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RESUMO

Tese de doutorado
Programa de Pés-Graduacao em Medicina Veterinaria
Universidade Federal de Santa Maria

PATOGENESE DOS CARCINOMAS DE CELULAS ESCAMOSAS
ALIMENTARES ASSOCIADOS AO CONSUMO DE Pteridium aquilinum
EM BOVINOS

AUTOR: EDUARDO KENJI MASUDA
ORIENTADORA: GLAUCIA DENISE KOMMERS
Local e Data da Defesa: Santa Maria, 17 de dezembro de 2010.

Segundo a teoria da patogénese da sindrome papiloma-carcinoma, a formagao do papiloma é o ponto crucial
para o desenvolvimento dos carcinomas de células escamosas (CCEs) no trato alimentar superior (TAS) de
bovinos. A partir da sua manutengdo por longos periodos no TAS, devido aos imunossupressores presentes na
samambaia (Pteridium aquilinum), os ceratinocitos do papiloma em constante multiplicag@o se tornariam alvos
para os carcinogenos da planta promoverem a transformacdo carcinomatosa. Muitas evidéncias da sindrome
papiloma-carcinoma foram observadas in vitro. No entanto, elas ainda ndo foram totalmente comprovadas in
vivo. Os objetivos deste estudo foram, portanto, avaliar aspectos fundamentais da patogénese da formagdo dos
CCEs no TAS em bovinos que pastoreiam naturalmente por longos periodos areas altamente infestadas por
Pteridium aquilinum. Para isso, 168 lesdes epiteliais iniciais foram avaliadas no TAS de 60 bovinos com CCEs
alimentares provenientes de areas com samambaia. Papilomas desenvolvidos perfizeram mais de 50% dos
papilomas estudados, com alguns em crescimento (18,5%), em transformagdo carcinomatosa (18,5%) e poucos
em regressdo (9%). A transformagdo carcinomatosa de papilomas pode representar a evidéncia morfologica da
necessidade do papiloma para a formagdo de CCEs. No entanto, 72 lesdes intra-epiteliais escamosas (SILs)
também estavam presentes no TAS desses bovinos. A maior parte das SILs (70%) representava lesdes
displasicas moderadas, acentuadas e CCEs in situ, com quantidade significativa de CCEs em estagio inicial. Em
humanos, lesdes semelhantes estdo presentes em pacientes que abusam cronicamente do alcool/tabaco. As SILs
no trato aerodigestivo de humanos sdo potencialmente malignas ¢ podem evoluir para CCEs. As SILs nos
bovinos do presente estudo podem, portanto, representar uma via alternativa de formagdo de CCEs no TAS, sem
a necessidade da transformagdo do papiloma em carcinoma. A necessidade do papiloma para a formagdo de
CCEs alimentares em bovinos também foi avaliada através da imuno-histoquimica. Trinta CCEs da regido
cranial do TAS (incluindo base da lingual, faringe/orofaringe e epiglote) foram avaliados quanto a origem acinar
ou ductal salivar utilizando-se o anticorpo anti-citoceratinas 7/8 para epitélio simples. Dos 30 CCEs analisados,
nove tinham evidéncias morfologicas de transformag@o neoplasica proveniente de ducto salivar. Destes, um foi
confirmado pela imuno-histoquimica. Como o papilomavirus necessita de estratificagdo epitelial para a formagao
do papiloma, a confirmacdo de CCE de origem ductal salivar simples sugere que também ndo haja a necessidade
do papiloma para o desenvolvimento de CCEs no TAS de bovinos que pastoreciam em samambaia.
Paralelamente, o grau de imunossupressdo por linfopenia, supostamente necessaria para a manutengdo dos
papilomas, também foi avaliada nos casos espontaneos de CCE no TAS de bovinos de areas com samambaia.
Papilomatose alimentar foi observada em todos os 40 casos estudados. No entanto, imunossupressdo por
linfopenia foi incomum (trés casos) e ndo estava relacionada com o grau de papilomatose. A auséncia de
linfopenia em bovinos com papilomatose alimentar indica que os mecanismos para a manutencéo dos papilomas
ndo estejam relacionados com a quantidade de linfocitos circulantes. Em conclusdo, o presente estudo
demonstrou haver uma via alternativa para a patogénese dos CCEs do TAS de bovinos intoxicados cronicamente
por samambaia e que a papilomatose alimentar, vista nesses casos, ndo esta associada com linfopenia.

