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Abstract

Recently developed proteomic technologies allow to profile thousands of proteins within a high-throughput approach
towards biomarker discovery, although results are not as satisfactory as expected. In the present study we demonstrate that
serum proteome denaturation is a key underestimated feature; in fact, a new differential denaturation protocol better
discriminates serum proteins according to their electrophoretic mobility as compared to single-denaturation protocols. Sixty
nine different denaturation treatments were tested and the 3 most discriminating ones were selected (TRIDENT analysis)
and applied to human sera, showing a significant improvement of serum protein discrimination as confirmed by MALDI-
TOF/MS and LC-MS/MS identification, depending on the type of denaturation applied. Thereafter sera from mice and
patients carrying cutaneous melanoma were analyzed through TRIDENT. Nine and 8 protein bands were found differentially
expressed in mice and human melanoma sera, compared to healthy controls (p<<0.05); three of them were found, for the
first time, significantly modulated: a2macroglobulin (down-regulated in melanoma, p<0.001), Apolipoprotein-E and
Apolipoprotein-A1 (both up-regulated in melanoma, p<<0.04), both in mice and humans. The modulation was confirmed by
immunological methods. Other less abundant proteins (e.g. gelsolin) were found significantly modulated (p<<0.05). Con-
clusions: i) serum proteome contains a large amount of information, still neglected, related to proteins folding; ii) a careful
serum denaturation may significantly improve analytical procedures involving complex protein mixtures; iii) serum
differential denaturation protocol highlights interesting proteomic differences between cancer and healthy sera.
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Introduction may represent a reaction of the microenvironment surrounding
the pathologic tissue itself. Therefore, analysis of serum/plasmatic
proteome may be a key step to study the pathogenetic mechanisms
or to achieve early diagnosis of many human diseases, including

serum it is possible to find secretory proteins, immunoglobulins, cancer. Unfortunately, despite the relevant effort spent in the past
hormones and peptides acting as long-distance signals, cytokines

and short-distance signals, products of cell or tissue damage as

Proteins released in the blood-stream reflect the complex
network of functions acting within the tissues. In plasma and

years, sensitive and reproducible biomarkers for early diagnosis or
pre-screening analysis are still lacking for many cancer types and

consequence of apoptotic or necrotic processes including nucleic biomarkers discovery from blood samples is still considered a big
acids, aberrant secretory products, like the ones released under disappointment [2]. Serum proteome collected and characterized
pathologic conditions, products of non-human origin, like proteins under standardized protocols contains a huge amount of
from bacteria, parasites or other micro-organisms, either patho- molecules. Further, it was suggested that many potentially useful
gens or not [1]. Given its circulatory nature, the blood-stream is cancer biomarkers are presenf in traces, below the detection level
therefore an important sources of information regarding the or still unrecognized [3]. This makes serum biomarkers discovery a
function of peripheral district under either normal or pathologic challenging field and a hard task, despite the current improvement
conditions. It is noteworthy that proteins and peptides released in of analytical techniques. One difficulty comes from the large

blood-stream may be directly produced by the pathologic tissue or concentration range existing between the most abundant and the
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less abundant proteins in serum, encompassing at least 9 orders of
magnitude. Moreover, the most represented proteins (e.g. albu-
min, haptoglobin, microglobulin, transferrin, immunoglubulins
and a few others) account for more than 90% of the total serum
proteome and impair the analysis of the remaining 10%. To
overcome such problem, depletion or equalizing approaches are
usually implemented in order to remove the most abundant
proteins and to un-reveal the less abundant proteins often present
at concentrations lower than 10 ng/ml [4-6]. On the other hand,
abundant proteins often carry smaller molecules, therefore the
“depletion approach” might remove (totally or in part) the carried
signals, altering the actual concentration detected in the blood
samples [5,6]. Furthermore, it was recently reported that different
protocols to capture low-abundance proteins may have signifi-
cantly different efficiencies [7]. Therefore, the practice of serum
depletion prior to carry on proteomic analysis is still a
controversial issue [6]. An additional weakness of the existing
protocols involving electrophoretic sera analysis is related to the
intrinsic features of serum proteins and other serum components
which make difficult to achieve a complete and reproducible
serum protein denaturation. Further, individual serum differences
may sum to the reproducibility issues of 2D analysis, making it
difficult to compare sera derived from large groups of patients
[8,9]. To overcome the limitations of 2D electrophoresis, many
authors follow alternative approaches generally based on gel-free
systems, although in most cases the complexity of the developed
strategies still makes not easy the analysis of large number of sera.
On the other hand, mono-dimensional (1D) electrophoresis, while
less informative than 2D-electrophoresis, allows the simultaneous
separation of more samples. Therefore, one aim of this study was
to compare the proteins detected within the serum proteome
under different conditions and to identify the optimal denaturation
procedures useful for further serum proteome analysis. In the
present study a novel procedure was developed, by investigating
many different solubilisation/denaturation procedures consisting
of different combinations of chemical or physical factors to
improve the electrophoretic separation. The type of denaturing
agent was selected taking into account the main factors able to
improve the solubility and the solvent accessibility of proteins,
namely hydrophobicity, ionic strength, temperature and ultra-
sounds (shock waves). Each denaturation agent was tested alone or
in combination with others in different protocols at increasing
concentrations or time-length, with the aim to achieve the optimal
protein detection. The developed procedure therefore analyzes
serum proteins according to their ability to be resolved by different
denaturation protocols. To test the efficacy of this approach, 3
differently denaturing protocols were selected to treat a human
serum, consisting of a pool of human sera, and a commercial
bovine serum, subsequently analyzed by SDS-PAGE and mass
spectrometry. The analysis indicates that serum reveals different
protein bands according to different denaturation protocols (we
refer to this feature as different “‘denaturability” of the serum). To
verify this intriguing finding, the developed differential denatur-
ation protocol (called TRIDENT since consisting of 3 different
denaturation treatments) was applied to sera from a murine model
of cutaneous melanoma and human sera from patients affected by
early non-metastatic cutaneous melanoma and their proteomes
were compared to control murine or normal human sera. Nine
and 8 proteins were found differentially expressed (p<<0.05) in
mice and humans melanoma sera, respectively, compared to the
corresponding controls and, 3 of them were found similarly
modulated both in the mouse and in human cancer subjects.
These data indicate that serum denaturation, an essential step for
proteome studies and identification, requires further specific
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investigation to optimize protein discrimination and identification
in complex mixtures such as serum/plasma.

