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Chronic obstructive pulmonary disease (COPD) is a progressive and irreversible disease
of the airways. It has been widely hypothesised that the persistent exposure to cigarette
smoke initiates, the chronic inflammation, responsible for the parenchymal destruction
and extensive remodelling of the bronchiolar walls that is characteristic of COPD.
Patients with COPD also suffer from acute episodes of inflammation termed
exacerbations, which are an important cause of morbidity and mortality in COPD
patients. Exacerbations are particularly important, as there is evidence that exacerbation
frequency predicts the accelerated decline in lung function observed in COPD patients.

This thesis has assessed the role of TNFa in acute inflammation in human lung
tissue. TNFa has previously been shown to play an important role in many chronic
inflammatory diseases, and is now accepted as an important therapeutic target in
rheumatoid arthritis, inflammatory bowl disease and severe asthma. This thesis aims to
investigate the contribution of cytokines, in particular TNFa., in the acute inflammatory
response and how they may be affected by disease. This thesis illustrates that TNFa is
the key cytokine in the acute inflammatory response, initiated by LPS, in human lung
tissue. In addition we have demonstrated that the main cellular sources of TNFa in acute
inflammation are alveolar macrophages and mast cells. An important clinical finding of
this study is that patients with COPD and current smokers have an exaggerated TNFa
response, which would lead to the elevated release of pro-inflammatory mediators and
extracellular matrix destruction during inflammation. We have also verified that IL-10
can modulate TNFa expression in human lung tissue, and we have also demonstrated that
patients with COPD produce lower levels of IL-10 in response to an LPS challenge. This
study therefore highlights the role of TNFo and IL-10 in the progression of COPD and
provides important future therapeutic targets for the disease.

We have also demonstrated that the decline in protein expression with disease
could result from the elevated metabolic turnover due to the enhanced oxidation of
proteins in COPD patients. In particular we have shown that oxidised HSA, an important
antioxidant, is turned over more rapidly in human lung tissue. We have also begun to
develop the technique iTRAQ to analyse the changes in protein expression in diseased
and naive human lung tissue. While this approach requires further development iTRAQ
potentially provides an important proteomic tool for identifying markers of disease.



Preface

Parts of this thesis have been published, or are in preparation for publication, in the

following:

T-L Hackett and JA Warner. Kinetics of cytokine production in human lung tissue

(2005). Allergy Clin Immunol Int: J World Allergy Org, 2, 140-142.

T-L Hackett and JA Warner. The role of Tumour necrosis factor-a in airways

inflammation in human lung. Submitted to the Am J Respir Crit Care MED.

T-L Hackett L Barnicott and JA Warmer. The role of IL-13 in allergic inflammation.
In preparation for the AAAAI

T-L Hackett and JA Warner. The effect of lipopolysaccharide on cytokine production in
human lung tissue. Am J Respir Crit Care MED. 169:4556 2004

T-L Hackett and JA Warner. The role of Tumour necrosis factor-o in airways

inflammation in human lung. Am J Respir Crit Care MED. 170:A100 2005

11



Acknowledgments

Firstly, and foremost, I wish to thank my supervisor Dr. Jane Warner for all of her help
and advice throughout this PhD. I would also like to thank her for continuing to inspire
my love of science. Thank you also to Dr. Susan Wilson at Southampton General
hospital, for all of her advice and expertise. I would also like to thank Professor Treasure
of Thoracic Medicine along with Dr. Stuart Hirst and his lab at Guy’s hospital, London

for all of their co-operation in obtaining lung samples.

A special thank you goes to Arakis for funding my case award studentship. Additionally,

I am grateful to Alan Rothaul and John Brew at Arakis for their assistance and

encouragement.

I would also like to express my appreciation to all who have shared the lab with me
through the course of my PhD. Thank you to every one from Neil, to Helen, Rakhi, Lee,
Rebecca, David, Matt, Jack and last but not least Dr. Foreman who taught me everything

there is to know about 6b+.

Finally, I must thank my family for all of their love and support, but especially Chris who

managed to live with me and always offer encouragement, during the writing of this

thesis.

11



ACE
BAL
CD
COPD
DNA
DNPH
DNTP
ECM
ELISA
FEV,
FVC
GOLD
GMA
GRO-a
HRP
HSA
IA

IFN

Ig

IHC

IL

IPF
LDH
LPS
MAB
MMP
mRNA
MudPIT
nIL-10 Ab
nTNFa Ab
OD
PIC
PBS
PCR
PMSF
RNA
RNase
ROS
RT
SDS
SNP
Taq
TBS
TGF
TIMP
TLR
T™MB
TNF
WB

Abbreviations

Aminoethyl carbozole
Bronchoalveolar lavage

Cluster designation

Chronic obstructive pulmonary disease
Deoxyribose nucleic acid
Dinitrophenyl hydroziene
Dinucleotide phophate

Extracellular matrix

Enzyme linked immunosorbant assay
Forced expiratory volume in 1 second
Forced vital capacity

Global initiative for chronic obstructive pulmonary disease
Glyco methacrylate

Growth related oncogene-a

Horse radish peroxidase

Human serum albumin
Immunosorbent assay

Interferon

Immunoglobulin
Immunohistochemistry

Interleukin

Interstitial pulmonary fibrosis

Lactate dehydrogenase
Lipopolysaccharide

Monoclonal antibody

Matrix metalloproteinase

Messenger ribonucleic acid

Multiple dimensional protein identification technologies
Neutralising IL-10 antibody
Neutralising TNFa antibody

Optical density

Protease inhibitor complex

Phosphate buffered saline
Polymerase chain reaction
Phenylmethyl-sulphonyl fluoride
Ribonucleic acid

Ribonucleic acidase

Reactive oxygen species

Reverse transcription

Sodium dodecyl! sulphate

Single nucleotide polymorphism
Thermus aquaticus (DNA polymerase)
Tris buffered saline

Transforming growth factor

Tissue inhibitor of metalloproteinase
Toll-like receptor

3,3, 5,5 tetramethyl benzedine
Tumour necrosis factor

Western blot

v



Contents

Abstract

Preface
Acknowledgements
Abbreviations

Contents

Chapter 1. Introduction.

1.1 Overview of chronic obstructive pulmonary disease (COPD)

1.1.1 Definition of COPD
1.1.2 Epidemiology of COPD
1.1.3 Risk factors associated with COPD

1.1.4 Pathology of COPD

1.2 Chronic inflammation
1.2.1 The neutrophil

1.2.2 The macrophage
1.2.3 T-lymphocytes

1.2.4 The eosinophil

1.3 Role of exacerbations

1.3.1 Airway inflammation at exacerbation

1.3.2 Role of bacteria in exacerbations of COPD
1.3.3 Role of viruses in exacerbations

1.3.4 Role of pollution in exacerbations

ii

iii

iv

10

10

11

12

13

14

16

17

18

19



1.4 The innate immune response of the respiratory epithelium
1.4.1 Acute infections

1.4.2 The Acute inflammatory response

1.5 Inflammatory factors in innate defence
1.5.1 Tumour necrosis factor a
1.5.2 Bacterial lipopolysaccharide

1.5.3 Inflammation and oxidative stress

1.6 COPD management

1.10 Aims

Chapter 2. Materials and methods
2.1 Chemicals and reagents
2.1.1 Materials

2.1.2 Buffers and solutions

2.2 Preparation of clinical samples

2.2.1 Characterisation of human lung tissue

2.2.2 Preparation of human lung tissue for primary cell culture
2.2.3 Preparation of lung tissue homogenates for analysis

2.2.4 Oxidation and derivatisation of the HSA and human tissue

2.3 Analysis of cytokines levels

2.3.1 Tumour necrosis factor a, interleukin 1p and interleukin-13 ELISAs

19

20

20

22

24

27

30

31

32

34

34

35

36

36

36

36

37

37

37

Vi



2.3.2 Interleukin 5, 6, 8, and 10 ELISAs

2.3.3 Tissue inhibitor of matrix metalloproteinases-1 ELISA

2.3.4 Rodent Tumour necrosis factor a, Interleukin 18, 6 and 10 ELISAs
2.3.5 Human Serum Albumin ELISA

2.3.6 Oxidised human serum albumin ELISA

2.3.7 Lactate dehydrogenase assay

2.3.8 Bicinchonic acid (BCA) assay

2.3.9 Endotoxin assay

2.3.10 Western blot analyses

2.4 Immunohistochemistry
2.4.1 Acetone fixation and GMA embedding of lung tissue.

2.4.2 Staining of GMA embedded lung tissue

2.5 Molecular Biology

2.5.1 Preparation of mRNA from human lung tissue.

2.5.2 Identification of TNFa and IL-10 by RT-PCR

2.6.1 Preparation of genomic DNA from human lung tissue

2.6.2 Typing of DNA samples G/A SNP at position -308 in the
promoter region of the TNFa gene.

2.6.3 Typing of DNA samples G/A SNP at position -1082 in the

promoter region of the IL-10 gene.

2.7 Proteomics
2.7.1 Cation exchange chromatography

2.7.2 Mass Spectrometry and data processing

38

38

39

39

40

40

41

41

4]

41

41

42

43

43

44

45

46

47

49

49

49

vii



2.8 Statistical analysis

Chapter 3. The acute inflammatory response in human lung tissue

3.1 Introduction

3.2 Methods

3.3 Results

3.3.1 Cytokine release in response to varying concentration of LPS

3.3.2 TNFa in human lung supernatant

3.3.3 Western blot for TNFa in human lung supernatant

3.3.4 Lactate dehydrogenase in human lung tissue

3.3.6 TNFa correlation with IL-6 released from human lung supernatant
3.3.7 IL-8 in human lung supernatant

3.3.8 TNFa correlation with IL-8 released from human lung superatant
3.3.9 Growth related oncogene-a. in human lung supernatant

3.3.10 IL-1B in human lung supernatant

3.3.11 IL-5 in human lung supernatant

3.3.12 IL-10 in human lung supernatant

3.3.13 TNFa correlation with IL-10 release from human lung supernatant
3.3.14 Transforming growth factor B; in human lung tissue

3.3.15 MMP-1 in human lung supernatant

3.3.16 MMP-7 in human lung supernatant

3.3.17 MMP-9/TIMP-1 in human lung supernatant

3.3.18 Effect of cyclohexamide treatment on cytokine release

3.3.19 RNA extraction from human lung tissue

50

52

55

56

56

58

59

60

62

63

64

64

66

67

68

69

69

71

72

73

74

76

viil



3.3.20 mRNA expression from human lung tissue 77

3.4 Discussion 79

Chapter 4. The role of TNFa and IL-10 in acute inflammation

4.1 Introduction 90
4.2 Methods 92
4.3 Results 95
4.3.1 The effect of neutralising TNFa antibody on IL-6 release 95
4.3.2 The effect of neutralising TNFa antibody on IL-8 release 97
4.3.3 The effect of neutralising TNFa antibody on IL-10 release 98
4.3.4 The effect of neutralising IL-10 antibody on TNFa release 98
4.3.5 The effect of neutralising IL.-10 antibody on IL-6 release 100
4.3.6 The effect of neutralising IL-10 antibody on IL-8 release 101
4.3.7 Immunohistochemistry of human lung tissue 101
4.3.8 TNFa in lung parenchyma 102
4.3.9 Co-localisation of TNFa 105
4.3.10 IL-10 staining in lung parenchyma 119
4.3.11 Heterogeneity in the TNFa response 111
4.3.12 Re-classification of the TNFa data using GOLD guidelines 111
4.3.13 Re-classification of the IL-6 data using GOLD guidelines 113
4.3.14 Re-classification of the IL-8 data using GOLD guidelines 114
4.3.15 Re-classification of the IL-10 data using GOLD guidelines 115
4.3.16 Cytokine release from current and ex-smokers 116

4.3.17 Polymorphisms in the TNFa promoter 117



4.3.18 Polymorphisms in the TNFa promoter and TNFa release
4.3.19 Polymorphisms in the IL-10 promoter

4.3.20 Polymorphisms in the IL-10 promoter and TNFa. release

4.4 Discussion

Chapter 5. Acute inflammation — Stimulus specific?

5.1 Introduction

5.2 Methods

5.3 Results

5.3.1 Cytokine levels in response to varying concentrations of anti-IgE

5.2.2 LDH release from human lung tissue

5.3.3 The temporal pattern of IL-13 and IL-5 release in response to
anti-IgE compared to LPS

5.3.4 The temporal pattern of TNFa and IL-6 release in response to
anti-IgE compared to LPS

5.3.5 The temporal pattern of IL-8 and IL-10 release in response to
anti-IgE compared to LPS

5.3.6 Does an individual’s response to LPS predict their anti-IgE response

5.3.7 Effect of cyclohexamide treatment on cytokine release

5.3.8 Cytokine release form rodent lung

5.3.9 TNFa in rodent lung tissue

5.3.10 IL-6 in rodent lung tissue

5.3.11 IL-10 in rodent lung tissue

5.3.12 IL-1B in rodent lung tissue

118

119

121

123

132

134

136

136

138

138

140

141

142

143

144

145

146

147

148



5.4 Discussion

Chapter 6. Factors affecting lung function

6.1 Introduction

6.2 Methods

6.3 Results

6.3.1 Gross changes in protein expression with lung function

6.3.2 Relationship between baseline levels of human serum albumin
and disease severity

6.3.3 Relationship between baseline levels of human serum albumin
and smoking status

6.3.4 Relationship between disease severity and levels of carbonylated
human serum albumin

6.3.5 Relationship between smoking status and levels of carbonylated
human serum albumin

6.3.6 Turn over of HAS in human lung tissue

6.3.7 Western blot analysis of HAS turnover in human lung tissue

6.3.8 The effect of inflammation on HAS turnover in tissue culture

6.3.9 Western blot analysis of HAS turnover and inflammation
in human lung tissue

6.3.10 The effect of inflammation on HAS oxidation in tissue culture

6.3.11 Proteomic analysis of clinical samples

6.4 Discussion

149

159

161

166

166

167

168

169

170

171

173

174

175

176

177

183

X1



Chapter 7. General discussion
7.0 Discussion
7.1 Conclusion

7.2 Future work

8.0 References

192

192

208

210

213

Xii



Chapter 1.

Introduction



Chapter 1: introduction

1.1 Overview of chronic obstructive pulmonary disease (COPD)

1.1.1 Definition of COPD

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and
mortality worldwide. COPD is defined by the American Thoracic society, as a disease state
characterised by the presence of airflow obstruction due to either or both of the conditions
chronic bronchitis and emphysema. The airflow obstruction is generally progressive, may
be accompanied by airway hyper reactivity, and may be partially reversible (ATS, 1995).
A more recent definition comes from the Global strategy for the diagnosis, management
and prevention of COPD (GOLD). COPD is defined by GOLD (2001) as a disease state
characterised by airflow limitation that is not fully reversible. The airflow limitation is
usually both progressive and associated with abnormal inflammatory response of the lungs
to noxious particles or gases. The GOLD guidelines particularly take into account the
importance of cigarette smoking and airway inflammation.

The term COPD encompasses chronic obstructive bronchitis characterised by the
obstruction of small airways. Emphysema is characterised by the enlargement of small air
spaces and destruction of lung parenchyma, loss of lung elasticity, and closure of small
airways. Lastly, chronic bronchitis is defined by the presence of a productive cough for
more than three months and up to two years. Most COPD patients suffer with all three
pathological conditions but the extent of each disease varies between individuals. The
varying degrees of overlap of these conditions present in COPD patients leads to the wide
heterogeneity seen in the disease. Diagnosis of COPD can be further complicated by the
presence of asthma, often termed “wheezy” COPD, which is present in approximately 10%
of COPD patients (Jeffrey, 1998, O’Byrne and Postma, 1999, Barnes, 1999). The problem
with COPD is that pulmonary damage often occurs years before the patient is aware of
their symptoms. Physician-diagnosed COPD using spirometric airflow limitation as

defined by GOLD (FEV}/ FVC less than 0.7 and FEV, less than 80% predicted) only
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diagnoses patients who already have airflow obstruction. Research is therefore required to

diagnose patients most at risk early on in the development of the disease.

1.1.2 Epidemiology of COPD

COPD is the fourth leading cause of death in the western world and is set to rise to the
third by 2020 (Murray ef al., 1996). This increasing trend in mortality is seen in females
over 55 years and males over 75 years. The vast difference in age may well be due to the
increasing proportion of young females who smoke. Studies from the last decade indicate
4-6% of the adult population suffer from clinically relevant COPD (Loddenkemper ef al.,
2003). This equates to an estimated 3.0 million people suffering from COPD in the UK.
The prevalence of COPD increases greatly with age and recent surveys show only small
differences between sexes. (Loddenkemper et al., 2003). In the UK the disease is
responsible for 9% of hospital admissions imposing a financial burden on the National
Heath Service currently estimated at £818 million per annum (Barnes, 1999). The global
burden of disease study had estimated the worldwide prevalence of COPD as 834 per
100,000 people, which yields approximately 44 million cases of COPD worldwide. COPD
is the only leading cause of death that is increasing in prevalence worldwide. Therefore the

need for research into the potential risk factors and causative mechanisms of the disease 1s

more prominent than ever.

1.1.3 Risk factors associated with COPD

Risk factors predisposing individuals to COPD are under continual review. Smoking (both
active and passive) is accepted as the most important predictor of airflow obstruction and
development of COPD (O’Byrne and Postma, 1999). Evidence suggests that active

cigarette smoking accounts for between 85 and 90% of COPD cases (Snider, 1989).
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Cigarette smoking accelerates age related decline in FEV, from approximately 30mls per
year to 45mls per year. However while some smokers remain unaffected, the annual
decline can be as great as 70-120mls FEV,/year. These susceptible smokers, with
continued smoking will develop clinically significant airflow obstruction (Fletcher et al.,
1977). There is also evidence to suggest cessation of smoking reduces the rate of lung
function decline to approximately that of a non-smoker (Willemse et al., 2004). Cigarette
smoke is thought to initiate proteolytic destruction of the lung parenchyma leading to
enlarged airspaces and hence emphysema. A second potential effect of smoking is
inflammatory narrowing of the peripheral airways, characterised by oedema, mucus
hypersecretion and obliteration of the peripheral airways (Sandford et al., 1997). However
only 15-20% of smokers actually develop COPD (Fletcher et al., 1977) but observations
from pathological studies suggests the prevalence of clinically silent COPD is
underestimated (Muller et al., 1988, Gurney et al., 1992). Thus while smoking is an
important risk factor it is likely that there are also other causal mechanisms, which interact

with smoking and influence disease susceptibility and severity.

There is evidence that genetics plays a role in susceptibility of the disease, as COPD tends
to cluster in families (Cosio et al., 1979, Sandford et al., 2000). The most important
genetic defect linked to the development of COPD is a;-antitrypsin deficiency (c;-AT)
(Laurel and Eriksson, 1963). Although a,-AT deficiency is hereditary and the second most
important risk factor in susceptibility to COPD, it is a relatively rare condition accounting
for less than 1% of the total cases of COPD (ATS, 1995). a;-AT is an acute phase protease
inhibitor that protects the lungs from degradation by proteases such as neutrophil elastase.
Homozygotes for the Z variant defective gene therefore have an increased risk of
developing COPD. Genetic studies have also shown weak associations with other anti-

proteinases such as a-antichymotrypsin, o macroglogulin and secretory leukoproteinase
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inhibitor (SLPI) and the development of COPD. It is probable in time many more

candidate genes will be identified in the development of COPD.

Environmental factors may also contribute to the development of COPD. There is evidence
for an association between exposure to occupational dust, gases, fumes (Becklake, 1989,
Kauffmann et al., 1979) and particulate air pollution with the development of COPD.
Passive smoking is also an important factor in the development of the disease. Studies have
shown that children of smoking parents have a 1-5% reduction in FEV1 by the age of 14

compared to children of non-smoking parents, and therefore show a higher risk of

developing the disease (Tager et al., 1983).

Lung infections may also play a part in the pathogenesis of the disease. Bacterial infections
cause inflammation and neutrophil influx, both of which are implicated in COPD. For
example, patients with a history of pneumonia or recurrent chest infections are found to be
particularly at risk. Evidence suggests that latent adenoviral infections may also play a role
in the pathogenesis of COPD by amplifying the inflammatory response to smoking and

also increasing steroid resistance (Matsuse et al., 1992, Seemungal et al., 2000).

Bronchial hyper-responsiveness is common in COPD, but its severity tends not to be as
significant as that found in asthmatics. Studies have shown bronchial hyper-responsiveness
to be a predictor of accelerated decline of lung function in COPD patients (Taylor ef al.,
1985, Yan et al., 1985, Ramsdale et al., 1984). However there is no firm evidence for

bronchial hyper-responsiveness being a key risk factor in the pathogenesis of COPD.
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1.1.4 Pathology of COPD

COPD is a mixture of pathological changes in the large airways (chronic bronchitis), small
airways (bronchiolitis) and alveoli (pulmonary emphysema). The extent of each pathology

1s very heterogeneous between individuals and is difficult to estimate.

Chronic Bronchitis

This is defined as a productive cough on most days for at least three months over at least
two consecutive years, which cannot be attributed to other pulmonary or cardiac causes
(West et al., 1995, ATS, 1995). In cigarette smokers this usually manifests itself as chronic
mucus hypersecretion, which is a result of hypertrophy of the mucus glands in the central
conducting airways (MRC, 1965, Fletcher et al., 1984, West, 1995). Oxidative stress
caused by smoking damages cilia and the epithelial cells lining the airways, which tend to
take on a more squamous appearance and produce lysozyme, possibly as a defence
mechanism. Agents in cigarette smoke are thought to irritate the lung epithelium,

increasing mucus secretion from goblet cells by stimulating local sensory nerves (See

figure 1.1).
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Figure 1.1

Normal COPD

Disrupted alveolar
attachments

/ (emphysema)

Mucus

ersecretion

Mucosal inflammation
and fibrosis

Figure 1.1 The cumulative features of COPD. Airway integrity in normal individuals is maintained by
alveolar attachments. In COPD these attachments are disrupted, possibly by proteolytic damage, contributing
to airway closure. Peripheral airways are also obstructed by damage resulting from inflammation and mucus

secretion.

With the continual insult of cigarette smoke submucosal glands undergo hyperplasia and

proliferation, leading to chronically high levels of mucus production. The cessation of
smoking results in a rapid resolution of mucus hypersecretion. The small airways have
been shown to become narrowed and show evidence of inflammatory cell infiltration
(West, 1995). In addition to inflammatory cytokines, activated neutrophils also release
neutrophil elastase, a potent stimulant of mucus secretion, perpetuating chronic mucus

secretion,.

Chronic bronchiolitis

Bronchiolitis causes a productive cough and airflow limitation, but in contrast to chronic
bronchitis the obstruction occurs in the peripheral airways. Obstruction is caused by an
aberrant inflammatory response thought to involve macrophages, CD8+ T-lymphocytes

and neutrophils, with resultant fibrosis (Bruist et al., 1984). Bronchiolitis is often found to
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Figurel.2 upper panel. Normal human lung tissue stained with H&E. This section
demonstrates the defined alveolar spaces for gas exchange in a normal individual.
Magnification x40. Sourced form Wheaters functional histology 5th edition. Figure 1.2 lower
panel. Lung tissue from an emphysema patientstained with H&E. This section shows the
ptrteolytic destruction of the extracellular matrix and fibrosis of the basement membrane,
which is characteristic of emphysema.Magnification x100. Sourced from Wheaters functional

histology 5th edition.
8
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and neutrophils, with resultant fibrosis (Bruist et al., 1984). Bronchiolitis is often found to
co-exist with destruction of the alveolar walls (see figure 1.1); emphysema (Fletcher et al.,

1984, Snider et al., 1985)

Emphysema

Emphysema 1is defined pathologically as the presence of permanent enlargement of the
airspaces distal to the terminal bronchioles, accompanied by destruction of their walls and
their capillary networks without obvious fibrosis, resulting in non-functional air spaces
(see figure 1.2, previous page) (Snider ef al., 1985). This results in the reduction of driving
pressure and obstructive collapse of peripheral airways causing a reduction in FEV)
(Fletcher et al., 1984, Snider et al., 1985). ). Acinar wall destruction can be characterised
as two specific types. In Centrilobular emphysema, by far the most common form,
destruction is limited to the central part of the acinar lobule with the alveoli remaining
unscathed. By contrast panacinar emphysema is characterised by widespread destruction

of the entire respiratory unit (see figure 1.3), and is associated with a;-AT deficiency

(Thurlbeck, 1963).

Figure 1.3

Normal Centriacinar Panacinar
B RB B RB B RB

Figure 1.3 Centriacinar and panacinar emphysema. Destruction in centriacinar emphysema is confined to
the terminal (TB) and respiratory bronchioles (RB). In panacinar emphysema the peripheral alveoli (A) are
also involved. (From West, 1995)
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These two types of emphysematous destruction can be distinguished topographically.
Centrilobular emphysema is found to affect the upper regions of the lungs, moving
downwards through disease progression, where as panacinar emphysema is found to have
no regional preference (West, 1995). There is debate about the differences between
bronchiolitis and emphysema and which of the two is the primary contributor to lung
obstruction (Gelb ef al., 1996), however the important underlying feature of each is the

aberrant inflammatory response (Jeffrey, 1998).

1.2 Chronic inflammation

COPD is characterised by chronic airway inflammation leading to airway remodelling and
parenchymal destruction (Jeffery et al., 1998). These processes are linked to the exposure
of the airways to continual cigarette smoke resulting in an inflammatory phenotype.
However the precise mechanisms by which smoking causes destruction and remodelling
are unclear. Investigations have shown that the principal cells involved in COPD are
neutrophils, macrophages and CD8+ve T lymphocytes and these play a key role in the
pathogenesis of COPD. These cells are able to release pro-inflammatory cytokines and
chemokines, proteolytic enzymes and generate reactive oxygen species (ROS). All of these
mediators induce a chronic sustained inflammatory response leading to destruction of the

lung parenchyma and airway remodelling.

1.2.1 The Neutrophil
Neutrophils form the front line defence of the immune system and are distinguished as
cells with a lobed nucleus, and extensive granular cytoplasm. The granules of neutrophils

represent a very heterogeneous but highly regulated packaging system of storage granules.

10
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The storage granules contain a variety of secretory proteinases including neutrophil
elastase and matrix metalloproteinases, antimicrobial agents such as myeloperoxidase and
membrane associated proteins (vitronectin receptors). These densely packed granules
enable the neutrophil to release a variety of mediators in an appropriate fashion depending
on the stimulus. The organisation of these granules therefore fundamentally affects how
neutrophils interact with the external environment. There is abundant evidence from in
vivo studies that neutrophils play a key role in COPD. Studies employing induced sputum
(Keatings et al., 1997a, Peleman et al., 1999) and bronchoalveolar lavage (BAL)
(Thompson et al., 1989, Lacoste et al., 1993) have consistently demonstrated increased
numbers of neutrophils, in the lungs of smokers with COPD compared to controls.
Importantly as well as neutrophils, elevated levels of neutrophil derived enzymes have also
been widely demonstrated in sputum and BAL fluid from subjects with COPD (Keatings et

al., 1997b, Betsuyaku et al., 1999 and Hill et al., 1999).

1.2.2 The macrophage

Macrophages are the primary phagocytic cell in the immune system; they are found
ubiquitously throughout the body and differentiate according to defensive needs.
Macrophages are the predominant defence cell both in normal human lung and during
chronic inflammatory conditions such as COPD where they are found to comprise 95-98%
of the total cell content recovered by BAL (Shapiro, 1999). Studies have shown smokers
not only have more alveolar macrophages than non-smokers but they also have a different
morphology (Schaberg et al., 1995). Significantly macrophages are found to concentrate
in the respiratory bronchioles where emphysematous lesions first develop, therefore
suggesting a major role for them in the pathogenesis of the disease (Cosio and

Guerassimov, 1999, Finkelstein et al., 1995). Studies of emphysematous lung tissue from

11
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human subjects have demonstrated a direct relationship between alveolar macrophage
density in the parenchyma and the severity of lung destruction (Finkelstein et al., 1995).
Macrophages are a source of pro inflammatory cytokines such as IL-18 and TNFa,
chemotactic factors such as IL-8, reactive oxygen species, mucus gland activators and an
array of matrix metalloproteinases. Most studies have focussed on macrophage release of
MMPs, which are capable of degrading the ECM. Shapiro and colleagues (1999) have
demonstrated macrophage metalloproteinase (MMP-12) knockout mice do not develop
emphysema when exposed to cigarette smoke, while normal mice do. MMP-12 has been
demonstrated by immunohistochemistry to be present in the lungs of COPD patients but
not in the lungs of healthy controls. /n vitro cultured alveolar macrophages taken from
COPD subjects also express elevated amounts of both MMP-9 and MMP-1 compared to
normal subjects. Macrophages are also important in neutrophil recruitment and clearance.
It is therefore possible that tissue damage in COPD may arise due to the macrophage
population being overwhelmed by large numbers of infiltrating neutrophils (Haslett et al.,

1999).

1.2.3 T-lymphocytes

T-lymphocytes play a pivotal role in controlling inflammatory responses. T-lymphocytes
are distinguished by the expression of CD3 antigens on their surface and are further
divided by either the expression of CD4+ or CD8+ markers. CD4+ cells have a pro-
inflammatory function; on activation they secrete pro-inflammatory lymphokines such as
IFNy, TNFa, and IL-8 all implicated in COPD. CD4+ T cells are activated by presentation
of antigens by the major histocompatibility complex class II, found on monocytes,
macrophages and B-lymphocytes. CD8+ T cells kill malignant or infected cells by
recognising antigens presented with major histocompatibility complex class I, which is

found on all types of nucleated cells in the body.
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Studies have found increased numbers of macrophages and activated T-cells in

lung biopsies from chronic bronchitis patients (Saetta et al., 1993, Finkelstein et al., 1995).
Excessive recruitment of CD8+ T cells may occur in response to repeated viral infections,
which is a feature of smokers with COPD (Seemungal ef al., 1998). It is unknown whether
tissue damage occurs as a direct or indirect consequence of CD8+ T cells apoptotic effect

on infected cells.

1.2.4 The Eosinophil

Eosinophils are found to predominate in airway and mucosal tissues in asthma, allergic
rhinitis, eosinophilic pneumonia and chronic cough (Erjefalt and Persson ef al., 2000).
Evidence for the role of eosinophils in COPD is conflicting. Studies have demonstrated
elevated numbers of eosinophils in sputum (Fujimoto et al., 1999), BAL (Linden ef al.,
1993) and the airway wall (Lacoste ef al., 1993, Betsuyaku et al., 1999) of COPD patients.
Other investigators, however, have found no increase in eosinophil numbers in COPD
(Lacoste et al., 1993, Saetta et al 1993, Peleman et al., 1999). It is conceivable that this
discrepancy is the result of overlap between COPD and asthma. One study in particular
identified sputum eosinophilia in COPD patients, clinically benefited with corticosteroid
treatment (Pizzichini et al., 1998). Another hypothesis suggests the influx of eosinophils is
a by-product of ongoing smoking induced inflammation. In particular IL-8 is able to exert
a chemotactic effect on primed eosinophils (Warringa et al., 1993) in addition to
neutrophils. Although the importance of eosinophils in COPD remains uncertain, patients
exhibiting eosinophilia may represent a sub population in COPD, who would benefit from

steroid treatment,
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1.3 Role of exacerbations

COPD patients also suffer from acute inflammatory episodes termed exacerbations.
Exacerbations are an important feature of COPD and are an important cause of morbidity
and mortality in COPD patients (Seemungal et al., 1998). Patients who suffer with
frequent exacerbations have significantly lower health status (Seemungal et al., 1998) and
there is also evidence that exacerbation frequency predicts accelerated decline in lung
function (Kanner et al., 1979, Kanner et al., 2001). Connors et al, (1996), found that
approximately half of patients admitted to hospital for an exacerbation of COPD died
within the following 2 years. The variability of this prognosis is due to the sheer
heterogeneity of the disease. Acute exacerbations of COPD are defined as a sustained
worsening of the patient’s condition, from the stable state and beyond normal day to day
variations that is acute in onset and necessitates a change in regular medication in a patient
with underlying COPD (Rodriguez-Roisin, 2000). However, some symptoms of
exacerbations are more important than others, in the description by Anthonisen et a/ (1987)
exacerbations were further defined into three types. In Type 1 exacerbations patients have
all the major symptoms, increased dyspnoea, sputum volume and purulence; type 2
exacerbations only involve two of the latter symptoms; and type 3 exacerbations only
involve one symptom combined with cough and wheeze.

Dyspnoea is a key symptom of exacerbations and is often associated with a bacteria
and viral infection prior to the exacerbation. It is thought bacterial or viral infections
increase the inflammatory burden within the lung (Seemungal ef al., 2000) but the cause of
exacerbations is not entirely clear. There is also wide variability in the frequency with
which patients experience exacerbations (Patel ef al., 2002). Distinguishing among

subtypes may lead to better guidelines for treatment of COPD.
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Predictors for frequent exacerbations include clinical factors such as daily cough,
wheeze and sputum production as well as the frequency of exacerbations in the previous
year (Seemungal et al., 1998). COPD exacerbations are associated with considerable
physiological deterioration and increased airway inflammatory changes (Bhowmik ef al.,
2000). A recent study in which patients were defined as frequent and infrequent
exacerbators, patients with frequent exacerbations had a faster decline in lung function
(FEV)) than infrequent exacerbators (Donaldson et al, 2002). It has been calculated that
the contribution of exacerbations to lung function decline is approximately 25% (Wedicha
et al, 2003). The schematic diagram in figure 1.4 represents the decline in lung function

observed in COPD patients during exacerbations.

Figure 1.4
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Figure 1.4 The effect of exacerbation on lung function. The schematic diagram represents the accelerated
decline in lung function observed in COPD patients during acute exacerbations. As indicated by the diagram
the lung function lost during an exacerbation is never fully regained.
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The incomplete recovery of lung function after an exacerbation means that the patient may
not regain their stable lung function, which will contribute to the decline in lung function
with time. Further evidence of incomplete exacerbation recovery was recently provided by
a study of patients with chronic bronchitis; recovery of quality-of-life scores was
incomplete after infective exacerbations, especially when the exacerbation recurred during
the study follow up (Spencer & Jones, 2003)
Cigarette smoking is therefore still the most important factor in COPD progression.
A study of 5,887 patients in the Lung Health Study showed that COPD smokers with
chronic bronchitis had exacerbations 1.6-1.9 times more frequently than those without
(Kanner et al., 2001). This suggests factors associated with smoking and chronic bronchitis
predispose patients to exacerbation, possibly due to reduced mucociliary clearance
(Mossberg et al., 1986), which facilitates bacterial invasion of the mucosa (Wilson et al.,
1985). In addition it has been shown that lower respiratory infection promoted FEV,
decline in current smokers but not ex-smokers with mild COPD (Kanner et al, 2001).
These studies emphasise the importance of targeting COPD exacerbations to reduce
disease progression. The findings also indicate that smoking is an important factor in

exacerbations and therefore COPD progression.

1.3.2 Airway inflammation at exacerbation

COPD patients are characterised by varying degrees of inflammation affecting both the
large and small airways as well as the alveoli, resulting in mucus hypersecretion, airway
narrowing and alveolar destruction. This chronic ‘background’ inflammation is thought to
be heightened during exacerbations. Increases in various inflammatory cells and
inflammatory markers have been found during COPD exacerbation, and include
inflammatory cytokines interleukin-6 (IL-6), IL-8, the neutrophil chemoattractant IL-8,
leukotriene bs (LTb4) and neutrophil elastase (Bhowmik et al., 2000, Roland et al., 2001,
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Hill et al., 2000). However the mechanisms involved in exacerbations and their effects on
the disease are poorly understood.

COPD exacerbations have been associated with a number of etiological factors,
including infection and pollution. COPD exacerbations are frequently triggered by upper
respiratory tract infections, which are more common in the winter months. It is also
possible that patients are more susceptible to exacerbations in the winter, as lung function
in COPD patients shows small but significant decreases with reduction in outdoor
temperature (Donaldson et al., 1999). COPD patients have also been found to have more

hospital admissions during times of increased environmental pollution (Anderson et al.,

1995).

