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Abstract

Across the globe, we can continue to observe a rise in the prevalence of breast cancer. The World Health
Organization registered 600,000 cases of death due to breast cancer in 2021 and estimated that there would
be 1 in every 8 women diagnosed with breast cancer in the next 10 years. Studies have discovered the role of
proteins in the pathways that affect breast cancer but have not found a potential biomarker effective for all types,
especially for triple-negative breast cancer. It remains a challenge to detect and treat breast cancer, especially if
found in the later uncurable stage. With this, proteomics becomes a practical approach to screening new protein
biomarkers for breast cancer diagnosis, therapy, and disease control. Proteomics covers the study of the entire
protein, and its modification has been leading the race in breast cancer biomarker discovery made possible through
the advancement of mass spectrometry and various bioinformatics tools. The combination has brought novel
information being the fastest yet simplest approach for deep, comprehensive, and high throughput approach.
This review article will give an overview of these trending online tools for proteomics research while citing

examples of their utility with known clinical breast cancer biomarkers.
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Introduction

Across the globe, we can continue to observe a rise
in the prevalence of breast cancer. The World Health
Organization registered about 600,000 cases of death due
to breast cancer and estimated that 1 in every 8 women
(12.9%) would be diagnosed with breast cancer in the next
10 years [1]. Studies have discovered the role of proteins
in the pathways that promote or inhibit breast cancer yet
have not successfully delivered a universal biomarker
for all breast cancer types, especially for triple-negative
breast cancer. It is still a challenge to detect and treat
various types of breast cancer, primarily if it is found in
the later uncurable stage. Many countries, particularly
in the Philippines, have placed a spotlight to support
research on breast cancer being its most prevalent cancer
among women [2]. It is becoming an alarming concern
because of a recent WHO commentary forecast stating that
by the year 2030, the cancer rate in developing countries
will rise exponentially. With this, proteomics becomes
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a practical approach to screening new protein biomarkers
for breast cancer diagnosis, therapy, and disease control.
Proteomics covers the study of the entire protein, and its
modification has been leading the race in breast cancer
biomarker discovery. Biomarker discovery is made
possible through the advancement of mass spectrometry
(MS) instrumentation and the various bioinformatics tools
that this modern technology offers. The combination has
brought novel information being the fastest yet simplest
approach for deep, comprehensive, and high throughput
proteomic biomarker research. This article will give an
overview of the most sophisticated tools for proteomics
research that can be applied in breast cancer research and
other diseases.

The Proteomics Workflow
Figure 1 is a typical MS proteomic workflow that
incorporates improved data acquisition methods and
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peptide-centric analysis, creating a highly confident
estimate of the peptide sequence under investigation. Mass
spectrometry is the heart of this method, it is in tandem
with liquid chromatogram (LC-MS), and together they
create a very powerful tool in proteomics discovery. Mass
spectrometry is continuously being upgraded to combine
powerful technologies and computing systems to enhance
its ability to measure accurately and comprehensively
isotopic abundances, atomic and molecular masses
of fragment ions to identify the mass and structure of
peptides and proteins [3]. These proteins can be sourced
from complex biological samples like fresh tissues, FFPE
tissues, body fluids, and cell lines (Figure 1). The liquid
chromatogram system injects the digested protein samples
eluates into the mass spectrometer by first converting them
into precursor ions by collision with an intense beam of
electrons. These precursor ions passing through the MS1
analyzer enter another collision cell where they are broken
further into smaller fragments to form ions carrying a +1
or +2 charge. The fragment ions will travel in a vacuum
at a particular time of flight (TOF) before they reach the
ion detector in the instrument. Heavier fragments will
travel with a shorter time of flight than lighter fragments;
therefore, lighter fragment ions will reach the ion detector
earlier. The MS analysis results in a high-resolution plot of
mass to charge ratio (m/z) and the relative abundance of the
isotopic peaks. These spectra are used for protein structure
elucidation and protein identification of the components of
the sample. MS and the recent bioinformatics tools make
it possible to automate peptide sequencing and create
proteome profiling databases that fast-track the discovery
of promising biomarkers for breast cancer.

Mass Spectrometry-Based Proteomics Software

Mass spectrometry proteomics software was developed
in the early 1990s with specially curated search engines.
To date, Mascot [4, 5], Andromeda [6], and Pulsar for
Spectronaut [7] are the most advanced software capable of
handling enormous and convoluted datasets. In every
developed software, we can find sequence database
search engines that perform high throughput matching of
the proteomic spectra to peptides and protein groups
sequencing and identification.

