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RESUMO

Os Equus caballus papillomavirus (EcPV) tém sido associados a diversas
neoplasias em equinos, como papilomatose classica e genital, carcinomas de
células escamosas (CCE) e placa aural. Uma vez que os EcPV 2,4, 7 e 9 ja
foram associados a lesGes neoplasicas genitais e penianas em equinos, e que
o papilomavirus bovino (BPV) participa da etiologia do sarcoide equino, o
objetivo deste estudo foi identificar a presenca do BPV 1 e 2 e dos EcPV 1 ao
10 em amostras de CCE e sarcoides em equinos por PCR. Foram avaliadas 50
amostras de sarcoide e 26 amostras de CCE, entre amostras de tecido fresco
congelado e fixado em formalina e embebido em parafina (FFPE). Todas as
amostras tiveram o diagnostico confirmado por histopatologia. O DNA do BPV
foi identificado em 60% (30/50), desses 57% (17/30) foram positivos para o DNA
do BPV 1, enquanto 37% (11/30) positivos para o BPV 2, com codeteccéo
ocorrendo em 6% (2/30) das amostras de sarcoide avaliadas. Enquanto o EcPV
estava presente em 54% (14/26) dos CCE e em 4% (2/50) dos sarcoides
avaliados, confirmadas por meio de sequenciamento. Apenas os EcPV 1 (14%,
2/14) e EcPV 2 (86%, 12/14) foram detectados nas amostras de CCE, enquanto
apenas o EcPV 1 foi identificado nos sarcoides (100% 2/2). Os EcPV 3, 4, 5, 6,
7, 8, 9 e 10 néo foram identificados em nenhuma amostra avaliada. Dessa
forma, os resultados sugerem que além do EcPV 2, o tipo 1 pode ser um
possivel agente envolvido nos casos de CCE e sarcoide em equinos. O
esclarecimento sobre o0s agentes envolvidos nas neoplasias € fundamental para
o direcionamento de medidas preventivas assim como controle mais eficaz

dessas enfermidades.

Palavras-chave: Cavalo; Diagnéstico; EcPV 1; Neoplasias; PCR.
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ABSTRACT

Equus caballus papillomavirus (EcPV) has been associated with several
neoplasms in horses, such as classic and genital papillomatosis, SCC, and aural
plague. Since EcPV 2, 4, 7, and 9 are associated with genital and penile
neoplastic lesions in horses and bovine papillomaviruses (BPV) are involved in
the etiology of equine sarcoid, this study aimed to identify the presence of BPV
and EcPV in samples of squamous cell carcinoma (SCC) and sarcoids in horses
by PCR. Fifty sarcoid samples and 26 SCC samples were evaluated, alloted
between fresh tissue and FFPE samples, all with confirmatory diagnoses
performed via histopathology and tested for the presence of BPV by PCR. BPV
1 and 2 DNA was identified in 60% (30/50) of these, 57% (17/30) were positive
for BPV 1 DNA, while 37% (11/30) were positive for BPV 2, with co-detection
occurring in 6% (2/30) of sarcoid samples. While EcPV were present in 54%
(14/26) of SCC and 4% (2/50) of sarcoids evaluated, confirmed by sequencing.
Only EcPV 1 (14%, 2/14) and EcPV 2 (86%, 12/14) were detected in SCC
samples, while only EcPV 1 was identified in sarcoids (100% 2/2). EcPV 3, 4, 5,
6, 7, 8, 9 and 10 were not identified in any sample evaluated. Thus, the results
suggest that in addition to ECPV 2, type 1 may be a possible agent involved in
SCC and sarcoid cases in horses. Clarification of the agents involved in
neoplasias is essential for directing preventive measures as well as more

effective control of these diseases.

Keywords: Equine; Diagnosis; ECPV 1; Neoplasia; PCR.



CAPITULO |



1. INTRODUCAO

O carcinoma de células escamosas (CCE) e o sarcoide sdo as principais
neoplasias cutaneas descritas em equinos (CARVALHO et al., 2014; CHRISTEN
et al.,, 2014; KNOTTENBELT et al., 2015; ZAHRA et al., 2019). Os CCE séo
tumores epiteliais malignos formados a partir da transformacdo neoplasica de
queratinécitos (SCOTT & MILLER, 2011). As lesbes podem ser encontradas em
qualquer parte do corpo dos equinos, entretanto, sd&o mais comuns em areas de
pele ndo pigmentada e em juncdes mucocutaneas, como ha regido ocular e
genitélia externa (SCOTT & MILLER 2011; SYKORA et al., 2012).

Ja os sarcoides, considerados como tumores fibroblasticos benignos,
apresentam altas taxas de recorréncias e elevada capacidade infiltrativa, o que
dificulta sua resposta a diferentes terapias (PLUMMER, 2005; HOLLIS, 2024).
Presentes em qualquer regido do corpo do equino, mas com maior frequéncia
em regido de cabeca, membros e regido ventral do corpo (SCOTT & MILLER,
2011), os sarcoides podem ser classificados de acordo com sua aparéncia,
como: oculto, verrucoso, nodular, fibroblastico, misto e maligno (KNOTTENBELT
et al., 2015; ZAHRA et al., 2019),

Entretanto, mesmo sendo as principais neoplasias cutaneas identificadas
em equinos (CARVALHO et al., 2014; CHRISTEN et al.,, 2014), alguns dos
agentes envolvidos e os mecanismos relacionados ao desenvolvimento ainda
nao foram totalmente definidos (SYKORA & BRANDT, 2017). Os principais
fatores relacionados ao surgimento dessas neoplasias sdo exposicdo solar
relacionados aos casos de CCE, inflamacdes cronicas e a predisposicéao
genética (SCOTT & MILLER, 2011). Além disso, o papilomavirus desempenha
um papel consideravel no surgimento dessas neoplasias (SYKORA et al.,
2012; KNOTTENBELT et al., 2015; MUNDAY et al., 2021).