1.3.3 Role of bacteria in exacerbations of COPD

The association between bacterial colonisation and COPD has been studied for many years
(May, 1953). Bacterial colonisation of the distal airways with pathogenic and non-
pathogenic agents has been observed in numerous studies (Marcy et al., 1987, Irwin et al.,
1982, Riise et al., 1994). However the role of bacteria in disease progression remains
relatively unclear. Bacteria are frequently found in sputum and lower airways samples
using protected brush techniques from stable COPD patients (Soler et al, 1999, Cabello et
al., 1997). Evidence suggests that airway inflammation increases with higher airway
bacteria loads. In particular, Monso et al., (1995) showed elevated airway bacterial load in
quantitative sputum cultures from patients with COPD. Other studies indicate that up to
one third of COPD patients are colonised at any one time (Zalcain et al., 1999, Murphy et
al., 1992). H. Influenzae and S. pneumoniae are the organisms most commonly detected in
the lower airways. Lower airway bacterial colonisation can result in activation of the host
defences leading to the release of inflammatory cytokines and subsequent neutrophil

recruitment, mucus hyper secretion, impaired mucociliary clearance and respiratory
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epithelial cell damage (Adler et al., 1986, Wilson et al., 1985). Studies of stable chronic
bronchitis patients have shown airway bacterial load to correlate with neutrophils, markers
of neutrophilic inflammation and TNFa (Hill et al., 2000, Soler et al., 1999). Further,
Monso et al (1995) compared patients during exacerbation matched to patients in a stable
clinical state and showed marked increases in pathogen recovery and bacterial load, which
has also been shown in other bronchoscopy studies (Fagon et al., 1990, Soler et al., 1998).
Most microbiological studies find the same organisms within COPD patients when they
are clinical stable or suffering an exacerbation. Background colonisation and inflammation
in the clinically stable state of COPD patients has led to uncertainty concerning the role of
bacteria during exacerbations (Hirschman et al., 2000). Inconclusive results from placebo-
controlled trials of antibiotics for exacerbations raise further concerns regarding the
importance of bacteria in exacerbations (Nicotra ef al., 1982, Sachs et al., 1995). However,
new molecular techniques have recently shown that bacterial colonisation is not stable and
frequent turnover of discrete strains occurs (Murphy et al., 1999). It has been suggested
that changes in strains, rather than continual bacterial colonisation, could be responsible

for the symptoms of exacerbations (Aaron et al., 2001).

1.3.4 Role of viruses in exacerbations

Lower respiratory tract viral infections in COPD patients can also cause direct damage to
airway epithelium. Hegele et al (1995) showed viral infections can result in loss of ciliated
epithelium and increased mucus production, leading to airway narrowing and
hyperresponsiveness. This altered environment may also promote secondary bacterial
infections. Viral infections are found to be associated with increased isolations of H.
influenzae and S. pneumoniae (Poole et al., 2000)

A recent study by Seemungal and colleagues (2000), found rhinovirus in sputum

from the lower airways was associated with 23% of COPD exacerbations. The presence of
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rhinovirus was also associated with elevated levels of IL-6 in the lower airways
(Seemungal et al., 2000), while other studies have found no difference between healthy
individuals and COPD patients (Smith ef al., 1980, Greenberg et al, 2000). The
contribution of viruses to acute exacerbations of COPD still remains to be determined

although vaccination, especially against influenza has been shown to be of clinical benefit

in COPD patients (Poole et al., 2000).

1.3.5 Role of pollution in exacerbations

Although there is considerable epidemiologic data that increased pollutants are associated
with COPD hospital admissions, the mechanisms involved are largely unknown. As COPD
exacerbations are closely linked to respiratory infections, the hypothesis that pollutants can
increase susceptibility to viral infections has been proposed. One study has investigated the
effects of personal exposure to NO; on the risk of airflow obstruction in asthmatic children
with respiratory infections (Lineaker et al., 2000). This study suggested that with higher
personal pollutant exposure, there was a greater risk of an asthmatic exacerbation
following a respiratory infection. Thus, similar mechanisms may be operating in patients

with COPD, and further studies are required on the association of pollution and infection.

1.4 The innate immune response of the respiratory epithelium

The airway epithelium represents a primary site for the introduction and deposition of
potentially pathogenic microorganisms into the body. The innate immune response of the
respiratory epithelium is therefore vital for the resolution of bacterial infections. The initial
line of defence by the epithelium is to form a barrier, which separates the luminal surface
of the airways from the basolateral surface. Secondly, the columnar epithelial cells, which
form this protective barrier, are also ciliated and the co-ordinated beating of the cilia clears

much of the material inhaled into the lungs. Thirdly, sub mucosal glands within the
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epithelia contain secretory cells including mucus and serous cells, which constitutively
express a wide range of peptides, mucin glycoproteins and organic molecules. The
secretory products form a mucus that provides the airways with a constantly present
antimicrobial milieu. In response to bacterial infection the airway epithelium can increase
the production of antimicrobial agents and also induce a signalling network to recruit

phagocytic cells (Kaliner et al., 1991).

1.4.1 Acute infections

Initiation of acute infections occurs when the primary lung defence is overcome and the
secondary host defence system is activated leading to neutrophil infiltration and
inflammation within the lung. Bacterial factors such as lipopolysaccharide (Wilson et al.,
1985) and PhoE (Kilian et al., 1990) facilitate bacterial adherence to the epithelium.
Evidence has shown that bacterial adherence to bronchial epithelial cells stimulates the
release of pro-inflammatory cytokines such as IL-8 and TNFa. However in some
individuals bacterial clearance is impaired and bacterial colonisation ensues. Colonisation
is generally associated with a defect in mucociliary clearance related to ciliary dysfunction,
epithelial destruction or abnormal mucus production. Failure to remove bacteria from the
lung delays bacterial clearance and provides a suitable environment for bacterial
replication. In COPD, patients often have altered or a reduced ciliated epithelium and
increased mucus production (MRC, 1965, Snider et al., 1985). Low-grade inflammatory
processes, probably associated bacterial colonisation, are therefore often observed in

patients with chronic bronchitis and emphysema in the stable clinical state.

1.4.2 The Acute inflammatory response
It is generally recognised that the rate of removal of particles from alveolar surfaces by
mechanical means is very slow, in contrast to the more rapid tracheobronchial mucociliary
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system. It is therefore the role of the alveolar macrophage that determines the effectiveness
of the innate immune response. The macrophage constitutes ~85% of all alveolar
inflammatory cells retrieved by bronchoalveolar lavage (Sibille & Reynolds, 1990).
Macrophages possess various receptors on the cell surface such as the toll-like receptors
(TLR), and scavenger receptors, which can recognise bacterial products. Alveolar
macrophages are avidly phagocytic and engulfed microorganisms are subjected to a wide
range of toxic intracellular molecules, including superoxide anion, hydroxyl radicals,
peptides and lysozyme. Alveolar macrophages respond to the usual daily challenges of
bacteria entering the terminal airways. Initiation of acute infections occurs when the
primary lung defence is overcome and the secondary host defence system is activated
leading to neutrophil infiltration and inflammation within the lung. Under these conditions
the alveolar macrophages release pro-inflammatory cytokines, which leads to the
recruitment of neutrophils. These cytokines include IL-8 a major neutrophil
chemoattractant, and TNFa, which further enhances neutrophil migration by up-regulating
the expression of endothelial cell adhesion molecules, such as P- selectin.

Neutrophils move rapidly from the marginating pool in the pulmonary vasculature
into the alveolar spaces in response to inflammatory stimuli. Emigration of the neutrophil
begins with the cell rolling along the endothelial surface of the blood vessel. This is
facilitated by interactions between L-selectin on the neutrophil surface with E- and P-
selectins on endothelial cells (Ley et al., 1995, Simon ef al., 1995). Signalling via these
selectins or stimulation by inflammatory mediators such as LTB4 and IL-8 (Simon et al.,
1995, Borregaard et al., 1994) cause the neutrophil to rapidly change from an L-selectin
presenting cell to a CD11b/CD18 (B2 integrin) expressing cell. CD11b/CD18 presentation
causes the neutrophil to firmly adhere to the endothelium (Huges et al., 1992). Activation
of neutrophils also makes them more responsive to chemotactic agents and under the

influence of LTB, they exit the circulation via diapedesis and up the chemotactic gradient
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to the inflammatory site. Neutrophils also have receptors for opsonins allowing enhanced
phagocytosis and can participate in the inflammatory response via secretion of pro-
inflammatory cytokines such as TNFa.

It has also been demonstrated that the alveolar epithelial cells actively participate in
the inflammatory response during bacterial infection (Crestani & Aubier, 1998). Indeed
these cells are able to synthesis cytokines and acute phase proteins. These cells are also
activated by alveolar macrophage products such as TNFa, which increase their membrane
fluidity allowing soluble surface scavenger receptor, CD14 to the membrane, which is

important for TLR signalling.

1.5 Inflammatory factors involved in the in innate defence

All cells present in the alveoli participate to some extent in the inflammation of the innate
immune response and therefore need to communicate with each other if an effective host
defence is to be mounted. Mechanisms are therefore required to initiate this inflammatory
response, but also to localise, reinforce, and ultimately resolve it. Some of the essential
components of the immune system that play a critical role in these processes are the

soluble factors of innate defence.

Complement activation

The early events of complement activation can be triggered by one of three
pathways. The classical pathway is activated by antigen-antibody complexes, the
alternative pathway by microbial-cell walls, and the lectin pathway by the interaction of
microbial carbohydrates with manose-binding protein in the plasma. The outcome is the
generation of opsonins (C3b) chemoattractant (C5a) or membrane attack complex (C5b,

C6, C7, C8 and C9), which proliferates cell membranes leading to cell death.
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Acute phase proteins

The molecules collectively referred to as acute-phase proteins enhance resistance to
infection and promote repair of damaged tissue. In addition to some complement proteins,
the acute phase proteins include C-reactive protein, serum amyloid A protein, proteinase

inhibitors, and coagulation proteins.

Cytokines

Cytokines are extracellular signalling proteins, usually of <80 kDa in mass and are
produced in different cell types involved in cell-cell interactions. They affect closely
adjacent cells, and therefore function in a predominantly paracrine fashion, but may also
act on distant cells. Cytokines are rarely produced individually; rather, they are produced
along with other cytokines in patterns characteristic of particular diseases. The effects of
individual cytokines can also be influenced by other cytokines released simultaneously
from the same cell or from target cells following activation by the cytokine, inducing
synergistic or antagonistic effects (Chung, 2001). The effects of cytokines are mediated by
their binding to high affinity cell surface receptors. Depending on the functional response
initiated, cytokines are classified as pro-inflammatory cytokines, chemoattractant

cytokines (chemokines), anti-inflammatory cytokines or growth factors.

Pro-inflammatory cytokines are predominantly produced by activated immune cells and
are involved in the amplification of inflammatory reactions by up-regulating the expression
of various cytokines, adhesion molecules, proliferation and recruitment of inflammatory

cells. Two of the most important pro-inflammatory cytokines are TNFo and IL-f3.

Chemokines are chemotactic cytokines of 8-10 kDa involved in attracting leukocytes into

tissues. The chemokine families are named according to the structure of conserved
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cysteine-containing motifs. The two major families are CXC chemokines, in particular IL-
8 is important in attracting and activating neutrophils, and CC chemokines involved in
attraction of eosinophils and monocytes.
Anti-inflammatory cytokines such as IL-10 and IL-1 receptor antagonist are involved in
the regulation and resolution of inflammatory reactions once the inflammatory agent has
been cleared, by inhibition of cytokine production, antigen presentation and macrophage
phagocytosis.
Growth factors such as transforming growth factor f (TGFf) and epidermal growth
factor (EGF) influence the proliferation of many structural cells, such as fibroblasts and
airway smooth muscle cells, and the turnover of matrix proteins. They may be involved in

airway remodelling processes (Border et al., 1994, Brewster et al., 1990, Takeyama et al.,

1999).

Since the pathology of COPD is that of a chronic inflammatory process with tissue
damage and repair processes, it is not surprising that many cytokines may play a role in

this condition.

1.5.1 Tumour necrosis factor a

TNFa has long been regarded as a pro-immune cytokine involved in antimicrobial type-1
immunity. However, the precise role of TNFa in bacterial infections remains poorly
understood. TNFa was originally investigated for its anti tumour activity (Carswell et al.,
1975). 1t is now known that TNFa has a far wider range of actions including tissue
remodelling, activation of macrophages and up-regulation of adhesion molecules (Beutler,
1995, Brasier, 1996). TNFa is primarily produced by activated macrophages but is also
secreted by other cell types including T cells, dendritic cells and epithelial cells (Vassalli,

1992). The TNFa gene is tightly regulated at both the transcriptional and translational
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level. TNFa production typically starts with the binding of a ligand, commonly microbial
products, to cell surface TLRs. Activation of TLRs stimulates a signal transduction
pathway that activates transcription factors such as nuclear factor-kB (NF-xB). Epithelial
cells, macrophages and dendritic cells are integral participants in the innate defence and
therefore have a high proportion of TLRs for ligand binding.

Human TNFa is synthesised as a 26 kDa membrane bound protein composed of
233 amino acids. The TNFa ectodomain is cleaved at the cell surface by a specific
metalloproteinase TNFa converting enzyme (TACE/ADAMI17) to yield a monomeric
soluble form of 17 kDa (Black et al., 1997). After separating from the cell membrane,
soluble TNFoa aggregates into tri-molecular complexes (51 kDa homodimers) that
subsequently bind to the receptors. Both soluble and membrane bound forms of TNFa are
biologically active and exert their effects via binding to TNFa. receptors (TNFR) 1 and 2.
TNFRI1 is widely expressed whereas TNFR2 is expressed predominantly on leukocytes
and endothelial cells (Smith et al., 1990). TACE also cleaves the extracellular domain of
the TNFa receptors forming soluble TNFRs that are free to bind to tri-molecular TNFa
rendering it biologically inactive.

Activation of the TNFa receptors can lead to a multitude of responses. On one
hand TNFa can regulate cell survival or apoptosis via activation of caspases by TNFR1
and on the other TNFa can also activate inflammation and cell survival by activation of
NF-kB dependent genes via TNFR2 (see figure 1.5) (Liu ef al., 1996). The exact timing
and extent of TNFa activation and receptor expression must therefore be important in the
varied responses evoked by TNFa.

In terms of inflammation, TNFa is one of the most potent physiological inducers of
NF-xB, which in turn co-ordinates numerous genes in response to pathogens and pro-

inflammatory cytokines (Javelaud et al., 2000). NF-xB is a multi-protein kinase complex
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Figure 1.5
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Figure 1.5 Intracellular signalling pathways downstream of TNFa. Binding of TNFa to TNFRI1 results in the
configuration of TRADD (TNFR-associated death domain) and FADD (Fas-associated death domain). TRADD complex
recruits the adaptor protein TRAF-2 (TNFR-associated factor 2) whereas FADD stimulates the caspase cascade. Known
downstream signalling molecules that interact with TRAF-2 are NIK (NF-kB-inducing kinase), RIP (receptor-interacting
protein) and ASK1 (apoptosis signalling-related kinase 1) and these are capable of channelling signals towards cell death and
inflammation. Binding of TNFa to TNFR2 recruits the adaptor protein TRAF-2, which directly activates the inflammatory
cascade via the generation of NF-kB or p38 MAPK (mitogen-activated protein kinase).
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consisting of two subunits with kinase activity, I-kB kinase 1 and 2 (p65 and p50) and a
NF-xB modulator NEMO, required for activation of the kinase subunits. NF-kB is kept
inactive in the cytosol through interaction with its inhibitor I-k B which masks the nuclear
localisation sequence of NF-xB. Following the binding of TNFa to its receptor via the
signalling mechanisms shown in figure 1.5, NF-xB is activated by the phosphorylation
of IxB and its subsequent degradation. Once activated NF-xB is able to translocate to the
nucleus and activate its target genes. In addition to TNFa., these target genes include
interleukin-1 (IL-1) and interleukin-6 (IL-6), which are cytokines with some overlapping
functions with TNFa.. TNFa signalling is particularly important in the immune sysytem, as
TNFRs mediate many of the apoptotic and survival signals in lymphocytes and other

hemopoitic cells (Baud et al., 2001).

1.5.2 Bacterial lipopolysaccharide

Bacterial lipopolysaccharide (LPS) is the major structural component of the outer wall of
gram-negative bacteria and is a potent initiator of the acute inflammatory response.
Alveolar macrophages have long been considered to be the major cell type in the lung
involved in LPS recognition (Koay et al., 2002). However, epithelial cells have also been
shown to express receptors necessary for the recognition of LPS (Becker ef al., 2000). It is
therefore unresolved whether the airway epithelium plays an active or passive role in the
response to endotoxins such as LPS.

The recognition of pathogen is mediated by a set of receptors referred to as pattern-
recognition receptors. The three functional classes of pathogen-recognition receptors are
signalling receptors, endocytic receptors, and secreted proteins. Studies over the years have
demonstrated that a family of signalling receptors, known as the Toll-like receptors

(TLRs), play a crucial role in mammalian host defence. In particular TLR4 recognises LPS
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from gram-negative bacteria. Recent genetic and biochemical experiments have
highlighted the critical role of TLRs in LPS-induced NF-xB activation (Chow et al., 1999,
Jiang et al., 2000, Nomura et al., 2000).

LPS recognition is mediated, in part, by CD14 (Pugin et al., 1993, Wright et al.,
1990). CD14 is expressed as a 55 kDa protein in two forms; the soluble form (sCD14) is
found in serum, and the membrane-bound form (mCD14) is tethered to the cell surface by
a glycosylphosphatidylinositol linkage. Originally characterised on phagocytic cells,
respiratory epithelial cells have also been demonstrated to express CD14. Neither of the
forms of CD14 have intrinsic signalling properties as they lack a transmembrane domain
(Pugin et al., 1993). Although mCD14 requires TLR-4, sCD14 requires both LPS-binding
protein (LBP) and TLR4 to induce downstream signalling cascades (Fenton et al., 1998). It
is widely believed that mCD14 transfers LPS to its high-affinity receptor, TLR4 (da Silva
et al., 2002, Hoshino ef al., 1999). On binding of LPS to TLR4 via CD14, a number of
molecules are recruited to the receptor to mediate NF-xB activation (see figure 1.6, over
the page). First the adaptor molecule myeloid differentiation factor 88 (MyD88) binds to
the receptor and interacts through its death with the protein kinase IL-1 receptor-associated
kinase (IRAK), which in turn, recruits the adaptor TRAF-6 to the receptor complex
(Hatada et al., 2000). Evolutionarily conserved signalling intermediate in Toll pathways
(ECSIT) bridges TRAF-6 to MEKK 1. Downstream signalling components MEKK1,
MEKK?2, and MEKK3 or NIK, which are activated by TAK 1, link the receptor complex
and phosphorylation of IKK-a and IKK-f in the IKK complex. The IKK complex then
phosphorylates TkB-a, IkB-B, and TkBe at amino-terminal serines and results in
degradation of the inhibitors by the ubiquitin-proteasome pathway and the subsequent
release of NF-kB. Translocation of the activated transcription NF-xB into the nucleus

leads to gene expression, in particular expression of the cytokines TNFa and IL-1f,
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Figure 1.6
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Figure 1.6 Signalling pathway linking Toll-like receptor-4 (TLR-4) to NF-kB. On binding of LPS/LPS binding
protein to TLR-4 via CD14, the adaptor molecule myeloid differentiation factor 88 (MyD88) binds to the receptor and
interacts through its death domain with the IL-1 receptor-associated kinase (IRAK), which, in turn, recruits the adaptor
TRAF-6 and the evolutionarily conserved signalling intermediate in Toll pathways (ECSIT) to the receptor complex.
Downstream components MEKK 1, MEKK2, and MEKK3 or NIK, which are activated by TAKI, link the receptor
complex and phosphorylation of K-o and IKK-f in IKK complex. IKK complex phosphorylates IkB-a, IkB-8, and IxBe
at amino-terminal serines and results in degradation of the inhibitors by the ubiqutin-proteasome pathway and the
subsequent release of NF-xB.
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chemokines and adhesion molecules (Hirano ef al., 1997). However the cascade of

cytokines released in response to LPS in the human lung are unknown.

1.8 Inflammation and oxidative stress

There is overwhelming evidence that COPD is associated with airway and airspace
inflammation. Numerous markers of inflammation have been shown to be elevated in the
sputum of patients with COPD, such as IL-8 and TNFa (Keating et al., 1996). Oxidative
stress within the lungs can also activate oxidant sensitive transcription factors such as
nuclear factor-xB and activator protein-1 (AP-1) that are important for gene transcription
of inflammatory cytokines such as TNFa, IL-8 and IL-6 in COPD. Therefore oxidative
stress is thought to be an important component of inflammation and may contribute to
disease progression. The presence of oxidative stress also has other important
consequences for the pathogenesis of COPD; these include oxidative inactivation of
antiproteinases, airspace epithelial injury and increased sequestration of neutrophils in the
pulmonary microvasculature.

Elevated oxidative stress in COPD patients is derived from the increased burden of
oxidants present in cigarette smoke. Cigarette smoke is a complex mixture of chemical
compounds with the majority consisting of free radicals and other oxidants (Pryor et al.,
1993). The epithelial lining fluid and mucus are the first line of defence in the lungs
against inhaled oxidants; they act by quenching many of the short-lived radicals in the gas
phase of cigarette smoke. The major anti-oxidants in the respiratory tract lining fluid
include mucin, glutathione, uric acid, protein (largely albumin) and ascorbic acid (vitamin
C) (Cross et al., 1994). The direct increase in the oxidative burden produced by inhaling
cigarette smoke is further enhanced in the lungs of smokers by the release of reactive
oxygen species released from inflammatory leucocytes recruited into the lungs. In fact

studies have shown elevated levels of oxidants such as O,. and hydrogen peroxide are
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released from the leukocytes of smokers, compared to those of non-smokers (Mac Nee et

al., 1989, Morrison et al., 1998).

Oxidative stress also plays a role in the proteinase anti-proteinase balance as the
release of proteinases such as elastase from recruited leukocytes elevates the proteolytic
burden within the lung. This proteolytic burden is further enhanced as the cognate innate
inhibitor of elastase, a;-AT, is inactivated by oxidation of the Met residue 353 at its active
site by oxidants in cigarette smoke (Hubbard et al., 1987). Another major inhibitor of
neutrophil elastase in secretory leukoproteinase inhibitor, which is also inactivated by
oxidants (Kramps et al., 1991). However it is clear that the imbalances between increased
elastase burden in the lungs and a functional deficiency of a;-AT due to its inactivation by
oxidants is an over simplification, not least because other proteinases and antiproteinases

such as the MMPs and TIMPs are likely also to have an important role.

1.9 COPD management

Smoking cessation is the only treatment in patients with COPD that is effective in slowing
down disease progression. The lung health study found that patients who stopped smoking
successfully had significantly lower rates of decline in FEV, than patients who continue to
smoke (Willemse et al., 2004). One of the reasons smoking cessation is so important is that
no pharmacological treatment is available to reverse the deterioration of lung function
found in COPD patients.

Current therapies to limit lung damage during COPD exacerbations include oral
corticosteroids and bronchodilators to reduce dyspnea and antibiotics. Antibiotics have
traditionally been the frontline defence in COPD exacerbations with studies showing
greater treatment success with antibiotics than placebo (Anthonisen et al, 1987). A study
by Seemungal et a/ (2000) showed treatment with prednisolone during exacerbation
prolonged the time to the next exacerbation, reducing exacerbation frequency. Prevention
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of COPD exacerbations would not only reduce airway inflammatory changes but would
also have important social economic benefits. For frequent exacerbators, vaccinations and
long-term antibiotic treatment are therefore used as preventative measures. There has also
been much research into the use of macrolide antibiotics (Suzuki et al, 2002), mucolytic
agents (Poole et al, 2000) and inhaled steroids (Burge et al, 2000). All of these studies
have shown some benefit to the prevention of exacerbations although further study is
required. Therefore any future preventative measure against exacerbations or a reduction in

their frequency would have a considerable benefit to patients with COPD.

1.10 Aims

It has been highlighted in this chapter that COPD is a progressive inflammatory
disease of the lung, characterised by a chronic and irreversible decrease in lung function.
In addition to the chronic inflammatory nature of the disease many studies have described
acute episodes of inflammation during exacerbations. However it remains unclear exactly
how exacerbations lead to accelerated decline in lung function. This thesis aims to
investigate the contribution of cytokines, in particular TNFa, in the acute inflammatory
response and how they are affected by disease status. In addition we aim to assess if the
mediators involved in acute inflammation are stimuli specific and uniform between
different species. Finally, moving away from acute inflammation, we also aim to look at
differences in protein expression in individuals with a range of lung functions using the

extremely powerful proteomic approach iTRAQ.
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2.1 Chemicals and Reagents

2.1.1 Materials

Thermoprime plus DNA polymerase was purchased from ABgene (Epsom, UK). Full
range molecular weight marker, streptavidin horseradish peroxidase conjugate and ECL
Western blotting detection agents were purchased from Amersham (Amersham, UK).
Chromogenes for immunohistochemistry; aminoethylcarbozole (AEC) liquid system and
diaminobenzedine (DAB) liquid system were purchased from BioGenex (San Raman,
USA). Trans-blot nitrocellulose was purchased from BIO-RAD (Hertfordshire, UK).
Butanol, Ethanol, glacial acetic acid, methanol and sodium chloride were purchased from
Fisher Scientific UK Ltd, (Leicestershire, UK). Methyl benzoate, tris, hydrochloric acid
and acetone, were purchased from Merck (West Drayton, UK). For fixing samples for
immunohistochemistry, a JB-4 embedding kit comprising of solution A: butoxyethanol
monomer, solution B: NN-dimethylanaline monomer in polyethylene glycol and catalyst:
benzoyl peroxide was purchased from Park Scientific Ltd (Northampton, UK). Super
signal-chemiluminescent substrate was purchased from Pierce (Rockford, USA). Human
B-actin, IL-10 and TNFa PCR primer pairs from R&D Systems Europe Ltd
(Minneapolis, USA). DNA extraction was preformed with DNeasy tissue kit purchased
from Qiagen (Germany). 30% Acrylamide/bis acrylamide solution, agarose, bovine serum
albumin, bromophenol blue, Coomassie brilliant blue, ethidium bromide, Enhanced avian
RT first strand synthesis kit, gentamycin, human serum albumin, PCR core kit with Tag
DNA polymerase, Penicillin, RPMI 1640 medium, protease inhibitor cocktail containing 4-
(2-aminoethyl) benzenesulfonyl fluoride (AEBSF), transepoxysuccinyl-L-leucyl-amido (4-
guanidino) butane (E-64), bestatin, leupeptin, aprotinin, and sodium EDTA, N,N,N’N’
tetramethyl ethylenediamine (TEMED), 3,3°,5,5’ tetramethylbenzidine (TMB) liquid
substrate system, and all other chemicals not listed here were purchased from Sigma-

Aldrich Inc, (USA).
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Table 2.1 Table of antibodies used

Epitope Clone Procedure Source
TNFa MAB WB R&D Systems
IL-6 MAB WB R&D Systems
IL-10 MAB WB R&D Systems
IL-8 MAB WB R&D Systems
IgG isotype control MAB WB R&D Systems
Human serum albumin Polyclonal IA (capture) DAKO
Human serum albumin MAB IA DAKO
Human serum albumin- HRP Polyclonal IA DAKO
Dinitrophenyl Polyclonal IA Sigma

Table 2.1 Proceedures denoted by abbreviations; WB= Western blot, JA= ELISA.

2.1.2 Buffers and Solutions

The following buffers were used for Western blotting: Running buffer for the SDS-PAGE
gel (0.375M Tris and 1% SDS at pH 8.8). Stacking buffer (0.125M Tris and 1% SDS at
pH 6.8). 5X Sample buffer (0.6M Tris, 1% SDS and 50% glycerol). Electrode buffer
(0.025M Tris, 0.192M Glycine and 0.1% SDS at pH 8.3). Coomassie blue stain (0.5%
Coomassie brilliant blue in 10% glacial acetic acid and 45% methanol); Gels were
destained in 10% glacial acetic acid and 10% methanol. Towbins buffer for
electrophoretic transfer (25mM Tris, 190mM glycine and 20% methanol). The following
buffers were used for tissue culture: RPMI 1640 supplemented with 1% penicillin, 1%
streptomycin and 1% gentamycin;. Dulbecco’s Phosphate buffered saline (PBS)
contained 0.1M NaCl, 2.7mM KCL, 1.8mM KH,PO4 and 10mM Na,HPO,. Tyrodes
buffer contained. The following buffers were used for ELISA: 0.1% PBS-Tween (0.1%
Tween in PBS/, 2% PBS-Tween (2% Tween in PBS). The following buffers were used for
ELISAs: Tris buffered saline (0.13M NaCl, 50mM Tris and 40mM HCI, pH 7.6); TBST
wash buffer (50mM Tris, 40mM HCI, 150mM NaCl, and 0.05% Tween 20, pH 7.6);
Coating buffer (0.1mM NaHCO; 0.lmM Na,COs; at pH 9.6). Blocking solution

contained 30% Soya milk in PBS.
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2.2 Preparation of clinical samples
2.2.1 Characterisation of human lung tissue
Human lung tissue was collected with ethical consent from patients undergoing resection
for carcinoma; tissue used was from the normal margin from around the tumour site. Data
were collected regarding the patient’s lung function, smoking history, asthmatic state, age,

gender, and medication where possible.

2.2.2 Preparation of human lung tissue for primary cell culture

Human lung tissue was finely chopped into fragments using dissection scissors during
several washes with Tyrode’s buffer containing 0.1% sodium bicarbonate. Fragments were
incubated in RPMI medium supplemented with 1% penicillin, streptamycin and
gentamycin at 37°C in 5% COy/air for 16 hours and experiments set up the following day.

Methods for tissue culture experiments can be found in the appropriate chapters.

2.2.3 Preparation of lung tissue homogenates for analysis

Fragments of characterised human lung were finely chopped using dissection scissors and
weighed. An ice-cold solution of PBS containing 1% Tween and commercially available
protease inhibitor cocktail (100u] PBS-Tween/PIC) was added to 30mg of tissue (1ml of
inhibitor cocktail inhibits the equivalent of 1mg of USP pancreatin). The samples were
homogenised on ice using a XL-2020 sonicator set at a amplitude of 3 microns; 12 cycles
for 10 seconds sonication followed by 20 a second rest period. Following sonication,

samples were centrifuged at 15,000 g for 15 minutes at 4°C, and supernatants removed for

storage at —70°C prior to analysis.
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2.2.4 Oxidation and derivatisation of the HSA and human tissue
A stock solution of 30mg/ml of HSA was oxidised with equal volumes of 9% hydrogen
peroxide and incubated at room temperature for 30mins. Oxidised HSA was then
derivatised using an adapted method previously described by Buss et al (1997), briefly,
100p] of the oxidised HSA was then derivatised with 100ul of 10mM DNPH in
trifluroacetic acid and100ul of H,O. Samples were then incubated at room temperature for
45 mins, with vortexing every 10-15 mins. Derivatised protein was then precipitated on ice
with 10% trichloroacetic acid for 30 mins. Following which the sample was centrifuged at
15,000 g for 5 mins and the supernatant removed. The pellet was then washed 3 times with
100pl of ethanol/ethyl acetate (1:1) and then allowed to dry. Finally the pellet was broken
up with sonication and re-suspended in 0.5mls of 6M guanidine hydrochloride in 0.5M
potassium phosphate (pH 2.5). The Aj;s was then measured and the carbonyl content of the
oxidised HSA standard was then determined using €375 22,OOOM'1 cm’! (Levine et al.,
1990). For baseline human tissue all samples were derivatised using the derivatisation

method above.

2.3 Analysis of cytokines levels.

2.3.1 Tumour necrosis factor a, interleukin 1p and interleukin-13 ELISAs

TNFa, IL-18 and IL-13 levels were measured in human lung supernatant using
commercially available ELISAs from RnD Systems (Minneapolis, MN). The limit of
detection for the TNFa assay was 0.31 pg/ml, 0.07 pg/ml for IL-1f8 and 0.5 pg/ml for IL-
13. The assays were carried out as per manufacturers instructions. Briefly, a 96 microtitre
plate was coated with coating antibody for either human TNFo/IL-1p in PBS for 16 hours
at 4°C. 100ul of sample or standard was pipetted into the appropriate wells. Following
incubation for 2 hours at 25°C, the plate was washed with 0.1% PBS-Tween, and blotted

before 100pl of anti-TNFo/IL-1B/IL-13 was added to each well. Following further
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incubation of 2 hours at 25°C the plate was again washed blotted and 100ul of anti-mouse
IgG/ HRP conjugate added to each well and incubated for 35 minutes at 25°C. Following
the final wash and blot 100ul of HRP substrate 3, 3°, 5, 5’ tetramethyl benzedine (TMB)
was added to each well. The reaction between HRP and TMB was terminated by the

addition of 1M H,SO4 and the optical density of each well was read at 450 nm.

2.3.2 Interleukin 5, 6, 8, and 10 ELISAs

IL-5, IL-6, IL-8, and IL-10 were all measured in human lung supernatant using
commercially available ELISA Duosets from Biosource (Europe, SA). The limits of
detection for IL-5, IL-6, IL-8, and IL-10 were 0.26 pg/ml, 0.28 ng/ml, 0.26pg/ml, and 0.25
pg/ml respectively. The protocol followed was identical to that in the accompanying
literature. Briefly, a 96 microtitre plate was coated with the relevant coating antibody for
each ELISA, in coating buffer (50 mM NaCl, 50 mM NaHCO3), for 16 hours at 4°C. The
plate was then washed thoroughly and blocked for 2 hours with 5% BSA in 0.1% PBS-
Tween at 25°C. The plates were then washed and blotted and 100p! of sample or standard
was pipetted into the appropriate wells, along with 50u! of mouse anti-human IL-5/IL-6,
IL-8 or IL-10 antibody. Following incubation for 2 hours at 25°C, the plate was washed,
blotted and 100u] of anti-mouse IgG/ HRP conjugate added to each well and incubated for
35 minutes at 25°C. Following the final washes and blotting, 100pl of HRP substrate TMB
was added to each well. The reaction between HRP and TMB was terminated by the

addition of 1M H,SOj4 and the optical density of each well was read at 450nm.

2.3.3 Matrix metalloproteinase-9 and Tissue inhibitor of matrix metalloproteinases-1

ELISAs
MMP-9 and TIMP-1 were measured in lung supernatant using commercially available

ELISA kits from Amersham Pharmacia Biotech (Buckinhamshire, UK). The limit of
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detection for MMP-9 and TIMP-1 was 0.2 ng/ml and 0.5 ng/ml respectively. Briefly,
100ul of sample or standard was pipetted into the appropriate wells. Following incubation
for 2 hours at 25°C the plate was washed thoroughly and blotted before 100ul of anti-
MMP-9/anti-TIMP-1-peroxidase conjugate was added to each well. Following further
incubation of 2 hours at 25°C the plate was again washed, blotted and 100ul of HRP
substrate, TMB was added to each well. The reaction between HRP and TMB was

terminated by the addition of 50pl H,SO4 (1M) and the optical density of each well was

read at 450nm.

2.3.4 Rodent tumour necrosis factor alpha, interleukin 1f, 6 and 10 ELISAs.

TNFa, IL-18, IL-6 and IL-10 levels were measured in rodent lung supernatant using
commercially available ELISAs from R&D Systems (Minneapolis, MN). The assays were
carried out as per manufacturers instructions, as previously described for the human-
TNFo/IL-18 R&D Systems ELISAs. The limit of detection for the TNFa, IL-1, IL-6 and

IL-10 assay s was 0.03pg/ml, 0.05pg/ml, 0.07pg/ml and 0.02pg/ml respectively.

2.3.5 Human Serum Albumin ELISA

For measuring total levels of human serum albumin (HSA) in samples we used a HSA
ELISA assay. Briefly, a 96 well plate was incubated with 14mg/ml of rabbit HSA antibody
in coating buffer at 4°C for 6 hours. Following incubation, the plate was washed as
described previously and incubated overnight with PBS-Tween containing 30% milk. The
following day the plate was washed again and an HSA standard curve (1.5-1000ng/ml) and
samples were added and incubated at 4C for 2 hours. Following incubation, the plate was
washed and a rabbit anti HSA antibody conjugated to HRP was added at a concentration of

130 ng/ml for 2 hours before a final wash. The plate was developed with the HRP substrate

39



Chapter 2: Materials & mcthods
system (TMB), the reaction stopped with 1M H,SO4 and optical density read at 450nm.

The limit of detection for this protocol was 0.3ng/ml.

2.3.6 Oxidised human serum albumin ELISA

To measure total levels of oxidised human serum albumin a 96 well plate was incubated
with 10 ng/ml of mouse anti HSA antibody in coating buffer at 4°C for 6 hours. Following
incubation, the plate was washed and incubated overnight with 0.1 % PBS-Tween
containing 30% soya milk. Following the overnight block, plates were washed and a
derivatised HSA standard curve (45.4 - 0.02 ng/ml) and derivatised samples added and
incubated at 4°C for 2 hours. For derivatisation method for both standards and samples see
method 2.2.4. Following the incubation with samples, the plate was washed and incubated
with 1:5000 rabbit anti dinitrophenyl (DNP) antibody, which had a specific antibody
concentration of 1.0 — 1.7 pg/ul, for 2 hours at 4°C. Finally, after washing the plate was
coated with 60 ng/ml of anti rabbit HRP conjugate for 2 hours at 4°C. The plate was
developed with TMB, the reaction stopped with 1M H,SO4 and optical density read at

450nm. The limit of detection for this was 0.02ng/ml.

