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1.

Introduction

Lung cancer (LC) and chronic obstructive pulmonary disease (COPD) are prevalent ailments
with a great challenge to distinguish them based on symptoms only. Since they require different
treatments, it is important to find reliable methods capable to readily diagnose them. Moreover,
COPD increases the risk of lung cancer development, leading to their comorbidity. Therefore,
there is an urgent need to develop novel molecular diagnostic tools capable of predicting the
presence and prognosis of the actual disease (LC, COPD or comorbidity) with adequate
specificity and sensitivity. Therefore, new possibilities for non-invasive or partially invasive
diagnostic procedures are widely investigated. The identification of molecular biomarkers in
serum samples could be the basis for a diagnostic method based on blood testing. Biomarkers
are specific objective indicators for biological or pathogen processes or therapeutic treatment
[1]. The surface of living cells is covered by a large number of diverse complex sugars, which
could be specifically modified even in the early stages of diseases. Malignant and inflammatory
processes, such as lung cancer and COPD, could induce changes in glycan biosynthesis, so they
could result in varioius differences in the post-translational modification of the cell surface and
circulating glycoproteins in blood. The identification of these specific modifications could be
used for a diagnostic purposes. In the last decades, research and application of glycobiomarkers
are getting more and more attention in the development of diagnostic procedures [2]. The
reliable and validable identification of molecular alterations associated with certain diseases
often requires the processing of a large number of samples, which also increases the necessity

for the development of new statistical methods.



2. Objective
Late recognition is one of the main reasons for the high death rate of lung cancer and one of the

the simplest solutions could be early diagnosis. The aim of my PhD work was to endorse the
diagnosis of lung cancer at an early stage through identification of potential glycobiomarkers.
First, I intended to determine the asparagine-linked glycan profile of human blood serum by
capillary electrophoresis equipped with a laser-induced fluorescence detector. After that, |
aimed to identify the separated N-linked oligosaccharide peaks on the resulting
electropherogram. The next goal was the comparison of the glycan profiles of healthy, lung
cancer, COPD, as well as lung cancer and COPD patients in order to reveal significant specific
differences. The identification of potential patient-specific glycobiomarkers could serve as a
solid base for new molecular diagnostic method developments.

My second goal was the analysis of the samples of patients whose treatments were followed up.
One sample set included lung cancer patients who had undergone resection surgery. The
samples were taken before and after operation. The second sample set included lung cancer
patients who had received chemotherapy. Samples were taken in different stages of their
treatment. In both cases, my aim was to examine the differences in the human serum glycan
profile before and after resection surgery and during chemotherapy, whether there was a
correlation between clinical parameters and changes in glycan levels. Not only individual
changes of certain glycans, but the combined alteration of several structures were investigated.
Considering the results, the analysis of blood serum samples might give a potential prognostic
picture of the outcome of the lung cancer patients’ treatment, which could further increase the

effectiveness of the therapy.



3. Results and discussion

Identification of N-linked glycans in human blood serum

During my thesis work | identified 61 asparagin linked glycan structures in healthy human
blood serum. A novel temperature adjusted denaturation protocol as well as extended enzymatic
release and evaporative derivatization time was used for preparing asparagine linked
oligosaccharides from the complex serum samples. Measurements were performed by capillary
electrophoresis equipped with high-sensitivity laser-induced fluorescence detection (CE-LIF).
The identified oligosaccharide structures may contribute to the development of new

glycobiomarker-based diagnostic methods.

Comparative analysis of the human serum N-glycome in lung cancer, COPD and their
comorbidity

| established a glycan panel that contained carbohydrate structures that could be potential
glycobiomarkers for COPD, lung cancer and their comorbidity. In addition, alterations in N-
glycan subclasses, such as fucosylated, mono-, bi-, tri- and tetrasialylated, as well as mono-, bi-
, tri- and tetra-antennary glycans could also carry potential diagnostic information. The glycan
panel and the corresponding subclasses may provide even more reliable information as they

represent the sum of multiple structural changes caused by a given disease.

