Journal of

Mittal and Jain, J Data Mining Genomics Proteomics 2016, 7:3
DOI: 10.4172/2153-0602.1000204

Data Mining in Genomics & Proteomics

Review Article Open Access

Proteomics: An Indispensable Tool for Novel Biomarker Identification in

Melanoma
Payal Mittal'* and Manish Jain?

'Department of Immunology, University of Connecticut Health Center, Farmington, CT 06030, USA
2Center for Addiction Research, University of Texas Medical branch, Galveston, TX 77555, USA

Abstract

quality of life.

Large

Sample from  specimen

melanoma patients

(Coll inbs, lissue o serum) (SNP analysis, cytogenetic karyotyping

transcriptome sequencing, etc.)

Small
specimen

Proteomic approach

Protein extraction

Chemical/metabolic
labeling

MS-based sample
processing

Melanoma is a prevalent disease with a high mortality rate. The advent of proteomics has enabled the identification
of various prognostic and diagnostic melanoma biomarkers, fulfilling a vital need. The development of various protein
fractionation and analysis tools has advanced the role of proteomics in analyzing complex protein samples obtained
from melanoma patients. Proteomics is also being utilized to help guide drug design and the development of treatment
algorithms. Ultimately, proteomics-based methodologies have proven to be paramount to the success of research being
done on melanoma and the drugs used for treatment. These techniques will continue to shed light on the mechanisms
of action driving therapeutic efficacy and toxicity, in hopes of extending survival and improving patient outcomes and
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Introduction

Skin cancers are the most common cancer worldwide. Among the
many types of skin cancers, melanoma is the most deadly. It is the 5"
and 6™ most prevalent cancer in males and females respectively and
is predicted by American Cancer Society to account for approximately
76,380 cases in the United States this year alone. Common risk factors
associated with melanoma include excessive exposure to UV radiation,
coal, arsenic compounds and immune suppression [1]. The high rate of
metastases associated with melanoma limits prognosis as well as makes
diagnosis and treatment of melanoma extremely difficult [2]. Treatment
strategies also struggle to take into account the high frequency of
mutations in response to environmental stress or therapeutic pressures
leading to inter-tumoral and/or intra-tumoral heterogeneity [3].
Successful treatment of melanoma depends critically on overcoming
these obstacles.

Early stage melanomas are removed surgically. For more advanced
or metastatic melanomas, however, we must turn towards more
sophisticated therapeutic approaches. In the past, chemotherapy was

the default, standard-of-care treatment option. Due to their superior
efficacy, immunomodulatory antibodies are now replacing previous
therapies as standard-of-care. Immunomodulatory antibodies are
broadly comprised of immunostimulatory and immunoinhibitory
antibodies. Combinations of immunotherapeutics, as well as in
combination with traditional chemotherapy or radiation therapy, are
yielding even greater efficacy in patients. Among immunostimulatory
antibodies used for targeted therapies, CD28, CD40, CD134 (0X40)
and CD137 (41BB) are fairly common. A targeted combinatorial
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immunotherapy using agonistic monoclonal antibodies CD134 and
CD137 has been shown to be effective against B16F10 melanoma in
a therapeutic model in mice [4]. Among co-inhibitory antibodies
ipilimumab (anti-cytotoxic T-lymphocyte-associated protein 4; anti-
CTLA-4), nivolumab and pembrolizumab (anti-programmed cell
death protein 1; anti-PD-1) have been shown to have superior efficacy
against melanoma. Combination therapy including ipilimumab and
GMCSF (granulocyte macrophage colony-stimulating factor) has been
shown to be superior in terms of efficacy and safety in comparison to
ipilimumab monotherapy during a phase II clinical trial in patients
with metastatic melanoma [5]. Similarly, in a phase III trial, ipilimumab
and nivolumab in combination demonstrated a favorable safety profile
and higher therapeutic efficacy than nivolumab or ipilimumab alone
against advanced melanomas [6]. Keeping in view the many hurdles
associated with melanoma treatment, it is apparent that we need to
define better indicators of various stages of disease, to allow for earlier
diagnosis, more accurate prognosis, and greater precision in designing
patient-tailored therapeutic regimens.

This review discusses the use of proteomic tool in identifying these
biological indicators termed as biomarkers and discusses its advantages
compared to genomic approaches. Various proteomic platforms are
considered in the context of melanoma biomarker identification and
characterization for both primary and metastatic disease. We also
described limitations and disadvantages associated with proteomic
approaches along with potential strategies to overcome them.

