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ABSTRACT ARTICLE INFO

Purpose: The aim of this study was to identify possible protein biomarkers and/or Key words:
candidates for therapeutic targets in tissues of patients with SCCP, infected by HPV, Carcinoma, Squamous Cell;
applying one dimensional electrophoresis (1DE), followed by direct mass spectrometry Penis; Human papillomavirus
(MS) analysis.
Materials and Methods: Tissues from 10 HPV positive patients with SCCP and from 10 Int Braz J Urol. 2014; 41: 642-54
patients with HPV negative non-tumorous penile foreskins were analyzed applying 1D
electrophoresis, followed by analysis with direct mass spectrometry (MS).
Results: Sixty-three different proteins were identified in the first group and 50 in the
second group. Recognition was possible for 28 proteins exclusively detected in Group ~ Submitted for publication:
1 and 21 proteins presented only in Group 2. January 31,2014
Conclusion: Some proteins in the first group are directly involved in the development
of other types of cancer, and therefore, suitable for analysis. Complement C3 protein
is a strong candidate for evaluating SCCP patients. Accepted after revision:

June 25, 2014

INTRODUCTION economic conditions (1). Penile cancer has a low
overall incidence, representing approximately 0.4%

Cancer of the penis is a rare neoplasm with  of malignancies in the Unites States. In Brazil, des-

a high incidence in developing countries. This fact  pite the high incidence in some regions, this disease
clearly indicates the disease’s association with local accounts for about 2.1% of malignancies (2, 3). A
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recent Brazilian epidemiologic study on penile car-
cinoma revealed the profile of these patients (4).

The etiology of penile cancer has not
been fully elucidated. However, its incidence va-
ries according to the practice of circumcision,
personal hygiene, presence of phimosis, human
papillomavirus (HPV) infection, and tobacco use
(5-9). The mechanism of tumor induction and
promotion related to HPV infection is not com-
pletely understood. It is believed that the incor-
poration of viral DNA to the human genome lea-
ds to hyper-expression of viral genes E6 and E7
and inactivates the host cell’s tumor suppressor
gene products p53 and pRb (10).

The presence and extent of inguinal me-
tastases are the most important prognostic fac-
tor related to the survival of patients with penile
carcinoma. At the time of its initial presenta-
tion, 50% of patients with SCCP have inguinal
lymphadenopathy; however, only half of these
actually show metastatic lymph node involve-
ment. Furthermore, 20% of patients with clini-
cally negative inguinal lymph nodes have mi-
cro-metastases that will only be diagnosed by
histopathologic examination of surgical speci-
mens obtained from lymphadenectomy, a pro-
cedure associated with a significant morbidity
(1, 4). Therefore, SCCP remains a challenge for
the urologist, because there is no consensus for
an appropriate therapy for all forms of disea-
se presentation. The possibility of using reliable
biomarkers to predict disease prognosis and to
establish procedures less aggressive for patients
at low risk for metastasis becomes necessary. In
this sense, the development of more accurate
molecular diagnostic methods and prognostic
value tumor markers is essential.

Proteomics is the large-scale identifica-
tion of proteins. Proteomics technologies are
currently under development and several metho-
dological approaches can be applied depending
on the objectives. The great advantage of proteo-
mics over genomics or transcriptomics studies is
that the real functional molecules of the cell are
being studied. Therefore, in this study, the aim
was to identify possible protein biomarkers and/
or candidates for therapeutic targets in tissues of
patients with SCCP, infected by HPV, applying
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one dimensional electrophoresis (1DE), followed
by direct mass spectrometry (MS) analysis.

MATERIALS AND METHODS

Patients and controls

Between January 2009 and December
2011, 20 patients treated at three health institu-
tions in the state of Rio de Janeiro were recrui-
ted and divided into two groups for prospective
tissue proteomic analysis. Group 1 was composed
of 10 patients with positive HPV malignant SCCP
treated at the Brazilian National Cancer Institute
(INCA) and Mario Kréeff Hospital. Group 2 (con-
trol group) was composed of 10 patients with HPV
negative non-tumorous penile foreskins collected
at Santa Veronica Hospital after circumcision pro-
cedures. HPV typing was performed as previously
published (11, 12) and reported (13).

