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Abstract 

Background: Several promising biomarkers have been found for RCC, but none of them has been used in clinical 
practice for predicting tumour progression. The most widely used features for predicting tumour aggressiveness still 
remain the cancer stage, size and grade. Therefore, the aim of our study is to investigate the urinary peptidome to 
search and identify peptides whose concentrations in urine are linked to tumour growth measure and clinical data.

Methods: A proteomic approach applied to ccRCC urinary peptidome (n = 117) based on prefractionation with 
activated magnetic beads followed by MALDI-TOF profiling was used. A systematic correlation study was performed 
on urinary peptide profiles obtained from MS analysis. Peptide identity was obtained by LC–ESI–MS/MS.

Results: Fifteen, twenty-six and five peptides showed a statistically significant alteration of their urinary concen-
tration according to tumour size, pT and grade, respectively. Furthermore, 15 and 9 signals were observed to have 
urinary levels statistically modified in patients at different pT or grade values, even at very early stages. Among them, 
C1RL, A1AGx, ZAG2G, PGBM, MMP23, GP162, ADA19, G3P, RSPH3, DREB, NOTC2 SAFB2 and CC168 were identified.

Conclusions: We identified several peptides whose urinary abundance varied according to tumour size, stage and 
grade. Among them, several play a possible role in tumorigenesis, progression and aggressiveness. These results could 
be a useful starting point for future studies aimed at verifying their possible use in the managements of RCC patients.
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Background
Renal cell cancer (RCC) accounts for about 4  % of all 
adult cancers and is the most dangerous of all urological 
malignancies with a median survival time of about 
13  months, with less than 10  % of patients surviving 
more than 5  years. There are about 210,000 new cases 
and 100,000 deaths diagnosed worldwide every year, and 
the number of patients is increasing rapidly [1]. About 
30  % of patients already have metastasis at the time of 
diagnosis and 30–40 % of patients with localized kidney 

cancer will have a recurrence [2]. Although partial or 
total surgical resection are the gold standard treatments 
for patients with localized RCC, approximately 
20–40 % of them will have progression during one-year 
follow-up  period. Neither chemotherapy nor radiation 
therapy is effective for the patients with metastases [1].

Over the last decade, most of kidney tumours are 
revealed incidentally during unrelated clinical investigation, 
owing to the widespread use of abdominal imaging, 
including ultrasonography and computed tomography. 
Moreover, laboratory examinations accompanied by urine 
analysis in search for haematuria are prompted for every 
suspicion of RCC [3]; however, there are still no other 
cancer type- or stage specific biomarkers appropriate for 
clinical usage in urine analysis [4]. On the other hand, the 

Open Access

*Correspondence:  clizia.chinello@unimib.it 
†Clizia Chinello and Marta Cazzaniga contributed equally
1 Department of Health Science, School of Medicine, University of Milano-
Bicocca (UNIMIB), Via Cadore, 48, 20900 Monza, Italy
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-015-0693-8&domain=pdf


Page 2 of 11Chinello et al. J Transl Med  (2015) 13:332 

increase of RCC incidence is also associated with the rise 
in incidental detection of localized small renal masses. 
About 20 % of small masses are benign and they are likely 
to have pathological characteristics of low Fuhrman grade 
and clear cell type. In addition, small renal masses are 
increasingly detected in elderly patients who probably 
have comorbidities and are a high-risk group for active 
treatment like surgery [5]. Consequently, indications 
for watchful-waiting in small renal kidney cancers are 
consistently expanding [6]. As the management possibilities 
are enhancing, the current role of renal mass biopsy is also 
increasing. Thus, despite the associated risks (bleeding, 
tumor seeding, etc.), renal mass biopsy is recommended 
for active surveillance in most cases except in watchful-
waiting candidates, in patients with imaging or clinical 
characteristics indicative of pathology as syndromes 
and in cases whereby conservative management is not 
contemplated [7].

Rapid progress has been made to understand 
tumorigenesis, but the key events leading to the 
dysfunction of the control of cellular proliferation still 
remain unclear. Since alterations of these regulatory 
processes can be caused not only by altered gene 
expression but also by proteins, proteomics investigations 
are of special importance to detect patterns of disease-
associated protein alterations. Recently, we and 
other researchers used these approaches to identify 
differentially expressed proteins by comparing non-
neoplastic and neoplastic kidney tissue as possible 
biomarkers [8–10]. Moreover, biomarker discovery for 
RCC is not only feasible in the tissue proteome but also 
in urinary peptidome. In fact, peptidomics analysis has 
detected the presence of clusters of urinary peptides able 
not only to differentiate RCC patients from controls [11] 
but even benign from malignant kidney solid masses [12].

Following surgery, TNM (Tumour-Node-Metastasis) 
staging and Fuhrman grade as well as performance 
status and serum markers (haemoglobin, calcium, lactate 
dehydrogenase, platelets, neutrophils and C-reactive 
protein) are the most used factors applied so far for 
predicting tumour progression and recurrence [13]. 
Many authors have therefore investigated the role of 
prognostic biomarkers attempting to improve patient’s 
risk stratification, and better predict disease recurrence 
and associated mortality [13, 14]. Quite recently, a 
predictive model based on the following independent 
prognostic factors has been published by Tosco et  al. 
[15]: primary tumour T stage ≥3, primary tumour 
Fuhrman grade ≥3, nonpulmonary metastases, disease-
free interval ≤12 mo and multiorgan metastases. 
Considering that cancer progression is reflected by 
tumour stages, Junker et  al. have examined neoplastic 

tissues from kidneys belonging to different stages 
and grades as well as the non-neoplastic specimen 
counterparty [10]. In particular, they have studied the 
proteome of kidney tissue of 27 patients (pT1, pT2, pT3) 
and 9 adjacent normal tissue by 2D-DIGE, identifying 
several proteins correlating with pT. Lebdaj et  al. 
found a significant association between expression of 
transforming growth factor beta-induced (TGFBI) in 
tissue with tumour category pT3-pT4, Fuhrman grades 
III and IV and tumour mass size >4 cm [16]. Moreover, 
Morrisey et  al. have observed a correlation between 
the neoplasm size and the pre-nephrectomy urinary 
levels of AQP1 and PLIN2. A correlation was found 
also for both markers with tumour stage but not with 
grade [17]. The identification of biomarkers predicting 
treatment response could avoid unnecessary costs, 
prevent side effects, and help in choosing optimal patient 
management. Recently, progress in the chemotherapeutic 
treatment of renal cell carcinomas has been achieved 
with the development of targeted molecular therapies 
[16]. Currently, several promising molecular biomarkers 
have been found, but none of them have been introduced 
in clinical practice. Consequently, the most powerful tool 
for predicting tumour aggressiveness still remains stage, 
size and grade [16]. However, as it stands, no systematic 
investigation has been carried out to highlight if part of 
the urinary peptidome not only suggests the presence of 
a tumour mass in kidney [11, 12] but may also reflect its 
progression. Therefore, in this study we investigated the 
urinary peptidome to search  for and identify peptides 
with a urinary expression alteration according to pT, 
tumour dimension and grade to be employed as a 
possible starting point for future more specific studies 
aimed at ccRCC management.

