 current smokers and 36 ex-

smokers were analysed for the following cell types: CD4+ and CD8+ T-

lymphocytes, CD68+ (monocytes/macrophages), neutrophil elastase+ 

(neutrophils), EG2+ (eosinophils), mast cell tryptase and cells mRNA positive for 

TNFα. Current smokers and ex-smokers were similar in terms of lung function as 

measured by FEV1% predicted, FVC and FEV1/FVC. The results demonstrate 

that there were no statistically significant differences between smokers and ex-

smokers in the numbers of any of the inflammatory cell types or markers 

analysed.  

We conclude that in established COPD, bronchial mucosal inflammatory cell 

infiltrate is similar in ex-smokers and those that continue to smoke. 

(185 words) 

Keywords: chronic obstructive pulmonary disease, inflammation, smoking, 

smoking cessation 
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Introduction 

Smoking per se induces inflammation; there are effects on the bone marrow 

resulting in a peripheral blood leucocytosis and in heavy smokers there is a shift 

in the balance of peripheral blood lymphocytes from CD4 (T-helper) to CD8 (T-

suppressor) predominance (1). In smokers without lung disease and those with 

chronic bronchitis and COPD, this altered balance is also seen in 

bronchoalveolar lavage fluid (BALF)(2), bronchial biopsies taken at bronchoscopy 

(3-5) and airway tissue taken at resection from smokers with lung cancer (6,7). 

In studies of COPD some protocols include only current smokers whereas others 

include both current smokers and ex-smokers. It is unclear, once the 

inflammatory condition is established in smokers, whether after smoking 

cessation ex-smokers return to normal or persist with similar inflammation to that 

of current smokers. Two published cross sectional studies indicate that once 

symptoms have developed, if they continue, then inflammatory changes persist 

even after smoking cessation. The first, by Turato and colleagues, examined 

bronchial biopsies from subjects with the symptoms of chronic bronchitis (CB). 

Nine current smokers and seven ex-smokers, all with CB, were compared with 

seven healthy non-smoking subjects. This study included subjects with and 

without airflow limitation and the mean FEV1 was 77% of the predicted normal. 

Those with CB were found to have increased numbers of macrophages, 

interleukin-2 receptor positive cells, very late activation antigen 1 (VLA-1) positive 

cells, intercellular leucocyte adhesion molecule 1 (ICAM-1) positive vessels and 

E-selectin positive vessels compared with the healthy non-smoking controls. No 
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statistically significant differences were found between symptomatic current 

smokers and ex-smokers for any cellular marker examined (8). This study 

suggested that in subjects with ongoing chronic bronchitis, inflammation persists 

regardless of smoking status. A second study, by Rutgers and colleagues, 

examined 18 subjects with COPD (mean FEV1 59% predicted) and 11 ex-

smoking subjects without lung disease. Four subjects in the COPD group had 

never smoked; all the remaining participants were ex-smokers, having quit at 

least a year before the start of the study. Bronchial biopsies showed that, in the 

COPD group compared with the healthy ex-smoking controls, there were more 

EG2+ cells (eosinophils) and CD68+ cells (monocytes/macrophages) (9). This 

study confirmed that even when smoking has stopped, subjects with COPD 

continue to have increased numbers of inflammatory cells compared with ex-

smokers without the disease. Since bronchial biopsies taken before and after 

treatment are now used to assess the effects of therapy in COPD (10,11) it is 

particularly important to appreciate whether there are significant differences 

between the numbers of inflammatory cells seen in smokers and ex-smokers with 

COPD at baseline when treatment commences. If such differences exist, it would 

be inappropriate to combine current and ex-smokers in such biopsy studies of 

COPD. In order to answer this question the present paper compares the 

inflammatory infiltrate in bronchial biopsies of current and ex-smokers with 

established stable COPD using a pooled analysis of three previously published 

studies in which a total of 101 patients is included (3,10,11). 
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Methods 

We have used baseline bronchial biopsy inflammatory cell count data from 3 

studies previously published by our group of stable COPD totalling 101 patients 

(3,10,11). All studies had both smokers and ex-smokers as part of the inclusion 

criteria. The inclusion and exclusion criteria were similar for the three studies. 

