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INTRODUCTION 
 
Chronic Obstructive Pulmonary Disease, COPD 
 
Symptoms, causes and treatments  
 

Chronic obstructive pulmonary disease (COPD), as defined by the Global initiative 
for chronic obstructive lung disease (GOLD), is a disease state characterized by airflow 
limitation that is not fully reversible. The airflow limitation is usually both progressive and associated 
with an abnormal inflammatory response of the lungs to noxious particles or gases (1). Patients 
experience to varying extents symptoms of chronic and productive cough and daytime 
or nocturnal dyspnoea. These symptoms are the result of pathological changes in 
different segments of the airways, including centrally located chronic bronchitis, 
peripheral bronchiolitis and parenchymal emphysema. Inflammation and excessive 
mucus production in the central and peripheral airways are distinctive features of 
bronchitis/bronchiolitis, leading to cough and sputum production, while the 
destruction of alveolar structures in emphysema results in reduced gas exchange (2, 3).  

 
The diagnosis of COPD is based on spirometric measurements. Forced expiratory 
volume per one second (FEV1) is the amount of exhaled air in one second and forced 
vital capacity (FVC) is the total volume of exhaled air. Both measurements are 
performed during forced expiration. Airway obstruction is established when 
FEV1/FVC < 0.7. Severity is then based on FEV1 values related to predicted normal 
values, ranging from < 80% in mild COPD to < 30% at a very severe stage, according 
to GOLD standards (1). In addition to the classical symptoms associated with stable 
disease, these patients from time to time experience disease exacerbations with 
increased dyspnoea, increased production of purulent sputum, increased cough and a 
fall in lung function (4). Such exacerbations, which often lead to hospital admissions, 
occur at different frequencies in different patients and have been correlated with an 
accelerated decline in lung function over time and a higher mortality (5, 6). Airway 
infections of bacterial and/or viral origin often trigger these exacerbations (7-10) and 
patients are therefore often treated with antibiotics. 

 
The most important risk factor for developing COPD is cigarette smoking (11).  
However, exposure to air pollutants and wood smoke, passive smoking and a genetic 
mutation leading to deficiency in α1-anti trypsin also contributes to a small number of 
cases (12-14). In the year 2000 COPD was ranked among the six leading causes of death 
in the world (cardiovascular diseases, tumours, injuries, lower respiratory infections 
and HIV/AIDS being the other five) (15), and since smoking is increasing in the world 
today (16) and COPD is a disease with a slow onset, the prevalence of COPD is 
believed to increase in the future (1).  
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The most effective treatment for COPD today is smoking cessation, which slows 
down the decline in lung function (17). Drug therapies in COPD are otherwise focused 
at symptomatic relief rather than cure. Current treatment with bronchodilators such as 
beta-2-agonists and anti-cholinergics in combination with broad anti-inflammatory 
drugs like corticosteroids, and in the near future probably also phosphodiesterase-4 
(PDE4) inhibitors, are used to improve airflow and to some extent suppress the 
chronic inflammation (18, 19). New potential targets in the therapeutic area focus on the 
recruitment and protease production of neutrophils and macrophages, key players in 
COPD further discussed below. Inhibitors of leucotrienes like LTB4, and inhibitors of 
chemokine receptors such as CXCR1 and 2 are currently being developed to prevent 
neutrophil recruitment, and protease inhibitors may have the potential to inhibit some 
of the tissue degradation seen in emphysema patients. In addition to drug therapy lung 
volume reduction surgery, which increases the lung elastic recoil, and oxygen 
treatment are other options for extending the lives and improving life quality of these 
patients (20, 21).  
 
Airway pathology 
 

The pathological changes in the lungs of COPD patients are very heterogeneous 
both within and between patients with varying degree of bronchitis/bronchiolitis, 
emphysema, and airway remodelling at different sites of the lung. Biopsies from both 
central and peripheral airways as well as resected lung parenchyma are often examined 
in COPD studies (Figure 1). 
 
Bronchitis and bronchiolitis are characterized by mucosal and submucosal 
inflammation and oedema present at the site of bronchi and bronchioles. Bronchial 
glands are often hypertrophic and produce excessive amounts of mucus. The 
accumulation of large amounts of mucus and inflammatory cells can sometimes lead 
to plugging of the airways (Figure 1C), with reduced airflow as a result (22-24). 
 
Emphysema is characterized by destruction of the alveolar structure due to rupture of 
alveolar septa (Figure 1E). This results in enlarged alveolar spaces and reduced gas 
exchange as the surface area of the respiratory zone decreases. The reduced gas 
exchange in combination with decreased elastic recoil, due to the destruction of 
alveolar walls, results in reduced respiratory function, which makes emphysema 
patients experience dyspnoea (12). An imbalance between the level of proteases and 
antiproteases, due to an increase in neutrophil and macrophage derived proteases, (e.g. 
neutrophil elastase and matrix metalloproteinases), is a probable cause of tissue 
destruction (25). The imbalance of proteases and antiproteases is clearly demonstrated 
in patients with α1-anti trypsin deficiency, where the lack of protection against 
proteases causes emphysema in these patients (26). 
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Figure 1 Bronchial biopsies sampled to study the central airways contain cartilage, 
smooth muscle and submucosal glands and are lined with ciliated epithelium (A). 
Bronchioles in the peripheral airways lack cartilage (B) and are in COPD patients often 
inflamed and sometimes also plugged by mucus and cell debris (C). The lung 
parenchyma is responsible for the respiratory gas exchange, which benefits from the 
large area of the alveoli (D). In emphysema the alveolar structure is destroyed due to 
tissue degradation leaving large sacs with a higher volume/area ratio (E). (IHC photos 
taken by P. Glader, lung drawing is a free picture from Oxford illustrated science 
encyclopaedia) 
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Airway remodelling in COPD occurs at different sites throughout the lung. Goblet cell 
hyperplasia and squamous cell metaplasia in the bronchial epithelium is sometimes 
seen and submucosal gland hypertrophy and impaired epithelial integrity can also be 
present (27, 28). In smaller airways goblet cell metaplasia results in pathological mucus 
production in small bronchioles. The increased mucus production provides a suitable 
environment for bacterial colonisation, which is often seen in the lower airways of 
COPD patients and smokers (29, 30). The small airways are also subjected to smooth 
muscle increase. In the parenchyma fibrosis and thickening of alveolar septa reduces 
the elasticity of the lung tissue (28).  
 
Airway inflammation 
 

COPD is largely considered to be driven by chronic inflammation of the lung. 
Inflammatory cells are normally recruited to the site of injury when a trauma has 
occurred or an infection is present. In the case of COPD, cigarette smoke exposure 
could provide the “trauma” that initiates the influx of inflammatory cells. When the 
epithelium is exposed to cigarette smoke an increase in the production of chemokines 
like interleukin-8 (IL-8) follows (31), which orchestrate the recruitment of neutrophils 
that are among the first cells to be on site of the injury (32) followed by macrophages 
and lymphocytes. Usually after an injury the inflammation will resolve with time. In 
COPD, however, the inflammation persists and becomes a chronic destructive 
process. The reason for this is currently not known.  
 
Neutrophils, macrophages and epithelial cells are along with CD8+ T-cells, which will 
be further discussed below, thought to be major players in the COPD inflammation 
(33). These cells have been found in increased numbers at different sites of the lungs in 
COPD patients and the mediators they produce are believed to drive the COPD 
pathogenesis forward (34). Neutrophils have been demonstrated in large numbers in 
sputum, BAL and tissue and have been correlated to a decline in lung function (35-37). 
Macrophages are distributed throughout the lungs and ordinarily harbour the alveolar 
lumen as a defence against airborne particles and pathogens, which they remove by 
phagocytosis. In smokers and COPD patients the macrophages are large and filled 
with coal particles after having phagocytosed particles from the cigarette smoke (38). 
One theory regarding COPD pathogenesis suggests that these macrophages are “over 
fed” with particles due to the cigarette smoking and that this would limit their ability 
to phagocytose apoptotic cells, which in turn could lead to secondary necrosis of the 
apoptotic cells (39, 40). This hypothesis is supported by a study on bronchoalveolar 
lavage macrophages showing reduced phagocytosis of apoptotic airway epithelial cells 
in COPD patients compared to non-smokers (41). The presence and engulfment of 
necrotic cells rather than apoptotic cells may have the potential to enhance 
inflammation instead of hampering it (39). Macrophages are also found in the mucosa 
and in the bronchiolar epithelium where intra epithelial macrophages have been 
correlated to a decline in lung function (42, 43).  
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Neutrophils, macrophages and also epithelial cells produce a range of different 
proteases, cytokines and chemokines that will affect the environment of the lung. As 
stated above, neutrophil and macrophage proteases have the potential to degrade lung 
tissue. If not balanced by anti-proteases this may lead to emphysema (25). Chemokines 
and cytokines like IL-8, granulocyte macrophage colony stimulating factor (GM-CSF) 
and tumour necrosis factor-α (TNF-α) are involved in the regulation of the 
inflammation and are produced both by inflammatory cells and by the epithelium (44, 
45). Another cytokine that may be involved in COPD is transforming growth factor-β 
(TGF-β) (46, 47). This cytokine is produced by both epithelial cells and macrophages 
and has a wide range of biological functions, including pro-fibrotic and anti-
inflammatory properties and is involved in differentiation of T-cells into αEβ7 
expressing intra epithelial T-cells, which will be further described below. 
 
T-cells  
 
T-cell origin and maturation 
 

The T-cells in the lung constitutes a large part of the total T-cell population of the 
body (48). As other leucocytes, T-cells are derived from progenitor cells in the bone 
marrow from which they later migrate to the thymus where they mature.  
 
During maturation in the thymus T-cells are differentiated into CD4+ and CD8+ T-
cells, defined by their expression of the co-receptor molecules CD4 and CD8. Both 
CD4+ and CD8+ T-cells recognize antigens that have been processed and presented 
on the surface of antigen-presenting cells (APCs). CD4+ T-cells, also called T-helper 
cells, recognize antigens presented on the protein MHC class II, present on so called 
professional APCs, which constitutes mainly of monocytes/macrophages and 
dendritic cells. MHC class II presents extra-cellular antigens, like bacterial peptides. 
CD8+ T-cells, also called cytotoxic T-cells, recognize antigens presented by MHC class 
I, present on all cells in the body. MHC class I presents intra-cellular antigens like viral 
or tumour proteins (49, 50) (Figure 2).  
 
T-cells are part of the acquired immune system and the specificity of the T-cells lies in 
their T-cell receptor (TCR). The TCR is a multimeric protein complex of 
immunoglobulin like proteins and is present on the cell in association with CD3. The 
TCR is composed of two disulfide-linked chains, either αβ or γδ. Combinations of 
variable domains within the TCR generate the specificity. T-cells recognizing MHC are 
selected through a positive selection process. The risk of having T-cells directed 
against self-antigens, potentially creating autoimmunity, is decreased through a 
subsequent negative selection process where T-cells that react with MHC expressing 
self-peptides are eliminated (49). The CD4+ and CD8+ T-cells described above belong 
to the αβ T-cell subset. The γδ T-cells are much less studied and exist in fewer 
numbers. In blood they constitute only a few percent of the T-cells, whereas in some 
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parts of the body, including the intestine, the γδ T-cells are more common (51) and 
they are also, to a less extent, present in the airways (52). 
 
Once T-cells have matured in thymus with regard to both TCR specificity and 
CD4+/CD8+ subtype they start circulating the blood and the lymph by which they are 
transported to the different tissues in the body in search for their specific antigen. 
 
T-cell activation and effector functions 

 
Once T-cells encounter an antigen-presenting cell with the appropriate MHC 

molecule and peptide, they need two signals in order to become activated and 
proliferative. Signal one is delivered by binding of TCR/CD3 complex to the 
antigen/MHC complex and signal two is provided by binding of the T-cell to co-
stimulatory molecules on the antigen-presenting cell. Two common ways of delivering 
the second signal include binding of T-cell CD28 to CD80/CD86 on the antigen-
presenting cell or by binding of leukocyte functional antigen-1 (LFA-1) to inter-cellular 
adhesion molecule-1 or -2 (ICAM-1, 2). As mentioned above, CD4+ cells are also 
known as T-helper (Th) cells. When activated, they produce either IL-2 and INF-γ, 
which promotes T-cell proliferation and CD8+ T-cell cytotoxicity or they produce IL-
4, IL-5 and IL-10 that facilitates B-cell antibody production (Figure 2).  

 
Because of their cytotoxic effector function, CD8+ T-cells are also called cytotoxic T-
cells, Tc. In order to accomplish their cytotoxic function, CD8+ T-cells inserts perforin 
into the membrane of the target cell. This pore-forming protein allows the transport 
of cytotoxic T-cell granule proteins into the target cell. Among these granule proteins 
are granzymes and T-cell intra-cytoplasmic antigen-1 (TIA-1), which activates caspase 
mediated DNA fragmentation leading to apoptosis of the target cell. Another 
mechanism for CD8+ T-cells to induce apoptosis is by binding of FAS-ligand to FAS, 
called the death receptor, on the target cell (Figure 2). In addition to their cytotoxic 
activity CD8+ T-cells also produce cytokines similar to the CD4+ T-cells (e.g. INF-γ, 
IL-4 and IL-5) (49, 50).  
 
CD4+ T-cells producing INF-γ and IL-2 are often called Th1 cells and CD8+ T-cells 
producing the same cytokines are called Tc1 cells, while cells producing IL-4, IL-5 and 
IL-10 are called Th2/Tc2 cells. Both CD4+ and CD8+ T-cells produce other cytokines 
like TNF-α, IL-8, GM-CSF, IL-16, IL-17 and TGF-β that are all involved in the 
orchestration of inflammation. 
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igure 2 T-cells can express T-cell receptor αβ or γδ. They are further divided into 
d 
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T-cell activation markers 

ulated and others are down-regulated. One way to follow the course of T-cell 
activation is to look at up- and down-regulations of certain membrane bound proteins 
referred to as activation markers. Many T-cell activation markers have been given 
names using the cluster of differentiation, CD, nomenclature (53, 54), and a few of these 
will be described here. The costimulatory molecule CD28 has been described above 
and is important in the signalling for IL-2 production and proliferation (55). One of the 
earliest up-regulated T-cell activation markers is CD69. This protein is present also on 
other leucocytes and mediates down stream cell signalling, yet with an unknown 
function (56). CD29 is the beta chain of very late antigens, VLAs, which are present on 
T-cells (e.g. VLA-4) and a variety of other cell types and bind to extra cellular matrix 
molecules like fibronectin, collagen and laminin and are late activation markers. 
CD45RA and CD45R0 represents two different splice forms of CD45 and 
discriminate between naïve and memory T-cells respectively (57). Naïve T-cells are 
those which have not yet encountered their specific antigen and have not been 
activated before, while the opposite is true for memory T-cells. Antibodies directed 
against all of these activation markers, and many other CD markers, are commercially 
available and can be used to phenotype T-cells in the laboratory. 
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Intraepithelial T-cells 
 

Intraepithelial T-cells are situated in the mucosal epithelium throughout the body 
(58, 59). These cells are often recognised by their expression of CD103, which is the α-
subunit of the integrin αEβ7 (60-63). This integrin is involved in the retention, 
stimulation (64-66) and perhaps also recruitment (67, 68) of T-cells to the epithelium, 
where it binds to its ligand E-cadherin that is expressed at the basolateral side of 
epithelial cells (69-71) (Figure 3). Intraepithelial T-cells have mainly been studied in the 
intestinal mucosa, in which they are very frequent in number, but they are also well 
documented in the lung (59). While approx. 30% of the intestinal intraepithelial T-cells 
express γδ-T-cell receptor (58), the airway intraepithelial T-cells mainly express αβ-T-
cell receptor (72). The exact function of intraepithelial T-cells in the lung is so far not 
known, although a most probable role is involvement in the host defence against 
airborne pathogens invading the mucosa, where the IELs would constitute a persistent 
(72) T-cell pool reacting fast in response to antigens presented by the epithelial cells 
and by antigen presenting cells present in the epithelium (59). It has been shown that 
the intestinal epithelium down-regulates T-cell proliferation and cytokine production 
through signals mediated by cell-to-cell contact between the epithelium and the T-cells 
(73). If such an interaction occurs also in the airway mucosa the intraepithelial T-cells 
in the lung could be involved in the tolerance towards non-pathogenic airborne 
antigens.  
 