Methods
Chemicals and standards
Profiling Kit 1000 C8-MB, α-cyano-4-hydroxycinnamic 
acid (CHCA), Protein Calibration Standard I (Prot-
Mix I) and Peptide Calibration Standard II (PepMix II) 
were provided by Bruker Daltonics GmbH (Bremen, 
Germany).

Urine collection and handling procedure
Urine samples were collected from patients the day 
before surgery at “Ospedale Maggiore Policlinico” 
Foundation (Milan, Italy), San Gerardo Hospital 
(Monza, Italy) and those from healthy volunteers at 
Desio Hospital (Desio, Italy). All subjects had signed an 
informed consent prior to sample donation and analyses 
were carried out in agreement with the Declaration 
of Helsinki. Study protocols and procedures were 
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approved by the local ethic committee (U.O. Comitato 
di Etica e Sperimentazione Farmaci Direzione Scientifica 
Fondazione IRCCS Ca’Granda Ospedale Maggiore 
Policlinico, Milano and Comitato Etico Azienda 
Ospedaliera San Gerardo, Monza, Italy). Second morning 
midstream urine was collected in sterile urine tubes 
(Anicrin s.r.l., Italy) [18].

Prefractionation of urine samples was performed as 
already described [12]. Briefly, 40  µL of  the urine sam-
ple was incubated for 1 min in a magnetic separator with 
80 µL of binding buffer and 5 µL of RPC8 magnetic beads. 
The beads were then washed twice with 45 µL and once 
with 30 µL of washing solution. Finally, the peptides were 
released with 10 µL of elution solution (50 % Acetonitrile 
in water). A small amount of the eluates was used for the 
automated spotting onto an AnchorChip™ target (Bruker 
Daltonics, Germany).

In addition, two pools were obtained by mixing 40 µL 
of urine of each subject and used for peptide identifica-
tion. The two pools were manually purified with mag-
netic beads following the same steps and proportion 
described for the automatic procedure.

MALDI‑TOF peptide profiling
The analysis of purified urine samples was performed in 
linear mode (MALDI-LM) and reflector mode (MALDI-
RM) using an UltrafleXtreme™ MALDI-TOF/TOF 
instrument (Bruker Daltonics, Germany) [19].

Multiple spectra comparison was performed with 
ClinProTools™ Software v. 2.2 (Bruker Daltonics, Ger-
many) after normalization. Statistical elaboration was 
conducted on the mean spectrum generated from each 
subject dataset. A S/N threshold of 3 and zero level inte-
gration type were used as parameters in order to obtain a 
list of peaks with their area, calculated on the total aver-
age spectrum.

Expression profile analysis and statistical analysis
Statistical analysis was conducted as already described 
[12]. Initially normality and homogeneity of variance 
(Shapiro–Wilk’s, Barlett and Leven’s test for normality 
and homogeneity testing) were evaluated, followed by 
suitable parametric or non-parametric tests for groups 
comparisons (Equal Variance t test for Normal Data 
with Equal Variances, Unequal Variance (Welch) t-test 
for Normal Data with Unequal Variances, Mann–
Whitney U-test (Wilcoxon) for Non-normal Data with 
Equal Variances and Kolmogorov–Smirnov test for 
Non-normal Data with Unequal Variances). Peptide 
urinary expression variation according to clinical data 
was computed using Spearman rank-order correlation 
(Spearman’s rho). All tests were applied using 0.05 as the 
significance level.

Peptide sequencing by nLC–ESI–MS/MS
Identity of the endogenous peptides present in RPC8 
enriched fractions were assessed by nLC–ESI–MS/
MS analysis of the ccRCC patients urine pool (n =  80) 
prepared as previously described [19]. Briefly, before 
injection MB fractionated samples underwent a 
purification step from salts and beads performed using 
Ziptip™ μ-C18 Pipette Tips (Millipore Corp, Bedford, 
MA, USA) as already reported [19]. Desalted fractions 
were chromatographically separated into a Dionex 
UltiMate 3000 rapid separation (RS) LC nano system 
(Thermo Scientific, Germany) and analysed with an 
online-coupled Impact HD™ mass spectrometer (Bruker 
Daltonics, Germany).

Peptides were loaded onto a µ-precolumn (Dionex, 
Acclaim PepMap 100 C18, cartridge, 300 µm i.d. × 5 mm, 
5  µm), followed by a multistep 360  min gradient at 
a flow rate of 300  nl/min on the analytical 50  cm nano 
column (Dionex, 0.075  mm ID, Acclaim PepMap100, 
C18, 2 µm). A ramp from 4 to 35 % in 245 min of mobile 
phase B (0.1  % FA/80  % CHCN) was used. The column 
was connected to a nanoBooster CaptiveSpray™ (Bruker 
Daltonics). The mass spectrometer was operated in 
the data-dependent-acquisition mode to automatically 
switch between full scan MS and MS/MS acquisition in 
CID mode (N2 was used as collision gas). The number 
of precursor ions was automatically adjusted to fit into a 
fixed cycle time of 5  s, and IDAS (Intensity Dependent 
Acquisition Speed) and RT2 (RealTime Re-Think) func-
tionalities were applied. The tune parameters were set as 
already described [12] in order to better assist the frag-
mentation of larger endogenous peptides.

XML peaklists were processed using an in-house 
Mascot search engine (v2.4.1). Database searching was 
restricted to human Swiss-Prot (accessed Apr 2015, 
548,208 sequences; 195,282,524 residues). Mass toler-
ances were set at 20  ppm for MS and 0.05  Da for MS/
MS. No enzyme and any fixed modification was set in the 
search parameters. Acetyl (N-term), Acetyl (K), Deami-
dation (NQ), Oxidation (HW), Oxidation (M) were set as 
variable modifications in the Mascot search parameters. 
Mascot score thresholds and decoy database were used as 
peptide level filters of peptide significance (FDR <5 %).

Results
Clinical data and study design
Urine collected from 117 clear cell RCC patients (ccRCC) 
(72 men, 45 women) were used in the present study. 
Fisher test did not reveal any gender dependence in the 
studied cohort. The mean age for patients was 64.05 
with a range of 33–87  years. Patients were classified 
according to the 2009 TNM system classification and 
their clinical characteristics are described in Table 1 [12]. 
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Histological analysis was performed on patients based 
upon the Fuhrman grading system, sarcomatoid and 
cystic differentiation, tumour necrosis, microvascularity 
and urinary infiltration. Dimension of the tumour mass 
was in the range from 1.5 to 18 cm. RCC patients were 
divided in four groups according to pT (group 1 = pT1a; 
2 = pT1b; 3 = pT2a and 4 = pT ≥ 2b) or Grade values 
(1, 2, 3 and 4). Urine samples collected from 137 healthy 
subjects (81 men, 56 women) were used for statistical 
analysis [12].

Peptide urinary expression altered according to clinical 
data
To investigate the possible association between urinary 
levels of peptides and tumour size, pT and grade, statisti-
cal analysis was applied to the peptidomic profiles of the 
ccRCC patients. Peptides with a urinary expression cor-
relating with age were not considered [12].