Dos papilomavirus, os Equus caballus papillomavirus (EcPV) 2 e 7 séao
relacionados aos casos de CCE em equinos, enquanto a infeccdo pelo Bos
taurus papillomavirus (BPV) tipo 1, 2 e 13 sao considerados os principais fatores
desencadeantes do sarcoide na espécie (LUNARDI et al., 2013; CHRISTEN et
al., 2014; KNOTTENBELT et al., 2015; ZAHRA et al., 2019; MUNDAY et al.,
2021).



Para o diagnostico etiolégico dos casos, a realizacdo da técnica de cadeia
da polimerase (PCR), a imuno-histoquimica e a hibridizacdo sao técnicas
importantes para identificagdo do DNA viral e determinagdo dos agentes
associados a essas neoplasias (CALLAN et al., 2005; KELESIDIS et al., 2011,
ZAKIA et al., 2015; LUFF et al., 2023).

2. REVISAO DE LITERATURA

2.1. Os papilomavirus

Os papilomavirus (PVs) fazem parte da familia Papillomaviridae, que
contém um genoma de DNA viral circular, fita dupla e associado a histonas. S&o
virus ndo envelopados, com 55 nm de didametro e 6,8 a 8,4 kb de tamanho,
compostos de 72 capsdmeros hexavalentes em arranjos pentaméricos (Figura
1). O genoma codifica cerca de 8 a 10 proteinas, duas, sendo a L1 e L2,
formadoras do capsideo (SCOTT & MILLER, 2011; TORRES & KOCH, 2013;
RAMSAUER et al., 2019).

Figura 1. A — Representagdo do capsideo de BPV. B — Micrografia eletronica de
contraste negativo de virions do (HPV-1) (Adaptado de MACLACHLAN &
DUBOVI, 2017).

As infecgBes pelos PVs podem resultar em casos assintomaticos ou
manifestacbes clinicas observadas através da formacdo de papilomas ou
verrugas na pele, desencadeada a partir da proliferacdo epitelial (SCOTT &



MILLER, 2011; TORRES & KOCH, 2013; ARALDI et al., 2017). Na maior parte
dos casos, as lesdes tumorais sdo benignas e podem se estabilizar ou regredir
espontaneamente, como o0s casos da papilomatose viral equina (SCOTT &
MILLER, 2011; DONG et al., 2017), contudo podem evoluir para neoplasias
malignas (TORRES & KOCH, 2013; JONES, 2022; HOLLIS, 2024).

Os papilomavirus infectam principalmente queratindcitos basais induzindo
hiperplasia epitelial, contudo podem também provocar a proliferacdo de
fibroblastos, desencadeando a formagé&o dos fibropapilomas (SCOTT & MILLER,
2011; PETERS-KENNEDY et al., 2020). Sao virus que apresentam elevada
especificidade com seus hospedeiros (MACLACHLAN & DUBOVI, 2017;
RAMSAUER et al.,, 2019), com excecdo apenas ao papilomavirus bovino
(LUNARDI et al., 2013; CHRISTEN et al., 2014; YAMASHITA-KAWANISHI et al.,
2021) e ovino (De FALCO et al., 2024), identificados em tecidos de sarcoide na
espécie equina.

A associacao entre a presenca dos PVs e a ocorréncia de neoplasias foi
inicialmente descrita em coelhos em 1935, seguido da confirmacdo desses
agentes virais em amostras de carcinomas cervicais em humanos em 1980
(MACLACHLAN & DUBOVI, 2017). Posteriormente, a capacidade oncogénica
dos papilomavirus foi atribuida principalmente as oncogenes E6 e E7, as quais
sdo responsaveis pelo controle da replicacdo e traducédo viral (De VILLIERS et
al., 2004; SCOTT & MILLER, 2011), atuando diretamente na inibicdo do reparo
celular, fragmentacdo do DNA do hospedeiro, provocando instabilidade
gendmica; além de alteragcbes no ciclo celular e alteracdes citogenéticas
(ALFIERI et al., 2007; ARALDI et al., 2017; KAYNARCALIDAN & OGUZOGLU,
2021) (Figura 2).
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Figura 2. Mecanismo de acéo das oncogenes virais E6 e E7 no desenvolvimento
de células neoplasicas. A partir da ligacdo da oncogene E6 ao p53 (gene de
supressao tumoral) ocorre a degradacdo dessa proteina, impedindo controle do
ciclo celular e a inibicdo da apoptose celular. Enquanto a oncogene E7 é
responsavel pela ligacdo ao pRb (gene supressor tumoral), causando
desregulacéo da proliferagcdo celular (Adaptado de HOPPE-SEYLER et al.,
2017).