Pathological material was reviewed in both
groups and all tumors were histologically classi-
fied based on Broders’ system. Only two patholo-
gists were responsible for reviewing the specimens.
The clinical and pathological staging for Group 1
was done according to the 2002 TNM classifica-
tion system. Patients’ treatment varied according
to primary tumor presentation. The distribution of
T and N categories is shown in Table-1. The cri-
terion for performing a radical inguinal lympha-
denectomy (RIL) in all cases was the stage, grade
and/or presence of lymphovascular invasion. Two
patients with stage T1 underwent lymphadenec-
tomy. The first presented unilateral inguinal lym-
phadenopathy and the second presented grade 2
tumor. In our services, we only do not perform RIL
in patients with stage TINOMO grade 1 tumor wi-
thout lymphovascular invasion ages ranged from
38 to 90 years (mean, 63.56) for Group 1 and 23 to
83 years (mean, 60) for Group 2. The pathological
variables studied were histological type, grade of
tumor differentiation, corpus spongiosum and/or
infiltration of the corpora cavernosa, urethral in-
filtration, and inguinal lymph nodes involvement.
Patient recruitment did not take into account any
criteria of poor prognosis, and the tissue speci-
mens were randomly selected respecting the num-
ber of pre-established patients for the study. All
patients involved in the current study gave their
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Table 1 - Histopathologic findings, pathologic staging and treatment option for patients from group 1.

Pts Histology Grade Stage TNM HPV type Surgery

1 Squamous cell G2 T4AN2Mx MY-/16+ Total Amputation + Bilateral RIL
carcinoma

2 Squamous cell G1 T2N3Mx MY-/18+ Partial Amputation + Bilateral RIL
carcinoma

3 Squamous cell G2 T2NOMXx 16+;45+ Partial Amputation + Bilateral RIL
carcinoma

4 Squamous cell G2 T2NOMXx MY-/18+ Partial Amputation + Bilateral RIL
carcinoma

5 Squamous cell G1 TINTMx MY-/45+ Partial Amputation + Bilateral RIL
carcinoma

6 Squamous cell G2 TINOMXx 45+ Partial Amputation + Bilateral RIL
carcinoma

7 Squamous cell G1 T2NOMx MY-/16+ 45+ Partial Amputation + Bilateral RIL
carcinoma

8 Squamous cell G2 T2N1Mx MY+/45+ Partial Amputation + Bilateral RIL
carcinoma

9 Squamous cell G2 T2N1Mx MY +/16+ Partial Amputation + Bilateral RIL
carcinoma

10 Squamous cell G2 T2NOMx MY-/45+ Partial Amputation + Bilateral RIL
carcinoma

RIL = Radical Inguinal Lymphadenectomy; MY-MY09/11 Consensus Primers

informed consent. This study was approved by the
Brazilian National Cancer Institute Ethical Board (re-
gistrations # 38/05 and 67/07). Because this was a
pilot study and unprecedented in literature the num-
ber of patients was pre-established in both groups
in the design of work, aiming preliminary results
for further investigation. The only exclusion crite-
rion was positivity for HPV in the control group.
Our study aimed qualitative detection of proteins in
the 2 groups not being our objective to quantify the
identified proteins. All tests in tumor samples from
patients revealed the presence of HPV. Because of the
rarity of HPV-negative patients, a second study with
HPV-negative patients will be necessary.

Tissue protein extraction and quantification
Tissues were macerated in 200pL of lysis
buffer (7 M urea, 2 M Thiourea, 4% CHAPS and

1% DTT) with the addition of 0.2-mM PMSF. This
mixture was stirred for 1 hour at room temperatu-
re and then centrifuged at 14.000¢g for 15 minutes.
The supernatant was collected and stored at -80°C
(14) until experimentation.

The protein extracts were quantified by 2D
Quant Kit (GE Healthcare, Cat #. 80-6483-56), ac-
cording to the manufacturer’s instructions. Mea-
surement was performed at 650 nm in Elisa Spec-
tra Max 190 device from Molecular Devices. The
analysis of quantification was performed by the
program SOFT® Pro 4.3 max, Life Sciences Edition.