Urinary peptides varied depending on tumour size
Fifteen peptides showed a statistically significant vari-
ation according to tumour size (Additional file  1: 
Table  S1A). Almost all of these peptides  also have a 
statistically different expression from control subjects 
(Additional file  1: Table  S1A, second column). Interest-
ingly, the alteration was negative for three of them (range 
from −0.307 to −0.312) and positive for the other twelve 
(range from 0.31 to 0.514).

Peptide urinary expression altered according to pT
Twenty-six peptides displayed a statistically significant 
variation between their urinary concentration and pT 
(Additional file  2: Table  S2A). Fifteen of these peptides 
were differentially expressed in RCC compared with 
controls (Additional file  2: Table  S2A, second column). 
Notably, only five of them showed a negative alteration 
(range from −0.202 to −0.326) while for the other 
twenty-one the variation was positive (range from 0.203 
to 0.27).

Urinary peptides altered according to Grade
Only five peptides showed a statistically significant alter-
ation between their urinary concentration and grade 
(Additional file  3: Table  S3A). Four peptides were sig-
nificantly differentially expressed between patients and 
controls (Additional file  3: Table  S3A, second column). 
Only one of them showed a positive variation while for 
the other four it was negative with a value of about −0.2.

Urinary peptides differentially expressed according 
to histological data
To investigate the possible alterations of the urinary 
levels of peptides according to pT and Grade, statisti-
cal analysis was applied to the peptidomic profiles of the 
RCC patients divided into four groups.

Fifteen peptides were observed to have urinary lev-
els statistically different in patients at different pT val-
ues (Additional file 2: Table S2B, Figs. 1, 2), and nine of 
them were significantly also varied in patients compared 
with control subjects (Additional file 2: Table S2B, second 
column). Furthermore, considering only the compari-
son between patients with tumour stage pT1a and pT1b, 
fourteen peptides showed a statistically significant altera-
tion (Additional file 4: Table S4). 

On the contrary, nine peptides (Additional file  3: 
Table  S3B, Figs.  1, 2) showed a statistically significant 
difference between patients having a tumour at different 
grades, with seven of them also varied in patients ver-
sus healthy subjects (Additional file 3: Table S3B, second 
column).

Peptide identification
Identity of the urinary peptides in the C8-magnetic beads 
pre-purified fractions was obtained by nanoLC-ESI–MS/
MS. Several peptides could be identified and among 
them, fifteen signals having a variation linked to clinical 
data were recognized (Additional file 5: Table S5).

Six ions present in MALDI-LM profiles and not 
in MALDI-RM spectra were matched with peptide 
sequences identified in ESI–MS/MS (average Mass 
Measurement errors for LM: 222 ± 411.1 ppm): the ion 
at m/z 3571.1 was recognized as the fragment 362SQP 

Table 1 Patients clinical characteristics according to  the 
2009 TNM (tumour-node-metastasis) system classification

No. of patients

ALL 117

Mean ± SD age at diagnosis 64.05 ± 11.16

Median age at diagnosis (range) 33–87

Tumor mass in cm (range) 1.5–18

Gender

 Males 72

 Females 45

Staging

 pT1a 45

 pT1b 39

 pT2a 23

 pT2b 1

 pT3a 9

 pT3b 0

Grade

 1 6

 2 79

 3 20

 4 3
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Fig. 1 Box-plot of identified peptides (below 2500 m/z) that resulted statistically varied according to class (CTRLs vs ccRCC) pT or grade. The pos-
sible significant correlation with tumor size, TNM stage and Fuhrman grade is reported
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Fig. 2 Box-plot of identified peptides (above 2500 m/z) that resulted statistically varied according to class (CTRLs vs ccRCC) pT or grade. The pos-
sible significant correlation with tumor size, TNM stage and Fuhrman grade is reported
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PPLPPPPPPAQETQEPSPILDSEETRAAAPQ395 of the 
DREB protein; the ion at 3723.8 as the 51 STHGKFHGTV 
KAENGKLVINGNPITIFQERDPSK84 fragment origi-
nated from G3P_HUMAN; the ion at m/z 4355.1 as the 
acetylated form of the 386EEKDIKPIIKDEKGRVGSGS-
GRNLWVSGLSSTTRATDLK424 peptide belonging to 
the SAFB2 protein; the ion at m/z 4626.9 as the 868HEVK-
TIDMRFRIHCQEARISPMSHILNAKELVLNINKLE906 
fragment from CC168 protein. The remaining nine of the 
fifteen signals were also detected in MALDI-RM profiles, 
strengthening the accuracy of identity assignment (aver-
age Mass Measurement errors for RM: 36.7 ± 81.3 ppm).

In particular, the ion at m/z 1755.8 was identified as a 
peptide deriving from A1AGx, which is common to both 
A1AG1 and A1AG2 protein isoforms. The ion at m/z 
1934.2 could be generated from two different peptides, 
whose masses could not be unequivocally assigned 
observing the isotope cluster obtained in MALDI-RM: 
the fragment 1152ERLEEAGGATSAQIEMNK1169 deriving 
from the MYH1_HUMAN/MYH4_HUMAN or/and 
the fragment 40LGAPAVPAWSAAQGDVAALGL60 
originating from the MMP23 protein. Similarly, the ion 
at m/z 1825.6 could be ascribed to amino acid sequence 
59FRYNSKDRKSQPMGL73 of ZA2G_HUMAN and/or 
to 4283VSEDPINDGEWHRVTA4298 peptide of PGBM_
HUMAN. For two of the thirteen signals (m/z 2192.1 
and m/z 3151.1), the resolving power of MALDI-RM and 
the low mass difference between different amino acid 
sequences identified by ESI MS/MS have not allowed 
the specific contributes to MALDI-LM peak  to be 
unambiguously distinguished.

Three signals were attributed to the same specific 
amino acid sequences reported in our previous papers 
[12, 18]. The ion at m/z 1912.1 was already identified as 
an UROM fragment [18], the ion at m/z 2192.1 as two 
possible peptides belonging to GP162_HUMAN and/
or KPB1_HUMAN [12], while the ion at m/z 2660.8 was 
unambiguously identified as a fragment from FIBA, also 
by MALDI MS/MS analysis [12].

Discussion
Renal cell carcinoma, the most common type of human 
kidney cancer, is increasing in incidence and it is the most 
lethal genitourinary malignancy. Several studies aiming at 
biomarker discovery in RCC have been reported in recent 
years. Most of them deal with the search of markers for 
early diagnosis, for prognosis and for the prediction of 
patients’ response to therapy. Several proteins correlating 
with the pT were observed when comparing tissue from 
patients at different RCC progression stages [10]. A 
significant association between TGFBI tissue expression 
with this progressive neoplasm at different stages and with 
its diameter was very recently reported [16]. Moreover, 

urinary levels of AQP1 and PLIN2 were observed to be 
correlated with the tumour size and stage but not with 
grade [17]. However, despite these promising studies, none 
was successfully able to predict RCC aggressiveness, and, 
up to now, tumour size and growth rate are still the most 
used prognostic factors. In addition, currently there is 
only limited literature addressing urine markers for RCC. 
This is noteworthy especially if we consider the benefits 
related to the possibility of following localized tumours or 
monitoring drug-based therapy results by simply analysing 
tumour-specific markers in an easily accessible biofluid 
such as kidney excretory product [20, 21].

