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Pedro Alexandre Favoretto Galante, Jorge Estefano Santana de Souza, Martin Pieprzyk, Dirce Maria Carraro,
Lloyd J. Old, Anamaria Aranha Camargo, and Sandro José de Souza
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The relevance of cancer to human health is extremely high
and the efforts to understand and control the processes
related to the oncogenic modifications that take place in cells
have increased, dramatically, in the past few decades [1–3].
The special issue presents a broad view of this subject.

Actually, oncogenic process was discussed by the authors
that contributed to the Special Issue and have clearly demon-
strated that this process involves the action of different agents
on the cell [1, 4–7].

The major contribution achieved was the diversity of
the approaches; the studies have brought together important
aspects of cell transformation and also concerted efforts
directed towards therapeutic procedures. The editors hope
that this issue can help partially to the complex problems
involved in these processes.

When we consider the etiology of tumor cells, papil-
lomaviruses come immediately to mind: the relevance of
HPVs (human papillomavirus) in female cervical cancer has
obtained the priority in the virus-cancer relationship discus-
sion [1, 2, 4, 8–10]. Its incidence turns it in aworldwide human
health problem. In this volume, we have the opportunity
to study persistence or clearance in HPV infection in order
to allow the identification of risk groups, cofactors, and
strategies for prevention of cervical cancer. At the same time,
the issue presents results of research on less common HPV
types that might be involved in cervical lesions and that some
of these variants can be found in B-cell and T-cell epitopes
[11–15].

Animal models have played a contributions to the under-
standing of oncogenic processes [5, 10, 16–26]. One of them

deserves special attention: Bovine papillomavirus. This group
of viruses is directly related to serious clinical consequences
in bovine, namely papillomatosis, esophagus tract carcinoma,
and urinary bladder carcinoma leading to animal death and
in equids, sarcoid tumours that presents similar results [10,
18, 27]. These diseases lead to dramatic economic hazards.
BPV animal model has been studied in several aspects, as
illustrated in the different papers included in this issue,
since many aspects of bovine papillomavirus infection and
pathogenesis remain still to be clarified [28].The oncogenesis
process is mainly associated with different viral oncoprotein
expressions, which are involved in cell transformation [7, 12,
19, 29].The accuracy of diagnostic processes and the distribu-
tion of the different viral types [14, 26, 30–32] indicate which
types and variants deserve the special attention [8, 9, 25,
33, 34]. The expression and characterization of recombinant
viral oncoproteins are required to obtain biotechnological
products as antibodies and potential vaccines [9, 15, 35–
37]. Further studies show association of oncoproteins and
cell compounds, as PDGF𝛽 receptor and their actions in
transformation of epithelial cell to mesenchymal cell as well
as epithelial carcinogenesis of the urinary bladder [17, 33, 38].
The oncoproteins also act on host cell chromatin, in epithelial
and blood cells [18, 23, 27, 39].The virusDNA sequences have
been described in semen, urine, and other non conventional
host cells [10, 17, 20, 21, 23, 29, 33]. However, the initial event
of the malign process remains not determined.

Chromosome aberrations can be detected in very diverse
neoplastic process; bovine leukemia virus (BLV) was inves-
tigated and reported presenting chromosome breakage in

http://dx.doi.org/10.1155/2014/879013
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lymphocytes [16] and in the central nervous system (CNS) of
cattle with neurological syndrome. While in papillomavirus,
the chromosome aberrations occur at random, in tumor cells,
virus sequences can be integrated in specific sites or the
malign process can be related to products as in leukemia,
fusion protein RUNX1/ETO that is generated by the chromo-
somal translocation t(8; 21) [40–43].

The oncogenic process can have another trigger, not
specifically chromatin lesions. Gap junctions are communi-
cating junctions which are important for tissue homeostasis,
and their disruption is involved in carcinogenic process;
connexin 43 deficiency is a clear example [44–46]. Cell
surface proteins are related as targets for the beginning of
the cancer development and consequently for cancer therapy
or diagnosis [47–50]. These aspects have been well discussed
in oncogenic processes; the expression of different genes in
breast tumors, alternative TrkAIII splice variant expressed by
advanced stage human neuroblastomas (NBs).

In a final evaluation, the papers pointed very clearly the
complexity of the events leading to cancer. This complexity,
obviously, reaches the diagnosis and therapy possibilities. In
the ongoing studies, molecules are being analyzed to create
ways to interfere with the tumor cell. In the special issue, viral
oncoproteins were also considered through bioinformatics
approach.The volume includes a detailed review of a purified
peptide from South American rattle snake, a venom chemical
crotamine [51–53] that is being discussed as a vector to reach
the malign cell.

Our major aim in organizing this volume was to empha-
size that the first step in oncogenic process is until now under
discussion and therefore is the key for prophylaxis, diagnosis,
and therapy. An attractive possibility is that the key remains
in any alteration in the natural history of a cell; any cell,
as any organism, has beginning, development, ageing, and
death. When this route is modified, due to a large range of
events, this cell can follow a different way and compete with
its similar tissue cells, and, when this occurs in advantage,
tumor cells win and the cancer happens.

The special issue (oncogenic processes) is celebrating the
80th birthday of Prof Dr. Willy Beçak, former Director
of Instituto Butantan and remarkable researcher in cancer
etiology studies and in the developing of vaccines.

We hope that this special issue (oncogenic processes)
can contribute to this scientific area, bringing to readers
accurate data and important discussions about this subject;
but, mainly, we hope that this special issue will initiate new
discussions relating to the elucidation of mechanisms and
oncogenic process.

Rita de Cassia Stocco
Franco Peppino Roperto

Lubna Nasir
Marcelo Palma Sircili
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Correspondence should be addressed to Irina Kerkis; ikerkis@butantan.gov.br
and Alvaro R. B. Prieto da Silva; alvaroprieto@butantan.gov.br

Received 15 March 2013; Revised 5 August 2013; Accepted 8 August 2013; Published 15 January 2014

Academic Editor: Marcelo Palma Sircili

Copyright © 2014 Irina Kerkis et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Animal venoms comprise a naturally selected cocktail of bioactive peptides/proteins and other molecules, each of which playing
a defined role thanks to the highly specific interactions with diverse molecular targets found in the prey. Research focused on
isolation, structural, and functional characterizations of novel natural biologics (bioactive peptides/proteins from natural sources)
has a long way to go through from the basic science to clinical applications. Herein, we overview the structural and functional
characteristics of the myoneurotoxin crotamine, firstly isolated from the South American rattlesnake venom. Crotamine is the first
venompeptide classified as a natural cell penetrating and antimicrobial peptide (CPP andAMP)with amore pronounced antifungal
activity. In contrast to other known natural CPPs and AMPs, crotamine demonstrates a wide spectrum of biological activities with
potential biotechnological and therapeutic values. More recent studies have demonstrated the selective in vitro anticancer activity
of crotamine. In vivo, using a murine melanoma model, it was shown that crotamine delays tumor implantation, inhibits tumor
cells proliferation, and also increases the survival of mice engrafted with subcutaneous melanoma. The structural and functional
properties and also the possible biotechnological applications of minimized molecules derived from crotamine are also discussed.

1. Introduction

Snake venoms contain a complex cocktail of toxins (proteins
and enzymes), which are designed to assault the cardiovas-
cular system (hemotoxic), to target specific tissues or muscle
types (cytotoxic), and to go directly into the brain and nerv-
ous system (neurotoxic) of the prey. Crotamine, which is one
of themajor components of the venomof the SouthAmerican
rattlesnake Crotalus durissus terrificus, combines the cyto-
toxic and neurotoxic properties. Crotamine is a low molec-
ular weight, nonenzymatic, and noncytolytic small protein,
composed of about 42 amino acid residues. Among them,
11 are basic amino acid residues (nine lysines and two argi-
nines), and six are cysteine residues that form three disulfide

bridges [1]. These basic amino acids provide a highly positive
charge for this peptide. Crotamine has two isoforms found in
different subspecies, and they differ by the presence of an iso-
leucine residue in position 19 instead of leucine.The 3D solu-
tion structure of crotamine was determined by proton NMR
spectroscopy [1], showing that crotamine structure encom-
passes a short N-terminal 𝛼-helix (involving the residues 1–
7), two stranded anti-parallel 𝛽-sheets (residues 9–13 and
34–38), and two 𝛽-turns (residues 14–16 and 27–34). Conse-
quently, it was suggested that the toxin is arranged in𝛽

1
𝛼𝛽
2
𝛽
3

topology, where both the first and second strands run antipar-
allel to the third one, while the 𝛽-sheet twisted in a right-
handed fashion. this 𝛽-sheet is stabilized by four hydrogen

http://dx.doi.org/10.1155/2014/675985
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Figure 1: The crotamine derived peptide NrTP1 structure. NrTP1
synthetic peptide combines theN- andC-terminus of crotamine and
embraces the first nine residues that are linked to the last residues
38–42, which are depicted in black in structure of the crotamine
molecule above. NrTP1 and analogues are capable of membrane
translocating and they localize in the nucleolus of tumor cells.
Crotamine structure contains 42 residues arranged in a topology
𝛼𝛽
1
𝛽
2
: one 𝛼-helix with residues 1–7 and two-stranded antiparallel

𝛽-sheets with residues 9–13 and 34–38.The structure is stabilized by
three disulfide bridges C

4
–C
36
; C
11
–C
30
; C
18
–C
37
[1, 2]. This figure

was adapted from [5].

bonds between the strands 𝛽
1
and 𝛽

3
, (extending from the

residues 10–37 and 12–35) and by other two hydrogen bonds
between the strands 𝛽

2
and 𝛽

3
(residues 25–36). However,

soon later, other authors described the presence of only two
𝛽-sheets [2], which is in accordance with others [3, 4]. Inter-
chain disulfide bonds promote protein cross-linking (Cys4–
Cys36, and Cys18–Cys37) between the strand 𝛽

3
with the 𝛼-

helix and the first loop (Pro13–Ser23), respectively, while the
Cys11–Cys30 bond promotes the connection of 𝛽

1
-sheet with

the second loop (Gly26–Trp34) [1, 4] (Figure 1, Table 1).

1.1. Genomic Structure and Chromosomal Localization of the
Gene for Crotamine. In the Crotalus genus, which belongs to
the Viperidae family, the karyotype is composed of 36 chro-
mosomes: eight macrochromosome and ten microchromo-
some pairs. The sex determining system in this genus is het-
eromorphic in females (ZZ/ZW), and the fourth pair of mac-
rochromosomes is the sex pair [7]. Fluorescent in situ
hybridization (FISH) revealed that crotamine gene is local-
ized at the end of the long arm of chromosome 2. How-
ever, the consistent difference in the intensity of the FISH
signals between homologous chromosomes was evidenced,

suggesting a variable number of copies of the gene on each
chromosome [8].This in turnwould be a possible explanation
for the variable amounts of crotamine found in the venom of
crotamine-positive C. d. terrificus [9–11].

1.2. Crotamine Cytotoxicity. Toxins, by definition, are effec-
tive and specific poisonous bullets produced by the living
organisms. The biological activities of crotamine were tested
by intraperitoneal (IP) injection into mice in sublethal doses
corresponding to 2.5mg of toxin/kg body mass, which pro-
vokes the hind limb paralysis and the necrosis of the muscle
cells ofmice [9]. In vitro, at final concentration 10 𝜇g/mL, cro-
tamine was demonstrated to be toxic for muscles cells, pro-
moting muscle tissue necrosis [10, 11]. In contrast, crotamine,
at final concentration ranging from 1 to 10 𝜇g/mL, was not
cytotoxic to other normal cells of different types (e.g., human
and mouse fibroblasts, muscle cells, human endothelial cells
(HUVEC), lymphoblast (immortalized lymphocytes), mouse
3T3 cells line,mouse embryonic stem (mES) cells and others),
even after 72 h of exposure [12].

1.3. Cell Penetrating Activity of Crotamine. Cell penetrating
peptides (CPPs) are a class of bioactivemolecules, also known
as protein transduction domains (PTDs), membrane translo-
cating sequences (MTSs), and Trojan peptides [13]. They are
short peptides (usually ≤40 amino acid residues), with the
ability to gain the access into the inner side of almost any cell
[13]. Crotamine similar to other CPPs showed a rapid translo-
cation (within 5min) into all cell types investigated up to now
[12]. Distinctly from other CPPs, crotamine demonstrates a
preferential and expressive accumulation in actively prolifer-
ating cells [12]. Some CPPs show nuclear localization, as well
as crotamine. Interestingly, in the nucleus, it binds to chro-
mosomes and centrioles during the cell division. In meta-
phase chromosomes, fluorescently labeled crotamine binding
to the chromosome produces a specific banding pattern,
which is different from that presented by known DNA inter-
calation dyes, such as those that allow observing the G-
banding or Giemsa banding and others such as the fluores-
cent stain 4,6-diamidino-2-phenylindole (DAPI), which are
commonly used in cytogenetic to produce a visible karyotype
by staining condensed chromosomes [12]. The double helix
of DNA is highly and negatively charged due to all the
negatively charged phosphates in the backbone. Our recent
study reported that positively charged crotamine binds non-
cooperatively to negatively charged DNA, covering about 5
nucleotide residues when it connects to a single or double
stranded molecules [14]. Our data suggest that specific band-
ing pattern observed on chromosomes results from electro-
static interaction between DNA phosphates and crotamine.
This intrinsic biophysical property also distinguishes cro-
tamine from other CPPs [15]. In vivo, crotamine penetrates
into mice tissues, such as liver, skeletal muscle, bone marrow,
and kidney [16]. Crotamine also crosses the blood-brain
barrier (BBB), as the fluorescently labeled crotamine [16] as
well as the radiolabeled form [17] was found in the brain.
Three steps for the transcytosis of crotamine through the BBB
can be suggested: (1) binding and internalization through
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Table 1: Crotamine main characteristics, properties, and potential biotechnological applications∗.

Name Crotamine

Organism Crotalus durissus terrificus South American rattlesnake
Common name: Cascavel

Taxon authority [6]
Geographic range Brazil, Peru, Bolivia, Paraguay, Uruguay, Argentina∗

Classification Myoneurotoxin, cell-penetrating peptide, antimicrobial peptide, and defensin-like peptide
Molecular weight 4726,63 daltons
Isoelectric point pI 9.54, highly positive
Length Polypeptide of 42 amino acids
Primary sequence KQCHKKGGHCFPKEKICLPPSSDFGKMDCRWRWKCCKKGSG
Isoform Crotamine-Ile 19 (isoleucine substitution at position 19)∗

Chemical formula C346H530N90O82S8 (isoform 1)∗

Solubility Highly soluble in water and physiological solutions
Stability Highly stable in solution, relative large pH range, and temperature

Folding Crotamine is arranged in a 𝛼𝛽
1
𝛽
2
topology stabilized by 3 disulfide bridges: an 𝛼-helix with

residues 1–7 and a two-stranded antiparallel 𝛽-sheets with residues 9–13 and 34–38.
Disulfide bonds C4–C36; C11–C30; C18–C37

Physiological and neurological activity Hind limb paralysis in mice in final concentration 2.5mg of toxin/kg body mass
Necrosis of muscle cells

Electrophysiology activity Mammalian Kv1.1, Kv1.2, and Kv1.3 blocker with IC(50) of 286.53 ± 91.72 nM
In vitro toxicity (normal cells) Nontoxic (concentration ranged from 0.1 to 10 𝜇M)
Embryotoxicity Nontoxic (concentration ranged from 0.1 to 10 𝜇M)

Cell penetrating activity (in vitro) Selective: dividing (actively proliferating cells)
Concentration, cell type, and cell-cycle dependent

Intracellular localization Cytosol, vesicles, nucleus, centrioles, and chromosomes
Mechanism of DNA-crotamine
interaction Only electrostatic: crotamine (+charged)—DNA (−charged) aggregate

Uptake Within 5 minutes, and permanence in the cells for approximately 24 hours
Mechanism of penetration Membrane heparan sulfate proteoglycans binding and clathrin-dependent endocytosis

Cell penetrating activity (in vivo) Selective: dividing (actively proliferating cells), for example stem cells in bone marrow, spleen,
liver, lung, and so force.

Localization in brain Able to cross blood-brain barrier, and localization in brain cells

Molecular carrier Intracellular delivery of DNA (both circular and linear molecules) in vivo and in vitro. Final
complex size dependent delivery.

Antimicrobial activity
Modest against Gram-positive and Gram-negative bacteria, with some exceptions, for example
Micrococcus luteus, and with no detectable activity against the filamentous fungus Aspergillus
fumigatus and Trichophyton rubrum at concentrations up to 125𝜇g/mL.

Antimycotic (-fungal) activity Significant activity against yeast Candida spp.

Cancer cells toxicity Toxic (concentration ranged from 0.1 to 10 𝜇M)
Inoffensive for normal cells

Anticancer activity (in vitro) Strong against melanoma cells in vitro
Anticancer activity (in vivo) Inhibition and delay of melanoma growth in vivo in mouse model

Mechanism of tumor inhibition Mitochondrial depolarization
Intracellular calcium release

Immunogenicity Low

Biotechnological and biomedical
applications

Marker of centrioles and cell cycle; marker of actively proliferating normal cells; biomolecules
carrier; tool for cancer cells investigation; marker of cancer cells in vitro and in vivo, and as
antifungal and anticancer agent. Prototype for new drug design.

∗Several old data about crotamine need to be revised using modern approaches.
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Figure 2: Crotamine action in normal (red) and cancer (blue) cells. Crotamine is a positively charged (blue) protein. In normal cells,
crotamine uptake occurs through clatrin-dependent endocytosis followed by lysosome accumulation, followed by its release in the cytosol due
to the disruption of the vesicles containing crotamine. In normal cells, crotamine interacts electrostatically with centrioles and chromosomes
and can be used as a biotechnological tool, as carrier of bioactive molecules, and as a marker of cell cycle. Cancer cells, which have more
negatively charged molecules on their surface compared to normal cells, potentially attract crotamine strongly. In cancer cells, crotamine
intracellular concentration appears to be higher than that observed in normal cells, thus probably leading to cell lyses and cell death. In
cancer cells, crotamine inhibits tumor growth and kills tumor cells, besides representing a potential tool for in vivo cancer cells identification.

endocytosis at the luminal side of endothelial cell membrane,
which is negatively charged due to the presence of chon-
droitin and heparan sulfate molecules, (2) CPPs diffusion via
the cytoplasm, and (3) externalization from endothelial cells
[18, 19]. All these pathways are in accordance to the previously
described mechanism of crotamine intracellular penetration
[20].

1.4. Crotamine-Targeted Delivery of Plasmid DNA. The com-
mon feature among the CPPs is their capacity to deliver bio-
logically active molecules into the cells both in vitro and in
vivo. The majority of CPPs do not present any cell specificity
for the translocation into the cells [21]. In contrast, crotamine
displays specificity for actively proliferating cells, even when
employed as gene delivery agent [16, 20]. This feature of
crotamine could be advantageous to allow for an efficient and
selective transfection of rapidly dividing cells, for example,
normal stem cells, without strongly affecting the cell viability,
and cancer stem cells in contrast to the currently widely used
procedure, such as electroporation that causes the death of
about 90% of the cells [22]. In addition, crotamine provides a
successful in vivo transfection of bone marrow (BM) cells of
mice after IP injection of crotamine-pEGFP-N1 plasmidDNA
complex [16]. The proportion of BM cells displaying GFP

fluorescence (about 10–20% of total) is in good agreement
with the described ratio of proliferating cells present in the
BM tissue.TheGFPfluorescent signal was also detected in the
liver and lung cells of mice [16]. In other words, the observed
crotamine-mediated transfection in vivo [16] is similar to the
previously described in vitro selectivity [12].

1.5. Mechanism of Crotamine Penetration and Cargo Deliv-
ery into Cells. Using pharmacological inhibitors and low-
temperature conditions,we also demonstrated that crotamine
internalization is dependent of endocytosis. Its penetration
was decreased by 92.3% in the presence of chloroquine
[23], which disrupts endosomal pathway by interfering with
the acidification of the endosome, due to the inhibition of
ion-transporting ATPase. Additionally, crotamine partially
relied on the clathrin-dependent pathway for the cell uptake,
since chlorpromazine (an inhibitor of clathrin mediated
endocytosis) inhibited crotamine penetration by 65%. The
inhibition of lipid rafts (dynamic microdomains of choles-
terol, sphingolipids, and proteins clusters of the membrane)
endocytosis, and alsomacropinocytosis did not interferewith
crotamine internalization. On the other hand, low temper-
ature (4∘C) affected negatively the cell uptake of crotamine,
since the efficiency of internalization could be drastically
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reduced showing the retention of the crotamine on the cell
surface [17].

2. Crotamine Derived Peptides

2.1. CyLoP-1. The nuclear translocation process resides on
lysine- and arginine-rich nuclear localization signals (NLSs).
Kerkis and coworkers [12] suggested that crotamine has two
putative NLS motifs, Crot

2–18 (KQCHKKGGHCFPKEKIC)
and Crot

27–39 (KMDCRWRWKCCKK), which could be
responsible for crotamine nuclear localization. The syn-
thesis of one of such NLS motifs as thetridecapeptide
Crot
27–39 (KMDCRWRWKCCKK), which included 3 cys-

teine residues, and one tryptophan, aspartic acid, andmethio-
nine, along with 6 basic amino acid residues (arginine and
lysine) has also been reported by Jörn Engelmann group
from Germany that named this synthetic peptide as CyLoP-1
(Cytosol Localizing Peptide-1) [24]. The cell uptake of this
peptide coupled to FITC presents in NIH-3T3 cell line
mainly cytosol localization, instead of a nuclear distribution
pattern. In order to determine the optimal length for the cell
penetrating properties, single deletions of the residues from
the N-terminus of CyLoP-1 have been done. Newly produced
CyLoP-1 derived peptide 4 (CRWRWKCCKK) demonstrated
about 20% higher cellular uptake efficiency compared to the
CyLoP-1, and the best homogeneous distribution in the cell
cytosol was found for this CyLoP-1 derived peptide 4. Inter-
estingly, peptide 4 was found to be uniformly distributed in
the cytoplasm alongwith an endosomal and vesicular fluores-
cence localization. The substitution of one to three cysteines
by serine residue(s) led to the loss in the uptake efficiency
of CyLoP-1 derived peptide 4. Based on the intracellular dis-
tribution pattern observed for this peptide, such as the per-
inuclear localization of the peptide, vesicles-filled fluores-
cent, or the cytosolic spread in different cell types, the
authors concluded that, at least, CyLoP-1 derived peptide 4
uptake and its cytosolic distribution is dependent on
the cell type. The carrier ability of CyLoP-1 was com-
pared to other well-characterized CPPs, namely, Tat, pene-
tratin, and octaarginines. D-Tat

49–57 (RKKRRQRRR) and D-
octaarginine (RRRRRRRR) and penetratin (RQIKIWFQNR-
RMKWKK) are also highly cationic. In addition, penetratin
andCyLoP-1 derived peptide 4 (CRWRWKCCKK) are rich in
hydrophobic residues. Long-term incubation of these CPPs
[2.5 𝜇M] showed a lower cellular internalization in com-
parison to the CyLoP-1 derived peptide 4 [24]. Albeit, the
same CPPs composed of D-amino acid residues showed an
increased cell uptake. Indeed, the CyLoP-1 derived peptide
4, composed of L-amino acid residues was found to be the
most efficient CPP for a long-term labeling [24]. Moreover,
similarly to crotamine, the uptake of CyLoP-1 derived peptide
4 is strongly dependent on the cell type. Successful delivery
of cargoes by CyLoP-1 also depends on their sizes. The differ-
ences in sizes and charge hydrophobicity or function of cargos
in the delivery of resulting conjugates formed with CyLoP-
1 derived peptide 4 were evaluated in NIH-3T3 cell line,
after 18 h incubation, using the concentration of 2.5𝜇M. As
expected, the increase in molecular size resulted in an overall
decrease in the intracellular uptake [24].

2.2. Nucleolar-Targeting Peptides (NrTPs). It has been
reported that the native crotamine also targets nucleolus,
which is a nuclear structure composed by RNA, DNA, and
proteins, that has different functions, such as ribosomal sub-
unit assembly, mRNA biogenesis, and nucleolus organizer
region, in immortalized and cancer cell lines, such as CHO
(Chinese hamster ovary) and murine melanoma B16-F10
[16]. Rádis-Baptista and coworkers [5] designed and synthe-
sized the nucleolar-targeting peptides (NrTPs) based on
two structural simplified sequences of crotamine:
Peptide 1 (YKQCHKKGGKKGSG) and Peptide 2
(YKQCHKKGGXKKGSG), both containing only one single
cysteine residue (Figure 1). In HeLa cells, they were found at
the nucleus and in nucleolus. Similarly to the native crota-
mine, these peptides bind to DNA and chromosomes at dif-
ferent stages of the cell cycle [15].

3. Crotamine Antimicrobial and
Antifungal Activity

The antimicrobial peptides (AMPs) are small cationic pep-
tides, responsible for the adaptive immunity in the external
surface of skin and mucus of several organisms across the
evolutionary spectrum [25]. The AMPs are a unique class
composed of varying molecules grouped into subgroups
based on their amino acid composition and structure. AMPs
are classified into three major groups: (i) peptides with an 𝛼-
helical conformation (insect cecropins, magainins, etc.), (ii)
cyclic and open-ended cyclic peptides with pairs of cysteine
residues (defensins, protegrin, etc.), and (iii) peptides with an
overrepresentation of some amino acids (proline-rich, histi-
dine-rich, etc.) [26]. AMPs present a rapid killing and broad-
spectrum antimicrobial activities [27]. AMPs are usually
composed of 12 to 50 amino acid residues, and they show at
least two ormore positively charged residues, generally repre-
sented by arginine, lysine, or histidine, in acid environments,
and with a high content of hydrophobic residues (usually
>50%) [28]. Moreover, most AMPs display hydrophobic and
cationic properties, have a molecular mass below 25–30 kDa,
and adopt an amphipathic structure (alpha-helix, beta-
hairpin-like beta-sheet, beta-sheet, or alpha-helix/beta-sheet
mixed structures) [29]. The ability to associate with the cell
membrane is a key feature of the AMPs, although the mem-
brane permeabilization is not an essential requirement for
their activity [30]. Different peptides act in different ways and
the exact mechanisms are only beginning to be elucidated.
Some intracellular targets have also been described [31]. In
fact, speculations that transmembrane pore formation is not
the only mechanism of microbial killing suggest that translo-
cated peptides can alter cytoplasmic membrane septum
formation, inhibit cell-wall synthesis, inhibit nucleic acid syn-
thesis, inhibit protein synthesis, or inhibit enzymatic activity
[30]. It seems that crotamine is also a potential candidate to be
included in this class of compounds with antimicrobial activ-
ities [32]. More interestingly, it is likely that crotamine and
the well-known AMP defensin could have been derived from
a common ancestor gene [33].This was suggested by Nicastro
and coworkers [1], who first described the similarities of
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the disulfide bonds pattern of these molecules. However,
significant differences in the primary structure/amino acid
composition are observed for these molecules [34]. Despite
the well-known broad antimicrobial spectrum of defensins
[35], crotamine shows a modest activity towards both Gram-
negative and Gram-positive bacteria [36].

Yount and collaborators [33] also suggested the potential
antibacterial and antifungal activity of crotamine. A more
careful determination of minimal inhibitory concentration
(MIC) of crotamine towards a broad range of microorgan-
isms was only recently determined byMirianHayashi’s group
[36]. Crotamine’s important activity against several fungi of
Candida spp., in particular C. albicans, including against
clinical resistant strains, was observed [36]. It is of note that
this Candida species are among the most common blood-
stream pathogens in the United States and rank seventh
among etiologic agents in Europe [37], and the pronounced
effective antifungal activity observed by our group for cro-
tamine opens new perspectives for the use of this venom
component in biomedicine, more specifically for infectious
disease treatments [36].Moreover, someAMPs are also found
to possess translocating activity across the cell membrane,
which can interfere with critical cellular functions leading to
cell death [38]. Similar apoptotic activity in combinationwith
cell penetration was described for crotamine by our group for
several cell types [39]. Moreover, the AMPs are thought to
have other polyanions, such asDNAorRNA, as their ultimate
target [40].

4. Crotamine Anticancer Cells Activity

Actually, it is well accepted that the majority of antimicrobial
compounds might also have antitumor activity [41]. It could
be simply due to the 3D structural similarities or even due to
an evolutionary relationship, which still remains to be deter-
mined [42].The cationic featuremight also be determinant of
both activities [43].The electrostatic interactions between the
negatively charged components of the membrane of cancer
cells and the positively charged peptide are believed to play a
major role in the strong binding of the peptide and its ability
to selectively disrupt the membrane of cancer cells [44].

Investigation of crotamine anticancer cells toxicity and
their in vitro and in vivo efficacy in mouse model of mela-
noma was examined by Kerkis’s group [45, 46]. This toxin at
concentrations of 1–5𝜇g/mL was used to test the viability of
B16-F10 (murine melanoma), SK-Mel-28 (human melanoma
cells), and Mia PaCa-2 (human pancreatic carcinoma cell
line). The nonmalignant neoplastic murine fibroblasts 3T3
cell line was used as control. Interestingly, that crotamine
at final concentration of 5𝜇g/mL was lethal to B16-F10, Mia
PaCa-2, and SK-Mel-28 cells, while it was inoffensive to nor-
mal cells [45]. Additionally, we showed that differently from
several anticancer drugs, crotamine targets primary lysos-
omes and mitochondria, leading to increases of intracellu-
lar free calcium concentrations in cancer cells [16]. Once
the balance of cellular uptake and efflux determines drug
accumulation, we also measured the crotamine permanence
in cancer cells. Using Cy3-crotamine, which was added to

B16-F10 cells, it was possible to observe that at least 70% of
the cells hold the fluorescence signal during approximately
20 h, suggesting a long-term retention of crotamine in these
cells [45]. In vivo, in mouse model for melanoma, crotamine
demonstrates selective penetration into tumor melanoma
cells, predominantly observed within the cells in tumor
masses, in the cells around the tumor necrotic areas, and
in rapidly dividing metastatic cells, but not in normal cells
surrounding the tumors [39, 45].

Fluorescent crotamine traces metastatic invasion of B16-
F10 cells, suggesting its possible applications as an imaging
agent and metastasis marker in living organisms [39].

Delay of melanoma tumors implantation was also
observed after 21 days of chronic treatment with crotamine
(1 𝜇g per animal, per day), in a mice model that received B16-
F10 cells (105 cells) by subcutaneous injection.This treatment,
started at the first day after melanoma cells injection, allowed
to observe that crotamine significantly inhibits the tumor
growth, as evaluated by measuring the tumor mass weight,
and also prolongs the lifespan of these mice bearing B16-
F10 tumor [45]. Histological examination also confirmed that
crotamine is nontoxic to normal cells and normal tissues,
such as kidney and liver, at the used concentrations, as well as
that crotamine does not demonstrate any immunotoxic effect
after in vivo long-term treatment of mice bearing melanoma
tumors [39, 45]. The low immunogenicity of some snake
venom toxins is a well-known feature, which in the case of
crotamine could be attributed to its small size [46].

More recently, using noninvasive optical imaging proce-
dure that permits in vivo real-time monitoring of fluorescent
molecules uptake, crotamine localization into remote subcu-
taneous tumors engrafted in nude mice was confirmed [39].
Additionally, this study also demonstrated that the inhibition
of tumor growth involves mitochondrial depolarization and
intracellular calcium release. These data indicated that the
cytotoxic peptide crotamine could potentially be used for a
dual purpose: to target and detect growing tumor tissues and
also to selectively trigger tumor cell death [39].

Interestingly, infections caused by Candida spp. are fre-
quent and serious in oncology patients [47]. Definitely, a
more precise evaluation of the structure-function relation-
ship for both antimicrobial and antitumor activity of cro-
tamine might allow for the discovery and proposal of poten-
tial novel mechanisms or of new structural models for the
treatment of cancer and/or for the development of a more
selective antimicrobial compounds that might not act on
mammals host cells. Comparative studies to further under-
stand the determinants of antimicrobial and antitumor activ-
ities of crotamine are considered by our group to be highly
significant.

4.1. Crotamine-Like Peptides. Crotamine shares similar struc-
ture features with the defensins, which are a family of small
cysteine-rich cationic proteins found in both vertebrates
and invertebrates. Similarly to crotamine, defensins (from
vertebrates) present a compact structure and consist of 18–
45 amino acid residues, including the presence of six to
eight conserved cysteine residues [48]. Biologically active
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crotamine-like peptides (CLPs) were also described in the
venom of some sauropsid reptiles (lizards and snakes), scor-
pions (Scorpio maurus palmatus), and in small mammals
such as Platypus (Ornithorhynchus anatinus), a semiaquatic
mammal from Eastern Australia [49]. The mechanism of
action of CLPs is very wide, including targets as the voltage-
gated Na+ (Navs) [50], K

+ (Kvs) [51], and acid-sensing ion
channels (ASICs) [52]. Crotamine was also supposed to
present similar effect. In fact, Peigneur et al. [53] reported
that crotamine potently and selectively blocks mammalian
voltage-gated Kv1.3, although it was also demonstrated that
crotamine does not act on Na

(𝑣)
channels [54]. This was the

first study, which shows a neurotoxin from the snakes of
Crotalus genus targeting an ion channel.

5. Conclusions

Indeed, learning more about the way cancer cells is different
from normal cells will allow us to identify and target specific
proteins in cancer cells. Any new treatment proposal aims to
bemore efficient andwith fewer side effects. Since cancer cells
hardly differ physiologically from healthy cells, anticancer
drugs do not specifically affect only cancer cells, but mis-
takenly also affect all other normal dividing cells. Compared
to other known anticancer targeted drugs, only crotamine
was shown to have the ability to selectively target actively
proliferating living cells, both in vitro and in vivo, without
visible effect on normal dividing cells.

Similarly to AMPs, crotamine is highly soluble in water
and is capable of interacting strongly with biological mem-
branes. This might be due to its N-terminal polyarginine
domain, which may allow its interaction with negatively
charged phosphate moieties in the cell membranes, which is
suggestive of a cell-penetrating domain [55]. Crotamine is
also selectively attracted to negatively charged microbial
membranes [36]. Additionally, it presents significant anti-
fungal and antitumor activity [36]. Inside the several cell
types, crotamine interacts with secondary targets, thus being
able to interrupt vital metabolic processes [16]. Moreover, the
recent findings by Peigneur et al. [53] demonstrated that cro-
tamine selectively blocks mammalian Kv1.3, heterologously
expressed in Xenopus laevis oocytes. It also sheds more light
on the possible role of voltage-gated potassium channels
blockage in its anticancer effect, but more studies are still
required to clarify it.

In Table 1, we summarized the possible biotechnological
applications of crotamine and their derivatives. We demon-
strate that crotamine acts differently in normal actively
proliferating (dividing) and cancer cells (Figure 2).This study
provides new insights, which may contribute to unveil the
differences among the normal and cancerous cells using as
a tool the crotamine, which is a versatile and multifunctional
peptide, as described here. On the other hand, crotamine and
their derivates represent already a potential biotechnological
tool. Further studies need to become crotamine derivates
marketable. Although, they are potentially ready to be used
both in vitro and in vivo as molecular carrier, marker of cell
cycle and of centrioles, and as biomarker of cancer cells.
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[23] G. M. Poon and J. Gariépy, “Cell-surface proteoglycans as
molecular portals for cationic peptide and polymer entry into
cells,” Biochemical Society Transactions, vol. 35, no. 4, pp. 788–
793, 2007.

[24] D. Jha, R. Mishra, S. Gottschalk et al., “CyLoP-1: a novel
cysteine-rich cell-penetrating peptide for cytosolic delivery of
cargoes,” Bioconjugate Chemistry, vol. 22, no. 3, pp. 319–328,
2011.

[25] F. Schweizer, “Cationic amphiphilic peptides with cancer-
selective toxicity,” European Journal of Pharmacology, vol. 625,
no. 1–3, pp. 190–194, 2009.

[26] N. Boulanger, C. Lowenberger, P. Volf et al., “Characterization
of a defensin from the sand fly Phlebotomus duboscqi induced
by challenge with bacteria or the protozoan parasite Leishmania
major,” Infection and Immunity, vol. 72, no. 12, pp. 7140–7146,
2004.
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1 Laboratório de Genética, Instituto Butantan, Avenida Vital Brasil 1500, 05503-900 São Paulo, SP, Brazil
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Persistent high-risk (HR) human papillomavirus (HPV) infection is necessary for development of precursor lesions and cervical
cancer. We investigate persistence and clearance of HPV infections and cofactors in unvaccinated women. Cervical samples of 569
women (18–75 years), received for routine evaluation in the Health Department of Ouro Preto, Brazil, were collected and subjected
to PCR (MY09/11 or GP5+/6+ primers), followed by RFLP or sequencing. All womenwere interviewed to collect sociodemographic
and behavioral information. Viral infection persistence or clearance was reevaluated after 24 months and was observed in 59.6%
and 40.4% of women, respectively. HPVs 16, 33, 59, 66, 69, and 83 (HR) were the most persistent types whereas HPVs 31, 45, and 58
were less persistent. Clearance or persistence did not differ between groups infected by HPVs 18, 53, and 67. In low-risk (LR) types,
HPV 6 infected samples were associated with clearance, while HPV 11, 61, 72, or 81 infected samples were persistent in the follow-
up. No statistically significant association was detected between persistent HPV infections and sociodemographic and behavioral
characteristics analyzed. To study persistence or clearance in HPV infection allows the identification of risk groups, cofactors, and
strategies for prevention of cervical cancer.

1. Introduction

Human papillomavirus (HPV) infections are the most com-
monly diagnosed sexually transmitted disease. More than
100HPV types have been identified. They infect the skin
squamous epithelia and mucosa and usually cause benign
papillomas or warts. Persistent infection with oncogenic
high-risk HPV causes all cervical cancers, most anal cancers,
and a subset of vulvar, vaginal, penile, and oropharyngeal
cancers [1–3].

The major steps in cervical carcinogenesis include HPV
infection, HPV persistence for a certain period of time,
progression to precancer, and invasion [4, 5].

HPV infection alone may not be sufficient to cause
cervical cancer, and other factors influence the risk of pro-
gression to cervical cancer. High parity, smoking, long-term
use of oral contraceptives, sexual behavior, genetic factors,
and coinfection with other sexually transmitted infectious
agents such as herpes simplex virus 2 (HSV-2) andChlamydia
trachomatis have been established as cofactors for cervical
cancer among women with persistent infections [6–9].

Although these environmental and genetic factors are
considered to act as HPV cofactors contributing to progres-
sion from viral infection to cervical cancer, few prospective
studies have addressed the roles that these risk factors play
in the natural history of precursor lesions. The knowledge of
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epidemiology and natural history of HPV infection (acqui-
sition, clearance, and persistence) is relevant and can direct
interventions to prevent preneoplastic lesions and cervical
cancer [4].

There is evidence that most HPV infections are transient
and clear spontaneously within 12–24 months after first
detection. Persistent HPV infection with elevated risk of
cervical cancer occurs in only a small percentage of virus
infected women [5, 10]. The reasons of this fact are still
unknown.

The importance of HPV clearance/persistence has been
recognized recently, and the number of studies addressing
these issues has increased substantially during the past
few years. However, data are still incomplete and in part
inconsistent as to the cofactors that regulate these events
[11, 12].

In Ouro Preto, MG, Brazil, a recent study showed preva-
lence of HPV infections in women with normal cervical
cytology. Different subtypes of high-risk HPV (mainly HPV
16) were predominant. Furthermore, age, literacy, residence,
marital status, smoking status, and number of sexual partners
were independently associated with HPV infection [13].

HPV-positive women in this prevalence study have been
accompanied to assess the natural history of viral infection.
Therefore, the aim of this study was to investigate persistence
and clearance of HPV infections in unvaccinated women and
cofactors correlated with such events.

2. Material and Methods

Ethical Statements. The protocols used in this study were
approved by the Ethical Committee in Research of the Uni-
versidade Federal de São Paulo (number 0832.08) assigned by
the president of this committee.

The sample was composed of 569 women (aged 18 to
75 years) living in Ouro Preto, MG, Brazil. Women were
randomly selected when they visited health units for routine
gynecological evaluation and they were not enrolled in
the study if they were pregnant, diagnosed with mental
incompetence, or diagnosed with carcinoma, except the
cervical cancer. This project was reviewed and approved by
the Institutional Ethic Committee, and informed consent was
obtained from private interviews at the time of gynecological
evaluation.

Sociodemographic characteristics, smoking status, alco-
hol consumption, bracken fern diet, and sexual and reproduc-
tive behavior were obtained from private interviews with the
women at the time of the gynecological evaluation. Subjects
were considered as nonsmokers or nonalcohol consumers
if they have never smoked or drunk. Speculum exami-
nation was performed by gynecologists; cervical samples
were obtained using an extended tip “Ayre” spatula. The
conventional cervical smear was spread onto a glass slide and
the tip of the spatula was broken off and placed in a container
containing preservation solution for HPV testing.

2.1. HPV-DNA Typing. For the extraction of DNA from
cervical samples, we used a GenomicPrep Blood kit (GE

Healthcare), with proteinase K digestion. HPV was detected
by the amplification of DNA by using a standard polymerase
chain reaction (PCR) protocol with L1 consensus primer
pair MY09 and MY11, which promotes amplification of an
approximately 450 bp product and can detect more than 40
distinct low- and high-risk genital HPV types. Positive and
negative controls were used in all tests.The amplification was
performed according to the following protocol: 94∘C for 30 s,
51.5∘C for 30 s, and 72∘C for 30 s for 35 cycles, followed by a
final step at 72∘C for 7min [14, 15]. The 𝛽-actin gene primers
were used as internal controls.

We used RT-PCR with primers GP5+/6+ for HPV detec-
tion in samples with no conclusive diagnosis using primers
MY09/11. The reactions were performed using SYBR Green
PCRMasterMix (Applied Biosystems) and conducted in ABI
7000 Applied Biosystems.

HPV-DNA-positive specimens were typed by restric-
tion fragment length polymorphism (RFLP), according to
Bernard et al. 1994 [16]. Samples with positive HPV viral
types not identified by RFLP were identified by sequencing
of the PCR product using BigDye Terminator kit (Applied
Biosystems). Sequences were generated on ABI model 377
automated sequencer (Applied Biosystems) and aligned to
HPV sequences at Genbank using BioEdit Sequence Align-
ment Editor 7.0.9.0.

2.2. Follow-Up Study. HPV infection was detected in 133
women, who were invited to participate in a follow-up study,
consisting of a second cervical scrape specimen collection
24 months from first recruitment, using the same procedure
as the initial examination. 89 women (66.9%) completed the
survey and were tested for HPV in 24 months. 44 women
(33.1%) were lost in the follow-up.

After 24 months (second cervical scrape specimen for
cytology and HPV testing), all women were interviewed
again, with the same questionnaire used in first collection,
and the information was updated.

Persistent type-specific HPV infection was defined as the
detection of the same HR-HPV type at both examinations
(first study and follow-up study). Clearancewas defined as the
proportion of women who were initially HR-HPV positive
(first collection), but the same HR-HPV type was not found
at the follow-up [12].

2.3. Statistical Analysis. Descriptive statistics were used for
the analysis of persistence and clearance of type-specificHPV
infection. Particularly, Pearson’s 𝑥2 test was used to verify
the association between all independent variables and the
response variable. 𝑃 < 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS
software for Windows (version 18.0).

3. Results and Discussion

3.1. Results

3.1.1. Profile of the Initial Sample. Analyses of this study were
performed with samples of 89 women, mean age of 37.7
(±12.6) years.
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Table 1: Evolution of HPV infection related to virus oncogenic risk
and type of infection.

Total
𝑁

Clearance
𝑛 (%)

Persistence
𝑛 (%) 𝑃

Infection
Single 80 34 (42.5) 46 (57.5) 0.210
Multiple 9 2 (22.2) 7 (77.8)

Oncogenic risk
LR-HPV 17 5 (29.4) 12 (70.6)

0.082IR-HPV 17 10 (58.8) 7 (41.2)
HR-HPV 55 21 (38.2) 34 (61.8)

These samples were composed predominantly of women
with the following characteristics: age ≥30 years (68.5%);
resident in urban areas (76.4%); only one sexual partner in
lifetime (51.7%); no use of oral contraceptives (52.8%); alcohol
consumption (61.8%); 1–5 pregnancies (66.3%); bracken fern
consumption in usual diet (68.5%); smoking (40.4%). Only
20.2%ofwomen in the grouphad early onset of sexual activity
(≤15 years).

Simple infections, by a single viral type, were predomi-
nant (80 women, 89.9%) and multiple HPV infections were
detected in 10.1%.

High-risk (HR) HPV types (mainly HPV16) were more
prevalent in the study samples. HR-HPV was detected in 55
(61.8%) women, indeterminate risk (IR) HPV in 17 (19.1%)
and low risk (LR) in 17 (19.1%) women.

3.1.2. Evaluation after 24-Month Follow-Up. Among the 89
women HPV positive at baseline, 53 (59.6%) had persistent
infection and 36 (40.4%) had clearance of the infection after
24 months.

Table 1 shows clearance or persistence of viral infection in
relation to number and risk of HPV types.

Most women with multiple infections (77.8%) showed
persistence after 24 months of follow-up. However, presence
of multiple infections was not statistically associated with
persistent HPV infection (Table 1).

Similarly, in relation to risk oncogenic HPV types, no
statistical difference was observed between persistence of
viral infection and HR-HPV types. The infection persisted
after follow-up in 61.8% of samples infected by HR-HPV and
in 70.6% by LR-HPV (Table 1).

Among specific HR-HPV types, HPV 16, 33, 59, 66, 69,
and 83 were the most persistent types whereas HPVs 31, 45,
and 58 were the less persistent. Clearance or persistence did
not differ between groups infected by HPVs 18, 53, and 67
(Table 2).

Regarding specific LR-HPV types, HPV 6 infected sam-
ples were associated with clearance. In contrast, HPV 11, 61,
72, or 81 infected samples were associated with persistent
infections in the 24-month follow-up (Table 3).

Table 4 shows that no statistically significant association
was detected between persistentHPV infections and sociode-
mographic and behavioral characteristics evaluated.

Table 2: Persistence or clearance of specific high-risk (HR) HPV
infection after follow-up.