Gel 1D

After quantification, two protein pools
were formed with 10 SCCP tissues and with 10
control tissues, separately. Each pool contained
3.3pg of proteins from each sample, a total of
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33pg. The SCCP and control pools were applied
on a 12% SDS-PAGE gel. Proteins were separated
in Tris-Glycine buffer (25-mM Tris and 250-mM
Glycine pH 8,3) and 0.1% SDS at 80 V and 50 mA
(15). The proteins were visualized with Coomas-
sie blue G-250. The gels were scanned on Image
ScannerTM (GE Healthcare) using the program La-
bscan™ (GE Healthcare) for protein lanes reading.

Mass spectrometry analysis

The lanes were fractioned in approxima-
tely 2-5 mm slices. The bands in the slices were
destained in a solution of 25-mM ammonium bi-
carbonate (NH,HCO,) pH 8.8/50% and acetonitrile
(ACN) overnight on a shaker, at room temperature.
To reduce proteins, the gel was incubated with 10-
mM DTT in 25-mM NH,HCO, at 56°C for 1 hour.
The supernatant was discarded and the gel was
washed in a solution of 25-mM NH,HCO, twice.
After protein disulfide bonds were reduced, cystei-
nes were alkylated with iodoacetamide 55 mM for
45 minutes at room temperature in the dark. The
supernatant was discarded and the gel was wa-
shed with 25-mM NH,HCO, solution in 50% ACN.
The supernatant was removed again and gel slices
were dehydrated with 100% ACN for 5 minutes and
posteriorly in a vacuum centrifuge. Proteins were
digested with trypsin (Promega) 10ng/pL dilution,
overnight, at 37°C. After digestion with trypsin,
peptides were extracted from gels by adding a so-
lution containing 0.1% formic acid/50% ACN for
30 minutes. This solution was transferred to ano-
ther tube and the procedure was repeated twice.
The samples were completely dried in a vacuum
centrifuge. The pellets were resuspended in wa-
ter and purified through Ziptip Perfect Pure C18
(Eppendorf, cat # 0030.008.405) and then dried in
a vacuum centrifuge.

For mass spectrometry analysis, the pepti-
des were resuspended in 20uL of acetonitrile 3%
and acid formic 0.1% solution. The peptides were
analyzed by mass spectrometer ESI-Q/TOF Micro
(Waters) linked to a nanoACQUITYUPLC® (Waters).
The peptides was loaded on symmetric C18 trap
column (Waters) followed by fraction in a nanoE-
ase BEH 130 C18 100 mm x 100pum column (Wa-
ters) at a flow rate of 0.5uL/min and eluted with
a linear acetonitrile gradient (from 10 to 50%) of

0.1% formic acid. Spectrometer analysis was per-
formed on positive mode. Acquisition parameters
on mass spectrometer was: cone voltage 30 V, ca-
pillary voltage 3500 V, source temperature 80°C,
scanning a mass-to-charge ratio (m/z) MS mode
400-2000 and MS/MS mode 50-2000. The three
ions with more intensity with charge states of +2,
+3, or +4 were selected for MS/MS fragmentation.
The reference ion used was the monocharged ion
m/z 588.8692 of phosphoric acid. The data acqui-
sition was performed by MassLynx 4.0 software
(Micromass/Waters) and the process data by pro-
teinLynx Global Service (PLGS 2.4, Waters).