Table 1 shows the demographic and lung function data for the smoking and ex-

smoking groups. Eighty-seven of the 101 patients (86%) met Medical Research 

Council criteria for the presence of chronic bronchitis (12). Subjects had 

moderate to severe COPD by GOLD criteria (13). Patients were recruited from 

chest clinics and by advertisement. Ethics committee approval was obtained from 

the local Research Ethics Committees for each study and subjects gave written 

informed consent.  

Smoking status was recorded at inclusion to the studies and reconfirmed at 

subsequent interviews. Smoking history was quantified in pack years and is given 

in table 1. In the study by Hattotuwa et al (10) exhaled CO was measured to 

verify smoking status and was significantly higher in current smokers (p=0.0002). 

We felt confident, therefore, that smoking status was being accurately reported. 

In the study by Hattotuwa et al ex-smokers had quit on average 8 years (range 1-

25) previously. This information was not available for the other two studies. 

Bronchoscopy was performed according to American Thoracic Society guidelines 

as previously described (3). Bronchial biopsies were processed and 

immunostained as described in each paper. Briefly, in the studies of 

O�Shaughnessy (3) and Hattotuwa (10) biopsies were fixed and snap-frozen. 
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Positively stained cells were counted within the subepithelium to a depth of 100 

µm below the reticular basement membrane. In the study  by Gamble et al (11) 

biopsies were fixed and paraffin embedded; positively stained cells were counted 

within all the available subepithelium. All biopsy processing and evaluation was 

performed in the same laboratory (Lung Pathology, Imperial College London, 

UK). Because of the methodological differences in biopsy processing and 

counting between individual protocols, as outlined above, absolute cell counts 

were not directly comparable between studies. However, by using the 

standardized mean differences of cell counts between smokers and ex-smokers 

from each study we were able to combine the data and perform a pooled 

analysis. We report the results from the following cells and a marker of a key 

mediator of inflammation which were included in all 3 studies: by immunostaining, 

CD4+ and CD8+ T-lymphocytes, CD68+ (monocytes/macrophages), neutrophil 

elastase+ (neutrophils), and by the technique of in-situ hybridization, cells 

positive for TNFα, mRNA. We have also analysed numbers of EG2+ 

(eosinophils) and mast cell tryptase+ cells (mast cells) available from two of the 

three studies. Repeatability of cell counts was assessed in each study. The 

coefficients of variability for repeat counts for each paper were O�Shaughnessy 

1.7-11.4% (3), Hattotuwa 6.5% (10), Gamble 2.7% (11).  

 

Statistical Analysis 

Data analysis: data from all three trials were pooled using Review Manager 4.2.8 

(Cochrane Collaboration software, Oxford, UK).  Outcomes of interest were 
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continuous variables therefore all data were pooled using either weighted mean 

difference (WMD) and 95% confidence intervals (95%CI) when outcomes were 

measured using the same scale (e.g. FEV1 % predicted) or standardized mean 

differences (SMD) when outcomes were measured using different scales (e.g. 

CD8 count measured using cells/mm2 and cell/mm).  The SMD is used as a 

summary statistic when studies all assess the same outcome, but measure it in a 

variety of ways. In this circumstance it is necessary to standardize the results of 

the trials to a uniform scale before they can be combined. The SMD expresses 

the size of the treatment effect in each trial relative to the variability observed in 

that trial. Thus studies for which the difference in means is the same proportion of 

the standard deviation will have the same SMD, regardless of the actual scales 

used to make the measurements. Heterogeneity among pooled estimates was 

tested using the DerSimonian and Laird method.(14) To adjust for multiple 

comparisons, the Bonferroni correction was applied, therefore p<0.01 was 

considered statistically significant herein.  Results are reported using the fixed 

effect model where there was no heterogeneity and random effects model where 

heterogeneity was present. No heterogeneity was present for our endpoints. 

Further explanation for the statistical analysis is supplied in the legend to figure 1.   

 

Results 

Demographic and baseline lung function data are given in table 1. There were no 

significant differences between smokers and ex-smokers in lung function as 

measured by FEV1, FVC and FEV1/FVC (see Table 2). Figure 1 shows weighted 
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mean differences between current and ex-smokers for FEV1 % predicted for each 

individual study and the overall mean for all three studies. There were no 

significant differences between current and ex-smokers for any of the cell counts 

or marker; CD8, CD4, CD68, Ne, EG2, mast cells and TNFα. Table 2 lists details 

of all outcomes measured.  

We performed sub-group analyses to compare subjects with and without chronic 

bronchitis (CB). No differences in any cell or marker were found between 

subjects with CB compared to those without CB either in the ex-smoking or 

current smoking group. 

