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Abstract

Severity of airflow limitation following cigarette smoking is related to increased numbers 

of cytotoxic CD8+ T-lymphocytes (CD8+TLs) in the lungs. These cells contain proteolytic 

granzymes that may contribute to tissue damage upon extracellular release. 

The present study investigated the relation between numbers of CD8+TLs containing 

granzyme B in peripheral airways, phenotypes of CD8+TLs in lung tissue and that of 

granzyme B levels in the airway lumen (induced sputum) to the degree of airflow 

limitation. Lung tissue was obtained after lobectomy from 27 subjects, mean FEV1 88% of 

predicted, 11 with COPD. Slides were co-immunostained for CD8 and granzyme B. In 10 

of these subjects lung mononuclear cells (LMC) were isolated and immuno-phenotyped 

by flow cytometry. 

The number of lung tissue granzyme B+ CD8+TLs and sputum levels of granzyme B were 

significantly correlated with FEV1 as % predicted (p ≤0.05). Flow cytometry revealed 

higher % CD8+ in LMC compared to peripheral blood lymphocytes (61% versus 44%, p 

= 0.078), a more activated phenotype (less CD45RA+: 16% versus 77%, p < 0.001) and a 

more differentiated phenotype (more CD45RO+CD28– : 31% versus 13%, p < 0.001). 

The relation between granzyme B+ CD8+TLs in airway mucosa and of granzyme B in 

sputum with the degree of airflow limitation suggests a contribution of extracellular 

granzyme B, released by CD8+TLs, to the development of COPD. 
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Granzyme B+ cytotoxic CD8+ T cells and airflow limitation

Introduction

Cigarette smoking is the most important cause of chronic obstructive pulmonary 

disease (COPD).1 To date it is not understood why only a minority of approximately 20% 

of all smokers develop COPD. It is likely that there is a genetic predisposition for the 

development of COPD,2 leading to a different inflammatory response in the airways to 

irritants such as cigarette smoke and ultimately to irreversible airway wall remodelling 

(obstructive bronchitis) and tissue destruction (emphysema) in susceptible individuals. In 

the latter, the inflammation may become self-perpetual,3;4 since both inflammation and 

enhanced decline in lung function largely persist after a long period of sustained quitting 

smoking.5-7 

Neutrophils and their activation products, abundantly present in sputum and 

bronchoalveolar lavage of patients with COPD,8 are considered to play an important role in 

the destruction of pulmonary tissue by the release of proteases, such as neutrophil elastase 

(NE). The role of other potential effector cells such as cytotoxic T-lymphocytes in airway 

inflammation and the development of structural changes leading to COPD is less well 

defined.9 Effector CD8+ T-lymphocytes (CD8+TLs) can permeabilize and induce apoptosis 

of target cells by specialized granules containing cytotoxic proteins such as perforins and 

granzymes. Perforins are able to create transmembrane pores through which granzymes 

are released into target cells leading to apoptotic cell death. Granzymes, however, can 

also affect pulmonary extracellular matrix by degrading collagen.10 In several studies, 

the number of cytotoxic CD8+TLs present in the mucosa of large as well as small airways 

of (ex-)smokers were found to be related to the severity of airflow limitation,9;11 and 

upon cessation of smoking, CD8+TL numbers decreased.6 Treatment with fluticasone/

salmeterol simultaneously reduced CD8+TL numbers in the airways and improved COPD 

clinically.12 Sputum from smokers with COPD contained more CD8+TLs than sputum from 

smokers without COPD, more of these CD8+TLs expressed perforin and ex-vivo they 

displayed a higher cytotoxic potential.13 Altogether, these data suggest that CD8+TLs and 

therefore their proteolytic enzymes may contribute to tissue remodelling in smokers with 

COPD. This may be exerted by inducing excessive apoptosis of matrix cells and/or upon 

extracellular “leakage” of enzymes, leading to destruction of the extracellular matrix.14 

It was hypothesized that in smokers with COPD CD8+TLs contribute to tissue remodelling 

and subsequent airway obstruction through the action of granzymes. To support this 

hypothesis a transversal study was performed in which granzyme B containing CD8+TLs 

in the mucosa of peripheral airways were quantified and free granzymes were assessed 

in sputum of current and ex-smokers. These data were related to the degree of airflow 

limitation as FEV1 in % predicted, as a measure for the degree of tissue remodelling. In 

addition, in a subgroup, the phenotype of tissue-residing CD8+TLs isolated from total lung 

tissue homogenate was compared to that from isolated peripheral blood lymphocytes.
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Methods 

Subjects and study design

Written informed consent was obtained from all patients and the study was conducted 

according to the declaration of Helsinki and after approval by the local medical ethics 

committee. Enrolled were patients who had no history of asthma, no significant 

co-morbidity or recent systemic glucocorticosteroid treatment, nor any sign of an 

airway infection in the preceding 2 weeks and who were scheduled for lobectomy for a 

small localized peripheral tumour. Standard pre- and post-bronchodilator lung function 

measurements15 were performed, post-bronchodilator data were used in the analyses. 

The Clinical COPD Questionnaire (CCQ) was used to assess health status.16 The day before 

the operation an induced sputum sample was obtained for a leukocyte differential count 

and assessment of soluble inflammatory markers and a blood sample was obtained for a 

differential leukocyte count. 

