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Resumo

Os papilomavirus (PV) formam um grupo altamente diverso que infectam mamiferos,
aves e repteis. Entre esses virus, o papilomavirus bovino (BPV) tem grande
importancia veterinaria, causando lesdes cutdneas e mucosas em gado e outros
animais, que podem progredir para cancer. Portanto, estudar a diversidade de BPV
gue infectam os rebanhos brasileiros se torna relevante. Deste modo, esse estudo
objetivou desenvolver uma nova abordagem computacional baseada em entropia
para selecionar regibes gendmicas filogeneticamente informativas dos PV, assim
como avaliar e discutir a diversidade de tipos de BPV que infectam rebanhos da
regido Nordeste do Brasil. Para isto, a complexidade informacional de cada regiao
gendmica foi calculada e aquelas com baixa entropia foram selecionadas para
inferéncia filogenética. Foram coletadas amostras de lesdes cutaneas de bovinos do
Nordeste do Brasil. O DNA foi extraido, amplificado e os produtos foram
sequenciados. Foi possivel identificar regides claramente homédlogas que sé&o
conservadas entre os diferentes PV. As andlises também revelaram a presenca de
11 diferentes tipos de BPV nas amostras, assim como provaveis novos tipos e
subtipos de BPV. Estes resultados indicam que a entropia pode, com sucesso,
selecionar bons marcadores genémicos para inferéncia filogenética. Além disso, eles
adicionam um conhecimento significativo sobre a incidéncia e diversidade dos BPV
que infectam o gado brasileiro. Em conjunto, estes conhecimentos podem ser
utilizados para o desenvolvimento de novos sistemas de diagndstico, mais eficazes
no controle da papilomatose bovina.

Palavras-chave: Papilomavirus; Anadlise filogenética; Entropia; Epidemiologia
molecular; Diversidade genética.
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Abstract

Papillomaviruses (PV) are a highly diverse group that infects mammals, birds and
reptiles. Among these viruses, bovine papillomavirus (BPV) has great veterinary
importance, causing skin and mucous lesions in cattle and other animals, which can
progress to cancer. Therefore, it is relevant to study the diversity of BPV infecting the
Brazilian cattle. In this way, this study aimed to develop a new computational
approach based on entropy to select phylogenetically informative genomic regions of
PV, as well as evaluate and discuss the diversity of BPV types infecting cattle herds
in northeastern Brazil. For this purpose, the informational complexity of each genomic
region was calculated and those with low entropy were selected for phylogenetic
inference. Samples were collected from skin lesions of cattle from northeastern
Brazil. DNA was extracted, amplified and the products were sequenced. It was
possible to identify regions that are conserved among different PV, which are
probably shared with a common ancestor. The analysis also revealed the presence
of 11 different types of BPV in the samples, as well as putative new types and
subtypes of BPV. These results indicate that entropy can successfully select good
genomic markers for phylogenetic inference. Moreover, they add significant
knowledge about the incidence and diversity of BPV infecting Brazilian cattle.
Together, this knowledge can be used for the development of new diagnostic
systems, more effective in the control of bovine papillomatosis.

Key words: Papillomavirus; Phylogenetic analysis; Entropy; Molecular epidemiology;
Genetic diversity.
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1. Introducéo

Papilomavirus (PV) € um grupo altamente diverso de virus que é
conhecido por infectar varios hospedeiros diferentes no grupo dos amniotas. Eles
podem infectar o epitélio escamoso da pele e mucosas, podendo causar varias
lesBes benignas ou malignas. Existe uma associacdo causal de tipos de PV com
cancer, fazendo com que esses virus atraiam grande interesse por parte dos
pesquisadores. Entretanto, existem PV que estdo associados com lesbes
cutaneas benignas. Além disso, varios tipos de PV ja foram isolados de animais
aparentemente saudaveis, indicando que eles coexistem com seus hospedeiros
por longos periodos de tempo de forma latente.

Nos seres humanos, os PV estdo associados ao desenvolvimento de
cancer, principalmente o de colo do utero, que é o segundo em namero de casos
entre as mulheres no mundo. Em animais de interesse econbémico, como 0S
bovinos, os PV estdo associados ao cancer do trato digestorio e bexiga urinaria,
sendo motivo de grandes perdas econdmicas para o produtor. Além da indubitavel
importancia econémica, o papilomavirus bovino (BPV) tem um valor inestimavel
quando utilizado como modelo in vivo para papilomavirus humano (HPV) na
investigacdo da biologia viral, na associacdo direta entre infeccado viral e
neoplasia, na relagdo entre virus-hospedeiro-ambiente, na resposta imune do
hospedeiro ao virus e no desenvolvimento de vacina anti-papilomavirus.

O conhecimento da biologia dos BPV se torna ainda mais relevante uma
vez que o Brasil é o segundo maior produtor mundial de carne bovina, e o terceiro

em exportacdes, sendo extremamente importante que esse produto possua



qualidade satisfatoria, aumentando as possibilidades de expansdo de mercado
interno e externo, além da melhoria da qualidade de vida dos consumidores.

Nem todos os tipos de BPV estédo relacionados com o desenvolvimento
de cancer. No Brasil, poucos estudos descrevem a deteccdo molecular de BPV
em lesbes cutaneas de bovinos. Assim, conhecer a diversidade dos tipos de BPV
que infectam bovinos neste pais se torna bastante relevante. Além disso, ja foi
relatado que em HPV, variantes moleculares de um mesmo tipo viral podem
determinar um aumento no risco de infeccdo persistente e/ou de desenvolvimento
de cancer cervical. Embora ainda ndo existam informacdes sobre a ocorréncia
deste fato em BPV, é bastante coerente inferir que variantes moleculares destes
virus também possam estar associados com diferentes niveis de patogenicidade
ou até de potencial oncogénico.

Do mesmo modo, o entendimento da diversidade genética e evolucdo dos
PV podem ajudar a relaciona-los com propriedades biolégicas e patoldgicas
especificas. A analise comparativa das sequéncias genéticas destes virus pode
tornar possivel o desenvolvimento de novos métodos de deteccéo e genotipagem
mais eficazes, desenho de drogas especificas, além do desenvolvimento de
formulacdes vacinais mais eficientes e de amplo espectro.

Apesar da necessidade de se estudar a diversidade genémica dos BPV,
ainda existe um custo elevado para se sequenciar 0 genoma completo de varios
isolados em um estudo populacional, fazendo-se necessaria a aplicacdo de
métodos e abordagens de Bioinformatica que auxiliem estes estudos, visando a
diminuicdo dos custos e esforgos. Associado a isso, 0 conhecimento acerca dos
mecanismos evolutivos que conduzem a diversidade genética dos PV ainda é

limitado, e entender estes processos € muito importante para o desenvolvimento



futuro de novos métodos de diagndstico e também de tratamentos mais eficazes.
Assim, um método computacional baseado em entropia foi aplicado para a
resolucdo de problemas filogenéticos visando o melhor entendimento das

relacdes evolutivas dos PV.



2. Revisao da Literatura

Os papilomavirus (PV) sdo um grande grupo de virus que infecta uma
ampla variedade de espécies de vertebrados. Estes virus estdo envolvidos com
lesbes epiteliais e mucosas de mamiferos, aves e répteis. A importancia clinica
dos PV tem sido amplamente reconhecida devido ao potencial de induzir
neoplasia em seus hospedeiros, embora eles também possam ser detectados em

tecidos epiteliais saudaveis (Campo, 2002; Robles-Sikisaka et al., 2012).

2.1 Estrutura e genoma dos Papilomavirus

PV apresentam uma estrutura ndo envelopada, possuindo uma molécula
de DNA dupla fita circular que mede aproximadamente oito kilobases (kb). Seu
capsideo é composto por 72 subunidades em forma de pentameros (capsémeros)
e possui peso molecular de aproximadamente 5,2 x 10° daltons (Da). O capsideo
viral exibe uma simetria icosaédrica com diametro aproximado de 50-55 nm (Fig.
1), conferindo ao virus morfologia esférica quando observado por meio de

microscopia eletrénica (Shah e Howley, 1996; Garcea e Chen, 2007).

Figura 1: Estrutura dos papilomavirus. A) Representacéo esquematica da estrutura do capsideo
dos papilomavirus (Fonte: Modis et al., 2002). B) Eletromicrografia de papilomavirus bovino
(Fonte: Garcea e Chen, 2007).



O genoma dos PV normalmente consiste de oito matrizes abertas de
leitura (ORF — Open Reading Frames), das quais seis sao classificadas como
genes de expressédo precoce (E — Early) e duas como genes de expresséo tardia
(L — Late). Uma regiao nao-codificante conhecida como regido longa de controle
(LCR — Long Control Region) também estd presente no genoma dos PV,
localizada entre as regides E e L (Fig. 2). Os genes dos PV estdo dispostos em
uma unica fita do DNA, ocorrendo algumas sobreposicfes entre varios destes
genes. Por exemplo, ha sobreposicado entre os sitios de inicio e término de varios
genes adjacentes, e a ORF E4 estd quase que completamente contida na ORF

E2 (Hughes e Hughes, 2005).

7945pb

1818pb

Regido intergénica

Figura 2: Organizacdo genémica de BPV-1, evidenciando a posi¢do dos genes E e L, assim como
a regido controladora LCR (Fonte: Freitas et al., 2011).



A regido E do genoma dos PV codifica proteinas regulatérias (E1, E2, E4,
E5, E6 e E7), incluindo aquelas responsaveis pela replicacdo do DNA viral, e
representa aproximadamente 45% de todo o genoma. Enquanto a regido L
codifica proteinas do capsideo viral (L1 e L2), compreendendo cerca de 40% do
DNA do virus. A LCR, que apresenta tamanho entre 400 e 1000 pb, contém
elementos promotores e reguladores da replicacéo viral (Fig. 2). Esta regido € a
mais variavel e representa 15% do genoma do virus, sem capacidade de codificar
proteinas, contendo apenas alguns elementos de regulacdo como os fatores de
transcricdo celular e origem de replicacdo (Chang, 1990; Zheng e Baker, 2006).

O segmento LCR contém o promotor p97 junto com sequéncias
potencializadoras e silenciadoras que regulam a replicacdo do DNA controlando a
transcricdo das ORFs (Burd, 2003; Zheng e Baker, 2006). Normalmente esta
dividido em trés regides: 5 terminal, central e 3’ terminal. A regido central é onde
a maior parte dos fatores de transcricdo se liga. Por causa disso, é conhecida
como regido intensificadora da LCR, sendo ela que regula a transcricdo dos
oncogenes E6 e E7 (zur Hausen, 1996). A regido 5 terminal da LCR esta
delimitada pelo cédon de terminacéo do gene L1 e por um sitio de ligacdo de E2.
Furth e Baker (1991) relataram que essa regido possui um sitio para o término da
transcricdo e outro para a poliadenilacado do transcrito policistrénico. Enquanto a
regidao 3’ terminal compreende um sitio de ligagdo de E2 e o cdédon de iniciacao
do gene E6. Muitas vezes, a transcricdo € iniciada a partir do promotor p97,
determinando um Unico transcrito policistrénico iniciado em E6 (Howley e Lowy,
2001).

Os genes dos PV sdo normalmente identificados por similaridade com

genes ja conhecidos. Assim, alguns pseudogenes foram identificados em PV,



confundidos como genes verdadeiros devido a sua similaridade relativamente alta
e posicao no genoma. Por exemplo, a ORF E3 foi relatada em alguns poucos PV,
mas nunca foi provado que ela codifique alguma proteina. Até pouco tempo
acreditava-se que a ORF E8 fosse outro exemplo deste processo. Entretanto, em
BPV-1 e HPV-31, foi mostrado que a ORF E8 codifica a proteina E8"E2C,
fusionada por splicing, que funciona como regulador negativo da transcricdo e
replicacéo viral (Zheng e Baker, 2006). Além disso, em PV que infectam coelhos,
E8 foi caracterizado como oncogene, com caracteristicas similares a E5 de BPV-1

e varios HPV (Harry e Wettstein, 1996; Han et al., 1998; Zheng e Baker, 2006).

2.2 Proteinas dos Papilomavirus

Dentre todas as proteinas, E1 e E2 sdo as de maior importancia na
replicacéo e transcricdo do DNA (Tyring, 2000). O gene E1 é reconhecido como o
maior e mais conservado da regido precoce do genoma de diferentes PV. A
proteina E1 é uma fosfoproteina de 70 a 80 kDa, com atividade de helicase
associada a adenosina-trifosfato (ATP), que atua em conjunto com E2 na origem
da replicacéo viral (Masterson et al., 1998). A proteina E1 se liga em sequéncias
ricas em AT na origem, facilitada pela proteina E2. Apés a ligacdo, um hexamero
é formado, que atua desespiralizando a molécula de DNA (Longworth e Laiminis,
2004). A proteina E2 é uma fosfoproteina de aproximadamente 50 kDa com trés
dominios funcionais que, além de atuar na replicacdo, também regula a
transcricdo das ORFs dos PV. Ela forma dimeros que se ligam em sitios
especificos na LCR, podendo ativar ou reprimir a expressao de genes precoces,

dependendo de sua concentracao (Longworth e Laiminis, 2004).



Segundo Bryan e Brown (2001), a proteina E4 possui uma aparente
relacdo com a liberacdo do virus de células infectadas. Entretanto, sua funcéo
ainda ndo esta bem estabelecida. Ela € bastante expressa e abundante nas
camadas celulares superiores dos tecidos epiteliais. Sua sintese ocorre a partir do
splicing de um RNAm policistrénico, estando fusionado a cinco aminoacidos da
proteina E1. Sugere-se que esta fusdo indica a maturacao viral, uma vez que
essa proteina interage e perturba a rede de citoqueratina, aumentando a
fragilidade celular, o que contribui para a liberacdo dos virus maduros da célula

(Doorbar et al., 1990; Raj et al., 2004).

Os PV codificam trés oncoproteinas, conhecidas como E5, E6 e E7. A
proteina E5 é pequena e altamente hidrofébica, possuindo varias funcdes nas
células hospedeiras, através da interagdo com proteinas citoplasmaticas e do
reticulo endoplasmatico (Longworth e Laiminis, 2004; Krawczyk et al., 2011). A
depender do tipo de PV, essa proteina pode apresentar maior ou menor atividade
oncogénica (McMurray et al., 2001). Por exemplo, nos HPV, ela é pouco
oncogénica, mas tem uma funcdo importante aumentando bastante o potencial
transformante da proteina E7. Contrariamente, nos BPV, a proteina E5 é a
principal responsavel pela transformacéo celular, aparentemente interagindo com
receptores de fatores de crescimento. Essa interacdo modifica a resposta celular
gue resulta na apoptose, aumentando assim a proliferacao das células infectadas.
Existe pouca similaridade entre a proteina E5 de HPV e a de BPV, sugerindo que
elas agem através de diferentes alvos celulares (Bravo e Alonso, 2004; Longworth

e Laiminis, 2004).

Existe um grande interesse em se estudar as oncoproteinas E6 e E7 de

HPV, devido ao fato delas interagirem com proteinas que atuam no controle do



ciclo celular, podendo levar a imortalizacdo das células e, consequentemente, ao
desenvolvimento de tumores (Finzer et al., 2002). A oncoproteina E6 possui um
tamanho de aproximadamente 150 aminoacidos e contém um dominio de ligacéo
de zinco com dois motivos C-x-x-C. Em humanos, ela sozinha pode levar a
imortalizacdo de células epiteliais mamarias. Entretanto, uma eficiente
imortalizacdo dos queratindcitos humanos requer a expressao tanto de E6 quanto

de E7 (Hawley-Nelson et al., 1989; Longworth e Laiminis, 2004).

As primeiras ideias sobre as fun¢des da proteina E6 vém dos estudos das
interacbes com a proteina celular p53, que € uma supressora de tumor bem
caracterizada. Na presenca de dano no DNA, a p53 interrompe o ciclo e pode
levar a apoptose. Esse mecanismo € utilizado também para evitar que virus
infectando essas células se espalhem (Longworth e Laiminis, 2004). Entretanto,
os PV desenvolveram mecanismos que bloqueiam este processo, o que pode
levar ao desenvolvimento de neoplasias. Para isso, a oncoproteina E6 se liga a
p53 em um complexo com a ubiquitina-ligase chamado EG6AP, levando a
consequente degradacdo da p53 (Fig. 3) (Longworth e Laiminis, 2004). Para
facilitar o ciclo de infeccédo do virus, além da degradacdo da p53, a proteina E6
também pode interagir com a p300, assim como aumentar a atividade da

telomerase (McMurray et al., 2001).

Assim como E6, a oncoproteina E7 também tem participacdo importante
para a patogénese dos PV. Essa proteina € pequena, composta por
aproximadamente 100 aminoacidos. Apresenta um motivo conservado (L-x-C-x-E)
necessario para a associacdo da E7 com a proteina supressora de tumor do

retinoblastoma (pRB), aléem de um dominio de ligacdo de zinco composto por dois



motivos C-x-x-C que funciona como dominio de dimerizagdo (Liu et al., 2006;

McLaughlin-Drubin e Minger, 2009).
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Figura 3: Funcéo da proteina p53 e os efeitos da sua interagdo com a oncoproteina E6
(modificado de www.medscape.com).

Muitas das atividades biol6gicas da oncoproteina E7, que provavelmente
sdo importantes para o ciclo de infeccdo viral, ainda sdo desconhecidas.
Entretanto, a habilidade de se ligar e degradar a pRB, que esté relacionada com a
transformacao celular, aparenta ser a sua principal funcao (Collins et al., 2005).
As proteinas da familia RB formam complexos com fatores de transcricdo como
E2F, impedindo a progresséo do ciclo celular entre as fases G1 e S. Uma vez
associada com a oncoproteina E7, a pRB é sequestrada e degradada através da
via de ubiquitinacdo, resultando na ativacdo de genes responsaveis pela
progresséo do ciclo celular, conforme pode ser visto na Figura 4 (Longworth e
Laiminis, 2004). Também foi postulado que a proteina E7 pode se associar com
inibidores de quinase dependente de ciclina p21 e p27, sendo esta interacao,
aparentemente, o principal fator de estimulo ao crescimento celular em infec¢des

por HPV (zur Hausen, 2000).
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Figura 4: llustragdo esquemética mostrando as atividades de regulacdo do ciclo celular e os
efeitos da interagdo da proteina E7 com pRB (Fonte: Longworth e Laiminis, 2004).

O capsideo dos PV é formado por duas proteinas que sao codificadas
pelo virus, as proteinas L1 e L2 (Howley e Lowy, 2001). A principal proteina deste
capsideo é a L1, com peso molecular de aproximadamente 55 kDa, cujos
pentadmeros tém a propriedade intrinseca de automontagem, formando capsideos
vazios conhecidos como particulas semelhantes a virus (virus like particles ou
VLPs) (Bishop et al., 2007). Esta é a proteina mais conservada entre os PV, e ela
corresponde a cerca de 80 a 90% do capsideo viral no virion (Joyce et al., 1999).

A proteina secundaria do capsideo dos PV é a L2, que participa da
montagem e empacotamento do genoma viral, uma vez que ela se liga ao DNA
do virus no momento da maturacdo. Ela interage com a proteina L1 através de
dominios especificos, sendo muito importante para a determinacdo da morfologia
dos PV (Okun et al., 2001; Florin et al., 2002). Estas proteinas estruturais também

foram relacionadas com a ligacdo entre os virus e os receptores de superficie
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celular, importante no desencadeamento da infeccdo (Day et al., 2008; Sapp e

Day, 2009).

2.3 Ciclo de infeccdo dos Papilomavirus

Os PV replicam seus genomas dentro do nucleo das células infectadas
dos hospedeiros e apresentam tropismo especifico por queratindcitos.
Possivelmente, a infeccdo por PV ocorre através de microlesdes do epitélio que
expdem as células das camadas basais (mitoticamente ativas) para a entrada dos
virus (Longworth e Laiminis, 2004). Alguns receptores celulares que se ligam as
proteinas L1 e L2 do capsideo viral sdo conhecidos, e essa interacdo faz com que
ocorra uma mudanca na conformacao das proteinas estruturais que resulta na
exposicao da regido amino terminal da proteina L2. Uma série de eventos, ainda
nao conhecidos completamente, ocorre induzindo a internalizacao do virus (Sapp
e Day, 2009). Apés a entrada do virus na célula, trés formas de infeccdo podem
ocorrer: a infeccdo latente, a infec¢éo produtiva e a transformacéo maligna.

Muitos PV parecem utilizar preferencialmente um ciclo de infeccéo
latente, uma vez que varios tipos puderam ser detectados em sitios aleatdrios da
pele saudavel de humanos e outros animais (Antonsson e Hansson, 2002;
Antonsson et al., 2003). Na infeccdo latente, o material genético do virus
permanece dentro do nucleo de forma epissomal, replicando-se juntamente com o
DNA da célula hospedeira. Condi¢cdes de supressao imune em humanos podem
levar a ativacdo de infec¢des latentes, resultando nas lesdes (Fig. 5) (Jablonska e

Majewski, 1994; de Villiers, 1998; Forslund et al., 2003).
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Figura 5: Representag¢éo esquematica do ciclo de infeccdo dos PV (modificado de Narisawa-Saito
e Kiyono, 2007).

Na infeccdo produtiva, o niumero de cépias do genoma do virus aumenta
de acordo com a diferenciacdo celular, ou seja, o DNA viral é replicado
independentemente do DNA do hospedeiro. As células filhas infectadas migram
para as camadas superiores do epitélio, onde se inicia a expressao dos genes
tardios, formando particulas virais maduras. Essas particulas sao liberadas,
infectando novas células hospedeiras (Narisawa-Saito e Kiyono, 2007).
Modificacdes morfoldgicas no epitélio podem ser observadas durante as infeccfes
produtivas, resultando no desenvolvimento de papilomas e lesdes intraepiteliais
de baixo grau (Fig. 5) (Longworth e Laiminis, 2004).

Nas células basais de humanos, onde o DNA se encontra na forma
epissomal, os niveis de expressdo das proteinas E6 e E7 sdo considerados
baixos. Entretanto, se essas infec¢cdes continuarem por anos, ou até mesmo por
décadas, as células passam a apresentar altos niveis de expressdo dessas
oncoproteinas devido a mutacdes ou integracdo do genoma viral. Esse aumento
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nos niveis de expressao dos oncogenes E6 e E7 parece ajudar na imortalizacéo
dessas células, tornando-as tumorigénicas (Fig. 5). Este processo é conhecido

como transformacéo maligna (Narisawa-Saito e Kiyono, 2007).

2.4 Classificacdo dos Papilomavirus

Apoés décadas de pesquisas e milhares de sequéncias de isolados de PV
terem sido produzidas, foi possivel estabelecer um banco de dados que permitiu a
proposicdo de um sistema de classificacdo que pode ser estavel, a medida que
novos PV forem encontrados (de Villiers et al., 2004).

Apesar dos primeiros tipos de PV terem sido descobertos ha mais de 30
anos (Orth et al., 1977), ainda existe alguma dificuldade em se encontrar sistemas
de cultivo celular apropriados para a propagacao desses virus, o que limita o
estabelecimento de uma taxonomia baseada em propriedades biolégicas (de
Villiers et al., 2004). Com o isolamento dos primeiros genomas virais, surgiram
algumas classificacbes baseadas em painéis de restricdo, hibridizacdes por
Southern blot sob condi¢cdes ndo estringentes e hibridizacdes liquidas (de Villiers
et al., 2004).

Na década de 1980, os primeiros genomas completos de PV foram
disponibilizados (Chen et al., 1982; Danos et al.,, 1982; Schwarz et al., 1983;
Seedorf et al., 1985). Atualmente, muitas sequéncias de genomas completos de
PV tém sido depositadas em bancos de dados publicos, estando disponiveis com
anotacdes funcionais, dando respaldo para uma nova classificacdo baseada em
sequéncias de nucleotideos.

Originalmente, os PV faziam parte da familia Papovaviridae, junto com os

poliomavirus. Essa classificacdo era baseada na similaridade dos capsideos nao
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envelopados e do DNA dupla fita circular comum entre eles. Entretanto, eles sao
agora oficialmente reconhecidos pelo Comité Internacional de Taxonomia de
Virus (ICTV) como duas familias distintas, Papillomaviridae e Polyomaviridae. A
separacao se deu pela observacdo de caracteristicas tais como: 1) diferencas no
tamanho do genoma; 2) organizacdes gendmicas notadamente diferentes; 3)
baixos niveis de similaridade em sequéncias de nucleotideos e aminoacidos e 4)
estratégias transcricionais diferentes (de Villiers et al., 2004; Bernard, 2006;

Wang, 2007).

A ORF L1, por ser a mais conservada no genoma dos PV, tem sido
utilizada para a identificacdo de novos tipos virais. Um novo isolado de PV é
reconhecido como um novo tipo quando o genoma completo é clonado e o
sequenciamento da ORF L1 demonstrar diferenca de identidade de nucleotideos
superior a 10% do tipo conhecido mais proximo. Diferencas de identidade entre 2
e 10% definem um subtipo, e diferencas inferiores a 2% caracterizam uma
variante viral (de Villiers et al., 2004; Bernard, 2005).

Os PV séo classificados em 29 géneros, como representado na Figura 6.
Diferentes géneros compartilham menos que 60% de identidade na sequéncia de
nucleotideos na ORF L1. Os géneros unem tipos filogeneticamente relacionados,
mas que sdo biologicamente diversos (de Villiers et al., 2004; Bernard et al.,

2010).
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Figura 6: Arvore filogenética inferida a partir da ORF L1 de 189 PV, com énfase dada aos géneros (Fonte: Bernard et al., 2010)
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2.5 Diversidade e evolucéo dos Papilomavirus

O conhecimento acerca da diversidade dos PV ainda € limitado,
provavelmente subestimado. Enquanto mais que 150 genomas de HPV foram
sequenciados, PV de menos de 50 espécies de animais ndo humanos foram
isolados e sequenciados. Entretanto, acredita-se que todos os membros dos
Amniotas potencialmente possuam PV especificos (de Villiers et al., 2004; Rector
et al., 2007; Schulz et al., 2009). Portanto, mais tipos de PV devem ser
sequenciados para aumentar o conhecimento sobre a evolucdo dos PV. Além
disso, a diversidade de subtipos e de variantes pode apresentar um cenario mais
detalhado e refinado da diversificacdo dos PV, aumentando a representatividade
de cadatipo de PV (Freitas et al., 2011).

O gene L1 completo, ou parte dele, normalmente € usado para a
deteccdo e genotipagem dos PV. Assim, inicialmente, as filogenias dos PV eram
inferidas a partir da comparacéo de sequéncias desse gene (Schulz et al., 2009).
Este tipo de andlise permitia identificar uma série de entidades (géneros) mais ou
menos bem estabelecidas e monofiléticas (de Villiers et al., 2004; Gottschling et
al., 2007a). Entretanto, as arvores radiais publicadas ndo apresentavam um grupo
externo apropriado para polarizar a arvore e nem faziam uma avaliacdo estatistica
mais criteriosa dos nés internos, pré-requisitos essenciais para uma analise
filogenética mais robusta (Rector et al., 2007; Schulz et al., 2009).

A atual diversidade dos PV pode ser explicada por multiplos mecanismos
evolutivos (Gottschling et al., 2007b). A divergéncia virus-hospedeiro é uma forca
evolutiva importante, mas ela sozinha ndo consegue explicar a evolugéo dos PV e
sua diversidade. Assim, mecanismos alternativos como a duplicacéo viral intra-

hospedeiro, recombinacéo, rearranjo viral ou adaptacao viral apés mudanca de
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hospedeiro podem contribuir para explicar a diversificagdo dos PV (Shah et al.,

2010; Gottschiling et al., 2011).