A expressao da oncoproteina E7 do HPV sozinha leva a desregulacao da
proliferacdo celular pela inativacdo de pRb (e outros fatores), que pode ser
neutralizada pela apoptose induzida por p53, eliminando assim células
desreguladas pelo crescimento (caminho superior). A expressdo concomitante
de E6 induz a degradacdo proteolitica de p53 por meio da formacdo de um
complexo trimérico E6/E6AP/p53. Consequentemente, a resposta apoptética em
direcdo a E7 é bloqueada, permitindo o crescimento de células sob o estimulo
de crescimento anormal exercido por E7.

A organizacdo do genoma viral difere entre os géneros individuais de
papilomavirus, mas de forma geral sédo divididas em trés regides especificas:
regido de genes iniciais, regido de genes tardios e regido de cddon longo
(MACLACHLAN & DUBOVI, 2017). Os genes iniciais (E) codificam proteinas
ligadas a replicacédo viral (E1, E2 e E4) e as oncoproteinas (E5, E6 e E7). As

proteinas E1, E2 e E4 atuam na replicacdo do material genético, enquanto a E4



também é descrita como responsavel pela maturacéo viral e remodelacdo da
matriz extracelular (ARALDI et al., 2017; KAYNARCALIDAN & OGUZOGLU,
2021).

A regido de genes tardios (L) codifica as proteinas estruturais L1 e L2 do
capsideo viral (De VILLIERS et al., 2004; GHIM et al., 2009), tem 80% da sua
composicao pela proteina L1, o que a torna como escolha na identificacdo de
novos genotipos (De VILLIERS et al., 2004; ARALDI et al., 2017); enquanto a L2
possui capacidade de induzir anticorpos neutralizantes facilitando a penetracéo
do virus na célula infectada (ALFIERI et al., 2007; MACLACHLAN & DUBOVI,
2017). Ja a regiado de codon longo, atuam na regulacédo da replicagéo viral (De
VILLIERS et al., 2004; TORRES & KOCH, 2013).

A infeccdo tem inicio apds a entrada do PV através de microlesdes na
pele, sendo transportados ao reticulo endoplasmatico das células basais, onde
iniciardo o processo de replicacdo (Figura 3). Durante a infec¢do produtiva, a
transcricdo das regibes codificadoras E e L é controlada por promotores
separados e ocorre na mesma fita de DNA. Primeiro, 0s genes E séo transcritos
produzindo as proteinas envolvidas na replicacdo do virus e regulacéo celular.
As proteinas estruturais, que estdo envolvidas na montagem do capsideo, sao
transcritas da outra metade do genoma viral apenas quando as células epiteliais
diferenciadas se aproximam da superficie do epitélio. Os papilomavirus nao
causam lise celular, os virions séo liberados somente apos as células terem sido
descamadadas e degradadas na superficie epitelial (TORRES & KOCH, 2013;
MACLACHLAN & DUBOVI, 2017; JONES, 2022).

Figura 3. Eventos na infeccao de queratindcitos pelo papilomavirus. (1) Infeccéo

priméria — células do estriado germinativo (basal). (2) Proliferacdo lenta das



células infectadas. (3) Diferenciacdo celular associada a formacdo de um
papiloma, com eliminacdo dos virions com células esfoliadas do estrato basal.
(Adaptado de MACLACHLAN & DUBOVI, 2017).

Na avaliacdo histologica, a infeccdo latente ndo apresenta alteragdes,
contudo, no processo de replicacdo, essas células podem estar aumentadas e
com a presenca de coilocitose, alteragédo que consiste em células com nucleos
picnéticos, contornados por extensos halos claros com volume geralmente
superior ao citoplasma caracteristicos das lesées de PV nas células afetadas
(XAVIER et al., 2005; MACLACHLAN & DUBOVI, 2017). Outras formas de
identificacdo do virus sdo a deteccdo de proteinas do papilomavirus utilizando
imuno-histoquimica, técnicas moleculares como amplificagdo por PCR,
hibridizacao in situ e sequenciamento de proxima geracédo (CLAUS et al., 2009;
LANGE et al., 2013; ZAKIA et al., 2015; LINDER et al., 2018; BROMBERGER et
al., 2023).

2.2. Bos taurus papillomavirus

O Bos taurus papillomavirus (BPV), pertencentes a familia
Papillomaviridae, sédo agrupados em quatro tipo de géneros: Deltapapillomavirus
(BPV 1, 2, 13 e 14), Epsilonpapillomavirus (BPV 5 e 8), Xipapillomavirus (BPV 3,
4, 6, 9, 10, 11, 12 e 15) e Dioxipapilomavirus (BPV 7) (ARALDI et al., 2017;
HASPESLAGH et al., 2018). Desses géneros, o Deltapapillomavirus e
Epsilonpapillomavirus sdo associadas a formacdo de papilomas e
fibropapilomas, enquanto o Xipapillomavirus, por conta de suas caracteristicas
epiteliotrépicas, é relacionado ao desenvolvimento de papilomas (CLAUS et al.,
2009; SCOTT & MILLER, 2011; ARALDI et al., 2017).