Genomic Approach to Biomarker Identification

Biomarkers are attractive clinical tools that facilitate early detection
of disease, as well as its state of progression or regression and even
likelihood of response to a particular clinical intervention [7]. Generally
speaking, biomarkers identify the alterations of body fluid constituents
or tissue composition corresponding to a disease state. Biological
fluids such as blood, urine and other body fluids like cerebrospinal
fluids are generally utilized as source of biomarkers. Biomarkers used
in cancer studies can be predictive biomarkers. These may predict for
example, response to a specific therapeutic intervention during disease
progression. Somatic mutations in a GTPase encoding KRAS (V-Ki-
ras2 Kirsten rat sarcoma viral oncogene homolog) gene is a standard
predictive biomarker in determining eligibility of patients with
advanced colorectal carcinoma for targeted therapy with cetuximab
or panitumumab directed against epidermal growth factor receptor
(EGFR) [8]. Likewise, missense somatic mutation in BRAF (v-Raf
murine sarcoma viral oncogene homolog B) gene (V600E/K/D/R/M)
is a predictive biomarker in patients with advanced melanoma [9].
Biomarkers that enable the assessment of cancer progression, tumor
stage and malignancy status, likely disease course, and probability of
remission are referred to as prognostic biomarkers. These are helpful
in providing information regarding clinical outcome such as cancer
recurrence or its progression in future. Mutations within the genes
encoding glutathione S-transferases [glutathione S-transferase mu
1 (GSTM1), glutathione S-transferase theta 1 (GSTT1), glutathione
S-transferase pi 1 (GSTP1)] and a polymorphism within the gene
encoding prostate-specific antigen (PSA) are both predictive
biomarkers indicating increased risk of prostate cancer [10,11]. Until
recently, no biomarker was available for pembrolizumab treatment
in melanoma patients. Weide et al,, reported a prognostic model for
patients treated with pembrolizumab involving four baseline factors:
Serum lactate dehydrogenase (LDH) levels, relative lymphocyte
count, relative eosinophil count and visceral metastasis patterns [12].
However, this model needs to be validated in randomized controlled

trials of pembrolizumab to determine prognostic benefit value in
guiding treatment decisions. Additionally, diagnostic markers are used
to identify specific disease conditions in individual patients. Three
serum microRNAs, miR-720, miR-1308 and miR-1246, were found to
be potential diagnostic biomarkers in myeloma patients [13]. Increases
in lymphocyte and eosinophil counts in response to ipilimumab have
been found to be associated with improved survival in metastatic
melanoma patients [14].

Several labs are using genomic approaches to identify biomarkers
at the gene level and to define distinct molecular phenotypes associated
with different stages of melanoma progression. In this context, gene
expression signatures associated with melanoma progression from
nevus to primary melanoma to metastatic melanoma, have been
identified using microarray studies [15]. Also, uveal melanoma genomic
signatures have been profiled via karyotype analysis, fluorescence in
situ hybridization (FISH) and comparative genomic hybridization [16].

Genomic data is helpful in analyzing tumors with high resolution.
Areas of study include genome-wide DNA methylation patterns, gene
expression, single nucleotide polymorphisms (SNPs) and copy number
variations. Such approaches can be applied to both primary melanoma
tumors and to metastases to lymph nodes, brain and to other organs [17].

Despite the usefulness of genome profiling for molecular
biomarkers identification, there are several shortcomings associated
with this approach. The requirement for fresh specimens from
large numbers of patients may be prohibitive. In most cases of
melanoma, primary tumors are small and may not provide adequate
tissue amounts. Another obstacle to genomic approaches is that the
biomarkers are identified at the gene level only. However, functionality
depends on the hierarchical transition from gene to protein within each
cell (Figure 1). RNAs resulting from transcription may exist as several
splice variants resulting from alternate splicing, leading to different
isoforms of the same protein. Changes in any of these protein isoforms
could potentially serve as prognostic biomarkers for melanoma, but
these could be missed by genomic approaches. Additionally, proteins
often undergo post-translational modifications (PTMs) [18]. Aberrant
protein structure due to defects in PTMs, environmental or chemical
stress, protein degradation and defect in protein-protein interactions
could serve as hallmarks of tumor progression. However, these factors
can be overlooked by genomic profiling approaches. Despite these
shortcomings, genomics has some promise in understanding the
molecular basis of melanoma.
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Figure 1: The hierarchical transition from gene to protein within each cell.
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Utilizing the Power of the Proteome

Proteome analysis aims to uncover dynamics between genes and
environment and hence is uniquely poised for efficient biomarker
discovery. Under any disease conditions, proteins are most likely to
be affected and hence, can serve as excellent biomarker substrates. A
schematic of a representative proteome workflow is shown in Figure
2. Proteome studies have successfully identified biomarkers associated
with aberrant protein expression in tumor conditions [19,20]. With
new peptide/protein separation technologies, isotope labeling for
identification, and bioinformatic data analysis tools, proteomic studies
possess with higheraccuracy, sensitivity and resolution. Characterization
of a protein by analyzing peptides generated by proteolytic digestion is
termed bottom-up proteome analysis. Utilizing bottom-up analysis for
analyzing a complex mixture of proteins is termed shotgun proteomics
[21]. This approach is widely used for biomarker discovery associated
with different disease conditions due to its very high sensitivity and
precision. However, realistically it has got lot of limitations associated
with it. Peptic digestion results into generation of complex mixture
of peptides, making high-throughput screening difficult. Proteolytic
digestion, can miss various proteins that are not properly denatured,
can result into peptide fragments that are too short for detection, can
skip a cleavable site or can miss PTM resulting into inaccurate protein
quantification [22]. Another problem associated with this approach is
underrepresentation of membrane proteins due to their poor solubility
[23]. This resulted into decrease in depth and accuracy of proteome
analysis. Alternatively, top-down proteomics involves characterization
of intact proteins. It has potential advantages in PTMs and isoform
identification, however disadvantages include difficulties with protein
fractionation, ionization and fragmentation. Shotgun proteomics is
widely used for biomarker identification in numerous cancer types.

Enzyme-linked immunosorbent (ELISA) and

immunohistochemistry (IHC)

assay

ELISA is most common diagnostic tool and biochemistry assay that
involves the utilization of an antibody specific to a particular antigen.
The antigen specific antibody in turn is linked to an enzyme. Upon
addition of substrate for the enzyme, the reaction produces a detectable
signal, which is mostly a color change in substrate and is directly
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Figure 2: A schematic of a representative proteome workflow.

proportional to levels of antigen present in the sample. ELISA is most
reliable and sensitive method for protein quantification for the purpose
of clinical diagnostics. Immunohistochemistry (IHC) is another
antigen specific antibody based technique to detect antigens of interest
in cells of a tissue. It is capable of localizing proteins within a cell or
tissue howevers; it is unable to quantitate protein amounts and is more
of a visualization technique. Neither of the above mentioned techniques
are suitable for target discoveries due to low throughput requirements.
Mass spectrometry (MS) is a comparatively newer technique that
overcomes both of these limitations.

