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INTRODUCTION AND REVIEW OF LITERATURE

COPD (chronic obstructive pulmonary disease) a common preventable
and treatable disease is characterized by progressive development of
airflow limitation that is not fully reversible. The airflow limitation is
usually both progressive and associated with an abnormal inflammatory
response of the lungs. The disease includes chronic bronchitis with sub-
epithelial fibrosis and obstruction of small airways and emphysema
leading to the enlargement of airspaces, destruction of lung parenchyma,
and loss of lung elasticity.

Chronic obstructive pulmonary disease (COPD) is a major cause of
morbidity and mortality worldwide. The World Health Organization
(WHO) predicts that by 2020 COPD will rise from being the 12" to the 5"
most prevalent disease world wide, and to the 3™ most common cause of
death. Both genetic and environmental factors could be responsible for the
observed geographical differences which show the highest incidence of
death directly caused by COPD in the male population in Hungary.

Diagnosis of COPD is built on clinical symptoms and decreased level of
lung function as tested by spirometry. COPD patients are usually
diagnosed late when the disease is already in an advanced stage.

The main risk factor for COPD is cigarette smoking, and at present,
cessation of smoking is the only way to attenuate lung function
impairment. Only about 15-20% (or more) of smokers are susceptible to
develop COPD, and 85-90% of COPD patients are smokers, indicating
the possibility of additional, perhaps genetic factors play important role
the development of COPD. Identification of biomarkers will result in the
eventual development an early diagnostics for the asymptomatic COPD
patients. An appropriate early diagnostic applied for screening smokers
with high susceptibility to develop COPD, may improve COPD morbidity
and related death rate. Preventing environmental cause e.g. quitting
smoking is the obvious preferred approach; this has proved to be very
difficult for the majority of patients. Screening of the susceptible smoker
population for early signs of COPD may lead to better success of COPD
treatment via intensive efforts to manage smoking habits in the population
at risk.



Current treatment of COPD is not curative; it addresses the symptoms of
the disease only. There is a pressing need to develop new treatments
because none of the currently available therapeutic drugs have been
shown to slow the relentless disease progression. However, there has been
disappointingly little therapeutic progress of COPD, in contrast to the
enormous advances made in asthma management. The slowly progressive
nature of COPD has meant that clinical trials aimed at assessing the
efficacy of new treatments have been long and expensive.

Biomarkers and biomarker discovery in COPD

Biomarker refers to a detectable and quantifiable biological parameter:
any molecule or measurable function. In the field of medicine, biomarkers
that reflect the disease process are pursued. In this respect biomarkers are
tools for the detection of specific molecular changes in pathophysiological
processes; i.e., reflect the increase or decrease of blood protein levels in
disease states or during clinical drug testing. The ultimate utility of COPD
biomarkers is that after a tedious qualification and validation process they
provide a new source of valuable diagnostics for early detection or
companion to drug and general treatment regime.

In COPD, several types of biomarkers have been detected and measured
that are related to disease pathophysiology and the destructive
inflammatory process in the lung tissue. Relevant pulmonary biomarkers
were tested in bronchial biopsies, bronchoalveolar lavage (BAL), and
sputum and exhaled breath. Almost all of these biomarkers have been
selected by hypothesis driven approaches. A review of 600 published
studies finds that only a few of the biomarkers were validated rigorously
but none has entered to clinical practice, thus there still remains void
continued research for new ones.

Novel validated biomarkers will be specific and sensitive enough to
discriminate clinical endpoints, e.g., healthy state from asymptomatic
stages of disease and can be utilized as candidates to monitor the
therapeutic effect during drug trials, disease management, early diagnosis,
staging, and stratification. In evaluating COPD biomarkers it is important
to compare findings in patients with cigarette smokers matched for
exposures who do not have significant airflow limitation (COPD negative
smokers without airways limitation) and with age-matched non-smoking
apparently normal subjects. This is rarely performed accurately, making



interpretation of findings difficult. Importantly; after the necessary and
time consuming validation process COPD biomarker discovery efforts
should result in the discovery of new diagnostics that may be more simple
to use than current expensive and complicated imaging and spirometry
tests.

Protein biomarker discovery technologies

The most important and relevant source of biomarkers are proteins
because these are the molecules that carry function. The blood plasma is
routinely used and it is the most accessible specimen. We expected that
the complex COPD disease process will alter the human plasma
proteome; therefore we may find useful COPD biomarker candidates.

Appropriate hypothesis free biomarker discovery technologies should be
global, in this case, covering as much as possible of the human plasma
proteome. At the same time, the candidates should be easily translatable
to simple clinical assays. To this end, we applied a new antibody based
biomarker discovery technology for measuring the plasma proteome in
COPD. Until recently, the standard methodology of protein biomarker
discovery involved 2-D gel electrophoresis with staining, followed by in-
gel digestion of individual spots and peptide mass fingerprinting. While
being a powerful separation approach, the method has known limitations
of throughput and ability to detect low level markers. A second
technology that was previously strongly advanced, particularly by the
clinical community, was the Ciphergen protein chip approach. While
there have been some promising results, for the most part, the results have
been disappointing in terms of finding relevant markers and the
robustness of the assay. There are a number of reasons, not the least being
the inadequacy of the time of flight mass spectrometer.

