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Abstract

The development of a rapid and high-sensitive breast cancer (BC) diagnostic
method has been increasingly investigated by many researchers, to have a more
effective therapy, through the early detection of this disease that affects millions of
women worldwide. Therefore, the discovery of specific biomarkers is one of the topics
in clinical medicine, however several challenges remain in the development of optimal
sample preparation for proteomic/peptidomic analysis of urine, due to its highly
variable content, as well as the presence of various proteins in low abundance or
modified forms. Thus, this investigation aims to establish potential BC urinary protein
biomarkers using one-dimensional sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (1D  SDS-PAGE) coupled  with  matrix-assisted  laser
desorption/ionization time-of-flight mass spectrometric (MALDI-TOF MS) for BC
diagnosis and monitoring the efficiency of therapy. The results of the Lowry’s assay
demonstrated that total protein concentration increased after precipitation and that
healthy control group (HCs) have higher total protein concentrations than BC patients.
Related to MALDI-TOF MS analysis, results revealed that four protein/peptide ion
signatures (m/z 1046.5, 1062.4, 1237.7 and 1727.9), with variable importance in
projection (VIP) > 1, allowed the discrimination between BC patients and HCs. The
discrimination efficiency and accuracy of BC urine proteins/peptides were ascertained
by receiver operating characteristic (ROC) curve analysis that allowed the identification
of some features with high sensitivity and specificity (99.6%). Therefore, the obtained
data revealed MALDI-TOF MS as a powerful tool to explore proteomic/peptidomic
biosignatures, due to its speed, sensitivity, and mass accuracy, which allow establishing
novel disease biomarkers. Nevertheless, a deep study using a higher number of samples

must be carried out to confirm and consolidate the data obtained.

Keywords: Breast cancer, urine, 1D SDS-PAGE, MALDI-TOF MS, biomarkers,
proteomic/peptidomic.






Resumo

O desenvolvimento de um método de diagndstico rapido e de alta sensibilidade e
especificidade para o cancro da mama (BC) tem sido um desafio crescente para muitos
investigadores. O diagnostico precoce permitird uma maior eficiéncia da terapia, duma
patologia que afeta milhdes de mulheres em todo o0 mundo. A descoberta e identificagdo
de biomarcadores especificos ¢ um dos topicos da medicina clinica, porém ainda
subsistem varios desafios no desenvolvimento de técnicas otimizadas de preparacdo da
amostra para a andlise proteémica/peptiddmica da urina, devido ao seu contetdo
altamente varidvel, bem como a presenca de vérias proteinas em baixa abundancia ou
sob formas modificadas. Assim, com este estudo objetivou-se identificar potenciais
biomarcadores do BC com base nos perfis de proteina urinaria de pacientes BC (n=56) e
grupo de controlo saudavel (HCs, n=54), utilizando a eletroforese em gel de
poliacrilamida-dodecil sulfato de sddio unidimensional (1D SDS-PAGE) combinada
com a espetrometria de massa por ionizacdo e dessor¢do a laser assistida por matriz
(MALDI-TOF MS), como estratégia Util para diagnostico e evolucdo da terapia. Os
resultados do ensaio de Lowry demonstraram que a concentracdo total de proteina
aumentou apds a precipitacdo e que o HCs tem concentracdes de proteina total mais
elevadas que os pacientes BC. Relacionados com a analise MALDI-TOF MS, os
resultados revelaram que quatro assinaturas de ides de proteina/peptideo (m/z 1046.5,
1062.4, 1237.7 and 1727.9), com importancia varidvel na projecdo (VIP) > 1,
permitiram a discriminacdo entre pacientes BC e HCs. A eficiéncia e precisdo da
discriminacdo do padrdo de proteinas/peptideos na urina de pacientes BC foi verificada
pela anélise da curva carateristica de operagdo do recetor (ROC) que permitiu a
identificacdo de algumas carateristicas com alta sensibilidade e especificidade (99.6%).
Assim, os dados obtidos revelaram a MALDI-TOF MS como uma ferramenta poderosa
para explorar o padrdo urinédrio protedémico/peptidomico, e desta forma discriminar
entre diferentes grupos em estudo possibilitando a detecdo de potenciais biomarcadores
de uma forma relativamente rapida altamente sensivel e com elevada precisdo de massa.
No entanto, devera ser realizado um estudo aprofundado utilizando um maior nimero

de amostras a fim de confirmar e consolidar os dados obtidos.
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1. INTRODUCTION

Cancer is a leading cause of death and an important barrier to increasing life
expectancy in every country [1], which represents one of the major public health
concerns worldwide. It is characterized by a large group of heterogeneous diseases that
can affect any part of the body, usually sites such as the breast, lung, colon and rectum,
prostate, liver, skin and stomach. Cancer comprises a large group of related diseases
that can start in almost any organ or tissue of the body, when cells produce new cells,
and the old or abnormal ones don't die when they should. As these abnormal cells grow
out of control, they can crowd out normal cells and spread into surrounding tissues, to
invade adjoining parts of the body and/or extend to other organs [2].

According to World Cancer Research Fund International [3], an estimated 18.1
million cancer cases around the world in 2020. Of these, 9.3 million cases were in men
and 8.8 million in women, being the most predominant the lung, prostate and
colorectum cancers in men, and lung, breast and colorectum cancers in women.

In this sequence, the global cancer burden is expected to reach around 3 millions
of diagnosed cases by 2040, a 47% rise from 2020, with a larger increase in
transitioning (64% to 95%) versus transitioned (32% to 56%) countries due to
demographic changes, although this may be further exacerbated by increasing risk
factors associated with globalization and a growing economy [4].

However, even though cancer incidence and mortality has increased, part is due
to the coronavirus disease 2019 pandemic (COVID-19), which has negatively affected
cancer diagnosis and treatment. The closure of health care setting and the fear of
exposure to the virus has led to reduced access to care and, consequently, a short-term

drop in cancer incidence, followed by an increase in the mortality rate [5].

1.1. Breast cancer

According to GLOBOCAN series of the International Agency for Research on
Cancer (IARC) [4], the breast cancer (BC) is the most commonly cancer in women,
with an estimated 2.3 million new cases (11.7%), followed by lung (11.4%), colorectal
(10.0%), prostate (7.3%) and stomach (5.6%) cancers, and the second most common

cause of cancer death in women, which comprises 6.9% deaths (Figure 1).
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Figure 1 — Leading cause of cancer deaths among women worldwide, 2020. SOURCE:
GLOBOCAN 2020.

The breast is composed of two main types of tissues, glandular tissues and
stromal (supporting) tissues, as well as a lymphatic tissue-immune system tissue that
removes cellular fluids and waste [7]. There are several types of tumors that may
develop within different areas of the breast, being a large part of a benign character, for
example fibrocystic change, a non-cancerous condition in which women develop cysts
(accumulated packets of fluid), fibrosis (formation of scar-like connective tissue),
lumpiness, and areas of thickening, tenderness, or breast pain [2]. However, in the case
of a malignant tumor, it can lead to cancers, from which it usually begins in the cells
that line the ducts or even in the lobules, while a small number start in the other tissues
[11].

This type of cancer refers to cancers originating from breast tissue, most
commonly from the inner lining of milk ducts or the lobules that supply the ducts with
milk [6] and is more often in women than in men, although the rarity in men is due to
delays in diagnosis which leads to frequent detection of the disease in more advanced
stages [7].

Male BC is a rare medical condition, accounting for only about 1% of all BCs.
Statistics from the American Cancer Society suggest that yearly, about 2600 new cases
of BC in men are diagnosed causing, approximately 440 deaths (in comparison, almost

40000 women die of breast cancer each year) [8]. Even though breast tissue is very
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similar in both sexes, composed essentially of fatty tissue, breast cells and ducts, men’s
breasts have fewer ducts and lobules compared to women, since women’s breasts
mature during puberty and, consequently, they develop working lobules and milk ducts
to produce and carry milk after childbirth.

In other words, even if women have many more breast cells than men, the main
reason they develop more BC is because their breast cells are constantly exposed to the
growth-promoting effects of the female hormone’s estrogen and progesterone.

Even though there are several diagnostic and screening tools available for ,
namely mammography, ultrasound, or tumor markers, which help the detection and
subsequent improvement in survival rates, certain limitations to combating it persist.
The main handicap of most of these methods is their low sensitivity and specificity. In
addition, over detection may cause harm through unnecessary labelling and treatment of
patients as having a cancer that, without screening, might never have been diagnosed
[9].

BC screening refers to testing otherwise-healthy women for BC in an attempt to
achieve an earlier diagnosis under the assumption that early detection will improve
outcomes. Several screening tests have been employed including clinical and self-breast
exams, mammaography, genetic screening, ultrasound, and magnetic resonance imaging.

While biopsies are the definitive tests for diagnosing cancer, they are invasive,
and can be uncomfortable and anxiety-inducing. Thus, instead of immediate biopsy
after an abnormal screening, new technologies to diagnose breast cancer should focus
on decreasing discomfort as well as increasing test accuracy [10], which they could
have a large economic potential and quality of life impact. In addition, the World Health
Organization (WHO) recommends organized, population-based mammography
screening every 2 years for women at average risk for BC aged 50 to 69 years in well-
resourced settings [11].

For this reason, the increasing worldwide incidence of BC disease requires the
need to research multidisciplinary approaches in different areas, as well as investigate
new clinical diagnostic tests to improve the efficacy of therapies and increase survival
rates.

Proteomics emerged as a promising approach in disease profiling for the pursuit
of new biomarkers in biological matrices, such as cell extracts, tissues, or biological
fluids, which improve our chances for developing diagnostic markers for early detection
of cancer and maybe provided the solution that we are looking for.
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One of the biggest challenges in conducting proteomic research has been to
discover and characterize biomarkers that could be used for better identification of
patients who are at risk of the disease becoming more aggressive or for disease
progression that may provide targets for clinical intervention or even for the earlier
administration of proper treatment [12]. These biomarkers can serve as early warning
indicators for disease, help to monitor disease progression, and predict receptivity to
treatment.

Thus, a considerable advancement in proteomics is the quantification of
biomarkers, with high sensitivity and specificity, provided by new and powerful
platforms, from body fluids (e.g., urine, blood, seminal fluid, saliva) and tissues [13],
with the objective of favoring not only physicians in clinical decision-making, but also
the patient, to promote the diagnosis and follow-up of therapy [14]. The Figure 2
summarizes the evolution of BC research and illustrates how technological progress and
scientific focus have worked in parallel to support the discovery of markers, through
new technologies, for the detection of BC.

Implementation of
Irpprovemgnts genetic profiling
in surgeries Improvements in
such as the targeted therapies
Radiation is development Biologics are including a drug
i of the used to target called Pigray
P! lumpectomy cancer cells (alpelisib)
and used
William Halsted Tamoxifen Herceptin
performed the approved by FDA HER2 developed
first radical for treatment of gene
mastectomy breast cancer identified

Figure 2 — Timeline of technological advances and scientific progress in BC.

1.2.  Search for BC diagnostic biomarkers using high-throughput technologies

In recent years, all “omics” disciplines have demonstrated potential interest as
large-scale biomarker discovery platforms. These include genomic, transcriptomic,
proteomic, metabolomic, imaging and all variants thereof [15].

Genomics aims to characterize and quantify the complete set of all genes within
a cell of an organism, to provide information about the influence of their interactions

[16]. Thus, the approach consists of measuring gene expression through methods based
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on high-throughput DNA sequencing, bioinformatics, genetic analysis and functional
identification to analyze the structure and function of the whole genome, which forms
the “omics” framework of systems biology [17].

In the study of biomarkers, genomics possesses an enormous potential to allow
the discovery of new biomarkers and diagnostic tests. However, the analysis is limited
by its inability to provide complete information on cellular, subcellular and intercellular
functions [18]. These limitations have led to the development in the biology of
interdisciplinary systems that integrate genomic/epigenomic, transcriptomic, proteomic
and metabolomic data.

Since genomic changes may not necessarily lead to biological phenotypic
changes, the transcriptome study, which translates into the complete set of RNA
transcripts produced by the genome in a specific cell, has played an important role in
the characterization of gene expression at the level of mMRNA, since the actively
transcribed RNA is highly dynamic and reflects the diversity of cell types and their
regulatory mechanisms [19]. Thus, transcriptomics, through RNA sequencing, identifies
and quantifies differentially expressed genes of cancer cells, whose transcriptional
patterns are anomalous and, therefore, could discover biomarkers for the disease [20].
Additionally, this technology emphasizes the concept of time and space, which allows
not only to identify the phenotypic attribution of cells, but also to distinguish subtypes
of diseases and discriminate the various reactions caused by drugs, as well as to
describe the survival rates of patients [21].

Although transcripts are dynamic, they don’t truly reflect the functional
phenotype of a cell as they are not their final genetic products [15], that is, they are not
able to capture the full spectrum of protein-encoding genes, so proteins and metabolites
are closer to the active processes of the disease than DNA and RNA.

Initially, metabolomic studies were limited in number, due to technical
difficulties regarding metabolite stability, metabolite identification and the potential
introduction of sample variation due to the collection and preparation [22]. However, in
recent years, metabolomic approaches have been increasingly used to identify new
diagnostic biomarkers for numerous types of cancer, including BC, as the study of
bioactive metabolites allows for directly regulate biological processes and phenotypes.

This technology performs qualitative and quantitative analysis of all low
molecular weight metabolites (<1000 Da) in a specific physiological period [23]
through high-throughput mass spectrometry (MS), cluster index analysis and data
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processing, combined with information modelling and systems integration, to screen
and identify the differential metabolites correlated to the disease phenotype [24].