Mass spectrometric (MS) analysis

It combines protein identification with quantitative measurements
and is very useful in the development of new technologies. Trypsin
digested peptides, derived from different biological samples (e.g., tissue
or plasma-derived proteins) can be analyzed using different modes of
MS. Untargeted modes of MS can discover novel protein biomarker
candidates from tissues and biological fluids. A study conducted on
stage IV melanoma patients, utilized untargeted MS mode to identify the
association of alpha 1-acid glycoprotein precursor-1/2 (AAG-1/2) with
metastasis [24]. In contrast, a targeted mode enables to identify peptide
of interest in clinical samples. A version of targeted MS was specifically
developed to detect ng/ml range of plasma concentrations of pigment
intermediate 5-S-cysteinyldopain which is generally utilized for early
diagnosis, evaluation of treatment as well as malignant melanoma
progression [25]. MS is a great tool to analyze complex protein samples.
It has significantly augmented the reliability, reproducibility and
efficiency of proteomic studies. MS analysis typically comprises of an
ionization source, a mass analyzer and a detector. Various ionization
techniques such as electrospray ionization (ESI), matrix-assisted laser
desorption/ionization (MALDI) are commonly used techniques [26-
28]. Peptides are introduced to an ionization source where they are
ionized to gas phased charged particles and which are than separated
by a mass analyzer using magnetic fields based on their mass-to-
charge ratios (m/z). The beam of ions passing through the machine is
detected; signal is amplified and recorded as a mass spectrum. Mass
determination accuracy and resolution is further enhanced with a
combined quadrupole-time of flight (Q-TOF) mass analyzer. MS is able
to identify peptide fragments with high accuracy and specificity. Widely
used peptide fragmentation method are collision induced dissociation
(CID) and electron transfer dissociation (ETD) [29]. After obtaining
raw data, protein identification and quantification is achieved by
searching available databases utilizing various bio-analytical softwares.

Gel based proteomic analysis

2D-PAGE is the most conventional method of separating complex
protein mixtures. Proteins are subjected to two-dimensional gel
electrophoresis, which separates in one direction based on their
isoelectric point (pI) and in another direction based on their mass.
Following 2D-PAGE separation, proteins can be identified using
MALDI-MS or LC-MS. Gels are stained in order to visualize different
protein spots and are analyzed using 2D gel analysis software (14).
Increases in transthyretin (TIR) and angiotensinogen (AGT) with
decrease in expression of vitamin D binding protein (DBP) was
identified as potential biomarkers in cutaneous malignant melanoma
utilizing serum proteome map generated by 2D-PAGE [30]. Release of
alpha-N-acetylgalactosaminidase enzyme by cancer cells deglycosylates
DBP and hence interferes with DBP mediated immune cascade leading
to immunosuppression in melanoma patients. Enzymatic activity of
alpha-N-acetylgalactosaminidase enzyme was significantly increased
in stage III melanoma patients as compared to early stages suggesting
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that assessing the enzymatic activity of this enzyme may serve as a
non-invasive way of evaluating melanoma severity. Additionally, a
hypoxia-inducible promoter-adhE screened from hypoxia-regulated
endogenous proteins of Salmonella using 2D-PAGE has been used to
investigate anticancer efficacy of attenuated Salmonella typhimurium
VNP20009 (VNP) to deliver human endostatin in murine melanomas
and Lewis lung carcinoma models [31]. 2D-PAGE has also been used
to analyze protein lysates of A375 human malignant melanoma cells
with or without arbutin treatment and identified upregulation of 14-3-
3 protein gamma (14-3-3g), voltage-dependent anion-selective channel
protein 1 (VDAC-1) and tumor suppressor p53 and downregulation of
endoplasmin precursor (EMPL), alpha-enolase (ENOA), inosine-5'-
monophosphate dehydrogenase 2 (IMDH?2), peroxiredoxin-1 (PRDX1)
and vimentin (VIME) as potential biomarkers for suppression of
cancer development [32]. Recently, protein separation with 2D-PAGE
and expression analysis between primary melanoma and lymph node
metastasis, melanoma differentiation associated gene-9 (MDA-9)
and 78 kDa glucose-regulated protein (GRP78) have been identified
as potential diagnostic biomarkers for detection of early metastatic
melanoma [33]. However, a major shortcoming of 2D-PAGE is
variability and reproducibility. To increase reliability and sensitivity,
Alban et al., developed two dimensional difference gel electrophoresis
(2-D DIGE) [34]. This method involves the differential fluorescent
labeling of samples from diseased patients and healthy controls and
simultaneous resolution on the same gel. Resultant spots are compared
to a master gel of a pool of both samples, and differentially expressed
proteins are determined and processed for protein identification. Linge
et al., identified 14 differentially expressed proteins (PDIA3, VIM/
HEXA, SELENBP1, ENOI, CAPZA1, ERP29, TP11, PARK7 and
FABP3, EIF2S, PSMA3, RPSA, TUBB and TUBA1B) using 2-D DIGE
between uveal melanoma patients who subsequently did or did not
developed metastases [35]. Likewise, differential protein expression
profiles of parental mouse melanoma B16F10 and corresponding lung
metastasis by employing 2-D DIGE identified vimentin as potential
biomarker for predicting melanoma hematogenous metastasis [36].