An MS spectrum is acquired either by data-dependent
acquisition (DDA) or data-independent acquisition (DIA)
(Figure 1) [8]. In DDA, peptide precursors ions are
scanned, but only the highest intensities at the MS mass
analyzer (MS1) will be selected for further fragmentation
for the sequential MS mass analysis (MS/MS or MS2).
The DDA method may exclude low intensities but
significant fragments. Some fragments become ejected
out in a trajectory and will never reach the detector for
measurement in the next mass analyzer (MS2). Some
important precursor ions are lost at the MS2 analysis,
creating some gaps later in quantitation. As a result, some
peptides get low scores, and their p-value higher than a
>0.05.

On the other hand, the DIA method scans the entire
mass spectrum produced from MS1 ion intensities and
is further fragmented in the MS2 mass analysis. All

precursor ions are selected sequentially over this method’s
very narrow isolation window. These ions are fragmented
over pre-selected smaller ranges of precursor m/z ratio
range. Then MS1 precursor ions enter the collision cells
before reaching the MS2 mass analyzer. From either DDA
or DIA methods, we collect the experimental raw mass
spectrum of the samples from the MS analysis. The MS
spectra are processed in search engines and converted into
proteome structure, protein IDs, and visual plots. This is
the most laborious part of the workflow because of the
enormous mass spectra for processing. However, current
state-of-the-art computer software has been developed
to address this challenge. Bioinformatic tools and their
well-crafted algorithm performs quick calculations to give
scores relative to an accurate matching of mass spectra
to amino acid sequences of a peptide from the database.
The MS score indicates confident peptide to database
matching; thus, those with high scores will be statistically
significant and included in the analysis summary.

To process the raw dataset, the MS and MS/MS raw
files are first converted into peak data lists before they are
directly uploaded to Mascot (http://www.matrixscience.
com/) for interactive searching in the combined FASTA
format and public sequence databases like Swiss-Prot
[9]. Accurate and efficient detection of the MS1 peaks,
or MS2 multiple spectra, is critical for a successful
peptide database engine search. Parameters used in the
benchtop laboratory preparation of samples and protein
standards and conditions for database search are encoded
in the web-based interactive search form of Mascot.
The parameters included are the enzyme/s used for
digestion, fixed and variable modifications of the amino
acid residues, and the rest are the other default settings
for Mascot peptide mass fingerprinting. The biological
sequence comparison algorithms in Mascot establish an
automated protein identification, characterization, and
quantification. Mascot utilizes one or several peptide
masses and fragment ion data to create structures and
sequence information, standard sequence tags, and
error-tolerant sequence tag, among other valuable
details provided in the program. Mascot also features its
performance validation utilizing a target-decoy search at
a 1% false discovery rate (FDR), significant match to at
least 2 distinct sequences, and probability-based score to
the order of 70 for each peptide sequence.

Maxquant (https://maxquant.net/maxquant/) is another
proteomics software developed to address the challenges of
analyzing extremely large raw mass spectrum data from
various LC-MS technologies. The software can perform
quantification with or even without the addition of
stable labeling isotopes into peptide samples before its
MS analysis [10]. Andromeda is the search engine for
the Maxquant proteomics software developed by the
Cox laboratories [11] in Germany. Maxquant begins its
process with the features provided in the MS spectra,
such as mass per charge ratio, intensity or abundance
of the peptide, and the retention time. Maxquant pools
these data and converts it into a three-dimensional MS
spectrum. Peaks from the MS spectra are grouped, forming
isotopic patterns to detect the slightest mass or charge
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state differences between two co-eluting or overlapping
peptides. The analysis in Maxquant shows the MS/MS
spectrum from the peak outputs of fragment ions, the
derived protein sequence, mass chromatogram, and the 3D
isotopic peaks. Protein groups and peptide identification
and quantification in Maxquant are downloadable in
tab-separated tables, full details on modification-specific
data, evidence at the peptide level, and MS/MS tables.
The Maxquant search results can then be uploaded directly
to the Maxquant Perseus software (https://maxquant.net/
perseus/) for a multifaceted statistical interpretation of the
proteome quantification, post-translational modifications
and biological annotations for Homo sapiens and
other species. Perseus can perform a high-dimensional
omics statistical data analysis, including normalization,
multiple hypothesis testing, correlation, and produces
publication-ready visual outputs from any text (.TXT) or
comma-separated values (.CSV) text format files.