 

igure 3 The integrin αEβ7 is expressed by intraepithelial T-cells and binds to E-
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Bronchus associated lymphoid tissue, BALT 
 
Mucosal defence consists not only of the mucosal barrier with the epithelium and 

its intraepithelial leukocytes, but also of the mucosal associated lymphoid tissue 
(MALT) (74). MALT is called G(gut)ALT in the intestine and B(bronchus)ALT in the 
lung. Whereas GALT is present in all adults, the development of BALT in humans has 
been put forward as a response towards infections and is suggested not to be present 
in healthy adults (75, 76). This argumentation has however been questioned and data are 
evolving showing the presence of BALT in healthy adults (77). It seems rather clear 
though, that BALT is not present in humans at birth but develops as the lung is 
exposed to airborne antigens (78, 79). The BALT structure, described and reviewed in 
several publications (80, 76, 81), is facing the bronchial lumen with a lymphoepithelium 
consisting of non-ciliated or ciliated cuboidal epithelial cells and intraepithelial 
lymphocytes. Below the epithelium lies an organised structure of lymphocytes and 
antigen presenting cells. A B-cell follicle, sometimes with a germinal centre, is 
surrounded by a perifollicular structure consisting of T-cells of mainly CD4+ origin. 
Dendritic cells are situated in between the T-cells to transport and present luminal 
antigens to the T-cells. The lymphocytes are thought to be entering BALT through 
high endothelial venules (HEV), which are present in the lymphoid structure (77).  

 
Other lymphoid aggregates, not fulfilling all the criteria of BALT, are sometimes seen 
throughout the lung. These assemblies of lymphocytes have not yet gained a common 
name and are referred to as lymphoid nodules (82), or lymphoid follicles (83) in 
different publications. These lymphoid structures are not always in contact with the 
bronchial epithelium and can be found in the parenchyma more adjacent to the 
alveolar lumen than to bronchial or bronchiolar lumens. They are loosely organised 
with a B-cell centre surrounded by mainly CD4+ but also by scattered CD8+ T-cells. 
These lymphoid aggregates seem to be more frequently present in smokers and may 
be caused by recurrent inhalation of irritants such as cigarette smoke (82). 
 
T-cells in COPD 
 
T-cell recruitment in COPD 
 

As the lung is located at the interface between the sterile environment of the body 
and an external environment with high antigen and microbial load, the lung relies on 
an efficient defence and therefore normally harbours T-cells, ready to respond to an 
early infection. When the lung is exposed to increased loads of harmful substances 
such as cigarette smoke or pathogens, an increased number of T-cells are recruited to 
the lung. Cigarette smoke induced T-cell production of IL-16, a cytokine that has been 
shown to be involved in CD4+ T-cell recruitment and to be up-regulated in BAL fluid 
of cigarette smokers (84, 85), may be an important mediator of T-cell recruitment in 
COPD. Other chemottractants may include chemokines like CCL3 (macrophage 
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inflammatory protein-1 alpha, MIP-1α) and CCL5 (regulated upon activation T-cells 
expressed and secreted, RANTES), which attract T-cells to the site of injury by 
binding to the receptor CCR5 on the T-cells. The presence of CD3+ cells coexpressing 
CCR5+ have been shown in bronchial biopsies from COPD patients and the number 
of these cells correlated with the number of both CD4+ and CD8+ T-cells (86). 
Another receptor/ligand pair shown to be up-regulated in COPD patients is CXCR3 
expressed on the T-cells and its ligand CXCL-10 (interferon-gamma-inducible 10 kD 
protein, IP-10) expressed by the bronchiolar epithelium and in the wall of the 
pulmonary arteries (87). Another although speculative theory put forward for T-cell 
recruitment and activation in COPD is that self-peptides, produced when the lung 
epithelium is exposed to cigarette smoke, are recognized by T-cells creating a state of 
autoimmunity (88-91).  
 
T-cell occurrence in lung tissue of COPD patients 

  
Even though both CD4+ and CD8+ T-cells are recruited to the lung, the CD8+ T-

cells are often focused upon when discussing lymphocytes in COPD, and studies have 
been made at different levels of the lung with regard to their occurrence. As further 
described below, many of these studies have shown increased numbers of CD8+ T-
cells in COPD patients and smokers, and the number of these cells has been 
correlated with a decline in lung function. Because of this, CD8+ T-cells are believed 
to be involved in the pathogenesis of COPD. Not all studies however, find increased 
numbers of CD8+ T-cells in COPD patients and in some studies the presence of these 
cells seems to be an effect of cigarette smoking rather than COPD per se, as reviewed 
below. 

 
The perhaps most cited study regarding large airways was made by O’Shaughnessy et 
al., and examined lymphocyte populations in the subepithelial zone of bronchi in non-
smokers, chronic bronchitis (CB) patients and COPD patients. In the O’Shaughnessy 
study, the number of CD3+ and CD8+ T-cells was significantly increased in COPD 
patients in comparison to non-smokers, while the number of CD4+ cells did not differ 
between the groups, making the CD4/CD8 ratio lower in the patients than in non-
smokers (38). Moreover, a significant negative association (rho= -0.42, p<0.05) was 
found between the number of CD8+ T-cells and FEV1 % of predicted in a joined 
group of COPD and CB patients. This correlation has been cited in many studies as 
evidence of CD8+ T-cell involvement in lung function deterioration. Another study of 
large airways made by Lams et al. showed no differences in numbers of CD3+ or 
CD4+ cells between non-smokers, smokers and COPD patients, but the number of 
CD8+ T-cells was increased in COPD patients in comparison to smokers (92). This, 
and a negative correlation between FEV1 and numbers of CD3+ (r= -0.47, p= 0.029) 
and CD8+ (r= -0.62, p= 0.005) T-cells in smokers and COPD patients in the same 
study favours the hypothesis that T-cells are involved in disease development rather 
than just a phenomenon of cigarette smoking. In addition to the correlative data 
between T-cell numbers and decline in lung function, a positive correlation between 
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CD8+ T-cells and number of pack years (r= 0.61, p= 0.006) was found in smokers and 
COPD patients, highlighting the difficulties in dissociating effects of cigarette smoking 
from COPD driven inflammation.  
 
Although the previous studies provide evidence associating CD8+ T-cells in the 
bronchial mucosa with COPD, contradictory studies have also been published. Di 
Stefano et al. compared COPD to CB patients in one study and COPD patients (with 
varying severity of the disease) to smokers in an other study and found no differences 
in numbers of CD8+ cells between the study groups (93, 94). The T-cell occurrence in 
COPD may however vary with severity of the disease. Another study by Di Stefano et 
al.  showed lower CD3+ and CD8+ cell counts in severe COPD patients than in mild 
COPD patients and smokers and a trend towards lower numbers of CD8+ T-cells in 
mild COPD patients in comparison to smokers (86). The number of CD3+ and CD8+ 
T-cells was positively correlated with FEV1 % of predicted.  
 
Studies of peripheral airways have shown increased numbers of CD8+ T-cells in 
COPD patients compared to smokers (95, 96). In one of the studies the number of 
CD4+ T-cells was also increased (96). The pattern of increased numbers of CD8+ T-
cells continues deeper into the lungs, in the parenchyma (97, 98), as well as around 
bronchial arteries (97, 99, 98) and glands (100). In relation to emphysema, studies have 
shown increased numbers of CD4+ T-cells in more severe emphysematic lesions and 
also high numbers of CD8+ T-cells in emphysematous lungs (101-103). Results from 
different studies made on T-cell occurrence in lung tissue from COPD and CB 
patients, smokers and non-smokers are summarized in Table 1.  
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Table 1  
Statistically significant differences in T-cell numbers in lung tissue from COPD, CB, 
smokers and non-smokers 
Study CD3 CD4 CD8 Groups studied Inv. corr. 

with FEV1

Large airways      
Saetta, 1993 (43) CB > NS   10CB, 6 NS  
O’Shaughnessy, 1997 (38) COPD > NS  COPD > NS 13 COPD, 11 CB, 5 NS CD8 
Lams, 2000 (92)   COPD > S 11 COPD, 8 S, 11 NS CD3, CD8 
Di Stefano, 1996 (94) COPD > CB   14 COPD, 10 CB CD3 
Di Stefano, 1998 (93)    10 sCOPD, 8 mCOPD, 

12 S 
 

Di Stefano, 2001 (86) mCOPD > sCOPD  mCOPD > 
sCOPD 

9 sCOPD, 9 mCOPD, 14 
S 

 

Rutgers, 2000 (37)    18 eS-COPD, 11eS  
Ekberg-Jansson, 2000 (104)     CD8 
Peripheral airways      
Saetta, 1998 (95)   COPD > S 9 COPD, 7 S  
Lams, 1998 (105)    22 S, 22NS  
Turato, 2002 (96)  COPD > S COPD > S 9 COPD, 9 S  
Parenchyma      
Majo, 2001 (97) eS > S and NS  eS > S and NS 10e S, 6 S, 6 NS  
Saetta, 1999 (98)   COPD > NS 10 COPD, 6 S, 8 NS  
Smooth muscle      
Barabaldo, 2004 (35)   COPD > NS 8 COPD, 10 S, 8 NS  
Bronchial arteries      
Peinando, 1999 (99) COPD > NS  COPD > NS 20 COPD, 12 S, 7 NS  
Turato, 2002 (96)    9 COPD, 9 S  
Saetta, 1999 (98)   COPD > NS 10 COPD, 6 S, 8 NS CD8 
Glands      
Saetta, 1997 (100)   CB > S 9 CB, 9 S  
Severe COPD (sCOPD), moderate COPD (mCOPD), smokers (S), ex-smoker (eS), ex-smoker with COPD (eS-COPD), non-smoker 
(NS).  Empty table cell means that no difference in cell numbers between the study groups was found.  

 
T-cells in sputum and lavage from COPD patients 
 
 All of the above mentioned studies were performed using immunohistochemistry 
on bronchial biopsies or peripheral resected lung tissue. As such they reflect the cell 
populations within the tissue. To evaluate cells in the airway- and alveolar lumen, 
sampling techniques such as sputum induction and bronchoalveolar lavage (BAL) can 
be used. Sputum sampling from COPD patients has shown increased numbers of 
CD8+ T-cells when compared to smokers and non-smokers in studies made by 
Tzanakis and Chrysofakis et al. (106, 107) while Leckie at al. did not find any differences 
in T-cell counts in a study comparing COPD patients and non-smokers (108). It is 
sometimes argued that sputum sampling reflects the luminal content of the more 
central airways while bronchoalveolar lavage reflects more distal parts of the lung. 
Therefore results from studies on BAL and sputum may vary, making comparisons 
between the two interesting (109).  
 
Very few studies have been published on CD4+ and CD8+ T-cell counts in BAL from 
COPD patients. Two studies, looking at the percentage of lymphocytes and CD3+ T-
cells respectively, found no differences between COPD patients and non-smokers (110, 
111), while a third study found lower lymphocyte percentages in COPD patients and 
smokers when compared to non-smokers (112). A study by Pons et al. comparing 
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COPD patients, smokers and non-smokers found no significant differences between 
the groups concerning CD4+ and CD8+ T-cell percentages in the T-cell (CD3+) 
population (113). However, trends towards higher percentages of CD8+ and lower 
percentage of CD4+ T-cells were seen in COPD patients and smokers when compared 
to non-smokers. An increase in CD8+ T-cells in BAL from smokers has previously 
been published in studies comparing smokers and non-smokers (114, 115, 104, 116) and 
recently an ATS conference abstract showed higher percentage of CD8+ T-cells in 
COPD patients than in healthy controls (117). In addition, a correlation between 
percent CD8+ T-cells and airway obstruction was found in a study on CB patients (118) 
although no differences in percentages of CD4+ and CD8+ T-cells were found 
between CB patients, smokers and non-smokers in that study. Results from different 
studies made on T-cell occurrence in airway lumen in COPD and CB patients, 
smokers and non-smokers are summarized in Table 2.  
 
Table 2  
Statistically significant differences in T-cell numbers in airway lumen in COPD, CB, 
smokers and non-smokers 
Study CD3 CD4 CD8 Groups studied Inv. corr. with 

FEV1

Sputum      
Tzanakis, 2004 (107)   COPD > NS 36 COPD, 25 S, 10NS  
Leckie, 2003 (108)    7 COPD, 8 A, 6 NS  
BAL      
Costabel, 1992 (36)    11 CB, 15 S, 15 NS CD8 
Hoser, 1999 (115) S > NS  S > NS 9 S, 12 NS  
Ekberg-Jansson, 2000 (104)   S > NS 30 S, 18 NS  
Pons, 2005 (113)    20 COPD, 20 S, 10 NS  
Smokers (S), non-smoker (NS), asthma (A).  Empty table cell means that no difference in cell numbers between the study groups was 
found.  
 
All of the above studies concern the evaluation of αβ T-cells. Concerning γδ T-cells in 
COPD, a study made by Pons et al. showed increased numbers of γδ T-cells in BAL 
and blood from smokers when compared to both COPD patients and non-smokers 
and hypothesized that a blunted γδ-response in smokers could be involved in declining 
lung function (113). 
 
To summarize, the balance of published studies indicates an increase of CD8+ T-cells 
in the lungs of COPD patients. Since this increase has also been correlated with a 
decline in lung function, CD8+ T-cells are likely to be involved in the progression of 
the disease rather than just being there as a response to cigarette smoke.  
 
Intraepithelial T-cells in lungs of COPD patients 
 

Since intraepithelial T-cells are localised close to the airway lumen they may be one 
of the earliest cell types to be exposed to components from cigarette smoke. As such 
they are interesting to study in regard to a smoking related disease like COPD. In 
addition, intraepithelial T-cells are involved in other inflammatory diseases like 
Crohn’s disease and ulcerative colitis (119). Studies have shown that most of the T-cells 
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located in the airway epithelium, in both healthy subjects and patients, are CD8+ (82, 
120, 96) in contrast to T-cells in the subepithelial zone, which constitute a more equal 
mix of CD4+, and CD8+ T-cells (95, 96). Moreover, increased numbers of intraepithelial 
CD8+ T-cell have been found in COPD patients when compared to non-smokers 
(121). Cells from blood, sputum and BAL can be stained with antibodies against 
CD103 to distinguish their intraepithelial T-cell phenotype. A study on sputum cells 
from COPD patients and healthy non-smokers showed that the percentage of cells 
expressing CD103 was higher in CD8+ T-cells (app. 70 %) than in CD4+ T-cells (app. 
30 %) in both COPD patients and non-smokers, and thus reflecting the proportions 
of CD4+ and CD8+ T-cells in the epithelium. In COPD patients the percentage of 
CD8+ T-cells expressing CD103 was lower than in non-smokers (108). Since no studies, 
apart from Study I presented in this thesis, have been published on CD103 expression 
on BAL cells from COPD patients, no comparisons between sputum and BAL 
findings in COPD patients have been made. Studies on healthy subjects though, have 
showed that 70-80% of CD8+ T-cells and 10-30 % of CD4+ T-cells in BAL expressed 
CD103 (122-124).  
 