Palavras-chave: Pteridium aquilinum, carcinoma de células escamosas, neoplasia, patogénese, bovinos
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It is believed that papilloma formation is critical to pathogenesis of the upper digestive tract (UDT) squamous
cell carcinomas (SCCs) in cattle, the so called papilloma-carcinoma syndrome. Due to the maintenance of
papillomas for long periods of time in the UDT, due to immunosuppressive agents in bracken fern (Pteridium
aquilinum), the keratinocytes of papilloma become target for carcinogens to promote carcinomatous
transformation. Many evidences of the papilloma-carcinoma syndrome were observed in vitro. However, they
have not been totally proved in vivo. The objectives of this study were therefore to assess key aspects of the
pathogenesis of SCCs of the UDT in cattle naturally grazing in Pteridium aquilinum for long periods of time.
For this, 168 initial epithelial lesions of the UDT were evaluated in 60 cattle with alimentary SCCs from areas
with bracken fern. Developed papillomas had yielded more than 50% of the studied papillomas, with some in the
growing phase (18.5%) and some carcinomatous transformation of papillomas (18.5%). A few papillomas were
in regression (9%). The carcinomatous transformation of papillomas may represent morphological evidence of
the need for papilloma formation in the development of alimentary SCCs. However, 72 squamous intraepithelial
lesions (SILs) were also present in these bovines. Most SILs (70%) were moderate to severe dysplastic lesions
and carcinomas in sifu, with a significant amount of SCCs in an early stage of development. In humans, similar
lesions are found in patients who chronically abuse of alcohol/tobacco. The SILs in the aerodigestive tract of
humans are potentially malignant and can evolve to SCCs. The SILs of cattle in this study may therefore
represent an alternative pathway for the development of SCCs in the UDT, without the necessity of
carcinomatous transformation of papilloma to SCCs. The papillomatous origin of alimentary SCCs was also
assessed by immunohistochemistry. Thirty SCCs of the cranial region of the UDT (including the base of tongue,
pharynx/oropharynx and epiglottis) were evaluated about the acinar or ductal salivary origin using an anti-
cytokeratin 7/8 antibody specific for simple epithelium. From the 30 SCCs examined, nine had morphological
evidences of neoplastic transformation from a salivary duct. One of them was confirmed by
immunohistochemistry to be of salivary origin. As papillomavirus requires a stratified epithelium for the
formation of the papilloma, a confirmative SCCs from a simple salivary duct suggests that there is also no need
of a papilloma to the development of SCCs of the UDT in cattle chronically grazing on bracken fern. In parallel,
the degree of immunosuppression by lymphopenia, supposedly necessary for the maintenance of papillomas in
the UDT, was evaluated in spontaneous cases of SCCs in the UDT of cattle. Alimentary papillomatosis was
observed in all 40 cases studied. However, immunosuppression by lymphopenia was uncommon (three cases)
and was not related to the degree of papillomatosis. The absence of lymphopenia in cattle with alimentary
papillomatosis indicates that the mechanisms for maintenance of papilloma are not related to the amount of
circulating lymphocytes. In conclusion, this study demonstrated an alternative route for the pathogenesis of
SCCs in the UDT of cattle chronically poisoned by bracken fern and that the alimentary papillomatosis,
observed in such cases, is not associated with lymphopenia.

Key Words: Pteridium aquilinum, squamous cell carcinoma, neoplasia, pathogenesis, cattle.
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1. INTRODUCAO

Intoxicacdo por plantas ¢ uma importante causa de mortes de bovinos e de perdas
econdmicas diretas e indiretas. Casos desse tipo compdem aproximadamente 10% dos
diagnésticos realizados em bovinos no Laboratorio Regional de Diagnoéstico da Universidade
Federal de Pelotas, e aproximadamente 14% dos diagnosticos na Universidade de
Desenvolvimento Estadual de Santa Catarina (RIET-CORREA & MEDEIROS, 2001). Em
um recente estudo retrospectivo, aproximadamente 16% dos casos de morte de bovinos
diagnosticados no Laboratorio de Patologia Veterinaria da Universidade Federal de Santa
Maria foram atribuidos a ingestdo de plantas toxicas (RISSI et al., 2007).

A intoxicagdo cronica por samambaia (Pteridium aquilinum) ¢ uma causa frequente de
intoxicacao de bovinos por plantas toxicas no Rio Grande do Sul (RISSI et al., 2007). Estudos
epidemiologicos e morfologicos da intoxicacdo cronica espontdnea por samambaia foram
importantes na provisao de subsidios para o estudo da patogénese da doenca (SOUTO et al.,
2006a; SOUTO et al., 2006b; GABRIEL et al., 2009; MASUDA et al., 2010). Tais estudos
sdo0 necessarios para a implementagdo de medidas de controle da doencga, que ¢ endémica em
algumas regides do Brasil (TOKARNIA et al., 1969) e do mundo (CAMPO, 1997b).

A patogénese da formacdo de tumores no trato alimentar superior de bovinos
intoxicados por samambaia ainda permanece com aspectos pouco elucidados. Dois fatores
parecem agir sinergicamente na patogénese dos carcinomas de células escamosas (CCEs) do
trato alimentar superior (TAS) de bovinos: o papilomavirus bovino tipo 4 (BPV-4) e os
principios toxicos da samambaia (imunossupressores, carcindgenos ¢ mutdgenos). O papel do
BPV-4 tem sido sugerido por alguns autores como o principal fator desencadeante da doenga,
mas seus efeitos transformadores foram observados somente in vitro (CAMPO, 1997b). Por
outro lado, varios autores tem demonstrado que a doenca (CCE no TAS) somente ocorre em
bovinos que consomem samambaia por longos periodos de tempo (DOBEREINER et al.,
1967; JARRETT, 1978; JARRETT, 1980; SOUTO et al., 2006a). A samambaia tem sido
implicada na manutenc¢do dos papilomas no TAS e na transforma¢do dos mesmos em CCEs
(CAMPO et al., 1994b). Estudos celulares e moleculares t€ém demonstrado a interagdao entre
carcindgenos da samambaia e genes virais, mas uma ligacdo causal concreta ainda nao foi

realmente estabelecida.