DIA method produces a large volume of mass spectra
from the narrow isolation windows it acquires during
MS analysis. Spectronaut (https://biognosys.com/
software/spectronaut/) is a good software for analyzing
large experiment DIA MS datasets [7]. Spectronaut
is commercially licensed and requires the iRT Kit as
a protein standard for calibration and quality control.
The spectral library is a prerequisite to performing
runs in Spectronaut for deep proteomic profiling of
thousands of proteins in a single analysis. The spectral
library is generated in Spectronaut using the MS data raw
files from digested proteins of different samples. With
similar parameters and conditions in the same instrument
used for MS runs, several to hundreds of MS raw data
can be processed to produce a very large spectral library.
For a more comprehensive investigation of the breast
cancer proteome, sample pre-fractionation steps improve
its outcomes [12, 13].

The mass of these precursor ions detected passes
stringent criteria, q-value, and FDR cutoffs before being
reported in the final summary of results. MS raw data from
the samples and the iRT standards are initially processed
in either Maxquant, Mascot, or other search engines

Experimental Workflow

Raw Data Acquisition

like Protein Pilot and Proteome Discoverer. Search files
in their original formats, i.e., Maxquant as msms.txt or
evidence.txt, or from Mascot in *.dat, and the peptide
modifications used are submitted to Spectronaut for the
generation of the spectral library. Spectronaut will perform
the assay using a combination of MS internal modification
databases and external search engines to produce a deep
and comprehensive spectral library. Another option in
Spectronaut is to import spectral libraries and merge them
with new or existing libraries. Although possible, this
action is not highly recommended due to the software’s
recalibration, resulting in an uncontrolled adjustment
of the protein FDR causing the loss of a few hundred
proteins in identification. The spectral library workflow
can successfully produce a breast cancer tissue-spectral
library with a large number of proteome data [14].
Spectronaut performance in generating either the spectral
library or actual proteome sample analysis is calibrated
with iRT peptide standards at 1% FDR. The generated
spectral library results from stringent DIA criteria to
analyze convoluted MS datasets of tissue samples. Like
Mascot and Maxquant, Spectronaut performs peptide
matching using the peptide-centric method by performing
peptide queries against its MS/MS spectra database.
The results obtained are comprehensive visualizations
and quantifiable information about the analysis, the MS
data acquisition, proteome abundance, and post-analysis
results.

Unlike Spectronaut, MS raw data search engines
are freely available online for non-profit and academic
use. These search engines also perform the general
MS raw data processing, quantitation, and additional
biological annotations. These tools include Spectrum
Mill MS (https://proteomics.broadinstitute.org/millhome.
htm), Proteome Discoverer (https://bit.ly/3AqbGmv),
PEAKS (https://www.bioinfor.com/peaks-online/), X!!
Tandem (https://wiki.thegpm.org/wiki/X!!Tandem),
and ProteinPilot (https://sciex.com/products/software/
proteinpilot-software), among others.

With the development and continuous improvement
in sophisticated software and user-friendly interface

Identification and Quantification
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Figure 1. Proteomics Workflow. Combined technology of mass spectrometry and current bioinformatics tools using
nanoscale sample is a high-throughput and reproducible method for accurate identification and quantification of novel

protein biomarkers for breast cancer.
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Figure 2. Protein Network of Known Clinical Breast
Cancer Biomarkers — BRCAI1, BRCA2, ESRI1 and
ERBB2

applications for proteomic analysis, a historical leap
in protein biomarker discovery makes it evident to
confidently arrive at a vast array of proteome information
with fewer false positives and missing data. Depending
on which software is used for the analysis, a tabulated

summary of results will be the final goal in the search
analysis. In general, these tools give a summarized report
on the aligned sequences from the sequence similarity
search, database ID, source of the sequence, precursor,
peptide and protein sequences, number of matching
peptides, mass abundance or intensities, gene ontologies,
length of the proteome sequence, score, p-value, query
number for MS/MS spectra details of the ion, the
theoretical mass of the closest-matching peptide, and the
observed theoretical difference, the experimental mass/
charge of the ion, and the calculated uncharged mass, to
name a few of the most common information we find in
the summary table, maybe more or less depending on
the software used. Some software like Spectronaut also
gives visualization on the precursor, peptide, protein ratio,
histogram, heatmaps, volcano plot, and box plots. These
are useful for closely investigating differentially expressed
protein, relative protein expression, protein-protein
interactions, and protein post-modifications. These are
the most sought-after and interesting data we can collect
from the analysis to best understand molecules involved
in the complex biology of breast cancer.
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Figure 3. Coding Genes of ESR1, ERBB2, BRCA1, and BRCA2 Proteins are Shown in the Purple Shade in the Breast