O BPV séo virus apresentam elevada especificidade com seu hospedeiro
(SCOTT & MILLER, 2011), contudo, a excecao € feita aos casos do BPV na
espécie equina, no qual foram identificados como o0s principais agentes
relacionados ao desenvolvimento neoplasico do sarcoide na espécie
(KNOTTENBELT et al., 2015; MUNDAY et al., 2021). A transmissao é descrita
principalmente por meio da inoculagéo do agente viral na pele dos animais por
fémites, contato direto entre os animais e vetores mecanicos (MACLACHLAN &
DUBOVI, 2017; HASPESLAGH et al., 2018).

Nos bovinos, os papilomas sdo mais descritos em animais jovens,
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contudo bovinos de todas as idades podem ser afetados (CLAUS et al., 2009;
MACLACHLAN & DUBOVI, 2017). Os papilomas cutaneos sédo neoplasias
benignas proliferativas caracterizadas pela formacédo hiperplasica do epitélio
(SCOTT & MILLER, 2011), que sé&o classificados em papilomas tipicos,
pedunculados, atipicos ou planos, e flamentosos (ARALDI et al., 2017).

Podem persistir por 1 a 6 meses antes que haja a regressao espontanea
mediadas pelo sistema imune do hospedeiro. Raramente as infec¢cbes se tornam
persistentes ou cursam com grandes complicacdes, geralmente esses casos séo
associados ao desenvolvimento maligno da leséo, afec¢des secundarias ou por
complicacbes mediadas a localizacdo das lesbes (CLAUS et al., 2009;
MACLACHLAN & DUBOVI, 2017).

2.3 Equus caballus papillomavirus

Até o momento, foram descritos 16 tipos de papilomavirus que infectam
equinos e muares, sendo dez tipos de papilomavirus equino (EcPV 1 ao EcPV
10) (LI et al., 2019; PETERS-KENNEDY et al., 2019; De PAOLIS et al., 2022;
TURCO et al., 2023), trés do papilomavirus da espécie Equus asinus (EaPV 1,
EaPV 2 e EaPV 3) (LECIS et al., 2014; IKECHUKWU et al., 2024); e trés tipos
de papilomavirus bovino (BPV 1, BPV 2 e BPV 13) (MARTENS et al., 2001;
LUNARDI et al., 2013; MUNDAY et al., 2021).

Nos equinos, os EcPVs estdo associados a ocorréncia de papilomatose
genital e generalizada, placas auriculares, placas genitais e massas penianas
(LANGE et al., 2011; LANGE et al., 2013; TANIWAKI et al., 2013; TORRES et
al., 2013; DONG et al., 2017; LINDER et al., 2018; BROMBERGER et al., 2023).
Também foram identificados em lesdes proliferativas benignas em equinos
jovens (POSTEY etal., 2007), em carcinomas de células escamosas (ALLOWAY
et al., 2020; TUOMISTO et al.,, 2024), no sémen de equinos com lesdes
penianas, em animais inférteis e assintomaticos (DE PAOLIS et al., 2022;
TURCO et al., 2023). Além da infeccdo pelo BPV diretamente relacionada a
etiologia do sarcoide (TAYLOR & HALDORSON, 2013; CHRISTEN et al., 2014;
ALCANTARA et al., 2015; KNOTTENBELT et al., 2015; ZAHRA et al., 2019).

2.4 Sarcoide

Os sarcoides sao neoplasias cutaneas frequentemente identificadas em
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equinos (MACLACHLAN & DUBOVI, 2017; MUNDAY et al., 2021; HOIKHMAN
et al.,, 2023). Sdo tumores fibroblasticos benignos, de carater invasivo e
localmente agressivo com alta taxa de recorréncia mesmo apos instituicdo de
medidas terapéuticas (PLUMMER, 2005; POSTEY et al., 2007; HOLLIS, 2024).

A ocorréncia do sarcoide é frequentemente relacionada a historico
anterior de traumas com indicios da transmissdo para outros animais ou
expansao para outras areas do corpo por meio de friccdo, mordidas, fémites e
insetos, principalmente moscas responsaveis por disseminar o DNA viral do
BPV, relacionado ao desenvolvimento dos sarcoides (SCOTT & MILLER, 2011).
Séao encontrados em qualquer regido do corpo dos equinos de forma Unica ou
multipla, mas sdo mais frequentes em regido de cabeca, abdémen, membros e
em areas de cicatrizes (SCOTT & MILLER, 2011; MACLACHLAN & DUBOVI,
2017; ZAHRA et al., 2019).

Os sarcoides podem ser classificados de acordo a sua apresentacao
clinica em: oculto, verrucoso, nodular, fibroblastico, misto e maligno (SCOTT &
MILLER, 2011; HOIKHMAN et al., 2023). Os sarcoides do tipo verrucoso,
apresentam intensa hiperplasia da epiderme com queratinizacdo acentuada,
podendo se assemelhar a papilomas equinos, no entanto, a regressao
espontanea raramente € observada nos sarcoides (POSTEY et al., 2007). O
tipo fibroblastico é circunscrito, semelhantes a tecido de granulacao, devido a
proliferacdo elevada de fibroblastos e colageno (SCOTT & MILLER, 2011). Ja
0 oculto, consiste em massas nodulares de variados tamanhos no tecido
subcutaneo, formadas por intensa proliferacdo de fibroblastos e colageno;
enquanto o tipo misto, apresenta combinacdo entre todas as outras formas
(TAYLOR & HALDORSON, 2013; ZAHRA et al., 2019).