O DNA do BPV-4 tem sido identificado em uma infima propor¢cdo de CCEs de
bovinos provenientes dessas areas (CAMPO et al., 1980; CAMPO et al., 1985). Por outro
lado, tumores cervicais uterinos em mulheres sdo quase que exclusivamente relacionados a
infec¢do pelo papilomavirus humano (HPV) (WALBOOMERS et al., 1999; BOHMER et al.,
2003). Ja no trato aerodigestivo de humanos, CCEs estdo relacionados a carcinogénese
quimica pelo consumo cronico de alcool e tabaco, com identificagdo pouco expressiva de
DNA de HPV (HOBBS et al., 2006; TORRENTE & OJEDA, 2007).

Tanto nos CCEs de cabega e pescoco de humanos (GALE et al., 2005), cancer cervical
uterino de mulheres (WALBOOMERS et al., 1999) ¢ em CCEs de bovinos (SOUTO, 2005),
lesdes intra-epiteliais displasicas estdo presentes em conjunto com CCEs. Tais lesdes
precedem a formagao dos CCEs nesses locais (GALE et al., 2005).

Os objetivos deste estudo foram analisar a progressdo das lesdes iniciais do epitélio
alimentar de bovinos, como papilomas e alteragcdes displasicas, na tentativa de esclarecer
aspectos fundamentais da patogénese quimica e/ou viral da doenga em bovinos. Buscou-se
também a confirmagdo das evidéncias morfologicas de CCEs com possivel origem em ductos
salivares (MASUDA et al.,, 2010) o que corroboraria a possibilidade de carcinogénese
quimica direta pela samambaia, sem a necessidade de formagdo do papiloma.
Adicionalmente, investigou-se a ocorréncia de linfopenia e sua possivel relagdo com a
papilomatose alimentar observada nos casos de intoxicagdo crdnica por samambaia em

bovinos.



2. REVISAO BIBLIOGRAFICA

2.1 Aspectos gerais da intoxicacdo por samambaia (Pferidium aquilinum)

A samambaia (Pteridium aquilinum [L.] Kuhn) é uma planta cosmopolita pertencente
a familia Polypodiaceaec (TOKARNIA et al., 1979; TOKARNIA et al., 2000). Somente a
variedade arachnoideum foi identificada no Brasil (TOKARNIA et al., 2000). Estudos
taxondmicos recentes reclassificaram a variedade arachnoideum como espécie P.
arachnoideum (ITIS, 2010; NCBI, 2010). No entanto, todas as nomenclaturas utilizadas até
hoje sdo consideradas sinonimias (P. aquilinum var. arachnoideum, P. aquilinum var.
arachnoideum [Kaulf.] Brade e P. arachnoideum [Kaulf.] Maxon) (NCBI, 2010).

No Brasil, a samambaia ¢ encontrada principalmente nas regides Sul e Sudeste por se
desenvolver melhor em 4reas de temperatura amena, com boa pluviosidade, solos écidos,
arenosos ¢ bem drenados (DOBEREINER et al., 1967; GAVA, 1993; TOKARNIA et al.,
2000). Nessas regides, diversas sindromes clinicopatologicas sdo associadas ao consumo
espontaneo de samambaia por animais (TOKARNIA et al., 2000).

Nos animais domésticos, a intoxicagdo depende da espécie afetada e da quantidade de
planta ingerida. Sdo descritas cinco sindromes clinicas de intoxicac¢do: 1) deficiéncia de
tiamina em monogastricos, que leva a alteragdes nervosas (JARRETT, 1970; EVANS, 1975);
2) degeneragdo progressiva da retina (bright blindness) em ovinos (WATSON et al., 1965;
BARNETT & WATSON, 1970; WATSON et al., 1972; HIRONO et al., 1993); 3) sindrome
hemorragica aguda (SHA), associada a aplasia da medula em bovinos (HIRONO et al.,
1984b; NGOMUO & JONES, 1996b; ANJOS et al., 2008, 2009); 4) forma cronica de
hemattria enzodtica bovina (HEB), com neoplasmas na bexiga (DOBEREINER et al., 1967;
TOKARNIA et al., 1969; SOUTO et al., 2006b; GABRIEL et al., 2009); ¢ 5) forma cronica
caracterizada por CCEs no TAS de bovinos (DOBEREINER et al., 1967; TOKARNIA et al.,
2000; SOUTO et al., 2006a; MASUDA et al., 2010).