HPV types Clearance
𝑛 (%)

Persistence
𝑛 (%)

Total
𝑁

16 12 (35.3) 22 (64.7) 34
18 3 (50) 3 (50) 6
31 2 (100) 0 (0) 2
33 0 (0) 2 (100) 2
45 1 (100) 0 (0) 1
53 1 (50) 1 (50) 2
58 1 (100) 0 (0) 1
59 0 (0) 1 (100) 1
66 0 (0) 1 (100) 1
67 1 (50) 1 (50) 2
69 0 (0) 1 (100) 1
83 0 (0) 2 (100) 2
HR-HPV 21 (38.2) 34 (61.8) 55

Table 3: Persistence or clearance of specific low-risk (LR) HPV
infection after follow-up.

HPV types Clearance
𝑛 (%)

Persistence
𝑛 (%)

Total
𝑁

6 4 (66.7) 2 (33.3) 6
11 0 (0) 2 (100) 2
61 1 (14.3) 6 (85.7) 7
72 0 (0) 1 (100) 1
81 0 (0) 1 (100) 1
LR-HPV 5 (29.4) 12 (70.6) 17

4. Discussion

We have analyzed the prevalence of HPV infection in women
presenting normal cervical cytology [13] and in women living
in rural and urban areas of Ouro Preto,MG, Brazil [17]. HPV-
positive women were followed for 24 months. In general,
persistence of HPV infection was 59.6% and clearance was
40.4%. It is believed thatHPV infections “clear”within 2 years
in more than 90% of individuals [5, 18–20]. Therefore, the
percentage of HPV clearance was low in our study but similar
results were also obtained by Banura et al., 2010 [21], and Guo
et al., 2010 [22].

Considering only HR-HPV infections, the persistence
was 61.8% and clearance was 38.2%. This result was similar
to that reported in studies in Brazil [23] and other countries
[12, 24, 25].

However, unlike what is expected we observed high
persistence (70.6%) and low clearance (29.4%) of LR-HPV
infections, proportions similar to those obtained for HR-
HPV types. This may be due to the small number of women
with each viral type or time of follow-up. Banura et al., 2010
[21], showed clearance LR-HPV ranged between 50% and
100%. Other studies also observed that clearance proportion
was similar in HR-HPV and LR-HPV [21, 26]. We found
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Table 4: Evolution of HPV infection related to sociodemographic
and behavioral characteristics.

Total
𝑁

Clearance
𝑛 (%)

Persistence
𝑛 (%) 𝑃

Age groups (years)
>30 28 11 (39.3) 17 (60.7)

0.65730 to 39 20 7 (35.0) 13 (65.0)
40 to 49 25 11 (44.0) 14 (56.0)
>50 16 7 (40.4) 9 (56.3)

Residence
Rural 21 10 (47.6) 11 (52.4) 0.303
Urban 68 26 (38.2) 42 (61.8)

Age at first intercourse
(years)
≤15 18 8 (44.4) 10 (56.6) 0.449
>15 71 28 (39.4) 43 (60.6)

Number of lifetime
sexual partners

1 46 18 (39.1) 28 (60.9)
0.0512 to 4 28 8 (28.6) 20 (71.4)

5 or more 15 10 (66.7) 5 (33.3)
Oral contraceptive use

No 47 19 (40.4) 28 (59.6) 0.583
Yes 42 17 (40.5) 25 (59.5)

Parity
0 19 8 (42.1) 11 (57.9)

0.5091 to 5 59 25 (42.4) 34 (57.6)
6 or more 11 3 (27.3) 8 (72.7)

Bracken fern
consumption

No 28 12 (42.9) 16 (57.1) 0.466
Yes 61 24 (39.3) 37 (60.7)

Smoking
No 53 19 (35.8) 34 (64.2) 0.197
Yes 36 17 (47.2) 19 (52.8)

Alcohol consumption
No 34 13 (38.2) 21 (61.8) 0.457
Yes 55 23 (41.8) 32 (58.2)

that HPV 16, 33, 59, 66, 69, and 83 infections were the
most persistent. Studies have reported that HPV 16 was
significantly more likely to persist than were all other viral
types [21, 25, 27]. Moreover, Sammarco et al., 2013 [12],
observed that HPV types with the highest likelihood of
persistence were 31, 39, and 73, whilst HPV 16 was the
least persistent. Persistent infections have a higher risk of
progression to precursor lesions and cervical cancer.

In this study, most of women with multiple infections
showed persistence after 24 months of follow-up. Similar
results were obtained by Trottier et al., 2008 [28], Nielsen et
al., 2010 [27], Castle et al., 2011 [29], and Schmeink et al., 2013
[26], who reported that infection with multiple HPV types

is associated with longer persistence of HPV infection. This
association was not observed by Sammarco et al., 2013 [12].

In the literature, associations of HPV persistence or
clearance with cofactors vary widely due to the sample size,
population characteristics, and study design. In this study,
therewas no significant association betweenHPVpersistence
or clearance and the analyzed cofactors. Schmeink et al., 2013
[26], suggest that HPV clearance is mainly related to the host
immune response or other intrinsic host factors and not to
present behavior factors.

There are reports that women with persistent HR-HPV
infections were younger than those who cleared their infec-
tions [12, 30, 31]. Others showed that persistence increased
with age [29]. However, no association between HPV persis-
tence and age was found in this study as in Trottier et al., 2008
[28], and Muoz et al., 2009 [32].

Likewise in this work, some studies found no association
between persistent HPV infection and smoking, number of
sexual partners, oral contraceptive use, and high parity [12,
26, 27, 30, 33].

Persistent high-risk HPV infection also was associated
with high viral load [22, 34].

The main limitations of this study were sample size
and follow-up period. This prevented extensive discussion
of some results and direct comparison with other studies.
Furthermore, it is important to emphasize that our data were
based solely on the detection of DNA in cervical samples.

HR-HPV persistence plays a key role in the progression
of preneoplastic lesions and in the development of cervical
cancer. Thus, epidemiological and biological understanding
of the natural history of HPV infection is critical to guide
the implementation of strategies for prevention and control
of cervical cancer.
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Gap junctions are communicating junctions which are important for tissue homeostasis, and their disruption is involved in
carcinogenic processes.This study aimed to verify the influence of deletion of one allele of theConnexin 43 gene on cancer incidence
in different organs. The 7, 12-dimethylbenzanthracene (DMBA) carcinogenic model, using hebdomadary doses by gavage of 9mg
per animal, was used to induce tumors in Connexin 43 heterozygous or wild-type mice. The experiment began in the eighth
week of the mice life, and all of them were euthanized when reaching inadequate physical condition, or at the end of 53 weeks.
No statistical differences occurred for weight gain and cancer survival time (𝑃 = 0.9853) between heterozygous and wild-type
mice. Cx43+/− mice presented significantly higher susceptibility to lung cancer (𝑃 = 0.0200) which was not evidenced for benign
neoplasms (𝑃 = 0.3449). In addition, incidence of ovarian neoplasms was 2.5-fold higher in Cx43+/−mice, although not statistically
significant. Other organs showed a very similar cancer occurrence between Cx43 groups.The experiment strengthens the evidence
of the relationship between Connexin 43 deficiency and carcinogenesis.

1. Introduction

Gap junction, first described in the beginning of the 1960’s
[1], is a cell membrane junction responsible for cell-to-
cell communication, being one of the mechanisms involved
in tissue homeostasis, proliferation, and differentiation [2–
5]. Connexins are the basic units of these junctions, being
expressed by 21 genes in human and 20 inmice [6].The union
of 6 of these proteins is responsible to form a connexon, a
hemichannel structure normally allocated in cell membrane
[5, 7, 8]. When connexons from neighbor cells connect, they
allow the interchange of substances with 1,000Da or less, like
water, ions, sugars, small peptides, amino acids, fatty acids,
and drugs [5, 9].

Cell growth, proliferation, and apoptosis are regulatory
mechanisms shared between cells, and any disruption of
this process may allow the development of many disorders.
Cell-to-cell communication pathway has been studied to
better understand inflammatory, regenerative, and oncogenic

processes [3, 7, 10]. A considerable number of studies after the
classic Loewenstein and Kanno [11] publication have shown
the correlation between the lower communication capacity
and the development of cancer.

This study has been performed in order to verify if the
heterologous deletion of one allele of Cx43 could contribute
to enhance the incidence of different cancers in mice, when
compared to wild-type mice. DMBA carcinogenesis was the
model of choice, based on previously conducted experiment,
where breast, lung, skin, lymphoid, digestive tract, and ovary
cancers were evidenced [12].

2. Materials and Methods

2.1. Animals. The heterozygous knockout mice for Connexin
43 (Cx43+/−) were generated by replacing exon-2 of the Cx43
gene by neomycin resistance gene [13]. This animal model
was used because Connexin 43 knockout mice (Cx43−/−)
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die after birth due to cardiac congenital abnormalities [13].
Animals were kindly provided by International Agency for
Research on Cancer (IARC, Lyon, France) and originally
were produced in the C57BL/6 strain. Their background
was subsequently changed to CD1 by serial breeding at the
IARC. The Cx43 expression was characterized by real-time
polymerase chain reaction (PCR) and Western blot in these
Cx43+/− mice, showing reduced mRNA amount and lower
Cx43 levels than wild types according to previouse studies
fromour group [14]. 155 femalemicewild-type (Cx43+/+) and
heterozygote (Cx43+/−) mice were randomly provided by the
Animal Facility of the Department of Pathology, School of
Veterinary Medicine and Animal Science of the University
of São Paulo. The experiment was blind; the authors were
not informed if animals were wild types or heterozygotes
during the mice life time, necropsy, and histopathology
procedures. Only female mice were used to favor breast
cancer development.

The animals were kept in a room with ventilation (16–
18 air changes/hour), relative humidity (45–65%), controlled
temperature (20–24∘C), and light/dark cycle 12:12 and were
given water and balanced diet ad libitum. The study has been
approved by the Committee on Bioethics of the School of
Veterinary Medicine and Animal Science of the University of
São Paulo, Proc. no. 1876/2010.

2.2. Carcinogenesis. Carcinogenesis was induced by f 7, 12-
dimethylbenzanthracene (Sigma), diluted in corn oil and
administered by gavage [12]. Each animal received 1mg per
week until completing the total dose of 9mg. Control group
was composed of 20 mice, receiving only corn oil, also by
gavage. Animals were weighted and received careful clinical
examination weekly. The experiment began in the eighth
week of life of animals, and all animals were euthanized when
reaching inadequate physical condition, or at the end of 53
weeks.

2.3. Necropsy and Histopathology Study of Tumors. Necropsy
was performed in all animals of the experiment, and tumors,
mammary glands, gastrointestinal tract, liver, spleen, heart,
lung and kidneys were collected and fixed in 10% formalde-
hyde solution. All mouse tumors were classified according to
IARC Scientific Publication no. 111 [15].

2.4. Genotyping. DNA from each mouse was obtained
from tail biopsies. Mice were genotyped for Connexin 43
gene by polymerase chain reaction (PCR) as described
by Yamakage and collaborators (1998) [16]. The primers
were used in respect to the following sequence: CCC-
ACTCTCACCTATGTCTCC-3 and antisense 5-ACTTTT-
GCCGCCTAGCTATCCC-3 observed at 520 bp; neo-sense
5-GGCCACA GTCGATGAATCCAG-3 and antisense 5-
TATCCATCATGGCTGATGCAA-3 observed at 294 bp.

2.5. Statistical Analysis. Statistical analysis was performed
using the GraphPad Prism (version 5.0, GraphPad Software
Inc., USA). Chi-square test and Fisher’s exact test were used
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Figure 1: Bar graphic showing the proportional incidence among
different topographies compared with the Cx43+/− and Cx43+/+
groups.

to compare incidence between both Cx43+/− and Cx43+/+
groups. Odds ratio and relative risk and descriptive studies
of the mean of tumors per animal in each group were also
assessed. Logrank test was performed in order to evaluate the
survival difference between Cx43+/+ and Cx 43+/− mice. The
significance level was set at 𝑃 < 0.05.

3. Results

Control group after genotype was composed of 10 homozy-
gote animals (wild types) and 10 heterozygous animals for
Cx43, and none of them developed any type of neoplasia.
135 mice that received DMBA after genotype were divided
in two groups, composed of 60 wild-type mice and 75 Cx43
heterozygous mice.

Neoplasms began to appear in the 8th week after DMBA
injection and affected 100% of DMBA treated mice.

No significant statistical differences were observed in
weight gain and survival time (𝑃 = 0.9853) between
Cx43+/− and Cx43+/+ DMBA induced groups (data not
shown). Incidence rate of neoplasms in different organs
and the histopathological classification of the neoplasms are
presented in Table 1 and Figure 1.

Chi-square test and Fisher’s Exact test were performed
to the observe difference in incidence of cancers in different
locations between Cx43+/− and Cx43+/+ DMBA induced
groups.

It has been detected a statistically significant difference
in the incidence of lung adenocarcinomas, where Cx43+/−
mice presented a 1.4-fold higher risk than wild-type animals
(Table 2).Histopathology images of lung cancer are presented
in Figure 2.

Benign lung neoplasia was diagnosed in 8 and 3 ani-
mals from Cx43+/− and Cx43+/+ DMBA treated animals,
respectively. The relative risk for developing papillary lung
adenoma in heterozygous group, when compared with wild-
type animals, was 2.133 (IC 95% 0.5913–7.696), and odds ratio
were 2.269 (IC 95% 0.5745–8.959). The 𝑃 value was 0.3449
for Fisher’s Exact Test, and therefore, there was no difference
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Table 1: DMBA induced cancer incidence in Cx43+/− and Cx43+/+ mice divided by topography and tumor histopathological classification.

Cancer Cx43+/− (𝑛 = 75) Cx43+/+ (𝑛 = 60)
Number of tumors % Number of tumors %

Mammary gland 𝑛 = 36 48.00 𝑛 = 27 45.00
Adenoacanthoma 20 47.62 10 34.48
Adenocarcinoma type A 5 11.90 4 13.79
Adenocarcinoma type C 1 2.38 0 0.00
Carcinosarcoma 0 0.00 0 0.00
Cystic adenocarcinoma 12 28.57 12 41.38
Fibrosarcoma 1 2.38 0 0.00
undifferentiated type 1 2.38 0 0.00
Organoid 2 4.76 0 0.00
Total 42 100.00 29 100.00
Digestive tract 𝑛 = 20 26.67 𝑛 = 16 26.67
Squamous cell carcinoma 20 95.24 16 5.52
Gastric adenocarcinoma 1 47.61 0 0.00
Total 21 100.00 16 100.00
Lymphoid tissue 𝑛 = 32 42.67 𝑛 = 26 43.33
Lymphoma 32 100.00 26 100.00
Total 32 100.00 26 100.00
Skin 𝑛 = 10 13.33 𝑛 = 9 15.00
Squamous cell carcinoma 10 100.00 9 100.00
Total 10 100.00 9 100.00
Lung 𝑛 = 21 28.00 𝑛 = 7 11.66
Papillary adenocarcinoma 21 95.45 7 100.00
Bronchial carcinoma 1 4.45 0 0.00
Total 22 100.00 7 100.00
Ovary 𝑛 = 10 13.33 𝑛 = 3 5.00
Granulosa cell carcinoma 10 100.00 3 100.00
Total 10 100.00 3 100.00
Total 137 90
Number of cancer histological types per animal 1.83 1.50
Note: there are more tumors than mice in the experiment because some animals developed more than one type of cancer in the same or different organs.

in the incidence of lung papillary adenomas in Cx43+/− and
Cx43+/+ mice.

4. Discussion

The aim of this study was to verify if the deficiency in
Connexin 43 could increase the susceptibility to different
types of neoplasms in mice. For this purpose, the DMBA
carcinogenesis model was used, since it has previously been
shown, in BALB/cmice, that this carcinogen induces not only
mammary tumors but also lung, digestory, lymphoid, and
other neoplasms [12].

The 100%of cancer occurrence inDMBA inducedmice in
this study is in accordance with the incidence rate of cancers
in the study presented by Tedardi et al. [12]. The purpose
was to investigate possible correlations of the deletion of
one Cx43 allele on cancer development in different organs.

The statistical analysis demonstrated a higher incidence of
lung cancer in Cx43+/− mice when compared to wild-type
animals.

Gap junctions are known to be involved in lung car-
cinogenesis. This information can be clearly demonstrated
by Cesen-Cummings et al. study [17].They cultivated human
andmouse cell lines of normal andneoplastic lung tissues and
compared the cell-to-cell transfer of Lucifer Yellow coupling
dye, observing a higher dye transfer in nonaffected tissue than
in cancerous ones (represented by lung small cell carcinoma,
squamous cell carcinoma, adenocarcinoma and large cell
carcinoma in human cell lines and carcinoma in mouse cell
line) [17]. Coculturing the normal and cancer cells, they still
noted the lower capacity of neoplastic cells to communicate
with each other and with normal cells [17].

Several studies evidenced the correlation of Cx43 expres-
sion in lung carcinogenesis. Human and mouse lung cancer
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(a) (b)
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Figure 2: (a) Gross picture of Cx43+/− mouse lung, showing gray nodules of 0.1–0.3 cm of diameter. (b) Gross picture of Cx43+/+ mouse lung,
showing red and grey nodules of 0.3 cm or less of diameter. Bar = 0,5 cm, and bar = 1,0 cm. (c) and (d). Lung bronchial carcinoma, H&E,
bar = 200 𝜇m, and bar = 50 𝜇m. (e) and (f). Lung with solid papillary adenomas, H&E, 200 𝜇m, and 50 𝜇m.

cell lines had a lower expression of connexin 43 by Western
blot and Southern blot analysis [17] and immunohisto-
chemistry. In a study with 107 samples of human lung
cancers, it has been shown a decrease in numbers of Cx43
spots and loose of membrane stain with replacement by
cytoplasm subcellular localization of connexins [18]. The
relation of decreased expression of both Connexin 43 and E-
cadherinwas associatedwith a poor differentiation, advanced
TNM stage, and lymph node metastasis [18]. The expression
decay occurred progressively from normal distant tissue
to adjacent tissue and cancer nodules and is related to
nodal lungmicrometastasis [19]. Connexin 43 expression also
correlated with the cancer degree of differentiation. It has
been shown that poorly differentiated lung adenocarcinoma
and squamous cell carcinoma expressed lower levels than

well-differentiated and moderate-differentiated cancers [20].
This aberrant expression could be explained by promoter
methylation, probably for AP1 binding, [19].

Higher incidence of lung tumors was initially described
by our research group. Heterozygous knockout mice Cx43+/−
presented statistically more lung papillary adenomas and
with a higher number of cells stained for PCNA than wild-
type animals. Furthermore, the lesions had larger areas, and
these animals presented lower expression or Cx43 mRNA
[14]. This experiment used urethane induction, and mice
lived only 6 months; maybe the short experiment duration
and the different carcinogen used could explainwhywe found
correlation with malignant tumors and not with benign ones.

Another study from our group usingNNK for lung carcin-
ogenesis induction corroborates the Cx43+/− susceptibility
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Table 2: Cancer incidence in DMBA wild-type and heterozygote mice induced groups.

Cancer topography Heterozygote
(Cx43+/−)

Wild-type
(Cx43+/+) Odds ratio (95% IC)1 Relative risk (95% IC)1 𝑃 value

Mammary gland 36 27 1.128 1.067 0.7285
(0.5708−2.230) (0.7399−1.538)

Lymphoid tissue 32 26 0.9732 0.9846 0.9380
(0.4902−1.932) (0.6662−1.455)

Digestive tract 20 16 1.000 1.000 1.0000
(0.4640−2.155) (0.5694−1.756)

Lung 21 7 2.944 2.400 0.0200∗
(1.155−7.506) (1.094−5.264)

Skin 10 9 0.8718 0.8889 0.7820
(0.3296−2.306) (0.3859−2.047)

Ovary 10 3 2.923 2.667 0.1436
(0.7664−11.150) (0.7678−9.262)

Total 75 60 — — —
1Values calculated using wild-type mice (Cx43+/−) cancer incidence for reference to compare with cancer incidence with heterozygote group (Cx43+/+).
∗Results of 𝑃 value less than 5%.

to spontaneous and induced lung cancer and demonstrates
that in the heterozygous mice, nodules were larger and
surprising expressing higher levels of Cx43 mRNA [21]. Lung
neoplasms, spontaneous, or chemical induced are known to
be generated by alveolar type II epithelial cells (APTIIs) [22,
23]. Cx43+/− animals had a lower cell-to-cell communication
capacity and elevated proliferation of APTIIs [22], and the
transfection of Gja1 (Cx43 gene) gene in E9 APTII neoplasia
cells, in other study, reestablished and rendered these cells
to a nonneoplastic state [23]. The role of Cx43 must be
extensively studied for molecular carcinogenesis processes
comprehension in the lung.

Another point to highlight is the ovarian cancer occur-
rence in this experiment. It is known that the connexin 43 is
expressed in ovarian tissue, being governed by gonadotropins
in transcription, translation, and posttranslational modi-
fication. Within their physiological functions, Cx43 plays
a role in the control of follicular genesis and oogenesis
and seems to act here as a tumor suppressor gene [24].
According to Fernstrom et al. (2002) [25], gap junction
proteins are often reduced in neoplastic cells, including
cells of ovarian carcinoma. The same group of researchers
conducted an interesting study in vitro to gene therapy, using
the Cx43 directed to ovarian cancer. Transfecting ovarian
carcinoma cells with Cx43 gene decreased cell proliferation
and increased sensitivity to adriamycin, suggesting that
communication by gap junction and/or Connexin 43 is able
to suppress the neoplastic phenotype of ovarian carcinoma
cells and its low expression is involved in neoplastic transfor-
mation of these cells. Although our observations in this paper
have not found statistically significant differences in values
between the groups, in absolute numbers, in the group with
heterologous deletion of Cx43, there was a higher incidence
of ovarian neoplasms, above twice than manifested in wild
group. It is possible that if a larger number of animals were
studied, the correlation would demonstrate what strongly
corroborate with this role assigned to Cx43, whose depletion
could favor the ovarian carcinogenesis.

5. Conclusion

The Cx43 deficient mice predisposition to lung neoplasms
had been demonstrated as well as the gap junction role in
the carcinogenic process in this organ. Our study strengthens
the evidence by DMBA carcinogenic protocol, which is not
a lung-specific carcinogen. In addition, the predisposition of
ovary granulosa cell carcinoma for Connexin 43 deficiency
had a consistent literature basement, and the authors suggest
further studies to correlate both in vivo in a more specific
carcinogenic model for this kind of tumor.
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Introduction. Cell surface proteins are ideal targets for cancer therapy and diagnosis. We have identified a set of more than 3700
genes that code for transmembrane proteins believed to be at human cell surface.Methods. We used a high-throuput qPCR system
for the analysis of 573 cell surface protein-coding genes in 12 primary breast tumors, 8 breast cell lines, and 21 normal human
tissues including breast. To better understand the role of these genes in breast tumors, we used a series of bioinformatics strategies
to integrates different type, of the datasets, such as KEGG, protein-protein interaction databases, ONCOMINE, and data from,
literature. Results. We found that at least 77 genes are overexpressed in breast primary tumors while at least 2 of them have also
a restricted expression pattern in normal tissues. We found common signaling pathways that may be regulated in breast tumors
through the overexpression of these cell surface protein-coding genes. Furthermore, a comparison was made between the genes
found in this report and other genes associatedwith features clinically relevant for breast tumorigenesis.Conclusions.The expression
profiling generated in this study, togetherwith an integrative bioinformatics analysis, allowedus to identify putative targets for breast
tumors.

This paper is in the memory of Lloyd J. Old

1. Introduction

Breast tumors are among the most common fatal cancers,
accounting for half of the total cancer deaths in women [1].
It has been shown that breast cancer is a very heterogeneous
disease with four different molecular profiles based on the
expression pattern of ERBB2, estrogen and progesterone
receptors, and histological grade. These classes are also
associated with distinct clinical outcomes and responses to
therapy [2].

According to the American Society of Clinical Oncology
[3], breast cancers express some additional markers that
have been shown to be useful in clinic: CA15-3, CA27.29,
carcinoembryonic antigen (CEA), urokinase plasminogen
activator, and plasminogen activator inhibitor 1, among oth-
ers. Several of these markers are cell surface transmembrane
proteins, including ERBB2 and CEA. In addition, gene
signatures identified by gene-expression profiling of breast
tumors, such as the MammaPrint [4], which calculates a



2 BioMed Research International

prognostic score for node-negative patients at stage I or II
based on the expression of a pool of 70 genes, contain more
than 10% of trans-membrane (TM) proteins believed to be at
the cell surface [5].

Some of these cell surface markers are used as targets
for therapies against breast cancer. Targeted therapies, such
as lapatinib (Tykerb) [6], bevacizumab (Avastin) [7], and
trastuzumab (Herceptin), are gaining special attention in
cancer treatment as they act directly to cancer cells avoiding
the destruction of healthy cells. Two of them are monoclonal
antibodies that block directly or indirectly the activation of a
trans-membrane receptor. Herceptin binds to the extracellu-
lar domain of ERBB2 and is used routinely in the treatment of
patients with ERBB2 positive breast tumors.However, ERBB2
is just over expressed in 20–25% of invasive breast tumors
[8, 9]. These facts emphasize the importance of exploring
cell surface proteins in tumors to identify new tumor targets.
Besides being targets for monoclonal antibodies that block
their function, trans-membrane proteins can also be used to
allow the entrance of drugs or radioactive material directly
into cancer cells.

A catalog of 3,702 genes coding for TM proteins located
at the surface of human cells (human cell surfaceome)
was generated by us through the use of bioinformatics
approaches [5]. New targets for colorectal and glioblastoma
(GBM) tumors have been identified using this collection
of cell surface proteins. Here we explored the human cell
surfaceome searching for breast tumors targets using a high-
throughput quantitative real-time PCR (qPCR) in tumor
samples and tumor cell lines. Furthermore, we compared our
data with other expression profiles publically available taking
into consideration some clinical features important for breast
tumors.

2. Materials and Methods

2.1. Public Data. Breast cancer somatic mutations were
obtained from Sjöblom et al. [10] and Wood et al. [11].
Homozygotic deletions and genomic amplifications in breast
cancer were retrieved from Leary et al. [12]. The genomic
coordinates for these alterations were determined through a
local mapping using BLAT and crossed against surfaceome
genes coordinates. Gene pathways were downloaded from
KEGG (http://www.genome.jp/kegg/). To build the protein
protein interaction (PPI) database, data fromMINT (Decem-
ber 2007 version), BIOGRID (2.0.37), INTACT (January
2008 version), HPRD (September 2007 version), BIND
(May 2006 version), and DIP (January 2008 version) were
used. Data obtained exclusively from functional interactions
(e.g., genetic interactions present in BIOGRID) and mass
spectrometry-based methods were excluded.

2.2. Samples. The twelve breast tumor samples (ERBB2 neg-
ative) were obtained from the Tumor Tissue Biobank of
the Medical and Research Center, A.C. Camargo Hospital,
São Paulo, after local ethics committee approval. Human
tumor breast cell lines (HCC1954,MCF7,MDA231,MDA435,
MDA436, MDA468, and SK-BR 3) were obtained from
American Type Culture Collection (ATCC) and cultured

following ATCC instructions. A nontumorigenic and non-
transformed breast cell line (HB4A) was obtained from
reduction mammoplasty tissue [13]. Total RNA derived from
21 normal human tissues (thymus, prostate, fetal brain,
trachea, skeletal muscle, fetal liver, uterus, small intestine,
heart, bone marrow, kidney, stomach, liver, spleen, spinal
cord, lung, testis, placenta, brain whole, breast, and colon)
was purchased from Clontech.

2.3. Primer Design. Primers and the specific UPL probes
were designed using the Universal ProbeLibrary Assay
Design Center (http://qpcr.probefinder.com/organism.jsp)
by automatically selecting an intron spanning assay.
Rpl27 (NM 021574.2—ribosomal protein l27) and bcr
(NM 021574.2—breakpoint cluster region) were used as the
references genes. All primers and probes used are available
in [5].

2.4. RNA Extraction, cDNA Synthesis, and Preamplification
Reaction. RNA extraction, cDNA synthesis, and pre-ampli-
fication reaction were performed as previously described in
[5]. Briefly, total RNA was extracted by using Trizol (Invit-
rogen), and its integrity, checked by Bioanalyser (Agilent).
SuperScript III First-Strand Synthesis SuperMix (Invitrogen)
was used to synthesize cDNA from 200 ng of DNA-free
RNA. For the pre-amplification reaction, one fourth of
cDNA (synthesized as described above) was pooled with all
primers (50 nM), 10 𝜇L of 2 X PreAmp Master Mix (Applied
Biosystems) in a cycling programof 14 cycles of 95∘C for 15 sec
and 60∘C for 4min.

2.5. qPCR. The qPCR reactions for 573 genes were per-
formed in 96.96 dynamic array chips (Fluidigm) as previously
described [5] following the manufacturer’s instructions. In
summary, the assay inlets of the M96 Dynamic Array were
loaded with 2𝜇M forward primer, 2𝜇M reverse primer, 1𝜇M
UPL probe, and 0.025% Tween 20 while each sample inlets
was loaded with 2.5𝜇L of PreAmp sample, 3.25 𝜇L of 2 X
ABUniversal TaqManMasterMix (Applied Biosystems), and
0.32 𝜇L of 20 X DA Sample Loading Solution (Fluidigm).The
cycling program used consisted of 2min at 50∘C, 10min at
95∘C followed by 35 cycles of 95∘C for 15 sec, 70∘C for 5 sec,
and 1min at 60∘C. All reactions were performed in triplicates.

2.6. Data Processing of qPCR and Selection of Overexpressed
Genes. The BioMark Gene Expression Data Analysis was
used to obtain the CT values and to discriminate between
high-quality and low-quality reactions. Low-quality reactions
and CTs higher than 30 were excluded from these analyses
and named as not available (NA). The 2−ΔΔCT [14] method
was used to obtain the relative gene expression values;
normal whole breast (fromClontech) was used as a reference,
and Rpl27 and bcr were used as reference genes. Genes
were considered overexpressed in breast tumors if 3 or
more primary breast tumors had a fold change higher than
three times the standard deviation in all three replicates.
Genes expressed in 5 or less normal tissues were considered
restrictedly expressed. In order to be considered expressed,
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the gene/sample must have a fold change value higher than
0.1 in two qPCR experiments. Expression in fetal brain, fetal
liver, brain, placenta, and testis was not considered in this
analysis.

2.7. Comparative Analysis Using ONCOMINE. For the analy-
sis of overexpression in other tumor types, the ONCOMINE
website (http://www.oncomine.org) was used for searching
individually (“Gene search”) the presence of each of the 77
overexpressed genes in the studies that compare “Cancer &
Normal” with 𝑃 value < 0.01. For the correlation analysis
of over expression and prognosis, tumor grade and stage,
we searched (“Profile Search”) genes over expressed (𝑃-
value < 0.01) on breast studies using the filters “Prognosis,”
“Grade” and “Stage” existing at the ONCOMINE website
(http://www.oncomine.org). Manual inspections of the stud-
ies were performed in others to select the most concordant
(regarding samples types) in each category.

3. Results and Discussion

3.1. Genes Differentially Expressed in Breast Tumors. Recently,
we have generated a catalog of 3,702 genes that codes
for trans-membrane proteins located at cell surface [5]. In
that report, we further selected 573 cell surface genes as
the most promising candidates for cancer diagnostics and
therapy based on their expression profiling through the use
ofMassively Parallel Signature Sequencing (MPSS) and Serial
Analysis of Gene Expression (SAGE) libraries. We validated
this strategy by finding potential new human targets for GBM
and colorectal tumors. Here, we analyzed the expression of
these 573 genes in 12 primary breast tumors, 1 normal breast
tissue, 7 breast tumor cell lines, and 1 normal breast cell line
using a high-throughput qPCR platform. We also analyzed
these 573 genes in a panel of 21 normal samples obtained from
our previous publication [5].

An ideal candidate for breast cancer diagnostics and
therapy would be a gene product that is over expressed in
breast tumors and expressed in a restricted pattern in normal
tissues. Based on that, our qPCR data was analyzed for genes
expressed in less than 6 normal tissues and overexpressed in
at least 3 primary breast tumors when compared to normal
breast tissue. We found two genes showing this expression
pattern: C3orf57 and LRRC26. According to our data, the
former is expressed in brain, prostate, and stomach while the
latter in colon and prostate. C3orf57 (also known as ADMP),
a putative G-protein coupled receptor, is also expressed in
prostate epithelium and was shown to be downregulated
by androgens in mice cells [15]. LRRC26, a leucine-rich
repeat protein, has been previously shown to be increased in
breast, prostate, colon, and pancreatic cancers. However, its
subcellular localization is still a matter of debate in spite of
the presence of a trans-membrane domain [16].

Irrespective of the expression pattern in normal tissues,
we found 77 genes that were over expressed (in relation to
normal breast) in primary breast tumors (Figure 1). Inter-
estingly, these genes are enriched in specific genomic loca-
tions. Eight (CADM4, FXYD5, GPR77, PSENEN, SPINT2,

TMEM147, TYROBP, and UPK1A) out of 77 genes are
localized at chromosome 19q (𝑃-value 0.006). In addi-
tion, an enrichment at the chromosome cytoband 1p35
(IFI6, PTPRU, SERINC2, and SLC2A1) is also observed
(𝑃-value 4.5E-4). Interestingly, this cytoband is associ-
ated with sporadic colorectal cancer, an Epstein-Barr virus
integration site, and with some hormone-dependent syn-
dromes such as serkal syndrome, mullerian aplasia, and
hyperandrogenism (OMIM—http://www.ncbi.nlm.nih.gov/
Omim/getmap.cgi?l132850). SLC2A1, also known as GLUT-
1, is a glucose transporter, that is mutated in GBM and
pancreatic tumor. Furthermore, it is expressed in various
tumors, like oral squamous cell carcinoma [17], primary
renal tumors [18], ovarian carcinoma [19], colorectal tumors
[20], thyroid carcinomas [21], and gallbladder carcinomas
[22]. Differential expression of this gene in breast tumors
emphasizes the importance of glucose transporters in the
glucose requirements in cancer cells. As we used only ERBB2
negative samples in this study, this gene accordingly was not
present in our list of over expressed genes.

Next, we looked at protein-protein interaction (PPI) net-
works, KEGG, and the literature to find common interaction
partners among differentially expressed surfaceome genes, as
we did in [5] (Figure 2). Four genes (TNFRSF19, TNFRSF12A,
TMEM109, and TMBIM6) interact with members of the
TRAF family. TRAF proteins are TNF receptor-associated
factors that serve as adapter proteins for a wide variety of
cell surface receptors. They regulated the activation of many
signal transduction pathways, such as JNK, ERK, and NF-
𝜅B culminating in regulation of cell survival, apoptosis, and
differentiation [23].

Furthermore, we found that GIPC1, a member of PDZ
domain containing family that has already been detected as
overexpressed in breast tumors [24], interacts with four genes
of our list of overexpressed surfaceome genes (SDC3, SDC4,
SLC2A1, and FDZ3). GIPC1 leads to an increase of TGF beta
receptors and may interfere with TGF beta signaling [25].
SDC3 and SDC4 are syndecans that contain heparan and
chondroitin sulfates chains that play a role in cell-cell and
cell-matrix interactions [26]. Orend et al. [27] proposes that
SDC4may play an important role in the control of anchorage-
dependent cellular proliferation of fibroblasts. The FZD3,
a member of frizzled gene family, contributes to the Wnt
signaling pathway which leads to an increase of the beta-
catenin in the nucleus promoting specific gene expression
[28]. MPSS analysis also confirms that this gene is over
expressed in breast tumors (data not shown).

3.2. Further Validation of Overexpressed Genes. To gain
more information on the surfaceome genes over-expressed
in breast tumors, a comparison with expression data from
other sources was performed. We first compared our list
of genes with our previous study [5] in which the expres-
sion of the same set of genes was evaluated in colorectal
tumors and GBM. Seven (GPR172A, IFI6, NPFFR2, REEP6,
SLC2A1, SQLE, and TNFRSF12A) and 13 (CD300LF, CD72,
CMTM3, GPR172A, MMP14, P2RY11, SERINC2, TMEM134,
TNFRSF12A, TNFRSF19, TYROBP, VSIG4, and ZDHHC12)
genes are also over expressed in colorectal tumors and GBM,
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Figure 1: Expression profile of surfaceome genes in normal tissues, breast cancer cell lines, and breast tumor samples. Expression data for
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Figure 2: Schematic view of key pathways represented in the set of surfaceome genes overexpressed in breast tumors (see text for more
details). Interactions represented by black arrows were derived from protein-protein interaction networks while interactions represented by
red arrows were derived from either the literature or KEGG database.

respectively. Among them, MMP14, a membrane-bound
matrix metalloprotease (MMP), seems one of the most inter-
esting. It has been associated with tumorigenesis, metastasis,
and angiogenesis [29–31] and activates pro-MMP2 [32, 33],
a MMP known to be critically involved in tumor spreading.
Recently, Devy et al. [34] identified a human antibody that is
a potent and highly selective inhibitor of MMP-14. It reduces
the incidence of metastases in orthotopic mouse model,
displayed anti-invasive activity, and inhibited angiogenesis.
The authors propose that this inhibitor could be used for the
treatment of solid tumors.

Moreover, we compared the expression of our set
of overexpressed surfaceome genes in breast tumors
to 16 other tumor types, including breast, using
microarray data from studies available at ONCOMINE
(http://www.oncomine.org). As shown in Table 1, we
confirmed that more than a half (57,1%) of our genes are
overexpressed in at least another study using breast tumors.
The other part, however, most probably reflects different
experimental sensitivities between qPCR and microarray as
well as different breast tumor types. In addition, 53 out of 77
are over expressed in more than 4 tumor types.

It is also important to know whether any of our over
expressed surfaceome genes is associated with a clinically
relevant characteristic. Genes that are overexpressed (𝑃 val-
ues < 0.01) in studies that compared samples with distinct
prognosis, grades, or stages of breast tumors were selected
by looking at the ONCOMINE dataset (Table 2). Thirty-
seven out of 77 genes were expressed (in at least one study)
in breast tumors of higher grades. Concerning the staging
of breast cancer using the TNM classification, six genes
(FXYD5, MMP15, PTPRU, SQLE, TM9SF1, and TNFRS12A)
are overexpressed in samples with increased spread to lymph
nodes, while one gene (TYROBP) is over expressed when
breast tumors samples without and with metastasis were

compared. Twenty-five out of 77 genes are over expressed in
samples derived frompatients with highmortality rate within
5 years while 24 out of 77 genes are over expressed in samples
derived from patients that relapsed within 5 years.

The result of these comparisons strongly suggests that the
set of surfaceome genes generated in this report is enriched
with genes important for breast tumor.

3.3. Surfaceome Genes and Genetic Alterations in Breast
Tumors. We also analyzed whether the human surfaceome
is associated with genes commonly altered in breast tumors
based on previously published data [35] that investigated
the presence of homozygous deletion, chromosome ampli-
fication, and somatic mutation in breast tumor samples.
Eighteen surfaceome genes (BVES, C9orf11, CDH3, FAT,
LINGO2, LRRC19, MTNR1A, OR4C6, OR4S2, PCDH8,
POPDC3, PTCHD3, PTPLAD2, ROBO2, SGPP1, SLITRK1,
TEK, and TLR3) were found previously to be homozygously
deleted in breast tumors. Not surprisingly, none of them
are present in our list of over expressed genes. In con-
trast, 116 surfaceome genes are localized in genomic regions
that contain focal amplifications in cancer (Figure 3 and
See Table S1 in Supplementary Material available online at
http://dx.doi.org/10.1155/2013/976816). GPR172A, ORMDL3,
PERLD1, PRPH2, and TREM2 are presented in our list of
over expressed genes. Among them, PERLD1 is located in a
chromosome 17 locus together with well known oncogenes
(MYC, ERBB2, MET, and FGFR2 among others) that are
frequently amplified in gastric and breast cancers [36].
However, the subcellular localization of some of these genes
is still a matter of debate.

Two hundred and thirty-five surfaceome genes (6,35%
of the total surfaceome collection) have been previously
identified as having somatic mutations in breast tumor [10,
11]. Four of them (C19orf28, HM13, ITGAL, and MMP15) are
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Table 1: Evaluation of breast tumor overexpressed genes in other tumor types according to ONCOMINE.

Gene Tumors

Bladder Bone
marrow Brain Breast Colon Esophagus

Head
and
neck

Kidney Leukemia Liver Lung Ovary Pancreas Prostate Skin

ANKH — — — — ∙ — ∙ ∙ ∙ — — — ∙ — —
ATP13A2 ∙ — — — — ∙ ∙ — — — — — — ∙ ∙

BRI3 — — ∙ ∙ — — ∙ — — — — — — — —
C19orf28 ∙ ∙ — ∙ — — — — — — — ∙ ∙ ∙ ∙

C20orf103 — — — ∙ ∙ — ∙ — — — — — ∙ ∙ —
C6orf129 — — ∙ ∙ — — ∙ — — — — ∙ — ∙ —
C9orf7 ∙ — ∙ ∙ — — — — — — — ∙ — ∙ ∙

C3orf57 — — — — — — — — — — — — — — —
CADM4 — — ∙ — — — — — — ∙ ∙ — — — ∙

CD300LF — — — ∙ — — — — — — — — — — —
CD72 ∙ — — ∙ — — ∙ — — — ∙ — — — —
CMTM3 — — ∙ ∙ — — — ∙ — — — — — ∙ —
CNOT1 ∙ — ∙ ∙ ∙ — — — ∙ — ∙ — — ∙ —
CYB561D1 — ∙ — — — — — — — ∙ — — — ∙ —
DEGS2 — — — — — — — — ∙ — — — — — —
FLJ20674 ∙ — ∙ ∙ — — — — — — — — — — —
FXYD5 ∙ — ∙ ∙ ∙ — — ∙ — — — ∙ ∙ — —
FZD3 — — — — — — ∙ — — — ∙ — — — ∙

GPR172A ∙ — ∙ ∙ ∙ ∙ ∙ — — ∙ ∙ ∙ ∙ ∙ ∙

GPR77 — — — — — — ∙ — — — — — — — ∙

HM13 — — ∙ ∙ ∙ — — — — — — ∙ ∙ — —
IFI6 ∙ ∙ ∙ ∙ — ∙ ∙ ∙ — ∙ — — ∙ ∙ ∙

ITGAL — — ∙ — — — — — — — — — — — —
LRRC26 — — — — — — — — — — — — — — —
MMP14 ∙ — ∙ ∙ ∙ ∙ ∙ — — ∙ ∙ ∙ ∙ ∙ ∙

MMP15 ∙ — ∙ — — ∙ — — — — ∙ ∙ — ∙ —
NINJ1 — — ∙ — ∙ — ∙ ∙ — — — — — — ∙

NPFFR2 — — — ∙ — — — — — — — — — — —
NRM — — ∙ ∙ — — — — ∙ ∙ ∙ — — ∙ ∙

ORAI1 — — ∙ — ∙ ∙ — — — — ∙ — — ∙ —
ORMDL3 — ∙ ∙ — ∙ — — ∙ — — — — — — —
P2RY11 — — ∙ — — — — — — — — ∙ — ∙ ∙

PAQR4 ∙ — — ∙ — — ∙ — ∙ ∙ ∙ ∙ ∙ — ∙

PERLD1 ∙ — — ∙ — — — ∙ ∙ — — ∙ — — —
PRPH2 — — — — — — — — — — — — ∙ — —
PSENEN — — — — — — — — — ∙ — — — — —
PTDSS1 ∙ ∙ ∙ ∙ ∙ ∙ ∙ — ∙ ∙ ∙ ∙ — ∙ ∙

PTPRA ∙ ∙ ∙ ∙ — ∙ — ∙ ∙ — ∙ — ∙ — ∙

PTPRU ∙ — — — — ∙ — — ∙ — ∙ ∙ — ∙ ∙

PYCARD ∙ — ∙ ∙ — — ∙ ∙ — — — — — — —
REEP6 — ∙ — ∙ — — — ∙ ∙ — — — — — —
RNF167 — ∙ — — — — — — — — ∙ — — ∙ —
RPN2 ∙ — ∙ ∙ ∙ ∙ ∙ — ∙ — ∙ ∙ ∙ — ∙
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Table 1: Continued.

Gene Tumors

Bladder Bone
marrow Brain Breast Colon Esophagus

Head
and
neck

Kidney Leukemia Liver Lung Ovary Pancreas Prostate Skin

SCARB1 ∙ ∙ — — — ∙ ∙ ∙ — — ∙ — — ∙ ∙

SDC3 — — ∙ ∙ — ∙ ∙ ∙ — — ∙ — — ∙ ∙

SDC4 ∙ — — — — ∙ ∙ — — — — ∙ — ∙ —
SERINC2 — — ∙ ∙ — — — — — ∙ ∙ ∙ ∙ ∙ —
SLC10A3 ∙ ∙ ∙ ∙ — — — — — ∙ — — — — —
SLC15A3 ∙ — ∙ ∙ — ∙ ∙ ∙ — — — — — — —
SLC1A4 — — ∙ ∙ ∙ — ∙ ∙ ∙ ∙ ∙ ∙ — ∙ —
SLC2A1 ∙ ∙ — ∙ ∙ — ∙ ∙ ∙ — ∙ ∙ ∙ — —
SMPD2 ∙ — ∙ — — — — ∙ — ∙ ∙ ∙ — — ∙

SPINT2 ∙ — — ∙ — — ∙ ∙ — — ∙ ∙ ∙ ∙ —
SQLE ∙ — ∙ ∙ — — ∙ — — ∙ ∙ ∙ — ∙ ∙

SYNGR2 ∙ — — ∙ ∙ — — ∙ — — ∙ ∙ ∙ ∙ —
TM9SF1 ∙ — ∙ — — — ∙ — ∙ ∙ ∙ ∙ — ∙ —
TMBIM6 ∙ — ∙ — — — — — — — ∙ ∙ ∙ ∙ —
TMED3 ∙ ∙ ∙ — ∙ — — ∙ ∙ — ∙ — — ∙ ∙

TMEM109 — ∙ — ∙ — — — — ∙ — — — — — ∙

TMEM132A ∙ — — ∙ — — ∙ — — — ∙ ∙ ∙ ∙ —
TMEM134 ∙ — ∙ — — — — — — — ∙ ∙ — ∙ —
TMEM147 — — ∙ — ∙ — — — — ∙ ∙ ∙ — ∙ —
TMEM184B ∙ — — — — ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

TMEM205 — — — — — — — — — — — — — — —
TMPRSS4 — — — — ∙ — — — — — ∙ ∙ — — —
TNFRSF12A — ∙ ∙ — ∙ ∙ ∙ ∙ — — ∙ ∙ — — ∙

TNFRSF19 — — ∙ — — — — — — ∙ — — — ∙ —
TOR1AIP2 — ∙ ∙ ∙ — — — — — ∙ — — — — —
TP53I13 — — ∙ ∙ — — — — — — — — — — —
TREM2 ∙ — ∙ ∙ — ∙ ∙ ∙ — ∙ — — ∙ — ∙

TRPV2 — — — ∙ — ∙ — — — — — — — ∙ —
TSPAN1 ∙ — — ∙ — ∙ ∙ — — — — ∙ ∙ ∙ —
TYROBP — — ∙ ∙ ∙ — ∙ ∙ — — — — — — —
UNC93B1 ∙ ∙ ∙ ∙ — — — — ∙ — — ∙ — — —
UPK1A — — — ∙ — — — — — — — — — — —
VSIG4 — — ∙ ∙ — ∙ ∙ ∙ ∙ — — — — — —
ZDHHC12 — — ∙ ∙ — — — — — — — ∙ — — —
∙: means overexpression in a given tumor in at least one ONCOMINE study (𝑃 < 0.01).

also over expressed in breast tumors according to our analysis
(Table S1).