In this study, we systematically investigated the urinary 
peptidome of a large cohort of RCC patients in order to 
highlight possible features varying according to tumor 
characteristics: size, stage and grade. To preserve the 
homogeneity of the samples, we included only clear cell 
RCC. Statistical data elaboration was focused on data 
derived from urine samples pre-fractionated using C8 
magnetic beads followed by MALDI profiling analysis. 
Previously, the application of this high-throughput 
approach allowed us to build clusters of urinary peptides 
with high diagnostic performances [12].

Through this strategy, we have observed that the uri-
nary abundance of fifteen and twenty-six peptides var-
ies depending on size and stage, respectively (Additional 
file 1: Table S1A, Additional file 2: Table S2A), and among 
them eight were shared and showed a consistent correla-
tion trend. On the other hand, only few signals displayed 
a significant alteration according to Fuhrman grading 
system (Additional file  3: Table  S3A). Even if Furhman 
grade is one of the most widely accepted histological 
prognostic factors [22], it has to be considered that some 
controversial aspects related to the low accuracy due to 
the grade heterogeneity within the same tumor, and to 
the interobserver and intraobserver variability in assign-
ing tumor grade are present [23].

Moreover, most of these peptides were higher or lower 
represented (p  <  0.05) in urine of RCC patients com-
pared to control subjects (Additional file  1: Table  S1A, 
Additional file 2: Table S2A, Additional file 3: Table S3A). 
Some of them have shown significantly varied urinary 
concentration according to pT or grade (Additional file 2: 
Table  S2B and Additional file  3: Table  S3B, Figs.  1, 2) 
and also at early stages pT1a and pT1b (Additional file 4: 
Table S4).

One of the major advantages of MALDI profiling 
strategy is that signals do not need any prior 
knowledge about their identity  in order to allow their 
use as biomarkers. Nevertheless, the identification 
of endogenous peptides could increase  the biological 
insight, exploring the function and the regulation 
of bioactive molecules and degradome products. 
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Furthermore, the lack of identity carries drawbacks 
for their possible translation into clinical routine 
laboratories. We could identify fifteen peptides whose 
urinary expression was significantly varied with tumour 
size, stage and grade (Additional file 5: Table S5, Figs. 1, 
2). Two of the signals were recognized as fragments 
belonging to highly abundant proteins in urine, FIBA 
and UMOD. However, the other identified peptides 
might be attributed to proteins playing a possible role in 
tumorigenesis, progression and aggressiveness.

In particular, the A1AGx protein, known as a1-acid 
glycoprotein (AGP), is the major member of the APP 
family, and its serum concentrations increase during 
acute-phase reactions [24]. In addition, an increased 
APP response was observed to be associated with 
reduced survival rate, independently from stage of 
malignant disease, including lung, pancreatic, renal, 
and colorectal cancer and lymphoma [24]. Serum AGP 
levels in the patient group (esophagus, gastric, colorectal, 
lung, hepatic, pancreatic carcinoma) did not show any 
statistical difference according to tumour size, stage, and 
clinical status [25]. However, patients with advanced or 
recurrent disease and/or metastasis had higher serum 
levels of AGP. These findings suggest that its serum levels 
may not be necessarily related to disease progression 
[25]. Likewise, we found an increase of the urinary levels 
of the AGP fragment compared to controls, especially 
in the early stage pT1a, that decline continuously from 
pT1 to pT3. A negative variation with tumour size was 
also observed. Alteration of the A1AG1 non-glycosylated 
forms levels with the pT was also reported in tissue of 
RCC patients [10]. The authors investigated tissue from 9 
patients at pT1, pT2 and pT3 and they observed a down-
expression of this protein in patients at pT1 and pT2 but 
not at pT3.

NOTCH2 belongs to the Notch family, including 
NOTCH1, NOTCH2, NOTCH3, and NOTCH4 
receptors. Their extracellular domain after the binding 
with specific ligands induce an alteration of the gene 
expression. The clear role of the notch family in RCC 
is still unknown. However, a down-regulation of the 
expression of Notch receptors and of Notch signalling 
was reported, thus suggesting a possible role in the 
progression of renal cell carcinoma [26]. Recently, a 
specific role for each of the four Notch receptors in 
RCC  has also been shown [27]. These authors showed 
a reduced expression of Nocth1 correlating with an 
increase of the Fuhrman grade and tumour size while 
Notch3 and 4 receptors were directly correlated with 
tumour size. Therefore, they suggested a possible role of 
NOTCHs in tumorigenesis of RCC. Our data shows that 
Notch2 is also involved in RCC progression. In fact, even 
if the urinary NOTCH2 is reduced in patients compared 

to controls, a positive variation and an increase of its 
urinary fragment levels from pT1 to pT3 were observed.

Disintegrin and metalloproteinase 19 (ADAM19) is a 
cell surface glycoprotein belonging to the ADAM fam-
ily. These proteins are known to be involved in cell 
adhesion, fusion, and migration and they have a role in 
cancer cell proliferation and progression [28]. ADAM19 
was described as up-regulated in human brain tumours 
and correlating with its invasiveness. Moreover, high 
expression of ADAM19 was also associated with lung 
and kidney inflammatory and fibrotic processes [29]. 
An overexpression of ADAM19 in endometrial carci-
noma and its correlation with the progression and prog-
nosis [30] as well as in renal cell carcinomas  has been 
reported [31]. No statistical difference in its abundance 
was observed in ccRCC patients but an increment was 
noticed in urine of ccRCC at Grade 4. However, the func-
tions of ADAM19 in cancers still remain to be elucidated.

Complement C1r subcomponent-like protein (C1RL) 
causes the proteolytic cleavage of HP/haptoglobin. The 
complement system is well known to be involved in many 
immune complex-mediated kidney diseases: an excessive 
activation of the alternative complement pathway is asso-
ciated with autosomal dominant polycystic kidney dis-
ease (ADPKD) progression. In fact, levels of the specific 
complement components such as CFB, SERPING1 and 
C9 were found to be increased while C1RL, CD55 and 
CD59 levels were decreased in urine of ADPKD patients. 
We found higher urinary levels of CRL in RCC patients 
than in control subjects that slowly decreased from G1 
to G4. However, its role in cancer is not known and its 
detection in tissue is still under investigation [32].

We observed a statistically significant increase of uri-
nary levels of a peptide at m/z 1826 in ccRCC patients 
compared to control subjects negatively varying with 
grade. The identity of this signal could have originated 
either from PGBM or from ZAG proteins.