The main technology in metabolomics to study bodily fluid samples was gas
chromatography-mass spectrometry (GC-MS). Zhou et al. [25] used this technology to
detect 76 urinary metabolites in 50 patients with bladder cancer and 35 HCs. Through
the validation of differential metabolites in a urine cluster of 96 individuals, a panel of
combinatorial biomarkers was useful for the early diagnosis of bladder cancer. Park et
al [26] investigated, via plasma metabolomic profiles, potential biomarkers for the early
diagnosis of BC through the MS technique coupled to liquid chromatography (LC). In
another study, Xu et al. [27] demonstrated that the combination of targeted and non-
targeted metabolomic methods can offer advantages in batch metabolite detection and
show higher sensitivity and high throughput performance in the known qualitative and
quantitative analysis of metabolites. In this way, using an ultra-high-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) system operated in the
multiple reaction monitoring (MRM) mode, was proposed for urine metabolomics
analysis.

Additionally, metabolic change is an important feature of cancer, i.e.,
proliferating cancer cells exhibit a different metabolic behavior from normal
differentiated cells, thus allowing a better understanding of the metabolic pathways in
various types of cancer. This means that, to maintain proliferation and survival after
treatment, cancer cells must adjust their metabolism and nutritional needs [28] and,
consequently, can further affect the expression of cell surface markers through a variety
of functional signalling pathways [29]. For this reason, metabolomics studies are not
limited to the discovery of specific biomarkers, but also to the exploration of
characteristic pathological pathways and therapeutic targets that may provide a more
accurate direction for the development of novel medications [30, 31].

Compared to other types of “omics” data, proteomics data have the advantage of
providing a quantitative abundance of individual proteins across the cognate and
dynamic variables which evolve over time and among individual subjects [32].

Hence, as proteins are the functional molecules in an organism, responsible for
numerous biological processes, and can be most ubiquitously affected in disease,
therapy response, and recovery, proteomics holds special promise in detecting
pathological conditions, predicting the efficacy of treatment, and tailoring personalized
medicine [33].
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High-throughput proteomics is still an underdeveloped field compared to
genomics and transcriptomics, which represents a major obstacle for protein-based
studies to drastically alter the clinical approach to breast cancer, and its contribution to
oncology is probably not yet fully understood.

However, in the last two decades, quantitative proteomics has rapidly evolved
both technologically and strategically, allowing researchers to explore the complexity of
protein interaction networks in a wide variety of situations, but also to formulate new
hypotheses to be further functionally tested [20].

Although there are so many approaches, which can be made for the treatment of
BC such as surgery, radiation therapy chemotherapy, hormonal therapy and recently
nanotechnology and gene therapy, it becomes increasingly necessary to develop even

more effective screening and treatment programs.

1.2.1. Proteomic technology

Advances in the field of genomics have directed to the improvement of the
proteomic-based strategy in the study of diseases since its constant evolution has
allowed a better understanding of their molecular basis.

Macromolecules, in general, and proteins are highly dynamic molecules [34], so
while the genome is essentially static, the proteome of an organism is more complex
and dynamic [35], which varies according to cell type and functional state. That is,
whereas the genetic code is made up of four nucleotides and the sequence of these is
identical in every cell of an organism, proteins are built from 20 different amino acids,
which undergo post-translational modifications (PTMs) and numerous possibilities of
protein-protein interactions, besides that they come in different isoforms [36].

Proteins perform most of the work of living cells, since they are involved in the
reading, copying, and organizing of genetic code in the DNA, as well as being key
agents in almost all biological processes, such as metabolism, bio signalling, gene
regulation, protein synthesis, solute transport cross membranes, immune function, and
photosynthesis, which provide the structural scaffolding in cells.

Mechanistically, proteins can be subjected to extensive functional regulation by
various processes such as proteolytic degradation, PTMs, involvement in complex
structures, and compartmentalization [34]. Thus, understand how cells works requires

understanding how proteins function [37]. That being the case, it is necessary to
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highlight this large group of biomolecules, which is seen as new targets in
understanding cancer processes, because they are effectors that drive cellular behavior
and thence potential candidates for biomarkers.

The term “proteomics” was first used by Marc Wilkins, in 1996, to denote the
need for new terminology that could reflect the growing interest in studying the entire
protein complement of a genome [38], to indicate all time and condition-specific
proteins that are simultaneously produced by a cell or a tissue [35].

This term results as a “product” of the genomic era, which can be seen as a
reflection of a new way of understanding and approaching all descriptive biological
sciences, thanks to the dynamic role of proteins, molecules that are essential to sustain
life. Therefore, proteomics emerged as a different approach based on discoveries of
genomic technology that promised to provide a more accurate picture of the impact of
specific genes and proteins on health and disease [39].

Proteomics is the large-scale study of the proteome, which refers to the complete
set of proteins, encoded by the genome, expressed by a cell or tissue, including its
location, interactions, PTMs and turnover, at a particular time. Then, the proteome is an
ever-changing swarm of modified proteins that differs from cell to cell, which
comprises the changes or modifications produced in the native protein when organisms
are subjected to a multitude of changes.

In this way, it is possible to reveal the biological status of a given sample, such
as cultured cells, a tissue, or an organism, through the identification of its proteomic
profiles, as well as its regulatory molecular mechanisms or disease.

Currently, proteomics has focused on an aggregate of independent proteins
related to a specific disease, since it is less susceptible to the influence of genetic and
environmental “noise” than the level of a single marker protein [40]. At the same time,
the search for diagnostic biomarkers requires the measurement of a high number of
proteins in several samples, followed by a confirmation of the differential abundance of
proteins in clinically useful samples [33].

As protein biomarkers more accurately reflect the pathogenic phenotype, seeing
that they are the endpoint of biological processes [40], a proteome profile, including
proteins and their abundances, provides a better overview of the physiological and
biochemical states of a sample than static DNA information [40], making it possible to

develop clinical trials capable of predicting the ideal or targeted therapeutic approach
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for some types of cancer. Therefore, they are considered reliable predictors of the state
of the disease and the clinical outcome.

Additionally, cancer cells provide the biomarker material that can lead to their
own detection, as biomarker proteins, both overly abundant proteins and variant
proteins, can be detectable in the circulation as the free, shed proteins or as new
autoantibodies to such proteins, so to reveal the presence of tumors or the level of tumor
burden [41].

Despite considerable efforts directed at early detection, no single marker or
combination of markers provides the sensitivity and specificity necessary for the early
detection of BC. Therefore, MS-based proteomic methods should be improved to
explore proteins with lower abundance in biological samples and, consequently, obtain
biomarker candidates.

In fact, the biggest hurdle in biomarker research is to translate the laboratory
findings into real clinical applications through rigorously, well-designed clinical trials
[42].

1.2.1.1. Biomarkers discovered through proteomics

Recently, proteomics has been investigating a wide range of techniques and
strategies to discover the change in the internal environment in the human body, with
the aim to provide results with valuable information that can serve the clinician for
high-throughput diagnostic and prognostic applications. For this reason, it is considered
one of the dynamic and innovative tools that can confirm, complement, or even provide
more elaborate information [34], aiming to understand the relationship between
regulatory mechanisms of proteins at the molecular level and phenotypic behavior, such
as development and progression of the disease. In addition, an essential goal for
applying proteomics to study cancers is to adapt its high-throughput tools for regular
use in clinical laboratories for the purpose of diagnostic and prognostic categorization

of cancers, as well as in assessing various cancer therapeutic regimens (Figure 3) [34].
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Figure 3 — Diagram of a typical procedure for proteomics biomarker discovery and their

applications in disease management.

Therefore, several studies have focused on the research and identification of
critical diagnostic and prognostic biomarkers for cancer. The diagnosis and
characterization of BC involve the evaluation of marker proteins found inside or on the
surface of tumor cells [43].

There are already, at present, a myriad of protein biomarkers in use in clinical
diagnosis for the detection and prediction of diseases, but there are no validated
plasma/serum biomarkers for BC. Only a few histological markers for diagnosis and
prognosis, which include the estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor 2 (HER2) [44].

The levels of these biomarkers can influence how a person with BC is treated in
the clinic, that is, it not only helps in the prognosis of the tumor but also helps in
deciding its treatment. Consequently, it is essential to determine the status of these
hormone receptors, which act on the cell surface and help the cells to grow and divide,
to provide right treatment to the right patient. Depending on their expression profile, BC
can be classified into four main subtypes: luminal A (lumA), luminal B (lumB), triple-
negative (TNBC) and HER2-related BCS [45, 46].

Depending on the hormone status, breast carcinomas can be divided into several
different categories, through existing scoring systems that allow to recognize and
classify particular image features, without the need for tissue stains.

Though they are widely used and well-validated, they can involve costly

preparation and variable interpretation. Additionally, discordances between histology
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and expected biomarker findings can promptly repeated testing to address biological,
interpretative, or technical reasons for unexpected results.

Clinical biomarkers are extremely important in the diagnostic investigation and
treatment of BC, to early detect its pre-invasive state before metastasis. Therefore, it is
increasingly necessary to develop new strategies for the ultrasensitive detection of
potential markers, to use them as a promising tool to detect BC at the early stage.

Surface antigens, often adopted for diagnostic and classification purposes in
oncology, are usually optimal biomarker candidates because they are accessible for both
antibody-based diagnostic and pharmacological interventions [47]. For this reason,
previous studies have researched the development of new BC biomarkers, in different
sample types, selecting appropriate and well-defined patient cohorts that address a
specific clinical issue.

Li et al. [48] performed a meta-analysis of 13 case-control studies in a malignant
and benign tumor, to corroborate the potential of the association between serum or
salivary CA15-3 and CEA for BC monitoring. The results showed that the high levels
of these two tumor markers were associated with the tumor stage, usually detected in
patients with breast malignancies, since the combination of both increased sensitivities.
Gangadharan et al. [49] characterized the expression pattern of prolactin-induced
protein (PIP), an aspartyl proteinase, from malignant and non-malignant breast tissues.
The results demonstrated that PIP transcription was negatively regulated in early-stage
invasive BC samples. Park et al. [26] used metabolic profiles to analyze cancerous and
non-cancerous plasma samples by means of LC-MS followed by receiver operating
characteristic (ROC) curve analysis. The abundance level of four specific metabolites
(L-octanoylcarnitine, 5-oxoproline, hypoxanthine and docosahexaenoic acid) was
associated with clinical-pathological features of BC. Recent studies have shown that
microRNAs are potential cost-effective and non-invasive biomarkers, in addition to
being fast and reproducible, for the early diagnosis of BC. Thus, Cano et al. [50]
analyzed the levels of miR-99a-5p expression in primary tumors and plasma from BC
patients using the real-time quantitative PCR and the ROC analysis, to reveal its
diagnostic potential. Artigues et al. [51] also used real-time quantitative PCR and ROC
curve analysis to evaluate the expression of miR-30b-5p in plasma and breast tissue
from cohorts of patients and healthy volunteers.

Furthermore, in a relatively recent study, Palma et al. [52] revealed a clinical
interest in a new class of newly identified long non-coding RNAs, the circular RNAS
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(circRNAs), making them ideal candidates for use as highly stable and non-invasive
diagnostic, prognostic, and predictive biomarkers of BC. These molecules have been
described as key regulators of carcinogenesis and breast progression, moreover they
play a role in therapeutic agent resistance.

However, due to their complexity of large cohorts, that is, large-scale datasets,
more sophisticated approaches are required for the development of biomarker panels.
Therefore, over the last few years, the constant commitment and interest facing the
inherent challenges of proteomics, such as material limitations and variability, sample
sensitivity and degradation, low to high abundance, a plethora of post-translational
modifications and unlimited tissue, developmental and temporal, diseased state, and
drug responses variations [36], has been crucial for the field of proteomics to express its

full potential.

1.2.2. Urinary proteomic

Body fluids, especially blood and urine, have been regarded as significant source
of biomarkers in the proteomic analysis, which could be used for the early diagnosis and
state forecast of clinical diseases. This is an emerging and promising field of research
made possible through recent advances in high-throughput methods, that have the
ability for deciphering the complex molecular events involved in cancers.

One of the biggest challenges to analyze human body fluids is the high degree of
variability, both intra- as well as inter-individual. Different approaches for this problem
have risen to date and hence there are several sample preparation methods for urinary
proteomics. The effectiveness of urine proteomics has been recognized year by year
because urine reflects various biological phenomena in our body [53] and, for that
reason, is an attractive biospecimen for biomarker discovery.

Urine is a desirable material for the diagnosis and classification of diseases
because of the convenience of its collection in large amounts in a non-invasive way, in
addition to its lower complexity than blood-derived biospecimens, comprised primarily
of shed cells, debris, and secreted components from the urinary tract, as well as blood
components that have passed through glomerular filtration and renal tubule
reabsorption. Therefore, the urine proteome is expected to contain a variety of potential
biomarkers related to specific renal or urogenital organ pathophysiology as well as more
systemic alterations in distant organs, that is, to overall health [54]. However, urine
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proteomic analysis has lagged that of serum/plasma, due to limitations in their depth
and confidence of identification, since only 4430 urinary proteins had been identified
through recent improvements in pre-analytical concentration techniques [55, 56].
Moreover, the composition and the concentration of urine components are influenced by
several factors, such as hydration and elimination frequency, which are not easily
controllable within the clinical setting [57], and it is extremely crucial to normalize the
samples to make meaningful comparisons among subjects [58].

Therefore, with the advent of modern and, highly sensitive MS, many
researchers have focused on the proteomics of urine, because it reflects various
biological phenomena in our body [55], in addition to the fact that, compared to other
biofluids, it presents an easy accessibility, in large quantities, without the use of
invasive procedures, as well as it does not undergo significant proteolytic degradation
when compared to them (which explain the fact that it can be stored for several years at
—20°C without suffering significant changes) [59, 60], and, also, the proteins and
peptides excreted in urine are generally stable and less complex in comparison to
plasma/serum [16]. For this reason, it thus becomes one of the most attractive biofluids
in clinical proteomics, creating a possibility to control the level of biomarkers in a
chosen time course.