Neoplasmas no trato alimentar e bexiga sdo frequentemente encontrados em bovinos
que pastoreiam em areas infestadas por samambaia (EVANS, 1968; TOKARNIA et al., 1969;

JARRETT et al., 1978). Em humanos, a alta incidéncia de cancer de trato alimentar superior
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também tém sido associada epidemiologicamente ao consumo de samambaia em algumas
regides geograficas (HIRONO et al., 1972; HIRONO, 1985; SHAHIN et al., 1999; ABNET,
2007; VETTER, 2009), tanto in natura, em chas (BICUDO, 2002) ou mesmo indiretamente,
através do consumo do principio téxico no leite (ALONSO-AMELOT et al., 1996; ALONSO-
AMELOT, 1997) ou na agua (HIRONO et al., 1972; ALONSO-AMELOT & AVENDANO,
2001; ALONSO-AMELOT & AVENDANO, 2002).

A interagdo entre carcindgenos quimicos da samambaia e a infeccdo pelo BPV-4 tem
sido relatada em bovinos (CAMPO & JARRETT, 1986; PENNIE & CAMPO, 1992;
CONNOLLY et al., 1998; BENISTON et al, 2001). Aspectos relevantes quanto a
etiopatogénese da forma clinica cronica de CCEs no TAS de bovinos serdo revisados a partir

daqui.

2.2 Toxicidade da samambaia

2.2.1 Principios téxicos e carcinogénese quimica

A samambaia ¢ conhecida como a Unica planta naturalmente capaz de induzir
neoplasmas malignos em animais (YAMADA et al., 2007). O efeito carcinogénico da
samambaia foi descoberto durante os primeiros estudos da intoxicag@o cronica pela planta, no
inicio da década de 60 do século XX. Sua carcinogenicidade foi comprovada pela primeira
vez em 1965, com a inducdo experimental de multiplos adenocarcinomas intestinais em ratos
(EVANS & MASON, 1965). No entanto, apenas em 1983 o principio carcinogénico foi
quimicamente isolado (NIWA et al, 1983). O ptaquilosideo, que ¢ um glicosideo
norsesquiterpeno do tipo iludano, tem efeito radiomimético e ¢ gradualmente convertido a
pterosina B e a dienona em condigdes alcalinas ou fracamente 4cidas (dependente de pH)
(FENWICK, 1989). A pterosina, ptaquilosideo agliconado também isolado da samambaia, ¢
instavel e se decompde em dienona. A dienona, por sua vez, ¢ um potente agente alquilante
que age sobre as bases purinas e pirimidinas dos nucleotideos, principalmente a guanina (5°-
GMP) e a adenina (5’-AMP), formando adutos de DNA (PRAKASH et al., 1996; SHAHIN et
al., 1998a). Os adutos sdo importantes na producdo do cancer por causar mutacdes

(PRAKASH et al., 1996, SHAHIN et al., 1998a; FREITAS et al., 2001; CULLEN et al.,
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2002; WIENCKE, 2002). A alteracdo quimica do DNA causada por agentes alquilantes ¢
geralmente responsavel pela carcinogénese quimica (PRAKASH et al., 1996; YAMADA et
al., 2007). No caso da dienona, ela leva a mutagdes pontuais no DNA e ao processo da
carcinogénese (PRAKASH et al., 1996; SHAHIN et al., 1998a). O pH alcalino da saliva e
urina (pH 8,1 e 7,5-8,5, respectivamente) auxiliaria, portanto, na acdo carcinogénica nos
locais onde elas se acumulam (FENWICK, 1989; PRAKASH et al., 1996). As propriedades
do ptaquilosideo indicam que ele ¢ um carcinégeno direto (ndo ¢ necessaria ativagdo
enzimatica) e que a dienona ¢ o carcindgeno final (FENWICK, 1989).

A acdo carcinogénica do ptaquilosideo em bovinos esta relacionada com a formagao
de adutos de DNA e mutagdes no gene H-ras' no codon 61, levando a formagio de
adenocarcinomas ileais (PRAKASH et al, 1996). A administragdo intravenosa de
ptaquilosideo também estd relacionada com a indugdo da dupla mutagido nos codons 58 e 59
do gene H-ras na glandula mamadria de ratos, sugerindo que a ativacao desse gene € o evento
inicial na carcinogénese induzida pelo ptaquilosideo (SHAHIN et al., 1998b). A
carcinogenicidade também tem sido comprovada experimentalmente em camundongos, ratos,
cobaios, ovinos, gansos, entre outros, que desenvolvem tumores (EVANS, 1968) com indug¢do
de adutos de DNA e mutacdes no gene H-ras (SHAHIN et al., 1998b; FREITAS et al., 2001).
Os estudos experimentais em diversas espécies animais estdo sumarizados na Tabela 1.

A formacgdo de adutos de DNA e a ativagdo do H-ras sdo sugeridos como estagios
iniciais da carcinogénese por ptaquilosideo em adenocarcinomas no ileo de bezerros
(PRAKASH et al., 1996). O gene p53° mutado tem também sido encontrado em papilomas
experimentais e em carcinomas naturais (SCOBIE et al., 1997). E possivel que ambos, p53 e
H-ras representem alvos para os carcindgenos da samambaia (PENNIE & CAMPO, 1992;
PRAKASH et al., 1996; SCOBIE et al., 1997; BENISTON et al., 2001). Juntamente com eles,
os receptores para o fator de crescimento epidermal (epidermal growth factor receptor -
EGFR) aumentam durante a carcinogénese (CAMPO et al., 1990). No entanto, um estudo em
ratos com tumores ileais e de bexiga induzidos por P. aquilinum demonstrou que talvez possa
ndo haver mutagdes nos genes p53 e H-ras em tumores quimicamente induzidos por

samambaia (FREITAS et al., 2002).