Basement membrane-specific heparan sulfate 
proteoglycan core protein (PGBM), belonging to heparin 
sulfate proteoglycan (HSPG) family, has an important role 
in vascularization. It has been shown that heparanase is 
highly expressed with a positive correlation with tumour 
stage and poor prognosis in RCC [33]. Moreover, HSPGs 
have been reported in many metastatic tumours, and 
their expression was observed in a variety of malignant 
tumours, showing correlations with malignant phenotype 
[34]. Higher expression of heparanase in ccRCCs than 
in non-ccRCCs correlating with stage was shown by 
immunostaining and RT-PCR [35]. Furthermore, specific 
silencing of heparanase mRNA expression (786-O 
and Caki-2 cells) with small interfering RNA (siRNA) 
inhibited the invasiveness capabilities of these cells 
in  vitro [35]. Elevated heparanase expression was also 
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shown to be an independent indicator of disease-specific 
survival [35, 36]. These findings suggest an important role 
of heparanase in invasion and metastasis and silencing of 
the gene could represent a potential therapeutic target in 
ccRCCs.

Zinc-alpha-2-glycoprotein (ZA2G, AZGP1, ZAG) is a 
protein associated with lipid mobilization, a process that 
is also regulated by mTOR signaling. A down expres-
sion of the ZA2G was observed in the tissue of patients 
affected by hepatocellular carcinoma (HCC) [37] and 
it was associated with a poor overall survival, worst 
disease-free survival, relapse-free survival and distant 
metastatic progression-free survival. Moreover, ZA2G 
protein was also found to be lower in 57 patients with a 
rising of prostate specific antigen after surgery and not in 
the other 32 patients [38]. ZAG expression was inversely 
correlated with Gleason pattern and correlated with a 
favourable outcome.

MMP23 is a member of matrix metalloproteinase fam-
ily (MMP23A, MMP21, MMP23B, MMP22) that partici-
pates in many aspects of tumour growth and metastasis. 
Altered MMP23 expression has been observed in pros-
tate adenocarcinoma, multiple myeloma, synovial sar-
coma and in colorectal cancers [39–43]. We observed 
that its urinary levels are lower in RCC patients com-
pared to controls and have a negative alteration depend-
ing on tumour size and pT.

Drebrin (DREB) has been recently reported to be over-
expressed in human metastatic colon adenocarcinoma 
cell line HCT-116 [44]. We also detected an increase of 
its urinary levels in ccRCC, especially at grade 4. A pos-
sible role in tumour cell migration and invasion for this 
protein has been shown in glioma. A constant overex-
pression of drebrin in U87 cells caused an alteration in 
cell morphology with an increased invasiveness while a 
silencing of drebrin gene expression decreases the inva-
sion and the migration [45].

Glyceraldehyde-3-phosphate dehydrogenase (G3P) 
is implicated in nuclear functions such as transcription, 
RNA transport, DNA replication and apoptosis. Down-
regulation of its expression was observed in colorectal 
cancer [46] while it was over-expressed in human cancer 
cell lines [47]. Moreover, increased expression of GAPDH 
enhanced aggressiveness and vascularization of non-
Hodgkin’s lymphoma [48].

SAFB1 (scaffold attachment factor B1) and a second 
family member Scaffold attachment factor B2 (SAFB2) 
are multifunctional proteins implicated in a variety 
of cellular processes including cell growth, apoptosis 
and stress response. A possible role for SAFBx as 
tumour suppressors has  also been suggested [49]. 
There is numerous evidence that SAFB1/SAFB2 have a 
contribution in cancer progression. SAFB1/SAFB2 may 

have more complex implications in cellular functions, 
such as RNA processing and metabolism, that could 
potentially affect various signalling pathways in cancer 
[49]. We observed low urinary levels for SAFB2 in 
RCC, patients especially at grade 4. Low SAFB protein 
levels were also suggested as possible predictors of poor 
prognosis of breast cancer [50].

There is a critical need for trials aimed at better defining 
the progression of renal masses as well as finding robust 
indicators of patient outcomes, such as overall survival 
and disease specific survival. These studies should include 
either hypothesis generating or hypothesis testing of lab-
oratory tools, tissue based or circulating biomarkers [51]. 
Moreover, the American Urological Association guide-
lines state that patients undergoing follow-up for treated 
or observed renal masses should undergo basic labora-
tory testing and, depending on the risk, imaging (US, CT 
or MR) every three months in high risks or yearly in low 
risks. However, potential adverse effects and cost should 
also be take into account. Recent attention has been paid 
to the cumulative radiation exposure of the population 
attributable to the widespread and increasing use of CT 
scanning. For MRI, which does not involve the use of 
ionizing radiation, the prime adverse effect to consider is 
the development of nephrogenic systemic fibrosis (NSF) 
due to IV gadolinium administration. No prospective val-
idation currently exists for the use of common laboratory 
parameters in the early detection of metastases or both 
in the staging and monitoring of patients with renal cell 
carcinoma following treatment for recurrence. Moreover, 
the finding of a biological aggressiveness marker is also 
useful considering its role in the active surveillance of the 
appropriately selected small renal mass, limiting adverse 
health outcomes. In this context, it is desirable to gain 
easily accessible, not invasive molecular indicators, which 
correlate with consolidated progression factors, such as 
tumor size, staging and grade. Moreover, an understand-
ing of the complex molecular alterations involved in the 
development and progression of RCC could enable devel-
opment of immunohistochemical and immunoenzymatic 
diagnostic tools and also open the doors for experimental 
targeted therapies.

Conclusions
In this study, we highlight a number of peptides whose 
urinary expression is altered depending on tumor size, 
pT and grade. Among them, several play a possible 
role in tumorigenesis, progression and aggressiveness, 
enriching the molecular scenario of RCC development. 
These results could be a useful starting point for 
future studies aimed at verifying their urinary levels 
by immunoenzymatic assays (i.e. ELISA test) and the 
resulting possibility for some of them to be implemented 
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in progression algorithms for risk stratification of ccRCC 
patients. Moreover, their urinary changes could also be 
useful to the “watch-and-wait approach” for monitoring 
small renal masses and could find a possible role in 
management follow-up strategies (e.g. residual tumors).

Authors’ contributions
CC, MC have made contribution to the design of the study, performed and 
elaborated the analysis, written the draft of the manuscript. GDS, AJS have 
been involved in data acquisition and revision of the manuscript. GM, IZ have 
conceived the statistical analysis. FM have made a substantial contribution 
to conception, design of the study, interpretation of the data, drafting of the 
manuscript and critical revision. SS, BR, SB have contributed to collect sample 
and provided clinical characterization of the cohort. AG, MG have been 
involved in sample collection and classification, revision of the manuscript. All 
authors read and approved the final manuscript.

Author details
1 Department of Health Science, School of Medicine, University of Milano-
Bicocca (UNIMIB), Via Cadore, 48, 20900 Monza, Italy. 2 Urology Unit, 
Department of Specialistic Surgical Sciences, Ospedale Maggiore Policlinico 
Foundation, Milan, Italy. 3 Department of Laboratory Medicine, Hospital 
of Desio, Desio, Italy. 4 Department of Surgical Pathology, Cytology, Medical 
Genetics and Nephropathology, Azienda Ospedaliera San Gerardo, Monza, 
Italy. 5 Department of Medicine, Surgery and Dental Sciences, Pathology 
Unit, IRCCS-Policlinico Foundation, Mangiagalli and Regina Elena, University 
of Milan, Milan, Italy. 6 Department of Informatics, Systems and Communica-
tion, University of Milano-Bicocca, Milan, Italy. 

