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2 INTRODUCTION

Chronic inflammatory diseases have shown increasing incidence in the past thirty
years, afflicting millions of people in worldwide placing an elevated burden on health-
care services in both industrialized and developing countries. Allergic conditions
(asthma, eczema), as well as disorders with autoimmune origin, such as rheumatoid
arthritis (RA), psoriasis and inflammatory bowel diseases (IBD), chronic obstructive
pulmonary disease (COPD) and neurodegenerative disease are part of this group of
conditions [1, 2]. The general cause of these conditions is shared, it is an unregulated
inflammatory process, which affects specific organ systems or cause systemic
inflammation.

Inflammatory response is part of the normal host defense mechanisms, protects
from infection, initiates pathogen killing and plays role in tissue repair processes [3].
Interaction of many cell types and production of chemical mediators are involved in the
inflammation. Abnormal response to pathogens or external stimuli such as environmental
pollutants could lead to an unregulated inflammatory process causing overproduction of
cytokines, chemokines oxidants and proteases. The elevated levels of these mediators
amplify the inflammatory response and contribute the development of clinical symptoms
in genetically susceptible hosts, which suggests that the combination of environmental
factors and genetic susceptibility is essential during the development of chronic
inflammatory disorders [4].

Sequencing of the human genome allows identification of the genetic variation
such as single nucleotide polymorphisms (SNP) and copy number variations. SNPs,
which are variations of the DNA sequence that occurs when a single nucleotide in the
genome sequence is altered and the frequency of the rare allele >1% in the population,
cause about 90% of all human genetic variation. The International HapMap Project,
which provides key resource of human genetic variation data, contains allele frequency
and the linkage disequilibrium (LD) information (correlation between nearby variants),
across several populations for approximately 3.5 million SNP. However, recently the
1000 Genomes Project Consortium has described the allele frequency and local haplotype

structure of more than 15 million SNPs, majority of them were not described previously.



Although approximately the 99.5% of human DNA sequences are the same between
individuals, the genetic variations can have a major impact on how individuals respond to
disease and environmental factors [5-7].

Since genetic predisposition is one of the major causes of chronic inflammatory
diseases, it is very important to identify genetic susceptibility loci. This knowledge may
lead to the identification of the pathomechanism of the inflammatory process, to improve
new effective therapies and better prediction of the development of the disease [8].
During the past decade individual SNP studies and genome wide association studies
(GWADS) identified a large number of robust associations between specific chromosomal
loci and complex human diseases such as type 2 diabetes and RA [9-11]. Associations
were also found between common variant of SNPs and diseases. Since these are
multifactorial disorders and many common SNPs were also identified as susceptible
factors the prevalence of the combination of risk factors gives better prediction of the risk
of the disease, in contrast to monogenic disorders such as cystic fibrosis where a gene
mutation lead to the development of the disease [12].

The most studied SNPs are the non-synonymous SNPs that are localized in the
protein-coding region, cause amino acid change, which can affect the protein function.
These polymorphisms can be associated with the development of the disease or have
protective effect. Variation of gene transcription is crucial in mediating disease
susceptibility therefore; SNPs localized in the regulatory regions may contribute to
disease specific gene expression pattern. Several synonymous SNPs also identified as
disease susceptible genetic variants. Although they do not cause amino acid change these
variants can affect the mRNA stability or protein folding [13, 14].

Recent development in genomic technologies, including the extensive use of
microarray technology provided an opportunity to perform global gene expression
analyses. This is a hybridization-based technique, which enables to determine relative
mRNA levels of thousands of genes from a sample simultaneously [15]. In the last
decade gene expression arrays were developed by standards both for research use and for
clinical application, which lead to obtain more reliable data [16]. Microarray experiments
allow us to compare the transcriptome of tissue samples or distinct cell types [17, 18].

The comprehensive assessment of gene expression profiling of biological samples using



high-throughput technologies has already led to the identification of disease subtypes,
novel genes, biomarkers for disease, as well as the identification of transcriptional

networks associated with disease traits (Figure 1).
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Figure 1. Large-scale genomic approaches

Complex diseases, such as tumors show high heterogeneity at molecular level,
which reflects different clinical stages. Although classical histopathological techniques
are appropriate for diagnose major forms of cancer but some recent studies showed that
global gene expression analysis gave better classification of distinct cancer sub-types.

Large-scale gene expression analysis of peripheral blood B-cells revealed
different sub-populations a B-cells in diffuse large B-cell lymphoma, which
discriminated different clinical stages of the affected patients [19]. Histologic grade in
breast cancer provides clinically important prognostic information. Based on mRNA
profiling the histologic grade 2 tumors could be distinguished into two groups with high
and low risks of recurrence [20]. Patients with breast cancer having the same stage of the

disease can show markedly different response to treatment and overall outcome. Results
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of gene expression analysis of breast tumors gave better classification of patients and
provided a strategy to select patients for adjuvant therapy [21]. However squamous cell
carcinomas are histologically similar, they have distinct gene expression profiles based
on their anatomical origin. Gene expression analysis is useful to identify the derivation of
lung nodules and enhances treatment planning [22].

Tumor necrosis factor alpha (TNF-ot)-blocking agents are used in the therapy of
different autoimmune disorders, such as IBD and RA. Because 30% of patients do not
respond properly to the treatment, there is an important issue to identify differentiating
markers between responders and non-responders. Several studies in RA showed that
RNA expression profiling of blood samples is useful to identify marker gene set, which

correlated with good clinical response or with therapeutic failure [23].
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Figure 2. From genome-wide analysis to disease susceptibility.

Identification of genes with altered expression or marker genes could be potential

targets for novel and more effective therapy. Integrated functional genomics is an
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approach that combines results from multiple genomic analyses or proteomic analysis
and functional experiments to identify important genetic signals underlying biological
processes. Integration of large scale genomic, proteomic and metabolomic data is critical
for investigation and understanding the molecular basis of complex diseases. Using
systems biology approaches provided a method, which is the basis of the new paradigm
for drug discovery proposed by Schadt and colleagues termed Network Based Drug
Discovery (NBDD) [24] and leads on the way toward personalized medicine [25] (Figure
2).
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2.1 COPD

COPD is an increasing global health problem, it is predicted to become the third
most common cause of death and the fifth most common cause of disability in the world
by 2020 [26, 27]. In 2005, chronic respiratory diseases caused more than 4 million
deaths, including over 3 million deaths from COPD, worldwide. COPD is one of the
main causes of mortality in Europe and Hungary is one of most affected country.
Mortality rates for COPD are two or three times higher for males than for females. The
age-adjusted rates for men are the highest in Hungary among the European Union and the
Central East European countries, while the countries with the highest rates for women
(more than 20 per 100 000) are Hungary, Ireland, United Kingdom and Norway,
according to data published by the European Respiratory Society [28, 29] (Figure 3).
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Sources: Reproduced from European Respiratory Society 2003.

Figure 3. Age-adjusted death rates per 100 000 for COPD for males and females in

European countries.

Although in the past few years the pathomechanism of asthma has been examined

frequently and new effective therapies were found, in COPD the exact molecular
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mechanisms leading to the disease development and effective treatment are not known
yet [30, 31]. However, COPD and asthma involve chronic inflammation of the
respiratory tract, but there are many differences in the site of inflammation and in the
involved inflammatory cell types [32-35]. Asthma is characterized by increased numbers
of eosinophils and CD4+ T lymphocytes. The inflammation is affects all of the airways
and does not involve the lung parenchyma. Airway hyperresponsiveness is linked to
eosinophilic inflammation, although its mechanism is uncertain. In contrast to COPD
where corticosteroids do not appear to have effect on the inflammation, inhaled
corticosteroids suppress the eosinophilic inflammation in asthmatic patients. This
suggests that different patterns of mediators play role in the two diseases and in COPD
some patients develop systemic effect of the disease [36-38].

COPD is characterized by slowly progressive development of airflow limitation,
which is mostly irreversible in contrast to asthma where airway obstruction is usually
reversible. The airflow limitation is associated with an abnormal inflammatory response
to noxious particles or gases in the lungs [39, 40]. COPD is accompanied by emphysema,
chronic bronchitis with airway obstruction and small airway disease, these are distinct
phenotypes of COPD, but most patients show a combination of these phenotypes [41].
Emphysema is characterized by a Thl type inflammation, destruction of lung
parenchyma and enlargement of peripheral airspaces, including respiratory bronchioles,
alveolar ducts and alveoli and loss of lung elasticity. The inflammation in chronic
obstructive bronchitis affects the large airways with goblet cell hyperplasia, mucus
hypersecretion and chronic sputum production. Small airway disease mainly affects the
bronchioles. Based on the lung function four severity classes can be classified in COPD
(GOLD Guidelines) [42-46].

There are several risk factors of COPD; life and work circumstances,
environmental pollution and aging, but cigarette smoke is the major risk factor for
development of COPD. Cigarette smoke contains an estimated 10">-10'" free oxidant
radicals and more than 4500 reactive chemical compound, and it is the primary cause of
COPD including emphysema and chronic bronchitis. In susceptible smokers the lung
functions, forced vital capacity (FVC) and forced expiratory volume at 1 second (FEV1),

rate decline are faster than in healthy smokers and in non-smokers [47-49]. Cigarette
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smoke and other irritants induce inflammation in lung tissue, which causes activation of
epithelial cells and abnormal migration of different types of inflammatory cells.
However, only 15-20% of smokers develop COPD suggesting an additional risk factor
the genetic susceptibility also important in the pathogenesis of COPD [42, 50, 51].

2.1.1 SYSTEMIC CO-MORBIDITIES OF COPD

Beside the manifestation of the disease in the lungs, many patients with severe
COPD develop several systemic co-morbidities and the presence of airflow limitation
greatly increases the chance of development of lung cancer. Elevated levels of circulating
cytokines, chemokines and acute phase proteins cause systemic inflammation in patients
with severe COPD. The best recognized systemic manifestations include coronary artery
disease and atherosclerosis, loss and dysfunction of skeletal muscle, anemia, osteoporosis
and lung cancer [52] (Figure 4).

Since there is anatomical and functional relation between the lungs and the heart,
any dysfunction that impacts in one of the organs could cause malfunction of the other.
There is a strong correlation between impaired lung function (FEV1) and cardiovascular
morbidity and mortality and this is independent of age, sex and smoking history [53].

Systemic inflammation is an important factor in the pathogenesis of weight loss
and wasting muscle mass. Enhanced oxidative stress with increased level of reactive
oxygen species (ROS) and reduced antioxidant capacity contribute to the progression of
skeletal muscle dysfunction in COPD [54]. ROS can increase muscle cell apoptosis and
muscle proteolysis and inhibit muscle-specific protein expression [55].

The increased inflammation and oxidative stress increase the prevalence of lung
cancer in COPD patients. Pro-inflammatory cytokines may promote tumor angiogenesis,
which accelerates cell growth and metastasis. Patients with COPD develop lung cancer
with 3-4 times more compared to smokers with normal lung function and lung cancer is a

common cause of death among patients with severe COPD [56, 57].

15



P, /. Cigarette smoke

¢

¢ ;%\5

IL 6, TNF-«, IL-1B

S ‘»‘ Other
inflammatory
Ske/eta/ diseases

muscle
Muscle wasting

Cardiovascular disease

TRENDS in Pharmacological Sciences, Vol.28 No.10

Figure 4. Systemic co-morbidities of COPD
2.1.1 INFLAMMATORY CELLS IN COPD

As COPD is complex inflammatory disease, several types of inflammatory cells
are involved in the development of the disease. Increased number of implicated cell types
such as macrophages, neutrophils, dendritic cells (DC), T-lymphocytes and B-
lymphocytes are observed in alveoli and small airways [33, 38, 58-60] (Figure 5).

16



’ Cigarette smoke

-
¢ Alveolar macrophage

Epithelial
cells
Monocyte chemoattractant
,_\pr‘otein-1
cD8*
lymphocyte Q Monocyte

¢ Neutrophil

Neutrophil elastase
Cathepsins
Matrix metalloproteinases

Alveolar wall destruction Mucus hypersecretion
(Emphysema) (Chronic bronchitis)

TRENDS in Pharmacological Sciences, Vol.28 No.10

Figure 5. Inflammatory cells in COPD

Cigarette smoke and other inhaled irritants is the major cause of the inflammation in COPD. This
inflammatory process is characterized by increased numbers of neutrophils, AMs and CD8+ lymphocytes.
AMs play crucial role in orchestrating the inflammation through the release of inflammatory cytokines and

proteases.

2.1.1.1 Neutrophils

In early stage of the inflammation neutrophils are the dominant inflammatory
cells. Increased numbers of activated neutrophils were found in sputum and
bronchoalveolar lavage fluid (BALF) of patients with COPD [61]. These cells secrete
different types of proteases such as serine proteases including neutrophil elastase (NE)
and cathepsin G as well as matrix metalloproteinases (MMP)-8 and MMP-9, which cause
alveolar destruction and are potent mucus stimulant. Neutrophil recruitment to the
airways and parenchyma and their migration into the respiratory tract is controlled by

neutrophil chemotactic factors including leukotriene B4 (LTBj), interleukin-8 (IL-8) and

17



related CXC chemokines, which are increased in COPD [62, 63]. The source of these
mediators could be the alveolar macrophages (AM) and lung epithelial cells, but the
neutrophils itself produce large amount of IL-8. Cytokines such as granulocyte-
macrophage colony stimulating factor (GM-CSF) cause increased survival rate in the
respiratory tract [64]. Smoking has a direct stimulatory effect on granulocyte recruitment
from the bone marrow, possibly mediated by GM-CSF and granulocyte colony
stimulating factor (G-CSF) and may also increase neutrophil retention in the lung [65].
Activated neutrophils show an increase in the respiratory burst response, correlating with

the rate of airflow limitation and rapid decline of FEV1 [66, 67].
2.1.1.2 Lymphocytes

T-cells also show increased number in lung parenchyma and peripheral and
central airways of patients with COPD. In the population of T-cells the ratio of CD4" /
CDS8" cells are reversed; however the absolute number of CD4" T cells are also increased
[48, 68-71]. The majority of T-cells belong to the Th1 (interferon-y producing) subtype in
COPD airways, releasing perforins, granzymes and tumor necrosis factor-o. (TNF-ov),
associated with apoptosis and necrosis of lung cells. Th2 (interleukin-4 producing)
subtypes of T-cells are accumulated around mucus-secreting glands in patients with
chronic bronchitis [72, 73]. The mechanisms of T-cells accumulation in the airways and
lungs of patients with COPD are not yet understood. Their homing to the lungs must
depend on selective chemotaxis. The role of T-cells in the pathophysiology of COPD is
also not yet known [74]. B-cells may produce altered antibodies in response to cigarette
smoke in patients with COPD, however the pathways for antibody production are not

known [75].
2.1.1.3 Dendritic Cells

DCs have central role in the initiation of the innate and adaptive immune response
and are essential for inducing activation and differentiation of naive and also effector
CD4" and CD8" T-cells in response to inhaled antigen [76]. Various lung compartments
contain DCs, but the lineage or origin of these cells has been poorly defined [77]. In

mouse model, cigarette smoke exposure increased the numbers of CD11c” DCs were

18



observed, which is explained by elevated levels of monocyte chemotactic protein-1
(MCP-1) and macrophage inflammatory protein 3-o (MIP3a) [78, 79]. Lung DCs
produce high level of MMP-12, contributing to tissue damage. This mechanism may be
reliable in COPD patients, as increased numbers of DCs were found in the epithelium of
small airways, correlating with high levels of MIP3a in induced sputum [80]. Airway
smooth muscle cells of COPD were found to produce more DC maturation factor thymic
stromal lymphopoietin (TSLP) [81]. Beside these findings, the exact role of DCs

initiating airway inflammation and emphysema is still largely unknown.
2.1.1.4 Epithelial cells

Cigarette smoke activated airway and alveolar epithelial cells are important
source of inflammatory mediators producing TNF-a, IL-8, interluekin-1f (IL-1P) and
GM-CSF [82, 83]. In small airways, they express transforming growth factor-f (TGF-f3),
which is an inducer of local fibrosis [84]. Epithelial cells are important in defense of the
airways, secreting defensins and other cationic peptides with antimicrobial effects and are
part of the innate defense systems [85]. Increased proliferation of airway epithelial cells
causes squamous metaplasia, which is very often in chronic bronchitis and COPD. This
proliferation is induced by elevated expression of epithelial growth factors and may

contribute an increased risk of bronchial carcinoma [86, 87].
2.1.1.5 Monocytes/Macrophages

Alveolar macrophages (AM) seem to play a central role in the pathogenesis of
COPD and the maintenance of the inflammatory process [88, 89]. AMs are the major host
defense cells in the lower airspace. Cigarette smokes exposure causes more than fivefold
increase in total cells in BALF, 95-98% of these cells are macrophages [74]. The
population of AMs recovered from BALF is phenotypically heterogeneous. A part of
them have normal appearance, while others enlarged and are full with engulfed particles
and there is a third subset with smaller size than the normal pulmonary macrophages,
may be immature cells [90]. The precursors of AMs are monocytes (MO), which are
released from bone marrow and are homing to the lungs in response to cigarette smoke,

but higher rate of MO recruitment from peripheral blood was also observed in response to
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monocyte-selective chemokines such as MCP-1 and lymphocyte chemotactic factors
released by T-cells [63, 91]. Macrophages have a long life span, up to several months
under normal condition. In smokers AMs may exist for more than 2 years before
clearance and cell death [92]. There is correlation between macrophage numbers and
disease severity. Macrophages are localized to alveolar wall destruction in patients with
emphysema [68, 93].