4. Conclusions

The expression profiling generated in this work, together
with an integrative analysis using other genomics informa-
tion, allows some considerations. First, like in GBM [5],
signaling through members of the TRAF family seems to
be important in breast tumorigenesis. In particular the gene
TNFRSF12A (also known as TWEAK receptor) seems to be
critical as it was also detected as overexpressed in GBM and

colorectal tumors samples [5]. We confirmed that this gene
is significantly overexpressed in breast tumors and seems
to be associated with local invasiveness [37]. In addition,
MMP15, a metalloproteinase that was found over expressed
in our samples, is also over expressed in samples with
important clinical features such as higher grades, positive
lymph nodes, and poor prognosis (Table 2). It is important to
note that this study focus on expression of cell surface gene
products thus, well-known cancer genes products localized
at cytoplasm or nucleus were not detected in this dataset. In
addition, we focused our analysis and discussion on genes
that have been previously associated with tumorigenesis and
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Figure 3: Comparison of over- and underexpressed genes in breast tumors with previous studies that identified genes with somatic mutation
(a), chromosome amplification (b), or homozygous deletions (c) in breast tumors. (d) Comparison of surfaceome genes over-expressed in
breast tumors with surfaceome genes over-expressed in GBM and colorectal tumors [5].

seem to have clinical relevance. Although presented evidence
suggests that the overexpressed set of genes is enriched with
genes important for breast tumorigenesis, additional studies
are needed to establish any clinical applicability. Likewise,
additional analyses are also required to uncover the function
of the remaining genes that were not found to be associated
with cancer and that were not explored in this work.
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Bovine papillomavirus (BPV) is an oncogenic virus related to serious livestock diseases. Oncoproteins encoded by BPV are involved
in several steps of cellular transformation and have been reported as presenting clastogenic effects in peripheral lymphocytes and
primary culture cells. The aim of this study was to evaluate the clastogenic potential of BPV types 1, 2, and 4 by comet assay.
Peripheral blood was collected from 37 bovines, 32 infected with different levels of papillomatosis (12 animals have no affection)
and five calves, virus free (negative control).The viral identification showed presence of more than one virus type in 59.375% of the
infected animals. Comet assay was performed according to alkaline technique.The Kruskal-Wallis test showed statistical difference
between the negative control group and infected animals (𝑃 = 0.0015). The Dunn post hoc test showed difference comparing the
infected animals with calves. Mann-Whitney U test verified no difference between animals infected with only one viral type and
animals presenting more than one viral type. The comet assay is considered an efficient tool for assessment of damage in the host
chromatin due to viral action, specifically highlighting viral activity in blood cells.

1. Introduction

Bovine papillomavirus (BPV) is a widespread oncogenic
virus found worldwide belonging to the Papillomaviridae
family, which displays tropism for squamous epithelial and
mucosal tissues. These viruses are associated with benign
and malignant epithelial lesions. Specifically, BPV presents
a double-stranded circular DNA, not coiled, with approxi-
mately 8 kb, surrounded by an icosahedral capsid consisting
of 360 copies of the L1 protein of 55 kDa, 72 capsomeres
arranged in approximately 12 copies of the L2 protein, 39 kDa
[1–8]. The papillomavirus genome is divided into three
regions: early, late, and noncoding long control region (LCR),
separated by two polyadenylation sites [3]. The early control
region occupies 50% of the viral genome and encodes E1,

E2, E3, E4, E5, E6, and E7 proteins. The late control region
occupies 40% of the genome and contains the genes that
codify L1 and L2 capsid proteins and LCR, which comprises
10% of the genome, with 850 bp. However, it also contains
the origin of replication and the binding sites of multiple
transcription factors [3]. Oncoproteins encoded by BPV are
involved in several steps of the cell transformation [1, 9].

In cattle, the correlation between papillomavirus and
cancer has been investigated in view of the economic costs
generated by viral infection [1, 8, 10, 11]. BPV is the etiological
agent of bovine papillomatosis, infectious disease, charac-
terized by the presence of hyperproliferative skin lesions
(papillomas), causing significant economic loss to livestock
ranchers and can progress to cancer with the action of
cofactors [8, 10, 12].
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Currently, there are 13 BPV virus types described in the
literature, although this number may be greater than twenty
[7, 9]. The virus types are divided into three genres: Delta-
papillomavirus (BPV-1, -2, and -13), Epsilonpapillomavirus
(BPV-5 and -8), and Xipapillomavirus (BPV-3, -4, -6, -8, -9,
-10, and -12), as well as the BPV-7 that remains not ranked in
any genre [7]. Beside these, there are 16 new putative BPVs
(BAA-1 to -4, BAPV-2 to -5, BAPV-7 to -10, BAPPV11MY
and BPV/BR-UEL-2 to -5) [13]. According to Zhu et al. [13],
BAA1 was detected in tongue epithelial papilloma, being
designated BPV-12, and BPV/BR-UEL-4 described in ear
cutaneous lesions was designated BPV-13 [9].

According to Stocco dos Santos et al. [1], papillomavirus
can act on host chromatin causing cytogenetic alterations,
such as changes in ploidy, chromatin gaps and breaks,
dicentric chromosomes and rings. Significant increase of
chromosomal aberrations was detected in animals infected
with BPV, affecting genomic stability [4]. However, to date,
there are no studies evaluating the BPV clastogenic potential
in peripheral blood cells analyzed by comet assay.

Comet assay or single cell gel electrophoresis was intro-
duced by Östling and Johanson [14] and later modified by
Singh et al. [15]. The comet assay is a simple and versatile
technique that requires few eukaryotic cells, as well as having
a vast DNA damage spectrum detection capacity [16–19]. In
the test, cells are engulfed by agarose gel and spread over the
slide, and then subjected to an electric field that promotes free
DNA fragment migration, with the appearance of a comet
[15]. The nuclear region causes the head of the comet to
fragment, and the length of the tail is directly related to the
intensity of the damage.

The objective of this work was to evaluate the clastogenic
potential of BPV types 1, 2, and 4 through comet assay in
infected animals presenting cutaneous papillomatosis symp-
toms (hyperproliferative lesions-papillomas), asymptomatic
(without papillomas) and calves, not infected, as negative
control. The efficacy of the comet assay in clastogenic eval-
uations justifies this study.

2. Material and Methods

2.1. Ethics Statements. The protocols used in this study was
approved by the Ethical Committee in Research of the Uni-
versidade Federal de São Paulo (Protocol number 1829/09)
assigned by the President of this committee. All efforts were
made to minimize any suffering in the animals.

2.2. BPV Diagnosis

2.2.1. Animal Selection. 37 bovines (Bost aurus) were selected:
32 adults, 12 asymptomatic (without visible cutaneous papil-
lomas) and 20 symptomatic (with visible cutaneous papillo-
mas) and 5 newborn calves that were separated from their
mother after birth and did not receive breast milk. The
presence of papillomas in others organs was not evaluated
due the absence of clinical characteristics that suggest bladder
and/or esophageal cancer. The farm does not have the pres-
ence of bracken fern Pteridium aquilinum that is involved in

oncogenic and mutagenic processes in function of quercetin
presence [20]. These calves were isolated in order to obtain
virus negative controls. Blood sample. The peripheral blood
samples were collected using the EDTA vacutainer. Blood
DNA extraction. The extraction of DNA from peripheral
blood cells was performed using the GenomicPrep Blood
Mini Kit Illustra Spin (GE Healthcare, Buckinghamshire,
UK), which uses enzymatic digestion method with protease
K, according to the manufacturer. The quality of obtained
DNAwas verified using PCR by amplifying a bovine 𝛽-globin
gene fragment [21].

2.2.2. Viral Identification. Viral identification was performed
using specific primers for BPV-1 (forward: 5-GGAGCG-
CCTGCTAACTATAGGA-3 and reverse: 5-ATCTGT-
TGTTTGGGTGGTGAC-3), which amplifies the L1 gene,
resulting in a 301 bp amplicon, BPV-2 (forward: 5-GTT-
ATACCACCCAAAGAAGACCCT-3 and reverse: 5-CTG-
GTTGCAAÇAGCTCTCTTTCTC-3), which amplifies the
L2 gene, resulting in a 164 amplicon, and BPV-4 (forward;
5-GCTGACCTTCCAGTCTTAAT-3 and reverse; 5-CAG-
TTTCAATCTCCTCTTCA-3), which amplifies the E7 gene,
resulting in a 170 bp amplicon. We choose these primers
because the virus types are often observed in Brazil and
in function of the association with esophageal (BPV-4) and
bladder cancer (BPV-1 and -2). In detail, the amplification
reactions were performed in a Veriti 96-well thermal cycler
(Applied Biosystems, Singapore), withMasterMix (Promega,
Madison, USA), under the following conditions: 5 minutes
at 95∘C, followed by 35 cycles of 1 minute and 30 seconds
at 98∘C, 2 minutes at 52∘C, and 1 minute and 30 seconds at
72∘C and a final extension step of 5 minutes at 72∘C, for 𝛽-
globin and specific primers.The PCR products were analyzed
in 2% agarose gel electrophoresis stained with GelRed in
TAE buffer, visualized under UV light. The images were
captured through the software Kodak 1D 3.6.5. Cloned BPV-
1, -2 and -4 genomes in Escherichia coli D5H𝛼 were used as
positive controls. These clones form part of the biological
collection of Genetic Laboratory of Butantan Institute. The
fragments were purified using Illustra GFX PCR DNA and
Gel Band Purification Kit (GE Healthcare, Buckinghamshire,
UK). DNA concentration and purity were determined in a
spectrophotometer BioPhotometer plus (Eppendorf, Ham-
burg, Germany) and submitted to sequencing reactions.
Sequencing. The purified amplified products were sequenced
in an ABI377 PRISM Genetic Analyzer. The quality of DNA
sequences was checked, the overlapping fragments were
assembled using the BioEdit package software BioEdit pack-
age 7.0.9.0 [22], and the nucleotide sequences were compared
through BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.3. Comet Assay. Comet assay was performed according
to alkaline technique [15]. An aliquot of 10 𝜇L (0.1 ×
105 cells) was transferred to 0.2mL polypropylene tubes
and mixed with 75𝜇L of low-melting-point agarose (0.7%
in PBS) at 37∘C, LMA optimum concentration (≤0.8%),
without affecting the DNA migration [17], which was
spread onto 76 × 26mm microscope slides precoated with
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normal-melting-point agarose (1.5% in PBS) at 60∘C and
dried at 22∘C overnight. After the agarose had solidified
(4∘C for 10min), the coverslips were carefully removed, and
the slides were immersed in lysis solution (2.5M NaCl,
100mM Na

2
EDTA, 10mM Tris-HCl; pH 10; 1% Triton X-

100, and 10% DMSO) for 1 hour at 4∘C and then placed
into a horizontal electrophoresis apparatus filled with buffer
(1mM Na

2
EDTA, 300mM NaOH) at 4∘C. The slides were

incubated for 40min in this buffer to unwind the DNA. The
electrophoresis was run for 20min at fixed voltage of 25V
(0.83V/cm) and 300mA. At the end of electrophoresis, the
slides were washed three times with neutralization buffer
(0.4M Tris-HCl, pH 7.5) and once in 100% ethanol. All
steps described above were carried out with the lights out
to avoid DNA damage. The slides were stained with 20𝜇L of
propidium iodide (4𝜇g/mL) and visualized inCarl ZeissAxio
Scope A1 fluorescent microscopy. Nucleoids were classified
from 0 (without lesion) to 2 (major damage), and the number
of nucleoids observed per class was multiplied to the class
value, resulting in a comet score. Statistical analysis. The
data were analyzed using the Kruskal-Wallis test, followed
by post hoc Dunn test and Mann-Whitney U test, both with
significance level of 5%, through BioEstat 5.3. software.

3. Results

3.1. Viral Genotyping. PCR using specific primers to 𝛽-globin
revealed DNA quality enough for further PCR procedures:
all samples resulted in a 450 bp amplicon. We selected the
specific primers for BPV-1, -2, and -4 due to their prevalence
in the herd, and we could detect the virus sequences in
peripheral blood cells collected from the adult animals,
with and without skin papillomas (Figure 1(a)). The resulting
bandswere purified and sequenced to confirm the genotyping
of the amplification products. The sequences were aligned
through the BioEdit 7.0.9.0, and the nucleotide comparison
was done through the BLAST tool, confirming the specificity
of the primers employed. Using these primers, coinfection
was reported in 59.375% of the infected bovines—19 animals
(Table 1(a)). The use of these primers did not detect the
presence of BPV in calf peripheral blood samples, with this
group being considered a negative control.

3.2. Comet Assay. The samples of peripheral blood cells
collected from infected animals and calves (negative control)
were evaluated through comet assay, counting 100 nucleoids
per sample that were evaluated and classified as 0 (without
damage), 1 (medium damage), and 2 (maximum damage)
according to Figure 2. The nucleoid value per class was
multiplied by the respective class value, resulting in the comet
score (Table 1(a)).

Based on these data, a Kruskal-Wallis test was used,
with 5% significance level, through BioEstat 5.3. software
to compare the different groups (infected and not infected
group). The test reveled statistical differences between the
groups (𝐻 = 12.9714 and 𝑃 value = 0.0015). The Dunn
post hoc test showed difference in score values among
calf and infected animals (asymptomatic and symptomatic)

(a)

(b)

(c)

(d)

Figure 1: Electrophoresis’s images of: (a) (𝛽-globin amplification,
resulting in an amplicon of 450 bp), (b) (amplification of L1 gene,
using primer to BPV-1, showing an amplicon of 301 bp), (c) (ampli-
fication of L2 gene, using primer to BPV-2, showing an amplicon
of 164 bp) and (d) (amplification of E7 gene, using primer to BPV-4,
showing an amplicon of 170 bp), being C− (negative control) and C+
(positive control).

(Table 1(b)). Mann-Whitney U test was done using the same
software to compare the level of clastogenicity between
animals, which showed just one virus type, and coinfected
cattle.The results did not reveal statistical differences between
animals infected with only one viral type and animals
presenting more than one viral type (Table 1(c)).

4. Discussion

The carcinogenicmechanisms related to BPV are not yet fully
elucidated; however, it is known that themalignancy is caused
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Table 1: (a) Results of molecular diagnosis of calves (negative control) and asymptomatic and symptomatic adult cattle, showing the BPV
type, the frequency of nucleoids observed per class, and the comet score. (b) Kruskal-Wallis statistic to compare the clastogenicity among
calves, asymptomatic and symptomatic cattle, from the comet score. (c) Comparison between comet score observed in monoinfected and
coinfected bovines through Mann-Whitney U test.

(a)

Controls Clinical Virus type Class of nucleoids Score
0 1 2

1 Asymptomatic — 93 4 3 10
2 Asymptomatic — 92 5 3 11
3 Asymptomatic — 96 1 3 7
4 Asymptomatic — 90 8 2 12
5 Asymptomatic — 95 3 2 7
Infected bovines
6 Asymptomatic BPV-1 15 60 25 110
7 Asymptomatic BPV-2 57 36 7 50
8 Asymptomatic BPV-1 75 19 6 31
9 Asymptomatic BPV-1, -2 43 17 40 97
10 Asymptomatic BPV-1 73 19 8 35
11 Asymptomatic BPV-1, -2 47 26 27 80
12 Asymptomatic BPV-1 38 26 36 98
13 Asymptomatic BPV-1, -2 62 13 25 63
14 Asymptomatic BPV-2 72 21 7 35
15 Asymptomatic BPV-1, -2 63 12 25 62
16 Asymptomatic BPV-1, -2 58 8 34 76
17 Asymptomatic BPV-1, -2 40 42 18 78
18 Symptomatic BPV-1, -2 61 30 9 48
19 Symptomatic BPV-2 22 13 65 143
20 Symptomatic BPV-1, -2 65 12 23 58
21 Symptomatic BPV-1, -2 57 21 22 65
22 Symptomatic BPV-1, -2, -4 31 31 38 107
23 Symptomatic BPV-1 89 6 5 16
24 Symptomatic BPV-1 92 2 6 14
25 Symptomatic BPV-1 69 25 6 37
26 Symptomatic BPV-1 41 10 49 108
27 Symptomatic BPV-1, -2, -4 70 21 9 39
28 Symptomatic BPV-1, -2, -4 65 26 9 44
29 Symptomatic BPV-2 87 8 5 18
30 Symptomatic BPV-1, -2 0 66 34 134
31 Symptomatic BPV-1, -2 60 31 9 49
32 Symptomatic BPV-2 52 23 25 73
33 Symptomatic BPV-1, -2 72 9 19 47
34 Symptomatic BPV-1, -2 91 7 2 11
35 Symptomatic BPV-1, -2 74 15 11 37
36 Symptomatic BPV1, -2, -4 82 13 5 23
37 Symptomatic BPV-1, -2 36 22 42 106

(b)

Groups Average post Z calculated P value
Calves and asymptomatic 3.300 3.5348 <0.05
Calves and symptomatic 23.666 3.1097 <0.05
Asymptomatic and symptomatic 20.125 0.8961 n.s.
𝐻 = 12.9714, 𝑃 = 0.0015, 𝑅 of calves = 16.5, 𝑅 of asymptomatic = 284.0 and 𝑅 of symptomatic = 402.5.
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(c)

Monoinfected sample Score Coinfected sample Score
6 110 9 97
7 50 11 80
8 31 13 63
10 35 15 62
12 98 16 76
14 35 17 78
19 143 18 48
23 16 20 20
24 14 21 21
25 37 22 22
26 108 27 39
29 18 28 44
32 74 30 134
— — 31 49
— — 33 47
— — 34 11
— — 35 37
— — 36 23
— — 37 106

Mann-Whitney U test results:𝑈 = 102.5, 𝑍(𝑈) = 0.80, P value = 0.21.

(a) (b)

Figure 2: (a) Images of class 0 nucleoids, observed in calves (negative control) and (b) class 2 nucleoids, observed in symptomatic adult
bovine, showing DNA fragmentation that is indicative of clastogenicity.

by mutations induced by the virus, associated with the action
of viral protein E6, which accelerates the degradation of p53
and E7, which degrades the tumor suppressor protein pRb.
These processes change the transcriptional pathway through
degradation of transcription factors, activating telomerase,
affecting the DNA repair system, and leading to an increase
of damage in host genetic material [6, 23–25]. According
to You [6], the protein E7 interacts with microtubules in
mitosis, causing defects in the alignment of chromosomes
during pre-metaphase, resulting in cytogenetic alteration [1,
26]. Wade et al. [25] discussed that the BPV oncoproteins
can act on the signal transduction, allowing the return
of interphase spinous epithelial cells to synthesis phase,
resulting in mutated cell proliferation. Oncoproteins E6
and E7 induce immortalization of transformed cells [3].
According to Primrose and Twyman [27], these oncoproteins

are required in the process of viral replication and act in
the process of oncogenic transformation of the host cell.
Furthermore, the accelerated p53 proteasomal degradation
has a prominent role in the carcinogenic action of the virus,
since the p53 protein function is to check the integrity of the
genome, preventing the proliferation of mutated cells. The
p53 accumulates in the cell nucleus, keeping the mitotic cycle
in early G1 phase by activating p21 gene, whose gene product
inhibits the action of cycling-dependent kinases (CDKs) and
activates genes related to repair system [28].

Melo et al. [26] analyzed peripheral blood lymphocytes
obtained from clinically asymptomatic bovines and showed
a high level of chromosomal aberrations, suggesting the BPV
action in the host chromatin even before the clinical manifes-
tation of papillomatosis.These data also indicate that the skin
lesions (papillomas) represent visible clinical manifestations,
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but the virus or its DNA sequences, detected in peripheral
blood, can represent a potential risk to carcinogenesis.

In this study, we verified BPV clastogenic action by comet
assay indicating chromatin instability.The comet assay results
demonstrated that the BPV is able to induce severe DNA
damages, which hinder the repair system, this is because
the assay allows to evaluate the DNA double-strand breaks
(DSBs) and critical lesions that are involved in genomic
instability [29–31].

The DSB is associated with the homologous recombina-
tion from the formation of DNA simple strand that invades
the template strand, originating a Holliday junction, which
migrates to the resolution of heteroduplex [29, 31]. However,
unrepaired DSBs leave to apoptosis or cell-cycle arrest,
resulting in carcinogenesis [29]. There are lines of evidence
that unrepaired DSBs could leave to telomeric breaks and
fusion events, also associated with oncogenic process [29, 31].

The viral oncoproteins affect the repair system, allowing
an accumulation of stochastic mutations and resulting in
increased genomic instability [17]. According to Duensing
and Münger [23], breaks in DNA affect the cell-cycle check-
point that is associated with genomic instability, leading to
hyper proliferation, featuring an oncogenic process. Accord-
ing to the European Study Group on Health’s Biomarkers,
cytogenetic findings, as a high frequency of chromosomal
aberrations, including breaks in single or double-stranded,
are associated to the carcinogenesis [32]. So, at the same time
the presence of BPV is causing DSBs, the virus affects the
repair system, favoring oncogenic process associated with
unrepaired DSBs.

The virus presence in the blood can suggest one alter-
native pathway to infection, in which asymptomatic but
infected cattle could turn symptomatic from a tissue injury,
considering that a lesion causes an inflammatory processwith
lymphocyte infiltration [33]. The presence of BPV in leuko-
cyteswas demonstrated, had been observed theBPVpresence
in peripheral blood mononuclear cells [33] and the presence
of L1 protein in CD4+ and CD8+ leukocytes, representing
a potential infection sites to BPV-2 [34]. The possibility of
the existence of endogenous pathway of infection has been
discussed by Wobeser et al. [33], who suggested that the
mononuclear cells act as a source of infection for inflam-
mation sites, as inflamed areas become more susceptible to
infection by BPV. Furthermore, it is known that lymphocytes
express heparan sulfate, being cells susceptible to infection by
papillomavirus [33]. Another observation that supports the
possibility of infection was reported by Hartl et al. [35], who
found that the spontaneous regression of papillomavirus in
transient infections in humans and cattle is accompanied by
an accumulation of active lymphocytes CD4+ and CD8+. So,
in this pathway, the infiltration of BPV infected cell could
develop a tumorigenic process from a clonal evolution started
in a histologically normal tissue [35, 36].

5. Conclusion

This study presents direct evidence of DNA damage related
to bovine papillomavirus in blood cells, indicating a viral

activity in peripheral blood. The levels of damage were
analyzed in order to verify if the presence of more than
one viral type could increase the clastogenic viral action,
but no significant differences could be detected. The results
showed the same DNA damage both in presence or absence
of cutaneous papillomas, indicating that the presence of
bovine papillomatosis just represents clinical symptoms due
the BPV presence; however, the BPV presence in peripheral
blood leaves to double-stranded breaks, which is associated
to carcinogenesis, affecting the healthy animal, as previously
reported [1, 26]. Comet assay can be discussed as an inter-
esting technique to evaluate DNA damage which, in this
special situation, is related to viral action, demonstrating viral
activity in different sites as blood cells.
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técnica de reação de cadeia de polimerase no Sul do Espı́rito
Santo,” Revista Brasileira de Medicina Veterinária, vol. 34, pp.
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Equine sarcoids are skin tumours of fibroblastic origin affecting equids worldwide. Bovine papillomavirus type-1 (BPV-1) and, less
commonly, type-2 are recognized as etiological factors of sarcoids. The transforming activity of BPV is related to the functions of
its major oncoprotein E5 which binds to the platelet-derived growth factor 𝛽 receptor (PDGF𝛽R) causing its phosphorylation and
activation. In this study, we demonstrate, by coimmunoprecipitation and immunoblotting, that in equine sarcoid derived cell lines
PDGF𝛽R is phosphorylated and binds downstream molecules related to Ras-mitogen-activated protein kinase-ERK pathway thus
resulting in Ras activation. Imatinib mesylate is a tyrosine kinase receptors inhibitor which selectively inhibits the activation of
PDGF𝛽R in the treatment of several human and animal cancers. Here we show that imatinib inhibits receptor phosphorylation,
and cell viability assays demonstrate that this drug decreases sarcoid fibroblasts viability in a dose-dependent manner. This study
contributes to a better understanding of the molecular mechanisms involved in the pathology of sarcoids and paves the way to a
new therapeutic approach for the treatment of this common equine skin neoplasm.

1. Introduction

Sarcoids are skin tumours of fibroblastic origin affecting
equids and are considered to be the most common equine
cutaneous neoplasm worldwide. These tumours are locally
invasive, nonmetastatic, and very rarely regress. Sarcoids
may exist as single or multiple lesions, most frequently
arising from sites of previous injuries such as the skin of
the head, ventral abdomen, and the paragenital region, with
six clinical types recognized: occult, verrucous, nodular,
fibroblastic, mixed, and malignant [1]. They are all histologi-
cally characterized by proliferation of spindle-shaped dermal
fibroblasts forming whorls and by epidermal hyperplasia,
hyperkeratosis, and rete peg formation [2, 3]. Although

the pathology of this equine neoplasm is not completely
understood, a role for bovine papillomavirus type-1 (BPV-1)
and, less commonly, BPV-2 infection had been recognized in
the etiology of sarcoids [4, 5]. BPV-1 and -2 are oncogenic
double-strandedDNAviruses belonging to the genus ofDelta
papillomaviruses, which are able to infect both epithelial
cells and fibroblasts in their natural host [6]. The oncogenic
potential of BPV-1/-2 in bovids is known to be related to the
expression of viral oncoproteins E5, E6, andE7 [7]; BPVgenes
have been found to be expressed in sarcoids, suggesting that
the viral proteins also play a role in the development of this
equine skin neoplasm [8–12].

E5 is the major oncoprotein encoded by BPVs [13]; it
is mostly localized in the endomembrane compartments
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of the Golgi apparatus (GA), endoplasmic reticulum, and
plasma membrane of epithelial cells [14]; cytoplasmic and
juxtanuclear expression of E5 has also been reported in
sarcoid fibroblasts [11].

PDGF𝛽R and other tyrosine kinase receptors are involved
in human and animal papillomavirus-induced carcinogenesis
since their physiological activity is impaired by E5 oncopro-
teins of PVs [13].

The major transforming activity of BPV-1 E5 is due to its
ability to specifically bind and activate PDGF𝛽R in a ligand
independent manner, and, importantly, it does not activate
other related receptors [15–18]. E5 binds to PDGF𝛽R as a
dimer thereby inducing receptor oligomerization, autophos-
phorylation, and thus activation [19–21]. PDGF𝛽R is con-
stitutively activated in transformed mouse cells expressing
BPV-1 E5, and binding of BPV-1 E5 to PDGF𝛽R induces its
activation in mortal human fibroblasts [18, 22]. Importantly,
this interaction also takes place in vivo, confirming the
role of the E5-PDGF𝛽R complex in carcinogenesis [15, 23];
additionally, PDGF𝛽Rhas been found to be activated in BPV-
E5 positive urinary bladder tumours and equine sarcoids
[24, 25].

Activated tyrosine kinase receptors can stimulate intra-
cellular-signalling pathways which regulate cell proliferation,
such as the Ras-mitogen-activated protein kinase-ERK (Ras-
MAPK-ERK) pathway [26, 27]; once phosphorylated, they
recruit growth factor receptor bound protein 2 (GRB2) which
is constitutively associated with Sos1 protein, a guanine
nucleotide exchange factor of the small GTP-ase, Ras. When
recruited to plasma membrane together with GRB2, Sos1
catalyses the switch of Ras from inactive GDP bound form
(Ras-GDP) to a transductionally active GTP bound form
(Ras-GTP). Ras-GTP binds to and stimulates downstream
effectors (among these, Raf1), resulting in phosphorylation
and activation of MEK and its downstream kinase ERK,
which can regulate cell growth or differentiation [28]. In
response to PDGF𝛽R stimulation, GRB2 facilitates activation
of the Ras-MAPK-ERK pathway [27] playing a role in brain
cancer development [29]. BPV E5 induces recruitment of
GRB2 to activated PDGF𝛽R (pPDGF𝛽R), contributing to cell
transformation in vitro [22]; furthermore, pPDGF𝛽R recruits
GRB2-Sos1 which promote Ras activation in bovine urinary
bladder cancer, suggesting a role of this pathway in BPV-
induced carcinogenesis [25].

Imatinib mesylate is a tyrosine kinase receptor inhibitor
formerly known as STI-571 or Gleevec; this small molecule,
derived from 2-phenylaminopyrimidine, binds to the ATP-
binding site, thus inhibiting the tyrosine kinase activity of
the PDGFR (both 𝛼 and 𝛽) and the downstream signals,
including the Ras-MAPK-ERK cell proliferation pathway
[30–32]. Imatinib has been largely studied in human solid
tumours, where it has been shown to induce cell growth arrest
[33–37]. Furthermore, imatinib selectively inhibits the Bcr-
Abl tyrosine kinase in chronic myeloid leukemia and c-kit
in several human cancers, resulting in either apoptosis or
inhibition of proliferation [30, 31, 38–42]. Gleevec is used in
veterinary medicine for the treatment of canine mast cells
tumours (MCTs) [43–45] and has been proposed as therapy

for several feline neoplasms, including vaccine associated sar-
comas (VAS), in which the PDGF𝛽R is selectively inhibited
by the treatment [46, 47].

The aim of this study was to investigate the activation
of PDGF𝛽R, the Ras-MAPK-ERK pathway and to further
evaluate the effects of imatinib mesylate on PDGF𝛽R phos-
phorylation and cell viability in an equine sarcoid disease
model.

2. Methods

2.1. Cells and Cell Culture. Equine sarcoid-derived cell lines
EqS01 and EqS04b, expressing endogenous BPV-1 E5, EqS02a
transfected with BPV-1 E5 (EqS02aE5) and EqS02a cells
which do not express E5 and are not fully transformed, have
all been described previously [48, 49]. Cells were cultured in
Dulbecco’s modified eagle medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) (Gibco) or in serum-
deprived DMEM depending on the experiment, in a 37∘C
humidified atmosphere of 5% CO

2
in air.

2.2. Coimmunoprecipitation, Immunoprecipitation, and Im-
munoblotting. To prepare protein extracts for immunopre-
cipitation, 80% confluent monolayers in 150mm dishes were
washed three times in phosphate-buffered saline (PBS; pH
7.4, 0.1M) and then lysed in ice-cold JS buffer (50mM
HEPES, PH 7.5, 150mM NaCl, 1% glycerol, 1% Triton-
X100, 150 𝜇M MgCl

2
, and 5mM ethylene glycol tetra

acetic acid) added with 20mM sodium pyrophosphate,
0,1mgmL−1 aprotinin, 2mM phenylmethylsulfonyl fluoride,
10mM disodium orthovanadate, and 50mM sodium flu-
oride. Protein concentrations were determined by use of
a protein assay kit (Bio-Rad Laboratories). Equal amounts
of protein lysates (500𝜇g) were immunoprecipitated with
2 𝜇gmL−1 rabbit anti-pPDGF𝛽R antibody (Santa Cruz
Biotechnology) overnight at 4∘C. A-G/plus sepharose beads
(Santa Cruz Biotechnology) (20𝜇L) were added to the
samples, and the mixture was rotated for 1 h at 4∘C. After
3 washings in lysis buffer, the immunoprecipitates were
resuspended in Laemmli sample buffer [50] (sodium dodecyl
sulphate (SDS), Tris-HCl pH 6.8, glycerol, bromophenol
blue, and 2𝛽-mercaptoethanol) and analyzed by SDS poly-
acrylamide gel electrophoresis (PAGE) and immunoblotting.
Nitrocellulose membranes were blocked with 5% bovine
serum albumin (BSA)-in-Tris-buffered saline (TBS: 12.5mM
TrisHCl pH 7.4; 125mM NaCl) at room temperature (RT)
and incubated O/N at 4∘C with rabbit anti-pPDGF𝛽R,
mouse anti-GRB2 (Upstate Biotechnology) and rabbit anti-
Sos1 (Santa Cruz Biotechnology) antibodies diluted 1 : 500,
1 : 1000, and 1 : 200, respectively. After 3 washing steps in TBS-
Tween 0.1%, appropriate peroxidase-conjugated secondary
antibodies (Amersham, Gel Health Care) were applied 1 h at
RT at 1 : 1000 dilution. Membranes were washed again, and
bound antibodies were visualized by enhanced chemilumi-
nescence (ECL) (Western Blot Luminol Reagent, Santa Cruz
Biotechnology). Protein levels were quantitatively estimated
by densitometry using ChemiDoc gel scanner (Bio-Rad
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Table 1: Primers sets used to amplify cDNA from exons 11–20 of PDGF𝛽R in EqS cells.

Primers sets Annealing position Annealing 𝑇∘ Fragments size
F1: ATCCTCATCATGCTCTGGCAG F1: 2119 52∘C 628 bp
R1: TCTCCTTTCATGTCCAGCATG R1: 2747
F1: ATCCTCATCATGCTCTGGCAG F1: 2119 52∘C 1226 bp
R3: TCGAGAAGCAGCACCAGCTG R3: 3344
F3: TGGCTACATGGACATGAGCAAG F3: 2682 52∘C 663 bp
R3: TCGAGAAGCAGCACCAGCTG R3: 3344
F3: TGGCTACATGGACATGAGCAAG F3: 2682 52∘C 593 bp
R2: ATCTCGTAGATCTCGTCGGAG R2: 3275
𝑇
∘: temperature; F: forward; R: reverse; bp: base pairs.

Laboratories) equipped with a densitometric workstation
(Image Lab software, Bio Rad Laboratories).

Similarly, protein extracts were immunoprecipitated for
Sos1 (2𝜇gmL−1) and analyzed by SDS-PAGE and immunob-
lotting with anti-GRB2 and anti-Sos1 antibodies. The recip-
rocal coimmunoprecipitation assay could not be performed
since the anti-GRB2 antibody does not work for immunopre-
cipitation.

For evaluation of phosphorylation status of PDGF𝛽R
in starved serum-deprived cells, the same amount of pro-
tein lysates were immunoprecipitated with a rabbit anti-
PDGF𝛽R antibody (2 𝜇gmL−1) (Santa Cruz Biotechnology)
and probed for PDGF𝛽R presence, using the aforementioned
antibody; the membranes were stripped and reprobed with
a mouse antiphosphotyrosine (pTyr) antibody at 1 : 1000
dilution (Upstate Biotechnology). Bound antibodies were
visualized as mention above.

For the evaluation of activation status of PDGF𝛽R after
treatment with imatinib mesylate, cell lysates were sub-
jected to immunoprecipitation with rabbit anti-PDGF𝛽R
and immunoblotting. The membranes were incubated with
mouse anti-pTyr antibody, washed, and probed with appro-
priate secondary antibody. After stripping, rabbit anti-
PDGF𝛽R antibody was applied and revealed as mentioned
above.

Equal volumes (30𝜇L) of cell lysates were analyzed by
immunoblotting for actin levels detection (see the following
for details) before coimmunoprecipitation and immunopre-
cipitation assays to ensure equal amounts of protein loading
and allow normalization.

2.3. Ras-Pull-Down Assay. To assess Ras activation status, a
Ras-pull-down assay (Millipore) was performed according
to manufacturer protocol with slight modifications. Briefly,
cell lysates were incubatedwithGST-Raf1-RBD agarose beads
for 15 minutes at 4∘C with gentle agitation. Beads containing
activatedRaswere collected by centrifugation,washedwith JS
lysis buffer, and then prepared and analyzed for immunoblot-
ting with a mouse monoclonal anti-Ras antibody provided
by the kit. Raf1-RBD-Ras levels were normalized to total
Ras levels and expressed as densitometric ratio. Total Ras
expression levels were normalised to actin levels.

2.4. Immunoblotting on Whole Cell Lysates. For protein ex-
pression analysis on whole cell lysates, equal amounts of

proteins were boiled in 2x Laemmli sample buffer [50],
electrophoresed, and subjected to immunoblotting; after
blocking in TBS-BSA 5%, rabbit anti-PDGF𝛽Rdiluted 1 : 500,
rabbit anti-pMEK antibody diluted 1 : 1000, and rabbit anti-
pERK (pERK) antibody at 1 : 2000 dilution (Cell Signaling
Technology) were applied O/N at 4∘C. The membranes
were washed and incubated with peroxidase-conjugated anti-
rabbit IgG diluted 1 : 1000, 1 h at RT. Following further
washing, bound antibodies were visualized as above. The
membranes were stripped and reprobed with mouse anti-
actin antibody (Calbiochem) at 1 : 5000 dilution to ensure
equal amount of proteins for each sample. The protein
concentrations were normalised to the actin levels.

2.5. RT-PCR and Sequencing of Exons 11–20 of PDGF𝛽R
Gene. Total RNA from 80% confluent cell monolayers in
60mm dishes was extracted using RNeasy mini Kit (Qia-
gen). Following DNase I treatment, first-strand cDNA from
PDGF𝛽R gene was synthesized using SuperScript III First-
Strand Synthesis System for RT-PCR (Invitrogen) accord-
ing to manufacturer’s protocol. cDNA was amplified using
different primers sets, which amplified different regions of
all sequences from exon 11 to exon 20. The primers sets,
the annealing position, the size of amplified fragments, and
the annealing temperatures are summarized in Table 1. PCR
conditions were as follows: denaturation at 94∘C for 20 s,
followed by 28 cycles at 94∘C for 20 s, 52∘C for 30 s, and
68∘C for 20 s, with a final extension at 68∘C for 10min. PCR
products were separated by electrophoresis in 1% agarose
gels with Tris borate ethylene diamine tetra acetic acid
(EDTA) buffer (TBE; 89mMTris base, 89mMBoric acid, and
2mMEDTA), stained with ethidium bromide, and visualised
under ultraviolet light. Amplicons were purified using the
Charge Switch PCR Clean-Up Kit (Invitrogen) following
manufacturer’s instructions. Cycle sequencing reactions were
performed using Applied Biosystems BigDye Terminator
Ready Reaction v3.1 Kit, followed by purification of sequence
reactions and electrophoresing using ABI Prism 3130XL
Genetic Analyser (Applied Biosystems). The sequences were
aligned to Equus caballus wild type PDGF𝛽R using Basic
Local Alignment Search Tool (NCBI/BLAST).

2.6. Double Immunofluorescence and Confocal Microscopy.
EqS cell lines were grown for 2 days on coverslips, washed
with PBS, fixed in 4% paraformaldehyde for 20min, and
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Figure 1: Immunoblotting (I.B.) analysis of PDFG𝛽R expression in
sarcoid-derived cell lines (EqS). PDFG𝛽R was expressed at similar
levels in all the analyzed cell lines. Actin protein levels confirmed
equal amount of protein loading in each lane.

permeabilized with 0,1% triton X-100 in PBS 5min.The slides
were blocked with 2% BSA for 30min. Sheep anti-E5 (a
kind gift of Professor Maria Saveria Campo, University of
Glasgow, Scotland [51, 52]) and rabbit anti-PDGF𝛽R primary
antibodies were applied O/N at 4∘C in a humidified chamber
at 1 : 50 dilution in PBS. The slides were washed three times
with PBS, then incubated with Alexa Fluor 488 donkey
anti-sheep and Alexa Fluor 546 goat anti-rabbit 30min at
RT (Molecular Probes) in a humidified chamber at 1 : 100
dilution. Finally, after washing with PBS, the slides were
mounted in aqueous medium PBS : Glycerol 1 : 1 (Sigma).
For scanning and photography, a confocal laser-scanning
microscope LSM-510 (Zeiss) was used. Alexa Fluor 488/546
was irradiated at 488 nm and 543 nm and detected with a
505–530 nm and 506–615 nm bandpass filters, respectively.

2.7. Imatinib Mesylate, Inhibition of PDGF𝛽R Activation, and
Cell Viability Assay. Imatinib mesylate was provided by LC
laboratories (Woburn, USA). For our studies, 50mM stock
solutions were prepared in DMSO and stored at −80∘C.
Dilutions of imatinib were made from the stock solutions in
serum-free medium.

For the evaluation of activation status of PDGF𝛽R
after drug treatment, 80% confluent cells monolayers in
60mm dishes were incubated in serum-free medium for
24 h and treated for 15min with imatinib at the following
concentrations: 0,01𝜇M, 0,1𝜇M, 1 𝜇M, 5 𝜇M, with or without
30 ngmL−1 of human recombinant PDGF-BB (PDGF𝛽R
natural ligand) (Sigma). Cells were then lysed and subjected
to immunoprecipitation of PDGF𝛽Rand immunoblotting for
pTyr and PDGF𝛽R as described previously.

For cell viability assay, cells were plated in 96-well
microtiter plates at 10000 cells/well and incubated in DMEM
10% FBS in standard conditions. After 24 h, the plates
were washed, and serum-free medium containing various
concentrations of imatinib with or without 30 ngmL−1 of
human recombinant PDGF-BB was added. Each condition
was replicated in five wells. Relative viable cell numbers were
measured after 72 h using the Cell Titer 96 AQ ueous one
solution assay (Promega), a colorimetric system based on the
tetrazolium salt MTS, according to manufacturer’s protocol.
Absorbance at 490 nm was measured using a Sirio-S Reader
(Seac and Radim Diagnostics) and Sirio-S v7.0 software.

3. Results

3.1. PDGF𝛽R Activation and Its Binding to Downstream
Molecules in Equine Sarcoid Fibroblasts. In order to investi-
gate the activation of PDGF𝛽R, we first assessed PDGF𝛽R
expression levels, which were very similar among all EqS
cell lines (Figure 1), and then the interaction of activated
receptor with its molecular substrates, GRB2 and Sos1.
pPDGF𝛽R immunoprecipitation followed by immunoblot-
ting for pPDGF𝛽R, GRB2, and Sos1-yielded the following
results: pPDGF𝛽R is immunoprecipitated in higher amounts
in EqS02aE5 and EqS04b, both expressing higher levels of
BPV-1 E5, and, to a lesser extent, in EqS01a, which expresses
lower levels of the oncogene, when compared to EqS02a;
the latter cell line harbours very few copies of viral genome,
and E5 expression is not detectable [48, 49]; the levels of
GRB2 and Sos1 co-immunoprecipitated with pPDGF𝛽Rwere
increased in EqS01a, EqS02aE5, and EqS04b correlating with
pPDGF𝛽R levels, when compared to EqS02a (Figure 2).

Since Sos1 could be recruited to activated PDGF𝛽R via
GRB2, we next analyzed the physical interaction between
Sos1 andGRB2 by coimmunoprecipitation. GRB2 bound Sos1
in all the analyzed cell lines; however, the complex was found
in larger amounts in EqS02aE5 and EqS04b (both highly
expressing E5) (Figure 3).

3.2. Molecular Analysis of Ras-MAPK-ERK Pathway. To
further analyze the downstream signalling molecules of
pPDGF𝛽R complexed with GRB2-Sos1, we investigated the
activation of Ras using a pull-down assay. Firstly, immun-
oblotting on whole cell lysates collected before performing
the pull-down assay showed similar Ras-expression levels
in EqS02a, EqS02aE5 and EqS04b. Ras was found to be
overexpressed and, consistently, activated at higher levels in
EqS01a when compared to other cell lines. Raf1-RBD-Ras was
also detected at higher levels in EqS02aE5 and EqS04b when
compared to EqS02a (Figures 4(a) and 4(b)).

The phosphorylation status of ERK (pERK) and its
upstream kinase MEK (pMEK) were also determined by
immunoblotting using phosphospecific antibodies; however,
no differences in expression levels were observed in EqS cell
lines (Figure 4(c)).

3.3. Analysis of PDGF𝛽R Activation in Serum-Starved EqS
Cells. EqS cell lines were grown in serum-deprived medium
to exclude the possibility that receptor activation could be
due to growth factors from FBS. Immunoprecipitation assay,
performed by using an anti-PDGF𝛽R antibody followed
by immunoblotting with anti-PDGF𝛽R and anti-pTyr anti-
bodies, revealed that PDGF𝛽R is phosphorylated only in
EqS02aE5 and EqS04b, both expressing high levels of E5
(Figure 5).

3.4. Sequence Analysis of Exons 11–20 of PDGF𝛽R Gene. To
further evaluate whether the sustained activation of PDGF𝛽R
in EqS cell lines might be caused by activating mutations
in the transmembrane and/or cytosolic domain, cDNAs of
exons 11–20 of PDGF𝛽R were amplified by RT-PCR using
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Figure 2: pPDFG𝛽R-GRB2-Sos1 coimmunoprecipitation in EqS cell lines. (a) The presence of GRB2 and Sos1 was detected in pPDFG𝛽R
immunoprecipitates in higher amount in cell lines EqS01a, EqS02aE5, and EqS04b expressing BPV-1 E5 when compared to EqS02a which
do not express the oncoprotein. Actin protein levels were detected on whole cell lysates before immunoprecipitation to ensure equal protein
loading and allow normalization. (b) Quantitative densitometric analysis of the bands was performed with Image Lab software (ChemiDoc,
Bio-Rad Laboratories).

different primers sets followed by sequencing. Sequence
analysis and alignment with wild type sequence revealed that
no mutations occurred in these exons in EqS cell lines (data
not shown).