 

Discussion 

We have combined data from three studies performed in the same laboratory in a 

pooled analysis using the primary data to investigate whether there is any 

difference in airway inflammation between smokers and ex-smokers with COPD. 

The results show no differences between current and ex-smokers in counts of 

CD4+ and CD8+ T-lymphocytes, neutrophils, CD68+ monocytes/macrophages, 

EG2+ eosinophils, mast cells and for gene expression of TNFα. In addition, we 

showed no difference in cell counts between subjects with and without CB. Our 

results concur with and add to the findings of Turato et al who showed no 

difference in inflammatory cell counts between current and ex-smokers who 

continue to be productive of sputum (8). Rutgers et al showed increased 

eosinophils and macrophages in ex-smokers with COPD compared with healthy 

ex-smokers (9) indicating continuing inflammation in the symptomatic ex-smoking 
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group, in agreement with our findings. Pesci et al reported a trend towards a 

reduction in the number of subepithelial mast cells in ex-smokers compared with 

current smokers with CB (mean FEV1 % predicted 73%) (15). We found no 

difference in mast cell numbers between ex-smokers and continuing smokers. A 

recent cross-sectional study comparing bronchial inflammation in COPD between 

smokers and ex-smokers has shown that ex-smokers with COPD had higher 

CD3+, CD4+ and plasma cell numbers than current smokers with COPD. 

Furthermore, short-term ex-smokers had higher CD4+ and CD8+ cell numbers 

than current smokers, whereas long-term ex-smokers had lower CD8+ cell 

numbers, CD8/CD3 ratios and higher plasma cell numbers (16). The present 

study did not show a difference in CD4+ cells between ex-smokers and current 

smokers with COPD, we did not analyze duration of smoking cessation and this 

would be an interesting focus for future work using a prospective longitudinal 

study.   

Smoking cessation has been shown previously to improve survival, (17) to 

reduce hospital admissions (18) and to reduce the rate of FEV1 decline, (19,20) 

at least in mild-to-moderate COPD. Since airway inflammation has been shown 

to be related to lung function in COPD (3,21), an improvement in inflammation 

might be expected after smoking cessation. We have not found a reduction in 

airway inflammation in our population of ex-smokers when compared with current 

smokers with similar lung function. The degree of benefit derived from smoking 

cessation may be determined by the severity of disease at the point of smoking 

cessation. We also suggest that, in established COPD, inflammation is 
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determined by disease severity rather than by smoking status. In support of these 

proposals persistence of inflammation in bronchial biopsies and sputum in 12 

subjects with COPD one year after smoking cessation has been shown by 

Willemse and colleagues. In contrast, inflammation was reduced in asymptomatic 

smokers a year after smoking cessation (22). The Lung Health Study (20) 

showed that the degree of improvement in FEV1 after smoking cessation 

diminished as lung function declined. Thus, it might be informative to examine the 

effect of smoking cessation on airway inflammation in subjects with milder 

disease. A prospective longitudinal study is required to examine further the 

effects of smoking cessation on inflammation, FEV1 decline, exacerbations and 

survival. 

 

Given the apparent dissociation between the beneficial effects of smoking 

cessation on FEV1 decline (19,20), exacerbations (18) and survival (17) and the 

apparent lack of effect on inflammation, an alternative explanation for our findings 

could be that bronchial mucosal inflammation does not play a role in the 

development of COPD. However, previous cross-sectional studies have shown a 

correlation between airflow obstruction and airway and parenchymal CD8 T-

lymphocyte count (3,7,21) thus linking inflammation with disease severity. It is 

possible that smoking cessation may affect markers other than those examined 

here e.g. plasma cells, IL-8 or structural elements and this is an area for future 

work. Whilst we have shown that smokers and ex-smokers with established 

COPD have similar levels of bronchial inflammation, a longitudinal study is 
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required to show definitively the effects of smoking cessation on bronchial 

inflammation. 

In any study of biopsy cell counts it is important to consider the biological 

variability of such a signal and to ensure that the repeatability of cell counts is 

satisfactory. If �noise� from poorly repeatable measurements is present this may 

prevent a �signal� such as a difference in a cell count between study groups from 

being detected. The repeatability of cell counts within the three pooled studies 

forming the present analysis was satisfactory. There is marked biological 

variability in inflammatory cell counts in subjects with COPD and sampling 

strategies can affect the sample size required (23). The sample size for the 

present analysis is large compared with previous similar studies (8,9) and we 

believe that it has sufficient statistical power to show a difference in all the cell 

types analyzed here with the exception of neutrophils which show greater 

variability than other cell types (23). 