T-cell occurrence in blood of COPD patients 
 

The majority of studies on T-cell occurrence in COPD have been made on lung 
tissue specimens. However, since COPD has systemic components (125) and T-cell 
recruitment involves trafficking from the blood to the tissues, studies on T-cell 
populations in peripheral blood may add valuable information about their role in 
COPD pathogenesis. The increased occurrence of CD8+ T-cells seen in lungs of 
COPD patients is not as apparent in the blood. A higher percentage of blood CD8+ T-
cells and a lower CD4/CD8 ratio were found in a study by Hodge et al. when 
comparing COPD patients with healthy non-smokers (126). This is however 
contradictory to other studies that have failed to show any differences in percentages 
of CD4+ and CD8+ T-cell populations in COPD patients when compared to smokers 
and non-smokers (127, 108, 128). As discussed above, cigarette smoking might lower the 
CD4/CD8 ratio in the lungs; in the blood however; cigarette smoking instead 
increases the number of CD4+ T-cells (129, 130, 118, 131-133). This opens up for the 
possibility that if increased numbers of CD8+ T-cells are present in the blood of 
COPD patients, the difference in percentages of cells or the CD4/CD8 ratio is 
blunted in patients that are still smoking.  Such a hypothesis is supported by a study in 
which the percentage of CD8+ T-cells was increased in non-smoking COPD patients 
when compared to healthy non-smokers while no difference between COPD patients 
and healthy non-smokers was seen when smoking COPD patients were added to the 
analysis (134).   
 

 22 



--------------------------------------------------------------------------------------------------------------   Introduction 

T-cell activity in COPD 
 

The recruitment and presence of T-cells per se in the lungs of COPD patients is not 
enough to explain the T-cell involvement in COPD. Their modes of action also have 
to be elucidated. A number of theories have arisen regarding the role of T-cells in 
COPD. For example, cytotoxic T-cells could drive structural cells into apoptosis 
resulting in destruction of lung tissue. Supporting this hypothesis is the finding of 
increased T-cell cytotoxic capacity and perforin expression in sputum samples from 
COPD patients (106). In concordance with this, an increase in apoptotic epithelial cells 
have been found in the airways of COPD patients (135). Another hypothesis is that T-
cells contribute to the recruitment and overload of inflammatory cells seen in COPD, 
by producing proinflammatory cytokines involved in activation of other T-cells and 
inflammatory cells. Both the above hypothesis are affected by the type of T-cells 
present and active in COPD and by the different cytokines produced by these cells. 
The production of INF-γ, for example, not only drives T-cell responses into cell based 
cytotoxic killing of structural cells, but also acts as a strong activator of macrophages 
(136), which have the potential to drive the inflammation forward.  
 
As described earlier, T-cells can crudely be divided into Th1/Tc1 or Th2/Tc2 
categories depending on their secretion of cytokines. A few studies on COPD patients 
have been made to elucidate which categories of T-cells that dominate in COPD. The 
results are in favour of the INF-γ producing cells, with Tc1 cells being increased in 
sputum (107) and Th1 cells in blood (137). A study made on peripheral lung tissue 
showed increased numbers of CXCR3 (a chemokine receptor involved in the 
recruitment of Th1/Tc1 cells responsive to INF-γ inducible protein 10, CXCL-10) 
positive T-cells in COPD patients (87), which points towards a Th1/Tc1 category 
inflammation with production of INF-γ present. Additional evidence towards 
Th1/Tc1 involvement was found in a study on bronchial biopsies and BAL from 
COPD patients, smokers and non-smokers, in which the number of cells expressing 
phosphorylated STAT-4 and INF-γ were increased in COPD patients compared to 
smokers and non-smokers respectively (138). The picture of INF-γ producing T-cell 
phenotypes in COPD can however be questioned by a study of BAL and blood CD8+ 
T-cells from chronic bronchitis patients with airway obstruction, asymptomatic 
smokers and non-smokers. In that study IL-4 was the dominant cytokine produced in 
the patients and INF-γ was produced only in smokers and non-smokers (137). In the 
latter study, emphysematic patients were excluded, which could explain the differences 
seen in the cytokine pattern. More comprehensive studies are needed to give a more 
reliable answer as to whether Th1/Tc1 or Th2/Tc2 categories of T-cells dominates 
the inflammation in COPD, and perhaps patients ought to be divided into groups of 
emphysema and chronic bronchitis in order to understand the cause and effect of T-
cell cytokine production in COPD.  The classic Th1/Tc1 and Th2/Tc2 cytokines are 
not the only cytokines produced by T-cells likely to be involved in COPD 
pathogenesis. The neutrophil chemoattractant IL-17 for example is produced by T-
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cells and could be responsible for T-cell driven neutrophil recruitment in the lungs of 
COPD patients (139).   
 
Besides driving inflammation and tissue destruction forward, T-cells could influence 
the course of the disease by being silent rather than over productive and thereby 
impairing the immune defence of the lung. Nicotine has in several studies been shown 
to suppress T-cell receptor induced activity (140-142) and bacterial clearance is delayed 
in mice exposed to cigarette smoke as shown by Drannik et al. (143). Airway infections 
are common in COPD patients and often contribute to the onset of exacerbations, 
which has been shown to negatively affect the course of the disease (144). If T-cell 
activity and responsiveness are suppressed in smokers with COPD this could affect 
the defence against airway infections and occurrence of exacerbations and in the 
longer run influence the outcome of the disease.  
 
 A few studies have determined the degree of T-cell activation in COPD patients. 
Studies on blood T-cells have shown a mixed T-cell phenotype with both CD45RA+ 
naïve cells and CD45R0+ memory cells (128) with low expression of CD25 and CD69 
and with no significant differences between patients and controls. Studies have also 
been made on T-cells in BAL from smokers (115, 104), sputum from COPD patients 
(108) and in tissue from patients with chronic bronchitis and COPD (38, 99, 43). In these 
studies T-cells resident in the airway lumen and tissue were predominantly (over 90%) 
memory T-cells expressing CD45R0, while only 10-20% of the cells expressed the IL-
2 receptor CD25. CD69 on the other hand was present on 80% of BAL T-cells and 60 
% of sputum T-cells. Few differences in expression of activation markers were found 
between smokers and non-smokers and between COPD patients and control groups. 
However, CD69 expression on CD8+ T-cells in sputum from COPD patients was 
significantly lower than in non-smokers (108) and CD25 expression on T-cells in the 
bronchial mucosa of chronic bronchitis patients was higher than in healthy non-
smokers although the expression in the patients was only around eight percent (43).  
 
Dual roles of T-cells in COPD? 

 
As discussed above T-cells may have several roles in the pathogenesis of COPD. If 

they are over productive they could drive the inflammatory process forward and their 
cytotoxic proteins could add to the destruction of lung tissue. However, the 
responsiveness of the same cells is needed in the defence against infections, since 
infections also contribute to the progression of the disease. In order to understand the 
duality of the T-cell role, further studies on distribution of T-cell subsets in different 
compartments of the lung, T-cell activation in relation to COPD progression, and T-
cells response to exogenous and endogenous factors involved in COPD are needed.  
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AIMS OF THIS THESIS 
 

The aim of this thesis was to study the involvement of T-cells in COPD 
pathogenesis, through examination of patient material and in vitro cell cultures. Four 
studies are included in this thesis with the following specific aims: 
 
I  To study CD8+ T-cells in BAL from COPD patients and healthy subjects with  
  focus on their expression of αEβ7 and activation state and to study the   
  differentiation of peripheral T-cells into an αEβ7 expressing phenotype in vitro 
 
II   To study potential effects of cigarette smoke on T-cell defence mechanisms using 
  an in vitro system in which T-cells are exposed to cigarette smoke extract and  
  analysed with regard to T-cell activation, proliferation and cytotoxic potential 
 
III  To study the expression of T-cell activation markers in peripheral blood CD4+  
  and CD8+ T-cells in relation to lung function in COPD patients, smokers and  
  never-smokers 
 
IV  To study lymphocyte (CD3+, CD4+, CD8+ T-cells and CD20+ B-cells)   
  distribution in intra- and subepithelial compartments of small airways and in  
  lymphoid aggregates in peripheral lung tissue from COPD patients, smokers and  
  never smokers  
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METHODS 
 
Collection of bronchoalveolar lavage, BAL, fluid (Study I)  
 

Bronchoalveolar lavage, BAL, samples are often used to look for alterations in cell 
populations or microorganism flora in different lung diseases. During bronchoscopy, 
saline is instilled in to the lung in portions of approximately 50 ml, which are 
immediately withdrawn using suction and collected in a flask. When the total amount 
of saline has been instilled and withdrawn, the saline, now containing both proteins, 
cells and in case of infection also microorganisms, is referred to as BAL fluid and can 
be further analysed in the lab with regard to protein concentrations and cell counts. In 
Study I bronchoscopy with BAL was performed on five patients with mild to 
moderate COPD, according to GOLD guidelines (1), and five age-matched non-
smoking healthy subjects recruited at the Lund University Hospital. All patients were 
in a stable state of the disease and all of the subjects were without signs of airway 
infections at the time of the bronchoscopy. They had all given written informed 
consent to participate in the study, which was approved by Lund University ethics 
committee. Under local anaesthesia saline was instilled into the middle lobe in 3 x 50 
ml portions to a maximum of 150 ml and each portion was gently aspirated and 
collected in a polypropylene tube. The BAL was immediately placed on ice and kept 
cold while transported to the laboratory. The BAL was then centrifuged to separate 
BAL fluid from BAL cells. Total cell count of BAL cells was determined by counting 
the cells in Bürker chamber.  
 
Preparation of PBMCs from buffy coats (Study I, II) 
 

Buffy coats from healthy blood donors were purchased from the blood centre at 
Lund University Hospital. The buffy coat, containing mainly white blood cells but also 
some red blood cells, plasma and thrombocytes, was diluted 1:1 with phosphate 
buffered saline. The diluted buffy coat was then carefully layered on top of the density 
gradient Ficoll Paque Plus and tubes were centrifuged 400g for 40 minutes. The top 
layer, plasma, was aspirated and the second layer containing the peripheral blood 
mononuclear cells (PBMC) was carefully collected using a Pasteur pipette (Figure 4A). 
The cells were washed in phosphate buffered saline, PBS, and stored on ice until 
further analysis. 
 
Magnetic cell sorting, MACS (Study I, II) 
 

PBMC were stained with antibodies coupled to magnetic micro beads. Antigen 
specificities were CD3 (T-cells), CD8 (cytotoxic T-cells) and CD14 (monocytes). The 
different cell types were then extracted from the PBMCs using an AutoMACS 
instrument where cells stained with the antibody were trapped in a magnetic field and 
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separated from the rest of the cells through positive selection. Trapped cells were 
released from the magnetic field, washed and used in cell culture (Figure 4B). 
 
Cell culturing (Study I, II) 
 
T-cell mono-cultures 
 

T-cells were cultured in cell culture medium (RPMI 1640 with glutamax-1 and 
HEPES) supplemented with 10% foetal bovine serum and antibiotics (penicillin-
streptomycin). They were kept in tissue culture treated polystyrene plates at 37°C for 
up to 8 days. The cells were stimulated in various ways. T-cell receptor stimulation, 
provided in vivo by T-cell binding to antigen presenting cells, was accomplished using 
an anti-CD3 antibody bound to the plastic well and as a second signal a soluble anti-
CD28 antibody was used. Interleukin-2 (IL-2) was added to cells cultured more than 
three days. In Study I cells were stimulated with transforming growth factor-beta, 
TGF-β, and in additional experiments also cultured on plates coated with ICAM-1. In 
Study II cells were stimulated with cigarette smoke extract (CSE).  
 
T-cell and monocyte co-cultures 
 

Culturing of T-cells in the presence of antigen presenting cells like monocytes leads 
to activation of T-cells as the antigen presenting cell provides the T-cells with 
costimulatory signals, for instance through binding of CD80/CD86 to CD28 and 
ICAM to LFA-1. In Study I and II co-cultures of autologous CD3+ or CD8+ T-cells 
and monocytes were cultured under the same conditions and with the same stimuli as 
described for the T-cell mono-cultures. The two cell types were cultured together from 
day zero to day three. T-cells were then removed from the plate-bound monocytes and 
culture of the T-cells continued in new plates without monocytes. In Study I a 
blocking anti-LFA-1 antibody was added to some of the co-cultures.  
 
Co-cultures in Transwell inserts 
 

In co-cultures where cell-to-cell contact between T-cells and monocytes was to be 
avoided, culture plates with transwell inserts were used. This is a system often used in 
co-culturing of cells when two cell types are supposed to share soluble mediators 
without being able of cell-to-cell contact. T-cells were cultured in the lower 
compartment and monocytes were kept in the inserts, with a pore size of 0.4 µm 
(Figure 4D). 
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Preparation of cigarette smoke extract, CSE  (Study II) 
 

Exposing cells cultured in suspension to components in cigarette smoke can be 
accomplished by adding cigarette smoke extract, CSE, to the cells. In Study II CSE 
was prepared similar to what has previously been published (84). Smoke from two 
Kentucky research cigarettes, 1R4F containing 11 mg tar and 0.8 mg nicotine, were 
bubbled through 50 ml of cell culture medium at a speed of 5 minutes per cigarette 
using a vacuum pump (Figure 4C). The cigarette smoke extract was then filtered 
through a 0.2 µm sterile filter and added to the cell cultures within 20 minutes of 
preparation. CSE prepared in this way could correspond to cigarette smoke dissolved 
in the epithelium lining fluid in vivo.   
 
Flowcytometry 
 

Cells from BAL, blood and in vitro cultures were subjected to flowcytometric 
analysis. Using this technique cells can be identified based on size, granularity and 
expression of proteins targeted by fluorescent labelled antibodies. BAL cells (that had 
been strained through a 100 µm nylon mesh) as well as in vitro cultured cells were 
suspended in PBS containing 1% bovine serum albumin and then incubated with 
antibodies for 30 min on ice. Blood cells were labelled by adding antibodies directly to 
whole blood and incubating 15 min in room temperature. Specific antibodies and 
isotype controls, coupled to three different fluorochromes, FITC, phycoerythrine (PE) 
and phycoerythrine-cychrome5 (PE-Cy5) were used for labelling. After incubation 
cells were fixed in commercial fixing solutions based on 4% paraformaldehyde and red 
blood cells were lysed using a commercial lysing reagent. After washing, cells were 
analysed on a FACS Calibur. In samples from blood and in vitro cultured cells, data 
from a total of 10000 cells were collected and in samples from BAL cells data was 
collected until data from 10000 cells in a lymphocyte gate had been collected. Data 
analysis was performed using the software CellQuestPro and based on a live gate set 
up for each sample.  
 
Bromodeoxyuridine, BrdU, incorporation (Study I, II) 
 

The replication of DNA in dividing cells can be used to measure proliferation of 
cells (145). A modified nucleotide, bromodeoxyuridine (BrdU) was added to the cell 
cultures to be incorporated in the newly replicated DNA during mitosis. The degree of 
incorporated BrdU was then measured by flowcytometry using an antibody against 
BrdU. In Study I and II BrdU was added to the in vitro cultured cells two hours prior 
to harvest. 
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Annexin-V staining 
 

When cells are driven into programmed cell death, apoptosis, the cell membrane 
lipid bilayer flip-flops, resulting in phosphatidylserine being exposed on the cell 
surface. In Study I and II apoptosis of in vitro cultured cells was measured by binding 
of FITC-labelled annexin-V to inverted phosphatidylserine on the cellular membrane 
surface. Annexin-V positive apoptotic cells were then detected by flowcytometry, as 
previously described (146), and excluded from the live gate and further analysis.  
 
Luminex – multiplex cytokine analysis (Study I) 
 

Cytokine production in T-cell cultures in Study I was measured using a multiplex 
assay based on the Luminex system. In this assay several cytokines can be analysed at 
the same time in a 96 well format. Cell supernatants were incubated in a filter-bottom 
96 well plate together with antibodies specific for different cytokines and coupled to 
specific beads, each with a unique mix of red and infrared fluorophores. During 
incubation, antibodies on the specific beads bound to cytokines present in the cell 
culture supernatant. A biotin-conjugated second antibody mix with specificities to the 
same cytokines, but with epitopes different from the ones of the antibodies coupled to 
the beads, was added to the wells. After incubation and washing the biotin-conjugated 
antibodies were detected using streptavidin-phycoerythrin. The plate was read in a 
Luminex plate reader, where a red laser excited the fluorochromes in the beads and 
the specificity of the bead was determined. At the same time a green laser excited the 
phycoerythrin coupled antibodies to determine the amount of cytokine associated with 
the specific bead (Figure 4E). 
 