AMs secrete large number of inflammatory mediators including chemokines,
cytokines, growth factors, lipid mediators and reactive oxygen and nitrogen species. AMs
can be activated by cigarette smoke, pro-inflammatory cytokines and immune stimuli. In
patients with COPD AMs show increased release of inflammatory mediators compared to
normal smokers. They secrete higher level of IL-8 and IL-1f after cigarette smoke
activation, which lead to enhanced recruitment of neutrophils in COPD [94, 95].
Releasing other CXC type chemokines such as CXCL-10 and CXCL-9, AMs play key
role in the recruitment T lymphocytes to the lungs [73]. The production of interferon-y
(IFN-y) and elevated level of TNF-a result the maintenance of the chronic inflammatory
cycle. In chronic bronchitis macrophages release TGF-3, which may contribute to the
fibrosis in small airways. They also produce transforming growth factor-o. (TGF-at), an
endogenous activator of epidermal growth factor (EGF) receptors that have key role in
regulation of mucus hypersecertion [33].

Many types of elastolytic enzymes, such as MMP-2, MMP-9, MMP-12 and
cathepsins are secreted by AMs [96-98]. The MMPs are belonging to family of Zn*'-
dependent and Ca*"-dependent proteinases, degrading the extracellular matrix proteins.
They play an important role during the development of healthy tissue as well as
remodeling of damaged tissue. However increased expression of MMPs and decreased
expression their inhibitors such as tissue inhibitors of MMPs (TIMPs) were reported in
patients with COPD and may the major cause of emphysema. MMP-9 is strongly
expressed in emphysematous lung mostly by AMs [98-100]. However, there are
controversial data about the role MMP-12 in the pathogenesis of COPD, elevated
macrophage derived levels of MMP-12 is described in smokers’ lungs and it appears to
play an important role in development of cigarette smoke-induced emphysema [88, 101].

MMP-12"" mice did not develop emphysema in response to long-term cigarette smoke
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exposure in contrast to MMP-12""*

mice, confirming this role of the enzyme [102]. AMs
also can release neutrophil elastase although they do not synthesize it. It derives from
neutrophils after macrophages internalized them, suggesting AMs may represent a
reservoir for neutrophil elastase [103, 104]. Cigarette smoke activated macrophages
produce large amount of unstable free oxidative radicals, such as superoxide anion,

peroxynitrite and hydroxyl radicals. Formation of these reactive particles leads to a series

of chain reactions, which yield tissue destruction [105].
2.1.2 GENETIC RISK FACTORS OF COPD

Development of complex genetic diseases, such as COPD is associated with the
interaction of environmental factors and genetic susceptibility. Genetic association and
genome-wide studies have identified several genes and their SNPs that might be involved
in the pathogenesis of COPD. Since the proteases-antiproteases and oxidants-antioxidants
balance are crucial in COPD, most of the associated genes functions correlate with these
two pathways [34]. However SNPs of other candidate genes, which are part of the
inflammatory process or play role in immune response, have been also found to show
association with COPD (Figure 6). SNPs of candidate genes, which show strong
association with the disease, could be potential biomarkers, predictors of the disease or

targets of new therapies [42, 106-108].

21



Genetic
| | variation

Epithelial cells [ oxidants 1—|—
ﬁj - |

Meutrophils
i O —
Macrophages \
e .I
| L ]
|
v
Mucus
hypersecretion Apoptosis

Respiratory Research 2006, 7:130

Figure 6. Pathways of COPD associated gene polymorphisms.

Cigarette smoke contains irritant and oxidant particles, which activate neutrophils and macrophages and
induce oxidative stress, inflammation and secretion of proteases. The balance of oxidants/antioxidants and
proteases/antiproteases is important in the severity of COPD. SNPs of susceptible genes, which are related

to these pathway could modulate positively or negatively the pathomechanism of the disease.

2.1.2.1 Proteases-antiproteases

Alpha-antitrypsin (0,-AT) is an acute phase protein, which provides major
defense against NE. o;-AT is synthesized predominantly in the liver, but AMs also
secrete it. It is a highly polymorphic protein; more than 70 variants have been identified.
The most common gene variants are the M, S, and Z alleles. Patients with the MM
genotype are defined as normal and have the highest a;-AT levels. MS and MZ
genotypes lower levels of the normal and the rare SZ heterozygotes show more reduced

levels of o-AT. ZZ homozygote variant associated with o;-AT deficiency and higher
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risk of development of emphysema. Individuals with ZZ genotype have a clearly
accelerated rate of decline in lung function [109-112].

Several studies in animals and humans showed that MMP-1, MMP-12 and MMP-
9 are important in airway inflammation and development of emphysema and show
elevated levels in smokers [113]. SNPs of MMPs genes were examined in genetic
association studies and found that promoter polymorphisms in MMP genes alter gene
expression [114]. Haplotype variants consisting of alleles from MMP-1 G-1607 GG and
MMP-12 Asn357Ser SNPs were associated with rate of decline of lung function which is
suggest that polymorphisms of MMP-1 and MMP-12 genes are causative factors in
smoking-related lung injury [115]. A promoter variant of MMP-9 (C-1562T) reported to
be increased its activity and linked to COPD in Chinese Japanese and Korean population
[116-118].

SERPINE2 gene, a member of serpin peptidase inhibitors, was identified as
having potential role in COPD [119]. It is known to be an inhibitor of trypsin-like serine
proteases, but not NE and might have a role in the protease-antiprotease pathway [120].
Multiple SNPs of this gene were examined in the Boston early-onset COPD cohort and in
patients from the NETT cohort with several being significantly associated [121].
However case-control studies could not replicate these associations with COPD in
European patients, which questioned the validity of some the results found in the original

study [122].
2.1.2.2 Antioxidants and xenobiotic metabolizing enzymes

Cigarette smoking causes high level of oxidative stress and accumulation of toxic
substances in the lungs. Genetic variation of enzymes in the metabolism and
detoxification of noxious particles such as hydrocarbons, epoxides and oxidants are
important determinants of host response [105, 123, 124].

Cytochrome P4501A1 (CYPIA1) is a member of cytochrome P450 family is
capable metabolizing xenobiotic compounds and may play role in the activation of
procarcinogens. SNP of CYP1A1l in the exon 7 causes amino acid substitution
(Ile462Val) and the Val462 allele, which alters higher enzyme activity, was associated

with centriacinar emphysema in patients with lung cancer [125, 126].
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Microsomal epoxide hydrolase (EPHX1) is an enzyme associated with the
metabolism and detoxification of xenobiotic chemicals; it plays an important role in the
general oxidative defense of lung. Several polymorphisms are known in EPHXI
including two relatively common SNPs, the exon 3 Tyrl113His (rs1051740) and exon 4
His139Arg (rs2234922) variants. These two variants of alleles have been suggested to be
associated with altered EPHX1 enzyme activity. Substitution of Tyr113 for His decreases
(slow allele), whereas substitution of His139 for Arg (fast allele), increases EPHXI1
activity [127]. Since EPHX1 is involved in the detoxification of epoxide intermediates in
tobacco smoke, any change in the rate of conversion of these highly reactive compounds
could affect an individual’s ability to cope with the toxic effect of cigarette smoke.
Several studies found the slow metabolizing form of EPHX1 to be associated with an

increased risk for COPD [128-133].
2.1.2.3 Inflammatory mediators

TGF-f regulates extra-cellular matrix production, tissue repair, and cell growth
and differentiation, and have role in immune response. In the Boston early-onset COPD
cohort a linkage analysis showed association between TGF-1 gene and FEV1 [134].
This gene was also examined in the NETT cohort and three SNPs of it were significantly
associated with severe COPD [130]. The association of two of these SNPs was replicated
in other study and showed both of them have effect on TGF- levels. The first (C—T
change at position -509) is located in the promoter region; causing enhanced promoter
activity increases the TGF-B1 level. The second that leads amino acid change (Leu—Pro)
at position 613 elevates the production of TGF-B1. In case-control study the Pro allele
was found to less common in patients with COPD relative to healthy smokers, suggesting
a protective role of this allele [135, 136].

TNF-a is key factor to initiate and mediate the inflammation in both the
respiratory tract and systemic features of COPD. Several polymorphisms of TNF-o were
examined in case-control studies but the most studied is a promoter variant (-308G>A),
which increases the production of TNF-o through directly affect the gene transcription.

The -308G>A SNP linked to increased airway inflammation in Taiwanese patients with
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chronic bronchitis and also linked to airflow obstruction in subjects without chronic
bronchitis and severity of emphysema in a Japanese study. However these findings could
not be validated in Caucasians. Variation in genotype frequencies between races might be
a possible explanation of these controversial findings [128, 133, 137].

Peroxisome proliferator-activated receptor gamma (PPARY) is involved in the
regulation of inflammatory signaling pathways of various autoimmune disorders,
therefore polymorphisms of PPARYy could be implicated in the susceptibility to these
diseases. Association of PPARY SNP with type 2 diabetes was reported in several studies.
The minor allele of Prol2Ala, which causes lower binding affinity of PPARY protein to
PPRE, was associated with lower body mass index, improved insulin sensitivity and
decreased risk of type 2 diabetes [138, 139]. Controversial data were found in association
to risk of colorectal cancer. The Ala allele was also associated with reduced risk to
develop colorectal cancer while higher frequencies of the minor allele of the synonymous
His447His (C>T) polymorphism was observed in colon cancer patients. In a haplotype
analysis study the combination of Ala allele and minor allele of His447His associated
with reduction risk of colorectal adenomas. Three SNPs of PPARY were examined in
asthma (Prol12Ala, His447His, and C-681G) [140, 141]. The combination of major alleles
of Pro12Ala and His447His was associated with increased risk for asthma exacerbations;
in another study this haplotype combination was associated with aspirin sensitivity in

asthmatic patients [142-144].
2.1.2.4 Mediators of physiological processes in the respiratory tract

B>-agonists are the most common bronchodilators used to treat airflow limitations
in asthma and COPD [145]. They are act through B,-adrenergic receptor (B2AR) gene
(ADRB2). The PB2AR mediates bronchodilation, mucociliary clearence, vascular
endothelial permeability and anti-inflammatory responses in the airways. Several clinical
studies have shown the genetic contribution of the Arg16Gly polymorphism to short-term
bronchodilator response to B;-agonists in patients with asthma [146]. In a Japanese study
the Argl6Gly polymorphism have been found to be have a significant physiologic role in
regulating responses to exogenous B2AR agonists in patients with COPD [145]. Two
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SNPs of ADRB2 were associated with emphysema severity airway wall thickness
phenotypes in the NETT cohort [147].

The surfactant proteins contribute to regulation of surface tension in the alveoli
and also have role in the host defence and control of inflammation. A SNP in surfactant
protein B (SFTPB), which causes amino acid change (Thr131Ile), has been associated
with COPD in Boston Early-onset COPD cohort and in a case-control study in Mexico
[129, 130].

2.1.3 GENE EXPRESSION STUDIES IN COPD

In complex diseases it is also very important to study comprehensive changes
between normal and unhealthy state. Several recent studies attempt to identify novel
pathways or gene sets involved in the pathogenesis of COPD using gene expression
profiling analyses. There was only a minimal overlap between the differentially
expressed genes among the different datasets. These differences could be derived from
several factors, such as differences in analysis, sample collection and size, disease
severity, examined tissue or cell components and not the same expression platform.
Beyond the variability of the studies, these findings have presented useful information to
the pathogenesis of COPD [148].

Global gene expression pattern was examined of normal and emphysematous lung
tissue, using Affymetrix microarray. In this study genes were identified which can
distinguish normal lung tissue from severely emphysematous lung as well as genes that
correlate with lung function parameters such as FEV1 and diffusion capacity for carbon
monoxide (DLco) and associated with systemic effect of emphysema, like lower body
mass index (BMI) [149].

Lung tissue samples of GOLD-2 smokers and GOLD-0 smokers were compared
using serial analysis of gene expression (SAGE) and microarrays, to better understand the
molecular basis of COPD. Several classes of genes were found, many of which have not
been previously associated with COPD [150, 151].

The effect of cigarette smoking on gene expression of airway epithelial cells was

compared between healthy smokers and healthy nonsmokers and also between healthy
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smokers and smokers with COPD. Pathway analysis of the differentially expressed genes
revealed relevant functions to the pathogenesis of COPD [152, 153].

The smoking effect was also examined gene expression profiling of AMs, which
were obtained from BAL and provided novel candidate genes for susceptibility to
smoking-related COPD and other lung diseases. CSE induced cytokine production was
characterized using MO derived macrophages (MDMs). To characterize the smoking
related gene expression changes AMs were obtained from transgenic mouse model of
emphysema. Although the degree of similarity between human smokers and the animal
model was much more restricted and there are inevitable limitations in comparing the

expression data between species [154-156].

2.2 1IBD

IBD is a chronic inflammatory disorder with autoimmune origin affecting the
gastrointestinal tract. It is clinically classified into two major phenotypes: ulcerative
colitis (UC) and Crohn’s disease (CD). In recent years CD and UC have shows increasing
frequency, imposing a significant burden on the healthcare system. Both CD and UC
primarily are disease of young adults, incidence occurs between 15 snd 30 years of age.
Incidence and prevalence of IBD vary significantly depend on geographical and ethnic
background, there is an increased risk for developing IBD in urban areas with a higher
socioeconomic class in the developed countries compared with rural areas or less
developed countries. Family aggregation has been recognized, first-degree relatives of the
affected patients have five fold greater relative risk for developing IBD and the
inheritable risk seems to be stronger in CD compared to UC.