Cancer Pathway Searched in the KEGG Mapper Tool
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Breast cancer proteins analysis shows 4 out of 6 proteins involved in different biological processes
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Figure 4. Panther Pathway Analysis Mapped 2 Pathways (1 out of 6 proteins). ERBB2 is found to interact in both

cadherin and EGF receptor signaling pathways.

Proteomics Bioinformatics Tools

The MS spectra and the summary of results can now
be further subjected to evaluation, functional annotation,
and biochemical pathways analysis. The Swiss Institute
of Bioinformatics (SIB, https://www.sib.swiss/) is one of
the pioneers in developing quality online bioinformatics
tools for proteomics and other omics applications.
Among the tools they developed are UniProtKB,
STRINGDD, and various Expasy’s (https://www.expasy.
org/search/proteins%20proteomes/) tools designed for
mapping proteins in complex biochemical pathways,
ontologies and networks, and other omics applications.
The UniProt Knowledgebase (UniProtKB, https://www.
uniprot.org/) is composed of UniProt/Swiss-Prot and
UniProtKB/TrEMBL. UniProt/Swiss-Prot is created from
experimentally proven scientific literature results and
curator-reviewed computational analysis producing a high-
quality database of manually annotated and non-redundant
protein sequences and functional information.

In contrast, UniProtKB/TrEMBL are automatically
annotated online without undergoing a review. UniProtKB
and its newer beta version give a quick overview of protein
information and citations. The search summary includes
the amino acid sequence, protein name and description,
protein structure, gene name, taxonomic data, pathways,
genes, other biological ontologies, related diseases, and
cross-references. STRINGDD (https://string-db.org/) is a
versatile database used for network functional enrichment
analysis of proteins and protein-protein interactions (PPI).
Biological databases and up-to-date web-based resources
are foundations for these essential interactions. The US
Food and Drug Administration (US FDA) has listed
approved clinical biomarkers for breast cancer [15]. Figure
2 shows the PPI of clinically approved breast cancer
biomarkers - estrogen receptor 1 (ESR1), breast cancer

type 1 susceptibility protein (BRCA1), breast cancer type
2 susceptibility protein (BRCA2), and receptor tyrosine-
protein kinase erbB-2 (ERBB2, also known as HER2).

Demonstrating the use of STRINGDD online, we
have observed strong evidence that associates these
biomarkers with one another from validated and
peer-reviewed experiments and current databases.
Interestingly we discovered the other interactors, namely
BRCA 1-associated ring domain protein 1 (BARDI) and
partner and localizer of BRCA2 (PALB2). These genes
have been previously linked to the prevalence of breast
cancer [16-18]. StringDB also presents a summary of
information, an interactive Protein Data Bank (PDB)
structures (https://www.rcsb.org/) and homology models
about each node, and links to explore more protein
and gene data resources. The National Center for
Biotechnology Information (NCBI) (https://www.ncbi.
nlm.nih.gov/), GenBank (https://www.ncbi.nlm.nih.gov/
genbank/) [19], NextProt (https://www.nextprot.org/)
[20], Ensembl (https://oct2014.archive.ensembl.org/), and
Simple Modular Architecture Research Tool (SMART)
(https://smart.embl.de/) (18) among others are quick links
presented for every protein shown in the StringDB PPI
network (Figure 2).

Significantly, NCBI has always been the most reliable
source of the latest public health and research information
for the life sciences, including protein data. NCBI offers an
interactive online platform that allows users to download
data manuscripts for research, learn from the integrated
tutorials, use bioinformatics tools and their applications,
and perform diverse task analyses. NCBI has a section
particular for proteins, namely the Protein Database and
the Reference Sequence Database (RefSeq), including
genomic, transcript, and protein from more than 115,000
organisms, the Third-Party Annotation (TPA) Sequence,
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and the Basic Local Alignment Search Tool (BLAST).