Currently, the identification of proteins with altered expression in cancer is
possible because of advances in the procedures and proteomic strategies available in
sample preparation, protein separation and MS-based analysis [16, 61]. Thus, with the
appropriate tools it is possible to perform the identification and quantification of many
proteins or peptides of interest for the discovery of new candidates for protein
biomarkers. Two-dimensional gel electrophoresis (2-DE), protein arrays and MS, in
conjunction with advanced bioinformatics, stand out.

This approach has been successfully used by Adachi et al. [62], in 2006, who
reported the first urinary proteome result from high-resolution MS, identifying 1543
proteins. Three years later, in 2009, Kentsis et al. [63], employed the same
methodology, identify 2362 proteins. In 2011, 1823 urinary proteins were identified
using SDS-PAGE and lectin enrichment followed by liquid chromatography tandem
mass spectrometry (LC-MS/MS) [64]. Gel-free methods have also been used for urine
proteome profiling. For instance, Li et al. [65], applied a multidimensional LC-MS/MS
method and identified 1310 urine proteins. There have been many efforts to identify

more urinary proteins in recent years using different separation approaches coupled with
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MS. To date, the human urine PeptideAtlas database contains a total of 23739 peptide
corresponding to 2487 proteins [66]. However, most of these global urine proteome
profile studies were mainly focused on HCs and taking this into account, it would be
valuable to have a comprehensive urine proteome database derived from HCs and
disease conditions as a reference resource for guiding urine protein biomarker discovery
[67].

In the biomarker discovery process, since urine plays a key role in clinical
proteomics, it is crucial to comprehensively profile the normal urinary proteome as a
baseline reference. In a urine proteomic study, a total of 6085 proteins were identified
as a proposed reference proteome, indicating that implementation of high proteome
depth within a short turnaround analytical time could accelerate discoveries of new
biomarkers [32]. Besides urine being a true non-invasive sampling source with great
potential for biomarker discovery, it is necessary to determine the range of the
variations in a large number of samples, in order to confirm whether proteins
differentially expressed between control and disease groups represent actual differences,
or are just physiological variations among the individuals, which in turn hinders the
validation phase in the discovery of potential biomarkers to screen for diseases such as
cancer. Leng et al. [68] provided a highly efficient workflow by measuring variation
among 497 urines collected from 167 HCs, establishing reference intervals for 2000

proteins.

1.2.3. Proteomic analysis

Through the rapid experimental advances in proteomics, which have boosted
new methods of bioinformatics analysis, the respective technology has been widely
used to study various areas of research, with an emphasis on microbiology, cell and
molecular biology, plant sciences, marine sciences, food sciences, cancer, and
immunology [69], to understand the complexity of the host-pathogen interaction
process.

Several techniques have been applied to biological samples (e.g., urine, exhaled
breath, tissue) to explore the possible mechanisms underlying cancer, including gas
chromatography (GC), LC, tandem mass spectrometry (MS/MS), nuclear magnetic
resonance (NMR) spectroscopy and MALDI-TOF MS [59]. In this regard, MALDI has
gained popularity focusing on the global composition of proteins in biological systems

32



becoming useful to search for potential biomarkers for the detection and prognosis of
diseases, since the proteins have a major stake in the initiation, progression, sustenance,
and completion of cellular processes, and have also demonstrated their vital roles in
cancer processes.

A biomarker is a characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic aberrations, and response to an
exposure or intervention, including therapeutic interventions [70].

Thereby, the discovery of better biomarkers is critical for accurate clinical
assessments, encompassing diagnosis, prognosis, guide molecularly targeted therapy
and monitoring activity and therapeutic response across a wide spectrum of diseases.
Many current biomarker studies are focused on cancers, the second leading cause of
noncommunicable disease mortality worldwide [71]. However, although proteomics
methods based on MS hold special promise for the discovery of novel biomarkers that
might form the foundation for new clinical blood tests, the lack of well-established
methods for validation represents certain adversity, as well as their inadequate
specificity and sensitivity.

Additionally, a recent study showed that the single use of existing urinary
biomarkers is not accurate enough to predict cancer [72, 73]. To overcome this issue,
many complementary research and technologies have been developed and optimized, to
the identification of predictive biomarkers of drug resistance, candidate biomarkers for
diagnosis and prognostic biomarkers [74], through the construction of a comprehensive
biomarker pipeline from six essential process components: candidate discovery,
qualification, verification, research assay optimization, biomarker validation, and
commercialization [75]. Thus, it is necessary for researchers to shift their focus from a
single biomarker to a panel of biomarkers that measure levels or changes in myriad
molecular species which may even integrate existing clinical indicators [32].

MALDI-TOF instruments have been reported sensitive and robust for clinical
trials [76]. In MALDI, each protein tends to pick up a single proton, which means that
the mass-per-charge (m/z) ratio of the protein is its mass. The detector counts the
number of ions that the mass analyzer — in this case, time of flight (TOF) — resolves
[77].

However, in the studies based on MS analyses of biological samples like urine,
the application of enrichment strategies seems to be necessary for generating good
quality mass spectra [78]. Highly abundant proteins, as well as the presence of lipids
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and salts, mask other low abundant compounds, including cancer-related biomarkers
[79]. Therefore, many different strategies have been proposed for urines pretreatment.

One promising approach in the identification of biomarkers is the use of
proteomic technology, which allows us to study proteins in a high-throughput fashion
and, consequently, greatly increases the chances of identifying single or even
combinations of protein biomarkers.

The MS has become the technique of choice in proteomics research for
identifying and quantifying proteins in biological samples, which consists of an ion
source, a mass analyzer, and a detector. The main principle behind MS-based analysis is
the ionization of chemical compounds into charged molecules or molecule fragments
and the subsequent measurement of their m/z ratios with confirmation to identify by
fragmentation-based sequencing [80]. The two main MS-based proteomic approaches
are top-down and bottom-up approaches.

In a protein profile of a sample, obtained by MS, it is possible to identify the
protein by the m/z of the peak and determine its amount from the intensity value of the
peak. That being the case, in top-down proteomics, which concerns analysis of intact
proteins, derives protein sequence information directly from the analysis of intact
proteins without the need for enzymatic digestion [80, 81, 82]. From this reason, this
mode could be treated as a fast method for molecular mass measurements and
identification of proteoforms with PTMs [83]. However, the measurement accuracy in
the MS decreases as the mass of the protein increases, also, the PTMs further
complicate the identification of proteins, because the sequence of amino acids remains
unchanged, but the mass is changed [77]. Therefore, this approach includes difficulties
in protein separation, solubility, MS interpretation and analysis, and quantification,
which requires the development of new algorithms for signal deconvolution [80].

In contrast, the bottom-up strategy involves initial proteolytic digestion of the
entire sample, which breaks proteins into smaller units, called peptides, subsequent
separation of the protein-peptide mixture, using gel electrophoresis or chromatography,
and final identification by MS/MS. The proteins are digested into thousands of peptides
by adding proteases such as trypsin and Endoproteinase LysC (Lys-C), which cleaves
the proteins at predictable amino acid locations, resulting in better accuracy. This mode,
mostly known as “shotgun” technology that allows the detection of a large number of

proteins (over 10000 proteins [84]) in a single run, since the resulting peptides are
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smaller and easier to analyze, it is one of the most popular techniques applied on a wide
scale in quantitative proteomics.

To identify the proteins, bioinformatic tools are used to compare the detected
masses from the MS with the theoretical masses of proteins from the genome of the

organism [77].

1.2.3.1. Pre-analytical factors and sample quality

Gel electrophoresis is widely used in combination with MALDI-TOF MS to
analyze the proteome of biological samples to discover proteins that are differentially
expressed between two groups, thus obtaining a set of potential biomarkers.
Nevertheless, the dearth of information about the urine proteome has been due to
historically labor-intensive methods, such as gel electrophoresis, which is a highly time-
consuming and repetitive process and it is prone to error, thus threatening reliability and
reproducibility, as well as the presence of variables.

Pre-analytical variables include biological (patients-related) and technical factors
(related to sample selection, handling, collection, and storage) [85]. These analytical
factors include sample processing procedures (sample preparation, tryptic digestion, use
of internal standard) and analytical features related to the technological platform.

Several studies have widely demonstrated how variables, such as temperature,
freeze-thaw cycles, tubes, as well as the use of anticoagulants and protease inhibitors,
can have dramatic implications for clinical proteomics analysis [86-89], being the most
frequent source of errors leading to false positive and/or negative [90].

In this context, owing to its increased sensitivity and ease of use, MALDI-TOF
MS has also become a promising method to check sample quality before biomarker
studies [85].

1.2.3.2. Urine sample preparation for proteomic analysis

The condition of the urine is essential for the proteomic determination by MS
and software used in the analysis, since human urine is a very complex matrix
comprising 95% water and a mixture of water-soluble components such as urea, sodium
chloride (NaCl) and potassium chloride (KCI), various amounts of organic acids such as
oxalic and citric acid, and other constituents that include phosphates, uric acid, and
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creatinine, which may influence the research of potential biomarkers. In addition,
certain colour components, such as urochrome, the hemoglobin degradation product
responsible for the yellowish colour, urobilin, an orange-brown pigment, and
uroerythrin, which has a pink colour [91], may also interfere with the respective
analysis, as well as in the protein concentration measurement by the Lowry method.

Based on these difficulties, past studies concluded that urine sample preparation
plays an important role in urinary proteomic research. Therefore, before MS analysis, to
avoid signal suppression and protein loss during their identification, it is advisable to
use methods for protein extraction, isolation, and cleaning of the urine samples with the
aim to decrease complexity, reduce the high salt content and remove small molecules,
which renders it more amenable to extensive analysis.

In most cases, the regular urinary sample preparation process includes protein
extracted by organic solvent precipitation, protein re-dissolving and overnight digestion
[92].

Therefore, the standard procedure for sample desalting is protein precipitation
with a suitable organic solvent (e.g., methanol, chloroform) to reach representative
samples with a certain proportion and purity of the extracted proteins. The deficiency of
the precipitation procedure is that a small portion of the yellow components and salts
remains in the pellet. Washing the protein pellet with water or a mixture of organic
solvent with water can partially improve the technique, but on the other hand, can lower
the amount of protein yield [93]. Other equally used extraction methods are
ultracentrifugation, dialysis with subsequent lyophilization and ultrafiltration. However,
as technology has advanced and in accordance with the properties of proteins, there is
an increasing tendency to separate them using a combination of multiple techniques,
which can maintain the activity and structure of proteins better and achieve higher
resolution.

After the isolation of proteins from urines, the protein purification can be
performed in different ways, including, chromatography, electrophoresis, membrane
separation, precipitation, magnetic separation, molecular imprinting, microfluidic chip,
and crystallization, among others. Then, the ultimate step of in-depth analysis of the
urinary proteome depends on the efficacy of protein digestion, which directly correlates
with the ability to dissociate protein complexes, denature tertiary structures, and

solubilize hydrophobic membrane-bound proteins [94].
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Furthermore, to increase the detection depth, protein or peptide fractionation
prior to MS-analysis typically include approaches that combine one- or two-
dimensional (1D or 2D, respectively) gel electrophoresis with highly accurate MS
and/or LC-based.

Thus, to discover potential biomarkers of urinary proteins, pre-analytical
processing and fractionation methodologies are emphasized to concentrate urinary

proteins and, in turn, improve the detection of low-abundance proteins.

1.3.  One- and two-dimensional electrophoresis

The combination of proteomic techniques with computational analyses enabled a
breakthrough in protein sciences for biomarker discovery based on the simultaneous
analysis of thousands of proteins. So, the identification of proteins with altered
expression in cancer is possible because of advances in sample preparation, protein
separation and MS-based analysis [95]. Following the separation of a mixture of
proteins, the resulting fractions consist of fewer proteins or peptides and, therefore, the
preliminary steps in the preparation of the sample are crucial for further identification of
potential biomarkers for early cancer detection [96].

The invention of 1D SDS-PAGE, for separating proteins according to their
molecular weight offered for the first time a display method allowing many proteins to
be analyzed by a single analytical event within complex biological samples [39].
Thenceforth the SDS-PAGE followed by protein staining has become the core
analytical separation technique in proteomic studies, which is used as a fundamental
laboratory procedure to determine the composition and characterization of protein-
containing mixtures at all stages of a purification scheme.

However, it was the introduction of 2D-PAGE that truly raised awareness that
for understanding biological mechanisms, proteomes rather than proteins should be
investigated. The 2-DE technology allows a global profile of a sample proteome by the
simultaneous resolution of hundreds to thousands of proteins in a single gel, and allows
the identification of proteoforms, which constitute excellent candidates for biomarkers.

Widely used 2D-PAGE separates proteins based on their charge (the first
dimension) and size (the second dimension), where proteins are presented as stains in a
biaxial plane. Although the 2-DE technology can resolve a large quantity of proteins, it

has its limitation, when the sample is relatively complex like urine and serum, as well as
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its inability to resolve multiple classes of proteins (e.g., transmembrane proteins) and its
low yield that does not allow application in clinical settings [97].

Thereby, 1D-PAGE is still used to separate complex macromolecule samples,
because it is a simple and reliable quantification method, whereby proteins are resolved
and migrated according to their molecular weights. Besides that, the facilities necessary
for separation in 1D gel electrophoresis are not sophisticated and expensive in
comparison to 2D separating technique facilities. Nevertheless, 1D gel electrophoresis
is a tool that cannot be comprehensively used in proteomic studies, since it is time-
consuming, labor-intensive, and semi-quantitative.

The complementarity of the analytical platforms in evidence provides a greater
understanding of proteomic data, improving the biological understanding of proteins,
their interactions with the environment and levels of expression in cells, especially in
disease states.

By employing 1D SDS-PAGE to separate the urinary proteins, followed by MS
for protein identification, it is possible with these techniques, to simultaneously analyze
up to 10000 protein spots, thus avoiding the troublesome use of isoelectric focusing
(IEF) in 2-DE.