Materials and Methods

Electrophoresis

Slab gels (2.4-15% continuous acrylamide-bisacrylamide gra-
dient vertical gels, manually poured into 16x18 cm, thickness
1.5 mm, 15 wells) were generated with a gradient maker (Model
385, Bio-Rad, Hercules, CA) and run with the SE 600 Ruby
Apparatus (Hoefer, Inc. Holliston, MA), using fresh solutions,
according to standard protocols. The final concentration of the gel
reagents used were the following: acrylamide-bisacrylamide 3
0.08%, 125 mM Tris-HCl pH 8.8, 0.1% SDS (w/v), 0.1%
ammonium persulphate (w/v), 0.07% TEMED (v/v) in the
stacking gel and 600 mM Tris-HCI pH 6.8, 0.078% SDS (w/v),
0.045% ammonium persulphate (w/v), 0.047% TEMED (v/v) in
the resolving gradient gel. To avoid any exogenous protein
contamination, all procedures involving gel pouring, polymeriza-
tion and handling were performed in a sterile class 2 cabinet. The
sample buffer solution used was defined ‘“high stringency sample
buffer” (HSSB) containing, as final concentration, 44 mM tris-
HCl pH 6.8, 2% SDS (w/v), 10% glycerol (v/v), 5% 2-B-
mercaptoethanol (v/v) and 0.0125% bromophenol blue (w/v); it
was prepared as 2 X stock solution. In these gels, 120 ug of total
proteins were loaded per lane. All samples pre-treated with any of
the tested protocols were subjected, immediately before the
electrophoretic run, to the following denaturation, as follows: a
2x HSSB was mixed to each sample in 1:1 ratio, then solution was
heated for 7 min in a thermoblock pre-heated at 95°C (Thermo-
mixer Compact by Eppendorf, Hamburg, DE), then immediately
placed on ice. Electrophoretic running conditions were: 60 min at
100 Volt constant followed by 220 min at 160 Volt constant (at
15°C under thermostatic control). At the end of the run the whole
gel, including the stacking portion, was handled. For some
comparative experiments, 25 ug of proteins of the same serum
samples were loaded both into Precast Gradient Gels (NuPAGE
Novex Bis-Tris, gradient gel, 8x8 cm, thickness 1 mm, from
Invitrogen, Carlsbad, CA: running conditions were according to
the manufacturer’s instructions) and into manually poured
gradient gels of the same size (run in vertical electrophoretic
chambers from Hoefer). The protein bands were detected in the
gels by silver staining protocol as previously described by
Shevchenko [10], with the following modifications: time of soaking
of the gel in 0.1% AgNOs3 was 30 min; developer solution was
prepared in the dark, using sodium carbonate dissolved immedi-
ately before starting the staining procedure and fresh solution of
DTT; all steps were carried out at room temperature (20°C);
development was stopped by adding 1:1 volume of 10% citric acid.
In some experiments, gels were also stained by Coomassie blue G
250 and R-250 (Bio-Rad). Acrylamide, bisacrylamide and 2-B-
mercaptoethanol were from ICN Biomedicals (Irvine, CA);
AgNO;3; was from Merck Eurolab (Lutterworth, Leicestershire,
UK). All other chemicals and reagents used, analytical grade, were
from Sigma-Aldrich (St. Louis, MO). The three denaturation
protocols were applied simultaneously to both control and
melanoma sera, to ensure that healthy and cancer sera were
subjected to the same protocol.

Densitometric analysis

Bands densitometry was carried out using the Quantity One
Software (Bio-Rad); the stained gels were scanned using a
ChemiDoc apparatus (Bio-Rad) equipped with a high resolution
digital camera and the photos were saved as file pictures (TIIF
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format). Bands expression was evaluated as normalized optical
density and only protein bands with a mean density significantly
higher or lower than corresponding controls (p<<0.05) were
considered differentially expressed.

Serum pre-treatments: TRIDENT Protocol

FBS (Foetal bovine Serum, from Sigma Aldrich) aliquots and a
pool of human sera (from 28 healthy individuals) were subjected to
69 different chemical or physical pre-treatments (PT) to achieve
different denaturation, before electrophoretic fractionation. The
69 denaturation treatments are described and summarized in
Table S1. They consisted of treatments with salts (0.5 to 5 M NaCl
and ammonium bicarbonate), high temperature (37°C heating,
100°C boiling or cycles of freeze and thaw for different time length
and/or several times), ultrafiltration with different cut-off (3, 10,
30 kDa, Centricon Centrifuge Filters from Millipore, Billerica,
MA), sonication for increasing time length, detergents (1 or 2% of
Nonidet 40, TritonX100, Tween 20, SDS) and reducing agents (2-
Bmercaptoethanol, or ((-)-1,4-Dithio-L-threitol, DTT), minimum
95%, Sigma Aldrich). Each pre-treatment was tested alone or in
combination with others. Sodium chloride and ammonium
bicarbonate were from Carlo Erba (Milano, IT). All other
chemicals used were from Sigma Aldrich.

Both human and bovine serum samples were analyzed by
gradient SDS-PAGE and the two denaturation pre-treatments
able to resolve the highest number of protein bands were selected,
namely PT-14 and PT-64. These denaturation pre-treatments
were thereafter compared to a “reference denaturation” treat-
ment, the PT-1, similar to the Laemmli protocol, in order to
further highlight any differential electrophoretic mobility of
proteins due to the different denaturation achieved with the three
different protocols. Differentially denatured serum was therefore
subjected to gradient SDS-PAGE analysis and the obtained
electrophoretic profiles were depicted in 3 different lanes,
corresponding to 3 different pre-treatments: reference/PT-1,
PT-14 and PT-64 and thereafter, to simplify, such denaturation
treatments were called denaturation 1 (DENTT), denaturation 2
(DENT?2) and denaturation 3 (DENT3), respectively. Such
electrophoretic analysis was therefore called TRIDENT-SDS-
PAGE. Gels were stained by Coomassie blue (R-250 and G-250)
or silver nitrate protocols. Silver staining procedure was faster and
more sensitive than the Coomassie blue, although less suitable for
a precise protein band quantification, therefore silver staining
protocol was chosen for the analytical process and then
immunological methods were used for validation and more
accurate quantification. Stained gels were photographed by a
digital camera for densitometric quantification.

Comparison of DENT1, DENT2 and DENT3 protocols

The portion of the gradient gel higher than 98 kDa was then cut
and the proteins present in DENT1, DENT2 and DENT3 lanes
were identified by LC-MS/MS.