Acknowledgements
This work was supported by grants from the Italian Ministry of University 
and Research: FIRB 2007 (Rete nazionale per lo studio del proteoma umano, 
no.RBRN07BMCT_11), FAR 2012-2014 (ex 60 %), and in part by Fondazione 
Gigi & Pupa Ferrari Onlus. The research leading to these results has received 
funding also from the European Union’s Seventh Framework Programme 
FP7/2007-2013 under grant agreement FP7-PEOPLE-2013-ITN-608332.

Competing interests
The authors declare that they have no competing interests.

Additional files

Additional file 1: Table S1.  Peptides with a statistically significant 
(p < 0.05) urinary abundance (m/z area) according to the tumour mass 
(cm). Up/down refer to the over/under representation of the peptide in 
ccRCC patients compared to control subjects.

Additional file 2: Table S2.  A) Peptides with a statistically significant 
(p < 0.05) urinary abundance (m/z area) according to the pT. B) Peptides 
with a statistical significant (p < 0.05) urinary abundance (m/z area) 
compared to CTRLs and at different pT (1 = pT1a; 2 = pT1b; 3 = pT2a 
and 4 = pT > 2b). Up/down refer to the over/under representation of the 
peptide in ccRCC patients compared to control subjects

Additional file 3: Table S3.  A) Peptides with a statistical significant 
(p < 0.05) urinary abundance (m/z area) according to the Grade. B) Pep-
tides with a statistically significant (p < 0.05) urinary abundance (m/z area) 
compared to CTRLs and at different Grade (1, 2, 3 and 4). Up/down refer to 
the over/under representation of the peptide in ccRCC patients compared 
to control subjects.

Additional file 4: Table S4.  Peptides with a statistically significant 
(p > 0.05) urinary abundance (m/z area) between pT1a and pT1b. Up/
down refers to the over/under representation of the peptide in pT1b 
compared to pT1a patients.

Additional file 5: Table S5.  Identification of MALDI signals varied 
according to tumour size, pT or grade. LM = linear mode, RM = reflector 
mode, PTM = possible hypothetical modification predicted by Mascot.

Received: 17 July 2015   Accepted: 10 October 2015

References
 1. Hosoya N, Sakumoto M, Nakamura Y, Narisawa T, Bilim V, Motoyama 

T, et al. Proteomics identified nuclear N-myc downstream-regulated 
gene 1 as a prognostic tissue biomarker candidate in renal cell car-
cinoma. Biochim Biophys Acta. 2013;1834(12):2630–9. doi:10.1016/j.
bbapap.2013.08.009.

 2. Husillos Alonso A, Carbonero Garcia M, Gonzalez Enguita C. Is there a role 
for systemic targeted therapy after surgical treatment for metastases of 
renal cell carcinoma? World J Nephrol. 2015;4(2):254–62. doi:10.5527/wjn.
v4.i2.254.

 3. Escudier B, Eisen T, Porta C, Patard JJ, Khoo V, Algaba F, et al. Renal cell 
carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment 
and follow-up. Ann Oncol Off J Eur Soc Med Oncol ESMO. 2012;23(Suppl 
7):65–71. doi:10.1093/annonc/mds227.

 4. Czarnecka AM, Kornakiewicz A, Kukwa W, Szczylik C. Frontiers in clinical 
and molecular diagnostics and staging of metastatic clear cell renal cell 
carcinoma. Future Oncol. 2014;10(6):1095–111. doi:10.2217/fon.13.258.

 5. Ha SB, Kwak C. Current status of renal biopsy for small renal masses. 
Korean J Urol. 2014;55(9):568–73. doi:10.4111/kju.2014.55.9.568.

 6. Shuch B, Hanley JM, Lai JC, Vourganti S, Setodji CM, Dick AW, et al. 
Adverse health outcomes associated with surgical management 
of the small renal mass. J Urol. 2014;191(2):301–8. doi:10.1016/j.
juro.2013.08.074.

 7. Tsivian M, Rampersaud EN Jr, del Pilar Laguna Pes M, Joniau S, Leveillee 
RJ, Shingleton WB, et al. Small renal mass biopsy–how, what and when: 
report from an international consensus panel. BJU Int. 2014;113(6):854–
63. doi:10.1111/bju.12470.

 8. Sarto C, Valsecchi C, Magni F, Tremolada L, Arizzi C, Cordani N, et al. 
Expression of heat shock protein 27 in human renal cell carcinoma. 
Proteomics. 2004;4(8):2252–60. doi:10.1002/pmic.200300797.

 9. Raimondo F, Salemi C, Chinello C, Fumagalli D, Morosi L, Rocco F, et al. 
Proteomic analysis in clear cell renal cell carcinoma: identification of dif-
ferentially expressed protein by 2-D DIGE. Mol BioSyst. 2012;8(4):1040–51. 
doi:10.1039/c2mb05390j.

 10. Junker H, Venz S, Zimmermann U, Thiele A, Scharf C, Walther R. Stage-
related alterations in renal cell carcinoma–comprehensive quantita-
tive analysis by 2D-DIGE and protein network analysis. PLoS One. 
2011;6(7):e21867. doi:10.1371/journal.pone.0021867.

 11. Frantzi M, Metzger J, Banks RE, Husi H, Klein J, Dakna M, et al. Discovery 
and validation of urinary biomarkers for detection of renal cell carcinoma. 
J Proteomics. 2014;98:44–58. doi:10.1016/j.jprot.2013.12.010.

 12. Chinello C, Cazzaniga M, De Sio G, Smith AJ, Gianazza E, Grasso A, et al. 
Urinary signatures of renal cell carcinoma investigated by peptid-
omic approaches. PLoS One. 2014;9(9):e106684. doi:10.1371/journal.
pone.0106684.

 13. Laird A, O’Mahony FC, Nanda J, Riddick AC, O’Donnell M, Harrison DJ, 
et al. Differential expression of prognostic proteomic markers in primary 
tumour, venous tumour thrombus and metastatic renal cell cancer tis-
sue and correlation with patient outcome. PLoS One. 2013;8(4):e60483. 
doi:10.1371/journal.pone.0060483.

 14. Ngo TC, Wood CG, Karam JA. Biomarkers of renal cell carcinoma. Urol 
Oncol. 2014;32(3):243–51. doi:10.1016/j.urolonc.2013.07.011.

 15. Tosco L, Van Poppel H, Frea B, Gregoraci G, Joniau S. Survival and impact 
of clinical prognostic factors in surgically treated metastatic renal cell 
carcinoma. Eur Urol. 2013;63(4):646–52. doi:10.1016/j.eururo.2012.09.037.

 16. Lebdai S, Verhoest G, Parikh H, Jacquet SF, Bensalah K, Chautard D, et al. 
Identification and validation of TGFBI as a promising prognosis marker 
of clear cell renal cell carcinoma. Urol Oncol. 2015;33(2):68.e11–8. 
doi:10.1016/j.urolonc.2014.06.005.