Although the etiology of these diseases still remains unknown, the cause of the
diseases is better understood, a dysregulated mucosal immune response to the normal
intestinal microflora in a genetically susceptible host is involved in the pathogenesis
[157]. The normal epithelium provides an effective barrier against luminal agents,
defending the integrity of the mucosal barrier is essential. The integrity of the barrier
could be compromised by a decreased reparative response to injury, exogenous agents or
genetic determinants. The stimulation of the mucosal immune system by the products of

commensal bacteria or antigens from dietary sources may contribute to a chronic
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recurrent intestinal inflammation in the lumen. The penetration of bacterial products
through the injured mucosal barrier leads to their direct interaction with immune cells,
especially DCs and T-cells, promotes a classical adaptive immune response.
Alternatively, bacterial products could stimulate the receptors of the innate immune
system on the surface of the epithelium inducing the cytokine and chemokine production
of epithelial cells that lead to recruitment and activation of mucosal immune cells [158].
Migration of innate immune cells such as neutrophils, macrophages and DCs depends on
the expression of cytokines and chemokines. These cells generate ROS that are the
effectors of inflammation, tissue injury and increase the permeability of the epithelial

barrier (Figure 7).
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Figure 7. Mucosal immune response in IBD

Bacterial compartments activate DCs, which activates naive T-cells by producing inflammatory cytokines.
UC seems to be predominately Th2-mediated, whereas CD is a predominately Th1l- and Thl7-mediated

process
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2.2.1 PHENOTYPES OF IBD

UC is characterized by diffuse mucosal inflammation, which extends proximally
from the rectum to a varying degree and presence of a significant number of neutrophils
within the lamina propria and the crypts, where cause formation of micro-abscesses. The
severe inflammatory process with production of inflammatory mediators leads the
development of extensive superficial mucosal ulceration. In UC the immune response is
mediated by Th2 type T-cells and associated with interleukin-4, -5 and -10 [159]. While
in case of CD may be patchy and segmental, the inflammation is usually transmural. Any
site of the gastrointestinal tract could be affected, but the involvement of the terminal
ileum is the most common and the earliest mucosal lesions often appear over Peyer’s
patches. It is characterized by aggregation of macrophages that form non-caseating
granulomas [158, 160]. It is suggested that the immune response in CD is associated with
cytokines produced by Thl type T-cells, such as INF-y, TNF-o and interleukin-12
(Figure 7).

This pathophysiological concept for IBD is rapidly changing and a third type of
immunologic response was described recently. This is the interleukin-23 (IL-
23)/interleukin-17 (IL17) pathway, which is induced by IL-23, leading generation of IL-
17, interleukin-6 (IL-6) and TNF-o producing subtype of T-cells, Th17 cells [161]. Th17
pathway is critical for the development of inflammation in the majority of animal models
of colitis and both IL-23 and IL-17 show elevated expression levels in inflammatory

lesions in patients with CD [162-164].
2.2.2 GENETIC FACTORS OF IBD

Several studies indicate that genetic factors appear to predispose some individuals
to the development of IBD [165-168]. Recent single locus genetic association and GWAS
studies identified several new susceptibility genes and chromosomal loci that are
associated with CD or UC such as NOD2/CARDIS5, IL23R or ATGI6L1 [165-168].

NOD2/CARDIS is localized on pericentromeric region of chromosome 16, that
chromosomal region was identified as a CD susceptibility locus and designated IBD1

locus. NOD2/CARDI15 is an important receptor for intracellular recognition of bacterial
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products such as lipopolysaccharid and peptidogylcan and has a role in signaling of
innate defense response in the host. It is expressed in monocytes and activates nuclear
factor kB (NF-xB). NOD2/CARDI1S5 has been conclusively associated with CD.

IL-23 is a member of the IL-12 family cytokines produced by activated DCs. This
cytokine promotes Th17 cell responses and orchestrate additional innate and T cell-
mediated inflammatory pathways. IL-23 pathway might cause an aberrant immune
response to microbial encounter and showed that depletion of IL-23 was associated with
decreased pro-inflammatory responses in the intestine. The association of several SNPs
of the IL23R gene with CD and UC confirmed the critical role of IL-23 pathway in IBD
pathogenesis. The Arg381GIn polymorphism confers a strong protective affect against
CD and modestly associated with UC.

ATGI6L1 is new CD susceptibility gene, which plays role in autophagy.
Autophagy is important for cellular homeostatic functions, including nutrient and energy
generation, structural remodeling, degradation of damaged or long-lived cytoplasmic
components, and protection of invading microorganisms. It is an important part of the
innate immune armamentarium and links to adaptive immunity by traffic of antigens for
immune recognition. Mutations affecting factors, which are involved in autophagy

process may lead immune dysregulation seen in IBD [169-171].
2.2.2.1 Role of PPARYin IBD

PPARY is strongly expressed in the colon, mostly by the epithelial cells indicating
that it may have an important function in the normal and pathological processes of the
colon [172-174]. Animal experiments also provided support for a role in PPARY in the
inflammation of the intestine. Rosiglitazone treatment attenuated the symptoms of
induced colitis in a mouse model. Genetic evidence for the protective effect of PPARYy
was provided by showing that PPARYy +/- animals were more susceptible to colitis than
wild type ones [175-177].

5-aminosalicylic acid (5-ASA), an anti-inflammatory agent, that is widely used to
treat IBD, is a PPARY ligand as well [178, 179]. Rosiglitazone, another PPARY activator,
was tested in clinical trials and was found to be effective in treatment of UC [180].

However, the efficiency of the treatment varied between patients suggesting that
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differences in the genetic background of patients, such as single nucleotide
polymorphisms of PPARY could play a role in pathogenesis of IBD [181]. Despite of its
suggested role as a repressor of inflammatory responses, very few studies have assessed

so far the association between the known polymorphisms of PPARY and IBD [182-187].

2.3 Transcriptional regulation of inflammation

Although inflammation is beneficial in the defense response of the host against
pathogens and external stimuli, can become unchecked leading to the pathogenesis of
common chronic inflammatory diseases such as RA, type 2 diabetes, multiple sclerosis
and COPD. Complex network of signaling mediators are involved in this process, many
of them are under the transcriptional control of two transcription factors (TF); nuclear
factor kB (NF-xB) and activator protein 1 (AP-1) [188]. NF-kB is a potential therapeutic
target; inhibition the activity of this TF can reduce atherosclerosis and type 2 diabetes
[189, 190].

Another group of TF, the superfamily of nuclear receptors (NR) is also involved
in the regulation of the inflammatory mediators. Several members of NRs have role in the
negative regulation of inflammatory response such as glucocorticoid receptor (GR) and

PPARYy[191, 192].
2.3.1 NF-xB

Expression of proinflammatory cytokines such as TNF-o and IL-1f is increased
in COPD. These mediators amplify the inflammation through activation of NF-xB, which
is the key TF of inflammatory genes [51]. Functionally NF-xB is a heterodimer of p50
and p65 proteins [188]. In resting cells this heterodimer located in the cytoplasm in
inactive form, bound by inhibitor protein complex of IkB (IkBa and IxBf). Upon
activation of cells such as TNF-a binding, [xB is phosphorylated by protein kinases. This
phosphorylation is signal for polyubiquitination and degradation of IxB, which allows a
rapid translocation of NF-kB to the nucleus, where it binds to promoters of inflammatory
genes, such as TNF-o, IL-8, and GM-CSF and activates transcription of them [193]
(Figure 8).
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Acetylation and deacetylation also regulate the transcriptional activity of NF-kB.
NF-kB interact coactivator molecules, such as CREB-binding protein (CBP)-, p300- and
p300-CBP-associated factor (p/CAF), which have acetylase activity. P300/CBP has role
in the acetylation of p50 and p65 subunits, which leads to selective gene induction [194].
Acetylated p65 has impaired association with IkBa and enhances the DNA binding
affinity of NF-xB complex and preferential binding to the NF-kB binding site in the IL-8
promoter rather than GM-CSF promoter [195]. While acetylation of p50 subunit, which
does not have transactivating domain, correlates with increased binding to
cyclooxygenase-2 (COX-2) and inducible NO synthase (iNOS) promoters and increases
the recruitment of p300 to these promoters [196, 197]. Conversely, members of histone
deacetylase (HDAC) family HDAC3 and sirtuin-1 (SIRT1) can inhibit the NF-xB
mediated gene transcription through deacetylation of p65 subunit [198]. However, high
level of oxidative stress reduces the HDAC activity in COPD [199, 200].
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NF-xB is a common TF for proinflammatory genes. NRs, such as PPARYy and GR have role in the negative
regulation of inflammatory response through inhibiting the NF-xB function. PPARY/RXR heterodimer
induce the transcription of IkB, inhibitor protein of NF-kB. Ligand activated GR homodimer is

translocated to the nucleus, bind to NF-xB and inhibit inflammatory gene transcription.

2.3.2 AP-1

AP-1 is the other important pro-inflammatory TF, consists of homodimers and/or
heterodimers of the c-Jun/c-Fos family of proteins [201]. Promoters of many
inflammatory genes contain biding sites for both AP-1 and NF-kB, suggesting the
possibility of synergism or cooperation of both TF during the inflammatory response.
However AP-1-dependent activation of genes such as those encoding MMPs is thought to
contribute to clinical complications in several inflammatory disease state, example RA

and atherosclerosis [201, 202].

2.3.3 NUCLEAR RECEPTORS IN THE REGULATION OF INFLAMMATORY

RESPONSE

The NR superfamily has diverse roles in regulation of developmental reproductive
homeostatic, metabolic, inflammatory and immune processes [203, 204]. NRs have
highly conserved domain structure; the N-terminal region contains a ligand-independent
activation function domain (AF1) and a zinc-finger DNA binding domain (DBD), the C-
terminal region contains ligand-independent activation function domain (AF2) and
ligand-binding domain (LBD), which binds receptor specific ligands [205, 206]. NRs can
be divided into three subclasses. The first consists of the classical (prototypical) steroid
hormone receptors, including progesterone receptor estrogen receptor and GR. The
second subclass contains the so-called orphan receptors, the regulatory ligands of these
receptors are undefined or do not seem to be required. The third subclass consists of
ligand-dependent NRs such as thyroid hormone receptor, retinoic acid receptors (RXRs),
liver X receptors (LXRs) and PPARs [207]. These NRs are activated by a diverse group
of endogenous and exogenous small molecules. The members of this subclass form
heterodimer with RXR and bind to DNA on promoter region of target genes.

Heterodimers recognize sequence specific binding sites, response elements. Unliganded
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heterodimers recruit corepressor protein and inhibit transcription of target genes, upon
ligand-activation interact with coactivators and induce gene transcription [206, 208].
Several studies showed that NRs have major role in the negative regulation of
inflammatory gene expression and immune response by several different mechanisms,
including ligand-dependent inhibition of gene expression through sequence-specific
binding to negative regulatory elements, positive regulation of anti-inflammatory gene
expression and ligand—dependent transrepression. Mostly GR and PPARs are involved

and extensively studied in the anti-inflammatory gene expression regulation [191, 209].
233.1 GR

GR is a member of NRs, which has an important role in immunosuppression and
regulation of anti-inflammatory processes [210]. In the absence of its ligand GR forms
homodimer and binds to heat shock protein (HSP)-90 and located in inactive state in the
cytoplasm [211]. Corticosteroids can bind to GR, which cause the dissociation of HSP-90
from the homodimer and translocation of GR into the nucleus, where GR recruits
HDAC?2 and binding to the activated NF-xB suppresses inflammatory gene expression
[212] (Figure 8).

Corticosteroids are highly effective in the treatment of asthma and other chronic
inflammatory and immune diseases. However, there is a small population of patients with
asthma fail to respond to corticosteroids and patients with COPD also show a poor
clinical response. The mechanism of steroid resistance may be explained by an inhibitory
effect of cigarette smoking and increased oxidative stress, which inhibits HDACs. The
formation of peroxynitrite, which is generated from superoxid anions and nitric oxide,
causes the nitration of HDACs [199, 213]. Nitration of protein alters protein function,
reducing enzyme activity and makes proteins more susceptible to protein degradation via
proteasome [214, 215]. Decreased HDAC activity was showed in cigarette smoke extract
(CSE) induced macrophages, while high expression of IL-8 and IL-1 were found at the
mRNA level [44, 216].

GR also can inhibit inflammation via induction of gene expression of anti-
inflammatory genes such as mitogen-activated protein kinase phosphatase-1 (MKP-1) or

secretory leukocyte protease inhibitor (SLP1) [212].
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2.33.2 PPARs

PPAR family consists of three members: PPARo, PPARS and PPARY. They show
different tissue distributions and have distinct and also overlapping biological functions
[217-219]. PPARs form heterodimers with RXR and bind to sequence-specific PPAR
response element (PPARE) in the promoter of their target genes. PPAR family modulate
various cellular functions such as adipocyte differentiation, fatty-acid oxidation, glucose
metabolism and they have important role in the inhibition of inflammatory gene
expression [220]. PPARSs can repress target genes of NF-kB, nuclear factor of activated T
cells (NFAT), AP-1 and signal transducer and activators of transcription (STATs) [208,
221-223].

PPAR« is expressed in the liver, brown fat and heart, involved in regulation of
cellular energetics and also have anti-inflammatory role of which mechanism
incompletely understood [224]. Using PPAR« ligands a reduction in the symptoms of
inflammation and disease were shown in different disease models, including allergic
airway disease, RA and IBD [225].

PPARS is ubiquitously expressed and involved in fatty-acid metabolism,
mitochondrial respiration, thermogenesis and the programming of muscle fiber, but its
role in the modulation of inflammation is poorly understood [226, 227]. It was shown that
PPARS ligand could upregulate arginase 1, which is a marker of alternative activation of

macrophages [228].

2.3.3.2.1 PPARy

Four variants of the PPARY mRNA are known, the PPARY1, PPARY2, PPARY3
and PPARY4, which arise due to alternative splicing/promoter usage [229]. PPARY can be
activated by fatty acid derivatives, such as 15-deoxy-A'*'* -prostaglandin J, (15d-PGJ>),
which are natural ligands of PPARY and by thiazolidinediones (TZDs), for example
rosiglitazone [230, 231]. PPARY is abundantly expressed in adipose tissue and in many
other tissues and different types of cells including the lungs and AMs. It plays a central a
role in adipogenesis, intracellular insulin signaling and regulation of cellular energy

homeostasis and involved in alternative macrophage activation and DC biology [217,
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220]. PPARYy also has an anti-inflammatory effect, inhibiting the expression of pro-
inflammatory genes by interfering with NF-kB and AP-1 or inducing transcription of
anti-inflammatory genes. Expression of kB, the inhibitory protein of NF-kB is positively
regulated by PPARY (Figure 8) [221-223].

Several studies have shown that PPARy ligand treatment can ameliorate
inflammatory response in the lungs, joints, nervous system and gastrointestinal tract [232,
233]. Animal models of various airway diseases such as asthma, pulmonary fibrosis,
acute lung injury and COPD have been examined the anti-inflammatory effects of PPARy
ligands [234]. Administration of rosiglitazone reduced neutrophilic inflammation in the
lungs of mice exposed to intratracheal endotoxin, which is associated with reduced
expression of CXC chemokines and GM-CSF [235-237]. PPARY agonists block the
profibrotic effect of TGF-P on fibroblast and reduce pulmonary fibrosis in animal models
and also inhibit the TGF-P} induced differentiation and collagen secretion of human lung
fibroblast and myofibroblast [238]. These findings suggest that PPARY agonists might
reduce small airway fibrosis in COPD and recently a clinical trial examined the effect of
rosiglitazone on lung function in comparison with low-dose inhaled corticosteroids in
steroid-naive smokers with asthma [239]. However cardiovascular side effects of TZDs
have recently been reported and their usage in the treatment of diabetes is limited [240-

242].
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3 AIMS

Development of chronic inflammatory diseases is combination of environmental
and genetic factors. Identification of associated genetic factors enables to predict the
susceptibility to the disease and give potential targets to develop new effective therapies.
Since COPD and IBD show increasing frequencies in Hungary in recent years, we
decided to perform global gene expression and genetic association studies in Hungary
[243].