2.3.7 Lactate dehydrogenase assay

LDH levels were measured in lung supernatant using a commercially available assay and
LDH standard (2000-0.9 pg/ml) from Roche (Indianapolis IN, USA). To obtain total LDH
levels within the tissue. Tissue was homogenised on ice using a sonicator set at amplitude
of 2 microns; for 12 cycles of 10 seconds sonication followed by 20 seconds rest.
Following sonication samples were centrifuged at 15,000g for 15 minutes at 4°C, and

supernatant removed for storage. The limit of detection of the assay was 0.5pg/ml.
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2.3.8 Bicinchonic acid (BCA) assay
Total protein levels of lung homogenates were measured using a commercially available

BCA assay from BioRad using a Human Serum Albumin (HSA) standard curve. Limit of

detection for HSA was 4ng/ml.

2.3.9 Endotoxin assay

Contamination of anti-IgE serum was analysed using an endotoxin assay previously
described by Keler and Nowotny (1986). Briefly the method uses 1,9-dimethhylmethylene
blue (DMB) which binds to lipid A, causing metachromasia. For the assay 50pul of serum
was added to 1ml of dye solution (0.05SmM DMB, 0.02M glycine, 0.06M NaCl, 0.05M

NaOH, and 0.4% ethanol) and optical density read at 535nm. The sensitivity of the assay

was 1pg of LPS.

2.3.10 Western blot analyses

Samples were separated by SDS-polyacrylamide gel electrophoresis (PAGE) in a gradient
Tris-glycine gel purchased from Bio-Rad (Herts, UK). The proteins were transferred to a
nitrocellulose membrane (Bio-Rad) and blocked overnight with 20% soya milk. Mouse
monoclonal antibodies against TNFa, IL-6 and IL-10 were purchased from RnD Systems
(Minneapolis, MN) and used at a 1:1000 dilution following the manufactures instructions.
HRP Mouse monoclonal antibodies were purchased from DAKO (Denmark) and also used

at a 1:1000 dilution. Proteins were visualised by Super signal west from Pierce.

2.4 Immunohistochemistry

2.4.1 Acetone fixation and GMA embedding of lung tissue.
Biopsies of human lung tissue were placed in ice cold acetone containing protease

inhibitors 2mM phenylmethyl-sulphonyl fluoride (PMSF) and 20mM iodoacetamide- and
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fixed overnight at —20°C. The following morning the fixative was replaced with acetone at
room temperature for 15 mins, followed by methyl benzoate for a further 15 mins. The
sample was then infiltrated with processing solution: 5% methyl benzoate in glycol
methacrylate (JB4 solution A) at 4°C for 6 hours, during which the processing solution
was changed 3 times. The sample was finally embedded by mixing JB4 solutions A and B
(see 2.1.1) in the presence of the catalyst benzoyl peroxide, and polymerised at 4°C for 48
hours. Embedded samples were stored at -20°C in the presence of dessicant. Two micron
sections were cut using a Leica Supercut 2065 microtome, floated out onto ammonia water
(1:500), and mounted on poly-L-Lysine coated slides. To assess tissue morphology slides

were stained with Toluidine blue (1% Toluidine and 1% borax).

2.4.2 Staining of GMA embedded lung tissue

Following cutting and mounting, the sections were treated with a solution of 0.1% sodium
azide and 0.3% hydrogen peroxide; to inhibit any endogenous peroxidase activity. Slides
were then washed and treated with blocking medium (DMEM containing 20% foetal calf
serum and 1% bovine serum albumin) to inhibit non-specific binding for 30 mins.
Following blocking, primary antibodies were applied at the appropriate dilutions in TBS
and incubated at room temperature overnight. Following the overnight incubation the
slides were washed and secondary antibodies applied and incubated for 2 hours at room
temperature before being washed again. Streptavidin biotin-peroxidase complexes were
added for a further 2 hour incubation. All of the antibodies used for staining of GMA
embedded tissue are listed in table 2.2, Following washing, the chromogen aminoethyl
carbozole (ACE) was added as per manufacturers instructions and incubated for 20
minutes at room temperature. The slides were then immersed and washed in running tap

water, counter stained in Mayer’s haematoxylin stain for 90 seconds and then blued in tap
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water for 5 minutes. The slides were then treated with crystal mount and baked at 80°C for

20 minutes. Slides were allowed to cool and coverslips applied with DPX.

Table 2.2 Antibodies used for staining of GMA embedded lung tissue

Antibody Clone Epitope stained Source
Mast cell tyrptase AAl Mast cell tyrptase DAKO
CD68 PGMI Activated DAKO
macrophages
Neutrophil elastase NP57 Neutrophil elastase DAKO
IL-10 23738.11 IL-10 R&D Systems
TNFa 2B3 TNFa Biosource

Table 2.2 Lists the antibodies used for IHC and the sources they were obtained form.

2.5 Molecular Biology

2.5.1 Preparation of mRNA from human lung tissue.

Following primary cell culture, lung tissue fragments were frozen immediately and stored
at -80°C prior to use. For extraction of mRNA from human lung tissue RNeasy mini kits
from Qiagen were used as per manufacturers instructions. Briefly human lung tissue was
homogenised in a 1.5 micro tube using a pellet pestle in the presence of a highly
denaturing guanidine isothiocynate-containing buffer, which immediately inactivates
RNases to ensure isolation of intact RNA. Ethanol is then added to the lysate, creating
conditions that promote selective binding of the RNA to the RNeasy silica-gel-based
membrane. The sample was then applied to the RNeasy mini column. Total RNA binds to
the membrane and contaminants are efficiently washed away, and high quality RNA is

then eluted in 30pl of RNase-free water.
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2.5.2 Identification of TNFa and IL-10 by RT-PCR
TNFa and IL-10 expression in human lung after LPS stimulus was investigated using
commercially available primers from R&D Systems. Primers for TNFa were designed to
amplify a 414 bp product and primers for IL-10 were designed to amplify a 427 bp
product. B-actin expression was examined to standardise the PCR results over the 24 hour
experiment. Under normal conditions f-actin is constitutively expressed and therefore its
expression should remain constant throughout the primary cell culture experiment.
Commercially available B-actin primers were also sourced from R&D Systems. To ensure
that there was no contamination of mRNA in samples by cellular DNA, PCR was
preformed on extracted RNA, which had not been subjected to reverse transcription.

For reverse transcription of RNA into ¢cDNA an enhanced Avain first strand
synthesis kit was used and the manufacturers instructions were followed. The optimised
reaction conditions for reverse transciptase have been summarised in table 2.3.

Table 2.3 Reaction conditions for reverse transcription

Reaction component Concentration
RNA template 0.2 pg/ul
Deoxynucleotide mix 500 uM each Dntp
Oligo (dT)23 3.5 ].LM

10X PCR buffer for e AMV-RT 1X

Enhanced avian RT 1 unit/pl

Nuclease free water

Table 2.3 Lists the concentration of reaction components used for reverse transcription of RNA to ¢cDNA.

Thermal cycling parameters for reverse transcription were as follows:
1. Incubation at 70°C for 10 minutes
2. Reverse transcription at 42°C for 50 minutes
For the optimal PCR conditions the R&D Systems’ PCR primer pairs protocol was

followed and is summarised below in table 2.4.
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Table 2.4 Reaction conditions for PCR

Reaction component Concentration
Taq DNA Polymerase 0.05 units/ul

10X PCR buffer with 25 mM MgCl, 1X

Deoxynuclotide mix 200 uM each dNTP
Primer pairs 7.5 uM

Nuclease free water

Table 2.4 Lists the concentrations of reaction components used for PCR

Thermal cycling parameters for "PCR were as follows:

1. Denaturing 94°C 45 seconds

2. Annealing 55°C 45 seconds } 30 cycles were preformed

3. Elongation 72°C 45 seconds

4. Final elongation 72°C 10 minutes
Following completion of the cycles, the PCR products were separated on a 1% agarose gel

impregnated with ethidium bromide (0.5pg/ml).

2.6 Preparation of genomic DNA from human lung tissue

Genomic DNA was isolated from human lung tissue using DNeasy spin columns from
Qiagen as per the manufacturers instructions. Briefly, 25mg of human lung tissue lysed
using proteinase K for 16 hours at 55°C. The lysate was then loaded onto the DNeasy spin
column and centrifuged for 1min at 6,000 g to remove contaminants. The column was then
centrifuged for 3mins at 20,000 g to dry the DNeasy membrane. DNA selectively bound to
the DNeasy membrane was incubated with elution buffer at room temperature for 1 min,
and then centrifuged for 1 min at 6,000 x g to elute of the DNA. Purified DNA from
human lung tissue using the DNeasy method typically had an A260/A280 ratio between

1.7and 1.9,
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P

2.6.1 Typing of DNA samples G/A SNP at position -308 in the promoter region of the

TNFa gene.

The primers used for Typing of DNA samples G/A SNP at position -308 in the promoter

region of the TNFa gene, were kindly donated by Professor R. Grimble from the

University of Southampton.

Table 2.5 Primers used for identification of G/A SNP at position -308 in the promoter

region of the TNFa

Primer

Sequence 5’ to 3’

C1 primer (common primer)

TCT CGG TTT CTT CTC CAT CG

C2 primer (G specific primer, TNF1 allele)

ATA GGT TTT GAG GGG CAT GG

C2 primer (A specific primer, TNF2 allele)

ATA GGT TTT GAG GGG CAT GA

63 control primer

TGC CAA GTG GAG CACCCA A

64 control primer

GCATCT TGC TCT GTG CAG AT

Table 2.5 The primers used for competitive-PCR are shown above from 5’ to 3.

The optimised reaction conditions for competitive-PCR are shown in table 2.3.

Table 2.6 Reaction conditions for competitive-PCR

Reagent Concentration
10x Reaction buffer 1x

dNTP solution 2 mM

MgCl, solution 25 mM
Thermoprime plus DNA polymerase

Sucrose/cresol red solution 60 %

Forward specific primers 1 uM

Reverse control primers 0.3 uM

Ultra pure water

Table 2.6 The optimised reaction conditions for competitive PCR.

Each sample required two separate reactions in order to be typed for the -308

polymorphism. The two primer mixes required for the typing of the TNFa -308

polymorphism are shown below in table 2.4.
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Table 2.7 Primer mixes for G/A allele typing of the TNFa. promoter.

TNF1 primer mix TNF2 primer mix

Reagent Concentration Reagent Concentration
used used

C1 primer 10 uM C1 primer 10 uM

C2 primer 10 uM C3 primer 10 uM

63 control primer stock | 15 uM 63 control primer stock | 15 uM

64 control primer stock | 15 uM 64 control primer stock | 15 uM

Ultra pure water Ultra pure water

Table 2.7 The TNFI primer mix detects the more common TNF1 (G) allele at position —308 of the TNFa
gene. TNF2 primer mix detects the less common TNF2 (A) allele.

Table 2.8 Thermal cycling parameters for the competitive PCR reactions.

Temperature (°C) Time (s) Number of cycles
96 60 1

96 15 10

65 50

72 40

96 10 20

60 50

72 40

4 Soak 1

Following completion of the cycles, the PCR products were separated on a 1% agarose gel

impregnated with ethidium bromide (0.5pg/ml) for DNA visualisation.

2.6.2 Typing of DNA samples G/A SNP at position -1082 in the promoter region of the

IL-10 gene.
The primers used for typing of DNA samples G/A SNP at position -1082 in the promoter

region of the IL-10 gene, were kindly donated by Professor R. Grimble, University of

Southampton.
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Table 2.9 Primers used for identification of G/A SNP at position -1082 in the
promoter region of the IL-10.

Primer Sequence 5’ to 3°

C1 primer (common primer) CTT GGA TTA AATTGG CCT TAG A
C2 primer (G specific primer) CTA CTA AGG CTT CTT TGG GAG
C3 primer (A specific primer) ACT ACT AAG GCTTCT TTG GGA A
63 control primer TGC CAA GTG GAG CACCCA A

64 control primer GCA TCT TGC TCT GTG CAG AT

Table 2.9 The primers used for competitive-PCR are shown above from 5’ to 3°. The optimised reaction
conditions for competitive-PCR are shown in table 2.3.

For reaction conditions refer to the previous table 2.5.2. As for TNFa each sample requires
two separate reactions in order to type the —1082 polymorphism. The two primer mixes

required for the typing of the IL-10 -1082 polymorphism are shown below in table 2.6.

Table 2.10 Primer mixes for G/A allele typing of the IL-10 promoter.

IL-10 G primer mix IL-10 A primer mix

Reagent Concentration Reagent Concentration
used used

C1 primer 10 uM C1 primer 10 uM

C2 primer 10 uM C3 primer 10 uM

63 control primer stock | 15 uM 63 control primer stock | 15 uM

64 control primer stock | 15 pM 64 control primer stock | 15 pM

Ultra pure water Ultra pure water

The IL-10A primer mix detects the more common IL-10 (A) allele at position —1082 of the
IL-10 gene. IL-10G primer mix detects the less common IL-10 (G) allele.

Table 2.11 Thermal cycling parameters for the competitive PCR reactions.

Temperature (°C) Time (secs) Number of cycles
96 120 1

96 20 10

65 50

72 40

96 20 20

60 50

72 40

4 Soak 1
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Following completion of the cycles, the PCR products were separated on a 1% agarose gel

impregnated with ethidium bromide (0.5pg/ml) for DNA visualisation.

2.7 Proteomics

2.7.1 Cation exchange chromatography

The combined peptide mixture was separated by strong cation exchange (SCX)
chromatography on a Dionex nano-LC system using a Polysulfoethyl A column (i.d 4.6
mm x 150 mm, Sum, 30nm) (Phenomenex). Sample was dissolved in 500 pL loading
buffer (25% v/v acetonitrile, 10 mM phosphoric acid and loaded and washed isocratically
for 20 min at 200 pL/min to remove excess reagent. Peptides were eluted with a linear
gradient of 0 — 500 mM KCl (25% v/v acetonitrile, 10 mM phosphoric acid) at 200

pL/min, with fractions collected at 1 min intervals.

Fractions were lyophilised and resuspended in 50 pL of analar™ water. Each fraction was
analysed by nano- LC — MS/MS performed on a CapLC liquid chromatography system
using a Dionex 75 pm x 150 mm C;g reverse phase column coupled to a tandem mass
spectrometer. Peptides were eluted using a linear gradient of 5 — 80%/ 162 mins (Buffer A:
5% acetonitrile, 95% H,0O + 0.1 % HCOOH; Buffer B: 95% acetonitrile, 5% H,0 + 0.1%

HCOOH)

2.7.2 Mass Spectrometry and data processing

All data were acquired using a Q-TOF Global Ultima (Waters Ltd) fitted with a
nanoLockSpray™ source to achieve better than 10ppm mass accuracy. A survey scan was
acquired from m/z 375 to 1800 with the switching criteria for MS to MS/MS including (i)
ion intensity and (ii) charge state. The collision energy used to perform MS/MS was varied

according to the mass and charge state of the eluting peptide. RF lens voltages were
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adjusted to 0.6 V to enable detection of low mass reporter ions generated from the

fragmentation of iTRAQ labelled peptides to enable quantification.

All MS/MS spectra were automatically processed using MassLynx 4.0 (Waters Ltd) and
searched against the NCBI non-redundant database (June, 2005 versions), using
ProteinLynx Global Server 2.2. Proteins were only assigned if, for each peptide ion,
greater or equal to three experimentally derived y ions could be matched to the predicted

spectra.

2.8 Statistical analysis

Statistical analyses of results were carried out using Statview software ™. Non-parametric
Wilcoxon Signed Rank analysis was carried out on paired data. The gross outcomes of
bivariate associations were analysed by Spearman Rank correlations and the net effects of
multiple variables were analysed using multiply regression where appropriate. P<0.05 was

generally considered as significant.
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Chapter 3: The acute inflammatory response in human lung tissue

3.1 Introduction

The lung forms a unique interface between the body and its environment. Although the
structure of the lung is ideal for gas exchange, it is also vulnerable to potentially infectious
microorganisms and noxious substances. The pulmonary tissue must therefore be able to
generate a rapid host defence to resolve infection. The response is termed acute
inflammation and is characterised by the release of pro-inflammatory mediators and the
recruitment of leukocytes from the blood (Delclaux & Azoulay, 2003). Once the infection
is controlled the lung must then switch to an anti-inflammatory repair phase in which
inflammation should resolve with normal repair to the surrounding tissue.

Inflammation within the lung, thus involves a delicate balance between pro-
inflammatory and anti-inflammatory mediators. In diseases such as COPD this balance is
altered and a chronic state of inflammation ensues. The underlying inflammation caused in
smoking associated COPD is thought to be due to the recruitment of inflammatory cells in
to the lung induced by the exposure to cigarette smoke (Jeffrey, 1998, Rahman, 2005). In
addition COPD patients may also suffer acute episodes of inflammation termed
exacerbations.

Acute exacerbations are an important cause of morbidity and mortality, with severe
COPD patients suffering from 3-8 exacerbations per year (Seemungal et al., 1998). These
exacerbations are defined by profound symptomatic deterioration often requiring
hospitalisation, however little is known about their underlying pathology (Barnes, 1999).
Exacerbations tend to occur during the winter months due to the increased prevalence of
colds and flu. COPD patients also report dyspnea and common cold symptoms
immediately prior to onset of an exacerbation. It is therefore likely that either bacterial or
viral infection initiates a chain of events, culminating in increased inflammatory burden

within the lung (Seemungal et al., 2000). Early data from the cohort studies by Fletcher et

52



Chapter 3: The acute inflammatory response in human lung tissue
al (1977) suggested that exacerbations had no effect on lung function decline in COPD.
However recent evidence suggests that exacerbations have an important effect on COPD
progression. Work by Kanner ef al., (2001) has shown that among smokers exacerbations
are associated with rapid decline in lung function. The East London study also reported
that COPD patients with histories of frequent exacerbations had faster declines in FEV
than patients who had infrequent exacerbations (Donaldson et al., 2005). The permanent
loss of lung function is thought to be the result of extracellular matrix remodelling and loss
of functional alveoli during this heightened inflammatory period.

Members of the cytokine family are some of the most potent inflammatory
mediators. Cytokines are produced in the lung by local resident cells such as alveolar
macrophages, lung epithelial cells and fibroblasts. Cytokines are rarely produced
individually, but as a network of cytokines, which are characteristic of particular
conditions. Within an inflammatory cascade cytokines are able to regulate the amplitude
and duration of an inflammatory response, due to their transient production. The temporal
relationship between cytokines is therefore important; however little is known of the
cascade of downstream mediators produced in response to inflammatory stimuli.

Another important family of remodelling mediators are the matrix
metalloproteinases (MMPs). The matrix metalloproteinases (MMPs) are a family of 24
homologous zinc dependent endopeptidases involved in extracellular matrix turnover and
remodelling in both normal and diseased tissues. The catalytic activity of MMPs is
regulated at multiple levels but in particular by pro-inflammatory cytokines such as TNFa
and IL-1B, which have been shown to regulate MMP transcription and release (Lacraz et
al.,, 1995; Saren et al., 1996). The progressive structural damage associated with
emphysema and other forms of COPD is due to degradation of selective extracellular

matrix components (ECM). Collectively MMPs are capable of degrading all components
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of the ECM. 1t is therefore not surprising MMPs are the subject of much research in COPD
(Culpitt et al., 2004).

Research to date has proposed many mediators, which may have roles to play in
acute exacerbations of COPD. However the mechanisms involved in exacerbations still
remain unclear, largely due to problems associated with obtaining clinical samples. It is
unethical to obtain bronchoalveolar lavage samples from COPD patients during an
exacerbation. Clinical studies of exacerbations have therefore only measured inflammatory
markers in sputum and blood (Bhowmik et al., 2000, Hill ez al., 2000). However due to the
nature of sputum samples it is not possible to define the location or the kinetic release of
mediators measured. Sputum samples can also be contaminated with mediators found in
saliva such as MMPs. Although blood samples can be obtained over the time course of an
exacerbation they only give a systemic view of the inflammatory response from within the
lung. We therefore wanted to understand the kinetics of cytokines involved in acute
inflammation of human lung tissue. This chapter aims to address this problem by setting up
a model of inflammation in human lung tissue to analyse the kinetic profile of mediators

involved in inflammation.
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3.2 Methods
3.2.1 Patient characteristics for human lung tissue experiments
Lung tissue was removed from 54 patients (24F/30M) undergoing resection for carcinoma;
tissue used was from the non-tumours normal margin surrounding the tumour site. Data
relating to age, gender, lung function and smoking history was obtained for patients (see
table 3.1). Where different groups of patients were used for individual experiments, the
patient characteristics were controlled to ensure the clinical details of the whole group

were represented.

Table 3.1 Patient characteristics of subjects prior to removal of lung tissue

No. of Subjects 54

Age (Yr.) 63.4 £1.1

Gender 24 Female, 30 Male
Lung Function (FEV,/FVC) 0.69 £0.02

& Non smokers

Smoking Status 21 Ex smokers
25 Current smokers

Pack years 47.9+4.2

Table 3.1 Patient characteristics of subjects prior to removal of lung tissue. Tissue samples were taken
from a group of 54 patients. Patient details including age, gender, lung function given as the ratio of
FEV|/FVC, smoking status and pack years are listed as the mean £SEM.

3.2.2 Primary cell culture of human lung tissue

Tissue samples were processed as previously described in preparation of human lung tissue
for primary cell culture page chapter 2.2.2. Tissue was then either stimulated with

(100ng/ml) lipopolysaccharide or buffer control. For cyclohexamide experiments the tissue

55



Chapter 3: The acute inflammatory response in human lune tissue
was pre-treated for one hour with 10pg/ml cyclohexamide prior to LPS stimulus. Human
lung fragments and supernatant were harvested at 1, 2, 4, 6, 24, and 48 hour time points
and the tissue weighed. Both the human lung fragments and supernatant collected were

stored at -80°C.

3.2.3 Cytokine analysis

The levels of human TNFa, IL-1p, IL-5, IL-6, IL-8, IL-10, MMP-1, MMP-7, TIMP-1 and
TGEF, were measured in the supernatant using commercially available ELISAs (See
sections 2.3.2 to 2.3.6). The cytokines measured in the supernatant were corrected for
tissue weight and are expressed as ng/mg of tissue. LDH levels were measured in lung
supernatant using commercially available assay and LDH standard from Roche, See
section 2.3.7. Finally Western blot analysis was performed using methodology in section

2.3.10.

3.3 Results
3.3.1 Cytokine release in response to varying concentrations of LPS

Our initial experiments looked at the response of human lung tissue to stimulation with a
wide range of concentrations of LPS. We initially focused on a range of pro-inflammatory
cytokines that have previously been shown in the literature to be elevated in response to

LPS from various cell types (Beutler, 1995 Brasier & Li, 1996).
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Figure 3.1 shows that the levels of TNFa, IL-6, and IL-8 continued to rise with increasing
concentrations of LPS and the dose response curves did plateau within the range of
concentrations used. Generally, statistically significant increases were observed for all
cytokines following LPS stimulus compared to buffer control (P<0.05). Having established
100ng/ml of LPS initiated the release of a range of pro-inflammatory cytokines we turned

our attention to a more detailed kinetic analysis of the response.
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Figure 3.1 LPS dose response curves of cytokine release. Human lung tissue (n=12) was stimulated with a
range of concentrations of LPS and incubated for 24hrs. Release of the cytokines TNFa (3.1a), IL-6 (3.1b),

and IL-8 (3.1c) into the supernatant were measured by ELISA. The values given are the mean +SEM and are
expressed as ng/mg of tissue, * indicates P<0.05 compared to control.
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3.3.2 TNFo in human lung supernatant

We analysed the kinetic release of TNFa using ELISA. As figure 3.2 indicates the release
of the pro-inflammatory cytokine TNFa, was statistically elevated in the LPS stimulated
tissue as early as 1hr. The level of TNFa release continued to rise at 2 and 4hrs with
release peaking at 6hrs (mean=16.5ng/mg of tissue) compared to buffer control
(mean=0.5ng/mg of tissue, P<0.05). At 6hrs the TNFa release was seen to plateau with the

elevated release of TNFo being maintained until 48hrs.
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Figure 3.2 TNFa levels in supernatant from human lung fragments. Human lung tissue (n=54) was
stimulated with 100ng/ml LPS (filled circles) or buffer control (open circles). The release of TNFa into the
supernatant was measured by ELISA. Values given are the mean + SEM and are expressed as ng/mg of
tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05

compared to control.
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3.3.3 Western blot for TNFa in human lung supernatant

The supernatants described in figure 3.2 were also used to analyse the molecular profile of
TNFa using western blot. Supernatant electrophorised on a 12% SDS-PAGE gel indicated
only the free molecular form of TNFa was present at all of the time points analysed (see
figure 3.3). The blot is representative of the molecular profile observed for all individuals

in the study.
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Figure 3.3 Western blot analysis of TNFa in supernatant from human lung tissue stimulated with LPS.
Following tissue culture with LPS, supernatants were separated on a 12% SDS-polyacrylamide gel and then
transferred on to nitrocellulose. Lane one corresponds to incubation with LPS for 1hr, lane 2 for 2hrs, lane 3
for 4hrs, lane 4 for 6hrs, lane 5 for 24hrs and lane 6 for 48hrs. The blot depicted is a typical example of the
molecular profile of TNFa released by all individuals in the study.
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3.3.4 Lactate dehydrogenase in human lung tissue

We wanted to ensure the TNFo response observed was not the result of cell death. LDH, a
marker of tissue necrosis, was therefore analysed in the tissue supernatant to determine the
degree of cell lysis. For all time points between 1 and 48hrs we found no difference in the
levels of LDH released between the LPS and control groups (data not shown). More
importantly, as shown in figure 3.4, the absolute levels of LDH release for all of the time

points were 5% of total tissue LDH, which is an expected value for viable tissue.
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Figure 3.4 LDH release from human lung tissue. Human lung tissue (n=15) was stimulated with 100ng/ml
LPS or buffer control. The release of LDH into the supernatant was measured using a commercial LDH
assay. Values shown are expressed as a percentage of cell death, with total cell death being estimated from
the maximum LDH release from homogenised lung tissue.
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3.3.5 IL-6 in human lung supernatant

A second pro-inflammatory cytokine IL-6 was also statistically increased in the LPS
stimulated supernatant at 6hrs. However, as shown in figure 3.5 the maximum response of
IL-6 occurred later than TNFa, at 24hrs (mean=575.7ng/mg of tissue) compared to control
tissue (mean= 204.8ng/mg of tissue, P<0.05). As with TNFa, the release of IL-6 reached a
plateau at 24hrs with levels remaining elevated until 48hrs. Western blot analysis showed

only the free molecular form of IL-6 to be present (data not shown).
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Figure 3.5 IL-6 release from human lung tissue. Supernatants from figure 3.2 were analysed for IL-6 using
ELISA. Values given are the mean = SEM and are expressed as ng/mg of tissue. The data was statistically

analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05 compared to control.
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3.3.6 TNFa correlation with IL-6 released from human lung supernatant

The data illustrated in figures 3.2 and 3.5 was used to correlate the levels of TNFa released
at 6hrs with the levels of IL-6 released at 24hrs for each individual patient. As shown in
figure 3.6 the correlation indicates that the level of TNFa released at 6hrs actually predicts

the magnitude of the IL-6 response at 24hrs (Rho=0.69, P<0.05).
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Figure 3.6 Correlation of TNFa and IL-6 released from human lung supernatant. Data from figures 3.2
and 3.5 was re-plotted to show the relationship between TNFa released at 6hrs and IL-6 released at 24hrs.
Data was analysed using the non-parametric Spearman rank correlation, values given are expressed as ng/mg

of tissue.
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3.3.7 IL-8 in human lung supernatant

As shown in figure 3.7 the release of the pro-inflammatory chemokine IL-8 followed a
similar pattern to IL-6 release with a maximum response at 24hrs (mean=1435.3ng/mg of
tissue verses mean=623.8ng/mg of tissue in the control, P<0.05) and remained elevated at

48hrs. Western blot analysis showed only the free molecular form of IL-8 to be present

(data not shown).
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Figure 3.7 IL-8 release from human lung tissue. Supernatants from figure 3.2 were analysed for IL-8
using ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was

statistically analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05compared to control.
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3.3.8 TNFa correlation with IL-8 released from human lung supernatant

The data from figures 3.2 and 3.7 was re-plotted to show the relationship between TNFa.
released at 6hrs and IL-8 released at 24hrs. As previously seen with the IL-6 data the
correlation again indicates the level of TNFa released at 6hrs predicts the level of IL-8

released at 24hrs (Rho=0.49, P<0.05) as shown in figure 3.8.
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Figure 3.8 Correlation of TNFa and IL-8 released from human lung supernatant. The correlation used
data on TNFa released at 6hrs and IL-8 released at 24hrs from human lung. Data was analysed using the
non-parametric Spearman correlation, values given are expressed as ng/mg of tissue.

3.3.9 Growth related oncogene-a in human lung supernatant

GRO-a is also a member of the CXC chemokine family and shares significant
sequence homology with IL-8. In the presence of LPS the release of GRO-o was
statistically elevated at 24hrs and starting to reach a plateau in release by 48hrs (mean
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=245.1ng/mg of tissue verses mean =84.4 ng/mg of tissue in the control, P=<0.05) (see

figure 3.9).
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Figure 3.9 GRO-a release from human lung tissue. A subset of 19 samples from the 54 in figure 3.2 were
analysed for GRO-a using ELISA. Values given are the mean = SEM and are expressed as ng/mg of tissue.
The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05.

The levels of GRO-a release from the tissue followed a similar pattern and Western blot

analysis showed only the free molecular form to be present (data not shown). There was a

general trend for the levels of TNFa at 24hrs to predict the release of GRO-o at 48hrs

Rho=0.48, however this was just outside statistical significance (P=0.055, data not shown).
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3.3.10 IL-1f in human lung supernatant

Interestingly, not all pro-inflammatory cytokines are released in response to LPS. As figure

3.10a indicates no IL-1f was evident above the limit of detection, when the tissue was

stimulated with LPS or buffer control.
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Figure 3.10 IL-1P release from human lung tissue and macrophages. In figure 3.10a supernatants from
figure 3.2 were analysed for IL-1B using ELISA. In figure 3.10b, macrophages (n=10) were stimulated with
100ng/ml LPS (filled circles) or buffer control (open circles) and the release of IL-18 again measured by
ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was statistically
analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05 compared to control.

During tissue processing a substantial number of alveolar macrophages and monocytes are
removed from the tissue. The macrophage is known to be one the primary sources of IL-13
within the lung (Kelk ez al., 2005). In a small set of experiments we stimulated the
recovered macrophages with (100ng/ml) LPS or buffer control and measured the release of
IL-18 in the supernatant (see methods 2.2.3). As shown in figure 3.10b LPS stimulated IL-
1B release was elevated at 1 and 6hrs with levels still increasing at 24hrs (mean=

4062.6ng/mg of tissue) compared to control (mean= 1160.9ng/mg of tissue, P<0.05).
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3.3.11 IL-S in human lung supernatant

IL-5 is a pro-inflammatory cytokine associated with a Th; response. As shown in figure

3.11 we observed no difference in the release of IL-5 in the LPS stimulated or control

tissue.
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Figure 3.11 IL-5 release from human lung tissue. Supernatants from figure 3.2 were analysed for IL-5
using ELISA, Values given are the mean and are expressed as ng/mg of tissue, error bars were omitted for
clarity. The data was statistically analysed using the Wilcoxon-Signed Rank test.
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3.3.12 IL-10 in human lung supernatant

We were interested to observe if there was any evidence of resolution and repair following
the inflammatory stimulus. Intriguingly, the anti-inflammatory cytokine, IL-10 was
elevated at 24hrs with levels still increasing at 48hrs (mean=16.9ng/mg of tissue)
compared to undetectable levels in the control, P<0.05 (see figure 3.11). Further analysis

of the supernatant by Western blot indicated only the free molecular form of IL-10 to be

present.
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Figure 3.12 IL-10 release from human lung tissue. Supernatants from figure 3.2 were analysed for IL-10
using ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05 compared to control.
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3.3.13 TNFa correlation with IL-10 release from human lung

supernatant

The data illustrated in figures 3.2 and 3.12 was used to correlate the levels of TNFa
released at 6hrs with the levels of IL-10 released at 48hrs for each individual patient. The
correlation indicates that the level of TNFa released at 6hrs predicts the levels of IL-10

released at 48hrs (Rho =0.58,P<0.05).
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Figure 3.13 Correlation of TNFo and IL-10 released from human lung supernatant. The correlation
used data on TNFa released at 6hrs and IL-10 released at 48hrs from human lung. Data was analysed using

the non-parametric Spearman correlation, values given are expressed as ng/mg of tissue.

3.3.14 Transforming growth factor B; in human lung tissue

Transforming growth factor B, is one of the key cytokines associated with repair and

remodelling. A subset of 21 samples from the 54 in figure 3.2 were used to analyse TGFj,
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release. However we were barely able to detect levels of TGFp, in the supernatant above
the limit of detection of the assay. As TGFp, is usually tightly bound to the extracellular
matrix we decided to look for TGFp, within the lung tissue itself. After culture with LPS or
buffer control, lung fragments were homogenised (see method 2.2.3) and the supernatant
analysed using ELISA. Although we could detect up to 5Sng/mg of tissue of TGFf, there
was no statistical difference between the amount of TGFp, produced in the LPS stimulated
samples and in the controls. However, a more interesting pattern was observed when
TNFa production was correlated with TGFp, production. Figure 3.14 shows there is a

positive correlation between TNFa at 24hrs and TGFf, at 48hrs, and therefore TNFa is

predicting TGFp, release.
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Figure 3.14 Relationship between TNFa production at 24hrs and TGFB, production at 48hrs in LPS
stimulated lung tissue. Lung tissue from 21 patients was incubated in 100ng/ml of LPS for 24 and 48 hours.
The lung tissue was collected and homogenised (see method 2.2.3) and TNFa and TGFB, ELISAs were

performed on the homogenised lung tissue.
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3.3.15 MMP-1 in human lung supernatant

Collectively matrix metalloproteinases are responsible for the turnover and degradation of
the extracellular matrix. As proteinases MMPs can also modulate the activity of a variety
of non-matrix proteins, for example MMP-1 can also directly modulate the activity of
TNF-a (Parks & Shapiro, 2001). As shown in figure 3.15 the release of MMP-1 was
statistically elevated at 6hrs, reaching a maximum response at 24hrs (mean=12.4ng/mg of
tissue verses mean=2.2ng/mg of tissue in the control, P=<0.05), which remained elevated

at 48hrs. However, we found no correlation between TNFo release and the MMP-1

response to LPS (data not shown).
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Figure 3.15 MMP-1 release from human lung tissue. Supernatants from figure 3.2 were analysed for
MMP-1 using ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test, * indicates a P value <0.05 compared to control.
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3.3.16 MMP-7 in human lung supernatant
As well as degrading components of the ECM, MMP-7 is also capable of cleaving cell
surface bound TNFa to produce its soluble form (Haro et al., 2000). The release of MMP-
7 was found to be statistically elevated at 6hrs, reaching a maximum response at 24hrs
(mean= 25.5ng/mg of tissue verses undetectable levels in the control, P=<0.05), which
remained elevated until 48hrs (see figure 3.16a). Interestingly, as shown in figure 3.16b we
observed a strong correlation between the release of TNFo and MMP-7 from as early as 4

hours right up until the 48 hour time point (Rho=0.964, P=0.003).
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Figure 3.16a MMP-7 release from human lung tissue. Supernatants from figure 3.2 were analysed for
MMP-1 using ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test. * indicates a P value <0.05.

