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Abstract
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This study aimed to assess the benefits of dithiothreitol (DTT)-based sample treatment
for protein equalization to assess potential biomarkers for bladder cancer. The proteome
of plasma samples of patients with bladder carcinoma, patients with lower urinary
tract symptoms (LUTS) and healthy volunteers, was equalized with dithiothreitol
(DTT) and compared. The equalized proteomes were interrogated using twodimensional gel electrophoresis and matrix assisted laser desorption ionization time of
flight mass spectrometry. Six proteins, namely serum albumin, gelsolin, fibrinogen
gamma chain, Ig alpha-1 chain C region, Ig alpha-2 chain C region and haptoglobin,
were found dysregulated in at least 70% of bladder cancer patients when compared with
a pool of healthy individuals. One protein, serum albumin, was found overexpressed in
70% of the patients when the equalized proteome of the healthy pool was compared
with the equalized proteome of the LUTS patients. The pathways modified by the
proteins differentially expressed were analyzed using Cytoscape. The method here
presented is fast, cheap, of easy application and it matches the analytical minimalism
rules as outlined by Halls. Orthogonal validation was done using western-blot. Overall,
DTT-based protein equalization is a promising methodology in bladder cancer research.
Graphical abstract

1. Introduction
Bladder cancer is the most common cancer of the urinary tract with two clinical
phenotypes: non-muscle invasive bladder cancer and muscle-invasive bladder cancer
[1]. Bladder cancer continues to pose a significant challenge to physicians and patients
who attempt to balance the toxicity of over treating highly curable lower-risk disease
while avoiding undertreating lethal high-grade lesions [2]. Besides that, requirements on
cystoscopy and imaging to monitor bladder cancer has made this cancer the single most
expensive solid tumour to treat from diagnosis to death [3] Bladder cancer diagnosis
lacks in accuracy. Furthermore, recurrence of this cancer is high, which makes the fiveyear survival ratio for this disease one of the worst of all carcinomas [4]. Clinical and
pathological parameters are used for bladder cancer stratification, such as, (i) number of
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tumours, (ii) tumour size, (iii) prior recurrence, (iv) T-stage, (v) presence of carcinoma
in situ, (vi) tumor grade, (vii) lymph node status, and (viii) variant histology [1].
However, up to date, there are no effective protein biomarkers for monitoring therapy
for this disease.
Most abundant proteins (MAPs) in plasma are a problem to deal with when searching
for new or known biomarkers, as they mask or interfere with the detection of proteins
belonging to the low-abundance protein fraction [5][6]. There are many approaches to
reduce the complexity of the plasma proteome for biomarkers discovery. However, they
are expensive, tedious, time-consuming and/or labor intensive.
Protein equalization using dithiothreitol, DTT, for proteomics purposes was first
reported by Warder et al. [7], and it was adapted soon by other researchers, including
our team, with some modifications as described by Fernández et al. [6] and Araújo et al.
[8]–[10]. Protein equalization using DTT is a cost-effective approach of easy
implementation that meets the analytical minimalism rules as outlined by Halls [11],
where each stage of the analysis is evaluated to minimize the time, cost, sample
requirement, reagent consumption, energy requirements and production of waste
products.
This work aims to explore the potential of the dithiothreitol-based sample treatment for
protein equalization of plasma samples of bladder cancer patients to find potential
biomarkers for diagnosis and prognosis. To this aim healthy individual and patients with
bladder cancer and Lower Urinary Tract Symptoms (LUTS) were recruited for this
study. LUTS it is characterized by several symptoms, whose symptoms can be common
to multiple pathologies including bladder cancer [12]–[15].
2. Material and Methods
2.1 Reagents
All reagents used were HPLC grade or electrophoresis grade. Albumin, from bovine
serum (BSA), (N, N, N′, N′-tetramethylethylene-diamine (TMED), glycine, βmercaptoethanol, glycerol 86–88%, Bradford reagent, coomassie blue G-250, DLdithiothreitol (DTT), iodoacetamide (IAA), acrylamide/bis- acrylamide 30% solution
(37.5:1), mineral oil, TWEEN®20, phosphate buffered saline (PBS), Fibrinogen from
human plasma, haptoglobin from pooled human plasma, the primary antibodies (antiFGG or anti-HPT), the secondary antibodies (anti-rabbit IgG (whole molecule), alkaline
phosphatase conjugate and anti-mouse IgG (fab specific), alkaline phosphatase conjugate) and
SigmaFASTTM BCIP®/NBT tablets were purchased from Sigma-Aldrich (Basel,

Switzerland). Formic acid, ammonium bicarbonate (Ambic), ammonium persulfate and
α-cyano-4-hydroxycinnamic acid were purchased from Fluka (Basel, Switzerland).
Hydrochloric acid (HCl), glacial acetic acid, tris–base, sodium dodecyl sulfate (SDS),
methanol and acetonitrile were purchased from Panreac (Barcelona, Spain).
Bromophenol blue was from Riedel-de Haën (Basel, Switzerland). Laemmli SDS
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sample buffer 1:1 was purchased from Alfa Aesar (Karlsruhe, Germany). Immobilon ®PSQ transfer membranes(PVDF), with pore size of 0.2 µm were purchased from
Millipore (Massachusetts, USA). Pierce™ Trypsin Protease, MS Grade and
trifluoroacetic acid (TFA) were purchased from ThermoFisher Scientific. Peptide
Calibration Standard II from Bruker (Bremen, Germany) was used as a mass calibration
standard for MALDI-TOF-MS measurements.