The objectives of our studies

1. To expand and validate the list of genes associated with smoking-
induced COPD in AMs.
2. To find and validate potential biomarkers in peripheral blood MOs that

reflect COPD-specific gene expression patterns identified in AMs.

3. To correlate gene expression patterns with disease parameters.

4, To investigate the association of EPHX1, SERPINE2, TNF-o and
SFTBP polymorphisms to COPD in a Hungarian population.

5. To assess possible association between SNPs of PPARY (rs10801282
(Prol12Ala), rs3856806 (His447His) and rs1800571 (Prol13Gln)), a
new candidate gene, and COPD outcome.

6. To examine the association of four polymorphisms of PPARYy
(rs10865710 (C-681G), rs2067819, rs3892175 and Prol2Ala) with CD

and UC in a cohort of Hungarian patients.
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4 METHODS

4.1 Study population
4.1.1 INFORMED CONSENT

The Research Ethics Committee of University of Debrecen Medical and Health
Science Center approved the clinical protocol and the study. Written informed consent
was obtained before the subjects enter the study. The investigator explained the nature,
purpose and risk of the study and provided the subject with a copy of the information
sheet. The subjects were then be given time to consider the study’s implication before

deciding to participate.
4.1.1.1 Inclusion/exclusion criteria for COPD study

Before starting sample collection we defined the inclusion and exclusion criteria
of diseased and healthy patients. All patients (350 COPD and 350 healthy control
patients) were recruited from Eastern Hungary with Caucasian origin.

Inclusion criteria for COPD subjects were age 40 to 65 years old. Patients must
have predicted value of FEV; <80% and FEV/FVC% < 70% (stage 2 and 3 according to
GOLD criteria). Patients must show <15% reversibility of airway obstruction to a
standard inhaled dose of salbutamol (Ventoline 2 puffs of 100ug) (www.goldcopd.com).
Patients were excluded from the study who had unstable COPD, such as exacerbations in
the 3 previous month (using physician’s diagnosis) or reversibility > 15% of airway
obstruction to a standard inhaled dose of salbutamol. Inclusion criteria for control
patients were age between 40 and 65 years, must have normal spirometry, FEV; > 80%
(predicted value) and FEV/FVC% = 70%. All patients must be current or ex-smoker
(minimum 15 pack years).

Exclusion criteria for all patients:

1. Plasma IgE level > 120U/ml,

2. Alphal-antripsin deficiency,

3. Evidence of asthma,
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Atopic disease

History of lung disorders such as childhood lung disease, cystic fibrosis,
bronchiectasis, tuberculosis and occupational lung disease

History of respiratory infection in the past 3 months,

Other inflammatory diseases such as IBD (CD and UC), RA, osteoarthritis,
psoriasis, eczema etc

History of autoimmune disease such as systemic connective tissue disease
Sjogren’s disease, Lupus (SLE), systemic sclerosis, etc.

History of other clinically significant disease such as on-stable congestive
heart failure, recent myocardial infarction (in the previous 12 months)

unstable angina, diabetes, renal disease, cancer

10. Positive plasma test for HIV, Hepatitis B or Hepatitis C.

Medication:

1.

A

History of oral, inhaled intranasal or topical corticosteroid or
immunosuppressive drug treatment in the previous 3 months

History chromoglycate treatment in the previous 8 weeks

History of leukotriene modulator treatment in the previous 8 weeks

History of antibiotic treatment in the previous month

History of theophyllin treatment in the previous 3 days (short-acting) or 1
week (long-acting)

History of anticholinergic treatment in the previous 8 hours (short acting) or
1 week (long acting)

History of beta2-agonist treatment in the previous 8 hours (short acting) or 12
hours (long acting)

Vaccination against Influenza or S. pneumonia in the last two weeks

4.1.1.2 Patient cohorts of IBD study

Patients were recruited from four locations by four centers (all of them are

members of the Hungarian IBD Study Group). 675 well-characterized IBD patients (CD
572, men/women 264/292, age 36.4 + 12.6 and UC 103, men/women 48/55, age 41.5 +
15.5) and 486 healthy controls (blood donors) were examined.
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The diagnosis was based on the Lennard-Jones criteria [244]. Age; age at onset;
presence of EIM; arthritis: peripheral and axial; ocular manifestations: conjunctivitis,
uveitis, and iridocyclitis; skin lesions: erythema nodosum, and pyoderma gangrenosum;
and hepatic manifestations: primary sclerosing cholangitis (PSC), frequency of flare-ups
(frequent flare-up >1/yr), therapeutic effectiveness (e.g. need for steroid and/or
immunosuppressive therapy, steroid resistance as defined by the European Crohn’s and
Colitis Organisation Consensus [ECCO] Report [245], or short-term response to
infliximab therapy), need for surgery (resections), the presence of familial IBD, and
smoking habits were investigated by reviewing the medical charts by the physician and
by completing a questionnaire. In CD, an additional parameter, perianal involvement,
was also investigated. The disease phenotype (age at onset, duration, location, and
behavior) was determined according to the Montreal Classification (non-inflammatory
behavior: either stricturing or penetrating disease) [246]. Only patients with a confirmed
diagnosis for more than 1 year were enrolled. In UC the disease extent was defined by the
maximum extent during follow-up according to the Montreal Classification [247]. Only
patients with a confirmed diagnosis more than 1 year were enrolled.

486 sex- and aged-matched healthy control blood donors (men/women 231/260,
age 40 £ 12.6) were recruited. Control patients had no history of cancer, IBD and other

chronic inflammatory or autoimmune diseases (e.g. RA, psoriasis, SLE).
4.2 BAL procedure

After pre-medication with atropin (0.5 mg i.m.) local anesthesia of nostrils mouth
and throat was achieved with lidocaine spray. Fiber-optic bronchoscope (Olympus)
passed through the nose, pharynx, large airways and the tip of a total 300 ml 0.9%
physiological saline solution sterile warm (37 Celsius degree), in 50 ml aliquots. For
intermediate aspiration using same 50 ml syringe. Each aliquot transferred into plastic

tubes and placed immediately on melting ice.

40



4.3 Alveolar macrophage separation

BALF samples volumes were 100-150 ml and samples were filtered with sterile
gauze to eliminate mucus and centrifuged at 1500 RPM for 10 minutes at 4-Celsius
degree to collect the cells. After resuspending in 1 ml PBS alveolar macrophages were
separated by Percoll (Amersham Biosciences) gradient centrifugation. Percoll was pre-
centrifuged at 15000 RPM for 20 minutes at 4-Celsius degree and then cell suspension
was layered on it. Then we centrifuged at 3000 RPM for 30 minutes at 4-Celsius degree.
During the centrifugation AM cells formed a cell ring in Percoll phase. We collected
alveolar macrophages from there, washed in 10 ml PBS. Total cell number was
determined by counting in hemocytometer. We carried out differential cell count on
hematoxilin-eosin stained cytospin slides before and after the gradient separation. Cell
viability was checked by Trypan blue exclusion. After the separation >95% AM purity
was reached (AM 95-98% 96.6 £ 1.3%, lymphocytes 0.5-4% 1.7 + 1%, neutrophils 1-
2.4% 0.8 = 0.6%) [248].

4.4 Peripheral blood monocyte separation

50 ml heparin treated venous blood was collected from healthy and diseased
patients. Blood samples centrifuged at 2500 RPM for 20 minutes, then the supernatant
(plasma) was removed and all of the cells were resuspended in 20 ml of physiological
saline and layered on Ficoll, then centrifuged at 1700 RPM for 15 minutes to separate
peripheral blood mononuclear cells (PBMC). Layer of PBMCs were collected and
washed in 20 ml of physiological saline, centrifugation step was repeated to collect the
cells. Cell number was determined and based on it, accurate volume of buffer and CD14
magnetic beads were added. After 15 minutes incubation at 4-Celsius degree monocytes
were separated in magnetic field (>98% MO, 98-99% MO) (VarioMACS, Miltenyi
Biotec.).

4.5 RNA processing

Total RNA from alveolar macrophages and peripheral blood monocytes were

purified using RNeasy Mini Kit (Qiagen). RNA quality was determined Agilent
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Bioanalyser 2100 (Agilent Technologies), RNA sample with >9.0 RIN number and
28S/18S ratio=1.6-2.0 was used for microarray analysis. RNA concentration was
measured on NanoDrop ND-1000 instrument (UV spectrophotometer). Affymetrix HG-
U133A arrays (Affymetrix) were used to perform gene expression analysis. In BALF
collection we used every sample separately, but we made a control and COPD RNA mix
from 5-5 patients in the case of MOs.

Complementary DNA (cDNA) was generated from 5 pg total RNA, using
SuperScript choice system (Invitrogen) Double stranded cDNA was purified by phenol
chloroform extraction and precipitation. This material was used for in vitro transcription
(IVT). We used BioArray™ HighYield™ RNA Transcript Labeling Kit (T7) (ENZO
Life Sciences) to synthesize biotine labeled cRNA. We used the RNeasy Mini kit to
purify our cRNA samples. We fragmented 20 pg labeled cRNA by 5x Fragmentation
Buffer (200 mM Tris-acetate, pH 8.1, 500 mM KOAc, 150 mM MgOAc). During the
process we checked the quality of cDNA, cRNA and fragmented cRNA on agarose gel.
We sent our fragmented samples to hybridize and scan to EMBL Genomics Core Facility

(Heidelberg).
4.6 Microarray data analysis

AM and MO microarrays were analyzed in separate experiments using
GeneSpring 7.3 software (Agilent Technologies). Affymetrix data files were imported
directly into Genespring using GCRMA algorithm and median normalization was
performed. First we determined the list of genes that showed a gene expression fold ratio
of at least 1.5 up or down, compared to median in each sample. Then, based on this list
we performed separate statistical analyses (Mann-Whitney non-parametric test) for each
gene to identify differentially expressed genes over the probability level P < 0.05. We are
aware of the cumulative effect of Type I error in such multiple situations, therefore these
tests served the purpose of selecting genes for further study rather than formal tests of

significance.
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4.7 TaqMan Real-Time Quantitative Polymerase Chain Reaction (RT-
QPCR)

In order to validate the microarray results, we used TagMan Low Density Arrays
(TLDA) and individual gene expression assays (Applied Biosystems). To confirm AM
and MO common genes we used Roche Universal Probe Library system (UPL probes).
TLDA contained 96 genes. 4 of them were housekeeping genes: beta-actin (ACTNB),
glyceraldehydes-3-phosphate dehydrogenase (GAPDH), peptidyl-prolyl isomerase A
(PPIA), ribosomal phosphoprotein large PO (RPLPO). 69 of the 92 genes were chosen
from our microarray analysis. Probe sets that did not show an at least 1.7 fold change
when the COPD group was compared to the control group were excluded from the assay.
Expressed sequence tags, hypothetical protein coding probes were removed and only one
probe set per gene was retained and genes with low expression levels (raw values < 50)
were filtered out. Finally 69 genes were selected to which we have added another 23
candidate genes, which were known from previous COPD microarray studies, or
expressed in macrophages.

First strand cDNA was generated from 5 ug total RNA using cDNA Archive Kit
(Applied Biosystems). For RT-QPCR reaction 200 ng cDNA/sample and 2X TaqMan
PCR mix (Applied Biosystems) was used. TLDAs were run in ABI Prism HT 7900
instrument. Two samples could be loaded on this TLDA format.

Independent RT-QPCR measurements were carried out and analyzed using the AA
Ct method. Housekeeping genes were tested by geNorm  software
(http://www.wzw.tum.de/gene-quantification). According to our data, GAPDH is the
least affected housekeeping gene in this system, therefore only GAPDH was used for
normalize RT-QPCR data. Normalized results were statistically analyzed in GraphPad
Prism 5.0 software (http://www.graphpad.com/), using non-parametric Mann-Whitney U-

test.
4.8 Canonical variates analysis (CVA)

Separation between predefined groups of objects is best revealed by CVA, which

avoids the problem of accumulating Type I errors in simultaneous individual univariate
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tests. It was used to determine whether the groups of healthy and COPD patients are
separable in the multidimensional space spanned by the genetic variables, and if so,
which gene subsets have the best discriminatory power. The results of CVA are the so-
called canonical scores obtained from the canonical functions derived through
eigenanalysis, which serve as coordinates of observations in the canonical space. Due to
the fact that the maximum number of canonical axes is one less than the number of
groups, in the present study CVA did not allow graphical display, and separation of
diseased and non-diseased patients is expressed merely by a list of scores for
observations on a single canonical axis. If the observations are taken at random, variances
are homogeneous and the variables satisfy multivariate normality, then statistical
procedures are available to test the significance of group separation ()(2 test). Wilks A is
another useful statistic to measure goodness of separation: the closer its value is to 0, the
better the separation of groups. Nevertheless, if these criteria are not met, examination of
the two groups whether they overlap on the canonical axis or not, provides equally
meaningful information. A partial limitation of CVA is that the number of variables
(genes) cannot exceed the number of observations (patients).

Computations were performed by the SYN-TAX 2000 package (Podani, J, 2001,
SYN-TAX 2000. Computer programs for data analysis in ecology and systematics.
User’s Manual. Scientia, Budapest) [249, 250].

4.9 DNA isolation

Venous blood samples were collected in tubes containing EDTA, and stored at
minus 20 Celsius degrees until DNA isolation. Genomic DNA was extracted from 0.5 ml
whole blood using Roche MagNa Pure LC instrument and MagNa Pure LC DNA
Isolation Kit (Roche Life Sciences) according to the manufacturer’s protocol. DNA
concentration was checked by UV photometry using NanoDrop ND1000 instrument
(NanoDrop Technologies).
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4.10 SNP genotyping

SNPs were genotyped using TagMan SNP genotyping assays (Applied
Biosystems). Following PCR amplification, the end-point fluorescence was read with the
ABI 7900 HT Prism instrument and genotypes were assigned using the allelic
discrimination option of SDS 2.1 software. The average genotyping success rate of at

least 95% was attained for each SNP.
4.11 Immunohistochemistry

Tissues for morphology and immunostainings were obtained from the files of
Pathology Department of University of Debrecen. They were freshly fixed in 10% neutral
formalin and embedded in paraffin followed by hematoxyline and eosine (HE), elastic
van Gieson, Masson-trichrome stainings using standard methods. Immunohistochemistry
(IHC) for AMs was carried out using PPARy and DCSign (Santa Cruz) monoclonal
antibodies (mab) by means of immunoperoxidase staining as described earlier. Double
immunofluorescence was made as described earlier using CSAII detection kit with FITC-
labeled tyramine followed by an immunofluorescent staining for DCSign with
streptavidin-texas red fluorochrome [251]. Nuclear counterstaining was made with DAPI

(blue fluorescence).
4.12 Statistical analysis of SNP study

Differences between cases and controls concerning demographic and main
clinical data were analyzed using Mann-Whitney U-test and Pearson X2 test. Genotype
data for each SNP were tested for departures from Hardy-Weinberg equilibrium (HWE)
separately in case and control populations using a goodness-of-fit xz-test or the exact test
to estimate P values [252]. HWE calculations were done by using the HWE tool, it is
available on http://ihg.gsf.de/cgi-bin/hw/hwal.pl. The significance of differences in
genotype and allele frequencies between patients and controls were tested by using either
XZ analyses or Fisher’s exact test where appropriate. To assess the degree of association
between each of the SNPs and disease conditions odds ratios with 95% confidence

intervals (OR, 95% CI) were calculated using logistic regression analysis; the model was
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adjusted for SNPs, pack-year, age and gender in the case of COPD. All single locus
association tests were performed using the STATA 9.0 statistical package (except where
otherwise stated).