1.4.  Mass spectrometry-based proteomics

Surface-enhanced laser desorption/ionization time-of-flight mass spectrometry
(SELDI-TOF MS) and MALDI-TOF MS, firstly described in 1985 by Karas et al. [98],
are two well recognized soft ionization techniques for obtaining protein profiles from
biological samples [99, 100].

In the last 20 years, MALDI-TOF MS has become a popular and versatile
method for biochemical and clinical investigations, providing a robust, fast, and
affordable identification of proteins from 1- or 2-DE gels and, consequently, high-
throughput support to clinics.

It is a versatile analytical technique to detect and characterize mixtures of
organic molecules, which consists of a soft ionization process by means of a laser that
reaches the analyte mixed with a solution of a matrix [e.g., a-Cyano-4-hydroxycinnamic
acid (CHCA), 2,5-dihydroxybenzoic acid (DHB) and 3,5- dimethoxy-4-
hydroxycinnamic acid (SA)] in an organic solvent, able to absorb energy in the form of
UV light. The mixture is first deposited onto a sample plate known as a target, in which
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the solvent, under vacuum, evaporates and the sample is cocrystallized. After a
bombardment by a pulsed laser beam (UV or infrared radiation), matrix molecules that
are energetically ablated from the surface of the sample, transfer protons to the analyte,
resulting in the formation of intact gas-phase molecular ions (which usually carry a

single positive charge) (Figure 4).
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Figure 4 — Schematic diagram of MALDI principle.

After the ionization process, the masses can be analyzed by the TOF MS in
which it accelerates the gas-phase ions in a high-voltage electric field, which transmits a
constant amount of kinetic energy that will cause the smallest of the ions to travel the
fastest and, consequently, are separated by mass (the heavier the ions the longer the
time of detection). The time between ionization and detection, and the known constant
kinetic energy of the electric field, allow the spectrometer to be able to calculate and
record the m/z ratio of each ion it detects. The TOF reflector mode analyzer reflection
mode provides greater resolution because it is equipped with a longer flight path, ion
mirrors and electric fields that refocus ions by their masses [101].

These proteomic technologies are relatively recent and have been increasingly
extensively used in deciphering protein differential expression in human cancers [102].

Several papers have reported that peptide profiling is of great importance in the
diagnosis of different kinds of cancer, such as lung, gastric, colorectal, ovarian, and
leukemia [103]. In that case, several studies have been developed using MALDI in
diverse diseases, as well as in BC.

Comparing with normal urine proteome analysis from other published studies,
Kiprijanovska et al. [104] identified 11 distinct proteins, through 2D PAGE/MALDI-
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TOF MS profiling, present in urines from 8 patients with prostate cancer, among them
three are involved in processes of angiogenesis, tumor growth or metastasis. Wang et al.
[105] identified 76 different urinary polypeptides, using MALDI-TOF MS to analyze
peptide expression profiles, that were applied in urines from 34 patients with lung
adenocarcinoma and 36 HCs, to serve as potential biomarkers to noninvasively detect
lung adenocarcinoma. Additionally, Tantipaiboonwong et al. [106], to identify
preliminary urinary protein markers related to cancer, used 2-DE method for a good
separation (and provide the highest number of protein spots) and identified 9 potential
biomarkers by MALDI Q-TOF MS analysis, that were expressed in urines obtained
from HCs and lung cancer patients.

Also, in the study of discover promising biomarkers for acute kidney injury
(AKI), Jung et al. [107] employed proteomic techniques in 10 urines following 3
phases, which revealed 3 protein biomarkers for early, accurate prediction of AKI in
preterm infants.

Compared to previous studies, Theodorescu et al. [108], used different methods,
precisely, capillary electrophoresis combined with a MALDI-TOF MS, to identify 22
potential biomarkers of urothelial carcinoma present in urines of 46 patients with this
genitourinary disease and 33 HCs.

Kreunin et al. [109] also demonstrated that the application of different methods
from those mentioned above, such as the combination of concanavalin A (Con A)
affinity chromatography and nano-LC-MS/MS, allowed the identification of potential
biomarkers of bladder cancer from human urine obtained noninvasively.

Another studies, related to the search for molecular markers for their potential
clinical use, which aid in the early diagnosis and treatment of various diseases, in
particular cancer, as well as in the improvement of the management and advancement
with oncological medical care, were reported by several researchers, using serum
samples for this purpose. Among them, Zografos et al. [110] identified 42 proteomic
MBC biomarkers, through 2-DE separation and MALDI-TOF MS methods, between 8
HCs and 11 patients with MBC. It was also reported, by Ding et al. [111], five-peptide
with high sensitivity and specificity for the diagnosis of bladder cancer, through
MALDI-TOF MS technique, that were applied in serum peptide profiles of 67
hematuria patients and 64 HCs.

Yang et al. [112], using the same methods, identified 9 differentially expressed

proteins in serum between 50 patients with urosepsis, which were divided into two
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groups: uroseptic patients (non-shock groups) and severe uroseptic patients (shock
groups), that revealed to be molecular markers of early diagnosis and prognosis of
infection.

To conclude, several researchers have as main objective the study of
proteomic/peptidomic profiles of various biospecimens obtained from cancer patients in
order to identified biomarkers for the purpose of diagnostic and prognostic

categorization of cancers, as well as in assessing various cancer therapeutic regimens.
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1.5 Objectives of the thesis

The aim of this thesis was to perform the screening of protein/peptide content in
urine from BC patients and HCs, through an optimized workflow to promote urine
protein quality, using 1D SDS-PAGE combined with MALDI-TOF MS approach
(Figure 5). This procedure allows to establish the urinary proteomic/peptidomic
signature of BC and to unravel the main differences by comparing with HCs pattern.
This will allow establishing specific proteomic patterns for each studied group which
will be useful to discriminate between them and identify pattern biomarkers for BC
diagnosis. It is a non-invasive method that can be potentially applied in a clinical
environment as a diagnostic approach or as a complementary way to current diagnostic
methods. Moreover, this high-throughput strategy provides several advantages,
including the capacity to increase the detection sensitivity of low abundance proteins
and thus enlarge the screening range for protein identification, previously separated by
1D SDS-PAGE, through peptide mass mapping. Specific objectives are:

e Optimization of collection of protein/peptide spots with different
solvents (methanol, acetonitrile, acetone, trichloroacetic acid) along with
digestion methods to process the analyses by MALDI-TOF MS.

e Optimization of 1D SDS-PAGE parameters, through gel modification to
obtain the most appropriate concentration of polyacrylamide, where
techniques for protein concentration and removal of salts and other
contaminants from urine were evaluated.

e Establishment of urine signature of BC using MALDI-TOF MS through
the proteomic/peptidomic analysis with the aim of eventually discovering
potential biomarkers for screening, pre-diagnosis and, consequently, to
provide a more efficient treatment for BC, improving the quality of life
of patients and decreasing the mortality rate.

e Statistical analysis (one-way ANOVA, principal component analysis) to
analyze the generated matched peak list sets for BC biomarkers research.
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Figure 5 — Workflow of the urinary proteomic/peptidomic signature.
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2. MATERIALS AND METHODS

2.1. Reagents

All chemicals used in this trial were of analytical grade. Bovine serum albumin
(BSA, >98%) was supplied from Acros Organics (Geel, Belgium). Thiourea
(CH4N,S, >99%), DL-1,4-dithiothreitol (DTT, 99%), trichloroacetic acid (TCA, 99%),
trifluoroacetic acid (TFA, 99.5%) and acrylamide (C3H;NO, > 99%) were obtained
from Acros Organics (New Jersey, USA). Urea (CH,N,O0, > 99%) was supplied from
MERCK Schuchardt (Hohenbrunn, Germany). Trisodium citrate dihydrate
(C¢HsNaz0,.2H,0, 99%), copper(ll) sulfate (CuSO,, 99%), bromophenol blue (pH
3.0-4.6), formic acid (CH,0,, 98-100%), N,N,N",N"- tetramethylethylenediamine
(TEMED, C¢H;6N5, 99.5%) and ammonium persulfate (APS, (NH,),S,0g), 98%) were
from Merck (Darmstadt, Germany). Sodium carbonate (Na,CO;, >99.5%), N,N’-
methylenebis(acrylamide), sodium dodecyl sulfate (NaC,,H,<S0,, 99%) and acetic acid
(C,H,0,, >99.8%) were obtained from Sigma-Aldrich (St. Louis, USA). Sodium
hydroxide (NaOH, 98.9 %) was supplied from Fisher Scientific (Loughborough, UK).
Glycerol (C3Hg05, >99.5%) and ammonium hydrogen carbonate (NH,HCO5, >99%)
were obtained from Fluka (Buchs, Switzerland). Methanol (CH;0H, >99.8%) was
obtained from Chem-Lab NV (Zedelgem, Belgium). Acetonitrile (CH;CN, ACN,
99.5%) was from Riedel-deHaén (Seelze, Germany). Trypsin (<100%) for protein
digestion was provided from Sigma-Aldrich (St. Louis, MO, USA). Sodium citrate
((C3H,(OH)(COONa)3, 99%) was from May & Baker LTD (Dagenham, England). Tris
Base ((CH,O0H);CNH,, 99%) was supplied from Fisher Scientific (Geel, Belgium). Tris
hydrochloride for molecular biology (C,H;;NO5.HCl, >99%) was supplied from
PanReac AppliChem (Darmstadt, Germany). Glycine (C,HsNO,,>98.5%) was
provided from Fisher BioReagents (Geel, Belgium). Ethylenediaminetetra-acetic acid
(EDTA) (CyoH;{cN,0g, 99.3%) was from VWR Chemicals BDH (Belgium).
Chloroform (CHCl;,99.2%) was from VWR International (Fontenay-sous-Bois,
France). The water used was obtained from a Milli-Q water purification system
(Millipore, Bedford, MA, USA).
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2.2.  Subjects selection and urine collection

To investigate the BC proteomic/peptidomic profile, 56 urines from patients
diagnosed with BC (age range 40-78 years, average 59 + 1) were compared with a
group of 54 HCs (age range 44-68 years, average 56 * 1). The visual characteristics of
urines were examined based on color and turbidity, which appeared to range from very
dilute to very concentrated. To prevent technical and analytical variation caused by
handling, all urines were collected, processed, and stored following the same procedural
conditions, and by the same laboratory person until a final protocol was established, in a
total set of 110 samples. Thus, these samples were frozen at —80°C, thawed for 3 h at
room temperature (25 + 1 °C), and then supernatants were divided into 2 mL aliquots
and lyophilized. To achieve a representative urinary proteome that portrays the group
pattern sample variability, the frozen aliquots were completely thawed, mixed well, and
then equal volumes (2 mL) of each donor supernatant were pooled into the BC or HCs.
In this study, no protease inhibitors were utilized, since some studies have shown that
they diminish protein identification and may interfere with the subsequent digestion
procedure in untargeted urine proteomics [113].

These samples were obtained at Unit of Hematology-Oncology of Hospital Dr.
Nélio Mendonca (HNM) at Funchal, Portugal, according to Table 1. All subjects of this
study were informed about the investigation, in which they signed an informed consent
to participate in the study (Appendix, page 117), prior to sample collection, and the
research was already approved by the Ethics Commission of HNM. Epigenetic factors
were also considered, as well as relevant information about the clinical characteristics of
the study population, which were provided by the doctors of both institutions that
collaborated in the study.

In addition, all the women enrolled in the study were non-smokers. Using the
TNM (tumor, node, and metastasis) staging approach, the examined BC cases included
fifteen of stage IA, nine of stage 1A, seven of stage IlIA, ten of stage 11B, nine of stage
I11B and six of stage I1IC.
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Table 1 — Characteristics of subjects which participated in the study.

Samples BC HCs
Number 56 54
Age (range, average) (40-78, 59) (44-68, 56)
IA (15)
1A (9)
Disease stage (number A (7) Not
of samples) 1B (10) applicable
1IB (9)
1IC (6)

2.3.  Urine sample precipitation

In this study, four different extraction methods were compared on urine samples
from BC patients and HCs. The chloroform/methanol-based method (method A),
ACN/TFA-based method (method B), TCA/acetone-based method (method C) and
TCA-based method (method D) were tested to ascertain the most fitting extraction
method for the 1D SDS-PAGE analysis of the urines. All extraction methods were
performed in triplicate.

Method A — For the chloroform/methanol precipitation, which was adapted from
Saito et al. [114], lyophilized urines were resuspended in 500 uL of methanol and 125
pL of chloroform. The mixture was vortexed and centrifuged for 15 min at 13400 rpm
at room temperature (25 + 1 °C). Then, the supernatant was discarded, and 500 pL of
methanol was added to the Eppendorf’s. Subsequently, it was vortexed vigorously and
centrifuged, in the same conditions as the previous ones. The upper phase was carefully
removed and discarded, followed by the precipitate air-dried. Finally, the precipitate
was resuspended in 100 uL of 8M urea/50 mM Tris-HCI buffer, pH 8.0, with
subsequent stirring.

Method B — The ACN/TFA precipitation method was adapted from Chertov et
al. [115] with some modifications. Briefly, urines were resuspended in 10 mM
phosphate buffer (pH 7.5) and added with two volumes of cold ACN/0.1% TFA. The
mixture was then vortexed and centrifuged at 13400 rpm for 15 min. The supernatant
was removed, and the pellet was vacuum dried, before being resuspended in 100 pL of
8M urea/50 mM Tris-HCI buffer, pH 8.0, with subsequent stirring.
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Method C — The TCA/acetone-based precipitation method was adapted and
modified from Tantipaiboonwong et al. [107]. Succinctly, two volumes of cold 20%
TCA in acetone (—20°C) were added after lyophilized urines were resuspended in 100
mM phosphate buffer (pH 7.5). After being kept at —20°C for the night, the mixture was
centrifuged for 15 min at 13400 rpm to obtain a pellet. The pellet was then centrifuged,
as previously mentioned, after being washed twice with cold acetone. After removing
the supernatant and vacuum-drying the pellet, it was then resuspended in 100 pL of
rehydration buffer solution (7M urea, 2M thiourea, 0.1% 120 mM DTT).