Biopsy, immunostaining of lung tissue and flow cytometry

From the lung tissue remaining after pathology assessments a large block of tissue, 

distinct from the tumour, was cut and laminated for visual inspection. In a subgroup, 

a remaining block of approximately 1.5 cm3 was removed for isolation of lung 

mononuclear cells for flow cytometry (see below). Preservation of the larger block was 

started with infiltration of formalin by needle and syringe to preserve tissue structure, 

before overnight preservation in formalin. The next day 6 sub-pleural tissue blocks of 

approximately 2x2x0.5 cm were cut and imbedded in paraffin. Consecutive sections of 

5 μm were stained with either hematoxylin-eosin, antibodies to CD3 (DAKO /M7254 

(DAKO, Glostrup, DK), CD4 (Neomarkers MS-1528-S), CD8 (DAKO /M7103), CD68 

(DAKO /M876), Elastase (DAKO /M752) or double-stained to CD8 (DAKO C8/144B) and 

Granzyme B (GRB-7 (Monosan, Uden, NL). At least 5 airways (diameter maximally 2 mm) 

were investigated quantitatively, representing a surface of mucosa which had in total 

approximately 5 mm length of basement membrane.17 The surface of the epithelium and 

of the sub-epithelium and the length of the basement membrane were calculated from 

digital photographs, made through a Leica microscope at 200 x magnification connected 

to a Roper Coolsnap digital camera and processed using Image Pro Plus 5.0 software. The 

number of positively staining cells was expressed per mm2 surface of the airway mucosa, 

being the sum of the epithelium and the sub-epithelium. To decrease variability,17 the 

total number of cells and the total area in all assessed airways from a patient were used 

to calculate the number of cells per mm2. The slides were analysed in a blinded fashion, 

without knowledge of the clinical condition of the patient.

Lung mononuclear cells (LMC) were isolated as described previously.18 In brief: the tissue 

block was sliced into about 1 mm3 pieces and incubated with DNAse and thereafter 
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Granzyme B+ cytotoxic CD8+ T cells and airflow limitation

collagenase. After homogenisation, density gradient centrifugation yielded approximately 

107 LMC per patient. Peripheral blood mononuclear cells (PBMC) were obtained by density 

gradient centrifugation of heparinised venous blood samples. Erythrocyte counts of the 

cell suspensions were always <5%. For the flow cytometric analyses PBMC and LMC 

(0.5x106 cells) were incubated with anti-CD3-APC (BD Pharmingen, San Jose, CA, USA), 

anti-CD4-PerCP (BD), anti-CD8-PerCPCy5 (BD), anti-CD16-FITC (Sanquin, Amsterdam, The 

Netherlands), anti-CD27-FITC (Sanquin), anti-CD28-PE (BD), anti-CD45RA-PE (Coulter), 

anti-CD45RO-RPECy5 (BD) and anti-CD56-FITC (BD). Cells were labelled and washed 

with buffer according to manufacturers instructions. Intracellular granzyme B staining 

was performed by incubating 0.5x106 cells with the appropriate cell surface antibody-

fluorochrome, washing, fixation and permeabilisation (Fixation/Permeabilisation solution, 

BD) and incubation with anti-granzyme-B-PE (Sanquin) antibodies. 

Sputum induction and analysis of sputum

Sputum was induced and analysed as described previously.19 In brief, after inhaling a 

β2-agonist, hypertonic saline (subsequently 3%, 4% and 5%) was inhaled during three 

periods of 5 minutes or until an adequate sample of minimally 1 ml was obtained. After 

careful mouth-rinsing and nose-blowing, sputum was collected and the whole sample 

liquefied on ice with an equal volume of 10 mM dithiotreitol. Cytospins were prepared 

for differential counts after staining with Jenner-Giemsa and Diff Quick. Differential cell 

counts were performed in minimally 500 non-squamous cells. Liquified sputum samples 

were stored at -80°C until analysis. Soluble inflammatory markers were measured, 

investigating neutrophilic inflammation (myeloperoxidase (MPO) and interleukin (IL)-8), 

eosinophilic inflammation (eosinophil cationic protein (ECP)), proteolytic enzymes 

(neutrophil elastase (NE), granzyme A and granzyme B) and respiratory membrane 

permeability (the level of α2-macroglobulin (A2M) in sputum). NE was determined by 

sandwich ELISA using a polyclonal rabbit antihuman elastase IgG with a detection limit 

of 0.1 ng/ml (performed by the group of Prof. P.S. Hiemstra, Leiden, The Netherlands),20 

granzyme A and granzyme B were measured by ELISA (Sanquin, the Netherlands), both 

with a lower limit of quantification of 4 pg/ml. Sputum samples with 80% or more 

squamous cells were excluded.21 

Statistical analysis

Biopsy data and data from flow cytometry showed a normal distribution, but all sputum 

data showed a non-normal distribution (skewness >1) which generally disappeared 

after logarithmic transformation (except % neutrophils). A patient was considered to 

have COPD when postbronchodilator FEV1/FVC was <0.70.1 The number of granzyme 

B+ CD8+TLs per mm2 in the immunostaining was calculated from the % of CD8+ cells 

staining positive for granzyme B in the double staining and the number of CD8+TLs per 

mm2 in the separate immunostaining for CD8. Levels of granzyme B below the detection 

limit were set at 2 pg/ml, being half the lower limit of detection. Student’s t-test and 
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the non-parametric Mann-Whitney U test were used for comparisons and Pearson’s r 

for correlations. Two-sided p-values ≤0.05 were considered statistically significant. SPSS-

PC version 14.0 was used for the statistical analyses. No power analysis was performed 

beforehand since the present study had primarily an explorative nature.