Identification of differentially expressed proteins

Each protein DENT1, DENT2 and DENT3 band from the
whole gradient gel was measured both in control and melanoma
sera. Then densitometric values from DENT1 melanoma bands
were compared to values corresponding to DENT1 healthy bands.
The same was carried out for DENT2 melanoma vs DENT?2
healthy and DENT3 melanoma vs DENT3 healthy protein bands.
The bands significantly (p<<0.05) up- or down-regulated in
melanoma vs control sera in at least one of the 3 denaturation
treatments were considered of interest, therefore they were cut,
digested and subsequently analyzed by MALDI-TOF/MS. The
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identification of such differentially expressed proteins was further
confirmed by LC-MS/MS analysis and validated by immunolog-
ical methods (see below). Protein normalization was achieved by
loading equal amount of total proteins (by Bradford assay, Bio-
Rad) and checked by densitometric comparison with immuno-
globulin light chain band. When denaturation methods induced
some protein aggregation, samples were re-suspended by passing it
through a narrow needle (26 gauge) before loading onto the gel.

Human sera for electrophoretic studies

Human sera were obtained by peripheral vein puncture under
full institutional review board approval and patient consent
according to standard clinical protocols. For setting up experi-
ments, the pool of healthy human sera was generated by mixing
2ml of each individual serum from 28 different healthy
individuals, consisting of 14 male and 14 female, with age ranging
between 25 and 65 years. Mean age was 42.8%13.2 for male
individuals and 44.9%15.9 for female individuals. The hemato-
clinical parameters (including glycemia, liver/kidney functionality
tests, coagulation and lipidemic assays) for each individual were
evaluated and only sera showing values within the physiological
range were included. For experiments with individual human
samples, sera of 10 melanoma patients (5 males and 5 females),
with reported diagnosis of cutaneous melanoma at early or non-
metastatic stages (I-IIIB stages according to AJCC (NCCN
Clinical Practice Guidelines in Oncology, Melanoma, V.2.2010,
www.nccn.org) were compared to those from 10 healthy subjects
(5 males and 5 females within the same age range) different from
those selected to prepare the pool of healthy human sera.

Cell culture

B16-F10 mouse melanoma cells were provided by ATCC
(ATTC Number: CRL-6475). Cells were maintained in Dulbec-
co’s modified Eagle’s medium (DMEM, Gibco BRL, Paisley, UK)
in the presence of 10% heat-inactivated calf serum (Gibco). B16-
F10 cells were cultured in a COy incubator (5% CO,, 37°C) in
plastic culture flasks and cell extracts were prepared as described
[11]. Cells were detached by trypsin/ EDTA harvesting and viable
cells were identified by trypan blue exclusion and counted with a
hemocytometer, afterward the number of cells to be injected in
mice was re-suspended in PBS (2x10° cells/100 pl), as previously
described [12].

Murine model of melanoma

An in vivo mouse primary melanoma growth assay was carried
out as previously reported with modifications, according to an
accepted animal-study protocol [13]. Six adult male C57BL/6
mice (Jackson Laboratories, Bar Harbor, ME) received 2.5x10°
B16-F10 cells dissolved in 100 ul of PBS by subcutaneous injection
in the dorsal skinfold. As controls, 6 male mice were injected with
PBS: the experiment was repeated 4 times, for a total of 24 mice
injected with melanoma cells and 24 with PBS. Eight days after
melanoma cell injection, 50-100 ul of blood were collected by tail
vein puncture from each control and melanoma injected mouse.
Then blood samples were kept for 2 h at room temperature to
allow coagulation, and the serum was obtained by centrifugation
then divided into aliquots and stored at —80°C. Three weeks after
melanoma cell injections, tumours were removed surgically,
weighted, fixed in formalin 4% for 48 h and embedded in paraffin.

Mice were anaesthetized by an intraperitoneal injection of
ketamine-xylazine (ketamine 80-100 mg/kg and 5-10 mg/kg
xylazine). Mice were sacrificed by cervical dislocation.
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Ethics Statements

For the experiments conducted with sera from patients and
healthy subjects, each patient gave informed written consent, the
sera were obtained by peripheral vein puncture and data were
thereafter analyzed anonymously. Sera and data were collected
according to the protocol approved by IDI-IRCCS Ethics
Committee  (http://www.idi.it/ comitato-etico.aspx)  entitled:
“Costruzione di banche sieriche, informatizzazione dei dati ed
analisi proteomica” (Reg. N. 2005; 154).

Regarding the experiments involving the use of animals, the
experimental procedures were performed as described in the
protocol deposited according to Decreto Legislativo 116/92 at the
review board of Universita Cattolica del Sacro Cuore, Roma,
approved with the identification number A39B. Therefore all of
the protocols used were approved by the Institutional Animal Care
and Use Committee at Universita Cattolica del Sacro Cuore,
Roma. All mice were fed unrestricted with standard normal rodent
chow and all efforts were made to minimize suffering.

Mass spectrometry analysis

MALDI-TOF/MS analysis. In order to perform protein
identification, bands differentially expressed were excised from
gels, reduced with DTT 10 mM ((-)-1,4-Dithio-L-threitol mini-
mum 95%, Sigma Aldrich) for 45 min at 56°C, alkylated with
55 mM iodoacetamide (Sigma Ultra, Sigma Aldrich) at room
temperature in the dark and digested with 0.1 mg/ml trypsin
sequencing grade from bovine pancreas (Roche Applied Science,
Indianapolis, IN) in 25 mM ammonium bicarbonate (Sigma
Aldrich) overnight at 37°C. One microliter of the supernatant
was loaded on a 96 wells plate (Applied Biosystem, Life
Technologies Corporation, Carlsbad, CA) and analyzed by
MALDI- time of flight mass spectrometer (TOF/MS) (MALDI-
TOF Voyager-DE STR, Applied Biosystems) after crystallization
with o-cyano-4-hydroxycinnamic acid as matrix. Instrument
calibration was carried out as described [14]. When necessary,
tryptic peptides were desalted by pCl8 Zip Tip (Millipore).
Spectra were analyzed by Data Explorer TM (Data Explorer
Version 4.0.0.0 Copyright© 1997-2000, Applied Biosystem) and
Moverz software (m/z - Knexus edition Copyright© 1998-2001
Proteometrics, LLC, New York, NY). Proteins were unambigu-
ously identified by searching a comprehensive non-redundant
protein database (human and mouse, NCBI) through MASCOT
algorithm (Matrix Science, Peptide Mass Fingerprint). Only
protein identifications by mass fingerprinting with score >64
(i.e. p<0.05) were considered significant. Data mass accuracy was
50 ppm, fully tryptic cleavage constraints with the possibility to
have one miss cleavage were permitted, and expected modifica-
tions were static carbamidomethylation on cysteine residues and
methionine oxidation.

