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Summary

Bovine papillomavirus type 13 (BPV-13), a novel Deltapapillomavirus, has been

found associated with urothelial tumours of the urinary bladder of cattle grazing

on lands infested with bracken fern. BPV-13 was detected in 28 of 39 urothelial

tumours. Diagnosis was based on sequencing of L1 and E5 amplicons from

tumour samples. The nucleotide sequences generated from these amplicons

showed a 100% homology with the sequences of BPV-13 L1 and E5 DNA found

in Brazil from a fibropapilloma of the ear in a cow and from equine sarcoids in

two horses. GenBank accession number of our representative BPV-13 sequences

is JQ798171.1. Furthermore, mRNA encoding BPV-13 E5 oncoprotein was also

documented, and its expression was also shown by immunohistochemistry and

immunofluorescence in the basal and suprabasal urothelial tumour cells. In

twenty-three tumours, BPV-13 was simultaneously found with BPV-2, a Delta-

papillomavirus genus, species 4. The latter virus was detected by amplifying and

sequencing a 154-bp-sized DNA fragment of BPV-2 E5. In addition, BPV-13 by

itself was seen to be expressed in five BPV-2-negative urothelial tumours. This

study shows that BPV-13 is present in urothelial tumour cells thus sharing biolog-

ical properties with BPV-1 and BPV-2. Although further studies are needed, BPV-

13 appears to be another worldwide infectious agent responsible for a distressing

disease causing severe economic losses in cattle industry.

Introduction

Thirteen bovine papillomavirus (BPVs) types from cattle

have so far been characterized and classified into three

genera: Deltapapillomavirus (BPV-1, -2 and -13), Xipapil-

lomavirus (BPV-3, -4, -6, -9, -10, -11, and -12), Epsilon-

papillomavirus (BPV-5 and -8) (Lunardi et al., 2013a).

BPV-7 has been proposed but not yet assigned to Dyoxi-

papillomavirus (Rector and Van Ranst, 2013).

Although BPVs have been characterized as epitheliotrop-

ic, Deltapapillomavirus are able to cause both epithelial

and mesenchymal cell infections resulting in benign and

malignant lesions of the skin and mucosa; indeed, their

biological properties are prevalently characterized by

inducing cutaneous fibropapillomas and a transspecies

transmission (IARC, 2007).

Despite BPV DNA has been detected in blood and in

non-epithelial tissues including reproductive tract of cattle

(Campo et al., 1994; Wosiaki et al., 2005; Yaguiu et al.,

2008; Lindsey et al., 2009; Santos et al., 2014), only recently

a non-neoplastic productive in vivo Deltapapillomavirus

infection has been shown to occur in peripheral blood

mononuclear cells (PBMCs) of cattle (Roperto et al., 2011)

and trophoblasts of the placenta of pregnant cows (Roperto

et al., 2012).

Moreover, BPV-2 has consistently been associated with

cancer of the urinary bladder, and the E5 protein, the major

Deltapapillomavirus oncoprotein, is expressed in cancer
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cells. Cofactors in pasture bracken fern that have been iden-

tified as chemical mutagens and immunosuppressants are

prerequisite for the occurrence of cancer. BPV-1, and occa-

sionally BPV-2, causes aggressive and persistent equine

sarcoids (IARC, 2007).

BPV-13 is a novel papillomavirus recently found in a

fibropapilloma of the ear of a cow (Lunardi et al., 2013a)

and in equine sarcoids from two horses (Lunardi et al.,

2013b). The phylogenetic analysis identified BPV-13 as the

third member of the Deltapapillomavirus genus, species 4

(Lunardi et al., 2013a). Like BPV-1 and BPV-2, BPV-13 is

able to infect both epithelial and mesenchymal cells and

jumps species. Unlike other bovine Deltapapillomavirus,

BPV-13 had not been found to be associated with urothelial

tumours.

The aim of this study was to investigate the presence and

the expression of BPV-13, alone and in combination with

BPV-2 infection, in urothelial tumours of the urinary blad-

der in cattle grazing on fern-infested lands from southern

Italy.

Materials and Methods

Ethics statement

In this study, we did not perform any animal experi-

ments. We collected the samples directly from private

and public slaughterhouses; the animals were slaugh-

tered following a mandatory clinical ante-mortem

examination as required by European Union (EU) legis-

lation.