Haplotype frequencies were estimated for control and patient groups separately
with the Full-Precise-Iteration algorithm implemented in the SHEsis software
(http://analysis.bio-x.cn/myAnalysis.php). The extent of linkage disequilibrium (LD)
between pairs of biallelic markers was determined using both the standardized
disequilibrium and correlation coefficients (given as Lewontin’s D’ and r* respectively)
and association between haplotypes and disease conditions was assessed by the y -test or
the exact test as implemented in the program SHEesis [253, 254]. Correction for multiple
testing was not used in the analysis of the association genotype and allele frequencies
because: (i) the EPHX1 polymorphisms were known to be functional and (ii) the gene is
considered a susceptibility gene for COPD; and (iii) in case of the PPARY polymorphisms
the studied individual alleles were not independent. A posteriori estimates of study power
were assessed by means of Quanto software (http://hydra.usc.edu.gxe).

Power of COPD study

We have estimated the power of our study with the following parameters: sample
size of 272 cases; control/case ratio of 1.1; minor allele frequencies (MAF) are in the
range from 0.12 to 0.3; log-additive model; disease prevalence of COPD 5%. Assuming
these parameters our study had ~50% power to detect a genotype relative risk (GRR) of
1.4 for MAF = 0.12, or ~79% power to detect a GRR of 1.6 for the same MAF; while it
had ~76% power to detect a GRR of 1.4, and ~96% power to detect a GRR of 1.6 for
MAF = 0.3 at an 0=0.05 significance level.

Power of IBD study

The power of our study was estimated with the following parameters: sample size
of 572 cases with control/case ratio of 0.86 and disease prevalence 0.11% for CD; 103
cases with control /case ratio of 4.77 and disease prevalence 0.21% for UC. Minor allele
frequencies (MAF) were in the range from 0.10 to 0.28 for all SNPs. Assuming these
parameters our study had ~98% power to detect a genotype relative risk (GRR) of 0.3 for

minor allele frequency = 0.11 in case of the CD cases at an 0=0.05 significance level. In
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case of the UC cohort, our study had ~54% power to detect a GRR of 1.6 for minor allele

frequency = 0.10 at an 0=0.05 significance level.
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S RESULTS

5.1 Gene expression analysis of COPD
5.1.1 EXPLORATORY MICROARRAY ANALYSES OF AMS OF BALF SAMPLES

BALF samples were collected and AMs were separated from 5 controls and 5
COPD patients all of whom were active smokers. Patients with COPD were stage 2-3
patients according to GOLD. The control and COPD groups were homogenous regarding
age, smoking habits, but differed in lung function parameters and CRP levels (Table 1).

AM exploratory cohort AM validation cohort MO validation cohort
Parameter
Control COPD Control COPD Control COPD
n 5 5 20 26 16 22
Sex (M/F) 5 5 19/1 24/2 13/3 21/1
Ancestry Caucasian Caucasian Caucasian  Caucasian ~ Caucasian Caucasian
T 448476 52.8+6.6 S3TE 578:94 534576 575492
Age +SD . . . . 137 . . . . . .
range 40-58 48-63 42-64 43-65 47-65 44-65
Smoking
Status
Current 5 5 17 22 14 19
Former 3 4 2 3
Pack-years mean 31.26 40.2 £ 29.1+ 359+ 32.1+ 357+
(packs) +SD 25.9 17.5 14.3 18.1 20.9 17.2
range 15-58 29-70 15-60 16-76 20-78 15-75
Duration of mean 194 + 302+ 10 30.9 + 343+ 274 + 36.1 +
smoking +SD 12.26 ’ 14.1 11.8 13.2 10.5
(years) range 9-39 15-42 9-43 12-47 23-49 25-45
(Fp\r’ec(;i/z d fgﬁ‘;‘ 90.146  745+41  92.6+89 71.5+79 96+ 14.1 6?; 4i
value)* range 82-96.2 65.8-79 81-116 42-79 81-103 36-73
FEV1% Ter 8888l 515 fgi 932486 6f Z; 916;_? 7027
(predicted
value)* range fgf; 36.6-76 83-112 32.5-78 83-109 31-78
mean
+SD 26.8+3.6 23.5+2.7 262+26 252+37 27.6+3.8 262 +5.4
BMI (kg/m?)
range 32;‘ 218 20.07-26.8  20.1-35 18.6-31.1  23.8-35.1  18.7-36.75
mean 15.7 + 2614 63+43 2.6+1.7
CRP (mg/)* +sp  23*19 113 64+47
range 0.5-3.6 2.1-18 0.33-5.1 1.16-17 0.5-6.2 1.19-4.79

Table 1. Parameters and characteristics of the COPD patients and controls
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Data are presented as means + SD and ranges. * p < 0.05, COPD patients vs. controls (Mann-Whitney U
test).

AMs of 5-5 control and COPD patients were subjected to global gene expression
analysis using microarrays (Figure 9A). We identified a list of 671 probe sets
representing 389 annotated genes, which showed significant correlation with the disease.
Hierarchical cluster analysis was performed and these 671 probe sets separated

completely healthy controls from COPD patients (Figure 9B).
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Figure 9. Experimental design of gene expression analysis

A. AM were collected from healthy and diseased patients using fiber-optic bronchoscopy. After RNA
isolation samples were hybridized to Affymetrix HG U133A GeneChips Microarray data were analysed
using GeneSpring 7.3 software. 22283 probe stets were tested by filter on expression level option, 671
probe sets showed significant differences, of which 168 probe sets showed at least 1.7 fold change
difference between control and COPD. Multiple probe sets, expressed sequence tags and genes with raw
values less than 50 were removed resulting in a list of 69 genes. 96 genes including these 69 genes were
analyzed on TLDA on which 24 of them showed significant differences and 23 were validated.

B. 671 probe sets (representing 389 annotated genes) showed significant differences between healthy

control and COPD patients in the AM microarray analysis. Unsupervised hierarchical cluster analysis was
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performed on this list using Pearson correlation. These probe sets completely separated the healthy and

diseased group.

Comparison of the transcripts expressed differently in disease versus control
samples revealed some previously identified COPD associated genes, including CYP1B1,
a cytochrome P450 enzyme known to be associated with smoking, and induced by
cigarette smoke. Phospholipase A2 (PLA2G7) has a role in immune response, and is also
upregulated in COPD. Chemokine ligand 2 (CCL2), osteopontin (SPP1), IL-8 and IL-1f3
genes are involved in immune response, chemotaxis, and cell migration [150, 151, 255].
These findings validated our data set and suggest that our novel findings can complement

already existing markers and very likely to link additional genes and pathways to COPD.
5.1.1.1 Functional classification of COPD-specific genes

Next we sought to carry out a global functional classification of the identified signature
gene set. We carried out gene ontology (GO) analysis using find significant functional
categories. 389 genes, the results of the ANOVA analysis, were tested by hypergeometric
test with Benjamini & Hochberg False Discovery Rate correction. We found that the
identified genes have fallen into several of those pathways that are believed to be related
to COPD pathogenesis and inflammatory processes (Figure 10). Importantly, we have
identified some categories with high significance level representing response mechanisms

of external and internal stimuli.

kapnaB kinase/NF-kannaB cascade
humaral defense mechanism (sensy Vertebrata)

humaral immune response —|

programmed cell death
apoptosis

response to pest, pathogen or parasite

\
negative regulation of cellular physiological process —\— response to biotic stimulus
|

death

cell death __\ defense response

immune response

response to external biotic stimulus ——_
response to stress

response to external stimulus

Figure 10. Functional categories of differentially expressed genes in COPD in AM

experiment

Functional categories of the 389 genes, which showed different expression patterns between

COPD and healthy patients in AM based on microarray analysis. Cytoscape 2.0 with Bingo plugin was
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used to obtain overrepresented GO Biological Process categories. The 15 most significant categories are
showed. Highlighted categories are overlapping with functional analysis of the peripheral blood MO

expression pattern.

These categories contain several, in some cases overlapping, gene sets, which are
coding for inflammatory and chemotactic cytokines e.g. IL-8, CCL2, TNF-o and other
inflammatory genes (PLA2G7). Some of these genes are also involved in immune
response and macrophage activation. We also identified genes with roles in apoptotic and
cell death related pathways (PHLDA?2) or cell cycle regulation (CDKN1A, GADD45A).
Therefore the altered gene expression patterns indicate a change in AMs in response to

stimuli and alterations in cell death/apoptosis processes.

5.1.2 CONFIRMATION OF CANDIDATE GENES BY RT-QPCR

In order to confirm and validate the microarray results, the gene expression levels
of 96 selected genes were measured in the BAL samples of a new cohort of 46 patients
including 26 COPD and 20 healthy controls. All individuals were active or ex-smokers in
the validation set (Table 1).

TLDA, an RT-QPCR platform, was used for determining COPD-associated genes
in AMs separated from BALF samples. Our custom TLDAs contained 96 genes including
4 housekeeping genes, 23 candidate genes obtained from the literature and 69 genes
chosen from our exploratory microarray experiment. The list of 69 genes was created by
filtering the 671 probe sets that correlated significantly with the disease in the exploratory
microarray experiment by 1.7 fold change compared to the median of all samples and
removing multiple probe sets, expressed sequence tags and genes with raw values lower
than 50 (Figure 9A).

Twenty-four genes showed significantly different expression patterns between
control and COPD patients. Twenty-three genes changed in the same direction both on
the microarrays and in the RT-QPCR measurements. Five genes previously reported in
other COPD microarray studies (IL-8, CDKNI1A, FOS, PLA2G7, and SPP1) were
confirmed in this experiment (Figure 11) [150, 151, 156].
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Figure 11. Comparison of AM microarray and RT-QPCR validation data

Fold differences as determined by microarray (HG U133A) and RT-QPCR in AMs (empty bars represent
RT-QPCR, filled bars represent microarray data). These 23 genes showed statistically different expression
levels between COPD and control patients (Mann-Whitney U test) and thus were validated.

Genes with already established roles in inflammatory processes of the lung were found,
including ADORA2B, FN1 and TGF-o [256, 257]. Thirteen novel genes were found to
be related to COPD inflammatory processes. These belong to the following functional
categories: immune response (CCR1, TREM2), apoptosis (GADD45A, PHLDAI,
PHLDAZ2) and signal transduction (EMR3, GDF15, FPRL2, HOMER3), suggesting that
these functions are affected by the disease, while IGSF6, PAPSS2, PLEKHB1 and
SLC2A3 were unclassified (Figure 12 A-D).

We performed an independent statistical approach, CVA using these 23 validated genes
in order to test whether this gene set can indeed separate COPD patients from controls.
Canonical correlation for this gene set was 0.8 (y° =34.25, d.f. =20, significant at p=0.05,
Wilks A =0.365), which suggests that such a set can differentiate between healthy and
COPD patients (Figure 12 E).
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Figure 12. Individual values of RT-QPCR validated COPD-related genes and CVA

A-D. Validation of differential gene expression data by RT-QPCR. The individual values of RT-QPCR of
the indicated genes from alveolar macrophages are plotted. Relative expression levels are shown
normalized to GAPDH. All of the 23 genes showed statistically significant differences in expression levels
between control and COPD patients (Mann-Whitney U test).

E. Canonical Variates Analysis of the validated 23 genes that showed significant differences between
COPD and control patients in AM samples, separated COPD and healthy patients in the AM validation
cohort. Red bars represent COPD, blue bars represent healthy patients. Numbers on axis X are spherized

canonical scores of objects on the single canonical variate.
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5.1.3 IDENTIFYING COPD-SPECIFIC GENE EXPRESSION SIGNATURES IN MOS

Next we decided to turn our attention to peripheral monocytes and explore their
expression changes between COPD and control samples. MOs were separated from
peripheral blood samples that were collected simultaneously and pooled separately from
5 controls and also from 5 COPD patients following RNA isolation. Microarray analysis
was performed on this new sample set and results revealed a list of 555 probe sets with
356 annotated genes that showed at least 1.5 fold change differences between COPD and
control patients in peripheral blood MOs. We compared that list to the AM microarray

result. Comparison resulted in a list of 54 probe sets representing 35 annotated genes

(Figure 13).
MO microarray AM microarray
result result

54 probe sets (35 genes) showed
significant differences both in AM
and MO samples

10 controls

22 COPD patients RT-QPCR validation

5 validated genes

Figure 13. Experimental design of the comparison of AM and MO microarray data

Venn diagram of gene expression patterns of commonly expressed probe sets between AMs and MOs and
probe sets expressed in a COPD specific manner in the two cell types, using HG U133 A microarray data.
54 probe sets (representing 35 annotated genes) overlapped between AM and MO of which 5 genes were

validated by using RT-QPCR.

GO analysis was also performed and interestingly the identified 356 genes have

fallen into the response to stress and stimuli and cell death categories, as it was the case
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with AMs samples. Remarkably, the majority of the identified categories overlapped with
those found in disease effected AMs (Figure 14).

anti-apoptosis

negative regulation of programmed cell death

negative regulation of apoptosis —‘

regulation of programmed cell death .

“ -
regulation of apoptosis ———— protein binding
response to wounding

programmed cell death

— response to

apoptosis — 1
! stress

death
cell death

4

defense response
response to

external stiylus

negative regulation of biological process

Figure 14. Functional categories of differentially expressed genes in COPD in MO

experiment

Functional categories of the 356 genes that showed different expression patterns between COPD and
healthy patients in peripheral blood MO based on microarray analysis. Cytoscape 2.0 with Bingo plugin
was used to obtain overrepresented GO Biological Process categories. The 15 most significant categories

are shown. Highlighted categories were overlapping with functional analysis of the AM expression pattern.

The overlapping categories are marked both on Figure 10 and Figure 14. The
stress and response to external stimulus categories contained overlapping genes such as
IL-8. The apoptotic and cell death related pathways also showed similarity between the
two cell types and common genes were present e.g. the PHLDA2 gene. In addition we
also found alveolar macrophage specific and peripheral monocyte specific functions,
based on the COPD specific gene expression pattern. As expected, AMs are more
affected in responses to internal stimuli and immune processes. Examining MOs we
found that the protein-binding gene category contained most of the identified genes.
Genes in this very broad category overlapped with other categories such as stress
response or apoptosis related pathways. Although most of the apoptosis and cell death
related categories were overlapping with AM, certain anti-apoptotic pathways were
present only in MOs.

We validated commonly expressed genes in AMs and peripheral blood MOs by

measuring the expression levels of these 35 genes using RT-QPCR. A new cohort of 22
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COPD and 16 control patients was recruited/assembled and their MO RNA samples were
examined for this validation, 13 COPD patients and 7 controls were newly recruited
individuals (Table 1).