 17. Morrissey JJ, Mobley J, Song J, Vetter J, Luo J, Bhayani S, et al. Urinary 
concentrations of aquaporin-1 and perilipin-2 in patients with renal cell 
carcinoma correlate with tumor size and stage but not grade. Urology. 
2014;83(1):256.e9–14. doi:10.1016/j.urology.2013.09.026.

http://dx.doi.org/10.1186/s12967-015-0693-8
http://dx.doi.org/10.1186/s12967-015-0693-8
http://dx.doi.org/10.1186/s12967-015-0693-8
http://dx.doi.org/10.1186/s12967-015-0693-8
http://dx.doi.org/10.1186/s12967-015-0693-8
http://dx.doi.org/10.1016/j.bbapap.2013.08.009
http://dx.doi.org/10.1016/j.bbapap.2013.08.009
http://dx.doi.org/10.5527/wjn.v4.i2.254
http://dx.doi.org/10.5527/wjn.v4.i2.254
http://dx.doi.org/10.1093/annonc/mds227
http://dx.doi.org/10.2217/fon.13.258
http://dx.doi.org/10.4111/kju.2014.55.9.568
http://dx.doi.org/10.1016/j.juro.2013.08.074
http://dx.doi.org/10.1016/j.juro.2013.08.074
http://dx.doi.org/10.1111/bju.12470
http://dx.doi.org/10.1002/pmic.200300797
http://dx.doi.org/10.1039/c2mb05390j
http://dx.doi.org/10.1371/journal.pone.0021867
http://dx.doi.org/10.1016/j.jprot.2013.12.010
http://dx.doi.org/10.1371/journal.pone.0106684
http://dx.doi.org/10.1371/journal.pone.0106684
http://dx.doi.org/10.1371/journal.pone.0060483
http://dx.doi.org/10.1016/j.urolonc.2013.07.011
http://dx.doi.org/10.1016/j.eururo.2012.09.037
http://dx.doi.org/10.1016/j.urolonc.2014.06.005
http://dx.doi.org/10.1016/j.urology.2013.09.026


Page 11 of 11Chinello et al. J Transl Med  (2015) 13:332 

 18. Bosso N, Chinello C, Picozzi SC, Gianazza E, Mainini V, Galbusera C, et al. 
Human urine biomarkers of renal cell carcinoma evaluated by ClinProt. 
Proteomics Clin Appl. 2008;2(7–8):1036–46. doi:10.1002/prca.200780139.

 19. Gianazza E, Chinello C, Mainini V, Cazzaniga M, Squeo V, Albo G, et al. 
Alterations of the serum peptidome in renal cell carcinoma discriminat-
ing benign and malignant kidney tumors. J Proteomics. 2012;76(Spec 
No):125–40. doi:10.1016/j.jprot.2012.07.032.

 20. Raimondo F, Corbetta S, Chinello C, Pitto M, Magni F. The urinary pro-
teome and peptidome of renal cell carcinoma patients: a comparison of 
different techniques. Expert Rev Proteomics. 2014;11(4):503–14. doi:10.15
86/14789450.2014.926222.

 21. Pastore AL, Palleschi G, Silvestri L, Moschese D, Ricci S, Petrozza V, et al. 
Serum and urine biomarkers for human renal cell Carcinoma. Dis markers. 
2015;2015:251403. doi:10.1155/2015/251403.

 22. Volpe A, Patard JJ. Prognostic factors in renal cell carcinoma. World J Urol. 
2010;28(3):319–27. doi:10.1007/s00345-010-0540-8.

 23. Ficarra V, Brunelli M, Cheng L, Kirkali Z, Lopez-Beltran A, Martignoni G, 
et al. Prognostic and therapeutic impact of the histopathologic definition 
of parenchymal epithelial renal tumors. Eur Urol. 2010;58(5):655–68. 
doi:10.1016/j.eururo.2010.08.001.

 24. Yildirim A, Meral M, Kaynar H, Polat H, Ucar EY. Relationship between 
serum levels of some acute-phase proteins and stage of disease and 
performance status in patients with lung cancer. Med Sci Monit. 
2007;13(4):CR195–200.

 25. Hashimoto S, Asao T, Takahashi J, Yagihashi Y, Nishimura T, Saniabadi AR, 
et al. alpha1-acid glycoprotein fucosylation as a marker of carcinoma 
progression and prognosis. Cancer. 2004;101(12):2825–36. doi:10.1002/
cncr.20713.

 26. Sun S, Du R, Gao J, Ning X, Xie H, Lin X, et al. Expression and clinical 
significance of Notch receptors in human renal cell carcinoma. Pathology. 
2009;41(4):335–41. doi:10.1080/00313020902885003.

 27. Aparicio LM, Villaamil VM, Gallego GA, Cainzos IS, Campelo RG, Rubira LV, 
et al. Expression of Notch1 to -4 and their ligands in renal cell carcinoma: 
a tissue microarray study. Cancer Genomics Proteomics. 2011;8(2):93–101.

 28. Mochizuki S, Okada Y. ADAMs in cancer cell proliferation and progression. 
Cancer Sci. 2007;98(5):621–8. doi:10.1111/j.1349-7006.2007.00434.x.

 29. Qi B, Newcomer RG, Sang QX. ADAM19/adamalysin 19 structure, func-
tion, and role as a putative target in tumors and inflammatory diseases. 
Curr Pharm Des. 2009;15(20):2336–48.

 30. Ou Q, Zhang Y, Yu L, Dong Y, Zhu C, Liao Q. Expression and clinical sig-
nificance of ADAM19 in endometrial carcinoma. Beijing Da Xue Xue Bao. 
2008;40(2):165–9.

 31. Roemer A, Schwettmann L, Jung M, Roigas J, Kristiansen G, Schnorr D, 
et al. Increased mRNA expression of ADAMs in renal cell carcinoma and 
their association with clinical outcome. Oncol Rep. 2004;11(2):529–36.

 32. http://www.proteinatlas.org.
 33. Mikami S, Oya M, Mizuno R, Kosaka T, Katsube K, Okada Y. Invasion and 

metastasis of renal cell carcinoma. Med Mol Morphol. 2014;47(2):63–7. 
doi:10.1007/s00795-013-0064-6.

 34. Vlodavsky I, Beckhove P, Lerner I, Pisano C, Meirovitz A, Ilan N, et al. Signifi-
cance of heparanase in cancer and inflammation. Cancer Microenviron. 
2012;5(2):115–32. doi:10.1007/s12307-011-0082-7.

 35. Mikami S, Oya M, Shimoda M, Mizuno R, Ishida M, Kosaka T, et al. 
Expression of heparanase in renal cell carcinomas: implications for 
tumor invasion and prognosis. Clin Cancer Res. 2008;14(19):6055–61. 
doi:10.1158/1078-0432.CCR-08-0750.

 36. Dall’Oglio MF, Ribeiro-Filho LA, Antunes AA, Crippa A, Nesrallah L, 
Goncalves PD, et al. Microvascular tumor invasion, tumor size and 
Fuhrman grade: a pathological triad for prognostic evaluation of renal 
cell carcinoma. J Urol. 2007;178(2):425–8. doi:10.1016/j.juro.2007.03.128 
(discussion 8).