2.6 Papilomavirus bovino

Os BPV induzem doencas de consideravel importancia veterinaria, além
de possuir um elevado valor como modelo in vivo para HPV. Eles infectam o
epitélio de vertebrados, podendo causar neoplasias ou persistir
assintomaticamente. Os BPV formam um grupo heterogéneo de virus
epiteliotrépicos que reconhecem os bovinos como seu hospedeiro classico. Treze
tipos de BPV foram caracterizados e classificados em trés géneros:
Deltapapillomavirus, Epsilonpapillomavirus e Xipapillomavirus. Existe ainda um
tipo de BPV (BPV-7) que ndo esta classificado em nenhum género (Bernard et al.,
2010; Hatama et al., 2011; Zhu et al., 2012; Lunardi et al., 2012). Estes virus sdo
agentes etiologicos associados com varias formas de les6es cutaneas e mucosas,
qgue podem regredir ou evoluir para um cancer, principalmente quando existe
interacdo com cofatores ambientais como ocorre com animais que se alimentam
de brotos de samambaia (Jarret et al., 1978; Borzacchiello e Roperto, 2008).

Os BPV sédo distribuidos mundialmente tanto em lesGes quanto em
tecidos normais, em que ocorre a lesdo latente. Entretanto, poucos estudos
descrevem a deteccdo molecular de BPV em lesdes cutaneas de bovinos no
Brasil (Claus et al., 2007, 2008, 2009a, 2009b; Sa e Silva et al., 2010). BPV-1, -2,
-6 e -8 foram identificados em lesdes cutaneas de gado na regido sudeste do pais
(Claus et al., 2007; Sa e Silva et al., 2010). Além disso, quatro provaveis novos

tipos de BPV foram identificados na mesma regiao (Claus et al., 2008).
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A papilomatose bovina estd associada com lesdes hiperproliferativas,
conhecidas como papilomas, em tecidos cutaneos e mucosos (Campo, 2006).
Normalmente, ocorre a regressdo espontanea das lesdes (Jelinek e Tachezy,
2005). Entretanto, a papilomatose bovina possui bastante importancia veterinaria,
uma vez que estd associada com cancer e condicbes de imunossupressao
(Campo, 2002).

Até recentemente, acreditava-se que os BPV eram associados com
lesBes distintas, em sitios anatdémicos especificos. BPV-1, -2 e -5 infectam células
epiteliais, causando verrugas cutaneas comuns e fibropapilomas (Hama et al.,
1988). Por outro lado, os tipos de BPV que sdo membros do género
Xipapillomavirus induzem les@es epiteliais e cutaneas ndo-fibroblasticas (Hama et
al.,, 1988). De acordo com Borzacchiello e Roperto (2008), BPV-1 causa
fibropapilomas de tetos e pénis, além de tumores na bexiga urinaria; BPV-2 esta
associado com verrugas cutaneas, normalmente na testa, pescoco, térax e dorso
superior, além de fibropapilomas no trato digestorio e tumores na bexiga urinaria,;
BPV-3 causa papilomas cuténeos (Freitas et al., 2003); BPV-4 estd associado
com papilomas epiteliais puros do trato gastrointestinal superior; BPV-5 induz
fibropapilomas do tipo grdo de arroz no ubere; BPV-6 causa papilomas nos tetos;
BPV-8 causa papilomas cutaneos e BPV-9 e -10 estdo associados com papilomas
escamosos epiteliais no Ubere.

Além disso, BPV-4 é um tipo viral relacionado com infec¢des mucosas e e
responsavel por causar cancer do trato digestério superior em gado quando
associado com brotos de samambaia (Pteridium aquilinum). Entretanto, BPV-4 foi
detectado em lesdes cutaneas (Bloch et al., 1995, Freitas et al., 2007). Enquanto

BPV-5 e -6 estdo normalmente associados com lesdes cutdneas no Ubere e tetos,
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mas ja foram encontrados em lesdes da paleta e ao redor dos olhos de alguns
animais, sitios ndo usuais para estes tipos virais (Freitas et al., 2007).

Apesar desta provavel associacao entre tipo de BPV e o local da leséo,
alguns fatores podem levar a interpretacdes errbneas deste processo, como a
coinfeccao. Alguns relatos descrevem a ocorréncia de coinfeccdo com diferentes
tipos de BPV no mundo (Ogawa et al., 2004; Leishangthem et al., 2008; Pangty et
al.,, 2010; Schmitt et al., 2010). No Brasil, poucos estudos identificaram a
presenca de mais de um tipo de BPV em uma mesma lesao (Yaguiu et al., 2006,
2008; Claus et al., 2009a; Lindsey et al., 2009). Entretanto, a maioria destes
estudos apenas focou em poucos tipos de BPV, principalmente BPV-1 e BPV-2.

Embora os BPV sejam tradicionalmente considerados como um grupo de
virus que exclusivamente infectam células epiteliais, ha evidéncias da presenca
de DNA, RNA e proteinas de BPV em células mononucleares do sangue
periférico (Carvalho et al., 2003; Brandt et al., 2008; Roperto et al., 2008; Yaguiu
et al.,, 2008; Lindsey et al., 2009; Hatama et al., 2011; Roperto et al., 2011),
placenta e liqguido amniético (Carvalho et al., 2003; Brandt et al., 2008), gametas
(Stocco dos Santos et al., 1998; Silva et al., 2011), urina (Stocco dos Santos et
al., 1998), utero (Carvalho et al., 2003; Roperto et al., 2008), ovario (Roperto et
al., 2008), sémen (Stocco dos Santos et al., 1998; Roperto et al., 2008; Schmitt et
al., 2010), leite e colostro (Stocco dos Santos et al., 1998; Brandt et al., 2008).
Estes achados suportam a hipétese da transmisséao vertical de BPV (Freitas et al.,
2007; Brandt et al., 2008; Maeda et al., 2007).

Os PV tém sido descritos como sendo espécie-especifico (Campo, 2006).
Entretanto, alguns PV, principalmente os BPV, infectam varios outros

hospedeiros. Os BPV podem infectar, além de bovinos, espécies relacionadas
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como bisdes (Literak et al., 2006), equinos (Brandt et al., 2011), bdfalos (Silvestre
et al., 2009; Pangty et al., 2010), girafas (van Dyk et al., 2011), antas (Kidney e
Berrocal, 2008), cavalos (Bogaert et al., 2008), antilopes (van Dyk et al., 2011) e
zebras (Lohr et al., 2005; van Dyk et al., 2009).

A diversidade genética dos BPV tem sido muito pouco estudada. Entre
estes estudos, sete diferentes variantes de E5 de BPV-1 foram detectadas em
sarcoide equino, sendo que um polimorfismo alterou um aminoacido de cadeia
lateral alifatica, sugerindo que ele pode ter implicacbes para a estrutura da
proteina E5. Uma observacédo importante € que a maioria da variacao encontrada
estd associada com a adaptacdo aos codons usados em células de mamiferos
(Szczerba-Turek et al., 2010).

Cinco diferentes variantes de LCR de BPV-1 e seis diferente variantes de
E2 de BPV-1 também foram detectadas na Europa. Trés mudancas nao
sinbnimas ocorreram dentro do dominio de transativacdo de E2. Neste estudo, as
variantes estavam infectando cavalos, sugerindo que sarcéides podem estar
associados a variantes de BPV-1 que preferencialmente infectam equideos
(Freitas et al., 2011). Em outro estudo, variantes de BPV-1 da Pol6nia foram
divididos em trés grupos filogenéticos e um isolado separado, mostrando a grande
diversidade genética deste virus em sarcoide equino (Garcia-Vallvé et al., 2005).
Estes achados sugerem que a variabilidade genética encontrada em BPV pode
levar a diferentes processos patoldgicos, assim como podem aumentar a
adaptacao a outros hospedeiros. Portanto, € muito importante estudar e entender
0S mecanismos evolutivos que guiam a diversificacdo dos BPV.

Do ponto de vista filogenético, os BPV sédo encontrados em pelo menos

trés linhagens distantemente relacionadas. Estas linhagens ndo séo especificas
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para BPV. Virus que infectam hospedeiros artiodatilos, relacionados com os
bovinos, se agrupam com os BPV nestes trés grupos. Este padrdo de
diversificacdo € um caso de incongruéncia evolutiva entre a filogenia do
hospedeiro e dos PV, indicando que a co-divergéncia sozinha ndo pode explicar a
diversidade destes virus (Freitas et al., 2011).

As linhagens que possivelmente originaram os tipos de BPV atuais
provavelmente passaram por um processo de divergéncia prévia antes da
diversificacdo dos hospedeiros. Isto pode explicar a proximidade evolutiva dos
BPV a PV que infectam hospedeiros distantemente relacionados (Freitas et al.,
2011). Além disso, a transmissdo zoondtica € um processo evolutivo importante
para os BPV, uma vez que eles foram detectados em diferentes hospedeiros.
Portanto, outros mecanismos evolutivos além da coevolucdo podem ser
associados com a diversificacdo dos BPV. Entretanto, a amostragem ainda é um
fator limitante para entendermos estes processos, necessitando-se de mais

estudos que avaliem a diversidade genética destes virus (Freitas et al., 2011).

2.7 Entropia

A quantidade de dados de sequéncia tem aumentado nos bancos de
dados biologicos. Para analisar estes dados, métodos matematicos e algoritmos
computacionais simples, logicos e consistentes sdo necessarios. Um método,
conhecido como entropia, que satisfaz estes requisitos foi criado por Shannon
com a introducgéo da teoria da informagéo (Shannon, 1948).

Na estatistica, Shannon (1948) definiu a entropia de um sistema como a

medida de incerteza de sua estrutura. A funcdo de Shannon € baseada no
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conceito de que o ganho de informacdo de um evento € inversamente relacionado
a sua probabilidade de ocorréncia (Mutihac et al., 2001).

A entropia tem sido usada com sucesso para quantificar a conservacgao
de sequéncias nucleotidicas e protéicas. A conservacdo de sequéncia é dada
pelo nimero médio de bits necessarios para definir um conjunto de sequéncias
alinhadas. Embora esta medida seja Gtil para o entendimento da estrutura das
interacOes nucleotidicas/protéicas, ela ndo permite a investigacdo de sequéncias
individuais (Schneider, 1997).

Para as sequéncias de DNA, a entropia € calculada para cada posicédo
utilizando a formula H, = —(X’p, log, »;), onde H; corresponde & entropia em
cada sitio i; j € igual a 1, 2, 3 ou 4, correspondendo aos nucleotideos A, C, G ou
T, respectivamente; e p; € a propor¢do do nucleotideo j no sitio i. Como as
sequéncias de DNA possuem quatro bases diferentes, a entropia maxima sera de
dois bits por sitio. Para sequéncias de aminoacidos, uma proteina aleatéria deve
ter log, 20 = 4,32 bits de entropia por sitio.

Analises de entropia de sequéncias de nucleotideos e aminoacidos ja se
mostraram Uteis na determinacdo de padrdes de variabilidade genética (Mutihac
et al., 2001; Valdar, 2002; Krishnamachari et al., 2004; Liao et al., 2005), sendo
uma poderosa ferramenta para determinar locais pouco complexos no genoma,

importantes para uma reconstrucao filogenética mais precisa.
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3. Objetivos

3.1 Geral

Este estudo visou a aplicacdo de uma nova estratégia computacional

baseada em entropia, que pode ser aplicada em estudos de epidemiologia e

evolucdo molecular de tipos, subtipos e variantes de BPV. Além de avaliar a

diversidade de tipos de BPV na regido Nordeste do Brasil, discutindo aspectos

epidemioldgicos importantes da papilomatose bovina cutanea, incrementando o

conhecimento acerca da biologia destes virus.

3.2 Especificos

1.

2.

Avaliar a diversidade gendmica dos diversos tipos de PV conhecidos;
Implementar e caracterizar um método computacional baseado em
entropia para a selecdo de regibes gendmicas filogeneticamente mais
informativas dos PV,

Verificar a eficiéncia do método diante de regides genbmicas
estabelecidas com outros métodos;

Aplicar o método baseado em entropia para a selecdo de novas regides
informativas utilizadas para a identificagcdo e avaliagdo da diversidade

genética de BPV;

. Verificar a presenca de BPV em lesfes cutaneas de bovinos nos estados

de Pernambuco e da Babhia,
Correlacionar o tipo viral, ou a coinfec¢ao, com a localizacao da leséao, tipo

de tecido e a regido geogréafica,

. Caracterizar novos tipos de BPV encontrados nas lesdes.
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The papillomaviruses form a highly diverse group that infect mammals, birds and reptiles. We know little
about their genetic diversity and therefore the evolutionary mechanisms that dove the diversity of these
viruses, Genomic sequences of papillomaviruses are highly divergent and so it is important to develop
methods that select the most phylogenetic informative sites. This study aimed at making use of a novel
approach based on entropy to select suitable genomic regions from which to infer the phylogeny of
papillomavims. Comparative genomic analyzes were performed to assess the genetic variability of each
gene of Papillomaviridae family members. Regions with low entropy were selected to reconstruct papil-
lomavirus phylogenetic trees based on four different methods. This methodology allowed us to identify
regions that are conserved among papillomaviruses that infect different hosts, This is important because,
despite the huge variation among all papillomaviruses genomes, we were ahle to find regions that are
clearly shared among them, presenting low complexity levels of information from which phylogenetic
predictions can be made. This approach allowed us to obtain robust topologies from relatively small data-
sets. The results indicate that the entropy approach can successfully select regions of the genome that are
good markers from which to infer phylogenetic relationships, using less computational time, making the

estimation of large phylogenies more accessible.

@ 2011 Elsevier BV, All rights reserved.

1. Introduction

Papillomaviruses (PVs) belong to a diverse group of epithelio-
tropic viruses that are found in a wide variety of mammals, birds
and reptiles - the Papillomaviridae. They can infect skin and muco-
sal squamous epithelium, causing asymptomatic infections and
various benign or malignant lesions (Campo, 2002). PVs have acir-
cular double strand DNA molecule measuring approximately 8 kb,
surrounded by a non-enveloped capsid composed of 72 pentamers
(Shah and Howley, 1996). The genome is often divided into eight
ORFs that partially overlap along one strand of the DNA molecule,
This area is classified into three distinct regions: an early region
(E1-E8), the late region (L1 and 12) and the long control region
(LCR) with no coding potential (Baker et al., 1987; Wang, 2007).

Because it is the most conserved gene in the PV genome, the L1
ORF has been used for the identification of new viral types. A PV
isolate is recognized as a new viral type when its complete genome

*= Corresponding author. Address: Laboratory of Bioinformatics and Evolutionary
Biology, Department of Genetics, Federal University of Pernambuco, Av. Professor
Moraes Rego sin, Cidade Universitria, 50670-901 Recife, Pernambuco, Brazil. Tel.|
fax: +55 81 2126 8512,

E-rnail address: vqbalbino@pg.copgbr (V0. Balbino ).

1567-1348/8 - see front matter & 2011 Elsevier B.V. All rights reserved.
otz 10,100 6. mee ghd 2011.09.013

is cloned and the sequenced L1 ORF reveals differences greater
than 10% compared to the closest known type. Differences of
between 2% and 10% define a subtype, while PVs that differ by less
than 2% are known as variants (Bernard, 2005; de Villiers et al,
2004). On the other hand, differences exceeding 40% are used as
reference for the recognition of new genera, which contain biolog-
ically diverse and phylogenetically related types (de Villiers et al,
2004).

Based on these simple principles, the following genera have
been recognized: Alpha-PV; Beta-PV; Gamma-PV; Delta-PV; Epsi-
lon-PV; Zeta-PV; Eta-PV; Theta-PV; lota-PV; Kappa-PV; Lambda-PV;
Mu-PV: Nu-PV: Xi-PV: Omikron-PV; and Pi-PV (de Villiers et al,
2004), However, new genera, such as Rho-PV; Sigma-PV; Tau-PV;
Upsilon-PV; Phi-PV: Chi-PV; Psi-PV; Omega-PV: Dyodelta-PV; Dyoep-
silon-PV; Dyozete-PV; Dyoeta-PV; Dyotheta-PV and Dyoiota-PV have
recently been added (Bernard et al., 2010).

However, we stll have little knowledge of PV diversity, and
efforts need to be made to increase the sampling of PVs, mostly
non-human PVs, so we can better understand their evolution. A
number of studies have been made which begin to increase our
understanding of the factors that influence the evolution of PVs
(Bravo and Alonso, 2007; Chan et al., 1992, 1995; Gottschling
et al., 2007a,b, 2011; Shah et al., 2010).
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For example, by using a more rigorous phylogenetic approach,
which takes into consideration the choice of an appropriate out-
group, as well as the assessment of confidence values of internal
nodes, Gottschling et al. (2007b) recognized that multiple
evolutionary mechanisms must guide PV diversification. Another
robust study has used the method of importance sampling (Shah
et al., 2010), providing evidence for the existence of discrepancies
between the divergence patterns of PVs and their hosts, confirming
that the complex evolution of these viruses cannot be explained
solely by co-speciation events. More recently, Gottschling et al.
(2011) compared robust phylogenies of PVs and their hosts using
different statistical approaches and suggested that codivergence
is an important evolutionary force, but that it alone cannot explain
the great diversity of PVs observed. Although these studies provide
very reliable data, they needed to use computatonally intense
methods requiring high-performance processors.

When assessing the phylogenetic relationships between a group
of organisms, a good way to decrease the computational time and
minimize the bias introduced by genomic regions of uncertain
homology is to detect and remove those regions from the multiple
sequence alignment in order to find only the most phylogenetic
informative regions of the genome (Criscuolo and Gribaldo,
2010). As these regions are usually associated with nucleotide/
amino acid conservation, the Shannon entropy (Shannon, 1948)
could help to detect them, since it is very suitable for measuring
genetic variability and detect binding sites (Johansson and Toh,
2010; Schneider et al., 1986; Schneider and Stephens, 1990). Many
approaches have been used to assess character variability and they
hawve proved to be useful for the identification of conserved geno-
mic regions (reviewed by Valdar (2002)). In highly diverse data
sets, it is important to analyze conserved genomic regions because
they have a higher probability of being associated with functional
domains in proteins, improving the search for homologous sites
among the genomes. So, the entropy measure seems o be a good
estimator to select those regions.

In this context, it is important to understand the exact role of
co-evolution between PVs and their hosts, and other evolutionary
forces that may influence PV diversification, because then medical
questions could be better addressed to improve our knowledge on
PV infections and cancer. However, the evaluation of these mech-
anisms is based on biological sequence analysis, and the sequences
of genes/proteins of PVs are divergent. Therefore, we propose a
novel approach based on the entropy measure to select conserved
genomic sites in order to reconstruct PV phylogeny. This method
has proven to reduce computational time spent in the phyloge-
nomic analysis of these viruses, allowing the achievement of
robust studies without the need of super processors.

2. Material and methods
2.1. Sequences and local database development

Fifty three complete genome sequences representing the diver-
sity of PV types (six human papillomavirus (HPV) types and 47
non-human PV types) were retrieved from the public database of
the National Center for Biotechnology Information ( NCBI) { see Sup-
plementary Table $1). Due to the large number of HPVs identified,
only one representative of each genus containing HPVs was
selected in order to avoid bias in the analysis.

From the complete genomes, the annotations of each gene were
retrieved, as well as their nucleotide and amino acid sequences
using BLAST (Altschul et al., 1990). Then, the sequences were
processed using BioEdit v. 7.0.9 (Hall, 1999) and stored in a local
darabase, along with the intrinsic information of the genomes, such
as size and nucleotide composition.

22, Sequence alignment and genomic variability

The amino acid sequences of each PVs protein were aligned
using ClustalwW (Thompson et al., 1994) incorporated into the
Molecular Evolutionary Genetics Analysis version 4.0 (MEGA4)
software (Tamura et al., 2007). Problematic regions which were
difficult to align were realigned with a higher gap opening and
extension penalty, and then manually adjusted. The amino acids
alignments were back translated into codons to obtain the aligned
nucleotide sequences.

For each gene, the following parameters were estimated: total
number of aligned sites; number of sites with gaps; conserved
sites; variable sites; singleton sites; parsimony informative sites;
the total number of mutations; and the overall distance. To achieve
this, the programs used were DNA Sequence Polymorphism
(DnaSP) version 5.10.00 (Librado and Rozas, 2009) and MEGA4
(Tamura et al., 2007). The transition/transversion ratio (R) was
calculated using Tree-Puzzle v. 5.2 (Schmidt et al., 2002).

23. Entropy calculation and secondary structure prediction

The sequences were submitted for entropy analysis using Data
Analysis in Molecular Biology and Evolution (DAMBE) v. 5.2.31
(Xia and Xie, 2001), in order to evaluate the variability and com-
plexity of each nucleotide site. A window size equal to 100 units
was used with the objective of reducing noise. The entropy was
calculated for each position using the Shannon entropy formula:
Hi= —(Zq“.'_,pﬁlogzp,—_j),\-\.here H; corresponds to the entropy of each
site f; jis equal to 1, 2, 3 and 4, corresponding to the A,C,G and T
nucleotides, respectively; and py is the proportion of the nucleotide
jin the site i. All sites with low complexity, defined as those that
exhibited entropy values less than or equal to 1.6, were selected
to reconstruct the PV phylogeny, which allows sufficient variability
to establish the evolutionary relationships of PVs. Some sites were
included in order to maintain the codons.

In order to validate the method, we mied tw establish a soruc-
tural relationship between the regions selected by entropy and
the secondary structure of PVs' proteins (w«-helix, p-sheets and
loops regions). For each protein, secondary structure prediction
was performed using the JPred 3 server (Cole et al., 2008), which
incorporates the Jnet algorithm. This server uses a combination
of prediction methods to increase the success rate determining
secondary structures. In addition to the increased accuracy, JPred
3 can predict the secondary structure based on a multiple align-
ment of amino acid sequences, producing a consensus of sructures
obtained from each sequence,

24. Phylogenetic analyses

The selected regions of each gene were submitted to Mode[Test
v. 3.7 (Posada and Crandall, 1998). ProtTest v. 2.4 (Abascall et al,
2005) was used for proteins. The Akaike Information Criterion
(AIC) methodology of model selection (Akaike, 1973) was used to
define the substitution model that best fitted the data. When the
alignment length was small compared to the number of parame-
ters, we used the corrected AIC (AICc) measure of model fit (Hur-
vich and Tsai, 1989; Sugiura, 1978; Posada and Buckley, 2004).
The model for the concatenated genomic regions was also verified.

We used Tree-Puzzle v. 5.2 (Schmidt et al., 2002 ) to evaluate the
existence of a phylogenetic signal in the dataset. This verification
was performed by likelihood mapping, which analyzes groups of
four randomly selected sequences called quartets (Strimmer and
von Haeseler, 1997). In order to check the phylogenetic signal
decay caused by saturation, plots were constructed using DAMBE
(Xia and Xie, 2001), representing the behavior of transition and
transversion rates as the genetic distance increases between
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sequences. Due to the high levels of saturation detected, two data-
sets were used in the analysis with nucleotides: one including and
another excluding the third codon position, for comparison
purposes.

Phylogenetic analysis was performed with the concatenated
genes/proteins using a 2.67 GHz Core 2 Duo processor with 4 GB
of RAM running Windows XP SP3. The genes E4 and E5 were
excluded for not being present in at least 80% of the evaluated
PV types and for presenting high entropy values. Thus, the data
matrix used in the analysis contained the genes/proteins E1, E2,
E6, E7, L1 and L2. In parallel, other analyzes were performed with
the L1 gene, as well as with the concatenated genes/proteins
E1-E2-L1 and E1-E2-L2-L1, in order to assess which set of
genes/proteins best reconstructs the evolutionary history of PVs,
as well as to confirm the efficacy of the entropy method with a
more representative number of viruses,

The reconstruction of the PV phylogeny was performed using
Neighbor-Joining (Saitou and Nei, 1987; Studier and Kepler,
1988), Maximum Parsimony, Maximum Likelihood and Bayesian
Inference methods. Except for Maximum Parsimony, all methods
were calculated using the evolutionary models and parameters
that best fitted the dataset. Trees based on Neighbor-Joining and
Maximum Parsimony methods were generated using PAUP* v.
4.0b10 (Swofford, 2002), with 1000 nonparametric bootstrap
replicates as confidence values for the branches. For Maximum
Parsimony, heuristic searches were used with TBR method, and
the initial trees were obtained by random addition of taxa with
10 replicates.

Maximum Likelihood analysis was performed using PhyML v.
3.0 (Guindon et al., 2010). NNI branch swapping was used to esti-
mate tree topology by performing heuristic search. A BioN] tree
was used as the initdal tree and the taxa were added randomly.
The robustness of the branches was assessed using 1000 bootstrap
replicates. Bayesian Inference analysis was performed using MrBa-
yes v. 3.1 (Ronquist and Huelsenbeck, 2003), which uses the Mar-
kov Chain Monte Carlo (MCMC) simulation technique to
approximate the posterior probability of trees. The final topology
was estimated with 1,000,000 interactions using 100,000 cycle
burn-in and sampled every 100 interactions, Stationarity was

Table 1

assessed by visualization of In likelihood scores vs. generation
plots to determine the point at which likelihood values stabilized.

3. Results
3.1. Genome structure and genetic variability

Based on the annotation available from GenBank, all viral types
presented the genes E1, E2, L1 and L2. However, only approxi-
mately 75% of PVs contained the E4 gene, 43.4% the ES gene, and
84.9% the EG6 and E7 gene. A few PVs included unusual genes with
poorly-defined functions and overlapping sequences,

After the alignment, the E1 gene was the longest with 2,367 bp,
whereas E5 gene was the shortest with 509 bp. The analysis
showed that the most conserved genes are L1 and E1 with 165
(9.4%) and 146 (6.2%) conserved sites, respectively. E4 and E5 genes
were more variable, with no conserved sites. Although relatively
extensive, the L2 and E2 genes presented very low number of con-
served sites (Table 1).

The variability among the PV genes was quite high, as verified
by the presence of sites with gaps and variable sites, In six genes
(E2, E4, ES5, E6, E7 and L2), the number of gaps was much greater
than the number of variable sites. In the L1 gene, the number of
variable sites surpassed the number of sites with gaps. The E1 gene
presented a number of variable sites close to the number of sites
with gaps(1,174 and 1,047, respectively). Among the variable sites,
mostof them were parsimony informative. The overall distance, an
average measure of sequence divergence, was high, demonstrating
that PVs have highly diverse sequences (Table 1). This variability
pattern was also observed when we analyzed the amino acid
sequences (Table 2).

An important parameter for the correct inference of phylogeny
concerns the ratio (R) between transition and transversion rates,
which allows us to verify the presence of bias in the nucleotide sub-
stitutions. Qutof the eight genes analyzed, three (E1,ES and L1) had
Rvalues >1.0, showing an excess of ransitons. For the other genes
(E2,E4,E6,E7 and [2), R values were lower than 1.0, indicating that
a greater number of transversions was occurring (Table 1).