Method D — The TCA-based extraction method was adapted and modified from
Jonscher et al. [116] and Arunambiga et al. [117]. To summarize, 2 mL TCA was added
to lyophilized urines and then incubated overnight at 4°C. Following centrifugation at
13400 rpm for 30 min, the supernatant was removed, and the pellets washed with 90%
ice-cold acetone for subsequent incubation on ice for 15 min. Samples were then
centrifuged at 13400 rpm for 15 min and, after removing the supernatants, the pellets
were allowed to air dry before resuspension in 100 uL of rehydration buffer solution.

2.4.  Total protein concentration in urine (Lowry’s test)

For the determination of total protein concentration in urine, using the Lowry
method, 2.5 mL of Lowry's reagent solution was added into Eppendorf’s containing 30
pL of urine and 470 pL of H,0. The Lowry’s reagent solution was prepared in a 1:50
ratio, 2 mL of 0.5% (w/v) CuSO, and 1% (w/v) KNaC,H,0.4H,O0 solution into 50 mL
of 5% (w/v) Na,CO5; and 0.1N NaOH. Then, this mixed solution was rest for 10 min.
After that time, 250 pL of Folin's reagent (1:1 v/v Folin-Ciocalteu: H,0) was added to
the homogenate, mixed, and rested for 30 min in the absence of light. Later, the
sample’s absorbance was measured at 750 nm, with the aid of quartz cuvettes
(Hellma®, Germany) in a ultraviolet-visible (UV-Vis) spectrophotometer (Lambda 25
da PerkinElmer, United Kingdom), using H,O as blank. This procedure was performed
for urines obtained from HCs and BC patients before and after precipitation. To
construct the calibration curve, the same procedure was applied to several BSA

concentrations in urine, ranging from 9 to 277 pg/mL.
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2.5.  One-dimensional gel electrophoresis

The protein content of the precipitated sample was analyzed by 1D SDS-PAGE.
Ten pL urines from HCs and BC patients were separated under denaturing conditions
using a 1 mm thickness resolving gel containing 12% (w/v) acrylamide/bis-acrylamide
and a staking gel containing 4% acrylamide/bis-acrylamide (Sigma-Aldrich, St. Louis,
MO, USA), as well as 7 pL of protein ladder (Bio-Rad), containing fragments of known
size, 10-250 kDa range, which served as a standard for estimating the size of the
fragments of the respective samples. After pouring the 12% resolving gel solution into
the separating gel and overlaid with H,O was to prevent contact with air (oxygen), it
was allowed to polymerize for 10-15 min to form a gel. Later, the H,O was removed,
and the 4% stacking gel solution was added, where a comb was inserted at the end and
left to polymerize. For the preparation of urines, these were diluted 1:1 (v/v) with SDS
sample buffer (8% w/v SDS, 1M Tris-HCI (pH 6.8), 40% v/v glycerol, 14.7 M -
mercaptoethanol, 0.5 EDTA, 0.01% bromophenol blue). That is, 10 uL of each sample
with 10 uL of loading buffer were incubated on heating block set to 95°C for 8 min
before loading into hand cast gels (Table 2). The gel was mounted in the electrophoresis
apparatus using binder clips and then, pouring running buffer into the upper and lower
chambers of the electrophoresis apparatus, to proceed with the loaded samples and
molecular weight markers in wells, separately. The 1D SDS-PAGE gel was run in a
Bio-Rad's PowerPac Basic power supply (BIO-RAD, USA) at 20 mA per gel. After
completion of electrophoresis, the protein bands in the gel were stained with Coomassie
brilliant blue R-250 solution (0.5% Coomassie Brilliant Blue G-250 in 30% methanol,
10% acetic acid and 59.5% H,0). Then, it was covered with aluminum foil, to avoid
contamination and to prevent the evaporation of the solution and allowed to incubate
overnight at room temperature. After staining by Coomassie Brilliant Blue, the stained
solution was carefully removed and the gels were washed at least two — three times with
a destained solution (30% v/v methanol, 10% v/v acetic acid, 60 % H,0), until reduce
the background staining. Lastly, the gels were stored in the destaining solution until the
spots of interests were manually picked. Additionally, the gels were analyzed with the
software Gel-Analyzer 19.1 [118].
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Table 2 — Gel solutions composition for 1D SDS-PAGE.

12% Resolving Gel (mL) 4% Stacking Gel (mL)

Water (H,0) 1 2
Acrylamide (30%) 3.75 0.9
Resolving buffer? 4.5 -
Stacking buffer? - 2.5
10% APS 0.1 0.05
TEMED 0.01 0.005

14,54 g Trizma-base + 0.1 g SDS;
21.51 g Trizma-base + 0.1 g SDS.

2.6.  Protein digestion

Three different digestion approaches (methods I, Il and 111) have been compared
to determine the optimal procedure, combined with the methods described above, for
the subsequent analysis MALDI-TOF MS. In this way, protein spots were manually
excised from the Coomassie-stained gels and transferred into 1.5 mL eppendorfs.

Method | — The gel fractions underwent two 15 min washes in 200 pL of a
mixture of 50% ACN/25 mM NH,HCO5 (pH 8.0) and then once more in 200 pL of
100% ACN. The pieces were then allowed to dry under vacuum before being washed
again with 10 pL of 25 mM NHsHCOs3 containing 0.1 mg of trypsin and left to incubate
overnight at 37 °C. The next day, the gel fragments were rinsed twice with 50 pL of a
50% ACN/5% TFA solution, dried and then resuspended with 25 uL of TFA.

Method Il — For the second digestion method, the gel fractions were washed
once for 30 min in 200 mM NH,HCO; (pH 7.8) at 37°C, and then afterwards these
fractions were dehydrated by incubation in 200 mM NH,HCO5, pH 7.8/ ACN (4:6 v/v)
at 37 °C for 30 min. Following incubation in ACN for 2 min, the gel pieces were then
swollen in 0.1 mg of trypsin (from Porcine Pancreas, Sigma-Aldrich, St. Louis, USA) in
50 mM NH,HCO; (pH 7.8) and incubated overnight at 37 °C. The tryptic peptide
mixture was subsequently recovered into fresh 1.5 mL eppendorfs and a second peptide
extraction from these gel pieces was carried out with 0.1% TFA in 60% ACN for 5 min.
The peptide-containing liquid fractions were pooled, dried under vacuum, and
resuspended in 25 puL 0.5% TFA/5% ACN after the supernatant was collected.

Method 11 — Briefly, 250 pL of each solution (50% ACN in H2O and 50%
ACN/50 mM NH,HCO;) were added to the gel particles and stirred for 5 and 30 min,
respectively. After discard the supernatant, 250 puL of 50% ACN/10 mM NH,HCO,

49



were added and vortexed. The gel pieces were hydrated with minimum volume required
of trypsin solution for 1h at 25 + 1 °C, topped up with 10 mM NH,HCO; solution until
the gel pieces were covered and incubated overnight at 37 °C. Peptides were extracted
from gel fragments with consecutive shaking once with 20% TFA/60% ACN and twice
with 0.1% TFA. Supernatants were combined in a fresh eppendorf and resuspended in
50 pL of H,O0.

2.7.  MALDI-TOF MS analysis

For MALDI-TOF MS analysis, the digested samples were premixed with
MALDI matrix solution (10 mg/mL SA in methanol) at the ratio of 1:1. Then, 1 pL of
each mixture was applied in triplicate on to a MTP 384 ground steel target plate (Bruker
Daltonics, Billerica, MA) and then, were allowed to dry at room temperature (25 + 1°C).
Mass spectra were obtained on the Autoflex maX MALDI-TOF/TOF mass spectrometer
(Bruker Daltonics) in the reflector and linear positive-ion modes across the m/z ranges
of 600 — 3500 Da and 5 — 20 kDa, respectively. Each mass spectrum was acquired by
500 laser shots, with intensity of 75%, collected across the whole sample. The following
ion source parameters were used: ion source 1, 19.22 kV; ion source 2, 17.00 kV. Other
settings for MALDI-TOF MS analysis were as follows: pulsed ion extraction, 170 ns
and lens, 8.53 kV. FlexControl 3.4 software (Bruker Daltonics, Bremen, Germany) was
acquired for the acquisition and processing of the spectra. A standard BSA calibration
mixture in the ranges of 600 to 3500 Da and 5 to 20 kDa was used for mass calibration.
The calibration curve was constructed by the same procedure applied to several BSA
concentrations in urine (5.00, 10.00, 15.00, 20.00, 25.00 and 50.00 mg/mL).

2.8.  Statistical analysis

The background signals were subtracted and the mass spectra components (m/z
list, peak area, SNR (signal-to-noise ratio) and peak relative intensity) were analyzed by
Mass-Up software, which is available from the project homepage on
http://sing.ei.uvigo.es/mass-up. The software provides an analytical framework for the
design of models for automatic classification based on variations in MALDI-TOF MS
spectra from BC patient and HCs, as well as for the identification of potential

biomarkers that are indicative of a particular disease state. Each sample was spotted on
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the MALDI plate three times, resulting in a total of 330 MALDI mass spectra; so, to let
the software group all analyzed sample replicates into one biological replicate, spectra
grouping function was applied for each preparation, that were subsequently used for
data analysis. The peak list calculation was performed within the range from 600 to
3500 m/z. According to standard procedures in the field [119], preprocessing of the
acquired raw spectra of mzXML input files as a critical stage was performed to define
the optimal model allowing the discrimination of the urines, wherein the principal
workflow consists of transforming, smoothing, baseline correction, intensity calibration,
spectra alignment, peak detection and ultimately converted to a data set containing
aligned m/z and intensity before further analysis. Therefore, the corresponding raw
spectra of each sample acquired from the MALDI experiments were
pretreated/preprocessed by Mass-Up v1.0.14 open-source software [120], using the
following parameters: (1) Intensity transformation: square root; (II) Smoothing:
Savitzky Golay; (I11) Baseline correction: Snip; (IV) Standardization: Total lon Current
(TIC); (V) Peak Detection: MALDIquant with a signal-to-noise ratio (SNR) of 3 and a
Half Window Size of 50. Then, the peak matching was performed with the following
configuration: (1) Intra-sample matching using MALDIquant with a tolerance of 0.05
without consensus spectrum generation; (I1) Inter-sample matching using MALDIquant
with a tolerance of 0.05. Finally, peak lists containing m/z and peak areas from Mass-
Up Software were exported to Microsoft Excel (data format CSV). For each BC patient,
the average m/z and area were calculated for peaks with S/N>10 in 10 replicate mass
spectra. Data statistical analysis was also performed using the MetaboAnalyst 5.0
(University of McGill, Montreal, Canada). Significant differences among the BC
patients and HCs were assessed with t-test (for normal variable distribution). P-value
<0.05 was considered statistically significant. The principal component analysis (PCA)
test was used to obtain a representation from the data projection. The orthogonal
projection to latent structures discriminant analysis (OPLS-DA) was applied on the
urine proteomic/peptidomic profile dataset to verify the distribution of the variables for
the groups under study and to provide insights for biomarkers research. ROC curve was

generated to assess the diagnostic value of the potential BC biomarkers.
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3. RESULTS AND DISCUSSION

Apparently, proteome changes play a role in BC carcinogenesis, as recently
shown by Ferrari et al. [121], emphasizing the importance of identifying potential
protein/peptide biomarkers in urine to mitigate metastasis. As a result, to discover
potential biomarkers for the early diagnosis of BC and, consequently, to reduce the
morbidity and mortality caused by this condition, the current study involves protein
extraction, protein separation by 1D SDS-PAGE, followed by protease digestion for
subsequent MS analysis. The different experimental parameters in different used

methods were optimized previously.

3.1.  Optimization step

In a preliminary investigation, the different protein extraction and digestion
methods were tested on 2 mL of urine from an HCs and a BC patient, since, as to be
expected, the amount of urine collected for analysis plays a significant effect on the
number of isolated proteins.

Firstly, the two lyophilized urines from each subject were used to compare each
precipitation method, and the final experiment was conducted in triplicate to evaluate
reproducibility.

The only difference between the methods is the kind of organic solvent that is
added, which causes the proteins in the patient sample to precipitate out of solution, and
after centrifugation, the proteins form a pellet at the bottom of the tube. Thus, before
precipitation, the concentration of urinary protein is normally low (100-200 mg/L)
[122], but after precipitation, the concentration of urines, including all the proteins as
well other compounds, such as urea and cell debris, increases. On the other hand, the
concentration of non-protein interfering substances is high relative to the protein
concentration and very variable, not to mention the inorganic ion content is also high.
For this reason, although the precipitation is a crucial and quick step in the preparation
of samples in the analytical phases, all these factors affect the precision and accuracy,
where the sample remains somewhat unclean and that can cause issues with matrix
effects (ion suppression) in MS methods potentially leading to loss of both sensitivity
and reproducibility [123].
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Having said that, to select the best precipitation method among the four, the
spectra of the two urines were studied using the MALDI-TOF MS technique. Based on
the results shown in Figures 6 and 7, it was determined that the chloroform/methanol
precipitation method was the most effective, based solely on the fact that it provided a
high mass resolution good spectrum in both reflector and linear positive-ion mode over
the mass range of 700-2000 Da and 5-20 kDa, respectively, in comparison to the other
methods (Figures A1-A7 — Appendix, pages 96-99). Moreover, the protein band
patterns and intensities were different among the four precipitations, since the urine
proteins extracted by chloroform/methanol precipitation showed greater amount of

protein in the gel than the other precipitations.
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Figure 6 — MALDI-TOF MS spectra in linear positive-ion mode across the m/z range of
5 to 20 kDa of samples from (A) HC and (B) BC patient using chloroform/methanol

precipitation.
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Figure 7 — MALDI-TOF MS spectra in reflector positive-ion mode across the m/z range
of 700 to 2000 Da of samples from (A) HC and (B) BC patient using

chloroform/methanol precipitation.