3.5. Colocalization of PDGF𝛽R with BPV-1 E5. As gene
mutations that may induce activation of PDGF𝛽R have been
excluded, we next sought to address whether the receptor
c-localizes with BPV-1 E5. EqS cell lines were analyzed
by double labelling immunofluorescence using rabbit anti-
PDGF𝛽R and sheep anti-E5 primary antibodies (green flu-
orescence for E5 and red fluorescence for PDGF𝛽R). Inter-
estingly, both proteins appeared to be mostly expressed in
a juxtanuclear position in EqS02aE5, where they markedly
colocalize as judged by the yellow fluorescence of merged

images (Figure 6(a)). PDGF𝛽R was found to be expressed
also in the cytoplasm of EqS01a, EqS04b (data not shown),
and EqS02a cells (Figure 6(b)); the latter cell line showed, as
expected, no signal for E5 (Figure 6(b)). BPV-1 E5 staining
was not recorded in EqS01a and EqS04b, which is probably
due to undetectable expression levels of endogenous protein
by immunofluorescence (expression of E5 in these cells has
been shown previously by RT-PCR [48]).

3.6. Effects of Imatinib Mesylate on PDGF𝛽R Phosphorylation
and Cell Viability. Serum-starved cells were exposed to
various concentration of imatinib with or without PDGF-BB
in order to determine the effects of the drug on PDGF𝛽R
activation and cell viability in EqS cell lines. Protein extracts
were subjected to immunoprecipitation of PDGF𝛽R followed
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Figure 3: Sos1-GRB2 coimmunoprecipitation. (a) Binding of GRB2 to Sos1 was recorded in all EqS cell lines; the complex was
coimmunoprecipitated in higher amount in EqS02aE5 and EqS04b, which express the highest levels of BPV-1 E5 among the analyzed cell lines.
Actin protein levels were detected on whole cell lysates before immunoprecipitation to ensure equal protein loading and allow normalization.
(b) Quantitative densitometric analysis of the bands was performed with Image Lab software (ChemiDoc, Bio-Rad Laboratories).

by immunoblotting with anti-pTyr and anti-PDGF𝛽R anti-
bodies. Figure 7 clearly shows that PDGF-BB was able to
induce PDGF𝛽R transphosphorylation, which indeed was
not observed in the absence of ligand; furthermore imatinib is
shown to inhibit PDGF𝛽R autophosphorylation induced by
PDGF-BB in a dose-dependent manner, with near complete
inhibition at a concentration of 5𝜇M in all the cell lines.
Additionally, PDGF𝛽R expression levels decreased parallel
to the increase of its phosphorylation degree, whereas they
increased concomitantly with inhibition of phosphorylation
by imatinib with a dose-dependent manner.

Similarly, cells were exposed to 10% FBS or various con-
centrations of imatinib with or without PDGF-BB and
subjected to MTS-based cell viability assay. As shown in
Figure 8, all the cell lines proliferated in the presence of
both FBS and PDGF-BB, and imatinib at a concentration of
0.1 𝜇M is already sufficient to severely reduce cell viability in
EqS01a, EqS02aE5, and EqS04b; treatment with increasing
doses of imatinib caused a further gradual decrease in cell
viability levels. All these biological effects appear to bemilder
in EqS02a, in which no difference in cell viability can be
observed at the highest doses of imatinib.

4. Discussion

E5 is themajor oncoprotein encoded by BPV-1 and plays a key
role in the tumorigenic process [13]; the main transforming
activity of BPV E5 is due to its specifical binding to PDGF𝛽R,
causing receptor autophosphorylation and activation, which
results in mitogenic signalling and neoplastic transformation
[18, 20].

Among the downstream pathways of pPDGF𝛽R, the Ras-
MAPK-ERK signalling is known to regulate cell proliferation
[26, 27]. In this study we investigated the activation of
PDGF𝛽R and Ras-MAPK-ERK pathway in equine sarcoid-
derived cell lines EqS01a, EqS02a, EqS02aE5, and EqS04b [48,
49]. We found that PDGF𝛽R was phosphorylated and bound
its downstream partners GRB2-Sos1 in higher amounts in
EqS02aE5 and EqS04b (both containing high levels of onco-
proteins transcripts) and, to a lesser extent, in EqS01a when
compared to EqS02a (which expresses low and not detectable
levels of oncoproteins, resp.). Consistently, active Ras was
expressed at higher levels in EqS cell lines expressing E5,
suggesting that BPV-1 E5 may contribute to activation of
this pathway and lead to sarcoid fibroblasts full transforma-
tion. Accordingly, PDGF𝛽R was found to be constitutively
activated in transformed mouse cells expressing BPV-1 E5,
and pPDGF𝛽R binds GRB2 in mortal human fibroblasts
transfectedwith the oncoprotein [18, 22];moreover, PDGF𝛽R
has been found to be activated in vivo in BPV-E5 positive
equine sarcoids, and pPDGF𝛽R recruits GRB2-Sos1 which
enhance Ras activation in bovine urinary bladder cancer
[24, 25]; our finding of total Ras overexpression in EqS01a cell
line is in agreement with previous studies which reported an
association between PV infection in bovids and activation of
Ras gene [53]: these data may suggest a role of this pathway
in BPV-induced carcinogenesis. In addition, Ras had been
found to be activated in cultured fibroblasts also by Rhesus-
PV E5, indicating that E5 genes may play a major role in the
regulation of this transduction pathway [54].

Surprisingly, no differences were found in phosphory-
lation status of the downstream kinases of activated Ras,
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Figure 4: Analysis of Ras-mitogen-activated protein kinase-ERK pathway in sarcoid-derived cell lines (EqS). (a) Immunoblotting analysis
of Ras in a pull-down assay of activated Ras (Raf1-RBD-Ras). Raf1-RBD-Ras was increased in cell lines EqS01a (to higher extent), EqS02aE5,
and EqS04b when compared to EqS02a (not expressing E5). Total Ras levels were detected on whole cell lysates before pull-down assay to
allownormalization of Raf1-RBD-Ras. Raswas overexpressed in EqS01a. Ras expression levels were normalized to actin levels. (b)Quantitative
densitometric analysis of the bands was performedwith Image Lab software (ChemiDoc, Bio-Rad Laboratories). (c) Immunoblotting analysis
of pMEK and pERK expression. No differences in phosphorylation status of both MEK and ERK kinases were recorded. Actin protein levels
were detected to ensure equal amounts of proteins for each lane.
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Figure 5: Activation of PDFG𝛽R in serum-starved sarcoid-derived
cell lines (EqS). The PDFG𝛽R immunoprecipitated in serum-
deprived cells is phosphorylated only in EqS02aE5 and EqS04b,
which express the higher levels of BPV-1 E5 among the analyzed cell
lines (I.P.: immunoprecipitation; I.B.: immunoblotting).

namely, pMEK and pERK. Previous studies showed that E5
does not promote any changes in ERK activity in cultured
fibroblasts [22, 55] as well as in BPV-induced tumours in
vivo: it is therefore possible that pPDGF𝛽R activates GRB2,

Sos1, and Ras which may deviate on phosphatidylinositol-
3-kinase/AKT pathway (PI3 K/AKT). As matter of the fact,
PI3 K/AKT pathway, rather than MEK-ERK signalling, had
been found to be activated in BPV-induced tumours, thus
contributing to neoplastic transformation [25, 56].

To further investigate the possible factors contributing to
PDGF𝛽R activation, we first assessed PDGF𝛽R phosphory-
lation status on serum starved cells: the receptor was found
to be phosphorylated only in EqS02aE5 and EqS04b, which
express the highest levels of BPV-1 E5 among all cell lines,
suggesting that its activation may be due to the interaction
with the E5 oncoprotein rather than to the presence of
growth factors added to the medium. Accordingly, Petti
et al. demonstrated that BPV-1 E5 activates PDGF𝛽R in a
ligand-independent manner [18]. Taken together, all these
findings may indicate that the extent of PDGF𝛽R activation
may correlate with E5 expression levels and the number of
viral copies; direct association of viral load with impaired
expression of tyrosine kinase receptors has been reported for
human cervical tumours harboring human papillomavirus,
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Figure 6: BPV-1E5-PDFG𝛽R colocalization. (a) BPV-1 E5 (green fluorescence) and PDFG𝛽R (red fluorescence) markedly colocalized
(merged panel, yellow fluorescence) in a juxtanuclear Golgi-like position in sarcoid-derived EqS02a cells transfected with BPV-1 E5
(EqS02aE5). A representative image is shown. (b) EqS02a cells expressed PDFG𝛽R in the cytoplasm and showed no green signal for E5.
Bar = 20𝜇m.
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Figure 7: Dose-dependent inhibition of PDGF-BB-induced PDFG𝛽R activation by imatinib mesylate. In sarcoid-derived cell lines
(EqS) treated with increasing doses of imatinib with or without PDGF-BB, the drug inhibited PDFG𝛽R autophosphorylation. PDGF𝛽R
downregulation was another measure of its activation induced by PDFG-BB, and, conversely, increasing of PDGF𝛽R expression in cells
treated with higher doses of imatinib confirmed the inhibition of receptor activation (I.P.: immunoprecipitation; I.B.: immunoblotting).

suggesting that the impairing of these cellular functions may
depend on the viral load in PVs induced cancer [57].

PDGFR and other related tyrosine kinase receptors may
be activated by mutations or genetic rearrangements caus-
ing tumours in both human and animal species, particu-
larly in the transmembrane and cytosolic domains [58–64].
Sequence analysis of PDGF𝛽R in our cell lines revealed that
no mutations occurred along these domains, suggesting that
the receptor is not activated by itself in our experimental
model.

Furthermore, double labeling immunofluorescence
showed that PDGF𝛽R perfectly colocalized with BPV-1 E5
in EqS02aE5 where it was mostly expressed in a juxtanuclear
position, consistently with the location of E5 in the Golgi
apparatus (GA) [14, 65]. The intracellular colocalization of
E5 and PDGF𝛽R indicates that this protein interaction may
take place in the GA and may be another proof of evidence
of the possible receptor activation upon E5 interaction;

juxtanuclear colocalization of E5 with PDGF𝛽R was also
reported in bovine urinary bladder cancer by this research
group, suggesting that this finding could be common in
BPV-induced tumours [15]. Many studies have reported
the physical interaction between these two proteins and
subsequent activation of PDGF𝛽R both in vitro and in
vivo [23, 66], thus we speculate that BPV-1 E5 may bind to
PDGF𝛽R also in our sarcoid-derived cell lines expressing E5,
inducing its phosphorylation and activation of downstream
pathways leading to transformation.

Although many therapeutical strategies have been pro-
posed for treatment of sarcoid, no 100% effective therapy is
available so far [1]. Many tyrosine kinase receptors inhibitors
are used in veterinary medicine [67]; among these, imatinib
mesylate (also known as STI-571 or Gleevec) has been shown
to selectively inhibit PDGF𝛽R activation in both human and
animal tumours [33–36, 47]. In this study we showed that
sarcoid fibroblasts proliferation was mostly dependent on
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Figure 8: Effects of imatinib mesylate on PDGF-BB-stimulated
sarcoids-derived cells (EqS) viability. MTS-based assay revealed
that PDGF-BB stimulates cell growth as well as FBS and that
imatinib decreases cell viability in all the analyzed cell lines in
a dose-dependent manner, but with lower efficiency in EqS02a
(not expressing E5). The data represent the mean of repeated
independent experiments.

PDGF𝛽R stimulation; furthermore, we demonstrated that
imatinib inhibited PDGF𝛽R phosphorylation in a dose-
dependent manner. In this case no phosphorylation of
PDGF𝛽R could be observed in serum-free conditions, whilst
the receptor was phosphorylated after 24 h of starvation,
suggesting that longer times are needed to reach detectable
levels of its activation. The finding of total PDGF𝛽R down-
regulation concomitant to the augmentation of its phospho-
rylation degree induced by PDGF-BB, was not surprising:
for the PDGF𝛽R and other tyrosine kinase receptors, ligand
binding induces receptor phosphorylation and thus triggers
its clustering in coated pits, followed by endocytosis and
lysosomal degradation of receptor-ligand complexes [68,
69]. Thus the augmentation of PDGF𝛽R expression levels
at increasing doses of drug was another measure of the
efficiency of treatment. Here we also demonstrated that
imatinib was able to decrease sarcoid fibroblasts cell viability
in a dose-dependent manner. However, lower effects were
observed on cell viability in EqS02a by imatinib treatment
at all the experimental doses; lacking E5 expression, this cell
line may have lower levels of activated PDGF𝛽R, thus the
drug may have less access to the ATP-binding site and, as
a consequence, milder biological effects when compared to
other cell lines. These findings strengthen our hypothesis
of a PDGF𝛽R activation by E5 and suggest that imatinib
may target more efficiently on fully transformed sarcoid
fibroblasts.

5. Conclusions

Finally, our study demonstrates that PDGF𝛽R is activated
thus binding downstream molecular partners in sarcoid-
derived cell lines expressing BPV-1 E5; this activation results

in Ras activation but not major phosphorylation of MEK
and ERK kinases, suggesting that this signalling cascade may
possibly cross-talk with other transduction pathways which
had been found to be activated in BPV-induced tumours.
Further investigations are needed to clarify the specific roles
of activated PDGF𝛽R and downstream pathways in the
pathology of equine sarcoid. Furthermore, the data obtained
by treatment of sarcoid-derived fibroblasts with imatinib,
suggest that this drug could be proposed for a clinical trial
leading to therapy of sarcoid in vivo. We have developed
a translational approach, and a clinical trial is ongoing to
test on sarcoid-affected donkeys the therapeutic effects of
a dermatological cream based on Imatinib mesylate (CESA
protocol number 2012/0052665).
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Bovine papillomaviruses (BPVs) are recognized as the causal agents of economical relevant diseases in cattle, associated with
the development of tumors in skin and mucosa. The oncogenesis process is mainly associated with different viral oncoprotein
expressions, which are involved in cell transformation. The expression and characterization of recombinant viral oncoproteins
represent an attractive strategy to obtain biotechnological products as antibodies and potential vaccines,Thus, the aim of this work
was to clone and express the BPV-1 and BPV-2 E6 recombinant proteins and perform in silico analysis in order to develop a strategy
for the systematic study of other papillomaviruses oncoproteins. The results demonstrated that BPV-1 and BPV-2 E6 recombinant
proteins were expressed and purified from bacterial system as well as its in silico analysis was performed in order to explore and
predict biological characteristics of these proteins.

1. Introduction

Different papillomaviruses (PVs) have been described as
infectious agents of the vertebrates species, including domes-
tic animals and human beings [1, 2]. The correlation between
the papillomavirus infection and the cellular malignant pro-
gression is associated with the expression of viral oncopro-
teins. These proteins act on different aspects of the tumoral
suppression cascades as well as on the ones that take part
in the control of cell cycle and immune response. Viral
oncoproteins can also interact with cellular DNA. Altogether,

these actions can induce mutational changes in the host cell
chromatin [3].

Currently, the Papillomaviridae family is divided into 16
genera according to their genomic organization [4, 5]. These
small (55–60 nm), nonenveloped viruses have a genome of
a double-stranded circular DNA molecule of approximately
eight kilobases [6], codifying functional, early (E) proteins,
and structural, late (L) proteins, expressed at different stages
of the viral cycle. With at least eight potential open read-
ing frames, the viral genome also consists of a noncoding
region, the long control region (LCR), associated with the
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viral transcriptional regulation. The E region encodes the
replication and transcription regulatory proteins E1, E2, and
the transforming proteins E5, E6, andE7,which are associated
with uncontrolled cell proliferation and differentiation [7].
The E4 protein formed by alternative splicing of genes E1
and E1/E4 transcripts (E1–E4) is associated with the release
of the virions through the disruption of the cytoskeleton
structure [8–10]. It is also shown that actin cytoskeleton was
altered in BPV-1 E6-transformed cells through E6 interaction
with the focal adhesion protein paxillin [11]. On the other
hand, the L region encodes structural proteins L1 and L2 that
assemble into the capsid during the viral particle maturation
[12]. Specifically, L1 is the most conserved gene within PV
genome and has therefore been used for the identification of
new PVs types [4].

The bovine papillomavirus (BPV) is recognized as the
causal agent of benign and malignant tumors in cattle, such
as cutaneous papillomas, urinary bladder, and esophagus
cancer. This virus is distributed worldwide, being associated
with severe economic losses in meat, milk, and leather
production. Thirteen types of the BPVs are currently well
characterized and classified into three distinct genera, Delta,
Epsilon, and Xi, and have been characterized and associated
with different histopathological lesions [13]. Specifically, the
BPV-1 and 2 are classified as Deltapapillomaviruses [14,
15]. Characteristically, these types induce the appearance
of fibropapillomas, associated with the recruitment of the
subepithelial fibroblasts [16] and have the ability to infect
different host species, not only bovines, causing the equine
sarcoid [15]. Lately, the genome of a new Delta-BPV type
(BPV-13) was fully sequenced [17].

The BPV-1 is commonly associated with lesions in the
teats and udder [13, 18, 19]. BPV-1 can cause fibropapillomas
of the penis, leading to necrosis and the loss of reproductive
function [20]. BPV-2 is the causal agent of malignant tumors
in the bladder [21]. Both types have also already been detected
in peripheral blood and in tissues of the reproductive tract,
and their vertical transmission has been suggested [16, 21–
26].

The first evidence of the oncogenic properties of E6
protein came from studies on human tumors cell lineages
derivate from uterine cervix where E6 was found expressed
and maintained many years after the initial transformation
events [27–29]. The E6 and E7 gene products are essential in
the process of cell transformation and immortalization [28,
30]. Particularly, E6 protein has a central role as a carcinogen
factor because it binds to p53, a major tumor suppressor
protein, inducing its degradation [4]. Studies conducted with
different cervical cancer cell lines infected with HPV-16
showed that the only expressed viral proteins were E6 and
E7, leading to the speculation that they could be expressed
like fusion proteins, an important indicator for the malignant
progression [31]. It is also suggested that the genes E6 and E7
have a synergic action during the induction of genital human
keratinocytes immortalization, although in some other cell
types, like mammary epithelial cells, they may act separately
[32].

Knowing the importance of E6 protein, the aim of this
work was to clone and express the BPV-1 and BPV-2 E6

recombinant proteins enabling the development of antibodies
and vaccines and to perform in silico analysis in order
to develop a strategy for the systematic study of other
papillomaviruses oncoproteins.

2. Material and Methods

2.1. E6-1 and E6-2 Gene Amplification. The following specific
primers were designed: E6-1 sense primer, 5-GAAAACCTG
TATTTTCAGGGCTAGGACCTGAAACCTTTTGC-3; and
E6-1 antisense primer, 5-GGCCTCGAGCTGCAGGTGAAT
CATCCAAG-3, E6-2 sense primer, 5-GAAAACCTGTAT
TTTCAGGGCATGGACCTGCAAAGTTTTTC-3; and E6-
2 antisense primer, 5-GGCCTCGAGGAATCATCCAAG
TTTCTA-3. Underlined letters indicate the nucleotides for
TEV protease site, and italic underlined letters indicate XhoI
restriction site.The primers were designed based on complete
genome sequences deposited in GenBank (accession num-
bers X02346 and M20219.1). These primers were used in a
PCR reaction to amplify E6 gene, using the genomic DNA
of BPV-1 or BPV-2 previously cloned in pAT153 vector as
a template [33]. A Palm- Corbett Cycler Cobbert Research
Version 2.1.7 (Uniscience) was used with the following
amplification program: an initial denaturation step at 95∘C for
4min followed by 30 cycles at 95∘C for 1min, 50∘C for 30 sec,
72∘C for 1min, and finally, 5min elongation step at 72∘C.

2.2. Cloning and Subcloning. The amplified PCR products
were detected in a 1% agarose gel electrophoresis, excised
from the gel, and purified with Invisorb Fragment Clean
Up Kit (Invitek). The purified amplicons were cloned in
pCR4-TOPO vector (Invitrogen). The resulting constructs
were cloned in transformed E. coli DH5a competent cells,
and positive clones were selected from plates supplemented
with ampicillin. Plasmid DNA was prepared from overnight
grown cultures with a WIZARD Mini Prep Purification Kit
(Promega) following the manufacturer’s recommendations.
Plasmids were digested with EcoRI and XhoI to check the
insert presence. Purified inserts were subcloned into the pET-
28(+) vector (Merck), which was previously digested with the
same enzymes. T4 DNA ligase (Invitrogen) was used for the
ligation reaction. Recombinants pET-E61 and pET-E62 were
then used to transform E. coli BL21 (DE3) competent cells
cells by heat shock. Positive recombinant clones were selected
on LB plates containing kanamycin, and the correct insertion
of the E6 ORF into the cloning sites was verified by DNA
sequencing.

2.3. Protein Expression. Transformed E. coli BL21 (DE) cells
harboring the correct expression construct (pET-E61 and
pET-E62) were grown in 1L LB broth containing kanamycin
(50𝜇g/mL) at 37∘C until the growth reached log phase
(OD600 = 0.6). IPTG at a final concentration of 1mM
was added to the cultures to induce recombinant protein
expression. Induced bacterial cultures were pelleted by cen-
trifugation at 10,000 g for 30min at 4∘C.
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(a) (b)

(c) (d)

Figure 1: Electron microscopy E. coli BL21 (DE) not induced and induced by IPTG. (a) Transformed bacteria—plasmid pET-28a, without
E6-1 not induced, 12.930X; (b) transformed bacteria—plasmid pET-28a, without E6-1 induced, 16.700X; (c) transformed bacteria—plasmid
pET-28a, with E6-1 not induced, 35.970X; (d) transformed bacteria—plasmid pET-28a, with E6-1 induced 27.800X. Arrows: inclusion bodies.
Transmission Microscopy LEO 906E, Laboratório de Biologia Celular do Instituto Butantan.

M NID ID NIE IE

15kDa

(a)

M NID ID NIE IE
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(b)

Figure 2: (a) Induction of E6-1 recombinant protein. M: molecular weight marker; NID: noninduced D colony; ID: induced D colony; NIE:
noninduced E colony; IE: induced E colony. SDS-PAGE 17% stained with Coomassie blue. (b)Western blotting of E6-1 recombinant protein
induction. M: molecular weight marker; NID: noninduced D colony; ID: induced D colony; NIE: noninduced E colony; IE: induced E colony.



4 BioMed Research International

MD L K P F A R T N P F S G L D C L WC R E P L S E V D A F R CMV K D F H V V I R E G C R Y G A C T T C L E N C L A T
1 5 10 15 20 25 30 35 40 45 50 55 60

E R R LWQ G V P V T G E E A E L L H G K T L D R L C I R C C Y C G G K L T K N E K H R H V L F N E P F C K T R A N I I
61 65 70 75 80 85 90 95 100 105 110 115 120

R G R C Y D C C R H G S R S K Y P
121 125 130 135

𝛽 𝛽 𝛽 𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽
A A AH1

H3 H5H4

H2

B B BB

MD L K P F A R T N P F S G L D C L WC R E P L S E V D A F R CMV K D F H V V I R E G C R Y G A C T T C L E N C L A T
1 5 10 15 20 25 30 35 40 45 50 55 60

E R R LWQ G V P V T G E E A E L L H G K T L D R L C I R C C Y C G G K L T K N E K H R H V L F N E P F C K T R A N I I
61 65 70 75 80 85 90 95 100 105 110 115 120

𝛽 𝛽 𝛽 𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

H3 H5H4B B BB

(a)

MD L Q S F S R G N P F S G L A C VWC R E L L T E V D A F R CM I K D F H V V Y R D G L K F G A C T T C L E N C L D K
1 5 10 15 20 25 30 35 40 45 50 55 60

61 65 70 75 80 85 90 95 100 105 110 115 120

121 125 130 135

𝛽 𝛽 𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽
A A A

B B BB

𝛽 𝛾

𝛽 𝛾

E R R L WK G V P V T G E E A Q L L H G K S L D R L C I R C C Y C G G K L T K N E K Q R H V L Y N E P F C K T R S N I I

R G R C Y D C C RH G S R S K Y P

H1

H3 H5H4

H2

MD L Q S F S R G N P F S G L A C VWC R E L L T E V D A F R CM I K D F H V V Y R D G L K F G A C T T C L E N C L D K
1 5 10 15 20 25 30 35 40 45 50 55 60

61 65 70 75 80 85 90 95 100 105 110 115 120

𝛽 𝛽 𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

𝛽 𝛽

B B BB

𝛽 𝛾

𝛽 𝛾

E R R L WK G V P V T G E E A Q L L H G K S L D R L C I R C C Y C G G K L T K N E K Q R H V L Y N E P F C K T R S N I I

H3 H5H4

(b)

Figure 3: Topology diagram recombinants E6-1 and E6-2, respective sequences (a) E6-1 recombinant; (b) E6-2 recombinant.
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Figure 4: Antigenicity-recombinants E6-1 and E6-2, (a) E6-1 recombinant; (b) E6-2 recombinant.

2.4. ElectronMicroscopy. Samples of transformed E. coli BL21
cultured cells with the recombinant plasmid E6-1/pET-28a
and with the empty pET-28a vector (negative control) were
induced for recombinant protein expression. Fractions of

these cultures were centrifuged and resuspended in approxi-
mately 1.0mL of glutaraldehyde. These samples were sent to
theDepartment of Cell Biology andDevelopment at the Insti-
tute of Biomedical Sciences-ICB II to be prepared for electron
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Figure 5: Protein sequences E6-1 e E6-2 conservation levels. (a) E6-1 recombinant; (b) E6-2 recombinant. CXXC red.

microscopy (ME) for the verification of the E6 recombinant
expression through the observation of inclusion bodies. ME
observations and image recording were performed at the
Laboratory of Cellular Biology, Instituto Butantan, using a
transmission electron microscope LEO 906E.2.5.

2.5. Protein Purification. In order to purify the E6 recom-
binant proteins, the bacterial pellets were resuspended in
20mMTrisHCl, NaCl 500mM, and pH 8.0, supplemented
with protease inhibitor (PMSF at a final concentration of

2mM), and lysed with a French Press. The cell lysates were
centrifuged at 6000 g for 60min at 4∘C. The pellets were
resuspended in 20mMTrisHCl, 500mMNaCl, 8Mureia,
50mM imidazole, pH 8.0, and final volume 25mL. Aliquots
of the clarified suspension were collected and analyzed in
17% SDS-PAGE. These tagged recombinant proteins were
purified by Ni Sepharose 6 Fast Flow (GE Health Care):
the clarified supernatants were passed through columns of
charged resin and subsequently washed with 20mM Tris-
HCl, pH 8.0, 500mMNaCl, 6M urea, and 50mM imidazole.
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The recombinant proteins were then eluted with 500mM
imidazole in the same buffer. The proteins quantification
was determined by the Bradford method [34]. Purified
recombinant proteins were separated by 17% SDS-PAGE
and transferred to nitrocellulose membranes. Membranes
were blocked with 5% powdered nonfat dry milk in phos-
phate buffered saline containing 0.05% Tween 20 (PBST)
and incubated for 2 h using anti-his monoclonal antibody
(GE) (1 : 3000). Blots were then submitted to three 5min
washes with TBST and incubated with Goat Anti-Mouse IgG
Horseradish Peroxidase (1 : 2000) for 1 h at room temperature.
Bands were visualized by chemiluminescence reaction in the
presence of H

2
O
2
and using diaminobenzidine (DAB). The

reaction was stopped with distilled water.

2.6. Bioinformatics. The nucleotide sequences generated by
sequencing of E6-1 and E6-2 cloned genes were translated
into amino acids with the BioEdit 7.1.3.0 [35]. The obtained
nucleotide and amino acids sequences were aligned with
sequences deposited in Nucleotide Collection and Protein
Data Bank using BLASTN and BLASTP algorithms (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence alignments were
also performed using the BioEdit software, and the identity
matrixwas calculated.The topology diagrams of the recombi-
nant proteins was generated with the PDBsum software [36].

The analysis of conserved regions of the proteins E6-
1 to E6-2 recombinants were performed by comparing all
E6 protein sequences of other PVs already deposited using
ConSurf server [37]. The degree of conservation for each
amino acid was pointed out in a linear sequence.

In addition, the analysis of the antigenicity properties was
performed using the JaMBW Edition 1.1 software [38].

3. Results and Discussion

3.1. E6-1 and E6-2 Gene Amplification and Cloning. E6-1
and E6-2 gene PCR products showed bands in the gel with
approximately 500pb. E6-1/TOPO and E6-2/TOPOwere suc-
cessfully cloned in E. coli DH5a competent cells as indicated
with double digestion of the recombinant TOPO vectors.
Subsequently, E6-1/pET and E6-2/pET were subcloned in E.
coli BL21 competent cells as indicated by double digestion
and sequencing. DNA sequencing showed that the cloned
genes were inserted in the correct frame of pET-28a (+). The
primers sets were also effective for DNA sequencing.

3.2. Electron Microscopy. In regard to electronic microscopy
(EM), both induced and noninduced cultured bacteria used
as negative control (transformed with pET-28a, but without
E6 insert) showed no inclusion corpuscles (Figures 1(a) and
1(b)). On the other hand, EM of the cultured, induced E.
coli BL21 cells transformed with E6-1/pET-28a revealed the
presence of inclusion bodies (Figure 1(d)), suggesting the
presence of recombinant protein expression. As before, these
were not observed in noninduced E6-1/pET-28a bacteria
(Figure 1(c)). Papillomavirus E6 proteins are notoriously
difficult to express and purify and unfused E6 proteins
form insoluble aggregates upon bacterial overexpression [39].

Table 1: Mutations in nucleotide and aminoacid sequences of BPV1
E6 (bold).

E6 BPV-1
Nucleotide Codon Amino acid

Position Ref. Rec. Ref. Rec. Ref. Rec. Position
48 T → C GAU → GAC D = D 16

73 A → T ACA → UCA T ̸= S 25

78 A → G GAA → GAG C = C 26

155 T → C AUU → ACU I ̸= T 52
Ref.: reference sequences (accession number X02346 and PDB codes 3PY7);
Rec.: recombinant sequences obtained in this study.

However, in this study, the feasibility of E6-1 and E6-2 purifi-
cations from a bacterial expression systemwas demonstrated.

3.3. E6 Recombinant Protein Expression and Purification.
Cloning and expression of different papillomavirus oncopro-
teins in bacterial vectors have already been done, enabling
structural studies [40]. In the present work, the E6 gene of
both BPV-1 and BPV-2 was cloned in a bacterial expression
system, with the respective recombinant proteins being puri-
fied.

SDS-PAGE and Western blotting analysis using an anti-
his tag antibody demonstrated that the large majority of
detected fusion proteins migrated predominantly as a single
bandwith an approximate expectedmolecularmass of 16 kDa
(Figure 2(a)). However,Western blotting showed other bands
also, indicating the possible occurrence of protein dimeriza-
tion (Figure 2(b)). The purified recombinant eluted proteins
were also examined by SDS-PAGE and Western blotting as
before, with observed bands being approximately 16 kDa.

3.4. Bioinformatics Analysis

3.4.1. Alignment and Identity Matrix. The identity matrix
showed 0.99 of similarity between E6-1 recombinant and
reference (X02346) sequences of nucleotides.The amino acid
sequence of the E6-1 recombinant protein showed 0.99 of
identity with PDB codes 3PY7 sequence which has been
considered as the protein sequence reference.

It was observed that, when translated into amino acids,
two mutations (A78G and T48C) were silent, that is, no
change in the amino acids was generated. The other two
mutations (A73T and T155C) generated different amino acids
(Table 1).

Differences between recombinant cloned E6-2 and
deposited corresponding sequences were also observed.
The identity matrix showed 0.99 of similarity between
E6-2 recombinant and reference (M20219.1) sequences of
nucleotides. Amino acid sequence of the E6-2 recombinant
protein showed 0.98 of identity with UniProtKB/Swiss-Prot
codes P11302.1 sequence which has been considered as the
protein sequence reference. It was observed that, when
translated into amino acids, all three mutations (T68C,
T45G, and A405C) generated different amino acids (Table 2).



BioMed Research International 7

Table 2:Mutations in nucleotide and aminoacid sequences of BPV2
E6 (bold).

E6 BPV-2
Nucleotide Codon Amino acid

Position Ref. Rec. Ref. Rec. Ref. Rec. Position
68 C → T CCU → CUU P ̸= L 23

134 G → T GUG → UUG V ̸= L 45

405 C → A AAC → AAA N ̸= K 135
Ref.: reference sequences (accession number M20219.1 and UniProtKB/
Swiss-Prot codes P11302.1); Rec.: recombinant sequences obtained in this
study.

3.4.2. Topology. Topology diagram of recombinant proteins,
E6-1 and E6-1 was generated. The presence of seven 𝛽-
sheets and five 𝛼-helices was observed in both diagrams
(Figures 3(a) and 3(b)).

3.4.3. Antigenicity Prediction. According to the antigenicity
graph, E6-1 recombinant protein sequence showed one peak
near amino acids 90 and 100 (CCYCGGKLTKNEKHR), and
E6-2 recombinant protein showed two peaks near amino
acids 50 and 60 (CTTCLENCLDKE), and amino acids 90 and
100 (CCYCGGKLTKNEKQR) were predicted as especially
immunogenic (Figures 4(a) and 4(b)). Interestingly, these
potential immunogenic, mapped regions could represent
targets for the development of new designed antibodies.

3.4.4. Conserved Regions. In silico prediction identified con-
served regions between E6-1 to E6-2 proteins as well as
from other papillomaviruses species. CXXC motifs were
localized at regions associated with the binding of zinc atoms
(Figures 5(a) and 5(b)).

Usually, papillomavirus E6 proteins share a common
architecture consisting of two zinc-binding domains (E6-N
and E6-C). These structural features indicated that E6 can
interact directly with DNA molecule, acting as a transcrip-
tional activator [41–43]. Both BPV-1 and BPV-2 encode an
E6 protein of 137 amino acids that acts as a transcriptional
activator, p53 and paxillin ligand, presenting also telomerase
activity. Here, the primary amino acid sequences of these
recombinant proteins were analyzed in silico for comparison
with virtual protein sequences deposited in GenBank. The
presence of divergences which may represent functional
differences were observed. It is emphasized that the DNA
sequencing in our laboratory was redundant in order to cover
the entire E6 gene sequence for at least three times.

Among papillomaviruses oncoproteins, conserved re-
gionsweremaintained in regard to the structure and function
of these proteins. For example, E7 protein has 127 amino acids
and a zinc finger domain [44]. Recombinant E7 protein with
mutated regions showed lower efficiency in transforming
activity [45]. On the other hand, several studies indicated that
the hydrophobic nature of the BPV E5 protein has a crucial
importance in conferring the transforming activity [46].
These essential amino acid residues are highly conserved
among papillomaviruses as previously reported [47].

4. Conclusions

The cloning and recombinant protein expression of E6-1 and
E6-2 in bacterial system proved to be a feasible methodologi-
cal approach. For the first time, BPV-2 E6 protein is expressed
and purified in a bacterial system.The purification of E6 BPV
recombinant protein as well its structural and antigenicity
analyses could allow the production of biotechnology mate-
rial such as antibodies and vaccines candidates. This work
could be also employed as amodel for the obtainment of other
papillomaviruses recombinant oncoproteins.
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The leukemia-associated fusion protein RUNX1/ETO is generated by the chromosomal translocation t(8;21) which appears in about
12% of all de novo acute myeloid leukemias (AMLs). Essential for the oncogenic potential of RUNX1/ETO is the oligomerization of
the chimeric fusion protein through the nervy homology region 2 (NHR2) within ETO. In previous studies, we have shown that the
intracellular expression of peptides containing the NHR2 domain inhibits RUNX1/ETO oligomerization, thereby preventing cell
proliferation and inducing differentiation of RUNX1/ETO transformed cells. Here, we show that introduction of a recombinant
TAT-NHR2 fusion polypeptide into the RUNX1/ETO growth-dependent myeloid cell line Kasumi-1 results in decreased cell
proliferation and increased numbers of apoptotic cells. This effect was highly specific and mediated by binding the TAT-NHR2
peptide to ETO sequences, as TAT-polypeptides containing the oligomerization domain of BCR did not affect cell proliferation
or apoptosis in Kasumi-1 cells. Thus, the selective interference with NHR2-mediated oligomerization by peptides represents a
challenging but promising strategy for the inhibition of the leukemogenic potential of RUNX1/ETO in t(8;21)-positive leukemia.

1. Introduction

Acute myeloid leukemia (AML) is the most common form of
myeloid leukemia. In half of all patient-derived AML blasts,
chromosomal translocations can be detected leading to the
expression of aberrant fusion proteinswhich are generally not
found in normal cells of healthy individuals [1]. Most often,
the affected proteins are transcription factors regulating
critical steps during hematopoiesis [2].Their altered function
results in the block of cellular differentiation, a general feature
of AML.

The chromosomal translocation t(8;21) generates the chi-
meric protein RUNX1/ETO which is expressed in 12% of all
de novoAML with 40% of them belonging to the M2 subtype
of the FAB (French-American-British) classification [3]. The
hematopoietic transcription factor RUNX1 (also known as
AML1, CBF𝛼2, or PEBP2𝛼B) belongs to the family of core-
binding transcription factors and is a key regulator ofmyeloid

cell differentiation [4]. As a consequence of the translocation,
the DNA-binding domain of RUNX1 (RUNT homology
domain, RHD) is fused to almost the entire ETO protein
(alternatively named MTG8 or RUNX1T1) which functions
mainly as a transcriptional repressor protein [5, 6]. Thus,
most RUNX1 target genes are transcriptionally repressed in
t(8;21)-positive blasts. Likewise, RUNX1/ETO can act as a
positive regulator of gene expression, depending on cofactor
recruitment and epigenetic modifications [7]. Expression
of RUNX1/ETO in primitive hematopoietic cells leads to
increased cell survival, proliferation, and a delay in myelo-
erythroid differentiation which certainly contributes to the
onset of leukemia development [8]. However, additional
genetic alterations are necessary for overt transformation
from an initial preleukemic clone [9, 10].

TheETOprotein is characterized by four nervy homology
regions (NHR1-4) that mediate the interaction with diverse
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cellular factors such as the nuclear corepressors N-CoR,
SMRT, mSIN3A, and histone deacetylases (HDACs) [11, 12].
The NHR2 domain is responsible for the binding to the
ETO family members MTGR1 and ETO-2 as well as for
homooligomerization [13]. Thereby, RUNX1/ETO generates
high molecular weight protein complexes that are critical for
the oncogenic potential of the fusion protein [14]. Recent
studies suggest the NHR2 domain as one essential ETO
domain crucial for RUNX1/ETO-associated leukemogenesis
[15, 16].The crystal structure of a recombinant NHR2 protein
revealed an 𝛼-helical structure with the capacity to build
tetramers with a total interaction area of nearly 10,000 Å2
[17]. Mutations inside the NHR2 domain that abrogate the
formation of oligomers resulted in a complete loss of the
oncogenic potential of RUNX1/ETO. We recently demon-
strated that a dimeric mutant of RUNX1/ETO, generated by
alanine substitution of 5 essential amino acids within the
NHR2 domain, is no longer able to transform hematopoietic
progenitor cells [18]. Consequently, the selective interference
with tetramerization could be a promising strategy to inhibit
the oncogenic properties of this fusion protein.

Previously, we have shown that the lentiviral overex-
pression of a protein containing the entire NHR2 domain
efficiently inhibits RUNX1/ETO oligomerization and restores
expression of RUNX1 target genes [19]. Proliferation of
RUNX1/ETO-dependent cell lines was reduced and the block
of differentiation was reverted after expression of the NHR2-
only protein, thus allowing for myeloid maturation of blast
cells. Furthermore, an increase in apoptosis was measured
in treated cells, indicating that the leukemic potential of
RUNX1/ETO was efficiently blocked.

Here, we investigated the use of cell penetrating proteins
as an alternative approach to deliver the NHR2 domain
into RUNX1/ETO-transformed myeloid cells. A TAT-NHR2
polypeptide, TN122, was successfully internalized by human
cells and interacted specifically with the ETO protein. In a
RUNX1/ETO-dependent myeloid cell line, the consecutive
treatment with TN122 inhibited proliferation and increased
the rate of apoptotic cells.

2. Materials and Methods

2.1. Plasmid Construction. Truncated versions of the previ-
ously described N89 sequence [19] were generated by PCR
and cloned into the SacII sites of the lentiviral vector SiEW.
A codon optimized N89 construct was generated by Geneart
and also cloned via SacII into the SiEW expression vector.

The TAT fusion constructs were generated by using the
bacterial expression vector pSW5 [20], kindly provided by
Professor Dr. Winfried Wels (Georg-Speyer-Haus, Frank-
furt, Germany). The plasmid contains an N-terminal HIV-
1 TAT protein transduction domain and a C-terminal myc-
and His(6)-tag. The NLS-containing protein sequences of
the NHR2 domain (aa 482-548 in RUNX1/ETO), or the
oligomerization domain of BCR (aa 1-72) as a control, were
cloned into the vector by PCR using the Kpn I and Hind
III cleavage sites. The two cysteines present in the NHR2
sequence were substituted by serine using site-directedmuta-
genesis (Stratagene kit, Stratagene, La Jolla, CA). A TAT- and

NLS-free NHR2 protein was generated using the Nde I/Hind
III cleavage sites of the vector. For protein localization studies,
a fluorescent protein was generated in which eGFP was
inserted into the construct downstreamof theNHR2domain.

2.2. Protein Expression and Purification. E. coli BL21-Codon-
Plus (DE3) competent cells were transformed with the ex-
pression plasmids. A single clone was used to inoculate an
overnight preculture containing ampicillin (100 𝜇g/mL) and
glucose (0.8%w/v) in LBmedium.The next day, fresh culture
medium was inoculated at a ratio of 1 : 10, and the bacteria
were grown at 37∘Cuntil anOD

600
of 0.7was reached. Expres-

sion of the proteins was induced with 250𝜇M IPTG, and
the culture was incubated for 4 hours at 30∘C. To purify the
recombinant proteins, the pelleted bacteria were resuspended
in IMAC buffer (20mMTris-HCl, 500mMNaCl, 10% glycer-
ine, 20mMimidazole, pH 8.0) containing a protease inhibitor
cocktail (P8849, Sigma-Aldrich, Taufkirchen, Germany).The
cells were lysed by addition of lysozyme (1mg/mL) and subse-
quent sonification. For affinity purification of the His-tagged
proteins, a HisTrap HP column (GE Healthcare, Uppsala,
Sweden) was used. The TAT- and NLS-free NHR2 protein
was additionally purified by anion exchange chromatography.
The IMAC eluate was diluted 1 : 20 in IEQ running buffer
(20mM Tris-HCl, 3% glycerine, pH 8.0) and purified with a
HiTrap HP column (GEHealthcare).The buffer of all protein
samples was subsequently exchanged to PBS by using a
HiTrapDesalting column (GEHealthcare), and aliquots were
stored at −80∘C until use.

2.3. CD Spectroscopy. CD spectroscopy of the NHR2-con-
taining protein was performed on a Jasco CD spectrometer
in a 0.1 cm path-length cuvette using a protein concentration
of 50𝜇M and a temperature of 25∘C.The spectrum presented
is a cumulative spectrum of three individual scans from 195–
250 nm wavelength in increments of 0.1 nm.

2.4. Protein Crosslinking. Crosslinking was used to demon-
strate the oligomerization status of the recombinant NHR2
proteins as was described before for the BCR oligomerization
domain [21]. Briefly, 20𝜇M of the protein sample diluted in
PBS was incubated at room temperature for various time
periods with 0.01% glutaraldehyde.The reaction was stopped
by addition of SDS-containing 2x Laemmli buffer, and 40 𝜇L
of the sample was separated on a SDS-PAGE and stained with
coomassie brilliant blue.

2.5. Cell Culture and Protein Transduction into Human Cell
Lines. 293T cells were maintained in DMEM+10% FCS, and
Kasumi-1 cells were cultured in RPMI 1640+20% FCS. The
TAT fusion proteins were added directly to the cell culture
medium of subconfluent 293T cells at a final concentration
of 1–5𝜇M. Optionally, chloroquine and/or heparin were also
added. To perform protein transduction into hematopoietic
Kasumi-1 cells, the culture mediumwas exchanged to serum-
free X-Vivo 10 medium. In some experiments, the cells were
preincubatedwith dextran sulfate (0.1 or 1mg/mL) for 3 hours
at 37∘C and extensively washed with PBS. Cells were then



BioMed Research International 3

seeded at a density of 4 × 105 cells in 500 𝜇L into a 24-well
plate, and the cell-penetrating proteins were added to the
medium at a final concentration of 2–8𝜇M. In some exper-
iments, a TAT-HA2 peptide (5𝜇M) was cotransfected with
TN122 to improve peptide uptake. All cells were treated with
trypsin for 10 minutes at 37∘C and extensively washed before
further analysis.

2.6. Peptide Synthesis. The TAT-HA2 peptide was ordered
from BioLux (Stuttgart, Germany) in retroinverso sequence
as described before [22]. To increase peptide stability, D-
enantiomers were incorporated for the last two amino acids
on both termini.

2.7. Coimmunoprecipitation andWestern Blot Analysis. Bind-
ing of the different NHR2 constructs to ETO protein was
analyzed by cotransfection of 293T cells with vectors coding
for the respective proteins. After two days, cells were lysed
in NP40-containing buffer. NHR2-containing proteins were
immunoprecipitated using an antibody directed against the
Flag-tag of the proteins (anti-Flag M2, Santa Cruz, CA).
The immune complexes were bound to protein A/G-agarose
(Santa Cruz) andwashed extensively.The coprecipitated ETO
protein was then analyzed by western blotting using a
polyclonal antibody for ETO (C-20, Santa Cruz). EGFP was
detected to check for the transfection levels. Secondary HRP-
coupled antibodies were obtained from Santa Cruz, and
western blots were developed using the Pico ECL reagent
(Thermo Scientific, MA).

The TAT-NHR2 fusion protein TN122 was added twice
(0 and 24 h) in a final concentration of 5𝜇M and in the
presence of 20𝜇M chloroquine to a 293T cell line stably
expressing the NHR2-containing protein NC128 [19]. 14
hours later, the cells were treated with trypsin, washed, and
lysed in NP40-containing buffer. Immunoprecipitation of the
intracellularly expressed NC128 protein was performed using
an antibody directed against the Flag-tag of the protein. The
immune complexes were analyzed by western blotting using
an antibody directed against the myc-tag of TN122 (anti-
myc 9E10, Santa Cruz) or against eGFP (Roche, Mannheim,
Germany) and actin (I-19, Santa Cruz) as a control.