RT-QPCR analyses validated 5 of the 35 genes that showed significant
differences between COPD and control patients. ADAM10, GK, IFRD1, PHLDAI1 and
SEC14L1 showed higher expression levels in diseased patients (Figure 15).
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Figure 15. Validation of MO results by RT-QPCR

The individual values of RT-QPCR of the indicated genes from peripheral monocytes of patients of the
cross validation set are plotted. Relative expression levels are shown normalized to GAPDH. All of the 5

genes showed statistically significant differential expression between control and COPD patients (Mann-
Whitney U test).

CVA showed that the combination of these 5 genes separates fairly well the
COPD and control patients (canonical correlation was 0.62, Xz =14.75, d.f. =5, significant
at p=0.05, Wilks A =0.617).

Remarkably, these experiments confirmed our hypothesis that peripheral
monocytes also carry a COPD related gene expression pattern and moreover there is

some overlap between AM and MO COPD signatures (Figure 16).
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Figure 16. CVA of MO results

CVA of these 5 genes separated the COPD and control patients in the MO validation cohort. Red bars
represent COPD, blue bars represent healthy patients. Numbers on axis X are spherized canonical scores of

objects on the single canonical variate.
5.1.4 CORRELATION BETWEEN LUNG FUNCTION AND GENE EXPRESSION DATA

A key issue in identifying biomarkers in general and disease specific expression
signatures in particular is the ability to correlate these with clinical parameters relevant in
the disease. In the case of COPD, the key clinical feature is lung function decrease
measured by lung function tests. Therefore, as the next step of our studies the possible
correlation between FEV 1% values and expression data of the RT-QPCR validated genes
was examined. We calculated Pearson correlation between lung function parameter
FEV1% and all the 23 genes and found that higher expression of CCR1, GDF15 and
SLC2A3 from the AM validation set obtained from BAL samples correlated with lower
FEV1% values. However, higher expression of FNI1 correlated with increased values of
FEV1% (Figure 17A).

ADAMI10, GK, IFRDI and SEC14L1 in the peripheral MO validation set showed
correlation with lower FEV1% values, but PHLDA1 did not show correlation (Figure
17B). These data showed that gene expression changes can be correlated with lung

function changes both in AMs and probably most intriguingly in peripheral blood MOs.
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Figure 17. Gene expression signatures correlate with FEV1% (predicted)

COPD-specific gene expression signatures of AMs (notably CCR1, FN1, GDF15 and SLC2A3 on part A)
and MOs (such as ADAM10, GK, IFRD1 and SEC14L1 on part B) correlate with FEV1% (predicted).

Pearson correlation was used; statistical significance of correlations was tested at p< 0.05.
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5.2 SNP analyses in chronic inflammatory diseases

5.2.1 COPD SNP sTUDY

We genotyped 573 subjects, including 272 patients with COPD and

301 healthy

controls. The proportion of males was higher among cases (69.85% to 54.48%) but there

is no significant difference in the mean age of controls and cases. COPD patients had

been exposed to more tobacco smoke as evidenced by the difference in pack-years but the

difference is not significant, cases had a much larger reduction in lung function, typical

for a clinical COPD population (Table 2).

Table 2. Clinical features of the COPD SNP study population

Parameter Cases Controls P value
(N=272) (N=301)
Male (%) 190 (69.85) 164 (54.48) 0.781
Age (£SD) 63.87 (+8.96) 64.29 (£9.07) 0.577
Pack-Years (£SD) 38.75 (£19.91) 34.76 (£14.71) 0.120
FEV1% predicted (£SD)* 47.17 (£13.69) 99.28 (£9.76) <0.0001
FEV1/FVC% predicted (£SD) *  57.57 (£10.12) 87.10 (£35.24) <0.001

Data presented as mean +SD. FEV1: forced expiratory volume in one second, FVC: forced vital capacity,

*Mann-Whitney U-test was used.

Table 3. Characteristics of examined SNPs

NCBI SNP ABI TagMan
Alleles and h
Gene Name Gene Symbol reference SNP Type . genotyping assay
characteristics
number ID
Serpin peptidase — gppprNE) rs6747096 Exon 3 A/G Synonymous C__ 7614669 10
inhibitor, clade E polymorphism — -
Exon 3
151051740 Tyrl}3H1s';' C/T Non-synonymous C 14938 30
His; "slow polymorphism —_— -
Mlcrf)s.ornal EPHX1 allele
epoxihidrolase 1 Exon 4
152234922 His139Arg; A/G  Non-synonymous 1} ¢3g783 3
Arg; "fast polymorphism —
allele
Tumor necrosis —— p\p 151800629 308 G>A promoter variant ~ C__ 7514879 10
factor o, I
Surfactin protein  gpppp rs1130866 Thri38lle; /T NONSYROMYMOUS v 4938081 29
B polymorphism — —
Exon B, Non-synonymous
Peroxisome rs1801282 Prol2Ala: (/G polymorphism C_ 26856791 20
proliferator- Exon 3, Non-synonymous
activated PPARY rs1800571 Prol15GIn polymorphism C__8756581_20
receptor Y Exon 6, Synonymous
13836806 His447His; C/T  polymorphism C_11922961_30
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The general characteristics of genetic polymorphisms tested in our study are shown in

Table 3.
5.2.1.1 Analysis of SNPs of SERPINE2, TNF-a and SFTPB genes

The genotype and allele frequencies of SERPINE2, TNF-o and SFTPB by case—
control status are given in Table 4. Tests of HWE were carried out for all loci among
cases and controls separately; all SNPs were found to be in HWE. Genotype and allele
frequencies of the three SNPs in the patients did not differ significantly from those in the
control group and none of the previously reported positive association between the
analyzed SNPs and COPD was replicated in our study. The exon 3 polymorphism
(rs6477096) in SERPINE2 gene showed an elevated odds ratio in an additive logistic
regression model adjusted for age, gender and pack-years, however, even this value was

not significant (OR = 1,53; 95% CI = 0,85 — 2,80) (Table 4).

Table 4. Allele and genotype frequencies of SERPINE2, TNF-a and SFTPB

$Hardy- Cochran-
Gene Allele Weinberg Genetic  Confindence P- Logistic Armitage
Symbol SNPID frequency Genotype frequency Equilibrium model Interval value Analysis trend test
P-value (P value)
AA AG GG OR 95%
SERPINE2 A G . . . [AA]vs 95% CI OR ®  PValue
(%) (%) (%) [GG] Cl
156747096
Controls 0719 0281 igf‘) } JZZ‘(‘)) (72%,)) 0.491 0.5
12‘7 1 1'4 2'9 1.484 0.81-1.54 0.198  1.53 - 0.311
Cases 0.681  0.319 @70)  (422)  (10.7) 0.652 2.80
OR
GG GA AA [GG] vs o 95%
TNF-o. G A %) %) o [GA 1+ 95% CI OR 70
rs1800629 AA]
Controls 0.802  0.198 (618881) (38095) (5151) 0.299 0.80
l64 04 1 1.157 0.82-1.63 0.403  1.14 - 0.628
Cases 0.782  0.218 60.9)  (349) @1 0.587 1.61
cc crTT OR 95%
SFTPB C T - - . [CC] vs 95% CI OR 0
151130866 (7/;) (1;) (7/;) (TT] “
Controls 0.499  0.501 (253) (479) (268) 0.413 0.79
64 12'7 7& 1.14 0.72-1.81 0.579 1.18 - 0.576
Cases 0471  0.529 (239) (474)  (28.7) 0.478 1.75

All of the SNPs were in Hardy-Weinberg equilibrium but did not showed significantly different distribution
and odds ratios between COPD and Control group. “x*-test was used, OR: odds ratio, CI: confidence

interval
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5.2.1.2 Analysis of individual SNPs and haplotypes variants of EPHX1 gene

Comparison of the distribution of observed and expected genotypes showed that
all EPHX1 SNPs were in HWE in cases and controls. The assessment of the association
of individual SNPs with COPD showed a potential trend that homozygosity for the minor
allele could increased the risk of disease in case of Tyrl13His polymorphism (“slow”
allele) (OR= 1.345; 95% CI= 0.96 — 1.91; P= 0.095), while reduced it in case of the
His139Arg SNP (“fast” allele) (OR= 0.675; 95% Cl= 0.27 — 1.69; P= 0.399). However,
none of these SNPs were significantly associated with COPD even after adjusting the

model for gender, age and pack-years in logistic regression (Table 5).

Table 5. Allele and genotype frequencies of examined EPHX1 gene polymorphisms

Gene Allele Hardy-
SNP ID Genotype frequency Weinberg OR (95% CI)
Symbol frequency ey
Equilibrium

TT TC CC
T C (%) (%) (%) P value

154 110 25
Controls rs1051740 0.723  0.277 (533)  (38.1 (8.7) 0.401 1.11 (0.86-1.44)

127 122 19
Cases 0.701  0.299 474) @455 (1.1 0.154

AA AG GG

A S w o @
Controls 1s2234922 0.779 0.221 171 102 12 0.507 0.88 (0.66-1.18)
: : (60.0) (35.8) (4.2) : 66 (0.66-1.
Cases 0.799 0.201 169 92 8 0.280

(62.8) (64.2) (2.9
§)(2-test was used, OR: odds ratio, CI: confidence interval

Frequencies for the four SNP based haplotypes were estimated for cases and
controls. Although the “slow activity” CA (His'"*-His'*") haplotype was more frequent
among cases (24.8% versus the 20.8% in controls), the overall distribution did not differ
significantly between the two groups (P= 0.736). Furthermore, alleles of the two loci in
EPHX1 are in complete LD as shown by the pair-wise standardized disequilibrium
coefficient (D’=0.036).

Due to the presence of these coding variants, marked variations in EPHXI
activity have been reported previously. Therefore we have assessed the association of the
predicted (rapid”, “normal”, “slow” and “very slow”) EPHXI1 phenotypes with the
development of COPD [258, 259]. The distribution of predicted EPHX1 activity was
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significantly different between control subjects and COPD patients (P=0.041). In the
analysis of predicted phenotypes the COPD group had higher proportion of the predicted
“slow” phenotype. Consequently the slow phenotype significantly raises the risk of
developing COPD [OR=1.639; 95% CI=1.06-2.49; P=0.021)] in our case control study
(Table 6).

Table 6. The distribution of the predicted EPHX1 phenotypes

Predicted EPHX1  Controls Cases Contingency tables

activity n(%) n(% T vale OR (95% CI) P value
Normal ( 51;‘1;) (igi) 1 (reference)
Slow (2%?2) (33)73) o 1.64 (1.08-2.49) 0.021
Very slow ( 6172) (3?5) 0.62 (0.27-1.44) 0.306
Rapid >3 45 0.96 (0.59-3.19) 0.855

(202)  (17.7)

Normal: exon3 Tyr/Tyr and exon 4 His/His or exon 3 Tyr/His and exon 4 His/Arg; Slow: exon 3 Tyr/Tyr
and exon 4 His/His; Very slow: exon 3 His/His and exon 4 His/His; Rapid: exon 3 Tyr/Tyr and exon 4
Arg/Arg or His/Arg

§)(2-test was used, OR: odds ratio, CI: confidence interval

5.2.1.3 Analysis of PPARyin COPD

High expression level of PPARY mRNA in the lung has been reported previously
[260, 261]. We examined PPARY expression at protein level in surgical lung tissue
samples. PPARY protein is expressed in the lung and most of the PPARY protein derived
signals co-localized with the expression of a typical macrophage marker CD68 and the
dendritic cell marker DCSign (Figure 18). mRNA expression of PPARY is enriched in
AM relative to total lung tissue, however we did not find differences in expression level
between patients with COPD and healthy individuals (Figure 19). Thus, genetic variants,
rather than the level of the mRNA expression of the PPARY gene could be associated
with the development of COPD.
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Figure 18. Morphology and immunohistochemistry of COPD-associated lung lesions.
A: Chronic bronchitis.

B: Centriacinar emphysema.

C: Advanced active bronchitis with fibrosis and emphysema.

A-C, hematoxylin-eosin staining;

D: CD68-PPARY coexpression with double IHC staining using alkaline phosphatase [red cytoplasm-
CD68] and diamino-benzidine [brown nuclei-PPARY].

E: Cells with red fluorescence and green nuclei DCSign-PPARYy double fluorescence staining. Nuclear
counter-staining is DAPI.

Indications: b, bronchus; a, alveolar spaces; arrows, alveolar macrophages. Original magnifications: A-

D 20x; E 40x;
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We have genotyped three exonic SNPs (rs10801282 (Prol2Ala), rs3856806
(His447His) and rs1800571 (Pro113Gln)) in PPARY gene, but the rs1800571 locus was
left out from the analysis because it was homozygous for the major C allele in all
individuals. The other two SNPs were in HWE and showed modest LD, the extent of LD
between Prol2Ala and His447His was found to be D’ = 0.673, although the pair showed

lower LD with respect to their correlation coefficient (’=0.42).

hPPARG/hCyclophilin A

0.5+
*%
— 0.4
5 1
E -
s
o 0.3
E
°
@
N 0.2
]
E
-]
< 01+
I
0.0- - . 7 T T T !
fF ¢ & § & % &
[ o] [ o [ o
g °© & ° & °
peripheral blood alveolar lung tissue

monocyte macrophage

Figure 19. mRNA expression of PPARY

PPARG showed as high as mRNA expression level in AMs as in subcutan fat and also showed expression
in the whole lung tissue with significantly lower level (Mann-Whitney U test). However it was not
expressed in peripheral blood MOs.

Data presented normalized values of RT-QPCR measurements; Cyclophilin A was used as housekeeping
gene.

Grey bars represent mean values of 5 control patients; white bars represent mean values of 5 COPD
patients.

% <0.01
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The single loci allelic and genotypic analysis found no significant association
between the two coding variants of PPARY and COPD. In logistic regression applying a
model adjusted for both SNPs, age and pack-years, the rare variant of His447His
polymorphism was significantly associated with increased odds for COPD (OR=1.853,
95% CI=1.09 — 3.14, P=0.021). The minor Ala allele of the Prol12Ala variant had an OR
of 0.679, suggesting a protective effect, however it did not reach significance (95% CI=
0.40 — 1.14, P=0.145) (Table 7).

Table 7. Allele and genotype frequencies of examined PPARG gene polymorphisms

Gene Allele “Hardy-
SNP ID Genotype frequency Weinberg Logistic Analysis
Symbol frequency ey
Equilibrium
CcC CG GG N #
C G (%) (%) (%) P value OR (95% CI) P value
rs1801282 217 64 7
Controls 0.864 0.136 (752)  (224) (24 0.398 0.63 oLs
199 67 4 (0.40-1.14) '
Cases 0.874 0.126 (762)  (223) (1.5 0.869
CcC CT TT o "
C T (%) (%) (%) P value OR (95% CI) P value
224 53 8
Controls 153856806 0.882  0.118 (788) (18.7) (2.5) 0.09 1.85 0.0
Cases 0.862  0.138 199 65 3 0.57 (1.09-3.14)

(74.00  (24.5) (1.5)

Yx*-test was used, OR: odds ratio, CI: confidence interval
*Adjusted for age and pack-year

We have estimated the frequency of the possible two-SNP haplotypes of PPARYy
and assessed the association between haplotypes and COPD development. There was a
significant difference in the frequency of the GC haplotype involving the rare G variant
of the Pro12Ala locus between the two groups (P= 0.035). The strength of association
was also assessed, for this haplotype (OR= 0.512; 95% CI=0.27-0.96). This finding
suggests a protective effect for the GC (12Ala/447His) haplotype of the PPARYy gene for
COPD outcome (Table 8).
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Table 8. The distribution and strength of association of PPARY haplotypes

COPD Control

Haplotypes (freq.) (freq.) SP value OR (95% CI)
CC 0.834 0.832 0.914 1.02 (0.74-1.40)
CT 0.039 0.030 0.424 1.31 (0.68-2.50)
GC 0.028 0.053 0.035 0.51 (0.27-0.96)
GT 0.098 0.085 0.429 1.18 (0.78-1.77)

§)cz-test was used, OR: odds ratio, CI: confidence interval
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5.2.2 IBD SNP STUDY

5.2.2.1 Disease association with individual SNPs: single locus analysis

CD and UC patients were recruited from four centers of Hungarian IBD Study
Group. 572 CD, 103 UC and 486 healthy control patients were examined in the study.