Results

Twenty-seven patients were enrolled, from November 2001 to January 2005. One patient 

could not produce a sputum sample and four patients produced sputum samples with 

>80% squamous cells, which were not used further. From 8 patients insufficient lung 

tissue was available for immunostaining, therefore, biopsy data is shown for 19 patients 

of whom 18 had valid sputum. Flow cytometry of both lung tissue cells and of PBMC 

could be performed in 10 of these 19 patients. Demographic data of the subgroups with 

data from immunostaining (n=19) and flow cytometry (n=10) were comparable to those 

of the total group (n=27, Table 1). 

The patients were predominantly male and middle-aged and had a broad range in 

smoking history. Of the 27 patients, 7 patients (26%) were known with a clinical diagnosis 

Table 1. Demographic data

All 
patients

Immunostaining 
subset

Flow cytometry 
subset

Number (Males / Females) 22 / 5 16 / 3 9 /1 

Age (y) 64.5 (46 – 80) 61.6 (46 – 77) 62. 9 (46 – 77)

Body Mass Index (kg/m2) 25.6 (17 – 34) 25.5 (17 – 34) 24.9 (17 – 34)

Ex- / Current smoker 14 / 13 10 / 9 5 / 5

PackYears 34.3 (1 – 80) 33.1 (1 – 80) 28.5 ( 1 – 50)

FEV1 (L) 2.65 (1.36 – 4.24) 2.80 ( 1.50 – 4.24) 2.96 (1.72 – 4.24)

FEV1 (% of predicted) 87.7 (48 – 127) 88.3 (48 – 127) 90.3 (71 – 127)

FEV1/FVC 0.68 (0.34 – 0.88) 0.69 (0.34 – 0.88) 0.70 ( 0.45 – 0.85)

Reversibility in FEV1 (% predicted) 2.0 (-12 – 10) 1.0 (-12 – 10) 1.9 ( -2.1 – 7.4) 

FEF50 (% of predicted) 57.2 (14 – 133) 63.8 (29 – 133) 65.1 (29 – 133)

Dco (% of predicted) 73.1 (40 – 110) 73.9 (40 – 110) 80.3 (54 – 110)

CCQ 1.0 (0.0 – 3.9) 1.1 (0.0 – 3.6) 0.9 (0.4 – 2.1)

COPD present ( yes /no ) 11 / 16 8 / 11 5 / 5

GOLD stage ( 1 / 2 / 3 ) 1 / 9 / 1 1 / 6 / 1 1 / 4 / 0

Data presented as numbers or as mean (range); lung function data are post-bronchodilator; FEV1: 
forced expiratory volume in the first second; FVC: forced vital capacity; FEF50: forced expiratory flow 
at 50% of FVC; Dco: carbon monoxide diffusion coefficient; COPD: chronic obstructive pulmonary 
disease, based on FEV1/FVC <0.70; GOLD: global initiative for COPD.
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of COPD but in total 11 patients (41%) had a FEV1/FVC ratio <0.7 and were thus classified 

as having COPD. The group of patients with COPD was slightly older (66 versus 63 years) 

and had somewhat higher mean number of packyears than the group without COPD 

(41 versus 30). For the study population as a whole, mean FEV1 was 88% of predicted, 

mean FEF50 was 57% of predicted and mean Dco was 73% of predicted. The number 

of packyears was inversely correlated with lung function, significantly for FEV1 as % of 

predicted ( r = -0.53, p = 0.015) and for FEF5075 as % of predicted (r = -0.50, p = 0.009), 

and tended to do so for Dco as % of predicted (r = -0.44, p = 0.062).

Immunostaining and flow cytometry

The results of the immunostaining are shown in Table 2, immunostaining for CD8+ and 

the co-immunostaining from three patients is shown in the Appendix. The number of 

CD8+TLs in the airway mucosa tended to be higher in patients with COPD, compared 

to those not having COPD (mean 386 versus 250 cells/mm2, p = 0.067). The number of 

CD8+TLs per mm2 was significantly correlated with FEV1 as % of predicted (r = -0.55, p 

= 0.015), but did not differ between current and ex-smokers (315 versus 300 per mm2, 

p = 0.84) and was not related to the number of packyears (r = 0.08, p = 0.76). Similar, 

the number of granzyme B+ CD8+TLs per mm2 tended to differ between smokers with 

and without COPD (80 versus 40 per mm2, p=0.061) and showed a significant relation 

to FEV1 as % of predicted (r = -0.46, p = 0.050, Figure 1). The number of granzyme B+ 

CD8+TLs did not differ between current and ex-smokers (65 versus 50 per mm2 p = 0.51) 

and was not related to the number of packyears (r = 0.15, p = 0.54).