2.8. Confocal Laser Scanning Microscopy. For localization
studies, an eGFP-containing TN122 protein was used and
added to 293T cells in a final concentration of 2𝜇M in
the presence of 20𝜇M chloroquine. 24 hours later, a tryp-
sin digestion was performed, the cells were extensively
washed, and the cellular membrane was stained by a rhoda-
mine-conjugated wheat germ agglutinin (W-849, Molecu-
lar Probes, Invitrogen, Darmstadt, Germany) for 30 min-
utes at 37∘C. The sample was covered with ProLong Gold
(SigmaAldrich), and the living cells were analyzed with a
confocal laser scanning microscope (TCS-SL, Leica, Wetzlar,
Germany) using the 63x oil immersion objective.

2.9. Flow Cytometry. The percentage of transduced Kasumi-
1 cells was determined by the expression of the marker gene
eGFP. For flow cytometry, cells were washed, resuspended in
PBS, and analyzed on a FACS-Calibur (Becton Dickinson,

Heidelberg, Germany). To investigate levels of CD34 expres-
sion, transduced Kasumi-1 cells were stained with an APC-
conjugated CD34-antibody (BD Biosciences) for 20 minutes
at room temperature in the dark prior to flow cytometry
analysis. 10,000 cells were measured and analyzed using the
CellQuest Pro software.

The percentage of eGFP-stained cells after addition of cell
penetrating NHR2-eGFP proteins was also analyzed by flow
cytometry. 7-amino-actinomycin D (7AAD) and allophyco-
cyanin (APC)-conjugated Annexin V (both from BD Bio-
sciences) were used to determine the percentage of dead cells.

3. Results

3.1. Definition of the Minimal NHR2 Sequence Required for
RUNX1/ETO Inhibitory Function. In order to define the
minimal length of the NHR2 proteins required for optimal
inhibition of RUNX1/ETO, we generated mutants of the
previously described inhibitory protein N89 [19] by deleting
the C-terminal flanking region of the NHR2 domain (N74)
and the NLS sequence (N68) (Figure 1(a)). A control protein
contained the oligomerization domain of the breakpoint
cluster region (BCR) protein (aa 1-72) instead of the NHR2
domain.These constructs were then cloned into the lentiviral
vector SiEW. Proper expression of the proteins was verified
in lysates from transfected 293T cells by western blotting
(Figure 1(b)). Next, binding of the polypeptides to ETO
protein was investigated by immunoprecipitation of the Flag-
tagged proteins from co-transfected 293T cells. All three
NHR2-containing proteins were able to interact with the
ETO protein (Figure 1(c)), while the BCR control failed. For
analyzing the inhibitory potential of the deletion mutants
on RUNX1/ETO function, Kasumi-1 cells were transduced
with viral vectors and the growth of transduced (i.e., eGFP
expressing) cells investigated by flow cytometry analysis. The
expression of each of the three NHR2-containing proteins
led to a decrease in the relative amount of transduced
cells over time as indicated by expression of the marker
protein eGFP (Figure 1(d)). This was due to an inhibition of
cellular growth of transduced Kasumi-1 (Figure 1(e)), while
the nontransduced cells in the culture were not affected in
their growth kinetics. Contrary to this, cells transduced with
the BCR control construct did not show any signs of growth
inhibition. Furthermore, in contrast to the BCR control
peptide, expression of the NHR2-containing constructs in
Kasumi-1 cells induced a decrease in the expression of the
progenitor cell marker CD34 over time (Figure 1(f)). This
indicates that expression of the NHR2 sequence was, at least
in part, able to overcome the differentiation block mediated
by RUNX1/ETO. Although, in general, all three NHR2-
containing constructs displayed inhibitory potential, N89-
expressing Kasumi-1 cells showed a slightly faster decrease
in the amount of transduced cells (Figure 1(d)) as well as a
faster and even stronger decrease in the percentage of CD34
positive cells (Figure 1(f)) arguing for a stronger inhibitory
potential of N89 in comparison to the deletion mutants
N74 and N68. Further shortening of the NHR2 core amino
acids, the seven alpha-helical loops, led to instability of the
polypeptides N49 and N52 (Figure 1(g)). To demonstrate
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Figure 1: Definition of the minimal NHR2 sequence required for RUNX1/ETO inhibitory function. (a) Lentiviral vector SiEW and tested
NHR2-containing constructs. (b) Overexpression of the individual proteins in 293T cells and detection of the Flag-tagged constructs by
Western blotting.Themarker protein eGFP serves as a loading control. (c) Binding of all NHR2-containing proteins to ETO. Co-transfection
of 293T cells with the respective constructs togetherwith a plasmid coding for the ETOprotein. Immunoprecipitation of the individual protein
complexes was performed with an anti-Flag antibody. (d–f) Cellular effects following lentiviral expression of the different NHR2 constructs
in Kasumi-1 cells. Time course of the percentage of eGFP-positive cells (d), growth curve of the transduced cells (e), and time course of the
expression of the progenitor cell marker CD34 for transducedKasumi-1 cells (f). (g) Scheme of N68 basedNHR2 deletion forms. Indication of
the 7 alpha-helical loops L1-L7 of the NHR2 domain. (h) Comparison of N89 and codon-optimized N89 expression levels by western blotting.
(i) Percentage of transduced cells in cocultures expressing N89 and the codon-optimized version thereof.

a dose-dependent effect of inhibitor peptide expression,
we compared N89 with a codon-optimized version with
increased intracellular peptide levels (Figure 1(h)). Indeed
higher N89 expression correlated to a faster net decrease of
transduced cells arguing for a dose dependency of NHR2
inhibitor peptides (Figure 1(i)).

3.2. Design of Constructs, Expression, Purification, and Anal-
ysis of Recombinant Proteins. Cell-penetrating polypeptides
were generated by linking the protein transduction domain
of the HIV-1 TAT protein (YGRKKRRQRRR) to the N-
terminus of the polypeptides used in this study. The results
obtained with the NHR2-deletionmutants (Figure 1) and our
previous results [19] indicate that the completeNHR2domain
is required for an effective inhibitory function of NHR2
peptides. Although a construct lacking the NLS also does
inhibit cell growth of RUNX1/ETO-dependent Kasumi-1 cells
(Figure 1), the NLS domain was included in all constructs
for maximal effects. Therefore, the NHR2 polypeptides were
based on the N89 sequence containing a nuclear localization
signal (NLS) from SV40, a flexible GSGS linker, and the
complete NHR2 domain (aa 482–548 in RUNX1/ETO). In
addition, a myc- and a histidine-tag were included at the
C-terminus for detection and purification of the recombi-
nant polypeptides, respectively, resulting in the TAT-NHR2
polypeptide TN122 (Figure 2(a)). For cellular localization
studies, a TN122-eGFP fusion construct was also generated.
As a control polypeptide, the oligomerization domain of
BCR was used to substitute for the NHR2 domain in the
TN122 construct. The proteins were expressed in E. coli and
purified from the bacterial lysates under native conditions
by immobilized metal ion affinity chromatography (IMAC).

After optimization of the protocol, a relatively pure protein
fraction of TN122 was obtained (Figure 2(b)).

Before testing the recombinant polypeptides in cell cul-
ture, we analyzed the structural properties of the NHR2
domain within the NHR2 containing polypeptides. This
was necessary since deviation from the expected 𝛼-helical
structure could affect the biological properties of the fusion
polypeptides. For these studies, we used a protein that
lacked the TAT and NLS sequences and consisted by two
thirds of the NHR2 domain (NHR2-mH). This recombi-
nant protein was selected because of its high purity after
ion exchange chromatography, as determined by analytical
ultracentrifugation (purity of >90%, data not shown). The
secondary structure of NHR2-mH was investigated by CD
spectroscopy revealing the typical curve shape of an 𝛼-
helical protein (Figure 2(c)). From ellipticity measurements
at 222 nm, the helical content of the protein was calculated
[23] and revealed a value of 64%. Assuming that themyc- and
the histidine-tag are unstructured, this value indicates that
the NHR2-mH polypeptide was properly folded. It has been
previously described that the isolated NHR2 domain forms
tetramers [17]. To investigate the oligomerization state of
the recombinantNHR2-mHpolypeptide, crosslinking exper-
iments were performed using glutaraldehyde as a crosslinker
to preserve the rigidity of the protein structure after denat-
uration. Analysis of the crosslinked sample on SDS-PAGE
revealed the existence of monomers, dimers, and tetramers
(Figure 2(d)). With prolonged incubation times, the pro-
portion of tetramers increased at the expense of the lower
oligomer forms. This observation verifies that the recom-
binant NHR2 polypeptides retained their ability to form
tetramers in vitro.
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Figure 2: Purification and analysis of recombinant NHR2 containing polypeptides. (a) Schematic representation of the constructs used
in this study. TAT, protein transduction domain of HIV-1 TAT protein; NLS, nuclear localization signal of SV40. (b) Purification of the
recombinant NHR2 containing polypeptide TN122 by nickel affinity chromatography. SDS-PAGE and coomassie brilliant blue staining of the
bacterial lysate (load), the flow through (fth), the washing fraction (w), and the eluate (e). The arrow indicates the purified TN122 protein.
(c) CD spectroscopy of the NHR2 protein (NHR2-mH) at 25∘C in PBS reveals an 𝛼-helical structure. (d) Glutaraldehyde crosslinking of the
NHR2 protein for the indicated incubation times at room temperature and subsequent SDS-PAGE analysis. The arrows indicate the different
oligomerization states of the crosslinked NHR2 proteins.

3.3. Cell-Penetrating NHR2 Proteins Transduce Mammalian
Cells and Bind to ETO Protein Sequences. The transduction
potential of TN122 was investigated by adding the recom-
binant TN122-eGFP protein to the culture medium of 293T
cells followed by flow cytometry for the assessment of eGFP
positive cells. To guarantee that only successfully internal-
ized proteins were detected, a digestion with trypsin was
performed before FACS analysis to cleave all TAT-proteins
bound to the outer side of the plasma membrane. After an
incubation time of 24 hours, almost 50% of the cells showed
the presence of the eGFP marker protein (Figure 3(a)).
The addition of chloroquine, an inhibitor of endosome acidi-
fication and lysosomal protein degradation, to the cell culture
medium at a concentration of 100𝜇M increased the uptake
and intracellular stability of the TN122 polypeptide resulting
in a 100% of the cells expressing eGFP at 24 hours after
addition of the polypeptide.Therefore, it can be assumed that,
initially, all of the adherent cells were successfully transduced

with TN122-eGFP but in the absence of chloroquine, the pro-
tein was slowly degraded by lysosomes leading to a decrease
in the content of eGFP positive cells over time. To further
control for a TAT-mediated uptake of TN122-eGFP, heparin
was added to the cell culture medium resulting in a complete
block in uptake as described previously [24].TheTATdomain
attaches to the cells mainly by binding to heparan sulfate
proteoglycan (HSPG) on the outer surface of the cells [25]. An
excess of soluble heparin competes with HSPG for binding
to the TAT domain and thus inhibits the TAT-mediated
cellular internalization of proteins. Kinetic studies on the
stability of TN122 showed that the polypeptide was stable
for at least 8 hours in the cell culture medium at 37∘C and
could be detected even at 24 hours after the initial addition
(Figure 3(b)). Western blotting experiments revealed that
successful protein transduction was only achieved with the
TN122 construct, while an NHR2 protein lacking the TAT-
PTD was not able to transduce the cells even when high
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concentrations were used (Figure 3(c)). Internalized TN122
was detected for at least 24 hours in cell lysates prepared from
transduced 293T cells in the presence of chloroquine, while
no TN122 was detectable 16 hours after protein transduction
in the absence of chloroquine (Figure 3(d)). For the intra-
cellular stabilization of the transduced protein, a minimal
concentration of 20𝜇M chloroquine was necessary as deter-
mined by titration experiments (data not shown). By using
increasing concentrations of TN122-eGFP, the efficiency of
protein transduction measured by flow cytometry could be
enhanced (Figure 3(e)).

We also investigated whether TN122, upon protein trans-
duction, was able to interact with ETO inside the cells. For
this purpose, we used a 293T cell line stably expressing the
Flag-tagged NHR2 polypeptide NC128 [19]. NC128 express-
ing cells were incubated twice with 5𝜇M TN122 in the pres-
ence of chloroquine. Coimmunoprecipitation experiments
revealed that TN122 was indeed able to interact with NC128
(Figure 3(f)). This binding was specific since neither the
highly expressed eGFP protein nor actin was co-precipitated
with NC128. Also, no unspecific binding to the antibody was
detected when cellular extracts from wild type 293T were
used in this assay (data not shown).

3.4. Requirements for TAT-Mediated Protein Transduction into
MyeloidKasumi-1 Cells. Based on the successful transduction
of TN122 into mammalian 293T cells, we next investigated
the cell culture conditions required for an efficient trans-
duction of the TAT fusion proteins into hematopoietic cell
lines. In contrast to the results obtained with the adherent
cell line, uptake of TN122 by the RUNX1/ETO-expressing
Kasumi-1 cell line could only be observed in the absence
of serum (Figure 4(a)). The preincubation of the cells with
dextran sulfate could further enhance the efficiency of TN122
internalization in a dose-dependent manner as determined
by increased amounts of TN122 detectable in cellular lysates
prepared from transduced Kasumi-1 cells (Figure 4(a)). Dex-
tran sulfate is a structural analogue of HSPG and is able to act
as an artificial attachment receptor for TAT proteins in cell
lines that express low levels of HSPG [26]. However, serum-
free RPMI medium as well as prolonged incubation times
with dextran sulfate had a negative effect on the viability
of Kasumi-1 cells (data not shown) and were therefore not
used for further experiments. As an alternative, X-Vivo 10
medium was used, and the concentration of TN122 was
increased to compensate for the poor uptake of the TAT
proteins by the myeloid cell line. Flow cytometry analysis
of cells treated with the TN122-eGFP protein revealed that
the efficiency of protein transduction into Kasumi-1 cells, as
determined by the percentage of eGFP positive cells under
optimal conditions, was lower than that observed for 293T
cells (compare Figures 3(a) and 4(b)). At a concentration of
6 𝜇M TN122-eGFP and an incubation time of 3 hours, eGFP
fluorescence was detected in 43% of the cells.

In order to investigate the localization of the internal-
ized TAT fusion proteins, Kasumi-1 cells were incubated
with TN122-eGFP and analyzed by confocal laser scanning
microscopy (CLSM) 24 hours after transduction.The fluores-
cent protein was detected exclusively in vesicular structures

(Figure 4(c)). Assuming that the TN122-eGFP proteins enter
the cells by endocytosis [27], these vesicles were most likely
endosomes. To verify this observation, protein localization
studies were also performed using 293T cells. 24 hours
after protein transduction in the presence of chloroquine,
TN122-eGFP was found to localize mainly to large vesicles,
confirming the observations made in Kasumi-1 cells. Only a
minor fraction of TN122-eGFP was localized to the cytosol
under these conditions (Figure 4(d)). The use of similar
cell culture conditions for Kasumi-1 cells revealed that a
concentration of 20𝜇M chloroquine was toxic for Kasumi-
1 cells and therefore not suitable for long-term experiments
(Figure 4(e)). With the intention to increase the intracellular
stability of the transduced proteins in Kasumi-1 cells, we
tested a fusion peptide derived from the influenza virus
protein hemagglutinin-2 (HA2). The HA2 peptide has been
shown to destabilize the lipid membrane of endosomes
upon acidification, thereby enabling the release of molecules
from endosomes into the cytoplasm [28]. Therefore, the
HA2 sequence was fused to the TAT domain of HIV-1
to generate a cell-penetrating endosomolytic peptide that
could be used to release internalized TAT proteins from the
endosomes [22]. Consequently, the co-treatment of Kasumi-
1 cells with TN122 and TAT-HA2 resulted in an intracellular
stabilization of the internalized TN122 as reflected by the
high amount of polypeptide detected in western blots 5
hours after treatment of the cells. In contrast, the amount of
TN122 in cellular lysates of Kasumi-1 cells was significantly
decreased 5 hours after the addition of the protein in the
absence of TAT-HA2, presumably because the majority of
TN122was retainedwithin the endosomes and thus subjected
to protein degradation via the lysosomal route (Figure 4(f)).
This result indicates that the HA2 peptide was effective in
releasing TN122 from the endosomes and could be used as
an alternative to chloroquine to perform functional studies
of TN122 in Kasumi-1 cells.

3.5. TN122 Negatively Affects Proliferation of Kasumi-1 Cells
and Decreases Cellular Viability. The effects of the cell-
penetrating NHR2 protein TN122 on Kasumi-1 cells were
investigated after daily administration of 8𝜇M TN122 plus
5 𝜇MTAT-HA2 to the cells over a period of 7 days (Figure 5).
To demonstrate the specificity of the cellular effects mediated
by TN122 on the RUNX1/ETO growth-dependent cell line,
we used in parallel a cell-penetrating peptide containing
the oligomerization domain of BCR (TBCR) as a control
protein. The successful internalization of TN122 and TBCR
by Kasumi-1 cells was demonstrated by western blotting
(Figure 5(a)). Under the influence of TN122, Kasumi-1 cells
showed a strongly decreased proliferation rate which was
evident three days after start of the protein treatment
(Figure 5(b)). Although a negative effect of the buffer itself on
cell proliferation became evident during these experiments,
the strong reduction in proliferation rate observed with
TN122 cannot be explained by the influence of the buffer
alone as the reduction in cell proliferation in the presence
of TN122 was highly significant. In contrast to TN122, the
BCR containing polypeptide did not affect proliferation
of Kasumi-1 cells beyond the effect caused by the buffer
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Figure 4: Cell-penetrating NHR2-containing polypeptides transduce myeloid Kasumi-1 cells. (a) Effect of serum and dextran on protein
transduction efficiency into hematopoietic cells. Preincubation of Kasumi-1 cells for 3 hours in dextran (0.1 or 1mg/mL) containing medium,
extensive washing of the cells and incubation with 2𝜇M TN122 for 4 hours in the presence or absence of 20% FCS. Successfully transduced
protein was detected by Western blotting after trypsin treatment of the cells. (b) Incubation of Kasumi-1 cells with 6 𝜇M TN122-eGFP in
serum-free X-Vivo 10 medium for 3 h, trypsin treatment and flow cytometry analysis to determine the efficiency of protein transduction.
Percentages correspond to the percentage of eGFP positive cells. (c) Intracellular localization of TN122-eGFP in Kasumi-1 cells. Incubation
of the cells with 4 𝜇MTN122-eGFP in X-Vivo 10 medium for 1 h, trypsin treatment, fixation and permeabilization, DNA staining with Toto3,
and subsequent CLSM analysis (63x magnification). (d) TN122-eGFP is captured inside endosomes upon protein transduction. Incubation
of 293T cells with 2𝜇M TN122-eGFP in the presence of 20 𝜇M chloroquine for 24 h, trypsin treatment, staining of the unfixed cells with a
rhodamine-coupledwheat germagglutinin (red), andCLSManalysis. (e) Cytotoxicity of 20 𝜇Mchloroquine onKasumi-1 cells.Thepercentage
of dead cells was measured by flow cytometry using 7-amino-actinomycin D (7AAD) after a 24 hours incubation of the cells in chloroquine-
containing medium. (f) Endosomolytic TAT-HA2 increases the intracellular stability of transduced proteins. Cotreatment of Kasumi-1 cells
with 3 𝜇MTN122 in the presence or absence of 5𝜇MTAT-HA2 for different times, trypsin treatment and detection of the myc-tagged TN122
in the cellular lysates.

alone (Figure 5(b)).The negative effect of the cell-penetrating
NHR2 protein on the cellular viability was further analyzed
via flow cytometry by measuring the percentage of apoptotic
cells. At day seven after start of TN122 treatment, a significant
increase in the percentage of Annexin V and 7AAD double
positive Kasumi-1 cells was detected. This effect was clearly
caused by TN122, as the apoptotic effect mediated by the con-
trol polypeptide TBCR was 3-fold lower than that observed
withTN122, indicating that induction of apoptosis by the cell-
penetrating NHR2 polypeptide on RUNX1/ETO-dependent
Kasumi-1 cells was specific (Figure 5(c)).

4. Discussion

The current treatment of acute myeloid leukemia with t(8;21)
translocation is based mainly on the use of cytotoxic drugs,
especially anthracyclines and cytarabine, with a median sur-
vival time fromfirst diagnosis of 2-3 years and a 5-year overall
survival of less than 40% [29, 30]. Due to the lack of specificity
and selectivity, this treatment is in most cases associated
with severe side effects that can be fatal particularly for older
patients. An alternative strategy that specifically targets the
leukemic cells is therefore highly desirable. Consequently,
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Figure 5: Cellular effects of TN122 on the proliferation and viability of Kasumi-1 cells. Incubation of Kasumi-1 cells for 7 days in X-Vivo 10
medium with daily cotreatment of the cells with 8𝜇M TN122 or TBCR as a control protein and 5𝜇M TAT-HA2. (a) Western blot detection
of both cell-penetrating proteins in the cellular lysates 5 hours after the last addition of the proteins. (b) Analysis of the proliferation rates
of treated Kasumi-1 cells. At day 0, 2 × 105 c/mL were seeded, and cell numbers were measured daily by trypan blue staining. The values are
mean values with the corresponding standard deviation of the experiment carried out in triplicates. Data were statistically analyzed using
two-tailed student’s t test for unpaired samples; 𝑃 < 0.05 was considered significant (∗) and 𝑃 < 0.01 highly significant (∗∗). (c) Analysis
of the percentage of apoptotic cells by flow cytometry at day 7. Shown is the percentage of cells that are double positive for Annexin V and
7AAD.The values are mean values with the corresponding standard deviation of the experiment carried out in duplicates.

numerous studies have concentrated on the development of
molecular therapies targeted at tumor-relevant functions of
leukemia-specific oncoproteins [31, 32]. Whereas the clinical
relevance of inhibitors of histone deacetylases and demethy-
lating agents to revert the block of myeloid differentiation
seems to be limited [33], better results were achieved using
tyrosine kinase inhibitors such as gleevec to decelerate the
enhanced proliferation of the blast cells. Originally developed
for the treatment of BCR/ABL positive chronic myeloid
leukemia, gleevec is also effective for several constitutively
active mutations of c-kit found in numerous t(8;21) posi-
tive patients [34]. However, under the influence of kinase
inhibitors, the development of escapemutations in the kinase

domain leading to drug resistance has been reported repeat-
edly [35]. Obviously, novel specific therapies are still required.

Leukemias with t(8;21) are addicted to the permanent
expression of the RUNX1/ETO fusion protein [19, 36]. In
order to eliminate the transformed cells, inhibition of crucial
protein-protein interactions could therefore be a suitable
strategy for a targeted therapy against RUNX1/ETO. We
have previously shown that the leukemogenic potential of
RUNX1/ETO can be inhibited by interference with tetramer-
ization of the chimeric protein using proteins containing
the NHR2 oligomerization domain, which were expressed
intracellularly in leukemic cells [19]. However, for a thera-
peutic approach, the application of viral vectors in vivo is
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difficult due to the lack of efficient targeting. As an alter-
native delivery strategy, we therefore investigated whether
the protein transduction technology could be utilized to
directly deliver the inhibitory polypeptides to the leukemic
cells. Several studies have demonstrated the feasibility of
this approach also for hematopoietic cells. For example, a
truncated mutant of nucleophosmin coupled to the TAT
domain was found to inhibit proliferation and induce apop-
tosis in preleukemic stem cells [37]. Another group could
show that cell-penetrating peptides derived from AF4 were
able to specifically induce necrosis in cells expressing the
ALL-associated fusion proteinMLL/AF4 [38]. More recently,
it was demonstrated that a constitutively active mutant of
the transcription factor FOXO3 fused to the TAT domain
induced apoptosis in leukemic cell lines and reduced viability
of primary chronic lymphoid leukemia (CLL) cells [39].
In another promising approach, the coiled-coil domain of
BCR was used to generate the cell-penetrating peptide TAT-
CC in order to interrupt BCR/ABL oligomerization [40].
The authors could show that the peptide interacted with
BCR/ABL endogenously expressed in leukemic cell lines
and, as a consequence, led to a decrease in cell growth and
induction of apoptotic death specifically in cells expressing
the leukemia-associated fusion protein. For RUNX1/ETO,
Racanicchi et al. used protein fragments derived from the
RUNX1/ETO corepressor N-CoR to disrupt this essential
protein-corepressor interaction. As a result, expression of
RUNX1/ETO repressed geneswas restored leading tomyeloid
differentiation of leukemic cell lines [41]. As N-CoR has
multiple functions in development, homeostasis and pre-
vention of disease, N-CoR-derived peptides may interfere
with essential cellular functions of the protein, and thus,
their therapeutic application must be taken with caution.
Furthermore, recent studies have shown that an alternatively
spliced isoform of RUNX1/ETO lacking the C-terminal N-
CoR binding domain coexists with full length RUNX1/ETO
in patients and strongly induces leukemia development in
mice [42]. Consequently, peptides targeted to the N-CoR-
RUNX1/ETO interaction domain may not be fully effective
in t(8;21) leukemias expressing the truncated formof RUNX1/
ETO.We therefore propose that targeting the oligomerization
domain of RUNX1/ETO, which is crucial for the activity of
both, the full-length as well as the truncated protein, could
be a more valuable approach.

Here, we show that by fusion to the TAT protein
transduction domain, recombinant NHR2 polypeptides
could successfully be internalized by mammalian cells. As
reported elsewhere for TAT mediated protein transfer [22],
uptake of TAT-NHR2 polypeptides occurred most likely
by macropinocytosis, a specialized form of endocytosis,
because they were found to localize to endosome-like vesicles
throughout the cytoplasm. We do not expect the eGFP-tag
used for intracellular localization studies to influence cellular
traffic since in our previous studies, an NHR2-eGFP fusion
construct had the same antiproliferative effect on Kasumi-
1 cells compared to an NHR2-only protein [19]. Moreover,
successful protein transduction and biologic activity has been
demonstrated with much larger proteins like 𝛽-galactosidase
[43]. However, the size of the proteins does influence the time

required for protein transduction [44]. The trapping of TAT
fusion proteins in endosomes is a common observationmade
by several groups [45], and the escape of these proteins to
the cytosol seems to be the rate limiting step in the protein
transduction process that has to be optimized to fully exploit
this methodology [46]. Chloroquine treatment effectively
inhibited degradation of the proteins, thereby increasing
their intracellular stability. The occurrence of large vesicular
structures in which the internalized proteins are trapped
is also attributed to the usage of chloroquine that induces
lysosomal dilatation. It is believed that a high concentration
of the TAT domain in the vesicles is able to destabilize the
endosomal membrane, thus allowing a certain amount of
the protein to escape from the endosomes and carry out its
therapeutical function in the cell [47]. In agreement with
this, the successfully internalized TN122 interacted with ETO
protein sequences inside the cells.

In comparison to the adherent cell line, the amount of
internalized TN122 that was detected in the hematopoietic
Kasumi-1 cells was significantly lower. The poorer protein
transduction efficiency of the suspension cell line is most
likely related to different expression levels of HSPG at the cell
surface that serves as a bindingmolecule for the TATdomain.
Whereas HSPG is expressed at high levels on most adherent
cells, only low amounts are found on hematopoietic cells [48].
Although it has been reported thatmyeloid cells from healthy
donors do not express HSPG [49], a low but clear expression
ofHSPGwas detected inmyeloid leukemia cell lines as well as
in leukemic blasts ofAMLpatients [50].However, for efficient
in vivo targeting, a tumor-associated antigen fused to TAT-
NHR2may be required, as was successfully demonstrated for
a TAT-p53-derived protein targeting cells overexpressing the
CXCR4 receptor [51].

Other studies have reported the use of chloroquine to
successfully inhibit lysosomal degradation of internalized cell
membrane-penetrating proteins [20, 52]. However, in these
cases, cells were generally treated for short time periods,most
likely to avoid cytotoxic reactions associated with chloro-
quine that is known to inhibit cellular growth and viability by
blocking lysosomal hydolases, arresting autophagy, activating
the p53 pathway, and inducing apoptosis. Thus, in order
to perform repetitive protein transduction of TN122 into
Kasumi-1 cells over an extended time period, we used the
TAT-HA2 peptide as an alternative to chloroquine. Coad-
ministration of TAT-HA2 and TN122 to the cells resulted
in a prolonged detection of internalized TN122, most likely
mediated by increased endosomal escape of TAT-NHR2 pro-
teins that consequently were no longer subjected to lysoso-
mal degradation. The internalized TN122 polypeptides were
found to bind to ETO as well as to inhibit proliferation and
increase apoptosis in RUNX1/ETO positive cells, resembling
the effects observed after lentiviral-mediated expression of
NHR2 peptides in Kasumi-1 cells [19]. In order to control
the specificity of these effects, we made use of the BCR
tetramerization domain which has a very similar structure to
that of the NHR2 domain with its four 𝛼-helical monomers
building the tetramer. With the lentiviral vector system, the
utilization of BCR as a proper control could be demonstrated
(Figure 1 and [19]). Contrary to this, a monomeric mutant
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of the NHR2 domain (m7) introduced by the Bushweller
group [17] disrupts protein stability and could therefore not
be used as a control because its expression and purification
as a cell-penetrating protein failed. The influence of TN122
on Kasumi-1 cells was specific since a similar polypeptide
containing the BCR oligomerization domain did not affect
cell growth and vitality beyond the effects observed with
the buffer alone. The buffer used for purification of the cell-
penetrating proteins includes imidazole that has toxic effects
on cells. It cannot be ruled out that small amounts are
still present in the buffer after dialysis against PBS causing
the growth inhibitory and apoptotic effects observed with
both, the buffer alone and the BCR control. However, the
potency of the TN122 effects was reduced compared to
that observed after lentiviral transduction and expression of
NHR2-containing polypeptides. These observations are not
surprising as the confocal microscopic analysis of protein-
transduced cells revealed that the majority of the internalized
TN122 protein was localized in vesicles, and only a small
proportion was able to escape to the cytosol. Obviously,
the amount of NHR2 polypeptides released from the endo-
somes after internalization was not sufficient to completely
abolish the leukemogenic potential of RUNX1/ETO. Since
the efficiency of protein transduction dependents on the
concentrations is used, we tested different concentrations of
TN122 for growth inhibition in Kasumi-1 cells. While the
effects with 1 𝜇MTN122 were modest, 5 to 10 𝜇Mwere found
to be optimal leading to a significant reduction in cell growth.
Higher protein concentrations did have an unspecific toxicity
due to impurities present in the solvent as mentioned before
and therefore were not further used.

The efficiency of protein transduction into hematopoietic
cells strongly depends on the cell line used. Racanicchi et al.
reported that a TAT fusion protein designed to interfere with
the binding of PML/RAR𝛼 to the corepressor molecule N-
CoR in PML/RAR𝛼-expressing NB4 cells was able to induce
full myeloid differentiation in the presence of vitamin D3.
In contrast, a similar fusion protein designed to block the
binding of RUNX1/ETO to N-CoR merely led to a partial
induction of differentiation in the RUNX1/ETO positive
cell line SKNO-1 [41]. Besides considerations on the uptake
efficiency of cell-penetrating peptides by different cell types,
the cellular localization of the TAT fusion proteins may
also have a profound influence on the biological effects of
the transduced proteins. RUNX1/ETO tetramers are found
in high molecular weight protein complexes of >2MDa
that are stabilized by several protein-protein interactions.
Thus, it is doubtful that these complexes can be destroyed
efficiently by the NHR2 polypetides in the nucleus. More
likely, the NHR2 polypeptides interfere during the synthesis
of new RUNX1/ETO molecules by competing with the full-
length protein for the assembly into RUNX1/ETO tetramers.
Probably, high concentrations of the inhibitory polypeptides
will be required inside leukemic cells to efficiently interfere
with RUNX1/ETO complex assembly and oncogenic activity.

Because the size of the construct has a critical influence
on efficiency of protein transduction [53], we tested several

truncated versions of the previously described NC128 protein
[19] and chose N89 as the shortest protein with the full
inhibitory potential. Further deletions of the construct that
could increase transduction efficiency were not as efficient in
its inhibitory function as N89. When using the TAT-PTD an
additional NLS sequence might be dispensable [54], and the
tags included for purification and western blot detection are
not required to achieve biological efficiency of the protein.
However, our data indicate that the entire NHR2 domain is
necessary for the full inhibitory potential since the deletion of
only seven amino acids inhibits the binding of the construct
to RUNX1/ETO [19]. Recently, we were able to show that
five amino acids in the NHR2 sequence are critical for tet-
ramerization of the leukemic protein and are involved in its
oncogenic potential [18]. Because these hot spots for tetramer
formation are located at the outer edges of the NHR2
sequence, it ismandatory to include thewhole 59 amino acids
of the NHR2 domain.

Altogether, the functional effect of TN122 is limited.
However, this strategy serves as a proof of principle and
indeed is the first report showing that a peptide-based
protein domain interference strategy can be regarded as a
potential way to interfere with RUNX1/ETO tetramerization
and oncogene function. Current limitations of the protein
transduction approach are mainly in terms of efficiency and
specificity. In order to increase the intracellular stability
of the proteins, usage of D-amino acids is possible that
would, however, require chemical synthesis of the peptides.
Transduction efficiency of the proteins is mainly hampered
by their improper release from endosomes. To overcome
this hurdle, several different endosomolytic peptides of viral
or bacterial origin have been described with the capacity
to destabilize endosomal membranes [55]. Specificity of the
therapeutic protein for the cancer cells might be achieved by
the incorporation of tumor-associated targeting peptides. Of
course, also a combination therapy of the cell-penetrating
peptides with inducers of differentiation like vitamin D3
and/or valproic acid is possible. As an alternative to protein
transduction, NHR2-containing proteins might be admin-
istered by liposomes or other nanoparticles [56]. However,
further approaches will concentrate on the development of
peptide mimetica and small molecular weight inhibitors
with increased cellular uptake and efficiency that are able
to interfere with NHR2 tetramer formation. As we recently
described, indeed disruption of tetramers into dimmers is
sufficient to block RUNX1/ETO oncogenic function [18].

Our results indicate that the NHR2 domain of RUNX1/
ETO is a challenging but promising target for a molecular
intervention in t(8;21)-positive leukemia. Since oligomeriza-
tion of chimeric proteins seems to be essential for their leuke-
mogenic activity [57], we further propose that interference
with oligomerization could be a general principle towards
a targeted therapy in leukemia. Indeed, the value of this
approach has already been demonstrated for the BCR/ABL
fusion protein using a BCR-derived TAT-coiled-coil peptide
[40]. Likewise, it should also provide an attractive treatment
option for RUNX1/ETO-mediated leukemia.
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[49] Z. Drzeniek, G. Stöcker, B. Siebertz et al., “Heparan sulfate prot-
eoglycan expression is induced during early erythroid differen-
tiation of multipotent hematopoietic stem cells,” Blood, vol. 93,
no. 9, pp. 2884–2897, 1999.

[50] P. Vongchan and R. J. Linhardt, “Expression of human liver
HSPGs on acute myeloid leukemia,” Clinical Immunology, vol.
122, no. 2, pp. 194–206, 2007.

[51] E. L. Snyder, C. C. Saenz, C. Denicourt et al., “Enhanced tar-
geting and killing of tumor cells expressing the CXC chemok-
ine receptor 4 by transducible anticancer peptides,” Cancer
Research, vol. 65, no. 23, pp. 10646–10650, 2005.

[52] N. J. Caron, S. P. Quenneville, and J. P. Tremblay, “Endosome
disruption enhances the functional nuclear delivery of Tat-
fusion proteins,” Biochemical and Biophysical Research Commu-
nications, vol. 319, no. 1, pp. 12–20, 2004.

[53] G. Tünnemann, R.M.Martin, S. Haupt, C. Patsch, F. Edenhofer,
and M. C. Cardoso, “Cargo-dependent mode of uptake and
bioavailability of TAT-containing proteins and peptides in
living cells,” The FASEB Journal, vol. 20, no. 11, pp. 1775–1784,
2006.

[54] E. Vivès, P. Brodin, and B. Lebleu, “A truncated HIV-1 Tat
protein basic domain rapidly translocates through the plasma
membrane and accumulates in the cell nucleus,” Journal of
Biological Chemistry, vol. 272, no. 25, pp. 16010–16017, 1997.

[55] C. Plank,W. Zauner, and E.Wagner, “Application ofmembrane-
active peptides for drug and gene delivery across cellular
membranes,”Advanced Drug Delivery Reviews, vol. 34, no. 1, pp.
21–35, 1998.

[56] C. Borghouts, C. Kunz, and B. Groner, “Current strategies for
the development of peptide-based anti-cancer therapeutics,”
Journal of Peptide Science, vol. 11, no. 11, pp. 713–726, 2005.

[57] C. W. So and M. L. Cleary, “Dimerization: a versatile switch for
oncogenesis,” Blood, vol. 104, no. 4, pp. 919–922, 2004.



Hindawi Publishing Corporation
BioMed Research International
Volume 2013, Article ID 270898, 7 pages
http://dx.doi.org/10.1155/2013/270898

Research Article
Bovine Papillomavirus in Brazil: Detection of Coinfection of
Unusual Types by a PCR-RFLP Method

R. F. Carvalho,1 S. T. Sakata,1,2 D. N. S. Giovanni,1 E. Mori,2 P. E. Brandão,2 L. J.
Richtzenhain,2 C. R. Pozzi,3 J. R. P. Arcaro,3 M. S. Miranda,3 J. Mazzuchelli-de-Souza,1,4

T. C. Melo,1,5 G. Comenale,1 S. L. M. R. Assaf,1 W. Beçak,1,6 and R. C. Stocco1,4
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05503-900 São Paulo, SP, Brazil
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Bovine papillomavirus (BPV) is recognized as a causal agent of benign and malignant tumors in cattle. Thirteen types of BPV are
currently characterized and classified into three distinct genera, associated with different pathological outcomes. The described
BPV types as well as other putative ones have been demonstrated by molecular biology methods, mainly by the employment of
degenerated PCR primers. Specifically, divergences in the nucleotide sequence of the L1 gene are useful for the identification and
classification of new papillomavirus types. On the present work, a method based on the PCR-RFLP technique andDNA sequencing
was evaluated as a screening tool, allowing for the detection of two relatively rare types of BPV in lesions samples from a six-year-
old Holstein dairy cow, chronically affected with cutaneous papillomatosis.These findings point to the dissemination of BPVs with
unclear pathogenic potential, since two relatively rare, new described BPV types, which were first characterized in Japan, were also
detected in Brazil.

1. Introduction

The Bovine papillomavirus (BPV) is recognized as the causal
agent of benign and malignant tumors in cattle, such as cuta-
neous papillomas, benign fibroplasias, urinary bladder, and
esophagus cancer, causing significant economic losses. This
oncogenic virus has a double-stranded circular DNA genome
of approximately eight kilobases [1].

Currently, the Papillomaviridae family is divided into 16
genera according to their genomic organization [2, 3]. The
papillomavirus (PV) genome codified functional, early (E)
proteins and structural, late (L) proteins, expressed at differ-
ent stages of the viral cycle. The L1 is the most conserved
gene within a PV genome and has therefore been used for
the identification of new PVs: one PV isolate is recognized as
a new type if the complete genome has been cloned and the
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DNA sequence of L1 differs bymore than 10% from the closest
known PV type. Differences between 2% and 10% define a
subtype and less than 2%, a variant [3]. Thirteen types of
BPVs are currentlywell characterized and classified into three
distinct genera—Delta, Epsilon, and Xi—each one associated
with epithelia lesions of specific histological nature [4].

The BPVs-1 and -2 are classified asDelta papillomaviruses
[5]. Characteristically, these types induce the appearance of
fibropapillomas, associated with the recruitment of the sub-
epithelial fibroblasts [6]. As far as concerned, both types are
also unique in their ability to infect different host species, not
only bovines, causing the equine sarcoid [7]. Lately, the ge-
nome of a newDelta-BPV type (BPV-13) was fully sequenced
[8].

A larger number of BPV types (-3, -4, -6, -9, -10, -11
and -12) belong to the Xipapillomavirus genus. These viruses
are considered exclusively epitheliotropic, inducing the for-
mation of “true papillomas,”without the involvement of fibro-
blasts [9–11]. On the other hand, the BPVs-5 and -8 have the
potential to induce both fibropapillomas and true papillomas
in the course of their infectious cycle, being classified into
a third genus, Epsilonpapillomavirus [12, 13]. The BPV-7 re-
presents an exception and is classified separately (unsigned
genus). This virus was first isolated from a cutaneous papil-
loma lesion and also from healthy teat skin samples [14].

The thirteen described BPV types as well as other putative
ones have been demonstrated bymolecular biologymethods,
since papillomaviruses are not prone to be replicated or re-
covered in cell cultures [15–19]. According to the guidelines
outlined by the Papil omavirus Nomenclature Committee
(14th International Papillomavirus Conference, Quebec City,
QC, Canada), it has been specified that the amplified se-
quences isolated from novel papillomaviruses isolates could
indicate only putative new PV types—instead of PV types—
since the PCR amplicons represent only part of the L1 gene
[15].

Theuse of PCR assayswith degenerated primers, followed
by sequencing has allowed the identification of several PV
types in human and other animal hosts [15, 20]. The PCR
primer FAP set was designed from two relatively conserved
regions found in the L1 gene and has been shown to amplify
PVs DNA from both papillomas and healthy tissue of many
animal species, including BPVs in bovines [15, 16, 20].

Brazil has a cattle herd of approximately 210million, being
a major exporter of meat, milk and leather. BPVs have been
previously detected in Brazil [21], but the extent of the impact
of BPVs associated diseases, both in dairy and cattle herds,
needs further studies. Available reports in different regions
of the country indicate a significant diversity of viral types
among theBrazilian herd, implying an evident disease burden
[18, 22–25].Thus, the improvement of knowledge concerning
the diagnosis and related clinical aspects of different BPV
types among the Brazilian herd should be considered in
the development of new sanitary measures, aiming to the
prevention of BPV infection and its consequences.

Unfortunately, BPV epidemiological surveys are still lim-
ited by the availability of high-throughput diagnostic tech-
niques that could discriminate different BPV sequences at the
same time in co infected samples [16, 26]. In this context,

the present work represents an effort to identify BPV types
employing an alternative screening method based on the
PCR-RFLP technique and correlating the histological data of
the analyzed lesions with the diagnosed viral type.

2. Material and Methods

In silico generation of RFLPs: the L1 FAP segment digestion
profiles of the BPVs-1 to -13 could be generatedwithNEB cut-
ter 2.0 [27] from all L1 complete nucleotide sequences avail-
able in Genbank (http://www.ncbi.nlm.nih.gov/genbank/).
The restriction enzymes sites were chosen both by its pres-
ence (or absence) as well as the generated digestion frag-
ments sizes, in order to differentiate those thirteen different
BPV types. Histopathological analysis: wart biopsies were
obtained from the trunk of a six-year-old Holstein dairy
cow chronically affectedwith cutaneous papillomatosis. Sam-
ples from three different lesions were submitted to macro-
scopic, histological (hematoxylin and Eosin staining) and
molecular analyses. DNA extraction and PCR: DNA was
extracted from warts for viral typing (Illustra tissue and cells
genomic Prep Mini Spin GE Healthcare) and an approx-
imately 470, base-pairs L1 gene segment was amplified
using the following primer sequences: forward: FAP59 (5-
TAA CWG TIG GIC AYC CWT ATT-3) reverse: FAP64
(5-CCWATATCWVHCATITCICCATC-3). The PCR, were
performedwith slightmodifications of a previously described
protocol [16]. In detail the amplification reactions were per-
formed in a Corbett CG1-96 thermocycler (Corbett Life Sci-
ence, Sydney, Australia), with GoTaq Master Mix (Promega,
Madison, USA), under the following conditions: 5min at
95∘C, followed by 35 cycles of 1min and 30s at 95∘C, 2min
at 52∘C and 1min and 30s at 72∘C and a final extension
step of 5min at 72∘C. Restriction analysis: an aliquot of PCR
fragments were submitted to digestion reactions for RFLP
analysis with four different restriction enzymes (DdeI, Hinf I,
HindIII, MsLI), following manufacturer’s instructions (New
England Biolabs, Ipswich, USA). Cloned BPV-1 and BPV-
2 genomes as well as a known typed clinical sample (Mg-
19, BPV-2 typed) were used as positive controls. PCR-RFLP
products were analyzed in 2.0% agarose gel electrophoresis
stained with ethidium bromide (0.5𝜇g/mL) in TAE buffer
and visualized under UV light. Sequencing: An aliquot of
all generated PCR fragments were purified with extraction
columns (Illustra GFX PCR DNA and Gel Band Purification
Kit GE Healthcare). DNA concentration and purity were
determined in a spectrophotometer (Eppendorf BioPho-
tometer, Hamburg, Germany) and submitted to sequenc-
ing reactions: three independent sequencing reactions were
done for each PCR fragment in an ABI377 PRISM Genetic
Analyzer (Life Applied Biosystems, USA). The quality of
DNA sequenceswas checked and overlapping fragmentswere
assembled using the BioEdit package 7.0.9.0 [28]. Assembled
sequences with high quality were aligned using ClustalW
1.83 [29] with default gap penalties. Homology analyses were
performed with the NCBI database and BLAST [30]. BioEdit
software was used to identify the equivalent amino acid
sequences. The sequence alignments were performed using
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Table 1: L1 FAP segment digestion profiles of the BPVs-1 to -13 for Dde I, Hinf I, MsL I and HindIII.

L1 FAP Fragment DdeI Hinf I MsLI HindIII

BPV-1 475 bp
264 329 301 475
159 146 174
52

BPV-2 475 bp 316 329 475 475
159 146

BPV-3 473 bp
319 473 373 473
154 87

13

BPV-4 469 bp
324 469 469 230
145 182

87

BPV-5 469 bp
469 254 469 469

145
70

BPV-6 472 bp 321 384 373 472
151 88 99

BPV-7 484 bp
403 271 484 484
81 119

94

BPV-8 469 bp 469 317 469 322
152 147

BPV-9 469 bp 316 344 469 469
153 125

BPV-10 472 bp
319 381 373 472
90 91 99
63

BPV-11 475 bp 420 407 370 475
55 68 105

BPV-12 469 bp 351 317 469 469
118 152

BPV-13 475 bp
316 329 475 475
109 146
50

Reference Sequences:
BPV-1 NC 001522.1, BPV-1 X02346.1, BPV-2 M20219.1, BPV-2 X01768.1,
BPV-3 AF486184.1, BPV-3 AJ620207.1, BPV-3 NC 004197.1, BPV-4 X05817.1,
BPV-5 AF457465.1, BPV-5 NC 004195.1, BPV-6 AJ620208.1, BPV-7 DQ217793.1,
BPV-7 NC 007612.1, BPV-8 EB DQ098917.1, BPV-8 NC 009752.1, BPV-9 AB331650.1,
BPV-10 AB331651.1, BPV-11 AB543507, BPV-12 JF834523, BPV-13 JQ798171.

the MEGA 5.0 software [31], using full alignment and 2000
total replications on the bootstrap, in order to ensure a higher
level of confidence to our analysis [32]. Phylogenetic Analysis:
phylogenetic relationship comparing nucleotide sequences
was performed with MEGA. Neighbor-joining trees were
drawn using TreeView version 1.6.6 [33]. Nucleotide and
amino acid sequences from other BPV types and of a HPV-16

were retrieved from the GenBank (http://www.ncbi.nlm.nih.
gov/) for comparison with the obtained sequences here.