Tumour samples

Thirty-nine bovine urothelial tumour samples and five

normal (control) bladder samples were collected with

the permission of the medical authorities in some

slaughterhouses.

Both neoplastic and normal bladder samples were

routinely divided into several parts. Some parts were

fixed in 10% buffered formalin for microscopic investi-

gations. The remaining parts were immediately frozen

in liquid nitrogen and stored at �80°C for subsequent

biomolecular analysis.

Histopathology

The tissues fixed in 10% buffered formalin were rou-

tinely paraffin embedded. Histologic diagnosis was

assessed on 5-lm-thick haematoxylin-eosin (HE)-stained

sections using morphologic criteria suggested in the

recent report on the new histological classification of

urothelial tumours of the urinary bladder of cattle

(Roperto et al., 2010).

DNA extraction and PCR for Bovine Papillomavirus type

13

DNA was extracted from 39 urothelial tumours and five

normal bladder samples using the DNeasy Tissue kit (Qia-

gen, Hiden, Germany). The DNA concentration was deter-

mined from the 260 : 280 nm absorbance ratio (NanoVue

Plus; GE Healthcare Life Sciences, Little Chalfont, UK).

The PCRs amplified a 288 base pair (bp) product from

BPV-13 L1 gene, (nt 5660 � 5679, 50-CCAACCCCAGTAA
GCAAGGT-30; nt 5947 � 5927, 50-AAGAGGTTGACCTC
GGGAGA-30) and a 153 bp product from the BPV-13 E5

ORF (nt 3852 � 3871, 50-CACTGCCATTTGGTGTTCTT-30;
nt 4004 � 3983, 50-AGCAGTCAAAATGATCCCAA-30);
furthermore, a 154 bp product from the BPV-2 E5 ORF

was also amplified using the following specific primers:

50-CACTGCCATTTGTTTTTTTC-30 (nt 3841 � 3861);

50-GGAGCACTCAAAATGATCCC-30 (nt 3992 � 3972). A

199 bp product from the beta-actin gene was used to assess

DNA extraction and sample integrity. The PCR was carried

out in a 25 ll reaction mixture containing 2.5 ll 109 buf-

fer, 2 mM MgCl2, 2.5 U of AmpliTaq Gold DNA Polymer-

ase (Applied Biosystems, Foster City, CA, USA), 480 nM of

each primer and 200 mM of each dNTP and 50 ng DNA

extract. PCR conditions were as follows: denaturation for

3 min at 95°C, followed by 35 cycles of denaturation at

95°C for 30 s, annealing at 60°C for 30 s for BPV-13 L1

and E5 and at 50°C for 30 s for BPV-2 E5, and extension at

72°C for 5 min. In each experiment, a blank sample con-

sisting of reaction mixture without DNA and a positive

sample (a kind gift by Dr A.A. Alfieri, Universidade Estadu-

al de Londrina, Brazil) were included. Amplified DNA was

purified through silicagel membranes using the QIAquick

PCR quantification kit according to the manufacturer’s

instructions (Qiagen).

PCR products were purified by Qiaquick� PCR purifica-

tion Kit (Qiagen GmbH) and bidirectionally PCR

sequenced with BigDye� Terminator v1.1 Cycle Sequencing

Kit (Applied Biosystems) following manufacturer’s recom-

mendations. Sequences were dye-terminator removed by

DyeEx� 2.0 spin kit (Qiagen GmbH) and therefore run on

3500 Genetic Analyzer (Applied Biosystems). Electrophero-

grams were analysed using Sequencing analysis v5.2 and

sequence scanner v1.0 softwares (Applied Biosystems). The

sequences obtained were compared to those reported in

BLAST (http://blast.ncbi.nlm.nih.org).

RNA extraction and Reverse Transcription PCR for BPV-

13 E5

Total RNA was extracted from the tumour and normal

bladders using the RNeasy Mini Kit (Qiagen) according to

the manufacturer’s instructions. The RNA quality was
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determined by agarose gel electrophoresis and ultraviolet

spectrophotometer analysis. The RNA was treated with

RNase-free DNase I Fermentas Life Sciences (Dasit, Milan,

Italy) to remove potential DNA contamination.