" A proteina resultante do gene H-ras, também conhecida como proteina transformadora p21, esta envolvida na
regulacdo da divisdo celular em resposta a fatores de crescimento (LODISH et al., 1999).

> 0 gene p53 ¢ conhecido como o gene supressor tumoral. Na célula, a proteina p53 liga-se ao DNA, o qual
estimula a producdo da proteina transformadora p21. Quando a p21 interage com a proteina estimuladora da
divisdo celular (cdk2), a divis@o celular ¢ inibida. Mutagdes no gene p53 alteram o controle de divisdo celular,
permitindo a divisdo celular irrestrita (LODISH et al., 1999).
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Tabela 1 — Estudos experimentais com P. aquilinum em diferentes espécies animais
relacionados com o 6rgdo afetado e o tipo de neoplasma desenvolvido.

Espécie Administracio Orgio afetado Tipo de neoplasma Referéncia
Rato Pellet da planta Intestino AdenoCA intestinal (EVANS & MASON,
1965)

Bovino Planta Bexiga Hemangioma, papiloma e CA vesical (PAMUKCU et al., 1967)

Codorna Extrato da planta Intestino AdenoCA ileal, cecal e colonico (EVANS, 1968)

japonesa

Cobaio Planta Intestino e bexiga AdenoCA jejunal. AdenoCA ¢ CCT (EVANS, 1968)
vesical

Ovino Planta Intestino AdenoCA colonico (EVANS, 1968)

Hamster Planta Intestino AdenoCaA ileal (EVANS, 1968)

Rato Pellet da planta Intestino e bexiga AdenoCA e poélipos adenomatosos (PAMUKCU & PRICE,
intestinais. CCT vesical 1969)

Camundongo  Pellet da planta Medula 6ssea e Leucemia linfocitica. Adenoma e (PAMUKCU et al., 1972)

suigo pulméo adenoCA pulmonar

Camundongo  Leite de vacas que ~ Pulmao Adenoma pulmonar (EVANS et al., 1972)

ingeriram a planta
Rato Pellet da planta Intestino, bexiga e Adenoma e adenoCA ileal. FibroSA (HIRONO et al., 1972)
linfonodo. intestinal. Papiloma e CA vesical. SA de

células reticulares em linfonodo

Rato Pellet da planta Intestino e bexiga Adenoma, adenoCA e SA ileal. (HIRONO et al., 1973)
AdenoCA cecal. Papiloma e CA vesical.

Rato albino Pellet da planta Intestino e bexiga Fibroadenoma, adenoma, adenoCA (PAMUKCU et al., 1980)

Rato

Rato

Rato

Sapo (Bufo
regularis)

Rato Sprague
Dawley

Bovino

Bovino

Rato Sprague
Dawley

Rato

Hamster

e/ou quercetina

Extrato da planta
Planta

Ptaquilosideo em
dieta

Extrato da planta

Pellet da planta

Planta

Planta e BPV-4

Ptaquilosideo
intravenoso

Planta seca em po

Planta e BPV-2

Intestino, mama e
bexiga

Intestino

Intestino e bexiga

Figado

TAS, intestino,
glandula mamaria,

linfonodo, pulméao e

bexiga.

Bexiga

TAS e Bexiga

Glandula mamaria

Intestino e bexiga

Pele e bexiga

ileal. CCT vesical.

AdenoCA ileal. CA mamario. Papiloma
vesical.

SA ileal.

Adenoma e adenoCA ileal e
histiocitoma maligno fibroso no
intestino. Papiloma, CCT, CCE e SA na
bexiga.

CA hepatocelular

CCEs no eséfago e faringe. Papiloma,
adenoma e CCT vesical. AdenoCA ileal.
AdenoCA mamario. LinfoSA no
linfonodo. SA indiferenciado no
pulmao.

HemangioSA, hemangioendotelioma e
CCT vesical.

CCE no TAS e adenoCA no intestino.
Neoplasmas vesicais de histogénese
variada.

AdenoCA mamario

Hiperplasias, adenomas e CA ileais;
Hiperplasias, papilomas, adenomas e
CA vesicais; outros neoplasmas

Papiloma e fibroma na pele e auséncia
de tumores na bexiga

(HIRONO et al., 1984a)

(OGINO et al., 1986)
(HIRONO et al., 1987)

(EL-MOFTY et al., 1987)

(SMITH et al., 1988)

(CAMPO et al., 1992;
CAMPO et al., 1994b)

(CAMPO et al., 1992;
CAMPO et al., 1994b)
(SHAHIN et al., 1998b)

(FREITAS et al., 2002)

(LEISHANGTHEM et al.,
2008)