Ethics Statement. The protocols used in this study were
approved by the Ethical Committee for Animal Experimen-
tation of the Instituto de Zootecnia (Protocol no. 109, on July
06th, 2009) assigned by the President of this Committee. All
efforts were made to minimize animal suffering.
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Figure 1: (a) Analyzed animal IZ-1214 with disseminated cutaneous papillomatosis. (b) Gross aspect of the papilloma lesions with a
cauliflower-like appearance. (c) Histological preparation (hematoxylin and eosin staining, or HE) of the collected lesions (IZ1, IZ2, and IZ3)
indicating characteristic hyperkeratosis, acanthosis, and papillomatosis with dermis proliferation in HE preparation (100x).

IZ2
100𝜇m

(a)

IZ2

(b)

Figure 2: (a) Histopathology of a wart biopsy: detailed aspect of the IZ2 lesion exhibiting characteristic hyperkeratosis, acanthosis and dermal
proliferation, indicated by arrows (100x). (b) Presence of koilocytosis.

3. Results

In silico analyses of the restrictionsites in FAP L1 fragments
of 20 deposited BPVs sequences (from BPV-1 to BPV-13)
revealed no intratype variation associated with the relative
cut positions for the four enzymes employed (Table 1).
Macroscopic and histological evaluations identified the col-
lected lesions as cutaneous fibrous papillomas (Figures 1
and 2). From all the three lesions studied, two- (IZ1 and
IZ3) RFLP profiling suggests the presence of BPV-11. On the
other hand, IZ2 sample gene rated a profile which could
not match with any of the thirteen characterized viral types
(Figure 3, Table 1). In accordance with these results, DNA
sequencing and BLAST analysis of IZ2 indicated a rare
putative type (BAPV-3), originally described in Japan [16].
Furthermore, the DNA sequencing of other two samples con-
firms them as the recently described BPV-11 [10]. These se-
quences were deposited in GenBank (access numbers:
HQ435675 and HQ612180). The phylogenetic reconstruction
using this partial genomic sequence allowed its comparison

with other sequences of Papillomaviridae family members
(Figure 4).

4. Discussion

Originally, the recently characterized BPV-11 was described
with the employment of aXipapillomavirus consensus primer
[10]. Here, the same type using the FAP generic primer could
be detected, indicating this set as an effective alternative for
the identification of BPVs. Other than that, we described the
simultaneous presence of two BPV types in three different
wart samples, obtained from a chronically affected animal
with disseminated papillomatosis.

The typed BPV-11 and BAPV-3 samples have a fibrous
aspect, with a similar fibropapilloma histology that is not
commonly associated with the exclusive infection of the ker-
atinocytes, commonly attributed to theXi BPVs. In a previous
report [10], Hatama and others discussed the “uncertain
nature of BPV-11 tumorigenicity” since BPV-11 was first
diagnosed in a fibropapilloma lesion in which the BPV-1 was
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Figure 3: RFLP performed for restriction enzymes DdeI, Hinf I, MsLI, and HindIII. As BPV-1 and BPV-2 are the commonly associated with
fibropapillomas, their L1 FAP amplicons were generated and digested as positive controls. IZ1, IZ2, IZ3 amplicons are from three different
lesions of the same animal (IZ-1214). Mg-19 sample is from another bovine, clinically affected with cutaneous papillomatosis. Molecular
marker: 100 bp ladder (New England Biolabs, Ipswich, UK).
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Figure 4: Neighbor-joining phylogenic tree constructed with 2000
bootstrap replications, using partial L1 nucleotide sequences, indi-
cating the putative type BAPV-3 in IZ2 sample, originally described
in Japan (accession: AY300819). The analysis of the other two
samples, IZ1 and IZ3, demonstrated the presence of an identical
sequence in both lesions, sharing 99% percent of similarity with
the recently described BPV-11 type (accession: AB543507.1). As IZ3
sequence is identical to IZ1, it will not be shown here.

also detected. Despite the eventual limitations of the diagnos-
tic methods employed, we could detect the same viral type in
at least two different cauliflower-like lesions, with a suggestive
fibrous core. In addition to Hatama’s report, our data also
link the BPV-11 with cutaneous papillomas, indicating it as
a pathogenic type. Furthermore, the putative type BAPV-3,
described by Ogawa and others [16], was detected just once
from a skin papilloma sample, without histological descrip-
tion, being genetically associated with the BPV-3, -4, and
-6, or Xi BPVs.

The L1 gene has taxonomical relevance due to its high
degree of conservation, which can be accessed with the use of
generic primer sets. In accordance with this, the restriction
sites located in FAP fragments appears to be maintained,
without intratype variations for the restriction enzymes em-
ployed, indicating that phylogenetic studies comparing BPVs
and other members of the Papillomaviridae family are possi-
ble using a relatively short DNA sequence.

Since the early nineties, methods based on PCR-RFLP
analysis within the L1 gene of the human papillomavirus
(HPV) have been used for viral typing and infection diagnosis
from a variety of sources, including cervical samples, fresh
andparaffin-embedded tissues [34, 35]. Particularly, the PCR-
RFLP method is useful to identify coinfections due to its
sensitivity and specificity [36].
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5. Conclusion

As an easy, rapid, and cost-effective assay, the PCR-RFLP re-
presents a less-laborious approach than DNA cloning and se-
quencing, being an alternative as a first-line screening test,
both for the diagnosis of an already classified virus type as
to indicating the needing of DNA sequencing due to mixed
and/or unknown digestion profiles. In a previous survey in
Paraná State, Brazil, Claus and others [26] suggest that the
occurrence ofmultiple ormixedBPVs infectionmay bewide-
spread throughout Brazilian cattle herds and may occur in
other Brazilian geographical regions. In agreement, our find-
ings support these results and reinforce the notion thatmulti-
ple papillomaviruses infections, with a significant pathogenic
potential, can be as frequent in cattle as in human hosts [26].

To the best of our knowledge, the restriction map em-
ployed here is the first to be produced specifically for the
screening and typing of BPVs. Our findings also point to the
ubiquity of BPVs dissemination since two relatively rare, new
described BPV types, which were first characterized in Japan,
were also detected in Brazil.

Acknowledgments

The authors thank the Ministério de Ciência, Tecnologia e
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The aim of this study was to examine the prevalence and genetic variability of the capsid L1 gene of rare HPV genotypes that were
found in the cervical lesions of women from North-East Brazil. A total number of 263 patients were included in this study. HPV
detection was performed using PCR followed by direct sequencing of MY09/11, as well as type-specific PCR to detect the Alpha-
9 species. Epitope prediction was performed to determine whether or not the genetic variants are inserted in B-cell and T-cell
epitopes. The prevalence of rare HPV types in cervical lesions was found to be 9.47%. The rare HPV genotypes that were detected
were HPV-53, 54, 56, 61, 62, 66, 70, and 81. The genetic variability in the L1 gene of rare HPV types involved thirty nucleotide
changes, eight of which were detected for the first time in this study. Moreover, some of these variants are embedded in B-cell or
T-cell epitope regions. The results of this research suggest that rare HPV types might be involved in cervical lesions and some of
these variants can be found in B-cell and T-cell epitopes. Data on the prevalence and variability of rare HPV types will assist in
clarifying the role of these viruses in carcinogenesis.

1. Introduction

Cervical cancer is ranked as the third major cause of female
cancer worldwide, with an estimate ofmore than 529,000 new
cases diagnosed and 275,000 deaths in 2008 [1]. In developing
countries, cervical cancer comprises 85% of the total number
of cases [1] and in Brazil, cervical cancer is the third most
common cancer among women [2].

Persistent infections caused by Human Papillomavirus
(HPV) can result in cervical lesions and cervical cancer [3].
HPV is a nonenveloped virus with a circular double-stranded
DNA [4]. This virus group belongs to the Papillomaviridae

family, which comprises 29 genera and 189 Papillomaviruses
(PV) [5]. To date, more than 120 HPV types have been
identified and these can be divided into five genera:
Alphapapillomavirus (Alpha), Betapapillomavirus (Beta),
Gammapapillomavirus (Gamma), Mupapillomavirus (Mu),
and Nupapillomavirus (Nu) [5, 6]. Among these, 40 HPV
types infect the genital tract, 15 of which are considered to be
High-Risk (HR)HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
68, 73, and 82); six species are considered Low-Risk (LR)HPV
(6, 11, 42, 44, 51, 81, and 83) and three species are considered
Intermediate Risk (IR)HPV (26, 53, 66) [7].The International
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Table 1: Primer sequence used to detect HPV-16, 31, 33, and 58 genotypes.

HPV genotype (LCR) Sequence primer Amplicon size (base pairs)

HPV-16 F: 5-TTCTGCAGACCTAGATCAGTTTC-3
F: 5-GTGCATAACTGTGGTAACTTTCTGG-3 1057 bp

HPV-31 F: 5-TTAGATCAGTTTCCACTGGGTCG-3
F: 5-TTAGTTCATGCAATTTCCGAGGTC-3 1152 bp

HPV-33 F: 5-TACCTCCAAAGGAAAAGGAAGACCC-3
F: 5-TTGGCACAAATCATGCAATGTTCG-3 1184 bp

HPV-58 5 CATGTTCTATGTCCTTGTCAG 3
5 TGA CCC AAA ACG GTT AGT CC 3 1000 bp
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Figure 1: Percentage of Alphapapillomavirus species in cervical
lesions of women from Pernambuco and Sergipe States, Northeast
Brazil. The figure shows the high frequency of A9 species (86.46%),
followed byA3 (4.2%), A10 (3.4%), A7 (3.4%), A6 (2.5%), andAlpha-
1 (0.8%) HPV genotypes.

Agency for Research on Cancer (IARC) recognizes the HPV-
16, 18, 31, 33, 35, 39, 45, 51, 56, 58, 59, and 68 as carcinogenic or
probably carcinogenic groups [8]. Moreover, HPV that have
a phylogenetic relationship with other carcinogenic HPV are
regarded as possibly carcinogenic groups, called Alpha-5,
Alpha-6, Alpha-7, Alpha-9, and Alpha-11 species [7].

Recently, epidemiological data on the worldwide inci-
dence of HPV have shown that Alpha-9 and Alpha-7 species
cause 91% of invasive cervical cancer [9]. HPV-16, 18, and 45
are responsible for 75% of squamous cell carcinoma and 74%
of the adenocarcinoma cases [9]. Despite the high prevalence
of Alpha-9 and Alpha-7 species, other Alpha species are
involved in cervical cancer, though only to a very limited
degree. For instance, in 2010 it was reported that 2.25%of total
invasive cervical cancer were caused by rare HPV types [9].

There have been several studies that describe the preva-
lence and genetic variability of the HPV-16, HPV-18, HPV-
31, and HPV-58 genotypes [9–21]. However, few studies have
shown the extent of the prevalence and variability of rare
HPV types in infected women [9, 16, 22, 23]. Rare HPV
types might be involved in cervical cancer due to the genetic
variability, especially when these changes are found in linear
B-cell or T-cell epitopes, which theoretically allow the escape
recognition by the innate immune system. Furthermore, it is
still unknown what role they play in the single infections or
coinfections that result in cervical lesions and cervical cancer.

Thus, the aim of this study was to investigate the preva-
lence of rareHPV types, aswell as the genetic variability of the
capsid L1 gene of these viruses, in cervical lesions of women
from North-East Brazil.

2. Material and Methods

2.1. Population. Cervical cells were collected fromNovember
2010 to August 2011.The samples were obtained from women
during their medical consultations at the Gynaecological
Unit of the Integrated Medicine Center, in Sergipe State
and the Oswaldo Cruz University Hospital, in Pernambuco
State, North-East Brazil. A total number of 263 women
agreed to participate in the study and signed the consent
form. The study included patients with Cervical intraep-
ithelial Neoplasia (CIN) (Grade - I, II, III) and cervical
invasive cancer. All the patients were sexually active and their
average age was 38.02 (with ages ranging from 16 to 77).
This study was approved by the Ethics Committee of the
University of Pernambuco (HUOC/PROCAPE 64/2010) and
the Ethics Committee of the Federal University of Sergipe
(CEP/CCS/UFPE N∘ 491/11).

2.2. DNA Extraction and HPV Genotyping. The collected
cells were placed in polyethylene tubes containing phosphate-
buffered saline and then stored at −20∘C until analysis. DNA
was extracted by using the DNeasy Blood and Tissue Kit 135
(Qiagen) in accordance with the manufacturer’s instructions.

HPVDNAdetection was performed by using polymerase
chain reaction (PCR) with degenerate primers MY09/11 [24],
which amplify fragments containing 450 bp from the L1 gene
of a wide spectrum of HPV types. In addition, a possible
coinfection caused by HPV-16, 31, 33, and HPV-58 was
detected through type-specific PCR using primers that target
the long control region (LCR), which only allow amplification
of the 1000 bp of LCR of each of the above-mentioned HPV
genotypes (the primer sequences are described in Table 1)
(Figure 1). The reactions were performed with a final volume
of 25𝜇L containing 100 ng of DNA, 1.5mM of MgCl

2
, 50𝜇M

of each dNTP, 20 pmol of each primer, and 1 unit of Taq DNA
Polymerase and 1x buffer.The PCR cycling conditions were as
follows: initial denaturation at 95∘C for 5minutes, 35 cycles of
denaturation at 95∘C for 30 seconds, annealing at 55∘C for 1
minute, elongation at 72∘C for 2minutes, and a final extension
at 72∘C for 10 minutes. The PCR products were run on the
agarose gel (1%).

The positive samples were purified with the Invisorb
Fragment Cleanup (Invitek) kit and sequenced (in duplicate)
by using ABI PRISM BigDye Terminator Cycle Sequencing v
3.1 Ready Reaction (Applied Biosystems) to obtain both the
forward and reverse sequences.
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Table 2: Rare HPV type found in cervical intraepithelial neoplasia
grades I, II, III and invasive cervical cancer.

Rare HPV type Histopathological grade
HPV-53 CIN III
HPV-54 CIN I
HPV-56 CIN I
HPV-61 CIN II
HPV-62 CIN III
HPV-66 CIN I
HPV-70 CIN I/Adenocarcinoma
HPV-81 CIN I

The sequences obtained were assembled into contigs
using the Staden package [25]. They were then evalu-
ated to determine the nucleotide divergence relative to the
L1 nucleotide sequences of HPV-53 (NC 001593.1), HPV-
54 (NC 001676.1), HPV-56 (X74483.1), HPV-61 (U31793.1),
HPV-62 (AY395706), HPV-70 (U21941.1), and HPV-81
(AJ620209). Sequence comparisons were performed using
the Basic Local Alignment Search Tool (BLAST) andmultiple
alignments were carried out by CLUSTALW (Mega 5, Beta
version) program [26].

New variants were submitted to GeneBank with the
following accession numbers: HPV-53-JX912952; HPV-54-
JX912948; HPV-56-JX912947; HPV-62-JX912951; HPV-70-
JX912950 and HPV-81-JX912949.

2.3. B-Cell and T-Cell Epitope Prediction. Theputative impact
of variability in L1 gene of rareHPV typeswas estimated in sil-
ico by predicting the B-cell andT-cell epitopes. In this study, it
was assumed that changes in amino acid sequences of L1 pro-
teins within B-cell and T-cell epitope regions could affect the
binding affinities of the neutralizing antibodies and did not
initiate an epitope-specific immune response, respectively.
Thus, the B-cell epitope of prototype sequences was predicted
by using the BcePred server, which is available from URL:
http://www.imtech.res.in/raghava/bcepred/. The prediction
was carried out with the aid of physico-chemical parame-
ters, such as hydrophilicity, flexibility/mobility, accessibility,
polarity, exposed surface, turns, and antigenic propensity
[27].

The T-cell epitope predictions were performed by using
ProPred and ProPred I servers. ProPred I server (available
fromURL: http://www.imtech.res.in/raghava/propred1/) was
used to predict MHC Class-I binding regions [28], while
the ProPred server (available from URL: http://www.imtech
.res.in/raghava/propred/) was used to predict MHC Class-II
binding peptide [29].

3. Results

3.1. Characteristics of the Population. A total of 263 cervical
smear tests were carried out to detect HPVDNA. Of these, 95
cervical smears were submitted to variability studies because
they were positive to HPV and also for histopathological
findings (CIN I, II, III and invasive cervical cancer). These

samples were genotyped and the results showed the presence
of HPV-6, 11, 16, 18, 31, 33, 45, and 58 genotypes. With regard
to rare HPV types, the following genotypes were detected:
HPV-53, 54, 56, 61, 62, 66, 70, and 81 (Table 2). Among these,
9.47% were infected with rare HPV types, while 7.37% of
the samples were infected with rare HPV types but without
coinfection with other Alpha-9 species.

Twenty-seven cervical samples were coinfected, out of
which elevenwere infectedwith theHPV-16/31 genotype, two
infected with HPV-16/18, six samples with HPV-31/58, two
samples withHPV-16/33, and the remaining samples infected
with the following genotypes: HPV-16/58, HPV-16/6, HPV-
16/33, HPV-31/33, HPV-16/54, and HPV-16/58/33.

With regard to the Alpha species, it was found that
86.46% of the positive HPV DNA samples were infected
with Alpha-9, followed by Alpha-3 (4.2%), Alpha-7 (3.4%),
Alpha-10 (3.4%), Alpha-6 (2.5%), and Alpha-1 (0.8%) species
(Figure 1).

3.2. Analysis of Variability. HPV-53 was obtained from
patients with HSIL but without coinfection with HPV-16,
18, 31, 33, and 58 types. The analysis of the variability of
the L1 gene revealed single nucleotide exchanges in six
positions, when compared with the reference sequence.
Among these, the mutation point C6942T led to amino
acid changes involving P430S in the protein sequence of the
L1 (Table 3(a)). Furthermore, the epitope predictions of the
HPV-53 L1 protein sequence enabled us to observe that the
P430S variation is embedded in the T-cell and B-cell epitope
binding regions (Table 3(a)) (Tables 4 and 5).

The patient infected with HPV-54 was coinfected with
the HPV-16 type. The L1 genetic variability showed single
nucleotide exchanges in five positions when compared with
the reference sequence. The A6622T and T6625C mutations
have never been described until now. These two mutation
points lead to Q313H and S333T amino acid changes in the
L1 protein sequence, respectively (Table 3(b)). An analysis of
peptide prediction showed that Q313H and T333S variations
were found within the T-cell and B-cell epitope binding
regions (Table 3(b)) (Tables 4 and 5).

HPV-81 was detected in one sample with CIN I but
without coinfectionwithHPV-16, 18, 31, 33, and 58 genotypes.
An analysis of the genetic variability of L1 showed a new
synonymous mutation at the A7148G position (Table 6(a)).
The sample infected with HPV-56 was observed without
coinfection with other Alpha-9 species (Table 6(b)). Two
synonymous mutations were observed in HPV-56 A6666G
and A6987G. Moreover, HPV-61 and HPV-66 showed no
nucleotide sequence divergence in the L1 gene when com-
pared with the reference sequence.

The analysis of the L1 of HPV-70 was detected in two
cervical samples with histopathological findings of adeno-
carcinoma and CIN I, but without coinfection with HPV-
16, 18, 31, 33, and 58 genotypes. The sequence variation of
these viruses showed five mutation points, one of which
was a nonsynonymous variant. A6886G variation leads to a
change in the amino acid (T433A). Furthermore, the T433A
mutation is embedded in theT-cell andB-cell epitope binding
regions (Table 6(c)) (Tables 4 and 5).
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Table 3: Nucleotide sequence variation in the L1 gene of HPV-53 and HPV-54. The vertical numbers indicate the position of the nucleotide
variations. HG: Histopathological grade. (∗) Substitutions not previously reported.

(a)

HPV-53
L1 gene variability

6
6
8
6

6
7
0
6

6
7
4
4

6
9
1
3

6
9
4
7

7
0
0
3

HG

Prototype
(NC 001593.1) C C A G C G

CIN III6 SE T T G A T A
Protein P430S

Hydropathic index Hydrophobic/
Hydrophilic

Biological functions
altered

MHC Class-I/
B-cell

(b)

HPV-54
L1 gene variability

6
5
5
2

6
5
7
9

6
6
2
2

6
6
2
4

6
6
2
5

6
9
7
5

HG

Prototype
(NC 001676.1) A G A A T C

CIN I233 PE T A T∗ T C∗ T
Protein Q313H T337S T337S

Hydropathic index Hydrophilic/
Hydrophilic

Hydrophilic Hydrophilic

Biological functions
altered

MHC Class-I/
MHC Class-II/

B-cell

MHC Class-I/
MHC Class-II/

B-cell

MHC Class-I/
MHC Class-II/

B-cell

Table 4: Amino acid residue changes mapped into T-cell epitopes.
The amino acids in bold and italic are the positions of change in the
predicted T-cell epitopes.

L1 epitopes prediction for T-cell
epitopes

Amino acid change insered
in epitope sequence

QKDQPPPEKQDPL P430S
YWLQRAQGQNNGI Q313H
TTRSTNLTLCATAST T337S
NGICWFNELFVTVVDTT E329D
FTICTASTAAAEYKATNFR A351T, E354D
FDLQFIFQLCKIQLTPEIMAY Q328R
HYLQSRAITCQKGA T427A
IACQKDAPTPEKKDPY T433A

The genetic variability in L1 protein of HPV-62 showed
nine nucleotide exchanges, five of which are nonsynonymous
mutations. Among these, two new mutations were found at
6838C and A6921G, which led to E354D and Q382R changes
in amino acid, respectively (Table 7). With regard to the
altered biological functions, some of these mutation points
are included in the T-cell and B-cell epitope binding regions
(Table 7) (Tables 4 and 5).

Table 5: Amino acid residue changes mapped into B-cell epitopes.
The amino acids in bold and italic are the positions of change in the
predicted B-cell epitopes.

L1 epitopes prediction for B-cell Amino acid change insered
in epitope sequence

TCQKDQPPPEKQDPLSKYKFWEV P430S
EYQIFNKPYWLQRAQGQNNGI Q313H
VDTTRSTNLT T337S
NELFVTVVDTT E329D
AEYKATNFREFLRHTEEFDLQ E354D
LQFIFQLCKIQLTPE Q382R
CQKDAPTPEKKDPYDDLKF T433A

4. Discussion

This study described the presence of rare HPV genotypes
in CIN I, III and invasive cancer in women from North-
East Brazil. The results of this study showed thirty nucleotide
changes, nine of which were reported for the first time.
Moreover, this study showed the predominance of Alpha-9
and a low frequency of Alpha-7 species in cervical lesions.
These correspond to epidemiological data from the rest of
the world, which have shown that Alpha-9 is themain species
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Table 6: Nucleotide sequence variation in the L1 gene of HPV-56, HPV-70, and HPV-81. The vertical numbers indicate the position of the
nucleotide variations. HG: Histopathological grade. (∗) Substitutions not previously reported. (.) Similar to the prototype sequence.

(a)

HPV-81
L1 gene variability

7
1
4
8

7
2
4
9

HG

Prototype
(AJ620209.1) A T CIN I
106 PE G∗ A∗

(b)

HPV-56
L1 gene variability

6
6
6
6

6
9
8
7

HG

Prototype (X74483.1) A A CIN I
35 SE G G

(c)

HPV-70
L1 gene variability

6
6
3
3

6
7
4
1

6
8
0
1

6
8
7
3

6
8
8
6

HG

Prototype (HPU21941) G T A A A
41 PE A ⋅ ⋅ ⋅ ⋅ CIN I
42 PE A A C∗ G∗ G∗ Adenocarcinoma
Protein T433A

Hydropathic index Hydrophilic/
Hydrophobic

Biological functions
altered

MHC Class-I
B-cell

Table 7: Nucleotide sequence variation in the L1 gene of HPV-62. The vertical numbers indicate the position of the nucleotide variations.
HG: Histopathological grade. (∗) Substitutions not previously reported.

HPV-62
L1 gene variability

6
7
6
3

6
8
2
7

6
8
3
8

6
8
4
7

6
9
2
1

6
9
2
5

7
0
5
5

7
1
1
4

7
1
5
9

HG

Prototype
(AY395706) A G A T A A A A C

CIN III165 PE C A C∗ C G∗ G G C T
Protein E329D A351T E354D Q382R T427A

Hydropathic index Hydrophilic/
Hydrophobic

Hydrophobic/
Hydrophilic

Hydrophobic/
Hydrophobic

Hydrophilic/
Hydrophilic

Hydrophilic/
Hydrophobic

Biological
functions altered

MHC Class-I/
MHC Class-II/
B-cell epitopes

MHC Class-I/
MHC Class-II

MHC Class-II/
B-cell epitopes

MHC Class-I/
MHC Class-II/
B-cell epitopes

MHC Class-I/
MHC Class-II

involved in cervical cancer [9]. Furthermore, this study found
low frequencies of Alpha-6, Alpha-10, Alpha-3, and Alpha-1
species in cervical lesions or cervical cancer.

Recently, epidemiological data on the worldwide inci-
dence of HPV have provided evidence that 2.25% of total
invasive cervical cancer was caused by rare HPV types

[9, 30]. This study showed that 9.47% of cervical samples
were infected with rare HPV types, while 7.37% were infected
with rare HPV but without coinfection with other Alpha-
9 species. Despite the low frequency of these viruses on an
individual basis, when all the prevalence data were collated,
it was confirmed that rare HPV types are the second most
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common groups of viruses in cervical lesions of women
from North-East Brazil. In addition, recent biological studies
have reported that all HPV within Alpha-5, 6, 7, 9, and 11
species contain E6 oncoprotein that degrades p53 [31, 32].
This evidence suggests that rare HPV types play a putative
role in carcinogenesis.

The use of PCR with MY09/11 degenerate primers fol-
lowed by direct sequencing allows other Alpha species to
be detected, apart from the Alpha-9 virus group. This study
reported rare HPV types, including new variants that were
occasionally characterized as single infections. Rare HPV
types have also been detected as a single infection in invasive
cancer in other studies [9].

Some of the rare HPV types found in cervical lesions or
cervical cancer in this study are not considered as carcino-
genic viruses [8]. Hence, we speculate that the abovemen-
tioned genetic variations in rareHPV typesmight be involved
in carcinogenesis due to their higher infection ability. The
genetic variations reported in this study could reduce the
neutralizing effect of antibodies or make more efficient
the interaction between virus and cellular membrane, thus
allowing a more effective infection. However, further studies
should be performed to demonstrate whether these rareHPV
types and their variants can be regarded as carcinogenic.

In conclusion, this study found a predominance of Alpha-
9 species in CIN I, III and invasive cancer in infected
women fromNorth-East Brazil. Moreover, genetic variability
in L1 genes showed several synonymous and nonsynonymous
mutations, which can lead to an altered immune response.
Further investigation of the prevalence and variability of rare
HPV types can clarify the role of this virus in infections and
carcinogenesis.
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The alternative TrkAIII splice variant is expressed by advanced stage human neuroblastomas (NBs) and exhibits oncogenic
activity in NB models. In the present study, employing stable transfected cell lines and assays of indirect immunofluorescence,
immunoprecipitation, Western blotting, microtubule regrowth, tubulin kinase, and tubulin polymerisation, we report that TrkAIII
binds 𝛼-tubulin and promotes MT nucleation and assembly at the centrosome. This effect depends upon spontaneous TrkAIII
activity, TrkAIII localisation to the centrosome and pericentrosomal area, and the capacity of TrkAIII to bind, phosphorylate, and
polymerise tubulin. We propose that this novel role for TrkAIII contributes to MT involvement in the promotion and maintenance
of an undifferentiated anaplasticNB cellmorphology by restricting and augmentingMTnucleation and assembly at the centrosomal
MTOC.

1. Introduction

TrkAIII is a developmentally regulated alternative splice vari-
ant of the NGF receptor tropomyosin-related kinase TrkA
that is expressed by advanced stage human neuroblastomas
(NBs), characterised by exon 6-7 skipping and exon 9
omission, and exhibits oncogenic activity in NB models [1–
5]. TrkAIII oncogenic activity depends upon omission of the
extracellular D4 Ig-like domain and several N-glycosylation
sites, encoded within exons 6-7, important for receptor cell
surface expression and prevention of ligand-independent
activation [6, 7]. As a consequence and in contrast to
fully spliced cell surface TrkA, TrkAIII exhibits intracellu-
lar expression and spontaneous, ligand-independent acti-
vation that is restricted to interphase within the intra-
cellular membrane compartment. This results in chronic
signalling through IP3k/Akt but not Ras/MAPK and pro-
motes amore aggressive proliferating, undifferentiated stress-
resistant, angiogenic, and tumourigenic stem cell-like NB

cell phenotype, which is in stark contrast to ligand-activated
cell surface TrkA, which signals through IP3k/Akt and
Ras/MAPK and promotes a less aggressive phenotype char-
acterised by neuronal differentiation associated with the
inhibition of proliferation [1, 5, 8–10].

Microtubules (MTs) are dynamic polymers of 𝛼- and
𝛽-tubulins that play a central role in cellular differenti-
ation [11–14]. In undifferentiated cells, MTs nucleate and
assemble at the centrosome MT organising centre (MTOC),
forming arrays of relatively short MTs that radiate out-
wards from the centrosome [11–15]. In differentiated cells,
MTs differ in MTOC usage and nucleate also at cytoplas-
mic and/or perinuclear/Golgi-associated extracentrosomal
MTOCs, resulting in the formation of more diffuse cytoplas-
mic MT mats and coils, and during neuronal differentiation,
the formation of long MTs organised at the cell periphery is
required for neuritogenesis and axon genesis [11–21].

Tyrosine kinases have been implicated in the regulation
of MT nucleation, assembly, and stability. Src family tyrosine
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kinases Fyn and Lyn phosphorylate tubulin and reorganise
MTs during monocyte differentiation [15]; Fyn and Syk
kinases regulate MT organisation in mast cells [22]; Src
recruits 𝛾-tubulin ring structures to the centrosome and
promotes MT nucleation and assembly through MAPK/Erk
[23, 24]; c-Fes binds and phosphorylates 𝛼-tubulin and pro-
motes tubulin polymerisation during myeloid hematopoietic
cell and neuron differentiations [25]; insulin receptor tyrosine
kinase phosphorylates tubulin and promotes interaction
between PI3k and 𝛾-tubulin required for insulin-inducedMT
reorganisation [26, 27]; and JAK mediates growth hormone-
induced MT assembly [28]. TrkA has also been implicated in
MT reorganisation. The neurotrophins NGF and NT-3 acti-
vate cell surface TrkA, which responds by recruiting MTs to
detergent-resistant cell surface lipid rafts and reorganising the
assembly of MTs required for neuritogenesis, axon genesis,
and growth cone formation, resulting in neuronal differentia-
tion [29–31]. Tyrosine-phosphorylated TrkA colocalizes with
𝛼-tubulin positive MTs during mitosis [32], interacts with
and modifies 𝛼-tubulin [33], and moves along MTs during
retrograde transport via an interaction with dynein [34].

We have previously reported that tyrosine-phosphorylat-
ed TrkAIII binds 𝛾-tubulin and localises to the centrosome in
human SH-SY5Y NB cells [4]. Here, we report that TrkAIII
interacts with 𝛼-tubulin and promotes tubulin polymeri-
sation, contributing to MT involvement in promoting and
maintaining a proliferating, undifferentiated, and anaplastic
NB cell phenotype by restricting and augmenting MT nucle-
ation and assembly at the interphase centrosome.

2. Materials and Methods

2.1. Cell Lines and Reagents. Empty pcDNA control, TrkAI,
TrkAIII, and Y670/674/675F kinase dead mutant TrkAIII
(kd-TrkAIII) stable transfected SH-SY5Y NB cell lines have
been described previously [1, 3, 4]. All cell lines were grown
in recommended medium (RPMI or DMEM), supplemented
with appropriate antibiotics (Zeocin for stable transfectants,
penicillin, and streptomycin) and 10% foetal calf serum.
Nocodazole was purchased from Sigma-Aldrich (St. Louis,
MO), and the pan Trk inhibitor CEP-701 [35] was kindly
supplied by Cephalon Inc. (West Chester, PA). Rhodamine-
conjugated 𝛼-tubulin, microtubule polymerisation buffers,
and associated reagents were purchased from Cytoskele-
ton (Denver, CO). VectorMount mounting medium for
immunofluorescence (IF) was purchased from Vector Labo-
ratories (Burlingame, CA).Monoclonal𝛼-tubulin, polyclonal
anti-carboxyl terminal TrkA (C14), and monoclonal anti-
phosphotyrosine (pY99) antibodies were purchased from
Santa Cruz (Santa Cruz, CA). Polyclonal antibodies against
𝛾-tubulin and TrkA phosphoY490 were from Sigma-Aldrich
(St. Louis, MO). FITC and Texas red-conjugated secondary
anti-mouse and anti-rabbit IgG antibodies were from Jackson
Immune Research (Bar Harbor, Maine).

2.2. Indirect IF. Cells grown on Nunc glass chamber slides
(Sigma-Aldrich) were washed in PBS, fixed in 96% ethanol-
3% glacial acetic acid, and processed for indirect IF. Fixed
slides were incubated for 1 h in blocking solution (1% bovine

serum albumin in PBS-0.03% Triton X-100) and then for 2
to 16 h with primary antibody in blocking solution at room
temperature. Slides were then washed three times in PBS-
0.03%TritonX-100, incubatedwith secondary fluorochrome-
conjugated antibody diluted in blocking solution for 1 hour at
room temperature, washed in PBS-0.03% Triton X-100, and
mounted using VectorMount. IF images were obtained using
a Zeiss “Axioplan-2” fluorescence microscope, fitted with a
digital camera, and images were processed using Leica M500
Image Manager software.

Nuclear lobulation was studied by fluorescent DAPI
(Vector Labs) staining of nuclear chromatin.

2.3. Microtubule Regrowth Assay. Microtubule regrowth
assays were performed as previously described [23]. Briefly,
subconfluent (80%) cell cultures grown on Nunc glass cham-
ber slides (Sigma-Aldrich) were treated for 2 hours at 4∘C
with 10 𝜇g/mL nocodazole (Calbiochem) to depolymerise
microtubules. Cells were then washed with cold PBS to
remove nocodazole and subsequent microtubule regrowth
assessed upon replacement of culture medium at 0, 5, and
15 minutes, at 37∘C. Where stipulated, 100 nMCEP-701 was
addedduring the last 30minutes of nocodazole treatment and
in regrowth medium.

To visualise microtubules, cells were permeabilized for 30
seconds in 80mMPipes, pH 6.8, 5mMEGTA, pH 8.0, 1mM
MgCl

2
, and 0.5% Triton X-100, fixed for 10 minutes in the

same buffer containing 5% glutaraldehyde, and incubated for
7 minutes in 1% sodium borohydride in PBS. Cells were then
stainedwith antibodies against 𝛼-tubulin (Santa Cruz) and 𝛾-
tubulin (Sigma-Aldrich) and washed in PBS prior to incuba-
tion with appropriate anti-mouse Texas-red conjugated and
anti-rabbit FITC-conjugated secondary antibodies (Jackson
Immune Research). Nuclear chromatin was counterstained
with DAPI (Vector Labs). IF images were obtained at a
constant exposure time to limit overexposure, and 𝛼-tubulin
IF signals radiating from 𝛾-tubulin positive centrosomes
were measured in two separate concentric circles centred at
the centrosome with radii of 1 and 2 𝜇m, with background
fluorescence subtracted using circles of corresponding sizes,
using IF Jpeg images and ImageJ software [36]. MT regrowth
areas and centrosome sizes were quantified by measuring
respective 𝛼- and 𝛾-tubulin IF areas calculated from outlined
areas, using ImageJ software [36].

2.4. Immunoprecipitation and Western Blots. Cells were extr-
acted in lysis buffer (PBS containing 0.5% sodium deoxy-
cholate, 1%NP40, 0.1% SDS, 1mM sodium orthovanadate,
1mM PMSF, 1 𝜇g/mL of pepstatin A, and Aprotinin) and
protein concentrations calculated by Bradford protein con-
centration assay (Sigma-Aldrich). Prior to immunoprecip-
itation, extract aliquots (200–500𝜇g) were precleared with
1 𝜇g of preimmune IgG (1 hour at 4∘C) and 20𝜇L of Protein
A Sepharose (Fast Flow, Sigma), for 20 minutes at 4∘C. For
immunoprecipitation, 200–500𝜇g of extract was incubated
with antibody at a concentration range of 0.1–1.0 𝜇g/500 𝜇g
total protein for 2–16 hours at 4∘C. Following incubation,
20𝜇L of Protein A Sepharose (Fast flow, Sigma-Aldrich) in
lysis buffer was added and reactions incubated for 30minutes



BioMed Research International 3

at 4∘C. Protein Sepharose/IgG conjugates were collected by
centrifugation (10,000×g for 5 minutes), washed 3 times in
lysis buffer, resuspended in SDS-PAGE sample buffer, and
subjected to reducing SDS-PAGE/Western blotting. Briefly,
proteins were transblotted by electrophoresis onto Hybond
C+ nitrocellulose membranes (Amersham Int. UK) and air-
dried. Nonspecific binding sites on membranes were blocked
by incubation for 2 hours in 5% nonfat milk in TBS prior
to incubation with primary antibodies at recommended
dilutions for 2–16 hours at 4∘C,washed inTBS, and then incu-
bated with secondary HRP-conjugated antibodies diluted
in blocking solution. Immunoreactive species were detected
by chemiluminescence reaction as directed (Amersham Int.,
Bedford, UK).

2.5. 𝛼-Tubulin Kinase and Polymerisation Assays. Tubu-
lin polymerisation assays were performed as previously
described [25]. Control, TrkAI, and TrkAIII immunopre-
cipitates were prepared from respective SH-SY5Y transfec-
tants by incubating total cell extracts (400 𝜇g) with 1𝜇g of
anti-TrkA (C-14) antibody for 2 hours at 4∘C, followed by
incubation with 20𝜇L of Protein A Sepharose suspension
(Fast flow, Sigma-Aldrich). Protein A immunoprecipitates
were recovered by centrifugation at 15,000 rpm in amicrofuge
at 4∘C and washed 3 times in RIPA buffer and 2 times
in 50mMTris-HCl (pH 7.5). Two vials were prepared each
containing a 9 : 1 ratio of unlabelled (9 parts) bovine brain
𝛼/𝛽-tubulins and rhodamine-labelled (1 part) bovine brain𝛼-
tubulin (Cytoskeleton Inc.), resuspended in general tubulin
buffer (80mM Pipes (pH.6.8), 1mM MgCl

2
, and 1mM

EGTA) containing 1mM GTP (Sigma-Aldrich). To the first
vial, 20𝜇L of general tubulin buffer containing 2mM GTP
and ATP was added to a final concentration of 100𝜇M. The
second vial received 23 𝜇L of general tubulin buffer contain-
ing 2mM GTP but not ATP. Washed Protein A Sepharose
immunoprecipitates were resuspended in either 15 𝜇L of non-
labelled tubulin/rhodamine 𝛼-tubulin (9 : 1) in the presence
or absence of ATP and incubated for 1 hour at 37∘C. Reaction
samples (3–5 𝜇L) were subsequently removed and either (a)
mixed with reducing SDS-PAGE sample buffer for Western
blotting to examine 𝛼-tubulin tyrosine phosphorylation or
(b) mixed with an equal volume of general tubulin buffer
containing 60% v/v glycerol on ice, spread onto glass slides,
covered with a glass coverslip, and examined by fluorescent
microscopy for the presence of rhodamine-labelled tubulin
polymers.

3. Results

3.1. TrkAIII Promotes MT Nucleation and Assembly at the
Centrosome. Indirect IF detected intense arrays of 𝛼-tubulin
positive MTs in TrkAIII SH-SY5Y transfectants, radiating
outwards from a perinuclear focal point consistent with a
centrosomal MTOC origin during interphase. This pattern
of MT assembly exhibited marked overlap with intracellular
TrkAIII, which was concentrated to the pericentrosomal
region but was not detected throughout the cytoplasm or at
the cell periphery (Figure 1(a)). Significant overlap between
TrkAIII and 𝛼-tubulin positive MTs was not detected during

Anti-TrkA Overlap

TrkAIII SH-SY5Y
(interphase)

Anti-𝛼-tubulin

(a)

Anti-TrkA

TrkAIII SH-SY5Y
(mitosis)

Overlap
Anti-TrkA/𝛼-tubulin

(b)

Figure 1: Representative IF images illustrating the typical pattern of
TrkAIII expression (green), 𝛼-tubulin positive MTs (red), and over-
lap (yellow/orange) in interphase (a) and mitotic (b) TrkAIII SH-
SY5Y transfectants.

mitosis (Figure 1(b)). This pattern of 𝛼-tubulin positive MTs
was markedly altered following overnight treatment with
100 nM CEP-701, which was also associated with a reduction
in TrkAIII overlap with 𝛼-tubulin (Figure 2(a)).

In contrast to TrkAIII transfectants, neither kinase dead
kd-TrkAIII, TrkAI, nor control SH-SY5Y transfectants exhib-
ited this pattern of 𝛼-tubulin positive MT assembly, with all
three cell lines characterised by less intense, more diffuse
cytoplasmic MT distribution, which was less focalised at the
centrosome (Figure 2(a)). CEP-701 inhibitedTrkA-associated
tyrosine phosphorylation, used as a surrogate for TrkAIII
tyrosine kinase activity, at the dose employed in this study
(Figures 2(b) and 4(b)).

3.2. MT Regrowth Assays. The centrosomal origin of 𝛼-
tubulin positive MT arrays in TrkAIII transfectants was
confirmed by contemporary 𝛼-tubulin and 𝛾-tubulin IF
(Figure 3(a)).

In MT regrowth assays, TrkAIII transfectants exhibited
significantly more rapid MT regrowth at 5 and 15 minutes
following nocodazole washout, in terms of both recovery of
pericentrosomal 𝛼-tubulin IF intensity initiating at the 𝛾-
tubulin positive centrosome (Figures 3(a) and 3(b)) and total
MT regrowth area (Figures 3(c) and 3(d)), when compared
to untreated control and TrkAI transfectants and CEP-701-
treated TrkAIII transfectants (100 nM, 30 minutes before
treatment and for the duration of assay). When compared
to untreated TrkAIII transfectants normalised to an arbi-
trary value of 100%, CEP-701-treated TrkAIII transfectants
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Figure 2: (a) Representative IF images comparing TrkA variant expression (green), 𝛼-tubulin positive MTs (red), and the overlap
(yellow/orange) in untreated and CEP-701-treated (100 ng overnight) TrkAIII SH-SY5Y transfectants and in untreated kd-TrkAIII, TrkAI,
and control pcDNASH-SY5Y transfectants. (b) Representative IF images comparing the pattern of TrkAIII expression (green), TrkAIII-
associated tyrosine phosphorylation (red), and overlap (yellow/orange) in untreated and CEP-701-treated (100 nM, overnight) TrkAIII SH-
SY5Y transfectants.

exhibited a significant 78% reduction (𝑃 ≤ 0.002, 𝑛 =
50) in pericentrosomal 𝛼-tubulin IF intensity, 65% reduction
(𝑃 ≤ 0.003, 𝑛 = 50) in total MT regrowth area at 5
minutes, a significant 40% reduction (𝑃 ≤ 0.027, 𝑛 = 50)
in pericentrosomal 𝛼-tubulin IF intensity, and 41% reduction
in total MT regrowth area (𝑃 ≤ 0.032, 𝑛 = 50) at 15

minutes, after nocodazole washout (Figures 3(b) and 3(d));
TrkAI transfectants exhibited a significant 82% reduction
(𝑃 ≤ 0.0001, 𝑛 = 50) in pericentrosomal 𝛼-tubulin IF
intensity, 78% reduction (𝑃 ≤ 0.0001, 𝑛 = 50) in total
MT regrowth area at 5 minutes, a significant 41% reduction
(𝑃 ≤ 0.026, 𝑛 = 50) in pericentrosomal𝛼-tubulin IF intensity,
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Figure 3: Representative IF images and histograms of MT regrowth assays, demonstrating (a) indirect IF changes in 𝛼-tubulin positive MT
regrowth (red) from the 𝛾-tubulin positive centrosome (green) in untreated and CEP-701-treated (100 nM) TrkAIII SH-SY5Y transfectants
and in untreated TrkAI SH-SY5Y transfectants at 0, 5, and 15 minutes after nocodazole washout. (b) Histogram demonstrating the differences
in mean (±S.E.) 𝛼-tubulin IF intensity in untreated and CEP-701-treated (100 nM for 1 hour) TrkAIII SH-SY5Y transfectants and in untreated
TrkAI and control pcDNASH-SY5Y transfectants at 0, 5, and 15 minutes after nocodazole washout, normalised with respect to untreated
TrkAIII transfectants (arbitrary value 100%; 𝑛 = 50 per group; ∗ = statistical significance). (c) Indirect IF demonstrating differences in
𝛼-tubulin positive MT regrowth area (red) in untreated and CEP-701-treated (100 nM) TrkAIII SH-SY5Y transfectants and in untreated
TrkAI SH-SY5Y transfectants at 0, 5, and 15minutes after nocodazole washout. (d) Histogram demonstrating differences in 𝛼-tubulin positive
MT regrowth area in untreated andCEP-701-treated (100 nM)TrkAIII SH-SY5Y transfectants and in untreatedTrkAI and control pcDNASH-
SY5Y transfectants at 0, 5, and 15 minutes after nocodazole washout, normalised with respect to untreated TrkAIII transfectants (arbitrary
value of 100%; 𝑛 = 50 per group; ∗ = statistical significance). (e) Histogram demonstrating the differences in 𝛾-tubulin positive centrosome
size in untreated control, TrkAI, and TrkAIII SH-SY5Y transfectants, normalised with respect to untreated control transfectants given the
arbitrary value of 1 (𝑛 = 50 per group; ∗ = statistical significance).