Figure 3.16b Correlation of TNFa and MMP-7 release from human lung supernatant. The correlation
used data on TNFa released at 48hrs and MMP-7 released at 48hrs from human lung. Data was analysed

using the non-parametric Spearman correlation, values given are expressed as ng/mg of tissue.
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3.3.17 MMP-9/TIMP-1 in human lung supernatant

MMP-9 has been reported to be elevated in current smokers with COPD (Segura-Valdez et
al., 2000, Mercer, 2002), however we found no overall change in the levels of MMP-9 in
response to LPS (data not shown). There was a general trend for the cognate inhibitor of
MMP-9, TIMP-1, to be elevated at all time points in the LPS stimulated tissue but this
trend for elevated levels of TIMP-1 did not reach statistical significance (data not shown).
However, when the mean levels of TNFa at 6hrs were correlated with the mean levels of

TIMP-1 at 24hrs shown in figure 3.12. TNFa levels at 6hrs did predict the release of

TIMP-1 at 24hrs (Rho=0.65, P<0.05).
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Figure 3.17 Correlation of TNFa. and TIMP-1 released from human lung supernatant. The correlation
used data on TNFa released at 6hrs and TIMP-1 released at 24hrs from human lung. Data was analysed
using the non-parametric Spearman correlation, values are expressed as ng/mg of tissue.
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3.3.18 Effect of cyclohexamide treatment on cytokine release

We were interested to know if LPS stimulated de novo protein synthesis of the cytokines
released or if they were from previously stored sources. To investigate LPS stimulated
cytokine production tissue fragments were pre-treated with cyclohexamide a protein
synthesis inhibitor, for 1 hour before stimulus with LPS or buffer control (see method 3.2).
We chose to concentrate on four cytokines released at different time points in the response
TNFa, IL-6, IL-8 and IL-10. Cyclohexamide abolished the release of TNFa in response to
LPS stimulation at all time points including 48hrs (mean=54.5 ng/mg of tissue compared
to LPS alone mean=0.4ng/mg of tissue, P=<(.05), shown figure 3.18a. Cyclohexamide
treatment also inhibited the LPS stimulated production of both IL-6 and IL-8 back to the
baseline levels observed in the previous kinetic data (see figures 3.18 b and ¢). Like
TNFa, IL-10 release was completely abolished with cyclohexamide treatment (see figure
3.18d). This data indicates the cytokines released are newly synthesised in response to
LPS. The supernatants from tissue treated with and without cyclohexamide were also
assayed for LDH. We found no increase in the level of LDH release from the

cyclohexamide treated tissue compared to the controls (data not shown).
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Figure 3.18 Effect of cyclohexamide treatment on cytokine release. Human lung tissue (n=15) was pre-
treated with cyclohexamide for 1hr before addition of LPS (grey circles) or buffer control (open circles). The
cyclohexamide data is compared with LPS stimulated cytokine release (filled circles). The release of TNFa
shown in figure 3.18a, IL-6 see figure 3.11b, IL-8 see figure 3.11¢ and finally IL-10 as shown in figure 3.11d
were all measured using specific ELISAs. Values shown are the mean and are expressed as ng/mg of tissue
and the error bars have been removed for clarity. The data was statistically analysed using the Wilcoxon-
Signed Rank test, * indicates a P value <0.05.
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3.3.19 RNA extraction from human lung tissue

In our study pre-treatment with cyclohexamide inhibited LPS stimulated cytokine release.
If LPS is indeed stimulating de novo protein synthesis in the tissue we would expect to
find increased mRNA expression. After extensive work up we were able to extract
relatively good quality RNA from the cultured human lung tissue (see method 2.5.1). As

shown by the gel in figure 3.19 we could detect ribosomal RNA bands at 1.9 kb (18S) and

5.0 kb (28S).

Figure 3.19

288 —»
18§ —»

Figure 3.19 RNA integrity in human lung tissue. Lung tissue was cultured with LPS for 1 (lane 1), 2 (lane
2), 4 (lane 3), 6 (lane 4), and 24 hours (lane 5) and RNA extracted. The results were visualised on a 1%
agarose gel impregnated with ethidium bromide (0.5pg/ml).
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3.3.20 mRNA expression from human lung tissue
To confirm our hypothesis that LPS was stimulating de novo protein synthesis, we
analysed the mRNA expression of TNFa and IL-10 in human lung tissue. The extracted
RNA shown in figure 3.19 was used to produce cDNA using reverse transcription, and the
presence of cytokine transcripts were probed for using specific primers for TNFa and IL-
10 (see method 2.5.2). To standardise the PCR results over the different time points we
chose to look at B-actin expression, which under normal conditions, is constitutively
expressed. For the primers and methods used see Method 2.5.2. As shown by the gel in
figure 3.20a the expression of B-actin was relatively constant at each time point in the LPS
stimulated tissue. The constitutive expression of f-actin was also observed in tissue
cultured with buffer control (data not shown). In contrast we only observed TNFa mRNA
expression at the 1 and 2 hour time points (see figure 3.20b). This data corresponds to the
early release of TNFa shown in figure 3.2. In the case of IL-10, we observed LPS
stimulated mRNA expression between 4 and 6 hours in the response (see figure 3.20c).
This would explain the later release of IL-10 seen in figure 3.10. No expression of TNFa

or IL-10 was observed in tissue cultured with buffer alone (data not shown).
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Figure 3.20
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Figure 3.20 TNFa and IL-10 mRNA expression in human lung tissue. RNA extracted from human lung
tissue cultured with LPS or buffer control for 1, 2, 4, 6, and 24 hours and was used to produce cDNA. Using
PCR the ¢cDNA was probed for the mRNA expression of B-actin (gel 3.20a), TNFa (gel 3.20b) and IL-10
(gel 3.20c). For all the gels in the composite lane 1 shows mRNA levels in tissue cultured with LPS for !
hour, lane 2 for 2 hours, lane 3 for 4 hours, lane 4 for 6 hours and lane 5 for 24 hours. The results were
visualised on a 1% agarose gel impregnated with ethidium bromide (0.5pg/ml).
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3.4 Discussion

During a bacterial infection patients with COPD are prone to exacerbations of their illness.
Infections are associated with increased airway inflammation (Bhowmik et al., 2000),
which may play an important role in the pathogenesis of the disease. There is little
information available on the nature and sequence of inflammatory markers involved in
these exacerbations. Clinical samples such as bronchial biopsies are rarely taken during
these episodes due to the severe deterioration of lung function in COPD patients. As
invasive measures to observe the kinetics of exacerbations in situ are not possible, a model
of inflammation within human lung tissue could aid our understanding of these events. In
fact, characterisation of the cytokines involved in acute inflammation and their temporal
relationships may well help to define key events or cytokines involved in the progression
of COPD.

Our acute inflammatory model shows TNFa is produced following LPS
stimulation. This is not too surprising, as the endotoxins of both Gram +ve and Gram -ve
bacteria have been shown to stimulate TNFa production in macrophages (Simpson et al,
1999), and epithelial cells (Read et al., 1993, Khair et al., 1996). LPS in particular, has
been shown to induce TNFa release from adult rat alveolar epithelial cells (McRitchie et
al., 2000). In our model TNFa release was rapid and statistically elevated from 1lhr post
challenge, reaching a maximum release at 6hrs, which was maintained until 48hrs. TNFou
release occurred earlier than the other cytokines measured, indicating TNFa plays a key
role in regulating the response to LPS. In vivo studies have shown patients with chronic
bronchitis and COPD with a positive bacterial culture for H. influenzae have higher
concentrations of TNFa in their sputum (Bresser et al., 2000). Similarly, the presence of
potentially pathogenic microbes in BAL from COPD patients is strongly associated with
neutrophilia and elevated levels of TNFa (Soler et al., 1999, Nash et al, 1991).
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Our model, along with the literature therefore supports a role for TNFa in COPD
progression. While TNFa is the first cytokine to be released, levels of TNFa recorded are
typically much lower than the other cytokines measured. Concentrations of IL-6 were up to
60 fold greater than TNFa, suggesting the temporal relationships between cytokines might
be more important than the concentrations of cytokines released. The subtlety of the TNFa
response is therefore an important consideration especially when looking at the role of
TNFa in different conditions. TNFa has previously been shown to play a key role in many
inflammatory diseases. For example TNFa is now accepted as an important target in
rheumatoid arthritis (Hurlimann et al., 2002). The role of TNFa in rheumatoid arthritis is
biased towards a pro-inflammatory, destructive role. In comparison TNFa has also been
shown to have a role in the inflammatory processes affecting the distal airways of systemic
scleroderma patients, which culminates in irreversible fibrosis (Silver et al., 1995). In
scleroderma it would appear TNFa plays quite a different role promoting fibrosis rather
than destruction of the ECM. When defining the role of TNFa it would therefore be
prudent to examine the context of the inflammatory milieu before defining the role of this
pleotrophic cytokine. Analysis of the cytokine cascade lead by TNFa in our model has
indicated TNFo can promote the expression of both pro and anti-inflammatory mediators.
It may therefore be hard to characterise the role of individual pleotrophic cytokines such as
TNFa in disease progression.

The acute release of TNFa was followed by elevated levels of IL-6, which were
maximal at 24hrs and maintained up to 48hrs later. TNFa release at 6hrs predicted the
release of IL-6 both at 24 and 48hrs. TNFo has been shown to increase IL-6 and IL-8
specific mRNA from bronchial epithelial cells (Cromwell et al., 1992). IL-6 is released by
epithelial cells and macrophages in the airways and exerts pleiotropic pro-inflammatory

effects on both the immune and hematopoietic systems (Levine SJ, 1993). In the East
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London study Bhowmik et a/ (2000), showed the levels of IL-6 were elevated at 24 anc
48hrs in induced sputum from COPD patients during an exacerbation compared to stable
conditions. These time points correspond with the temporal release of IL-6 we observe in
our model. Other studies have previously shown high baseline levels in COPD patients
compared to healthy smokers and controls (Chung KF, 2001). In our LPS model we also
observed high basal release of IL-6 from the human lung tissue. Previous research and our
own therefore suggests a role for IL-6 in bacterial derived inflammation.

During an innate immune response leukocytes are recruited to inflammatory foci by
chemokines, which are a family of cytokines with strong chemoattractant properties.
Investigators have shown the principle cells recruited and involved in the pathogenesis of
COPD are neutrophils, macrophages, and CD8+ve T lymphocytes. The source and relative
contribution of chemokines involved in the recruitment of theses leukocytes during
exacerbations in COPD patients is however unresolved. In our model TNFa release at 6hrs
also predicted the release of chemokines IL-8 and GROa. IL-8 is the main mediator of
neutrophil chemotaxis (Solar et al., 1999). In line with our cytokine cascade, TNFa has
previously been shown to stimulate greater release of IL-8 from bronchial epithelial cells
obtained from patients with moderate COPD compared to healthy smokers and control
subjects (Schultz et al., 2004). Elevated levels of IL-8 in COPD patients has previously
been reported in both induced sputum and (Keatings et al., 1996) and bronchoalveolar
lavage (Riise et al., 1995) during exacerbations. In the east London study they also
reported the elevated release of IL-8 in induced sputum from COPD patients during an
exacerbation at 24 and 48 hours (Seemungal et al., 2000). In regards of temporal release in
our study the levels of IL-8 were maximal at 24hrs and maintained up to 48hrs later, which
fits with the in vivo data. The elevated release of IL-8 in response to LPS would lead to the

recruitment of neutrophils and up-regulation of the inflammatory burden within the lung. It
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is therefore not surprising much research has revolved around the role of IL-8 in the

pathogenesis of COPD.

Previous work by Witherden and co-workers (2003) in primary human alveolar
type II epithelial cells also demonstrated elevated levels of IL-8 and GRO-a are released
following an LPS stimulus. The study also observed high basal levels of both cytokines
with IL-8 release being 20-fold greater than GRO-a.. TNFa induced mRNA and protein
release of GROa has also been demonstrated to be elevated in primary bronchial epithelial
cells from COPD patients compared to controls (Schulz et al., 2004). Although there is
evidence for elevated levels of GRO-a in BAL from COPD patients (Traves et al., 2004)
its role in disease progression is still to be determined. Like IL-8, GRO-a is also a
neutrophil chemoattractant, however its functional role is not entirely confined to the
attraction and activation of inflammatory cells. GRO-a also has strong angiogenic and
growth promoting properties, which are important in repair (Vanderbilt et al., 2003). In our
study the maximal release of GRO-a peaked later than IL-8 at 48hrs in the LPS response.
This later release may support the role of GROa in repair and resolution following the
initial inflammatory response, rather than just simply a chemoattractant. Although we have
shown GRO-a to be elevated in response to LPS, more research is required to determine
its role in COPD exacerbations.

Interestingly, not all pro-inflammatory cytokines were up-regulated in response to
LPS. Although LPS is a blunt stimulus and is able to activate many cell types no detectable
changes in the pro-inflammatory cytokines IL-1f and IL-5 were found in our model. In the
literature IL-1f is referred to as a key cytokine in the innate inflammatory response.
Endotoxins from bacteria, in particular leukotoxin, have been shown to trigger abundant
production and secretion of bioactive IL-13 by human macrophages (Kelk et al., 2005).
When we cultured alveolar macrophages from the tissue we found LPS also stimulated IL-
1B release and in large quantities. The fact that we do not observe IL-1f release in the
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tissue is therefore interesting and may indicate TNFa plays a more dominant role in LPS
induced inflammation.

IL-5 has been acknowledged for many years to be an important mediator of Th,
driven chronic inflammatory conditions such as allergic asthma. IL-5 has been shown to
activate (Clutterbuck et al., 1987) and mediate eosinophil integrin-dependent adhesion
(Walsh et al., 1990). Basophils, another major effector cell in asthma, are also primed for
enhanced histamine release by IL-5 (Bischoff et al., 1990). As we found no IL-5 was
released following LPS stimulation this supports our hypothesis that LPS is invoking a Th,
rather than a Th; response.

It is tempting to speculate how the release of TNFa, IL-6, IL-8 and GRO-a during
an exacerbation would lead to the recruitment of neutrophils and further release of
inflammatory cytokines. During emigration inflammatory cells release proteases such as
MMP-9 to degrade the basement membrane and thus gain passage through the endothelial
layer. MMPs are also released from secretory vesicles by inflammatory cells in situ and the
surrounding alveolar epithelium in response to inflammatory stimuli. Collectively MMPs
are capable of degrading all components of the ECM. The expression of MMP-1 and
MMP-7 has been demonstrated in airway and alveolar epithelial cells at sites of overt
damage in emphysema patients (Imai et al., 2001, Sheppard, 2002). Indeed a number of
studies have examined the expression of MMPs in COPD and have shown elevated levels
of MMP-2, MMP-8, MMP-9 and MMP-12 in both sputum and BAL in addition to MMP-1
and MMP-7 (Culpitt et al., 2005, Vernooy et al., 2004). Elevated levels of MMPs would
lead to a protease-antiprotease imbalance and an enhanced proteolytic environment. It is
therefore easy to see how this elevated inflammatory burden within the lung due to

bacterial infection would perpetuate and lead to the destruction of surrounding ECM in

diseases such as COPD.

83



In recent years it has bécome evident that MMPs may have greater roles to play in
inflammation than just simply degrading the ECM. MMP-1 is also able to cleave cell
surface molecules and non-matrix substrates of which TNFa is one (Parks & Shapiro,
2001). MMP-1 is expressed during physiological and pathological tissue remodelling and
is produced by a variety of normal cells such as fibroblasts, macrophages, endothelial and
epithelial cells (Nagase & Woessner, 1999). Although MMP-1 was elevated over time with
LPS stimulus we found no correlation between the release of TNFa and MMP-1 in our
study. It has also been shown that MMP-7 is able to activate latent TNFo on the surface of
macrophages (Haro et al., 2000). In adult human lung, whether normal or diseased, MMP-
7 is expressed by epithelial cells lining the peri-bronchial glands and conducting airways
and is up regulated in response to bacterial load (Dunsmore et al., 1998, Lopez-Brado et
al., 2000). In our model we observed a strong correlation between the release of TNFa and
MMP-7 from 4 hours in the LPS response. As the levels of TNFa peak before the maximal
release of MMP-7 it may indicate TNFa is driving the release of MMP-7 to activate latent
TNFa in the response. The elevated levels of MMP-7 in our inflammatory model may
therefore play a more essential role in the inflammatory response than just simply
remodelling the ECM. In fact studies using metalloproteinase inhibitor GI 129471 in
humans have shown inhibition of TNFa processing suggesting that MMPs represent a
novel target for therapeutic intervention in TNFa associated inflammation (McGeehan et
al., 1994).

Numerous papers have been published demonstrating the up-regulated expression
of matrilysin in tumours (Wielockx et al., 2004). The tissue in our model was obtained
from patients undergoing resection for cancer, however we found no baseline levels of
MMP-7 in the normal margin tissue used in the experiments. Although not conclusive this
data gives an indication the tissue used in the experiments is as ‘normal’ as can be
expected.
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Particular attention has focused on the role of MMP-9 in COPD, which has the
capacity to degrade type IV collagen, a major component of the basement membrane
within the lung. Increased levels of MMP-9 have been found in the BAL fluid from
patients with emphysema (Finlay et al., 1997), and the sputum from chronic bronchitics
(Vignola et al., 1998) compared to healthy individuals. However we did not find any
significant rise in the levels of MMP-9 up to 48hrs with LPS stimulus. TIMP-1 the innate
inhibitor of MMP-9, has been shown to be elevated in sputum and BAL from COPD
patients compared to controls (Higashimoto et al., 2005, Mercer 2001). We did find
elevated levels of TIMP-1 in response to LPS, however these changes did not reach
statistical significance. Interestingly, the release of TNFa at 6hrs did predict the release of
TIMP-1 at 24hrs and 48hrs in the study. TNFa may therefore also modulate anti-
inflammatory remodelling factors up to 48hrs later in the acute inflammatory response.
Chronic inflammation leads to remodeling and narrowing of small airways in COPD
patients (Musil et al., 2004). Fibrosis and connective tissue deposition are also observed in
progressive inflammation (Cosio et al., 1978). It is temping to speculate the fibrotic foci
observed in COPD patients could be associated with elevated levels of TIMP-1 in response
to acute inflammation mediated by TNFa.

In normal lung following the release of pro-inflammatory cytokines and mediators
in response to stimuli, there would be a switch towards resolution and repair. We were
therefore interested to investigate if any mediators associated with resolution and repair
were released in our model. IL-10 is a potent anti-inflammatory cytokine, which resolves
pro-inflammatory responses by inhibiting cytokine production in many inflammatory cell
types (Takanashi et al., 1999, Cassatella et al., 1993). Elevated levels of the anti-
inflammatory cytokine IL-10 were detected at 24hrs and were still increasing at 48hrs.
Again levels of TNFa at 6hrs predicted the levels of IL-10 released at both 24 and 48hrs,

suggesting that TNFa may modulate IL-10 release. Indeed TNFa has been shown
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previously to mediate the biosynthesis of IL-10 in foetal rat alveolar cells (Haddad, 2002).
IL-10 has been referred to as a counter inflammatory cytokine due to its anti-inflammatory
effects and temporal association with TNFa. IL-10 is also able to regulate the release of
remodelling mediators such as TIMPs (Lim et al., 2000). Release of the anti-inflammatory
cytokine IL-10 may therefore indicate that the initial inflammatory response to LPS in the
lung is turning towards resolution of the inflammation and repair. Levels of IL-10 have
previously been reported to be decreased in sputum from patients with COPD and healthy
smokers compared to healthy non-smokers (Takanashi et al., 1999). In other conditions
involving airway inflammation such as cystic fibrosis, IL-10 is also reduced in the
epithelial lining fluid compared to healthy controls (Bonfield et al., 1995). The decline in
IL-10 in diseases such as COPD and cystic fibrosis would lead to unregulated
inflammation, which is a characteristic of both diseases. More research is therefore
required as to the potential role or indeed the reason for the decline of IL-10 in these
diseases.

The resolution and repair, which follows an inflammatory response involves a
complicated interplay of various cytokines, such as transforming growth factor ,. TGFf,
is a multifunctional cytokine, which promotes the growth of fibroblasts and smooth muscle
cells and induces the synthesis of matrix components such as collagens I, IV, ECM
associated proteins and proteoglycans. In this study, although TGFp, did not increase
directly in response to LPS, TNFa at 24hrs predicted TGF@, production at 48hrs in the
tissue. This further indicates the role of TNFa in the repair response following
inflammation. TNFa has been demonstrated to induce TGFf, expression in fibroblasts
through the extracellular signal-related kinase (ERK) pathway (Sullivan et al., 2005). To
date there is little evidence for the role of TGF@, in COPD. One study has shown
decreased levels of TGFp, in alveolar macrophages from patients with COPD compared to

normals (Pons et al., 2005). In contrast the increased expression of TGFf; mRNA and
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protein has been demonstrated in the small airway epithelium from tobacco smokers and
patients with COPD (Takizawa et al., 2001, de Boer at al., 1998). The epithelial expression
of TGFB, mRNA and protein has also been shown to correlate with the number of
intraepithelial macrophages and mast cells in COPD patients compared to controls (de
Boer at al., 1998). The role of TGFp, as a chemotactic factor for the recruitment of
macrophages and mast cells in COPD patients may indicate TGFf, also has pro-
inflammatory roles .

TGFpB, is generally associated with fibrotic lung diseases such as systemic
scleroderma and interstitial pulmonary fibrosis (IPF). However the modulation of TGF,
by TNFa could account for the fibrotic foci observed histologically in COPD patients.
Indeed the increased expression of TNFa in alveolar macrophages and proliferating type II
pneumocytes in individuals with acute fibrotic changes in the lung (Pan et al., 1996) would
seem to support this hypothesis. Together these reports and the data shown here supports
the idea that TNFo. may have a key role in the development of both inflammation and
fibrosis.

Following the characterisation of the inflammatory cascade stimulated by LPS and
tissue viability assessed using the LDH assay. We investigated if the cytokines released in
response to LPS were produced by de novo protein synthesis or released from previously
stored granules. Treatment with cyclohexamide, a protein synthesis inhibitor, completely
obliterated LPS stimulated release of TNFa, and the other cytokines measured. This
preliminary data indicates LPS induces de novo protein synthesis of the cytokines released.
Previous work by McRitchie and co-workers (2000) has also shown treatment with
cyclohexamide blocks TNFa-mediated release of cytokines from bronchial epithelial rat
cells. For de novo protein synthesis we would therefore expect to find elevated levels of
mRNA. Despite substantial technical difficulties we were able to obtain good quality RNA
from the cultured lung tissue. Following reverse transcriptase-PCR to produce cDNA
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primers for TNFa and IL-10 were used to amplify the cDNA of interest. In addition we
also looked at the expression of B-actin, which is constitutively expressed in normal tissue.
In our cultured tissue we found the level of f—actin expression was the same at all the time
points measured up to the 24 hour time point. This data indicates the viability of the tissue
as mRNA is still produced after 24 hours of incubation. We chose to look at the expression
of TNFa, a pro-inflammatory cytokine, released early on in the inflammatory cascade. We
found TNFa mRNA expression was indeed elevated at the 1 and 2 hour time points, which
fits with the temporal pattern of protein release previously measured. The early expression
of TNFa mRNA further supports the hypothesis that TNFa is an early key cytokine in the
inflammatory cascade. In the case of IL-10 we observed mRNA expression at the later
time points of 4 and 6 hours. Again the expression of IL-10 mRNA fits with temporal
release of protein observed in the inflammatory cascade and supports its later anti-
inflammatory role in the response. The expression of TNFa and IL-10 mRNA in the tissue
therefore indicates LPS is stimulating de novo protein synthesis in our model. However,
further research would be required to look at the mRNA expression of the other mediators
expressed in our model. This finding is inline with previous research that has shown LPS
induces transcription of TNFa and IL-10 (Cassatella et al., 2005, Biragyn et al., 1995).

In conclusion our data suggests the lung tissue may have two phases of response
when stimulated with LPS. Firstly, the acute inflammatory phase driven by TNFa,
followed by the release of pro-inflammatory cytokines IL-6, IL-8 and GRO-a.. Following
the initial inflammation the later release of the anti-inflammatory cytokine IL-10 and
remodelling mediators such as TIMP-1 and TGFB, may indicate the initiation of a
resolution and repair phase. If as this work suggests TNFa is the key early response
cytokine in the kinetics of an acute inflammatory response it may represent an important

future therapeutic target in pulmonary inflammation.
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Chapter 4: The role of TNFa and [L-10 in acute inflammation
4.1 Introduction
TNFao has been previously been shown to play an important role in many chronic
inflammatory diseases and is now accepted as an important therapeutic target in
rheumatoid arthritis and sepsis (Feldmann et al., 2001, Stuber ef al., 1995). Following
recognition of the importance of TNFa in this respect several humanised monoclonal
antibodies have been developed to neutralise its biological activity. Clinical trials of these
humanised antibodies (such as infliximab) have been successful and they are now used
clinically in a range of chronic inflammatory diseases including rheumatoid arthritis,
Crohns disease, and sepsis (Hurlimann et al., 2002, Sandborn, 2005 and Panacek et al.,
2004). In our acute inflammatory model TNFa release occurred earlier than the other
cytokines measured, indicating TNFo may play a key role in regulating the response to
LPS. We were therefore interested to further investigate the role of TNFa in our model
using a neutralising TNFo antibody.

We believe that TNFa plays a critical role in regulating the inflammatory cascade
in human lung tissue. It is therefore important to identify which cells are responsible for its
synthesis. We have used immunohistochemistry firstly to characterise the cell populations
within human lung fragments and secondly to identify cells producing different cytokines.
Identification of the cells responsible for cytokine production during lung inflammation
may help to therapeutically target cytokine release from these specific cells.

Having identified cytokine cascades as a central feature in our model of lung
inflammation, we were interested to know if any of the clinical parameters collected on the
tissue donors correlated with in vitro responses. Data available included the patients age,
gender, lung function and smoking history. Due to the nature of their disease the majority
of our patients have a smoking history and approximately 65% have some degree of
airway obstruction. Stratifying the disease COPD has not been easy but in 2001 the global
initiative for chronic obstructive lung disease (GOLD) guidelines were introduced (GOLD,
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2001). The initiative provides a simple objective method of classifying the severity of
disease by measuring the degree of lung function abnormality in COPD patients. Using the
GOLD guidelines we hope to assess if disease severity affects LPS stimulated cytokine
release in our patient cohort. Understanding which cytokines are modulated in disease
conditions such as COPD could provide important therapeutic targets.

COPD is generally regarded as a progressive disease but patients responses are
heterogeneous. In particular some patients show a rapid decline in lung function, which has
led some authors to speculate that there may be a genetic component to COPD. The
production of TNFa is complex and appears to be regulated by a wide range of factors
including other cytokines. Previous studies have shown that polymorphisms in the TNFa
promoter can influence the severity of rheumatic disease (Rood et al., 2000, Ozen et al.,
2002). In the TNFa promoter a G=> A transition at position —-308 relative to the
transcriptional start site results in increased TNFa production (Knight et al., 1999, Wilson
et al., 1997). Individuals with TNF-308 A/A genotype are described as being high
producers of TNFa, TNF-308 A/G genotypes as moderate producers and TNF-308 G/G
genotypes as normal producers (Rood et al., 2000). Studies have shown that both the TNF-
308 A/A and the TNF-308 A/G genotypes occur at a higher frequency in patients with
rheumatological diseases (Rood et al., 2000, Ozen et al., 2002). As TNFa appears to play
an important key role in our inflammatory model we speculate that polymorphisms in
cytokines such as TNFo may contribute to the development of COPD. In part this chapter

aims to further characterise the role of TNFo in inflammation and investigate the

relationship between TNFa and the severity of the underlying COPD.
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4.2 Methods

4.2.1 Patient characteristics for human lung tissue experiments

Chapter 4: The role of TNFeand 1L-10 in acute inflammation

Lung tissue was removed from 96 patients (36F/60M) undergoing resection for carcinoma;

tissue used was from the non-tumours normal margin surrounding the tumour site. Data

relating to age, gender, lung function, smoking history, was obtained for patients (see table

4.1). Where different groups of patients were used for individual experiments, the patient

characteristics were controlled to ensure the clinical details of the whole group were

represented.

Table 4.1 Patient characteristics prior to removal of lung tissue

No. of Subjects 96

Age (Yr.) 64.5 £1.1

Gender 36 Female, 60 Male
Lung Function (FEV//FVC) 0.68 £0.01

Smoking Status

9 Non smokers
51 Ex smokers
36 Current smokers

Pack years

45.2+3.1

Table 4.1Tissue samples were taken from a group of 96 patients. Patient details including age, gender, lung

function given as the ratio of FEV/FVC, smoking status and pack years are listed as the mean £SEM.
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4.2.2 Primary cell culture of human lung tissue

Tissue samples were processed as previously described in chapter 2.2.2 preparation of
human lung tissue for primary cell culture. Tissue was then either pre-incubated with
100ng/ml neutralising TNFa/IL-10 antibody or isotype matched control for one hour
before stimulation with 100ng/ml of lipopolysaccharide or buffer control. Human lung
fragments and supernatant were harvested at 1, 2, 4, 6, 24, and 48 hour time points and the
tissue fragments weighed. Both the human lung fragments and supernatant collected were

stored at -80°C. The levels of human TNFa, IL-6, IL-8, and IL-10 were measured in the

supernatant using commercially available ELISAs (See sections 2.3.1 to 2.3.2).

4.2.3 Immunohistochemistry of human lung tissue

Human lung tissue from 18 individuals (9F/9M) consisting of 7 current, 7 ex and 4 non-
smokers, (FEV/FVC 0.7), was embedded in glycol methacrylate (GMA) (see method
2.4.1). Immunohistochemical staining of the samples, using the streptavidin biotin
peroxidase detection system, was used to analyse the expression of TNFa and IL-10, and
also to determine their cellular source in the tissue (see methods 2.4.2). The antibodies

used for the GMA staining are listed in the methods table 2.4.

4.2.4 Classification of COPD by severity using the GOLD guidelines
The GOLD guidelines were used to stratify patients by disease severity. The

guidelines used are from the GOLD guide to COPD diagnosis, management and

prevention (2004) and are listed below (see table 4.2).

93



Chapter 4: The role of TNFo and 1L-10 in acute inflammation

Table 4.2 The GOLD guidelines for COPD diagnosis

Stage 0: Atrisk | ;| o function is normal (FEVY/FVC > 70%).

Stage : Mild | \r14 2irflow limitation (FEV/FVC < 70% but FEV, = 80%
COPD predicted). At this stage individuals are often unaware that they
may have abnormal lung function.

Stage II: Moderate

COPD Worsening airflow limitation (50% = FEV, < 80% predicted)

Stage III: Severe | Further worsening of airflow limitation (30% = FEV, < 50%
predicted). Exacerbations of symptoms are especially common in
COPD this group of patients.

Stage IV: Very
Severe airflow limitation (FEV, < 30% predicted) or FEV, < 50%

severe COPD predicted plus chronic respiratory failure.

Table 4.2 Describes the criteria used to define GOLD status

4.2.5 Genotyping for TNFa and I1-10 alleles

For genotyping of the TNFa and IL-10 alleles the data includes 42 of the
individuals previously described in chapter 4.1 and frozen tissue from an additional 54
individuals. As shown in table 4.1 the characteristics of the 96 individuals were broadly
similar to the characteristics given in table 3.1. Genomic DNA was extracted from frozen
human lung tissue using DNeasy spin columns from Quiagen as per manufacturers
instructions (see method 2.6.1). TNFo -308 and IL-10 — 1082 single nucleotide
polymorphisms (SNPs) were selected for genotyping due to their documented, but variable
association with cytokine production and diseases that have an inflammatory basis
(Waldron-Lynch et al., 2001, Ozen et al., 2002 and Tagore et al., 1999). SNP genotyping
was preformed using a two- reaction amplification refractory mutation system polymerase
chain reaction (ARMS-PCR) approach. The methods used have been previously published
(Howell et al., 2002, Smith et al., 2004), but briefly in this approach two separate PCR
reactions are performed per SNP. Each PCR reaction also contained an additional pair of

PCR primers, amplifying a sequence from the third intron of the human leukocyte antigen
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DRBI gene to act as an internal control for successful PCR. The primers used and full

PCR cycling parameters are given in the methods 2.6.2 3.

4.3 Results

4.3.1 The effect of neutralising TNFa antibody on IL-6 release
The kinetic data presented in chapter 3 demonstrated that a succession of cytokines are
released in response to LPS, with TNFa at the head of the cascade. If TNFa is indeed

initiating the inflammatory cascade of cytokines, removing TNFa should arrest or
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attenuate the cytokine cascade. In our model a neutralising TNFo. antibody was used to

block the biological activity of TNFa.

Figure 4.1
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Figure 4.1 Effect of pre-treatment with nTNFaAb on IL-6 release. Human lung tissue (n=15) was
incubated with nTNFaAb (grey circles) or an isotype control (filled circles) for 1hr and then stimulated with
100ng/ml LPS. The baseline levels of IL-6 from tissue incubated with only the isotype control are also
indicated (open circles). The release of IL-6 into the supernatant was measured by ELISA. Values given are
the mean + SEM and are expressed as ng/mg of tissue. The data was statistically analysed using the
Wilcoxon-Signed Rank test, * indicates that LPS stimulated IL-6 release is significantly decreased in the

presence of n"TNFa antibody (P<0.05).

As shown in figure 4.1 pre-treatment with neutralising TNFa antibody (nTNFa Ab) for
1hour before LPS stimulation reduced the release of IL-6 at 24hrs (mean= 216 ng/mg of
tissue) compared to LPS and isotype control (mean= 501 ng/mg of tissue, P<0.05). We can
also see in figure 4.1 that neutralisation of TNFa reduces the release of IL-6 back to

baseline levels seen in the isotype control even at 48hrs.
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4.3.2 The effect of neutralising TNFa antibody on IL-8 release

Neutralisation of TNFa also resulted in a reduction in IL-8 release. As shown in
figure 4.2, the levels of IL-8 released were reduced at 24hrs with nTNFa Ab treatment
(mean= 319 ng/mg of tissue) compared to LPS and isotype control (mean= 767 ng/mg of
tissue, P<0.05). As previously shown with IL-6, nTNFa Ab also inhibited IL-8 release

back to the baseline levels seen with the isotype control up to the 48 hour time point (see

figure 4.2).
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Figure 4.2 Effect of pre-treatment with nTNFaAb on IL-8 release. Supernatants from figure 4.2 were
analysed for IL-8 using ELISA. As before the tissue was incubated with either nTNFaAb (grey circles) or an
isotype control (filled circles) for 1hr and then stimulated with 100ng/ml LPS. The baseline levels of IL-6 are
also indicated (open circles). Values given are the mean + SEM and are expressed as ng/mg of tissue. The
data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates that LPS stimulated IL-8
release is significantly decreased in the presence of n'TNFa antibody (P<0.05).
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4.3.3 The effect of neutralising TNFa antibody on IL-10 release

The release of IL-10 was also completely obliterated with pre-treatment of nTNFaAb. As
shown in figure 4.3 the most marked difference with nTNFa Ab treatment is at 48hrs
(mean= 0.3 ng/mg of tissue) compared to the LPS stimulated isotype control (mean= 18.3

ng/mg of tissue, P<0.05).

Figure 4.3
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Figure 4.3 Effect of pre-treatment with nTNFaAb on IL-10 release. Supernatants from figure 4.3 were
analysed for IL-10 using ELISA. The tissue was incubated with either n"TNFaAb (grey circles) or an isotype
control (filled circles) for 1hr and then stimulated with 100ng/ml LPS. The baseline levels of IL-6 are also
indicated (open circles). Values given are the mean + SEM and are expressed as ng/mg of tissue. The data
was statistically analysed using the Wilcoxon-Signed Rank test, * indicates that LPS stimulated IL-10 is

significantly reduced by nTNFa antibody (P<0.05).

4.3.4 The effect of neutralising IL-10 antibody on TNFa release

Within the literature there is evidence that IL-10 can regulate TNFa release via a negative
feedback mechanism (Armstrong et al., 1996, Gazzinelli et al., 1996). As TNFa is the key

cytokine in our inflammatory response we were therefore interested if IL-10 was able to

98



Chapter 4: The role of TNFa and IL-10 in acute inflammation
regulate the release of TNFa in our model. To block the biological activity of IL-10 in
these experiments we used a neutralising IL-10 antibody (nIL-10 Ab). As shown in figure
4.4 pre-treatment with nIL-10Ab for 1hour before LPS stimulation actually augmented the
release of TNFa, especially at the time points where we previously started to see IL-10
release (see figure 3.10). The effect of neutralisation of IL-10 is most marked when we
look at the 48hour time point in figure 4.4, where the levels of TNFa released are still
dramatically increasing unchecked (mean= 28.9 ng/mg of tissue) compared to the isotype

and LPS control (mean= 8.5 ng/mg of tissue, P<0.05).

Figure 4.4

TNFa (ng/mg of tissue)

Time (hours)

Figure 4.4 Effect of pre-treatment with nIL-10Ab on TNFo release. Human lung tissue (n=11) was
incubated with nIL-10Ab (grey circles) or an isotype control (filled circles) for lhr and then stimulated with
100ng/ml LPS. The baseline levels of TNFa from tissue incubated with only the isotype control are also
indicated (open circles). The release of TNFa into the supernatant was measured by ELISA. Values given are
the mean + SEM and are expressed as ng/mg of tissue. The data was statistically analysed using the
Wilcoxon-Signed Rank test, * indicates that LPS stimulated release of TNFa is significantly increased in the

presence of nIL-10 antibody (P<0.05).
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4.3.5 The effect of neutralising IL-10 antibody on IL-6 release

As neutralising the activity of IL-10 resulted in augmented release of TNFa, we were
interested if neutralising IL-10 elevated the release of any other cytokines involved in the
inflammatorycascade. As shown in figure 4.5 pre-treatment with nIL-10Ab for lhour
before LPS stimulation also resulted in augmented release of IL-6 at 24hrs, which was
again maintained until 48hrs (mean= 810 ng/mg of tissue) compared to isotype control and

LPS stimulation (mean= 565 ng/mg of tissue, P<0.05).
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Figure 4.5 Effect of pre-treatment with nIL-10Ab on IL-6 release. Supernatants from figure 4.4 were
analysed for IL-6 using ELISA. As before the tissue was incubated with either n"TNFaAb (grey circles) or an
isotype control (filled circles) for 1hr and then stimulated with 100ng/ml LPS. The baseline levels of IL-6 are
also indicated (open circles). Values given are the mean = SEM and are expressed as ng/mg of tissue. The
data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates that LPS stimulated release
of IL-6 is significantly increased in the presence of nIL-10 antibody (P<0.05).
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4.3.6 The effect of neutralising IL-10 antibody on IL-8 release
As shown in figure 4.6 pre-treatment with nIL-10Ab for 1hour before LPS stimulation also
resulted in the elevated release of 1L-8 at 24hrs. The release of IL-8 remained elevated
until 48hrs (mean= 2156 ng/mg of tissue) compared to isotype control and LPS stimulation

(mean= 507 ng/mg of tissue, P<0.05).