Following gel separation, protein spots can be subjected to
trypsin digestion and analyzed by MALDI-ToF, yielding peptide
mass fingerprint. Alternatively, liquid chromatography tandem-mass
spectrometry (LC-MS/MS), can generate information regarding
peptide sequence. Using human primary uveal melanoma tumors,
molecular differences in metastatic verses non-metastatic tumors were
detected by employing LC-MS/MS technology and this resulted into
identification of collagen alpha-3(VI) and heat shock protein beta-1 as
candidate biomarkers for uveal melanoma metastasis [37]. Proteomic
analysis of melanoma cell lines and human melanocytes using
2D-PAGE and LC-MS/MS revealed 6 potential biomarkers (galectin-1,
inosine-5'-monophosphate dehydrogenase 2, serine/threonine-protein
phosphatase 2A 65 kDa regulatory subunit A a isoform, protein DJ-
1, cyclophilin A and cofilin-1) that were up regulated in melanoma
cell lines compared to melanocytes [38]. Additionally, a LC-MS-based
label-free method was utilized to identify changes in protein expression
levels of 120 proteins associated with melanoma metastasis compared
with primary melanomas [39]. Other mass spectrometric techniques
such as ESI-MS/MS can provide amino acid sequences of peptide
fragment from parent protein. One of the studies validated SPEC-LC-
ESI-MS/MS for determination of 5-S-cysteinyldopa, a human plasma
melanoma biomarker [40].

Label based proteomics

Labeling of proteins is helpful in quantification studies. Labeling
techniques can involve either chemical or metabolic labeling.

Chemical labeling is the simplest form of labeling. It involves
proteolytic digestion, which is performed in presence of heavy
water (H,'®O). Serine proteases can than incorporate heavy 'O
upon peptidic amide bond cleavage. This is not used very often due
to variability in exchange reaction efficiency amongst different
peptides [41]. Quantitative analysis of plasma membrane proteins
from hypoxia-adapted B16F10 murine melanoma using differential
1°0Q/*0 isotopic labeling and LC-MS, identified consistent increases
in transcriptomic and proteomic expression of aminopeptidase N
(CD13), carbonic anhydrase IX, potassium-transporting ATPase,
matrix metalloproteinase 9, and stromal cell derived factor-I (SDF-
1). Antibody-based analysis of a panel of human melanoma cell lines
subsequently confirmed consistent upregulation of CD13 and SDF-1
during hypoxia [42].

Isotope-coded affinity tags (ICAT) represent another labeling
technique to identify cysteine-containing proteins. It involves a cysteine
sulfhydryl reactive chemical group, an isotopically-coded linker and a
biotin tag for affinity purification. Cysteine-containing proteins are
isotopically labeled, pooled, proteolytically cleaved and subjected to
affinity purification using biotin-avidin affinity columns prior to MS
analysis. A weakness of this method, however, is that it can only be
applied to cysteine-containing proteins and lot of proteins lacks this
amino acid [43]. Differential profiling of breast cancers using the ICAT
labeling approach followed by tandem mass spectrometry enabled
identification of biotinidase as a breast cancer marker [44].

Another labeling approach known as Isotope coded protein label
(ICPL) is based on isotope labeling of all accessible amino acids present
within protein mixtures using different derivatives of deuterium under
reducing and alkylating conditions [45,46]. Coupling ICPL with in-
solution isoelectric fractionation and LC-MALDI-TOF/TOF has been
used to validate increases of HE4 and osteopontin as well as identification
of phosphatidylethanolamine binding protein 1 and cell adhesion molecule
1 as potential ovarian cancer biomarkers in urine samples [47].

Peptides can also be labeled with isobaric tags for relative and
absolute quantification (iTRAQ), which labels peptide N-termini and
e-amino group lysine side chains [48]. It can analyze up to four protein
samples simultaneously. Potential prognostic markers for stage III
melanoma were identified using iTRAQ in conjunction with 2DLC-
MS/MS to comprehensively profile lymph node metastases in stage
III patients with either good or poor survival [49]. iTRAQ was also
used to perform quantitative proteomic comparisons of patients with
or without metastatic uveal melanoma. This resulted in identification
of collagen alpha-3(VI) and heat shock protein beta-1 as candidate
biomarkers [37].

Tandem mass tag (TMT) is another MS/MS-based quantitative
method [50]. This technique involves cysteine-reactive reagents that
can selectively determine relative quantities of cysteine-containing
peptides from up to 6 specimens. Salivary proteome analysis using a
TMT approach to compare cancer patients to healthy controls was able
to identify biomarker signatures associated with gastric cancer [51].

In principle, combination of these techniques could be utilized for
the identification of novel melanoma biomarkers.

Metabolic labeling

Metabolic labeling methods are becoming more widely used in
melanoma proteomic studies [52]. Stable isotopic labeling with amino
acids in cell culture (SILAC) is one of the more common in vivo labeling
techniques. Cells are cultured in media with amino acids containing
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isotopes such as °N or *C, which gets taken up by the cells. It enables
to introduce fixed mass shift between labeled and unlabeled peptide
pairs by labeling of only specific amino acids such as lysine, arginine or
leucine. MS can then be used to analyze mass differences between heavy
and light cells [53]. Using this strategy, differential plasma membrane
protein expression has been shown to correlate with melanoma
metastatic potential. This study further identified CUB domain-
containing protein 1 (CDCP1) as one of the surface markers involved
in tumor metastasis [54].