In addition to the many online resources, the Human
Protein Atlas portal (http://www.proteinatlas.org/) has
complete information about the human proteins of the
different parts of the body, normal and cancer tissues,
blood, single cell, tissue cells, immune cells, and cell lines
[21]. It has combined various omics technologies, systems
biology, and bioinformatics to create open-source access
to spatial human proteome data. The sample preparation
and treatment can be performed in different areas such
as transcriptional, post-transcriptional, translation,
promoter analysis, protein expression, and post-translation
modification. The information is organized systematically
into other aspects of the study on the genome-wide
analysis of the human proteome. Genes are considered
most important in HPA, and it includes metabolic genes
related to hundreds of metabolic pathways and metabolic
processes involving proteins. HPA also consists of a
dedicated section for pathology, which contains protein
and mRNA expression from different cancers. Pathology
reports also include the immunohistochemistry images of
the stained cancer tissues.

While we are primarily focused on studying proteins,
efficiently mapping the coding genes for each protein will
accelerate our search for an insightful interpretation of
our candidate biomarkers in their effects on biochemical
pathways and molecular systems. The tools we often use
are Kyoto Encyclopedia of Genes and Genomes (KEGG),
GeneCards, Protein Analysis Through Evolutionary
Relationships (PANTHER), Database for Annotation,
Visualization, and Integrated Discovery (DAVID),
BioRender, cBioPortal, and Ingenuity Pathway Analysis
(IPA).

KEGG (https://www.genome.jp/kegg/) mapper in
KEGG is an online bioinformatics tool for mapping the
protein candidates’ coding genes in related breast cancer
biochemical pathways [22]. We used the color tool in
the KEGG mapper to quickly find the coding genes for
BRCA1, BRCA2, ESR1, ERBB2, BARD1, and PALB2.
These UniProt gene IDs are first converted to KEGG
IDs before executing the search and color application.
The analysis showed 4 out of the 6 coding genes of the
protein of interest in the breast cancer pathway. From this
illustration (Figure 3), the breast cancer signaling pathway
shows the expression of ESR1, BRCA1, BRCA2, and
ERBB2.

The most common breast cancer shows an uncontrolled
expression of ESR1. ESRI is a known prognostic
biomarker linked indirectly to breast cancer progression
by binding the hormone estrogen to the estrogen receptor).
The activation of the estrogen signaling pathway cascades
signal that eventually activates phosphoinositide-3-
kinase (PI3K) and mitogen-activated protein kinase
(MAPK) signaling pathways which promote breast
cancer cells to proliferate and become more invasive
[23, 24]. HER2-positive breast cancer is supported
by the ERBB2 dimerization and amplification on the
cell membrane. As a result, the dimer would activate a
cascade of signals affecting MAPK and P13K signaling
pathways [25]. If HER2 is overexpressed, downstream

activation of the molecules follows, resulting in breast
cancer cell proliferation, survival, and translation [26].
Some patients with familial history of breast cancer are
diagnosed with biomarkers BRCA1 and BRCA2 before
its onset. The BRCA1 and BRCA2 gene mutations are
associated with hereditary DNA damage response, leading
to an increased risk of developing breast cancer [27,28].
The most effective medical practice for BRCA1 or BRCA2
carriers is to have their breast removed to prevent breast
cancer. However, the prevalence of breast cancer and the
presentation of the gene mutation among women have
been different across different ethnicities [29]. Figure 3
shows that the other genes, PALB2 and BARDI, did not
appear in the canonical pathway; however, some studies
have already associated that mutation of these genes
increases the risk of breast cancer [30,31]. BARDI1 was
reported to form a heterodimer complex with BRCA1
enhancing its ubiquitin ligase activity, and is suspected
to affect DNA repair [16].

GeneCards (https://www.genecards.org/), in addition
to the above, is a convenient source of gene information
derived from an integration of multi-omics, genetics,
and clinical studies [32]. GeneCards has been the most
extensive home page for exploring molecular features,
2D/3D protein structures, gene and protein functions,
expression, PPIs, current drugs, ongoing drug clinical
trials, and easy links to let you jump from one section to
another. It also has a search bar for an easy keyword-based
literature search on protein or gene of interest.