Investigation of the effect of resection surgery on the N-linked glycan profile of human

serum

In my research, | investigated the changes in the N-linked glycans of serum proteins before and
after lung tumor resection surgery. The samples were analyzed by CE-LIF. Despite the
relatively small number of samples, | found significant correlations between changes in the
amount of glycan structures and discrete and continuous clinical parameters. Analysis of the
classification tree resulted in a set of N-glycan decision models that could even be used to
monitor resection surgery of lung tumor. The positive outcome of the surgery showed
significant correlation with the N-glycome change in patients who were still smoking and those
who had already quit smoking, as well as in patients with and without atherosclerosis. In
addition, surgeries with a negative outcome can be associated with a significant change in the
relative peak area of certain N-glycan structures (FA2BG2S1, A2G2S(3)2, FA2[3]G1) both in
the case of smokers and patients who have already quit smoking. Resection surgery with a
negative outcome when lung cancer comorbidity with COPD or when atherosclerosis was not

observed with lung cancer can be associated with changes in the relative peak area of
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FA3G3S(6)3 and FA2BG2S1 or FA2BG2S2 and FA3G3S(3)3. Lung cancer comorbid with
COPD and with or without atherosclerosis also showed significant correlation, with changes in
the relative peak area of FA4BG4S(3)4 and FA2G2 or FA2G2S1. In patients, who had lung
cancer comorbidity with COPD, a significant increase was observed due to its positive outcome
in the relative peak area of FA2G2S2. In the N-glycan profile of human serum from lung cancer
patients without atherosclerosis, who quit smoking resection surgery increased the relative peak
area of the M9 glycan structure. The correlations listed above may provide a basis for a method
to monitor the effectiveness of treatment during lung cancer resection surgery. After testing and
validation, extension to a larger number of samples will provide an even more reliable and

accurate picture of treatment efficacy.

In addition to analyzing the relationship between the clinical parameters and the changes in the
relative peak area of each N-linked glycan structure, | also investigated the correlations between
the changes in the relative peak area of groups of N-glycans and the clinical parameters. |
determined the most significant clinical parameters that caused the change in the relative peak
area of the entire afucosylated subgroup after the resection surgery. Lung cancer patients
diagnosed with atherosclerosis, who quit smoking or had COPD, too, changed the amount of
both total afucosylated and sialylated glycan structures in the same way. Patients who quit
smoking, and had a positive outcome of the surgery, or did not have diabetes but had
atherosclerosis, showed the same correlation in the change of the sialylated relative peak area.
In case of lung cancer comorbidity with other diseases the correlation model showed not only
the change of the relative peak area of the sialylated glycan group, but also the amount of the
terminal galactosylated glycan group. In diabetic lung cancer patients, resection surgery
generated a change in the relative peak area of the terminal galactosylated glycan group. Only
one examined discrete clinical parameter (smoking patient with a positive outcome resection
surgery) caused change in the relative peak area of neutral glycans with a satisfactory accuracy

model.

| also evaluated the effect of continuous clinical parameters on the N-glycan profile by linear
regression analysis. | found a linear correlation between the N-glycosylaiton changes in human
serum caused by lung tumor resection surgery and continuous clinical parameters including
age, CRP value, blood sugar level, the amount of cigarettes smoked, the years spent smoking
and the stage of the disease. Using the correlations identified in this work, a panel of N-glycans

could be assembled, from which the patient's medical history and condition can be deduced.



Examination of the effect of chemotherapy on changes in glycan pofile

| analyzed the correlations between the clinical parameters of lung cancer patients undergoing
chemotherapy and the change of the asparagine-linked glycans due to chemotherapy. As a result
of the analysis, changes in N-linked glycan structure due to chemotherapy can be modeled with
sufficient reliability when the patient was not diagnosed with COPD just only with lung cancer
(The glycan structures changed during chemotherapy: A3G3S(3)2, FA2B[6]G1, M8, M9,
FA2[6]G1S1, FA2BG2S2, FA3G3S(3)3, FA2[3]Gl, A2G2S(6)1, FA4BG4S(3)4
AA2G2S(6)2, AFA2G2S2 AFA2[6]G1. FA2, M6) In case of women, | also determined well-
modeled changes depending on the treatment outcomes, tumor progression changed the amount
of A3G3S(3)2 glycan structure and stagnant tumor state caused changes in the FA2G2S1, FA2,
M6, FA2B, M9, FA2[6]G1 and M7 glycan structures. Diabetes comorbidity with COPD
(FA3G3S(6)3, A2G2S(3)2) or atherosclerosis (M9, A2G2S(3)2) or without any of them
(FA2[3]G1, FA2[6]G1, M7, FA2G2S1, M9) induced unique changes in the amount of the
examined glycan structures after the chemotherapy. Lung cancer patients who did not have
COPD either quit smoking (A3G3S(3)2, FA4BG4S(3)4, A2G2S5(6)2, M9) or not (M9,
FA2BG2S2, FA3G3S(3) 3, FA2[3]G1, A2G2S(6)1), the glycan structures determined in their
human serum samples changed that can be followed by a specific model. The results also
confirmed that changes in the sample of lung cancer diabetic patients the same model can be
used in cases with tumor regression and without tumor progression (FA2G2S1, FA2G2S2,
FA2[3]G1, M9). Reliable models were determined in patients who had atherosclerosis and lung
cancer, when the tumor progressed after the treatment (A3G3S(3)2, A2G2S(6)1, FA2G2S2,
A4G4S(6)2) or the tumor state did not change (A4G4S(6)2, A3G3S(3)2, FA2B[6]G1, M8,
A2BG2S1, FA2BG2S2, FA3G3S(3)3, A2G2S(6)2). The reliability and accuracy of the
obtained results could be increased by the investigation of more samples. The determined
results in this work could help in the development of practical diagnostic methods monitoring