6 BioMed Research International

−140kDa

−100 kDa

−55kDa

IgG

2

1.6

1.2

0.8

0.4

0TrkAITrkAIII IgG
IgG TrkAITrkAIII IgG

𝛼
-T

ub
ul

in

TrkAI and III/𝛼-tubulin co-IP

−55kDa

IP input

𝛼-Tubulin

IgG TrkAITrkAIII IgG

1.2

0.8

0.4

0

Ra
tio

 o
f𝛼

-tu
bu

lin
 IP

 to
Tr

kA
I a

nd
 T

rk
A

II
I

Tr
kA

 IP
 ra

tio
 to

𝛼
-tu

bu
lin

 in
pu

t

(a)

TrkAIII

P-Tyr

−100 kDa

−55kDa

−100 kDa

0 3 6 16hrCEP-701

−55kDa

IP input

𝛼-Tubulin

𝛼-Tubulin

TrkAIII/𝛼-tubulin co-IP

0 3 6 16hr

1.2

0.8

0.4

0Ra
tio

 o
f𝛼

-tu
bu

lin
 co

IP
 w

ith
 T

rk
A

II
I

0 3 6 16hr

0.8

0.4

0

Ph
os

ph
o 

to
 to

ta
l T

rk
A

II
I r

at
io

(b)

Figure 4: (a) IP/Western blots demonstrating differences in 𝛼-tubulin levels pulled down by TrkAIII and TrkAI immunoprecipitates from
respective SH-SY5Y transfectants, plus histograms displaying densitometric analysis of the adjacent blots, demonstrating the presence of
similar levels of TrkAI and TrkAIII immunoprecipitates, normalised to input 𝛼-tubulin levels, plus the difference in 𝛼-tubulin levels pulled
down as a densitometric ratio to TrkAI and TrkAIII. (b) IP/Western blots demonstrating the effect of CEP-701 (100 nM for 0–16 hours) on
TrkAIII tyrosine phosphorylation (P-Tyr) and 𝛼-tubulin levels pulled down in coimmunoprecipitation assays, plus histograms displaying
densitometric analysis of the adjacent blots, demonstrating CEP-701-induced loss of TrkAIII tyrosine phosphorylation from 3 hr onwards,
associated with reduced 𝛼-tubulin binding at 16 hours only.
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and 37% reduction in total MT regrowth area (𝑃 ≤ 0.038,
𝑛 = 50) at 15 minutes, after nocodazole washout (Figures 3(b)
and 3(d)); and control transfectants exhibited significant 78%
reduction (𝑃 ≤ 0.006, 𝑛 = 50) in pericentrosomal 𝛼-tubulin
IF intensity, 72% reduction (𝑃 ≤ 0.0001, 𝑛 = 50) in total
MT regrowth area at 5 minutes, significant 43% reduction
(𝑃 ≤ 0.027, 𝑛 = 50) in pericentrosomal𝛼-tubulin IF intensity,
and 50% reduction in total MT regrowth area (𝑃 ≤ 0.005,
𝑛 = 50) at 15 minutes, after nocodazole washout (Figures 3(b)
and 3(d)).

Measurement of the area of 𝛾-tubulin IF, as an estimate
of relative centrosome size, revealed that centrosomes in
TrkAIII transfectants were significantly (𝑃 ≤ 0.001, 𝑛 = 50)
2.1 ± 0.14-fold larger than centrosomes in control transfec-
tants (normalised to an arbitrary value of 1.0 ± 0.07, 𝑛 =
50) and TrkAI transfectants, which were not significantly
different in size to control centrosomes (0.98 ± 0.12, 𝑛 = 50,
𝑃 ≤ 0.89NS) (Figure 3(d)).

3.3. TrkAIII Binds andPhosphorylates𝛼-Tubulin andPromotes
MT Assembly In Vitro. In coimmunoprecipitation assays,
TrkAIII pulled down a greater quantity of 𝛼-tubulin when
compared to an equivalent amount of immunoprecipitated
TrkAI, normalised to 𝛼-tubulin levels in input extracts
(Figure 4(a)). CEP-701 (100 nM) inhibited TrkAIII tyrosine
phosphorylation at times from 3 hours onward (Figure 4(b))
and caused amoderate reduction in 𝛼-tubulin/TrkAIII coim-
munoprecipitation at 16 hours but not before (Figure 4(b)).

In tubulin polymerisation assays, TrkAIII but not an
equivalent amount of TrkAI immunoprecipitate induced low
but detectable tyrosine phosphorylation of exogenous 𝛼-
tubulin (Figure 5(a)) and promoted the polymerisation of
tubulin in vitro, in the presence but not in the absence of ATP
(Figure 5(b)).

3.4. TrkAIII Promotes Nuclear Lobulation. TrkAIII but not
TrkAI or control SH-SY5Y transfectants exhibited a highly
lobular nuclear morphology (Figure 6(a)). Nuclear lobula-
tion was detected during interphase, lost during prophase
in association with MT depolymerization (not shown), and
inhibited by both CEP-701 (100 nM for 16 hours) and noco-
dazole (10 𝜇g/mL for 2 hours) (Figure 6(a)). Human U251
glioblastoma cells, which express endogenous TrkAIII that
localises to the centrosome [4], also exhibited a highly lob-
ulated nuclear morphology (Figure 6(b)) that was inhibited
by both CEP-701 (100 nM for 16 hours) and nocodazole
(10 𝜇g/mL for 2 hours), in associationwith the rearrangement
of 𝛼-tubulin positive MTs (Figure 6(b)).

4. Discussion

In this study, we identify a novel role for TrkAIII in promoting
the nucleation and assembly of MTs at the centrosome in
human SH-SY5YNB cells. We propose that this function
depends upon spontaneous intracellular TrkAIII activation
and the capacity of TrkAIII to bind 𝛼- and 𝛾-tubulins, to
localise to the centrosome, and to promote tubulin polymeri-
sation, contributing to MT involvement in the promotion
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Figure 5: (a) Western blots demonstrating the relative levels of
TrkAI, TrkAIII, and total tyrosine phosphorylated 𝛼-tubulins in
a representative 𝛼-tubulin phosphorylation assay; (b) IF images
demonstrating the difference in tubulin polymerisation induced
by TrkAIII but not control or TrkAI immunoprecipitates in a
representative tubulin polymerisation assay, in the presence but not
in the absence of ATP.

and maintenance of a proliferating, undifferentiated, and
anaplastic NB cell phenotype by restricting and augmenting
MT nucleation and assembly at the centrosomal MTOC.

The striking difference in 𝛼-tubulin positiveMT assembly
exhibited by TrkAIII but not control or TrkAI transfectants,
characterised by relatively short intense MT arrays radiating
outwards from the centrosome, suggests a role for TrkAIII
tyrosine kinase activity in MT assembly. This possibility is
supported by the observations that (a) MT assembly and
nucleation at the centrosome in TrkAIII transfectants were
reduced by CEP-701 at TrkAIII inhibitory concentrations;
(b) kd-TrkAIII SH-SY5Y transfectants did not exhibit this
pattern of MT nucleation and assembly; and (c) TrkAIII SH-
SY5Y transfectants exhibited significantly more rapid MT
regrowth from the centrosome, when compared to control,
TrkAI, and CEP-701-treated TrkAIII transfectants.

The formation of relatively short MT arrays in TrkAIII
transfectants, radiating outward from the 𝛾-tubulin positive
centrosome, bears close similarity to MT assembly in undif-
ferentiated cells [11–15], suggesting that TrkAIII promotion
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Figure 6: (a) Representative IF images demonstrating the difference
in the regular oval nuclear morphology exhibited by pcDNA control
and TrkAI SH-SY5Y transfectants, compared to the lobulated nuclei
in TrkAIII SH-SY5Y transfectants, plus the inhibition of nuclear
lobulation in TrkAIII SH-Sy5Y transfectants following incubation
with CEP-701 (100 nM for 16 hours) and nocodazole (10𝜇g/mL for 2
hours). (b) Representative IF images demonstrating the intracellular
distribution of endogenous TrkAIII (green), 𝛼-tubulin positive MTs
(red), TrkAIII/𝛼-tubulin overlap (yellow/orange), andDAPI-stained
nuclei (blue) in human U251 cells, plus IF images demonstrating the
capacity of nocodazole (10𝜇g/mL for 2 hours) and CEP-701 (100 nM
for 16 hours) to inhibit nuclear lobulation in U251 cells.

and maintenance of an undifferentiated NB phenotype may
depend, at least in part, upon the restriction and augmen-
tation of MT nucleation and assembly at the centrosomal
MTOC.This differs fromMT reorganisation, nucleation, and
assembly associated with neuronal differentiation induced
either by neurotrophin-activated cell surface TrkA or cyto-
plasmic Fes, which is characterised by the formation of
long MT processes required for neuritogenesis, growth cone
formation, and axon genesis, which nucleate also from non-
centrosomal MTOCs and are reorganised at the cell periph-
ery [11, 21, 25, 29–32]. This difference may be explained by

tyrosine kinase localisation, since TrkAIII exhibits sponta-
neous intracellular activation in the pericentrosomal region
and at the centrosome [4], whereas neurotrophins activate
fully spliced TrkA at the cell surface [1, 29–31], and c-Fes
is activated throughout the cytoplasm [25]. Furthermore,
the centralized location exhibited by activated TrkAIII (this
study and [4]) may also help to explain the pericentrosomal
overlap exhibited by TrkAIII and MTs, which did not extend
throughout the cytoplasm, as reported for activated Fes [25],
nor to the cell periphery, as reported for the interaction
between MTs and TrkA within lipid rafts [21].

TrkAIII promotion of MT nucleation and assembly at
the centrosome bears close similarity to the influence of
c-Src upon MT nucleation and assembly, which has been
reported to depend upon the recruitment of 𝛾-tubulin ring
structures to the centrosome [23, 24]. TrkAIII binds 𝛾-tubulin
[4] and may also interact with c-Src [37], suggesting that
TrkAIII could also import 𝛾-tubulin ring structures to the
centrosome either directly or indirectly. In support of this,
𝛾-tubulin positive centrosomes in TrkAIII transfectants were
significantly larger than centrosomes in control or TrkAI
transfectants. We are currently investigating potential c-Src
involvement in this observation. Alternatively, TrkAIII may
bind and not import 𝛾-tubulin to the centrosome, limiting its
potential influence to MT assembly after nucleation.

Spontaneous TrkAIII activation is restricted to interphase
in SH-SY5Y cells [3–5], indicating that TrkAIII influence
upon MT assembly may also be restricted to interphase. This
is supported by the observation that TrkAIII expression did
not inhibit proliferation, as occurs with terminal differenti-
ation, indicating that MT remodelling required for cell cycle
progressionwas not compromised [11, 14] and also explaining
why we did not detect TrkAIII association with the mitotic
spindle, as previously reported for tyrosine phosphorylated
TrkA [32].

The capacity of TrkAIII to bind 𝛼-tubulin adds to its
capacity to bind 𝛾-tubulin [4]. TrkAIII tyrosine kinase
involvement in 𝛼-tubulin binding is supported by the rel-
atively low level of 𝛼-tubulin binding exhibited by TrkAI
and the modest reduction in 𝛼-tubulin binding by TrkAIII
following overnight treatment with CEP-701 and is corrobo-
rated by reports that phosphorylated TrkA colocalises with
𝛼-tubulin [32], activated TrkA interacts with and modifies
𝛼-tubulin [33], neurotrophin activated TrkA recruits and
reorganises MTs in lipid rafts during neuron differentiation
[21, 29, 30], and retrograde transport of activated TrkA is
mediated by dynein/MT interaction [34]. Whether TrkAIII
interacts directly with 𝛼-tubulin or indirectly via dynein [34],
c-Src [23, 37], and/or perhaps FRS-3 [38] remains to be
elucidated. However, the fact that TrkAIII contemporarily
binds 𝛼 and 𝛾-tubulin (this study and [4]) suggests that
TrkAIII may independently recruit 𝛼 and 𝛾-tubulin to the
centrosome for MT nucleation and assembly.

TrkAIII promotion of MT assembly in vivo, exemplified
by the exaggerated pattern of MT assembly in TrkAIII trans-
fectants and confirmed in MT regrowth assays, was further
supported in tubulin polymerisation assays in vitro, which
unveiled the capacity of TrkAIII but not TrkAI or control
immunoprecipitates to induce low but detectable tyrosine
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phosphorylation of exogenous 𝛼-tubulin and to promote
tubulin polymerisation. Whether this results directly from
TrkAIII tyrosine kinase activity or TrkAIII-associated tyro-
sine kinases, such as c-Src [23, 35], remains to be elucidated.
However, it is clear that spontaneously active TrkAIII acts in
a manner analogous to neurotrophin-activated cell surface
TrkA in its capacity to reorganise and promote MT assembly
in vivo but does so at the centrosome rather than cell
periphery, resulting in the promotion and maintenance of a
proliferating, undifferentiated NB cell phenotype rather than
inducing neuronal differentiation, which results from cell
surface TrkA activation (this study [1, 8–10]).

The undifferentiated phenotype exhibited by TrkAIII SH-
SY5Y transfectantswas also accompanied by a lobular nuclear
morphology. TrkAIII tyrosine kinase and MT involvement
in nuclear lobulation was confirmed using CEP-701 and
nocodazole, both of which inhibited nuclear lobulation.
Human U251 glioblastoma cells, which express endogenous
TrkAIII that localises to the centrosome [4], also exhib-
ited a highly lobular nuclear morphology similar to that
of TrkAIII SH-SY5Y transfectants, associated with intense
MT arrays, radiating outward from the centrosome and
overlapping pericentrosomal and centrosomal endogenous
TrkAIII. As for TrkAIII SH-SY5Y transfectants, nuclear lob-
ulation in U251 cells was inhibited by both CEP-701 and
nocodazole, confirming close similarity between exogenous
and endogenous TrkAIII.

5. Conclusions

In conclusion, we propose that spontaneous intracellular
pericentrosomal TrkAIII activation contributes to MT invo-
lvement in the promotion and maintenance of a prolifer-
ating, undifferentiated, and anaplastic NB cell phenotype
by restricting and augmenting MT nucleation and assembly
to the centrosomal MTOC. This function depends upon
TrkAIII capacity to bind 𝛼- and 𝛾-tubulin, to localise to the
centrosome, and to promote tubulin polymerisation.
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3 Instituto Butantan, Laboratório de Genética, Avenida Vital Brazil 1500, 05503-900 São Paulo, Brazil
4Department of Biopathological Sciences and Hygiene of Animal and Alimentary Productions, University of Perugia,
Faculty of Veterinary Medicine, Via San Costanza, 4-06126 Perugia, Italy

Correspondence should be addressed to Valeria Russo; valeria.russo@unina.it

Received 28 March 2013; Accepted 16 May 2013

Academic Editor: Lubna Nasir

Copyright © 2013 Manuela Martano et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

This report describes the histopathology of two hundred and fifty-three mesenchymal tumors of the urinary bladder in cattle
grazing on lands rich in bracken fern. Approximately 80% were hemangiomas and angiosarcomas. Hemangioma (capillary,
cavernous, and large vessels) was the most frequent mesenchymal tumor and was more common than angiosarcoma. Although the
appearance of endothelial cells can vary remarkably, epithelioid angiosarcomas, often containingmultinucleated cells, were themost
frequent malignant vascular tumors. Hemangiopericytoma and tumors of muscle and soft connective tissue origin, alone and/or in
association with tumor-like lesions, were less frequently seen. Furthermore, forty-five cases of intravascular papillary endothelial
hyperplasia (IPEH), a lesion not previously reported in the urinary bladder of cattle, were also described. Bovine papillomavirus
type-2 DNA was amplified in tumor samples. Forty vascular tumors were investigated by dual-labeling immunofluorescence, and,
for the first time, a coexpression of E5 and platelet-derived growth factor𝛽 receptor (PDGF𝛽R)was shown to occur.The results show
that the BPV-2 E5 oncoprotein binds to the activated form of the PDGF𝛽 receptor thus playing an important role inmesenchymal as
well as epithelial carcinogenesis of the urinary bladder. Furthermore, these findings demonstrate that BPV-2 infects both epithelial
and mesenchymal cells.

1. Introduction

Tumors of the urinary bladder are quite rare in cattle, rep-
resenting approximately 0.01% of all malignant tumors [1].
However, their incidence increases greatly (>90%) in adult
cattle, reared in geographic regions rich in bracken fern
(Pteridium spp.) [2–4]. Prolonged ingestion of bracken fern
produces a clinical syndrome known as chronic enzootic he-
maturia (CEH), being characterized by hematuria and ane-
mia. In over 90% of cases, hematuria originates from tumors
of the urinary bladder [1, 5]. It is well known that this plant
plays an important role in causing bladder tumors in cattle,
either directly and/or indirectly. Toxic principles of bracken

fern are known to be immunosuppressive, mutagenic, clasto-
genic, and carcinogenic [6, 7]; themost important carcinogen
appears to be a sesquiterpenoid named ptaquiloside (PT) [8].
It has been suggested that PT targets both the stroma and
the urothelium of urinary bladder [9]. PT is responsible for
alkylation of the codon 61 of H-ras gene thus leading to an
uncontrolled urothelial cell proliferation and urothelial cell
dysplasia [9–11].

A strong synergism between bovine papillomavirus type
2 (BPV-2) and bracken fern has been shown in experimental
bladder carcinogenesis [12], as well as in naturally occurring
bovine bladder tumors [2, 4, 13, 14]. It is well known that
PT can cause toxicity to the immune system, which could
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contribute to the activation of a latent and/or subclinical
urothelial BPV-2 infection resulting in neoplasia [13]. PT is
a powerful immune suppressor that is genotoxic for lym-
phocytes [11, 15–17] and depresses NK cell activities [18].

Papillomavirus-associated bladder tumors are mainly
urothelial in origin [4, 5, 19]. Numerous molecular pathways
by which BPVs are able to transform urothelial cells are
known to occur in vivo. It has been shown that BPV-2 is
responsible for neoplastic transformation of urothelial cells
via the activation of platelet-derived growth factor 𝛽 receptor
(PDGF𝛽R) and/or of a tissue-specific protein named Calpain
3 [20, 21]. Mixed tumors (urothelial and mesenchymal) are
frequently found in cattle grazing on fern-infested lands.
In a recent survey, 331 out of 870 urinary bladder tumors
(38%) showed a mesenchymal histogenesis and were found
in cattle suffering from bovine enzootic hematuria [5]. Viral
oncoproteins were found to be expressed also in vascular
tumors of the bovine urinary bladder [22].

The purpose of this paper was to report some histologic
features of the mesenchymal neoplastic lesions of the urinary
bladder of cattle naturally exposed to bracken fern and
infected with BPV-2.

2. Material and Methods

2.1. Tumor Samples. From 1999 to 2012, six hundred and
fifty tumor samples of the urinary bladder were collected
at public slaughterhouses from 4- to 30-year-old cattle that
had suffered from chronic enzootic hematuria for several
years. All the animals were known to graze on hilly/mountain
pasturelands rich in bracken fern. For morphological inves-
tigations, the samples were fixed in 10% neutral buffered
formalin and embedded in paraffin wax. Two hundred and
fifty-three mesenchymal tumors were diagnosed on 4 𝜇m-
ticked sections that were stained with hematoxylin and eosin.
The neoplastic lesions were classified according to criteria
given in the 2004 World Health Organization (WHO) Blue
Book on the pathology and genetics of tumors of the human
urinary system as well as in more recent surveys about the
soft tissue tumors of the urinary bladder [23–26].

2.2. Immunofluorescence and Confocal Laser-Scanning Micro-
scopy. Two-color immunofluorescence staining was per-
formed on forty vascular tumors (hemangiomas), to assess
the expression of E5 and PDGF 𝛽 receptors.

The sections were deparaffinized, rinsed in PBS, and
heated in a microwave oven in citrate buffer to allow
antigen unmasking. Slides were then preincubated with
normal donkey serum diluted at 1 : 20 in PBS for 30min
and overlaid with polyclonal sheep anti-BPV-2 E5 diluted at
1 : 25 in PBS at 4∘C, overnight, in a humid chamber. Then, a
polyclonal goat anti-p-PDGF𝛽 receptor antibody (SantaCruz
Biotechnology) diluted at 1 : 25 in PBS was applied overnight.
A secondary antibody Alexa Fluor 488 donkey anti-sheep
(green) (Invitrogen, Molecular Probes) and a secondary
antibody Alexa Fluor 546 donkey anti-goat (red) (Invitrogen,
Molecular Probes), diluted at 1 : 50 in PBS,were applied for 2 h
at room temperature.The slides werewashed three timeswith

Table 1: Histopathological types and number of mesenchymal
tumors and tumor-like lesions in the bovine urinary bladder.

Details of tumors No. Percentage
(%)

Tumors of vascular origin 204 ∼81%
Hemangioma 143 57%
Hemangioendothelioma 2 0.8%
Angiosarcoma 57 23%
Lymphangioma 2 0.8%
Hemangiopericytoma 9 3.6%
Glomus tumor 1 0.4%

Tumors of muscle origin 16 ∼6%
Leiomyoma 5 2%
Leiomyosarcoma 8 3.2%
Rhabdomyosarcoma 3 1.2

Miscellaneous mesenchymal neoplastic
lesions 23 9%

Fibroma and stromal fibrous reaction 5 2%
Myxoma and stromal myxomatous
reaction 13 5.2%

Fibrosarcoma 2 0.8%
Malignant lymphoma 3 ∼1%

Total 253 100%

PBS and mounted under aqueous medium (Sigma-Aldrich).
For observation and photography, a laser-scanning confocal
microscope (LSM-510; Zeiss) was used.

3. Results

Twohundred and fifty-three out of six hundred and fifty blad-
der tumors were mesenchymal tumors (40%). Frequently,
several different patterns of mesenchymal neoplasms coex-
isted.The size and location of neoplastic lesions varied greatly.
In a few cases neoplasia was localized to a single site, butmost
tumors were shown to occur as multifocal lesions. Benign
tumors (67%) were more common than malignant ones
(33%). Mesenchymal tumors of the bladder are summarized
in Table 1.

3.1. Tumor-Like Lesions and Tumors of Vascular Origin.
Vascular tumors were seen in 204/253 cases accounting
approximately for 81% of all bladder tumors.

3.1.1. Intravascular Papillary Endothelial Hyperplasia (IPEH).
First described by Masson as “vegetant intravascular heman-
gioendothelioma” [27], it is a benign, florid proliferation of
endothelial cells [28]. Very likely it does not represent a true
tumor; it is believed to be an exuberant organization and
recanalization of a thrombus [29] and is a rare lesion of the
bladder in humans [30]. To our knowledge, the only one
case of IPEH in veterinary medicine has been reported in
the conjunctiva of a horse [31]. In the urinary bladder of
cattle, this lesion is commonly observed. Both the de novo
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Figure 1: Intravascular papillary endothelial hyperplasia (IPEH). (a) Papillary structures within a vascular space, lined by monolayer and
nonatypical endothelial cells, characterized this lesion (H&E, objective 20x). (b) Several intravascular fibrin deposits are seen (arrows)
(H&E, objective 40x). (c) An exuberant, partly organized, and recanalyzed thrombus is shown (H&E, objective 10x). (d) As in (c) at higher
magnification (H&E, objective 20x).

“pure” form and, more frequently, the mixed type associated
with benign and malignant vascular and urothelial tumors
were seen.The exclusively intravascular nature of the process,
the lack of atypical cells and aberrant mitoses, and the
hyaline appearance of the papillae covered by monolayered
cells are characteristic features of the lesions in cattle as
well as in humans (Figure 1(a)). Intravascular deposits of
fibrin were present (Figure 1(b)), and, in some cases, there
were exuberant, partly organized, and recanalized thrombi
(Figures 1(c) and 1(d)).

3.1.2. Hemangioma. Hemangiomas in the present series were
usually multiple and occurred anywhere in the bladder
wall. The most common type of hemangioma was the
cavernous type, which consisted of vascular lacunas, covered
with endothelium, containing erythrocytes, and organized
thrombi in the lumen (Figure 2(a)). Cavernous hemangioma
has been observed alone or in association with the capillary
type, consisting predominantly of closely packed aggregations
of capillaries, usually of normal caliber, and separated by
scant connective stroma (Figure 2(b)). Large-vessel heman-
giomas were the less-common tumors and were generally
composed of a combination of veins and arteries (arteriove-
nous hemangiomas) (Figure 2(c)).

In humans, bladder hemangioma is a rare benign lesion
and is generally considered as a congenital anomaly, not infre-
quently associated with the Klippel-Trenaunay or Sturge-
Weber syndromes [32, 33]. Hemangiomas are rare in animals
as well [1]. On the contrary, in cattle with bovine enzootic
hematuria, this was themost common soft tissue neoplasm of
the urinary bladder (143/253 cases, 57% of all mesenchymal
tumors). As in humans [29], cattle hemangioma can be
classified according to the caliber of vessels in capillary,
cavernous, and large-vessel hemangiomas.

3.1.3. Lymphangioma. This tumor occurred rarely in our
survey (2/253 cases, 0.8%) and consisted of bundles of plump
smooth muscle cells proliferating in and around lymphatic
channels.

3.1.4. Angiosarcoma. Angiosarcoma consists of anastomos-
ing vascular channels lined by endothelial cells with marked
atypia and prominent nucleoli. Few cases of angiosarcoma
in the urinary bladder have been reported in humans. On
the contrary, these tumors were identified in approximately
23% of the cattle in the present series (57/253 cases). Most of
these tumors have an epithelioid pattern and were composed
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Figure 2: Tumors of vascular origin. (a) Cavernous haemangioma composed of vessels varying in size and shape (H&E, objective 20x).
(b) Capillary hemangioma composed of small, rather uniform vessels (H&E, objective 20x). (c) Large-vessel hemangioma composed of
intercommunicating vascular structures (H&E, objective 20x). (d) Epithelioid angiosarcoma characterized by round cells with vesicular nuclei
with prominent nucleoli (H&E, objective 40x). (e) Kaposi-like hemangioendothelioma composed of spindle cells around vascular structures
(H&E, objective 40x). (f) A particular staghorn appearance of the haemangiopericytoma (H&E, objective 40x).

of cords or nests of endothelial cells with an epithelioid mor-
phology that formed small vascular structures (Figure 2(d)).
Aberrant and multinucleated cells were seen in some of
them. However, despite the fact that they often appear to be
composed of marked atypical cells, they rarely metastasize.
We found only one angiosarcoma that had metastasized to
distant organs. Recently four epithelioid hemangiosarcomas
were described in the urinary bladder of cows with severe
enzootic haematuria. Neoplastic cells, like endothelial cells,
were immunohistochemically positive to factor-VIII-related

antigen and ultrastructurally often contained cytoplasmic
intermediate filaments, resembling epithelial cells [34].

3.1.5. Hemangioendotelioma. The morphology of this tumor
appears to be in a category between hemangioma and
hemangiosarcoma and could arise in several organ systems,
skin, and soft tissue. There are few reported cases arising
primarily in the bladder [35].

We reported two cases of hemangioendotheliomas (0.8%)
of the urinary bladder of cattle suffering from chronic
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Figure 3: Rhabdomyosarcoma: (a) suburothelial (cambium layer) proliferation of round cells with scant cytoplasm, vesicular nuclei, and
prominent nucleoli (H&E, objective 40x); (b) rhabdomyosarcoma characterized by small round and spindle cells, some of which showing a
deeply acidophilic cytoplasm (H&E, objective 20x).

enzootic haematuria. They were classified as Kaposi-like
hemangioendotheliomas since they were characterized by
a proliferation of fusiform tumor cells with eosinophilic
cytoplasm and elongated nuclei, showing moderate atypia,
associated to features of capillary hemangioma (Figure 2(e)).
Kaposi-like hemangioendothelioma is extremely rare, and it
has recently been described in the urinary bladder in a cow
[36].

3.1.6. Hemangiopericytoma. Histologically this neoplasm ap-
pears to be composed of polygonal or spindle-shaped cells
packed around branching vascular channels, with staghorn
configuration (Figure 2(f)). Nine cases (3.6%) were reported
in the cattle of the present series (Table 1). A similar per-
centage has been reported by other authors [5]. Unlike cattle,
hemangiopericytoma of the urinary bladder is exceptionally
rare in man. A review of the literature revealed rare cases
arising primarily in the urinary bladder [26].

3.1.7. Glomus Tumor. Glomus tumor is composed of a prolif-
eration of sharply demarcated modified smooth muscle cells,
which are often arranged around dilated staghorn vessels.
The cells contain a round nucleus and pale cytoplasm and
generally low mitotic activity. The only case of multiple
glomous tumor which has been reported in the present series
was previously described by Roperto et al. [37].

3.2. Tumors of Muscle Origin

3.2.1. Leiomyoma, Leiomyosarcoma, and Rhabdomyosarcoma.
Inman, both benign andmalignant tumors of smoothmuscle
origin are the most common mesenchymal tumors of the
bladder [35]. Rhabdomyosarcoma of the bladder is relatively
rare; however, the urinary bladder is believed to be the most
common location for this type of tumor in the pediatric
population since 90% of rhabdomyosarcomas in children are
seen in the bladder [35]. Of the three types of rhabdomyosar-
comas (embryonal, alveolar, and pleomorphic) by far the
most common is the embryonal type [35, 38].

Figure 4: Bladder primary lymphoma composed of atypical cells
showing vesicular nuclei, prominent nucleoli, and abnormal mitosis
(arrows) (H&E, objective 40x).

Tumors of muscle origin represent approximately 6%
(16/253) of the mesenchymal tumors of the present series
(Table 1). We found five leiomyoma and eight malignant
tumors, the microscopic patterns of which are consistent
with the diagnosis of leiomyosarcoma. Histologically, these
tumors are similar to those seen in other sites. We also found
three cases of rhabdomyosarcoma. The microscopic patterns
were characterized by a suburothelial (cambium layer) prolif-
eration of round cells showing scant cytoplasm and vesicular
nuclei containing prominent nucleoli. Rhabdomyosarcomas
composed of small and spindle cells, some of them showing
a deeply acidophilic cytoplasm, were also seen (Figures 3(a)
and 3(b)).

3.3. Miscellaneous Mesenchymal Neoplastic Lesions of the
Urinary Bladder. We found other neoplastic lesions arising
in the bovine bladder. Three cases of malignant lymphoma
were composed of numerous pleomorphic, hyperchromatic
and lymphocytic cells, embedded in a delicate edematous
stroma (Figure 4). Two fibromas and three stromal fibrous
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Figure 5: Carcinosarcoma shows an association of malignant
epithelial and mesenchymal components. The latter is composed
of large, abnormal cells with numerous mitoses (arrows) (H&E,
objective 40x).

reactions, two fibrosarcomas, six true myxomas, and seven
stromal mixomatous reactions were also seen.

Finally, three cases of carcinosarcomas, in which the
mesenchymal component was composed of round cells with
nuclear pleomorphism and hyperchromasia, were also docu-
mented (Figure 5).

3.4. Colocalization of E5 and PDGF b Receptors in Blad-
der Mesenchymal Tumours. In forty vascular tumors, the
colocalization of E5 oncoprotein with the overexpressed
and phosphorylated PDGF𝛽R was clearly revealed by the
yellow fluorescence of the merged image by laser-scanning
confocal microscopy (LSCM) in endothelial cells (Figures
6(a), 6(b), and 6(c)). LSCM failed to detect this complex
in normal endothelial cells (Figures 7(a), 7(b), and 7(c)).
These findings show that BPV-2 virus, the DNA of which
was already documented in tumor samples from soft tissue
tumors collected by the laser microdissection method as
previously reported [37], produces an active infection in
mesenchymal cells of the urinary bladder and also plays an
important role in the development of cancers of the soft tissue
of the bovine urinary bladder.

4. Discussion

In human medicine mesenchymal tumors of the urinary
bladder are uncommon neoplasms [35]. Soft tissue tumors
and tumor-like lesions of the bladder are generally described
in isolated case reports and short series [30, 35] and are by far
less common than epithelial lesions.

Mesenchymal tumors are quite common in cattle har-
boring papillomavirus infection and grazing on lands rich in
bracken fern, which shows that E5 protein, the major onco-
protein of BPV-2 and ptaquiloside and the major oncogenic
factor of bracken fern, may play a synergistic role also in
mesenchymal cancerogenesis of the urinary bladder.

It has been suggested that hemangiomas are congenital
lesions arising from embryonic angioblastic stem cell [32, 39].

Some authors prefer to include arteriovenous malformation
(AVM) of the urinary bladder in the spectrum of heman-
giomas [35]. Furthermore, it is believed that hemangiomas
diagnosed in adults are malformations detected later in life
[30].

We never observed hemangiomas of the urinary bladder
alone. These lesions were seen in association with other
mesenchymal tumors but, mostly, with urothelial tumors
in adult cattle. In addition, we detected, for the first time,
that E5 oncoprotein binds to the activated (phosphorylated)
form of PDGF𝛽R that appears to be overexpressed in the
endothelial cells of some hemangiomas.These findings allow
us to suggest that bladder hemangiomas in cattle are not
congenital malformations. We believe that the partnership
between E5 oncoprotein and PDGF𝛽R plays a crucial role
also in mesenchymal bladder cancerogenesis in cattle. These
observations confirm that BPV-2 is able to infect mesenchy-
mal cells and corroborate our previous reports in which
we showed that E5 oncoprotein interaction with PDGF𝛽R
is responsible for urothelial cell transformation [20]. It is
worthwhile remembering that PDGF-B/PDGF𝛽R is con-
stitutively expressed in endothelial as well as in vascular
smooth muscle cells (vSMCs) and pericytes, thus appearing
to play a central role in vascular development [40]. Abnormal
expression of PDGF-B and PDGF𝛽R is associated with a
severe vascular pathology [40]. Furthermore, it has been
shown that CD4(+) and CD8(+) lymphocytes represent the
most important reservoir of active BPV-2 in the blood of
cattle as E5 oncoprotein has been detected in defined subsets
of the peripheral blood mononuclear cells (PBMCs) [41].
Very likely, the high incidence of vascular tumors found in
cattle suffering from chronic enzootic hematuria must be
attributable to the transformation potential of E5 oncoprotein
via the activation of the PDGF𝛽R, whichmakes cattle unique
among large animals.

There are fewer than 30 cases of primary angiosarcomas
of the urinary bladder in man [35]. They are considered
to be aggressive, high-grade tumors. Prognosis is poorer
than angiosarcomas in other sites. Regional lymph nodes are
typically spared but local recurrencewith distantmetastasis is
the rule [42]. These patients tend to have rapidly progressing
disease and poor long-term survival.

In cattle angiosarcomas of the urinary bladder are the
most frequent malignant mesenchymal tumors. Most of
them are epithelioid angiosarcomas, the cells of which share
many morphological features with human angiosarcoma
cells. Despite an aggressive appearance histologically, bovine
angiosarcoma has a very low potential of metastasis. Out of
23 angiosarcoma in this series, only one showedmetastasis to
distant organs.

In papillomavirus-associated bladder tumors, severe dif-
fuse inflammation is invariably present in the stroma of
both urothelial and mesenchymal tumors [4, 43]. It is well
known that papillomavirus L1 protein plays a central role
both in infection and immunogenicity [44]. It has just been
shown that L1 protein is surprisingly expressed in high-grade
bladder cancer of ruminants [45]. L1 protein expression may
contribute to chronic inflammation of tumor stroma known
to have an important role in the progression and metastasis
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Figure 6: Hemangioma observed by confocal microscopy: (a) red immunofluorescence shows the overexpression and phosphorylation of
the PDGF𝛽 receptor, (b) green immunofluorescence detects the expression of the E5 oncoprotein, and (c) colocalization of the receptor and
the oncoprotein documented by yellow immunofluorescence of the merged image.

(a) (b) (c)

Figure 7: Normal vessel observed by confocal microscopy: (a) red immunofluorescence shows the expression and phosphorylation of the
constitutive PDGF𝛽 receptor, (b) green immunofluorescence shows no E5 oncoprotein, and (c) immunofluorescence of the merged image
failed to show any colocalization of E5 oncoprotein with PDGF𝛽 receptor.

of tumors. It has been suggested that immune cells play an
emerging role in controlling tumor metastasis [46, 47].

Therefore, it is reasonable to believe that the L1-mediated
severe inflammation of tumor stroma might play a role in
controlling the metastatic potential of bladder tumors. Better
understanding of the relationship, if any, between biological
behavior of urothelial andmesenchymal tumors of ruminants
and their stromal inflammation will be an important area of
work in the future.

Finally, we report the first cases of IPEH of the urinary
bladder in animals. Our work seems to strengthen the hy-
pothesis that IPEH is not a true tumor but rather an exuberant
organization and recanalization of a thrombus.

As spontaneous bladder pathology is quite common in
cattle grazing on fern-infested pastures, we suggest that this
species may serve as a spontaneous biological model that
should prove rich ground for future research in papillo-
mavirus biology and comparative bladder oncogenesis.
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Metastatic melanoma, the primary cause of skin cancer-related death, warrants new therapeutic approaches that target the
regulatory machinery at molecular level. While long noncoding RNAs (lncRNAs) are dysregulated in a number of cancer types,
limited data are available on the expression and function of lncRNAs in melanoma metastasis. The primary objective of this study
was to investigate the role of 6 metastasis-related lncRNAs in pairs of primary melanoma and matched lymph node metastatic
tissues. Among the tested lncRNAs, HOTAIR was the most highly expressed in lymph node metastasis. The role of HOTAIR in
melanoma cell motility and invasion was further evaluated by knocking down HOTAIR with siRNAs. Knockdown of HOTAIR
resulted in the reduction of motility and invasion of human melanoma cell line A375, as assessed by wound healing assay and
Matrigel-based invasion assay. siHOTAIR also suppressed the degradation of gelatin matrix, suggesting that HOTAIR promotes
gelatinase activity. Together, our study shows that HOTAIR is overexpressed inmetastatic tissue, which is associated with the ability
of HOTAIR to promote melanoma cell motility and invasion. These data indicate that lncRNAs may be involved in the metastasis
of melanoma and provide support for further evaluation of lncRNAs in melanoma.

1. Introduction

Although the incidence of malignant melanoma accounts
for only approximately 1% of cutaneous tumors, it is among
the few cancers with a remarkably high mortality rate. This
is mainly due to its high potential to metastasize to the
vital organs such as lungs, liver, and brain. Approximately
80% of skin cancer-related mortality is due to melanoma
(http://www.chinaswzl.com/cancer/hsslby/2493.html).

The worldwide incidence of melanoma is increasing
[1]. Statistical analysis of the melanoma cases collected in
recent years in our department shows that the incidence of
melanoma is much higher than the Chinese national average
and is still increasing, especially in the younger population in

southern industrial cities in China. This phenomenon may
be caused by complex environmental factors and long sun
exposure (Yu B, unpublished data).

Noncoding RNAs (ncRNAs) are emerging as new reg-
ulators in the cancer paradigm. They have demonstrated
potential roles in both oncogenic and tumor suppressive
pathways [2, 3]. ncRNAs are largely grouped into two major
classes based on transcript sizes: small ncRNAs (<200 kb)
and long ncRNAs (lncRNAs) (>200 kb) [4, 5]. Small ncRNAs
include a broad range of well-known and newly discovered
RNA species, withmany being associatedwith 5 or 3 regions
of genes.This class includes the well-documentedmiRNAs. It
has been widely reported that cancer-specificmiRNAs can be
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detected in the blood, sputum, and urine of cancer patients
and serve as diagnostic and prognostic markers [6–8].

LncRNAs, ranging from 200 nucleotides to over 10 kb,
are abundantly transcribed by the mammalian genome [9,
10]. LncRNAs have been found to be dysregulated in a
wide range of human diseases and disorders, including
various cancers. For example, PCGEM [11] and DD3 [12] are
overexpressed in prostate cancer as compared to adjacent
normal prostate tissue, implicating a role for these lncRNAs
in prostate tumorigenesis [13]. BC200 RNA overexpression is
correlated with the progression of breast cancer and has been
proposed to be a newmolecularmarker for breast cancer [14].
Increased expression of MALAT-1 RNA indicates a worse
clinical outcome in lung cancer patients [15]. Gupta et al.
recently revealed an important role for HOTAIR in breast
cancer metastasis. HOTAIR is highly induced (up to 2,000-
fold) in breast cancer metastatic tissues [16]. In addition,
overexpression of HOTAIR in primary breast tumors is a
powerful predictor of eventual metastasis and death [16].
These studies provide evidence and support that lncRNAs
may be involved in tumorigenesis and tumor progression.

However, research on the expression and function of
lncRNAs in melanoma is still limited. In this study, we
analyzed the expression profiles of 6 well documented
metastasis-related lncRNAs in 3 pairs of primary melanoma
and matched lymph node metastatic tissues using real-time
quantitative RT-PCR. Further, we investigated the role of
HOTAIR in melanoma cell motility and invasion. Our study
provides novel insights into the role of lncRNAs in the
metastatic progression ofmelanoma and identifies a potential
new target for the treatment of metastatic melanoma.

2. Materials and Methods

2.1. Tissue Samples. Three pairs of primary melanoma and
matched lymph node metastatic tissues were obtained from
the Department of Gastric Cancer and Soft Tissue Sarcoma
Surgery at the Fudan University Shanghai Cancer Center.
The protocol was approved by the Institutional Review
Board of Fudan University. Patients enrolled in the study
were provided with written informed consent. Fresh tissue
samples were collected and cut into fragments <0.5 cm in any
single dimension. The tissues were then immersed into 2mL
RNAlater (Ambion, Foster City, CA). All the tissue samples
were frozen within 30 minutes after surgery and stored in
liquid nitrogen until use. Tissue sections from each sample
were reviewed and classified by a pathologist.

2.2. Cell Culture. Humanmetastatic melanoma cell line A375
was obtained from the Typical Cell Culture Collection Com-
mittee of the Chinese Academy of Sciences. A375 cells were
maintained in Dulbecco’s modified Eagle’s media (DMEM)
supplemented with 10% fetal bovine serum (FBS).

2.3. Quantitative Reverse Transcriptase PCR (qRT-PCR) of Six
lncRNAs. Total RNAwas isolated frommelanoma and lymph
node metastatic tissues using the RNeasy kit (Qiagen, Grand
Island, NY) according to the manufacturer’s instructions.

Table 1: Nucleotide sequence of primers for lncRNA qPCR.

IncRNA Sequence
HOTAIR-F 5-CAGTGGGGAACTCTGACTCG-3

HOTAIR-R 5-GTGCCTGGTGCTCTCTTACC-3

HULC-F 5-TCATGATGGAATTGGAGCCTT-3

HULC-R 5-CTCTTCCTGGCTTGCAGATTG-3

MALAT1-F 5-TAGGAAGACAGCAGCAGACAGG-3

MALAT1-R 5-TTGCTCGCTTGCTCCTCAGT-3

MEG3-F 5-GCCAAGCTTCTTGAAAGGCC-3

MEG3-R 5-TTCCACGGAGTAGAGCGAGTC-3

NEAT1-F 5-TGGCTAGCTCAGGGCTTCAG-3

NEAT1-R 5-TCTCCTTGCCAAGCTTCCTTC-3

UCA1/CDUR-F 5-CATGCTTGACACTTGGTGCC-3

UCA1/CDUR-R 5-GGTCGCAGGTGGATCTCTTC-3

Reverse transcription (RT) reactions were performed with
1 𝜇g total RNA using a PrimeScript RT reagent kit (TaKaRa
BIO, Shiga, Japan). Random hexamer primers were used
in the RT reactions. Real-time qPCR was performed on a
Bio-Rad CFX-96 real-time PCR system (Bio-Rad, Hercules,
CA) using SYBR Premix DimerEraser kit (TaKaRa, Shiga,
Japan). GAPDH was used as an endogenous control for the
qRT-PCR reactions (TaKaRa, Shiga, Japan). All assays were
performed in triplicates. The 2−ΔΔCt method was used to
calculate the expression of each lncRNA. All the reactions
were carried out with strict compliance with the MIQE
(Minimum Information about Quantitative Real-Time PCR
Experiments) guidelines. Sequences of the real-time PCR
primers are listed in Table 1.

2.4. siRNA Transfection. A375 cells (3× 104/well) were plated
in 6-well plates overnight. Cells were then transfected with
50 nMnontargeting siRNAcontrol (siControl), 50 nM siRNA
against HOTAIR I (siHOTAIR I, SASI Hs02 00380445), or
siHOTAIR II (SASI Hs02 00380446, Sigma Aldrich) for 24 h
using Lipofectamine 2000 transfection reagent (Invitrogen,
Grand Island, NY) according to the manufacturer’s protocol.
Following the transfections, A375 cells were then harvested
for experiments as indicated.

2.5. Wound Healing Assay. A375 cells were transfected with
siControl, siHOTAIR I, or siHOTAIR II and grew into
confluent monolayers overnight. Scratches were generated
with a sterile 200𝜇L pipette tip. Cell migration towards the
wounds was monitored at 0 hours and 24 hours using a light
microscope.

2.6. Invasion Assay. Modified Boyden chamber assay was
performed to assess cell invasion by using BioCoat Matrigel
invasion chambers with 8𝜇m pores (BD, Franklin Lakes,
NJ). A375 cells (5 × 104/chamber, in 100𝜇L of serum-free
DMEM) were added to the inserts of invasion chambers.
FBS (10% in 600𝜇L DMEM) was added as a chemoattractant
in the lower chambers. After 24 hours of incubation, cells
that had not penetrated the membranes were removed from
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Figure 1: HOTAIR is upregulated in lymph node metastasis of melanoma. (a) Expression profiles of lncRNAs in melanoma and matched
lymph nodemetastatic tissues. Quantitative RT-PCRwas performed on 6 lncRNAs inmelanoma and their matchedmetastatic tissue samples.
HOTAIR expression was summarized in the insert. ∗∗𝑃 < 0.01. (b) GEO analysis of HOTAIR in 4 types of specimens and several disease
states related to melanoma. The image was adapted from the GEO website. (A) Epidermal melanocyte culture; (B) epidermal keratinocyte
culture; (C) metastatic melanoma cell culture; (D) biopsy. (1) Normal; (2) benign nevus; (3) atypical nevus; (4) melanoma in situ; (5) vertical
growth phase melanoma; (6) metastatic growth phase melanoma; (7) lymph node metastasis.

the upper chambers with cotton swabs. Chambermembranes
were fixed and stained using Diff-Quik Stain Set (Dade
Behring Inc., Newark, DE) and examined under a bright-field
microscope. Invasion was assessed by counting 6 fields per
membrane (×20 objective).