The number of NE+ cells in the airway mucosa was not different in smokers with or 

without COPD (408 versus 307 per mm2, p=0.49), was not related to FEV1 as % of 

Table 2 Results from immunostaining

All patients COPD (N=8) No COPD (N=11) p-value

Surface (mm2) 0.608 (0.199) 0.528 (0.210) 0.666 (0.177) 0.14

Basement membrane (mm) 6.55 (1.40) 6.02 (1.58) 6.93 (1.19) 0.17

CD3+ cells (/mm2) 569 (252) 646 (255) 513 (246) 0.27

CD4+ cells (/mm2) 348 (208) 351 (204) 345 (220) 0.96

CD8+ cells (/mm2) 307 (161) 386 (188) 250 (116) 0.067

CD68+ cells (/mm2) 439 (281) 452 (309) 430 (275) 0.87

NE+ cells (/mm2) 350 (299) 408 (430) 308 (164) 0.49

CD4+ / CD8+ ratio 1.45 (1.11) 1.19 (0.78) 1.65 (1.36) 0.40

CD8+ / CD3+ ratio 0.60 (0.52) 0.67 (0.43) 0.54 (0.23) 0.40

Granzyme B+ CD8+ cells (%) 17.7 (16.6) 18.8 (6.2) 16.9 (9.0) 0.61

Granzyme B+ CD8+ cells (/mm2) 56.8 (46.5) 80.0 (61.9) 40.0 (21.6) 0.061

Data presented as mean (SD); n=19 patients (8 with and 11 without COPD); p-values from t-test; 
COPD: chronic obstructive pulmonary disease, based on FEV1/FVC <0.70
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Table 3. Flow cytometry analysis of lung mononuclear cells and of peripheral blood mononuclear 
cells 

Lung Blood p-value

CD3+ * 65.8 (13.4); 42 – 88 79.4 (9.8); 55 – 90 0.006

CD4+ * 34.7 (11.4); 22 – 64 52.2 (9.5); 41 – 66 0.002

CD8+ * 31.0 (9.1); 18 – 50 24.2 (10.0);11 – 42 0.017

CD4+ /CD8+ 1.21 (0.55); 0.6 – 2.6 2.66 (1.57);1.0 – 6.3 0.016

NK+ * 16.5 (9.0); 2 – 30 13.1 (7.7); 3 – 33 0.20

Granzyme B+ as % of CD8+ 60.9 (18.3); 34 – 88 43.7 (17.2); 8 – 67 0.078

CD45RA+ as % of CD8+ 15.6 (8.8); 3 – 29 76.5 (9.4); 60 – 89 <0.001

CD45RO+CD28- as % of CD8+ 30.8 (8.8); 10 – 40 13.0 (6.9): 2 – 24 <0.001

data from 10 patients (5 with COPD and 5 without), expressed as mean (SD); range; *: as % of 
cells within mononuclear cells; NK cells as CD16+CD56+ cells; p-values from paired t-tests for lung 
versus blood cells.

predicted (r = -0.16, p = 0.53) and was not significantly different in current smokers 

versus ex-smokers (312 versus 384 per mm2, p=0.61). The number of NE+ cells did not 

correlate statistically significant with the number of packyears (r = 0.42, p = 0.075).

In the 10 patients (5 with and 5 without COPD) from whom tissue samples were adequate 

for the isolation of LMC, the % of CD8+ cells within total LMC was statistically significant 

higher than in PBMC (31% versus 24%, p = 0.017, Table 3). The % of granzyme B+ 

cells within CD8+TLs was numerically, but not statistically significant, higher in lung 

compared to blood (61% versus 44%, p = 0.078. Figure 2). Also, lung CD8+TLs had 

a more differentiated phenotype (higher % of CD45RO+CD28-) and a more activated 

phenotype (lower % CD45RA+) than those in blood (31% versus 13%, p = 0.005 and 

16% versus 77%, p = 0.005, respectively for LMC versus PBMC, Figure 2).

Figure 1. Relation of number of 
Granzyme B+ CD8+ T-lymphocytes per 
mm2 airway mucosa with FEV1 (as 
% of predicted normal) in 9 current 
smokers (circles) and 10 ex-smokers 
(triangles): r = -0.46, p = 0.050. 
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Notwithstanding the differences in the mean % of granzyme B+ CD8+TLs from 

immunostaining and from flow cytometry of LMC (18% versus 61%), and despite the 

small number of data pairs (10), within the same patient these percentages correlated 

quite well (r = 0.65, p = 0.040).

Sputum analysis

The results of the sputum analysis are shown in Table 4. Sputum differential cell counts 

showed, as expected in this sample of (ex)smokers, a high proportion of neutrophils 

(median 84%) and low proportions of both eosinophils (median 0.5%) and lymphocytes 

(median 0.8%). There were no significant differences in sputum inflammatory parameters 

between smokers with and without COPD. However, sputum granzyme B levels were 9-fold 
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Figure 2. Proportion of CD8+ lymphocytes in peripheral blood and in lung tissue cells being granzyme 
B+, CD45RA+ and CD45RO+CD28-.

 

  

Figure 3. Relation of sputum granzyme 
B levels with FEV1 (as % of predicted) 
in 12 current smokers (circles) and 10 
ex-smokers (triangles): r = -0.45, p = 
0.037. Samples with undetectable low 
values have been arbitrarily assigned 2 
pg/ml, being the lower limit of detection 
(dashed line). 
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higher in smokers with COPD, compared to those without COPD (p=0.16) and granzyme 

B levels had a significant relation with FEV1 as % of predicted (r = -0.45, p = 0.037, Figure 

3). Granzyme B levels were not different in the current versus the ex-smokers (p=0.69) 

and were not related to the number of packyears (r = 0.18, p = 0.43). Granzyme A was 

detectable in 10 sputum samples only and the two-fold difference between patients with 

or without COPD was not statistically significant (97 versus 47 pg/ml, p = 0.12).