2.2. Samples
This study was performed in patients with bladder cancer or with LUTS, as a control
group, and compared with a healthy group. Plasma samples from 7 anonymous patients
with bladder cancer, from the Urology Department, Centro Hospitalar de Lisboa
Central, Portugal were collected in EDTA tubes. Likewise, plasma samples from seven
anonymous patients with LUTS and six healthy group were also collected. For further
details, refers to Table SM1 of supplementary information. The patients and healthy
volunteers were informed about the project, and their consent was requested in written
form. The local ethics committee approved the procedure. Once in the laboratory, the
samples were centrifuged at 2000×g for 10 min, separate aliquots of the plasma
supernatant were stored at - 80 °C until analysis.
2.3. Apparatus
Plasma samples were collected in EDTA tubes and aliquoted in low adhesion safe-lock
tubes from Deltalab (Barcelona, Spain). Protean IEF cell, IPG strips pH 4–7 (7 cm), cup
loading tray and mini-PROTEAN Tetra Cell were from Bio-Rad (USA). Gel image
acquisition and spot picking were performed using a PROPIC II DigiLab Genomic
Solutions (USA). Protein digestion was done in low adhesion safe-lock tubes from
Deltalab (Barcelona, Spain). A vacuum concentrator centrifuge model UNIVAPO 150
ECH SpeedVac and a vacuum pump model UNIJET II (Munich, Germany) were used
for sample drying and sample pre-concentration. A mini incubator from Labnet (New
Jersey, U.S.A.) was used for protein reduction and for protein alkylation steps.
Centrifuge MPW-350 and MPW-65R from MPW Med. Instruments (Warsaw, Poland),
vortex models ELMI CM70M-09 Sky Line (Southern California, U.S.A.) and Labnet
vortex mixer VX-200 (New Jersey, U.S.A.), were used throughout the sample
treatment. An ultrasonic bath, Elma model Transsonic TI-H-5 (Singen, Germany), was
used to facilitate peptide solubilization step. A microplate reader LT4000 equipped with
595 nm filters from Labtech was used for Bradford protein assay. Protein identification
was done in an Ultraflex II MALDI-TOF/TOF instrument from Bruker Daltonics.
2.4. 96-well plate Bradford protein assay
Plasma samples were quantified using the Bradford protein assay adapted from [16].
Briefly, a BSA standard curve (0, 1, 5, 10, 15, 20, 25, 30 μg/mL) was generated in
4