Then, three different protein digestion methods were evaluated, before and after
precipitation, to also analyze the role of precipitation in the preparation of urine
samples. As shown in Figures 8 and 9, the analysis of urines revealed differences in the
protein/peptide composition and the intensity when comparing the different methods of
digestion. It was concluded that the method Il proposed had the best MS fragmentation
and sensitivity, which improved the interpretation of MS data. Hence, among the tested
protein extraction methods, chloroform/methanol precipitation in combination with
digestion method Il consistently led to the highest yield in terms of total extracted
protein as measured by the Lowry’s assay and largest number of proteins/peptides
identified with high confidence, as well as being the most reproducible of all methods

evaluated, as shown in Figure 10.
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Figure 8 — MALDI-TOF MS spectrum of the BC patient’s non-precipitated sample
prepared only by three different digestion methods designated (A) I, (B) I, and (C) I1I.
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Figure 9 — MALDI-TOF MS spectrum of the BC patient’s sample prepared by
chloroform/methanol precipitation, followed by three different digestion methods

designated (A) I, (B) 11, and (C) III.
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Figure 10 — MALDI-TOF MS spectra of the BC patient’s sample prepared by different
precipitations. (A) chloroform/methanol precipitation; (B) ACN/TFA precipitation; (C)
TCA/acetone; (D) TCA precipitation both followed by the second digestion method
(designated method I1).

3.2.  Total protein content by Lowry’s assay

Bearing in mind that the preparation of protein samples is extremely important
for the analysis and preliminary screening of biomolecules, the total protein
concentration was determined, before and after precipitation, by a chemical method,
Folin-Lowry reactions, to determine the higher resolution and facilitate further analysis.
According to Waterborg [124], the Lowry’s method is based on both the Biuret and the
Folin-Ciocalteau reactions. In the first reaction, the proteins cause the reduction of
cooper, under alkaline conditions, which in turn reacts with the Folin reagent
(phosphomolybdate-phosphotungstate) into a strong blue pigment (which depends

57



partly on the tyrosine and tryptophan content) that is detected by UV-Vis
spectrophotometry.

Therefore, after the optimization step, for this study, urines from 56 BC patients
and 54 HCs were considered. One calibration curve was constructed by using
concentrations between 9 to 277 pg/mL with a reproducibility expressed as relative
standard deviation (RSD) less than 10%. The total protein calibration curve obtained by

Lowry’s assay is illustrated in Figure 11, with BSA as standard.
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Figure 11 — BSA calibration curve for the Lowry’s assay.

Since earlier studies have demonstrated inter-individual variability in urinary
proteins of 20-60% in HCs [125], it is crucial to emphasize that the composition and
concentration of proteins in urines are related to intra- and inter-individual variations.
However, through the results, the urines showed minimal inter-individual variation
between the BC patients and HCs in the total protein concentration. Therefore, most
urinary proteins are highly stable between individuals and, hence, serve as a source for
the discovery of potential biomarkers.

In addition, there is evidence that BC patients have a less total protein
concentration when compared to HCs, since the highest value originated from the
control 39 (HC 39, 318+0.001 pg/mL) and the lowest from the patient 36 (BC36,
140£0.001 pg/mL). In the HCs, the total proteins range from 160 to 318 pg/mL, on
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average 142 pg/mL, while in BC patients it varies from 140 to 311 pug/mL, in average
115 ug/mL, verifying that the highest concentration value obtained in urine from HCs is
slightly higher than any protein concentration compared to the BC patients.

Additionally, the method has high sensibility until 10 pg of protein/mL, and it is
preferably used in low protein concentration ranges (10 to 1000 pug/mL of protein).
Under those conditions, the obtained values in Table 3 for total protein concentration of
non-precipitated urine were within Lowry’s optimal concentration range. Thus, this
method is suitable for total protein dosage in urine.

After precipitation, both HCs and BC patients’ urines had a total protein
concentration above the limit of quantification (LOQ), exactly to what would be
expected considering that precipitation should increase the protein concentration by
eliminating impurities from the biological sample (Table 3). The lower limit of
quantitation (LLOQ) is the lowest amount of an analyte in a sample that can be
quantitatively determined with suitable precision and accuracy [126]. However, it is
necessary to take into account that UV methods are not accurate and, therefore, the
higher protein content, after precipitation, may be related to the quantification not only
of proteins but also of other compounds (urea, cell debris and other substances). For this
reason, it would be necessary to perform several other protein dosing assays with a
considerably larger number of controls as well as BC patients or, simply, use methods

to remove the interfering substances to obtain more robust results.

Table 3 — Average protein concentration (ug/mL)+ standard deviation of urines from
HCs and BC patients.

Samples Before precipitation After precipitation
BC patients 115+1.60E-03 319+2.40E-03
HCs 142+1.60E-03 417+3.40E-03

To sum up, after precipitation, on average 31900 ug of protein was obtained from
100 mL and about 638 pg from 2 mL for BC patients, whereas HCs obtained an average
of 41700 ug of protein from 100 mL and approximately 833 ug from 2 mL.
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3.3.  One-dimensional gel electrophoresis

In proteomics research, electrophoretic methods combined with the subsequent
identification of proteins by MS are quite beneficial. Therefore, protein stains must be
MS-compatible for proteomics studies, which limits the choice of silver stains.
Furthermore, the most intriguing proteins in proteomic research are frequently low-
abundance proteins with concentrations close to or below the 1D-PAGE detection limit.
As a result, the Coomassie Brilliant Blue dye is the best staining approach for this
investigation, as it enables the identification of proteins in the pg range. Thus, the most
used method to stain the bands on a gel, which is immersing the gel in a solution of
Coomassie Brilliant Blue, was used in the current investigation to visualize the entire
gel lane.

1D SDS-PAGE is a high throughput technique widely used for determining the
MW of proteins in denaturing conditions [127], in which proteins are separated based
on their ability to move within an electrical current. The success of the electrophoretic
separation depends heavily on selecting the proper polyacrylamide concentration
because it can influence the pore size of the gel.

Therefore, 7.5, 10 and 12% polyacrylamide gels were used to observe which one
allowed a more effective separation of the proteins present in the urines. As previously
mentioned, the 7.5% gel which has a lower concentration of polyacrylamide, allows
effective separation of proteins of high molecular weight (MW) (75 — 250 kDa), while
on the 10 and 12% gels (containing a higher concentration of acrylamide, which entails
a smaller pore size in the gel) the proteins of low MW (10 — 75 kDa) were accurately
separated [96]. Taking these results into account, the best insight into the protein
composition of the samples was obtained with 12% polyacrylamide gels, which offered
the most selective separation of proteins within a specific MW distribution. Thus, the
concentration of 12% was selected as optimal for further 1D SDS-PAGE analysis, since
the present study was designed to separate as many proteins as possible in the complex
biological samples.

Following the 1D SDS-PAGE analysis, the SDS-PAGE patterns of urinary
proteins from BC patients and HCs samples are shown in Figure 12 and suggest
potential differences in each proteome. The major differences between BC and HCs
urine were observed in the range 50 — 75 kDa, where clear bands of high-concentration
proteins with higher intensity in BC patients than in HC urines were found. In addition,

60



control had less or no protein between 60 — 75 kDa compared to BC urines. The
software Gel-Analyzer 19.1 [118] was used to identify 536 proteins and evaluate their
molecular weights, relative migration distance (Rf) and band intensities (Table Al —
Appendix, pages 103-116). Although SDS-PAGE could not show the major differences
between sample preparations because of limited separation in one dimension, it allowed
to separate spots that represent the differentially expressed protein, which were excised
from stained gels. Thus, for protein profile analysis, we excised around 220 gel spots
from selected proteins of interest and were in-gel digested them with trypsin and the
resulting peptide mixture analyzed by MALDI-TOF MS, which led to the identification
of differentially significant proteins in each group.
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Figure 12 — Representative results of 1D SDS-PAGE analysis frorh (A) HCs and (B) BC

patients.

However, it was challenging to produce a 1D gel with high-quality resolution
and reproducibility due to the complexity of human urine. Because of this, in proteomic
research, where it is occasionally necessary for the solution of thousands of proteins on
a single gel, 2D PAGE provides the highest resolution for protein analysis.

As observed by Yang et al. [112], the 2-DE-based proteomics approach was
used to compare changed proteins in the shock group with the non-shock group to
identify proteins that were differentially expressed by MALDI-TOF MS. Additionally,
research published by Robati et al. [128], examined the variations in protein expression
between cancerous and normal esophageal tissues and found 4 differently expressed
proteins using 2D-PAGE and MALDI-TOF MS. Fayazfar et al. [129], verified the
separation and identification of plasma proteins using 2-DE followed by MS/MS, which
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demonstrated to be possible biomarkers for early diagnosis of patients with RCC. Later,
Noreen et al. [130] stated that spotted more differentially abundant spots on 2D-GE gel,
which exhibited eleven proteins, for the high-throughput proteomic analysis.
Undoubtedly, the additional study must be conducted using a 2D-PAGE separation of

proteins to verify the results.

3.4. Digestion step

Another essential method in proteomics is proteolysis, which involves
characterizing the digested peptides for MS identification, confirmation, or deduction.
Additionally, the analytical separation by one-dimensional electrophoresis showed that
the extracts mainly contained large proteins/peptides (>30 kDa) [131, 132]. For this
reason, spots representing the differentially expressed proteins were excised, with the
help of a small spatula, from stained gels and in-gel digested by trypsin. This was
another proteomic approach, which breaks proteins into smaller units, called peptides.
The protein is digested by the addition of protease (trypsin), which cleaves proteins at
predictable amino acid locations and improves measurement accuracy with lower mass
peptides.

Trypsin was selected for the current investigation because it is the most often
used serine protease for protein/peptide identification and cleaves proteins into peptides
with an ideal size range for MS between 700 and 1500 Da [130].

3.5.  Proteomic/peptidomic profile

To determine the MALDI-TOF MS limit of detection (LOD), several calibration
curves were obtained for peak area in function of BSA concentrations (5.00 — 50.00
mg/mL) using SA matrix both in linear and reflector positive-ion modes over a mass
range of 30-210 kDa and 600-2000 Da, respectively.

However, it was not possible to detect all the BSA signals (BSA single charged
m/z = 66400, BSA double charged m/z = 33200, and BSA triple charged m/z = 22100)
in any of the spectra of the different BSA concentrations. For that reason, the m/z values
with the largest area around the 66400 and 33200 peaks were considered, since BSA
signals are rather broad and constituted by multiple overlapped peaks.
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Therefore, firstly, SA matrix was used in a linear mode in a high mass range
(30-210 kDa) to correlate the 66400 and 33200 m/z peak areas with BSA concentration.
By comparing Figures 13A and 13B, it is evident that there is a good logarithmic

correlation, within the analyzed BSA concentration range, particularly for the main
BSA peak (66400 m/z). Also, it is verified in all BSA concentrations that the 66400 m/z

peak had larger areas than the 33200 m/z peak, as expected since it corresponds to the

single-charged BSA protein.
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Figure 13 — Calibration curves of peak area in function of BSA concentration for 33200

(A) and 66400 (B) m/z signals.

Complementary, to prove the ability of MALDI-TOF MS for the detection of

proteins/peptides in urine, using the methods outlined in the current study, the BSA
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samples were submitted to the same procedure and afterwards analyzed in the low mass
range (600-2000 Da) in reflector mode. According to Stensballe et al. [133] and
Shevchenko et al. [134], the two peaks with m/z 847.0 and 927.0 values are considered
peptide precursors of BSA. As a result, given that the digestion technique is
significantly different from those described in the aforementioned research, it was
considered that the two peaks with 876 and 985 m/z might have originated from BSA.
This is particularly visible because there is a good correlation between the increase in
BSA concentration and the area of the corresponding peaks, as shown in figures 14A
and 14B.
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Figure 14 — Calibration curves of peak area in function of BSA concentration for (A)
847 and (B) 927 m/z peptide BSA signals.
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In addition, considering that the MALDI-MS analysis of low molecular weight
peptides faces some limitations because matrix clusters are quite abundant, Salum et al.
[135] showed that cis-sinapic acid (Z-SA) is a good matrix of choice for short peptide
analysis since provides spectra with higher intensity, peptide signal and fewer matrix
clusters, but specifically in positive ionization mode. This is because SA belongs to the
cinnamic acid derivatives class, and these currently used are E-cinnamics. Additionally,
Choi et al. [136] proved that SA is the most suitable MALDI matrix since it gives only
a few background peaks while providing high sensitivity detection for the analysis of
proteins and peptides. As shown in Figure 15, in positive mode, it is possible to observe
that for 1:1 urine/matrix solution spectra there are several peaks originating from
analytes present in urine and not necessarily by SA.

This study used the bottom-up MS-based approach to identify candidate
proteins/peptides from MALDI mass spectra between the two groups. The spectra were
analyzed in the mass range of 600-3500 Da in the reflector mode, which requires using
sufficient resolution. That is, resolved spectra and great sensitivity are achieved because
the analytes are stable enough to withstand the energetic stress which is inherent to
passing the reflector. It enables proper baseline separation of the analyzed peaks and
highly accurate determination of their mass [137]. Our purpose here was to combine
datasets of urines from BC patients and HCS to discover potential urinary
protein/peptide biomarkers through commonly applied standard MALDI-TOF MS
techniques. It was used MALDI MS software, respectively by FlexControl and
FlexAnalysis version 3.4, to analyze the urinary peptidome of 110 samples and the mass
spectra of samples from BC patients were compared with those from HCs.