Genomic diversity of Papillomavirus all variables were cleulated using MEGAS, DnaSP and TreePuzzle programs,

ORF (size)  Sites with gaps (indels) Conserved sites  Variable sites Total no. of mutations  Overall distance  R=Ts/Tv
Singletons  Parsimony informative  Total
El(2367) 1047 (44.2%) 146 (6.2%) 50 1124 1174 (496%) 2951 0500 112 £0.02
E2(1806) 1251 (69.3%) 24 (1.3%) 19 512 531(29.4%) 1411 0576 077 +0.0
E4(1041) 1023 (98.3%) 0(0) 0 18 18 (1.7%) 54 0696 0.2 £0.01
ES (507) 443 (87.0%) 0(0%) 0 66 66 (13%) 187 0671 118 £0.04
EG (945) 777 (82.3%) 10(1.1%) 2 156 158 (167%) 440 0615 091 £0.04
E7 (945) 852 (902%) 5(0.5%) 5 83 88 (93%) 244 0624 082 +0.83
L1(1749) 501 (28.6%) 165 (9.4%) 59 1024 1083 (62%) 2573 0453 121 +0.03
L2 (1998) 1644 (82.3%) 6(0.3%) [ 342 348 (17.4%) 983 0626 0.76 £0.01
Table 2
Protein diversity of Fapillomavirus, All variables were calculated using MEGA4 program.
Protein (size ) Sites with gaps (indels ) Conserved sites Variable sites Owerall Distance
Singletons Parsimony informative Total

El (789) 349 (442%) 43 (5.4%) 18 379 397 (50.4%) 0.600

E2 (602) 417 (693%) 4(0.7%) 6 175 181 (30.0%) 0.701

E4 (347) 341 (983%) 0(0%) 0 & 6(1.7%) 0881

ES (169) 149 (88.2%) 0(0%) 1 19 20(11.8%) 0833

EG (315) 259 (822%) 4(1.3%) 1 51 52 (165%) 0.741

E7 (315) 284 (90.2%) 2 (06%) 3 26 29 (92%) 0.759

L1 (583) 167 (286%) 44 (7.6%) 26 346 372 (638%) 0502

L2 (666) 548 (82.3%) 3 (0.4%) 3 112 115 (17.3%) 0.752
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Table 3
low entropy regions selected for phylogenetic analysis.

2029

Gene Low entropy areas M = 16 (interval showing the position in each gene) Total number of low entropy sites (bp)
Al A2 A3 A4

El 247-321 B04-959 994-1368 1482-2351 1476

B 30-473 542-628 1519-1617 1669-1752 714

E4 - - - - -

E5 - - - - -

E6 221-307 405-503 - - 186

E7 650-700 - - - 51

L1 19-867 987-1610 - - 1473

L2 151-345 1288-1417 1897-1915 - 363

The C-terminal region was more conserved in the E1 protein,
where the helicase domain is located. The high sequence conserva-
tion of E2 protein was found in the N-terminal end, related to the
transactivation domain and C-terminal end, which exhibits a DNA
binding domain. Despite the high genetic variability found in E4
and E5 proteins, it was possible to observe that there were more
conserved segments corresponding to functionally important
regions. E6 and E7 oncoproteins have zinc-binding domains that
are conserved. Interestingly, the LxCxE domain that binds to the
retinoblastoma tumor suppressor protein (pRB) was not as highly
conserved.

For the structural proteins, it was observed that many con-
served sites in several intermolecular interaction domains are
responsible for formation and stabilization of the viral capsid. In
general, the L1 protein was quite conserved throughout its length,
and it was possible to identify several conserved motifs spaced by
small variable regions. The L2 protein contained two major con-
served domains in the N- and C-terminal regions.

32. Entropy analysis and secondary structure association

The analysis identified several regions with low entropy in all
evaluated genes, as described in Table 3. The E1 and E2 genes con-
tained four regions with low entropy, while L2 gene presented
three regions. L1 and E6 genes had two regions, and E7 gene pre-
sented only one region with low entropy. E4 and E5 genes had
no regions with entropy values below 1.6. Table 3 and Supplemen-
tary Fig. 51 describe the areas with low entropy found in each of
the genes and the total size of those regions used in the phyloge-
netic analysis.

The secondary structure prediction of the E1 protein revealed
several a-helix regions, interspersed with p-sheet and loop regions,
distributed homogeneously {Supplementary Fig. 52a). The amino-
terminal region of E2 protein exhibis a set of o-helix regions
followed by a p-sheet, interspersed with loops. Around the central
partof the protein there is a large loop region, while in the carbon-
terminal portion it was possible to identify five p-sheet regions
with o-helix inserted at the end (Supplementary Fig S2b).

The E4 protein, however, presented itself as a large loop struc-
ture, with no o-helix or p-sheet (Supplementary Fig S2c). On the
other hand, E5 oncoprotein exhibited a large a-helix, only with
loops at the extremities (Supplementary Fig. 52d). The EG protein
had o-helix, p-sheet and loops regions interspersed throughout
the molecule (Supplementary Fig. S2e). The secondary structure
prediction of the E7 protein presented, in its central and carbon-
terminal region, three fi-sheets and one o-helix structure (Supple-
mentary Fig S2f).

The capsid proteins (L1 and L2) had several p-sheet regions
distributed along their entire length. L1 exhibited several o-helices
along the protein, especially in the central region, while L2 had
only two a-helix regions at the amino-terminus part of the protein.
In addition, L1 had several regions of f-sheet at its amino-terminal

part. Large loop regions were also present along the L2 protein and
the carbon-terminal part of L1 (Supplementary Fig. 52g and h)
After prediction, we associated the secondary structure of PV pro-
teins with the previously determined low entropy genomic
regions. Most of these informative regions were associated with
a-helices and f-sheets structures, interspersed with small loop re-
gions (Fig. 1).

33. Phylogenetic analysis of papillomavirus based on low entropy
genomic regions

The nucleotide substitution models that best fitted the genes
and the evolutionary models for PV proteins are described in Table
4. The Table also includes the models used for the analysis involv-
ing the concatenated genes/proteins.

Phylogenetic signal tests were carried out separately for each
genomic region, for both amino acids and DNA analyses. In all
these analyses, E1, E2, EG, L1 and L2 genomic regions exhibited
phylogenetic signals. The saturation test showed that all genes
were saturated. Due to a different evolutionary pressure, substitu-
ton saturation was usually associated with the codon third posi-
tion. Analyses with nucleotide sequences (with and without the
codon third position) and amino acids were carried out, for com-
parison purposes. The topologies obtained with all datasets ana-
lvzed showed relatively congruent topologies (Supplementary
Figs. 53 and S4).

The inferences were made in relation to two datasets, involving
the E6-E7-E1-E2-12-L1 and E1-E2-L2-L1 combinations of genes/
proteins (Fig. 2). The objective was to show that, regardless of the
choice of genes/proteins used, analysis of the low entropy regions
gives rise to a robust phylogeny.

Using the low entropy regions did not generate fully congruent
trees. However, high confidence values have been achieved for the
majority of the nodes. It was possible to obtain very robust phylo-
genetic trees, although they had low statistical support for some
internal nodes. It was not possible to observe large discrepancies
comparing the topologies and the statistical support of the nodes
among the trees constructed from the nucleotides, nucleotides
without the third codon position and amino acids sequences,
although the cladograms based on amino acids sequences showed
some branch confidence values that were slightly higher.

In all combinations of genomic regions analyzed, several mono-
phyletic clusters could be clearly distinguished, representng the
PV genera. At some level, all genera, mostly Delta-PV, Epsilon-PV,
Xi-PV, Beta-PV, Kappa-PV, Mu-PV, Lambda-PV, Nu-PV, Alpha-PV,
Omikron-PV, Theta-PV and Eta-PV, were monophyletic and they
presented high bootstrap and posterior probability values (Fig. 2).

Some of the clades containing the PV genera corresponded to
the clusters of the hosts, such as primates, artiodactyl, lagomorphs,
carnivores, cetaceans, birds and reptiles. These clusters were sup-
ported under the different methods of tree reconstruction, as well
as using different combinadons of genes. However, several types of
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Table 4
Evolutionary models that most fit the data for the low entropy genomic regions of each gene/protein of Papillomavirus according to ModelTest and ProtTest programs. The last
three lines show concatenated genes that formed the combinations used in this analysis,

Genes [proteins Nucleotide substitution model Reference Amino acid substitution model Reference

El GIR+1+G Tavaré {1986) RIREV+1+G +F Dimmic et al. {2002)

E2 CIR+1+0G Tavaré (1986} RIREV+ G+ F Dimmic et al. {2002)

E4 GIR Tavaré (1986) VI+G+F Muller and Vingron (2000)
E5 GIR+G Tavaré {1986) FLU +F Dang et al. {20010)

E6 GIR+G Tavaré {1986) WAG+1+G+F ‘Whelan and Goldman (2001}
E7 TVMef + G Pasada (2003) LG+I+G+F Le and Gascuel (2008)

L1 GIR+1+G Tavaré [ 1986) WAG +1+G Whelan and Goldman (2001)
L2 TVM+1+0G Posada (2003) WAG+1+G+F ‘Whelan and Goldman (2001}
E1-E2-12-11 GCIR+1+G Tavaré (1986} LG+[+G+F Le and Gascuel (2008)
E6-E1-E2-12-11 CIR+1+G Tavaré {1986) LG +1+G+F Le and Gaseuel (2008)
B6-E7-E1-E3-12-11 CIR+1+G Tavari {1986) RIREV +1+G +F Dimmic et al. (2002)

PV did not cluster together according to the phylogeny of their
hosts. For example, PVs that infect primates did not form a mono-
phyletic group in all analyses. MfPV1, which infects a non-human
primate, clustered together with HPV24; a polyphyly was observed
in the group of PVs that infect cattle; PVs that infect canines also
showed themselves to be polyphyletic; OcPV1 and SfPV1, which
infect rabbits, clustered together with HPV1; UmPV 1 which infects
one Carnivora member and SsPV1 that infects one artiodactyl clus-
tered together with the PVs that infect primates (Fg. 2).

Despite the relative robustness of the ree, taking into account
the highly variable dataset, some nodes showed well-supported
phylogenetic contradictions when taking into consideration all
four different methods used to reconstruct the phylogenetic trees.
In addition, some viruses randomly clustered together when using
different partitions, for instance EcPV1, TmPV1, MnPV1, RaPV1 and
BPV7 (Fig 2).

Phylogenetic analyses based on gemomic regions with low
entropy were more quickly computed than the analyses with the
original datasets because of the smaller dataset size (Supplemen-
tary Table S2). The entropy method selected regions with sizes
15-52% smaller, which represented computational times approxi-
mately 30-70% faster, depending on the dataset used.

4. Discussion

Some attempts o ob@in a complete overview of the evolution
of PVs have been made (Bravo and Alonso, 2007; Chan et al,
1992, 1995; Gottschling et al., 2007ab, 2011; Shah et al., 2010).
However, this is the first time that an entropy-based method has
been used to identify phylogenetically informative genomic
regions in order to reconstruct the PV phylogeny. In this study,
we used the complete genomes of PVs that infect a wide variety
of hosts. However, we did not take into consideration the intratyp-
ic variation of PVs (variants and subtypes), and so we do not know
how representative the GenBank reference isolates are.

The PV genes are highly variable, both in terms of nucleotide
and amino acid sequences. However, it is interesting to observe
that there is a relative conservation regarding to certain protein
domains. Therefore, PVs appear to maintain constant structurally
and functionally important regions, whereas other regions are
more flexible in terms of evolution. This is consistent with previous
knowledge that the protein regions that evolve more slowly are
usually associated with molecular recognition functions (Worth
et al., 2009). For example, the L2 protein contains two conserved
domains at the N- and C-termini for which functional evidence
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has been reported (Bossis et al., 2005; Bousarghin et al., 2003; Fin-
nen et al, 2003; Florin et al., 2006; Kimper et al,, 2006; Richards
et al., 2006; Roden et al., 2000).

However, we have also noted in this study that the Lx Cx E
domain of E7 protein was not well conserved, despite its associa-
tion with cancer development, according to the report of Caldeira
et al. {2000). They have observed that the E7 protein of some HPVs
does not exhibit this domain and the virus can still induce cell pro-
liferation. Consequently, although PV genes have accumulated
many mutations over evolutionary time, apparently function has
been maintained. This idea is important because selecting func-
tonally important genomic regions to infer the phylogeny of this
group becomes very relevant due to the huge genetic variability
found in these viruses,

The behavior of transitions and transversions is as important as
knowing the gene sequence variation within a group of organisms.
Estimating the possible bias of these rates is very important for
understanding the evolution of genomes, as well as the correct
reconstruction of their phylogeny (Yang and Yoder, 1999). In this
analysis, we found values near one {between 0.7 and 1.2) which
is expected given the high level of sequence divergence,

As a consequence of PVs genomic variability, we are suggesting
a new approach to phylogenetic reconstruction using low entropy

genomic regions. Regions in a DNA sequence that are widely diver-
gent could show different evolutionary histories, disturbing the
overall phylogenic reconstruction from the group of organisms,
So, it is important to find and delete these regions when we deal
with a highly variable dataset such as the one analyzed here. The
entropy method applied to nucleotide and amino acid sequences
has proved to be useful in determining patterns of genetic variabil-
ity (Caffrey et al., 2004; Krishnamachari et al, 2004; Liao et al,
2005; Muiihac et al., 2001; Pilpel and Lancetr, 1999; Schneider
et al., 1986: Valdar, 2002; Zou and Saven, 2000). So, it isa powerful
tool for determining less complex sites in the genome, which is
important for a more accurate phylogenetic reconstruction. There-
fore, entropy is a numerical measure that indicates regions that are
most probably homologous.

Entropy based methods have been shown to be more accurate
than other trimming approaches. In comparison to other methods,
Criscuolo and Gribaldo (2010) showed that their entropy method
gave best confidence values for the monophyly of Unikonts, as well
as providing a more accurate prediction for the monophyly of
Archaeplastida and Unikonts, and the phylogenetic distinction be-
tween jacobids and Archaeplastida,

Importantly, this is the first time that entropy has been used to
select PV genome regions for phylogenetic reconstruction, This
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approach has gained importance in recent years, resulting in the
development of software which selects regions in a multiple
sequence alignment that are suitable for phylogenetic inference
and then computing a score related to the entropy value (Criscuolo
and Gribaldo, 2010). In the case of PVs, despite the great genetic
variation found, it was possible to observe low informational
complexity genomic regions, which are related to the conserved
sites of each gene. Logically, less variable genes have more low
entropy regions. These regions have a higher probability of being
related to important functional domains in the proteins of these
viruses. For example, according to Kim et al. (2003), regions related
to transcription factor binding sites have a low probability of
mutations.

Therefore, the high level of genetic variability exhibited by PVs
can be explained by the presence of functionally and structurally
important conserved regions, which maintains protein stability
and indicates a common ancestry. Thus it is important to associate
low informatonal complexity regions with the secondary structure
of the proteins. However, many regions selected by entropy are
related to loop regions. Despite the existence of a potential flexibil-
ity in loops, increasing tolerance to variation in those regions, some
conservation can be found depending on whether catalytically ac-
tive residues are present in these structures or whether they adopt
important positions for protein fold (Camps et al., 2007). Moreover,
a-helix and f-sheet regions may influence the adjacent loop re-
gions, like a shield effect, decreasing the number of amino acids
changes in these places due to evolutionary pressure known as
background selection, as observed in Fusconaia, Pleurobema, Lemi-
ox and Prychobranchus {Chapman et al, 2008). So we can infer that
the low entropy regions are probably structurally important, and
therefore useful for the construction of PV phylogeny.

Accordingly, the entropy was used in order to improve phyloge-
netic signal to reconstruct the evolutionary relationships of a group
ofviruses, not only based on information theory, but also associated
withbiological concepts. Moreover, withthe intention of further val-
idate the method, three different genomic combinations were ana-
Iyzed, using four, five or six concatenated genes, and we obtained
congruent results for all three datasets, which shows the efficiency
of the method inde pendently of the genomic region analyzed.

Using the entropy measure approach, we were able to obtain
topologies and branch lengths similar to the ones obtained by
Gottschling et al. (2007b), corroborating the idea that diversifica-
tion of PVs are due to multiple evolutionary mechanisms as sug-
gested by Gottschling et al. (2007b). Congruence between virus
and host phylogeny is required to confirm that co-evolution by it-
self guides PV diversificadon (Chan et al., 1992; Rector et al., 2007 ).
Garcia-Vallvé et al. (2005) proposed that PVs co-evolve with their
hosts, even though some genes show different evolutionary histo-
ries, indicating that some of these genes were acquired later in the
evolution of PVs. Although those ideas are quite plausible in first
instance, our results suggest that there is disagreement between
the phylogeny of PVs and their hosts, and that co-evolution by
itself cannot explain the diversification of PVs, consistent with
the findings of Gottschling et al. (2007b), Shah et al (2010) and
Gottschling et al (2011).

A major problem found in the elucidation of PV phylogeny is the
limited availability of sequenced PV types, subtypes and variants.
‘While many HPV types are known, there is an insufficient sampling
of non-human PVs. This small representation may explain the low
bootstrap values found in the internal nodes. Although the phylog-
eny obtained in this study resembles the one found by Gottschling
et al. (2007b), which used another character trimming method
(Castresana, 2000), we were able to obtain it using a fewer regions
of the genome, which exhibited low entropy. This means that we
got similar results using less data, resulting in lower computational
cost.

Another advantage of the method is that the congruence
obtained between topologies based on three gene combinations
used in our study indicated that it is possible to reconstruct PV
phylogeny by using four, five or six concatenated genes, since the
most informative regions of these genes are used. Besides the de-
crease in computational cost, this process is relevant as it shows
that there is no need to sequence the entire genome of new PV
types for them to be included in phylogenomic studies. Therefore,
entropy can be used to determine hot spots of information in the
genomes for inclusion in phylogenetic studies.

Even though some studies have shown the effectiveness of other
methods which eliminate regions that disrupt the dataset phyloge-
netic signal (e.g. Castresana, 2000; Criscuolo and Gribaldo, 2010;
Talavera and Castresana, 2007), itis important to develop and apply
new methods and approaches that increase this efficiency to make
the estimation of large phylogenies more accessible.
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Introduction

Brazil has the second largest cattle population in the

Summary

The aim of this study was to evaluate the presence of different types of Bovine
papillomavirus (BPV) in cattle skin lesions and to identify new viral types in
Brazil. A total of 72 skin lesions were analysed from 66 different bovines by
PCR using degenerate and specific primers, and subsequent sequencing.
Sequencing quality was determined using Staden package with Phred 30. Simi-
larity analysis was performed with BioEdit and BLAST programs to verify the
identity with known BPV types. Phylogenetic analysis was carried out using
Maximum Likelihood method with TIM3 + G as nucleotide substitution model
in PAUP*, and 1000 non-parametric bootstrap replicates. Analyses revealed the
presence of ten different types of BPV in the samples, with the exception of
BPV7. The presence of co-infections was very high as almost all samples (89%)
were co-infected. A putative new BPVI1 subtype was also found in lesions
from different animals. These results add significant knowledge about the prev-
alence and diversity of BPV infection in Brazilian cattle, which could be used
in future studies aiming at the development of more specific treatment and
diagnostic methods.

characterized (Bernard et al,, 2010; Hatama et al., 2011).
BPVs are classified in three different genera: Deltapapillo-
mavirus (BPV1 and BPV2), Xipapillomavirus (BPV3,

world (about 200 million cattle) and is currently the larg-
est beef producer and the sixth largest producer of milk
in the world (with around 21 million dairy cows} (FAQ,
2006; IBGE, 2008). The benign and malignant tumours
caused by the infection with bovine papillomavirus
(BPVs) are emerging diseases important for beef and
dairy cattle in the world (Borzacchiello and Roperto,
2008).

Papillomaviruses are a family of viruses that infect a
wide variety of animals, including bovine. Bovine papillo-
mavirus infect basal epithelial cells leading to the forma-
tion of tumours known as papillomas or warts. The
lesions are usually benign and tend to regress, however,
with the interaction of environmental co-factors they can
turn into malignant tumours (Campo and Jarret, 1994).
Eleven BPV types (BPV1-11) have been sequenced and

BEPV4, BPV6, BPVS, BPV10 and BPV11) and Epsilonpapil-
lomavirus (BPV3 and BPVE). Another viral type, BPV7, is
still unclassified (Ogawa et al., 2007).

Although BPVs are described as solely infecting kerati-
nocytes and fbroblasts (Campo and Jarret, 1994; Borzac-
chiello and Roperto, 2008), there is evidence for the
presence and expression of BPV in other body fluids and
tissues (Carvalho et al., 2003; Freitas et al, 2003, 2007;
Roperto et al., 2011). These findings corroborate the
hypothesis of vertical transmission of BPV (Stocco dos
Santos et al.,, 1998; Freitas et al., 2003, 2007).

Recent studies describe the detection of potentially new
BPV types using PCR and sequencing techniques (Tomita
et al, 2007; Claus et al, 2008; Hatama et al, 2008).
According to de Villiers et al. (2004), different BPV types
share a genetic identity of <90%, viral subtypes display a
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sequence identity between 90% and 98%, whereas variant
strains of the same viral type have sequence identity of
more than 98%. Degenerate primers have been used for
HPV and BPV genotyping (Antonsson and Hansson,
2002; Ogawa et al, 2004; Claus et al, 2008). Nevertheless,
the sensitivity of these primers could be compromised
because of the sequence variability between papillomavi-
ruses from these two hosts (Schmitt et al., 2010).

A few studies report the occurrence of co-infection
with different types of BPV worldwide. In India and Ger-
many, different BPV types were identified in the same
lesion (Pangty et al, 2010; Schmitt et al, 2010). In Braal,
the presence of BPV types 1, 2, 4 and 6 in the same lesion
was also reported (Yaguiu et al,, 2006; Claus et al, 2007,
2009b; Lindsey et al, 2009).

An active surveillance program to identify the incidence
and distribution of these viruses is paramount for preven-
ive and therapeutic strategies, as well as towards the
establishment of reliable diagnostic methods. Therefore,
the aim of the present study was to screen bovine cutane-
ous lesions for the presence of known and potentially
novel BPV types.

Materials and Methods

Cattle selected for this study were from two dairy farms
with high incidence of cutaneous papillomatosis, located
in Pernambuco and Bahia states, Northeastern Brazil. Sev-
enty-two cutaneous lesions samples from 66 animals were
collected via excision from different sites on the skin of
the animals. Biopsy samples were wrapped in foil,
immersed in liguid nitrogen, transported on ice to the
laboratory and stored at =80°C.

DNA extraction

Genomic DNA  were extracted from tissue samples
(30 mg) collected from each lesion by using the DNeasy
Blood and Tissue kit (Qiagen, Hilden, Germany), accord-
ing to protocols of manufacturer. DNA samples were
quantified using Nanovue (GE, Fairfield, CT, USA). The
quality of the purified DNA was checked by f-globin
gene PCR, as described by Freitas et al. (2003).

Detection of viral DNA

For detection of viral DNA, 100 ng of DNA was amplified
by PCR in a final volume of 25 pl, using Master Mix Pro-
mega kit (Promega, Fitchburg, W1, USA) according to the
manufacturer’s instructions, Reactions were performed in
a two-step process. First, all DNA samples were screened
for the presence of BPV DNA using the degenerate primers
FAP59 and FAP64 under conditions described by Ogawa
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et al. (2004), with the annealing temperature set at 50°C.
Subsequently, DNA isolates were subjected to PCR using
BPV type-specific primers and respective annealing tem-
peratures as outlined in Supporting Information Table S1,
according to the amplification protocol described by Sto-
cco dos Santos et al. (1998). PCR reactions were carried
out in a MJ Research PTC 200 thermocycler.

Amplicons obtained by FAP59/64 PCR and by specific
primers were sequenced to identify/confirm the viral type.
All amplification products were visualized by 2% TAE
agarose gel electrophoresis and subsequent ethidium bro-
mide staining. Controls incduded in each PCR involved
BPV1 to six viral genome cloned into PAT 153 plasmid
and sequenced as positive control Primers for BPV7Y to
BPV10 were analysed in silico, and the positive samples
were sequenced to confirm the result. Bovine DNA
extracted from Madin-Darby Bovine Kidney (MDBK)
cells as negative control. Given that BPV3 primers recog-
nized both the L1 gene from BPV3 and BPV6, sequencing
was performed to separate the two types.

Sequencing and genotyping

Samples that tested positive for the presence of putative
(i.e. supposed) new viral types were once again amplified
by PCR using a High Fidelity DNA polymerase (GE) and
the degenerated primers indicated above. Following PCR
amplification and purification using DNA Purification
System (Promega), PCR products were cloned into the
pGEM-T vector (Promega) and transformed in competent
DH5#% bacteria. Bacterial clones were randomly selected
for confirmations. At least two different positive clones
were sequenced, with an ABI 3100 Applied Biosystems
DNA sequencer and Sanger BigDye terminator v 3.1
method with cycle sequencing kit, twice in both direc-
tions to identify new putative BPV types.

Sequencing quality and contig assembly were carried
out using Pregapd and Gapd4 programs (Staden, 1996).
Only sequences with a Phred value above 30 were consid-
ered for the contig assembly. Local sequence alignments
were carried out with BLAST (Altschul et al, 1990), Mul-
tiple sequence alignment of published and potentially new
BPV types was carried out by ClustalW (Thompson et al,,
1994). The extremities of the multiple sequence alignment
were deleted. The newly identified sequences BPV/
UFPEOT and BPV/UFPE0Z were submitted at GenBank
[GU201950, GU201951).

Phylogenetic analysis was carried out using the Maxi-
mum Likelihood method with TIM3 + G as nucleotide
substitution model in PAUP* v, 4.0b10 (Swofford, 2002).
The tree topology was estimated with heuristic search. An
initial BION] tree was used, and the taxa were randomly
added. To determine the statistical support of the
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Fig. 1. Electrophoresis gels with the bovine papillomavirus type-spe-
cific PCR results. Lines 1-4 represent the samples selected randomily,
that are not necessarily the same for each reaction. A molecular mar-
ker {MM) of 100 bp was used.
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mation Table 52,

Results

Viral distribution
All BPV types included in this study were detected in the
samples, except for BPV7 (Figs 1 and 2). BPV2 and BPV3

™

Detection of BPYs, Co-Infection and BPV11 Subtype

were the most frequently found viral types. DNA of three
recently described BPV types, BPVS, BPV9 and BPV10,
was also detected. The co-infection was observed with up
to four different BPV types (Fig. 3 and Table 1). A total
of 64/72 (89%) skin samples were co-infected with at
least two BPV types.

New BPV11 subtype

Sequence analyses indicated the presence of two isolates
(BPV/UFPEO1 and BPV/UFPE0Z) of a putative new
BPV11 subtype. The identity between the BPV/UFPE01
isolate and BPVI1 was 97%, and between the BPV/
UFPED2 isolate and BPV11 was 96%, indicating that they
are BPV11 subtypes. Between the two new isolates, varia-
tions were detected only in two nucleotide sites, produc-
ing 99% identity.

Phylogenetic analysis

The final sequence alignment including the sequence of
the novel BPV11 subtype isolates display 491 nucleotide,
with 115 (approximately 23%) and 373
(approximately 76%) variable sites. Of the variable sites,

conserved

348 were parsimony informative and 25 sites were single-
tens. Three sites were present in only one sequence and
they were not computed.

The results shown in Fig. 4 confirmed that both iso-
lates belong to the same viral type, with 86% of confi-
dence based on bootstrap. The phylogenetic analysis
showed that these isolates clustered together with the
recently described BPV11, confirming that they were new
subtypes of this viral type. These two novel isolates are
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Fig. 2. Distribution of bovine papillomavinus types detected in 72 skin lesions.
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Fig. 3. Number of samples infected assodated with the number of
bovine papillomavirus types detected.

Table 1. Percentage of samples infected with one or more bovine
papillomavirus (BPV) types

Absolute Relative

‘Viral types present frequency frequency (%)
BPV types 1, 2 and 3 i 28
BPV types 2 and 10 3 42
BPV types 2 and 3 21 291
BPV types 2, 3 and 10 13 18.1
BPV types 2, 3 and 4 10 13.8
BPV types 2, 3, 4 and 10 4 56
BPV types 2, 3 and 5 7 28
BPV types 2, 3 and B 1 1.4
BPV types 2, 3 and 9 1 1.4
BPV types 2, 3, 9 and 10 1 1.4
BPY types 2 and 4 3 42
BPV types 2, 4 and B 1 14
BPV types 2, 6 and 10 1 1.4
BPV types 2, 8 and 10 1 1.4
BPV type 10 1 1.4
BPV type 2 7 96
Total 72 100

also closely related to BPV4, and to the strains BPV/BR-
UEL2 and BPV/BR-UEL3 described by Claus et al.
(2008). The isolates described in this study were clustered
together in the genus Xipapillomavirus, aong with BPV3,
BPV4, BPV6, BPVY, BPV10 and 11 (Fig 4).