duplicate. To each well being used, 150 μL of each standard were mixed with 150 μL
Bradford reagent. The unknown samples were diluted with water to an approximate
concentration between 5 to 25 μg/mL and then 150 μL of each unknown were mixed
with 150 μL Bradford reagent. Finally, the samples were incubated at room temperature
for 20 min, and then absorbances were measured at 595 nm. Once the samples were
quantified, they were divided in aliquots of 20 μL and stored in 0.5 mL safe-lock tubes
at -60 °C until further use. Moreover, healthy pool was made (6 individuals) quantified
and then split in aliquots of 20 μL as described above.
2.5. Protein equalization with DTT
Protein equalization from plasma samples was performed with dithiothreitol, DTT,
according to the protocol described by Warder et al. [7] with minor modifications as
described by Fernández et al. [6] and Araújo et al. [8]–[10]. For each patient and pool,
five stored aliquots were used. In brief, to 20 μL of serum, 2.2 μL DTT 500 mM were
added and the resulting mixture was vortexed for 20 s. The samples were then incubated
for 1 h until a white precipitate was observed. Then the samples were pelleted by
centrifugation at 14.000×g (2×20 min at 18 °C). This process was performed with five
aliquots for each patient. Then, the supernatants were pooled in a clean low adhesion
tube and total protein content was determined using a Bradford protein assay as
described in section 2.4.
2.6. 2D-gel electrophoresis
Samples were re-suspended in 8 M urea, 2% (w/v) CHAPS, 0.2% (v/v) ampholytes pH
4–7, 50 mM DTT and traces of bromophenol blue. Samples were incubated on ice for
30 min and sonicated using a 1 mm diameter probe for 6×10 seconds on ice at 50%
sonication amplitude. Protein concentration was determined using a Bradford protein
assay.
IPG strips pH 4–7, 7 cm were rehydrated overnight at 20 ºC with 135 μL of rehydration
buffer containing 8 M Urea, 0.5% (w/v) CHAPS, 0.2% (v/v) ampholytes pH 4–7, 10
mM DTT and traces of bromophenol blue.
Sample loading onto the IPG Strip was carried out using the cup-loading method. IPG
strips were removed from the rehydration tray; the oil was drained, and placed gel side
up into the focusing tray’s channels. The movable electrode assemblies were carefully
positioned on top of the strips at the anode and cathode ends, after that, the sample
loading cups were placed near the cathode. Afterwards, 50 μL of the protein-containing
solution (3 mg/mL) were loaded in the sample-loading cup and then overlaid with
mineral oil. The focusing tray was placed into the PROTEAN IEF Cell. The isoelectric
focusing was performed in three steps as follows: step 1 250 Volts for 30 min, rapid
voltage ramping; step 2: 4,000 Volts for 60 min, slow voltage ramping; Step 3: 4,000
Volts, 10,000 V-hr. For the three steps the current was limited to 50 μA/gel. After IEF,
gel strips were removed and incubated with equilibration buffer (6 M urea, 75 mM Tris
pH 8.8, 20% glycerol (v/v), 2% (w/v) SDS, traces of bromophenol blue) as follow, 15
minutes of incubation with 2.5 mL of equilibration buffer containing 2% (w/v) of DTT,
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followed by 15 minutes of incubation with 2.5 mL of equilibration buffer containing
2.5% (w/v) of IAA. The IPG strips were removed from the equilibration tray and clip
briefly into the graduated cylinder containing running buffer. The strip was placed side
up and onto the back plate of the SDS-PAGE gel. The IPG well of the gel was overlay
with agarose sealing solution (0.5% w/v prepared with 50 mL of Lammeli running
buffer and traces of bromophenol blue). After agarose solidification, the electrophoresis
was conducted at 200 V (constant voltage) until the tracking dye front reaches the
bottom of the gel [17][18].
2.7. Gel staining and image analysis
Finished the gel electrophoresis, the gel was fixed for 30 minutes with 40% (v/v)
ethanol and 10% (v/v) acetic acid and then stained overnight with colloidal coomassie
blue G-250. Gels were rinsed 4 × 20 min with 100 mL of distilled water and further
washed twice with 100 mL of 0.5 M sodium chloride until a clear background was
observed. Gel imaging was carried out with a ProPicII-robot using 16 ms of exposure
time and a resolution of 70 μm. Progenesis SameSpots software (v 4.0, NonLinear
Dynamics) was used for gel alignment, spot detection, spot quantification, and
normalisation for total spot volume in each gel. Then, the software calculated spot
intensities and automatically compared between different conditions (via a one-way
analysis of variance – ANOVA) to detect differentially expressed proteins. A final gel
image of the master gel was created, indicating the differentially expressed spots
between conditions. Gel piking was done with the ProPicII-robot.
2.8. In-gel protein digestion
After spot piking the spots were transferred to 0.5 mL low adhesion tubes. Gel spots
were washed twice with 200 μL of water and then with 3 × 200 μL of 50% (v/v)
acetonitrile/25 mM ammonium bicarbonate and sonicated at 60% ultrasonic amplitude
for 10 min using an ultrasonic bath. Then the gel pieces were dehydrated with 200 μL of
acetonitrile. Subsequently, 5 μL of trypsin (60 ng/μL in ammonium bicarbonate 12.5
mM / 2% (v/v) acetonitrile) was added to the gel spots and incubated for 60 min on ice,
then covered with 20 μL of 12.5 mM ammonium bicarbonate / 2% (v/v) acetonitrile and
incubated 12 h at 37°C. Finally, 25 μL of 5 % (v/v) formic acid was added and the
supernatants were transferred to new low adhesion tubes. Peptides were further
extracted from the gel matrix with 2 × 50 μL of 50% (v/v) acetonitrile/0.1%
trifluoroacetic acid and sonicated using at 60% ultrasonic amplitude for 5 min using an
ultrasonic bath. Samples were dried-down and stored at -20°C until MS analysis.
2.9 Mass spectrometry analysis and Database Search
Before MS analysis, samples were ressuspended in 10 μL of formic acid 0.3% (v/v) and
0.5 μL of sample was hand-spotted onto a MALDI target plate (384-spot ground steel
plate) then 1 μL of a 5 mg/mL solution of a-cyano-4-hydroxycinnamic acid matrix in
0.1% (v/v) TFA and 50% (v/v) ACN was added and allowed to air dry. The MALDI
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TOF/TOF mass spectrometer was operated in positive ion mode using a reflectron, and
thus, spectra were acquired in the m/z range of 600–3500. A total of 500 spectra were
acquired for each sample at a laser frequency of 50 Hz. External calibration was
performed with the [M + H]+ monoisotopic peaks of bradykinin 1–7 (m/z 757.3992),
angiotensin II (m/z 1046.5418), angiotensin I (m/z 1296.6848) substance P (m/z
1758.9326), ACTH clip 1–17 (m/z 2093.0862), ACTH18– 39 (m/z 2465.1983) and
somatostatin 28 (m/z 3147.4710). Peptide mass fingerprints (PMF) were searched with
MASCOT search engine with the following parameters: (i) SwissProt 57.15 (515203
sequences; 181334896 residues); (ii) molecular weight of protein: all; (iii) one missed
cleavage; (iv) fixed modifications: carbamidomethylation (C); (v) variable
modifications: oxidation of methionine and (vi) peptide tolerance up to 100 ppm. The
significance threshold was set to a minimum of 95% (p ≤ 0.05). A match was
considered successful when protein identification score is located out of the random
region.
2.10 Expression analysis: S2P (Spot to Proteomics) software
The S2P (Spot to Proteomics) v1.1 software (freely available at http://www.singgroup.org/s2p) was used to analyze the differentially expressed spots obtained with
SameSpots software as well as to link them to the protein identifications obtained from
Mascot engine [19]. The whole S2P dataset along with a comprehensive explanation of
all files are provided as supplementary material (S2P-Data set).
S2P was used to easily visualize changes in the expression levels of proteins of interest
between different patients (bladder cancer and LUTS) and control group (healthy pool).
For this purpose, two heatmaps were created in order to compare the normalized
average spot volume values between: (i) bladder cancer patients vs. healthy pool, (ii)
LUTS patients vs. healthy pool.
2.11 STRAP and Cytoscape
Functional categorization analysis was carried out in Software Tool for Researching
Annotations of Proteins (STRAPv1.5). STRAP automatically obtains gene ontology
(GO) terms associated with proteins ID results from UniProtKB and EBI GOA
databases [20], for this purpose all the proteins entries were introduced in the software
and categorized according to biological process, cellular component and molecular
function.
Integrative analysis with Cytoscape was based in the use of ClueGO plug-in. This
plug-in strongly improves biological interpretation, once integrates Gene Ontology
(GO) terms and KEGG/BioCarta pathways, creating a functionally organized
GO/pathway term network [21]. ClueGO settings were chosen with the following
criteria:
i)

Analysis Mode: defined for ClueGO: function;

ii) Load Marker List(s): Sample lists were loaded; the organism selected: Homo
7

sapiens; the type of ids used: Accession ID;
iii) View Style Settings: All view styles settings (Groups, Clusters and Significance)
were used in order to obtain a deep comparison between the different clusters;
iv)