2.7. In Situ Zymography. Glass coverslips were coated with
0.2mg/mL Oregon green 488-conjugated gelatin (Invitro-
gen), cross-linked in 0.5% glutaraldehyde for 15 minutes at
4∘C, and incubated with 5mg/mL NaBH

4
for 3 minutes.

The coverslips were then sterilized with 70% ETOH for 15
minutes and incubated in serum-free media for 1 hour at
37∘C. A375 cells transfected with siRNA-NS or siHOTAIR (I
and II) were plated on gelatin-coated coverslips, incubated at
37∘C for 24 hours, and processed by fluorescence microscopy
procedures. Cellmorphologywas photographed under a light
microscope.

2.8. Statistical Analysis. Statistical significances between
groups were determined by two-tailed Student’s t-test. For
paired melanoma tissues, the difference of lncRNA expres-
sionwas evaluatedwithWilcoxonmatched pairs signed ranks
test. 𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. LncRNA Expression in Melanoma and Matched Lymph
Node Metastatic Tissues. Expression profiles of 6 lncRNAs
that have been found to be associated with cancer or metas-
tasis [17] were examined by qRT-PCR in 3 pairs of primary
melanoma and matched lymph node metastatic tissues. We

observed that most of the lncRNAs (5 out of 6) were differ-
entially regulated in melanomas versus matched metastatic
tissues (Figure 1(a)). Among them, HOTAIR was signifi-
cantly overexpressed in metastatic lymph nodes compared to
matched primary melanoma (𝑃 < 0.01) (Figure 1(a)).

Further, data mining of publically available gene pro-
filing database Gene Expression Omnibus (GEO) showed
that HOTAIR expression is markedly higher in melanomas
compared with nontumor tissues, and the highest expression
was observed in tumors spread to regional lymph nodes
(Figure 1(b)), suggesting that HOTAIR expression is linked
to the progression and metastasis of melanoma.

3.2. Knockdown of HOTAIR Suppressed Metastatic Melanoma
A375 Cell Motility. Cell migration is an essential step in
metastasis. Therefore, we next examined the ability of
HOTAIR to affect cell motility using the scratch “wound”
healing assays in human metastatic melanoma cell line A375.
HOTAIR expression in A375 cells was knocked down by
siRNAs and confirmed by real-time qPCR (Figure 2(a)).
The wound healing assay showed that siControl-transfected
A375 cells covered almost the entire damaged area by 24
hours (Figure 2(b)). In contrast, the wounded area was only
partially covered by siHOTAIR-transfected cells after 24
hours of incubation (Figure 2(b)), suggesting that HOTAIR
promotes melanoma cell motility.

3.3. Knockdown of HOTAIRDecreased A375 Cell Invasion. To
further examine the involvement of HOTAIR in melanoma
cell invasion, Matrigel-based Boyden chamber assay was
performed. Knockdown of HOTAIR by siRNAs resulted in a
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Figure 2: Knockdown of HOTAIR decreases melanoma A375 cell
motility. (a) qRT-PCR analysis was performed to examine HOTAIR
RNA levels in A375 cells transfected with siControl, siHOTAIR I, or
siHOTAIR II. (b) Wounds were introduced by scratching confluent
monolayers of A375 cells transfected with siControl, siHOTAIR I,
or siHOTAIR II. Migration was monitored by light microscopy at
0 hours and 24 hours (upper panel). The widths of the gaps from 3
experiments were measured and the results are presented in a bar
graph (lower panel). ∗𝑃 < 0.05.
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Figure 3: Knockdown of HOTAIR inhibits the invasion of
melanoma A375 cells. Matrigel-based invasion assay was performed
using modified Boyden chambers with 10% FBS as a chemoattrac-
tant. Representative images were presented. The cell numbers per
field were counted and the results are summarized in a bar graph.
∗P < 0.05.

∼3-fold reduction of the invasiveness of A375 cells (𝑃 < 0.01;
Figure 3). Taken together, these data indicate that knockdown
of HOTAIR inhibits in vitro parameters associated with
metastasis including motility and invasion.

3.4. Degradation of Matrix In Situ Was Suppressed by
Knockdown of HOTAIR. Tumor cell invasion associated
with metastasis requires both specialized cell migration and
the ability to degrade basement membrane by secreted or
membrane-bound proteases [18]. We sought to determine
whether matrix metalloproteinase (MMPs), known to be
upregulated inmanymetastatic tumors, might be responsible
for HOTAIR-potentiated invasion. Gelatinase activity, indi-
cating the activity of MMP-2 and MMP-9, was assessed by in
situ zymography.The ability ofA375 cells to degradematrix in
situ was markedly suppressed by siRNA-HOTAIR (I and II),
as indicated by the reduced black holes representing matrix
degradation (Figure 4(b)). This result suggests that HOTAIR
promotes gelatinase activity in melanoma cells.

4. Discussion

Increasing studies provide evidence and support that ncRNAs
are key factors in gene regulation and influence normal and
cancer cell phenotypes [19–22].

LncRNAs belong to a novel class of ncRNA.They contain
longer than 200 nucleotides and have no protein-coding
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Figure 4:Degradation ofmatrix in situ is suppressed by knockdown
of HOTAIR. (a) qRT-PCR analysis was performed to examine
HOTAIR RNA levels in A375 cells transfected with siControl or
siHOTAIR (I and II). (b) A375 cells were transfected with siControl
or siHOTAIR (I and II) for 24 hours. In situ zymography was
performed with Oregon green 488-conjugated gelatin. Cells were
plated on gelatin matrix and incubated for 24 hours. The slides
were observed by phase-contrast microscopy (left column), and
gelatin degradation was visualized by fluorescence microscopy
(right column).

capacity [23]. Several lncRNAs have been reported to control
transcriptional alterations, implying that the difference in
lncRNA profiling between normal and cancer cells is not
just the secondary effect of cancer transformation [24]. On
the contrary, lncRNAs are strongly associated with cancer
progression [24]. However, little information regarding the
expression profiles of lncRNAs in melanoma is available.
Hence, in this study, we selected 6 well-documented lncR-
NAs associated with metastasis including MALAT1 [15, 16],
HOTAIR [16], NEAT-1 [25], HULC [26], MEG-3 [27], and
UCA1 [28] to evaluate their expression in primarymelanoma
and matched lymph node metastasis tissues. We observed
that HOTAIR is the only consistently overexpressed lncRNA
among the 6 lncRNAs in melanoma metastasis compared to

matched primary tumors. Four other lncRNAs were differen-
tially expressed in melanoma versus lymph node metastasis.

HOTAIRwas initially identified as one of the 231 ncRNAs
associated with human HOX loci [16]. HOTAIR promoted
metastasis in breast cancer [16]. There is growing evidence
that HOTAIR may have prometastasis activity in several
cancer types, including breast [16], pancreatic [29], and
hepatocellular carcinoma (HCC) [30]. Whether HOTAIR
performs the same function in the progression of melanoma
remains unknown. To understand the role of HOTAIR in
melanoma progression, a series of in vitro assays were per-
formed. Studies using wound healing assay demonstrate that
knockdown of HOTAIR inhibits the migration of melanoma
cells. The invasiveness of melanoma cells is also markedly
suppressed by knocking down HOTAIR, as demonstrated
by the Matrigel-based Boyden chamber assay. Recently,
Geng et al. found that HOTAIR expression is elevated in
HCC tumors compared with adjacent nontumor tissues [31].
HOTAIR expression is correlatedwith lymphnodemetastasis
in HCC [31]. siRNA-mediated knockdown of HOTAIR in
HCC cells was accompanied by a deduction in MMP-
9, suggesting that MMP-9 may be involved in HOTAIR-
mediated regulation of HCC progression [31]. As MMP-
9 plays an important role in tumor metastasis, gelatinase
activity (indicating the activity of MMP-2 and MMP-9) was
assessed by in situ zymography, which is a unique technique
for revealing proteolytic activity at specific sites in tissues or
cell cultures. Results indicate that the degradation of matrix
was suppressed by knockdown of HOTAIR, supporting the
hypothesis that HOTAIR promotes the activity of MMP-9
and/or MMP-2. BRAF-activated noncoding RNA (BANCR)
shows increased expression in melanoma [32]. Knockdown
of BANCR reduced melanoma cell migration [32]. These
data suggest that lncRNAs may play an important role in
the progression of melanoma. Further research on lncRNA
expression profiles is needed to define the impact of lncRNAs
on the progress of melanoma.

Interestingly, in our study, the expression levels of
lncRNA MALAT1 show no significant difference between
primary melanoma and matched metastatic tissues. On the
contrary, MALAT1 was documented by several studies to
associate withmetastasis in other cancer types [15]. Increased
expression of MALAT1 was first observed in metastatic non-
small cell lung cancer [15], followed by endometrial stromal
sarcoma of the uterus [33], and more recently in six other
types of cancer, includingHCC, breast, pancreas, lung, colon,
and prostate cancers [34]. Overall, these results suggest that
the effect of lncRNAs on cancer progression may be cancer-
type specific.

In conclusion, we demonstrate that HOTAIR lncRNA is
predominantly upregulated in lymph node metastasis tissues
compared with primary melanoma. Knockdown of HOTAIR
inhibits the motility and invasiveness of melanoma cells, and
the latter is associated with decreased degradation of extra-
cellular matrix. Although further mechanistic investigation
into the regulation of metastasis by HOTAIR is necessary,
the observed prometastatic activity of HOTAIR in multiple
preclinicalmodel systems supports HOTAIR to be a potential
target for melanoma metastasis therapy.
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Microscopic patterns of thirty-four urothelial tumors of the urinary bladder of water buffaloes from the Marmara and Black Sea
Regions of Turkey are here described. All the animals grazed on lands rich in bracken fern. Histological diagnosis was assessed using
morphological parameters recently suggested for the urinary bladder tumors of cattle. Papillary carcinoma was the most common
neoplastic lesion (22/34) observed in this study, and low-grade carcinomawasmore common (seventeen cases) than high-grade car-
cinoma (five cases). Papilloma, papillary urothelial neoplasm of lowmalignant potential (PUNLMP), and invasive carcinomas were
less frequently seen. Carcinoma in situ (CIS) was often detected associated with some papillary and invasive carcinomas. De novo
(primary) CIS was rare representing 3% of tumors of this series. A peculiar feature of the most urothelial tumors was the presence
in the tumor stroma of immune cells anatomically organized in tertiary lymphoid organs (TLOs). Bovine papillomavirus type-2
(PV-2) E5 oncoprotein was detected by molecular and immunohistochemistry procedures. Early protein, E2, and late protein, L1,
were also detected by immunohistochemical studies. Morphological andmolecular findings show that BPV-2 infection contributes
to the development of urothelial bladder carcinogenesis also in water buffaloes.

1. Introduction

Spontaneous tumors of the urinary bladder are very rare in
cattle accounting for 0.01% of all bovine malignancies [1].
Conversely, they are common in adult cattle grazing on lands
rich in bracken fern [2–4]. This plant contains toxic sub-
stances impairing the immune system and carcinogen prin-
ciples such as ptaquiloside, the prolonged ingestion of which
appears to be involved in bladder carcinogenesis. It has been
suggested that ptaquiloside causes an increased cell prolifera-
tion in bladder urothelium resulting in urothelial dysplasia
[5, 6]; furthermore, it is believed that ptaquiloside can act syn-
ergistically with bovine papillomavirus type 2 (BPV-2) thus
causing bladder tumors in cattle [7].

Papillomavirus infection plays a central role in bladder
carcinogenesis of large ruminants [7–11]. In particular, BPV-
2 appears to be involved in many urothelial tumors in cattle
and water buffaloes [4, 7, 12]. It has been shown that BPV-2
causes in vivo bladder carcinogenesis through the activation
of PDGF 𝛽 receptor [12, 13] and/or of Calpain 3 which is res-
ponsible for urothelial cell proliferation via E2F3 protein [14].

Tumors of the urinary bladder of buffaloes have sporad-
ically been described [3]. However, BPV-2 infection has just
been reported in urothelial tumors aswell as in somenonneo-
plastic lesions of the urinary bladder of buffaloes [12].

The aim of the present paper is to report the microscopic
patterns of thirty-four urothelial tumors of the urinary blad-
der of water buffaloes, twenty-seven of which were associated
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with papillomavirus infection. All the animals were from the
Marmara and Black Sea Regions of Turkey and grazed on
pastures contaminated with bracken fern.

2. Materials and Methods

Thirty-four tumor samples of the urinary bladder were col-
lected at public slaughterhouses of Marmara and Black Sea
Region (Turkey) (Bafra, Coskun, Bartin) from 3- to 5-year-
old castrated male water buffaloes daily grazing on fern-
infested lands. Each sample was divided into two halves. One
part was fixed in 10% neutral buffered formalin and was pro-
cessed for paraffin embedding for morphological assessment;
the other half was immediately frozen in liquid nitrogen,
stored at –80∘C until further processed for molecular proce-
dures.

2.1. Histopathology and Immunohistochemistry. Histologic
diagnosis of urinary bladder tumors was assessed on 4-𝜇m-
thick hematoxylin-eosin- (HE-) stained sections using mor-
phological criteria suggested in a recent report on the new
histological classification of urothelial tumors of the urinary
bladder of cattle [4]. Immunohistochemistry was performed
to detect both early (E) and late (L) papillomavirus proteins.
Briefly, the sections were deparaffinized, and then endoge-
nous peroxidase activity was blocked by incubation in 0.3%
H
2
O
2
in methanol for 20min. Antigen retrieval was per-

formed by pretreating with microwave heating (twice for
5min each at 750W) in citrate buffer pH 6.0. The slides were
washed with phosphate buffered saline (PBS), pH 7.4, 0.01M,
then incubated for 1 h at room temperature with donkey
serum (Sigma-Aldrich, Milan, Italy) diluted at 1 in 10 in PBS.
A polyclonal sheep anti-BPV-2 E5 primary antibody (a kind
gift from Dr. M. S. Campo, professor Emeritus of Glasgow
University, UK) diluted at 1 in 40000 in PBS was applied for
1 h at room temperature in a humid chamber. The sections
were rinsed with PBS before application of the donkey anti-
sheep biotinylated secondary antibody (Santa Cruz Biotech-
nology Inc., CA, USA), diluted at 1 in 100 in PBS for 45min
at room temperature. For E2 and L1 detection, the slides were
washed three times with PBS, pH 7.4, 0.01M, then incubated
for 1 h at room temperature with protein block serum free
(DakoCytomation, Denmark). A polyclonal rabbit anti-BPV-
2 E2 primary antibody (a kind gift from Dr. E. Androphy)
diluted at 1 in 50 in PBS and a monoclonal mouse anti-HPV-
16 L1 (late protein) primary antibody diluted at 1 in 200/300
in PBS were applied overnight at 4∘C in a humid chamber.
The sections were rinsed three times for 5min with PBS,
incubated for 40min at room temperature with appropriate
biotinylated secondary antibody (labelled streptavidin-biotin
(LSAB) Kit; DakoCytomation, Denmark). Finally, all the
sections were washed with PBS and then incubated with
streptavidin-conjugated to horseradish peroxidase (LSAB
Kit; DakoCytomation, Denmark).

Color development was obtained by treatment with di-
aminobenzidine (DakoCytomation, Denmark) for 5–20min.
Sections were counterstained with Mayer’s hematoxylin.
Negative control sections were incubated with PBS instead of
primary antibody.

2.2. PCR Reaction. TheDNA was extracted from the urinary
bladders of water buffaloes using the DNeasy Tissue Kit
(Qiagen TM, Germany) according to the manufacturer’s
instructions.

For the detection of BPV-2 E5 DNA, specific primers for
the E5 ORF (forward primer, 5-CACTGCCATTTGTTT-
TTTTC-3; reverse primer, 5-GGAGCACTCAAAATG-
ATCCC-3) were used. Furthermore, specific primers for
the L1 region of the BPV-1 (forward primer, 5-GGCTGA-
GGACGCTGCTGGTA-3; reverse primer, 5-TCTCCG-
AGCCCCCTCTGGTC-3) were also employed. Aliquots 50–
100 ng of purified DNA were amplified in 25 𝜇L of reac-
tion mixture containing 2mM MgCl

2
, 200mM each dNTP,

480 nM of each primer, and 2.5U of AmpliTaq Gold DNA
Polymerase (Applied Biosystems, Monza, Italy).The reaction
was carried out in a thermocycler (Veriti, Applied Biosys-
tems) with an initial denaturation step of 3min. Then, 35
cycles of amplification were carried out with a denaturation
step at 95∘C for 45 sec, an annealing step at 50∘C, 45 sec, for
BPV-2 E5, or at 65∘C, 40 sec, for BPV-1 L1 and an extension
step at 72∘C for 1min. A final extension step at 72∘C for 7min
was performed. Detection of the amplified products was
carried out by electrophoresis on ethidium bromide-stained
agarose gel. In each experiment, a blank sample consisting of
reaction mixture without DNA and a positive control com-
posed of BPV-2 clone DNA (a kind gift from Dr. A. Venuti)
or of BPV-1 positive sample were included. One 𝜇L of the
amplified products was subjected to a second run of PCR
under the same experimental conditions. Amplified products
from the last PCR were electrophoresed in a 2,5% agarose gel
and visualized by ethidium bromide stain.

2.3. RNA Extraction. Total RNA was extracted from urinary
bladders of water buffaloes using the RNeasy Mini Kit (Qia-
gen TM, Germany), according to the manufacturer’s instruc-
tions. The RNA quality was determined by agarose gel elec-
trophoresis and ultraviolet spectrophotometer analysis.

2.4. cDNA-E5 Analysis. The reverse transcription reaction
contained 4𝜇L 5x script reaction mix, 1 𝜇L iScript reverse
transcriptase, and 500 ng total RNA as the template. The
volume was adjusted to 10𝜇L with RNase free water (Bio-
Rad Laboratories, Milan, Italy). The reaction was incubated
at 25∘C for 5min, 42∘C for 30min, 85∘C for 5min, and then
kept at 4∘C for 5min. The synthesized cDNA was analyzed
by PCRwith specific primers for the E5ORF (forward primer,
5-CACTGCCATTTGTTTTTTTC-3; reverse primer, 5-
GGAGCACTCAAAATGATCCC-3). The total reaction
volume was 25𝜇L containing 2.5 𝜇L 10x Gold Buffer, 2mM
MgCl

2
, 200mM each dNTP, 480 nM of each primer, 2.5U

of AmpliTaq Gold DNA Polymerase (Applied Biosystems,
Monza, Italy), and 100 ng reverse transcription products
of cDNA as the template. The reaction procedure was as
follows: predenaturation at 95∘C for 3min, 35 cycles (denat-
uration at 95∘C for 45 sec, annealing at 50∘C for 45 sec, and
extension at 72∘C for 1min), and the final extension at 72∘C
for 7min. Detection of the amplified products was carried
out by electrophoresis on ethidium bromide-stained agarose
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Figure 1: Morphological patterns of the bubaline urothelial tumors. Papilloma (a), H&E, Objective 10x; papillary urothelial neoplasm of low
malignant potential (PUNLMP). Notice the diffuse reactive atypia, that is, the presence inflammatory cells into the urothelium (b) H&E,
Objective 10x; papillary carcinoma (c) H&E, Objective 20x; invasive carcinoma (d) H&E, Objective 20x.

gel. In each experiment, a blank sample consisting of reaction
mixture without DNA and a positive sample consisting of
cloned BPV-2 (a kind gift from Dr. A. Venuti) were included.

3. Results

Histological examinations of the urinary bladder tumors
detected microscopic patterns consistent with the diagnosis
of urothelial papilloma in three cases, two of them showed an
exophytic pattern and only one showed an inverted growth.
Furthermore, three cases were diagnosed as papillary urothe-
lial neoplasm of low malignant potential (PUNLMP); a
diagnosis of papillary carcinoma was performed in twenty-
two cases; five cases of invasive carcinomas were also found
(Figure 1); de novo (primary) carcinoma in situ (CIS) was
seen in only one case (Figure 2). Table 1 summarizes the
results. Tumor-like lesions such as reactive atypia as well as
flat and nodular hyperplasia were also seen.

Papillary carcinoma was the most common neoplastic
lesion observed in this study, and low-grade carcinomas were
more common (seventeen cases) than high grade carcinomas
(five cases). CISwas seen to occur in three buffaloes with pap-
illary carcinoma and in two with invasive bladder neoplasia.
They were seen more frequently than the primary (de novo)
CIS; the latter was seen in only one case thus representing

Figure 2: De novo (primary) carcinoma in situ (CIS) H&E,
Objective 20x.

about 3% of urothelial neoplasms. In all the examined cases,
there was a strong inflammation of the tumor stroma; quite
frequently, immune cells were anatomically organized in ter-
tiary lymphoid organs (TLOs), inwhich clear germinal center
and peripheral small dark and densely packed mantle
lymphocytes without any fibrous encapsulation were seen
(Figure 3).

PCR analysis demonstrated the presence of E5 DNA in
the samples from twenty-seven buffaloes suffering from uro-
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Table 1: Histological types of thirty-four urothelial tumors of the
urinary bladder in water buffaloes.

Microscopic patterns of tumors Case no.
Papilloma 3
Papillary urothelial neoplasm of low malignant
potential (PUNLMP) 3

Low-grade papillary urothelial carcinoma 17
High-grade papillary urothelial carcinoma 5
Low-grade invasive urothelial carcinoma 3
High-grade invasive urothelial carcinoma 2
De novo carcinoma in situ (CIS) 1

thelial bladder tumors in which a fragment of the expected
size (154 bp) was amplified (Figure 4). Furthermore, in these
samples, reverse transcriptase PCR analysis demonstrated
the presence of E5 mRNA (Figure 5). No BPV-1 DNA was
detected. Immunohistochemical studies confirmed the pres-
ence of E5 protein in the cytoplasm of many neoplastic cells;
it was not detected in the cytoplasmof normal cells (Figure 6).
Furthermore, a marked immunoreactivity for L1 protein
expression was evident both in the cytoplasm and nuclei of
the urothelial cells of neoplastic nests; it was not detectable
in normal urothelial cells (Figure 7). Since it is known that
E2 protein is essential for the viral life cycle and plays a
part in productive infection, immunohistochemical studies
on the expression of this protein were also carried out. E2
protein expression was detected both in the cytoplasm and
nuclei of urothelial cells from neoplastic urinary bladder.
Its expression was not manifested in normal urothelial cells
(Figure 8).

4. Discussion

The present study reports the microscopic patterns of thirty-
four spontaneous urothelial tumors of the urinary bladder
in water buffaloes grazed on pasturelands rich in fern. A
papillomavirus infection has been shown in twenty-seven
tumors (∼79%). Both benign and malignant lesions here
described fell into the following categories: flat urothelial
lesions, papillary urothelial lesions, and invasive urothelial
tumors just reported in humans [15] and cattle [4]. Nometas-
tases were found in malignant tumors. Our findings corrob-
orate that morphological criteria suggested for histological
classification of urothelial tumors in cattle [4] may be used
also in water buffaloes. Recently, we have shown that BPV-2
plays a central role also in bubaline bladder carcinogenesis.
Like the case in bladder carcinogenesis of cattle, BPV-2 E5
oncoprotein binds to the activated form of platelet derived
growth factor 𝛽 receptor (PDGF𝛽R) [12]. We document here
a papillomavirus infection by western blot analysis, cDNA,
and immunohistochemical investigations about the presence
of BPV-2 E5 oncoprotein.The expression of BPV-2 L1 protein
indicates that a complete life cycle of BPV-2 occurs also in
bubaline neoplastic urothelial cells. These findings corrob-
orate our previous results about the crucial role of BPV-2

Figure 3: Lymphoid neogenesis. Tertiary lymphoid organs with
an evident, clear germinal center and peripheral lymphocytes are
evident in tumor stroma. H&E, Objective 10x.

M 1 2 3 4 5 6 7 8 9 10 11 12

Figure 4: Detection of BPV-2 E5 DNA. M: 50 bp molecular marker
(HyperLadder II Bioline); 1-2: urinary bladder samples from healthy
buffaloes without BPV-2 E5DNA; 3–10: some representative bladder
tumors samples showing BPV-2 E5DNA; 11: positive control (cloned
BPV-2 DNA); 12: negative control (no DNA added). The arrow
indicates the position of the 154 bp BPV-2 E5 PCR product.

M 1 2 3 4 5 6 7 8 9 10 11 12

Figure 5: Assessment of BPV-2 E5 cDNA by reverse transcriptase
polymerase chain reaction (RT-PCR). M: 50 bp molecular marker
(HyperLadder II Bioline); 1-2: healthy urinary bladder samples;
3–10: bladder tumors samples; 11: positive control (cloned BPV-2
DNA); 12: negative control (no DNA added). The arrow indicates
the position of the 154 bp BPV-2 E5 PCR product.

infection in urothelial cell transformation [12]. Toxic ele-
ments of the fern appear to play a synergistic role with BPV-2
infection also in bladder carcinogenesis of water buffaloes. As
a matter of fact, when the buffalo breeding based on closed
breeding techniques does not allow buffaloes to graze on
pastures contaminated with bracken fern, the bladder disease
is basically unknown although clinical cases of BPV infection
can be seen, that is, papillomatosis of the skin. The micro-
scopical findings of this study show that urothelial tumors
of buffaloes share morphological characteristics with the
human counterparts just like urothelial tumors of cattle [4,
15, 16]. A peculiar feature of most bubaline urothelial tumors
was the presence of diffuse lymphocytes, plasma cells, and
macrophages which can evolve into aggregates in the tumor
stroma. These findings were also detected in the urothelial
cancers of cattle [4], but in buffaloes the immune cells were
often organized anatomically in de novo follicles leading
to the formation of the so-called tertiary lymphoid organs
(TLOs). Chronic follicular cystitis is frequently found in
water buffaloes [17]. The pathophysiological significance of



BioMed Research International 5
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Figure 6: E5 immunohistochemistry. Neoplastic cells show a strong cytoplasmatic E5 immunoreactivity (a), Objective 40x. No E5
immunoreactivity is evident in normal urothelial cells (b), Objective 20x.

(a) (b)

Figure 7: L1 immunohistochemistry. Presence of L1 protein in urothelial neoplastic cells (a) Objective 40x. No L1 protein immunoreactivity
was detected in normal urothelial cells (b), Objective 40x.

(a) (b)

Figure 8: E2 immunohistochemistry. Diffuse immunoreactivity of E2 protein in urothelial neoplastic cells (a), Objective 40x. No E2 protein
immunoreactivity was detected in normal urothelial cells (b), Objective 40x.

the lymphoid neogenesis is still unclear. TLO formation is
now recognized as a common feature ofmany chronic inflam-
matory diseases and might have a role in maintaining im-
mune responses against persistent antigens. It has been sug-
gested that the stimulus that triggers lymphoid neogenesis in
infected tissues is the causative agent itself [18]. It is reason-
able to suggest that, in our cases, L1 protein, expressed only
in productive BPV-2 infection and known to play a central

role both in infection and immunogenicity [19], stimulates
adaptive immune responses thus leading to chronic inflam-
mation of tumor stroma in which TLOs can develop. Fur-
thermore, BPV E5 is known to impair the major histocom-
patibility class I complex (MHC I) thus allowing the persis-
tence of the virus infection. This impairment and immuno-
suppressant of bracken fern may help maintain antigen
stimuli responsible for a heavy cell infiltration which can
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contribute to TLO formation [7, 20]. It has been suggested
that chronic follicular cystitis in buffaloes is characterized
by a very strong presence of lymphoid cells [17]. It is worth
remembering that themost organized structures are generally
found in highly infiltrated tissues [18]. Inflammatory cells of
microenvironment and their secreted factors appear to be
coresponsible for the fate of a tumor [21] being able to exert
a strong anticancer immunosurveillance. Further studies are
needed to gather insights into the relationship between tumor
cells and their inflammatorymicroenvironment being aman-
ner of debate [22]. In addition, we have to better understand
the role of lymphoid neogenesis in infectious diseases as it has
been suggested that, although so far it has been documented
in only a few chronic diseases, lymphoid neogenesis might
have a protective function by inducing an immune response
against the infectious agent.
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6 Laboratório de Anatomia Patológica, CPDSA, IB, Avenida Conselheiro Rodrigues Alves 1252, Bairro Vila Mariana,
04014-002 São Paulo, SP, Brazil

Correspondence should be addressed to Rubens Henrique Ramos D’Angelino; rhrdangelino@yahoo.com.br
and Claudia Del Fava; delfava@biologico.sp.gov.br

Received 26 December 2012; Revised 8 March 2013; Accepted 12 March 2013

Academic Editor: Lubna Nasir

Copyright © 2013 Rubens Henrique Ramos D’Angelino et al. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Bovine leukemia virus (BLV) was investigated in the central nervous system (CNS) of cattle with neurological syndrome. A total
of 269 CNS samples were submitted to nested-PCR (BLV env gene gp51), and the viral genotypes were identified. The nested-
PCR was positive in 4.8% (13/269) CNS samples, with 2.7% (2/74) presenting at histological examination lesions of nonpurulent
meningoencephalitis (NPME), whereas 5.6% (11/195) not presenting NPME (𝑃 > 0.05). No samples presented lymphosarcoma.
The PCR products (437 bp) were sequenced and submitted to phylogenetic analysis by neighbor-joining and maximum composite
likelihood methods, and genotypes 1, 5, and 6 were detected, corroborating other South American studies. The genotype 6 barely
described in Brazil and Argentina was more frequently detected in this study. The identity matrices showed maximum similarity
(100%) among some samples of this study and one from Argentina (FJ808582), recovered fromGenBank.There was no association
among the genotypes and NPME lesions.

1. Introduction

Bovine encephalitis is an important group of usually fatal
diseases that have a strong impact on public health, result
in major economic losses worldwide, and present a sanitary
barrier to international trade [1]. Agents associatedwith these
diseases include viral, bacterial, parasitic, neoplastic, toxic,

and metabolic agents, and all must be considered during
differential diagnosis [2].

The importance of differential diagnosis of neurologic
syndromes in cattle has increased since 1985, when bovine
spongiform encephalopathy (BSE) was first identified in the
United Kingdom [3]. Its association with the emergence
of a new variant of the human disease Creutzfeldt-Jakob
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Disease (CJD) increased its political, social, and public
health significance. International health authorities require
evidence from countries exporting meat, which includes
Brazil, that their herds are free fromBSE and that the causes of
encephalitis and encephalopathy are diagnosed and clarified
[4]. Decree no. 516 dated December 9, 1997, introduced a
BSE surveillance component into the system of surveillance
of Herbivore rabies as part of the National Rabies Control
of herbivores (PNCRH) of the Ministério da Agricultura,
Pecuária e Abastecimento (Ministry of Agriculture, Livestock
and Supply, MAPA) [5]. Thus, animals with symptoms of
central nerve system disorders must be submitted to a
differential diagnosis for rabies and other encephalitides
and encephalopathies. These rules are intended to improve
specific epidemiological surveillance measures to ensure a
country free of BSE [6]. The differential diagnosis and
prevention of BSE and the livestock assets in Brazil is of
fundamental importance, as is evaluating the risks related to
public health and the economic outlook.

Analysis conducted by the Biological Institute from April
to July 2002, of samples from 131 cattle with a CNS neurologi-
cal syndrome [1], confirmed the etiologic agent in only 38.9%
of the samples. Also 21.1% were positive for rabies (direct
immunofluorescence and biological tests), 1.5% positive for
Bovine Viral Diarrhea Virus (BVDV) (isolation, identifica-
tion by immunoperoxidase and RT-PCR), 0.7% positive for
BoHV-5 (PCR), and 0.7%were positive forNeospora caninum
(conventional PCR). In 16.0% of the cases, isolation and
identification of bacteria (Listeria monocytogenes, Streptococ-
cus spp., Clostridium perfringens, Arcanobacterium pyogenes,
Enterobacter cloacae, Pseudomonas aeruginosa, Acinetobacter
spp., and Staphylococcus spp.) were obtained. In 61.1% of the
samples, the agent could not be identified using available
diagnostic methods (isolation and molecular) making it nec-
essary to investigate other agents and employ other methods.

The Anatomopathology Laboratory of the Biological
Institute of São Paulo has been accredited by MAPA resolu-
tion number 5 of January 8, 2004 (Federal Official Gazette of
Brazil of 09.01.2004, Section 1, page 3), to performhistopatho-
logic differential diagnosis of encephalitis and BSE, thus
meeting MAPA’s PNCRH criteria. From January 2004 to
June 2007, 690 brains of cattle with clinical signs of nervous
disorders associatedwith rabies (direct immunofluorescence)
were submitted for histologic examination, with 40% (276)
showing pathological changes and nonpurulent and nonspe-
cific meningoencephalitis being the most frequent lesions
observed, at 90.0% (249/276) [7]. This type of inflamma-
tory mononuclear infiltrate indicates microorganisms (viral
agents, bacteria, and parasites) causing encephalitis, necessi-
tating sensitive, and specific tests to determine the causative
agents.

Bovine leukemia virus (BLV), which causes bovine leuko-
sis (BL), is widespread in all regions of Brazil with high
incidence of seroreactivity in dairy herds and other livestock
under intensive management [8], although lymphosarcoma
in the CNS has been reported as a rare condition in cattle
[9, 10].

Del Fava et al. [10] reported the occurrence of 0.03%
(1/2867) intracerebral lymphosarcoma in bovine with neuro-
logical syndrome, in a surveillance period of seven years, in
Brazil. The tumoral mass was positive to nested-PCR (BLV
env gene gp51). The RFLPA analyses using enzyme Bam
HI revealed a site in amplified segments of BLV env gene,
providing information about its population polymorphism,
and allowed to classify into the Japanese-North American
subgroup. The amplified proviral DNA was analyzed using
ABI Prism 377 DNA sequencer (Applied Biosystems), and
the obtained sequence was aligned and compared with others
present in GenBank, by program BLAST, confirming the
subgroup.

Given that BLV induces seroconversion, causes persistent
lymphocytosis, and may rarely lead to lymphosarcoma, and
that there are many cases with non-purulent meningoen-
cephalitis (NPME) in which a causative diagnosis cannot
be made, the aim of this study was to investigate BLV as
a possible cause of neurological syndrome in cattle testing
negative for rabies.

2. Materials and Methods

Bovine leukemia virus infection was verified from CNS
samples of 269 cattle with neurological symptoms referred to
theCentro de Pesquisa e Desenvolvimento de Sanidade Animal
of Instituto Biológico (Center of Research andDevelopment of
Animal Health of the Biological Institute) from January 2007
to December 2009, for differential diagnosis of neurological
syndrome. The samples were collected by government and
private veterinarians, and all samples were negative for
rabies virus based on the antirabies conjugate labeled with
fluorescein isothiocyanate (Sanofi ) and in vivo testing [11].

Tissues were fixed in 10% buffered formalin, cut into
smaller pieces, and then dehydrated, cleared, and embedded
in paraffin; sections were cut at 5𝜇m and stained with
hematoxylin and eosin [12].

DNA extraction was made from chilled tissue samples
using the Wizard Genomic DNA Purification kit (Promega
Corporation, Madison, WI, USA—Cat. no. A1120). Ampli-
fication of the segment that encodes the gp51 env gene
of the BVL was conducted by nested PCR, using specific
primers for amplifying a segment of 440 base pairs (bp)
[13]. Briefly, the PCR reaction conditions were as follows:
volume of DNA in the first and second amplification was
5 𝜇L and 1.5 𝜇L, respectively; concentration of external and
internal primers, 0.2 and 0.1 𝜇M; initial denaturation at 94∘C
for 2min; 40 repeat cycles of denaturation at 95∘C for 30 sec;
annealing at 62∘C for 30 sec in the first and 70∘C for 30 sec
in the second amplification; extension at 72∘C for 1min; final
extension at 72∘C for 4min. Analysis of amplified products
was by electrophoresis (100V/60min) agarose gel at 1.5% in
Tris plug, sodium acetate, EDTA pH 8.0, and stained with
ethidium bromide. The image of the gel under UV light was
recorded using camera coupled to a computer.

The positive PCR products were purified with the Wiz-
ard Genomic DNA Purification kit (Promega Corporation,
Madison, WI, USA—Cat. no. A7170) and subjected to
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sequencing reaction by chain termination with dideoxynu-
cleotides marked with fluorophores. The reaction was per-
formed with 5.68𝜇L of the PCR product, 2 𝜇L reagent Big
Dye 3.1 (Applied Biosystems), 2𝜇L of dilution buffer (0.2M
Tris-HCl pH 9.0, 5𝜇L MgCl

2
), and 0.32 𝜇L of a primer used

in PCR (final concentration 0.32𝜇L) to a total volume of
10 𝜇L. Each sample was sequenced in both directions using
forward and reverse primers. The samples were incubated
in a thermocycler (PTC-100, MJ Research) for 25 cycles at
95∘C for 10 sec and 60∘C for 4min. The sequencing reaction
products were precipitated by adding 40𝜇L of 75% iso-
propanol and centrifugation R-5810 centrifuge (Eppendorf)
at 3220×g for 30min at room temperature. After discarding
the supernatant, another 100 𝜇L of 75% isopropanol was
added for washing the precipitate, and the supernatant was
again discarded, without centrifugation. The precipitate was
dried by incubation at 37∘C for 30–60min. The precipitate
was re-suspended in 2𝜇L of formamide, denatured at 95∘C
for 2min, and subjected to electrophoresis in denaturing
polyacrylamide gel in ABl377 automated sequencer (Applied
Biosystems).

The generated sequences were analyzed by the program
Bioedit v.7.0.9 [14] to generate a unique sequence from the
bidirectional sequence data. They were then aligned to each
other and to homologues retrieved from Genbank, using the
Clustal W version 1.8.3 software [14].

After definition of a consensus block, a table of nucleotide
and amino acid identity was constructed using the software
Bioedit v.7.0.9 [14]. Phylogenetic inference was performed
using the program Mega, version 5 [15]. The tree gener-
ated from the nucleotide sequence was constructed with
the neighbor-joining method using the substitution pattern
maximum composite likelihood for the partial region (437 nt)
of the env glycoprotein 51 gene from the BLV (nt 5110–5546
having as reference a sample of BLV, Argentina Accession no.
AF257515), representing approximately 50% of the total gene,
with the bootstrap values defined from 1000 replicates, with
values equal to or greater than 50 submitted to the next node.

The association between the histopathologic findings of
non-purulent, nonspecific meningoencephalitis and results
of nested PCR, positive or not, was evaluated using Fisher’s
two-tailed exact test with an alpha error 5% [16].

3. Results and Discussion

The 269 CNS tissue samples from cattle with a CNS neuro-
logical syndrome showed a high number with characteristic
lesions of NPME, corroborating with Del Fava et al. [7],
but the nested-PCR showed low positivity for BLV (Table 1).
These data indicated that other infectious agents, including
rabies, are important in the differential diagnosis of diseases
of the CNS in cattle, as was demonstrated in southern Brazil
[4].

Statistical analysis by Fisher’s exact test [16] showed no
significant (𝛼 = 5%, 𝑃 = 0.52, CI = 0.1073 to 2.083) positive
correlation between nested-PCR results and the presence of
lesions characteristic of NPME.

Table 1: Correlation between histopathology of CNS of cattle with
neurological syndrome and results of nested-PCR.

Histology (%) Nested-PCR (%) Total (%)
Positive Negative

NPME 2 (0.7)a 72 (26.8)a 74 (27.5)
Without alterations 11 (5.6)a 184 (68.4)a 195 (72.5)
Total (%) 13 (4.8) 256 (95.2) 269 (100)
Same superscript letters between columns are not significantly different at
0.05.

Figure 1: Nonpurulent meningitis (H & E 200x magnification).
Bovine brain, positive for BLV, with accumulation of mononuclear
inflammatory cells along themeninges (yellow arrows) and apparent
congestion (red arrow).

Taking into account the high seroprevalence of BLV in
recent decades in Brazil [17–19], especially in dairy herds,
it is suspected that the low detection of genetic material
(proviral DNA) of BLV by nested-PCR (13/269, 4.8%) may
be due to low or absent neurotropism and/or in the difficulty
of the virus in crossing the blood-brain barrier, even in
animals with inflammatory changes of the CNS.The number
of cases found positive with nested-PCR in samples with
NPME (15.4%—2/13) was low in the present study. Another
possible reason for this discrepancy is the connection of BLV
with lymphoid tissue, particularly B lymphocytes [20, 21],
and not the CNS itself. For this reason, a higher incidence
of neoplastic changes is found in lymph nodes than in spleen,
heart, uterus, abomasum, liver, and kidneys [22].

Positivity to BLV in animals with NPME may be due
to the presence of the integrated virus in the lymphocyte
genome, which is infiltrated in the tissues. On the other hand,
in the positive nested-PCR animals that did not reveal NPME
(84.6%—11/13), it can be assumed that the presence of provi-
ral DNA in some samples may have been due to amplification
of the genetic material from the intraluminal lymphocytes of
cerebral blood vessels, taking into account that around 30%–
70%of infected animals have shown persistent lymphocytosis
[23].

In samples showing characteristics consistent with
NPME, regardless of BLV status, meningeal inflammatory
infiltration (Figure 1) and accumulation of inflammatory cells
along the Virchow-Robin space were evident (perivascular
cuffing) (Figure 2).
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Table 2: Sequences withmaximum andminimum similarity of nucleotides and of amino acids in the consensus region, when compared with
one another and with GenBank sequences.

Similarity Nucleotide Identity Amino acid identity

Among the sequences of
this study

Maximum (100%)
(i) JN254633, JN254635, JN254637 and JN254638
(ii) JN254636 and JN254640

Maximum (100%)
(i) JN254633, JN254635, JN254637 and JN254638
(ii) JN254636 and JN254640

Minimum (95.8%)
(i) JN254634 × JN254633, JN254635, JN254637 and
JN254638

Minimum (96.5%)
(i) JN254634 × JN254633, JN254635, JN254637 and
JN254638

Among the sequences of
the study before the other
retrieved from GenBank

Maximum (100%)
(i) JN254633, JN254635, JN254637, JN254638
and FJ808582
(ii) JN254636, JN254640 and EF065640

Maximum (100%)
(i) JN254633, JN254635, JN254637, JN254638 and
FJ808582
(ii) JN254636, JN254640 and EF065640
(iii) JN254639 and AY185360

Minimum (94%)
(i) JN254634 × EU266062

Minimum (92.4%)
(i) EU266062 × JN254634, JN254634, JN254635,
JN254638 and JN254638

 

Figure 2: Non-purulent encephalitis (H & E 400x magnification).
Bovine brain, positive for BLV, with mononuclear cell infiltrates
in the Virchow-Robin space (yellow arrows) characterizing the
perivascular cuffing. The red arrows indicate the vascular lumen,
with red blood cells within.

Comparison of the nucleotide and amino acid identity
matrix (Table 2) of the sequenced samples from this work
showed 100% identity among the BLV samples JN254633,
JN254637, and JN254638, all from São Paulo, and with BLV
sample JN254635 from Mato Grosso State. When compared
to GenBank sequences, these samples showed 100% identity
with sequence FJ808582, originally from Argentina [24].
Maximum identity was also found between samples BLV 04
(JN254636) from São Paulo State and 13 (JN254640) from
Mato Grosso, which were identical to the retrieved sequences
from GenBank EF065640, originally described in Costa Rica
[25].

A high mutation rate of retroviruses has been reported,
linking this to reverse transcriptase due to the high number
of replication cycles [26]. The rates of nucleotide mutation
of BLV are 0.009% and 0.034% in regions corresponding to
the env gene and long terminal repeat (LTR), respectively
[27]. However, it was evident in the present work, based on
minimal similarities of identitymatrices, that both nucleotide

(94%) and amino acid (92.4%) present a clear conservation
of nucleotide sequences, confirming findings of Portetelle et
al. [28] and Felmer et al. [29] that the BLV can conserve its
genetic characteristics in different geographical areas for long
periods.

Phylogenetic analysis of eight partial sequences of the env
gene (gp51) of BLV showed the presence of three genotypes,
they were represented in the phylogenetic tree (Figure 3),
and they corresponded to the identity matrix and to the
genotypes previously described [24, 30, 31]. Its topology
confirmed the separate genotypes reported by these cited
authors. Discussions and controversies have been generated
concerning the number of genotypes of BLV but have evolved
to consensus on the existence of at least seven genotypes,
based both on studies using PCR-RFLP and those employing
sequencing analyzes [24, 30, 32]. However, evidence for an
eighth genotype was reported by Hemmatzadeh [33] and
suggested by Matsumura et al. [31], which is why it was
considered by this study.

Based on the phylogenetic analysis of the partial region of
the env gene, none of the identified genotypes was associated
with NPME in cattle with neurological syndrome. There
is no currently available information on the pathogenicity
of BLV genotypes to different organs, including the bovine
CNS. Although the development of a tumoral form of bovine
leukosis has been described as dependent on host susceptibil-
ity [34, 35], there is currently no evidence for whether some
genotypes can influence or induce these neoplasias.

4. Conclusions

The results indicate that BLV has no tropism in the CNS,
and it cannot be regarded as the primary causative agent
of non-purulent meningoencephalitis in cattle. The observed
genotypes corroborate previous studies conducted in Brazil.
Bovine leukemia virus cannot be excluded from the differ-
ential diagnosis of neurological syndrome because, despite
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being rare, the presence of lymphosarcomas in the CNS has
been reported in Brazil.

Acknowledgment

The authors would like to thank FAPESP (Research Support
Foundation of São Paulo, SP, Brazil) for Masters Scholarship
Process no. 2010/04692-6 and for Research Grant Proc-
ess no. 2011/06513-4. They also want to thank the
Scientific Researcher Alice Akimi Ikuno for her
assistance.

References

[1] E. M. Pituco, E. M. S. Cunha, M. C. C. S. H. Lara et al.,
“Encefalites e encefalopatias dos bovinos: sistematização do
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de encefalites e encefalopatias espongiformes transmisśıveis em
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Veterinária Brasileira, vol. 15, pp. 93–99, 1995.

[19] J. Megid, C. N. Nozaki, R. B. S. Kuroda, T. F. Cruz, and K.
C. Lima, “Ocorrência de leucose enzoótica bovina na micror-
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