In addition to SILAC, “N/“N labeling is another metabolic
labeling technique. Using this approach, whole cells can be labeled in
growth media. Label incorporation rates with N/"N are higher than
with SILAC. However, with this method all amino acids get labeled.
Therefore, the overall mass shift is protein sequence dependent [55].

Peptide fractionation techniques

A key for successful proteomic study is to increase proteome
coverage including low abundant proteins without modifying
protein/peptide samples. Protein fractionation enables the
resolution of the peptides either through one separation system or
using a multidimensional approach in order to increase proteome
coverage further.

Ion exchange chromatography (IEC): It is a technique with high
resolution and capacity. It performs peptide separation according to
electric charge. Cation-exchange chromatography (CX) relies on the
attraction of positively charged peptides to negative functional group
at low pH, whereas anion-exchange chromatography (AX) relies on
the attraction of negatively charged peptides to positive functional
groups at high pH. Peptides are initially separated according to charge,
and then resolved according to isoelectric point (pI) using a pH
gradient. Utilizing this fractionation method along with deep protein
sequencing, novel biomarkers associated with metastatic melanoma
could be identified from lymph node metastases [56].

Reverse phase chromatography (RP-LC) can be used to separate
neutral peptides according to their hydrophobicity. This widely used
liquid chromatographic method is dependent on partition coefficients
of the analyte between polar mobile phase and the non-polar stationary
phase. Various diagnostic and prognostic biomarkers have been
identified with RP-LC-based serum profiling of breast cancer patients
and healthy controls [57].

Another chromatographic technique known as two-dimensional
liquid chromatography (2D-LC). It involves orthogonal combination
of two individual chromatographic techniques. The purpose of this
multi-dimensional approach is to compensate for sample complexity
and improve resolution with maximum proteome coverage, For
example coupling of AX to RP, CX to RP or affinity chromatography
to RP and so on.

CyTOF

Analysis of intact proteins is relevant to translational studies.
This involves the areas related to bioassays that might advance
biomarker discovery related to melanoma progression and associated
signaling cascades. Immunological assays for testing various protein
modifications that takes place during disease progression for example,
phosphorylation of proteins, active proteases, protein ubiquitination,
nitration and several other protein modifications might be helpful in
novel biomarker discoveries. Single-cell mass cytometry or CyTOF
is a MS based flow cytometry technique. It utilizes antibodies tagged

with stable metal isotopes for cell staining, which are then analyzed
by a time of flight (TOF) mass spectrometer [58]. CyTOF allows close
to 100 mass detection channels on a single cell and due to absence of
most stable metal isotopes in biological samples, the background signal
is minimum with this approach. CyTOF platform might enhance and
accelerate cellular and functional biomarker discovery in different
diseases including melanoma.

Biomarker Discovery in Melanoma

High rates of metastasis make it difficult to treat melanoma and
result in poor prognosis, especially for patients with advanced disease.
Overcoming this challenge requires the design of more targeted
therapeutic approaches, which will need to utilize more precise staging
and disease characterization methods. Proteomics has emerged as an
essential tool to identify new biomarkers that can distinguish melanoma
subtypes [20], determine drug resistance status [59] and define stages
of melanoma progression [60]. Highly sensitive and specific biomarkers
are also key to understanding molecular mechanisms involved in
melanoma development and the acquisition of metastatic potential.

Serological Biomarkers

Serum analysis is cost effective and benefits from an easily accessible
sample source that can be obtained from large numbers of patients.
Serum analysis seeks to allow the detection of proteins that are secreted
by tumors into the bloodstream, which can then serve as biomarkers to
help detect the existence of cancer. Serum biomarkers have been shown
to possess physiological and pathological relevance to melanoma
progression status, and have helped advance our understanding of
melanoma onset, progression and response to therapeutics.

Serological biomarkers have been found particularly helpful in
determining prognosis in early-stage melanomas. The melanocyte
differentiation antigen S100 calcium-binding protein B (S100 beta)
and melanoma-inhibitory activity (MIA) are routinely used for early
detection of melanoma [61,62]. Both proteins correlate well with
tumor load. Damude et al.,, have reported an association of serum
S-100 beta levels with residual tumor load, and pre-operative levels of
S-100 beta were found to be a strong predictive factor for non-sentinel
nodes positivity in patients assigned to undergo complete lymph node
dissection [63].

In addition to serological levels, exosomal concentrations of MIA
and S100 beta were also found to correlate positively with melanoma
progression [64]. MIA and S-100 beta, along with osteopontin (OPN),
were also found to correlate with metastatic capabilities of uveal
melanomas [65]. Serological levels of the cell adhesion molecule
vitronectin and the antimicrobial protein dermcidin were shown to
correlate with metastatic progression of early stage melanomas [66].
Recently, a combination of serum biomarker 5 S-cysteinyldopa and
circulating melanoma cells (CMC) were used to detect melanoma
metastasis [67]. Additionally, an elevated serum level of melanocyte-
specific secreted glycoprotein (ME20-S) was associated with high tumor
burden and advanced disease [68]. Another marker that tracks well
with prognosis, tumor burden and disease progression in melanoma
patients is the ratio of serum L-dopa to serum L-tyrosine [69]. Ugurel
et al.,, found a positive correlation between serum angiogenic factors
vascular endothelial growth factor (VEGEF), basic fibroblast growth
factor (BFGF) and IL-8 with melanoma progression and survival [70].
Boyano et al.,, and Nemunaitis et al., documented the correlation of
IL-10 with poor survival and advanced disease in melanoma patients
[71,72]. LDH is another strong prognostic biomarker associated with
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advanced melanoma [73]. However, in another study, acute phase
C-reactive protein (CRP) has been suggested to be superior to LDH as
a serum marker for detection of stage IV melanoma [74]. In this study,
LDH failed to discriminate stage IV melanoma patients from stage I,
IT or III patients. However, CRP showed much more sensitivity and
specificity in diagnosing melanoma patients with stage IV entry. It was
suggested that excision of primary melanoma and CRP measurements
might allow early detection of metastasis.