Collection of human blood and lung biopsies (Study III and IV)  
 

Blood and lung biopsies were collected from patients visiting Lund University 
Hospital for surgery of suspected lung tumour. Blood from seventeen patients with 
mild to moderate COPD, eight smokers and six never-smokers was collected in 
EDTA tubes at a hospital visit prior to surgery. The blood was kept at room 
temperature until cell count analysis in an automated differential cell counter (Sysmex 
K-4500) and flowcytometry was performed as described above. Lung biopsies were 
taken from fifteen of the COPD patients, five of the smokers and the six never-
smokers at the time of the lung resection. Biopsies were taken distant to the tumour, 
fixed in 4% paraformaldehyde and embedded in paraffin. All patients were free of 
bronchial hyper responsiveness and had been free of signs of airway infections for a 
month prior to participating in the study. None of the patients were treated with oral 
or inhaled corticosteroids. Age did not differ between the patient groups and neither 
did the number of pack years between the COPD patients and the smokers. Due to 
the definition of COPD, the COPD patients had significantly lower lung function than 
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did smokers and never-smokers. All of the patients gave written and informed consent 
to participate in the study, which was approved by the Ethics committee in Lund. 
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Figure 4 PBMC separation was performed using gradient centrifugation on Ficoll 
Paque (A). Monocytes and T-cells were separated from PBMC using magnetic cell 
sorting (B). Cigarette smoke was bubbled through cell culture medium to yield 
cigarette smoke extract (C). Transwell systems enable cell communication via soluble 
mediators but prevent cell-to-cell interactions between cells in the upper and lower 
compartment (D). The Luminex multiple protein analysis detects light emitted from an 
array of fluorescent beads and antibodies excited by a green and a read laser (E).
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Immunohistochemistry (Study IV) 
 

Immunohistochemistry was performed on human lung biopsies to evaluate the 
occurrence of lymphocytes in different structures in the tissue. Paraffin embedded 
tissue was cut into 3 µm sections and stained with antibodies against lymphocyte 
markers after appropriate antigen retrieval methods (microwaving in EDTA or citrate 
buffer) had been used to expose the antigens. Secondary antibodies coupled to 
horseradish peroxidase (HRP) recognized primary antibodies directed against the 
different lymphocyte markers. Endogenous peroxidase had been blocked with 
hydrogen peroxide before staining was performed, and when diaminobenzidin, DAB, 
was added to the tissue brown staining precipitated near the antibody labelled cells 
(Figure 5). The slides were counter stained with haematoxylin (HTX) and additional 
slides were stained with HTX-eosin for evaluation of morphological structures within 
the tissue.  
 
Histological examinations (Study IV) 
 

The tissue slides stained with HTX-eosin were examined with regard to 
bronchioles, blood vessels and lymphoid aggregates. The structures found in the 
HTX-eosin slides were then identified in the antibody stained slides and cells 
belonging to the lymphocyte subgroups were counted. Intraepithelial lymphocytes, 
situated within the epithelium, subepithelial lymphocytes, situated below the epithelial 
basement membrane, and cells within the lymphoid aggregates were counted 
separately (Figure 5). An Olympus microscope was used during the examinations and 
bronchiole perimeters, subepithelial areas and areas of lymphoid aggregates were 
measured using the image analysis software Image J 1.34s. from National Institute of 
Health, USA.  
 
Statistics 
 

In all the studies non-parametric tests were used, as the assumption of normal 
distribution could not be made. Kruskal-Wallis test was used to discover possible 
differences between more than two study groups; Wilcoxon-Mann Whitney to detect 
differences between two groups of data and Wilcoxon-Signed-Ranks was used to test 
differences between paired data. Spearman rank correlation was used to calculate 
correlations between two sets of data. Differences were considered statistically 
significant when p-values were equal to or lower than 0.05.  
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igure 5 Immunohistological staining was performed using primary antibodies 
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directed against lymphocyte markers and detected with horseradish peroxidase (H
coupled secondary antibodies reacting with diaminobenzidine (DAB) and forming 
brown precipitation. Stained intraepithelial and subepithelial cells were counted in 
addition to cells in lymphoid aggregates. 
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RESULTS AND DISCUSSION 
  
T-cell subpopulations in BAL (Study I) 
 

A few studies have prvided insights to the cellular picture in BAL from patients 
with chronic bronchitis (36) and COPD (113) as well as in smokers (115, 104). However, 
none of those studies looked at αEβ7 expression on BAL T-cells from COPD 
patients. Since the expression of αEβ7 have been shown to be varying in some other 
respiratory diseases (124) we wanted to study the expression of this integrin in COPD 
using flowcytometry. In addition we looked at CD4+ and CD8+ T-cell populations, as 
well as expression of activation markers on the T-cells in BAL from five COPD 
patients and five healthy non-smokers.  
 
There was a trend towards lower BAL fluid recovery but higher total cell counts in 
BAL from COPD patients compared to healthy subjects. The flowcytometry analysis 
of the cell populations showed more auto fluorescence and larger populations of 
granulocytes and macrophages and a smaller lymphocyte population in the COPD 
BAL, making the interpretation of T-cell data more difficult (Figure 6). The 
percentages of CD4+ and CD8+ T-cell populations did not differ between the two 
groups. A trend towards a lower CD4/CD8 ratio was seen but was not statistically 
significant. Both COPD patients and healthy subjects had a substantial part of their 
CD8+ T-cells expressing CD103 and almost all expressed CD45R0, which is in line 
with previous publications on T-cells from BAL fluid in healthy subjects (122). Few or 
none of the cells expressed CD45RA or CD25 and the expression of these markers 
did not differ between the groups. Table 3 shows some data additional to what was 
published in Paper I. 
 

igure 6 Flowcytometry analysis showing size (forward scatter, x-axis) and granularity 
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(side scatter, y-axis) of BAL cells from COPD patients to the left and healthy subjects 
to the right.  
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The lack of differences in CD4+ and CD8+ T-cell populations between COPD 
patients and healthy subjects in this study is in line with what has previously been 
published on T-cells in COPD BAL (113), but is contradictory to studies on BAL T-
cells from smokers where a decreased CD4+/CD8+ ratio in smokers has been found 
when compared to non-smokers (115, 104). The phenotype of the T-cells in our study, 
with high expression of CD45R0 and low expression of CD45RA and CD25, indicate 
that these cells are memory T-cells that are not currently activated. Since the cells also 
express αEβ7 they have most probably been situated within the epithelium as 
intraepithelial lymphocytes. 
 
Table 3  
T-cell populations in BAL 
 COPD 

median 
 
range 

Healthy 
median 

 
range 

CD4+ (% of CD3+) 53 22-71 62 54-81 

CD8+ (% of CD3+) 38 24-55 31 13-41 

CD4+/CD8+ ratio 1.4 0.5-3 2 1.3-5 

CD103+ (% of CD8+) 70 64-89 59 37-85 

CD25+ (% of CD8+) 2 0-11 2 1-2 

CD45R0+ (% of CD8+) 88 80-98 93 91-98 

CD45RA+ (% of CD8+) 4 2-13 2 0-4 

 
Peripheral blood T-cells are to a large extent negative for αEβ7, while many of the T-
cells within the epithelium and in BAL, as shown in the present study, are positive for 
this integrin. This implies that circulating cells develop their intraepithelial phenotype 
on their way to the tissue epithelium. We were interested in examining the 
mechanisms involved in differentiation of T-cells into an αEβ7 expressing phenotype 
and did so using an in vitro based system. 
 
T-cell expression of αEβ7 in vitro (Study I) 
 

Based on a study by Rihs et al., where T-cells in PBMC cultures stimulated with 
TGF-β started to express αEβ7 (124), we cultured pure peripheral T-cells on anti-CD3 
coated plates in the presence of anti-CD28, IL-2 and TGF-β. The expression of αEβ7 
increased in response to TGF-β, but was lower than the expression seen in the original 
study by Rihs et al. Co-cultures of T-cells and different fractions of the PBMC 
population were then set up to reveal any costimulatory factors in the PBMC 
population. Monocytes appeared to be the cell type responsible for the costimulatory 
effect (Figure 7). To examine whether the costimulatory effect was due to soluble 
factors or cell-to-cell interactions, T-cells and monocytes were co-cultured in a 
transwell system, which allowed communication via soluble mediators without cell-to-
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cell contact. In such cultures the monocytes exhibited no costimulatory effect, and the 
interaction between the T-cells and monocytes was concluded to be due to binding 
between cell bound molecules. The common signalling pair ICAM-1 and LFA-1 
proved to be involved in this interaction. Blocking of LFA-1 markedly reduced the 
αEβ7 expression while culturing of T-cells on ICAM-1 coated plates, in the absence of 
monocytes, increased the αEβ7 expression on the T-cells to similar levels as seen in 
co-cultures.  

 
In addition to αEβ7 expression, status of general activation and proliferation was 
measured, by expression of CD25 and BrdU incorporation respectively. In co-cultures 
of T-cells and monocytes the kinetics of activation was faster than in mono-cultures 
containing only T-cells. At day eight in culture, T-cells from both co-cultures and 
mono-cultures had the same level of CD25 expression while T-cells in mono-cultures 
were lower in αEβ7 expression. This would suggest that expression of αEβ7 was not 
directly dependent on the degree of activation. The kinetics of proliferation was also 
faster in T-cells grown in the presence of monocytes, but from day six in culture cells 
in both co-cultures and mono-cultures proliferated equally well and TGF-β did not 
have any over all effect on the proliferation in any of the cultures.  

 
T-cell derived cytokine secretion in response to TGF-β was measured in monocyte 
stimulated T-cells. The two cell types were grown together, in the presence or absence 
of TGF-β, until day three when T-cells were harvested and the plate bound monocytes 
discarded. T-cells were grown, in the presence or absence of TGF-β, for an additional 
five days and thereafter multiplex cytokine analysis was performed on the 
supernatants. Under these conditions the secretion of IL-10, TNF-α, INF-γ and GM-
CSF was decreased while IL-8 secretion was sustained. 

 
Our in vitro study suggests that presence of TGF-β and interaction between T-cells and 
cells expressing ligands to LFA-1 are two important factors in the differentiation of T-
cells into αEβ7 expressing cells. High numbers of macrophages and elevated levels of 
TGF-β have been found in the lungs of COPD patients (42, 47). This would supply the 
recruited circulating T-cells with the factors needed for up-regulation of αEβ7. 
Another source of both ICAM-1 and TGF-β could be inflamed epithelium, also 
present in the lungs of after cigarette smoke exposure (147, 148). The sustained IL-8 
secretion is interesting since IL-8 is known as a strong chemoattractant for 
neutrophils, an important cell type in COPD.  
 
Our BAL study showed that T-cells are present in the airway lumen and that they are 
also likely to be present as intraepithelial cells in the lungs of COPD patients, two sites 
that both are exposed to air pollutants. We next wanted to study T-cell function in 
response to one such pollutant, which is also the most common inducer of COPD, 
cigarette smoke. 
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Figure 7 The graph shows the effect of TGF-β stimulation on αEβ7 expression of  
CD8+ T-cells grown in the presence or absence of  monocytes.   
 
T-cell responses to cigarette smoke extract (Study II) 
 

Studies have shown increased numbers of T-cells in the lungs of COPD patients 
and smokers (90). Despite this potential of boosting T-cell defence, many COPD 
patients suffer from exacerbations triggered by infections (7, 9, 10) and smokers often 
show colonization with bacteria in areas of the lung that are normally sterile (149, 150, 29, 
151). We hypothesized that this may reflect impaired respiratory defence mechanisms 
due to cigarette smoking and decided to examine effects of cigarette smoke on T-cell 
and epithelial cell defence mechanisms. Degree of activation, proliferation and 
production of cytotoxic granule proteins (granzyme-b and TIA-1) was studied in T-cell 
cultures. In air liquid interface cultures of bronchial epithelial cells the integrity of the 
epithelium and production of IL-8 and MUC5AC was studied. The epithelial cell 
studies will not be further discussed here, as epithelial function is not the primary 
focus of this thesis and readers are instead referred to Paper II.  

 
T-cells were exposed to cigarette smoke extract, CSE, at concentrations of 0-1%. Both 
mono-cultures of CD3+ T-cells as well as co-cultures of CD8+ T-cells and monocytes 
were evaluated. In addition to what is published in Paper II, co-cultures stimulated 
with TGF-β, to gain T-cells expressing αEβ7, were also included. The effect of CSE 
was similar in all cultures. In a dose dependent manner, CSE reduced activation 
(CD25 expression), proliferation (BrdU incorporation) and expression of the cytotoxic 
granule proteins TIA-1 and granzyme-b, while the expression of αEβ7 (CD103) was 
unaffected (Figure 8). 
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Figure 8 CSE did not alter the expression of αEβ7 (CD103) on CD8+ T-cells grown 
in the presence of monocytes and TGF-β while in the same cell population granzyme-
b was significantly reduced. 

 
These results indicate that T-cells exposed to components from cigarette smoke have 
an impaired ability to function as effector cells, although they are still able to express 
αEβ7 allowing them to reside within the epithelium in vivo. The hypothesis of T-cell 
impairment by components of cigarette smoke has been confirmed in studies on tar, 
nicotine and tobacco smoke, showing reduced T-cell proliferation and activation in 
response to these components (152-154, 140). Further more, studies on BAL T-cells 
from smokers have showed reduced proliferation and cytokine secretion, in response 
to mitogens, when compared to non-smokers (155, 156).   
 
Since COPD exacerbations, which have been shown to influence the long-term fall in 
lung function (144, 157) and to increase mortality in these patients(5), often are triggered 
by viral or bacterial infections, a well functioning defence against these infections is of 
great importance. Current smokers have shown to be more susceptible to lower 
respiratory infections than sustained quitters, with decline in lung function being 
pronounced in current smokers after respiratory illness (158). This could reflect an 
impaired immune response due to cigarette smoking. As intraepithelial T-cells most 
probably constitutes parts of the first line of defence, the exposure of these cells to 
cigarette smoke could enhance the development of COPD.  
 
In addition to the lung, other organs may suffer secondarily to cigarette smoking. 
Immunosuppressive substances, like nicotine, are taken up in the lung and delivered to 
the rest of the body through the blood. Therefore, we next sought to explore whether 
cigarette smoking affects the degree of T-cell activation and COPD pathogenesis at a 
systemic level.  
 
T-cell subpopulations in blood (Study III) 
 

COPD inflammation has mainly been studied locally in the lungs. However, 
systemic components of the disease are beginning to gain attention (159-161) and 
substances in cigarette smoke can affect parts of the body outside of the lungs. While 

 37



Results and discussion   ------------------------------------------------------------------------------------------------- 

studies on T-cell populations in COPD lung tissue have shown increased numbers of 
CD8+ T-cells, studies made on lymphocyte populations in blood from smokers and 
patients with chronic bronchitis and COPD have shown less CD4/CD8 alterations 
(127, 108). However, other T-cell alterations, such as degree of T-cell activation, might 
be present systemically and could influence the pathogenesis of the disease. Using 
flowcytometric analysis we examined the expression of five activation markers (CD25, 
CD28, CD29, CD69, CD45R0) to look at systemic T-cell activation in COPD patients, 
matched smokers and never-smokers and to correlate the expression of these 
activation markers to lung function in smokers with or without COPD. 

 
Proportions of the lymphocyte populations B-cells (CD19+), NK cells (CD16+CD56+) 
and T-cell (CD3+) did not differ between the three groups in the study. Neither did T-
cell subpopulations of CD4+ and CD8+ T-cells. However, cell counts (cells/ml blood) 
differed between the groups with smokers having higher numbers of lymphocytes, 
CD3+ T-cells and CD4+ T-cells than never-smokers. In addition, the number of CD4+ 
T-cells was also higher in smokers than in COPD patients. These data are in line with 
previously published studies showing increased numbers of CD4+ T-cells in smokers 
(129, 130, 118, 131-133). The analysis of expression of T-cell activation markers was 
separated into analysis of CD4+ and CD8+ T-cells. No differences in percent of CD4+ 
or CD8+ T-cells expressing the different activation markers were found between the 
groups, confirming previous studies (134, 108, 128). However, when correlating T-cell 
activation to lung function in smokers with or without COPD, CD69 expression on 
CD4+ T-cells correlated to FEV1 % of predicted. When the group was subdivided into 
ex-smokers and current smokers the correlation grew stronger in the group of current 
smokers while it was missing in the group of ex-smokers (Figure 9). 
 