There is general agreement within the community that LC/MS (liquid
chromatography/mass spectrometry) is a powerful discovery tool for
finding potential markers. However, as emphasized more and more often,,
a critical bottleneck is the validation of these markers in large populations.
Some advocate using MRM (multiple reaction monitoring) with added
isotope labeled internal standards for quantitative purposes. Indeed, the
use of antibody enrichment prior to MRM analysis has also been
suggested by Anderson in the SISCAPA (Stable Isotope Standards with
Capture by Anti-Peptide Antibodies) method. But others note that



detection of low level markers can be an issue, even if the method is
focused on known species. Furthermore, the issue of throughput remains,
as LC/MS runs can often take 1-2 hours each.

A second strategy is to attempt to generate antibodies (Abs) to the
potential markers and conduct ELISA assays. Of course, this strategy is
time consuming, and there is not a 100% likelihood of the generation of
appropriate Abs. Nevertheless, the familiarity and confidence of the
clinical and biological community with the ELISA format is a strong
argument in favor of immunoassay approaches in the validation studies.
Furthermore, based on appropriate monoclonal antibodies protein arrays
can be constructed or fluorescent beads (LapMap, Luminex) can be used
for assaying multiple proteins in subsequent marker validation assays and
thus meet the expected need for multiplex marker validation.

Readily available libraries of epitope level characterized antibodies would
then offer a powerful approach to biomarker validation, and indeed the
potential discovery of new markers. Since there are a variety of antibody
types, one has to question as to what is the most suitable type of antibody
to be used in this endeavor. Monoclonal antibodies (mAbs) are often
viewed as the optimum immunoassay reagents because they can be
generated against the actual protein molecule present in the “in-vivo”
sample and state; i.e. 3-dimensional structure, including any PTM’s
(posttranslational modification) present. This is an important point, given
that 50% of the proteins are glycosylated in blood and that the glycan is
known to be able to affect the conformation of the protein. Thus, we
choose to formulate our strategy with the goal of generating mAb libraries
against natural proteins of the normal and COPD plasma proteome.

Lipid mediators

COPD pathology involves an inflammatory cascade, events, which start
with exposure to smoke and end in the destruction of the lung tissue.
Mediators of the early phase of this process include lipid metabolites.
Therefore we focused a part of our studies on lipid mediators of
inflammation. Amongst the many different classes of inflammatory
mediators which have been suggested to play a role in COPD, lipid
mediators derived from phospholipase metabolites appear to play an
important role. Many of the lipid mediators as well as many chemokines,
have been implicated in inflammatory processes in COPD, thus it is



important to study the potential profile changes of the specific lipid
classes, and chemokines to search for novel inflammatory mechanisms
that may work through GPCRS (G protein-coupled receptors). Almost
50% of known drug targets belong to the group of GPCRS, justifying
special attention, as the likelihood of finding a drug gable target within
this family is about fifty times higher than in the entire genome. Among
others, lipidic ligands, arachidonic acid metabolites (prostaglandins,
protacyclins, thromboxanes, leukotriens and eicosateranoic acids),
lysophospolipids, fatty acids and endocannabionoids serve as ligands for
known and perhaps for still orphan GPCR receptors. Yet another class of
GPCRS serves as chemokine receptors. Among the various groups of
lipid like GPCR ligands arachidonic acid metabolites (ecosinoids) play
specific role in inflammatory processes and have been implicated in
COPD. From this group PGE,, PGD2 and 5-ox0-ETE are of special
interest. The eicosanoid 5-0xo0-6E, 8Z, 117, 14Z-eicosatetraenoic acid (5-
0x0-ETE) has recently been identified as the ligand for the oxoeicosanoid
(OXE) receptor. In vitro and in vivo studies have suggested that 5-oxo-
ETE has a role in the asthmatic inflammatory response and it has been
shown to stimulate eosinophil migration to the airways. New data suggest
that eosinophils have an important role in the pathogenesis of asthma,
being required for mucus accumulation, airway hyper responsiveness and
remodeling of the airways. However, there are several mediators that can
stimulate the recruitment of eosinophils to the airways and the
development of antagonists against the OXE receptor is required to
evaluate the potential of the OXE receptor as a new therapeutic approach
for asthma. COPD and asthma share similar symptoms and perhaps
overlapping etiology, thus it is important to examine the role of the lipid
metabolite receptors and its family members in COPD. Instead of a global
and prohibitively costly research endeavor we choose to test a limited
number of lipid mediators, eicosapentaenoic acid (EPA), lysophosphatidyl
choline (LPC), 15 hydroxy-eicosatetranoic acid (15-HETE) and
prostaglandin D2 (, PgD, ).



BEGINNING OF COPD RESEARCH AT UD MC AND GRANTS

The current research activity at the Medical and Health Science Center of
the University of Debrecen (DEOEC) started in 2001. My clinical
research group in the Department of Pulmonology of the University of
Debrecen obtained a collaborative research grant* from the Genomics and
Bioinformatics group under the leadership of Laszlo Takacs at the Pfizer
Fresnes Laboratories in France. The goal of the collaboration was to find
biomarkers and new drug targets in COPD with proteomics,
metabolomics ang genomic research.

*E. Csanky M.D, L. Nagy MD.Ph.D., P. Gergely Ph.D.DSc.: Identification of
disease relevant target and biomarker candidate genes by comprehensive
interrogation of the genome and proteome in COPD.

The first results were very exciting, and accordingly with the same group
at Pfizer, we started the second grant, in 2003**. Monoclonal antibody
mediated biomarker discovery: The aim of the study is the simultaneous
identification of plasma proteins as biomarkers of COPD and suitable
antibody candidates for assay development.