More recently, a study by Lugowska et al., evaluated the clinical
utility of VEGE matrix metallopeptidases 2 and 9 (MMP-2 and MMP-
9), TIMP metallopeptidase inhibitor 1 (TIMP-1) and human cartilage
glycoprotein-39 (YKL-40). They found that high TIMP-1 serum levels
could predict poor prognosis. YKL-40 was found to be associated with
ulceration of primary melanoma tumors. No significant correlations for
VEGE MMP-2 or MMP-9 were detected in either early or late stage
melanoma [75].

Biomarkers have demonstrated much utility in determining
patient response likelihoods, which is critical to ensure proper design
of individual patient treatment plans. For example, ipilimumab has
achieved durable response rates in melanoma patients, but not all
patients respond to this therapy. A high frequency of myeloid-derived
suppressor cells (MDSCs) and high serum IL-6 levels, which are both
indicative of immune suppressive tumor environment, correlated with
ipilimumab treatment failure in stage IV melanoma patients [76]. By
analyzing NY-ESO-1 (a cancer/testis antigen) serum antibody levels in
ipilimumab-treated melanoma patients, it was shown that NY-ESO-1
seropositive patients had a greater likelihood of therapeutic benefit in
response to treatment. However, some NY-ESO-1 seropositive patients
failed to achieve clinical benefit in the absence of CD8 T cell responses [77].

Baseline serum levels of LDH were also found to be a predictor
of durable response to ipilimumab treatment in metastatic melanoma
[78]. Similarly, serum LDH levels in patients treated with anti-
PD-1 therapy correlated negatively with overall survival (OS) [79].
Low neutrophil levels in metastatic melanoma patients treated with
ipilimumab correlated with high OS [80]. Elevated chemokine (C-X-C
motif) ligand 11 (CXCL11) and soluble MHC class I polypeptide-
related chain A (sMICA) were associated with poor OS in patients with
metastatic melanoma post-ipilimumab treatment [81]. Serum levels of
soluble oncoprotein c-MET have also been shown to track well with
metastasis in uveal melanoma [82]. In general, serum based biomarkers
are really helpful in predicting the disease progression and response to
a therapeutic intervention.

Cell- or Tissue-based Biomarkers

Serum analysis is ideal for detecting protein biomarkers expressed
at levels sufficient for detection. However, detection of weakly
expressed proteins is not possible with current serological techniques.
Alternatively, cell culture and tissue specimen analysis can bypass this
limitation. Cancer cell lines can be used for initial investigation of
prognostic markers, since they are cost effective, gene manipulations
are easy with them, and they are helpful in mechanistic investigations.
Results obtained from these methods, however, must be validated
using patient samples in order to determine physiological significance.
The use of human tissues is preferred, due to its greater physiological
relevance; however, this can be challenging because of limited
availability. Another complication of using human tissue samples is
variability amongst samples obtained from different patients.

Qendro et al., have profiled the proteomes of different melanoma
cell lines from different stages of melanoma progression. They

reported nestin and vimentin as predictive biomarkers for melanoma
aggressiveness [20]. Using a genome-wide expression analysis of alymph
node metastasis-derived cell line and comparing it with a cerebrotropic
derivative, Jilaveanu et al., identified an association of pleckstrin
homology domain-containing family A member 5 (PLEKHAS5) with
CNS dissemination and homing [83].

Proteomic analyses have also been very useful in identifying
predictive markers for therapeutic resistance. In melanoma patients,
association of elevated levels of calcium binding protein S100A13
were observed in response to chemotherapy with dacarbazine and
temozolomide [84]. Nawarak et al., performed proteomic analysis
of A375 human malignant melanoma cells in response to arbutin
treatment. They observed upregulation of 14-3-3G, VDAC-1 and
p53. Reciprocally, ENPL, ENOA, IMDH2, PRDX1 and VIME were
downregulated. Altogether, these proteins were found to be involved in
suppression of carcinogenesis [32].

Liquid chromatography-multiple reaction monitoring mass
spectrometry (LC-MRM) was utilized to evaluate anti-tumor activity
of the HSP90 inhibitor XL888 against BRAF mutant melanoma both in
vivo and in vitro [85]. Mactier et al., identified signatures corresponding
to survival outcomes of advanced stage III melanoma patients. This
study identified 21 potential survival biomarkers involved in protein
metabolism, nucleic acid metabolism, angiogenesis, etc. Among the
various biomarkers identified, periostin, HSP90 Peta, poly ADP-ribose
polymerase were most promising [49].