Visual analysis of the raw data, as can be seen in Figure 15, shows that there are
differences in peak intensity between urine mass spectra from BC patients and those
from HCs. Additionally, by comparing the spectra of the different groups, it is possible
to verify that a cluster of peaks identified in the 1000-2000 m/z range is only present in
the urines of the HCs. However, not all HCs had these peaks, indicating that there was
significant inter-individual variance in the HCs urines. On the other hand, although the
resolution is significantly higher than linear MALDI-TOF profiles, it is not high enough
to resolve the signal intensity from overlapping peptides. This is due to the fact that the
resulting raw data spectrum consists of the signal distinctive to the samples as well as
signals with varying levels of noise, making the recognition/detection of peaks
indicative of the samples a difficult and, inevitably, multistep procedure. For this
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reason, the high inter-individual variability in urinary profiles and their large
complexity make any attempt at visual comparison of these spectra an unsuccessful
task. Further, these peaks have similar m/z values compared to BSA, however since the
cross-contamination of samples was avoided, there is another possible compound
abundantly found in urine that could provide such signals, that is human serum albumin
(HSA).
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Figure 15 — MALDI-TOF MS spectra of a sample from (A) BC patient and (B) HCs.
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Through the hierarchical cluster analysis (HCA), it was possible to screen the
peaks considered statistically significant, with a value of p < 0.05, to establish an
objective comparison among the proteomic/peptidomic pattern found in the urine of BC
patients and HCs in terms of qualitative (identification by comparison of MS spectrum).
This allowed for better analysis and interpretation of the peaks detected in the different
groups. Figure 16 displays the peaks with m/z values of 1027.9, 1074.9, 1106.8, 1147.9,
1188.0, 1228.0, and 1731.6, which could discriminate between all peptide samples from
BC patients compared to the HCs.
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Figure 16 — Heatmap of m/z values for samples from BC patients and healthy control
(CTL).

However, they cannot be used as possible BC biomarkers because not all BC
patients' urine mass spectra have these peaks. In addition, due to a lack of specificity,
more samples will need to be collected in future studies to create a urine proteomic
signature that is more accurate for detecting BC.
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3.6.  Pre-treatment of the MALDI-TOF spectra

Correspondingly, the primary objectives of preprocessing are the determination
of the m/z and along with correctly accurate intensity, and the designation of peaks with
normalized intensities below a threshold as noise with consideration of any of the m/z
values of interest [116, 138].

An example of the spectrums obtained from the BC patients and HCs after pre-
treatment and peak alignment procedures following the Mass-UP options is presented in
Figures 17 and 18, respectively. To determine reliably detectable peaks, a combination
of parameter values was applied, to clean the large data set from signal noise and
identify true signals, following the software workflow [139]. With this pre-treatment it
was reduced the m/z range, reducing the number of peaks to be analyzed from the
200000 in the raw spectra to 1000 — 1500 of the pre-processed data. Therefore, based on
this obtained profile, a cluster of signals in the 1000 — 3500 m/z regions were chosen as
the specific signature capable of differentiating BC patients from the HCs out of the MS
features with the highest discriminatory value, statistical rank, and relative m/z peak
intensity.

With a view to minimizing systematic variance and to improve the performance
for downstream statistical analysis, normalization and transformation of the intensity are
performed. According to Meuleman et al. [140], the spectra normalization is a crucial
step in pre-processing and that, despite its simplicity, total ion current (TIC) is the best
option in profile experiments, with the assumption that the quantity of proteins/peptides
with variable expression is significantly less than the quantity of total proteins/peptides
in the sample [141]. Since the raw data are counts of ionized molecules with intensity
values roughly following a Poisson distribution [142], a square root transformation can
be used to convert the Poisson distributed data to approximately normal data, with
constant variance independent of mean, which is an important requirement for many
statistical tests [143]. Subsequently, the transformed spectral data were smoothed by
Savitzky Golay algorithm, which is based on polynomial regressions in a moving
window [144-146]. Moreover, the statistics-sensitive non-linear iterative peak-clipping
algorithm (SNIP) algorithm, an interactive algorithm that computes the baseline by
considering the local minima and local mean intensities in windows of increasing size,
was used to remove the background effects to reduce their influence in the
quantification of the peak intensities [147]. As stated by Bromba et al. [148], the impact
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of half window size (HWS) values should be chosen to be smaller than twice the full

width at half-maximum (FWHM) of the peaks.
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Figure 17 — Example of MALDI-TOF MS spectra from a BC patient on the Mass-UP

software. (A) Raw spectra; (B) Preprocess and peak detection; (C) Peak alignment.
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Figure 18 — Example of MALDI-TOF MS spectra from a HC on the Mass-UP software.

(A) Raw spectra; (B) Preprocess and peak detection; (C) Peak alignment.

However, as the protein/peptide composition in urine is complex and variable,
which is greatly affected by diet and exercise, the statistical results was performed on 26
healthy control subjects and 46 BC patients, suggesting that the remainder are putative
outliers. After filtering the noise and clustering of the 72 spectra obtained by combining
the list of peaks of the spectra in triplicate of each sample, a total of 74391 peaks were

identified, with an average of 1033 peaks per sample.

3.7.  Multivariate analysis

The statistical analysis was performed using the Metaboanalyst 5.0 [149] web
server as described in the material and methods section. To study the principal sources
of variation among results, detect sample clustering and possible outliers, and to
establish if the cancer patients could be distinguished from healthy individuals,
exploratory PCA was applied to each mass spectra obtained for the urinary samples of
both groups. Only the potential BC biomarkers with confidence regions higher than
95% were considered for the statistical analysis, where peaks with a similar m/z value
across all spectra (within 0.025%) were considered the same.

Initially, data were transformed by cube root transformation (to compare the
magnitudes of each feature to one another) and mean centering approaches, before
being subjected to multivariate statistical analysis. In a univariate statistical analysis, a
total of 6 distinct peaks were identified between the two sets of samples ranked by p
values from the t-test and four of them were significantly expressed. Of those, four
peaks were up-regulated while two peaks were down-regulated in BC patients compared

with the control subjects.
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To gain a better perception between the similarities and differences among the

groups, an unsupervised multivariate approach PCA was used. To obtain better

visualization between the correlations, the first (PC1) and second (PC2) principal

components, accounting for 59.4% of the total variability, were used to create a 2D

representation (Figure 19) that illustrates the PCA results for BC patients and HCs. For

both groups, the projection of the sample forms distinct clusters. The group located in

PC1 positive comprises the samples corresponding to the BC patients, while the group

located in PC1 negative corresponds to the HCs. These results showed that general

similarities and differences of the samples under study can be visualized and, therefore,

the set of cases can be divided into two different groups according to the clinical

condition of the subjects. The most influential features with a VIP value between 0.8 —

1.2 are represented in Figure 20.
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Moreover, the orthogonal projection to latent structures discriminant analysis
(OPLS-DA) was applied to the urine proteomic/peptidomic profile dataset to maximize
the separation of BC and healthy control groups. Additionally, this type of statistical
analysis allows verifying the existence of possible outliers through the discrimination
among the two groups. Thus, significant group separation was observed in the OPLS-
DA score plot between BC patients and healthy control group indicating intrinsic
proteomic alterations in each group (Figure 21).

The VIP value obtained by OPLS-DA is an important measure of each
independent variable. Higher VIP values are considered more relevant in the ranking.
Hence, the top four features (m/z 1046.5, 1062.4, 1237.7 and 1727.9) with the highest
contribution to group discrimination were selected with variable importance in

projection (VIP > 1) — Figure 22.
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To attest to robustness of the model, a random permutation test with 1000

permutations was performed with OPLS-DA (Figure 23). The permutation test yielded

R? (represents goodness of fit) as 0.821 and Q2 (represents predictive ability) as 0.777

indicating that the model is not over-fitted and has a relatively good predictive ability to

distinguish between study groups.
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To further evaluate the predictive value of the peaks to discriminate between BC
patients and HCs, a ROC analysis was generated using the top four features identified
by VIP values (Figure 24). This type of analysis is used for the classification of true
positives and false positives and the predictive ability is measured using the area under
the curve (AUC) [150, 151]. According to Xia et al. [152], an AUC between 0.9 — 1.0 is
excellent and between 0.8-0.9 is good. Based on this classification, the results obtained
were, thus, very good (AUC = 0.996), representing good accuracy in discriminating the

two groups.
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Figure 24 —ROC curve for the predictive model. ROC curve for the top four features
(m/z 1046.5, 1062.4, 1237.7 and 1727.9) with the highest ability to discriminate BC
patients against the HCs.

For HCA analysis the data set that was uploaded and the reduced discriminant
peak list was used to restrain the analysis only to those peaks. Thus, the heat map was
constructed with selected proteins/peptides by VIP > 1, using Euclidean's correlation, to
provide an intuitive visualization of the data set and the correlations between samples of
the two groups (Figure 25). Similar samples are clustered hierarchically. It is possible to
see that, for both groups, the features m/z 1046.5 and 1237.7 and the m/z 1062.4 and
1727.9, form clusters with a closer association between them, confirming that they were
significant peaks for the HCA discrimination. However, confirmation of such relations

requires bigger data set for pattern verification.
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Figure 25 — Hierarchical cluster analysis: Heatmap of proteins/peptides present in two

distinct groups of urine samples, BC patients versus healthy control (CTL). Columns
correspond to each sample group, while rows correspond to the proteins/peptides

colored from minimum (-2, dark blue) to maximum (2, dark red).

Therefore, based on the results obtained, the final set of discriminative peaks of
urines was successful, using MALDI-TOF MS, showing that the urine
proteomic/peptidomic signature of BC can be a useful approach to identify potential BC
biomarkers. Obviously, future studies on a larger cohort of control subjects and patients
will be needed to confirm our preliminary findings and assess the clinical relevance of

our approach.
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4. CONCLUSION

The identification of potential BC biomarkers in urines is a strategy of growing
importance for the prevention and monitoring of disease progression, whose biological
research, through analysis by MALDI-TOF MS, aims to differentiate HCs from BC
patients. From this perspective, 1D SDS-PAGE combined with MALDI-TOF MS and
statistical analysis could offer significant potential for the clinical routine and for
customized treatment of breast cancer, through the establishment of urine
proteomic/peptidomic biosignature. The Lowry’s assay was suitable for the total protein
dosage in urine. Regarding the protein extraction method, to further optimize the yield
of the precipitated samples, the preliminary analysis of urines merits further
investigation, to produce reliable results and, consequently, better validate this
conclusion. 1D SDS-PAGE, a simple and speedy separation method, allowed
identifying the different protein patterns between the two groups.

This study demonstrated that analysis of the urinary proteome from BC patients
and HCs by 1D gel electrophoresis and MALDI-TOF MS is suitable for the
establishment of specific proteomic/peptidomic patterns useful on BC diagnostics.
According to multivariate statistical analysis, there were four features out of a total of 7
identified signals that were shown to be statistically different between the BC patients
and the HCs. Of the features identified, m/z 1046.5, 1062.4, 1237.7, and 1727.9,
showed the highest sensitivity and specificity (99.6%) to discriminate BC patients from
the HCs.

The obtained results shows the potential of the used methodology establish BC
urinary proteomic patterns as a promising strategy for the screening, detection, and
treatment follow-up of the disease, which may make up for the lack of biomarkers for
BC.

In future work, the two-dimensional gel electrophoresis technique should be
used since it allows, more effectively, the separation of complex protein mixtures in
proteomic studies. Due to its coupling with immobilized pH gradients, IPG-Dalt, it
provides better reproducibility in addition to higher resolution and load capacity for
preparative purposes. That is, 2-DE can achieve the separation of several thousand
different proteins in a gel. Also, to simplify the sample and improve peak intensities, the
digested peptides present in urines should be separated by HPLC before MALDI-TOF
MS analysis.
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Figure A1 — MALDI-TOF MS spectra in linear positive-ion mode across the m/mg range
of 5 to 20 kDa of samples from (A) HC and (B) BC patient using ACN/TFA

precipitation.
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Figure A2 — MALDI-TOF MS spectra in linear positive-ion mode across the miz range
of 600 to 2500 Da of samples from (A) HC and (B) BC patient using ACN/TFA

precipitation.
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Figure A3 — MALDI-TOF MS spectra in reflector positive-ion mode acrosgzthe m/z
range of 600 to 2500 Da of samples from (A) HC and (B) BC patient using ACN/TFA

precipitation.

97



I J 1.4
2000 | I N . 1 i ‘ |
M \’ UMUMMU Mﬁ‘nw%w‘-%%,»’»w*%% \nLéLLvJ"fW%l4k;\J¥\4W%=Jf,“% Jr‘ g o ;wli’\!t»*?*«?*{%lh#

ooooo

6000 5000 10000 12800 12800 16000 18800
n/z

Figure A4 — MALDI-TOF MS spectra in linear positive-ion mode across the m/z range
of 5 to 20 kDa of samples from (A) HC and (B) BC patient using TCA/acetone

precipitation.
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Figure A5 — MALDI-TOF MS spectra in linear positive-ion mode across the rmﬁ/z range
of 600 to 2500 Da of samples from (A) HC and (B) BC patient using TCA/acetone
precipitation.
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Figure A6 — MALDI-TOF MS spectra in reflector positive-ion mode across the m/z
range of 600 to 2500 Da of samples from (A) HC and (B) BC patient using

TCA/acetone precipitation.
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Figure A7 — MALDI-TOF MS spectra in linear positive-ion mode across the m/z range
of 600 to 2500 Da of samples from (A) HC and (B) BC patient using

chloroform/methanol precipitation.
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Figure A8 — 1D SDS-PAGE of urines from BC patients and HCs. M — marker (protein ladder); CTL — healthy control group; PC — BC patients.
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Table A1 — The retention factor value and molecular weights of each band of all BC

patients and HCs using Gel-Analyzer 19.1.