There was no significant correlation between the numbers of granzyme B+ CD8+TLs in 

airway mucosa and the content of granzyme B in sputum (r = 0.05, p = 0.84).

Table 4. Data from analysis of induced sputum and blood 

Sputum All 
patients

COPD 
(n=9)

No COPD
(n=13)

p-value

Total Cell Count (106/g sputum) 2.33 (0.57 – 10.6) 2.79 (0.75 – 10.6) 2.30 (0.57 – 7.17) 0.27

Squamous cells (%) 29 (1 – 79)  27 (8 – 71) 31 (1 – 79) 0.76

Total Cell Count (nonsquamous) 
(106/g sputum)

1.55 (0.30 – 6.45)  2.51 (0.30 – 6.31) 1.31 (0.32 – 6.45) 0.37

Neutrophils (%) 84.4 (19.1 – 98.1)  72.2 (19.2 – 93.2) 86.6 (59.5 – 98.1) 0.13

Eosinophils (%) 0.5 (0 – 12.7)  0.5 (0.1 – 12.7) 0.4 (0 – 10.3) 0.40

Lymphocytes (%) 0.8 (0 – 6.1)  0.7 (0.3 – 3.3) 0.8 ( 0.1– 6.1) 0.66

Macrophages (%) 14.5 (1.8 – 77.5)  15.4 (5.2 – 77.5) 11.1 (1.8 – 30.9) 0.27

Neutrophils (106/g sputum) 1.27 (0.19 – 5.99)  1.30 (0.21 – 5.88) 1.25 (0.19 – 5.99) 0.82

Lymphocytes (106/g sputum) 0.016 (0 – 0.16)  0.017 (0 – 0.16) 0.014 (0 – 0.10) 0.76

MPO (μg /ml) 2.6 (0.4 – 45.9)  2.8 (0.4 – 45.9) 2.4 (0.4 – 17.0) 0.57

IL-8 (ng/ml) 3.5 (0.2 – 90.1)  3.9 (0.5 – 90.1) 3.5 (0.2 – 46.9) 0.37

ECP (ng/ml) 69.3 (7.4 – 12000) 62.8 (23.6 –  12000) 71.0 (7.4 – 890) 0.66

A2M (μg/ml) 2.33 (0.2 – 13.3) 3.20 (0.4 – 13.3) 2.13 (0.2 – 5.4) 0.10

Neutrophil Elastase (ng/ml) 417 (45 – 24500)  485 (45 –24500) 417 (59 – 5520) 0.61

Granzyme A (pg/ml) 51.5 (5 – 498)  97 (7 – 498) 47 ( 5 – 70) 0.12

Granzyme B (pg/ml) 28 (2 – 7240)  203 (2 – 7240) 23 (2 – 230) 0.16

Peripheral Blood

White blood cell count (109/l) 8.2 (2.5) 8.1 (2.4) 8.3 (2.6) 0.85

% neutrophils 62.9 (10.5) 58.6 (10.1) 66.3 (10.0) 0.13

% eosinophils 1.5 (1.0) 1.7 (1.0) 1.4 (1.0) 0.56

% lymphocytes 26.2 (8.6) 27.5 (8.6) 25.2 (9.0) 0.59

neutrophils (109/l) 5.0 (1.9) 4.3 (1.3) 5.6 (2.2) 0.15

eosinophils (109/l) 0.13 (0.11) 0.13 (0.11) 0.13 (0.12) 0.95

lymphocytes (109/l) 2.0 (0.7) 2.1 (1.0) 2.0 (0.5) 0.79

Data presented as median (range) from 22 patients for sputum (9 with and 13 without COPD) and as mean 
(SD, range) in n=27 for blood (11 with and 16 without COPD); p-values from Mann-Whitney U tests for 
sputum parameters and from t-tests for peripheral blood parameters.  
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Discussion 

We investigated the relation between the numbers of granzyme B positive CD8+TLs in 

the walls of small airways, and the concentration of free granzymes in induced sputum, 

in samples of ex- and current smokers with a variable number of packyears on the one 

hand, and the degree of airflow limitation, quantified as postbronchodilator FEV1, on the 

other. Our most remarkable finding was an unique and strong correlation between the 

sputum levels of extracellular granzyme B and FEV1. In addition, a similar correlation was 

present between FEV1 and the number of CD8+TLs containing granules with granzyme B 

in the airway mucosa. Interestingly, no such relationships were observed for neutrophils 

and neutrophil elastase, suggestive of a more prominent role of granzymes in tissue 

destruction in COPD.