The diagnosis and the criteria of clinical parameters were according to ECCO Report

(Table 9).

Table 9. Clinical parameters of IBD patients

CD (n=572) UC (n=103)

Male/Female 254/318 48/55
Mean age (years) 35.6 +12.7 41.5+15.5
Age at presentation (years) 284+ 11.3 31.5+14.0

Mean duration (years) 7.9+6.7 10.1£11.5

Disease location (n)

L1 (124) Proctitis (12)
L2 (146) Left-sided (48)
L3 (265) Extensive (43)
L4 only (12)
L4 (5)
Disease behavior (n)
B1 253
B2 139
B3 99 )
B4 81
Perianal disease 145 (25.3%) -
Frequent relapse 183 (31.9%) 33 (32%)
Arthritis 151 (26.3%) 24 (23.3%)
Ocular manifestation 40 (6.9%) 2 (1.9%)
Cutaneous manifestation 46 (8%) 3 (2.9%)
Steroid use/refractory 397 (69.4%) / 32 (5.6%) 69 (66.9%) /17 (16.5%)
Immunosupressives 255 (44.5%) 6 (5.8%)
Surgery/multiple in CD 212 (37%) / 50 (8.7%) 8 (7.7%9
Smoking habits
never 323 83
yes 178 16
past 71 4

Data presented as mean +SD
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Four SNPs of PPARY were tested; three of them localized in the first intron and
the fourth the Pro12Ala in the exon B (Table 10).

Table 10. Information of examined SNPs

SNP code Nucleotide change Contig position Description TaqMan assay code
intron 1
rs10865710 C/G 12293198 (C-681G) C_ 9384417 _10
rs2067819 G/A 12299049 intron 1 C_ 15860374 _10
rs3892175 G/A 12308038 intron 1 C_ 8756599 10
rs1801282 C/G 12333125 exonB (Prol2Ala) C 26856791 _20

Tests of HWE were carried out among CD, UC and control groups separately for

all loci and all polymorphisms were found to be in equilibrium in all three groups. The

allele and genotype frequencies did not differ significantly among the cohorts. Although

the frequency of the rare GG genotype of the Prol2Ala polymorphism occurred with

lower frequencies in CD patients compared to controls, this distribution was still not

significant (P = 0.088). We would like to note here that despite the difference in the size
of the CD and UC cohort, the allele frequencies of the genotyped SNPs did not differ

significantly between these groups (Table 11 and Table 12).

Table 11. Allele and genotype frequencies in CD patients

Hardy-Weinberg

SNP ID Allele frequency Genotype frequency P value Equilibrium (P

value)

10865710 C G CC (%) CG (%) GG (%)
(C-681G) Controls 0.725 0.275 257 (54.0) 176 (37.0) 43 (9.0) 0.856 0.110
Cases 0.729 0.271 298 (53.9) 210 (37.0) 459.1) 0.353

G A GG (%) GA (%) AA (%)
152067819 Controls 0.761 0.239 280 (58.1) 174 (36.1) 28 (5.8) 0.895 0.887
Cases 0.898 0.102 331(59.4) 196 (35.2) 30(54) 0.888

G A GG (%) GA (%) AA (%)
1s3892175 Controls 0.895 0.105 377(80.2) 87 (18.5) 6 (1.3) 0.957 0.700
Cases 0.898 0.102 427(80.9) 94 (17.8) 7 (1.3) 0.483

1801282 C G CC (%) CG (%) GG (%)
(Prol2Ala) Controls 0.868 0.132 375(76.2) 104 (21.1) 13 (2.6) 0.088 0.082
Cases 0.881 0.119 433 (77.0) 124 (22.1) 5 (0.9 0.230
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Table 12. Allele and genotype frequencies in UC patients

Hardy-Weinberg

SNP ID Allele frequency Genotype frequency P value Equilibrium (P

value)

C G CC (%) CG (%) GG (%)
rs10865710 Controls 0.725 0.275 257 (54.0) 176 (37.0) 43 (9.0) 0.223 0.110
Cases 0.713 0.287 49 (48.5) 46 (45.5) 6(5.9) 0.259

G A GG (%) GA (%) AA (%)
rs2067819 Controls 0.761 0.239 280 (58.1) 174 (36.1) 28 (5.8) 0.715 0.887
Cases 0.767 0.233 58 (57.4) 39 (38.6) 4 (4.0) 0.413

G A GG (%) GA (%) AA (%)
rs3892175 Controls 0.895 0.105 377(80.2)  87(18.5) 6 (1.3) 0.525 0.700
Cases 0.903 0.097 79 (80.6) 19 (19.4) 0 (0.0) 0.287

C G CC (%) CG (%) GG (%)
rs1801282 Controls 0.868 0.132 375(76.2) 104 (21.1) 13 (2.6) 0.829 0.082
Cases 0.857 0.143 77(74.8)  24(23.3) 2(1.9) 0.935

When the distribution of individuals carrying the rare Ala/Ala genotype were
compared with Pro/Pro homozygotes between CD cases and controls, the association was
found to be significant (OR = 0.33; 95%CI = 0.12 — 0.94; P = 0.03), suggesting that the
rare Ala allele confers a reduced risk of CD, when homozygous. However we did not find
any significant associations of Prol2Ala genotypes with the disease location in CD

patients (Table 13).

Table 13. Association of Prol2Ala genotypes with Disease location parameter in CD
patients

Prol2Ala
Pro/Pro Pro/Ala Ala/Ala 5P value
n (%) n (%) n (%)
L1 90 (76.3%) 26 (22.0%) 2 (1.7%)
L2 111 (78.7%) 29 (20.6%) 1 (0.7%) 0411
L3 196 (76.6%) 58 (22.6%) 2 (0.8%) ’
L4 9 (75.0%) 3 (25.0%) 0 (0%)

*-test was used

In contrast, no significant statistical association was detected between the PPARYy
Prol2Ala and UC susceptibility. No significant association was detected between the

other three SNPs and CD phenotypes.
5.2.2.2 Disease association with SNP haplotypes

To determine the non-random association of alleles on the four loci in PPARY,
pair-wise LD was measured among the four polymorphisms in the CD and UC samples.

Figure 20 shows the extent of LD between each pair of all SNPs (the D’ values are

69



given). LD analysis revealed that the four SNPs were in strong LD in both patient groups
(all D’ values are higher than 0.77). According to the r* values, rs10865710 and
152067819 are in the strongest LD (in the UC/control group r* = 0.697; in the CD/control
group r* = 0.731).

rs38921756 —
rs1801282 ——

o
©
~
©
o
N

2

rs10865710 ——

(0]
(o]

rs2067819 — es

rs10865710 —
rs3892175 ——
rs1801282 ——

Figure 20. Pairwise linkage disequilibrium results
A. CD cohort

B. UC cohort

The standardized D’ is shown for each pair of SNPs.

Since genetic association analysis based on haplotypes considered more powerful
than single SNP analysis, we have assessed the association between haplotypes and CD
or UC. The distributions of the five most frequent four-SNP haplotypes for both diseased

groups versus control are shown in Table 14.
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Although the allele frequencies did not differ significantly between the CD and
UC groups, we observed that the overall frequencies of haplotypes were significantly
different between the control and either CD or UC patients (CD/control P = 3.58 x 107;
UC/Control P =2.24 x 10™?) and between the two diseased groups, too (P < 107).

In case of the CD cohort, the only haplotype that showed significant association to
the disease was the GAGG haplotype containing the rare Ala variant of the Prol2Ala
polymorphism (OR = 0.72, 95% CI: 0.53 — 0.97; P = 0.028, (Pcorrectea= 0.11), it confers a
protective effect with borderline significance. The presence of the common C allele in the
haplotype (GAGC) has an opposite effect, it somewhat increases the risk of CD, however
the association is not significant (OR = 1.33; 95% CI: 0.69 —2.47; P = 0.415).

In case of the UC group three haplotypes showed significant association with the
development of the disease. Interestingly, the most common four-SNP haplotype, CGGC
was found to be strongly associated with UC, it has a protective effect due to its
significantly higher frequency in controls compared to cases (OR = 0.62, 95% CI: 0.44 —
0.87, P = 0.005). After Bonferroni correction for multiple testing (5 haplotypes), the
difference observed for haplotypes remained significant (Porrectea = 0.025). The GAGG
haplotype like in the case of CD has a protective effect, too (OR = 0.14; 95% CI: 0.05 —
0.42; P=3.78 x 10'5, after Bonferroni correction Pomrected = 1.89 X 10'4). However, having
the common C allele of the Prol12Ala variant instead of the rare G allele — resulting the
GAGC haplotype — significantly increases the risk of UC (OR = 6.70; 95% CI: 3.41 —
13.17; P=3.85 % 10"10, after Bonferroni correction Peorrected = 1.93 X 10'9).
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Table 14. Estimated haplotype frequencies and association significance and strength in

CD and UC patients
CD/Controls UC/Controls
Sp 95% Sp 95%
0, 0,
Frequency (%) value OR cl Frequency (%) value OR I
Cases Control Cases Control
0.90- 0.44-
CGGC 70.8 69.9 0.315 1.11 138 57.7 69.9 0.005 0.62 087
0.85- 0.51-
GAAC 9.7 8.5 0.317 1.17 L61 7.6 8.5 0.772 092 165
0.53- 3.78 0.05-
GAGG 9.0 12.2 0.028 0.72 0.97 1.9 12.2 107 0.14 0.42
3.85x 3.41-
GAGC 2.6 1.8 nc 10.7 1.8 10710 6.7 13.17
0.62- 0.75-
GGGC 4.6 4.9 0.41 0.96 L46 6.6 4.9 0.281 1.43 275

§)gz-test was used, OR: odds ratio, CI: confidence interval, nc: not calculated due to the

low frequencies in both populations
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6 DISCUSSION

Inflammation is a physiological response to infections and tissue injury, and is
part of the immune defense mechanisms, which helps to restore homeostasis at damaged
sites. During acute inflammation negative feedback mechanisms are activated such as
production of anti-inflammatory cytokines or activation of regulatory cells. Thus, to
maintain the healthy homeostasis, the regulation of inflammatory responses is essential.
Dysregulated inflammatory responses lead to chronic inflammation, which is believed to
underlie the pathophysiolgy of several disorders, can be characterized by loss of barrier
function, responsiveness to a normally benign stimulus and elevation of inflammatory
cells, overproduction of oxidants, cytokines and chemokines in the involved organs. The
increased levels of these factors amplify the inflammatory response, which are
destructive and contribute clinical symptoms and progression of the disease [2-4].

Determining disease specific markers and differentiating between disease states
are critically important in chronic diseases. As environmental factors and genetic
predisposition act together in the development of complex diseases genomic technologies
including the microarray and the next generation sequencing technology provides an
opportunity to perform global gene expression and genome wide analyses [262]. Several
GWAS studies identified disease associated genetic loci and that is proved that the origin
or subtypes/stratification of disease condition can be defined by analyzing mRNA
expression patterns [263]. Identification of genes with altered expression or marker genes
could also be potential targets for novel and more effective therapy [264, 265].

We performed global gene expression analysis of AMs, which are one of the most
important cells in the inflammatory process of COPD in our study. We expanded the list
a of COPD associated genes, identified and validated list of COPD specific genes which
are overlap between AMs and their precursors peripheral MOs and correlated gene
expression patterns with lung function parameter [266]. Genetic association studies were
also performed and SNPs of an inflammatory transcription regulator gene, PPARYy were

examined in association with COPD and IBD.
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6.1 Gene expression analysis of COPD

COPD is a prime example of a long-lasting, chronic disease with devastating

outcome with essentially no validated clinical or biomarker other than lung function tests
available and the Hungarian male population is the most affected in Europe [28, 29].
Previously several studies examined the pathomechanism of COPD at the mRNA level.
They analyzed animal models of the disease, performed cell culture experiment and
collected primary clinical samples to obtain gene expression data [149-154, 156].
In our study largely independent sets of patients for screen/exploration (microarray) and
validation (RT-QPCR) were collected, stringent inclusion/exclusion criteria were
determined for the sample collection. Our results suggest that gene sets specific for
COPD can be identified in both AMs and MOs based on their expression patterns.
Several previously identified COPD related genes such as CYP1B1, PLA2G7, CCL2,
SPP1, IL-8 and IL-1[3 were validated our microarray experiment [150, 151, 154, 156]; in
addition we could identify a list of COPD specific probe sets that are expressed
differently in diseased and healthy patients in AMs. From this list, 23 genes were
confirmed by RT-QPCR on a larger cohort of independent samples and thirteen novel
candidate genes were identified, including CCR1, TREM2, GADD45A, PHLDA1 and
PHLDA2, EMR3, GDF15, FPRL2, HOMER3, SLC2A3, IGSF6, PLEKHB1 PAPSS2.
EMR3 is transmembrane receptor that is expressed on activated macrophages and
neutrophils. GADD45A, PHLDA1 and PHLDA?2 are connected to cell cycle regulation
and apoptosis. TREM2 (triggering receptor) is expressed on macrophages and dendritic
cells during immune response. GDF15 (MIC-1) is an early mediator of injury response in
several organs (kidney and lung). This protein is a TGF-beta family member with
inflammatory cell mediator activity. SLC2A3 is a glucose transporter expressed in early
stage of non-small cell lung cancer. IGSF6 is a member of immunoglobulin superfamily.
The expression and function in the lung or macrophages of HOMER3, PLEKHBI are not
known.

Elevated level of recruitment of MOs from the blood, which are progenitors of
AMs reported in the lungs during progression of COPD. It could be important to evaluate

the possibility that there are similar COPD—specific changes in the expression of genes in

74



the precursor and the differentiated cells. These genes might be used as biomarkers for
COPD, which may help in establishing and verifying the diagnosis, during disease
progression or regression and in testing the efficacy of treatment. In addition, it would
also establish MOs as an affected cell type in COPD.

We identified commonly expressed genes in AM and peripheral MOs. What we
consider as a key aspect of our work is the identification and validation of a set of 5 genes
showing common expression patterns in AM and MO. It suggests that these two related
cell types are both affected in the disease and this is manifested in peripheral gene
expression signatures. These genes include PHLDAI, an apoptotic gene that was also
validated using AM RNA samples. ADAMI0 is a cell surface protein with protease
function, activates the inactive form of TNF-a by cleaving. Elevated level of ADAMI10
has been previously documented in smokers [154]. IFDR1 is a nervous system specific
gene, which could have a role in proliferative and differentiation pathways induced by
nerve growth factor. Higher expression level of IFRD1 was observed in lung and other
types of cancers. GK is a key enzyme of glycerol metabolism. SEC14L1 is involved in
cytosolic transport. The existence of common gene expression pattern in MOs and AMs
can be the consequence of different scenarios.