Lane Band Rf MW
1 0.103 250
2 0.149 150
3 0.208 100
4 0.262 75
Ladder 5 0.387 50
6 0.513 37
7 0.721 25
8 0.816 20
9 0.926 15
1 0.197 112
CTL 26 2 0.290 59
1 0.197 112
2 0.290 59
CTL 27 3 0.339 46
4 0.369 40
1 0.200 109
CTL 30 2 0.303 55
3 0.960 25
1 0.131 194
2 0.210 102
CTL 32 3 0.298 57
4 0.407 36
1 0.200 109
CTL35 2 0.296 57
1 0.200 109
2 0.250 76
CTL 37 3 0.303 55
4 0.369 40
1 0.196 113
CTL 39 2 0.298 57
1 0.229 107
PC3 2 0.319 59
3 0.436 35
1 0.218 117
PC11 2 0.320 58
1 0.222 113
PC 13 2 0.307 63
PC 17 1 0.220 115
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2 0.331 55

3 0.377 44

4 0.408 39

PC 15 1 0.221 114
1 0.234 103

2 0.331 55

CTL 46 3 0.377 44
4 0.408 39

CTL 29 1 0.227 109
1 0.100 252

2 0.148 164

3 0.191 116

CTL 42 4 0.248 76
5 0.324 50

6 0.382 40

1 0.200 108

CTL 43 2 0.288 60
3 0.342 46

1 0.185 121

CTL 44 2 0.285 61
3 0.352 45

1 0.202 101

PC1 2 0.293 56
3 0.343 44

1 0.132 179

2 0.202 101

3 0.249 73

4 0.293 56

PC4 5 0.355 42
6 0.405 35

7 0.589 27

8 0.666 26

1 0.129 184

2 0.246 74

3 0.317 49

PC 16 4 0.372 39
5 0.504 29

6 0.589 27

7 0.666 26

1 0.196 106

PC 14 2 0.238 79
3 0.282 60
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4 0.343 44
5 0.364 40
6 0.405 35
1 0.191 111
2 0.243 76
3 0.299 54
PC12 4 0.340 44
5 0.361 41
6 0.501 29
1 0.202 101
2 0.246 74
3 0.299 54
PC >4 4 0.343 44
5 0.367 40
6 0.408 35
1 0.132 179
2 0.202 101
CTL4 3 0.305 52
4 0.337 45
5 0.364 40
1 0.321 102
CTL 14 2 0.501 57
1 0.318 104
CTL 2 2 0.483 59
1 0.336 96
CTLS55 2 0.519 55
3 0.743 44
1 0.223 109
2 0.319 73
CTL 46 3 0.399 58
4 0.612 45
1 0.220 111
CTL 56 2 0.399 58
3 0.612 45
1 0.220 111
CTL 15 2 0.399 58
1 0.220 111
2 0.262 91
CcTL13 3 0.395 59
4 0.532 48
1 0.195 98
PC 29 2 0.332 58
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1 0.202 94
PC 30 2 0.351 55
3 0.443 47
1 0.218 87
PC 31 2 0.366 53
3 0.534 44
1 0.145 130
2 0.233 81
PC 32 3 0.302 63
4 0.393 51
5 0.462 46
1 0.244 77
PC 33 2 0.405 50
1 0.262 72
2 0.332 58
PC 34 3 0.439 48
4 0.576 43
5 0.603 43
1 0.271 70
2 0.347 55
PC 35 3 0.427 48
4 0.523 44
1 0.351 55
2 0.443 47
PC 36 3 0.527 44
4 0.653 42
1 0.203 90
CTL23 2 0.324 57
1 0.207 88
CTL 22 2 0.324 57
1 0.137 139
2 0.211 86
crL2l 3 0.332 56
4 0.414 49
1 0.145 131
2 0.215 84
CTL20 3 0.336 55
4 0.422 49
1 0.109 173
2 0.145 131
CTL19 3 0.223 81
4 0.285 63
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5 0.332 56
6 0.398 50
7 0.414 49
8 0.438 48
9 0.664 45
1 0.219 83
2 0.281 64
3 0.348 54
CTL18 4 0.430 49
5 0.523 46
6 0.625 45
1 0.227 80
2 0.344 54
CTL 17 3 0.410 49
4 0.434 48
5 0.480 47
1 0.227 80
CTL 16 2 0.340 55
3 0.395 50
1 0.230 72
CTL 54 2 0.326 46
3 0.371 41
1 0.213 79
2 0.251 64
3 0.313 48
CTLS3 4 0.380 40
5 0.434 36
6 0.679 31
1 0.143 128
2 0.205 83
3 0.251 64
4 0.297 52
CTL 24 5 0.367 41
6 0.430 36
7 0.542 32
8 0.679 31
1 0.193 90
crLiz 2 0.292 53
1 0.126 145
2 0.188 92
PC 37 3 0.242 67
4 0.305 50
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5 0.430 36
6 0.617 31
7 0.704 31
1 0.180 98
2 0.238 68
PC 38 3 0.301 51
4 0.376 40
5 0.729 31
1 0.205 108
2 0.291 63
3 0.328 52
CTL 50 4 0.387 42
5 0.502 32
6 0.639 28
7 0.715 28
1 0.194 117
2 0.276 69
CTL11 3 0.320 54
4 0.369 44
5 0.506 32
1 0.120 210
2 0.191 121
CTL 10 3 0.268 72
4 0.309 57
5 0.372 44
1 0.176 135
2 0.224 95
CTL 9 3 0.268 72
4 0.376 43
1 0.116 217
2 0.179 131
3 0.228 93
4 0.268 72
CTL8 5 0.313 56
6 0.376 43
7 0.498 32
8 0.628 29
1 0.218 107
2 0.268 79
PC 28 3 0.319 60
4 0.373 48
5 0.404 44

108



CTL1 1 0.311 63
1 0.144 181
2 0.214 110
3 0.276 75
4 0.346 54
5 0.393 45
CTL2 6 0.424 41
7 0.474 37
8 0.630 31
9 0.700 30
10 0.755 30
11 0.805 29
1 0.218 107
CTL3 2 0.327 58
3 0.389 46
1 0.202 119
2 0.327 58
CTL5 3 0.385 46
4 0.404 44
5 0.416 42
1 0.202 119
2 0.256 84
cTLe 3 0.327 58
4 0.401 44
1 0.210 113
CTL7 2 0.260 82
3 0.327 58
1 0.210 113
2 0.327 58
3 0.381 47
CTL =2 4 0.412 43
5 0.712 30
6 0.798 29
1 0.202 114
pcal 2 0.304 62
1 0.198 117
PC 22 2 0.300 63
3 0.371 46
1 0.123 204
2 0.198 117
PC23 3 0.257 80
4 0.304 62
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5 0.359 48

6 0.659 30

7 0.757 29

1 0.194 120

2 0.245 86

3 0.308 60

4 0.371 46

PC 24 5 0.391 43
6 0.470 36

7 0.572 31

8 0.659 30

1 0.194 120

2 0.241 88

3 0.308 60

PC 25 4 0.383 44
5 0.466 36

6 0.647 30

7 0.749 29

1 0.178 134

PC 26 2 0.226 97
3 0.285 68

1 0.182 131

2 0.233 92

3 0.289 67

4 0.344 52

PC 27 5 0.367 47
6 0.430 39

7 0.639 30

8 0.730 29

9 0.749 29

1 0.190 123

2 0.300 63

3 0.359 48

CTL>1 4 0.635 30
5 0.880 29

6 0.909 29

1 0.184 144

2 0.241 93

3 0.306 62

Pe2 4 0.391 44
5 0.444 38

6 0.493 35
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7 0.538 33

8 0.979 31

1 0.253 86

2 0.351 50

PC5 3 0.408 42
4 0.436 39

5 0.489 35

1 0.249 88

2 0.302 64

PC 6 3 0.359 49
4 0.412 41

5 0.489 35

1 0.237 96

2 0.294 67

3 0.347 51

PeT 4 0.424 40
5 0.485 35

6 0.750 31

1 0.212 115

2 0.273 75

PC8 3 0.334 54
4 0.383 45

5 0.412 41

1 0.216 111

2 0.273 75

3 0.330 55

PCo 4 0.412 41
5 0.648 31

6 0.742 31

1 0.177 97

2 0.218 70

3 0.255 54

4 0.316 40

CTL 3l 5 0.361 34
6 0.490 28

7 0.534 27

8 0.609 26

1 0.163 109

2 0.211 74

CTL 33 3 0.259 53
4 0.296 44

5 0.320 39
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6 0.527 27

7 0.619 26

8 0.701 26

1 0.156 116

2 0.255 54

3 0.299 43

CTL 34 4 0.323 39
5 0.480 28

6 0.541 27

7 0.619 26

1 0.167 106

2 0.255 54

3 0.299 43

CTL 36 4 0.320 39
5 0.486 28

6 0.534 27

7 0.609 26

1 0.167 106

2 0.252 56

3 0.310 41

4 0.333 37

CTL 38 5 0.357 35
6 0.378 33

7 0.473 28

8 0.534 27

9 0.602 26

1 0.177 104

2 0.275 54

3 0.328 43

4 0.342 40

5 0.395 34

PC 10 6 0.435 32
7 0.528 28

8 0.581 27

9 0.610 27

10 0.663 26

1 0.169 110

2 0.209 82

3 0.273 55

PC18 4 0.342 40
S) 0.400 34

6 0.421 32
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7 0.474 30

8 0.496 29

9 0.525 28

10 0.655 27

11 0.934 26

1 0.159 120

2 0.212 81

PC 19 3 0.257 60
4 0.307 47

5 0.328 43

1 0.175 106

2 0.267 57

PC 20 3 0.321 44
4 0.336 41

1 0.172 108

CTL 40 2 0.273 55
1 0.177 104

2 0.220 76

3 0.270 56

4 0.342 40

CTL 28 5 0.400 34
6 0.424 32

7 0.480 29

8 0.583 27

9 0.658 27

1 0.271 65

PC 39 2 0.567 31
3 0.667 28

1 0.243 74

PC 40 2 0.505 34
3 0.777 27

1 0.185 97

2 0.233 77

PC 41 3 0.295 59
4 0.371 45

5 0.777 27

1 0.271 65

PC 42 2 0.491 34
3 0.657 28

1 0.200 90

PC 43 2 0.300 58
3 0.362 47

113



4 0.462 36
5 0.500 34
6 0.791 27
1 0.305 S7
2 0.395 42
PCad 3 0.676 28
4 0.700 28
1 0.214 84
2 0.262 68
PC 45 3 0.319 54
4 0.405 41
5 0.800 27
1 0.219 82
PCSS 2 0.314 55
1 0.112 154
2 0.178 109
PC 46 3 0.232 84
4 0.290 66
5 0.344 54
1 0.193 101
PC 47 2 0.220 89
3 0.290 66
1 0.186 105
2 0.240 81
3 0.298 64
PC 48 4 0.352 52
5 0.386 47
6 0.437 41
7 0.467 38
1 0.092 172
2 0.124 145
3 0.174 111
PC 49 4 0.205 95
5 0.228 86
6 0.290 66
1 0.088 176
2 0.174 111
PC 50 3 0.290 66
4 0.359 51
8] 0.383 47
1 0.224 87
PCst 2 0.294 65
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1 0.178 109

PC 52 2 0.251 77
3 0.298 64

1 0.112 154

PC 53 2 0.178 109
3 0.294 65

1 0.185 106

2 0.289 59

3 0.356 45

4 0.385 41

CcTL 4l 5 0.448 36
6 0.467 35

7 0.549 31

8 0.716 29

1 0.111 183

2 0.189 104

3 0.237 77

4 0.289 59

CTL45 5 0.370 43
6 0.452 35

7 0.627 30

8 0.712 29

1 0.170 118

2 0.296 57

3 0.352 45

4 0.382 41

CTL 47 5 0.419 38
6 0.556 31

7 0.630 30

8 0.730 29

1 0.107 188

2 0.170 118

3 0.222 84

CTL 48 4 0.285 60
5 0.437 36

6 0.701 29

1 0.100 200

2 0.170 118

3 0.226 82

CTL 49 4 0.274 63
S) 0.352 45

6 0.415 38
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0.545 32

0.601 30

0.701 29
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UNIVERSIDADE da MADEIRA

ESTABELECIMENTO DO PERFIL PROTEOMICO/PEPTIDOMICO DE
AMOSTRAS DE URINA BASEADA EM MALDI-TOF MS COMO
PLATAFORMA INOVADORA PARA O DIAGNOSTICO DE CANCRO DA
MAMA

Projeto: Dissertacdo de Mestrado

Consentimento Informado Livre e Esclarecido para Participacao em Investigacio
de acordo com a Declaracéo de Helsinquia e a Convengéo de Oviedo

Por favor, leia com atenc¢éo a folha de informacéo referente & explicagdo do projeto. Se achar que algo
estd incorreto ou que ndo estd claro, ndo hesite em solicitar mais informagdes. Se concorda em
participar de forma voluntéria no estudo queira assinar este documento.

Eu, , (nome

completo do participante do estudo), declaro que apds a leitura e compreenséo do
documento de informacao referente a pesquisa de potenciais biomarcadores com
base nos perfis de proteina urinaria de individuos com cancro da mama do
projeto de dissertacdo de mestrado, aceito participar de livre vontade no estudo
acima mencionado com a cedéncia de amostras de urina. Compreendi a
informacdo que me foi dada, tive oportunidade de fazer perguntas e as minhas
davidas foram esclarecidas.

Sei gque posso recusar-me a participar ou interromper a qualquer momento a
minha participacdo no estudo, sem nenhum tipo de penalizacdo por este facto.
Autorizo também a divulgacdo dos resultados obtidos no meio cientifico,

garantindo o anonimato.

Funchal, de de 2022

O Declarante,
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