  
Figure 9 Percent of blood CD4+ T-cells expressing CD69 correlated with 
lungfunction in a group of smokers with and without airway obstruction (left graph, 
rs=0.55 p= 0.0065). The correlation was even stronger when only current smokers 
were analysed (right graph, rs=0.93, p<0.0009). 
 
The positive correlation between CD69 and FEV1 in current smokers suggests that 
systemic CD69 expression on CD4+ T-cells may indicate a more active immune 
system with ability to protect smokers from airway obstruction while exposure to 
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cigarette smoke is still ongoing. Perhaps individuals less sensitive to the inhibitory 
effects of cigarette smoke, discussed in Study II, would retain their capability to 
activate their T-cells and that this in turn could protect against infections that could 
trigger exacerbations. Another suggestion is that the activation of CD4+ T-cells in 
blood could be related to a sustained CD4+/CD8+ ratio in lung tissue. The latter 
hypothesis was tested in Study IV where we examined lymphocyte subpopulations in 
peripheral lung tissue from COPD patients. 
  
T-cells in peripheral lung tissue (Study IV) 
 

T-cells have been studied in tissue from COPD patients and smokers in several 
studies. Most of those studies have focused on T-cells in central airways and on the 
occurrence of T-cells located intra- and subepithelially to the bronchi. Few studies 
have been published upon T-cells in peripheral lung tissue (95, 121, 96) and rarely such 
studies have examined BALT-like lymphoid structures in the peripheral tissue (82, 83). 
In Study IV we evaluated T- and B-cell occurrence in peripheral lung tissue resected 
from COPD patients, smokers and never-smokers undergoing surgery for suspected 
lung tumour. The tissue was stained with antibodies against the T-cell markers CD3, 
CD4, CD8 and with the B-cell marker CD20. In accordance to other studies (82, 120) 
most of the intraepithelial T-cells were of CD8+ phenotype (see picture on the cover 
of this thesis) and these were higher in number in a joint group of smokers with and 
without COPD than in never-smokers (p=0.02). The hypothesis formed in the 
previous study, that high numbers of CD69+ CD4+ T-cells in blood affects CD4+ and 
CD8+ T-cell numbers in the tissue, was tested in this tissue but no correlations 
between CD4+ or CD8+ T-cell counts and CD69 expression on CD4+ T-cells in blood 
was found, and hence the hypothesis could not be supported in this material.  

 
While CD8+ T-cells dominated the epithelium, the CD4+ T-cells together with B-cells 
dominated the lymphoid aggregates found in this tissue. The aggregates had some 
resemblance to BALT, with a core of CD20+ cells surrounded by CD4+ T-cells and 
scattered CD8+ T-cells (Figure 10). The aggregates were in approximately half of the 
cases found in the near vicinity a blood vessel but only occasionally near bronchioles 
and were thus often surrounded by parenchyma. While the structure and size of the 
aggregates was the same in COPD patients, smokers and never-smokers, the number 
of aggregates per tissue cm2 tended to be higher in COPD patients than in the two 
other groups. This observation is in line with results from a study by Hogg et al., 
where the percentage of bronchioles containing lymphoid follicles was higher in more 
severe stages of the disease (GOLD COPD stage 2-4) than in less severe stages (stage 
0-1) (83). As discussed earlier, in the present study aggregates were not only found 
adjacent to bronchioles but also situated in the parenchyma, which resembles the data 
on lymphoid nodules in smokers with and without obstruction published by Bosken et 
al (82).  
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The different lymphocyte populations thus reside in different structures within the 
peripheral lung tissue, which encourages further studies on COPD pathogenesis with 
hypothesises specifically directed against each structure. 
 
 

             

igure 10 Lymphoid aggregates often found adjacent to a blood vessel, as seen in this 
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picture, constituted of a B-cell (CD20+) core surrounded by T-cells (CD3+) of mainly 
CD4+ phenotype and scattered CD8+ T-cells.
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SUMMARY OF FINDINGS 
 

CD8+ T-cells in BAL from both healthy non-smokers and COPD patients are to a 
large extent memory T-cells expressing CD45R0. The majority of these cells are 
expressing αEβ7, which suggests that they have been residing in the airway epithelium 
before migrating into the airway lumen. Most T-cells in blood from the same subjects 
are on the other hand αEβ7 negative. The differentiation of αEβ7 negative T-cells into 
a αEβ7 positive phenotype is enhanced by exposure to TGF-β and stimulation via 
LFA-1.  
 
When exposed to components in cigarette smoke, T-cell activity and proliferation 
declines. Production of the cytotoxic granule proteins granzyme-b and TIA-1, 
providing an indirect measurement of T-cell cytotoxic capacity, also decreases. This 
points towards an impaired T-cell defence in smokers. 
 
In blood from smokers and COPD patients the number of CD4+ T-cells is increased 
while the numbers of CD8+ T-cells, B-cells and NK-cells do not differ from never-
smokers. CD69 expression on blood CD4+ T-cells in current smokers correlates with 
FEV1 percent of predicted. These data indicate that the number of CD69+ CD4+ T-
cells protects against COPD development while cigarette smoking is still present. 
 
In peripheral tissue from the same subjects, lymphoid aggregates, consisting of a B-cell 
core surrounded by mainly CD4+ T-cells and scattered CD8+ T-cells, can be found 
both in COPD patients, smokers and never-smokers. T-cells harbouring the small 
airway epithelium are almost exclusively of CD8+ phenotype and are more abundant in 
a joint group of  smokers and COPD patients than in never-smokers.  
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CONCLUDING REMARKS AND FUTURE 
PERSPECTIVES 
 

Although quite a few studies on T-cell occurrence in the lungs of COPD patients 
have been published, many questions remain unanswered. T-cell antigen specificity in 
COPD is one of those. T-cell responses in COPD are probably not driven by one 
single pathogen derived antigen, but rather reflects a range of antigens in the lung. 
However, a few suggestions to different antigens leading to recruitment of T-cells in 
COPD have been made. These include autoantigens (88) and adenoviral peptides (103) 
and other antigens arising from respiratory infections may also be of importance. So 
far studies on TCR repertoires in lungs of smokers and COPD patients have been very 
scarce but oligoclonal expansion of lung T-cells from patients with emphysema have 
been shown in a study by Sullivan et al. (162) implying T-cell recruitment in response to 
specific antigens. Additional studies of TCR repertoire at different sites within the lung 
need to be performed to evaluate T-cell antigen specificities of T-cell subgroups. Such 
analysises may answer questions such as; what are the functions of viable T-cells in the 
airway lumen, and which are the roles of intraepithelial T-cells in host defence or 
tolerance towards antigens encountering the airway mucosa? 
 
The effector functions of recruited T-cells also need further attention. Histological 
staining for cytotoxic proteins such as perforin, granzymes and TIA-1, as well as 
cytokine expression could give answers to the function of different T-cell subsets. It 
could also tell whether the T-cell suppressive effects of cigarette smoke seen in vitro in 
Study II are evident also in vivo. Again different compartments within the lung tissue or 
airways need to be studied separately. Whereas cytotoxic effector functions may be 
important at sites exposed to airborne viruses, T-cells at sites like the lymphoid 
aggregates may be involved mainly in facilitating B-cell antibody production.  
 
Apart from heterogeneity of T-cell populations within different compartments in the 
lung, there is also heterogeneity within COPD patients as a group. This is something 
that could affect the picture of T-cell involvement in this disease and that has to be 
taken into account when designing studies or interpreting already published studies. 
First, COPD patients are most often either ex-smokers or current smokers. When 
studying COPD and CB patients, as well as smokers, the smoking pattern of these 
individuals is important to clarify. Parameters such as number of pack years and time 
since smoking cessation are important information when interpreting data such as T-
cell occurrence and activity. Study II in this thesis shows that acute exposure to 
components in cigarette smoke can directly affect T-cell activity and in Study III it is 
exemplified how stratification of patients based on smoking status can influence the 
outcome of the analysis. When possible, adding both current, ex- and non-smokers to 
studies of COPD patients contributes to the possibility of separating inflammatory 
responses to cigarette smoke from responses more specifically involved in COPD 
pathogenesis. 

42   



-----------------------------------------------------------------------   Concluding remarks and future perspectives 

 
Secondly, the different pathological features of COPD ranging from bronchitis to 
bronchiolitis and emphysema make it, in some respects, difficult to study COPD as a 
single disease entity. Chronic bronchitis with airflow obstruction and emphysema are 
commonly present in the same patient and this makes the diagnosis of COPD relevant 
in the clinic. However, improved characterisation of COPD patients with regard to the 
different features of COPD pathology would be helpful from a research perspective. 
Instead of hypothesising about the role of T-cells in COPD, questions could then be 
more focused to answer e.g. the T-cell involvement in host defence during infections 
in obstructed chronic bronchitis patients or possible roles of T-cells in the destruction 
of lung tissue in patients with emphysema.  
 
The third kind of heterogeneity is perhaps the most troublesome to study and involves 
stable phases vs. exacerbations in COPD patients. Invasive examinations of 
exacerbating patients are difficult due to severity of the disease. Therefore, the cellular 
involvement during exacerbations in these patients is so far inadequately studied. Part 
of the pathogenesis of COPD may be driven by exacerbations, provoked by 
infections. Patchy histological features with inflammation and emphysema seen to a 
varying degree in different areas of the lung tissue could be indirect evidence of this. 
As patients cannot always be subjected to bronchoscopy or surgery during infection, 
the histological picture seen in studies is often a snapshot of the remains of the 
battlefield, in which we may then look for traces of the enemy.  
 
Considering all of the above-mentioned concerns, the answer to the question raised in 
the title of this thesis is not easily given. Data included in this thesis as well as studies 
published by other groups indicate that T-cells are present in the lungs of COPD 
patients in quite high numbers and that many of them are memory T-cells waiting to 
once again encounter their specific antigen. The degree and nature of the T-cell 
response will then affect the outcome of the inflammation and the healing after 
infection or injury. A fast T-cell response is important and very helpful in case of 
infection, however, if the T-cell response is too harsh and not properly controlled, the 
T-cells may be harmful and drive both inflammation and tissue destruction forward. 
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SVENSK POPULÄRVETENSKAPLIG 
SAMMANFATTNING (SUMMARY IN SWEDISH) 
 

Patienter med kroniskt obstruktiv lungsjukdom, KOL, har en försämrad 
lungfunktion och lider av bronkit och andnöd. Dessa symptom beror troligtvis på en 
ständigt pågående inflammation i lungan som dels leder till ökad slemproduktion och 
förträngning av luftrören, dels till emfysem dvs. nedbrytning av lungvävnaden vilket 
försämrar gasutbytet i lungan. Cigarrettrökning är den största riskfaktorn vid KOL och 
rökavvänjning är i dag det bästa sättet för KOL patienter att stoppa utvecklingen av 
sjukdomen. Forskning pågår för att förstå orsakerna till inflammationen vid KOL. 
Flera celler i immunförsvaret tros vara inblandade i den inflammatoriska processen 
däribland T-celler. Detta är celler som normalt skyddar kroppen mot infektioner och 
oönskade cellförändringar. De har förmågan att signalera till andra celler i 
immunförsvaret och kan även själva motarbeta skador och infektioner.  

 
Denna avhandling syftar till att studera närvaron av olika typer av T-celler i lungan och 
blodet hos KOL patienter, rökare och icke-rökare och till att vidare studera T-cellers 
respons då de utsätts för cigarettrök. Resultaten från studierna i lunga visade att 
aggregat av T-celler, med ännu okänd funktion, är vanliga hos KOL patienter. Dessa 
aggregat kan vara ett resultat av deposition av partiklar från cigarettrök eller ett sätt att 
försvara lungan mot infektioner som är vanligt förekommande hos KOL patienter. Ett 
ökat antal s.k. cytotoxiska (CD8+) T-celler påvisades i luftvägsslemhinnan hos rökare 
och KOL patienter. Denna typ av T-celler har förmågan att driva virusinfekterade 
värdceller i apoptos, självinducerad celldöd, och har därför föreslagits vara involverade 
i nedbrytning av lungvävnad. Resultat från studien på blod visade att T-cellers aktivitet 
i blodet eventuellt kan påverka utvecklingen av KOL. Rökare med många aktiverade 
s.k. hjälpar (CD4+) T-celler i blodet hade en bättre lungfunktion än rökare med färre 
celler av denna typ. Resultat från T-cellskulturer odlade i laboratorium visade att 
ämnen från cigarettrök försämrade T-cellers förmåga att aktiveras, tillväxa och 
producera de proteiner som T-cellerna använder i försvaret mot virus. Dessa resultat 
tyder på att cigarrettrökning kan försämra försvaret mot infektioner, vilket kan få stora 
konsekvenser för KOL patienter som ofta drabbas av akuta försämringsperioder i 
samband med luftvägsinfektioner. 

 
 

 
 
 
 

44   



 

ACKNOWLEDGEMENTS 
 

I wish to express my sincere gratitude to all the helpful people working close to me 
or spending time with me outside work during my PhD studies. I would especially like 
to acknowledge:  
 
My supervisors Claes-Göran Löfdahl at Respiratory Medicine and Allergology, Lund 
University and Karin von Wachenfeldt at Biological Sciences, AstraZeneca. Ni två 
har kompletterat varandra väl och jag hade inte klarat det här utan den hjälp jag har 
fått från er båda. Claes-Göran, du har alltid uppmuntrat mig och fått mig att tro på 
projektet och på min egen förmåga. Tack för att du litat på mig och tillåtit mig att, 
under din uppsikt, driva i väg åt de håll som intresserat mig. Karin, du har varit 
ovärderlig som idéspruta och som både teoretisk och praktisk mentor. Tack för att du 
tagit dig tid även när kalendern varit fullbokad, du är en verklig superwoman! 
 
Jonas Erjefält at Airway Inflammation and Immunology, Lund University. Tack för 
ett mycket givande samarbete kring lungvävnad. Du har verkligen varit en god källa till 
inspiration och diskussion och jag är så nöjd med sommaren jag spenderade framför 
mikroskopet i källaren på BMC!  
 
AstraZeneca and the Swedish Heart-Lung-Foundation that funded these studies. 
 
Cell biology team 1 and 2 at AstraZeneca. Tack för att ni alltid har ställt upp och 
visat mig instrument och protokoll och för att ni välkomnat mig i gruppen trots att jag 
inte varit i ”pipelinen”. Jag har lärt mig så mycket tack vare er! Tim, thank you for 
showing me the joy of research, discussing with me and helping me out with the 
English language in this thesis and whenever I’ve been bursting into your office. I 
really appreciate all the help you have given me! Sanna, tack för alla samtal om livet, 
du är den trevligaste och klokaste 08-an jag någonsin mött! Jag är så glad att du 
lämnade Italien för Skåne! Sebastian och Elisabet, tack för ett roligt och givande 
samarbete kring cigarettrök!  
 
Biological Sciences at AstraZeneca. Thank you all for letting me in your labs and 
showing me all of what I wanted to learn. Anna-Maria, Catharina, Hong, Martina, 
Tom, Martyn and your colleagues, thank you for letting me use your labs and for 
teaching me about histology. Per, thanks for helping me out with my questions 
regarding statistics. 
 
Information Sciences and Library at AstraZeneca. Thank you all at the library in 
Lund; you have been invaluable help in all my searches and copies of old or odd 
articles! I can’t imagine any library with a more friendly or efficient staff; you are great! 
 

  45 
  



Acknowledgements   ----------------------------------------------------------------------------------------------------- 

Amelie and Susanne, tack för att ni har lyssnat och hjälpt när jag haft mina 
funderingar kring doktorerandet! Ni har varit trygga jämvikter till mitt något explosiva 
humör.  
 