**E. Csanky M.D, L. Nagy MD.Ph.D., P. B. Scholtz Ph.D, Gergely Ph.D.DSc.:
Discovery and validation of biomarkers and drug targets for COPD: a clinical
genomics, proteomics and genetics collaboration with the University of Debrecen
2003. (A9001156 Pfizer grant).

Biosystems International in 2005 proposed a comprehensive pilot study
*** that aims at the long term goal of a potential clinical surrogate marker
and novel lipid or chemokine mediator driven disease mechanism that
works through GPCRS. For securing the best discovery outcome we
compared “healthy” COPD symptom free smokers with those COPD
patients who smoke. We chose a set of precursor and end-stage,
biologically active lipid metabolites and tested these in the BAL fluid of
COPD patients and controls by mass spectrometry based quantitative
methods.

*** | . Takdcs L, E Csanky: Comprehensive Pilot and Biomarker Early-
Validation (50-50) studies for COPD GPCR target and biomarker discovery.
(2005. Biosystems International grant)


http://dict.sztaki.hu/dict_search.php?M=2&O=ENG&E=1&C=1&A=0&S=H&T=0&D=0&G=0&P=0&F=0&MR=100&orig_lang=HUN%3AENG%3AEngHunDict&orig_mode=2&orig_word=ez%C3%A9rt&flash=&sid=6abbb19f6725dab8f4b9652aef6143c5&vk=&L=ENG%3AHUN%3AEngHunDict&W=accordingly

THE AIM OF THE DISSERTATION

The long term goal of my hypothesis free and hypothesis driven
biomarker research is to enable the discovery, qualification and validation
of an analyte panel based new laboratory diagnostics for COPD

My specific guestions (protein biomarkers):
e Does the plasma proteome contain COPD specific biomarkers?
e Do we find protein biomarkers capable to discriminate smoking
but COPD free subjects from smoking COPD patients?
e Can we apply the monoclonal antibody research for the
discovery and qualification of new biomarkers in COPD?

Additional goal of my work was to explore and introduce the less popular
metabolom studies in COPD research.

My specific guestions are:

e Do we find COPD specific lipid mediators in the BAL fluid with
targeted hypothesis driven biomarker research?

e Is the hypothesis driven metabolom marker research applicable
for the discovery and qualification of new markers in COPD?

e  Whether any correlation can be observed between lung function
parameters and biologically relevant lipids obtained directly
from the diseased tissue compartment (BAL fluid)




PATIENTS, MATERIALS AND METHODS

Patient’s selection for sample collection

Patients were obtained from the Department of Pulmonology, Medical
and Health Science Center, University of Debrecen, Hungary. The clinical
protocol was prepared in compliance with EU regulations and the
necessary approval was obtained from the regional and institutional ethics
committees. Patient selection was driven by a lung function test,
particularly FEV, (<80% predicted). The lung function parameters were
observed by routine spirometry tests where the patient’s ability to
forcefully exhale and inhale is measured. Maximal volume and maximal
velocity were tested.

Pulmonary function tests and reversibility testing

Using a pneumotachograph based system, dynamic and static lung
volumes were determined. Measurements were performed repeatedly until
values within 5% variation were obtained at least 2 times. The tests were
performed according to the European Respiratory Society reproducibility
criteria. The tests were performed when the patients were clinically stable
and free from infection.

First, pre-bronchodilator spirometry was performed as described
previously. Subjects were then treated with 400 pg of salbutamol by
inhalation, and after 15 minutes, post-bronchodilator spirometry was
performed. In order for the subject to be designated as having irreversible
airway obstruction, the post bronchodilator FEV,/FVC should remain <
0.7, and the FEV; may not improve more than 12% or 200 mL in FEVq,
over the pre-bronchodilator value (as a diagnostic criteria of COPD).

Blood plasma samples

Samples of venous blood was drawn after an overnight fast from the
forearm from each subject in the free-living state and collected in
polypropylene tube, placed immediately on ice, no longer than 30 min and
centrifuged. After centrifugation, the plasma was aliquoted immediately
in pre-bar-coded tubes, then frozen and stored at —80°C until analysis.

BAL fluid collection

We performed the BAL only the case of independent clinical diagnostic
indications. After the diagnostic tests we utilized the left over BAL fluid
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for our experiments. Briefly, after local anesthesia of the upper respiratory
tract with topical lidocaine spray (2%), the tip of the bronchoscope was
wedged into a sub segment of the right middle lobe, and 6 serial aliquots
of sterile saline, 50 ml each, were introduced and immediately aspirated.
Afterwards, the volume of the recovered lavage fluid was measured.

Sample preparation monoclonal antibody generation

Tracer and immunogen preparations were produced via identical methods.
First, an Agilent MARS-6 column was used as recommended by the
producer to remove the six most abundant plasma proteins. Next, a
polyclonal antibody affinity column was applied for the normalization of
COPD specific proteins. For immunization and hybridoma generations,
standard procedures were used with minor modifications. Spleen cells
were prepared by gentle teasing the tissue between sterile frosted
microscopic slides and hypotonic shock to remove red blood cells.
Splenocytes were fused to Sp2/Ag0 myeloma cells with PEG. Hybridoma
supernatants were generated via standard procedures.

Screening of hybridoma supernatants

Capture assays detect biomarker hits: in this assays no inhibitors were
used and the tracer was prepared from pooled plasma samples. Inhibition
assays also detect biomarker hits, however, the nature of these biomarkers
are different from those based on capture detection: in these assays
dilution of individual plasma samples were added to the assay. Biomarker
levels were expressed as % inhibition.