ClueGO
settings:
The
Ontologies/Pathways
selected
were:
GO_BiologicalProcess, KEGG_pathways; All Evidence codes box was chosen;
Regarding to network specificity it was set as “medium”; The box of “Use GO
Term Fusion” and “Show only pathways with pV ≤ 0.05” was also chosen.

v)

Advanced Term/Pathway Selection Options: GO Tree Interval it was set: Min
Level 3 and Max Level 8; Selection criteria for the terms that have associated
genes from cluster 1 it was set as: min 3 genes/term and minimum 4% from all the
Genes associated with the term, the same values were chosen for the cluster, then
OR was selected and is specific was set to 60%.

vi)

GO Term/Pathway Network Connectivity (Kappa Score): Medium;

vii)

Statistical Options: Enrichment/Depletion (Two sided hypergeometric test),
Correction method: Bonferroni step Down;

viii) Grouping Options: Use GO Term Grouping (Coloring: Fix; Leading Group Term
based on: Highest Significance; Kappa Score selected: grouping with 1 terms in
initial group and 50% for groups to merge);
ix)

Prefered Layout: Organic Layout. Then, bottom start to proceed with the analysis.

2.12 Western blot
Western blot procedure, adapted from Bolt and Mahoney [22] with some minor changes, was
performed as an orthogonal validation of MS identification of fibrinogen gamma chain (FGG)
and haptoglobin (HPT) proteins. Briefly, a plasma sample volume corresponding to 200 μg of
total protein (after protein equalization with DTT) from each bladder cancer patient was mixed
with Laemmli SDS sample buffer 1:1 (Alfa Aesar, Germany). In addition, Fibrinogen from
human plasma was used as positive control in the FGG western blot and haptoglobin from
pooled human plasma as positive control in the HPT western blot. The samples were loaded into
SDS-PAGE and performed by the method of Laemmli using a separating gel containing 12%
(w/v) acrylamide/bis-acrylamide (37.5:1) and 1 mm thickness. The gels were run in a MiniPROTEAN® Cell (Bio-Rad) at 200 V, 400 mA during 45 min. The gels were then placed in
transfer buffer (25 mM Tris, 192 mM glycine, 10% methanol) for 30 min. Sponges and filter
papers were placed in transfer buffer for 10 min. Nitrocellulose membranes were wet with
methanol during 15 seconds, then transferred to ultrapure water for two minutes and finally
equilibrated in transfer buffer for five minutes. The electroblotting sandwich was then
assembled and the transfer was initiated (15 V per membrane, 90 mA, 15 h). After the transfer,
membranes were blocked in 5% milk/PBS 0.05% Tween-20 for 3 h with constant agitation.
Membranes were then washed in PBS 0.05% Tween-20 for 10 min. The membranes were then
incubated with primary antibody (anti-FGG or anti-HPT) diluted to 1 μg.mL−1 and 0.345
μg.mL−1 in 1% BSA/ PBS 0.05% Tween-20 , respectively, for 2 h at room temperature with
constant agitation. Then, membranes were washed in PBS 0.05% Tween-20 for 5 min (3×) to
remove the non-linked primary antibody. Following, they were incubated for 2 h with constant
agitation with the secondary antibody, anti-rabbit IgG (whole molecule), alkaline phosphatase
conjugate for anti-HPT and anti-mouse IgG (fab specific), alkaline phosphatase conjugate for
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anti-FGG, were diluted to 1 μg.mL−1 in 1% BSA/ PBS 0.05% Tween-20 . Membranes were
washed in PBS 0.05% Tween-20 for 5 min (3×). The membranes were then incubated with an
alkaline phosphatase solution with 1% (v/v) BCIP and 1% (v/v) NBT, until satisfactory results.
Then, the membrane was rinsed with Milli-Q water to stop the reaction.

3. Results
3.1 Proteomic analysis
In the present study samples of 20 individuals, comprising three different groups, were
collected as described in the section 2.2. Clinical data of patients and healthy volunteers
is described in Table SM1 (supplementary material). Total protein content was
quantified using Bradford protein assay. Then, protein equalization with Dithiothreitol,
DTT, was performed for all samples, following the procedure described in section 2.5.
Protein equalization with Dithiothreitol has been previously reported by Warder et al. [7]
as well as by our group (with minor modifications) as a useful tool to equalize the
protein levels of complex proteomes, including serum [6] and peritoneal liquid [8]. The
approach followed in this work entailed the comparison of the individual proteomes of
patients versus the proteome of a pool of healthy people. In order to analyze the
differences, 2D gels were carried out in duplicate for each patient and for the control
pool. A total of 150 µg of protein was loaded onto pH 4-7 strips, and proteins were
visualized with colloidal coomassie blue G-250. To find out differences (proteins
differentially expressed) the Progenesis SameSpots software was used as described in
section 2.7. All gel spots of interest were excised and subjected to in-gel protein(s)
digestion and then to fingerprint protein identification using Matrix-Assisted Laser
Desorption / Ionization, MALDI, -based mass spectrometry [18]. Detailed information of
the proteins that were identified is given in Table SM2 . Then, S2P software was used as
described in section 2.10 in order to visualize level changes of proteins of interest
between different patients and control group and to perform the heatmaps analysis. In
brief, for healthy pool vs. bladder cancer and LUTS analysis, the S2P program reported a
total of 96 spots differentially expressed that were excised and analyzed rendering a total
of 36 unique proteins. Furthermore, functional protein categorization and integrative
analysis were performed with STRAP (v1.5) and Cytoscape software (v3.4.0) as
described in section 2.11. All information and results retrieved from software analysis
are outlined in the section below.
Heatmap analysis was performed with the S2P program using the normalized average
spot volume values in order to visualize level changes of proteins. For each different
analysis, useful information was retrieved as a whole for various combinations of
heatmaps. Analyses were performed for, (i) Healthy pool vs. bladder cancer and (ii)
Healthy pool vs. LUTS. Moreover, a filter data option (% presence ≥ 70 and % presence
≥ 60 (only for LUTS)) was applied in order to obtain the spots (among spots with p ≤
0.05) that are present and differentially expressed between patients and the pool. The
results found for spots/proteins ID of interest were the following:

9

(i)

Healthy pool vs. bladder cancer

When the healthy pool was compared with the bladder cancer patients four spots
differentially expressed were found in at least 70% of the patients. The proteins
identified were: (i) Serum albumin (spot number, s.n. 137), (ii) Gelsolin (s.n. 137), (iii)
Fibrinogen gamma chain (s.n. 337), (iv) immunoglobulin (Ig) alpha-1 chain C region
(s.n. 360), (v) Ig alpha-2 chain C region (s.n. 360), and (vi) Haptoglobin (s.n. 266).
Furthermore, serum albumin and Gelsolin (s. n. 137), Ig alpha-1 chain C region and Ig
alpha-2 chain C region (s. n. 360) proteins were present in 80% of the patients, Fig. 1A. Detailed functional categorization and information retrieved from Uniprot for the
proteins described above is given in Table SM3.
(ii)

Healthy pool vs. LUTS

When the healthy pool was compared with the LUTS patients, one spot
containing serum albumin was found differentially expressed in at least 70% of the
patients. Fig. 1-B. In addition, when the analysis was done for the presence of
dysregulated proteins in at least 60% of the patients, five spots were found differentially
expressed. The proteins identified were (i) Inter-alpha-trypsin inhibitor heavy chain H4
(spot number, s.n. 88), (ii) Serum albumin (s.n. 190), (iii) Heparin cofactor 2 (s.n. 190),
(iv) Serum albumin (s.n. 192), (v) CD5 antigen-like (s.n. 244) Heparin cofactor 2 (s.n.
175), (vi) Hemopexin (s.n. 175), Fig. 1-C. Detailed functional categorization and
information retrieved from Uniprot for the proteins described above is given in Table
SM3.
3.1.1 Venn Diagrams
In order to compare among the differentially expressed proteins the common and
unique proteins between bladder cancer and LUTS patients, we create Venn Diagrams
using the S2P program. When comparing healthy pool vs. bladder cancer vs. LUTS
analysis, 29 common proteins were observed. Concerning to unique protein, for bladder
cancer, seven unique proteins were observed (Fig. 2). All shared and unique proteins
for each condition are listed in Table SM4.
3.1.2 Functional protein categorization with STRAP
Functional categorization analysis carried out in STRAPv1.5 showed that the
identified proteins for the groups in the study were involved in different biological
processes such as cellular processes and regulation (Fig. 3-A). These proteins are
mostly extracellular proteins and from plasma membrane (Fig. 3-B), regarding to the
molecular function they are associated with catalytic activity, binding and other
molecular functions (Fig. 3-C).
3.1.3 Integrative analysis with Cytoscape
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Integrative analysis with Cytoscape, based on the use of ClueGO plug-in, integrating
Gene Ontology (GO) terms, KEGG/BioCarta pathways and Wikipathways, were used
to improve the biological interpretation and creating a functionally organized
GO/pathway term network [23, 24]. The most significant biological process pathways
for the cluster analysis of healthy pool vs. bladder cancer and healthy pool vs. LUTS,
are represented in Fig. 4 (groups), Fig. 5 (clusters) and Fig. 6 (significance), and are
described below. Interestingly, in some cases, the most significant pathway represented
as the group leading term is not the most specific. This can be explained by the presence
of one or more exclusive proteins, as described in the section 3.1.1. that can contribute
for a more specific pathway than the leading term group. Detailed information of the
integrative analysis with Cytoscape, based in the use of ClueGO plug-in, is given in
Table SM5.
For the cluster analysis of healthy pool vs. bladder cancer, the most significant
biological process pathways (Fig. 4) were, (i) antibacterial humoral response (from the
group leading term: protein activation cascade), (ii) blood coagulation, fibrin clot
formation, (iii) acute inflammatory response, (iv) complement and coagulation
cascades. For these most significant biological processes, some genes (proteins) are
associated with the following pathways:
(i) Antibacterial humoral response, FGB (Fibrinogen beta chain), IGHA1 (Ig
alpha-1 chain C region), IGHA2 (Ig alpha-2 chain C region), IGHM (Ig mu chain C
region).
(ii) Blood coagulation, fibrin clot formation, A2M (alpha-2-macroglobulin), FGB
(Fibrinogen beta chain), FGG (Fibrinogen gamma chain), SERPINC1 (AntithrombinIII).
(iii) acute inflammatory response, A2M (alpha-2-macroglobulin), APCS (Serum
amyloid P-component), C4A (complement C4-A), C4B (complement C4-B), HP
(Haptoglobin), ITIH4 (Inter-alpha-trypsin inhibitor heavy chain H4), SERPINA1
(Alpha-1-antitrypsin), SERPINF2 (Alpha-2-antiplasmin).
Concerning to healthy pool vs. LUTS cluster analysis, the most significant
biological process pathways (Fig. 4) were, (i) complement and coagulation cascades
and (ii) protein activation cascade. For these most significant biological process, some
genes (proteins) are associated with the following pathways:
(i) complement and coagulation cascades, A2M (alpha-2-macroglobulin), C4A
(complement C4-A), C4B (complement C4-B), FGG (Fibrinogen gamma chain),
SERPINC1 (Antithrombin-III), SERPIND1 (Heparin cofactor 2), SERPINF2 (Alpha-2antiplasmin).
(ii) protein activation cascade. A2M (alpha-2-macroglobulin), C4A (complement
C4-A), C4B (complement C4-B), FGG (Fibrinogen gamma chain), IGHA1 (Ig alpha-1
chain C region), IGHA2 (Ig alpha-2 chain C region), IGHG1 (Ig gamma-1 chain C
region), IGHG2 (Ig gamma-2 chain C region), IGHG4 (Ig gamma-4 chain C region),
IGHM (Ig mu chain C region), IGKC (Ig kappa chain C region), SERPINC1
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(Antithrombin-III).
3.1.4 Orthogonal validation of mass-spectrometry protein identification
Western blot analysis was performed as described in the section 2.12. The aim of this
orthogonal validation of MS protein identification was to corroborate the presence or
absence of fibrinogen gamma chain (FGG) and haptoglobin (HPT) in bladder cancer
patients. These proteins, FGG (s.n. 337) and HPT (s.n. 266), were found as
differentially expressed in at least 70% of the bladder cancer patients when compared
with the healthy pool as described in section 3.1 (i). Western blot confirmed the