My roomie Stina. Jag kunde inte ha fått en bättre rumskompis att dela mina sista år 
som doktorand med! Du har verkligen lyssnat och uppmuntrat dag efter dag och jag 
har lärt mig mycket av dig. Jag kommer att sakna ditt sällskap och jag önskar dig all 
lycka i livet!  
 
Katarina Håkansson at Division of Clinical Chemistry and Pharmacology, Lund 
University. Tack för allt samarbete både under vår gemensamma tid på Astra och 
efteråt. Jag har saknat dig på labb sen du gick tillbaka till universitet, men är glad att vi 
fortsatt samarbeta och inte minst för att du och din familj har blivit mina vänner! Hej 
på er, Björn, Max och Wilmer! 
 
Johanna Lilja at Oncology, Lund University. Det var roligt att få arbeta med dig 
under ditt examensarbete, lycka till med doktorerandet! 
 
All of you in LURN. Jonas Erjefält, Gunilla Westergren-Thorsson och Leif 
Bjermer, tack för diskussioner och samarbeten! Doktoranderna och ex-jobbarna i 
LURN, Amelie, David, Dr. Kristoffer, Kristian, Lizbet, Dr. Monika, Dr. Lena, 
Kristina, Mette, Annika, Lisa, Sophia och Cecilia tack för alla diskussioner och 
skratt på efterjobbet öl och journal clubs! Mitt doktorerande blev mycket roligare när 
jag träffade er, lycka till allihop!  
 
Monika, ett speciellt tack till dig! Jag har uppskattat våra samtal kring forskning, livet 
och jobbsökande mycket. Tack för alla värdefulla tips inför författande och tryckning 
av avhandlingen, och för att jag fick ”låna” din layout!  
 
My friends outside the lab! Maria, du är en så omtänksam och god vän! Tack för allt 
stöd och alla goda skratt jag fått när vi träffats och stött och blött livet och 
doktorerandet! Tänk att vi på så många sätt skulle sitta i samma båt under så många år, 
inte undra på att våra samtal aldrig tar slut! Lycka till nu när det snart är din tur att 
trycka avhandlingen! Malin, tack för alla spontana middagar, promenader och alla 
förtroliga samtal! Och när spontaniteten var tvungen att stryka på foten, tack för att du 
valde mig som fadder åt Signe. Du, Martin och Signe är mig så kära vänner! Lo, tack 
för ditt rättframma sätt som jag tycker så mycket om! Jag är så glad att jag lärt känna 
dig och Mark! Maria, Malin, Lo, Åsa J, Fru Thi och Linda tack för tjejmiddagarna 
som förgyllt vardagen! Eva och Karin, tack för att vår vänskap fortsätter att trivas 
även sen det gått några år efter studenten! Och Sara, jag har alltid trott att vi skulle 
vara vänner för livet och visst verkar det bli så, vi är redan uppe i över 25 år! Du har 
en speciell plats i mitt liv och betyder mycket för mig. 
 

 46 



------------------------------------------------------------------------------------------------------   Acknowledgements 

My brothers. Macke och Jonatan, ni är två så olika men lika underbara bröder! Tack 
för allt stöd och all uppmuntran ni gett mig när jag som bäst behövt det och för att vi 
har så roligt ihop när vi ses!  
 
My parents. Mamma och Pappa, det är inte för intet som denna bok är dedikerad till 
er. Ni har gett mig självförtroendet att sätta i gång med det här projektet och ni har 
gett mig styrkan att fullfölja det. Tack för all kärlek, trygghet och värme ni ger mig och 
mina bröder!  
 

 47



 

REFERENCES 
       
1. National Institute of Health NH, Lung and Blood Institute. Global Strategy for 
the diagnosis, management, and prevention of chronic obstructive pulmonary disease. 
NHBLBI/WHO Workshop Report Update 2005;www.goldcopd.com. 
2. Barnes PJ. Chronic Obstructive Pulmonary Disease. The New England Journal 
of Medicine 2000;343(Number 4):269-80. 
3. Rennard SI. COPD: overview of definitions, epidemiology, and factors 
influencing its development. Chest 1998;113(4 Suppl):235S-41S. 
4. Rodriguez-Roisin R. Toward a consensus definition for COPD exacerbations. 
Chest 2000;117(5 Suppl 2):398S-401S. 
5. Soler-Cataluna JJ, Martines--Garcia MA, Román Sánchez P, Salcedo E, Navarro 
M, Ochando R. Severe acute exacerbations and mortality in patients with chronic 
obstructive pulmonary disease. Thorax 2005;60:925-31. 
6. Wedzicha JA, Donaldson GC. Exacerbations of chronic obstructive pulmonary 
disease. Respiratory Care 2003;48(12):1204-13; discussion 13-5. 
7. Monso E, Ruiz J, Rosell A, Manterola J, Fiz J, Morera J, et al. Bacterial infection 
in chronic obstructive pulmonary disease. A study of stable and exacerbated 
outpatients using the protected specimen brush. American Journal of Respiratory & 
Critical Care Medicine 1995;152(4 Pt 1):1316-20. 
8. Patel IS, Seemungal TA, Wilks M, Lloyd-Owen SJ, Donaldson GC, Wedzicha 
JA. Relationship between bacterial colonisation and the frequency, character, and 
severity of COPD exacerbations. Thorax 2002;57(9):759-64. 
9. Rohde G, Wiethege A, Borg I, Kauth M, Bauer TT, Gillissen A, et al. 
Respiratory viruses in exacerbations of chronic obstructive pulmonary disease 
requiring hospitalisation: a case-control study. Thorax 2003;58(1):37-42. 
10. Seemungal T, Harper-Owen R, Bhowmik A, Moric I, Sanderson G, Message S, 
et al. Respiratory viruses, symptoms, and inflammatory markers in acute exacerbations 
and stable chronic obstructive pulmonary disease. American Journal of Respiratory & 
Critical Care Medicine 2001;164(9):1618-23. 
11. Snider GL. Chronic obstructive pulmonary disease: risk factors, 
pathophysiology and pathogenesis. Annual Review of Medicine 1989;40:411-29. 
12. Albert R, Spiro S, Jett J. Comprehensive Respiratory Medicine. London: Mosby; 
1999. 
13. Sandford AJ, Weir TD, Paré PD. Genetic risk factors for chronic obstructive 
pulmonary disease. European Respiratory Journal 1997;10:1380-91. 
14. Vineis P, Airoldi L, Veglia P, Olgiati L, Pastorelli R, Autrup H, et al. 
Environmental tobacco smoke and risk of respiratory cancer and chronic obstructive 
pulmonary disease in former smokers and never smokers in the EPIC prospective 
study. BMJ 2005;330(7486):277. 
15. World Health Organization W. Health systems: improving performance. The 
World Health report 2000 2000;http://www.who.int/whr/2000/en/whr00_en.pdf. 

48   



-----------------------------------------------------------------------------------------------------------------   References 

16. World Health Organization W. Atlas 8. The tobacco 
atlas;http://www.who.int/tobacco/statistics/tobacco_atlas/en/. 
17. Anthonisen NR, Connett JE, Kiley JP, Altose MD, Bailey WC, Buist AS, et al. 
Effects of smoking intervention and the use of an inhaled anticholinergic 
bronchodilator on the rate of decline of FEV1. The Lung Health Study. JAMA 
1994;272(19):1497-505. 
18. Halpin D. Your questions answered COPD. 1 ed. London: Churchill 
Livingstone; 2003. 
19. Spina D. Phosphodiesterase-4 inhibitors in the treatment of inflammatory lung 
disease. Drugs 2003;63(23):2575-94. 
20. Agusti AG. COPD, a multicomponent disease: implications for management. 
Respiratory Medicine 2005;99(6):670-82. 
21. Barnes PJ, Stockley RA. COPD: current therapeutic interventions and future 
approaches. European Respiratory Journal 2005;25(6):1084-106. 
22. Jeffery PK. Comparison of the structural and inflammatory features of COPD 
and asthma. Giles F. Filley Lecture. Chest 2000;117(5 Suppl 1):251S-60S. 
23. Saetta M. Airway Inflammation in Chronic Obstructive Pulmonary Disease. 
American Journal of Respiratory and Critical Care Medicine 1999;160:S17-S20. 
24. Sutherland ER, Martin RJ. Airway inflammation in chronic obstructive 
pulmonary disease: comparisons with asthma. Journal of Allergy & Clinical 
Immunology. 2003;112(5):819-27; quiz 28. 
25. Churg A, Wright JL. Proteases and emphysema. Current Opinion in Pulmonary 
Medicine 2005;11(2):153-9. 
26. Stoller JK, Aboussouan LS. Alpha1-antitrypsin deficiency. Lancet 
2005;365(9478):2225-36. 
27. Amin K, Ekberg-Jansson A, Lofdahl CG, Venge P. Relationship between 
inflammatory cells and structural changes in the lungs of asymptomatic and never 
smokers: a biopsy study. Thorax 2003;58(2):135-42. 
28. Jeffery PK. Remodeling in asthma and chronic obstructive lung disease. 
American Journal of Respiratory & Critical Care Medicine 2001;164(10 Part 2):S28-
S38. 
29. Qvarfordt I, Riise GC, Andersson BA, Larsson S. Lower airway bacterial 
colonization in asymptomatic smokers and smokers with chronic bronchitis and 
recurrent exacerbations. Respiratory Medicine 2000;94(9):881-7. 
30. Soler N, Ewig S, Torres A, Filella X, Gonzalez J, Zaubet A. Airway 
inflammation and bronchial microbial patterns in patients with stable chronic 
obstructive pulmonary disease. European Respiratory Journal 1999;14(5):1015-22. 
31. Mio T, Romberger DJ, Thompson AB, Robbins RA, Heires A, Rennard SI. 
Cigarette Smoke Induces Interleukin-8 release from Human Bronchial Epithelial Cells. 
American Journal of Respiratory and Critical Care Medicine 1997;155:1770-76. 
32. van der Vaart H, Postma D, Timens W, Hylkema M, Willemse B, Boezen M, et 
al. Acute effects of cigarette smoking on inflammation in healthy intermittent smokers. 
Respiratory Research 2005;6(22). 

 49



References   ----------------------------------------------------------------------------------------------------------------- 

33. Tetley TD. Macrophages and the pathogenesis of COPD. Chest 2002;121:156S-
59S. 
34. Hill A, Gompertz S, Stockley R. Factors influencing airway inflammation in 
chronic obstructive pulmonary disease. Thorax 2000;55:970-77. 
35. Barabaldo S, Turato G, Badin C, Bazzan E, Beghé B, Zuin R, et al. Neutrophilic 
infiltration within the airway smooth muscle in patients with COPD. Thorax 
2004;59:308-12. 
36. Costabel U, Maier K, Teschler H, Wang YM. Local immune components in 
chronic obstructive pulmonary disease. Respiration. 1992;59(Suppl 1):17-9. 
37. Rutgers SR, Postma DS, ten Hacken NH, Kauffman HF, van der Mark TW, 
Koeter GH, et al. Ongoing airway inflammation in patients with COPD who do not 
currently smoke. Thorax 2000;55:12-18. 
38. O´Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK. Inflammation in 
Bronchial Biopsies of Subjects with Chronic Bronchitis: Inverse Relationship of CD8+ 
T Lymphocytes with FEV1. American Journal of Respiratory and Critical Care 
Medicine 1997;155:852-57. 
39. Erjefalt J. Transepithelial migration, necrosis and apoptosis as silent and pro-
inflammatory fates of airway granulocytes. Current Drug Targets - Inflammation & 
Allergy 2005;4(4):425-31. 
40. Liu CY, Liu YH, Lin SM, Yu CT, Wang CH, Lin HC, et al. Apoptotic 
neutrophils undergoing secondary necrosis induce human lung epithelial cell 
detachment. Journal of Biomedical Science 2003;10(6 Pt 2):746-56. 
41. Hodge S, Hodge G, Scicchitano R, Reynolds PN, Holmes M. Alveolar 
macrophages from subjects with chronic obstructive pulmonary disease are deficient 
in their ability to phagocytose apoptotic airway epithelial cells. Immunology & Cell 
Biology 2003;81(4):289-96. 
42. de Boer WI, Van Schadewijk A, Sont JK, Sharma HS, Stolk J, Hiemstra PS, et 
al. Transforming growth factor beta1 and recruitment of macrophages and mast cells 
in airways in chronic obstructive pulmonary disease. American Journal of Respiratory 
and Critical Care Medicine 1998;158(6):1951-57. 
43. Saetta M, Di Stefano A, Maestrelli P, Ferraresso A, Drigo R, Potena A, et al. 
Activated T-lymphocytes and Machrophages in Bronchial Mucosa of Subjects with 
Chronic Bronchitis. American review of respiratory disease 1993;147:301-06. 
44. Barnes PJ. Mediators of chronic obstructive pulmonary disease. 
Pharmacological Reviews 2004;56(4):515-48. 
45. Reid PT, Sallenave JM. Cytokines in the pathogenesis of chronic obstructive 
pulmonary disease. Current Pharmaceutical Design. 2003;9(1):25-38. 
46. Pons AR, Sauleda J, Noguera A, Pons J, Barcelo B, Fuster A, et al. Decreased 
macrophage release of TGF-beta and TIMP-1 in chronic obstructive pulmonary 
disease. European Respiratory Journal 2005;26(1):60-6. 
47. Takizawa H, Tanaka M, Takami K, Ohtoshi T, Ito K, Satoh M, et al. Increased 
expression of transforming growth factor-beta1 in small airway epithelium from 
tobacco smokers and patients with chronic obstructive pulmonary disease (COPD). 
American Journal of Respiratory & Critical Care Medicine 2001;163(6):1476-83. 

 50 



-----------------------------------------------------------------------------------------------------------------   References 

48. Pabst R, Tschernig T. Lymphocytes in the lung: an often neglected cell. 
Numbers, characterization and compartmentalization. Anatomy & Embryology 
1995;192(4):293-9. 
49. Alam R, Gorska M. 3. Lymphocytes. Journal of Allergy & Clinical Immunology 
2003;111(2 Suppl):S476-85. 
50. Parkin J, Cohen B. An overview of the immune system. Lancet (North 
American Edition) 2001;[print] 357(9270):1777-89. 
51. Holtmeier W, Kabelitz D. gammadelta T cells link innate and adaptive immune 
responses. Chemical Immunology & Allergy 2005;86:151-83. 
52. Richmond I, Pritchard GE, Ashcroft T, Corris PA, Walters EH. Distribution of 
gdT-cells in the bronchial tree of smokers and non-smokers. Journal of Clinical 
Pathology 1993;46:926-30. 
53. Zola H, Swart B, Boumsell L, Mason DY, Subcommittee IW. Human 
Leucocyte Differentiation Antigen nomenclature: update on CD nomenclature. Report 
of IUIS/WHO Subcommittee. Journal of Immunological Methods 2003;275(1-2):1-8. 
54. Zola H, Swart BW. Human leucocyte differentiation antigens. Trends in 
Immunology 2003;24(7):353-4. 
55. Bour-Jordan H, Blueston JA. CD28 function: a balance of costimulatory and 
regulatory signals. Journal of Clinical Immunology 2002;22(1):1-7. 
56. Sancho D, Gomez M, Sanchez-Madrid F. CD69 is an immunoregulatory 
molecule induced following activation. Trends in Immunology 2005;26(3):136-40. 
57. Altin JG, Sloan EK. The role of CD45 and CD45-associated molecules in T cell 
activation. Immunology & Cell Biology 1997;75(5):430-45. 
58. Cerf-Bensussan N, Guy-Grand D. Intestinal intraepithelial lymphocytes. 
Gastroenterology Clinics of North America 1991;20(3):549-76. 
59. Erle DJ, Pabst R. Intraepithelial Lymphocytes in the Lung  
A neglected Lymphocyte Population. American Journal of Respiratory Cell and 
Molecular Biology 2000;22:398-400. 
60. Agace WW, Higgins JM, Sadasivan B, Brenner MB, Parker CM. T-lymphocyte-
epithelial-cell interactions: integrin aE(CD103)b7, LEEP-CAM and chemokines. 
Current Opinion in Cell Biology 2000;12:563-68. 
61. Cerf-Bensussan N, Jarry A, Brousse N, Lisowska-Grospierre B, Guy-Grand D, 
Griscelli C. A monoclonal antibody (HML-1) defining a novel membrane molecule 
present on human intestinal lymphocytes. European Journal of Immunology 
1987;17(9):1279-85. 
62. Kilshaw PJ, Baker KC. A unique surface antigen on intraepithelial lymphocytes 
in the mouse. Immunology Letters 1988;18(2):149-54. 
63. Sarnacki S, Bègue B, Jarry A, Cerf-Bensussan N. Human Intestinal 
Intraepithelial Lymphocytes, a Distinct Population of Activated T Cells. Immunologic 
Research 1991;10:302-05. 
64. Begue B, Sarnacki S, le Deist F, Buc H, Gagnon J, Meo T, et al. HML-1, a novel 
integrin made of the beta 7 chain and of a distinctive alpha chain, exerts an accessory 
function in the activation of human IEL via the CD3-TCR pathway. Advances in 
Experimental Medicine & Biology 1995;371A:67-75. 