 37. Huang Y, Li LZ, Zhang CZ, Yi C, Liu LL, Zhou X, et al. Decreased expression 
of zinc-alpha2-glycoprotein in hepatocellular carcinoma associates with 
poor prognosis. J Transl Med. 2012;10:106. doi:10.1186/1479-5876-10-106.

 38. Mills J, Oliver A, Sherwin JC, Frydenberg M, Peters JS, Costello A, et al. 
Utility of RhoC and ZAG protein expression as biomarkers for prediction 
of PSA failure following radical prostatectomy for high grade prostate 
cancer. Pathology. 2012;44(6):513–8. doi:10.1097/PAT.0b013e3283581780.

 39. Hegedus L, Cho H, Xie X, Eliceiri GL. Additional MDA-MB-231 breast can-
cer cell matrix metalloproteinases promote invasiveness. J Cell Physiol. 
2008;216(2):480–5. doi:10.1002/jcp.21417.

 40. Acevedo VD, Gangula RD, Freeman KW, Li R, Zhang Y, Wang F, et al. Induc-
ible FGFR-1 activation leads to irreversible prostate adenocarcinoma and 
an epithelial-to-mesenchymal transition. Cancer Cell. 2007;12(6):559–71. 
doi:10.1016/j.ccr.2007.11.004.

 41. Carrasco DR, Sukhdeo K, Protopopova M, Sinha R, Enos M, Carrasco DE, et al. 
The differentiation and stress response factor XBP-1 drives multiple myeloma 
pathogenesis. Cancer Cell. 2007;11(4):349–60. doi:10.1016/j.ccr.2007.02.015.

 42. Haldar M, Hancock JD, Coffin CM, Lessnick SL, Capecchi MR. A conditional 
mouse model of synovial sarcoma: insights into a myogenic origin. 
Cancer Cell. 2007;11(4):375–88. doi:10.1016/j.ccr.2007.01.016.

 43. Nguyen HM, Galea CA, Schmunk G, Smith BJ, Edwards RA, Norton 
RS, et al. Intracellular trafficking of the KV1.3 potassium channel is 
regulated by the prodomain of a matrix metalloprotease. J Biol Chem. 
2013;288(9):6451–64. doi:10.1074/jbc.M112.421495.

 44. Lin Q, Tan HT, Lim TK, Khoo A, Lim KH, Chung MC. iTRAQ analysis of 
colorectal cancer cell lines suggests Drebrin (DBN1) is overexpressed 
during liver metastasis. Proteomics. 2014;14(11):1434–43. doi:10.1002/
pmic.201300462.

 45. Terakawa Y, Agnihotri S, Golbourn B, Nadi M, Sabha N, Smith CA, et al. 
The role of drebrin in glioma migration and invasion. Exp Cell Res. 
2013;319(4):517–28. doi:10.1016/j.yexcr.2012.11.008.

 46. Koshiyama A, Ichibangase T, Imai K. Comprehensive fluorogenic derivat-
ization-liquid chromatography/tandem mass spectrometry proteomic 
analysis of colorectal cancer cell to identify biomarker candidate. Biomed 
Chromatogr. 2013;27(4):440–50. doi:10.1002/bmc.2811.

 47. Markovets AA, Herman D. Analysis of cancer metabolism with high-
throughput technologies. BMC Bioinformatics. 2011;12(Suppl 10):S8. 
doi:10.1186/1471-2105-12-S10-S8.

 48. Chiche J, Pommier S, Beneteau M, Mondragon L, Meynet O, Zunino B, 
et al. GAPDH enhances the aggressiveness and the vascularization of 
non-Hodgkin’s B lymphomas via NF-kappaB-dependent induction of HIF-
1alpha. Leukemia. 2014; doi:10.1038/leu.2014.324.

 49. Hong EA, Gautrey HL, Elliott DJ, Tyson-Capper AJ. SAFB1- and SAFB2-
mediated transcriptional repression: relevance to cancer. Biochem Soc 
Trans. 2012;40(4):826–30. doi:10.1042/BST20120030.

 50. Hammerich-Hille S, Bardout VJ, Hilsenbeck SG, Osborne CK, Oester-
reich S. Low SAFB levels are associated with worse outcome in breast 
cancer patients. Breast Cancer Res Treat. 2010;121(2):503–9. doi:10.1007/
s10549-008-0297-6.

 51. Donat SM, Diaz M, Bishoff JT, Coleman JA, Dahm P, Derweesh IH, et al. 
Follow-up for Clinically Localized Renal Neoplasms: AUA Guideline. J Urol. 
2013;190(2):407–16. doi:10.1016/j.juro.2013.04.121.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1002/prca.200780139
http://dx.doi.org/10.1016/j.jprot.2012.07.032
http://dx.doi.org/10.1586/14789450.2014.926222
http://dx.doi.org/10.1586/14789450.2014.926222
http://dx.doi.org/10.1155/2015/251403
http://dx.doi.org/10.1007/s00345-010-0540-8
http://dx.doi.org/10.1016/j.eururo.2010.08.001
http://dx.doi.org/10.1002/cncr.20713
http://dx.doi.org/10.1002/cncr.20713
http://dx.doi.org/10.1080/00313020902885003
http://dx.doi.org/10.1111/j.1349-7006.2007.00434.x
http://www.proteinatlas.org
http://dx.doi.org/10.1007/s00795-013-0064-6
http://dx.doi.org/10.1007/s12307-011-0082-7
http://dx.doi.org/10.1158/1078-0432.CCR-08-0750
http://dx.doi.org/10.1016/j.juro.2007.03.128
http://dx.doi.org/10.1186/1479-5876-10-106
http://dx.doi.org/10.1097/PAT.0b013e3283581780
http://dx.doi.org/10.1002/jcp.21417
http://dx.doi.org/10.1016/j.ccr.2007.11.004
http://dx.doi.org/10.1016/j.ccr.2007.02.015
http://dx.doi.org/10.1016/j.ccr.2007.01.016
http://dx.doi.org/10.1074/jbc.M112.421495
http://dx.doi.org/10.1002/pmic.201300462
http://dx.doi.org/10.1002/pmic.201300462
http://dx.doi.org/10.1016/j.yexcr.2012.11.008
http://dx.doi.org/10.1002/bmc.2811
http://dx.doi.org/10.1186/1471-2105-12-S10-S8
http://dx.doi.org/10.1038/leu.2014.324
http://dx.doi.org/10.1042/BST20120030
http://dx.doi.org/10.1007/s10549-008-0297-6
http://dx.doi.org/10.1007/s10549-008-0297-6
http://dx.doi.org/10.1016/j.juro.2013.04.121

	Tumor size, stage and grade alterations of urinary peptidome in RCC
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Chemicals and standards
	Urine collection and handling procedure
	MALDI-TOF peptide profiling
	Expression profile analysis and statistical analysis
	Peptide sequencing by nLC–ESI–MSMS

	Results
	Clinical data and study design
	Peptide urinary expression altered according to clinical data
	Urinary peptides varied depending on tumour size
	Peptide urinary expression altered according to pT
	Urinary peptides altered according to Grade

	Urinary peptides differentially expressed according to histological data
	Peptide identification

	Discussion
	Conclusions
	Authors’ contributions
	References