presence of FGG and HPT as shown in Fig 7-A and Fig. 7-B.
4. Discussion
4.1 Healthy pool versus bladder cancer
When the healthy pool was compared with the seven bladder cancer patients, four spots
(six proteins) were found differentially expressed in five patients (70%) (see section 3.1
for further details).
Of these six proteins, two were found with levels consistently downregulated in six of
the seven patients, namely, serum albumin and gelsolin. Serum albumin is a well-known
multifunctional protein, with great binding and transport properties towards many
different compounds. Furthermore, contributes to detoxification by binding poisonous
metabolites such as bilirubin and drugs. Moreover, the protein helps in the regulation of
colloidal osmotic pressure of blood and is the main modulator of fluid distribution
between body compartments. In addition, serum albumin displays a wide variety of
binding sites for several metal ions [25] and exerts important antioxidant activities,
acting through its multiple-binding sites and free radical-trapping properties [26]. A
decline in the circulating serum albumin level is a common feature in disease
[25][27][28]. More interestingly, serum albumin represents a valuable biomarker for
several diseases, including cancer. Thus, Gupta and Lis [29] have published a revision
of the findings of a vast number of studies about cancer. They found (i) that 26 of 29
studies claim higher serum albumin levels to be associated with better survival ratios for
gastrointestinal cancer; (ii) that nine from ten studies of lung cancer found higher serum
albumin levels to be associated with better survival ratios; (iii) that in other 14 studies
related to different types of cancer, lowers levels of serum albumin were associated with
poor survival. It is clear that cancer promotes a differentiation of albumin levels, and in
the case of bladder cancer is a promising biomarker of diagnostic as it was found downregulated in six of the seven patients.
Gelsolin was found down expressed in six of the seven patients as well. This
protein plays an important role in actin filament remodeling. Moreover, this protein is
involved in several cellular processes, including cell motility, differentiation,
adhesiveness, invasiveness, control of apoptosis and regulation of phagocytosis
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[30][31]. Our results are in agreement with the work presented by Tanaka et al. [32]
who claim that gelsolin plays a key role as a tumor suppressor in human urinary bladder
carcinogenesis. They observed that the expression of gelsolin, in a number of human
bladder cancer cell lines and tissues, was undetectable or extremely low in comparison
with its expression in normal bladder epithelial cells [33].
Ig alpha-1 chain C region and Ig alpha-2 chain C region were found consistently
up-regulated in six of the seven patients. The immunoglobulins are produced in the cells
of the lymphoreticular system in a normal ebb and flow as response to antigenic
stimulus. Their production and release into vascular space is associated with an increase
in the plasma cell population of bone marrow and / or the lymphatic glands [34]. Low
immunoglobulin levels define some humoral immunodeficiencies. However, high
immunoglobulin levels are observed in liver diseases, haematological disorders,
infections and malignancies [35].
Haptoglobin was also found up-regulated in 5 of the 7 patients. This protein is an
acute phase protein that captures and combines with the free plasma hemoglobin,
preventing free radical damage caused by heme-iron mediated generation of free
hydroxyl radicals [36][37]. Haptoglobin also acts as a potent immunosuppressor of
lymphocyte function and modulates the helper T-cells type 1 and type 2 balance within
the body [38]. Acute phase haptoglobin derived from patients with solid tumors has
been described as capable of mediating a nonspecific immune suppression in vitro in
humans and in vivo in animals [39]. Furthermore, Ahmed et al. concluded that
Haptogloblin-1 was significantly increased in early-stage ovarian cancer patients [36].
In addition, Lai et al. [37] suggested that haptoglobin has a great potential as a sensitive
plasma biomarker for early detection of patients with oral squamous cell carcinoma
(OSCC). Moreover, the expression of haptoglobin in human plasma samples from 52
patients indicated a strong correlation between the increasing levels of haptoglobin and
the clinical staged of OSCC [37]. The same increased patterns of haptoglobin were
described in others studies as breast cancer [40] and glioblastoma [41]. Kumar et al. has
shown that haptoglobin α2 induces cancer cell migration and increases tumor growth
with decreased survival [41].
Fibrinogen gamma chain was differentially expressed in a non-consistent
manner, as it was found down-regulated for two patients and over regulated for three
patients. This protein plays an important role in fibrin clot formation, platelet
aggregation and wound healing. This functions are performed through the fibrinogen γ
chains that bind to cell surface receptors, growth factors and coagulation factors [42].
However, fibrinogen binding interactions can also contribute to pathophysiologic
processes, including inflammation and thrombosis [42].
Integrative analysis was carried out in order to get insight of most significant
biological process pathways dysregulated in bladder cancer patients. Regarding to this
comparison, three different pathways seem to be important, described in section 3.1.3,
Fig. 4. This approach needs to be considered with care, as all the proteins dysregulated
were included, no matter if they were present in all the patients. Protein activation
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cascade (green color, Fig. 4) was one of the pathways considered most significant, with
genes (proteins) strongly associated with this biological pathway. However, this
biological pathway is the group leading term (with highest significance in the group),
not being the one specific for the bladder cancer (cluster 1, Table SM5). Antibacterial
humoral response was the one with the highest specificity for bladder cancer. In fact,