Figure 4.6
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Figure 4.6 Effect of pre-treatment with nIL-10Ab on IL-8 release. Supernatants from figure 4.4 were
analysed for IL-8 using ELISA. The tissue was incubated with either n"TNFaAb (grey circles) or an isotype
control (filled circles) for 1hr and then stimulated with 100ng/ml LPS. The baseline levels of IL-6 are also
indicated (open circles). Values given are the mean + SEM and are expressed as ng/mg of tissue. The data
was statistically analysed using the Wilcoxon-Signed Rank test, * indicates that LPS stimulated release of IL-
8 is significantly increased in the presence of nIL-10 antibody (P<0.05).

4.3.7 Immunohistochemistry of human lung tissue

We then turned our attention to the cellular sources of cytokines in the model. We focused
on the cellular sources of TNFa and IL-10, as they appear to play key roles in the cytokine
cascade. Immunohistochemistry is an extremely powerful technique allowing the
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visualisation of proteins in their native tissue. In this study the tissue used in the model is
mainly lung parenchyma. Following primary culture the tissue samples were fixed in

acetone and embedded in GMA for immunohistochemical analysis.

4.3.8 TNFa in lung parenchyma

TNFa expression was analysed in a cohort of 18 patients consisting of 7 current, 7 ex and
4 non-smokers with a range of lung functions (FEV;/FVC). The staining presented here is
from two individuals, to illustrate the differences observed between current smokers with
and without obstructed lung disease. Both were embedded and stained with a monoclonal
antibody for TNFa (see method 2.4.2) after 1hr of LPS stimulation in culture. Figure 4.7
(upper panel, over the page) shows TNFa staining in a sample obtained from a male
current smoker, 60 years of age. This individual presented with an FEV/FVC of 45%
indicating obstructive lung disease. The picture depicts intense TNFa. staining associated
within cell bodies (indicated by the arrows). The second sample (figure 4.7, lower panel)
was from a male current smoker, 59 years of age. This individual however had an
FEV/|/FVC ratio of 84%, indicating normal lung function. As can be seen there is less
TNFo immunoreactivity in this sample compared to the current smoker with poor lung
function.

After 6hrs of LPS stimulation the staining for TNFa within the parenchyma is
much more diffuse in both samples (see figure 4.8). TNFa is mainly associated with the
ECM and endothelial cells, with little immunoreactivity found within cells. However
TNFa staining is more intense in the impaired lung tissue (upper panel) compared to the

‘normal’ lung (lower panel).
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Figure 4.7
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Figure 4.7. TNFa staining post 1 hour LPS stimulation in lung parenchyma. Staining for
TNFain the lung parenchyma from a 60-year-old current smoker with obstructive lung disease,
following stimulation of the tissue with LPS for 1 hour (upper panel). Compared to TNFa staining
in lung parenchyma from a 59-year-old current smoker with normal lung function, again following
LPS stimulus for 1 hour. Bar represents SOum, positive cells are stained red.
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Figure 4.8
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Figure 4.8. TNFa staining post 6 hour LPS stimulation in lung parenchyma. Staining for
TNFain the lung parenchyma from a 60-year-old current smoker with obstructive lung disease,
following stimulation of the tissue with LPS for 6 hours (upper panel). Compared to TNFa staining
in lung parenchyma from a 59-year-old current smoker with normal lung function, again following

LPS stimulus for 6 hours. Bar represents 50um, positive cells are stained red.
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4.3.9 Co-localisation of TNFa

Co-localisation analysis of sequential sections was conducted to identify inflammatory
cells contributing to TNFa release during the inflammatory response. The markers used
were neutrophil elastase (neutrophils), CD68 (activated macrophages), and AA1 (mast
cells). All sections stained positive for varying amounts of neutrophil elastase, CD68 and
AAl. Figures 4.9, 4.10 and 4.11 (over the page) show sequential sections of lung
parenchyma from a 65 year old female smoker, with a FEV/FVC of 0.68 stained with
monoclonal antibodies for TNFa, CD68, AA1 and neutrophil elastase. The staining in
figure 4.9 illustrates the co-localisation of TNFa with activated macrophages, TNFa was
also found to co-localise with mast cells as shown in figure 4.10, which was consistently
found for all individuals in our study. The co-localisation of TNFa release with neutrophils
was not observed.

Mast cells are capable of both newly synthesising and storing TNFa in secretory
granules. However in the staining undertaken it is impossible to assess if the TNFa
observed in the mast cells at one hour is being newly synthesised or is present due to being
previously stored in granules. A further study would therefore be required to establish
whether macrophages or mast cells contribute to the majority of the TNFa released in our
model. Finally empirical analysis indicated that the numbers and distribution of

inflammatory cells was similar in all tissue sections.
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Figure 4.9
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Figure 4.9. Co-localisation of TNFa with macrophages in the lung parenchyma. Lung was

obtained from a 65-year-old female smoker, with normal lung function and stimulated with LPS
for 1 hour. The tissue was then embedded and sequential sections of lung parenchyma obtained

and stained with monoclonal antibodies for TNF a (upper panel) and CD68 (lower panel).

Bar represents 4um, positive cells are stained red.
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Figure 4.10

Figure 4.10. Co-localisation of TNFa with mast cells in the lung parenchyma. Lung was
obtained from a 65-year-old female smoker, with normal lung function and stimulated with LPS
for 1 hour. The tissue was then embedded and sequential sections of lung parenchyma obtained
and stained with monoclonal antibodies for TNF o (upper panel) and AA1 (lower panel).

Bar represents 4um, positive cells are stained red.
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Figure 4.11

Figure 4.11. Co-localisation of TNFa with neutrophils in the lung parenchyma. Lung was
obtained from a 65-year-old female smoker, with normal lung function and stimulated with LPS
for 1 hour. The tissue was then embedded and sequential sections of lung parenchyma obtained
and stained with monoclonal antibodies for TNF a (upper panel) and neutrophil elastase

(lower panel). Bar represents 20um, positive cells are stained red.
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4.3.10 IL-10 staining in lung parenchyma

The same tissue used in to co-localise TNFa with cells in the lung parenchyma was also
used to analyse IL-10 release in tissue stimulated with LPS for 6hrs. In comparison to
TNFa we observed practically no IL-10 release at 6hrs. From the kinetic data shown in
figure 3.10 (over the page) we previously observed IL-10 release peaked at 48hrs in
response to LPS. Unfortunately we did not embed tissue from the 48hr time point due to
concerns of tissue antigenicity. However, as shown in figure 4.12 the IL-10 that was
observed was found to be co-localised with activated macrophages in the lung

parenchyma.
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Figure 4.12

Figure 4.12. Co-localisation of IL-10 with macrophaes in the lung parenchyma. Lung was
obtained from a 65-year-old female smoker, with normal lung function and stimulated with LPS
for 1 hour. The tissue was then embedded and sequential sections of lung parenchyma obtained
and stained with monoclonal antibodies for IL-10 (upper panel) and CD68 (lower panel).

Bar represents 5um, positive cells are stained red.
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4.3.11 Heterogeneity in the TNFa response

We have shown evidence using neutralising TNFa antibodies and immunohistochemistry
that supports the hypothesis that TNFoa is a key cytokine in the acute inflammatory
response. Interestingly, over the course of the kinetic experiments we noted substantial
variation in the amounts of TNFa released in response to LPS between individuals. Figure

4.13 shows the heterogeneity in the LPS stimulated release of TNFa at 6 hours, from 54

patients.
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Figure 4.13 The heterogeneity of TNFo release from human lung tissue. The data is reworked from
figure 3.1, human lung tissue was stimulated with LPS for 6 hrs and release of TNFa measured by ELISA,

value are expressed as ng/mg of tissue.

4.3.12 Re-classification of TNFa data using GOLD guidelines

Having noted the heterogeneity in TNFa release in response to LPS. We were interested to
investigate if disease severity was influencing TNFa release in our acute inflammatory

model. Patients were classified using the GOLD guidelines for COPD. For full definitions
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see methods 4.2.4 but briefly, GOLD 0 indicates patients, which are at risk of developing
COPD. GOLD 1 classifies patients with mild COPD and GOLD 2 indicates patients with
moderate COPD. The TNFa kinetic data from figure 3.1 was re-analysed using the GOLD
guidelines. Unfortunately, full spirometric analysis for all 54 individuals in the study was
not available and the data shown therefore only includes 36 of the patients. As shown by
figure 4.14 all individuals followed a similar release of TNFa up to the 6 hour time point.
However, at 24hrs TNFa release continued to increase in individuals classified as GOLD 1
(mean= 26.5 ng/mg of tissue) and GOLD 2 (mean= 27.6 ng/mg of tissue, P<0.05)

compared to GOLD 0 individuals (mean= 12.3 ng/mg of tissue, P<0.05). By 48hrs TNFa

release is shown to plateau in all groups.

Figure 4.14
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Figure 4.14 Re-classification of TNFa release using GOLD guidelines. Data from figure 3.2 was re-
classified as GOLD 0 (open circles), GOLD 1 (grey circles) and GOLD 2 (filled circles) individuals using the
GOLD guidelines. Values given are the mean +SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test, ** indicates P<0.05 for both GOLD 1 and 2
compared to GOLD 0, while * indicates P<0.05 for GOLD 2 compared to GOLD 0.
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4.3.13 Re-classification of IL-6 data using GOLD guidelines

As disease severity influenced TNFa release in our model we interested to know if
severity of disease directed the release of other cytokines in the inflammatory cascade. The
IL-6 kinetic data from figure 3.4 was re-classified again using the GOLD guidelines and is
shown in figure 4.15. Again as we saw in the TNFa data, all individuals followed a similar
release of IL-6 up to 6 hours. By 24hrs we can observe a clear difference in IL-6 release
with GOLD 2 patients releasing more IL-6 (mean= 773 ng/mg of tissue) compared to
GOLD 1 (mean= 511 ng/mg of tissue, P<0.05) and GOLD O patients (mean= 217 ng/mg of

tissue, P<0.05). The elevated release of IL-6 with disease severity was still maintained at

48hrs.

Figure 4.15
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Figure 4.15 Re-classification of IL-6 release using GOLD guidelines. Data from figure 3.5 was re-
classified as GOLD 0 (open circles), GOLD 1 (grey circles) and GOLD 2 (filled circles) individuals using the
GOLD guidelines. Values given are the mean +SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test, ** indicates P<0.05 for both GOLD 1 and 2

compared to GOLD 0.
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4.3.14 Re-classification of IL-8 data using GOLD guidelines
Patients classified as GOLD 0 and GOLD 1 followed a similar pattern of IL-8
release over all of the time points. Although GOLD 2 patients followed a similar pattern of
release as shown by figure 4.16, GOLD 2 patients also released more IL.-8 at all of the time
points. The difference being greatest at 48hrs with GOLD 2 patients releasing (mean=
2041 ng/mg of tissue) compared to a mean value of IL.-8 release of 1147 and 1046 ng/mg

of tissue respectively from GOLD 0 and 1 patients (P<0.05).

Figure 4.16
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Figure 4.16 Re-classification of IL-8 release using GOLD guidelines. Data from figure 3.7 was re-
classified as GOLD 0 (open circles), GOLD 1 (grey circles) and GOLD 2 (filled circles) individuals using the
GOLD guidelines. Values given are the mean +SEM and are expressed as ng/mg of tissue, error bars have
been removed for clarity. The data was statistically analysed using the Wilcoxon-Signed Rank test, *

indicates P<0.05 for GOLD 2 compared to GOLD 0 and 1.
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4.3.15 Re-classification of IL-10 data using GOLD guidelines
Finally, the kinetic IL-10 data from figure 3.8 was also re-analysed using the GOLD
guidelines as is shown in figure 4.17. All individuals followed a similar pattern of release
for IL-10 up to 4 hours. By 24hrs we can observe a clear difference in IL-10 release with
GOLD 0 patients releasing more IL-10 (mean= 17.9 ng/mg of tissue) in comparison to
GOLD 1 (mean= 8.5 ng/mg of tissue, P<0.05) and GOLD 2 patients (mean= 7.8 ng/mg of

tissue, P<0.05).

Figure 4.17
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Figure 4.17 Re-classification of IL-10 release using GOLD guidelines. Data from figure 3.12 was re-
classified as GOLD 0 (open circles), GOLD 1 (grey circles) and GOLD 2 (filled circles) individuals using the
GOLD guidelines. Values given are the mean +SEM and are expressed as ng/mg of tissue. The data was
statistically analysed using the Wilcoxon-Signed Rank test, ** indicates P<0.05 for GOLD 2 compared to
GOLD 0 and 1, while * indicates P<0.05 for GOLD 2 compared to GOLD 0.
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4.3.16 Cytokine release from current and ex-smokers
Given the above data we were therefore interested to see if any other clinical parameters of
the patients were predictors of cytokine release. The data illustrated in figure 3.1 was used
to analyse the differences in TNFa release from current and ex-smokers. The release of
TNFa was statistically elevated in the current smokers from 6 hours (mean=12.3ng/mg of
tissue) compared ex-smokers (mean= 6.1ng/mg of tissue, P<0.05) and remained elevated
as shown in figure 4.18a. As with TNFa we found the release of IL-6 was statistically
elevated in current smokers from 6hrs (mean=510.2ng/mg of tissue) verses the ex smokers
(mean= 220.0ng/mg of tissue, P<0.05) and remained elevated at 48hrs as shown in figure
4.18b. Chi squared analysis of the data indicated there was no relationship between GOLD
status and smoking history (Chi squared=0.23, P=0.59). Finally, in contrast to TNFa and
IL-6 we found no difference between current and ex-smokers for the cytokines IL-8 and

IL-10 (data not shown).
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Figure 4.18 Cytokine levels in supernatants from current and ex-smokers. For figure 4.18a data from figure 3.1 was
re-classified into current smokers (filled circles) and ex-smokers (open circles). Data from figure 3.7 was also reclassified
into current smokers (filled circles) and ex-smokers (open circles) see figure 4.18b. Values given are the mean + SEM
and are expressed as ng/mg of tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, *
indicates P<0.05 for current smokers compared to ex smokers.
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4.3.17 Polymorphisms in the TNFa promoter

Our data has indicated there is a relationship between the release of TNFa from
human lung tissue and the presence of COPD. In diseases associated with chronic
inflammation such as rheumatoid arthritis, polymorphisms in the TNFa. promoter at base -
308 have been shown to modify TNFa production (Knight et al., 1999, Wilson et al.,
1997). In these studies individuals were classified as normal, moderate or high producers
of TNFa depending on their alleles for the TNFa promoter. Analysis of the TNFa
promoter in lung tissue of current and ex smokers could therefore potentially provide
important information on the genetic basis of acute inflammation mediated by TNFa. In
our study we typed the DNA of 96 individuals for the G/A single nucleotide polymorphism
at position —308 in the promoter region of the TNFa gene using competitive PCR. The
agarose gel in figure 4.19 illustrates the PCR products from six randomly selected lung

tissue samples and genotype controls.

Figure 4.19
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Figure 4.19 Example of typical TNFo 308 ARMs-PCR gel. Human lung tissue was removed from (n=96) individuals
during lung resection procedures, and DNA extracted using DNA spin columns. Competitive ARMs-PCR was performed
on each of the DNA samples, with forward specific primers for SNP A/G at base -308 and reverse common primer
(primers shown in method 2.6.2). Genotype controls were included on each gel, from top left Conl shows the PCR
products for a AG genotype, Con2 a GG genotype and Con3 a AA genotype. As an example of the typical PCR products
obtained from the patients in our study, in the second and third row are a total of 6 patients, which are representative of
the group as a whole. The results were visualised on a 1% agarose gel, impregnated with ethidium bromide (0.5pg/ml).
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We found the percentage of each promoter type was the same as the general
population (Howel, 2002). The promoter data indicates our population of patients are not
pre-disposed towards a greater inflammatory response even though they are being treated
for cancer. The table in figure 4.2 shows the percentage of each promoter type found in the

general population and our cohort of 96 patients.

Table 4.2 Percentage of each SNP in the TNFa promoter at base -308

Genotype Promoter % SNP in the % SNP in the lung
phenotype general population | study population
Howel et al., 2004
(n=214) (n=96)
AA High producer 5.6 4.1
AG Moderate producer 26.2 28.1
GG Normal producer 68.2 67.7

Table 4.2 Frequency of TNFo promoter —308 SNPs. The promoter types of each individual in the study
(n=96) were used to calculate the frequency of each promoter type in the population of lung samples
collected. The frequency of each promoter in the general population is taken from a study by Howel, 2004.

4.3.18 Polymorphisms in the TNFa promoter and TNFa release

Genetically based differences in the inflammatory response due to polymorphisms in the
TNFa could contribute to the initiation and maintenance of airway inflammation.
However, when we analysed the relationship between promoter type and the release of
TNFa by individuals in the inflammatory model, we found no association. In fact with
further detailed analysis we found no relationship between the TNFo promoter and any of

the clinical parameters such as lung function and disease status as shown in figure 4.3.
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Table 4.3 Relationship between the TNFa promoter and clinical parameters

TNFao release P=0.39

Lung function

TNFa Promoter —308 (FEV,/FVC) P=0.14
SNP
Vs A
= P=0.85
Gender P=0.48

Table 4.3 Relationship between the TNFo. promoter and clinical parameters. The TNFa -308 promoter
types of each individual in the study (n=96) were used to analyse the relationship between TNFa release,
lung function, age and gender. The data was statistically analysed using the Kruskal Wallis test, a P value
<0.05 was considered significant.

4.3.19 Polymorphisms in the IL-10 promoter

In our model we have shown IL-10 can affect the production of TNFa in acute
inflammation, which is in line with previous findings (Armstrong et al., 1996, Gazzinelli et
al., 1996). As we found no correlation between SNPs in the TNFoa promoter and TNFa
production in the response, we were interested to investigate if IL-10 was driving the
heterogeneity in the response of TNFa. The IL-10 -1082_A allele is known to correlate
with reduced IL-10 production. Previously, patients with ‘low producer allele’ IL-10-
1082_A have been shown to develop immunological inflammatory diseases, such as
inflammatory bowel disease (Tagore et al.,1999), severe forms of rheumatoid arthritis
(Hajeer et al., 1998), and systemic lupus erythematosus (Lazarus et al., 1997). In these
studies individuals were classified as high, normal, or low producers of IL-10 depending
on their alleles for the IL-10 promoter. Analysis of the IL-10 promoter in human lung

tissue could therefore potentially provide important information on the genetic basis of the
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regulation of inflammation by IL-10. The DNA of the 96 individuals in figure 4.20 was
also used to type the promoter region of the IL-10 gene using competitive PCR. The
agarose gel in figure 4.18 illustrates the PCR products from randomly selected lung tissue

samples and genotype controls.

Figure 4.20

Primers added A G A G A G

Genotype

Figure 4.20 Example of typical IL-10 —-1082 ARMs-PCR gel. Human lung tissue was removed
from (n=96) individuals during lung resection procedures, and DNA extracted using DNA spin
columns. Competitive ARMs-PCR was performed on each of the DNA samples, with forward
specific primers for SNP A/G at base -1082 and reverse common primer (primers shown in method
2.6.3). Genotype controls were included on each gel, from top left Con1 shows the PCR products for
a AG genotype, Con2 a AA genotype and Con3 a GG genotype. As an example of the typical PCR
products obtained from the patients in our study, in the second and third row are a total of 8 patients,
which are representative of the group as a whole. The results were visualised on a 1% agarose gel,
impregnated with ethidium bromide (0.5xg/ml

We found that the percentage of each promoter type was the same as the general
population previously described by Tagore et al (1999). However we did observe
differences when comparing our study to the general population genotyped in a smaller

study by Seifart et al (2005). The table in figure 4.4 shows the percentage of each promoter
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type found in our study of 96 patients compared to the general population previously

reported Tagore ef al (1999) and Seifart et al (2005).

Table 4.4 Percentage of SNPs in the IL-10 promoter at base -1082

% SNP in the % SNP in the % SNP in
Genotype Promoter general general the current
phenotype population by population by lung study
Seifart et al., Tagore et al.,
2005 (n=243) 1999 (n=330) (n=96)
AA Low producer 35.4 28.0 25
AG Normal producer 47.3 42.0 44.8
GG High producer 17.3 30.0 31.2

Table 4.4 Frequency of IL-10 promoter types. The promoter types of each individual in the study (n=96)
were used to calculate the frequency of each promoter type in the population of lung samples collected. The
frequency of each promoter in the general population are taken from studies by Seifart et al., 2004 and

Tagore et al., 1999.

4.3.20 Polymorphisms in the IL-10 promoter and TNFa release

However when we analysed the relationship between IL-10 promoter —1082 SNPs
and the release of TNFa or IL-10 by individuals in the inflammatory model, we found no
relationship. As with the TNFa promoter we also found no correlation between the IL-10

promoter and any of the clinical parameters shown in figure 4.5.
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Table 4.5 Correlations between the IL-10 promoter and clinical parameters

TNFa release P =0.89
IL-10 release P=10.69
IL-10 Promoter —1082
SNP
Lung function P =041
Vs (FEV,/FVC)
Age P=0.75
Gender P=0.43

Table 4.5 Relationship between the TNFo premoter and clinical parameters. The TNFa -308 promoter
types of each individual in the study (n=96) were used to analyse the relationship between TNFa release,
lung function, age and gender. The data was statistically analysed using the Kruskal Wallis test, a P value
<0.05 was considered significant.
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4.4 Discussion

TNFa has previously been recognised as an important cytokine in many chronic
inflammatory diseases and is now accepted as an important target in rheumatoid arthritis,
inflammatory bowel disease and sepsis (Hurlimann et al., 2002, Sandborn, 2005 and
Panacek ef al., 2004). In our acute inflammatory model TNFa release occurred earlier than
the other cytokines measured, indicating TNFa may play a key role in regulating the
response to LPS. We were therefore interested to further investigate the role of TNFa in

our model.

TNFa production was first described in macrophages and monocytes. Since then
other cells including mast cells, eosinophils, and epithelial cells have been shown to be
able to synthesise TNFa (Vassalli et al., 1992, Skerrett et al., 2004, Thomas, 2001). Our
data suggests both macrophages and mast cells may contribute to TNFa production in our
model. It has previously been demonstrated that cell-surface TLR-4 mediated activation of
macrophages and mast cells by LPS results in the production of inflammatory cytokines
including TNFa (Tackeuchi ef al., 2001). Mast cells are capable of both releasing newly
synthesised TNFa and storing TNFa within secretory granules. However with the co-
localisation technique used it is not possible to specify if TNFa is being released in
response to LPS or if the staining simply depicts TNFa stored in secretory granules within
mast cells. It is therefore difficult to determine which cell populations make the greatest
contribution to TNFa release in the pulmonary response. However macrophages do not
store TNFa within secretory granules (Kaartinen et al., 1996) and this suggests that the co-
localised TNFo must be newly synthesised in response to LPS. In the previous chapter we
have shown evidence that suggests TNFa is newly synthesised in response to LPS

stimulus. The range of cytokines released within the response are also associated more
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with a Th, response. Therefore the alveolar macrophage appears the most likely candidate
for TNFa release in the LPS response.

Immunohistochemistry also showed the TNFa staining to be very diffuse and
bound to endothelial cells within the parenchyma by 6 hours (see figure 4.8). However it is
not clear if this is newly synthesised TNFa from the endothelial cells or bound TNFa from
other sources. Epithelial and endothelial cells form the first line of defence against
bacterial pathogens and studies have shown these cells can synthesis TNFa in response to
LPS (Skerrett et al., 2004). Due to the diffuse staining in the samples we were not able to
assess if epithelial and endothelial cells were involved in the TNFa response. It must be
noted that the small numbers in the immunohistochemistry precludes us from making
broad statements about the amounts of TNFa released and disease severity.

As well as determining the cellular sources of TNFa we were also interested to
investigate if TNFa was the key cytokine in the LPS driven cytokine cascade. We found
neutralisation of the low levels of TNFa obliterated the LPS stimulated cytokine release up
to 48hrs later in the response. The antibody data therefore further indicates the key role of
TNFa in the inflammatory cascade. The levels of TNFa released in response to LPS were
much lower than the levels of IL-6 and IL-8. The data therefore indicates that the temporal
release of cytokines in the inflammatory cascade is more important than just simply the
concentration of cytokines released. Blockade of TNFa activity by use of monoclonal
antibodies, such as Infliximab is used clinically in a range of chronic inflammatory
diseases, including rheumatoid arthritis, Crohns disease, and sepsis (Hurlimann et al.,
2002, Sandborn, 2005, Paneck et al., 2004). Clinical trials in rheumatoid arthritis patients,
on combinational therapy with methotrexate and Infliximab have shown better clinical and
functional benefits compared to treatment with methotrexate alone (St Clair et al., 2004).
These studies are complemented by in vitro studies with rheumatoid arthritis synoviocytes,
which have shown treatment with Infliximab inhibits TNFa bioactivity (Marotte et al.,
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2005). In our study we have shown TNFa is a key cytokine in acute inflammation and
therefore the use of monoclonal antibodies such as Infliximab could have a therapeutic role
in bacterial derived inflammation. To date the therapeutic use of Infliximab in COPD has
only been studied in one small clinical trial containing 14 patients treated with Infliximab
and 8 with placebo. Over the 8 weeks of the study no significant differences in baseline
characteristic we observed between the Infliximab and placebo treatment groups (Van der
Vaart et al., 2005). However there are important considerations to take from this study;
firstly the study contained no patients with severely restricted lung function; secondly none
of the patients suffered an exacerbation during the study. Our study has alluded to the role
of TNFa in acute inflammation and therefore its possible role in COPD exacerbations. To
obtain a clearer picture of the therapeutic use of antibodies such as infliximab in COPD
larger clinical trials incorporating exacerbations of the disease are required.

In the event that individuals with COPD respond differently to therapeutic
treatments we were interested to know what factors might influence TNFa release in the
LPS driven cytokine cascade. In our acute inflammatory model we observed a significant
heterogeneity in TNFa release following LPS stimulus between individuals. Determining
the factors that affect the release of TNFa may predict which individuals may have
inappropriate responses during acute inflammation and may benefit from treatment. To
allow us to analyse TNFa release with disease severity the individuals in the study were
reclassified using the GOLD guidelines for COPD diagnosis. Interestingly we found
individuals classified as having some form of lung function impairment (GOLD groups 1
and 2) had an elevated TNFa response compared to individuals with normal lung function
(GOLD 0). The relationship between TNFa and disease severity is an important clinical
finding in our study. Previous research has demonstrated elevated levels of TNFa. in
peripheral blood and sputum of patients with stable COPD (Di Francia et al., 1994,

Keatings et al., 1996). Polymorphisms in the promoter region of TNFo. gene have been
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implicated in the chronic inflammatory condition rheumatoid arthritis (Rood et al., 2000,
Ozen et al., 2002). We were therefore interested to determine if SNPs in TNFo. promoter
were influencing TNFa released in response to LPS.

Polymorphisms in the promoter region of the TNFa gene have previously been
shown to predict the severity of disease in rheumatoid arthritis (Rood et al., 2000, Ozen et
al., 2002). Our investigations found no relationship between the SNP at base —308 in the
TNFa promoter and any clinical parameters measured in this study. In fact the percentage
of each promoter type in the study was the same as in the general population. Therefore
this data for the TNFa promoter indicates that individuals included in our study are not
predisposed to a pro-inflammatory state. With regards to COPD the SNP at base -308 in
the TNFa promoter has not been shown to predict the severity of COPD (Sandford et al.,
2000). However there appears to be some correlation with the promoter and COPD in the
Japanese population (Sakao et al., 2001). Interestingly, in our study the TNFo promoter
SNPs also failed to predict the amount or rate of TNFa released. Therefore, although this
is a relatively small study the data suggests that SNP at base —308 in the TNFa promoter is
not a predictor of an individual’s innate inflammatory response.

The GOLD data also showed elevated IL-6 and IL-8 release with lung function
impairment. IL-6 and IL-8 have both been shown to be elevated in COPD patients in
several studies (Bhowmik et al., 2000, Keatings et al., 1997). IL-6 in particular has been
shown to be elevated in exacerbations of COPD and to correlate with inflammatory cell
influx during exacerbation (Seemugal et al., 2000). With increased disease severity it is
easy to understand how elevated levels of IL-6 would lead to heightened acute phase
responses during exacerbation. In the case of IL-8, release was only elevated in individuals
with the most severe lung function impairment in this study. Elevated levels of IL-8 would
lead to the recruitment of neutrophils into the lung and destruction of the lung parenchyma.

Neutrophilia is common in severe COPD patients it is therefore not too surprising that the
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patients with the greatest restriction in lung function also have elevated levels of IL-8. For
both the IL-6 and IL-8 promoter polymorphisms have been found to be associated with
elevated cytokine release. SNPs in the IL-6 and IL-8 promoters were not analysed in this
study, as they did not appear to play such an important role as TNFa and IL-10 in our
model. In addition no association between the development of COPD and either the IL-6
(=174 G/C) or IL-8 (=251 A/T) SNPs has previously been shown (Seifart et al., 2005,
Arinir et al., 2005). The data therefore indicates the disease COPD is the cause of these
elevated levels of cytokines.

In contrast to the other cytokines analysed in this chapter the GOLD data indicates
IL-10 release declines with disease severity. IL-10 is a potent anti-inflammatory cytokine
important in the resolution of inflammation. The finding that the levels of IL-10 are
decreased in the chronic inflammatory condition COPD is therefore extremely interesting.
In support of this finding the levels of IL-10 in induced sputum from COPD patients has
previously been reported to be significantly lower in comparison to healthy non-smokers
(Takanashi et al., 1999). IL-10 was first identified in Th, lymphocytes, and is also
produced by monocytes and macrophages (Moore et al., 2001). In our study
immunohistochemistry of the lung tissue found IL-10 to be co-localised with macrophages,
which is consistent with the literature. We were only able to find low levels of IL-10 at
6hrs but this is consistent with the previous levels of protein expression found in chapter 3.

IL-10 is able to ameliorate inflammation by its ability to inhibit cytokine release
and the expression of surface antigens. In the literature there is strong evidence for IL-10
modulating the production of TNFa in many inflammatory cell types (Armstrong et al.,
1996). Again using a neutralising antibody we were able to show IL-10 was indeed able to
attenuate TNFa release in the LPS model. When the biological activity of IL-10 was
inhibited the release of TNFa was augmented in the LPS model. The release of IL-6 and

IL-8 were also shown to be elevated probably as a direct result of the elevated levels of
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TNFa release in the inflammatory cascade. Previous studies have shown IL-10 inhibits
TNFa production by down-regulating cytokine mRNA expression in activated
macrophages (Armstrong et al., 1996, Fiorentino et al., 1991). The study by Fiorentino and
colleagues also reported neutralisation of 1L.-10 using a monoclonal antibody increased the
production of IL-6 by LPS. This data supports the hypothesis that pro and anti-
inflammatory mediators are in a perpetual cycle within the lung to maintain tissue
homeostasis. However in diseases associated with chronic inflammation such as COPD
this balance has been disrupted. We have shown TNFa to be the key cytokine in our
inflammatory cascade and its release is influenced by disease severity. As IL-10 is able to
affect the production of TNFa in our model, we were interested to determine if SNPs in
the IL-10 promoter were influencing TNFa release in the response.

The IL-10 -1082-A allele is known to correlate with reduced IL.-10 production.
Patients with the postulated ‘low producer allele’ 1L-10-1082_A have been shown to
develop chronic inflammatory diseases, such as inflammatory bowel disease (Tagore et al.,
1999), and severe forms of rheumatoid arthritis (Hajeer et al., 1998). In terms of COPD
there is a certain amount of controversy in the literature as to the role of polymorphisms in
the IL-10 promoter. A recent study by Seifart and co-workers (2005) has demonstrated that
the IL-10-1082_A allele is more common in patients with COPD compared to aged
matched smokers. However, when compared to the general population also genotyped in
this study they found no correlation. This is in line with a second larger study which found
no association with the -1082 SNP and patients with COPD compared to the normal
population. In our study we also found no association with SNPs in the IL-10 promoter and
the release of IL-10 or indeed TNFa in the model. In addition, we also found no
correlation with disease severity and the IL-10 promoter. These findings and supporting
literature may indicate the differences in expression of cytokines with disease severity are

only seen in established disease.
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When analysing the rest of the clinical data we noted smokers produced more
TNFa and IL-6 compared to ex-smokers in response to LPS. This data emphasises the
importance of smoking in acute inflammation of the lung. Evidence in support of this
finding includes, smokers have been shown to have higher levels of bronchial alveolar
lavage TNFa compared to non-smokers (Kuschner et al., 1996). The east London study
also found IL-6 correlated with smoking history (Wedzicha et al., 2003). Exacerbations in
current smokers are associated with increased lung function decline compared to non-
smokers (Kanner et al., 2001). Airflow limitation (FEV, as % predicted) has also been
shown to correlate with pack years of cigarette smoking (Martin et al., 1985 and
Thompson et al., 1989). Enhanced cytokine production in acute inflammation in current
smokers may explain the accelerated lung function decline seen in persistent smokers with
COPD. However it is important to note further statistical analyses found no correlation
between smoking status and disease severity. Both may therefore have important roles in
disease progression. In comparison the levels of IL-8 and 1L-10 were no different between
current and ex-smokers.

Nevertheless, differences in the level of expression of both TNFa and IL-10 may
have influences on the pathogenesis of COPD especially during exacerbations and
therefore represent important therapeutic targets. Therapeutic approaches aimed at stalling
the inflammatory march are currently targeted at pro-inflammatory mediators. Numerous
studies have suggested some of the beneficial actions of steroids may be due to mediation
of TNFa, however steroids lack specificity. Current anti-TNFa therapies focus on the use
of monoclonal antibodies to block either TNFa or its receptors. In terms of therapeutic
treatment of acute inflammation our study indicates neutralisation of TNFa with
humanised monoclonal antibodies such as infliximab, could help to resolve inflammation.
As previously mentioned Infliximab has been tested in a small cohort of COPD patients,

which resulted in no clinical benefit though further studies are needed. In this chapter we
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have shown in our acute inflammatory model elevated levels of TNFa is not the result of
SNPs —-308 or —1082 in the TNFa and IL-10 promoters and therefore requires further
investigation. The results from the infliximab trial are therefore not too surprising.
However the use of infliximab during exacerbations where TNFa maybe involved in acute
inflammation maybe of therapeutic use and requires further study. An important
consideration with monoclonal antibodies is the expensive and high incidence of side
effects. Rheumatoid arthritis patients in Infliximab trials have been shown to be at
increased risk of contracting diseases such as tuberculosis due to a reduced innate immune
system (Giles and Bathon, 2004). If IL.-10 is able to modulate the release of TNFa in acute
inflammation; a more ideal therapy would be the development of small molecule

inhibitors, which could augment the release of IL-10 and temper the TNFa response

without compromising the immune system.
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Acute inflammation —
stimulus specific?



5.1 Introduction

Inflammation can occur in many different contexts therefore identifying common elements
in inflammation could provide useful multifaceted therapies. Conversely identifying key
mediators involved in particular inflammatory conditions could be exploited to develop
drugs against specific therapeutic targets. In the previous two chapters we have
characterised the cytokine cascade released in response to LPS in human lung tissue. We
have shown TNFa plays a key role at the head of the cytokine cascade, and coordinates the
release of various cytokines such as IL-6, IL-8 and IL-10. LPS itself is a blunt stimulus, as
a number of different cells can respond to its presentation. However LPS does stimulate a
specific cytokine cascade, which does not involve every pro-inflammatory mediator, as we
have previously shown in our model. This is in line with the general literature, which
characterises LPS as a stimulus that evokes a Th; cytokine associated immune response
(Stout ef al., 2005, Henricson et al., 1993).

In contrast, allergic inflammation is an example of a Th; cytokine driven response.
We were therefore interested to investigate if we could stimulate the lung to produce a
different cytokine cascade more in line with a Th; response. Allergic inflammation is
increasingly prevalent in the Western world; in the UK alone the European respiratory
health survey estimated that 25% of the adult population suffer from allergic wheeze
(Upton et al., 2000, McDonald et al., 2005). Allergies are associated with elevated levels
of IgE, which binds to high affinity IgE receptors (FceR1) on mast cells in tissues, and
basophils in blood. Cross-linking of the IgE-FceR1 complex by allergen stimulates mast
cells to degranulate (Galli et al., 1993). During this process mast cells release large
numbers of secretory granules, which contain a variety of immunoregulatory cytokines,
chemotactic factors, and pro-inflammatory mediators. Mast cells are also capable of

synthesising additional cytokines in response to various stimuli. Mast cells are therefore
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generally regarded as important effector cells in inflammation and allergic reactions (Burd
et al., 1995). From the immunohistochemistry in chapter four we know there are a
substantial number of mast cells within our lung tissue fragments. In this chapter we
therefore aim to stimulate a Th, associated cytokine cascade by cross-linking the IgE-
FceR1 surface receptors.