The majority of the branches were statistically well sup-
ported with 50% of confidence. Although some statistical
inconsistencies in the clade representative of the genus
Xipapillomavirus were noticed, the branch that corre-
sponds to the putative new BPV11 subtype was well sup-
ported with 68% of confidence (Fig. 4).

Discussion

In this study, the presence of different types of BFVs
in skin lesions of cattle affected by papillomatosis was

C. C.R. Cawalho et al.

evaluated. This is the first study using specific primers to
detect 10 different BPV types. This strategy led the identi-
fication of co-infection in cattle. Besides, two putative
new BPVI11 subtypes were also detected, showing the
diversity of this virus.

BPV1 is a viral type often found in skin lesions (Fre-
itas et al,, 2003, 2007). In the present study, this viral
type was detected in lesions located in the back and
dewlap of two animals. Interestingly, there was a high
incidence of BPV2 and BPV3, described as characteristic
of skin lesions (Campo and Jarret, 1994). So far, BPV3
is rarely reported in the world, because the majority of
studies about BPV infection focus on BPV1 and BPV2.
In this study, BPV3 was found in the majority of
lesions. BPV4 is a viral type related to mucosal infec-
tions and it is responsible for upper digestive tract can-
cer in cattle. Here, BPV4 was detected in skin lesions
{Supporting Information Figure 51). Although unusual,
its presence in cutaneous epithelium was earlier reported
(Bloch et al, 1996), Nevertheless, the role of BPV4 in
skin lesion remains to be elucidated. BPV5 and BPV6
are usually associated with skin lesions in teats and
udder. In this study, BPV5 and BPV6 were detected in
lesions of the shoulder clod and around the eye of the
animal, unusual sites for these viral types. BPV7 was not
detected in this study. However, recently described
BPVE, BPVY and BPV10 were detected suggesting that
BPV7 was not present in the samples. BPVS, BPV9 and
BPV10 were described in cutaneous lesions in Japan
(Tomita etal, 2007; Hatama etal, 2008) and after
found in Brazil — BPV8 (Claus et al,, 2009 ) and India
— BPVI0 (Rai et al, 2011). BPV9 and BPV10 have not
been detected in the American continent yet. So far, the
carcinogenic potential of these three recently deseribed
viral types remains to be determined, and further studies
on the pathobiological significance of these viruses are
needed.

The occurrence of co-infections was observed in several
examined lesions (Table 1 and Fig. 2). Earlier co-infection
has been detected in cutaneous lesions with different BPV
types in Brazil (Yaguiu etal, 2006; Claus et al, 2007,
2009b; Lindsey et al,, 2009). Other studies demonstrated
the presence of co-infection with BPV (Leishangthem et
al., 2008; Pangty et al, 2010; Schmitt et al, 2010). This is
the first study showing co-infections of BPV types 1-10
by using specific primers. At least two viral types were
verified in the majority of lesions. There is no informa-
tion i literature in relation to the consequences of co-
infection in the animals, The constant presence of diverse
lesions over the body could be a consequence of co-infec-
tion. Possibly, co-infection could prevent the regression
of the lesions because of suppression of immunological
mechanisms.
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Fig. 4. Maximum Likelihood tree of bovine papillomavirus, comprising the 11 characterized types and 18 putatve new types, based on partial
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Epsilonpapifomavirus and Unclassified). Numbers in the nodes are bootstrap support values of the branches determined by 1000 replicates, and
the values below 50% are not shown. Circles represent isolates bovine papillomavirusJFPEQY and BPV/UFPED2 identified in this study.

The use of PCR and sequencing technigques led to the
identification of two putative novel BPV11 subtypes (iso-
lates BPV/UFPEOL and BPV/UFPE02). The BPV11-like
isolates were detected in lesions from three different ani-
mals. Lesion morphologies are shown in Supporting
Information Figure 52. Two of the animals showed
lesions on the back and around the eyes, respectively.
However, at this point, it is not possible to ascertain
whether such lesion morphology is characteristic of
BPV11, because the animal was co-infected with BPV2
and BPV11. Studies related to genetic diversity and evo-
lution of BPVs are sparse, Despite the recognition of
over a hundred types of HPV, only eleven BPV types
have been described reflecting the scarcity of studies in
this area. As far as we are aware, only few studies have
been conducted with the detection of putative new BFV
types in Brazil (Claus etal, 2008; Silva etal., 2010).
These data suggest that other BPV types may also be
present and known types may be more widely distrib-
uted than originally thought. The genetic diversity of
BPV could explain the complex biology of this virus.
Although still unknown, the identification of novel sub-
types and variants of BPV could indicate different patho-
logical aspects. Additional studies aimed at detecting and

i 2012 Blackwell Verlag GmibH » Tranzsboundary and Emerging Diseases 59 (2012) 441847

characterizing potential new viral types and their variants
are needed.

This is the first study evaluating the BPV diversity in
Brazilian cattle, assessing the presence of eleven different
BPV types. Ten of 11 BPV types were identified, and the
presence of a novel BPV11 subtype has been reported
for the first time, indicating that BPV11-like viruses also
occur in South America. In addition, the detection of
viral types in umusual sites was also reported. Thus, our
data suggest that certain viral types are not restricted to
specific lesions as previously thought. Further molecular
epidemiological investigations on the incdence and
diversity of BPV infection in cattle will assist in estab-
lishing a more accurate view of the distribution of this
virus, This could help the development of accurate and
specific  diagnostics, prophylactics and  therapeutic
requirements.
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Additional Supporting Information may be found in the
online version of this article:

Figure 51, Representative lesion of BPV4 infection on
the back of one animal.

Figure 52. (A) Representative lesion of the putative
new BPV11 subtype infection. (B} The same lesion
extracted and in detail.

Table S1. Primers used in BPV genotyping.

Table 52. Genbank accession number and size of the
sequences used in this analysis.
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ABSTRACT. Bovine papillomaviruses (BPVs) cause many bemign
and malignant lesions in cattle and other animals. Twelve BPV types
have been identified so far, and several putative novel BPV types have
been detected based on the analysis of L1 gene fragments. generated by
FAP39/64 and MY 11/09 primers. Phylogenetic trees are important in
studies that describe novel BPV types. However, topological mistakes
could be a problem in such studies. Therefore, we made use of entropy
to find phylogenetic informative regions in the BPV L1 gene sequences
from all 12 BPVs. Six data sets were created and phylogenetically
compared to each other using neighborjommng and maximum
likelihood methods of phylogenetic tree recomstruction. We found
two major regions m the L1 gene, using an entropy-based approach,
which selects regions with low mnformation complexity. More robust
phylogenetic trees were obtained with these regions. when compared to
the ones obtained with FAP59/64 and MY 11/09 primers. More robust
phylogenetic trees are important to accurately position novel BPV types.
subtypes and vanants. We conclude that an entropy-based approach 1s
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a good methodology for selecting regions of the L1 gene of BPVs that
could be used to design more specific and sensitive degenerate primers,
for the development of improved diagnostic methods.

Key words: Bovine papillomavirus; L1 gene; Phylogenetic analysis;
Entropy

INTRODUCTION

Papillomaviruses (PVs) form a diverse group of non-enveloped viruses with a circular
double-stranded DINA that infects a wide variety of hosts. The genome 1s approximately 8 kb
in size and contains around eight genes. The L1 gene encodes the major capsid protein and has
been used to classify PVs into genera, species, types. subtypes, and vanants (de Villiers et al .
2004; Bernard et al., 2010). Among PVs, bovine papillomaviruses (BPVs) have a major role
in vetennary medicine. They cause bemgn and malignant lesions 1n cattle and are associated
with equine_ zebra, and buffalo lesions (Lérh et al | 2005; Silvestre et al_ . 2009: van Dyk et al |
2009: Bogaert et al., 2010; Somwvanshi, 2011).

To date, 12 BPV types have been identified and classified into three genera (Delta-
papillomavirus, Epsilonpapillomavirus, and Xipapillomavirus); one of them remains unas-
signed (Campo, 2006; Ogawa etal., 2007; Tomuta et al., 2007; Hatama et al., 2008, 2011; Zhu
etal., 2012). Furthermore, several putative novel BPV types and subtypes have been detected
based on analyses of L1 gene fragments of approximately 450 bp (Antonsson and Hansson,
2002; Ogawa et al., 2004; Claus et al, 2008; Carvalho et al.. 2012). These fragments have
been generated using FAP39/64 or MY 11/09 primers designed to detect human PVs (Manos
et al., 1989; Forslund et al., 1999). The DNA sequence vanability between human PVs and
BPVs 15 considerable; thus, the sensitivity of these pimers could be compromused.

Every study describing the detection or characterization of novel BPVs uses a phy-
logenetic tree to classify 1solates into genera and prove statistically that they are novel types.
However, the observed trees are not as robust as they should be. which 1s of central concem
because topological bias could be inserted 1n the analysis. causing possible mterpretation/clas-
sification errors.

A successful entropy-based approach has recently been descnibed for the selection of
phylogenetic informative genomic regions in PVs (Batista et al | 2011). The amm of this study
was to make use of entropy to find new regions in the 1.1 gene of BPVs that are more suitable
for phylogenetic inferences.

MATERIAL AND METHODS

The analysis was carried out using L1 gene sequences of the 12 BPVs characterized thus
far. Sequences were retneved from GenBank database and aligned using the Muscle algorithm
mncorporated m Molecular Evolutionary Genetics Analysis version 5 (Tamura et al.. 2011). The
GenBank accession Nos. are BPV1 (X02346), BPV2 (WM20219), BPV3 (NC_004197), BPV4
(X05817), BPV3 (NC_004195), BEVS (AT620208), BPV7T (DQ217793), BPVE (NC_009752),
BPV9 (NC_010192). BPV10 (NC_010193), BPV11 (AB543307), and BPV12 (JF834523).

A total of six data sets were created for comparison. First, the complete L1 gene was
used. Second, the phylogenetically most informative regions were selected using an entropy-
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based approach described by Batista et al. (2011). A cutoff value of 1.0 was used, and every
nucleotide site with an average entropy value under this cutoff was selected (total entropy).
The third data set was the region defined by FAP59/64 primers. Fourth, the region defined by
MY 11/09 primers was used. The fifth data set was a 768-bp region obtained using the entropy-
based approach (entropy region 1). The sixth data set was a 540-bp region also obtamed using
the entropy-based approach (entropy region 2).

For the phylogenetic analysis, the {ModelTest 0.1.1 software (Posada, 2008) was used
to select the model that best fit each data set. The models were selected under the Bayes-
1an Information Critennon. The nucleotide substitution model selected for the complete L1
gene, total entropy. entropy region 1. and FAP59/64 region sequence alignments was GTE+G.
For the MY 11/09 region and entropy region 2, the substitution models were TPM3uf+G and
TPM3uf+I+G, respectively.

The neighbor-joining method was used to reconstruct BPV trees i Molecular Evolu-
tionary Genetics Analysis version 5 (Tamura et al.. 2011). Maximum likelihood trees were cre-
ated for each data set using the best fitting nucleotide substitution model in PhyML 3.0 (Guindon
et al., 2010). Five substitution rate categories were used. The tree topology search was carned
out with an algorithm developed with the best of the nearest-neighbor interchange and subiree
prumng and regrafting methods. The quartet measures of Component 2.0 (Page, 1989) were used
to compare the obtained topologies. The complete L1 gene tree was used as the template, and all
other trees were compared to it. In addition, the confidence values of the nodes were compared.

RESULTS

The entropy-based approach uncovered five regions with low entropy values (H =
1.0). which are the phylogenetically most informative regions (Figure 1). Two regions with
low entropy were selected to assess their phylogenetic potential. Compared with the FAP59/64
region, entropy region 1 was 278 bp longer. In addition, entropy region 2 was 70 bp longer
than the MY 11/09 region.

FAPSEE4 Ar MY 11708

| : u\"‘\ﬂ W
opy Feagien = : |
Entrapy Region 2
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Figure 1. Entropy per site plot of the bovine papillomavims L1 gene. Regions with entropy values equal to and
below 1.0 bits were selected to the phylogenetic inference. Green boxes indicate two entropy regions analyzed in
this study. Fed boxes indicate regions comprised by FAP39/64 and MY 11/09 primers.
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Phvlogenetic analysis using both methods for reconstructing trees showed that the
trees using the complete L1 gene were more robust than the others (Figures 2 and 3). In
general clusters corresponding to genera could be identified but not without some changes
mnside these groups. However, the maximum likelihood tree of the complete L1 gene was more
consistent, with lngher confidence values. Although the trees constructed using the total en-
tropy region were shightly less robust than those constructed with the complete L1 gene, their
topology was very sumilar (see Figures 2 and 3). The quartet method showed that the smallest
values of topological distance from the complete L1 gene for neighbor-joining and maximum
likelihood trees were 0.032 and 0.051, respectively (Table 1).
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Figure 2. Phvlogenetic trees of 12 bovine papillomaviruses inferred by the neighbor-joining method. Different data
sets were used: A. the complete L1 gene; B. total entropy; C. FAP59/64 region; D. entropy region 1; E. MY11/09
region; F. entropy region 2. Bootstrap values under 50% are not shown. Tree branch length is in scale.
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Figure 3. Phylogenetic trees of 12 bovine papillomaviruses inferred by the maximum likelthood method. Different
data sets were used: A. the complete L1 gene; B. total entropy; C. FAP59/64 region; D. entropy region 1: E.
MY11/09 region: F. entropy region 2. Bootstrap values under 50% are not shown. Tree branch length is in scale.
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Table 1. Tepological comparisons among the obtained trees.

Comparison SD-NJ SDML 5 NT FET] =ML dML
Entropy Complete L1 0.032 0.051 479 16 470 25
Entropy region | Complete L1 0.149 0.154 41 74 419 76
Entropy 0.125 0.103 433 62 444 51
Entropy region 2 Complete L1 0.372 0.117 311 184 437 58
Entrapy 0.360 0.067 317 178 462 3
Entropy regicn | 0.354 0.170 320 175 411 B4
FAP Complete L1 0.156 0.154 418 77 419 76
Entropy 0.188 0.103 402 93 444 51
Entropy regicn | 0.172 0.000 410 85 495 0
Entropy region 2 0.455 0.170 270 225 411 B4
MY Complete L1 0.313 0.141 340 155 425 70
Entrapy 0.301 0.091 46 149 450 45
Entropy regicn | 0.315 0.184 339 156 404 91
Entropy region 2 0.067 0.109 462 33 44] 54
FAP 0.400 0.184 297 198 404 91

Dissimilarity values: SD = symmetric difference; NI = neighbor-joining tree; ML = maminum likelihood tree; s =
resolved and same; d = resolved and different.

Comparison of the neighbor-joining trees from the FAP59/64 region and entropy re-
gion 1 showed that entropy region 1 presented a more robust topology, which was confirmed
with the quartet method (see Figure 2 and Table 1). Neighbor-joining trees from the MY11/09
region and entropy region 2 were also compared and were simular (see Figure 2). This result
was confirmed with the quartet measure that showed a topology distance of 0.067 (see Table
1). However, the tree for entropy region 2 showed bootstrap values slightly higher than those
of the MY 11/09 region.

We observed that the FAP39/64 region and entropy region 1 presented the same topol-
ogy when the maximum likelihood trees were analyzed (see Figure 3). The confirmation was
obtamned with the quartet measure that showed no topology distance between them (see Table
1). However, the tree for entropy region 1 had higher confidence values. indicating a more
robust phylogenetic tree. The tree for entropy region 2 had a topology more similar to that of
the complete L1 gene than to that of the MY 11/09 region (see Figure 3). The quartet measure
showed that entropy region 2 had a topology distance value of 0.117 to the complete L1 gene
tree, whereas the MY 11/09 region had a value of 0.141 (see Table 1).

DISCUSSION

In this study we assessed and proposed novel regions mn the L1 gene of BPVs to make
phvlogenetic inferences based on partial sequences. An entropy-based approach was used to
select those regions, and they were identified as phylogenetically informative based on a previous
study (Batista et al.. 2011). The analysis supports the idea that new L1 gene regions should be
taken into account in studies that aim to detect novel BPV types using degenerate primers.

Phylogenetic analysis based on those regions showed that they are more informative
than the regions determuned using FAP39/64 and MY11/09 primers. These primers are widely
used in studies that describe the detection or characterization of novel BPV types and subtypes
(Antonsson and Hanson, 2002; Ogawa et al.. 2004; Claus et al.. 2008; Hatama et al., 2008;
Carvalho et al., 2012). Because those studies use a phylogenetic tree to classify 1solates into a
genus and statistically prove that they are indeed novel types, the use of phylogenetically more
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mformative regions in the L1 gene of BPVs 15 cnitical for increased accuracy.

The two regions assessed in this study (entropy regions 1 and 2) comprised the
regions of the primers FAP59/64 and MY 11/09. However, the results showed that the in-
crease in length of these regions. as suggested by the entropy approach. improved the phy-
logenetic signal. In addition, the final size of the two entropy regions is appropriate for any
polymerase chain reaction and sequencing reactions. which makes them suitable 1n a BPV
detection system.

Robust phylogenetic trees were obtained from the low entropy regions of the BPV
L1 gene. These trees had very small topological distances to the complete L1 gene trees. This
result showed that the approach proposed by Batista et al. (2011) 1s suitable for the selection
of phylogenetically informative regions of the BPV L1 gene. Although the complete L1 gene
trees were more robust than the entropy-based ones, we obtamned very similar topologies with
fewer data using this approach. Another interesting discovery was that the trees obtained using
the maximum likelihood method was more robust than those constructed with the neighbor-
joimng method. Even though probabilistic methods are known to be more accurate than dis-
tance-based methods. many BPV detection or characterization studies still use the neighbor-
joimng method to reconstruct BPV phylogeny (Antonsson and Hanson, 2002; Ogawa et al.,
2004, 2007: Tomuita et al., 2007: Claus et al.. 2008; Hatama et al., 2008, 2011; Lunard: et al..
2010; Zhu et al., 2012).

The fact that entropy region 1 was 278 bp longer than the FAP39/64 region and
entropy region 2 was 70 bp longer than the MY11/09 region explains the improved topolo-
gies obtamned. This result 1s 1n accordance with the idea that increasing sequence length 1s
a good way to mmprove the support. resolution. and accuracy of phylogenetic inference, as
suggested by Wortley et al. (2003). Entropy region 1 had 174 more parsimony informative
sites than FAP59/64 does. and entropy region 2 had 37 more parsimony mformative sites
than MY 11/09 has. These results show that the entropy approach not only extended the
regions but also mcreased the mformation that was available for phylogenetic inference.
However, the contribution of those sites to the phylogenetic trees was more evident in the
neighbor-joining trees.

The entropy-based approach used i this study selected phylogenetically more infor-
mative regions in the L1 gene of BPVs. Two entropy regions were analvzed and compared to
regions of established degenerate primers. In general. the two entropy regions were associated
with more robust phylogenetic trees, which are important for positioning novel BPV types,
subtypes. and vanants accurately. This issue 1s central to BPV detection and characterization
studies. The results of this study point to a solid methodology for the selection of regions in
the L1 gene of BPVs, which could be applied to the design of novel degenerate primers with
greater specificity and sensitivity for detecting those viruses. This finding 15 significant for
the development of improved diagnostic methods and. consequently, the establishment of a
surveillance program to identify the incidence and distribution of BPVs.
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Bovine papillomaviruses { BPVs) are a diverse group of double-stranded DNA viruses, of which 12 viral
types have been detected and characterized so far. However, there is still a limited understanding of
the diversity of BPV. Several putative new BPV's have been detected and some of these have been recently
characterized as new viral types. However, only a very limited amount of information is available on the
pathology associated with these novel wiral types yet this information could be of significant value in
improving our understanding of the biology of BPV. The objective of this study was to examine some
of the epidemiological features of cutaneous bovine papillomatosis in Brazilian cattle, in pamicular to
establish the relationship between BPV types isolated from beef and dairy cattle herds and the lesions
they cause.

Seventy-two cutaneous lesions were collected from 60 animals. Histopathological, PCR and sequencing
assays were conducted to characterize the lesions and detect the BPV types responsible. Phylogenetic
analysis was carried out using the maximum likelibood method. BFV types 1-6 and 8-10 were found,
as well as a putative new BPV type that belongs to the Deitapapillommimus genus. The tumaors were all
classified as fibropapillomas. This is believed to be the first record of BPV types 3 and 10 associated with
fibropapillomas. These results confirm that there is a wide range of BPV types that infect cattle, and that

an understanding of this diversity is necessary for improved methods of therapeutic treatment.

& 2013 Published by Elsevier Lid,

Introduction

Bovine papillomaviruses (BPVs) are a diverse group of double-
stranded DNA viruses that are classified in three different genera,
namely, Xipapillomavirus, Deltapapillomavirus and Epsilonpapiilo-
mavirus. So far 12 viral types have been detected and characterized
although BPV7 still remains unclassified {de Villiers et al., 2004;
Zhu et al., 2012). BPVs are responsible for various forms of cutane-
ous and mucous lesions, which can regress or grow into malignant
lesions, especially when combined with environmental co-factors
(Jarrett et al.,, 1978). Some types may cause the development of
urinary bladder (BPV1 and BPV2) and upper digestive tract
(BPV4) tumors in cattle { Borzacchiello and Roperto, 2008).

Studies have suggested that certain BPV types only affect some
particular tissues, and cause specific lesions. Thus, BPV1 has been
linked to teat and penile fibropapillomas, BPV2 to cutaneous warts

* Corresponding authors. Tel.: +55 81 2126 8520
E-muoil addresses: mvabatista@®hotmailcom (MVA Batista), acl_ufpe@yahoo,
com,br {AC. Freitas).

1090-0233 % - see front matter & 2013 Published by Elsevier Ltd.
hitp: ] doe dolorg/ 10,1016/ Lrvil 2013.00.019

and alimentary fibropapillomas, BPV3 to cutaneous papillomas,
BPV4 to pure epithelial papillomas of the upper gastrointestinal
mact, BPV5 to rice grain fibropapillomas on the udder, BPVG to
frond papillomas of the teats, BPVS to cutaneous papillomas, and
BPV types 9 and 10 to squamous epithelial papillomas of the udder
(Borzacchiello and Roperto, 2008). However, there are reports of
the detection of BPV types away from these predilection sites
(Bloch et al., 1996; Carvalho et al, 2012).

BPV-related diseases are of considerable economic importance
worldwide in both beef and dairy cattle (Borzacchiello and
Roperto, 2008). In Brazil, which is the second largest beef producer
in the world (USDA, 2011), BPV types 1, 2, 6 and 8 have been
identified in skin warts of cattle from the south of the counftry
(Claus et al, 2007; 53 e Silva et al., 2010), while Carvalho et al.
(2012) detected 10 different types of BPV along with a putative
new BPV11 subtype in the North-East region.

Although 12 BPV genomes have been identified it is likely that
there are far more - especially when it is taken into account that
more than 150 human papillomavirus (HPV) genomes are known.
PCR assays conducted with degenerate primers followed by
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sequencing have identified about 31 putatve new BPV types
(Forslund et al, 1999; Antonsson and Hansson, 2002; Ogawa
et al, 2004; Maeda et al., 2007; Claus et al., 2008). Some of these
putative types were recently characterized as new BPV types after
their complete genomes had been sequenced (Ogawa et al., 2007;
Tomita et al, 2007; Hatama et al,, 2008, 2011; Zhu et al., 2012).
Very limited data are available on the pathology associated with
these novel viral types but such informaton could provide a
valuable means of improving our understanding of the biology of
bovine papillomavirus, and allow progress to be made in the treat-
ment and diagnosis of BPV-related diseases. The purpose of the
present study was to characterize the distribution of BPV types
that can cause cutaneous lesions in cattle herds in the North-East
of Brazil.

Materials and methods

Study population

The cattle selected for the study came from beef and dairy farms in North-East
Brazil where cutaneous papillomatosis occurs. A total of 60 animals with cutaneous
papillomatosis were identified and samples obtained, Multiple samples were ob-
tained from animals with several skin lesions to assess co-infection, resulting in
the collection of 72 cutaneous lesions. These were obtzined from different anatom-
ical parts of the animal, such as the head, neck, and udder.

Histopathology

Histological diagnosis was arried out following the guidelines laid down by the
‘World Health Organization (WHO ) for the histological dassification of epithelial
and melanocytic tumors of the skin of domestic animals (Goldschmidt et al, 1998),

DINA extraction

G nomic DNA was extracted from tissue samples from each lesion by wsing the
DNeasy Blood and Tissue kit (Qiagen), in compliance with the manufacdurer's pro-
ocals, The extracted DNA was quantified using Nanovue (GEL The DNA quality was
chedeed by bovine p-globin gene PCE, as described by Freitas et al. ;:EWEL

Detection of viral DNA and genoyping

Viral DNA was amplified by conducting PCR assays using a Master Mix kit { Pro-
miega) following the manufacturer's instructions. The readions were caried out in
atwo-stage process. First, all of the DNA samples were screened for the presence of
BPY DNA using the degenerate primers FAP59{64 under the conditions described by
Ogawa et al. (2004} and the modifications described by Carvalho et al. (2002),
Second, the DMA samiples were subjected to PCR using BPV type-specific primers,
in accordance with the amplification protocol described by Stoceo dos Saintos
et al. {(1998) and the modifications described by Carvalho et al, (2012}, All of the
amplification produds were visualized by 2% lrls —atetate-EDTA (TAE) agarose
gel electrophoresis and subsequent ethidium bifgmide staining. The positive and
negative controls were as described by Carvalho et al. {2012), Amplicons were ob-
tained by FAPS964 PCR and by s pecific primers which were sequenced o identify
wonfirm the viral type.

Idenitification of a putative new BRAV type

The identfication of viral types with FAP5964 degenerate primers requires con-
firmation by sequencing. If the obtained L1 gene sequence shows a divergence of
more than 10% from the closest known type, it is considered anovel type (de Villiers
et al., 2004). Samples that tested positive for the presence of a putative new BPY
type, were again amplified by PCR, using a high fdelity DNA polymerase (GE} and
the degenerated primers referred to above for confirmation. The PCR products were
doned into the pGEM-T wector (Promega) and transformed into competent DHS2
bacteria, Bacterial dones were randomly selected for confirmation, At least two dif-
ferent positive clones were sequenced twice, in both directions, by means of an ABL
3100 DNA sequencer (Applied Biosystens L

The quality of the sequencing and the contig assembly were assessed using
Pregapd and Gapd programs (Staden, 1996} Only sequences with a Phred value
above 30 were considered for the conti g assembly. Local sequence alignments were
carried out to determine the sequence identity with BLAST (Altschul et al,, 1990L A
muultiple sequence alignment was carried out by Muscle (Edgar, 2004 ) and Clustalw
(Thompson et al, 1994) algorithms, incorporated into MEGAS softwareTamira
et al, 2011). The identity of the nudeotide and amino add sequences was deter-
mined by means of BioEdit v. 7.13 software (Hall, 1999,

Phiylogenetic analy s

A phylogenetic analysis was carried out with amino add sequences of BRV types
and putative novel types, using the maxmum likelihood method with LG+ G as
amino acid substitution model in PhyML 3.0 {(Guindon et al., 2000). The tree topol-
ogy was estimated by employing the best of the nearest neighbor interchange (NN}
and subtree pruning and regrafting (SPR) methods. An initial BION] tree was used,
and the taxa were randomly added. 1000 non-parametric bootstrap replicates were
employed to determine the statistical support of the obtained branches. The se-
quences used in this study are described in the Supplementary Table ST {Appendix

A

Resulis

Data on the cattle population used in this study and the lesions
sampled are summarized in Table 1. In total, 72 samples were col-
lected from two states of North-East Brazil, namely, Pernambuco
{n; 36) and Bahia (n= 36). The lesion morphologies detected in-
cluded cauliflower, flat, and peduncle, as well as some atypical
morphological shapes. Lesions were collected from the back, udder,
shoulder, eye, neck, muzzle, dewlap, ear, scapula, hind hooves and
head (Table 1). The samples were subjected to histopathological
analysis to characterize the lesions, all of which proved to be
fibropapillomas.