Protein identification using LC-MS/MS

Protein mixtures from normal and COPD patients were solubilized.
Proteins were digested overnight. Nanocapillary LC of the tryptic
peptides was performed. MS analysis was executed using a LCQ Deca XP
PLUS™ IT mass spectrometer. The mass spectrometer was operated in
dynamic exclusion mode with three MS/MS scans after each MS scan.
The BioWorks software was used to analyze all data with the SEQUEST
algorithm against Swiss-Prot human database
http://www.expasy.org/sprot

Lipid metabolite assays

Entire BAL samples were extracted with ethyl-acetate. The dried down
material was reconstituted in methanol, centrifuged and the supernatant
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was again dried down in the Speedvac™. The resulting material was
reconstituted in ethanol and isotope mix in methanol and 10ul of the
extract was analyzed immediately by HPLC-MS.

HPLC-MS analysis

The HPLC-MS analysis was performed using an HPLC-MS system
consisting of a Waters 2695X HPLC separation module including a
gradient pump, a degasser and a heat-able column compartment. The
column was maintained at 40°C and connected directly to the MS-MS
detector including an electrospray ionization option. The system was
controlled via the MassLynx software. MRM (multiple reaction
monitoring) with ESI (ESI (-) settings) was performed with the HPLC
eluate flowing into the ESI source at a temperature of 85°C.

Standardization

Stock solutions of lipid standards were prepared from commercially
available standards of 15-HETE, dX-15-HETE, dX-PgD, and, PgD, and
EPA, to give a final concentration of 1000 ng/ml. All stock solutions were
stored in the dark at -80°C. Multilinear calibration was carried out using
the reference retinoids by measuring different injections of ethanol
standard solutions at four different concentrations (1, 10, 100, 1000
ng/ml) using a 1 pl injection volume. The detection limit was 5 ng/ml for
LPC, 15-HETE and EPA, and 10 ng/ml for, PgD, with a linear coefficient
of regression of greater than 0.99 over the entire concentration range.
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RESULTS
PLASMA PROTEIN BIOMARKER DISCOVERY

Patient cohort

The two clearly distinguishable clinical points selected for the biomarker
discovery study were 30 stage-Il COPD smoking male patients and 30 age
and sex matched smoking control individuals with apparently healthy
lung functions, respectively. The goal was to identify patients with active
disease evolution (not the end stage), with the expectation to find disease
mechanism relevant biological markers. The most important clinical
parameters that discriminate COPD from the control population are
spirometric results. Maximal volume and maximal velocity were tested.
Global protein biomarker discovery

A total of 3500 hybridoma supernatants were generated and screened by
ELISA assays (“capture” first followed by “inhibition” assay). The first
step ELISA screening was based on hybridoma IgG capture and its tracer
binding. The first level screening identified 250 biomarker hits. Each of
the 250 hits was tested by the inhibition assay using individual patient or
subject plasma samples. In these assays tracer binding was inhibited by
plasma samples of individual patients or subjects. The second screening
step reduced the number of hit candidates to ten high quality biomarker
leads. All ten individual biomarker lead s showed statistically significant
discrimination power with the non-parametric Mann Whitney test.

An integrated, high-throughput, disease-specific monoclonal antibody
(mAb)-based biomarker discovery platform has been developed to
provide new biomarker leads with the focus on large scale discovery and
production of mAb-based, disease-specific clinical assay candidate
biomarkers. The monoclonal antibody mediated proteomics approach
within a short time (eight month) delivered ten of mAB-s that, in simple
ELISA assays discriminate the two populations with high degree of
statistical significance. The outcome of the biomarker discovery process
is applicable for testing of clinical validation paradigms, like response to
treatment or correlation with other clinical parameters. In contrast to
mass spectrometry (MS) based or systems biology based strategies, our
process produced pre-validated clinical assays as the outcome of the
discovery process. The encouraging results clearly demonstrate the
efficiency of the approach described here, and set the grounds for the next
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steps of studies, namely, the hunt for candidate biomarkers that respond to
drug treatment.

LIPID BIOMARKER STUDY

Patient’s selection for the BAL study

The pulmonary function results had shown clearly segregated patient
populations, one with, the other without COPD. The lung function
parameters which were used in the analysis include FEV;, %FEV;, PEF,
and TLC.

Lipids in BAL fluid

The lipids which were used in this determination were those that gave
measurable values in most or all of the BAL fluid samples tested and
include eicosapentaenoic acid (EPA), lysophosphatidyl choline (LPC), 15
hydroxy-eicosatetranoic acid (15-HETE) and prostaglandin D2 (PgDy).
We noted that although all patients received a similar amount of BAL
fluid via a flexible bronchoscope, the recovered fraction of the fluid was
variable and we found no apparent correlation between the estimated
metabolite concentration and the results of the lung function test with the
exception of total lung capacity. We observed some correlation between
the total amount of some of the recovered analytes and the amount of
BAL fluid recovered, in particular, EPA (R? = -0.77) and 15-HETE (R® =
-0.75), and to a lesser extent, PgD, (R? = -0.57).