LC-MS/MS analysis. Peptide mixtures were analyzed by
nanoflow reversed-phase liquid chromatography tandem mass
spectrometry (RP-LC-MS/MS) using an HPLC Ultimate 3000
(DIONEX, Sunnyvale, CA) connected on line with a linear Ion
Trap (LTQ, ThermoElectron, San Jose, CA). Peptides were
desalted in a trap column (Acclaim PepMap 100 C18, LC
Packings, DIONEX) and then separated in a reverse phase
column, a 10 cm long fused silica capillary (Silica Tips FS 360-75-
8, New Objective, Woburn, MA), slurry-packed in-house with
5 um, 200 A pore size CG18 resin (Michrom BioResources, CA).
Peptides were eluted using a linear gradient from 96% A (H,O
with 5% acetonitrile and 0.1% formic acid) to 50%B (acetonitrile
with 5% HyO and 0.1% formic acid) in 44 min, at 300 nl/min
flow rate. Analyses were performed in positive ion mode and the
HV Potential was set up around 1.7-1.8 kV. Full MS spectra
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ranging from m/z 400 to 2000 Da were acquired in the LTQ
mass spectrometer operating in a data-dependent mode in which
each full MS scan was followed by five MS/MS scans where the
five most abundant molecular ions were dynamically selected and
fragmented by collision-induced dissociation (CID) using a 35%
normalized collision energy. Target ions already fragmented were
dynamically excluded for 30s. Tandem mass spectra were
matched against SWISSPRO'T database and through SEQUEST
algorithm [15] incorporated in Bioworks software (version 3.3,
Thermo Electron) using fully tryptic cleavage constraints with only
one miss-cleavage allowed, static carbamidomethylation on
cysteine residues and methionine oxidation as variable modifica-
tion. Data were searched with 1.5 Da and 1 Da tolerance
respectively for precursor and fragment ions. A peptide was
considered legitimately identified when it achieved cross correla-
tion scores of 1.5 for [M+H]1+, 2.0 for [M+2H]2+, 2.5 for
[M+3H]3+, and a peptide probability cut-off' for randomized
identification of p<<0.001.

Validation by immunological methods

In Western Blot (WB) analyses, human sera from healthy and
melanoma individuals were treated with TRIDENT protocol and
fractionated electrophoretically on gradient gel: 120 pg of serum
proteins per lane were loaded in the gel then blotted onto
nitrocellulose membrane (Amersham Biosciences, Uppsala, SE).
After blocking for 1 h with 5% milk/PBS (low fatty acid milk
powder from Sigma Aldrich solubilised in PBS without calcium
and magnesium, PBS ™, pH 7.2), the membrane was incubated for
75 min with a goat primary antibody (diluted 1:1000 in 2% milk/
PBS) against human a2MG (Sigma Aldrich). The membrane was
then washed 3 times for 7 min each with 0.1% Tween 20-PBS (T-
PBS), incubated for 1 h with secondary antibody (anti-goat HRP
from Santa Cruz Biotechnology Inc., Santa Cruz, CA, diluted
1:10000 in 2% milk/PBS) and washed again as before. Finally, the
immunoreactions were visualized by ECL reagents (Amersham
Biosciences). All WB experiments were repeated at least 3 times.
Protein loading was checked by Ponceau Red (Bio-Rad) staining of
membranes before blocking.

In dot blot analyses, human sera from 10 healthy and 10
melanoma individuals were loaded onto nitrocellulose membrane
(50 pg of proteins for each spot, repeated in duplicate). All
melanoma patients were selected at early, non-metastatic stage.
After blocking for 30 min with 5% milk/PBS, the membrane was
incubated for 1 h with rabbit primary antibodies (1:1000 in 2%
milk/PBS)

against human o2MG, human Apo E or Apo Al (Abcam,
Cambridge, UK). Then, the membrane was washed 3 times with
0.1% T-PBS and incubated for 1 h with secondary antibody as for
the WB experiments. The signal was visualized with ECL method
according to the manufacturer’s instructions. All dot blot
experiments were repeated at least 3 times. Protein loading was
checked by Ponceau Red staining of membranes before blocking.

Bioinformatic analysis of TRIDENT analyzed versus
2DPAGE analyzed sera

Serum proteins identified by TRIDENT followed by LC-MS/
MS analysis were compared to the results obtained by 2D-PAGE
analyses of sera reported in the World-Wide 2D Gel-based
Proteomics Databases (Expasy World-2DPAGE Portal, a dynamic
Portal to query simultaneously World-Wide 2D Gel-based
Proteomics Databases: http://world-2dpage.expasy.org/portal)
and to the results reported in literature (PubMed).
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Statistical analysis

The results were expressed as mean * standard error of the
mean. Student’s two tails t-test was carried out and P values<<0.05
were considered significant.

Results

Human pool sera electrophoretic analysis

A preliminary study was first carried out to investigate the SDS-
PAGE analysis of serum proteins using a pool of human sera from
28 healthy individuals and a commercial bovine serum (see
Methods). Serum was used as whole, i.e. without any depletion
step. Sixty-nine different chemical and physical denaturing pre-
treatments (see Table S1) were carried out on the pooled sera and
SDS-PAGE analysis was performed. The 3 DENaturation
Treatments (T'RIDENT) showing the highest band discrimination
power and sensitivity were then selected. A schematic diagram
showing the whole procedure is summarized (Figure 1). The pre-
treatment 1 (PT-1) protocol, corresponding to 1:1 dilution with
distilled water followed by denaturation according to standard
Laemmli procedure, was considered a “reference” and thereafter
identified as “DENT1”. Two additional denaturation treatments
showing the highest protein bands discrimination power in SDS-
PAGE were the PT-14 and PT-64, as described in Table S1, and
were then identified as DENT2 and DENT3 (Figure 2). Data
shown in IFigure 2 indicate that a markedly different protein
pattern is detectable by gradient SDS-PAGE in identical serum
samples undergoing different DENTs. In fact, in many cases
different denaturation pre-treatments lead to different, reproduc-
ible, electrophoretic patterns (see asterisks in Figure 2). In order to
compare the pattern of separated proteins with the known serum
proteome, the proteins separated by DENT1 were excised and
subjected to MALDI-TOF/MS identification. Figures 2A and 2B
show the protein bands reproducibly identified by SDS-PAGE
under conventional denaturation (DENT1) followed by MALDI-
TOF/MS, compared to the serum protein pattern known from the
literature. [16-20]. When human serum was subjected to
additional denaturation pre-treatments, a different electrophoretic
pattern was reproducibly observed. In Figure 2C only a few
representative pre-treatments selected from the 69 tested are
shown, and protein bands differently detected among these lanes,
compared to the reference DENTI, are marked by asterisks.
Table 1 summarizes the number of total protein bands discrim-
inated through 3 different DENTS selected as above mentioned,
on the same serum and demonstrates that TRIDENT protocol
may significantly improve the SDS-PAGE separation of whole
undepleted serum proteins. In fact, by using a silver staining
protocol to visualize the proteins, 17 additional bands are
detectable with DENT2 and 23 additional bands are detectable
with DENT3, when compared to DENT1. Therefore, while the
single denaturation treatment (DENT1) was able to discriminate
36 different serum protein bands (black arrows in Figure 2D), the
TRIDENT protocol detected an additional set of at least 40
protein bands in the same serum sample (blue and red arrows in
Figure 2D). The protein sensitivity of the detection method was
estimated to be lower than 5 ng/band. Table 2 reports a list of
some proteins detected by TRIDENT protocol and identified by
MALDI-TOF/MS. It is noteworthy that TRIDENT-SDS-PAGE
was able to reveal some proteins in human serum, namely H2
MHC-I antigen, the IGHG1 protein and Q10 a-chain, which are
undetectable or extremely difficult to be identified in serum
fractionated with conventional procedure followed by MALDI-
TOF/MS analysis [21,22].
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Optimization of TRIDENT protocol and LC-MS/MS
analysis