BPV1 was found in lesions on the dewlap and back; BPV2 and 3
were found in almost all of the lesions; BPV4 was found in lesions
on the scapula, hind hooves, head, neck, back, and dewlap}; BPV5
and 6 were detected on the shoulder and around the eyes. In this
study, BPV8 was found on the back, and in the dewlap; BPV9
was detected on the udder and back; and BPV10 was found on
the shoulder, around the right eye, neck, muzzle, dewlap, back, ud-
der and head (Table 1). A curious finding was that some BPV types
were detected in multiple anatomical parts of the same animal, e.g.
animals 19, 20, 22 and 31 (Table 1). Another interesting point was
that co-infection was present in a large number of the samples.
However, we could not observe a pattern linking BPV type to a par-
ticular geagraphical location, herd, age category, or sex (Table 1).

The relationship between BPV types and lesion morphology is
poorly understood. Although we know that BPV types are linked
to the morphology of the lesion, in practice it was difficult to
establish the nature of this link, owing to the huge number of co-
infections (Table 1). Histologically, the tumors consisted of dermal
fibrovascular stroma with low to moderate numbers of fibro-
blasts. The overlying cutaneous epithelium was hyperplastic with
characteristic rete pegs at the periphery of the papillae. The tumors
were all classified as fibropapillomas (Fig. 1).

A putative new BPV type was identified in the samples by the
use of FAP59/64 primers (Fig 2), and the isolate was termed
BPV [UFPEO4BR (GenBank accession number JQB97975 ). The iden-
ity between the BPV/UFPEO4BR sequence and BPV2 L1 sequence
was 74.1% This suggested that the BPV/UFPEO4BR isolate was a
new BPV type. This isolate was collected from a cow, in a beef herd
with a semi-intensive management system. The animal had lesions
of low intensity, most of which were flat. The lesions collected for
molecular analysis were of flat morphology.

The BPV/UFPEO4BR sequence is 399 bp in length, However, the
final sequence alignment, including the sequence of the novel BPV
(type] isolate, had 498 nucleotides, with 115 (approximately 23%)
conserved and 368 (approximately 74%) variable sites. Of the var-
iable sites, 339 were parsimony informative and 29 were single-
tons. Fifteen sites were found in only one sequence and these
were not computed.

The phylogenetic tree confirmed that the BPV/UFPEO4BR isolate
belongs to a new viral type, with 99% of confidence based on boot-
strap (Fig. 3). This isolate is related to the BPV1, BPV2 and BPV/
BRUEL4 isolates described by Claus et al. {2008}, which suggests
that it belongs to the Deltapapillomavirus genus. The majority of
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Distribution of bovine papillomavirus (BPV) types found in cataneous lesions in cattle from Brazil. Geographical, animal and lesion information is available for some samples.

Missing information is indicated as NA.

Samples State Herd Aniimal AgE category Gender Lesion morphology Lesion location BPV types

1 Pernambum Dairy 1 Adult Female Cauliflower NA 2,3and 4

2 Pernambuc Dairy 2 Adult Female Cauliflower NA 2,3 and 10

3 Pernambucm Dairy 3 Adult Female Cauliflower NA 2and3

4 Pernambum Dairy 4 Adult Female Cauliflower NA 2 and 6

5 Pernambucm Dairy 5 Adult Female Cauliflower NA 2and 4

[ Pernambum Dairy [ Adult Female Cauliflower NA 2and 3

7 Pernambum Dairy 7 Adult Female Cauliflower NA 2and 3

B Pernambucm Dairy 8 Adult Female Cauliflower NA 2 and 10

9 Pernambum Dairy 9 Adult Female Cauliflower NA 2and 3

10 Pernambum Dairy 10 Adult Female Cauliflower NA 2and 3

1 Pernambucm Dairy 1 Adult Female Cauliflower NA 2and3

12 Pernambum Dairy 12 Adult Female Cauliflower NA 2and 3

13 Pernambum Dairy 13 Adult Female Cauliflower NA 2, 3and 4
14 Pernambucm Dairy 14 Adult Female Cauliflower NA 10

15 Pernambum Dairy 15 Adult Female Cauliflower NA 2,8 and 10
16 Pernambucm Dairy 16 Adult Female Cauliflower NA 2,3 and 10
17 Pernambucm Dairy 17 Adult Female Cauliflower Badk 2and3

18 Pernambum Dairy 17 Adult Female Cauliflower Udder 2. 3and 9
19 Pernambucm Dairy 18 Adult Female Cauliflower Shoulder 2,3 and 10
20 Pernambucm Dairy 18 Adult Female Cauliflower Right eye 2,3 and 10
21 Pernambum Dairy 18 Adult Female Cauliflower Udder 2and 3
s} Pernambucm Dairy 19 Adult Female Cauliflower Shoulder 2,3 and 5
rc] Pernambum Dairy k] Adule Female Cauliflower Back 2, 3and 5
24 Pernambum Dairy 20 Adult Female Cauliflower Neck 2.3, 4and 10
25 Pernambucm Dairy 20 Adult Female Cauliflower Muzzle 2,3, 4and 10
26 Pernambum Dairy 21 Adult Female Cauliflower Dewlap 2,3, 4and 10
7 Pernambucm Dairy 21 Adult Female Cauliflower Badk 2,3.9 and 10
28 Pernambum Dairy 21 Adule Female Cauliflower Hind hooves 2, 3and 4
29 Pernambum Dairy ] Adult Female Cauliflower Ear 2and 3
30 Pernambuc Dairy 2 Adult Female Cauliflower Neck 2and 3
31 Pernambucm Dairy e} Adult Female Cauliflower Scapula 2,3and 4
32 Pernambum Dairy 24 Adult Female Cauliflower Udder 2and 3
33 Pernambuc Dairy 24 Adult Female Cauliflower Back 2,3 and 4
34 Pernambum Dairy 25 Adule Female Cauliflower Meck 2, 3and 4
35 Pernambum Dairy 25 Adult Female Cauliflower Back 2and 3
36 Pernambuc Dairy 26 Adult Female Cauliflower Neck 2and 3
k) Bahia Beef 7 Adult Female Cauliflower Udder 2,3 and 10
E Bahia Beef 7 Adult Female Cauliflower Badk 2and 10
39 Bahia Beel 28 Adule Female Cauliflower Back 2,3and 8
40 Bahia Beef -] MNA MNA NA MNA 2,3 and 10
41 Bahia Beef Ell NA NA NA NA 2and3
42 Bahia Beel 31 Young Male Flat Head 2, 3and 4
43 Bahia Beef 31 Young Male Flat Badk 2,3and 4
44 Bahia Beef 2 Young Male Flat Badk 2, 3and 4
45 Bahia Beel 33 Young Male Flat Head 2,3, 4and 10
46 Bahia Beef 34 Young Male Peduncle Dewlap 2,3and 4
47 Bahia Beef 35 Adult Female Cauliflower Dewlap 2,3 and 10
48 Bahia Beel 36 Adule Female Cauliflower Dewlap 1,2and 3
49 Bahia Beef 37 Adult Female Cauliflower Head 2,3 and 10
50 Bahia Beef E Adult Female Cauliflower Badk 1.2 and 3
51 Bahia Beel 39 Adult Female Flat Dewlap 2and3
52 Bahia Beef 40 Adult Female Cauliflower Badk 2,3 and 10
53 Bahia Beef 41 Adult Female Cauliflower Badk 2and 10
54 Bahia Beel 42 Young Male Cauliflower Dewlap 2,3 and 10
55 Bahia Beef 43 Adult Female Cauliflower Badk 2,3 and 10
56 Bahia Beef 44 Adult Female Peduncle Badk 2and 3
57 Bahia Beel 45 Adule Female Peduncle Dewlap 2,3 and 10
58 Bahia Beef 46 Young Male Cauliflower Head 2,3 and 10
59 Bahia Beef 47 Young Male Flat Badk 2and3
60 Bahia Beel 48 Young Male Flat Dewlap 2,3 and 10
61 Bahia Beef 449 Young Male Peduncle Head 2
[i] Bahia Beef 50 Adult Female Peduncle Head 2
63 Bahia Beef 51 Young Male Atypical Dewlap 2and 3
54 Bahia Beef 52 Young Male Atypical Head 2and3
65 Bahia Beel 53 Young Male Peduncle Dewlap 2
(55 Bahia Beef 54 MNA MNA NA MNA 2
67 Bahia Beef 55 Young Male NA Badk 2
68 Bahia Beel 56 Young Male NA Badk 2and 4
[F2] Bahia Beef 57 Young Male MNA Dewlap 2, 4and B
70 Bahia Beef 58 Young Male NA NA 2
71 Bahia Beef 59 Adult Male MNA Dewlap 2and 4
72 Bahia Beef 60 NA NA NA NA 2

54



4 M.VA Batista et al. / The Veterinary Journal xxx (2013 ) xxx-xxx

Fig. 1. Histological analysis of bovine skin fibropapilloma. Figures (A and B} illustrate epidermal hyperplasia and fibrovascular stroma with the stratum corneum exhibiting

hyperkeratosis. In figures (C and D) kotlocytes are indicated by arrows.

10 11 NTC

Fig. 2. Amplification of BPV DNA in skin lesions. A rep ive elect i
gel of PCR products using FAP59/64 primers is shown. Lanes 1-11, sampla C+,
positive control; NTC, no template control; M, 1Kb bp molecular weight marker.

the branches were statistically well-supported with 50% confi-
dence. In addition, the clade that corresponded to the Deltapapillo-
mavirus genus was very well supported (Fig 3).

Discussion

In this study, we investigated the relationship between BPV
types isolated from beef and dairy cattle herds and the lesions they
cause. A large number of cases of bovine papillomatosis were as-
sessed with emphasis being laid on many different viral types. In
addition, a putative new BPV type was detected, which demon-
strates the great diversity of BPV.

The distribution of the BPV types did not follow any geograph-
ical pattern. It is very possible that BPV is widespread in Brazil as
suggested by Claus et al. (2008). Although we only found BPV1 in
Bahia State, BPV1 has been previously identified in Pernambuco
State (Diniz et al., 2009; da Silva et al., 2012). in addition, there
is evidence that BPV types may be widespread in all Brazilian re-
gions, regardless of the herd, gender, and age. Although cattle of
any age can be affected, calves and yearlings were shown to have
a higher incidence of bovine papiliomatosis (Hama et al., 1988;
Freitas et al., 2011). It is likely that specific factors such as nutri-
tion, tick infestation, age, and immune disorders are contributory
factors in the dissemination of BPV.

The relationship between BPV types and lesion morphology is
poorly understood. In this study, no link between BPV types and

lesion morphology was observed. Histologically, all the BPV lesions
were attributed to fibropapillomas. BPV types 1 and 2 were previ-
ously related to cutaneous fibropapillomas. However, BPV types 3
and 10 were linked to cutaneous papillomas and squamous epithe-
lial papillomas, respectively (Borzacchiello and Roperto, 2008 ). As
far as we are aware, this is the first time that BPV types 3 and 10
have been linked to fibropapillomas.

Co-infection was found in the majority of the lesions (Table 1).
The presence of co-infection could be caused by a decrease in host
resistance, which may include immunosuppression, as suggested
by Carvalho et al. (2012). However, further studies are necessary
to verify this. In addition, some BPV types were detected in differ-
ent lesions of the same animal. As these viral types were found in
other animals from the same farm, the animals could be re-
infected several times through animal to animal contact. Another
explanation is that these BPV types could be carried to other sites
of the animal through blood cells, where they were previously
found (Diniz et al., 2009; Roperto et al., 2011).

In this study, BPVs 8, 9 and 10 were found in several different
anatomical sites. BPV8 was found on the back and dewlap. BPV8
had previously been linked to cutaneous papillomas and the
healthy skin of teats, and the back (Tomita et al., 2007; Borzacchi-
ello and Roperto, 2008; Claus et al, 2009). This is the first time that
BPV8 has been found in the dewlap. In addition, in this study, BPV9
was detected on the udder and back of the animal and BPV10 on the
shoulder, around the right eye, neck, muzzle, dewlap, back, udder
and head. Previously, BPV9 and BPV 10 were attributed to squamous
epithelial papillomas of the udder and teats ( Borzacchiello and Rop-
erto, 2008; Hatama et al,, 2008 ). There is no evidence of the detec-
tion of BPV9 and BPV10 on the back of the animal. Moreover, BPV10
was, for the first time, found on the shoulder, around the right eye,
neck, muzzle, dewlap and head. All of these results show that re-
cently described BPV types 8, 9 and 10 are not restricted to any ana-
tomical site in cattle. Apparently, the body site where the animal is
exposed to BPV infection is more significant determinant than the
genotype of the virus. Of course, this is a preliminary investigation,
and further studies are required to investigate this phenomenon.

Knowledge of the genetic diversity and evolution of BPVs is still
in its early stages. Only 12 BPV types have been described so far,
despite the great diversity found in HPV. This fact reflects the lack
of studies into the question of BPV diversity. In this study, we
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Fig. 3. Maximum Likelihood tree of bovine papillomavirus, which comprises 12 BPY types and 25 putative new BPV ty pes, based on partial sequences of L1 ORF. Three groups
of viruses are distinguished, which forms the previously described genera (Xipapilomevirus, Deliopopilomavirus and Epsilonpapilomaerus). Unclassified isolates are also
preseinted. Numbers in the nodes are bootstrap support values of the branches determined by 1000 replicates, and the values below 50% are not showi. The black circle

represents the isolate BPV/UFPED4BR identified in this study.

describe a putative new BPV type that belongs to the Deltapapillo-
mavirus genus. Our results suggest that there is a great diversity of
BPV types thatinfect cattle, and the understanding of this diversity
is necessary for improved therapeutic freatment,

Conclusions

This study evaluated the diversity of BPV types in Brazilian cat-
e, and carried out an assessment of the relationship of the epide-
miological information about them, It is possible that BPV types are
widespread throughout the country, with no distinction between
beef and dairy cattle herds. Ten BPV types were detected, and

the presence of an unreported novel BPV type has also been
described. In addition, we report the detection of recenty
described wiral types (BPVs 8-10) in unusual sites. Diverse re-
infection events or dissemination through blood could be the cause
of BPV detection in different lesions on the same animal, and future
studies should examine this evidence, which will be essential in
understanding the natural history of BPV infections. Our data sug-
gest that these BPV types are not restricted to any particular ana-
tomical site, Further molecular epidemiological investigations on
the incidence and diversity of BPV infection in cattle are now re-
quired to allow an accurate diagnosis to be carried out and the
development of appropriate vaccines.
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8. Discussao geral

Este estudo focou na aplicacdo de um novo método de bioinformatica que
pode ser aplicado em estudos de epidemiologia e evolugdo molecular de
papilomavirus (PV). Associado a isto, este estudo também objetivou verificar a
ocorréncia dos diferentes tipos de papilomavirus bovino (BPV) que infectam
rebanhos na regido Nordeste do Brasil.

Algumas tentativas de se obter uma visdo completa da evolucdo dos PV
foram feitas (Chan et al., 1992, 1995; Bravo e Alonso, 2007; Gottschling et al.,
2007a, 2007b, 2011; Shah et al., 2010). Entretanto, esta € a primeira vez que um
método baseado em entropia foi utilizado para identificar regides genbmicas
filogeneticamente mais informativas para a reconstrucdo das relacdes
filogenéticas dos PV. Mais especificamente, este método pode ser aplicado para a
selec@o de regibes do gene L1 de BPV importantes para inferéncia filogenética
baseada em sequéncias parciais. Com isto, novas regifes deste gene podem ser
propostas para ser utilizadas em estudos que visem detectar novos tipos de BPV
através do uso de primers degenerados.

Além disso, neste estudo, a presenca de diferentes tipos de BPV em
lesGes cutaneas de bovinos afetados por papilomatose foi avaliada. Alguns
aspectos epidemiolégicos importantes também foram discutidos, como padrdes
geograficos de distribuicdo, localizacdo e morfologia das lesdes. Este € o primeiro
estudo a utilizar uma combinacdo de primers especificos e degenerados para
detectar 10 diferentes tipos de BPV. Esta estratégia levou a identificacdo de

coinfeccdo no gado, além da descoberta de novos subtipos e tipos de BPV.
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Ao se comparar as sequéncias dos genes entre os varios PV existentes, &
possivel observar uma grande variabilidade. Entretanto, na analise de sequéncias
dos PV é possivel notar que existem regides conservadas que estao relacionadas
com certos dominios proteicos. Consequentemente, embora os genes dos PV
tenham acumulado muitas mutacdes ao longo do tempo evolutivo, a funcédo das
proteinas se mantém. Assim, o método baseado em entropia desenvolvido neste
estudo se torna relevante por selecionar regiées genémicas que sao importantes
estrutural e funcionalmente para inferir a filogenia deste grupo de virus bastante
diverso.

Outro ponto extremamente importante quando se lida com sequéncias
bastante variaveis € a remocdo de partes dos dados que perturbam a
reconstrucdo da filogenia de um grupo de taxons. A quantidade de mutacdes
pode ser tdo grande, que os caracteres sdo semelhantes devido a eventos
homoplasicos. Os métodos baseados em entropia de remocao destas regides se
mostraram ser mais acurados que outros métodos (Criscuolo e Gribaldo, 2010).

Com a abordagem de entropia foi possivel obter topologias e
comprimentos de ramos similares aos obtidos por Gottschling et al. (2007b),
corroborando com a ideia de que a diversificacdo dos PV ocorre devido a
multiplos mecanismos evolutivos. Nossos resultados sugerem que existem
discrepancias entre a filogenia dos PV e a dos seus hospedeiros, e assim, a
coevolucdo sozinha ndo poderia explicar a diversificagdo dos PV, o que é
consistente com os achados de Gottschling et al. (2007b), Shah et al. (2010) e
Gottschling et al. (2011).

Embora as arvores filogenéticas obtidas neste estudo se assemelhe com

a encontrada por Gottschling et al. (2007b), que utilizou outro método de edicdo
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de caracteres (Castresana, 2000), dois pontos favorecem a utilizacdo do método
aqui desenvolvido: primeiro, fomos capazes de obter uma topologia semelhante
utilizando bem menos regifes do genoma dos PV, resultando em um menor custo
computacional;  segundo, houve  congruéncia quando  comparados
filogeneticamente diferentes combinacdes de genes, ou seja, foi possivel
reconstruir as relacdes filogenéticas dos PV independente da combinacdo de
genes empregada, desde que as regiées mais informativas deles sejam utilizadas.

Este método baseado em entropia foi utilizado para encontrar regifes
informativas no gene L1 de BPV. As analises filogenéticas mostraram que estas
regibes possui mais sinal filogenético que as regides delimitadas pelos primers
FAP59/64 e MY11/09, que sdo amplamente utilizados em estudos que descrevem
a deteccdo ou caracterizacdo de novos tipos e subtipos de BPV (Antonsson e
Hanson, 2002; Ogawa et al.,, 2004; Claus et al., 2008; Hatama et al., 2008;
Carvalho et al.,, 2012). Como estes estudos utilizam éarvores filogenéticas para
classificar os isolados em um género e provar estatisticamente que séo realmente
novos tipos, o uso das regifes mais informativas do gene L1 de BPV é critico para
uma maior acuracia das inferéncias.

As regifes selecionadas pela entropia incluem as regides delimitadas
pelos primers FAP59/64 e MY11/09. Entretanto, o aumento no tamanho destas
regides, como sugerido pela abordagem da entropia, melhorou o sinal
filogenético, fazendo com que menos erros topolégicos ocorram. Além disso, 0
tamanho final destas regides selecionadas € apropriado para qualquer reacéo de
PCR e sequenciamento, tornando-as adequadas para um sistema de deteccéo de

BPV.
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O fato das regifes selecionadas pelo método baseado em entropia serem
maiores que as delimitadas pelos primers FAP59/64 e MY11/09 explica as
topologias melhoradas, o que esta de acordo com a ideia que aumentar o
tamanho da sequéncia € uma boa maneira de melhorar o suporte, a resolucéo e a
acuracia da inferéncia filogenética, como sugerido por Wortley et al. (2005). Esta
nova regido aumentou bastante o numero de sitios informativos para parciménia,
mostrando que a abordagem baseada em entropia ndo apenas ampliou as
regides, mas aumentou a informacéo filogenética associada.

Por outro lado, a avaliacdo da diversidade genética dos BPV que infectam
rebanhos no Nordeste do Brasil se inicia com a deteccdo dos tipos virais nas
lesbes. Como dados epidemiolégicos acerca da papilomatose bovina séo
bastante escassos, é importante conhecer mais sobre a biologia da infeccédo dos
BPV. Neste contexto, este estudo revelou alguns aspectos novos relacionados
com o ciclo de infeccdo dos BPV, como dados de ocorréncia de tipos pouco
encontrados no mundo e a deteccdo de tipos de BPV em sitios incomuns dos
animais.

Neste estudo foi possivel identificar uma alta ocorréncia de BPV tipos 2 e
3. Até entdo, BPV-3 era raramente relatado no mundo, uma vez que a maioria dos
estudos focava em BPV-1 e BPV-2. BPV-4 é um tipo viral tradicionalmente
relacionado com infeccbes mucosas, sendo responsavel por causa cancer no
trato digestério superior em bovinos. Aqui, BPV-4 foi detectado em lesdes
cutaneas. Embora ndo usual, sua presenca no epitélio cutaneo tinha sido relatada
(Bloch et al., 1996). Entretanto, o papel do BPV-4 em lesBes cutaneas ainda esta
para ser elucidado. BPV tipo 5 e 6 estdo normalmente associados com lesGes

cutaneas de tetos e Ubere. Mas neste estudo foi possivel detecta-los em lesdes
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da paleta e ao redor dos olhos do animal, sitios ndo usuais para estes tipos virais.
Os BPV tipo 8, 9 e 10 foram descritos em lesbes cutaneas no Japéo (Tomita et
al., 2007, Hatama et al., 2008). Os BPV tipo 9 e 10 foram detectados pela primeira
vez no continente americano neste estudo. Aparentemente, o sitio do corpo em
gue o animal é exposto a infeccdo por BPV € mais determinante que o tipo do
virus. Apesar de estes achados mostrarem uma nova perspectiva sobre a
infeccdo dos BPV, novos estudos sobre a significancia patobioldgica destes tipos
virais sdo necessarios.

A ocorréncia de coinfeccbes também foi um resultado importante. Na
grande maioria das lesfes foram detectados mais de um tipo viral. A coinfeccéo
por diferentes tipos de BPV tinha sido relatada (Yaguiu et al., 2006; Claus et al.,
2007, 2009b; Leishangthem et al., 2008; Lindsey et al., 2009; Pangty et al., 2010;
Schmitt et al., 2010). Entretanto, este é o primeiro estudo que avaliou coinfec¢des
por BPV tipos 1-10 utilizando primers especificos. Ainda ndo sdo conhecidas as
consequéncias desta coinfeccdo nos animais. Entretanto, a presenca constante
de mdltiplas lesbes no corpo dos animais pode ser uma consequéncia da
coinfeccao.

Através dos nossos resultados foi possivel observar que a distribuicéo
dos tipos de BPV n&o seguiu nenhum padréo geografico no Brasil. E possivel que
os tipos de BPV estejam completamente espalhados em todo o pais, como
sugerido por Claus et al. (2008). Os tipos de BPV parecem estar disseminados
entre todas as regides do Brasil, independente do tipo de rebanho (de corte ou
leiteiro). Aparentemente, também ndo ha associagdo entre os tipos de BPV e o
género do animal, uma vez que os virus foram detectados tanto em machos como

em fémeas. Além disso, ndo pudemos estabelecer qualquer relacdo entre os tipos
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de BPV e a idade dos bovinos. Acreditava-se que embora animais de todas as
idades pudessem ser afetados, bezerros e novilhos apresentavam maior
incidéncia de papilomatose bovina (Hama et al., 1988; Freitas et al., 2012). E
provavel que fatores especificos como nutricao, infestacdo por carrapatos, idade e
0 estado imunoldgico do animal possam contribuir em conjunto para esta
incidéncia.

A associacdo entre os tipos de BPV e a morfologia das lesGes é pouco
compreendida. Neste estudo néo foi possivel observar associacao entre os tipos
de BPV e a morfologia da lesdo. Do ponto de vista histoldégico, encontramos
associacdo entre BPV tipo 1, 2, 3 e 10 com fibropapilomas. Os BPV tipo 1 e 2
haviam sido relacionados com fibropapilomas (Borzacchiello e Roperto, 2008).
Entretanto, esta € a primeira vez que foi observado a associacdo entre os BPV
tipo 3 e 10 com fibropapilomas. Mas novos estudos S80 necessarios para a
elucidacao do verdadeiro papel destes tipos virais na patogenia dos BPV.

Alguns tipos de BPV foram detectados em diferentes lesdes de um
mesmo animal. Como estes tipos virais também foram encontrados em outros
animais da mesma fazenda, pode ter ocorrido varios eventos de reinfeccao
através de contato animal a animal. Outra explicacdo seria que estes tipos de
BPV poderiam ser carreados para outros locais do animal através das células
sanguineas, uma vez que BPV foi identificado nestas células (Diniz et al., 2009;
Roperto et al., 2011).

O conhecimento acerca da diversidade genética dos BPV ainda é
escasso. Apenas 13 tipos de BPV foram descritos até o momento, apesar da
grande diversidade encontrada nos HPV. Este fato reflete o pequeno nimero de

estudos que visam ampliar o conhecimento acerca da diversidade dos BPV.
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Entretanto, neste estudo, noés detectamos um provavel novo tipo de BPV, que
pertence ao género Deltapapillomavirus, e um provavel novo subtipo de BPV-11.
Estes resultados sugerem que ha uma grande diversidade de tipos de BPV no
Brasil, e a compreensao desta diversidade pode ajudar no desenvolvimento de
novos metodos terapéuticos.

De uma maneira geral, este estudo contribui de forma significativa para o
aumento do conhecimento relacionado com a diversidade genética dos PV,
principalmente dos BPV. O método baseado em entropia aqui desenvolvido se
mostrou uma excelente alternativa para estudos relacionados com a evolucdo dos
PV. Além disso, este método foi aplicado com sucesso em sequéncias do gene L1
de BPV, muito utilizado em estudos que visam a identificacdo de tipos, subtipos e
variantes virais. Os resultados apontam para uma metodologia sélida que pode
ser utilizada para selecionar regides informativas, indicando primers para a
amplificacdo e o sequenciamento destas regides. Este achado € importante para
o desenvolvimento de métodos diagndsticos mais sensiveis e especificos, o que
permitiria o estabelecimento de um programa de monitoramento mais eficiente da
papilomatose bovina.

Associado a isto, conseguimos avaliar de maneira bastante ampla a
ocorréncia de BPV no Nordeste do Brasil. Identificamos 10 de 11 tipos de BPV
testados em lesdes localizadas em locais incomuns nos animais. Além destes,
provaveis novos tipos foram encontrados, sugerindo uma diversidade ainda maior
de BPV presente no pais. Esta grande diversidade genética encontrada
provavelmente esta associada com a complexa biologia destes virus. Embora
esta relacdo ainda esteja desconhecida, a identificacdo de novos tipos de BPV

pode indicar diferentes aspectos patoldgicos que podem acometer os animais.