Byrum et al,, conducted a large proteome study and identified 5
proteins [heterogeneous nuclear ribonucleoprotein L (HNRPL), ferritin
light chain (FTL), cytochrome c oxidase subunit 4 isoform 1 (COX411),
decorin (DCN), lumican (LUM)] that were differentially expressed
between primary and metastatic melanomas [86]. MINERVA/FAM129B
was identified as a target of phosphorylation by B-raf signaling using a
phosphoproteome approach in melanoma [87]. This is really helpful in
understanding the molecular mechanism(s) involved in B-raf mutation
in melanoma patients. Phosphoproteome analysis was also used to
profile the kinase landscape for resistance to B-raf inhibitor therapy
in melanoma. It was shown that after transitioning to a drug resistant
phenotype, abundance of phosphopeptides associated with cytoskeletal
regulation, protein kinase C, IGF signaling, GTP/GDP exchange and
melanoma maturation were divergent [88]. In another study using a
phosphoproteome approach, ROCK1, a serine/threonine kinase, was
identified as a potential drug target for BRAF mutant melanoma [89].

By applying proteomic analysis to melanoma exosomes, it was
shown that exosome protein composition correlates strongly with
tumor aggressiveness. Exosomes from aggressive cells were found
to contain proteins involved in motility, angiogenesis and immune
responsiveness, whereas proteins from less aggressive cells were less
abundant [90]. A study by Crabb et al., determined collagen alpha-
3(VI) and heat shock protein beta-1 as potential predictive biomarkers
for uveal melanoma metastasis [37].

Utilizing tissues from melanoma patients at different stages of tumor
progression, it was shown that melanogenesis associated transcription
factor (MITF) was expressed in all stages of tumor progression. Bcl-2
expression levels were found to be reduced with tumor progression. In
contrast to melanoma antigen recognized by T cells 1 (MART-1), which
showed no differential expression, human melanoma black 45 (HMB-
45), a antibody that reacts against antigen present in melanocytic
tumors, expresses higher in primary and metastatic melanomas as
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Author Year

Caputo et al. [38] 2011

Liu et al. [55] 2011

Martin et al. [40] 2011

Yuan et al. [78] 2011
Jones et al. [13] 2012
Linge et al. [35] 2012

Byrum et al. [87] 2013

Delyon et al. [14] 2013

Azimi et al. [85] 2014

Mactier S et al. [50] 2014

Qendroetal. [20] 2014

Rebecca et al. [86] 2014

Barisione et al. [83] 2015

Bande et al. [69] 2015

Crabb et al. [37] 2015

Guan et al. [33] 2015

Koguchi etal. [82] 2015

Lazar et al. [91] 2015

Lugowska et al. [76] [2015

Parker et al. [89] 2015

Valpione et al. [81] 2015

Welinder et al. [57] 2015

Sample Proteomic platform

Human melanoma cell

) 2D PAGE and LC-MS/MS
lines and melanocytes

Melanoma cells with high|SILAC, nanospray tandem mass
or low metastatic abilities spectrometry

Plasma SPE-LC-ESI-MS/MS

Serum ELISA

Serum/urine electrophoresis and
serum-free light chain detection,

Serum blood count and biochemical
profile, microarray

Melanoma tissue 2-D DIGE, MS, IHC

Melanoma Tissue LC-MS/MS

Serum Blood count

Frozen lymph node iTRAQ labeling, narrow-range |EF,

metastasis MS, Immunoblotting, IHC

Tissue iTRAQ, 2DLC-MS/MS, 2-D DIGE

Tissue, cell lines LC-MS/MS

Melanoma cell lines GeLC-MRM, flow cytometry

Serum, cell lines ELISA

Serum ELISA, biochemical assays

Metastatic and non-
metastatic uveal primary
melanoma tumors

Primary melanoma
tissue, metastatic lymph

iTRAQ, cation exchange
chromatography, LC- MS/MS

f 2DE, MS, IHC
node tissue, serum,
melanoma cell lines
Serum Multiplexed immunoassay, ELISA
Metastatic cell lines Nano-LC-MS/MS
Serum ELISA
Melanoma cell lines Isobaric labeling, LC-MS/MS
Serum Cytoflurometry

Cation exchange chromatography,
Lymph node metastases LC-MS/MS, Deep protein
sequencing

Finding regarding Biomarker associated with melanoma

Galectin-1, inosine-5'-monophosphate dehydrogenase 2, serine/threonine-
protein phosphatase 2A 65 kDa regulatory subunit A alpha isoform, protein
DJ-1, cyclophilin A and cofilin-1 were upregulated in melanoma cell lines
as compared to melanocytes

CDCP1 is differentially expressed transmembrane protein in tumors with
high metastasis

Plasma levels of melanoma biomarker MS5-S-cysteinyldopa was
determined

NY-ESO-1 seropositive patients with associated CD8* T cells experiences
significant survival advantage along with frequent clinical benefit than
those with undetectable CD8* T cells

microRNAs miR-720, miR-1308 and miR-1246 were found to have
potential as diagnostic biomarkers in myeloma

Increased expression of PDIA3, VIM/HEXA, SELENBP1, ENO1, CAPZA1,
ERP29, TPI1, PARK7, and FABP3 along with decreased expression
EIF2S, PSMA3, RPSA, TUBB and TUBA1B in metastasized uveal
melanomas compared to non-metastatic one

171 proteins were found to be varying in their expression levels among
benign nevi, primary melanoma, and metastatic melanoma suggesting
that molecular pathways involved with tumor cell proliferation, motility and
apoptosis are mis-regulated in melanoma

Higher lymphocyte and eosinophil counts at the time of the second
ipilimumab infusion appears well correlated with an improved OS

S100A13 was highly upregulated in non-responders to dacarbazine (DTIC)
or temozolomide (TMZ) chemotherapy in case of cutaneous malignant
melanoma