Total RNA was transcribed using the iScript cDNA Syn-

thesis Kit (Bio-Rad, Hercules, CA, USA), and the reaction

was incubated at 25°C for 5 min, 42°C for 30 min, 85°C
for 5 min and then kept at 4°C for 5 min (RT+).

Furthermore, a reverse transcription without the reverse

transcriptase enzyme was also performed (RT�).

The synthesized cDNA was analysed by PCR with

specific primers for the E5 ORF (as described above). The

RT-PCR product was sequenced after separation by gel

electrophoresis.

Immunohistochemistry

Immunohistochemistry was performed in parallel on some

normal as well as on BPV-2-negative neoplastic samples of

the bovine urinary bladder. Briefly, paraffin sections were

deparaffinized and blocked for endogenous peroxidase in

0.3% H2O2 in methanol for 20 min. Antigen retrieval was

performed by pre-treating with microwave heating in cit-

rate buffer pH 6.0 (twice for 5 min each at 750 W). The

slides were washed three times with phosphate buffered sal-

ine (PBS, pH 7.4, 0.01 M) then incubated for 1 h at room

temperature with donkey serum (Santa Cruz Biotechnology

Inc., Santa Cruz, CA, USA) diluted at 1 in 20 in PBS. A

purified polyclonal sheep anti-BPV-2 E5 primary antibody

(a kind gift by Prof. L. Nasir, Glasgow University) diluted

at 1 in 5000 in phosphate buffered saline (PBS; pH 7.4,

0.01 M) was applied overnight at room temperature in a

humid chamber. Then, the slides were rinsed for 20 min

with PBS and incubated for 30 min with a secondary don-

key anti-sheep antibody (Santa Cruz, Biotechnology Inc.)

diluted at 1 in 100 in PBS. Sections were washed three times

with PBS and then incubated with streptavidin-conjugated

to horseradish peroxidase (LSAB Kit; DakoCytomation,

Denmark). Colour development was obtained by treatment

with diaminobenzidine (DakoCytomation, Glostrup, Den-

mark) for 5–20 min. Sections were counterstained with

Mayer’s haematoxylin.

Immunofluorescence

An immunofluorescence staining was also performed to

detect BPV-13 E5 oncoprotein. The five BPV-2-negative

tumour samples were stained, and normal bovine urinary

bladder mucosa were tested in parallel as control. Sections

were deparaffinized, rehydrated and heated in a microwave

oven in citrate buffer pH 6.0 (twice for 5 min each at

750 W) to allow antigen unmasking. Briefly, the sections

were rinsed three times in phosphate buffered saline (PBS;

pH 7.4, 0.01 M), pre-incubated for 1 h with normal donkey

serum (diluted at 1 in 20 in PBS) and then a purified poly-

clonal sheep anti-BPV-2 E5 primary antibody (a kind gift

by Prof. L. Nasir, Glasgow University) diluted at 1 in 500 in

phosphate buffered saline (PBS; pH 7.4, 0.01 M) was

applied overnight at room temperature in a humid cham-

ber. Before the exposure to the secondary antibody, all the

slides were washed for 20 min with PBS. A secondary anti-

body Alexa Fluor 488 donkey anti-sheep (Invitrogen, Life

Technologies, Carlsbad, CA, USA), diluted at 1 in 50 in

PBS, was applied for 2 h at room temperature. After wash-

ing three times with PBS, the slides were mounted under

aqueous medium (Sigma-Aldrich, Milan, Italy).

For immunofluorescence observations and photography,

a laser scanning confocal microscope LSM-510 (Zeiss,

G€ottingen, Germany) was used.

Results

Histologic diagnosis of 39 urothelial bladder tumours was

performed, and thirty-three of them (~85%) were found to

be associated with papillomavirus infection. A coinfection

with BPV-13 and BPV-2 was detected in 23 tumours

(~70%). Further five tumours were from bladder samples

expressing BPV-13 alone; BPV-2 alone was seen in addi-

tional five urothelial tumours (Table 1).