BAL compartmentalization

These observations have prompted us to develop a hypothetic model of
BAL fluid compartmentalization. We assume that the delivered lavage
fluid partitions to two compartments; in compartment-1, which is termed
“recoverable” because it represents the recovered fraction, the fluid
reaches the target tissue environment where sufficient degree of
equilibration of soluble metabolites takes place. The recoverable
compartment is likely to represent the large and mid-size bronchi. The
fraction of metabolites present in the recoverable compartment and which
equilibrates with the lavage fluid is assumed to be fairly constant.
Consequently, it is the total recovered lipid metabolite amount and not the
concentration of the metabolite, which may show correlation with
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functional parameters. The second compartment, named “non-
recoverable” may not interfere with the metabolite recovery from the
recoverable compartment. The non-recoverable compartment is likely to
represent the bronchoalveolar space. It is also likely that the majority of
the liquid from this compartment is quickly reabsorbed. Variability of the
compartment size could be due to variation in BAL technique, individual
differences and variable re-absorption speed. It is likely that this latter
factor has the highest impact.

Correlation of Lung function parameters with recovered amount of
lipid biomarkers

To consider our model, the lung function values were plotted against the
total recovered BAL lipid levels for each of the four lipids. For the total
recovered, PgD, amount there is a striking inverse correlation with
FEV,, %FEV; and PEF which in all cases gave an R? value above 0.6. On
the other hand, there was no correlation between, PgD, levels and total
lung capacity. Given the observed correlation between total lung capacity
and both the concentration of lipids recovered in BAL fluid as well as
total lipid recovery the total recovered lipid values were normalized as a
function of lung capacity and reanalyzed. The values obtained following
this analysis demonstrate that the correlation between PgD, levels and the
FEV, and %FEV; values are independent of total lung capacity whereas
the correlations between PgD, and PEF as well as EPA and all of the lung
function parameters were slightly dependent upon this parameter. The
correlations for LPC and 15-HETE were not affected.
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DISCUSSION

Our work is a first step to find novel biomarkers with the hope that these
will serve as clinical surrogates during drug development and may also
identify the treatment responsive population at an early stage. To focus
our work we aimed at two important factors to strengthen our approach in
comparison to those published in the relevant literature so far.

We choose hypothesis driven and hypothesis free discovery methods. As
a hypothesis driven approach we choose to measure a selected group of
lipid mediators. And as a hypothesis free approach we screened the entire
human plasma proteome.

PLASMA PROTEIN BIOMARKER DISCOVERY

While we reported as a single study in this work, the results are typical for
current experience base (e.g. mABs specific for lung cancer. in
preparation). Within eight months, our mAb-mediated proteomics
approach delivered ten mAbs, which discriminated the normal and
affected populations with high degree of statistical significance using a
simple ELISA assays. The precision of the measurements was better than
that of popular MS-based methods. Some of the proteins identified seem
to be relevant to specific disease processes and have been verified on
independent clinical cohorts in trial setting (Pfizer confidential source)
Based on our studies, we find the monoclonal antibody library based
proteomics technology suitable for the discovery of disease specific
biomarkers. We show four antibody biomarkers from the pool of ten we
discovered with this technology. The monoclonal antibody biomarkers
were found COPD specific on he cohorts we used. The new technology
ensures the development of clinical laboratory tests without apparent
bottleneck in contrast to MS based or targeted hypothesis mediated
technologies. From this point of view our technology achieves discovery
and early validation in one step. The inhibition test we present here for the
first time, in a more generally applicable form has been marketed as
QuantiPlasma biochip, which was developed by Biosystems International
and Randox and has been tested successfully at the DEOEC.

We have developed a method that can generate disease-specific

monoclonal antibodies (mAbs) to the native state of human plasma
glycoproteins. Using a novel strategy, a large library of mAbs that can
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discriminate COPD from controls was obtained. Furthermore, another
important outcome of the study was the high quality of mAbs reagents
that were produced. Immunological based assays are important tools for
high throughput validation studies of biomarkers in a large sample cohort,
and the availability of high-affinity and well characterized reagents are
indispensable. Even though, the identification of the antigen for the
COPD specific mAbs characterized in this study corresponded to
relatively high level proteins, the success of the initial study suggests that
this method could become a powerful approach to the rapid generation of
disease-specific mAbs. The method had a high success rate and produced
a large number of positive clones that discriminated COPD from normal.
It is tempting to continue identifying the antigens for the remaining 1gG
secreting hybridomas. However, other methods for antigen identification,
such as those based on epitope mapping via peptide libraries displayed on
phage display technology may be more suitable for high throughput
screening of antigens and are being explored. The experimental data
collected in this preliminary research suggests that this methodology is
very promising and can lead to the high throughput generation of a large
bank of COPD specific mAbs with good specificity and high affinity.
Therefore the mAbs can be excellent capture reagents for immunological
based method in proteomic research and or biomarker validation and
eventually for the development of novel diagnostics.

LIPID STUDY

We demonstrate for the first time that in the BAL a few lipid biomarkers
(EPA, 15-HETE, LPC, PgD,) quantified by LC-MS technology show an
apparently good and positive linear correlation with TLC (Total Lung
Capacity). The total PgD, quantity recovered from the BAL fluid showed
good linear but inverse correlation with COPD specific lung function tests
(FEV1 and FEV1%) after applying our hypothesis on the
compartmentalization of BAL fluid. Important my work as evidenced
from recent publications became one of the starting points for the
development of PgD, inhibitors at the pharma industry. According to our
new hypothesis on the BAL compartmentalization, a variable portion of
the BAL fluid is reabsorbed quickly; however the “washed-out” lipid
biomarkers are not reabsorbed. The hypothesis published here first is
likely to be valid as supported strongly by the quality of the results. We
plan to continue the qualification of the lipid biomarkers with special
focus on PgD, and its involvement in COPD.
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We found correlation between lung function parameters and biologically
relevant lipids obtained directly from the diseased tissue compartment
from BAL fluid. Although the number of samples was relatively small,
this analysis demonstrates a good inverse correlation between the levels
of PgD, and EPA measured in BAL fluid by mass spectrometry and
several lung function parameters including FEV,, %FEV; and PEF for
PgD, and FEV; and %FEV; in the case of EPA. Furthermore, the linear
correlation between the FEV; and %FEV; values and the level of PgD,
was independent of total lung capacity, suggesting that this correlation is
strongly associated with the lung function parameter being measured.