Proteins were identified by correlation of
tandem mass spectra to the NCBInr proteins data-
base, using Mascot on-line (Matrix Science, Lon-
don, UK - http://www.matrixscience.com/cgi/se-
arch_form.pl?FORMVER=2&SEARCH=MIS) with
restricted taxonomy Homo sapiens. The NCBI
(National Center for Biotechnology Information)
protein database is an on line collection of se-
quences from several sources, including transla-
tions from annotated coding regions in GenBank,
RefSeq and TPA, as well as records from Swiss-
Prot, PIR, PRF, and PDB; “nr” refers to non-re-
dundant protein sequences. The NCBI is a divi-
sion of the National Library of Medicine (NLM)
at the National Institutes of Health (NIH), USA.
The parameters were as follows: MS and MS/MS
tolerance of 0.1 Da, tryptic specificity allowing
for one missed cleavage, fixed modification of
carbamidomethylation of cysteine residues, and
variable modification of oxidation of methionine,
phosphorylation of tyrosine, serine and threonine
residues and propionamide. Positive protein iden-
tification was accepted with at least two peptides
with a Mascot peptide score >35.

RESULTS

The pathological features of the primary
tumor and inguinal lymph nodes, the type of tre-
atment instituted, and the HPV type (13) for each
patient from Group 1 are described in Table-1.

The protein extracts obtained from Groups
1 and 2 were separated by electrophoresis in a
129% SDS-PAGE gel. The protein bands of each
group were identified and compared for differen-
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ces. Twenty-six protein spots from Group 1 and 21
from Group 2 were identified, sliced out from the
gel and analyzed through mass spectrometry (Fi-
gure-1). Sixty-three different proteins were iden-
tified in Group 1 and 50 in Group 2. After a com-
parative analysis of both groups, it was possible
to recognize 28 proteins exclusively detected in
Group 1 and 21 proteins presented only in Group
2 (Tables 2 and 3).

DISCUSSION

A large number of proteins were identified
in both Groups 1 and 2. Some of these proteins

found in Group 1 are also directly involved in the
development of other types of cancers and there-
fore, suitable for analysis.

The major stress-inducible heat shock pro-
tein, Hsp70, that is a chaperone protein abundan-
tly and preferentially expressed in tumors, was
detected in Group 1. Owing to the ability of Hsp70
to protect cells from a wide range of apoptotic and
necrotic stimuli, it has been assumed that Hsp70
may confer survival advantage to tumor cell li-
nes. Nylandsted et al. (16) demonstrated that the
depletion of Hsp70 by an adenovirus expressing
antisense Hsp70 resulted in a massive cell death
of tumorigenic cell lines of breast, colon, prosta-

Figure 1 - 1DE analysis of tissue samples from SCCP HPV patients and control group. Each pool contained 3.3pg of
proteins from each sample, a total of 33pg. The SCCP and control pools were applied on a 12% SDS-PAGE gel. The gel
was stained with Coomassie blue G. The markers and numbers in gel represent the sections that were excised for mass

spectrometry analysis.

KDa

T=penile cancer SCCP; G=control group; SMW=Standard Molecular Weight
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te, and liver. The authors advocate that Hsp70 is
a prerequisite for the survival of human cancer
cells. Similarly, Aghdassi et al. (17) demonstrated
that the depletion of Hsp70 by short interfering
RNA treatment induced apoptosis in pancreatic
adenocarcinoma.

Plectin is a cytolinker protein of the plakin
family. Plakins connect intermediate filaments to
desmosomes and hemidesmosomes, stabilize cells
mechanically, regulate cytoskeleton dynamics,
and serve as a scaffolding platform for signaling
molecules. Niwa et al. (18) reported that Plectin
misexpression leads to displacement of the cen-
trosome, therefore contributing to genomic ins-
tability and cancer development. Nevertheless,
plectin is not expressed by most normal tissues,
with the exception of the skin and genitourinary
tract. Interestingly, we have detected plectin so-
lely in Group 1. Complement plays a central part
of the innate immune system, providing a highly
effective means for destruction of invading micro-
organisms: clearance of immune complexes; and
elimination of dead, apoptotic, and tumor cells.
During the evolution of a cancer cell, neo-antigens
are produced. These elements distinguish cancer
cells from their normal counterparts and may well
be recognized by the immune system, eliminating
many or most tumors (19, 20). Although most in
vivo observations support that many cancers acti-
vate the autologous complement system, it is also
well-known that the efficiency of complement-
-mediated tumor cytotoxicity is hampered by va-
rious protective mechanisms (21). In this work, hu-
man complement C3 was detected only in Group
2. A possible explanation for these findings lies on
the theory that patients with malignancies have a
poorer immune response. Our result corroborates
the study of Ornellas et al. (22), in which the au-
thors have demonstrated that human complement
fragments C3 and C4A/B were downregulated in
plasma of patients with SCCP. In the present se-
ries, all patients from Group 1 were HPV positive
and this could explain the absence of complement
C3 because viral proteins counteract the immune
response (23).