In order to select the most effective polyacrylamide gradient
according to the resolution power of our electrophoretic protocols,
we fractionated human pooled sera proteins, pre-treated according
to the TRIDENT protocol, on 8x8 cm manually generated
gradient gels (2.4-12%, 2.4-15%, 4-12%, 4-15%). In these
experiments, the most sensitive electrophoretic separation was
achieved by using 2.4-15% acrylamide-bisacrylamide continuous
gradient gel. A representative SDS-PAGE of human serum is
reported (Figures 3A and 3B). The protein band resolution,
evaluated as the number of protein bands detectable on the gel, is
summarized in Table 3, showing that DENTI1, DENT2 and
DENT3 protocols achieve quantitatively (Table 3) and qualita-
tively (Figures 2 and 3) different results. The differences between
DENTI1, DENT2 and DENT3 were detectable by silver and
Coomassie blue G-250 staining (Figure 3). To confirm the
improved protein pattern resolved by the TRIDENT protocol,
sera from healthy mice and from healthy humans were analyzed
and bands were cut and subjected to MALDI-TOF/MS and LC-
MS/MS for protein identification (Figures 3D and 3E, respec-
tively, and Tables 4, 5 and 6). The higher protein discrimination of
DENT?2 and DENT3 compared to DENT'1 was further confirmed
by LC-MS/MS analysis of the bands migrated at >98 kDa
molecular weight. In this small portion of gel, LC-MS/MS
identified 27 different proteins in DENT1 treated lanes, 47
different proteins in DENT2 treated lanes and 43 different
proteins in DENT3 treated lanes and results from our analyses
were compared to protein bands database reported at the Expasy
World-2DPAGE Portal and to the results from proteomics studies
present in literature (PubMed) (see Figure 3F and Table S2). Such
analysis indicated that 23 proteins identified by TRIDENT
analysis followed by mass spectrometry were absent in the serum
proteome database and never reported as serum/plasma compo-
nents in studies published on PubMed, confirming a significant
sensitivity increase with TRIDENT as compared to 2D-PAGE.
This confirmed also that DENT2 and DENT3 treatments were
able to improve the detection of serum proteins vs DENT1 and
further demonstrated that different denaturation protocols applied
to the same serum samples may reveal more and different protein
data sets, depending on the type of denaturation selected.

TRIDENT protocol to highlight serum proteome
differences between healthy and cancer sera

Human melanoma model study. To investigate whether
TRIDENT analysis of serum proteins may help to highlight any
difference between sera from healthy and from human patients,
this protocol was applied individually to sera from 10 melanoma
patients compared to 10 control healthy subjects (Fig. 4A). Protein
bands were quantified and those differently expressed in 3
independent experiments (p<<0.05) were cut, digested and
subjected to MALDI-TOF analysis for protein identification. In
Table 4, 10 differentially detected protein bands, 4 up-regulated
and 6 down-regulated in melanoma sera when compared to
control sera, are reported. The unequivocal identification of these
proteins was further confirmed by LC-MS/MS, as reported in
Table 5.

Mouse melanoma model study. The TRIDENT protocol
was then applied to the study of murine sera from 4 independent
groups of 6 mice bearing cutaneous melanoma us 4 independent 6
healthy mice, for a total of 48 mice. After TRIDENT procedure, 9
protein bands showed a significantly different expression between
melanoma and healthy mice. Protein bands up- or down-
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Figure 1. The differential serum denaturation protocol. Schematic representation of chemical-physical pre-treatments of sera and following

analytical procedures.
doi:10.1371/journal.pone.0057104.g001

expressed (p<0.05) in melanoma vs control mice sera were cut,
digested and identified by MALDI-TOF/MS (Table 6). The
electrophoretic separation of some bands, namely Band M21
(Complement factor B), Band M32 (Apo E) and Band M15
(@2MG) were shown in Figures 4B, C and D, and their
densitometric quantification was reported (right panels). According
to data reported in Table 4, Table 5 and Table 6, and Fig. 4B, C
and D, a2MG was reproducibly down-regulated in both human
and mice melanoma vs healthy controls, while two lipoproteins
(Apo E and Apo Al) were reproducibly up-regulated, in both
human and mice melanoma vs healthy controls.

Immunological validation

To verify the results of TRIDENT protocol, we analyzed
human a2MG expression in melanoma sera by two independent
immunological methods, Western Blot (WB) and Dot Blot (DB)
analyses, using two different commercial antibodies raised against
human o2MG. Both Figure 5A (WB) and Figure 5B (DB)
confirmed the down-modulation of serum «2MG in melanoma
patients observed by SDS-PAGE. Further, the different expression
of Apo E and Apo Al in melanoma us control sera was also
confirmed by DB analyses, showing that both proteins were up-
regulated in melanoma sera when compared to controls
(Figures 5C and 5D, respectively).