Many different classes of mediators of inflammation have been shown to
play a role in COPD, including a number of lipids, chemokines and
cytokines. In some cases, similar mechanisms of inflammation are shared
between COPD and asthma whereas in other cases, some mechanisms are
unique to one or the other disease. These mediators play a role in both the
recruitment and activation of inflammatory cells. COPD is characterized
by the presence in the lungs of macrophages, neutrophils and CD® T-cells,
whereas in asthma the dominant inflammatory cell types present in the
lungs include eosinophils, mast cells and CD** lymphocytes indicative of
a largely allergic phenotype.
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SUMMARY

Background: Chronic obstructive pulmonary disease (COPD) is a major
cause of morbidity and mortality worldwide. COPD is characterized by
progressive development of airflow limitation that is not fully reversible.
The airflow limitation is usually both progressive and associated with an
abnormal inflammatory response of the lungs. Diagnosis of COPD is built
on symptoms and decreased level of lung function as tested by spirometry.
COPD patients are usually diagnosed only when the disease is already in
an advanced stage. Only about 15-20% (or more) of smokers are
susceptible to developing COPD, and 85-90% of COPD patients are
smokers, indicating the possibility of additional, genetic factors playing
role in the development of COPD. Identification of biomarkers, in the
longer term will result in the eventual development an early diagnostics
for the asymptomatic COPD patients, for screening of smokers with high
susceptibility to develop COPD and to follow therapeutic effects as new
therapies will become available. Here, | present the first phase of the
biomarker discovery work.

The aim of the study: The long term goal of my hypothesis free and
hypothesis driven biomarker research is to enable the discovery,
qualification and validation of an analyte panel based new laboratory
diagnostics. My specific questions (protein biomarkers): Does the plasma
proteome contain COPD specific biomarkers? Do we find protein
biomarkers capable to discriminate smoking but COPD free subjects from
smoking COPD patients? Additional goal of my work was to explore and
introduce the less popular metabolom studies in COPD research. First we
examined whether bronchoalveolar lavage fluid obtained from the site of
the pathology, as the ,,direct imprint” of the disease process is applicable
in the quest for lipid biomarkers? Specific questions on this subject: Do
we find COPD specific lipid mediators in the BAL fluid with targeted
hypothesis driven biomarker research? Is the hypothesis driven
metabolom marker research applicable for the discovery and qualification
of new markers in COPD?

Result and discussion:

Plasma — protein — biomarkers: Based on our studies, we find the
monoclonal antibody library based proteomics technology suitable for the
discovery of disease specific biomarkers. We show four antibody
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biomarkers from the pool of ten we discovered with this technology. The
monoclonal antibody biomarkers were found COPD specific on he
cohorts we used. The new technology ensures the development of clinical
laboratory tests without apparent bottleneck in contrast to MS based or
targeted, hypothesis mediated technologies. From this point of view our
technology achieves discovery and early validation in one step. The
inhibition test we present here for the first time, in a more generally
applicable form has been marketed as QuantiPlasma biochip, which was
developed by Biosystems International and Randox and has been tested
successfully at the Clinical and Molecular Laboratory of DEOEC.

BAL — lipid — biomarkers: We demonstrate for the first time that in the
BAL a few lipid biomarkers (EPA, 15-HETE, LPC, PgD, ) quantified by
LC-MS technology show an apparently good and positive linear
correlation with TLC (Total Lung Capacity). The total, PgD, quantity
recovered from the BAL fluid showed good linear but inverse correlation
with COPD specific lung function tests (FEV1 and FEV1%) after
applying our hypothesis on the compartmentalization of BAL fluid.
Important my work as evidenced from recent publications became one of
the starting points for the development of, PgD; inhibitors at the pharma
industry.  According to our new hypothesis on the BAL
compartmentalization, the variable part of the BAL fluid is reabsorbed
quickly; however the washed-out lipid biomarkers are not reabsorbed.
The hypothesis published here first is likely to be valid as supported
strongly by the quality of the results. We plan to continue the qualification
of the lipid biomarkers with special focus on PgD, and its involvement in
COPD.

20



Em UNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KEMEZY LIFE SCIEMCES LIBRARY

Aegrst Mumbar: DEERHETRITH012
e Bimber

Satject FaO Ll of Pubcscne

Canddnte: Eszier Cuinky
hepius 1D BTEFL)
Diecral Schocl: Dociml Schocl of Mkl Call and nmuss Bioiogy

Listof publical|ons related 1o e disssriation

1, Calinky E- & katwsih ik B & sea gk ey ik 207 1-ba.