bladder mucosa is contiguous with the external environment and routinely exposed to
microorganisms. Despite this, the bladder normally remains uninfected due to some
defense strategies, such as, micturition (nonspecific), mucin layer, induced expression
of secretory immunoglobulin A and cationic antimicrobial peptides (β-defensins and
cathelicidin). Interestingly, bladder cancer is treated by intentionally instilling bacteria
into the lumen of the bladder to induce inflammation in the bladder mucosa [43].
Furthermore, Ig alpha-1 chain C region and Ig alpha-2 chain C region, already described
above, are linked with this pathway (described in section 3.1.3). Fibrinogen gamma
chain, another protein already described above, is involved in another significant
biological process pathway, the blood coagulation, fibrin clot formation (Fig. 4).
Finally, acute inflammatory response was other of the significant biological pathways,
being haptoglobin strongly correlated with this pathway as described above.
4.2 Healthy pool versus LUTS
When the healthy pool was compared with the seven LUTS patients, only one
spots was found differentially expressed as downregulated in five of the seven patients
(70%), corresponding to serum albumin (described in section 3.1). A decline in the
circulating serum albumin level is a common feature in disease, being lower levels of
serum albumin associated with a poor survival ratio as already described in section 4.1.
Therefore, this protein alone cannot be used as a biomarker for bladder cancer. In
addition, when the analysis was done for the presence of proteins in at least 60% of the
patients, five spots were found differentially expressed rendering 5 proteins (described
in section 3.1). The proteins were: (i) Inter-alpha-trypsin inhibitor heavy chain H4, (ii)
Serum albumin, (iii) Heparin cofactor 2, (iv) CD5 antigen-like, (v) Hemopexin, Fig. 1C.
Heparin cofactor 2 (HCII) is a member of the serine protease inhibitor (serpin)
family, playing an important role in inhibition of serine proteases involved in complex
systems [44]. This inhibition is regulated through a suicide mechanism, wherein the
proteases initiate proteolysis of serpin, but the reaction is not completed, forming a
covalent linkage between the two protein and leading to protease inactivity [45]. HCII
inhibits thrombin rapidly in the presence of dermatan sulfate, heparin sulfate, or heparin.
This protein has been proposed to regulate coagulation or participate in processes such
as inflammation [46]. Our finding is in agreement with Chen et al. [47], who compared
differential protein levels between pooled urine samples from non-tumor controls and
three bladder cancer patient’s subgroups with different grades/stages. They discovered
that HCII was one of the proteins significantly elevated in bladder cancer urine
specimens. In addition, they found that urine HCII levels increased in all disease groups
(bladder cancer and UTI/HU subgroups). Because inflammation and bloody urine are
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common symptoms of these diseases, Chen et al. suggest that the elevation of HCII in
the urine of the patients may reflect the involvement of coagulation and inflammatory
processes in tumor and infection microenvironment [47]. This suggestion is in
agreement with some of the most significant biological process pathways observed in
Fig. 4.
Hemopexin was found dysregulated in at least four of the seven LUTS patients
(60%). Hemopexin is the plasma protein with highest affinity to heme. This protein
belongs to acute-phase protein family whose synthesis is induced by inflammatory
events, and it is mainly expressed in the liver [48]. Furthermore, Tolosano et al. have
shown, based on in vitro and in vivo data, that the most important role of hemopexin is
the protection of cells from oxidation stress rather than preventing heme-bound iron
loss. Moreover, Goo et al. [49] addressed hemopexin as a potential biomarker for
interstitial painful/bladder syndrome, IC, as they reported hemopexin levels altered
(decreased) in 60 % of IC patients compared to controls, IC is characterized by chronic
pain, pressure and discomfort felt in the pelvis or bladder [49].
Another acute-phase protein that was found downregulated in at least 60% of the
LUTS patients was Inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4). According to
Song et al. [50], different disease conditions and diagnostic information may be
associated to different fragmentation patterns within the proline-rich region of human
serum ITIH4. Thus, fragmentation patterns are potential biomarkers for detection and
classification of cancer. Interestingly, Canter et al. [51] found ITIH4 significantly
upregulated in urine samples from nine IC patients comparing with nine asymptomatic
controls. In addition, evidence of LUTS has been detected in women and men with IC
and other complexes of LUTS [52].
CD5 antigen-like protein (CD5L) was also found dysregulated. CD5L is a
secreted glycoprotein that contains three scavenger receptors cysteine-rich (SRCR)
domains and belongs to the structural family of SRCR-super family. This glycoprotein
is synthesized by tissue macrophages under inflammatory conditions, modulating tolllike receptor (TLR) activation of monocytes, thus participating in the control of
inflammatory reactions [53][54]. Furthermore, given that CD5L modulates the activity
of tissue macrophages, this protein has been implicated in variety of biological
functions, including the pathogenesis of several infectious and inflammatory processes,
including cancer [54].
The Integrative analysis for the comparison between LUTS patients and healthy
pool shows two biological pathways as the most affected by the LUTS dysregulated
proteins, described in section 3.1.3, Fig. 4. Complement and coagulation cascades is
one of the pathways, with heparin cofactor 2 strongly associated to this as described
above. The other pathway is protein activation cascade. However, none of the proteins
described above seems to be correlated with this pathway.
5. Conclusions