 51



References   ----------------------------------------------------------------------------------------------------------------- 

65. Russell GJ, Parker CM, Cepek KL, Mandelbrot DA, Sood A, Mizoguchi E, et 
al. Distinct structural and functional epitopes of the alpha E beta 7 integrin. European 
Journal of Immunology 1994;24(11):2832-41. 
66. Sarnacki S, Bègue B, Buc H, Le Diest F, Cerf-Bensussan N. Enhancement of 
CD3-induced activation of human intestinal intraepithelial lymphocytes by stimulation 
of the b7-containing integrin defined by HML-1 monoclonal antibody. European 
Journal of Immunology 1992;22:2887-92. 
67. Schon MP, Arya A, Murphy EA, Adams CM, Strauch UG, Agace WW, et al. 
Mucosal T lymphocyte numbers are selectively reduced in integrin alpha E (CD103)-
deficient mice. Journal of Immunology 1999;162(11):6641-9. 
68. Shibahara T, Si-tahar M, Shaw SK, Madara JL. Adhesion Molecules Expressed 
on Homing Lymphocytes in Model Intestinal Epithelia. Gastroenterology 
2000;118:289-98. 
69. Cepek KL, Parker CM, Madara JL, Brenner MB. Integrin alpha E beta 7 
mediates adhesion of T lymphocytes to epithelial cells. Journal of Immunology 
1993;150(8 Pt 1):3459-70. 
70. Cepek KL, Shaw SK, Parker CM, Russell GJ, Morrow JS, Rimm DL, et al. 
Adhesion between epithelial cells and T lymphocytes mediated by E-cadherin and the 
aEb7 integrin. Nature 1994;372(10):190-92. 
71. Higgins JMG, Mandlebrot DA, Shaw SK, Russell GJ, Murphy EA, Chen Y-T, 
et al. Direct and Regulated Interaction of Integrin aEb7 with E-Cadherin. The Journal 
of Cell Biology 1998;140(1):197-210. 
72. Goto E, Kohrogi H, Hirata N, Tsumori K, Hirosako S, Hamamoto J, et al. 
Human bronchial intraepithelial T lymphocytes as a distinct T-cell subset. American 
Journal of Respiratory Cell and Molecular Biology 2000;22:405-11. 
73. Yamamoto M, Fujihashi K, Kawabata K, McGhee JR, Kiyono H. A mucosal 
intranet: intestinal epithelial cells down-regulate intraepithelial, but not peripheral, T 
lymphocytes. Journal of Immunology 1998;160(5):2188-96. 
74. Newberry RD, Lorenz RG. Organizing a mucosal defense. Immunological 
Reviews 2005;206:6-21. 
75. Hiller AS, Tschernig T, Kleemann WJ, Pabst R. Bronchus-associated lymphoid 
tissue (BALT) and larynx-associated lymphoid tissue (LALT) are found at different 
frequencies in children, adolescents and adults. Scandinavian Journal of Immunology 
1998;47(2):159-62. 
76. Pabst R, Gehrke I. Is the bronchus-associated lymphoid tissue (BALT) an 
integral structure of the lung in normal mammals, including humans? American 
Journal of Respiratory Cell & Molecular Biology 1990;3(2):131-5. 
77. Richmond I, Pritchard GE, Ashcroft T, Avery A, Corris PA, Walters EH. 
Bronchus associated lymphoid tissue (BALT) in human lung: its distribution in 
smokers and non-smokers. Thorax 1993;48(11):1130-4. 
78. Berman JS. Lymphocytes in the lung: should we continue to exalt only BALT? 
American Journal of Respiratory Cell & Molecular Biology 1990;3(2):101-2. 

 52 



-----------------------------------------------------------------------------------------------------------------   References 

79. Tschernig T, Kleemann WJ, Pabst R. Bronchus-associated lymphoid tissue 
(BALT) in the lungs of children who had died from sudden infant death syndrome 
and other causes. Thorax 1995;50(6):658-60. 
80. Bienenstock J, Rudzik O, Clancy RL, Perey DY. Bronchial lymphoid tissue. 
Advances in Experimental Medicine & Biology 1974;45(0):47-56. 
81. Sminia T, van der Brugge-Gamelkoorn GJ, Jeurissen SH. Structure and 
function of bronchus-associated lymphoid tissue (BALT). Critical Reviews in 
Immunology 1989;9(2):119-50. 
82. Bosken CH, Hards J, Gatter K, Hogg JC. Characterization of the inflammatory 
reaction in the peripheral airways of cigarette smokers using immunocytochemistry. 
American Review of Respiratory Disease 1992;145(4 Pt 1):911-7. 
83. Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, et al. The 
nature of small-airway obstruction in chronic obstructive pulmonary disease. New 
England Journal of Medicine 2004;350(26):2645-53. 
84. Andersson A, Qvarfordt I, Laan M, Sjostrand M, Malmhall C, Riise GC, et al. 
Impact of tobacco smoke on interleukin-16 protein in human airways, lymphoid tissue 
and T lymphocytes. Clinical & Experimental Immunology 2004;138(1):75-82. 
85. Laan M, Qvarfordt I, Riise GC, Andersson BA, Larsson S, Linden A. Increased 
levels of interleukin-16 in the airways of tobacco smokers: relationship with peripheral 
blood T lymphocytes. Thorax 1999;54(10):911-6. 
86. Di Stefano A, Capelli A, Lusuardi M, Caramori G, Balbo P, Ioli F, et al. 
Decreased T lymphocyte infiltration in bronchial biopsies of subjects with severe 
chronic obstructive pulmonary disease. Clinical & Experimental Allergy 2001;31:893-
902. 
87. Saetta M, Mariani M, Panina-Bordignon P, Turato G, Buonsanti C, Baraldo S, 
et al. Increased expression of the chemokine receptor CXCR3 and its ligand CXCL10 
in peripheral airways of smokers with chronic obstructive pulmonary disease. 
American Journal of Respiratory and Critical Care Medicine 2002;[print] 165(10):1404-
09. 
88. Agusti A, MacNee W, Donaldson K, Cosio M. Hypothesis: does COPD have 
an autoimmune component? Thorax 2003;58(10):832-4. 
89. Cosio MG. Autoimmunity, T-cells and STAT-4 in the pathogenesis of chronic 
obstructive pulmonary disease. European Respiratory Journal 2004;24(1):3-5. 
90. Cosio MG, Majo J. Inflammation of the airways and lung parenchyma in 
COPD: role of T cells. Chest. 2002;121(5 Suppl):160S-65S. 
91. Enelow RI, Mohammed AZ, Stoler MH, Liu AN, Young JS, Lou YH, et al. 
Structural and functional consequences of alveolar cell recognition by CD8(+) T 
lymphocytes in experimental lung disease. Journal of Clinical Investigation 
1998;102(9):1653-61. 
92. Lams BE, Sousa AR, Rees PJ, Lee TH. Subepithelial immunopathology of the 
large airways in smokers with and without chronic obstructive pulmonary disease. 
European Respiratory Journal 2000;15(3):512-6. 
93. Di Stefano A, Capelli A, Lusuardi M, Balbo P, Vecchio C, Maestrelli P, et al. 
Severity of Airflow Limitation is Associated with Severity of Airway Inflammation in 

 53



References   ----------------------------------------------------------------------------------------------------------------- 

Smokers. American Journal of Respiratory and Critical Care Medicine 1998;158:1277-
85. 
94. Di Stefano A, Turato G, Maestrelli P, Mapp CE, Ruggieri MP, Roggeri A, et al. 
Airflow limitation in chronic bronchitis is associated with T-lymphocyte and 
macrophage infiltration of the bronchial mucosa. American Journal of Respiratory & 
Critical Care Medicine 1996;153(2):629-32. 
95. Saetta M, Di Stefano A, Graziella T, Facchini FM, Corbino L, Mapp CE, et al. 
CD8+ T-Lymphocytes in Peripheral Airways of Smokers with Chronic Obstructive 
Pulmonary Disease. American Journal of Respiratory and Critical Care Medicine 
1998;157:822-26. 
96. Turato G, Zuin R, Miniati M, Baraldo S, Rea F, Beghe B, et al. Airway 
inflammation in severe chronic obstructive pulmonary disease: relationship with lung 
function and radiologic emphysema. American Journal of Respiratory & Critical Care 
Medicine 2002;166(1):105-10. 
97. Majo J, Ghezzo H, Cosio MG. Lymphocyte population and apoptosis in the 
lungs of smokers and their relation to emphysema. European Respiratory Journal 
2001;17:946-53. 
98. Saetta M, Baraldo S, Corbino L, Turato G, Braccioni F, Rea F, et al. CD8+ Cells 
in the Lung of Smokers with Chronic Obstructive Pulmonary Disease. American 
Journal of Respiratory and Critical Care Medicine 1999;160:711-17. 
99. Peinado VI, Barbera JA, Abate P, Ramirez J, Roca J, Santos S, et al. 
Inflammatory reaction in pulmonary muscular arteries of patients with mild chronic 
obstructive pulmonary disease. American Journal of Respiratory & Critical Care 
Medicine 1999;159(5 Pt 1):1605-11. 
100. Saetta M, Turato G, Facchini FM, Corbino L, Lucchini RE, Casoni G, et al. 
Inflammatory cells in the bronchial glands of smokers with chronic bronchitis. 
American Journal of Respiratory & Critical Care Medicine 1997;156(5):1633-9. 
101. Aoshiba K, Koinuma M, Yokohori N, Nagai A, Respiratory Failure Research 
Group in J. Differences in the distribution of CD4+ and CD8+ T cells in 
emphysematous lungs. Respiration 2004;71(2):184-90. 
102. Finkelstein R, Fraser RS, Ghezzo H, Cosio MG. Alveolar Inflammation and its 
Relation to Emphysema in smokers. American Journal of Respiratory and Critical Care 
Medicine 1995;152:1666-72. 
103. Retamales I, Elliott WM, Meshi B, Coxson HO, Pare PD, Sciurba FC, et al. 
Amplification of Inflammation in Emphysema and Its Association with Latent 
Adenoviral Infection. American Journal of Respiratory and Critical Care Medicine 
2001;164:469-73. 
104. Jansson-Ekberg A, Andersson B, Arvå E, Nilsson O, Löfdahl CG. The 
expression of lymphocyte surface antigens in bronchial biopsies, bronchoalveolar 
lavage cells and blood in healthy smoking and never-smoking men, 60 years old. 
Respiratory Medicine 2000;94:264-72. 
105. Lams BEA, Sousa AR, Rees PJ, Lee TH. Immunopathology of the Small-airway 
Submucosa in Smokers with and without Chronic Obstructive Pulmonary Disease. 
American Journal of Respiratory and Critical Care Medicine 1998;158:1518-23. 

 54 



-----------------------------------------------------------------------------------------------------------------   References 

106. Chrysofakis G, Tzanakis N, Kyriakoy D, Tsoumakidou M, Tsiligianni I, 
Klimathianaki M, et al. Perforin expression and cytotoxic activity of sputum CD8+ 
lymphocytes in patients with COPD. Chest 2004;125(1):71-6. 
107. Tzanakis N, Chrysofakis G, Tsoumakidou M, Kyriakou D, Tsiligianni J, Bouros 
D, et al. Induced sputum CD8+ T-lymphocyte subpopulations in chronic obstructive 
pulmonary disease. Respiratory Medicine 2004;98(1):57-65. 
108. Leckie MJ, Jenkins GR, Khan J, Smith SJ, Walker C, Barnes PJ, et al. Sputum T 
lymphocytes in asthma, COPD and healthy subjects have the phenotype of activated 
intraepithelial T cells (CD69+ CD103+). Thorax 2003;58:23-29. 
109. Maestrelli P, Saetta M, Di Stefano A, Calcagni PG, Turato G, Ruggieri MP, et 
al. Comparison of leukocyte counts in sputum, bronchial biopsies, and 
bronchoalveolar lavage. American Journal of Respiratory & Critical Care Medicine 
1995;152(6 Pt 1):1926-31. 
110. Hodge SJ, Hodge GL, Holmes M, Reynolds PN. Flow cytometric 
characterization of cell populations in bronchoalveolar lavage and bronchial brushings 
from patients with chronic obstructive pulmonary disease. Cytometry Part B, Clinical 
Cytometry 2004;61(1):27-34. 
111. Lacoste JY, Bousquet J, Chanez P, Van Vyve T, Simony-Lafontaine J, Lequeu 
N, et al. Eosinophilic and neutrophilic inflammation in asthma, chronic bronchitis, 
and chronic obstructive pulmonary disease. Journal of Allergy & Clinical Immunology 
1993;92(4):537-48. 
112. Thompson AB, Daughton D, Robbins RA, Ghafouri MA, Oehlerking M, 
Rennard SI. Intraluminal airway inflammation in chronic bronchitis. Characterization 
and correlation with clinical parameters. American Review of Respiratory Disease 
1989;140(6):1527-37. 
113. Pons J, Sauleda J, Ferrer JM, Barcelo B, Fuster A, Regueiro V, et al. Blunted 
gamma delta T-lymphocyte response in chronic obstructive pulmonary disease. 
European Respiratory Journal 2005;25(3):441-6. 
114. Costabel U, Bross KJ, Reuter C, Ruhle KH, Matthys H. Alterations in 
immunoregulatory T-cell subsets in cigarette smokers. A phenotypic analysis of 
bronchoalveolar and blood lymphocytes.[erratum appears in Chest 1986 
Dec;92(6):1124]. Chest 1986;90(1):39-44. 
115. Hoser G, Kawiak j, Dornagala-Kulawik J, Kopinski P, Droszez W. Flow 
cytometric evaluation of lymphocyte subpopulations in BALF of healthy smokers and 
nonsmokers. Folia histochemica et cytobiologica 1999;37:25-30. 
116. Wallace JM, Oishi JS, Barbers RG, Simmons MS, Tashkin DP. Lymphocytic 
subpopulation profiles in bronchoalveolar lavage fluid and peripheral blood from 
tobacco and marijuana smokers. Chest 1994;105(3):847-52. 
117. Roos-Engstrand E, Ekstrand-Hammarström B, Bucht A, Blomberg A. 
Differences in T Lymphocyte Subsets between Individuals with COPD and Healthy. 
Proceedings of the American Thoracic Society 2005;2(Abstract issue):A391. 
118. Schaberg T, Theilacker C, Nitschke OT, Lode H. Lymphocyte subsets in 
peripheral blood and smoking habits. Lung 1997;175(6):387-94. 