Orvostovdbbk Szie. 18 (10, 1118, 2011

2. Cadnky, E, RN, R, Scholz, B Vaskt, &., Takies, L, Hompel, W.: Ligd malsboie keets of
prostagiandin 02 and sicosapeniasno i acd recowesed Irom bronchoabeeciar lvage Bk
commpiri wilh king function of chnm: hsliudieg puimorsn disasse palant coslnb,
Elsoiophoresis 30 (T), 1228-1234, 2000,

COn It fte did o 10 M2, 200800 T
IF3.077

3. Cadnky E. Tabios L A bnmarkirek spamps o SOPD palogen: dian d disg neaskigdan.
Toobgpigydaral 1 [12), 201, 207,

& Caanky, E, Chvava, F, Rajnasdigyl E. Hempel, W, Tardiou, N., Exsni Taih, &, Julion, &_
Mniieerz-Boes, G, Kuras, M. D, M Nagy, L, Schakz, B, Hancock, W, Kargesn, 8.,
Gallivn, 4., Takies, L Mesoonal andbedy probims: Doy and geysidison of
chronic cbsfnectve pulmonary dsense Bomarksrs n a snge step.

Elcrephorest 8 (1), HA01-0408, 2007
Coon hitpcihabe iod orgr 10, 1 D0 s, 200TO0R5E
13 800

okl I E

5 T
5. Csanky E- A belegel Mvlilaszisa ibodimnsaplanidciin &5 ke ko wisnbiiside |BRGE k33 alafi.

v, Hend T4 (83), 063074, 2008 - | o Ol
8 F Py 2
0. Caanky E- & COPD gyogyszenss kereias napjainkian & 5 )5 ‘::l'-\ . : .;;_ -
Caalackon £, 8, 1215 2008, 1-3}} 4 2
ey I
H-3042 Debrecen, Egpatam ter 1. a-mall: puBlikaciok&lib unidak. hu

21



Em UNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KEMEZY LIFE SCIEMCES LIBRARY

T whako A Kme S5 Deiving &, Qedly © Seiasi M Caanky E.- A wolurms nmsdu ke mdtid, misl
kezelis) leheibsty o komi shidumd kninikes obsinskiiy [G050aiegeiy erlpljaban
S Ml TV (83, 20012088 2006

List of other publications

B. Guergova-Huras, M Konenz, | Hempel, W, Tardiea, M., Kidas, J, Malserer-Bloes, C Julfen, &,
Kiefler, Y., Hincopie. M. Guttman, &., Ceanky, E., Dezso, B, Kager, B., Takios, L: Discovery
oo iy Caitiar bamarkies by peoding the plisma withy bl anbedy Horanes
Mol Goll. Frofeamyics. § (20077, 0 148, 1-88 (21 1. 2011,
G0 hipciche il ong 6 POTA/mep M1 1000
IF:8.354 (2010)

0, Phiska, 8., Caanky, E., Seanld, A, Sralmdd, |, Mesio, B, Saékas L., Daisd B, Gehelz, B,
Podani 4., Kily. |., Takécs, L. Nagy, L: Chrnic Cibstructve: Pulmonary Disease-Specilc Gene
Exn L] of A bl MR R (s a5 wal i Py Biocl b Crpariig
and Comelate wih Lung Functian,
Bawpeatovn, BT @), F-410 2011
D06 hinpeiieke i o011 SO0 207
IF:2.5643 (208

10. Penyige, A, Pilsks 5 Cslaniy, E., Scholz, B. Dezxsh, B, Bohnasores, |, My, |, Takées, L,
Pagy, L s of PPAR gamma aod BPYE polrmomtesms and
ikl 10 S0P 0 i & Hung cohonl g k-t sty
mm Gﬂ'll.'f. 1,152, 310
D ol ke ol o181 18804 T1-2350-11-152
IF:2.439

11 Meks, E, Crismarer, 2, Cadinky, E., Booos, O, Busby J M&MDI!E Dﬂ'ﬁmrﬁdh
ewpressed moroANAS in small pefl ing cancer. ™

% b #
Enp. Lamig Maz, 35 (35, S48-884, 2000 n?-‘ o
Dk hipcicn dol ago. 310010z I4G0RE2212 (9 S
IF1177 4 “" U
. 3 X * =
12 Mesio, ), Tan, L Adknzon, G Ward, J., UR-500,001 1‘ %11 A‘Whlur& ;
R I e with 8 novl infaked pRosEholiaseran | i o i G
Eww. Rusgir. J. 33 (5, 10381084, 2009, I R
H-3042 Debrecen, Egpatam ter 1. a-mall: puBlikaciok&lib unidak. hu

22



Em UNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KEMEZY LIFE SCIEMCES LIBRARY

1% Cabry B, Cpilicus Msis fmussasciingi)
In: Tixdfkgptgrads i - egyetemi jegyzet 3. bdvien kindds. Sxeic: Kanos Tomds, DE OEC
Enaksigi Histal, Detrecen, T9-32, 2006

4. Codmiy E., Vasks A Az Micpahias Wdifbroses krersgaling o keooiese
Tektagetgyddial 3 [7), W-42, J008

15 Crirby B, Kéjalbok wrsgilalnk
In: Tixitgpbomiszan - egyesemi jegyzel 3. bavien kedds Szerk: Kanms Tasds, DE OEC
Enbdk=2gl Hivntal, Debrecen, 37-46, 2008

1% Csdmiy E.: & 1053 gombis &5 egyéb ferfzd eisgségel
In: Tisiigrptagpsee s - nopeens pgyeet 3. bOwie® kadas Seerk: Kandos Tasde, OF OEC
Enbiségi Hatal, Detvecen, 200-213, 3008,