Enolase is a key glycolytic enzyme that has
been used as a diagnostic marker to identify hu-
man lung cancers (24). Higher a-enolase plasma

levels were also identified in patients with renal
cell carcinoma (25). In cancer cells, enolase is ove-
rexpressed and localizes on their surface, where it
acts as a key protein in tumor metastasis, promo-
ting cellular metabolism in anaerobic conditions
and driving tumor invasion through plasminogen
activation and extracellular matrix degradation. It
also displays a characteristic pattern of acetyla-
tion, methylation, and phosphorylation that re-
gulates protein functions and immunogenicity. In
the present study, alfa and beta enolase isoforms
were identified exclusively in Group 1. This fin-
ding may suggest that in the future, enolase can
be used as a possible clinical biomarker. Never-
theless, further studies are needed to corroborate
these findings and to determine the usefulness of
this protein in clinical scope.

Prohibitin is a potential tumor suppres-
sor, which was originally identified because of its
anti-proliferative activities. The human prohibitin
gene was identified and cloned in 1991, as a re-
sult of a search for potential tumor suppressors,
on the basis of its anti-proliferative activities (26).
Furthermore, prohibitin is capable of inhibiting
cell proliferation by repressing the transcriptional
activity mediated by E2F which regulates many
genes involved in the transition G1/S and DNA
synthesis (27). In addition to transcriptional re-
pression, prohibitin can induce p53-mediated
transcription, indicating that prohibitin may have
dual functions in modulating transcription (28).

In a study conducted by Joshi et al. (29),
the authors supported this theory by demonstra-
ting that prohibitin can differentially regulate the
Yin-Yang 1 and caspase 7 gene promoter acti-
vities. Additional functions related to prohibitin
were linked to cell apoptosis (30). In this series,
prohibitin was exclusively presented in Group 2,
supporting its potential tumor suppressor activity.
The critical functions of prohibitin in growth con-
trol and transcriptional regulation clearly indicate
the need for further investigations to elucidate its
importance in SCCP development.

To our knowledge this is the first study
that analyzed penile tumors through proteomics
technologies. Unfortunately, as all samples in our
analysis were typed as HPV +, it was not possible
to perform a comparison concerning HPV status
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in the group with tumor. As the selected patients
were positive for HPV DNA, this fact can cause
false negative for complement proteins. The va-
riability could have been better analyzed if the-
re were compared to patients with cancer of the
penis, whose tests did not reveal the presence of
HPV. The proteomic consequences of HPV infec-
tion in penile carcinoma are not known. Analysis
of differentially expressed proteins by HPV sta-
tus revealed enrichment of proteins involved in
epithelial cell development, keratinization and ex-
tracellular matrix organization in HPV- oropha-
ryngeal carcinoma (OPC), whereas enrichment of
proteins in DNA initiation and replication and cell
cycle control was found for HPV+ (OPC) (31). Due
to the rarity of penile tumors and the high percen-
tage of HPV positive in our samples (8, 13) it is
difficult to compare the tumors according to HPV
status. However, a second study is underway to
compare our results and identify the presence or
absence of complement in tissue of SCCP patients
negative for HPV.

CONCLUSIONS

We identified a large number of proteins
in patients with penile cancer and in the control
group. Some of these proteins, found in the first
group, are also directly involved in the develop-
ment of other types of cancers and therefore, sui-
table for analysis. Further studies are needed to
corroborate these findings and to determine the
usefulness of each discussed protein in the clini-
cal scope of SCCP patients. Remarkably, this work
reinforces that the C3 complement protein is a
strong biomarker candidate for evaluating SCCP
patients. Further studies should be conducted
comparing samples positive for HPV with other
HPV negative.
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