Poor prognosis in patients with increased expression of proteins involved in
protein metabolism, nucleic acid metabolism, angiogenesis, deregulation
of cellular energetics and methylation processes and decreased levels of
proteins involved in apoptosis and immune response

Higher levels of expression of nestin and vimentin correlated with
aggressiveness of melanoma

HSP90 inhibition was found to be associated with decreased expression of
multiple receptor tyrosine kinases, modules in the PI3K/AKT/mammalian target
of rapamycin pathway and MAPK/CDK4 signaling axis. vemurafenib resistance
resulted in inhibition of PI3K/AKT signaling in acquired BRAF mutant melanoma

Serum levels of sc-Met can sever as a novel biomarker candidate in
metastatic uveal melanoma as it was found to be significantly elevated in
uveal melanoma patients with metastasis compared to patients with non-
metastatic cancer

Elevated ME20-S serum levels were associated with tumor burden and
advanced stages of uveal melanoma

Collagen alpha-3 (VI) and heat shock protein beta-1 were identified as
candidate biomarkers of uveal melanoma metastasis

MDA-9 and GRP78 may serve as potential diagnostic biomarkers for early
detection of melanoma metastasis

Pretreatment levels of CXCL11 and sMICA may represent predictors of
survival benefit after ipilimumab treatment but not vaccine treatment as
higher baseline levels of these were found to be associated with poor OS
in melanoma patients with metastasis

Protein composition of melanoma exosomes depends on the cell's
aggressivity and exosomal contents influence the behavior of tumor cells
and their microenvironment

In melanoma patients at stages I-lll, the high serum concentrations of
TIMP-1 predicts adverse prognosis and YKL-40 was associated with
ulceration of primary tumor

The abundance of phosphopeptide sites associated with cytoskeletal
regulation, GTP/GDP exchange, protein kinase C, IGF signaling, and
melanosome maturation were highly divergent in response to resistance
to BRAF inhibitor therapy

Higher baseline LDH and neutrophils levels were associated with worse
prognosis in melanoma patients treated with ipilimumab

Build a metastatic melanoma protein sequence database by identifying
more than 5000 unique proteins involved in melanoma metastasis
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Alegre et al. [65] 2016 Serum ELISA
Bjoern et al. [77] 2016 Serum ELISA
Damude etal. [64] 2016  Sentinallymphnode
biopsy
Hida et al. [68] 2016 Serum Fluorophore conjugated antibodies
Kwek et al. [5] 2016 Serum ELISA
Ortega-martinez €t 516 serum ELISA, MS

al. [67]

Full blood count and biochemical

Weide et al. [12] 2016 Blood

profiling

Exosomal concentrations of MIA and S100B serve as prognostic and
diagnostic markers for melanoma

Malignant melanoma patients with increased absolute lymphocyte count
and T cell activation responded to ipilimumab treatment better. Higher
frequency of MDSCs along with high levels of IL6 reduced chance of
response to therapy

The preoperatively levels of S-100B is the strongest predictor for non-
sentinel nodes positivity in patients planning for subsequent lymph node
dissection

Circulating melanoma cells can complement the efficacy of 5-S-CD to
detect metastasis and hence they can serve as a prognostic marker
Lower levels of CD4" effector cells, high levels of PD-1 expressing CD8*
cells correlated with melanoma control

Expression levels of vitronectin and dermcidin were found to be associated
with the metastatic progression in patients with early-stage melanoma
High relative eosinophil and lymphocyte count, low LDH and absence of
metastasis other than soft-tissue/lung related to high OS

Table 1: Melanoma biomarkers predicted using proteomics approach.

compared to nevi. C-Kit, on the other hand, was found to increase upon
tumor progression from nevus to primary lesion, but decrease upon the
acquisition of metastatic potential [91].

Melanoma tissue lysates were used to identify miR10b as a novel
prognostic microRNA for melanoma progression. Expression profiling
of miR10b showed a trend towards increased expression between
primary melanomas and their corresponding metastatic tumors [92].
Sengupta et al. have reported some of the findings regarding melanoma
biomarkers with emphasis on different proteomic techniques used and
findings from those studies [93]. However, we included a table (Table 1)
that compiles up recent proteomic studies that have identified various
melanoma specific biomarkers.

Future Perspective and Concluding Remarks

Proteome analysis has emerged as a powerful tool for analyzing
highly complex samples from melanoma patients. It has played an
important role in the identification of numerous biomarkers associated
with early disease prognosis, progression, metastasis, therapeutic
efficacy, resistance mechanisms, and treatment-related toxicities.
There is a pressing need for definitive biomarkers to allow for proper
staging of melanoma lesions. The use of proteomics has gained
momentum due to its sensitivity, accuracy, speed, and throughput,
as well as the development of powerful analytical tools and software
available. To date, however, LDH is the only biomarker used clinically.
Reproducibility of proteomic studies remains a concern, and thus
validation of biomarker identification necessitates investigation of large
patient cohorts. Additionally, many candidate biomarkers discovered
might turn out not to be directly related to tumor biology. A limitation
in serum detection thresholds also remains a hurdle; however, more
sensitive and sophisticated protein quantification techniques capable of
detecting femtomolar concentrations of protein are being developed.
Advances in proteomic studies on the horizon will contribute to a better
understanding of drug mechanism of action in response to various
therapies [94]. This understanding could eventually help guide the
design of the next generation cancer therapeutics, as well as play an
important role in implementing personalized medicine approaches.
The discovery and utilization of biomarkers will inevitably help shape
the future of melanoma diagnosis and treatment, and proteomic
analysis will play an essential part in achieving this goal.
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