PCR analysis amplified BPV-13 L1 and E5 DNA frag-

ments, length 288 and 153 bp, respectively, both in singly

and double infected tumour samples. The presence of BPV-

13 L1 and E5 DNA was also confirmed by sequencing,

which revealed a 100% homology with BPV-13 L1 and E5

DNA sequences reported in GenBank (accession number is

JQ798171.1) (Figs 1 and 2). In addition, BPV-13 DNA was

also detected in the urothelium from one apparently

healthy cattle.

Furthermore, in tumour samples only, reverse transcrip-

tase PCR analysis demonstrated the presence of mRNA

encoding BPV-13 E5 oncoprotein (Fig. 3). E5 was also

detected by immunohistochemistry and immunofluores-

cence. Indeed, the expression of BPV-13 E5 oncoprotein

was clearly shown in the five tumour samples which did

not harbour any BPV-2 infection. A strong immunoreactiv-

ity for E5 protein was present in urothelial cells scattered

both across basal and suprabasal layers (Fig. 4). BPV-13 E5

expression was also confirmed by immunofluorescence in

the same samples (Fig. 5).

Molecular diagnosis of BPV-2 infection was based on

amplifying by PCR analysis a 154-bp-sized DNA fragment

known to be specific for BPV-2 E5. The sequence of these

amplicons showed a 100% identity with sequence of BPV-2

E5 deposited in GenBank (accession number is M20219.1)

(Fig. 6). This DNA fragment was also amplified and

sequenced in bladder mucosa from two normal cattle.
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Discussion

Here, we document the expression of BPV-13 in 28 of 39

(~72%) tumours in cattle. However, BPV-13 was seen in 28

of 33 (~85%) urothelial tumours associated with virus

infection. This is the first report of BPV-13 infection associ-

ated with urothelial tumours of the urinary bladder in cat-

tle. To date, urothelial tumours in veterinary oncology have

been associated exclusively with infection of BPV-1 and

BPV-2, agents known to belong to Deltapapillomavirus

genus, species 4 (Campo et al., 1992; Borzacchiello et al.,

2003; Nasir and Campo, 2008; Roperto et al., 2008, 2013a,

b, 2014; Lunardi et al., 2013a). Furthermore, this is the first

study which shows the presence of BPV-13 in Europe, thus

demonstrating it is a worldwide virus.

BPV-13 has been found to infect urothelial cells preva-

lently in combination with BPV-2. Indeed, a co-infection

Table 1. Deltapapillomavirus infection in bovine urothelial tumours

Microscopic patterns

BPV 2 BPV 13 BPV 13

E5 154 bp E5 153 bp L1 288 bp

Invasive carcinoma � � �
Invasive carcinoma + � �
Invasive carcinoma + + +

Invasive carcinoma + + +

Papillary carcinoma + + +

Normal mucosa � + +

CIS � � �
PUNLMP � + +

Papillary carcinoma � � �
Invasive carcinoma + + +

CIS + + +

Papilloma � � �
Papillary carcinoma + + +

Papilloma + + +

Papillary carcinoma + � �
Papillary carcinoma � � �
Papillary carcinoma � � �
Invasive carcinoma � + +

Invasive carcinoma + + +

PUNLMP + � �
Invasive carcinoma + + +

CIS + � �
Invasive carcinoma + + +

Inverted papilloma + + +

Invasive carcinoma + + +

Invasive carcinoma + + +

Invasive carcinoma + + +

PUNLMP + + +

Papillary carcinoma + + +

CIS + + +

Papilloma + + +

CIS � + +

CIS + + +

Papilloma + + +

PUNLMP + + +

Inverted papilloma + + +

Papillary carcinoma + + +

CIS + � �
Papilloma � + +

+: presence of BPV; �: no detection of BPV; PUNLMP, papillary urotheli-

al neoplasm of low malignant potential; CIS, carcinoma in situ.

Fig. 1. PCR analysis for detection of BPV-13 L1 DNA. Lane M, DNA

marker ladder with 300, 200 bp from top to bottom; Lane 2, PCR

product of total DNA from bladder of healthy cow as the template;

Lanes 3–5, PCR products of total DNA from pathological bladder as the

template; Lane C+, positive control; Lane C�, negative control in which

the template was replaced with distilled water.