64



Assim, novas investigacOes epidemioldgicas e evolutivas que visem aumentar o
conhecimento acerca da diversidade genética dos BPV auxiliardo no
estabelecimento de uma visdo mais acurada da distribuicdo destes virus,

ajudando no desenvolvimento de métodos para o controle da doenca.
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9. Conclusobes gerais

1. Embora os papilomavirus (PV) apresentem grande diversidade gendmica,
regides conservadas que sdo importantes para a estrutura e funcdo de
suas proteinas podem ser encontradas a partir de uma medida de entropia,
caracterizando a ancestralidade comum.

2. Uma abordagem baseada em entropia foi desenvolvida para selecionar as
regides filogeneticamente mais informativas do genoma dos PV. Esta
metodologia foi aplicada com sucesso na reconstrucdo filogenética deste
grupo de virus, em que foi possivel observar que multiplos mecanismos
evolutivos estdo associados com a evolucao dos PV.

3. O método baseado em entropia se mostrou bastante eficiente, uma vez
gue foi possivel obter arvores filogenéticas robustas utilizando um nimero
menor de dados, implicando em menor custo computacional. Além disso,
independente do conjunto de genes a ser utilizado, se as regides de baixa
entropia forem utilizadas, € possivel obter arvores filogenéticas robustas.
Assim, esta abordagem se torna bastante relevante em estudos de
genbmica populacional de PV, diminuindo a necessidade de se sequenciar
0 genoma completo dos virus.

4. Esta abordagem foi aplicada na analise de sequéncias do gene L1 de
papilomavirus bovino (BPV). Com ela, foi possivel encontrar duas regides
filogeneticamente mais informativas do que as regides delimitadas pelos
primers FAP59/64 e MY11/09. Estes resultados sao importantes por
posicionar de forma mais acurada os tipos, subtipos e variantes de BPV,

requisito central em estudos de detecgdo e caracterizacdo de novos
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isolados. Associado a isto, esta metodologia pode ser aplicada para o
desenho de novos primers degenerados com maior especificidade e
sensibilidade para detectar estes virus, o que € relevante para o
desenvolvimento de novos sistemas de diagndstico, e consequentemente,
para o estabelecimento do monitoramento de BPV.

Este foi o primeiro estudo a avaliar a diversidade de BPV em rebanhos
brasileiros avaliando tantos tipos virais ao mesmo tempo. Varios tipos de
BPV foram detectados, além de um provavel novo tipo de BPV e um
provavel novo subtipo de BPV-11.

Nossos dados sugerem que os tipos de BPV néo estéo restritos a nenhum
sitio do corpo dos bovinos, sendo o local da exposicdo ao virus e o
transporte através das células do sangue eventos importantes na
transmissao do virus e consequente desenvolvimento das lesfes. Além
disso, nenhum padréo de distribuicdo geogréfica foi encontrado, mostrando
gue estes virus podem estar disseminados em todo o pais de forma
uniforme.

Estas informacdes, em conjunto, contribuem para o aumento do
conhecimento da biologia e da diversidade dos BPV no Brasil, podendo ser
Uteis na avaliacdo de rotas de entrada destes virus na regiao, assim como
no desenvolvimento de métodos diagndstico e terapéuticos mais acurados.
Entretanto, novas investigacdes epidemioldgicas e evolutivas ainda
precisam ser realizadas sobre a incidéncia e diversidade das infec¢des por
BPV em bovinos, levando em consideracao nao soé os tipos e subtipos, mas

também as variantes de BPV.
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Objective. We sought to characterize E6 and E7 oncogenes genetic varability of HPV-31 isolated from
cervical scraping samples of Mortheastern Brazilian women.

Methods. E6 and E7 were amplified with specific primers, cloned and sequenced. The sequences obtained
were aligned with the GenBank reference sequences with the aim of evaluating the possible genetic variants.

Results. We identified several genetic variants in E6 and E7 sequences from HPV-31 positive women. Three
nucleotide changes in E6 were described for the first time in this study, Some nucleotide changes were non-

Conclusion. The knowledge of region/country HPV specific genetic variations is relevant to understand the

epidemiology and the development of effective vaccines.

@ 2011 Elsevier Inc. All rights reserved,

Introduction

Infection with human papillomavirus (HPV) represents the most
important risk factor in the genesis of cervical cancer [1]. Currently
more than 120 types of HPV have been identified and about 40 types
affect the genital tract through sexual contact [2].

The criterion for classification of HPVs into types, subtypes and
variants is based on the analysis of the highly conserved L1 gene
nudeotide sequence coding for the major capsid protein [3].

The differences found in the nucleotide sequences between
variants of one HPV type can result in amino acid changes leading
to distinct oncogenic potentials between different variants. Variations
in LCR region nucleotide sequence, containing sequences important
for regulation of viral replication and early genes transcription, could
result in loss of binding capacity of a specific transcription factor, as
well as changing its recognition site and the affinity of a specific
transcription factor [4]. When considering L1 region, one or more
amino acid changes could lead to a conformational change in the
capsid protein, interfering with the conformation of viral neutraliza-
tion relevant epitopes [5]. Moreover the importance attributed to
variations in the E6 gene is directly related to the occurrence of
variations in the critical regions for p53 protein degradation and in the
regions involved in host immune recognition [6].

* Corresponding author at: Av. Prof, Morases Rego, 1235, Cidade Univ ersitiria, S0670-
901, Recife-PE, Brazl. Fax: +55 81 21268512,
E-imil @ddress: antonio freitas@®pg cnpag. b (AL Freitas),

0090-8258 % - see front matter © 2011 Elsevier Inc. All nghts reserved.
doi; 10.1016/Lygyno2011.07.008

A previous study reported distinct HPV incidences in different
Brazilian regions, evidencing the major frequency of HPV-31 in
women from Pernambuco, Northeast region of Brazil [7,16]. Thus, this
study aimed to assess the genetic vanability of the HPV-31 EG and E7
genomic regions in cervical scraping samples from Northeastern
Brazilian women, These genetic variations were assodated with
predicted T and B-cell epitopes, and the phylogenetic refationships of
these variants were determined,

Methods

The samples used in this study were obtained by cervical scraping
from a total of six patients aged between 29 and 67 years old (s.d.
15579), two are European Caucasian-derived and four are African-
derived, with different lesions and life styles, as seen in Table 1. The
patients were attended at the Department of Gynecology of “Instituto
de Medidna Integral Prof. Fernando Figueira (IMIP)” in Pernambuco
state, Northeastern Brazil.

All six HPV-31 samples were tested for E6 and E7 genetic
variability, Samples were PCR amplified using specific primers for
E5 (450 bp) and E7 {297 bp) genomic regions (Supplementary Table
S1). PCR products were cloned into vector pGEM-T (Promega) and
sequenced using the kit ABI PRISM BigDye™ Terminator Cycle
Sequencing v 3.1.

The sequences obtained were checked for quality and assembled
using the Staden package [8]. Sequence identity was determined
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Table 1
Characteristics of the partidpants: HPV-31 variant status, lesions, age, ethnicity and life style are reported.
Fatient HPV-31 Variant  Lesion Age (years) Residence Ethnicity Mo, of sexual partners Mo, of pregrancies  Contraceptive usage  Smoke
1 HPVILUFPE-01  CININ ] Urban area  AD 1 1 Yes MNever
2 HPV3LUFPE-02  CINI 34 Urban area  AD 1 1 Mo MNever
3 HPV31UFPE-O3  None 7 Urban area  ECD 3 Mone Mo Never
4 HPV31LUFPE-04  Mone 67 Urban area  ECD 1 2 Mo MNever
5 HPV3LUFPEDS  Mone 44 Urban area  AD 3 4 Mot always Mot anymore
[ HPVILUFPE-06  Cervical cancer Urban area Al 2 3 No Mot anymaore

QNI = Cerviaal intracpithe bal neoplasia type 1L
ANl = Cervical intrae pithelial neoplasia type L
ECD = European Caucasian-derived

AD = African-derived.

using BLAST [9]. Multiple sequence alignment was performed using
Clustalw [10].

T-cell epitope prediction was performed using ProPred-1 [11] and
ProPred [12] servers for the prediction of MHC class I and class I
binding regions, respectively. B-cell epitope prediction was per-
formed using Beepred server [13] with the default parameters.

The phylogenetic trees were constructed using PAUP* software
version 4.0b10 [14] with the Neighbor Joining method, using GTR
model for the EG gene and K80 + 1+ G for the E7 gene, estimated from
Bayesian Information Criterion (BIC) by jModelTest v.0.1.1 program
[15].

GenBank accession numbers of the new variants were as follows:
GU595167 (HPV31/UFPE-01 EG), GU5S95168 (HPV31/UFPE-01 E7) and
HQ149098 (HPV31/UFPE-D4 E7).

Results

Within the six samples of HPV-31 analyzed, we observed four
isolates (HPV31,UFPE-01 and HPV31/UFPE-02; HPV31/UFPE-D4 and
HPV31/UFPE-06) that were identical. The other samples (HPV-31/
UFPE-03 and HPV31/UFPE-05) showed EG and E7 regions identical
with respect to the HPV-31 reference sequence (J04353). When ana-
Iyzing HPV-31 E6 genomic region, we identified five specific muta-
tions (Table 2).

The comparative analysis of E7 gene revealed four distinct
variations (Table 2). Nucleotide substitutions resulting in premature
stop codons or frameshift changes were not detected.

Phylogenetic analysis based on E6 and E7 nucleotide sequences
showed that the six samples from Northeastern Brazil did not group
together. HPV31/UFPE-01 and HPV31/UFPE-02 isolates are exactly
alike and different from the reference sequence, HFV31/UFPE-03 and
HPV31/UFPE-05 isolates are identical and equal to the reference

Table 2

Genetic variability of HPV-31 samples EG and E7 regions. The nucleotides conserved
with respect to the reference sequence (J04353) are marked with an asterisk (*). In
bald, nudeotide variations not described in the literature. [ -) Mo change of amino acid.
Reference: prototype sequence of HPV-31. T: threonine, A: alanine, K: lysine, R:
arginine, V- valine, H: histidine, ¥: tyrosine, E: glutamate.

lsolates Positions of E6 nudeotide Positions of E7

substituitions nuckotide

substituitions

141 190 213 368 413 &7 111 136 184
Reference T A A A C C C G A
HPFV31/UFPE-01 C G T G T T T A G
HPV31 UFPE-D2 C G T G T T T A G
HPV31/UFPE-03 * - * * - - - - -
HPFV31/UFPE-04 - - - - - - - G
HPV31/UFPE-05 * - * * - - - -
HPV31/UFPE-06 * - * - - - G
Position of altered codons 47 64 71 123 138 23 137 46 62
Reference - T - K A H - E K
Altered amino acid - A - R v Y - ¥ E

sequence. Isolates HPV31/UFPE-04 and HPV31/UFPE-06 presented
nucleotide substitutions only in the E7 gene. There were no
correlations between the isolates and patients ethnicity (Table 1).
Fig. 1 shows the trees of these isolates and others from different
geographical regions. All trees were rooted with HPV-16, the viral
type closer to HPV-31.

Then we performed B-cell and T-cell epitopes prediction in order
to evaluate the impact of mutations on the immune function of the E6
and E7 transforming proteins, Fig. 2 reports the consensus of T-cell
and B-cell epitopes obtained for EG and E7 proteins, As shown we
observed amino acdid changes in sites belonging to B-cell and/or T-cell

epitopes.
Discussion

When considering the assodation HPV-cervical cancer, HPV-16 is
the most frequent worldwide, with the exception of Indonesia where
HPV-18 is the most common [16]. Although in Brazil, a country with
continental dimensions, HPV-16 is also the most frequent, the second
most important type differs according to the Brazilian regions. Baldez
da Silva et al. 2009 [16] showed that HPV types incidence in
metropolitan region of Recfe (Northeastern Brazil) were: HPV-16
(78.67%), HPV-31 (15.49%), HPV-18 (2.82%) and HPV-33 (2.82%).

We have analyzed the genetic variability of HPV-31 E6 and E7
genomic regions, in cervical samples from six Northeastern Brazilian
women. We identified mutations in E6 and E7 sequences of HPV-31,
and many of these variations were observed in sites belonging to B-
cell and /or T-cell epitopes.

HPV EG and E7 proteins are important for several viral properties
such as replication and transcription of viral DNA, interaction with the
cytoskeleton network, immortalization and transformation [17]. E6
and E7 interact with a wide range of cellular proteins although they
are better known for their ability to bind to and inactivate p53 and
PR, respectively [18-20].

The nucleotide changes detected at positions 213 and 413 of HPV-
31 E6 gene were previously described [21,22], but changes at
positions 141, 190 and 368 are described for the first time in this
study. In Brazil, until now, only one study analyzed genetic variability
in HPV-31 isolates from the Midwest region [22]; in our study we
were able to find HPV-31 variants different from those ones.
Moreover, we report for the first time four nudeotide changes in
HPV-31 E7, at positions 67, 111, 136 and 184. E6 and E7 genes
presented a peculiar substitution pattern, indicating that these
variants may be drculating in the population of Northeast Brazil.

Although there is little information regarding the biological
consequences of HPV genetic variations in the process of cervical
carcinogenesis, it is reasonable to hypothesize that they may have
relevance to different aspects of the carcinogen development process,
When considering HPV-31, even less information is available.
However, genetic variability studies of E6 and E7 genes of HPV-16
suggested that each viral variant was assodated with risk of cervical
neoplasia [23-29].
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Fig. 1. Phylogenetic trees based on the Neighbor joining method of representing the relationships between variants ol HPV-3 1A ) Tree based on gene EG B) Tree based on gene E7,
Bootstrap values (1000 replicates ) was significant (above SO are represented in the branches, Arrows indicate the isolates found and characterized in this study.

Another possible parameter involved with HPV-31 E6 and E7
variants and oncogenecity is the cellular immune response. Many of
E6 and E7 genetic variations observed were located in B-cell and/or T-
cell epitope sites. It is known that genetic polymorphism of both HPV
and HLA influence the presentation of viral peptides to T-cells [20,30],

Although HPV-31 is the third most worldwide distributed viral
type [31], studies involving HPV-31 E6 and E7 variants and cellular
immune response are scarce in the literature, We described
nudeotide substitutions that alter various T-cells peptide binding
epitopes, as shown in Supplementary Table $3 and 54, These changes
may influence the immune recognition of HPV infected cell.

When looking at modified amino acds caused by nucleotide
changes in EG and E7 genomic regions, we observed some changes in
the polarity, hydropathic potential and amino acid side chain,
respectively. These changes are related to alterations in the
conformational structure of proteins, with possible functional effect
These mutations could also interfere with viral gene expression and
host immunological functions. We did not observe variations in the
conserved p53 and pRb binding domains responsible for cellular

immortalization and transformation and involved in oncogenetic
processes.

From the phylogenetic point of view, the currently known HPV
types show great diversity. However, among these viral types there
are subtypes and variants that can acquire biological advantages
through fixed mutations in their genome. We identified two isolates
with non-synonymous nucleotide substitutions never reported
before, According to Calleja-Macias et al. 2005 [21], even small
variations could result in small adaptive improvements, possibly
altering the composition of a HPV population,

Our data suggest that HPV-31 E6 and E7 variants did not evolve
following the patterns of co-evolution with human ethnic groups as
occurs with HPV-16 and HPV-18 variants [5]. The same inconsistence
was observed in a previous study with HPV-31 LCR [22]. We also
observed thatthe phylogenetic be havior of the isolates is independent
from ethnicity (Table 1 and Fig, 1). However, North East Brazil is
characterized by strong ethnical admixture, possibly explaining
isolates distribution in different dades of the phylogenetic rees.
These genes could also present a different evolutionary rate in

84



287

BS Chagas et ol | Gynecologic Oncology 123 (2011 ) 284-288

DIuanbas ATUIAAL I 00 [EIUIPLAIE GI-FdATY LEADH PUE £0-3dA/ 1 EAJH SHEI0S] "SE0ST G0-3 N1 EADH PUF $0-AddMV LEAH TO-3dAN TEADH “10-3cHN /1 EAdH
Ul pauasatd 3105 UIEINL SSTEMPUL MOLIE Py SRS Zo-1d40 1EADH PUR LO-3d40Y IEADH Ul paiuasasd sais suoneinie aeypuy ssee yoelq saiad od jeanuap-ensfyd pauguios g1 s sadoda jao-g pagaipasd ayl jo snsuasuns
B ruaalfl up saaie e gopsadanda (j93-1 paaipaid au o snsuasiod e angg ul Siuenes /1 EAdH o wiaoad g3 3 e sadoqdy (g-siuenea 30/ eadH Jo uimoad o3 sy g sadoqid 3 {y sadoida gac-a pue po-1 papipaad T8y

" = “ = "3 T .

_.E..__.nuzmu._._um_hnuza_Hua..ﬁmnahahﬂa..rudzﬂ._.nuuouu._._.azpanpamuqa_u.«mnaH.._.nuunnnnman_u.aupaah*nmaandaaa_.ﬂ.m._.uuﬂh
: e FE R e S i B B

n_m ._uu o._. ﬁ Gw o5 ﬁ at _um ﬁ DN _u."

- -

v

L 4

& = “ o o =
& > = -

bn...&.E&E.uEumuEmuEEhuuuxnémamuumu.ﬁmaﬁﬂuﬁ...._.H_HQ._Eqquu._._._mE»mEumamm_,Equﬁu;um,:nnﬁthqﬁhznEﬂuhaouxut_ua.._m._u.pa&ug...mmqum.._um._zuqmﬁh:
e B e B B W e e o B B D e e R e T R P L i e S e s T
H_v.ﬁq DET ﬁ 02T oTtT oot o& o8 oL ﬁ oz o5 o¥ o nz ot

v

85



288 BS. Chagas et al. | Gynecologic Oncology 123 (2011) 284-288

comparison to other HPV-31 ones. Another explanation would be
that these HPV-31 variants might have existed before the spread of
humans and the clusters specific for the ethnic groups arose
subsequently, as suggested by Calleja-Macias et al. 2005 [21].

Knowing HPV genetic variations in a country of continental
proportions like Brazil isrelevant to the understanding of epidemiology,
development of more effective drugs and vaccines, as well as im-
provement of diagnostic methods, Changes in amino acid sequences
between variants from different geographical regions evidence the
possibility of functional divergence between them, suggesting that the
variants detected in Northeastern Brazil may have different adaptive
fitmess. Our findings describe new Northeastern HPV varants and
confribute to better understand the genomic diversity of viruses that
oceur in Brazil.
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Bovine papillomaviruses (BPV) are double-stranded DNA viruses that infect the cutaneous and mucosal
epithelia inducing hyperplasic lesions in cattle. BPV is the etiologic agent of the papillomatosis and
neoplasia of the upper gastrointestinal tract and urinary bladder. The benign and malignant tumors
caused by BPV are emergent diseases important for beef and dairy cattle in the world. Although BPV
associated tumors have veterinary and agricultural relevance, they have also been studied as a relevant
model of human papillomavirus (HPV). Recent studies in BPV biclogy have shown a great diversity of
BPV types and new putative BPV types infecting and co-infecting the herd in several parts of the world.
This review will briefly summarize the genomes and structure of BPVY and the bovine papillomatosis;
will describe in greater detail the genotypic diversity, BPV cross-species infection, relevant aspects of
BPV and co-infection and its possible routes of transmission. These new approaches about BPV may
be very useful to understand the oncogenic potential of the virus, the relationship between virus and
co-factors, and the development of anti-viral vaccines.

Key words: Bovine papillomavirus, co-infection, virus transmission, BPYV diversity.

INTRODUCTION

Papillomaviruses (PVs) are a diverse group of small,
nonenveloped, circular double-stranded DNA viruses that
occur in a broad range of animal species belonging to the
amniotes, including humans (Antonsson and Hansson,
2002). Bovine papillomavirus induces diseases of
considerable veterinary importance in farm animals, but
has also an enormous value as an in vivo model for HPV.
They infect the epithelia of vertebrates, where they can
cause neoplasias or persist asymptomatically. After being
assorted in the old family Papovaviridae, PVs were re-
designated as a distinct family, Papillomaviridae (van
Regenmortel et al.,, 2000). BPVs are a heterogeneous
group of epitheliotropic viruses that recognize bovines as
its classical host. Twelve BPY types have been
characterized and classified into three genera:
Deltapapillomavirus (BPV-1 and -2),
Epsilonpapiffomavirus (BPV-5 and -8) and
Xipapilfomavirus (BPV-3, -4, -6, -9, -10, -11 and -12), and

*Corresponding author. E-mail: acf_ufpe@yahoo.com.br.

an as yet unassigned PV genus (BPV-T) (Bernard et al_,
2010; Hatama et al., 2011; Zhu et al., 2011). The bovine
papillomatosis is an Important disease leading to
economic depreciation of animals, deterioration of the
appearance and of the animal leather. The lesions may
progress to cancer due to the synergistic action of
genetic or environmental co-factors (Borzacchiello and
Roperto, 2008; Leal et al., 2003). Recent insights into
BPV biclogy open new fields of discussion about co-
infection, cross-species infection, and transmission of
these viruses.

GENOMES STRUCTURE OF
PAPILLOMAVIRUS

BOVINE

BPV genomes comprise nearly 8 Kb, which includes a
long control region (LCR), early (E) and Late (L) genes
(Figure 1). The LCR (about 500-1000 nucleotides)
contains transcriptional regulatory sequences and the
replication origin (Munger and Howley, 2002).

There are six early genes, all of them expressed
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Figure 1. Genomic organization of BPV-1 showing the genomic positions of viral genes EB6, ET, E1, E2, E4, E5,
L2, L1, and the long control region (LCR) between L1 and E6 genes; as well as the intergenic regions between E2

and E5, and between E5 and L2.

according to the viral life cycle into the host cell. The E1
protein has helicase activity and plays its role on the viral
replication (Lambert, 1991). The E2 gene product is
responsible for recognition and ligation to the replication
origin and, furthermore, it has mitotic chromosome
binding activity in order to ensure equal distribution of
viral episomes among daughter-cells (Baxter et al,
2005). The E4 gene, completely overlapping E2 gene but
in a different reading frame, produces a small protein
profusely found in Kkeratinocytes cytoplasm during
productive replication (Anderson et al., 1997). Three early
proteins are necessary for BPV-mediated carcinogenic
process, so, called oncoproteins: ES, E6 and E7 (Nasir
and Campo, 2008). E5 is a membrane-associated
hydrophobic protein, which plays a role on disrupting
cellular growth control. BPV E& protein is known to have
a multitude of binding partners and activities on the virus
life cycle. In Xipapillomavirus, E6 gene is replaced by an
E5-like gene, which was initially defined as E8.
Nevertheless, the comprehension that most (although
not all) of the functions of this protein are shared with

BPV-1 Eb5, prompted its redefinition as E5 (Campo,
2006). The EV protein appears to cooperate with E5 and
E6 for cellular transformation, whose production with the
two others oncoproteins increases the transformation
efficiency (Bohl et al., 2001).

The viral capsid structure is constituted by two proteins
(Modis et al., 2002; Xu et al., 2006) encoded by the late
genes in viral genomes. The L1 gene is useful for
classification and construction of phylogenetic trees
(Bernard, 2005). The capsid is formed by 360 copies of
L1 protein, organized as 72 capsomers (pentameric
assembled), and 12 copies of L2 protein. Although being
present in less number, L2 minor capsid protein is
necessary for viral morphogenesis (Modis et al_, 2002).

BPV DIVERSITY
The present PV diversity can be explained by multiple

evolutionary mechanisms (Gottschling et al., 2007). Virus
host-divergence is an important evolutionary force,
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however this force solely cannot explain the evolution of
PVs and their diversity, thus alternative mechanisms
such as within-host virus duplication, recombination, viral
sorting, or viral adaptation after a host switch, may
therefore contribute considerably to explain the PV
diversification (Shah et al., 2010; Gottschiling et al,
2011).

Although it is not very clear how these evolutionary
mechanisms act on PV diversity, several robust methods
have been used. Gottschling et al. (2007) used a rigorous
phylogenetic approach, which took into consideration the
choice of appropriate outgroups, as well as the
assessment of confidence values of internal nodes. A
robust study has used the method of importance
sampling to Bayesian divergence time estimation, which
indicates prior divergence of at least 6 PVs lineages
associated with an ancestral mammalian host (Shah et
al.,, 2010). Gofttschiling et al, (2011) used different
statistical approaches to assess topological and branch-
length congruence, evidencing the importance of
alternative mechanisms other then codivergence.
Another statistical approach based on entropy was used
to assess the evolution of PVs, showing that hot spots in
the genome could be used as markers in order to infer
PV phylogeny (Batista et al., 2011). These robust
phylogenetic analyses provide the basis for contemporary
classification of PVs, which is very important for any
medical and veterinary researches.

The understanding of PV diversity is limited, probably
underestimated. As there are more than 150 sequenced
HPY genomes, less than 50 non-human papillomavirus
species have been isolated and sequenced. So, more
new PV types should be sequenced to increase our
knowledge about PV evolution. The diversity of subtypes
and variants could show a more detailed and refined
scenario of PV diversification, increasing insights into the
representativeness of each PV type. When it comes to
BPV, 12 types are currently well described and about 14
new putative types were isolated (Antonsson and
Hansson, 2002; Ogawa et al, 2004; Campo, 2006;
Ogawa et al.,, 2007; Tomita et al., 2007; Claus et al,
2008; Hatama et al., 2008; 2011; Zhu et al_, 2011).

In phylogenetic analysis, BPVs are found in at least
three distantly related lineages. First, BPV-1, BPV-2,
BPV-5 and BPV-8 form a paraphyletic group with OvPV-1
and OvPV-2, which infects a close related host. Other
PVs that infect Artiodactyla are also close relatives aof
those BFVs. However, this group is clustered together
with eguine and canine PVs. Second, BPV-3, BPV-4,
BPV-6, BPV-9, BPV-10, BPV-11 and BPV-12 are
grouped together with caprine PV (ChPV-1). This group
is related with a large cluster that involves human, canine
and rodent PVs. BPV-7, an unclassified PV, has an
uncertain phylogenetic position, which makes it difficult to
infer its relatedness to other PVs.

Therefare, all this diversity found in PVs that infect one
host (Bos taurus) is a case of evolutionary incongruence

between host and PV phylogeny, indicating that co-
divergence alone cannot explain the PV diversity
(Gottschling et al., 2007, 2011; Shah et al., 2010).

Some conflicting phylogenetic positions of types within
Xipapillomavirus, which includes some BFV types, have
been shown when analyzing early or late genes
phylogenies (Garcia-Vallvé et al.,, 2005; Kohler et al,
2011). In general, the topological inconsistency between
early and late genes phylogenies have been explained
with ancient recombination events (Gottschling et al,,
2007; Shah et al, 2010). This also could be the
explanation for the contradicting positions of BPVs within
Xipapillomavirus. For BPVs, at least three lineages seem
to originate the currently known types. These lineages
prabably passed through a prior divergence process
preceding the host divergence. This could also explain
the proximity of BPVs to PVs that infect distantly related
hosts. In addition, zoonatic transmission of PVs is rare
event but it occurs in BPVs as they were found in zebras,
horses and buffaloes (Silvestre et al., 2009; van Dyk et
al., 2009; Bogaert et al., 2010a). Other evolutionary
mechanisms could be associated with BPV
diversification, however sampling is still a limiting factor.