 

When planning hypothesis testing bronchial biopsy studies in COPD it is 

important to know whether mucosal inflammation is affected by smoking status. 

Our results support the inclusion of both current and ex-smokers with COPD in a 

study group for the quantification of immunomarkers CD8, CD68, CD4, EG2+ 

eosinophils, mast cells and gene expression for TNFα. We suggest that the 

characteristic inflammatory changes, although initially induced by smoking, are 

fundamental to the disease process rather than to smoking per se. We need to 

understand more about the basic mechanisms of cigarette smoke induced 



 13

inflammation, how these are triggered and how they might be switched off. We 

conclude that bronchial biopsies in patients with COPD who are ex-smokers 

show persisting mucosal inflammation similar to that seen in continuing smokers.  
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Figure legends 

Figure 1: Pooled analysis of smokers vs. ex-smokers for FEV1 percent predicted 

(FEV1%). Mean (SD) for each variable for both study groups reported and 

graphically represented as Weighted Mean Differences (WMD) using fixed effect 

model and indicated by a square box with the line through it representing the 

95% confidence interval (95%CI).  The line of no effect is labeled �0�.  The solid 

diamond indicates the overall mean effect from the 3 studies combined.  A 

percentage weighting (Weight %), based on the precision and sample size of the 

mean estimate of each trial, is allocated to each study.  The Chi-square with the 

degrees of freedom (df = 2) and I2 values at the bottom left of the figure provide 

measures of heterogeneity of the combined results that contributed towards the 

overall mean result for each variable.  The Z statistic indicates the level of 

significance for the overall (combined) result. Significance for both heterogeneity 

and overall effects are also represented as P values. Cell counts are expressed 

as cells/mm2 for Gamble et al and cells/mm for the other two studies.  
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Table 1 Demographic characteristics 

Characteristic 

 

Smokers 

(n=65) 

Ex-smokers 

(n=36) 

Sex   Male 

         Female 

55 

10 

30 

6 

Age 61    (40-77) 65    (49-78) 

Smoking   pack years*     46    (25) 59    (36) 

CB 55 32 

FEV1 (Litres)* * 1.55  (0.45) 1.58  (0.49) 

FEV1% predicted* 51     (12) 54     (13) 

FVC (Litres)* 3.09  (0.77) 3.01  (0.81) 

FEV1/FVC %* 51  (11) 53  (10) 

Salb rev %♠* 6.7    (5.9) 8.1    (5.6) 

 

 

* mean (SD), otherwise actual numbers are given except for age where median 

and range are given 

♠salbutamol reversibility as % change from pre-bronchodilator FEV1 

MRC= Medical Research Council 
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Table 2: Details of outcomes measured in the three studies represented as 
pooled analysis of smokers versus ex-smokers.  
 
Outcome Mean 

Difference 
Number of 
subjects in 
outcome 

95% 
confidence 
interval for 
difference 

P value for 
significant 
difference 
 

Pooled using Weighted Mean Difference (WMD) 
 
FEV1 (%) 
 

1.94 101 -4.35 to 8.32 0.43 

FVC (Litres) 
 

-0.18 101 -0.50 to 0.14 0.26 

FEV1/FVC (%) 0.02 101 -0.20 to 0.06 0.31 
     
Pooled using Standardized Mean difference (SMD) 
 
CD8 count 
 

-0.18 101 -0.50 to 0.14 0.26 

CD68 count 
 

0.02 101 -0.02 to 0.06 0.31 

Neutrophil count 0.13 101 -0.28 to 0.54 0.54 
     
CD4 count 
 

-0.25 100 -0.67 to 0.16 0.23 

TNFα count 
 

0.03 101 -0.38 to 0.45 0.88 

EG2 0.38 45 -0.04 to 0.80 0.07 
     
Mast cells count 0.38 50 -0.05 to 0.81 0.09 
 
P value = difference between smokers versus ex-smokers; FEV1% = forced 
expiratory volume in one second percent predicted.  
 
Cell counts are expressed as cells/mm2 for Gamble et al and cells/mm for the 
other two studies.  
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