Previous observations that the density of CD8+TLs in the mucosa of both central and 

peripheral airways is related to the severity of airflow limitation in smokers,9;11 has led 

to the hypothesis that these cells are involved in the pathogenesis of COPD. However, 

the underlying mechanisms have not been fully elucidated. Recent data suggest that 

COPD has an autoimmune component3;4 and CD8+TLs have a well established role in 

the pathogenesis of autoimmunity.22 CD8+TLs do contain granzymes which, during 

the cognate interaction between the CD8+TL and their target cell, are released into the 

cytoplasm of the target cell. Here, however, we found high amounts of extracellular 

granzyme B in sputum, which may have been spilled over during the interaction of 

CD8+TLs with their target cells, or which may have been released directly by CD8+TLs by 

an unknown mechanism. It has been recognized that free granzyme B can contribute to 

tissue remodelling by proteolytic degradation of collagen and proteoglycans.10;23;24 Also, 

a number of cell surface receptors (i.e. protease activated receptors) can be cleaved by 

proteinases, which may trigger inflammatory processes.25 Together, these data point to 

granzyme B as a potential orchestrator of inflammation and remodelling.26;27 In view of 

the current findings it will be important to determine whether this extracellular granzyme 

B is enzymatically active in COPD. Taking previous and our data on the phenotype of 

pulmonary CD8+TLs into account, it appears that the extracellular granzyme B in sputum 

originates from the activated and differentiated cytotoxic CD8+TLs located within the 

mucosa of peripheral airways. Another potential source for granzymes are NK cells, 

although we observed almost no granzyme B staining outside the CD8+TLs, i.e. besides 

some in type II alveolar cells (data not shown) as observed previously.28 In the present 

and in a previous study, however, NK cells were found in markedly lower numbers than 

CD8+ cells.29 In comparison to our flow cytometry data for total lung mononuclear cells, 

our immunostaining of the airway mucosa underestimated (18 vs. 61%) the fraction 

of CD8+TLs being granzyme B positive, which may hold for NK cells and explain why 

granzyme B+ NK cells remained unrecognised.
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Our data adds to previous observations on granzymes and cytotoxicity in airway samples 

in the context of the pathophysiology of COPD, such as higher granzyme B levels in 

bronchoalveolar lavage fluid  being related to the apoptosis of bronchial epithelial 

cells.30 Since lymphocytes require perforins for the intracellular release of granzymes 

to exert cytotoxic effects, the recent observation that airway-derived lymphocytes of 

COPD patients express more perforins than those of healthy smokers, supports the 

aforementioned data with respect to granzyme B.31 Further support for the role of 

granzymes comes from the observation that at the alveolar level, type II pneumocytes 

of patients with very severe COPD contain larger amounts of granzyme A than those 

of ex- and current smokers without COPD.28 Contrary to our findings with respect to 

CD8+TLs, in that study no increase in tissue granzyme B expression was found in severe 

COPD patients. The precise role of the proteases such as the granzymes and NE in the 

pathophysiology of the different phenotypes of COPD remains to be elucidated.

It must be acknowledged that our sample of smokers with a lung carcinoma may 

represent a special phenotype, limiting the extent to which our data can be generalized. 

A large proportion (41%) could be classified as having COPD on the basis of lung function 

criteria (GOLD), and 26% had a clinical diagnosis of COPD,   both larger proportions than 

the 20% usually referred to.1 In addition, we found the number of NE+ cells in the airway 

mucosa to be only slightly higher than that of CD8+ cells, while findings in a previous 

study suggested a more outspoken presence of NE+ cells.29 In our opinion it is unlikely 

that the more prominent presence of CD8+ cells in the airway mucosa in our patients 

was related to the presence of the tumour, since the tissue samples were taken far away 

from the tumour location, and there was no diffuse infiltration of the lung tissue with 

lymphocytes, but rather increased presence of these in the airway mucosa. In addition, 

we found no relationship between airflow limitation and either airway neutrophilia or 

sputum NE in contrast to CD8+TLs and granzyme B.

The results of our flow cytometry analysis of total lung mononuclear cells must be 

interpreted with caution due to the low numbers of subjects, precluding for instance 

comparison of data between subjects with or without COPD. The data mainly allowed 

a within-subject comparison between the phenotypic analysis of blood and lung-derived 

mononuclear cells, showing that lung derived cells have a more activated and differentiated 

phenotype, and a trend towards a higher percentage of Granzyme B+ CD8+TLs. A 

potential advantage of flow cytometry analysis is a more detailed phenotyping of lung 

residing lymphocytes. A disadvantage of our current approach is that cell numbers can 

not be expressed per unit of tissue volume or weight, additionally, the exact location of 

residence of the lymphocytes is unknown. However, In the tissue slides we analysed, 

only few CD8+TLs were observed outside the airway walls, in accordance with the higher 

density of these cells in the airway mucosa compared to alveolar walls, as reported by 

others.11;32 That indicates that the majority of lung tissue isolated CD8+TLs originated from 
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the airway mucosa. Support for this can be found in the observed correlation between 

the % of granzyme B+ positive CD8+TLs in the immunostaining versus flow cytometry. 

In view of the latter, in future studies of this kind it may be worthwhile to combine 

immunostaining with flow cytometry analyses to allow more in depth phenotyping of 

tissue-residing T cells.

Due to the cross-sectional design of our study, no definite conclusions on cause and effect 

relationships may be drawn. More direct evidence can be obtained from longitudinal 

studies in smokers at risk showing that specific inflammatory changes precede the 

development of airflow limitation. That we found no relationship between CD8+TLs 

and granzyme B in sputum versus smoking history argues in favour of a contribution 

of these elements of airway inflammation in smokers to the pathophysiology of COPD. 