It is possible that both cell types are affected by the disease as the result of a
secondary effect due to similar systemic i.e. chronic inflammatory changes resulting in
similar alterations. This would also include similar changes in other tissue macrophages.
Moreover, similar changes might be found in other chronic inflammatory diseases such
as RA, psoriasis or IBD. Our findings suggest that preformed changes in the precursor
cell type might have a causative role in the development of the disease and these
alterations, either primary or secondary, could influence the differentiated tissue
macrophages such as AMs. Both of these possibilities could be tested and their evaluation
could lead to important insights into the pathogenesis of COPD and of other chronic
inflammatory disorders, including the identification of differentially expressed gene sets
and/or markers. It would be particularly intriguing to look at the identified 23 and 5
member gene sets in terms of SNP in order to identify potential genetic changes
associated with no only the disease state but clinical parameters. In such studies,

regulatory regions SNPs deserve particular attention. Previous studies showed correlation
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between several SNPs and accelerated FEV1 decline in COPD [134, 267]. Gene
expression signatures were also showed to correlate with clinical parameter. Increased
expression level of SPP1 was showed to correlate with decreased lung function in
smokers compared smokers, whilst decreased mRNA levels of several antioxidant genes
correlated with the degree of airflow limitation [156, 268].

At the same time, simply using the gene sets for validating the hypothesis that
peripheral MO gene expression can serve as marker of disease state progression and
maybe therapeutic efficacy would also have clinical insights and benefits [264, 269].
Importantly, our results also showed, that the validated COPD-specific gene expression
signatures of AMs (CCR1, FN1, GDF15, SLC2A3) and MOs (ADAM10, GK, IFRDI,
SEC14L1) correlate with lung function parameter (predicted FEV1%) which may suggest
that disease progression can be determined and monitored by analyzing either disease-

specific or peripheral blood gene expression patterns using a panel of genes.
6.2 Analyses of SNPs in chronic inflammatory diseases

Beside environmental factors the genetic predisposition plays major role in the
development of chronic inflammatory and autoimmune diseases. Identification of
disease-susceptible SNPs of candidate genes could be used as primary target, however
further validation all of genes are needed. Validation is divided into two types. Validation
of association by additional association tests, such as replicate the study on new
independent cohort either from the same race or different race. The frequencies of
common SNPs could show huge differences between races, which could lead
controversial interpretation of disease-susceptibility of SNPs. Validation of the
association could be performed by using biological assay. In this case the function of the
identified susceptible gene is examined whether this function is relevant to the
pathophysiology of disease and disease-associated variant how could be affect this

function [9].
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6.2.1 PPARYSUSCEPTIBILITY IN CHRONIC INFLAMMATORY DISEASES

PPARY has role in negative regulation of inflammatory process, previous studies
and clinical trials reported beneficial effect of PPARY ligand [176, 223, 261]. Based on
these findings we investigated PPARY gene association existed between the presence of
certain PPARY gene polymorphisms and common inflammatory diseases, COPD and IBD
[178, 239]. PPARY highly expressed in the lungs and association of SNPs of PPARY with
the development of asthma has been reported [142]. It plays a role in regulation of gut
inflammation; it inhibits the epithelial inflammatory response, it is required for the
maintenance of innate antimicrobial immunity in the colon and could be a new promising
target in IBD therapy [179].

Polymorphisms of PPARY have been examined in metabolic syndrome diabetes and
obesity, and also in disorders with autoimmune origin such as psoriasis and psoriatic
arthritis [270, 271]. However, only a few studies have examined the association of SNPs
of PPARY with in IBD. PPARY were reported as a susceptibility gene for CD, the minor
alleles of two SNPs of intron 1 (rs2067819, rs3892175) were more common in Caucasian
controls compared to CD patients, but the allele frequencies of the His447His did not
show statistically significant difference [186]. Leung et al. also examined the association
between CD and PPARY and genotyped the Prol2Ala (rs1801282), intron 1 (rs2067819)
and the promoter variant C-681G (rs10865710) polymorphisms and found no significant
differences between CD patients and controls in a Caucasian population from New
Zealand [184]. Atug et al. explored the allele frequencies of Prol12Ala polymorphism in a
small Turkish cohort of IBD (69 CD, 45 UC) patients and controls [183]. They found no
significant differences between the allele frequencies. In a recent study association of
Pro12Ala and His447His SNPs were examined in a Chinese IBD and a white Dutch IBD
population. A potential association between His447His polymorphism and UC patients in
the Chinese population were found; however this finding could not be replicated in the

Dutch population [185].
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6.2.2 COPD SsTUDY

Several polymorphisms were identified as COPD-susceptibility loci, of which
gene product functionally might contribute to the pathophysiology of COPD. Although
the incidence of COPD shows an increasing rate in Hungary, our study was the first
genetic association study, which examined associations between candidate gene
polymorphisms and COPD in a Hungarian population. We chose previously tested SNPs,
which showed association to COPD in Caucasian cohorts and performed replicate
experiment to validate our cohort.

A previous study reported significant association between rs6747096 in exon 3 of
SERPINE2 gene and COPD in family-based association study and in a case-control study
too. Subsequent case-control studies, however, did not replicate this association in
European and Chinese populations [121, 122]. In our study we could not repeat the
original result, although rs6747096 seemed to increase the risk of disease (OR= 1.53;
95% CI = 0,85 —2,80), it did not show significant association [272].

Another candidate gene is TNF-o that codes for a multifunctional pro-
inflammatory cytokine. There are conflicting reports about the association to COPD of
the —308G>A promoter polymorphism of TNFo gene that is expected to increase the
transcriptional activity [273]. In contrast to previous reports about the causative role of
this SNP our results did not indicate that TNFou —308G>A significantly increases the risk
of COPD [133]. Our finding is supported by the results of recent clinical trials that
provided no clinically beneficial effects of systemic anti-TNF-o therapy for COPD
patients suggesting that TNFo. might not play a central role in the pathophysiology of
COPD [272].

Surfactant protein B has an important role in reducing the alveolar surface tension
and preventing alveolar collapse at low lung volumes. The non-synonymous Thrl13Ile
coding variant SNP in SFTPB was found to be significantly associated with COPD in
previous case-control studies in Hispanic (OR 3.7, 95% CI 1.2-12.1; p= 0.03) and in a
German study [274]. We found no evidence for an association of another previously

reported causative variant in SFTPB gene (OR= 1.157 95% CI= 0.72 — 1.81). Not even
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an adjustment for age, gender and pack-years in logistic regression analysis elevated the
OR to a significant level [272].

EPHX1 is an enzyme associated with the metabolism and detoxification of
xenobiotic chemicals; it plays an important role in the general oxidative defense of lung.
Several polymorphisms are known in EPHX1 including two relatively common SNPs,
the exon 3 Tyrl13His and exon 4 His139Arg variants. These two variant alleles have
been suggested to be associated with altered EPHX1 enzyme activity. Substitution of
Tyr113 for His decreases EPHX1 activity (slow allele), whereas substitution of His139
for Arg increases EPHXI1 activity (fast allele). Since EPHXI1 is involved in the
detoxification of epoxide intermediates in tobacco smoke, any change in the rate of
conversion of these highly reactive compounds could affect individual ability to cope
with the toxic effect of cigarette smoke [258, 259].

Several studies found the slow metabolizing form of EPHX1 to be associated with
an increased risk for COPD so it was a logical candidate gene for our study [275]. In
accordance with this tendency, in our study of individual SNPs the homozygous minor
Thr113His variant showed borderline association with COPD phenotype (OR= 1.345,
96% CI= 0.96 — 1.91, P= 0.095), however, the level of association was somewhat
reduced when the model was adjusted for age, sex and pack-years.

There is complete linkage equilibrium betwen the two analysed SNPs and the
distribution of estimated haplotypes did not differ between patient and contol groups.
Due to the presence complete linkage equilibrium and HWE for the studied SNPs we
reconstructed the frequency of diplotypes and the predicted phenotypes of EPHXI1
activity in patient and control groups. The difference in distribution of the predicted
phenotypes was significant (P< 0.041) between the two groups. The COPD group had a
higher proportion of the predicted slow and lower proportion of predicted normal and
rapid EPHX1 activity. Interestingly the control group showed an excess of very slow
phenotypes, but its frequency was low in both groups, but the slow phenotype
significantly increased the risk for COPD in our study (OR of slow phenotype vs normal
=1.639, 95% CI= 1.06 — 2.49, P= 0.021). This result provides additional support to the
notion that EPHX1 is likely to be involved in COPD pathogenesis [272].
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IHC staining and RT-QPCR measurements were confirmed at the mRNA and at
the protein level that PPARY is expressed in lung tissues and particular in AM. Although
gene expression level did not show difference between patients with COPD and healthy
individuals, polymorphisms of this gene still could be potential candidate markers of the
disease.

Three SNPs of PPARY were genotyped — Pro12Ala, His447His and rs1800571 -
the rs1800571 was excluded since all individuals carried an identical homozygous
genotype. Our single-marker tests for the other two coding variants yielded a significant
association for the minor allele of His447His polymorphism in logistic regression
adjusted for both SNPs, age, sex and pack-years (OR= 1.853; 95% CI= 1.09-3.14; P=
0.02). However the His447His variant did not cause amino acid change, several papers
pointed out that synonymous SNPs can affect mRNA splicing, stability and protein
folding. These changes can cause a significant effect on the protein function therefore
there is a reason to investigate it further.

A modest pair-wise LD was found between Prol2Ala and His447His. Since the
use of SNP-based haplotypes in genetic association studies may offer a more powerful
approach than the use of individual SNPs, a haplotype analysis was also performed. A
significant difference was found in the frequency of GC haplotype (containing the minor
G allele of Prol12Ala and major C for His447His variant) between the control and COPD
groups and the association of this haplotype to COPD outcome was also determined. The
GC haplotype might contribute to a significant lower risk for COPD, pointing to a
potential functional protective effect of this haplotype [272].

We are aware of the fact that significant results could prove to be false positives,
and a clear limitation of our study is the relatively low sample size. The study has other
limitations such as that population stratification should be investigated in these kinds of
studies and we did not analyze a second cohort to replicate our results. Possible gene-
gene and gene-environment interactions pose a difficulty for genetic analysis of COPD
association studies, too. Further studies using larger populations are needed and other
variants in the PPARY gene should be investigated in order to clarify the association of

PPARY and individual susceptibility to the development of COPD.
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6.2.3 IDB STUDY

Since the incidence of IBD is rapidly increasing in Eastern Europe including
Hungary and reached the level found in Western European countries, we felt important to
study genetic risk factors that might influence susceptibility to IBD in the Eastern
European population. Although only limited data are available from this part of Europe,
Hungary has a large and well-characterized cohort of IBD patients. In previous studies,
several IBD associated SNPs such as polymorphisms in NOD2/CARDI1S5, TLR4,
ATGI16L1 and IL-23R genes were genotyped and their contributions to susceptibility to
IBD were examined of this cohort. Serological markers were also identified and their
association to the disease severity combined with the genotype data of NOD2/CARD15
and TLR4 were investigated [276-279].

We have further analyzed an already well-characterized Hungarian IBD
cohort extending the characterization of genetic factors by genotyping four SNPs (C-
681G, rs2067819, rs3892175 and Pro12Ala) in a potential candidate gene, PPARY. These
SNPs were examined previously in different IBD studies. We did not find any significant
differences between CD/UC patients and controls in the case of the allele frequency of C-
681G, rs2067819 and rs3892175 polymorphisms. Interestingly, the homozygous variant
of the minor allele (Ala/Ala) of Prol2Ala was found to be significantly less common in
CD patients compared to controls, confirming significant protective effect compared to
homozygous common genotype (OR = 0.33; 95%CI = 0.12 — 0.94; P = 0.03). Strong
linkage disequilibrium was identified between the four examined loci (in the pair-wise
comparisons all D’ values were higher than 0.77) and the associations of potential
haplotypes were investigated. The GAGG haplotype, containing the rare Ala variant
showed higher frequency in controls compared to CD and also UC patients, suggesting a
potential protective effect of this variant against the development of IBD (OR = 0.72,
95% CI: 0.53 — 0.97; Peorrectea= 0.11, OR = 0.14; 95% CI: 0.05 — 0.42; P = 3.78 x 107,
Peorrected = 1.89 x 10™.in case of CD and UC cohorts, respectively). In contrast, the GAGC
haplotype was significantly more common in UC patients than in healthy controls,
increasing the probability of UC phenotype (OR = 6.70; 95% CI: 3.41 — 13.17; P =3.85 x

10'10, Peorected = 1.93 % 10'9). Surprisingly the combination of the four major alleles was
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significantly more common in UC patients than in controls (CGGC has a protective
effect, OR = 0.62, 95% CI: 0.44 — 0.87, P = 0.005, Pcorrected = 0.025).

We are aware of the fact that our study has some limitations such as the relatively
low sample size; and that the population stratification was not investigated. Further
studies using larger populations are needed in a different cohort to replicate our results.
Other variants in the PPARY gene should be investigated as well in order to clarify the

association of PPARY and individual susceptibility to the development of IBD.
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7 CONCLUSIONS

We used genomic and genetic analyses to characterize chronic inflammatory
diseases. We performed gene expression analysis and sought to define gene sets showing
differential expression patterns between healthy controls and patients with COPD. Gene
expression patterns of AMs and peripheral MOs were examined in order to evaluate
whether the disease affects either or both cell types and if there is an overlap in altered
gene expression. We identified and validated COPD-specific overlapping signatures of
expression profiles of peripheral blood MOs and AMs demonstrating that peripheral MOs
are also affected by COPD. The discriminating power of the set of 23 genes validated in
AM samples; and the set of 5 genes validated in MO samples were also demonstrated by
using CVA that could separate COPD and healthy patients in both cases in which the x2
test of canonical correlation was significant at p= 0.05, suggesting that the gene lists do
have strong discriminating power even though separation of the two groups was not
perfect. We found that some of the validated expression changes correlate with lung
function parameter FEV1%. The presented data can provide a basis for more mechanistic
studies of disease pathomechanisms and some of the differentially expressed genes might
serve as biomarkers of disease progression and effectiveness of therapy.

We performed the first genetic association study of Hungarian patients with
COPD. In a replicate study five SNPs of four genes were genotyped, which previously
were reported as COPD-associated polymorphisms in Caucasian population. This
experiment validated our cohort, however we could not found association to COPD in the
case of SERPINE2, TNF-o and SFTPB, but our study provided support for the suggested
causative role of EPHX1 polymorphisms and phenotypes imputed from exon 3 and exon
4 genotype data in COPD outcome in a Hungarian population.

Further we have carried out the first investigation of PPARY gene polymorphisms
in a case-control COPD study and characterized the association between individual SNPs
and haplotypes in PPARY and susceptibility to COPD. Although the GC haplotype has a
modest protective effect, it might point toward the potential importance of common

alleles with weak effect in heterogeneous diseases, like COPD. Documentation of PPARYy
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haplotype association with COPD identifies this important gene as a target of further
investigation for the pathogenesis of COPD and as a potential target of therapy.

In addition we have investigated four polymorphisms of PPARY in a well-
characterized Hungarian IBD cohort. This is the first study that examines the association
between PPARY and IBD in Eastern Europe. We found association between IBD and
PPARY at single loci level suggesting a potential protective effect of the minor Ala allele
in CD and we also found haplotypes, which have significantly different frequency
between CD/UC patients and controls. However we could not replicate previous results,
where the minor alleles of the two non-coding polymorphisms in intron 1 (rs2067819 and
1s3892175) were found to have significantly higher frequencies in CD cases than in
controls. Nonetheless these data provide further support for the notion that a nuclear
hormone receptor is linked to human intestinal inflammation and warrant further studies
on the exact mechanism contributing to disease progression and also as a potential

therapeutic target.
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