the effectiveness of chemotherapy treatments.

In addition, the examined glycan structures were grouped into subclasses to analyze how the
changes in the glycan subclasses after chemotherapy were related to the clinical parameters of
the patients. The analysis resulted in well-defined models in female chemotherapy treated
patients considering all three outcomes of chemotherapy (regression, progression, stagnant
tumor). | determined reliable models for treatment-induced changes in patients with diabetes
taking into account several clinical parameters, such as the without COPD, the with or without
atherosclerosis, smoking or quitting smoking, tumor progression or tumor non-regression.

Monitoring the changes in glycan subclasses increased the reliability of the results.
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Unfortunately, due to the small number of samples, the classification tree analysis could not
include the type of treatment, therefore the results were not sufficiently reliable. Linear
regression analysis revealed insufficient correlation between chemotherapy treatments and

continuous clinical parameters.



4. Summary

The main goal of my thesis work was to promote the research of N-glycan structures in blood
serum and their applicability in diagnostic developments. Numerous studies have already
proven that specific glycosylation processes take place as a result of malignant transformation
and inflammations. | analyzed the N-glycan profile of human blood serum samples from lung
cancer patients using CE-LIF and determined 61 N-glycan structures in human blood serum.
These structures provided a glycan panel, in which | searched for potential glycobiomarkers for
the diagnosis of lung cancer, COPD and their comorbidity. My goal was to find specific changes
that were characteristic of the given disease or disease group. As a result, a panel of 13 N-linked
glycan structures were determined containing potential glycobiomarkers for lung cancer, COPD
and their comorbidity. The most significant changes were observed in the case of lung cancer
affecting the following oligosaccharides (FA4BG4[3,3,3,3]S4, FA3G3[6]S3, A2BG2S2, M3,
FA2G2S2, FA2BG2S2, A2BG2S1, FA2G2S1, FA2BG2S1, A2B, FA2G2). However, the
amount of FA4BG4([3,3,3,3]S4, FA3G3[6]S3, A2BG2S2, M3, FA2BG2S2 and FA2G2 glycan
structures also significantly changed in case of COPD. In case of lung cancer comorbidity with
COPD the relative peak area of FA3G3[6]S3, FA2G2S1 and FA2G2 structures considerably
changed. In addition to the individual examination of the specific glycan structures, | also
investigated how lung cancer, COPD and their comorbidity affected the glycan subclasses. The
development of lung cancer significantly altered the level of mono-tri- and tetrasialylated as
well as the mono-tri- and tetra-antennary N-glycan structures. In case of COPD, smaller
changes could be observed compared to lung cancer, however, the tetrasialylated, mono- and

tetra-antennary classes had a great extent increment.

My second main goal was to reveal any correlation between changes in the N-glycan profile as
a result of treatment and clinical parameters by examining the human serum samples of already
diagnosed and treated patients. | analyzed the blood serum samples of lung cancer patients
utilizing CE-LIF and applied a classification tree analysis in a novel way to process the data.
My results proved that the method was suitable for mapping correlations between the changes
of N-glycans and the clinical parameters in lung cancer patients. | analyzed two types of
treatments, resection surgery and chemotherapy. In both, I found specific changes in the amount
of the examined N-linked glycan structures as a result of the treatment in case of several clinical
parameters. The specified correlations, after validation, could promote the development of a
monitoring method measuring the effectiveness of surgeries and chemotherapy treatments and

possibly improving the outcome of the treatments through timely interventions. Applying the



proper treatment plays an important role in effectiveness, and for selecting the right one,

accurate diagnostic information is key.
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