Although we found very high concentrations of granzyme B in sputum of some patients 

and a significant relationship with FEV1, there was a wide between-patient variability, 

underscoring the heterogeneity in COPD phenotypes. In this respect, in future studies 

sputum granzyme concentrations and the proteolytic activity of the granzymes need to 

be determined at multiple time points, for example in sputum samples in order to get a 

better impression of the relationship with the clinical course of COPD patients.

In conclusion, we found an association between, in some cases large amounts of, free 

granzyme B within the airways as well as numbers of granzyme B+ CD8+ T-lymphocytes 

in the mucosa of small airways and airflow limitation in a specific sample of smokers, 

suggestive for a cause and effect relationship.

Acknowledgements:

The skilful assistance of multiple colleagues at the departments of lung function, 

experimental immunology (especially B.S. Smids and T. Dekker) and pathology (especially 

O. de Boer and J. Mulder) in performing the induced sputum tests, determining the 

inflammatory parameters, performing the immunostaining and teaching the electronic 

analysis of the slides is greatly appreciated. Prof. P.S Hiemstra (Leiden, The Netherlands) 

is acknowledged for the determination of neutrophil elastase in sputum. The study was 

supported by a grant from the Netherlands Asthma Foundation (grant 3.2.00.54).

157



References

 1.  Celli BR, MacNee W. Standards for the diagnosis and treatment of patients with COPD: a summary of 
the ATS/ERS position paper. Eur Respir J. 2004;23:932-946.

 2.  Spira A, Beane J, Pinto-Plata V, Kadar A, Liu G, Shah V, Celli B, Brody JS. Gene expression profil-
ing of human lung tissue from smokers with severe emphysema. Am J Respir Cell Mol Biol. 
2004;31:601-610.

 3.  Agusti A, MacNee W, Donaldson K, Cosio M. Hypothesis: Does COPD have an autoimmune compo-
nent? Thorax. 2003;58:832-834.

 4.  Feghali-Bostwick CA, Gadgil AS, Otterbein LE, Pilewski JM, Stoner MW, Csizmadia E, Zhang Y, Sciurba 
FC, Duncan SR. Autoantibodies in patients with chronic obstructive pulmonary disease. Am J Respir Crit 
Care Med. 2008;177:156-163.

 5.  Rutgers SR, Postma DS, ten Hacken NHT, Kauffman HF, van der Mark ThW, Koëter GH, Timens W. Ongo-
ing airway inflammation in patients with COPD who do not currently smoke. Thorax. 2000;55:12-18.

 6.  Lapperre TS, Postma DS, Gosman MME, Snoeck-Stroband JB, ten Hacken NHT, Hiemstra PS, Timens 
W, Sterk PJ, Mauad T, on behalf of the GLUCOLD Study Group. Relation between duration of smoking 
cessation and bronchial inflammation in COPD. Thorax. 2006;61:115-121.

 7.  Anthonisen NR, Connett JE, Murray RP. Smoking and lung function of Lung Health Study participants 
after 11 year. Am J Respir Crit Care Med. 2002;166:675-679.

 8.  Di Stefano A, Capelli A, Lusardi M, Balbo P, Vecchio C, Maestrelli P, Mapp CE, Fabbri LM, Donner CF, 
Saetta M. Severity of airflow limitation is associated with severity of airway inflammation in smokers. 
Am J Respir Crit Care Med. 1998;158:1277-1285.

 9.  O’Shaughnessy T, Ansari TW, Barnes NC, Jeffery PK. Inflammation in bronchial biopsies of subjects 
with chronic bronchitis: inverse relationship of CD8+ T lymphocytes with FEV1. Am J Respir Crit Care 
Med. 1997;155:852-857.

 10.  Simon MN, Simon HG, Fruth U, Epplen J, Müller-Hermelink HK, Kramer MD. Cloned cytolytic T-effector 
cells and their malignant variants produce an extracellular matrix degrading trypsin-like serine protei-
nase. Immunology. 1987;60:219-230.

 11.  Saetta M, DiStefano A, Turato G., Facchini FM, Corbino L, Mapp CE, Maestrelli P, Ciaccia A, Fabbri LM. 
CD8+ T-Lymphocytes in Peripheral Airways of Smokers with Chronic Obstructive Pulmonary Disease. 
Am J Respir Crit Care Med. 1998;157:822-826.

 12.  Barnes NC, Qiu YS, Pavord ID, Parker D, Davis PA, Zhu J, Johnson M, Thomson NC, Jeffery PK, on 
behalf of the SCO. Antiinflammatory effects of salmeterol/fluticasone propionate in chronic obstruc-
tive lung disease. Am J Respir Crit Care Med. 2006;173:736-743.

 13.  Chrysofakis G, Tzanakis N, Kyriakoy D, Tsoumakidou M, Tsiligianni I, Klimathianaki M, Siafakas NM. 
Perforin expression and cytotoxic activity of sputum CD8+ lymphocytes in patients with COPD. Chest. 
2004;125:71-76.

 14.  Buzza MS, Zamurs L, Sun J, Bird CH, Smith AI, Trapani JA, Froelich CJ., Nice EC, Bird PI. Extracellular 
matrix remodeling by human Granzyme B via cleavage of vitronectin, fibronectin, and laminin. J Biol 
Chem. 2005;280:23549-23558.