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We have demonstrated that equalization of complex proteomes from bladder cancer
samples is conveniently achieved with the DTT approach, a cheap method which allows
plasma equalization in a quickly and straightforward manner. For healthy pool vs.
bladder cancer and LUTS analysis, we identified a total of 96 spots differentially
expressed that were excised and analyzed rendering a total of 36 unique proteins. From
those unique proteins, 29 were detected dysregulated in bladder cancer and LUTS.
Seven dysregulated proteins were specific to bladder cancer. This result suggests that
both patient groups were very similar regarding the differentially expressed proteins.
This can explain why both diseases are frequently misled, as the pathways dysregulated
are almost the same. Proteins found overexpressed in 70% of the bladder cancer patients
were: (i) Serum albumin, (ii) Gelsolin, (iii) Fibrinogen gamma chain, (iv) Ig alpha-1
chain C region, (v) Ig alpha-2 chain C region, and (vi) Haptoglobin. Furthermore,
Serum albumin and Gelsolin, Ig alpha-1 chain C region and Ig alpha-2 chain C region
proteins were found dysregulated in 80% of the patients. Concerning LUTS analysis the
results were that only one spot differentially expressed was present in at least 70% of
the patients, corresponding to serum albumin. In addition, when the analysis was done
for the presence of proteins in at least 60% of the patients, five spots were found
differentially expressed, corresponding to (i) Inter-alpha-trypsin inhibitor heavy chain
H4, (ii) Serum albumin, (iii) Heparin cofactor 2, (iv) CD5 antigen-like and, (v)
Hemopexin. Furthermore, integrative analysis was used to gain insight into the
biological processes driving the diseases, showing that some of these proteins are
associated with (i) protein activation cascade (ii) blood coagulation, fibrin clot
formation, (iii) acute inflammatory response and, (iv) complement and coagulation
cascades. The proteins found dysregulated are in agreement with those reported in
literature for bladder cancer.
We anticipated and increase number of potential biomarkers as this methodology gets
implemented in laboratories working with bladder cancer biomarker discovery.
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Fig. Captions
Fig. 1- Protein expression in different patients and control group. A-Healthy pool vs
bladder cancer (70%), B-Healthy pool vs LUTS (70%), C-Healthy pool vs LUTS
(60%). Data is presented as a heatmap with clusters to visualize protein Log2 expression
values ranging from green (lower than the mean expression level) to red (higher than the
mean expression level). Columns represent different patients while rows represent
different proteins.
Fig. 2- Venn Diagrams representing the number of exclusive or common spots for,
Healthy pool vs bladder cancer in comparison with Healthy pool vs LUTS (7:29:0).
Fig. 3- Annotation per gene ontology term obtained with the Software Tool for
Researching Annotations of Proteins (STRAP). Bar chart of (A) Biological process GO
term annotations, (B) Cellular component GO term annotations and (C) Molecular
function GO term annotations.
Fig. 4- Integrative analysis with ClueGo plug-in. Representation of the overall view for
biological process pathways implicated in both clusters, cluster 1 (healthy pool vs
bladder cancer) and Cluster 2 (healthy pool vs LUTS).
Fig. 5- Integrative analysis with ClueGo plug-in. Representation of terms contribution
from each cluster to the biological pathways. The terms for the cluster 1 (healthy pool
vs bladder cancer) are represented with red color and for cluster 2 (healthy pool vs
LUTS) are represented with green color. When terms are represented with red and
green color, they are present in both clusters. Almost every biological pathways are
marked with red color, this means that cluster 1 has more terms contributing for these
pathways. In addition, the grey color represents unspecific terms for these biological
pathways, which means that terms from both clusters equally contribute for these
biological pathways.
Fig. 6- Integrative analysis with ClueGo plug-in. Representation of the overall view for
biological process pathways of the most significant pathways implicated in both
clusters, cluster 1 (healthy pool vs bladder cancer) and cluster 2 (healthy pool vs
LUTS). Larger lines with bold letter represents a more significant biological pathway.
The size of the nodes varies according with number of mapped terms.
Fig. 7- Western blot of FGG and HPT proteins in plasma samples of bladder cancer
patients. A- FGG western blot: 1-7 represents the plasma samples from the bladder
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cancer patients (1-MC2; 2-VF3; 3-AR5; 4-MC6; 5-RM7; 6-AM8 and 7-JP9) and 8,
represents the fibrinogen from pooled human plasma used as positive control. B- HPT
western blot: 1-7 represents the plasma samples from the bladder cancer patients (1MC2; 2-VF3; 3-AR5; 4- MC6; 5-RM7; 6-AM8; 7-JP9) and 8 represents the haptoglobin
from pooled human plasma used as positive control. The images were edited (brightness
and contrast) using GIMP2, a free open source image editor (https://www.gimp.org/).
Fig. 1
A-Healthy Pool vs Bladder Cancer (70%)

B-Healthy Pool vs LUTS (70%)

C-Healthy Pool vs LUTS (60%)
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Fig. 2

Fig. 3
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Fig. 4
23

Figura 5
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Fig. 6
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Fig. 7

Highlights


The method allows treating one sample in 45 min and can be easily adapted for 96well plates, making high throughput possible (96 samples in 45 min).
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We have found seven proteins differentially expressed belonging to the patient with
bladder cancer. The proteins are in agreement with those reported in literature.
The method here presented is fast, cheap, of easy application and it matches the
analytical minimalism rules.
Overall DTT-based protein equalization is a promising methodology in bladder cancer
research.
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