17, Culiey E,; Ahis] aprea sndréma
In: Tasfogrpdgypdez | egyetem eyt 3. bOvies kadas Srerk: Kardos Tamds, DE CEC
Engkssip Hrostal, Dotrecen, 304-308, 20068

18 Ceambty E.: Deseninal G betagségek
bi: Tl figrpfagpdacean © gpelaim pgysel 3 BVl edds Sead; Kandos Teesds, DE OB
Enbisagi Hivatal, Debrecen, 213-247. 2008,

18 Csdmiy E., Szilasi M, Disingd K, Ex. Hiss B Emppema &5 eobincooocus-fonbeis.
Mod Thorss 63 (7), 162-185, 2007,

mu-.ye Asmiakos, L, Vaskd, &, Seics, |, Déveryl K Sziosi M. Balla, J.: Succestul renal
0 ung 1L Aoy of e firal Bungarniss cass
ng. Mart. J T 43, 509-51 5, 2007
CO: et ol om0 1 SRR 1 2007 20125

21. Csimy E., Aszialos L, Yaskd &, Szics |, Déwényl K., Exlesi M. Balla J.: Gikeres
Al s ulds mﬂﬁmmluww

Dew. Hetll 7148 (85), H4T-F1 51, 2007,
DGE hitpcfcte diod org M0 1 W6F0H 2007 20128

27 Waskn A, Kowvios J_ Fodor b, Szilas & Akossy PG

PR .
ane Hh'll T45[17), 303-B04, 2005

H-3042 Debrecen, Egpatam ter 1. a-mall: puBlikaciok&lib unidak. hu

23



Em UNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
I" KEMEZY LIFE SCIEMCES LIBRARY

23 Cimiy ., Andesjhoics |, Soli M M- i derdeasipie-staia miss wigesl speclie
Immunie ip@a halbenrysga.
Allgrg #n, fmvmun, {5, TAB-20, DM

24 Ceanky E.: Srén-momong- (00- mememts
n; oyl baent khziknay 1, kAta) Sk Olh B, Midicisa Kinpdeadd AL,
Budapesi, G25-526, H004.

25 Cadmiy E., Srabd P Washd A, Belesi M. Lang G., BRlpoiino W Wyshidumd 1B belegsbgian
3 betegek - A ERIE card| négy esel kaposin.
D Hil T4 [15), 891594, 2003

26 Maymos, L, Kandos, G Belak, A, Moz A Asteios, L Cednly, B, Bars, £ Szabd, 0.
F i Enayme Anabsis of Rib | DM, Snorws Thal Candida inoonspicsa Chnical
Fecdntes Can Bs Medentifed a5 Cand i norsegenais with TradSoral Disgnosic Procedures
o i, Meralvol 4T (1), SP50-5353, 300
Do bt Dot ol arg 00 12800 M 41 16 52505253 200
IF:3 4308

27 Cunmios £ Kappsimayer J . Cesniy E. Ar optmalis serus thaopiyn sz bosliiass és
aphirilbpdpes programmel wald lensaplss asihma wonchisis agek ksl s,
Mod Thor 19, Z37-244, 1906

25 Monos, 0.3, Csdnky, E. Cno, 3.1, Radia, 3F., Kagpes, D inger, JL L oels
D maofruies: of the GFEL and DR haplolypes: Fieactvity patiees wilh miks
Ammaganehics 43 (%) 173-180, 1908,

IF:3.573

wf B

20 Monos, 0.8, Kamous, M., Udsov, LA, Calsiy, E., Cizman, B, Tustskaya, FL., Smimoa, J 8.,
raroy. NG Gasser. 0, 2mip CM., 5p RS, pimsoe, 5.4, Genalic
ok ehism o 1l NN bamer nRcress (R G it Psun-degnden] Satalis salius
Linkage disequiibrum of THF.ab microsaislie alleles wits HLA haplotbype:
Mon fmemmes 44 (2], T0-78, 1HR L RATETy
D0 frpeicn it org 10101000106 BESDEQO0SRH v Y-
IF27 &

A
30 Hevedls, E., Somipt, B Gubnky, E., Shi a-q.v..mwiﬁmqﬁmlz laticn o4, -
s }

Hiw o gt and her pens by it
'\ b e |
Il . dmmenopbarmascol. 14 (8], 573580, 1582 Ay s i
IF:1,009 -
H-3042 Debrecen, Egpatam ter 1. a-mall: puBlikaciok&lib unidak. hu

24



Em UNIVERSITY AND NATIONAL LIBRARY UNIVERSITY OF DEBRECEN
l" KEMEZY LIFE SCIEMCES LIBRARY

31 Sombd B Celely, E., 5t X, Zhang, Y., Kowiis, E., Bona-Lipkik, E, Nowolry, &6, Tripodl D,
Pigwoiny. & Molecuiar of Pt e TN sip . THIF
T 2 and s pds ol Esbdnbosn duning abaling Rydrohss.
. J emunopamnesco 14 (2], 131-142, 1952
15 K15

Total ¥: 32.847
Total IF dpublications relaed o the deseration): 5665

The sp aln L e Pub e edihel 1y ol [
have ben vakdaled by Kenezy Lite Scmnces Librany on the Basis of Wb of Science, Eoopiis and
Jowral Chstion Repart (Impad Fac o databases

20 April, 2012

gy ¥

H-3042 Debrecen, Egpatam ter 1. a-mall: puBlikaciok&lib unidak. hu



	PATIENTS, MATERIALS AND METHODS
	PATIENTS, MATERIALS AND METHODS
	PATIENTS, MATERIALS AND METHODS