In addition, we were also interested to ascertain if there are any similarities or
differences in acute inflammation between species. Many previous experimental studies of
acute inflammation have used in vitro and in vivo rodent models to study human lung
disease. Between rodents and humans there are many similarities but also differences in
the cytokines which are expressed in each species. Species differentiation has been
highlighted by the Th;/Th, paradigm in mice and humans. In mice the cytokines released
in response to stimuli are either Th; or Th; derived. However this concept does not strictly
apply in humans where in both Th; and Th; responses there is a much greater overlap in
the cytokines released. Therefore, in this chapter we also aim to compare the inflammatory

response to LPS in humans with that in rodent lung tissue.
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5.2 Methods

5.2.1 Patient characteristics for human lung tissue experiments

Lung tissue was removed from 19 patients (7F/12M) undergoing resection for carcinoma;
tissue used was from the normal margin surrounding the tumour site. Data relating to age,

gender, lung function, and smoking history, was obtained for patients (see table 3.1).

Table 5.1 Patient characteristics of subjects prior to removal of lung tissue

No. Of Subjects 19

Age (Yr.) 67.6+11.5

Gender 7 Female, 12 Male
Lung Function (FEV/FVC) 0.70 £0.1

3 Non smokers

Smoking Status 10 Ex smokers
6 Current smokers

Asthmatics 1

Allergy 3

Tissue samples were taken from a group of 19 patients. Patient details including age, gender, lung function
given as the ratio of FEV|/FVC, smoking status and pack years are listed.

5.2.2 Primary cell culture of human lung tissue

Tissue samples were processed as previously described in method 2.2.2 preparation
of human lung tissue for primary cell culture. Tissue was stimulated with either anti-IgE,
LPS or isotype buffer control as outlined in methods 5.2.3-5.3.4 below. The levels of

TNFa, IL-5, IL-6, 1L-8, IL-10, and IL-13 were measured in the supernatant using
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commercially available ELISAs (See methods 2.3.1-2). LDH levels were measured in lung

supernatant using commercially available assay and LDH standard from Roche, See

method 2.3.6.

5.2.3 Dose response experiments
Tissue was stimulated with either 1000, 100, 10, 1 or 0.1 pg/ml of anti-IgE or isotype
buffer control and incubated at 37°C for 24hrs. Human lung fragments and supernatant

were harvested, the tissue weighed and both were stored at -80°C.

5.2.4 Kinetic experiments
Lung fragments were prepared as outlined in 2.2.2. Tissue was stimulated with either 100
orlpg/ml of anti-IgE or 100ng/ml of LPS or isotype buffer control for 1, 2, 4, 6, 24, or 48

hours at 37°C. Following incubation tissue and supernatant were harvested, the tissue

weighed and samples stored at -80°C.

5.2.5 Cyclohexamide treatment

For cyclohexamide experiments the tissue was pre-treated for one hour with 10pg/ml
cyclohexamide prior to LPS stimulus. Human lung fragments and supernatant were
harvested at 1, 2, 4, 6, 24, and 48 hour time points and the tissue weighed. Both the human

lung fragments and supernatant collected were stored at -80°C.

5.2.6 Primary cell culture of rodent tissue
Rodent lung tissue was removed from 6 female Wistar rats, aged 6 months. Tissue
fragments were processed as previously described in chapter 2.2.2 preparation of human

lung tissue for primary cell culture. Tissue was then stimulated with either (100ng/ml) LPS
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or buffer control. The levels of TNFa, IL-6, IL-10 and IL-1B were measured in the

supernatant using commercially available rodent ELISAs (See method 2.3.4).

5.3 Results

5.3.1 Cytokine levels in response to varying concentrations of anti-IgE

Our initial experiments looked at the response of human lung tissue to stimulation with a
wide range of concentrations of anti-IgE. Figure 5.1 (over the page) shows that the
maximal release of IL-5 and IL-13 (see panels a and b) occurred in response to stimulation
with Tug/ml anti-IgE, whilst higher concentrations of anti-IgE were actually associated
with less cytokine release. These bell shaped curves are a typical feature of anti-IgE
stimulation.

In contrast, the levels of TNFa, IL-10, IL-6 and IL.-8 (see panels ¢, d, e, and f
respectively) continued to rise with increasing concentrations of anti-IgE. For these
cytokines, the dose response curves did not turn over within the range of concentrations of
anti-IgE used. Generally statistical significant increases (P<0.05) were observed for all

cytokines with anti-IgE stimulus compared to buffer control.

136



Figure 5.1
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Figure 5.1 a — f. Anti-IgE dose response curves. Human lung tissue (n=19) was stimulated with a range of
concentrations of anti-IgE (filled circles) or buffer control ([E) and incubated for 24hrs. Cytokine levels in
the supernatant were measured by ELISA, values are expressed as mean £SEM and are expressed as ng/mg
of tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05; **

indicates P<0.001.
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5.3.2 LDH release from human lung tissue

With the observation that maximal TNFa release occurred with the greatest concentration
of anti-IgE. We wanted to be sure the cytokine response we were seeing was not the result
of cell death. LDH, a marker of tissue necrosis was again measured as in method 2.3.6. As
shown in figure 5.2 for all time points there was no difference in LDH release between all
stimuli and buffer control. The anti-IgE serum was also assayed for contamination (see

method 2.2.8), no LPS was detected by the assay (data not shown).

Figure 5.2
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Figure 5.2 LDH release from human lung tissue. LDH release was measured in human lung tissue
supernatant (n=8) using an LDH assay. Values shown are expressed as a percentage of cell death, with total
cell death being estimated from the maximal LDH release from homogenised lung tissue.

5.3.3 The temporal pattern of IL-13 and IL-5 release in response to anti-IgE
compared to LPS

Having confirmed cytokine release in the response was not the result of cell death. We
were keen to explore the temporal patterns of cytokine release in response to anti-IgE. We
were also interested to compare the cascade of cytokines previously observed in our LPS

acute inflammation model with the IgE response. With the data from our previous dose
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IL-13 (ng/mg of tissue)

response curves we chose to investigate IL-13 and IL-5 release with 1ug/ml anti-IgE, and

the other cytokines with 100xg/ml anti-IgE.
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Figure 5.3a Comparison of anti-IgE and LPS mediated IL-13 release. Human lung tissue (n=19) was
stimulated with either 1ug/ml anti-IgE (grey circles), 100ng/ml LPS (filled circles) or buffer control (open
circles). Supematants were collected at 1, 2, 4, 6, 24, and 48hrs and cytokine levels measured using ELISA.
Figure 5.3b Comparison of anti-IgE and LPS mediated IL-5 release. The supernatants previously
described in figure 5.3a were analysed for IL-5 using ELISA. For both figures the values given are the mean
+ SEM and are expressed as ng/mg of tissue. The data was statistically analysed using the Wilcoxon-Signed
Rank test, * indicates a P value of <0.05 compared to LPS stimulated tissue and control. Error bars have been

omitted for clarity.

Firstly as shown in figure 5.3a the levels of IL-13 are elevated from the outset at 1hr with
levels peaking at 6hrs in the IgE stimulated tissue (mean=5.8ng/mg of tissue) compared to
control (mean=2.8ng/mg of tissue, P<0.05) and LPS stimulated tissue (mean=1.7ng/mg of
tissue, P<0.05). Following the 6hr time point the levels of IgE stimulated IL.-13 decrease to
a sub maximal plateau by 24hrs, which is maintained until 24hrs.

As shown in figure 5.3b the levels of IL-5 were relatively low but increased with
time reaching a maximum at 24hrs (mean=1.6 ng/mg of tissue) compared to control

(mean=0.1ng/mg of tissue, P<0.05) see figure 5.3b. With LPS stimulation we observed a

139



TNFa (ng/mg of tissue)

similar levels of IL-5 release from the tissue (mean=0.2ng/mg of tissue) compared to the

tissue incubated with buffer control (mean=0.1ng/mg of tissue).

5.3.4 The temporal pattern of TNFo and IL-6 release in response to anti-IgE

compared to LPS

When we compare the temporal pattern of TNFa and IL-6 release from tissue stimulated
with either anti-IgE (100ug/ml) or LPS (100ng/ml), the response is relatively similar. As
shown in figure 3.4a we could not detect TNFa release in the control tissue. However
when the tissue was stimulated we did observe a TNFa response, which was broadly
similar for both stimuli. However TNFa release peaked later at 24hrs (mean= 61.2ng/mg
of tissue) with anti-IgE stimulus compared LPS stimulus (mean=41.7ng/mg of tissue,
P<0.05).

Figure 5.4
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Figure 5.4 Comparison of anti-IgE and LPS mediated TNFa and IL-6 release. Supernatants from figure
3.3 were analysed for TNFa and IL-6 using ELISA. Values given are the mean + SEM and are expressed as
ng/mg of tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05
compared to control and ** indicates P<0.05 compared to control and LPS stimulated tissue. Error bars have
been omitted for clarity.
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IL-8 (ng/mg of tissue)

When we look at the release of IL-6 we observed basal release in the control tissue.
When the tissue was stimulated the release of 11.-6 was elevated with both stimuli and as
shown in figure 5.4b the anti-IgE response exactly mimicked the IL-6 response seen with

LPS stimulation.

5.3.5 The temporal pattern of IL-8 and IL-10 release in response to anti-IgE

compared to LPS

When we compare the release of IL-8 and IL-10 with the two stimuli we observe a

difference in the temporal release of these cytokines.
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Figure 5.5 Comparison of anti-IgE and LPS mediated cytokine release. Supernatants from figure 3.3
were analysed for IL-8 and IL-10 using ELISA. Values given are the mean + SEM and are expressed as
ng/mg of tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05
compared to control, and ** indicates P<0.05 compared to control and LPS stimulated tissue.

As shown in figure 3.5a IL-8 release is much greater following exposure to LPS with a
maximal response at 24hrs (mean=2581ng/mg of tissue) compared to control
(mean=563ng/mg of tissue). However for the anti-IgE response the release of IL-8 is
maximal by 6hrs (mean=1423ng/mg of tissue) and then reaches a plateau. In the case of
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IgE stimulated TNFq at 24hrs

(ng/mg of tissue)

IL-10 LPS stimulates a relatively high IL-10 response with release still increasing at 48hrs
(mean=13.5ng/mg of tissue) compared to undetectable levels in the control. In comparison
IL-10 release is much lower in response to anti-IgE with a maximal response of

mean=3.2ng/mg of tissue (see figure 3.5b).

5.3.6 Does an individual’s response to LPS predict their anti-IgE response

We were interested to see if an individuals TNFa response to LPS predicted their TNFa
response to anti-IgE. When we compared each individuals TNFa release at 24hrs to both
stimuli we found no correlation (see figure 5.6a). We also found no-correlation between
the release of IL-10 and IL-8 with the two stimuli (data not shown). However in the case of
IL-6 individuals who were good responders to the LPS stimulus were also good anti-IgE

responders, P<0.001, Rho=0.68, (see figure 5.6b).
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Figure 5.6 Comparison of anti-IgE and LPS mediated TNFa and IL-6 release. The correlations used
data on LPS stimulated TNFa and IL-6 release at 24hrs and anti-IgE mediated TNFa and 1L-6 release at
24hrs from human lung. Data was analysed using the non-parametric Spearman correlation, values given are
expressed as ng/mg of tissue.
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Having previously shown GOLD status influences an individuals response to LPS,
we re-classified the 19 patients in this chapter using the GOLD guidelines. However we
found no difference in the levels of cytokines released with disease status (data not shown).
On further analysis of the patient data collected four individuals were clinically described
as having an allergy or allergic asthma. The response of these individuals was however no
different to the group as a whole (data not shown). Finally smoking status also did not

influence an individuals response to anti-IgE (data not shown).

5.3.7 Effect of cyclohexamide treatment on cytokine release

We have previously shown in chapter 3 that the cytokines released in response to LPS are
newly synthesised. We were therefore interested to know if cross-linking anti-IgE also
stimulated de novo protein synthesis or stimulated previously stored sources of cytokines.
Tissue was pre-treated with cyclohexamide a protein synthesis inhibitor for lhr before
stimulus with anti-IgE or buffer control (see method 5.2.5). Cyclohexamide treatment
inhibited the anti-IgE stimulated production of IL-13, IL-5, IL-6 and IL-8 back to the
baseline levels previously observed in the anti-IgE kinetic data See figures 5.7a, 5.7b, 5.7d
and 5.7e respectively. In the case of TNFa and IL-10, which are not released in the basal

tissue, cyclohexamide abolished the release of these cytokines, see figures 5.7¢ and 5.7f.
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Figure 5.7
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Figure 5.7 Effect of cyclohexamide treatment on cytokine release. Human lung tissue (n=8) was pre-
treated with cyclohexamide for 1hr before addition of anti-IgE (filled circles) or buffer control (open circles).
The cyclohexamide data is compared with anti-IgE stimulated cytokine release (grey circles). The release of
IL-13 shown in figure 5.6a, I1-5 see figure 5.6b, TNFa see figure 5.6¢, 11-6 see figure 5.6d, IL-8 see figure
5.6e and finally IL-10 as shown in figure 5.6f were all measured using specific ELISAs. Values shown are
the mean +SEM and are expressed as ng/mg of tissue. The data was statistically analysed using the
Wilcoxon-Signed Rank test, * indicates a P value <0.05.
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5.3.8 Cytokine release from rodent lung

Obtaining human lung tissue for pharmaceutical research is both time consuming
due to irregular supply of tissue and ethically difficult. Rodent models are therefore often
used to look at the effects of drugs and mediators in lung tissue, but is their inflammatory
response to LPS the same as humans? For these set of experiments the rodent lung tissue

was prepared as in method 5.2.6.

5.3.9 TNFa in rodent lung supernatant

As TNFa was the key cytokine in the human response to LPS we started by investigating
the release of TNFa in rats using ELISA. As shown in figure 3.8 the release of TNFa from
rodent lung tissue in response to LPS was elevated at 1, 2, and 4 hours reaching a maximal

release at 6 hours (mean=20.8ng/mg of tissue) compared to buffer control

Figure 5.8
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Figure 5.8 Levels of TNFo in supernatant from rodent lung tissue fragments. Rodent lung tissue (n=6)
was stimulated with 100ng/ml LPS (filled circles) or buffer control (open circles). The release of TNFa into
the supernatant was measured by ELISA. Values shown are the mean + SEM and are expressed as ng/mg of
tissue. The data was statistically analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05.
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(mean=0.3ng/mg of tissue, P=<0.05). The release of TNFa from LPS stimulated rodent
tissue up to the 24 hour time point is therefore similar to the human TNFa response
previously shown in figure 3.2. However in the rodent tissue TNFa release tended to fall

by 48hrs in comparison to the maintained release in the human response (see figure 3.2).

5.3.10 IL-6 in rodent lung supernatant

We observed the release of pro-inflammatory cytokine IL-6 peaked at 24 hours in the
human model (see figure 3.5). In striking contrast to the human LPS model we found no
difference between LPS stimulated release and baseline levels of rodent IL-6 (see figure
3.9). The data indicates IL-6 is not released in response to LPS in rats, which is dissimilar

to the elevated IL-6 response observed in humans.
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Figure 5.9 1L-6 release from rodent lung tissue. Rodent lung tissue (n=6) was stimulated with [00ng/ml
LPS (filled circles) or buffer control (open circles). The release of IL-6 into the supernatant was measured by
ELISA. Values shown are the mean + SEM and are expressed as ng/mg of tissue.
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5.3.11 IL-10 in rodent lung supernatant

We have previously shown the interplay between IL-10 and TNFa in the LPS stimulated
inflammatory response in the human model (see figure 4.4). As we observed TNFa release
in response to LPS in the rodent model, we were interested to know if IL-10 was also able
to modulate the inflammatory response in the rat. Surprisingly, as shown in figure 3.10 we
found no detectable levels of IL-10 in the rat supernatant with LPS stimulus. The data

therefore, again indicates the response to LPS in rat is distinct to humans.
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Figure 5.10 IL-10 release from rodent lung tissue. Rodent lung tissue (n=6) was stimulated with 100ng/ml
LPS (filled circles) or buffer control (open circles). The release of IL-10 into the supernatant was measured
by ELISA. Values shown are the mean + SEM and are expressed as ng/mg of tissue.
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5.3.12 IL-18 in rodent lung supernatant

There is no equivalent to human IL-8 in the rat. As there are differences in the cytokines
released in response to LPS in the rat we decided to investigate if IL-1f3 was involved in
the response. As shown in figure 5.11 in the rat supernatant we found IL-1§ was
statistically elevated at 24 hours (mean=1.2ng/mg of tissue) compared to control
(mean=0.8 ng/mg of tissue). These levels of IL-1f3 are relatively low however previous

studies have shown IL-1f3 levels of 300pg/ml to have physiological effect in the rat

(Haddad et al., 2002).
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Figure 5.11 IL-1B release from rodent lung tissue. Rodent lung tissue (n=6) was stimulated with 100ng/ml
LPS (filled circles) or buffer control (open circles). The release of IL-1 into the supernatant was measured
by ELISA. Values given are the mean + SEM and are expressed as ng/mg of tissue. The data was statistically
analysed using the Wilcoxon-Signed Rank test, * indicates P<0.05 compared to control.
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5.4 Discussion

In our initial study we investigated the response of human lung tissue to LPS stimulation.
We established that a distinctive cytokine cascade is released in response to LPS. The
response included various mediators such as TNFa, IL-6 and IL-10, which are all
cytokines typically associated with a Th, response. We were therefore interested to
investigate if we could stimulate a different cytokine cascade in the human lung tissue.
Cross-linking of the high affinity FceR1 receptors on the surface of mast cells by the
allergen-IgE complex is a central event in the induction of allergic inflammation. To
initiate a Th, associated cytokine cascade we therefore used an anti-IgE antibody to cross-
link the high affinity FceR1 receptors.

In response to cross linking of IgE we were able to measure the release of IL-13
and IL-5, which were not released in the LPS model. The results show the maximal release
of IL-13 and IL-5 occurred at 1pg/ml of anti-IgE, with characteristic bell shaped curves.
The profile of IL-13 and IL-5 release is characteristic of the response previously shown in
the literature (Galli et al., 1993, Burd et al., 1995), the reasons for this pattern of release
however remain unclear.

In the literature both IL-13 and IL-5 have attracted much attention for their possible
role in allergic inflammation (Grunig et al., 1998, Stuart et al., 1993). IL-13 is released
from T cells, basophils and mast cells, and most notably promotes B cell differentiation,
proliferation, and importantly the class switch to IgE production (Zhu et al., 1999). In
terms of synthesis the cyclohexamide data from a small subset of patients indicated that the
IL-13 released in response to IgE cross-linking was newly synthesised. It is well
documented that mast cells increase the synthesis of cytokines and release stored mediators
in response to stimuli. In particular purified human lung mast cells have previously been

shown to transcribe, synthesise and release IL-13 after IgE-dependent activation
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(Kobayashi ef al., 1998). The cyclohexamide data along with the work reported elsewhere
(Royer et al., 2001) indicates IL-13 is newly synthesised by mast cells in response to IgE
cross-linking. However to confirm this hypothesis further studies would be required.

In the previous two chapters we have shown that TNFa is the key cytokine in
response to LPS and is released early in the response. As shown by the kinetic data IL-13
release peaked early in the response with levels remaining high until 4 hours when release
fell back to baseline levels. This early temporal release may therefore indicate a key role
for IL-13 in the cytokine cascade. Recent studies by Walter et al (2001) and Kumar et al
(2004) have used mouse models of chronic allergic inflammation to demonstrate 1L-13
knock out mice and neutralisation of IL-13 with a IL-13 specific antibody in naive mice,
yields a number of beneficial anti-inflammatory effects. These beneficial effects included
reduced accumulation of eosinophils and other chronic inflammatory cells. These findings,
considered with our own observations of early increases in IL-13, suggest that IL-13 may
play a more central role in allergic inflammation than previously thought. However
without further studies involving the inhibition of IL-13, we can only speculate that IL-13
could act as a lead cytokine in the allergic inflammatory cascade.

IL-5 is a classical Th, associated cytokine and is produced by T cells, mast cells
and the bronchial epithelium (Bentley et al., 1993). IL-5 plays an important role in the
activation and survival of eosinophils (Sur et al., 1995). With cross-linking of the IgE we
found the levels of IL-5 were elevated at 2 hours and continued to rise up to the 48hour
time point. Previous studies with human lung mast cells have shown IL-5 expression is
only induced following IgE receptor cross-linking (Okayama et al., 1995). This is inline
with our data as LPS did not stimulate the release of IL-5. Preliminary cyclohexamide data
also indicated IL-5 release in response to anti-IgE was newly synthesised. IgE dependent
expression of mRNA for IL-5 has previous been shown in human lung mast cells by

Okayama and colleagues (1995), and therefore supports our findings.
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Again the early temporal release of IL-5 may support a key role for the cytokine in
allergic inflammation. In support of this, studies in IL-5 gene knock-out mice and naive
mice treated with blocking antibodies to IL-5 have shown suppressed eosinophilic
activation and airway hyperresponsiveness during allergen challenge (Foster et al., 2002.
However clinical trials of humanised IL-5 monoclonal antibodies such as Mepolizulab in
asthmatic patients have produced disappointing results as therapeutic treatments for
asthma. This suggests that blocking IL-5 is not likely to be a useful approach for asthma
therapy or it may highlight the multifaceted therapies, which may be required to treat
heterogeneous diseases such as allergic asthma (Floodpage et al., 2003).

The levels of IL-13 and IL-5 are relatively low compared to the other cytokines
measured. However, both IL-13 and IL-5 are released early in the anti-IgE stimulated
cytokine cascade. We have previously shown in chapter 4 that the early temporal release of
TNFa is more important then than the magnitude of release in the LPS response. Therefore
the rapid release of IL-13 and IL-5 may indicate a key role for these cytokines in the
allergic inflammatory cascade. In fact previous experimental data only supports the role of
IL-5 and IL-13 as key mediators in allergic inflammation (Grunig et al., 1998, Stuart ef al.,
1993).

Moving on to the other cytokines released in the cascade, cross-linking of IgE also
stimulated the release of TNFa, IL-6, IL-8 and IL-10. The release of these cytokines
occurred in a dose dependent fashion with 1000pg/ml of anti-IgE eliciting the maximum
release of all four cytokines. The dose response curves for TNFa, IL-6, IL-8 and IL-10 are
quite distinct from bell shaped response curves observed for IL-13 and IL-5. This dose
dependent response for TNFa, IL-6, IL-8 and IL-10 is however in line with previous
findings in the literature (Lorentz et al., 2000).

As we found no LPS contamination of the anti-IgE serum and the lung releases

TNFa, IL-6, IL-8 and IL-10 in response to both LPS and anti-IgE. We were very interested
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to investigate if the temporal release of these cytokines was the same in both responses.
The temporal release of TNFa in response to both stimuli up to 6 hours was broadly
similar. However TNFa release in response to LPS appears to plateau after 6hrs, in
comparison TNFa release continues to rise and is doubled by 24 hours in the IgE mediated
response. When we analysed if individuals with a good TNFa response to LPS were also
good anti-IgE responders we found no correlation. The heterogeneity of the IgE response
could also not be explained by the patients GOLD status or history of atopy. This suggests
that the release of TNFa is not an innate characteristic of the patient but more stimulus
dependent. TNFa is usually associated with cell-mediated immunological Th, responses,
which have been categorised using mouse models. However it is becoming apparent that
inbred murine models of immunology may be limited by species differences, and do not
reflect diseases experienced in man. Allergic inflammation is perceived as a Th, response,
however increasing evidence indicates that other cytokines, which in mice are classically
considered to belong to Th, type profiles, are also associated with allergic inflammation.
One such mediator is TNFa, which has been shown to increased in asthmatic airways in
proportion to disease severity, and inhalation of recombinant TNFa is enhances bronchial
hyperresponsiveness and sputum neutrophillia in normal subjects (Shah et al., 1995,
Thomas et al., 1995). Genetic studies have also revealed that the polymorphism of the
TNFo promoter is associated with asthma and its severity (Witte et al., 2002).

The sensitized mast cell is known to store a number of cytokines such as TNFa
along with histamine within its granules. When mast cells are activated via IgE-dependent
mechanisms these cytokines along with histamine are released during degranulation
(Xiang et al., 2001). One function of the pleotrophic cytokine TNFa, is a chemoattractant
for granulocytes including eosinophils and neutrophils, probably by up-regulating cellular
adhesion molecules to facilitate inflammatory cell migration. The chemoattractant activity

of TNFa is further amplified in the presence of IL-5. The importance of TNFa has further
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been highlighted by a clinical trial of a humanised monoclonal antibody (etanercept) in
severe asthmatics (Howarth et al., 2005). Trials have shown significant clinical response
with patients gaining improvements in lung function and quality of life. The clinical
benefit of etanercept in severe asthmatics mirrors that achieved with therapy in other
chronic inflammatory diseases such as rheumatoid arthritis, inflammatory bowl disease and
psoriasis. When looking at pleotrophic cytokines such as TNFa it is therefore important to
look at the cytokine milieu into which they are released to understand its multiple actions.

In the case of IL-6 the responses to both stimuli can be practically superimposed
upon one another. For IL-6 alone we observed individuals with a good IL-6 response to
LPS at 24 hours also had a good anti-IgE response. IL-6 has previously has been reported
to be up-regulated at both the gene transcriptional and protein level in mast cells after [gE
mediated activation (Kempuraj et al., 2003, Xiang et al., 2001). IL-6 is a pleotrophic
cytokine with both pro and anti-inflammatory roles in the acute phase response and
immune responses (Heinrich er al., 2003). The acute phase response enhances host
resistance, minimises tissue injury and promotes the resolution and repair of inflammation.
Elevated levels of IL-6 have been found in induced sputum from both atopic asthmatics
and COPD patients post exacerbation (Tillie-Leblond et al., 2005, Bhowmik et al., 2000)
The similarity in the temporal release of IL-6 to both stimuli and its up regulation in
various inflammatory conditions indicates IL-6 may well play a more general role in the
resolution of many types of inflammation. This is in line with previous literature reviewed
by Chung and Barnes (1999).

The temporal release of IL-8 is similar in response to both stimuli however the
magnitude of the anti-IgE stimulated release of IL-8 is much greater than the LPS
response. IL-8 expression has previously been demonstrated in un-stimulated and
stimulated mast cells with anti-IgE at both the mRNA and protein level (Gibbs et al.,

2001). The constitutive expression of IL-8 in mast cells may therefore account for the high
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basal release observed with buffer control. IL-8 is a potent neutrophil recruiting and
activating factor. Neutrophils have been implicated in the pathogenesis of many
inflammatory lung diseases, including the acute respiratory distress syndrome, COPD and
asthma (Pease & Sabroe, 2002, Keatings et al., 1996). Asthmatics in particular have
elevated levels of IL-8 and neutrophils in sputum samples taken during exacerbations of
the disease (Fahy et al., 1995). In addition mast cells are also capable of responding to IL-8
induced signals. Mast cells aécumulate during inflammation, at least in part, due to the
redistribution and recruitment of neighbouring mast cells. The release of IL-8 in the anti-
IgE response may therefore be important in the recruitment of further mast cells to the
inflammatory foci to resolve inflammation. Hence the detection of IL-8 in clinical samples
from patients with these diseases has led clinicians to believe that antagonism of IL-8 may
be a practical therapeutic strategy for disease management.

Of particular interest is the difference observed in the overall magnitude of IL-10
released in response to each stimulus. Consistently individuals produce much less IL-10 in
response to anti-IgE compared to LPS stimulus. Indeed an individual’s IL-10 response to
LPS was not a predictor of their anti-IgE response and this may well represent a
fundamental difference in the two types of inflammation being modelled. Royer and
colleagues (2001) have previously reported human mast cells have the ability to synthesise
and release IL-10 spontaneously, as well as after FceR1 activation. In addition the same
group also demonstrated that inhibition of IL-10 using a neutralising IL-10 antibody
removed the inhibitory activity of IL-10 on the release of IL-5, IL-8 and TNFa. Previous
findings by Borish et al (1996) showed that levels of 1L.-10 are lower in BAL fluid of
asthmatic patients compared to normal individuals. There is also evidence, which suggests
IL-10 polymorphisms are associated with total serum IgE levels in atopic dermatitis
patients (Shin ez al., 2005). Low IL-10 levels would permit less regulated TNFa activity

and a stronger pro-inflammatory response. The elevated levels of TNFa seen in the anti-
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IgE response compared to LPS may therefore be a result of low levels of IL-10. This data
fits with observations reported by Ordonez and colleagues (2000) and Thomas et al, (1995)
that there are abundant levels of TNFo and IL-8 in the asthmatic airway. Unfortunately,
we did not have sufficient time to investigate the effect of neutralising IL-10 in our IgE
mediated response, so we cannot elaborate on the potential autocrine production of IL-10
in the IgE response. However there is research, which suggests IL-10 could be a potential
therapeutic target in allergic asthma. In particular the effects of leukotriene modifiers such
as monteleukast have been shown to increase IL-10 production in sensitised cultured
peripheral blood mononuclear cells from asthmatic patients sensitized by allergen
(Stelmach et al., 2005). Inhaled corticosteroids are regarded as the first-line controller for
anti-inflammatory treatment in the management of asthma. However, there is an increasing
awareness of the risk of long-term adverse effects of inhaled corticosteroids. Therefore
modifiers of IL-10 production such as monteleukast may well provide new therapeutic
strategies for the management of allergic asthma without the associated long-term side
effects of steroids.

In summary this chapter has shown different stimuli stimulate distinct cytokine
cascades in human lung tissue. The data has also revealed some inflammatory mediators
are more stimulus specific than others, which are common to different inflammatory
conditions. IL-5 and IL-13 are examples of specific mediators involved in allergic
inflammation and would be good therapeutic targets in diseases such as asthma. In
comparison, IL-6 appears to play a more general role in inflammation as the IL-6 response
is very similar to both stimuli. IL-6 would therefore be a good broad-spectrum target in
inflammation rather than a therapeutic target for specific diseases. The Th;/Th, paradigm
has previously been used to divide inflammatory diseases based on the profile of cytokines
released in different conditions. Whilst this paradigm provides a good framework for

considering how events may vary in different types of inflammation, the divisions are not
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exclusive and recent work suggests a much greater overlap between each phenotype (Liu et
al., 2004). To some extent our data suggests TNFo would be a good general inflammatory
target. Indeed in inflammatory conditions from rheumatoid arthritis to severe asthma
neutralisation of TNFa has provided clinical benefit to patients. However this chapter has
indicated that the role of TNFa is different depending on the inflammatory condition. It
may therefore be more prudent to see inflammatory conditions as neither rigidly
constrained Th; or Th; responses, but rather that inflammatory cells can potentially
produce a whole spectrum of cytokine profiles; and skewing of the response to either Th,
or Th, cytokine profiles may therefore depend on the nature of the antigen present.

As we have discussed previously in this chapter there are several cytokines, which
have a general role in inflammation independent of the nature of the stimulus. We were
therefore interested to assess if the cytokines involved in inflammation are the same in all
species. Many drug screens and models of COPD use rodents as model systems (Wright &
Chung, 2002, Tigani et al., 2002). In response to LPS rat lung fragments also showed early
release of TNFa with levels peaking at 6hrs. LPS has previously been shown to induce
TNFa release from adult rat alveolar epithelial cells, with a maximum stimulation of
release at 6hrs (McRitchie et al., 2000). In the rat model LPS did not stimulate the release
of IL-6 or IL-10, which is different to the human response. This is in contrast with
previous observations in foetal rat alveolar epithelial cells which when stimulated with
recombinant TNFa did release IL-6 and I1L-10 (Haddad et al., 2002). However no studies
have previously investigated the response of rodent alveolar cells to LPS. Interestingly,
LPS did stimulate the release of IL-1f in the rat model, which was not detected in the
human model. The release of IL-1f is consistent with previous studies which have used
recombinant TNFa and LPS to induce the release of IL-1{3 in both foetal and adult rat
alveolar epithelial cells (Haddad et al., 2002). Together these observations indicate that the

rat immune response to LPS is different to cytokine cascade released by humans. There are

156



many reasons why the cytokine cascade in rodents is different to man. Firstly within the
cytokine family there is much redundancy it is therefore possible in rodents other cytokines
maybe involved in the inflammatory response to LPS. In particular IL-1f appears to play a
more important role in the rodent inflammatory response to LPS compared to the human
cytokine cascade. Another important consideration to take in to account between the two
models is the environmental conditions, of which smoking is an important factor. It is
extremely difficult to represent the array of environmental insults that barrage the human
lung on a daily basis. As a result individuals respond very differently to stimuli due to
previous insults that have occurred over one persons lifetime. In addition diseases of an
inflammatory nature such as COPD may even prime the lungs of individuals to respond
differently to environmental stimuli. In comparison experimental animals are kept in very
clean and controlled environmental conditions. It is therefore very unlikely that the rodent
lungs used in this chapter have ever been exposed to the range of environmental insults our
patients encounter. It is therefore understandable how the rodent immune response differs
to the individuals in our study. When developing model systems immunological variation
between species is therefore of important consideration. The very fact that our model of
inflammation incorporates human lung tissue with varying degrees of lung function,
smoking history, age and gender enables us to characterise the immune response in
individuals with COPD. However rodent models have important roles to play in research
and drug development as human lung tissue is a limited and time consuming resource. In
comparison rodent tissue is plentiful and easily obtainable and for specific questions such
as the effect of drugs on the release of individual cytokines like TNFa, rodent lung tissue
is a useful model. However, when interpreting data from any model one should always

keep in mind the limitations of the model.
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Chapter 6.

Factors affecting protein expression



Chapler 6:Factors alfecting protein expression
6.1 Introduction

The work in this thesis has demonstrated that many factors such as disease severity
and smoking status can affect the expression of mediators in COPD. The mechanisms by
which these mediators are altered are however unknown. Protein expression can be
modified at various levels from transcription of the protein mRNA, to translation and
during post- translational modification. Proteins are also targeted for destruction and differ
markedly in their half-lives. The metabolic turnover of extracellular proteins is affected by
a variety of factors, which include oxidation, proteolysis and loss of secondary and tertiary
protein structure. However, the precise mechanisms of protein turn over have not been
fully elucidated. They are thought to involve the uptake of damaged proteins by scavenger
receptor type A found on macrophages and sinusoidal liver epithelial cells (Swart ef al.,
1999, Duryee et al., 2005). In contrast, cytosolic proteins are targeted for destruction via
the well characterised ubiquitin pathway.

Previous studies have shown current smokers with COPD have elevated levels of
oxidative stress due to persistent chronic inflammation compared to healthy smokers
(MacNee, 2005, Rahman, 2005). The elevated oxidative stress in these individuals is
thought to be the result of an increased burden of inhaled oxidants, as well as the addition
of reactive oxygen species (ROS) generated by various inflammatory, immune and
epithelial cells of the airways (Pryor & Stone, 1993). As well as ROS activated
inflammatory cells also release an array of proteases and cytokines such as TNFa and IL-
1B. These cytokines act to induce further protease production from both recruited
inflammatory cells and the surrounding connective tissue (Aaron et al., 2001). The result is
an elevated proteolytic burden within the lung of COPD patients. Both elevated oxidative
stress and proteolytic activity within COPD patients could therefore lead to heightened
protein turnover. We were therefore interested to investigate changes in protein expression

with disease and the relationship with protein turnover.
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In chapter three we investigated a range of mediators that were involved in the

acute inflammatory model, however it is not feasible to analyse every protein expressed in
the lung in this fashion. We were therefore interested in developing a technique to allow
broad screening of clinical samples to identify proteins, which may be changed with
disease. The interest in proteomic analysis of human clinical samples has been greatly
increased over the years as mass throughput liquid chromatography and mass spectrometry
technologies have evolved. Proteomic analysis of clinical samples represents an extreme
challenge due to the sheer size of the human proteome. A means of addressing the
complexity of clinical samples is the application of multi-dimensional protein
identification technologies (MudPIT) such as iTRAQ. To date the technique has only been
used successfully on bacterial lysates. However if adapted for clinical samples iTRAQ
could provide a valuable proteomic tool. In this chapter we report attempts to develop the
iTRAQ technique for proteomic analysis of the human lung from a range of individuals

with lung function impairment.
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6.2 Methods
6.2.1 Patient characteristics for human lung tissue experiments
Lung tissue was removed from 57 patients (30F/27M) undergoing resection for carcinoma;
tissue used was from the non-tumourous normal margin surrounding the tumour site. Data
relating to age, gender, lung function and smoking history was obtained for patients (see
table 6.1). When defining patients smoking status ex-smokers were defined as having
given up smoking for 3 years of more. Where different groups of patients were used for
individual experiments, the patient characteristics were controlled to ensure the clinical

details of the whole group were represented.