Abreveaturas usadas: adenoCA: adenocarcinoma; CA: carcinoma; SA: sarcoma; CCT: Carcinoma de células de
transi¢do; CCE: carcinoma de células escamosas; TAS: trato alimentar superior; FibroSA: fibrossarcoma;
LinfoSA: linfossarcoma; HemangioSA: hemangiossarcoma.
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Em altas doses, o ptaquilosideo tem uma importante caracteristica radiomimética que
estd relacionada com os sinais clinicos da intoxicacdo aguda (SCHACHAM et al., 1970;
HIRONO et al.,, 1984b). Esse efeito também tem sido relacionado com a infeccdo pelo
papilomavirus e com a permanéncia dos papilomas no TAS em bovinos intoxicados
cronicamente por samambaia (CAMPO et al., 1994b). Em altas doses, o efeito do
ptaquilosideo ¢ semelhante ao da radia¢do, com aplasia progressiva da medula Ossea e
acentuada queda na quantidade de leucocitos circulantes (HIRONO et al., 1984b; FENWICK,
1989). O ptaquilosideo liga-se ao DNA e altera a expressao antigénica nas células-tronco e
pluripotentes da medula 6ssea. Em consequéncia, as células-tronco e pluripotentes passam a
induzir uma resposta imunologica celular, inibindo a proliferacdo e a diferencia¢do das
linhagens mieldides (YOUNG, 2002). Em casos naturais e experimentais de intoxicagdo
aguda por P. aquilinum, linfopenia acentuada, neutropenia, monocitopenia e trombocitopenia
sdo frequentemente observadas (HIRONO et al., 1984b; ANJOS et al., 2008; ANJOS et al.,
2009).

O flavonoide quercetina (5,7,3°,4’-tetra-hidroxiflavona) também esta presente em altas
concentragcdes na samambaia (WANG et al., 1976; PAMUKCU et al., 1980; PENNIE &
CAMPO, 1992; CAIRNEY & CAMPO, 1995; NGOMUO & JONES, 1996a). Ele ¢
mutagénico* e clastogénico, levando a quebra da fita simples de DNA (BJELDANES &
CHANG, 1977; PLAUMANN et al., 1996) ¢ a aberragdes cromossomicas (LIOI et al., 2004).
A quercetina também age induzindo aberra¢des cromossomais em ensaios de transformacao
in vitro (LEAL et al., 2003). Em adicdo, ela age ativando ou inibindo cinases e fosfatases,
interferindo em passos criticos nos sinais de transdu¢do (CAMPO, 1997b). A quercetina
promove a completa transformacdo de células bovinas primarias infectadas com DNA de
BPV-4 (PENNIE & CAMPO, 1992; CAIRNEY & CAMPO, 1995; CONNOLLY et al.,
1998), através da sobre-regula¢do do promotor transcricional viral (CONNOLLY et al., 1998)
e do aumento da expressao da proteina p53 (BENISTON et al., 2001). Todas as propriedades
mutagénicas somente da quercetina ou em conjunto com a infeccdo pelo BPV-4 foram

observadas in vitro, mas ainda precisam ser confirmadas in vivo (CAMPO, 2002).

+ Mutdgenos sdo agentes quimicos ou fisicos capazes de induzir muta¢do (LODISH et al., 1999).
+ Clastdgenos sdo substancias que causam quebras, perdas ou rearranjos de segmentos de cromossomos
(LODISH et al., 1999).
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23 Papilomavirus bovino

2.3.1 Caracteristicas gerais e classifica¢do viral

Os papilomavirus sdo virus de DNA, ndo-envelopados, pertencentes a familia
Papillomaviridae, que induzem lesdes benignas proliferativas na pele e membranas mucosas
de animais domésticos, silvestres e de humanos (HOWLEY & LOWY, 2006). Eles sao
estritamente espécie-especificos, com apenas uma condi¢do conhecida de infec¢do natural
entre espécies diferentes (sarcoide em equideos pelos BPVs-1 e -2) (CAMPO, 2002;
CAMPO, 2003).

Nos bovinos, ha diferentes genotipos de papilomavirus (BPV-1 a -10) que sdo
associados a diferentes lesdes histopatologicas (JARRETT, 1985; BORZACCHIELLO &
ROPERTO, 2008). As caracteristicas referentes aos genétipos virais do BPVs estdo
sumarizadas na Tabela 2. Eles sdo classificados em trés géneros: Xi-, Delta- e Epsilon-
papilomavirus (DE VILLIERS et al.,, 2004). Os Xi-papilomavirus sdo puramente
epiteliotropicos e compreendem os BPVs-3, -4 e -6 (CAMPO, 2002). Os Delta-papilomavirus
sdo associados a fibropapilomas (BPVs-1 e -2) JARRETT, 1978). Os Epsilon-papilomavirus
compreendem os BPVs-5, -7 e -8, que compartilham semelhancas com os dois primeiros
grupos (CAMPO, 2002; OGAWA et al., 2007; TOMITA et al., 2007). Recentemente, dois
novos genotipos (BPV-9 e -10), pertencentes ao género Xi-papilomavirus, foram descritos
(HATAMA et al., 2008). Os papilomas foram anteriormente classificados em subgrupos A e
B. O primeiro compreendia os virus indutores de fibropapilomas (BPV-1, -2 e -5), com
envolvimento dermal de fibroblastos e de ceratindcitos. O subgrupo B por outro lado (BPV-3,

-4 e -6), induziria apenas papilomas com envolvimento epitelial (JARRETT, 1985).
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Tabela 2 — Localizacdo dos papilomas/fibropapilomas de bovinos, de acordo com o gendtipo
viral.