Discussion

Serum is the most abundant source of information for human
disease diagnosis, including cancer; however, despite many efforts
carried out, only a few molecular signals identified in sera are
currently useful for diagnostic or prognostic purposes. The field of
research focused on serum biomarker discovery was recently
subjected to a critical review [2,23]. In fact, while a very large

PLOS ONE | www.plosone.org

number of potential serum biomarkers were suggested in hundreds
of studies, only a few of them overcame validation and
reproducibility issues to achieve clinical application. Several
reasons underlie such failure, mainly linked to the complexity of
the serum proteome, difficulties to achieve optimal serum protein
solubilisation, presence of carrier proteins (e.g. albumin and
immunoglobulins, in large excess over any other protein, which
often carry other smaller signals) which represent a further
complication for proteomic analyses. Depletion of such proteins
may be necessary but, due to the complexity of the serum itself,
e.g. the presence of lipids, often the depletion step may represents
a source of additional reproducibility issues. In fact, removing
cargo proteins may lead the undesired removal of the carried
signals too. Therefore in the present study we set up a procedure to
analyze the whole serum proteome without any depletion step.
This, while makes the study more complex, on the other hand
allows to give information not only regarding the presence of
proteins in human serum, but also regarding their ability to
interact with others, an important issue related to protein solubility
and folding. To minimize the individual serum proteomic
differences, pool of several sera from healthy subjects were
analyzed in preliminary experiments, then to confirm the obtained
results and to investigate any potentially relevant difference,
several sera from individual cancer patients and control subjects
were evaluated simultaneously. The novel procedure described in
the present study, called TRIDENT, consists of the application of
three different denaturation protocols to the same sera samples.
The samples are electrophoretically separated simultaneously by
SDS-PAGE and each protein pattern compared to the others,
leading to a significant improvement of band resolution as
compared to the standard procedure and giving a more complex
and detailed protein pattern. To optimize this procedure, we
tested many denaturation protocols and other factors such as
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Figure 2. Effects of differential denaturation on serum electrophoretic separation. A: The serum protein pattern as described in literature
and as obtained with DENT1 protocol in a 16 x18 c¢m gradient SDS-PAGE (2.4-15%), shown in panel B, by MALDI-TOF/MS analysis of cut and digested
protein bands. C: Representative electrophoretic separation of human pooled sera derived from the most discriminating sample pre-treatments
(described in Table S1, thereafter defined as DENT2 and DENT3 treatments) compared to the reference treatments (DENT1). Samples were run on a
manually poured gradient slab gel (2,4-15%): 120 pg of proteins loaded per lane. Asterisks indicate some of the protein bands undetectable or less
detectable in DENT1 but evident in the pre-treatments specifically developed in the present study. D: Graphical representation of the improvement of
protein band resolution and discrimination after DENT2 or DENT3 pre-treatments compared to the DENT1. The protein pattern identified as Merge

indicates the gain of protein band detection and discrimination.
doi:10.1371/journal.pone.0057104.9g002

polyacrylamide gradient and time length of electrophoretic
separation. Optimal results were achieved using 16x18 cm slab
gels with a continuous gradient of 2.4-15% acrylamide-bisacry-
lamide solution, followed by silver staining detection. It is
noteworthy that, due to the different chemical-physical pre-
treatments used, each protein band profile should be considered
distinct from another derived from the same sample undergoing a
completely different denaturation protocol; in fact, different
denaturation protocols may differently affect protein unfolding
and therefore protein electrophoretic resolution. The 2 denatur-
ation protocols showing the highest protein bands discrimination
(DENT2 and DENT3) were chosen among 69 different protocols
and compared to the standard Laemmli denaturation protocol
(DENTTI). Such differential denaturation protocol was called
TRIDENT and then applied to a number of melanoma patients
sera and compared with control sera and let to the identification of
proteins differentially detectable in cancer vs healthy sera. Such
differential detection of serum proteins may be due to different
expression level and to different ““denaturability”, i.e. sensitivity to
unfolding agents, of patient sera proteins when compared to
healthy sera proteins. Such differences may be due, for instance, to
different post-translational modifications, hydrophobic interac-
tions, hydrogen bonds and other weak interactions with other
proteins, including abundant carrier proteins, potentially related to
specific pathological status. It is noteworthy that among the serum
proteins separated by TRIDENT-SDS-PAGE, we were able to
identify some proteins (at least one protein, namely IGHGI)
usually not detected by conventional SDS-PAGE of serum without
any depletion or enrichment pre-treatment. This is likely due to
the ability of the described differential denaturation protocol to
unfold proteins otherwise “buried” in large complexes blocked
into the stacking gel or not able to enter the gel itself. Further, the
comparison among different denaturation protocols may unmask
and highlight faint differences. This suggests that serum and
plasma contain cargos, membranes and multimeric complexes still
underestimated and poorly studied, whose investigation deserves
novel methodological approaches. The improvement due to the
serum protein differential denaturation was also confirmed by LC-
MS/MS analysis of a fraction of electrophoretically separated
serum proteins, i.e. a small gel fragment migrating at electropho-
retic position higher than 98 kDa. Therefore we believe the

Table 1. Human serum protein bands resolution.

additional denaturation achieved via TRIDENT protocol may
improve the analysis of serum proteins or other complex protein
mixtures. Further, TRIDENT protocol allows the simultaneous
run of many samples onto the same gel, making easier and quicker
the comparison of different samples. On the other hand, 2D gel
analysis may also be implemented within the TRIDENT protocol,
to achieve even better results. As shown in Figures 2 and 3, the
same protein band from identical serum samples may be
differently stained according to DENTI1, DENT2 or DENT3
denaturation protocol. This was observed in a reproducible
manner in silver stained gels, suggesting that each protein band
could be quantitatively and/or qualitatively different depending
on the DENT used. The total number of detectable protein bands
could be further increased if the differential denaturation protocol
is carried out with more than 3 DENTs, see for instance Figure 2A
where the pooled serum was denatured under 5 different protocols
and a total of more than 200 different bands was discriminated.
The first interesting result of the present study was therefore the
finding that serum proteome contains a significant number of
proteins whose detection is closely dependent on protein sensitivity
to denaturing agents, currently underestimated with a single
denaturation step. The detection of these “hidden” proteins is
mproved by the comparison among different denaturation
treatments which the same serum was exposed to. TRIDENT
protocol was then applied to a specific cancer type, i.e. sera from
mice bearing cutaneous melanoma at early stage compared to sera
from control mice and sera from early-non-metastatic skin
melanoma human patients compared to sera from healthy
individuals. Cutaneous melanoma is characterized by high
aggressiveness, early metastatic dissemination and poor prognosis
in the metastatic stage. Several circulating biomarkers in
melanoma patients have been identified by different approaches,
including proteomic analyses. For instance, S100B, C reactive
protein (CRP), lactate dehydrogenase (LDH), pro-platelet basic
protein precursor PPBP and IL-8 may help to determine the
prognosis of melanoma patients [24,25]. However, most of these
and other serum molecules fail to predict tumor progression or
tumor recurrence. Therefore, melanoma patients urgently need
valid serological tools to reach diagnosis and predict prognosis,
since presently the only markers with a prognostic value in stage I-
IIT are the histomorphological features of the primary tumor.