 55



References   ----------------------------------------------------------------------------------------------------------------- 

119. Elewaut D, De Keyser F, Cuvelier C, Lazarovits AI, Mielants H, Verbruggen G, 
et al. Distinctive activated cellular subsets in colon from patients with Crohn's disease 
and ulcerative colitis. Scandinavian Journal of Gastroenterology 1998;33(7):743-8. 
120. Fournier M, Lebargy F, Ladurie FLR, Lenormand E, Pariente R. Intraepithelial 
T-lymphocyte subsets in the airways of normal subjects and patients with chronic 
bronchitis. American review of respiratory disease 1989;140:737-42. 
121. Saetta M, Turato G, Baraldo S, Zanin A, Braccioni F, Mapp CE, et al. Globlet 
Cell Hyperplasia and Epithelial Inflammation in Peripheral Airways of Smokers with 
Both Symptoms of Chronic Bronchitis and Chronic Air flow Limitation. American 
Journal of Respiratory and Critical Care Medicine 2000;161:1016-21. 
122. Erle DJ, Brown T, Christian D, Aris R. Lung epithelial lining fluid T cell subsets 
defined by distinct patterns of beta 7 and beta 1 integrin expression. American Journal 
of Respiratory Cell & Molecular Biology 1994;10(3):237-44. 
123. Lohmeyer J, Friedrich J, Grimminger F, Maus U, Tenter R, Morr H, et al. 
Expression of mucosa-related integrin aEb7 on alveolar T cells in interstitial lung 
diseases. Clinical and Experimental Immunology 1999;116:340-46. 
124. Rihs S, Walker C, Wirchow J-C, Boer C, Kroegel C, Giri SN, et al. Differential 
Expression of aEb7 Integrins on Bronchoalveolar lavage T Lymphocyte Subsets: 
Regulation by a4b1-integrin Crosslinking and TGF-b. American Journal of Respiratory 
Cell and Molecular Biology 1996;15:600-10. 
125. Emiel F, Wouters M. Local and Systemic Inflammation in Chronic Obstructive 
Pulmonary Disease. 2005;2:26-33. 
126. Hodge SJ, Hodge GL, Reynolds PN, Scicchitano R, Holmes M. Increased 
production of TGF-b and apoptosis of T lymphocytes isolated from peripheral blood 
in COPD. American Journal of Physiology Lung Cell Mol Physiol 2003;285:L492-L99. 
127. Kim WD, Kim WS, Koh Y, Lee SD, Lim CM, Kim DS, et al. Abnormal 
peripheral blood T-lymphocyte subsets in a subgroup of patients with COPD. Chest 
2002;122(2):437-44. 
128. Majori M, Corradi M, Caminati A, Cacciani G, Bertacco S, Pesci A. Predominat 
Th1 cytokine pattern in perpheral blood from subjects with chronic obstructive 
pulmonary disease. Journal of Allergy and Clinical Immunology 1999;103:458-62. 
129. Hughes DA, Haslam PL, Townsend PJ, Turner-Warwick M. Numerical and 
functional alterations in circulatory lymphocytes in cigarette smokers. Clinical & 
Experimental Immunology 1985;61(2):459-66. 
130. Lewis SA, Pavord ID, Stringer JR, Knox AJ, Weiss ST, Britton JR. The relation 
between peripheral blood leukocyte counts and respiratory symptoms, atopy, lung 
function, and airway responsiveness in adults. Chest 2001;119(1):105-14. 
131. Tanigawa T, Araki s, Nakata A, Kitamura F, Yasumoto M, Sakurai S, et al. 
Increase in Memory (CD4+CD29+ and CD4+CD45RO+) T and Naive 
(CD4+CD45RA+) T-Cell Subpoulations in Smokers. Archives of Environmental 
Health 1998;53:378-83. 
132. Tanigawa T, Araki S, Sata F, Nakata A, Araki T. Effects of smoking, aromatic 
amines, and chromates on CD4+ and CD8+ T lymphocytes in male workers. 
Environmental Research 1998;78(1):59-63. 

 56 



-----------------------------------------------------------------------------------------------------------------   References 

133. Tollerud DJ, Clark JW, Brown LM, Neuland CY, Mann DL, Pankiw-Trost LK, 
et al. The effects of cigarette smoking on T cell subsets. A population-based survey of 
healthy caucasians. American Review of Respiratory Disease 1989;139(6):1446-51. 
134. De Jong JW, Van der Belt-Gritter B, Koeter GH, Postma DS. Peripheral blood 
lymphocyte cell subsets in subjects with chronic obstructive pulmonary disease: 
association with smoking, IgE and lung function. Respiratory Medicine 1997;91:67-76. 
135. Hodge S, Hodge G, Reyneolds PN. Increased airway epithelial and T-cell 
apoptosis in COPD remains despite smoking cessation. European Respiratory Journal 
2005;25:447-54. 
136. Janeway C, Travers P. Immunobiology, the immune system in health and 
disease. 3 ed. London: Current biology Ltd / Garland Publishing Inc; 1997. 
137. Mattoli S, Kleimberg J, Stacey MA, Bellini A, Sun G, Marini M. The Role of 
CD8+ Th2 Lymphocytes in the Development of Smoking-Related Lung Damage. 
Biochemical and Biophysical Research Communications 1997;239:146-49. 
138. Di Stefano A, Caramori G, Capelli A, Gnemmi I, Ricciardolo FL, Oates T, et al. 
STAT4 activation in smokers and patients with chronic obstructive pulmonary disease. 
European Respiratory Journal 2004;24(1):78-85. 
139. Linden A, Laan M, Anderson GP. Neutrophils, interleukin-17A and lung 
disease. European Respiratory Journal 2005;25(1):159-72. 
140. Geng Y, Savage SM, Razani-Boroujerdi S, Sopori ML. Effects of nicotine on 
the immune response. II. Chronic nicotine treatment induces T cell anergy. Journal of 
Immunology 1996;156(7):2384-90. 
141. Kalra R, Singh SP, Kracko D, Matta SG, Sharp BM, Sopori ML. Chronic self-
administration of nicotine in rats impairs T cell responsiveness. Journal of 
Pharmacology & Experimental Therapeutics 2002;302(3):935-9. 
142. Sopori ML, Kozak W. Immunomodulatory effects of cigarette smoke. Journal 
of Neuroimmunology. 1998;83(1-2):148-56. 
143. Drannik AG, Pouladi MA, Robbins CS, Goncharova SI, Kianpour S, Stampfli 
MR. Impact of cigarette smoke on clearance and inflammation after Pseudomonas 
aeruginosa infection. American Journal of Respiratory & Critical Care Medicine 
2004;170(11):1164-71. 
144. Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha JA. Relationship 
between exacerbation frequency and lung function decline in chronic obstructive 
pulmonary disease. Thorax 2002;57(10):847-52. 
145. Dolbeare F, Gratzner H, Pallavicini MG, Gray JW. Flow cytometric 
measurement of total DNA content and incorporated bromodeoxyuridine. 
Proceedings of the National Academy of Sciences of the United States of America 
1983;80(18):5573-7. 
146. Vermes I, Haanen C, Steffens-Nakken H, Reutelingsperger C. A novel assay for 
apoptosis. Flow cytometric detection of phosphatidylserine expression on early 
apoptotic cells using fluorescein labelled Annexin V. Journal of Immunological 
Methods 1995;184(1):39-51. 

 57



References   ----------------------------------------------------------------------------------------------------------------- 

147. Wang RD, Wright JL, Churg A. Transforming growth factor-beta1 drives 
airway remodeling in cigarette smoke-exposed tracheal explants. American Journal of 
Respiratory Cell & Molecular Biology 2005;33(4):387-93. 
148. Vignola AM, Campbell AM, Chanez P, Bousquet J, Paul-Lacoste P, Michel FB, 
et al. HLA-DR and ICAM-1 expression on bronchial epithelial cells in asthma and 
chronic bronchitis. American Review of Respiratory Disease 1993;148(3):689-94. 
149. Marcy TW, Merrill WW. Cigarette smoking and respiratory tract infection. 
Clinics in Chest Medicine 1987;8(3):381-91. 
150. Monso E, Rosell A, Bonet G, Manterola J, Cardona PJ, Ruiz J, et al. Risk 
factors for lower airway bacterial colonization in chronic bronchitis. European 
Respiratory Journal 1999;13(2):338-42. 
151. Zalacain R, Sobradillo V, Amilibia J, Barron J, Achotegui V, Pijoan JI, et al. 
Predisposing factors to bacterial colonization in chronic obstructive pulmonary 
disease. European Respiratory Journal 1999;13(2):343-8. 
152. Chang JC, Distler SG, Kaplan AM. Tobacco smoke suppresses T cells but not 
antigen-presenting cells in the lung-associated lymph nodes. Toxicology & Applied 
Pharmacology 1990;102(3):514-23. 
153. Geiselhart LA, Christian T, Minnear F, Freed BM. The cigarette tar component 
p-benzoquinone blocks T-lymphocyte activation by inhibiting interleukin-2 
production, but not CD25, ICAM-1, or LFA-1 expression. Toxicology & Applied 
Pharmacology 1997;143(1):30-6. 
154. Geng Y, Savage SM, Johnson LJ, Seagrave J, Sopori ML. Effects of nicotine on 
the immune response. I. Chronic exposure to nicotine impairs antigen receptor-
mediated signal transduction in lymphocytes. Toxicology & Applied Pharmacology 
1995;135(2):268-78. 
155. Daniele RP, Dauber JH, Altose MD, Rowlands DT, Jr., Gorenberg DJ. 
Lymphocyte studies in asymptomatic cigarette smokers. A comparison between lung 
and peripheral blood. American Review of Respiratory Disease 1977;116(6):997-1005. 
156. Hagiwara E, Takahashi KI, Okubo T, Ohno S, Ueda A, Aoki A, et al. Cigarette 
smoking depletes cells spontaneously secreting Th(1) cytokines in the human airway. 
Cytokine 2001;14(2):121-6. 
157. Wilkinson TMA, Patel IS, Wilks M, Donaldson GC, Wedzicha JA. Airway 
bacterial load and FEV1 decline in patients with chronic obstructive pulmonary 
disease. American Journal of Respiratory & Critical Care Medicine 2003;167(8):1090-
95. 
158. Kanner RE, Anthonisen NR, Connett JE, Lung Health Study Research G. 
Lower respiratory illnesses promote FEV(1) decline in current smokers but not ex-
smokers with mild chronic obstructive pulmonary disease: results from the lung health 
study. American Journal of Respiratory & Critical Care Medicine 2001;164(3):358-64. 
159. Aldonyte R, Jansson L, Piitulainen E, Janciauskiene S. Circulating monocytes 
from healthy individuals and COPD patients - art. no. 11. Respiratory Research 
2003;4(11):11. 

 58 



-----------------------------------------------------------------------------------------------------------------   References 

160. Noguera A, Batle S, Miralles C, Iglesias J, Busquets X, MacNee W, et al. 
Enhanced neutrophil response in chronic obstructive pulmonary disease. Thorax 
2001;56(6):432-7. 
161. Noguera A, Busquets X, Sauleda J, Villaverde JM, MacNee W, Agusti AG. 
Expression of adhesion molecules and G proteins in circulating neutrophils in chronic 
obstructive pulmonary disease. American Journal of Respiratory & Critical Care 
Medicine 1998;158(5 Pt 1):1664-8. 
162. Sullivan AK, Simonian PL, Falta MT, Mitchell JD, Cosgrove GP, Brown KK, et 
al. Oligoclonal CD4+ T cells in the lungs of patients with severe emphysema. 
American Journal of Respiratory & Critical Care Medicine 2005;172(5):590-6. 

 59


	To my parents
	TABLE OF CONTENTS
	LIST OF ORIGINAL PAPERS     7
	ABBREVIATIONS        8
	INTRODUCTION        9
	Chronic Obstructive Pulmonary Disease, COPD   9
	Symptoms, cause and treatment      9
	Airway pathology         10
	Airway inflammation         12

	T-cells            13
	T-cell origin and maturation       13
	T-cell activation and effector functions     14
	T-cell activation markers        15
	Intraepithelial T-cells        16
	Bronchus associated lymphoid tissue, BALT    17

	T-cells in COPD         17
	T-cell recruitment in COPD       17
	T-cell occurrence in lung tissue of COPD patients   18
	T-cell occurrence in sputum and lavage from COPD patients 20
	Intraepithelial T-cells in lungs of COPD patients   21
	T-cell occurrence in blood of COPD patients    22
	T-cell activity in COPD        23
	Dual roles of T-cells in COPD?       24

	AIMS OF THIS THESIS      25

	METHODS         26
	Collection of bronchoalveolar lavage, BAL, fluid (Study I)  
	Preparation of PBMCs from buffy coats (Study I, II)   26
	Magnetic cell sorting, MACS (Study I, II)     26
	Cell culturing (Study I, II)        27
	T-cell mono-cultures         27
	T-cell and monocyte co-cultures      27
	Co-cultures in Transwell inserts       27

	Preparation of cigarette smoke extract, CSE  (Study II)  28
	Flowcytometry          28
	Bromodeoxyuridine, BrdU, incorporation (Study I, II)  28
	Annexin-V staining         29

	Luminex – multiplex cytokine analysis (Study I)   29
	Collection of human blood and lung biopsies (Study III and I
	Immunohistochemistry (Study IV)      31
	Histological examinations (Study IV)     31
	Statistics           31

	RESULTS AND DISCUSSION     33
	T-cell subpopulations in BAL (Study I)     33
	T-cell expression of αEβ7 in vitro (Study I)     34
	T-cell responses to cigarette smoke extract (Study II)   36
	T-cell subpopulations in blood (Study III)     37
	T-cells in peripheral lung tissue (Study IV)    39

	SUMMARY OF FINDINGS      41
	CONCLUDING REMARKS AND     42
	FUTURE PERSPECTIVES
	SVENSK POPULÄRVETENSKAPLIG SAMMANFATTNING
	(SUMMARY IN SWEDISH)      44
	ACKNOWLEDGEMENTS      45
	REFERENCES         48
	APPENDIX (PAPER I-IV)
	LIST OF ORIGINAL PAPERS
	ABBREVIATIONS
	INTRODUCTION
	Chronic Obstructive Pulmonary Disease, COPD
	Symptoms, causes and treatments
	Airway pathology
	Airway inflammation

	T-cells
	T-cell origin and maturation
	T-cell activation and effector functions
	T-cell activation markers
	Intraepithelial T-cells
	Bronchus associated lymphoid tissue, BALT

	T-cells in COPD
	T-cell recruitment in COPD
	T-cell occurrence in lung tissue of COPD patients
	T-cells in sputum and lavage from COPD patients
	Intraepithelial T-cells in lungs of COPD patients
	T-cell occurrence in blood of COPD patients
	T-cell activity in COPD


	AIMS OF THIS THESIS
	METHODS
	Collection of bronchoalveolar lavage, BAL, fluid (Study I)
	Preparation of PBMCs from buffy coats (Study I, II)
	Magnetic cell sorting, MACS (Study I, II)
	Cell culturing (Study I, II)
	T-cell mono-cultures
	T-cell and monocyte co-cultures
	Co-cultures in Transwell inserts

	Preparation of cigarette smoke extract, CSE  (Study II)
	Flowcytometry
	Bromodeoxyuridine, BrdU, incorporation (Study I, II)
	Annexin-V staining

	Luminex – multiplex cytokine analysis (Study I)
	Collection of human blood and lung biopsies (Study III and I
	Figure 4 PBMC separation was performed using gradient centri
	Histological examinations (Study IV)
	Statistics

	Figure 5 Immunohistological staining was performed using pri
	RESULTS AND DISCUSSION
	T-cell subpopulations in BAL (Study I)
	T-cell expression of αEβ7 in vitro (Study I)
	T-cell responses to cigarette smoke extract (Study II)
	T-cell subpopulations in blood (Study III)
	T-cells in peripheral lung tissue (Study IV)

	SUMMARY OF FINDINGS
	CONCLUDING REMARKS AND FUTURE PERSPECTIVES
	SVENSK POPULÄRVETENSKAPLIG SAMMANFATTNING (SUMMARY IN SWEDIS
	ACKNOWLEDGEMENTS
	REFERENCES
	kappa_sida_1-2.pdf
	T-CELLS IN COPD
	TO HELP OR HARM?
	A study of T-cells in COPD patients and
	related aspects of T-cell function in vitro
	Pernilla Glader
	Respiratory Medicine and Allergology
	Department of  Clinical Sciences
	Lund University
	Sweden
	2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