Table 6.1 Patient characteristics of subjects prior to removal of lung tissue

No. Of Subjects 57

Age (Yr.) 64.0 £1.6

Gender 30 Female, 27 Male
Lung Function (FEV/FVC) 0.69 £0.02

6 Non smokers

Smoking Status 22 Ex smokers

25 Current smokers

4 Unknown smoking status

Pack years 45.9 +4.6

Table 6.1 Patient characteristics of subjects prior to removal of lung tissue. Tissue samples were taken
from a group of 57 patients. Patient details including age, gender, lung function given as the ratio of
FEV/FVC, smoking status and pack years are listed.

6.2.2 Patient classification and sample preparation for proteomic analysis
From the 57 individuals included in this study eight current smokers were selected

classified by their lung function in to two groups; healthy current smokers with a
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FEV/FVC>0.70 and unhealthy smokers with a FEV,/FVC>0.55. The clinical parameters
for each group are listed below see table 6.2 The baseline lung tissue of these individuals
was homogenised using a fastPrep® instrument using the following methodology. Briefly,
50mg of lung tissue was homogenised in 0.5mls of 0.5% SDS triethylammonium
bicarbonate buffer (pH 8.5) in pre-chilled lysing matrix D tubes at a speed of 6.0 for 45
seconds. Following homogenisation tubes were spun at 12,000 g for 1 minute at 4°C. Total
protein was measured in each sample using the BCA protein assay (see method 2.3.8). The
supernatant was then used for electrophoresis or proteomic analysis.

Table 6.2 Patient characteristics of subjects classified as healthy or unhealthy current
smokers

Lung number FEV/FVC Age Gender Classification
H602 0.92 69 Female Healthy
H615 0.84 59 Female «
H625 0.74 50 Male «
H628 0.70 70 Female «

Average 0.80 62 3F/1IM
H567 0.55 54 Female Unhealthy
H611 0.54 68 Male “
H636 0.53 73 Male “
Ho642 0.50 68 Male «
Average 0.53 65 1F/3M

Table 6.2 Patients were defined using their lung function as healthy (FEV1/FVC>0.70) or unhealthy
(FEVI/FVC>0.55) current smokers. The patient characteristics FEV1/FVC, age and gender are also listed for

each individual.

6.2.3 Primary cell culture of human lung tissue

Tissue samples were processed as previously described in preparation of human lung tissue
for primary cell culture page chapter 2.2.2. Tissue was then either incubated with
200pg/ml HSA or oxidised HSA for 1 hour and then stimulated with either (100ng/ml)

lipopolysaccharide or buffer control. Human lung fragments and supernatant were
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harvested at 1, 2, 4, 6, 24, and 48 hour time points and the tissue weighed. Both the human

lung fragments and supernatant collected were stored at -80°C.

6.2.3 Human serum albumin and carbonyl human serum albumin ELISAs

The number of HSA carbonyl residues were measured in the supernatants using an in
house ELISA. For the full methodology for this assay see method 2.3.6. Briefly, a 96 well
plate was coated with a monoclonal HSA antibody in coating buffer (pH 9.4). Following
blocking for non-specific binding, a DNPHderivatised carbonyl-HSA standard curve and
derivatised samples (see method 2.2.4) were added to the plate and incubated for 2 hours.
Following this the plates were washed removing unbound derivatised protein. Bound DNP
could then be detected using a DNP polyclonal antibody, which itself could be detected by
a HRP conjugated secondary antibody. Addition of chromogen TMB caused a colour
change, which when terminated with acid was quantifiable at an optical density of 450nm.
This method was run in parallel with an in house ELISA measuring total immuno-
competent HSA. The protocol for the measurement of total HSA was identical to the HSA
carbonyl ELISA, except a polyclonal HSA antibody was used instead of the polyclonal
DNP antibody, see method 2.3.5. With both the number of carbonyl residues and total
HSA we were able to calculated the number of carbonyl residues per HSA molecule.

Finally, Western blot analysis was performed using the HSA ELISA antibodies for the

methodology see method 2.3.9.

6.2.4 Proteomics - iTRAQ

The pooled homogenised samples (see method 6.2.2) from each group termed healthy and
unhealthy current smokers were labelled with the iTRAQ reagents as per manufacturers
instructions. Briefly 150ug of pooled protein sample from each group was treated with the

supplied denaturant and reducing reagents for 1 hour at 60°C. Following the addition of a
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cysteine-blocking reagent the sample was treated with trypsin for 16 hours at 37°C to
digest the sample. The following day each sample was then incubated with specific iTRAQ
reporter reagents for 1 hour at room temperature. Finally the samples were pooled and

lyophilised.

6.2.5 Cation exchange chromatography

The combined peptide sample was separated by strong cation exchange chromatography
on a Dionex nano-LC system using a Polysulfoethyl A column (i.d 4.6 mm x 150 mm,
Sum, 300A) (Phenomenex). The sample was dissolved in 500 pL loading buffer (25% v/v
acetonitrile, 10 mM phosphoric acid) and loaded and washed isocratically for 20 min at
200 pL/min to remove excess reagents. The peptides were eluted with a linear gradient of
0 — 500 mM KCI (25% v/v acetonitrile, 10 mM phosphoric acid) at 200 pL/min, and

fractions were collected at 1 min intervals and lyophilised.

6.2.6 Cation/anion exchange chromatography

The protein samples were separated by strong cation exchange (SCX) and strong anion
exchange (SAX) chromatography on a Dionex nano-LC system using a Polysulfoethyl A
column (i.d cation 2 mm x 50 mm, cation 2 mm x 250 mm) (Phenomenex).

Chromatography was carried out as in method 6.2.5.

6.2.7 Mass Spectrometry and data processing

Fractions were resuspended in 50 pL of analar™ water. Each fraction was then analysed
by nano- LC —~ MS/MS performed on a CapLC liquid chromatography system using a
Dionex 75 pm x 150 mm C,s reverse phase column coupled to a tandem mass

spectrometer. Peptides were eluted using a linear gradient of 5 — 80%/ 162 mins (Buffer A:
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5% acetonitrile, 95% H,O + 0.1 % formic acid; Buffer B: 95% acetonitrile, 5% H,O +
0.1% formic acid)

All data were acquired using a Q-tof Global Ultima (Waters Ltd) fitted with a
nanoLockSpray™ source to achieve better than 10ppm mass accuracy. A survey scan was
acquired from m/z 375 to 1800 with the switching criteria for MS to MS/MS including (i)
ion intensity and (ii) charge state. The collision energy used to perform MS/MS was varied
according to the mass and charge state of the eluting peptide. RF lens voltages were
adjusted to 0.6 V to enable detection of low mass reporter ions generated from the
fragmentation of iTRAQ labelled peptides to enable quantification.

All MS/MS spectra were automatically processed using MassLynx 4.0 (Waters
Ltd) and searched against the NCBI non-redundant database (June, 2005 versions), using
ProteinLynx Global Server 2.2. Proteins were only assigned if, for each peptide ion,

greater or equal to three experimentally derived y ions could be matched to the predicted

spectra.
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6.3 Results

6.3.1 Gross changes in protein expression with lung function

Firstly, we wanted to investigate if there were any gross differences in protein expression
in patients with different lung function (FEV/FVC). As there are many clinical differences
between the patient cohort used in this study, our initial experiments focused on current
smokers. Baseline tissue from 8 current smokers defined either as healthy smokers with a
FEV/FVC >0.8 or unhealthy smokers with a FEV|/FVC <0.7 was homogenised. The
samples in each group were then pooled and adjusted for total protein. As shown in figure

5.6 we observed differences in the baseline levels of protein expression

Figure 6.1 5
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Figure 6.1 Changes in protein expression in human lung tissue with lung function. Human lung tissue
from healthy current smokers (FEV,/FVC>0.8, n=3) and unhealthy smokers (FEV|/FVC>0.8, n=3) was
homogenised (see method 2.2.3), adjusted for total protein, pooled and separated on a 12% SDS-
polyacrylamide gel. From left: pooled group of healthy smokers (lane 1), pooled group of unhealthy smokers
(lane 2).

in homogenised lung tissue, between healthy and unhealthy current smokers. In particular
we found a band at 65kDa, which was present in the healthy current smoker group but not
the unhealthy smoker group. Trypsin digest of the 65kDa band and mass spectrometer

analysis confirmed our initial observations that the 65kDa band was human serum

albumin.
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6.3.2 Relationship between baseline levels of human serum albumin and disease
severity

On further investigation of baseline levels of HSA in a larger group of 57 individuals we
could not confirm our initial observation of decreased levels of HSA and poor lung
function (FEV/FVC), (Rho 0.3, P=0.07). We have previously shown that the severity of
COPD influences cytokine release in our acute inflammatory model. We were interested if
disease severity or any of the other clinical parameters influenced the baseline levels of
HSA. On further analysis we did find a relationship between disease severity and baseline
levels of HSA. As shown in figure 6.2 patients defined as GOLD 2 were found to have
lower levels of HSA (median= 24.4 ug/ml) compared to GOLD 1 (median= 48.4 ug/ml)

and GOLD 0 (median= 71.9 pg/ml) individuals (P<0.05).
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Figure 6.2 Relationship between disease severity and baseline levels of HSA. Human lung tissue from 36
individuals classified by the GOLD guidelines was homogenised (see method 2.2.3) and adjusted for total
protein. HSA levels were measured in lung homogenates using ELISA. The median is marked as a solid bar
and expressed as pg/ml. Data was analysed using the non-parametric Kruskal Wallis test, P<0.05 was

considered to be statistically significant.
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For this analysis patients were again defined by the GOLD guidelines given in method
4.2.4. The data shown includes 36 individuals, as complete lung function data was not

available for all 57 patients.

6.3.3 Relationship between baseline levels of human serum albumin and smoking
status

Having found a relationship between disease status and baseline levels of HSA we
turned our attention to the other clinical parameters collected in the study. Analysis
including all 53 individuals with identifiable smoking histories indicated that current
smokers had lower levels of HSA (median= 47.5 pg/ml) compared to ex smokers

(median= 69.7 pg/ml) and non smokers (median= 65.0 pg/ml, P<0.05), as shown in figure

6.2.
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Figure 6.3 Relationship between smoking status and baseline levels of HSA. Human lung tissue from current smokers
(n=25), ex smokers (n=21) and non-smokers (n=7) was homogenised (see method 2.2.3) and adjusted for total protein.
HSA levels were measured in lung homogenates using ELISA. The median is marked as a solid bar and expressed as
ug/ml. Data was analysed using the non-parametric Kruskal Wallis test, P<0.05 was considered to be statistically
significant.
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Chi squared analysis of the data indicated there was no relationship between GOLD status
and smoking history (Chi-squared=0.216, P=0.51). On further analysis none of the other
clinical parameters such as age or gender influenced the baseline levels of HSA.
Determining which factors are most important in influencing HSA levels therefore requires

further study.

Figure 6.3.4 Relationship between disease severity and levels of carbonylated human
serum albumin

COPD patients and current smokers could be genetically pre-disposed to decreased levels
of HSA due to polymorphisms in the HSA gene. However to date the known genetic
conditions involving HSA are extremely rare (Murray et al., 1983, Koot et al., 2004). It
therefore begs the question is HSA turned over more rapidly in these individuals?
Oxidation is an important factor in the metabolic turnover of protein; we therefore wanted
to investigate the levels of oxidised HSA in our patient cohort. The formation of carbonyl
groups on amino acid residues as a result of free radical-initiated reactions is well
documented. We therefore designed an ELISA to measure carbonyl HSA molecules in
clinical samples (see methods 2.3.6).

Baseline tissue homogenates from the 36 individuals shown in figure 6.2 were
derivatised and the level of carbonyl residues measured using an ‘in house’ ELISA. The
numbers of carbonyl residues along with the values for total HSA shown in figure 6.2 were
then used to calculate the number of carbonyl residues per HSA molecule. We found
patients with no airway obstruction, defined as GOLD 0, had very little carbonylated HSA
(median= 0.45 carbonyl residues/ HSA molecule). However with disease severity the
number of carbonyl residues per molecule of HSA increased to 2.3 carbonyl residues/HSA
molecule with mild COPD (GOLD 1) and further increased to 4.9 carbonyl residues/HSA

molecule in moderate COPD patients (GOLD 2), P<0.05.
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Figure 6.4
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Figure 6.4 Relationship between disease severity and baseline levels of carbonylated HSA. Human lung
tissue from 36 individuals classified using the GOLD guidelines was homogenised (see method 2.2.3),
derivatised and the number of carbonyl residues measured using ELISA (see method 2.3.6). The median is
marked as a solid bar and expressed as carbonyl residues/HSA molecule. Data was analysed using the non-
parametric Kruskal Wallis test, P<0.05 was considered to be statistically significant.

Figure 6.3.5 Relationship between smoking status and levels of carbonylated human
serum albumin

As we have previously shown smoking status influenced baseline levels of HSA we were
interested if the levels of carbonylated HSA were also affected. Interestingly as shown in
figure 6.3 we found no difference between the number of carbonylated HSA molecules in
ex-smokers (median= 0.86 carbonyl residues/HSA molecule) and the non-smoker group

(median= 0.6 carbonyl residues/HSA molecule). However when we look at the current
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smokers we found a greater number of carbonyl residues per HSA molecule (median= 3.2

carbonyl residues/ HSA molecule) compared to both the ex and non-smokers (P<0.05).
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Figure 6.5 Relationship between levels of oxidised HSA and smoking status. Human lung tissue from
current smokers (n=25), ex smokers (n=21) and non-smokers (n=7) was homogenised (see method 2.2.3).
Samples were derivatised and the number of carbonyl residues measured using ELISA (see method 2.3.6).
The median is marked as a solid bar and expressed as carbonyl residues/HSA molecule. Data was analysed
using the non-parametric Kruskal Wallis test, P<0.05 was considered to be statistically significant.

6.3.6 Turnover of HSA in human lung tissue

As the levels of carbonylated HSA are increased with the severity of disease and smoking
(see figures 6.4 and 6.5). We were interested to know if oxidised HSA is turned over more
rapidly in the lung. Increased turn over of oxidised HSA could account for the decline in
baseline levels of HSA observed in COPD patients and current smokers. To investigate

HSA turnover, human lung tissue from 12 individuals (6 ex, 5 current and 1 non-smoker,
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SF/7M, average FEV/FVC=0.64, average age=68) was cultured with 200pg/ml HSA or
oxidised HSA for 1, 2, 4, 6 and 24 hours (see method 6.2.3). The supernatants were then
analysed using an ‘in house’ HSA ELISA see method 2.3.5 for full details. As shown in
figure 6.4 when the tissue was cultured with 200pg/ml HSA the levels of HSA in the
supernatant remained relatively constant over the 24 hour experiment. In striking contrast
when the tissue was cultured with 200pug/ml oxidised HSA we observed a decrease in the
detectable levels of HSA after 4 hours of culture. In fact by the 24 hour time point the
levels of detectable oxidised HSA had decreased to 105.7 pug/ml compared to 213.5 pg/ml
unmodified HSA, P<0.05. Due to the small number of individuals in this study we could

not analyse the relationship between HSA tumover and disease severity or smoking status.
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Figure 6.6 Turn over of HSA and oxidised HSA in human lung tissue. Human lung tissue (n=12) was
incubated with 200ug/ml HSA (open circles) or 200pg/ml oxidised HSA (filled circles) for 1, 2, 4, 6, and 24
hours (see method 6.2.3). Samples were analysed for the levels of HSA using ELISA (see method 2.3.5).
Values given are the mean + SEM and are expressed as pg/ml. The data was statistically analysed using the
Wilcoxon-Signed rank test, * indicates a P value <0.05.
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6.3.7 Western blot analysis of HSA turn over in human lung tissue
The supernatants used in figure 6.6 were also analysed using Western blots probed with
antibodies for HSA. As shown in figure 6.7a we can see when the tissue was cultured with
200ug/ml HSA the levels remained relatively constant over the 24 hour experiment, which
is in line with the previous ELISA data shown in figure 6.6. When the tissue was cultured
with oxidised HSA we again observed a decline in the detectable levels of HSA from the 4
hour time point (see figure 6.7b). As shown by both blots in figure 6.7 we also ran a HSA
standard which indicated only the free molecular form of HSA was present in the
supernatant. The blot is representative of the molecular profile of HSA observed for all
individuals in the study.
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Figure 6.7 Western blot analysis of HSA and oxidised HSA turn over in human lung tissue. Human
lung tissue (n=12) was cultured with 200pg/ml HSA or oxidised HSA and incubated for 1, 2, 4, 6, or 24
hours (see method 6.2.3). Supernatants were separated on a 12% SDS-polyacrylamide gel and then
transferred on to nitrocellulose. The supernatants cultured with HSA are depicted in Figure 6.7a and the
supernatants cultured with oxidised HSA are shown in figure 6.7b. For each figure lane one corresponds to
incubation of the tissue for lhr, lane 2 for 2hrs, lane 3 for 4hrs, lane 4 for 6hrs and lane 5 for 24hrs finally,
lane 6 is a 200pg/ml HSA standard. The blot depicted is a typical example of the molecular profile of HSA
observed for all individuals in the study.
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6.3.8 The effect of inflammation on HSA turnover in tissue culture

Chronic inflammation and oxidative stress are important features in the pathogenesis of
COPD (MacNee, 2005). In this thesis we have developed and characterised a model of
acute inflammation. We were therefore interested to use this model to investigate HSA
turnover during inflammation of the lung. As shown in figure 6.8 following LPS
stimulation we observed a reduction in the detectable levels of HSA at 4 hours, which
reached a maximal decline to 157.0 pg/ml at 24 hours compared to HSA and buffer control
(mean= 213.5 pg/ml, P<0.05). Interestingly when we look at oxidised HSA, LPS actually
augments HSA turnover with detectable levels declining to 73.4 pg/ml compared to HSA

and LPS (mean= 157.0 pg/ml, P<0.05).

Figure 6.8
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Figure 6.8 The effect of inflammation on HSA turnover in tissue culture. Human lung tissue from 12 individuals was
cultured with 200pg/ml HSA or oxidised HSA for 1 hour. Tissue was then either stimulated with 100ng/ml LPS or buffer
control and harvested at 1, 2, 4, 6, and 24 hours (see method 6.2.3). Tissue incubated with HSA and buffer control is
represented by the open circles, HSA and LPS by the filled circles and oxidised HSA and LPS by the grey circles. The
supernatants were analysed using ‘in house” HSA ELISAs see methods 2.3.5 for full details. Values given are the mean +
SEM and are expressed as ug/ml. The data was statistically analysed using the Wilcoxon-Signed rank test, * indicates a P
value <0.05 compared to HSA control, and ** indicates a P value <0.05 compared to HSA control and HSA stimulated

with LPS.
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6.3.9 Western blot analysis of HSA turn over and inflammation in human lung tissue
The supernatants used in figure 6.8 were also analysed using Western blots probed with
antibodies for HSA. As shown in figure 6.9a we can see when the tissue was cultured with
unmodified HSA and LPS we observed a decline in the detectable levels of HSA from the
4 hour time point, which is inline with the previous ELISA data shown in figure 6.8. When
the tissue was cultured with oxidised HSA and LPS we could only detect HSA up to the 4
hour time point (see figure 6.9b). This indicates oxidised HSA turnover is augmented in
the presence of inflammation. As shown by both blots in figure 6.9 we also ran a HSA
standard which indicated only the free molecular form of HSA was present in the
supernatant. The blot is representative of the molecular profile of HSA observed for all
individuals in the study.
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Figure 6.9 Western blot analysis of HSA and oxidised HSA turn over in human lung tissue. Human lung tissue
(n=12) was cultured with 100pg/m! HSA or oxidised HSA and then stimulated with either 100ng/ml LPS or buffer
control and incubated for 1, 2, 4, 6, or 24 hours (see method 6.2.3). Supernatants were separated on a 12% SDS-
polyacrylamide gel and then transferred on to nitrocellulose. The supernatants cultured with HSA and LPS are depicted
in Figure 6.9a and the supernatants cultured with oxidised HSA and LPS are shown in figure 6.9b. For each figure lane
one corresponds to incubation of the tissue for lhr, lane 2 for 2hrs, lane 3 for 4hrs, lane 4 for 6hrs and lane 5 for 24hrs
finally, lane 6 is a 100pg/ml HSA standard. The blot depicted is a typical example of the molecular profile of HSA

observed for all individuals in the study.
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6.3.10 The effect of inflammation on HSA oxidation in tissue culture

If the rate of HSA turnover correlates with the oxidation of HSA residues we would expect
the levels of carbonylated HSA to increase following LPS challenge. Indeed we found
following incubation of HSA with LPS for 24 hours the number of carbonyl residues
increased to 3.8 carbonyl residues/HSA molecule compared to HSA and buffer control
(mean= 0.8 carbonyl residues/HSA molecule, P<0.05). In the case of oxidised HSA
already modified with 4.8 carbonyl residues/HSA molecule, LPS stimulation actually lead
to further carbonylation of the HSA present to 9.3 carbonyl residues/HSA molecule.
However we then observed a sharp decline in the number of carbonyl residues for both the
oxidised and unmodified HSA at the 4 hour time point which may indicate substantial turn
over of these highly oxidised molecules of HSA.

Figure 6.10
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6.10 The effect of inflammation on HSA oxidation in tissue culture. Human lung tissue from 12 individuals was
cultured with 200ug/ml HSA or oxidised HSA for | hour. Tissue was then either stimulated with 100ng/ml LPS or buffer
control and harvested at 1, 2, 4, 6, and 24 hours (see method 6.2.3). Tissue incubated with HSA and buffer control is
represented by the open circles, HSA and LPS by the filled circles and oxidised HSA and LPS by the grey circles. The
supernatants were analysed using an ‘in house’ carbonylated HSA ELISAs see methods 2.3.6 for full details. Values
given are the mean = SEM and are expressed as ug/ml. The data was statistically analysed using the Wilcoxon-Signed
rank test, * indicates a P value <0.05 compared to HSA control, and indicates a P value <0.05 compared to HAS

control and HAS stimulated with LPS.
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6.11 Proteomic analysis of clinical samples

We have previously shown in this chapter that analysis of clinical samples using
SDS-PAGE can identify mediators, which are altered in disease. However further
investigation of large numbers of samples using a high throughput ELISA, failed to
validate our initial observations. In addition SDS-PAGE is not sensitive enough as it can
only provide information on gross changes in protein expression and further analysis is
required to quantify and validate the protein of interest. To further characterise changes in
protein expression in disease we therefore required a sensitive, high throughput technique.
We chose to study the proteome of human lung tissue using multiple dimensional protein
identification technology. Applied biosystems amine-specific labelling reagents for
multiplexed relative and absolute protein quantification (iTRAQ) is an extremely powerful
technique. The methodology uses amine-specific labelling reagents to label multiple
peptides in a protein digest. The technique also allows multiplexing of experiments so
naive and diseased states can be run in the same experiment in duplicate. The basic
principle behind the technique iTRAQ is shown in figure 6.9 (over the page). Briefly,
following trypsin digest, the control and test samples are labelled with two different
iTRAQ tags. The tags bind to the amino terminus of the trypsin fragments and lysine and
are designed to fragment to produce specific reporter tags when ionised in the mass
spectrometer (MS). The specific reporter tags have different molecular weights to enable
the MS to provide quantification within different samples. Following labelling the two
samples are loaded together onto a tandem mass spectrometer (MS/MS). Samples are
firstly separated by nano reverse phase chromatography then the MS measures the relative
intensity and charge state of the peptides, which is used to generate a peptide candidate list
for fragmentation using MS/MS. Fragmentation data enables the identification of peptides
and hence the protein from which it is derived. All of the MS/MS spectra are automatically

processed using a MassLynx 4.0 and searched against the NCBI non-redundant database.
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Proteins are only assigned for each peptide ion if three or more experimentally derived y
ions could be matched to the predicted spectra. Finally, the relative abundance of each
peptide is then used to analyse the difference in expression of each protein in the control

and test samples.
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Figure 6.11 Schematic diagram of the technique iTRAQ. Following trypsin digest and labelling with
1ITRAQ reagents samples were loaded onto a tandem mass spectrometer (MS/MS). Firstly samples are
separated by nano reverse phase chromatography and the relative intensity and charge state of the peptides is
used to generate a peptide candidate list for fragmentation by MS/MS. Fragmentation data enables the
identification of peptides and hence the protein from which it is derived. All of the MS/MS spectra were
processed using a MassLynx 4.0 and searched against the NCBI non-redundant database. The relative
abundance of each peptide is then used to analyse the difference in expression of each protein in the control

and test samples.

To date iTRAQ has only been used successfully to analyse the proteome of

bacterial cell lysates. If modified for clinical samples the technique could provide a
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valuable proteomic tool for the analysis of altered protein expression in disease. The
1TRAQ technology is sensitive and is based on comparing differences between two
samples for example diseased and naive tissue. Our initial experiments therefore looked at
the differences between current smokers with different lung functions (FEV/FVC). As
previously described individuals were defined as either ‘healthy’ or ‘unhealthy’ smokers
(see method 6.2.2). As we were starting with human tissue our first task was to develop a
methodology compatible with the iTRAQ labelling technology (see method 6.2.2).
Following homogenisation, samples were pooled, trypsin digested and the fragments of the
two groups labelled with two different iTRAQ tags (see method 6.2.4). The samples were
then processed using MS/MS as described in methods 6.2.7.

However from our preliminary experiments we were only able to detect a small
number of peptides at very low abundance. The relative abundance and the m/z ratio for
each peptide detected in our initial experiment is shown in Figure 6.12.

Figure 6.12
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Figure 6.12 MS/MS spectrum of detected peptides. Following homogenisation, samples were pooled,
trypsin digested and the fragments of the two groups labelled with two different iTRAQ tags (see method
6.2.4). The samples were then processed using MS/MS as described in methods 6.2.7. The m/z ratio MS/MS

spectrum showing the relative abundances of each peptides detected is shown in figure 6.12.
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With further investigation this was attributed to the large quantities of abundant
peptides in the sample, which simply mask the lower abundant peptides. To solve this
problem we used cation exchange to fractionate the sample post labelling so fractions
containing fewer peptides could be loaded on to the MS/MS separately (see method 6.2.5).
Following fractionation of the sample we still detected a large number of peptides
associated with a few highly abundant proteins. The highly abundant proteins found in our
lung tissue and their functions are listed below in table 6.3

Table 6.3 Abundant proteins and their function

Actin One of the contractile elements in skeletal, cardiac, and smooth
muscle fibres.

Annexin A family of proteins that share the property of binding calcium
and phospholipids.

Betaglobulin A globulin in blood plasma that carries iron -transferrin, and
siderophilin

Haemoglobulin A plasma globulin of high molecular weight.

&Macroglobulin

Ca”" binding protein | Proteins which bind Ca** such as calmodulin

Histone H3 & H4 A class of protein molecules found in the chromosomes of
eukaryotic cells. They complex with the DNA and pack the
DNA into tight masses of chromatin,

Serum albumin Albumin normally constitutes about 55% of the plasma proteins
and serves to maintain the osmotic pressure of the blood. They
also adhere chemically to various substances in the blood, e.g.,
amino acids, and thus play a role in their transport.

Vimentin Vimentin is a protein that forms vimentin filaments, which in
turn forms part of the cytoskeleton of living cells.

Table 6.3 Abundant proteins and their function. The highly abundant proteins detected using iTRAQ in
human lung tissue are listed above with their function.

Further analysis of the fractionated samples indicated the highly abundant proteins
constituted up to 70% of the total protein in each fraction. Although, serum albumin is
listed within table 6.3 and we have previously shown it to be altered in disease. However
we wanted to be able to use iTRAQ to analyse a wide range of proteins with disease. We
therefore needed to refine the technique to deplete the abundant proteins to enable the

analysis of the low abundant proteins in the sample fractions. We choose to remove the
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abundant proteins using pre-protein fractionation of the sample using cation/anion
exchange chromatography (see method 6.2.6). Briefly, before trypsin digestion and
labelling of the sample each pooled sample was fractionated using an cation/anion
exchange chromatography. A small volume of the fraction was then separated by
electrophoresis on a 12% polyacrylamide gel to identify fractionations with abundant
proteins. An example of one of the gels is shown in Figure 6.13, lane 2 contains one of the
protein fractions containing the majority of one of the abundant proteins, HSA. In the other
lanes are protein fractions in which less abundant protein are no longer masked by

abundant proteins such as HSA.

Figure 6.13
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Figure 6.13 12% SDS-PAGE of proteins separated by cation exchange. Homogenised samples from each
group were pooled and then separated by cation/anion exchange (see method 6.2.6). The fractions were then
separated by electrophoresis on a 12% polyacrylamide gel to identify fractions with abundant proteins. As
shown in figure 6.13 lane one corresponds to fraction 5, lane 2 fraction 6, lane 3 fraction 31, lane 4 fraction
12, lane 5 fraction 14, lane 6 fraction 20, lane 7 fraction 24 and lane 8 fraction 28. The blot depicted is a
typical example of the fractionations collected for each group.
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Following protein fractionation the fractions containing the least abundant proteins

were again pooled and labelled using the iTRAQ reagents (See method 6.2.4). Following
labelling the samples were again fractionated using cation exchange chromatography.
However although we had removed the majority of the abundant proteins in the sample
due to the pre-protein fractionation we had also elevated the salt concentrations due to
processing of the sample. Therefore we were unable to obtain efficient labelling and in
addition problems with chromatography occurred due to sample content. Following this
work companies such as Agilent have developed high affinity depletion columns to
remove abundant proteins in serum, however this technology was not available to us at the
time. These methodologies offer a great advance in the analysis of clinical serum samples.
However sufficient work would be required to develop methodologies for efficient use of

agilent columns for the analysis of human tissue.
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6.4 Discussion

We have shown many factors such as disease severity and smoking status can affect the
expression of mediators in the disease COPD. The mechanisms by which these mediators
are altered are however unknown. Previous studies have shown that current smokers with
COPD have elevated levels of oxidative stress. This is thought to result from the increased
burden of inhaled oxidants in smoke and ROS generated by activated inflammatory cells.
When activated inflammatory cells also release an array of proteolytic enzymes, which
enhances the proteolytic burden within the lung. The elevated oxidative stress and
proteolytic activity within COPD patients could consequently affect the metabolic turnover
of extracellular proteins within the lung. We were therefore interested to investigate
protein expression with disease and the relationship with protein turnover.

Our initial investigations with a small number of individuals indicated lower levels
of HSA in individuals with poor lung function (FEV/FVC <0.55) compared to individuals
with normal lung function. However this initial observation between the baseline levels of
HSA and lung function was lost with a larger sample size. Interestingly when the data was
re-classified by GOLD status we found individuals with COPD had lower levels of HSA.
The GOLD classification criteria uses lung function to stratify COPD patients; therefore
our initial findings may have been related to disease rather than an individuals FEV,/FVC.

A number of studies have previously shown decreased levels of the antioxidants
ascorbic acid and Vitamin E in COPD patients during exacerbations compared to stable
period levels (Tug et al., 2004), but to date there is no evidence of reduced levels of HSA.
However studies of patients hospitalised with acute exacerbations of COPD have found
that the level of serum albumin measured in the first 24 hours after admission is a good

predictor of mortality for COPD patients (Connors et al., 1996, Khilnani et al., 2004).
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Human serum albumin is used clinically to maintain colloid osmotic pressure and is also
viewed to serve an antioxidant role in patients with damaged vascular endothelium and
patients with acute lung injury (Lang et al., 2002, Quinlan et al., 2004). In fact a direct
protective effect of albumin is indicated from many epidemiological studies (Bourdon et
al., 1999). HSA is known to reflect the underlying nutritional status of individuals and is as
these studies suggest affected by the severity of chronic illness. Theses factors may
therefore indicate that the decreased levels of HSA in COPD patients are a result of the
disease.

HSA is one of the major antioxidants in the respiratory tract lining fluid, which also
includes mucin, superoxide dismutase, glutathione, uric acid and ascorbic acid. Since the
extracellular fluid contains only small amounts of antioxidant enzymes, it has been
proposed that HSA may represent the major and predominant circulating antioxidant in
plasma (Bourdon et al., 1999). A current hypothesis in the pathogenesis of COPD is that
increased oxidant burden both directly as a result of smoking or indirectly by the release of
increased amounts of ROS from airspace leukocytes- may not be adequately
counterbalanced by the lung antioxidant systems, resulting in oxidative stress. Decreased
levels of the antioxidant HSA in COPD patients could therefore lead to an excess of
oxidants leading to; enhanced pro-inflammatory gene expression and protein release,
inactivation of antiproteinases, and oxidative tissue injury. It is unlikely that COPD
patients are genetically predisposed to produce lower levels of HSA as although SNPs can
occur in the gene it is extremely rare that they affect the synthesis of HSA (Murray et al.,
1983, Koot et al., 2004). Tt therefore begs the question is HSA turned over more rapidly in
COPD patients?

We found that with disease severity the number of carbonyl residues per HSA
molecule increased compared to individuals with no airways obstruction. Oxidised HSA

has previously been reported in BAL from COPD patients (Foreman et al., 1999). The
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formation of carbonyl groups on amino acid residues as a result of free radical-initiated
reactions 1s well documented and is a marker of protein degradation and turnover
(Stadtman, 1990, Davies , 1987). In fact the oxidative modification of proteins and lipids
has been implicated in the etiology of a number of diseases including atherogenesis and
diabetes (Njorge ef al., 1987, Baynes et al., 1989). In particular oxidised HSA is a reliable
marker of oxidative stress in patients with chronic renal failure and individuals on
hemodialysis therapy (Himmelfarb et al., 2001). As the severity of disease correlates with
the number of carbonyl HSA residues in our study. The extent of oxidised HSA may
represent an antioxidant disturbance within the lungs of COPD patients. Oxidised HSA
could therefore possibly be used as a marker of disease as well as oxidative stress in COPD
patients.

We also found a relationship between the smoking history of an individual and
baseline levels of HSA, with current smokers having lower baseline levels of HSA
compared to ex smokers and non-smokers. Cigarette smoking has been associated with
decreased levels of the anti-oxidants ascorbate and vitamin C (Duthie et al.,, 1993,
Anderson et al., 1988 and Pelletier, 1975), however to date there is no evidence of reduced
levels of HSA in current smokers. There is evidence, which suggests that cigarette
smoking induces albuminuria in normal individuals compared to non smokers (Pinto-
Sietsma et al., 2000). However it is difficult to determine the biological significance of
protein secretion from the body and levels of HSA within the lung, due to the abundance of
HSA within plasma and the respiratory lining fluid. The main causal factor of smoking
related COPD is thought to be chronic oxidative stress caused by long-term cigarette
smoking (Catin et al., 1985, MacNee & Rahman, 1999). We were therefore interested if
smoking status affected the levels of HSA oxidation, and as a result its turnover.

Indeed we found current smokers had elevated numbers of carbonyl residues per

HSA molecule compared to ex and non-smokers. Cigarette smoke has been shown to
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modify human plasma proteins, producing carbonyl proteins with lost sulfhydryl groups
(Reznick et al., 1992, O’Neil ef al,, 1994). One particular study, has also shown the
content of oxidised proteins recovered in BAL is greater in smokers compared with non-
smoking control subjects (Lenz ef al., 1996). Another has shown plasma anti-oxidant
activity is decreased acutely in cigarette smokers, following acute exacerbations in COPD
patients (Rahman and MacNee, 1996). The presence of cigarette smoke also increases the
local concentration of neutrophils and ultimately leads to the release of an array of ROS
and proteolytic enzymes (MacNee ef al., 1989). Following multivariate analysis we found
no relationship between COPD and smoking status. It is therefore possible that cigarette
smoke both directly and indirectly could lead to the oxidation of proteins such as HSA in
addition to the disease.

As previously mentioned oxidation of residues results in the metabolic turn over of
proteins. It is therefore not too surprising that the levels of carbonylated HSA are greater in
the current smokers compared to ex and non-smokers. It is particularly interesting that the
ex smokers defined as having given up smoking for 3 years or more had the same number
of carbonyl residues as the non-smokers. When we look as the levels of total HSA
individuals defined as ex smokers also had the same level of total HSA as the non-
smoker’s. This data suggests that if you cease smoking you prevent the elevated oxidation
of HSA and therefore its rapid turn over. The data however can not indicate the time scale
required for the resolution of smoking related oxidative stress, however within 3 years the
levels of total HSA had returned to normal. It is well document that smoking cessation is
the only effective treatment in slowing down of the accelerated decline in FEV, and thus
progression of the disease COPD. If as our data suggests the oxidant/anti-oxidant
imbalance is resolved with smoking cessation this furthers the role of antioxidant

disturbances in the progression of COPD.
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HSA 1s also able to serve as a depot and transport protein in the circulation,
because it can bind reversibly a large number of endogenous and exogenous compounds.
HSA has two major primary drug binding sites, termed site I and site II, which can bind a
variety of compounds such as warfarin, and non steroid anti-inflammatory drugs (NSAIDs)
(Chuang et al., 1999, Rahman et al., 1993). A resent study has shown that oxidation of
HSA leads to diminished binding affinities for these drugs (Anraku et al., 2001). Oxidation
of HSA may therefore have important implications in drug delivery and also the transport
of endogenous proteins within the body.