Quanto a etiologia dos sarcoides, inUmeros fatores sao atribuidos ao
desenvolvimento neoplasico, contudo os BPV 1, 2 e 13 tém sido reconhecidos
como o fator etioldgico mais importante (LUNARDI et al., 2013; CHRISTEN et
al., 2014; KNOTTENBELT et al., 2015; ZAHRA et al., 2019; HOLLIS, 2024).

Embora os BPVs sejam relacionados a maioria dos casos de sarcoide
equino (SCASE et al., 2010; CHRISTEN et al., 2014; GAYNOR et al., 2015,
HOIKHMAN et al., 2023), outros agentes podem estar envolvidos no
desenvolvimento dessas lesfes. Devido ao fato de que em trabalhos recentes,
0 EcPV 2 (MUNDAY et al., 2021) e 0 OaPV (1, 3 e 4) (De FALCO et al., 2024)
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foram identificados em amostras de sarcoide na espécie equina.

2.5 Carcinomas de células escamosas

Das neoplasias de pele que acometem os equinos, o CCE é a segunda
mais frequente (HIBI et al., 2019; HOLLIS 2024). E uma neoplasia localmente
invasiva e de crescimento lento, identificadas principalmente em areas de pele
despigmentada e jun¢cdes mucocutédneas, como regido ocular e genitélia externa
(YAMASHITA-KAWANISHI et al., 2021; TURA et al., 2022; TUOMISTO et al.,
2024). Contudo podem estar presentes em regides de cavidade oral, plano nasal
e tecido gastrico (MORRISON et al, 2019; ALLOWAY et al., 2020;
PORCELLATO et al., 2020).

Nos estagios iniciais, os CCE podem se apresentar como placas
esbranquicadas que dao origem a pequenas Ulceras granuladas que nao
cicatrizam. Essas Ulceras progridem lentamente para a formacdo de massas
proliferativas semelhantes a couve-flor (SYKORA & BRANDT, 2017;
MORRISON et al., 2019). A metastase € comum, entretanto ocorre de forma
lenta e em sua maioria como consequéncia aos diagndsticos tardios ou auséncia
da instituicdo de medidas de tratamento das lesGes (SCOTT & MILLER, 2011;
HOLLIS, 2024).

O CCE acomete qualquer espécie, com maior ocorréncia em animais mais
velhos, sendo identificado em equinos com idades de 10 a 20 anos (HOLLIS,
2024). A prevaléncia dos casos € relacionada com animais de pele e pelo
despigmentados (TURA et al., 2022; TUOMISTO et al.,, 2024) e expostos a
elevada incidéncia de luz solar. Contudo, lesdes cronicas, predisposicao
genética e a presenca do papilomavirus equino séo fatores associados a
etiologia do CCE (SCOTT & MILLER, 2011; TURA et al., 2022; HOLLIS, 2024).

Nos humanos, nos cées e nos gatos, 0os papilomavirus tém um papel
etioldgico reconhecido (CALLAN et al., 2005; VILLAGOMEZ-ORTIZ et al., 2016;
VASCELLARI et al., 2019; MELO et al., 2020). Nos equinos, a infec¢cao pelo
EcPV 2 tem sido reconhecida como um dos principais fatores associados a
ocorréncia dos CCE em regido gastrica (HIBI et al., 2019; ALLOWAY et al., 2020;
PORCELLATO et al., 2020), genital (YAMASHITA-KAWANISHI et al., 2021;
TURA et al., 2022) e ocular (TUOMISTO et al., 2024). Além do tipo 2, outros

estudos evidenciaram a presenca dos EcPV 4, 7 e 8 nessas lesbes (PETERS-
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KENNEDY et al., 2019; PETERS-KENNEDY et al., 2020; MUNDAY et al., 2024),
demonstrando uma possivel participacdo desses agentes no desenvolvimento

dessa neoplasia.
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O trabalho a seguir foi redigido de acordo com as normas da revista Journal
of Equine Veterinary Science (https://www.sciencedirect.com/journal/journal-

of-equine-veterinary-science>).

Original Research:
Detection of EcPV and BPV DNA in samples of squamous cell carcinoma and

sarcoid in horses.

ABSTRACT:

Equus caballus papillomavirus (EcPV) has been associated with several
neoplasms in horses, such as classic and genital papillomatosis, squamous cell
carcinoma (SCC), and aural plaque. Since EcPV 2, 4, 7, and 9 are associated
with genital and penile neoplastic lesions in horses and bovine papillomaviruses
(BPV) are involved in the etiology of equine sarcoid, this study aimed to identify
the presence of EcPV in samples of squamous cell carcinoma (SCC) and
sarcoids in horses by PCR. Fifty sarcoid samples and 26 SCC samples were
evaluated, distributed between fresh tissue and FFPE samples, all with
confirmatory diagnoses performed via histopathology and tested for the presence
of BPV by PCR. BPV 1 and 2 DNA was identified in 60% (30/50), of these, 57%
(17/30) were positive for BPV 1 DNA, while 37% (11/30) were positive for BPV 2,
with co-detection occurring in 6% (2/30) of sarcoid samples. While EcPV were
present in 54% (14/26) of SCC and 6% (2/50) of sarcoids evaluated, confirmed
by sequencing. Only EcPV 1 (14%, 2/14) and EcPV 2 (86%, 12/14) were detected
in SCC samples, while only EcPV 1 was identified in sarcoids (100% 2/2). EcPV
3,4,5,6, 7,8, 9 and 10 were not identified in any sample evaluated. Thus, the
results suggest that in addition to EcCPV 2, type 1 may be a possible agent
involved in SCC and sarcoid cases in horses. Enlightenment of the agents
involved is essential to direct preventive measures and more effective control of

these diseases.