PANTHER, like KEGG, is a bioinformatics tool
designed to analyze genes, transcripts, and classify
proteins according to family, molecular functions,
biological processes, and Reactome pathways (https://
reactome.org/). PANTHER allows us to easily include
and exclude information we wish to extract from its
database into a customizable text file showing the
summary of results. In addition, an interactive protein
functions analysis displays the results in bar or pie charts.
We subjected the 6 proteins - BRCA1, BRCA2, ESRI,
ERBB2, BARDI, and PALB2 to PANTHER database
analysis, and Figure 4 shows that 4 out of 6 breast cancer
proteins are involved in different biological processes.
ERBB2 is associated with signaling, developmental, and
multicellular organismal processes. BRCA1, BRCA2, and
ERBB2 are related to the biological regulation process
in the cell. BRCA1, BRCA2, ERBB2, and PALB2 are
involved in response to stimulus and various cellular and
metabolic processes. PANTHER did not map ESR1 and
BARDI, but UniProt shows that ESR1 [33] protein is
involved in transcription and regulation, while BARD1 is
associated with cancer-related genes involved in damaged
DNA repair [34].

DAVID (https://david.ncifcrf.gov/home.jsp) is another
excellent high-throughput functional and sequence
annotation tool providing a vast array of information to
explore genes, gene products, and interacting proteins.
In this online tool, users can search up to a maximum of
3000 gene IDs, including clustering and visualization of
the big data. DAVID database is created from publicly
available resources with clickable links to ontologies,
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protein domains, pathways, protein interactions, diseases,
and protein expression. At this point, it is clear to say that
there are many options for us to use when annotations and
ontologies are our concern. In addition, the cBioPortal
(https://www.cbioportal.org/) is a multinational team
designed open-access resource primarily for cancer
genomic and proteomic related studies. The portal
enables us to observe the coding genes of our proteins in
multiple cancer genome databases and cancer research
cohort studies. We queried for the coding genes of the 6
proteins in the cBioPortal breast cancer online database
and observed them in a combined investigation with
35,912 breast cancer patient samples. The cohort reported
that 6888 (2%) patients were found to have alterations in
the queried 6 genes in the comparative analysis. Among
the genes, the oncoprint tab reports that ERBB2 shows
the highest alteration at 9% (3044/35912), followed by
BRCAZ2 (5%), ESR1 (4%), BRCA1 (2.8%, PALB2 (2.1%),
and BARDI1 (1.2%). Mostly the genes have alterations
that are either amplified or missense among the patients,
which may increase the probability of mutations leading to
cancer development and growth. Patients carrying BRCA2
alterations have a higher chance of manifesting PALB2
alterations than those carrying BRCA1 alterations [35].

Finally, proteomics experiments generate extremely
large volumes of raw datasets. For this reason, experimental
results can be submitted to an online public proteomic
repository for general utilization. The proteomic
repository became a systematic and centralized way
of storing data that can be made publicly available for
scientific information and use. Proteome Xchange [36]
[37] (http://www.proteomexchange.org/), SWATHAtlas
[38] (http://www.swathatlas.org/), Peptide Atlas [39]
(http://www.peptideatlas.org/), MassIVE (https://massive.
ucsd.edu/ProteoSAFe/static/massive.jsp), SRMAtlas
(http://www.srmatlas.org/), NeXtProt (https://www.
nextprot.org/), PRIDE (https://www.ebi.ac.uk/pride/) are
some of the many popular and reliable repositories for
proteome only with their supporting pieces of evidence
from annotated and reviewed literature. The repositories
also allow interactive and real-time browsing, analysis,
and free downloading. These tools make it easy to access
global mass spectrometry data generated using a wide
array of MS technologies. Through the years, it has
accepted and stored an extensive proteomic profile from
diverse species all over the globe. The advanced data
analysis algorithms integrated with these user-friendly
interfaces make it easy for scientists and researchers to
reutilize these datasets to create more opportunities for
progress and collaboration in the scientific community,
leading to significant discoveries.

In conclusion, The established role and importance
of proteins in breast cancer research are so compelling
that many experts are now utilizing genomics and
proteomics in their approach to novel biomarker discovery.
Proteomics is even more powerful with the state-of-the-art
modern technology and computing systems integration
offered by mass spectrometry. Big data generated from
MS experiments is also not a challenge because of the
availability of diverse and advanced bioinformatics tools

and up-to-date databases to analyze the data. This creates
an opportunity for the scientific community to fast track
their research progress and discover candidate protein
molecules for potential clinical trials.
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