We have shown that the levels of HSA are decreased in current smokers with
COPD, and the HSA present is in a more highly carbonylated form in these individuals.
We also found that oxidised HSA is turned over in human lung tissue compared to
unmodified HSA and the turnover of protein by the lung was also confirmed by Western
blot. The formation of carbonyl groups on amino acid residues as a result of free radical-
initiated reactions is well documented and is a marker of protein degradation and turnover
(Stadtman, 1990, Davies, 1987). HSA is a single non-glycosylated polypeptide containing
35 cysteine residues all involved in the formation of stabilising disulphide bonds except
Hcysteine. In plasma this free thiol group is quantitatively the most important scavenger of
oxidants. The formation of carbony! groups on HSA also occurs on basic residues of amino
acids such as histidine, lysine and arginine. A recent study has shown oxidation of HSA
decreases its denaturation enthalpy, suggesting that oxidised forms of HSA are more easily
denatured (Anraku et al., 2001). There is also evidence that oxidation of HSA alters its
ligand binding properties probably due to conformational changes (Anraku ef al., 2001).
These data and supporting literature therefore suggests that oxidised HSA would be turned
over more rapidly within human lung tissue.

The precise mechanisms involved in the metabolic turnover of extracellular

proteins have not been fully elucidated. They are thought to involve the uptake of damaged
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proteins by type A scavenger receptors found on macrophages and the sinusoidal liver
epithelial cells (Swart et al.,, 1999, Duryee et al., 2005). Oxidised proteins can also be
taken up by most cells including epithelial cells, either through receptor mediated
endocytosis or pinocytosis, and is catabolised through lysosomal degradation (Hastings et
al., 1995, Grune et al., 1997). The main turnover of both normal and abnormal intracellular
cytosolic and nuclear proteins involves the proteasome complex (Rock et al., 1994).

In particular studies have shown macrophages adhere to oxidant modified BSA
through the class A scavenger receptor (SRA) (Zhang et al., 1993). The SRA is principally
expressed on macrophages has very broad ligand binding capacity and is thought to play a
role in innate immunity. Binding to the SRA triggers macrophage activation and the
release of ROS and inflammatory cytokines such as TNFa (Haworth et al, 1997). The
SRA can also act as a tissue adhesion receptor for the macrophage resulting in tissue
retention, and has therefore been implicated in atherosclerosis and Alzheimer’s disease (el
Khoury et al., 1994). The SRA could therefore provide a potential mechanism for the
elevated turnover of modified HSA in smokers with COPD. In addition the retention of
macrophages within the lung tissue and activated release of ROS may have important
consequences in the development of COPD.

The data also indicated that inflammation increases the rate of oxidised HSA
turnover and also affected the turnover of unmodified HSA. Inflammation is a prominent
feature of COPD as shown by the presence in the airways of activated neutrophils and
macrophages and increased numbers of inflammatory mediators (Keatings et al., 1997,
Bhowmik et al., 2000). It is well documented that HSA is vulnerable to ROS (Davies,
1987). It is therefore not too surprising the data indicates that during inflammation the
number of carbonyls on HSA increases and it is turned over more rapidly by the tissue.

If ROS species released from leukocytes in COPD patients are not counter

balanced by the lung antioxidant systems, the result is oxidative stress. An excess of
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oxidants can potentially lead to enhanced pro-inflammatory gene expression and protein
release, inactivation of antiproteinases, and oxidative tissue injury leading to disease
progression (Drost et al., 2005). During exacerbations of the disease the inflammatory
burden within the lung is heightened and patients experience a significant decline in lung
function, which is never fully regained. During these episodes of elevated oxidative stress
antioxidants such as HSA are more susceptible to oxidation and potentially are turned over
more rapidly. It may therefore be important to consider the potential therapeutic role of
HSA in the oxidant/antioxidant balance during exacerbations in these patients.

Finally, to further characterise changes in protein expression with disease we
therefore required a sensitive, high throughput technique. Two-dimensional gel-based
approaches have been moderately successful in characterising the proteomes of different
organisms, tissues and organelles, but are generally insufficient to resolve the very
complex proteome of human tissue. Gel based methods are also prone to biases against
lower abundance, hydrophobic and lower molecular weight proteins. The need for broad
screening techniques of multiple proteins has therefore lead to developments in mass
spectrometry and techniques such as iTRAQ, which now allows for the identification of
proteins to be carried out rapidly and accurately (Lin et al., 2003).

However we were unsuccessful in further developing iTRAQ to further
characterise changes in protein expression in individuals with lung function impairment. In
terms of human samples iTRAQ to date has only been used successfully for the analysis of
human endometrial tissue (DeSouza et al., 2005), saliva (Hardt et al., 2005) and plasma
(Ramstrom et al., 2005). Even for these successful studies the iTRAQ experiments only
led to the identification and quantification of 7% of the expected proteins (DeSouza et al.,
2005). The major difficulty in sample analysis for all of these studies was the level of
abundant proteins for example HSA is present in concentrations corresponding to 50% of

the total protein content in plasma. For serum and saliva the use of high affinity depletion
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columns for the removal of abundant proteins such as immunoglobulin G and HSA
significantly enhances the detection of low abundant proteins. Unfortunately this
technology was not available to us and there are also important technical considerations, as
depletion columns cannot be used with detergents such as lauryl sulphate (SDS), which is
used for homogenising tissues. In addition HSA is able to bind a multitude of endogenous
compounds, which could be altered with disease. Removal of HSA would therefore also
remove these proteins from the sample being analysed.

Since iTRAQ reagents derivatise primary amine groups they tag virtually all
peptides except those lacking both lysine and reactive N-terminal amino acids. In theory
1ITRAQ should therefore provide far greater proteome coverage, allowing the relative
abundance of proteins to be determined, compared to 2D gel electrophoresis-MALDI MS
separation. The technique iTRAQ therefore provides great potential for the analysis of
protein expression in diseased and naive tissue, however the proteins elucidated still have
to be validated by larger studies using more “traditional” techniques. Multiple marker
techniques such as iTRAQ may therefore turn out to be better suited for initial marker
discovery.

In summary we have shown that the levels of HSA are decreased in individuals
with COPD and current smokers and these individuals also have elevated levels of
carbonylated HSA. In addition we have also shown that oxidised HSA is turned over more
rapidly in human lung tissue especially in the presence of inflammation. We therefore
postulate that the decreased levels of HSA in current smokers and individuals with COPD
is due to the elevated metabolic turnover of oxidised HSA, which could play an important

role in the oxidant/anti-oxidant balance in these individuals.
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7.0 General discussion

TNFa has previously been shown to play an important role in many chronic inflammatory
diseases and is now accepted as an important therapeutic target in rheumatoid arthritis,
inflammatory bowel disease and psoriasis (Feldmann et al., 1999, Stuber et al., 1996).
COPD is characterised by chronic airway inflammation and it has therefore been suggested
that TNFa may well play a role in the disease. Indeed there is literature, which supports
the involvement of TNFa in COPD. TNFa has been shown to be elevated in the sputum of
patients (Keatings et al., 1996), and TNFa immunoreactivity is increased in the airways of
patients with COPD (Muller et al., 1996).

COPD patients also suffer from acute episodes of inflammation termed
exacerbations, which are an important cause of morbidity and mortality in COPD patients.
It is thought bacterial or viral infections are important factors in COPD exacerbations as
they increase the inflammatory burden within the lung (Seemungal et a/, 2000). The
association between bacterial colonisation and COPD has been studied for many years
(May, 1953, Marcy et al., 1982, Irwin et al, 1982, Rise et al., 1994 and Donaldson et al.,
2005). In particular TNFa is found to be associated with bacterial inflammation in COPD,
in vivo studies have shown chronic bronchitis and COPD patients with a positive bacterial
culture for H. influenzae have higher concentrations of TNFat in their sputum (Bresser et
al., 2000). Similarly, the presence of potentially pathogenic microbes in BAL from COPD
patients is strongly associated with elevated levels of TNFa and neutrophilia (Soler ef al.,
1999, Nash et al., 1991). It is also worth mentioning that TNFa may not only amplify
inflammatory events within the airways during acute exacerbations. The relationship
between high levels of circulating TNFa (Di Francia et al., 1994) or LPS stimulated

increases in TNFa production by blood monocytes (De Gody et al., 1996) and weight
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losing COPD patients has been repeatedly reported. Therefore TNFa may well play a role
in the systemic inflammation, which is also observed in these severe COPD patients.

However the role of TNFa during episodes of acute inflammation is unknown.
This line of research is hindered by the fact that clinical samples such as BAL are rarely
taken during these episodes due to severe deterioration of lung function in COPD patients.
Therefore it is not possible to study the mediators, which are released during the
inflammatory response in vivo. In addition, by the time patients present with exacerbations
at hospital the initiation of the inflammatory cascade has already occurred. Work in this
thesis supports published literature and extends data on LPS stimulated TNFa and its role
in acute inflammation. This utilises a model of acute inflammation involving primary
culture of human lung tissue from smokers and ex-smokers with a range of lung functions.
The advantage of this model is that it allows the analysis of the temporal release of
cytokines during acute inflammation, which would be unethical to determine using current

bronchial alveolar lavage techniques in COPD patients.

An important finding of this thesis is that LPS stimulated TNFa plays a key role in
regulating the acute inflammatory response. TNFa is a potent inflammatory and
immunomodulatory cytokine capable of initiating apoptosis, activation of inflammatory
cells, tissue remodelling and activation of NF-xB, which in turn co-ordinates transcription
of numerous pro-inflammatory cytokines and adhesion molecules (Blackwell et al., 1997).
Numerous studies have shown that LPS stimulates TNFa synthesis, however there is little
information on the inflammatory events, which follow TNFa release. The
immunohistochemistry data in this thesis suggests that both macrophages and mast cells
may contribute to TNFa production in our acute inflammatory model. This work is inline
with previous studies, which have shown that LPS stimulation leads to the expression of

TNFa in both macrophages and mast cells (Vassalli et al., 1992, Skerrett et al., 2004,
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Thomas et al., 2001). The expression of TNFo from both of these cells has been attributed
to the finding that TLR-4 is expressed on the cell surface of macrophages and mast cells
and are therefore able to respond to the presence of LPS (Tackeuchi ez al., 1999).

We have demonstrated that TNFa is the first cytokine released in the inflammatory
cascade in response to LPS. In addition, neutralisation of the biological activity of TNFa
leads to the blockade of the following cytokine cascade. It is therefore important to
understand how TNFa could affect the temporal release of mediators in the distinct
cytokine cascade. The intracellular signalling pathways leading to NF-xB activation in
response to TNFa are well understood (see figure 1.5). However, surprisingly little is
known about the downstream gene targets of NF-kB and the kinetics of their induction.
Previous work has shown NF-kB controls distinct groups of target genes whose pattern of
expression appear to be an orchestrated cascade of early and late phase target gene
responses. One study has shown that in macrophages LPS-stimulated recruitment of NF-
kB to target genes occurs in two temporally distinct phases (Saccani ef al., 2001). A subset
of genes whose promoter is already heavily acetylated before stimulation is constitutively
and immediately accessible to NF-kB and is transcribed immediately after NF-kB
recruitment. In contrast, other target genes are not immediately accessible to NF-xB, and
recruitment requires the formation of additional transcription factor complexes. These
modifications in chromatin structure could therefore allow the temporal activation of

selective genes in response to a single cytokine such as TNFa (Saccani et al., 2001).
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Figure 7.1
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Figure 7.1 TNFa stimulated cytokine release. TNFa released from macrophages and mast cells could
therefore stimulate the cell in a paracrine fashion, leading to the release of the other cytokines detected in the
inflammatory response. In contrast, a host-generated stimulus, such as TNFa or IL-1, is required for the
production of fibroblast and epithelial derived cytokines.

As shown in figure 7.1 TNFa released from macrophages and mast cells could therefore
stimulate the cell in a paracrine fashion, leading to the release of the other cytokines
detected in the inflammatory response. This is inline with previous gene array studies
which indicated that an activating signal such as LPS can induce expression of hundreds of
genes in macrophages and that the expression of these genes is differentially regulated by

different cytokines (Wells et al., 2003, Williams et al., 2002, Lang et al., 2002).
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Cells such as alveolar macrophages and mast cells have the ability to release
multiple cytokines in response to an exogenous stimulus such as LPS. In contrast, a host-
generated stimulus, such as TNFa or IL-1, is required for the production of fibroblast and
epithelial derived cytokines. The latter interaction is demonstrative of cytokine-networking
as shown in figure 7.1, whereby one cell population is dependent upon mediators
synthesised by a neighbouring cell. Alveolar macrophages are strategically situated at the
air tissue interface in the alveoli and alveolar ducts and are therefore the first cells
encountered by inhaled organisms and antigens in the lower respiratory tract. This
interaction may be extremely important in the lung where the alveolar space is in contact
with the ambient environment, which may provide the exogenous stimulus (LPS) for
alveolar macrophage-derived cytokines. By its very nature an inflammatory cascade
ensures that a single stimulus leads to an amplification of the response to resolve infection.
The release of TNFa in response to LPS could potentially provide an important
amplification step in the inflammatory response as TNFa receptors are expressed on nearly
all cell types. As we have previously demonstrated by the immunohistochemistry in this
thesis once LPS stimulated TNFa was released, TNFa staining was found to be associated
with multiple cell types. It is therefore likely that multiple cells are recruited in the
inflammatory response in either an autocrine or paracrine fashion through TNFa
signalling.

The mast cell is not traditionally thought of as having a role in COPD. Mast cells
tend to be localised between the epithelium and parenchyma of the respiratory tract, gut
and skin. They are therefore among the first of the inflammatory cells to come into contact
with invading pathogens. Tissue mast cells have traditionally been defined as key effector
cells of immediate-type allergic reactions. They are able to exert their biological effects by
releasing preformed and de novo synthesised mediators such as histamine, proteases,

leukotrienes, prostaglandin and cytokines upon cell activation by antigen-induced IgE
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receptor cross-linking (Okayama et al., 2005, Metcalf et al, 1997). There is now
increasing evidence that mast cells are also involved in IgE-independent inflammatory and
repair processes, which has been illustrated by their ability to be activated by bacterial
products and in particular LPS (Metcalfe et al., 1997, Nygen & Dahlen, 1981). Studies
have shown that mature mast cells can express Th; type cytokines such as TNFa, IL-1,
IL-6 and IL-8. In addition stimulation with IgE-dependant and IgE-independent agonists
(LPS) has also been demonstrated to enhance the expression of TNFa (Kempuraj ef al.,
2003, Xiang et al., 2001, Gibbs et al., 2001). The Dutch hypothesis refers to the idea that
COPD is a form of asthma. Smokers have been shown to have elevated levels of serum IgE
and many COPD patients show some degree of reversible airway obstruction particularly
in the early stages of the disease (Jensen et al., 1992, Burrows et al., 1981). However
smoking is not a risk factor for the development of asthma and COPD is typically
associated with increased numbers of activated macrophages, neutrophils and CD8+ve T
cells (Cosio & Gurassimou, 1999, Keatings et al., 1997, Finkelstein et al., 1995).
Therefore in recent years there has been much less emphasis on the Dutch hypothesis,
although most clinical research indicates there is some overlap between severe asthma and
COPD. Our work therefore indicates that mast cell derived cytokines released in response
to [gE-independent stimuli could play an important role in COPD exacerbations.

We have also shown that TNFa is released following cross-linking of the FceR1
with anti-IgE. Mast cells are typically associated with the production of Th, type cytokines
in allergy and parasite immunity (Okayama et al., 2005, Bentley et al., 1993). It is
therefore not too surprising therefore that we also observed the release of Th, associated
cytokines IL-5 and IL-13 with FceR1 cross-linking. The capability of mast cells to release
both Th, and Th;, cytokines via IgE-dependent mechanisms has only recently come to light
(Gibbs et al., 2001, Lorentz et al., 2000). As mast cells are generally thought of as

important effector cells in allergic asthma their ability to release Th; and Th;, cytokines
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may have important implications in the disease. Allergic asthma is characterised by
bronchial hyperresponsiveness (BHR) and variable airflow obstruction, which in moderate
disease can be controlled using, inhaled corticosteroids (British Thoracic Society, 2003).
However in persistent or severe asthma, which accounts for approximately 10% of
patients, continuous oral corticosteroids are only partially effective (Howel et al., 2005).
This severe spectrum of the disease exhibits an altered inflammatory cell profile involving
neutrophils and represents an important unmet clinical need (Busse ef al., 2000, Anon,
2003). Although asthma is considered an eosinophilic disorder associated with Th;
cytokines the expression of TNFa classically a Th; type cytokine is increased in asthmatic
airways in proportion to disease severity. Genetic association studies have also shown a
strong association between TNFa gene polymorphism and BHR and asthma (Li Kam Wa
et al., 1999, Noguchi et al., 2002). In addition inhalation of recombinant TNFa in both
rodents and normal or asthmatic humans enhances BHR and sputum neutrophilia. TNFa is
therefore considered a new therapeutic target in chronic asthma. A recent study by
Howarth and colleagues (2005) has shown in a small open label study, treatment of severe
asthmatics with etanercept, a neutralising TNFo antibody, was associated with
improvement of asthma symptoms, lung function, and BHR. Our observations therefore
provide further evidence for the role of TNFa in severe asthma, and further indicates a

need for larger placebo controlled trials of anti-TNFa therapies.

An important clinical finding in this thesis is that the levels of TNFa release were
significantly higher in LPS stimulated tissue from patients with COPD (GOLD 1 and 2)
compared to individuals with normal lung function (GOLD 0). The exaggerated release of
TNFa would ultimately lead to a pro-inflammatory imbalance within the lungs of these
patients culminating in the further release of pro-inflammatory cytokines such as IL-6 and

1L-8. We have previously shown in the inflammatory cascade TNFa release predicted the
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magnitude of the IL-6 and IL-8 response. The finding that the levels of IL-6 and IL-8 are
also exaggerated in patients with COPD classified by the GOLD criteria is therefore not
too surprising. The release of these cytokines would lead to the recruitment of
inflammatory cells and culminate in the destruction of the ECM. As COPD is characterised
by chronic inflammation, inflammatory cell recruitment and tissue destruction, resulting in
the loss of lung function. Differences in the expression of TNFa may therefore have
important implications in the progression of COPD especially during exacerbations.

It is therefore important to elucidate factors, which could be influencing the release
of TNFa in COPD. It is possible that the differences in TNFa expression in patients with
COPD are genetic or they could be a result of the disease itself. Polymorphisms in the
promoter region of the TNFa gene have been implicated in the chronic inflammatory
condition rheumatoid arthritis (Rood ef al., 2000, Ozen et al., 2002). However in our study
we found no relationship between the SNP at base —308 in the TNFa promoter and any of
the clinical parameters measured in this study. We have however shown in this study that
IL-10 influences LPS stimulated TNFa release, as neutralisation of IL-10 augments the
TNFa response. This finding is inline with previous literature, which demonstrates the
ability of IL-10 to influence TNFa release (Armstrong et al., 1996, Fiorentino ef al.,
1991). Therefore the finding of this study that the levels of IL-10 are decreased in COPD
patients defined by the GOLD criteria is extremely interesting. IL-10 has recently emerged
as an anti-inflammatory cytokine that inhibits the secretion of pro-inflammatory cytokines
by monocytes and or macrophages and the release of free oxygen radicals (Bogdan et al.,
1991, Gazzinelli et al., 1992, Fiorention et al., 1991). IL-10 can inhibit the synthesis of
pro-inflammatory cytokines such as TNFa by inhibiting NF-kB activation and promoting
the degradation of cytokine mRNA. Further studies have shown IL-10 inhibits the in vivo
secretion of TNFa and protects against lethality of endotoxins in a murine model of septic

shock if administered before challenging the mice with LPS (Howard et al., 1993, Gerard
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et al., 1993). Decreased levels of IL-10 in COPD patients could potentially therefore lead
to the elevated TNFa. release observed in COPD and ultimately unresolved inflammatory
responses to bacteria in exacerbations of the disease. We were therefore interested in the
role of the IL-10 promoter in disease progression. Previous work has shown SNP at base -
1082 in IL-10 promoter can affect LPS-induced secretion (Tagore et al., 1999, Hajeer et
al., 1998). However in our study we found no relationship between SNP -1082 and IL-10
production or any of the clinical parameters. It is possible that other polymorphisms in the
IL-10 promoter or IL-10 receptors could be important in IL-10 expression and thus
requires further investigation.

Any investigation of protein levels in disease tends to focus on the production of
proteins however their metabolism is also important. We have shown that oxidised protein
is turned over more rapidly in human lung tissue compared to unmodified protein, and LPS
derived inflammation enhances this turnover. In particular we have focused on the
decrease of the anti-oxidant HSA and the resultant oxidative damage that could ensue
within the airways in COPD. If oxidative stress renders proteins more susceptible to
proteolytic degradation by modifying amino acid chains and cleavage of peptide bonds
leading to the formation of protein aggregates; the effect of oxidation may well have
important consequences for the turnover of other proteins within the disease. In particular
we have shown lower levels of IL-10 release in patients with COPD. Numerous studies
have shown that oxidative stress is increased in the lungs of patients with COPD compared
with healthy smokers (Lenz et al., 1996, Rahman & MacNee, 1996). As we have shown
polymorphisms in the IL-10 promoter did not affect IL-10 production, enhanced turnover
of IL-10 may be responsible for the decrease seen with disease.

Another factor that influenced TNFa release was smoking status, with current
smokers releasing more TNFa compared to ex-smokers. A large body of evidence now

exists demonstrating increased oxidative stress in smokers with and without COPD and has
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lead to the proposed role of oxidant-antioxidant imbalance in disease progression.
Oxidative stress produces not only direct injurious effects in the lungs leading to increased
airway epithelial permeability, but also activates molecular mechanisms that initiate lung
inflammation. Oxidative stress may therefore play a fundamental role in enhancing
inflammation through the up-regulation of redox-sensitive transcription factors, such as
NF-xB, activating protein-1 and c-Jun-N-terminal kinase (JNK) to name a few. Cigarette
smoke has also been shown to activate all of these signalling systems (Rahman & MacNee,
1998, Di Stefano et al., 2002, MacNee & Rahman, 2000). In particular NF-xB regulates
the transcription of the genes for TNFa and many of the inflammatory cytokines such as
IL-6 and IL-8. NF-kB in its inactive form is present in the cytosol bound to IxB.
Phosphorylation of IxB leading to its subsequent degradation and the release of the
activated free form of NF-kB is a redox sensitive reaction (Flohe et al., 1997). Studies in
macrophage cell lines and alveolar and bronchial epithelial cells have shown oxidants
cause the release of inflammatory mediators such as IL-8, IL.-1 and nitric oxide, and these
events are associated with increased activation of NF-kB (Parmentier et al., 2000, Jimenez
et al., 2000). The enhanced transcription of TNFa with smoking induced oxidative stress
could therefore lead to the elevated levels previously observed in this study. However the
presence of oxidative stress and its relationship with airflow limitation may well be an
epiphenomena, as oxidative stress also occurs as a result of inflammation, a characteristic
feature of COPD. Multi variant analysis of our data indicated that smoking status and
disease severity are both important independent variables, which can modify the disease.
As there are currently no therapeutic treatments to control the decline of lung function in
COPD patients, smoking cessation in these individuals is as important as ever.

It is clear the innate immune response during an exacerbation represents an
important stage of disease progression. Damage to the airways caused by exacerbations

generally occurs in the advanced stages of the disease and is mostly irreversible.

201



Chapter 7: General discussion
Preventative treatment with flu jabs and steroids has shown some clinical benefits in
COPD patients. Ease of diagnosis and awareness of COPD in primary care has also lead to
effective recognition of pre-exacerbations symptoms such as cold-like symptoms, and
ensuring antibiotics are prescribed rapidly. However there are currently no therapeutic
treatments that effectively target airway damage once an exacerbation has developed. An
import finding in this study is neutralisation of TNFa leads to cessation of the
inflammatory cascade stimulated by LPS. TNFa may therefore represent an important
therapeutic target in the treatment of COPD exacerbations where currently no therapies
exist. While humanised antibodies such as infliximab have proven efficacious in TNFa
driven inflammatory conditions such as rheumatoid arthritis (St Clair et al., 2004) the use
of neutralising TNFa in COPD is still to be properly investigated. To date the therapeutic
use of infliximab has only been investigated in one small clinical study by Van der Vaart
and colleagues (2005) in the Netherlands, which showed no clinical benefits over the 8-
week trial. However the Van der Vaart study only included patients classified with mild to
moderate COPD.

The use of humanised TNFa antibodies such as infliximab in patients with RA and
recently etanercept in severe asthmatics appears to have the greatest clinical effect on a
small subset of patients, which tend to be the most severe cases of the respective disease
(Howel et al., 2005, Hurlimann et al., 2002). We have shown that the TNFa response to
LPS is increased with severity of the COPD classified by the GOLD criteria. In addition
patients with severe COPD are noted to have high systemic levels of TNFa, which usually
results in cachexia and a rapid decline in health of these patients. The use of anti TNFa
antibodies therefore requires much larger clinical trials including patients with a range of
disease severity. Also of important note the therapeutic effect of infliximab during
exacerbations was also not investigated within the Van der Vaart study. We have shown

that TNFa is the key cytokine in LPS derived acute inflammation and without stimulation
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we could not detect baseline release of TNFa from the tissue. This data indicates in future
clinical trials of humanised monoclonal antibodies it may be more prudent to focus on their
therapeutic role in exacerbations of the disease rather than in stable state patients.

However humanised antibodies are associated with a range of side effects from
headaches and respiratory distress to increased risk of infections and cancers (Breedveld et
al., 2000). The side effects of the humanised antibodies are due mainly to their systemic
action on the body as they cannot be specifically targeted to sites of inflammation.
Systemic immunosuppression is therefore often an important problem in patients receiving
these antibodies, especially with latent tuberculosis. In particular infliximab appears to be
associated with greater risks of infection and therefore patients require careful monitoring
(Giles & Bathon, 2004). There is also the issue of cost as humanised monoclonal
antibodies are expensive to produce. For a disease such as COPD, which is set to rise in
prevalence by 2020 worldwide, there is a need for therapeutic options, which are
affordable to all. There is therefore a need for well tolerated small molecule inhibitors to

modulate TNFa, which need to be targeted to the site of inflammation to minimise

systemic effects.
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Figure 7.2
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We therefore need to consider the sites at which TNFa production can be targeted.
Using the diagram in figure 7.2 we can identify the possible points of modulation in TNFa
production. LPS initiates the inflammatory response by binding to TLR-4 with LPS
binding protein. The development of decoy molecules for the TLR-4 receptor or
modulators of the resultant signalling cascade which leads to the activation of transcription
factors, could therefore specifically target the LPS-initiated signalling cascade. In
particular glucan phosphate has been shown to improve survival in experimental models of
sepsis. It is now understood that glucan phosphate treatment affects the TLR mediated
MyD88-dependant NF-kB pathway (Li ef al., 2004). Further experimental studies with
glucan phosphate may therefore lead to the identification of TLR signalling inhibitors.

Once synthesised TNFa is exported to the cell as membrane bound pro-TNFa (26
kDa) which when cleaved by TNFa converting enzyme (TACE) leads to the free soluble
form of TNFa (17 kDa). A recent study has successfully converted broad spectrum,
sultam-based MMP inhibitors into potent TACE inhibitors, lacking MMP activity

(Cherney et al., 2005). The development of TACE inhibitors could therefore represent
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another therapeutic avenue for the depletion of biologically active TNFa. Finally TNFa is
known to exert its biological effects by binding to TNF-RI and II on the surface of target
cells. Soluble TNFa decoy receptors could therefore attenuate TNFa signalling by
preventing soluble TNFa binding to target cells. Recent work by Murali and colleagues
(2005) have shown targeted conformational perturbation using small molecules that lodge
in surface cavities that reside distal to protein-protein interaction sites is an alternative way
to modify TNFa receptor functions. This study therefore opens an innovative approach to
structure-based drug design of small molecule inhibitors of TNFa

All of the above therapeutic targets would result in the inhibition of the biological
activity of TNFa. We therefore have a dichotomy as elevated levels of TNFo may lead to
chronic inflammation but inflammation is also required for the resolution of infection.
Many existing drugs blanket the effects of proteins by either inhibiting the biological
activity or affecting the expression of target proteins. However as we have indicated TNFa
has important roles in tissue homeostasis. Therefore in COPD it would appear modulation
of TNFa release would provide more therapeutic benefit.

An important clinical finding of this study is the decline in the levels of IL-10 with
the severity of disease. We have also shown that neutralisation of the levels of IL-10
actually lead to the augmented release of TNFa in the acute inflammatory response. In
support of this finding there is substantial evidence that IL-10 can modulate the release of
TNFa via a negative feedback loop, however the mechanism is not completely understood
(Armstrong et al., 1996, Fiorentino et al., 1991). As previously mentioned in this
discussion it therefore appears that the resolution of the inflammatory response by the
release of IL-10 is disturbed in COPD. The therapeutic effect of recombinant human IL-10
has been studied in several inflammatory diseases such as psoriasis, Crohn’s disease and
rheumatoid arthritis. Overall these studies have shown that IL-10 administered by

intravenous or subcutaneous route is well tolerated without serious side effects (Moore et
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al., 2001). IL-10 in induced sputum from COPD patients has previously been reported to
be significantly lower in comparison to healthy non-smokers (Takanashi et al., 1999).
Therapeutic administration of rIL-10 to enhance basal levels in COPD may therefore help
to modulate and resolve the chronic inflammation observed in COPD.,

Administering rIL-10 specifically to the airways would however be difficult. The
administration of aerosolised rIL-10 into the lung would face many challenges before
reaching its site of action in the small airways. The majority of drugs administered by
inhalers up in the stomach rather than in the airways. Secondly the lung itself is a hostile
environment, mucus and proteases within the lung ensure that inhaled particles are
degraded and removed as part of the innate defence of the lung. However treatment of
COPD patients with rlL-10 administered systemically would probably lead to
immunosuppression and fibrosis in tissues where inflammation is not present. Recent
evidence has shown that activators and inhibitors of protein kinase C (PKC) and inhibitors
of phosphatases PP1 and PP2A allow LPS induced TNFa secretion to be dissociated from
IL-10 secretion (Boehringer et al., 1999). Based on this data agents inhibiting PKC and or
activating PP1 and PP2A may help to reduce the inflammatory state by increasing the level
of IL-10 secretion, while maintaining TNFa release, however further studies are required.

In terms of therapeutic targets we have also demonstrated that the levels of HSA
are decreased in both patients with COPD and current smokers. A current hypothesis in the
pathogenesis of COPD is that increased oxidant burden both directly as a result of smoking
and indirectly by the release of ROS from airspace leukocytes may not be adequately
counterbalanced by the lungs antioxidant systems (MacNee 2005). During exacerbations of
the disease the oxidant burden is also elevated by heightened inflammation. During these
episodes of elevated oxidative stress antioxidants such as HSA are more susceptible to
oxidation and are potentially turned over more rapidly. It may therefore be important to

consider the potential therapeutic role of HSA in the oxidant/anti-oxidant balance during
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exacerbations of these patients. HSA is used clinically to maintain colloid osmotic pressure
and is also viewed to serve an antioxidant role in patients with damaged vascular
endothelium and patients with acute lung injury (Lang et a/., 2002, Quinlan et al., 2004).
In fact a direct protective effect of albumin is indicated from many epidemiological studies
(Bourdon et al., 1999). As HSA is one of the major antioxidants in the respiratory tract
lining fluid, therapeutically enhancing the levels of HSA in the lungs of COPD patients
could therefore decrease the oxidative burden reportedly observed in these patients
(Bourdan et al., 1999).

In addition we have also demonstrated that HSA from current smokers and patients
with COPD is present in a more carbonylated form. The formation of carbonyl groups on
amino acid residues as a result of free radical-initiated reactions is well documented as a
marker of protein degradation and turnover (Stadman, 1990, Davies, 1987). We therefore
hypothesised that the decrease in HSA is the result of enhanced metabolic turmover due to
the enhanced oxidation of the protein in COPD patients. A possible mechanism for the
accelerated decline in HSA tumover in the type A scavenger receptor (SR-A). One study in
particular has shown macrophages adhere to oxidant modified HSA by the SR-A resulting
in macrophage retention in the tissue (Haworth, 1997). The SR-A could therefore provide a
potential mechanism for the elevated turnover of modified HSA in smokers and COPD
patients. In addition binding of oxidised proteins to SR-A triggers macrophage activation
and the release of ROS and inflammatory cytokines such as TNFo (Haworth, 1997).
Therefore, in addition to the oxidant burden that would ensue with decreased levels of
HSA, oxidised HSA may also result in the retention of alveolar macrophages and the
elevated release of inflammatory cytokines and ROS. As we have indicated in this thesis
the alveolar macrophage is an important source of TNFa in the acute inflammatory
response. Elevated levels of the oxidised HSA may therefore have important consequences

in the development of COPD.
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In an attempt to further identify therapeutic targets in COPD we chose to
characterise protein expression in current smokers with and without COPD using iTRAQ.
However we were unsuccessful in developing a suitable methodology to analyse human
lung tissue using this proteomic approach. Following our research recent technological
advances have provided tools such as depletion columns, which may enable the analysis of
human tissues with iTRAQ. The technique iTRAQ therefore potentially provides an
important proteomic tool for the analysis of protein expression in diseased and naive

tissue, especially for identifying markers of disease.

7.1 Conclusion

It is clear that TNFa has an important role to play in the progression of COPD. Our work
confirms this as we have shown that LPS stimulated TNFa is the key cytokine in the acute
inflammatory response in human lung tissue. In addition we have demonstrated that the
main cellular sources of TNFa in acute inflammation is the alveolar macrophage and mast
cell. An important clinical finding of this study is that patients with COPD and current
smokers have an exaggerated TNFa response, which would lead to the elevated release of
pro-inflammatory mediators and ECM destruction during inflammation. We have also
verified that IL-10 can modulate TNFa expression in human lung tissue. The fact that we
have demonstrated that patients with COPD express lower levels of IL-10 in response to
LPS stimulus is therefore extremely interesting. We have also demonstrated that the
decline in protein expression with disease could result from the elevated metabolic
turnover due to enhanced oxidation of proteins in COPD patients. In particular we have
shown that oxidised HSA, an important antioxidant, is turned over more rapidly in human
lung tissue. We have also begun to develop the technique iTRAQ to analyse the changes in
protein expression in diseased and naive human lung tissue. While this approach requires
further development iTRAQ potentially provides an important proteomic tool for
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identifying markers of disease. This study is therefore important as it has highlighted the
role of TNFa and IL-10 in the progression of COPD and therefore provides important

future therapeutic targets, which are required to control disease progression.
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7.2 Future work

This thesis suggests a number of different directions, which could be potentially pursued

and three of those avenues are listed below.

A) We have utilised a human lung tissue model to investigate the release of cytokines in
inflammation. This study has shown that TNFa is the key pro-inflammatory cytokine in
acute inflammation and is elevated in COPD. It would therefore be important to further
define the role of TNFa in acute inflammation. We could disperse the human lung
tissue to obtain isolated cell populations in particular macrophages and mast cells. Cell
populations would allow us to investigate further the signalling pathways involved in
the LPS response. In addition to bacterial infection viruses such as Rhinovirus are also
associated with COPD exacerbations. With cell populations we could also study the
inflammatory response initiated by rhinovirus. Defining the key signalling events in
acute inflammation could help to develop future therapeutic avenues for small molecule

inhibitors.

B) During this study we have also shown that IL-10 may have a key anti-inflammatory role
in the acute inflammatory response and levels are decreased in COPD. It is therefore
important to elucidate the mechanisms behind IL-10 release within diseased and normal
lungs. A number of pharmacological agents have been reported to modulate the
production of IL-10 in the airways. In particular a number of studies have shown that
PDE inhibitors can increase IL-10 production. Using human lung tissue fragments or
primary cells obtained from bronchial brushings of stable COPD patients we could

investigate IL-10 production in naive and diseased tissue/cells. Using small molecule
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inhibitors such as diacerein, PDE inhibitors and rIL-10 we could also investigate the

effect of potential therapeutic treatments in exacerbations.

C) Finally, we have indicated that TNFa and IL-10 release could be important in the
resolution of exacerbations. However analysing the release of TNFa and IL-10 in
clinical samples such as BAL and bronchial biopsies during exacerbations is unethical
in COPD patients. Humanised monoclonal antibodies such as infliximab and etanercept
have been used in clinical trials in rheumatoid arthritis, asthma and stable COPD
patients with limited side effects. The role of TNFa in exacerbations could therefore be
unequivocally answered with a large placebo controlled trial of COPD patients during
exacerbation. The study would require rigorous sputum sampling and following patients
with diary cards such as in the East London study to accurately diagnose exacerbations
and therapeutically treat patients. In addition to the clinical data collected from the
study the well characterised sputum samples could also be used analyse the production

of TNFa and IL-10 during exacerbations.
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