 15.  Quanjer PhH, Tammeling GJ, Cotes JE, Pedersen OF, Yernault JC. Lung volumes and forced ventilatory 
flows.  Report working party: Standardisation of lung function tests European Community for steel and 
coal. Official statement of the European Respiratory Society. Eur Respir J. 1993;6:5-40.

 16.  van der Molen T, Willemse BWM, Schokker S, ten Hacken NHT, Postma DS, Juniper EF. Development, 
validity and responsiveness of the Clinical COPD Questionnaire. Health and Quality of Life Outcomes. 
2003;1:13-23.

 17.  Gamble E, Burns W, Zhu J, Ansari T, De Rose V, Kips J, Barnes NC, Jeffery PK. Variation of CD8+ T-lympho-
cytes around the bronchial internal perimeter in chronic bronchitis. Eur Respir J. 2003;22:992-995.

C H A P T E R   7

158



Granzyme B+ cytotoxic CD8+ T cells and airflow limitation

 18.  de Bree GJ, Daniels H, van Schilfgaarde M, Jansen HM, Out TA, van Lier RAW, Jonkers RE. Character-
ization of CD4 + memory T cell responses directed against common respiratory pathogens in peripheral 
blood and lung. J Infect Dis. 2007;195:1718-1725.

 19.  Boorsma M, Lutter R, van de Pol MA, Out TA, Jansen HM, Jonkers RE. Repeatability of inflammatory 
parameters in induced sputum of COPD patients. COPD: Journal of Chronic Obstructive Pulmonary 
Disease. 2007;4:321-329.

 20.  Hiltermann JTN, Lapperre TS, van Bree L, Steerenberg PA, Brahim JJ, Sont JK, Sterk PJ, Hiemstra PS, 
Stolk J. Ozone-induced inflammation assessed in sputum and bronchial lavage fluid from asthmatics: 
A new noninvasive tool in epidemiologic studies on air pollution and asthma. Free Radical Biology and 
Medicine. 1999;27:1448-1454.

 21.  Fahy JV, Boushey HA, Lazarus SC, Mauger EA, Cherniack RM, Chinchilli VM, Craig TJ, Drazen JM, Ford 
JG, Fish JE, Israel E, Kraft M, Lemanske RF, Martin RJ, McLean D, Peters SP, Sorkness C, Szefler SJ. 
Safety and reproducibilty of sputum induction in asthmatic subjects in a multicentre study. Am J Respir 
Crit Care Med. 2001;163:1470-1475.

 22.  Walter U, Santamania P. CD8+ T cells in autoimmunity. Curr Opin Immunol. 2005;17:624-631.

 23.  Simon MM, Kramer MD, Prester M, Gay S. Mouse T-cell associated serine proteinase 1 degrades colla-
gen type IV: a structural basis for the migration of lymphocytes through vascular basement membranes. 
Immunology. 1991;73:117-119.

 24.  Froelich CJ, Zhang X, Turbov J, Hudig D, Winkler U, Hanna WL. Human granzyme B degrades agrecan 
proteoglycan in matrix synthesized by chrondocytes. J immunol. 1993;151:7161-7171.

 25.  Hansen KK, Sherman PM, Cellars L, Andrade-Gordon P, Pan Z, Baruch A, Wallace JL, Hollenberg MD, 
Vergnolle N. A major role for proteolytic activity and proteinase-activated receptor-2 in the pathogen-
esis of infectious colitis. Proc Natl Acad Sci USA. 2005;102:8363-8368.

 26.  Wang T, Allie R, Conant K, Haughey N, Turchan-Cholewo J, Hahn K, Rosen A, Steiner J, Keswani S, 
Jones M, Calabresi PA, Nath A. Granzyme B mediates neurotoxicity through a G-protein-coupled recep-
tor. FASEB J. 2006;20:1209-1211.

 27.  Bunnett NW. Protease-activated receptors: how proteases signal to cells to cause inflammation and 
pain. Semin Thromb Hemost. 2006;32 (suppl 1):39-48.

 28.  Vernooy JHJ, Moller GM, van Suylen RJ, van Spijk MP, Cloots RHE, Hoet PH, Pennings HJ, Wouters 
EFM. Increased Granzyme A expression in type II pneumocytes of patients with severe chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care Med. 2007;175:464-472.

 29.  Majo J, Ghezzo H, Cosio MG. Lymphocyte population and apoptosis in the lungs of smokers and their 
relation to emphysema. Eur Respir J. 2001;17:946-953.

 30.  Hodge S, Hodge G, Nairn J, Holmes M, Reynolds PN. Increased airway granzyme b and perforin in 
current and ex-smoking COPD subjects. COPD: Journal of Chronic Obstructive Pulmonary Disease. 
2006;3:179-187.

 31.  Vlachaki EM, Kousopoulos A, Dambaki K, Tzortzaki EG, Tzanakis N, Drostis I, Maltezakis G, Siafakas 
NM. Increased perforin expression in lung lymphocytes of COPD patients: preliminary results [Abstract]. 
Am J Respir Crit Care Med. 2008;177 (Suppl):A874.

 32.  Saetta M, Baraldo S, Corbino L, Turato G, Braccioni F, Rea F, Cavallesco G, Tropeano G, Mapp CE, 
Maestrelli P, Ciaccia A, Fabbri LM. CD8+ve cells in the lungs of smokers with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med. 1999;160:711-717.

159