Pre-treatment DENT1 DENT2 DENT3 DENT1+DENT2+DENT3
Total protein bands detectable 36+1 53+1 59+2 36+53+59 =148

Newly detected bands (vs DENT1) 17 23

Number of different bands detectable 36+1 36+17=53 36+23=59 36+17+23=76

the standard denaturation protocol DENT1 (36 1) (see also Figure 2D).
doi:10.1371/journal.pone.0057104.t001
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Human pool serum bands resolution in the gradient vertical slab gel 2.4-15%, 16x18 cm, and effects of TRIDENT analysis on the gel bands discrimination. It is
noteworthy that the total numbers of bands detectable under DENT2 (53=1) or DENT3 (59+2) pre-treatment reflect the improvement of bands resolution compared to
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Figure 3. Increased protein band discrimination in serum subjected to differential denaturation. A and B: TRIDENT-SDS-PAGE using pre-
cast and manually poured gels, respectively. Representative electrophoretic human pooled sera patterns are shown, after application of TRIDENT
differential denaturation protocol, run on pre-cast gradient gel (4-12%) and manually poured 2.4-15% gradient gel (in both cases 8 x8 cm gels,
1 mm thickness). Equal amount of serum proteins (25 pg) were loaded onto both types of gel and asterisks indicate some of protein bands newly
detectable in consequence of the pre-treatment compared with DENT1 pre-treatment (reference). C: TRIDENT analysis of human serum as reported in
C was stained by Coomassie Blue G-250; D and E: representative TRIDENT electrophoretic patterns of healthy murine and healthy human sera,
respectively. The bands of interest are identified with a number and a letter (M or H), and the identification of those differentially expressed is
reported in Tables 4, 5 and 6. F: Human serum was analyzed by TRIDENT analysis (run in triplicate). Fragment of >98 kDa was cut, trypsin-digested

and proteins identified through LC-MS/MS analysis (LTQ).
doi:10.1371/journal.pone.0057104.g003

Table 3. Human serum protein bands resolution differentially
denatured.

DENT1 DENT2 DENT3

Total protein bands 35+1 42+1 46+1

detectable

Human serum protein bands resolution differentially denatured.

Estimation of serum protein bands resolution of serum differentially denatured
with 3 different protocols, run onto 8 x8 cm 2.5-15% gradient gels, visualized
by silver staining protocol. Data are reported as mean *=SD.
doi:10.1371/journal.pone.0057104.t003

PLOS ONE | www.plosone.org 14

Recently, serum amyloid A was proposed as a prognostic marker
in melanoma by MS-based proteomic profiling using hydrophobic
C18 surfaced magnetic beads [26] and Bak was proposed as a
candidate melanoma biomarker by using Hydrogel nanoparticles
to analyze the low molecular weight serum proteins [27]; likely
other recently developed techniques with promising potential may
further improve the scenario [28]. When TRIDENT protocol was
applied to melanoma and control sera, 3 proteins were found to be
reproducibly and significantly up- or down-regulated in cancer
serum proteome compared to controls in both murine and human
sera (see Tables 4, 5 and 6). Further, it has been recently
demonstrated that oncogenic pathways may stimulate production
of vesicular structures (microparticles) released into the blood-
stream from cells upon activation, malignant transformation, stress
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Table 4. MALDI-TOF/MS analysis of differentially expressed
bands in melanoma patients.

Differential Denaturation for Proteomic Analysis

Table 6. MALDI-TOF/MS analysis of differentially expressed
bands in melanoma carrying mice.

MALDI-TOF/MS analysis of differentially expressed bands in melanoma patients.
Differentially expressed bands by TRIDENT-SDS-PAGE identified by MALDI-TOF/
MS in human sera from cancer patients compared to the healthy controls. P
value means the significance between densitometry of control (Ctrl) bands vs
melanoma bands (Mel), whose modulation is reported as State change. Prot ID
describes the name of the protein and AC# the accession number.
doi:10.1371/journal.pone.0057104.t004

or death [29]. One of the most significantly modified proteins,
down-regulated in melanoma, was identified as a2MG, a potent
protease inhibitor able to modulate several cellular processes,
including cell adhesion, proliferation, migration and invasion, key
processes involved in cancer progression [30-32]. Other signifi-
cantly up-regulated proteins in cancer us control sera, in both
murine and human cancer, were Apo E and Apo 1. Therefore, as
a consequence of the application of the new developed TRIDENT
protocol, a novel diagnostic protein signature for human
melanoma can be hypothesized. Other less abundant serum
proteins were also found to be modulatedin murine or human
melanoma alone (see Table 2 and Tables 4,5 and 6) confirming
the TRIDENT efficacy may be further improved if combined with
other techniques aimed at amplifying low-abundance proteins
recovery. A validation study performed by immunological analyses
on human sera from melanoma and controls subjects confirmed
that the proteins differentially expressed in sera from cutaneous
melanoma patients were human a2MG, Apo E and Apo | with
statistically significant differences. TRIDENT protocol was
developed to optimize the protein electrophoretic discrimination

Table 5. LC-MS/MS analysis of differentially expressed bands

Human Mouse

Band p value State change Prot ID AC # Band p value State change Prot ID AC #
4H 0.0047 Up-regulated in Mel Apo B P04114 15M 0.0074 Up-regulated in Ctrl  a2-Macroglobulin Q61838
16H 0.0255 Up-regulated in Ctrl Albumin Q56G89 21M 0.0476 Up-regulated in Mel  Complement Factor B Q3UEG8
18H 0.0286 Up-regulated in Ctrl a2-MacroGlobulin P01023 22M 0.0036 Up-regulated in Mel  Gelsolin P13020
19H 0.04306 Up-regulated in Ctrl Ceruloplasmin Q1L857 23M 0.0167 Up-regulated in Ctrl  Transferrin Q92111
20H 0.0320 Up-regulated in Ctrl a2-MacroGlobulin P01023 27M 0.0093 Up-regulated in Mel  Albumin P07724
27H 0.0402 Up-regulated in Ctrl a-Fetoprotein P02771 28M 0.0194 Up-regulated in Mel  Apo A-VI Q91XF
28H 0.0520 Up-regulated in Ctrl a-Fetoprotein P02771 29M 0.03568 Up-regulated in Mel ~ MHC | Antigen H2Q10 P01898
31H 0.0164 Up-regulated in Mel Apo E P02649 32mM 0.0056 Up-regulated in Mel  Apo E Q4FK40
34H 0.0096 Up-regulated in Mel Apo A1l P02647 35M 0.0295 Up-regulated in Mel ~ Apo A1 Q00623
36H 0.0419 Up-regulated in Mel Transthyretin P02766