Fig. 2. PCR analysis for detection of BPV-13 E5 DNA. Lane M, DNA

marker ladder with 200, 150, 100 bp from top to bottom; Lane 2, PCR

product of total DNA from bladder of healthy cow as the template;

Lanes 3–5, PCR products of total DNA from pathological bladder as the

template; Lane C+, positive control; Lane C�, negative control in which

the template was replaced with distilled water.
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with BPV-13 and BPV-2 was found in twenty-three of

thirty-three urothelial tumour samples (~70%). The signifi-

cance of this co-infection is to be elucidated but we hypoth-

esize a cooperative interaction between these genetically

similar BPV types takes place which leads to cell transfor-

mation.

The incidence of BPV-13 infection involved in urothelial

tumours appears to be quite common. BPV-13 by itself has

been found to infect tumour cells in five BPV-2-negative

urothelial tumours, which allows us to suggest that this

novel virus is an additional oncogenic agent responsible for

naturally occurring bladder carcinogenesis in cattle. We

show that E5 expression takes place in urothelial tumour

cells both by immunohistochemistry and immunofluores-

cence. These findings are consistent with the evidence that

BPV-13 E5 oncoprotein has a transforming activity. It has

been hypothesized BPV-13 E5 oncoprotein has an onco-

genic potential. Indeed, the amino acids identified as neces-

sary to maintain the transforming activity of BPV-1 E5

protein are also preserved in the BPV-13 E5 protein

(Lunardi et al., 2013a). Furthermore, it has been shown that

BPV-13 E5 has a very high (94%) identity in the nucleotide

sequence with BPV-2 E5 known to be the major oncogenic

protein of Deltapapillomaviruses (Lunardi et al., 2013b).

Fig. 3. Reverse transcriptase (RT)-PCR for detection of BPV-13 E5

mRNA. A. (RT+); Lane M, DNA marker ladder with 300, 200, 100 bp

from top to bottom; Lane 2, PCR product of cDNA from bladder of

healthy cow as the template; Lanes 3–5 PCR products of total DNA

from pathological bladder as the template; Lane C+, positive control;

Lane C�, negative control in which the template was replaced with dis-

tilled water. B. Same tumour samples as in A. Reverse transcription was

performed without reverse transcriptase enzyme (RT�); Lane M, DNA

marker ladder with 200, 150, 100 bp from top to bottom; Lane 2,

cDNA amplicons from bladder of healthy cow are not present; Lanes 3–

5, No cDNA amplicons from pathological bladder as the template are

detected; Lane C+, positive control; Lane C�, negative control in which

the template was replaced with distilled water.

Fig. 4. Immunoreactivity for BPV-13 E5 oncoprotein detected in uro-

thelial tumour cells scattered across basal and suprabasal layers. Scale

bar – 100 lm.

Fig. 5. BPV-13 E5 oncoprotein in urothelial tumour cells detected by

immunofluorescence. Scale bar – 100 lm.

Fig. 6. PCR analysis for detection of BPV-2 E5 DNA. Lane M, DNA mar-

ker ladder with 250, 200, 150 bp from top to bottom; Lane 2, PCR

product of total DNA from bladder of healthy cow as the template;

Lanes 3–5, PCR products of total DNA from pathological bladder as the

template; Lane C+, positive control; Lane C�, negative control in which

the template was replaced with distilled water.
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Our data confirm that bovine Deltapapillomaviruses are

the most important biological agents responsible for the

great majority of urothelial tumours of the urinary bladder

in cattle feeding on bracken fern. In absence of papilloma-

virus infection and/or bracken fern in the diet, bladder

tumours remain an extremely rare carcinogenetic event in

cattle accounting for 0.01–0.1 per cent of all malignant

bovine neoplasms (Meuten, 2002).

Further studies are needed to define the epidemiology of

BPV-13, to better understand its oncogenic potential, and

to improve our understanding about the role, if any, in

important non-neoplastic infections just as other Deltapap-

illomaviruses do (Roperto et al., 2012).

Conclusion

An accurate diagnosis of BPV infection and of viral geno-

types is needed to achieve prophylactic and therapeutic

immunization strategies which should lead to an effective

immunotherapeutic management of these important

bovine viral pathogens responsible for severe economic

losses in the cattle industry.
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