BPV DETECTION AND DISTRIBUTION

BPY DNA is detected by a vanety of polymerase chain
reaction (PCR)-based techniques. These PCRs are
based frequently on the detection of one or two BPV
types using degenerated or type-specific primers.
Genotyping is performed either by real-time detection
(Rai et al., 2011) or by sequence analysis (Brandt et al |
2008) aor restricion fragment length polymorphism
(RFLP) analyses (Carr et al., 2001) of the generated PCR
fragments. Consensus primers capable of identifying
potentially more than two BPY types have also been
described (Ogawa et al., 2004). Besides, PCR assays,
designed orginally for the detection of human
papillomaviruses have been used to genotype different
BPV types (Antonsson and Hansson, 2002; Ogawa et al |
2004). PCR assays using degenerate primers that
amplify partial fragments of the L1 gene, followed by
seqguencing, have suggested the existence of numerous
yet uncharacterized BPV types in cattle herds from
diverse geographical regions. Using the primers
FAPS9/FAPGE4 and MYOQ9/MY11, 12 putative new BPV
types were detected in teat skin warts and healthy teat
skin of cattle from Japan and Sweden (Antonsson and
Hansson, 2002; Ogawa et al., 2004).

Bovine papillomavirus has been widely found in cattle
worldwide. Cases have been reported in the incidence of
BPV in cattle in Europe, America, Asia and Cceania.
BPV-1, -6, -8 and -10 were found in bovine warts from a
Geman cowshed (Schmitt et al_, 2010). In Japan, heifers
were found to have benign teat tumors causing by BPV-6
(Maeda et al., 2007). In another work, Ogawa et al. (2004)
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detected BPV-1, -3, -5 and -6 in papilloma specimens.
Bovine cutaneous warts were reported from India and
identified as BPVY types 1 and 2 (Singh et al., 2009;
Pangty et al, 2010) and recently Rai et al. (2011)
identified BPV-10 in teat warts from cattle at a dairy farm
in India. Cattle from Brazil have also been investigated
for the presence of BPV. It was identified BPV-1, -2, -6
and -8 in skin warts of cattle from southern Brazil (Claus
et al., 2007, Sa e Silva et al., 2010). Results from our
group, in northeastern Brazil, also revealed the presence
of ten different types of BPV in the samples, with the
exception of BPV-7 (Carvalho et al., in press).

As considered before, BPV is also associated with
cancer in cattle. BPV-4 infection and associated tumors
of upper Gl tract have been found in Brazil, the
Masampolai Valley of Kenya, Western Highlands of
Scotland and in southern ltaly (Jarrett et al, 1978;
Borzacchiello et al., 2003). Field cases of urinary bladder
cancer in cattle associated with BPV-1 and -2 infections
were reported in continental Europe, Azores lIslands,
some regions of Kenya, Brazil, New Zealand, India and
China (Borzacchiello and Roperto, 2008).

A similar investigation revealed notable diversity among
BPV types detected in papillomas of four cattle herds in
southern Brazil. The study identified four putative new
BPV types designated as BPV/BR-UEL2 to BPV/BR-
UELS (Claus et al., 2008). Phylogenetic analysis using
complete L1 ORF sequences revealed that the one of the
isolates was similar with BPV-4 (78%), which suggested
its classification in the genus Xipapillomavirus (Lunardi et
al_, 2010).

In a work of our group it was also detect possible new
types and variants in samples from herd in northeastern
Brazil, in which sequence analyses indicated the
presence of two isolates (BPV/UFPEO1 and
BPV/UFPED2) of a putative new BPV-11 subtype
(unpublished data). These two novel isolates are also
closely related to BPV-4, and to the strains BPV/BR-
UEL2 and BPV/BR-UEL3 described by Claus et al
(2008). Currently, the group continues the analysis of
new BPV DNA sequences from cutaneous warts with
very promising results for the identification of new types
of BPV in Brazilian cattle.

BOVINE PAPILLOMATOSIS

Bovine papillomataosis is an infectious disease worldwide
distributed among herds. The BPV is responsible for this
contagious illness, whose remarkable clinical sign is the
hiperproliferative lesions, known as papillomas, on
cutaneous tissue and mucosa (Campo, 2006). Despite
being primarily considered epitheliotropic, BPY DNA has
already been isolated from peripheral blood mononuclear
cells, milk, urine, seminal fluid and sperm cells of animals
infected with BPV-1, BPV-2 and BPV-4 (Carvalho et al_,
2003; Yaguiu etal., 2006, 2008; Roperto et al., 2008,
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Lindsey et al., 2009).

Similarly to others papillomatosis, it is usually observed
the spontaneous regression of lesions, defined as benign
proliferative neoplasm (Jelinek and Tachezy, 2005).
Many times its importance is not verified by many owners
and veterinarians badly clarified. Much more than an
esthetic issue, bovine papillomatosis has recently grown
in importance due its association with cancer and
immunosuppression conditions (Campo, 2002). This
infection, according to the viral type and environmental
co-factors, causes distressing symptoms in cattle, as
cutaneous fribropapillomas (BPV-1, and -2), cancer of the
upper gastrointestinal tract (BPV-4), papillomatosis of
teats and udder (BPV-1, -5, -6, -9 and 10) and penis
(BPV-1) and cancer of the urinary bladder (BPV-1 and -2)
and cutaneous papillomas (BPV-8) (Borzacchiello and
Roperto, 2008) (Figure 2). Even the benign progression
demands attention, once hyperplasic lesions may
depreciate the pelt in affected animals; when located in
the udder, it may lead to secondary infections and
lactation problems. In fact, Campo (2006) related several
economic consequences, as cows with teat papillomas
cannot be milked, young calves cannot suckle, and often
the peduncolated papillomas snap off, the sites become
infected and mastitis may ensue with distortion of the milk
canals. Animals can also develop extensive papillomas in
the upper gastrointestinal tract and, consequently,
present difficulty to feed and breathe, resulting in a
debilitated animal that may come to death (Campo,
1997).

At the moment, there is no vaccine or effective treat-
ment for the control of papillomatosis. There are few BPV
treatments available with levels of success varying
between 15-50%. However, it was evident the economic
unavailability to repeat the treatment in animals that did
not recover after the first therapeutic intervention (Silva et
al_, 2004).

BPV AND CO-INFECTION

Some reports describe the occurrence of co-infection with
different types of BPV worldwide. In Japan, Ogawa et al.
(2004) verified the presence of BPVY in up to four BPV
types and putative new BPV types in the same papilloma
in the Japanese herd. In Brazil, the simultaneous pre-
sence of BPV-1 and -2 was detected in the same lesion
(Yaguiu et al., 2006, 2008; Lindsey et al., 2009). Also, it
was found five different combination of multiple BPV
infection in cattle (Claus et al., 2009). Co-infection with
BPV-1 and -2 was described in India (Leishangthem et
al., 2008; Pangty et al., 2010) and co-infection with BPV-
1 and -11 was assessed using a multiplex BPV
genotyping assay in bovines in Germany (Schmitt et al_,
2010) and in Brazil using specific BPV primers (Carvalho
et al, in press).

Co-infection of FeSarPV, a new putative PV type
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Figure 2. Schematic view of bovine papillomatosis in different sites of the cow.

related to Delta-PVs, and BPV-2 was described in New
Zealand (Munday and Knight, 2010) and Brazil (Silva et
al., unpublished data). In healthy cattle, the papillomas
normally regress, but in cattle which have been fed on
bracken fern (Pterdium aquilinum), there is a good
correlation between persistent papillomatosis and cancer
(Campo, 1997). However, the persistence of skin warts
has been seen in a large number of animals (Claus et al_,
2009). As several animals are constantly affected with
warts in diverse body parts, it could be consequence of
co-infection, which could lead to fall of immune response
and prevent the regression of the lesions.

During several years, most of the first six well
characterized BPVs have been described as causative
agents of specific lesions in distinct body sites of bovines:
BPY-1 has caused teat frond and penile fibropapillomas;
BPY-2 has been described as the agent of common
warts and esophageal fibropapillomas; BPV-3 and -8 in
the epithelial papillomas of the skin; BFV-4 has been
described as the agent of papillomas of the alimentary
canal, showing specificity to the mucous epithelium; BPV-
5 has caused rice grain fibropapillomas of the udder, and
BPY-6 has been isolated from teat frond papillomas,
BPV-9 and -10 has been associated to epithelial
squamous papillomas of the udder (Campo, 1997,
Borzacchiello and Roperto, 2008). However, in the late
years, a diversity of multiple bovine papillomaviral
infection has been described in bovine and other
mammals (Ogawa et al., 2004, Bogaert et al., 2008;
Claus et al., 2009; van Dyk et al., 2011) suggesting that

certain viral types are not restricted as previously
thought. Claus et al. (2009) observed the occurrence of
several BPV types in a specific anatomical region; the
detection of the same viral type in distinct body sites and
determining papillomas with diverse gross aspects; and
lesions with similar morphological characteristics caused
by distinct papillomavirus.

Besides cutaneous warts lesions in cattle, the presence
of more than one putative new BPV type was also
observed in the nomal skin (Ogawa et al, 2004). The
simultaneous presence of BPVY-1 and -2 was
demonstrated in others bovine tissue such as blood and
reproductive cells (Yaguiu et al., 2006, 2008; Diniz et al.,
2009; Lindsey et al., 2009). BPV-1 and -2 was found co-
infecting giraffe (van Dyk et al_, 2011), zebra (van Dyk et
al_, 2009) and horse (Bogaert et al_, 2008).

According to Schmitt et al. {2010), the occurrence of
diverse co-infection by BPV in a single sample suggests
that natural competition of different BPV types may not
occur on the skin.

However, it is not clear if all BPV types founded in the
lesion are transcriptionally active. Detection of viruses in
apparently latency may be a result of evasion from the
immune system (Schmitt et al., 2010). Nonetheless, the
distribution of BPV types appeared to resemble the
situation known from skin HPV types, where co-infections
of more than 10 genotypes are detected frequently at
very low copy numbers (Antonsson et al., 2000). In
preliminary data obtained by our research group, we
found very low copy number of BPV in cutaneous lesion
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co-infected by several viral types (unpublished data).

TRANSMISSION OF BPV

Currently, little is known about how the disease is trans-
mitted between animals. About this important question, it
is known that confined populations are more vulnerable
because virus dissemination may occur by direct (animal
to animal) or indirect (contaminated objects) contact
(Hama et al, 1988; Nasir and Campo, 2008). Besides the
established skin—skin pathway, another via like arthropod
vector and vertical trans-mission has been suggested
(Freitas et al., 2003; Finlay et al., 2009). However these
alternatives via of transmission might be less efficient
(Bravo et al, 2010).

The increasing interest of studying BPY in the blood
revealed this tissue as a source of spreading to BPV
through non-epithelial fissues and fluids (Stocco dos
Santos et al., 1998; Freitas et al., 2007). This hypothesis
may be corroborated by the detection of BPV in different
tissues and cells, including reproductive sites as oacytes,
ovary, uterus, cumulus cells, and uterine lavage (Freitas
et al., 2003; Yaguiu et al., 2006; Lindsey et al., 2009).
The vertical transmission of BPV has been suggested
(Stocco dos Santos et al, 1998; Freitas et al., 2003;
Yaguiu et al_, 2008). Also for humans, it has been shown
that HPV- infected women can transmit the infection to
the fetus by transplacental mechanisms (Rombaldi et al.,
2008).

The mechanism behind the transmission of BPV
to/between no specific hosts is not clear. Recent findings
of BPV in epidermis and formation of L1 capsomers of
equine sarcoid and active-BPV in normal skin of equine
(Bogaert et al., 2008; 2010a, b; Brandt et al_, 2011) could
help explaining the occurrence of equine sarcoid in
animals kept far away from any bovine virus source,
especially when living in close contact with other affected
equids (Brandt et al., 2011). It is believed that flies can be
a vector for BPV and transmit the virus between bovine
and horses (Nasir and Campo, 2008; Finlay et al., 2009).
However, there is no further information about this virus—
vector— host system. The zoonotic potential and the
medical implications for the corresponding transmission
route need to be explored (Bravo et al, 2010)
Alternatively, BPV infection may be transmitted via stable
management practices, or passed into existing wounds
from contaminated pasture. Considerably more research
Is necessary to investigate all of these possibilities
{Chambers et al., 2003). The mechanism of transmission
of BPV in a cattle herd and to other mammals should be
most studied since BPVs are disseminated infecting and
co-infecting these animals due to its plasticity.

BPV AND CROSS-SPECIES INFECTION

Although PVs have been described as specie-specific
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(Campo, 2006) some PVs infect a variety of hosts. PVs
appear to be widespread and have been found in a large
number of vertebrate species and are assumed to have
co-evolved with their hosts (Bernard, 1994; Antonsson
and McMillan, 2006). Strict host specificity of PVs might
act as a barrier that prevents close physical contact
between different viruses, but a series of PVs infect a
vanety of phylogenetically distant hosts (Bravo et al,
2010). Virtually all mammalian species are hosts for one
or more papillomaviruses (Sundberg et al., 2001). BPV
can infect cattle but also infect close relatives of cattle
such as buffalo (Silvestre et al.,, 2009; Pangty et al.,
2010) and giraffe (van Dyk et al, 2011) causing
fibropapillomas and bladder lesions (Pathania et al,
2011). Moreover, these viruses naturally infect more
distantly related species, such as tapirs (Kidney and
Berrocal, 2008), horses (Bogaert et al., 2008), sable
antelope (van Dyk et al., 2011), and zebras living either in
zoos (Lohr et al., 2005) or in the wild {van Dyk et al
2009) causing sarcoids, and fibrosarcomas when
inoculated into rodents (Robl and Oslon, 1968). Also, a
vanant of BPVY-8 can induce papillomas in Bison (Literak
et al., 2006) (Figure 3).

FeSarPV, primarily identified feline sarcoid, was
verified in bovine fibropapillomas and dermatitis by
Munday and Knight, (2010). It has been suggested that
FeSarPV is a bovine PV causing a non-productive cross-
infection in felines as well as BPV-1 and BPV-2 causes
sarcoids in equids. Recently, it was found L1 capsomers
in epidermis of equine with sarcoid suggesting a
productive infection by BPV (Brandt et al., 2011). A newly
proposed BPV type BRUEL- 4 (Claus et al., 2008) was
identified in a sarcoid tumor of a horse, revealing a new
viral type associated with equine sarcoid (Sa e Silva et
al., 2010).

The ability of BPV-1 to infect related hosts can be a
result of human domestication of cattle and horses or a
phenotypic  acquisition driven by vector-mediated
interspecies transmission (Finlay et al., 2009; Gottschling
et al, 2011). Thus, ecological changes happened
concomitantly in the different hosts may have increased
their susceptibility to BPV cross-infection and/or have
simply increased the frequency of physical contact
between them to grant BPV improved access to a
potential new host (Gottschling et al., 2011).

CONCLUSION

Bovine papillomavirus is a group of viruses extensively
studied in the last years. BPV has always been
considered as an excellent experimental model to
investigate HFV infection and carcinogenesis. It is also
useful to understand the oncogenic potential of the virus,
the relationship between virus and co-factors, and the
development of anti-viral vaccines. In this review, we
broach new insights into the mechanisms of BPV co-
infection, cross-species Infection and transmission.
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Figure 3. Schematic presentation of cross-infection caused by BPV. BPV DNA was found in
close and distant related hosts: horse, sable antelope, tapir, buffalo, giraffe and possible cat.

New aspects involving the mechanisms of BPV
transmission and cross-species infection have broken
some paradigms about these viruses. The BPV status as
an epitheliotropic and species-specific viruses can no
longer be seen that way. The heterologous BPV infection
has been consistently documented by several research
groups worldwide, as well as the evidence of the

presence of the virus in non-epithelial tissues.

The co-infection by multiple BPV has also generated
interesting discussions. The occurrence of several BPV
types in a specific anatomical region suggests that both
multiple papillomavirus infections and high viral diversity
can be frequent in cattle. The identification of multiple
BPV infections may contribute to the understanding of the
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epidemiological, clinical, and immunological features of
cutaneous papillomatosis in cattle. Particularly for the
immunological approach, this multiple infection brings
important implications when is considered immunization
strategies to eradicate papillomatosis, since the
introduction of vaccines against a single BPV type may
contribute to the spread of other genotypes able to cause
skin lesions with similar morphological characteristics in
cattle.
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Summary

The diversity of papillomavirus (F¥) found in bovine cutaneous warts from
Brazilian cattle was evaluated using the PCR technique with the utdization of
consensus primers MY09/11 and by PCR wing Bovine Papillomavirus (BPV)
type-specific primers followed by sequencing. Eleven outaneous warts from &
cattle herds were selected. Six warts were positive for the presence of PV, The
presence of BPY types I, 2, 3, 6 and feline sarcoid-associated PV (FeSarPV) in
mitaneous wart lesions, as well as the presence of co-infections, was found To
the best of owr knowledge, this is the first time that FeSarPV & described
co-infecting a cutaneous wart in Brazl. The present study confirms the previ-
ous finding of FeSarPV infeding cattle. These results show the necessity of
mare studies to investigate the diversity of PV in cattle, its diversity and the

possibility of co-infection in cattle and other animals

a1 IT114.1885-1682 2012. 0 300 x

Papillomaviruses (PVs) are a diveme group of double-
strand DINA viruses, identified in more than 2 spedes of
mammals, birds and reptiles PVe are classified in the
Fapillomaviridae family, which contams 18 different gen-
era (Bernard et al, 2010). These viruses are known as
species-specific and, in experimental conditions, do not
infect another host than their natural one (Campo, 2006).

Bovine Fapillomaviruzl (BFV1) and Bovine Papilloma-
virus? (BPV2) are classified in the gemus Debrapapillorna-
virs. 5o far, 12 types of BPY (BPV1-12) have been
described (Zhu et al., 2011 ) These viruses are associated
with different histopathological lesions and three types
are imvolved with the devdopment of caranogenic pm-
cess, espedally when associated with envimnmental co-
factors and genetic factors (Campo, 2006). Several studies
have shown that BPV1 and BPVI may produce cross-
infection in horses, donkeys, mwles (Chambers et al,
1003), zebras (van Drvk et al, 2009) and Buffaloes (Pangty
et al., 2010).

& 1012 Eadowei Verlag GmbH « Transhoundary and Emenging Droeanes. §8 (2012) 539-543

Feline saronids have been found in Morth America, UK,
Sweden, Anstralia and Mew Zealind (Scholman et al,
001; Munday et al, 2010). Among these mmours, & new
putatitve papillomavirus type named feline sarcoid-assod-
ated papillomavirus (FeSarPV) was detected and evidence
showed that FeSarPV may cause a non-productive infec-
tion in cats and it uses the feline as a non-permissive host
(Teifke et al, 2003; Munday etal, 2010). FeSaV DNA
was found in sarcoids of cats from Morth America and
Mew Zeland (Munday et al, 2010). Recently, FeSarPV
4 was verified in bovine fibropapillomas and dermati-
tis (Munday and Knight, 20010).

In Brazi, there are a few investigations based on the
definition of BFV types infecting and co-infecting cutane-
ous warts. The lmowledge of the drolating FV types in
the field is important to conduct strategies of control and
prevention of papillomaviruses in cattle and other ani-
mals. In this study, the presence of BFY co-infection
assodated with FeSarPV was assessed.
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Cutaneous wart smamples were collected from diverse
body sites from 11 adult cattle. Breeds of hovine were
Melore or Girolando and the samples were collected from
both male and female sexes. These animals were origi-
nated from beet and milk cattle herd with semi-intensive
and extensve mamagement located in Bahia State, North-
eastern Region of Brazil. Segments of warts were removed
by parallel incision in the skin surface usng a disposable
sterile scalpel and kept in sterile tube containing 10% for-
maline. After fixation, the pieces were washed, processed
for embedding in paraffin, cut to 7 mm of thickness,
stained with haematoxylin-cosin (Michalany, 1980), and
ohserved under an optical micmscope.

Al collected samples were submitted to DINA - extrac-
tion by “Ciagen DNease® Blood and Tissue kit' (Cagen,
Hilden, Gemany), in accordance with the manufacturer's
protocol. Each DNA sample was sceened for the presence
of bovine fi-globin DNA by Polymerse Chan Reaction
(PCR) amplification  using  the primers: Fw 5-
AMCCTCTTTGTTCACAACCAG-3 and Rewv: 5°- CAGA-
TGCTTAACCCACTGAGC-Y,  Primer set amplifies a
430bp product and provides an indication of a good
DA quality. PCR was carried out in accordance with
protocol described by Freitas et al. (2003). The amplifica-
tion was performed in a voluome of 25 pl containing
100 ng of DNA, 1X Master Mix (Promega, Fitchburg,
WI, USA) and 0.2 pm of spedific primers

The virus presence was verified using the consensus
primers MY/ 11 previously described by Manos et al.
(1989). PCR was performed using 0.2 jm of each primer,
100ng of DMNA and 1X Master Mix (Promega, USA). The
oycling conditions were described by Ogawa et al. (2004).
As negative control, we wsed a no template control and
BFV2 genome doned in PATI53 plaamid as positive con-
trol. The positive samples were mbjected to PCR using
BPFV1-6 type-specific primers and respective annealing
temperatures as shown in Tahle 1, according to the
amplification protocol by Yaguin et al. (2008).

Tahle 1. Anmal chamcedzation, PV dentification and histopatho-
hogical anadlyss of aitaneous wark from catthke

M. AR, da Sha et al

The PCR products were eectrophoresed on 3% agarose
gel with TAE buffer and DNA was vimualized by staming
with ethidium bromide. Subsequently, a direct sequendng
was performed using ABl PRISM® 3100 Genetic Analbyzer
(Applied Biosystems, Foster City, CA, USA). Sequendng
quality and contig asembly wene carried out using Fre-
gap4 and Gapd programs (Staden, 1996). Only sequences
with Phred value above 30 were consdered for the contig
assembly  (GenBank accession numberz 071444
JOOT144%). Local sequence alignments were carried out
with erasT (Altschul et al, 1990).

Multiple sequence alignment of the isolates, BPVs
FdPvs and the other members of Deftapapillomavirus
genus was performed by Muscle algorithm incorporated
in meca verdon 5 (Tamura et al, 2011). The GenBank
accession number of the sequences used is shown in the
Supplementary Table 51. The phylogenetic analysis was
carricd out  using  Meghbour-Joining  method  with
ITT + I' model of aming add sibstitition in MEGA ver-
sion 5 (Tamura etal, 2011). Statistical confidence of
nodes was asessed with 1000 replicates of bootstrap.
Bovine and feline PV sequences were analysed along with
the &olates of this sudy.

The primers for f-globin gene amplified a fragment of
450 bp in all DNA samples and, as expected, no template
control tested negative. Primers MY09/11 amplified PV
DMA in & of the 11 citaneous warts samples (55%). The
sequenced amplicons showed 98999 of similarity to
EFV] in two fibropapilloma samples and 97-99% to
BPVI in two samples. Ao, similarity of 99% to BPVS in
one sample and 100% smilarity to FeSarFV in one outa-
neous wart sample were observed The minor variation
within the sequences (about 97 up 99%) was attributed
to errors during sequencing mther than the presence of
multiple PV variants. The isolate similar to FeSarFV was
collected from a cow, m a beef herd with extensive man-
agement. The animal presented low intensty of lesions,
with flat lesions mostly. The PCRs with specific primers
showed the presence of BFV2 in five samples (83%),
BPV3 in five samples (83%), BFV1 in two samples (33%)
and BPFVE in one sample (17%). Three samples (50%)
showed co-infection to three BFY types, induding the

BPV type FefarFV positive sample. Two samples (29%) showed co-
P Type® {specfic infection to two BFY types (BFV2 and 3), and one sam-

lolste  Herd Farm  (Semdarty) (%) detection)  Wsiopathobgy  ple showed infection to only BPVE.
WU Milkherd BPYG (39) & True Papiioma The th_lﬂﬁm“ 3“31:"5‘5 confirmed the BPV types
1 Beefherd  BPVZ (977 23 Fitropapliona detected with good statistical confidence (Fig. 1). The
13 Milk herd  BRVZ (39) 123 Fitrogaplioma isolate 29V (identified as FeSarFV) was dustered together
B Mile herd  BR (38) 23 Firopapliona with the Deltapapillomavirus members; possibly it beongs
e Mil herd  BAV1 (39) 123 Firopapiioma to this genus. The tree showed the dose relatedness
2V Beefherd FesarPV(100) 23 Topaploma  hetween FeSarPV and Artiodactyl PVs (eg OaPVI,
BPV, Bevine Papliomavious, PV, papilamainus. 0aPVI, BFV1 and BFVI), instead of feline papillomavi-
“Divtained by sequencing of MY 11 PCR amplicon. ruses FdPV1 and FdPV2, Almost all these dusters were
540 & 2012 Badowdl Veriag GmbH « Trarsboundry and Emenging Dinemes 59 (2013) 539-543
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Corinfeccion of BPY and FeSarfy
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Fig. 1. Phylgenetic tree based on L1 Fagrmen amino ackd sequences comprisng the sdates of ths study, bosne and felne papdion adauses,
g weith Deltapapdlamas membes. Numbes i the nodes represent boolsrap confidence values abowe 50%. Branch bengths are in scale.

well supported by the bootstrap amalyss. The tree
showed some genetic variability between the isolates and
the reference sequences, as indicated by the identity anal-
ysis.

In this smdy, the PV DMA was detected in 6 of 11
cutaneous wart samples wing PCR primer set MYD9/11
PCR is regarded as a highly sensible technique and it is
commonly used for PV detection, but consensus primers
with degenerated bases may decrease its sensibility (Cra-
vitt et al., 2000). However, other investigations used con-
sersus primers to BFY detection and the sensibility lewel
ranged from 53% to 100% (Opgawa et al, 2004; Munday
and Knight, 2010; Silva et al, 2010). Although the prim-
ers MYD9/11 had been made to detect HPYV in human
mucous epithelial tissue (Manos e al., 1989), these prim-
ers have been used for detection of a wide range of HFVs

= 2012 Badowdl Verag GmbH « Transboundary and Emenging Diseases. 59 (2012) 539-543

(Gravitt et al, 2000), BPVs (Ogawa eof al, 2004; Silva
et al, 2010) and FeSarFV (Munday and Knight, 2010).
BFV1, 2, 4, 6 and & were detected in bovine wart from
herd of different Brazilian regions (Freitas et al, 2003
Clans et al., 2009). In this s'l'u.d!l.r. BPVI, 2, 3, 6 and FeS-
arPV DA were detected in cutaneous warts, as well as
the co-infection between BFYV and FeSarPV. The co-infec-
tion between BPV is in acoordance with previous studies
(Yaguiu ot al, 2008 Diniz et al, 2009 Pangty et al,
2010). However, this is the first study of BFY detection
assodated with FeSarPV in American continent. Munday
and Enight (2010) ako found co-infection of FeSarPV
and BFV2 in cuntaneous wart samples in Mew Zealand.
The persistence of skin warts has been seen in a large
mumber of animals in the farms studied. According to
our findings, this ohservation could be explaned by the

541
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occurrence of multiple infections i the cutancouns wart
skin lesions, FeSarPV was found in a lesion with two dif-
ferent types of BPV, thus we can suggest that BPV types
apparently do not inhibit FeSarPV presence in the lesion.

In this study, FeSarPV was detected in bovine cutane-
0l warts using consensus primers. Initially, this wvirns
was found in feline sarcoid, but this virns may have a
rumimant a5 matural host as soggested by Munday and
Enight (2010). Previously, FebarFV in feline sarcoids
from Morth America and MNew Zealnd (Munday et al,
W10) was detected, and for the first time, it was
described i fibropapillomas and dermatitis of bovine
from Mew Fealand using specific primers zet (Munday
and Knight, 20101

The phylogenetic analysis showed that FeSarPV was
dustered in the Deltapapiliomavirus genus, together with
0aPV1, OaFV2, BFV1, BPVZ, and other artodactyl FVs,
crroborating with the findings of Teifle ot al. (2003)
and Munday et al [2010). FeSarPV had high identity
compared with BPVI and BPV, demonstrating one pos-
sible evolutionary relationship among them. Besides, as
BFY have been described in other animals such as horses,
donkeys, mules, zehras, buffaloes and hison (Chambers
et al, 2003; Literak ot al, 2006; van Dk et al, 200%; Pan-
gty et al, 2010], our remlts indicate that FeSarPV couald
be a bovine papillomavirus that infects another host
(feline), through an inter-host transmission process and
corroborate with Munday and Knight (2010) where the
authors verified the FeSarPV presence in bovine fibropa-
pillomas. Therefore, the present results can contribute to
confirm that the detection of FeSarPV in cattle was not
inddental and it needs further investigations. Even
though the L1 fragments analysed were small, the statisti-
cal support of the FeSarPV and artiodactyl PVs chister
was high, indicating that the hypothesis that FeSarPV
could really be a BPV variant that infects a different host
is valid. Efforts are being made to sequence the complete
genome of FeSarPv.