Keywords: horse, sarcoid, carcinoma, PCR, papillomavirus.
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1. Introduction

Among the skin tumors that affect horses, squamous cell carcinomas (SCCs) and
sarcoids are the most common [1,2]. Even though they are common neoplasms,
the agents involved, and the mechanisms related to their development are not
fully understood [1]. Among the related factors, sun exposure, chronic
inflammation, genetic predisposition, and the presence of papillomavirus, which
play considerable roles in the formation of these lesions, are the most described
[3-5].Infection by Equus caballus papillomavirus (EcPV) 2 is the main factor
related to the process of SCC formation in the gastric [6,7], genital [8,9] and ocular
[10] regions. In addition, EcPV 7 is related to the formation of SCCs in the penile
and oropharyngeal regions of horses [11]. The presence of BPV DNA in sample
of sarcoid is considered the main factor contributing to neoplastic development in

this species [2,12].

To date, 16 types of papillomaviruses that infect horses and mules have been
described, including three types of Bos taurus papillomavirus (BPV 1, BPV 2, and
BPV 13) [2, 12-13], three types of Equus asinus papillomavirus (EaPV1, EaPV2,
and EaPV3) [14,15], and ten types of Equus caballus papillomavirus (EcPV1 to
EcPV10) [16-19].

In horses, EcPV are associated with the occurrence of genital and generalized
papillomatosis, aural plaque, genital plaques, and penile masses [20-26], benign
proliferative lesions in young horses [27], squamous cell carcinomas [6,10], and
in the semen of horses with penile lesions, infertile and asymptomatic [18,19].
Owing to the high prevalence of ECPV in several neoplasm and the fact that SCC
and sarcoid are the two main neoplasms observed in horses, this study aimed to
identify the presence of BPV 1 and 2, and EcPV 1 to 10 in SCC samples and
sarcoid samples from fresh tissue (biopsies) and formalin-fixed, paraffin-
embedded (FFPE) tissue.

2. Materials and Methods



22

2.1. Ethics Committe e approval

This study was approved on December 5, 2022, by the Animal Use Ethics
Committee (CEUA) of FMVZ/Unesp (CEUA Protocol 0265/2022).

2.2. Sample selection and DNA extraction

To assess the presence of BPVs and EcPV, 50 sarcoid samples and 26 SCC
samples were distributed between fresh tissue and FFPE samples (Table 1). The
samples had their respective diagnoses confirmed by histopathological
evaluation. The fresh tissue samples were collected from horses from the state
of S&o Paulo and stored by the Molecular Biology Laboratory of the Veterinary
Clinics of the Sdo Paulo State University/Brazil (LBMCV-UNESP) and kept at -80
°C. The FFPE samples were provided by the Service of Veterinary Pathology at
the Universidade Federal do Rio Grande do Sul (SPV-UFRGS).

For fresh tissue samples, DNA was extracted from 20 mg of each sample via the
GenElute™-E Single Spin Tissue DNA Kit (Promega Corporation, Madinson,
USA), according to the manufacturer's instructions. While each block of paraffin
samples was cut into 10 “slices” with 5 ym thickness each, and DNA extraction
was performed using the RetaliaPrep™ FFPE gDNA Miniprep System Kit
(Promega Corporation, Madinson, USA), according to the manufacturer's
instructions. The microtome blade was changed and the equipment was cleaned
to avoid DNA cross-contamination. The DNA purity and concentration were
determined using the Nanodrop (Thermo Scientific) by calculating the A260:A280
and A260:A230 ratios and stored at — 20°C until PCR was performed.

2.3. PCR procedures

The primers used to detect de EcPV e BPV DNA were previously described
(Table 2). The PCR mixture final volume 25uL contained 12.5 uL of the GoTaq®
Green Master Mix (Promega Corporation, Madinson, USA), 0.7 pL of each of the
forward and reverse primers corresponding for each viral type (Table 2), 8.6 pL
of nuclease-free water and 2.5 yL of DNA from each sample. To verify the
presence of amplifiable DNA, PCR using equine B-actin gene primers was also

performed for all samples [28]. The PCR products were analyzed by 1.5%



23

agarose gel electrophoresis. Synthetic mini-genes previously described [26,27]

were used as PCR positive controls for undetected EcPV.
3. Results

Bovine papillomavirus (BPV) DNA was identified in 60% (30/50) of the sarcoid
samples evaluated. Of these, 57% (17/30) were positive for BPV 1 DNA, while
37% (11/30) were positive for BPV 2, with co-detection occurring in 6% (2/30) of
the samples evaluated. Regarding the location of the lesions, there was no
specificity of the viral type regarding the affected areas (Table 3). In CCE
samples, BPV DNA was not detected.

EcPV were identified in 54% (14/26) of the SCC samples and in 4% (2/50) of the
sarcoids evaluated in the present study. Among the positive samples, the
presence of EcPV 1 (14%, 2/14) and EcPV 2 (86%, 12/14) DNA was detected in
the SCC samples, whereas only EcPV 1 was detected in the positive sarcoid
samples. EcPV 3, 4, 5, 6, 7, 8, 9, and 10 were not found in any of the samples
evaluated.