Differentially expressed bands by TRIDENT-SDS-PAGE identified by MALDI-TOF/
MS in murine sera from cancer animal compared to the healthy controls. P value
means the significance between densitometry of control (Ctrl) bands vs
melanoma bands (Mel), whose modulation is reported as State change. Prot ID
describes the name of the protein and AC# the accession number.
doi:10.1371/journal.pone.0057104.t006

of whole serum proteome, but its ability to improve protein bands
discrimination in complex mixtures of proteins like cell or tissue
extracts was also confirmed by using B16-F10 melanoma cell
protein extracts (data not shown). Therefore, the different
sensitivity to denaturation of proteins or protein-complexes, may
reveal structural modifications due for instance to post-transla-
tional processes or protein/protein interactions otherwise difficult
to be evidenced by conventional techniques. Thus, a differential
denaturation protocol such as TRIDENT may significantly
increase the protein electrophoretic discrimination by highlighting
small but reproducibly relevant differences in a complex proteome
like the one carried by the serum. The down-regulation of a2MG
detected in sera from melanoma patients in the present study is a
novel finding although not surprising and in agreement with
reported data showing that cancer cell adhesion and invasiveness is
directly related to the activation of metalloproteinases [31] and the
known potent activity of «2MG as metalloproteinases enzymatic
activity inhibitor [32]. The involvement of a2MG in aggressive-
ness of human cancer cells was hypothesized by u vitro studies [32—
35], but the results of the present study represent the first in vivo
evidence from a murine melanoma model confirmed in human
patients, suggesting «2MG, Apo E and Apo Al as novel potential

in melanoma patients.

Reference P(pro) Score Coverage Mw Accession Peptide
transthyretin [H. sapiens] 5.00E-14 50.29 48.30 15877.1 4507725 5
alpha-2-macroglobulin precursor [H. sapiens] 2.22E-15 440.35 36.60 163188.3 66932947 44
apolipoprotein A 1 preproprotein [H. sapiens] 6.99E-14 230.29 52.80 30758.9 4557321 23
apolipoprotein E precursor [H. sapiens] 3.54E-07 60.21 16.40 36131.8 4557325 6

Serum albumin [H. sapiens] 1.11E-14 538.29 75.2 69321.6 4502027 54
apolipoprotein B precursor [H. sapiens] 5.33E-14 740.33 2330 515209.6 105990532 74
ceruloplasmin precursor [H. sapiens] 5.37E-10 100.30 14.00 122127.6 4557485 10

doi:10.1371/journal.pone.0057104.t005

PLOS ONE | www.plosone.org
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Some of human serum proteins whose expression was significantly different in melanoma vs control sera were further identified by LC-MS/MS. For each identified
protein, the following information are reported: Reference = name as reported in annotations; P(pro) = peptide probability; Score; Coverage = percentage of coverage;
MW = theoretical molecular weight; Accession =NCBI protein accession number; Peptide = number of unique peptides identified.
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Figure 4. TRIDENT analysis of melanoma vs control sera. A: Silver staining of TRIDENT analysis of sera from melanoma patients and healthy
subjects. The most significantly (p<<0.05) modified bands, as assessed by densitometric quantification of 3 different experiments each of them carried
out on human sera from 4 healthy and 4 melanoma affected individuals, are schematically highlighted as green (down-regulated in melanoma sera)
or red (up-regulated in melanoma sera) boxes. Only 1 control subject and 1 melanoma patients are shown. B, C, D panels: Silver staining of three
different bands whose expression resulted modulated in control (Ctrl) vs melanoma (Mel) mice sera. Statistical analysis was performed on groups of 6
mice per treatment. The reported bands, marked by arrows, are those found significantly differently expressed in cancer sera compared to controls, in
at least 3 independent experiments. B: Band M21 (Complement factor B) is down-regulated in sera from melanoma affected mice, in DENT1
condition, compared to the control (*=p<0.0476). C: Band M32 (Apo E) is up- regulated in sera from melanoma affected mice compared to the
control, both in DENT2 (*=p<0.04083) and in DENT3 condition (**=p<0.0056). D: Band M15 (a2Macroglobulin) is down- regulated in sera from
melanoma affected mice in DENT3 condition, compared to the control (*** =p<0.0074).

doi:10.1371/journal.pone.0057104.g004
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Figure 5. Immunological validation of ¢2MB, Apo E and Apo A1 as potential diagnostic biomarkers. A: Representative WB with anti-
®2MB on human sera from 4 healthy (C) and 4 melanoma (M) affected individuals. The sera were pre-treated with the TRIDENT protocol, fractionated
on gradient manually poured gels and submitted to electro-blotting (see Methods). In the Figure only the DENT1 and DENT3 protocols are shown.
Each lane was loaded with 120 ug of serum proteins. Densitometric analysis (right panel), reports the ratio Melanoma/Control expression for the
®2MG band, revealed as a doublet under this pre-treatment protocol (*=p<<0.032). The same amount of protein was loaded per lane, as confirmed
by comparing immunoglobulin light chain (Ig-LC) stained by Coomassie blue. B: Dot blot with anti-human a2MG on human sera from 10 healthy
(Controls) and 10 melanoma affected individuals. The sera diluted 1:5 with PBS were loaded in duplicate on nitrocellulose membrane (50 ug of total
proteins per spot, equal amount of loaded proteins checked by Bradford assay and Ponceau Red) and submitted to primary anti-human «2MG, then
HRP-conjugated secondary antibodies incubation followed by ECL detection (**=p<<0.001). Densitometric analysis (right panel) reports the
evaluation of ®2MB expression in controls and melanoma sera. Data are reported as means = SD. C and D: Dot blot with anti-human Apo E and Apo
A1, respectively, carried out as above described (*=p<0.04).

doi:10.1371/journal.pone.0057104.g005

serum predictors in cutaneous melanoma patients. This may open DOC)

new interesting perspectives to investigate cancer pathogenetic Table S2 Proteins identified by LC-MS/MS of a
pathways and to improve the study of complex protein mixtures. >98 kDa electrophoretic band. Tge green boxes indicate

I lusion, th It ted in th t study, starti A .
fror?l C;)nfl::/mgeth(:)(rif)slzgiscjp;r);ro;r;h erslcr)ifszzenms' Ug{)y;{;:z;;lsgt the proteins identified by our TRIDENT-LC-MS/MS analysis
evidence that serum  contains a lar,ge amount of protein never before detected in normal serum/plasma samples.

information, currently underestimated according to a single (XLSX)
denaturation step, indicating a novel strategy for further
biomarkers discovery based on the comparison of differentially Acknowledgments

denatured samples; b) the first in vivo evidence about a possible role We acknowledge Dr. Anna Marabotti for expert review of the manuscript.
of a2MG, Apo E and Apo Al as early diagnostic predictors in
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combinations of them) tested on human and commercial bovine
sera (from Sigma Aldrich). The name of the 3 PT’s selected for the
TRIDENT analysis are in bold.
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