Although we have deteced co-infection between EFV
and FeSarPV, more studies are necessary for understand-
ing the importance of this reltionship. Feline sarenid isa
rare tumour, mostly found in cats from rural ares or
eqosed to cattle (Schulman et al, 2001). It is believed
that flies could transfer EPY from cattle to horses or
among homes (Finlay et al, 2009). According to Munday
and Knight (2010), cat injuries caused by hunting or
fights could exposure parts of its body to virs. Some of
these parts are related to sarcoid development and thus
hunting and fights are pointed as a possible way of virus
entry into dermis,

Further studies are required to verify the prevalence of
FebarPV and other types of BPV in catte A better
kmowledge of PV types affecting bovines as well as oross-
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infections cansed by PV could have some implications in
the future for development of strategies in prevention and
control of animal papillomaviruses.
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HPV-31 has been widely described as an important oncogenic type, showing high incidence in worldwide
and especially in Northeastern Brazil. We sought to identify the presence of specific mutations in HPV-31
EG and E7 oncogenes in women with abnormal cervical smear. We enrolled 150 gynecological patients
from Sergipe State, Northeastern Brazil. HPV screening was carried out by polymerase chain reaction
(MY0S/11). E6 and E7 oncogenes were amplified with specific primers and sequenced. The sequences
obtained were aligned with the GenBank reference sequences in order to search for genetic variants.
‘Wi identified genetic variants in E6 and E7 sequences from HPV-31. Two new nucleotide changes in
Ef and E7 were described for the first time in this study. A novel mutation in E6 resulted in amino acid
change in a site belonging to T-cell epitope with MHC I binding activity. There was no significant differ-
ence in the distribution of HPV-31 E6 and E7 variants when compared to all selected clinical fepidemio-
logical charactenistics. HPV-31 isolates have been clustered into three main groups called lineages A, B
and C We describe new HPFV-31 variants in Brazil, contributing to better understand the genomic diver-
sity of these viruses.

Keywords:

Cervical canoer

Genomic diver sity

EG oncogene
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1. Introduction

Cervical cancer is the second most common form of neoplasia in
women worldwide. Epidemiologic evidences indicate that infec-
ton with high- risk human papillomavirus (HPV) is the principal
cause of invasive cervical cancer (ICC) and cervical intraepithelial
neoplasia {CIN) (Schiffman et al, 1993; Walboomers et al., 1999;
Bosch et al, 2002). To date, more than 200 papillomavirus types
have been characterized and sixty of these are detected in cervical
epithelium (de Villiers et al, 2004; Bernard et al., 2010).

HPV belongs to the Papillomaviridoe virus family. HPV-31 is
classified into the Alphapapillomavirus genus, phylogenetically
clustered in Alpha-9 species groups (de Villiers et al., 2004;

* Corresponding  authors. Address: Av. Prof. Moraes Rego, 1235, Cidade
Universitaria, 50670-901, Recife-PE, Brazil, Fax: +55 81 21268512,
E-mail oddresses: babisimas@gmail.com (B.S. Chagas), antoniofreitasipg.
mpa.br (AC de Freitas).

1567-1348(8 - see front matter © 2013 Published by Elsevier BV,
heep: |/ ddoi. org /101 016/ Lmeegid. 2013.02.001

Bernard et al., 2010; Schiffman et al, 2010) and it has been de-
scribed as an important oncogenic type (Clifford et al., 2006). A
new HPV type is defined by the presence of less than 90% of iden-
ity compared to established prototypes in L1 gene sequence, asso-
ciated with the cloning and sequencing of its complete genome (de
Villiers et al,, 2004; Bernard et al., 2010). In addition, the term sub-
type is used to identify HPV genomes with L1 nucleotide sequences
that differ between 2-10% from the closest type, and the variants
differ less than 2% in nucleotide sequence of L1, and 5% in LCR
(de Villiers et al, 2004; Prado et al., 2005).

There is a proposed hypothesis about the differences in patho-
genicity existing among variants of a genotype (Xi et al, 2007).
Studies have demonstrated that HPV-16 variants differ in their
association with cervical cancer (Xi et al., 1995, 2007: Zehbe
et al,, 1998, 2001; Berumen et al., 2001) and viral persistence (Lon-
desborough et al, 1996; Ferenczy and Franco, 2002; Sichero et al,
2007: Lee et al, 2008). Non-synonymous mutations in the E6 onco-
gene could alter the biological or immunogenic properties of the
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encoded protein (Ellis et al,, 1995; Zehbe et al., 2003). However,
clinical relevance of HPV-31 variants has been rarely described
(Schiffman et al., 2010; Cento et al, 2011; Chagas et al,, 2011).
Based on whole genome analysis, Chen et al. (2011) classified
HPV-31 variants into three different phylogenetic entities called
A, B and C lineages. This classification is important to the under-
standing of the variant-related pathogenesis of cervical lesion (Xi
et al., 2012).

Thus, in this study, the presence of specific mutations in E6 and
E7 oncogenes of HPV-31 was investigated in women with low-
grade squamous intraepithelial lesion (LSIL) and high-grade squa-
mous intraepithelial lesion (HSIL). The association between the
grade of cervical lesion and the predicted T- and B-cell epitopes
with these polymorphisms was verified. In addition, the phyloge-
netic relationships among the HPV-31 isolates were analyzed in or-
der to understand their distribution and possible geographical and
ethnicity patterns.

2. Material and methods
2.1. Study groups

We enrolled 150 women aged between 18 and 55 years, with a
mean age of 36.2 years (s.d., 11.1) at the Gynecology Unit in “Cen-
ter for Integral Attention to Women's Health (CAISM)" in Sergipe
State, Northeastern Brazil. The study induded women with abnor-
mal cervical cytology divided in low-grade squamous intraepithe-
lial lesions (LSIL) and high-grade squamous intraepithelial lesions
(HSIL). We collected cervical cells by scraping in PBS solution (pH
7.4); cervical-cells were stored at — 80 °C. DNA was extracted using
DNeasy Blood Tissue Kit (Qiagen), following the manufacturer
protocol.

We obtained approval of the Ethical Committee (CEP/CCS/UFPE
N° 491/11) and informed consent from all women enrolled for the
study.

22. HPV screening

The obtained DNA was submitted to amplification by PCR of hu-
man MDM2 gene in order to assess the quality of DNA, in order to
avoid possible false negative results {Ma et al., 2006), HPV screen-
ing was carried out by polymerase chain reaction {(PCR), using
degenerate primers MY09/11 (Manos et al, 1989). HPV typing
was performed by PCR using specific primers for HPV-31 (Karlsen
et al, 1996). E6 and E7 genomic regions from all DNA samples were
amplified using specific primers and Taq DNA polymerase High
Fidelity {Chagas et al, 2011).

23. Sequencing of EG and E7 ORFs

From each sample, one independent PCR product was generated
and sequenced {both strands). Only sequence variations detected
in both strands were evaluated. Sequencing of E6 and E7 was per-
formed using ABI PRISM BigDye® Terminator Cycle Sequencing
V.3.1 kit (Applied Biosystems) and with the same reverse and for-
ward primers used in the amplification reaction.

24. Data analysis

The obtained sequences were checked for quality and assem-
bled using the Staden package (Staden, 1996). HPV-31 E6 and E7
sequences were compared to sequences from GenBank using
BLAST (Altschul et al, 1990). Multiple sequence alignment was
performed using ClustalW (Thompson et al,, 1994),

HPV-31 variants were associated with various characteristics of
the study subjects. Statistical analysis was done using Fisher's
exact test, when the frequencies were smaller than five, The asso-
ciation was considered significant when p < 0.05.

T-cell epitope prediction was performed using ProPred-1
(Singh and Raghava, 2003) and ProPred (Singh and Raghava,
2001) servers for the prediction of MHC classes T and II biding
regions, respectively. B-cell epitope prediction was performed
using Beepred server (Saha and Raghava, 2004) with the default
parameters.

Maximum likelihood (ML) phylogenetic trees were inferred for
concatenated and separated E6 and E7 genomic regions using
PhyML v. 3.0 (Guindon et al, 2010). The evolutionary models
TPM3uf+1 and KBO +1+ G were estimated by jModelTest V, 0.1.1
(Posada, 2008) for EG and E7 analyses, respectively. The best of
NNI and SPR methods of tree searching was used to esimate tree
wpology. The robustness of the branches was assessed using
1000 bootstrap replicates.

3. Results

A total of 150 cervical samples were screened with L1 consen-
sus primers (MY09(11): 90 (60.0%) were positive for HPV, and fur-
ther genotyping with type specific primers revealed that 22 (14.7%)
samples were positive for HPV-31, 47 (31.3%) were positive for
HPV-16 and 5 (3.3%) were positive for HPV-33. Considering the
90 samples in which it was possible to identify HPV sequences,
16 samples displaying more than one HPV type were detected:
the results indicated that HPV-16 + HPV-31 was the most frequent
(12, 75%), followed by HPV-16+HPV-33 (3, 18.8%) and HPV-
31+ HPV-33 (1, 6.3%).

35 HPV-31 positive samples (22 single HPV-31, 12 HPV-16 +
HPV-31 and 1 HPV-31 + HPV-33 ) were randomly selected to eval-
uate the genetic variability. Among these, it was observed that
19 patients (54.3%) presented high-grade squamous intraepithelial
lesion (HSIL) and 16 patients (45.7%) presented low-grade squa-
mous intraepithelial lesion (LSIL).

3.1. Genetic variability of E6 oncogene

Nucleotide sequences of the complete E6 oncogene from all
patients with cervical lesion (High/Low grade) were compared
with the HPV-31 reference sequence (J04353). Sixteen patients
(55.2%) showed nine different types of E6 oncogene mutations,
of which five were missense mutations at codons 60, 64, 123,
138 and 144 for amino acids tyrosine, alanine, arginine, valine
and glycine, respectively {Table 1). The remaining four nucleo-
tde variations led to silent mutations (Table 1). The sites pre-
senting the most frequent mutations were 320 (51.7%, 15 of
29), 520 (48.3%, 14 of 29), 428 (41.4%, 12 of 29), 285 (37.9%,
11 of 29) and 404 (37.9%, 11 of 29). Other mutations were
AZ97G (6.9%, 2 of 29), A4T5G (6.9%, 2 of 29), T248C (3.4%, 1 of
29), and C537G (3.4%, 1 of 29).

A novel mutation (C537G) in E6 was found and resulted in an
amino acid substtution R144G (Table 1). GenBank accession num-
ber of this new variant is: JX185395. We performed T-cell and B-
cell epitopes prediction in order to evaluate the impact of this
new mutation on the immune function of the E6 transforming
protein. We identified an amino acid change in a site belonging
to T-cell epitope with MHC 1l binding activity (E6 140-148 WRRPG-
TETQ). The same amino acid change was also observed in a site
belonging to B-cell epitope.

Nucleotide substitutions resulting in premature stop codons or
frameshift changes were nor detected.

102



BS. Chagas et al f Infection, Genetics and Evolution xocx (20013 ) xos-xxx

Table 1

Mudeotide and amino acid variability of HPV-31 E6 and E7 regions, The nucleotides conserved with respect to the reference sequence (J04353 ) are marked with adot (). In bold,
nucleotide variations not described in the literature. Reference: prototype sequence of HPV-31. H: histidine, T: threonine, ¥: tyrosine, A alanine, K: lysine, R: arginine, V: valine,

G glyane, E: glutamate. WT: Wild ty pe.
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32. Genetic variability of E7 oncogene

The comparative analysis of E7 transforming gene with the
HPV-31 reference sequence (J04353) revealed that twenty-three
isolates (76.7%) presented six variable sites. Three mutations were
missense at codons 23, 46 and 62 for amino acids tyrosine, tyrosine
and glutamic acid, respectively (Table 1). The remaining three
mutations were silent ones (Table 1). The sites that presented
the most frequent mutations were 743 (76.7%, 23 of 30), 670
(33.3%, 10 of 30), and 695 (33.3%, 10 of 30). Other mutations were
G580A (23.3%, 7 of 30), C626T (10%, 3 of 30) and T592C (3.3%, 1 of
30). One novel mutation (T592C) in E7 was found, although it did
not result in amino acid change (Table 1). GenBank accession num-
ber of this new variant is: [X185396. Nucleotide substitutions
resulting in premature stop codons or frameshift changes were
not detected.

33. Phylogenetic analysis

The evolutionary relationships among several isolates of
HPV-31 were assessed using E6 and E7 nucleotide sequences.
The phylogenetic tree generated from the concatenated E6 and
E7 sequences clustered the isolates of HPV-31 into three main

groups called lineages A, B and C (Fig. 1). Those lineages were clas-
sified according to the topology and nucleotide sequence differ-
ences from >1% to <10%, Despite the isolate HPV31/UFPE-23 was
different from lineage C, its average genetic distance to the isolate
HPV31/UFPE-15 was only 0.3 + 0.2%, so it was classified as belong-
ing to the lineage C. The HPV-31 isolates from this study did not
cluster together in one clade, As depicted in Fig. 1, HPV-31 variants
did not follow the any patterns of patients’ ethnicity or a geograph-
ical distribution.

34. Distribution of HPV-31 variants lineages according to clinical/
epidemiological characteristics

In all 35 HPV-31 positive samples (with and without co-infec-
ton), A, B and C lineages were detected in 20 (57.1%), 2 (5.7%)
and 13 (37.1%), respectively. However, only 22 samples positive
for HPV-31 (without co-infection) were used to analyze the distri-
bution of variants lineages by clinical and epidemiological charac-
teristics. In this case, A and C lineages were detected in 13 (59.1%)
and 9 (40.9%) women respectively, while B lineage was absent
There was no significant difference in the distribution of HPV-31
E6 and E7 variants when compared to all selected clinical /e pidemi-
ological characteristics (Table 2).
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Table 2
Distribution of HPV-31 varants with study subjects demographics and clinical
characteristics.

Variable A variants B variants C variants p-
no. (&) no. (&) na. (&) value

Total na. 13 o a9
Age
18-30 7(53.8) 1] 4 (44.4) 1
=31 6 (46.2) 0 5 (55.6)
Raaal group
Caticasian 2{154) 1] 1{11.1) 1
African 3(231) o 1({133)
Pardo 8 (61.5) 0 5 {55.6)
Current use of hormonal

confraceptives
Mo 5 (38.5) 1] 4 (44.4) 1
Yes 8 (615) [i] 5 (55.6)
Current smoking
Mo 12(923) 0 8 (88.9) 1
Yes 1(7.7} o 1{11.1)
Crtology
LSILE 5 (385) 0 6 {66.7) 038
HEIL® 8615} o 1(137)
No. of sexual parters
1-4 11(846) 0O 8 (B89) 1
=5 2{154) 0 1{11.1)

2 LSIL: Low-grade squamous intrae pithe lal lesion,
" HSIL: High-grade squamous intraepithelial lesion.

4. Discussion

The study of HPV genetic variability may contribute to better
understanding the mechanisms of transformation and progression
of cervical cancer. In fact, it has been suggested that variants of the
same HPV type are biologically distinct and may have differential
pathogenic risks (Sichero et al.,, 2007). HPV-16 is the most detected
viral type in cervical cancer worldwide, followed by the type-18.
However, the incidence of HPV-31 is very high in Northeastern
Brazil and Southern Europe (Baldez da Silva et al, 2009, 2012;
Cento et al, 2011). So, in this study we have analyzed the genetic
variability of HPV-31 E6 and E7 genomic regions, in cervical sam-
ples from Northeastern Brazilian women.

Nucleotide changes previously described in E6 oncogene of
HPV-31 were observed at positions 248, 297, 320, 475, 520 (Chagas
etal,2011), 285, 404 (Calleja-Madas et al,, 2005) and 428 (Garbu-
gliaetal.,2007). The nucleotide change at position 537 is described
for the first time in this study. When considering HPV-31, E7 onco-
gene, we observed changes previously described at posidons 626,
G670, 695, 743 (Chagas et al, 2011) and 580 (Chen et al, 2011),
Moreover, in E7 of HPV-31, we reported a novel nucleotide change
at posidon 592. E6 and E7 oncogenes showed a peculiar substitu-
ton pattern, suggesting that these variants may be circulating with
higher frequency in the population from Northeast Brazil. In those
genes, the non-synonymous mutations C285T, A297G, A475G,
C520T, C537G, C626T, GBISA, AT43G, leads to change of polarity,
hydropathic potential and amino acid side chain, potentally influ-
encing the correct folding of the oncoprotein (Chagas et al,, 2011),

Nucleotide variations in EG and E7 oncogenes play a critical role
in the development of cervical carcinogenesis due to their ability to
inactivate p53 and pRb proteins, respectively {Kast et al, 1994).
Epidemiological studies have shown association between HPV-16
genetic variability and cervical carcinogenesis. The amino acid
changes of HPV-16 EG D25E and L83V are associated with the ele-
vated risk of development of cervical carcinomas (Zehbe et al,
1998, 2011; Masumoto et al., 2000; Kammer et al., 2002; Lee
et al,, 2008; Cai et al., 2010; Freitas et al,, 2012).
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According toSichero et al. (2012}, the association of E-350G var-
iant (E6, HPV-16) and cancer risk may be explained by its ability to
evade the host immune system and/for by the increased oncogenic
potential due to biological properties of viral proteins. Functional
studies demonstrated that the E-350G variant has an increased
Tp53 degradation (Asadurian et al., 2007), immortalization and
ransformation abilides (Richard et al., 2012), degradation of BAX
and binding to EGBP (Lichtig et al., 2006). The published reports
about the clinical relevance of HPV-31 variants are limited. In this
study one genetic variation observed in EG (C537G) was located in
B-cell and T-cell epitopes site and this change may influence the
immune recognition of cell infected by HPV jevasion of the natural
immune response (Chagas et al., 2011). In HPV-16, the common E6
variant L83V was suggested as associated with the HLA class I
alleles B*44, B*51 and B*57 with approximately four to five fold
increased risk for cancer (Zehbe et al., 2003). In another study, a
HPV-16 E6 variant (R10G) was demonstrated to alter a B*07 bind-
ing epitope which may influence immune recognition by cytotoxic
T lymphocytes (Ellis et al., 1995).

The obtained phylogenetic trees clustered the HPV-31 isolates
into three distinct lineages as defined by Chen et al (2011).
Although the tree is well supported, two isolates from Costa Rica
were clustered in different lineage, supporting the idea that the
classification should be carried out using the whole genome. How-
ever, the phylogenetic tree obtained on the basis of our findings
shows the evolutionary relationships of the HPV-31 oncogenes,
which could shed light into the evolution of carcinogenesis process
among HPV-31 lineages.

In general, E6 and E7 phylogenetic trees did not show any
geographic and ethnic patterns among HPV-31 isolates, in accor-
dance with other studies (Chagas et al., 2011; Chen et al.,, 2011).
Although the evolution of HPV-16 and HPV-1B variants is
associated with the diversification of human ethnic groups
(Schiffman et al., 2006), other HPVs did not show this evolution-
ary characteristic.

In this study, we observed a great diversity among HPV-31 vari-
ants isolated in patients from Northeast Brazil. Strains belonging to
the three HPV-31 lineages have been detected. The association
among HPV-31 variant lineages and cervical lesions is still topic
for discussion. In this study, no association between variants lin-
eages and cervical lesions was found, similarly to the findings of
Cento et al, (2011). Despite this lack of association, HPV oncogenes
are suggested be more flexible in order to adapt the viruses to dif-
ferent biological niches {Chen et al, 2011). So, further studies are
necessary in order to clarify the mechanisms that are influenced
by these polymorphisms, However, we are aware of the limitations
of our study, due to the low number (22) of HPV-31 positive sam-
ples analyzed.

In conclusion, our findings describe two new HPV-31 variants in
Brazil, contributing to better understand the genomic diversity of
these viruses. In addition, the characterization of HPV oncogenes
variants in cervical disease may improve the knowledge of the
molecular mechanisms underlying disease progression and
mansformation.
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ABSTRACT

The papillomaviruses form a mghly diverse group that infects mammals, birds and
reptiles. There 15 2 buge vetermary and public health importance associated with these
viruzes. Bacause of this, buman and bovine papillomavouses are the most studied vimses
of this group. Infection with buman papillomavims (HFV) represents the most important
risk factor in the genesiz of cervical cancer. Bovine papillomavous (BPV) mfects basal
epithelial cells leading to the formaton of bemign and malignant tumors, when in
synergizm with action of environmental co-factors. Brazil 15 a country with contmental
dimensions; therefore the understanding of the genetic vanability and the distnbution of
these vimuses 15 essenfial for an active surveillance program and the desizn of more
efficient vacemes and diagnostic methods. In what concerns the associzhion of HPV and
cervical cancer, HPV-16 1= the most frequent type worldende, wath the excephion of
Indonesia where the HPV-18 happens to be the most commeon type. Although the HPV-
16 15 the most frequent, the second most impertant type differs between different regions
o the world. So, this difference m the incidence of HFV genotypes needs to be
elucidated, along with the genetic vanability of these 1solates that could lead to distmet

oncogeme potential among different varants and subtypes. Oncogente vanants of HPV-
31 were found and some of the mutzhons were observed mn remons mvolved 1 host
immune recogmbion Changes in ammo acid sequences between vanants from different
geographical regions evidence the possibility of functional divergence between them.
suggestmg that the vanants detected may have different adaptive fifpess. On the other
hand, twelve BPV types are known so far, but only three of them are associated with
cancer. There 15 a great drversity of BPV tvpes among cattle and high co-infection was
found The presence of mfection with multiple wiral types could lead to suppression of
the mmmwmological systemn making the chmical state of the amimals worse. So, further
molecular epidermological mwvestizations on the inoidence amd diversity  of
papillomavirus imfection will assist i establishmg 2 more acewrate view of the
dismbution of these viruses. This could help the development of accurate and specific
diagnostics, prophylactics and therapeutic requirements.
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Apresentacdo de trabalho e palestra

1. BATISTA, M.V.A.
A Bioinformética e a Evolugcdo de Papilomavirus, 2011. (Conferéncia ou palestra,
Apresentacédo de Trabalho)

2. BATISTA, M.V.A.
Comparative phylogenetic analysis of Bovine Papillomavirus based on L1 gene: accuracy of
different gene regions, 2011. (Comunicacado, Apresentacéo de Trabalho)

3. BATISTA, M.V.A.
Genomic diversity and phylogenetic reconstruction of Papillomavirus using a new approach
based on low entropy genomic regions, 2011. (Comunicac¢ao, Apresentacdo de Trabalho)

4. BATISTA, M.V.A.
Molecular studies of Bovine Papillomavirus: Molecular diversity, co-infection and detection
of a putative new BPV11 subtype, 2011. (Comunicacao, Apresentacdo de Trabalho)

5. BATISTA, M.V.A.
Evidence of virus-host adaptation based on genome size in Papillomavirus, 2010.
(Comunicacéo, Apresentacdo de Trabalho)

6. BATISTA, M.V.A.
The use of entropy for selecting phylogenetic informative genomic regions and the
evolution of Papillomavirus, 2010. (Comunicacdo, Apresentacéo de Trabalho)

Producéao técnica
Demais producgdes técnicas

1. BATISTA, M.V.A.
Bioinforméatica aplicada a Microbiologia, 2012. (Outro, Curso de curta duracdo ministrado)

2. BATISTA, M.V.A.
Ill Curso de Bioinformatica: Analise de Dados Moleculares (Turma 1), 2012. (Outro, Curso de
curta duragdo ministrado)

3. BATISTA, M.V.A.
Ill Curso de Bioinformatica: Anélise de Dados Moleculares (Turma 2), 2012. (Outro, Curso de
curta duragéo ministrado)
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4. BATISTA, M.V.A.
IV Curso de Bioinformatica: Analise de Dados Moleculares, 2012. (Extensdo, Curso de curta
duracéo ministrado)

5. BATISTA, M.V.A.
| Curso de Bioinforméatica: Ferramentas e Aplicacdes (Turma 1), 2011. (Outro, Curso de curta
duracéo ministrado)

6. BATISTA, M.V.A.
| Curso de Bioinformatica: Ferramentas e Aplicagdes (Turma 2), 2011. (Outro, Curso de curta
duracéo ministrado)

7. BATISTA, M.V.A.
Il Curso de Bioinformatica: Analise de Dados Moleculares, 2011. (Outro, Curso de curta
duracéo ministrado)
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Orientacdes e supervisdes
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Iniciagdo cientifica

1. Isabela Hazin Antunes de Souza. Variabilidade genética de papilomavirus bovino isolados
no estado de Pernambuco. 2012. Iniciagdo cientifica (Ciéncias Biolégicas - Bacharelado) -
Universidade Federal de Pernambuco

Eventos

Eventos
Participacdo em eventos

1. Apresentacdo de Poster / Painel no(a) Il Jornada de Pés-Graduacdo em Genética, 2012.
(Outra)

Desenvolvimento e aplicagdo de novos métodos computacionais aplicados a diversidade genética
e evolucao de papilomavirus.

2. | Workshop em Filogenia Molecular, 2012. (Oficina)

3. Séo Paulo School of Advanced Science on e-Science for Bioenergy Research, 2012.
(Outra)

4. Apresentacado de Poster / Painel no(a) | Jornada de Pés-Graduacdo em Genética, 2011.
(Outra)
Diversidade genética de Papillomavirus Bovino: epidemiologia molecular e uma nova abordagem
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baseada em entropia.

5. Apresentagdo Oral no(a) XXII Encontro Nacional de Virologia e VI Encontro de Virologia do
Mercosul, 2011. (Congresso)

Genomic diversity and phylogenetic reconstruction of Papillomavirus using a new approach based
on low entropy genomic regions.
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Association for Bioinformatics and Computational Biology - X-Meeting, 2011. (Congresso)
The efficiency of a new entropy-based trimming approach to reconstruct Papillomavirus phylogeny
based on L1 protein.
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Il Curso de Bioinformatica: Andlise de Dados Moleculares (Turma 1), 2012. (Outro,
Organizacéo de evento)

2. BATISTA, M.V.A.
Il Curso de Bioinformatica: Andlise de Dados Moleculares (Turma 2), 2012. (Outro,
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3. BATISTA, M.V.A.
IV Curso de Bioinformética: Anédlise de Dados Moleculares, 2012. (Outro, Organizagdo de
evento)

4. BATISTA, M.V.A.
| Curso de Bioinformatica: Ferramentas e Aplicagdes (Turma 1), 2011. (Outro, Organizacdo
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5. BATISTA, M.V.A.
| Curso de Bioinformatica: Ferramentas e Aplicagdes (Turma 2), 2011. (Outro, Organizacdo
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6. BATISTA, M.V.A.
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7. BATISTA, M.V.A.
Il Curso de Bioinformatica: Analise de Dados Moleculares, 2011. (Outro, Organizacdo de
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118



Bancas

Bancas
Participacdo em banca de trabalhos de concluséao

Graduacao

1. BATISTA, M.V.A,, SILVA, W. M., CARDOSO, M.V.

Participagdo em banca de Moisés Thiago de Souza Freitas. Diferenciagdo genética entre duas
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do municipio de Sobral (CE) Brasil, 2011
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