According to the locations of the lesions (Table 4). EcPV 1 was identified in SCC
samples from the ocular region (2/14), whereas EcPV 2 was identified in samples
from the vulvar (4/14), ocular (4/14), penile (2/14), nasal plane (1/14), and anal
(1/14) regions. For the sarcoid samples, EcPV 1 was identified only in lesions in
the inguinal region (2/2).

The B-actin gene was amplified in all samples, confirming the presence of
amplifiable DNA in these samples and all mini-genes used as positive controls
were detected in all assays, showing that the PCR was adequately standardized.

4. Discussion

The papillomaviruses play an important role in the development of neoplasias in
humans and animals [5,29]. In recent years, there has been a considerable
increase in the number of papillomaviruses identified, as well as in pathologies
related to the presence of viral DNA in horses [15-19,29,30]. SCC and sarcoid
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are the two main cutaneous neoplasms in the equine species [1,2,9], both of

which are related to the presence of papillomavirus [4,5,17,19].

Using molecular techniques, BPV DNA was identified in 86—100% of equine
sarcoid samples evaluated [13,29,31]. However, unlike these values, the results
obtained in this study, BPV were detected in only 60% (30/50) of sarcoid samples.
Bovine papillomavirus (BPV) plays a significant role in the etiology and
pathogenesis of equine sarcoid [2,13,29]. However, the presence of BPV viral
DNA alone in the skin of hosts is not necessarily sufficient to induce the formation
of neoplastic masses [31]. Other factors, alone or associated with BPV, are
correlated with the development of this neoplasia, such as cases of previous
traumatic injuries, immune status and genetic predisposition of the host

[13,32,33], which could justify the percentage of cases found in this study.

However, other agents may be related to a possible association with equine
sarcoid. In this study, EcCPV 1 DNA was also identified in sarcoid samples from
lesions in the inguinal region. The presence of BPV DNA is associated with its
direct involvement in the etiology of sarcoids. Previously, only BPV 1 and 2 were
related to sarcoids in horses; however, some studies identified the presence of
BPV 13 [13], EcPV 2 [34] and OaPV 1, 3 and 4 [35] in these lesions.

Regarding the distribution of types of BPV, it is noted that there appear to be
regional differences in their occurrence. In North America and New Zealand most
sarcoids are caused by BPV 2, whereas in Europe, Japan and Australia appear
to be caused mainly by BPV 1 [2,29]. Similar to these latest studies, sarcoid
samples were positive mainly for BPV 1 DNA in the present study. One of the
main justifications for this regional difference involves the predominance of BPV
that infect cattle in each location, as cattle are frequently infected with several
types of BPV [29,33]. What are the cases of the presence of BPV 13 in equine
sarcoids in Brazil [13] that have not been detected in other countries. This variant

was not evaluated in this research and will possibly be described in future work.

Among the SCC samples analyzed in this study, the presence of EcPV 2 was
confirmed in 86% (12/14) of the samples, which is in agreement with studies in

which it was possible to demonstrate the close relationship of this viral type with
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the occurrence of SCC in horses [4,6-10,36,37]. Although EcPV 2 is well
recognized in the etiology of SCC, in some studies, it has not been identified [11],
which may be related to the multifactorial etiology of the neoplasia, as well as the
possible involvement of other viral types in its development [38,39]. Posteriorly,
few studies have investigated the occurrence of other viral types in SCC patients.
In research carried out by Kainzbauerand collaborators [38], it was possible to
identify the association of BPV 1 with EcPV 2 in an SCC of the ocular region of a
pony, and more recently, the presence of EcPV 7 was confirmed in a penile

squamous cell carcinoma by Munday and collaborators [14].

The presence of other viral types in SCC samples justifies the findings of this
study, where only the presence of EcCPV 1 was detected in two SCC samples
from the ocular region. The absence of coinfection with ECPV 2 in these cases
differs from that described by Kainzbauerand colaborators [38], which suggests
a possible direct action of the virus in triggering neoplasia. The presence of EcPV
1 in these samples can be explained by the SCC development mechanism. In
general, EcPV 1 is frequently related to cases of generalized and cutaneous
papillomas in equines [40]; however, papillomatous lesions can trigger the
formation of SCC, which would justify the presence of ECPV 1 in these samples
[24,39].

EcPV 1 is frequently associated with cases of classical papillomatosis [41] and
aural plaque in equine species [25,26,41,42]. To date, no other reports of ECPV-
1 involvement with other neoplasms in this species have been published. The
presence of EcPV1 in the SCC and sarcoid samples identified in this work
reinforces the idea that other agents are associated with the etiology of this
neoplasia [11,13,34,35,38], but further research is needed to elucidate this

phenomenon better.
5. Conclusion

The results suggest that, in addition to EcPV 2, EcPV 1 may be a possible agent
involved in cases of SCC and sarcoid in horses. EcPV 2 is frequent in samples
of SCCs from the ocular, oral, and genital regions of horses. The presence of

EcPV 1 in the SCC of the ocular region and sarcoids in the groin region suggests
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that it may influence the formation of these neoplasms, but further research is

needed to confirm this statement.