Genétipo Localizacao Subgrupo* Génerosé Tipo¥ Referéncia
BPV-1 Pénis e teto A Delta Fibropapiloma  (MEINKE & MEINKE,
1981)
BPV-2 Pele/trato A Delta Fibropapiloma (LANCASTER, 1979)
alimentar

BPV-3 Pele B Xi Papiloma (PFISTER et al., 1979)

BPV-4 Trato alimentar B Xi Papiloma (CAMPO et al., 1980)

BPV-5 Ubere A Epsilon Fibropapiloma (BLOCH et al., 1994)

BPV-6 Tetos B Xi Papiloma (JARRETT et al., 1984)

BPV-7 Teto - Epsilon Papiloma (OGAWA et al., 2007)

BPV-8 Pele - Epsilon Papiloma (TOMITA et al., 2007)
BPV-9e-10 Ubere - Xi Papiloma (HATAMA et al., 2008)

Fontes: *(JARRETT, 1985); F{(HOWLEY & LOWY, 2006; BORZACCHIELLO & ROPERTO, 2008); &(DE
VILLIERS et al., 2004)

2.3.2 Estrutura molecular viral

O virido do BPV ¢ uma estrutura icosaédrica de 55-60nm de didmetro que forma
particulas paracristalinas no nucleo de células infectadas (HOWLEY & LOWY, 2006). Seu
material genético ¢ circular, DNA de fita dupla, com 7.265 nucleotideos (PATEL et al.,
1987). Ha trés diferentes regides em seu genoma: uma regido de controle longa (long control
region - LCR), que contém os elementos necessarios para replicacdo e transcri¢do, e duas
regides contendo as estruturas de leitura abertas (open reading frames - ORFs),
correspondendo aos genes precoces (early — E) e tardios (late — L) (HOWLEY & LOWY,
2006). A infeccao produtiva e a expressdo génica dos BPVs ¢ ligada aos diferentes estagios de
diferenciagdo celular de ceratinocitos e s6 ocorre naqueles que sofrem diferenciagdo terminal
(ANDERSON et al., 1997; HOWLEY & LOWY, 2006) (Figura 1). O virus infecta as células
basais, expressa parte de seus genes, replica seu genoma nos estratos escamoso e granular,
expressa seus genes estruturais e € montado nos ceratindcitos escamosos € novos virus sao
liberados pela camada cérnea (CAMPO, 1997b; CAMPO, 2003; MOODY & LAIMINS,
2010).
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Figura 1 — Diferenciacdo do epitélio escamoso cutdneo normal e as atividades do papilomavirus na produgéo de
lesdes benignas em humanos. Em epitélios ndo-ceratinizados (laringeo ou esofagico), as ceratinas 4 e 13 sdo
expressas no lugar das ceratinas 1 e 10 nas células diferenciadas. As atividades virais em seus estratos
correspondentes, durante a infec¢do produtiva, demonstradas na coluna direita, foram determinadas de estudos

de hibridizagdo in situ. Fonte: baseado nos esquemas de HOWLEY & LOWRY (2006) e MOODY & LAIMINS
(2010).

Nas células basais, os genes precoces E/ e E2 sdo responsaveis pela replicacdo do
DNA e pelo controle da transcri¢do, respectivamente (HOWLEY & LOWY, 2006; MOODY
& LAIMINS, 2010). O gene precoce E4 codifica pequenas proteinas que sdo abundantes no
citoplasma dos ceratindcitos e que interagem com os filamentos de citoceratina (CAMPO,
1997b). As ORFs ES, E6 e E7 sdo capazes de sobrepor o controle do ciclo celular e participar
na transformacao celular das células hospedeiras (CAMPO, 1997b; MOODY & LAIMINS,
2010). A ES (originalmente ES8) ¢ a principal oncoproteina transformadora dos BPVs-1 e -4
(BURNETT et al., 1992; ANDERSON et al., 1997, TSIRIMONAKI et al.,, 20006;
BORZACCHIELLO et al., 2009). Ela ¢ expressa nas camada basais e suprabasais das células
transformadas (BORZACCHIELLO & ROPERTO, 2008; ROPERTO et al., 2008;
BORZACCHIELLO et al., 2009). Sua fungdo transformadora estd na ativagdo do fator de
crescimento B derivado das plaquetas (platelet-derived growth factor 3 - PDGFB), na
regulagdo de ciclinas e cinases e na inibi¢do das jung¢des gap, levando a proliferacdo celular
independente de ancoramento (GRINDLAY et al., 2005). A principal caracteristica da E5 ¢ a
subregulacdo do complexo principal de histocompatibilidade classe 1 (major
histocompatibility complex class I — MHC-I), que representa o mecanismo pelo qual o BPV
evade da resposta imune do hospedeiro (ASHRAFI et al., 2002; MARCHETTI et al., 2002).
O gene E6 ¢ de grande importancia nos BPV-1 e papilomavirus humano (HPV). Ele codifica