The detection of EcPV 3 to 10, was not observed in any of the samples evaluated.
Clarification of the agents involved in neoplasms is essential for determining

preventive measures, especially those related to the immunization of animals.
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Table 1. Distribution of samples used in this study

Samples Fresh Tissue FFPE Total
SCC 10 16 26
Sarcoid 5 45 50
Table 2. PCR and sequencing primer sets usedin this study.
Primers Product (bp) Melting  Authors
IPECPVL GTGGTGTCTGGCTCCTTATTT 186 56 °C Mira et al. [41]
GGTATCCTTCTCCCTCTCATCT
IPECPV2 ATGGTAACAGCGAGCGTATG 179 52 °C Mira et al. [41]
CGAGGTCTCTGGGTTGTAAATG
IJPECPV3 TTGCGCCAGGTTTCCACATCTA 116 60 °C Zakia et al. [43]
TTGTTCTGGCCTTGTGCACGTT
IPECPV4 ACAATGGTGTTTGCTGGCACGA 187 60 °C Zakia et al. [43]
TTGTTCTGGCCTTGTGCACGTT
JPEcPY5 ~ GGCTCCGTAGACATTCCTAAAG 184 62 °C Zakia et al. [43]
CTGTTACACCCACGCCTAAT
JPEcPVE  CTACCAGAGGAACGAGCTTTAC 203 62 °C Zakia et al. [43]
TAGCTCCCAATCCTCCAAGATA
JPECPV7 GGACGTATGGAGTGACTTTG 202 60 °C Mira et al. [41]
TTTCCATAGGGTCGGGTAG
Peters-Kennedy et
EcPV 8 CTCAATAGGAGGGCAAGACC 392 55°C al. [17]
AAACAGTCACGGTTCCCAAG
Bromberger et al.,
CB_ECPVO CCGTGGAGTTTGAGGAAGAAA 202 60 °C [25]
CCATTATATCCTCGCGTGGTG
EcPV10 GTGTCACAGGTAACCCCTG 175 60 °C Turco et al. [19]
AAGCGTGTCTTCCTCCAGTG
IJMBPV1 AGCTGTGATTTCCACAGAGC 111 60 °C Munday et al. [29]
TGGAACCCCACTAACAGAGT
IMBPV2 CTGTGCCTCCTAGTGGTTGG 198 60 °C Munday et al. [29]
TACCAAGTCACTGTGGGGGA
60°C  Oliveira-Filho et al.
Bactin CATTGTCCACCTTCCAGCAGATGT - 28]

CTAGAAGCATTTGCGGTGGACGAT




Table 3. Distribution of positive sarcoid samples, according to lesion location.
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Tissue N° of samples Lesion location BPV ECPV
Fresh 2 Groin - EcPV 1
FFPE 1 Armpit/chest BPV 1 -
FFPE 1 Chest/corner of the mouth BPV 1 -
FFPE 1 Ear BPV 1 -
FFPE 1 Ventral abdomen BPV 1 -
FFPE 1 Axila/ear BPV 1 -
FFPE 1 Face/chest/ear BPV 1 -
FFPE 1 Limbs BPV 1 -
FFPE 1 Neck BPV 1 -
FFPE 1 Eyelid BPV 1 -
FFPE 1 Chest/Limbs BPV 1 -
FFPE 1 Fetlock BPV 1 -
FFPE 1 Scapula BPV 1 -
FFPE 2 Face BPV 1 -
FFPE 3 NI BPV 1 -
FFPE 1 Face/flank BPV 2 -
FFPE 1 Neck/croup BPV 2 -
FFPE 1 Inguinal BPV 2 -
FFPE 1 Scapula/Limbs BPV 2 -
FFPE 1 Neck/fetlock BPV 2 -
FFPE 1 Croup BPV 2 -
FFPE 1 Eyelid BPV 2 -
FFPE 1 Limbs BPV 2 -
FFPE 1 Chest BPV 2 -
FFPE 2 NI BPV 2 -
FFPE 1 Eyelid/ventral abdomen BPV 1,2 -
FFPE 1 Pastern BPV 1, 2 -

NI - Not informed
Table 4. Distribution of positive SCC samples, according to lesion location.

Tissue N° of samples Lesion location BPV ECPV
Fresh 2 Ocular - EcPV1
Fresh 2 Penile - EcPV 2
FFPE 4 Vulvar - EcPV 2
FFPE 4 Ocular - EcPV 2
FFPE 1 Perianal - EcPV 2
FFPE 1 Nasal plane - EcPV 2
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Conclusao Geral

Os resultados obtidos nesse trabalho reforcam a presenca do BPV 1 e 2 em
lesGes de sarcoide equino, bem como a presenca do EcPV 2 em amostras de
CCE de regido ocular, oral e genital da espécie. A identificacdo do DNA do EcPV
1 em CCE de regiao ocular e tecidos de sarcoide em regido de virilha sugere que
pode haver a influéncia desse tipo viral na formacdo dessas neoplasias, sendo

necessario mais pesquisas para confirmacao.

Os EcPV 3, 4, 5, 6, 7, 8, 9 e 10 nao foram identificados em nenhuma das

amostras avaliadas.

O esclarecimento a respeito dos principais agente envolvidos e fatores
desencadeadores da carcinogénese sédo fundamentais para o direcionamento de
medidas preventivas e de controle dos casos abordados, principalmente aquelas

voltadas para a imunizacdo dos animais.
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