uma oncoproteina que promove a degradacdo do gene supressor tumoral p53, inibindo a
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regulagdo do ciclo celular e apoptose, levando a imortalizagcdo celular (CAMPO, 1997b;
VIKHANSKAYA et al., 2002; MOODY & LAIMINS, 2010). A proteina p53 tem um
importante papel na infec¢do viral, pois ela age como supressora da amplificagdo do DNA na
replicagdo dos papilomavirus (LEPIK et al., 1998). O BPV-4 ndo tem o gene para a proteina
E6 (JACKSON et al., 1991) e, por isso, necessita a presenga dos principios toxicos da
samambaia como um co-fator para a transformacgdo oncogénica (CAMPO & JARRETT,
1986; CAMPO et al., 1994b; CAIRNEY & CAMPO, 1995; SCOBIE et al., 1997;
BENISTON et al., 2001). Os genomas do BPVs-3, -4 e -6 ndo possuem a ORF E6, que ¢
substituida pela E5 nesses virus (BORZACCHIELLO & ROPERTO, 2008). O gene precoce
E7 é expresso em todas as camadas dos papilomas por BPVs-1 e -4, e coopera com os genes
E5 e E6 na indug¢do da transformacdao celular no BPV-1 (BOHL et al, 2001;
BORZACCHIELLO et al., 2009; MOODY & LAIMINS, 2010).

2.3.3 Aspectos epidemiologicos, macroscopicos e histopatologicos dos papilomas

Os papilomas e fibropapilomas de bovinos podem ocorrer em diferentes locais/orgaos,
nos quais diferentes genotipos sdo encontrados. Papilomas cutaneos sdo comuns no bovino e
ndo ha predilecdo por sexo e raca (GOLDSCHMIDT & HENDRICK, 2002). Eles ocorrem
principalmente em é4reas de abrasdo, que sdo a porta de entrada do virus para se multiplicar
(STUDDERT et al., 1988). Papilomas no trato alimentar de bovinos ocorrem em qualquer
idade, mas sdo mais encontrados em animais com menos de dois anos (JARRETT, 1980). Os
papilomas geralmente sdo auto-limitantes e podem levar até doze meses para sua regressao
(CAMPO et al., 1994b). No entanto, em regides com grande infestacdo por samambaia, a
presenca e a persisténcia de acentuada quantidade de papilomas do trato alimentar
(papilomatose) ¢ comum em bovinos de varias idades (DOBEREINER et al., 1967;
BORZACCHIELLO et al., 2003; SOUTO et al.,, 2006a). A influéncia da idade, fatores
radiomiméticos da samambaia, infeccdo pelo virus da diarréia viral bovina
(BORZACCHIELLO & ROPERTO, 2008) e o uso de imunossupressores exégenos (CAMPO
et al., 1994b) atuam positivamente na persisténcia dos papilomas e na reativagdo viral
(CAMPO, 1997a).

Macroscopicamente, os papilomas podem ser pequenos ou atingir grandes tamanhos,

podem ser unicos, multiplos ou coalescentes, formando placas, massas pedunculadas, sésseis
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e pouco aderidas ao tecido adjacente (GOLDSCHMIDT & HENDRICK, 2002). A
caracteristica mais marcante ¢ o desenvolvimento de formagdes exofiticas digitiformes,
papilares ou frondosas (HEAD et al., 2002). Fibropapilomas tendem a ser massas irregulares,
fridveis com areas necroticas e de hemorragia. Ao corte, eles sdo firmes, com centro imido e
fibroso (JARRETT, 1985).

Os papilomas podem ser classificados: a) quanto a sua origem, em viral e ndo-viral;
e/ou b) quanto a proliferagdo do componente mesenquimal dérmico, em escamoso (apenas
epitelial) ou fibropapiloma (epitélio e mesénquima proliferados) (GOLDSCHMIDT &
HENDRICK, 2002). Os papilomas escamosos induzidos pelo papilomavirus devem ser
diferenciados dos papilomas escamosos nao-virais. Ainda que compartilhem muitas
caracteristicas clinicas e histopatologicas, alguns componentes sdo importantes em sua
distingdo (GOLDSCHMIDT & HENDRICK, 2002). Inclusdes virais ndo sdo frequentemente
encontradas na histopatologia (DOBEREINER et al., 1967), mas podem ser melhor
visualizadas com auxilio de outras técnicas (JARRETT, 1980). Nessas areas, grande
quantidade de virides pode ser observada através da microscopia eletronica (JARRETT,
1985). O efeito citopatico viral nas células pode ser observado de duas maneiras. A primeira
consiste na observagdo de ceratindcitos apoptdticos. A segunda, e mais importante, ¢ a
presenca de coildcitos, que sdo ceratindcitos (escamosos ou granulosos) com nucleo
picnotico, excéntrico, € com marcado halo perinuclear (GOLDSCHMIDT & HENDRICK,
2002; HEAD et al., 2002).

Histologicamente, os papilomas por papilomavirus se desenvolvem em trés fases:
crescimento, desenvolvimento e regressdo (Tabela 3) (HAMADA et al., 1990). A primeira ¢é
caracterizada por hiperplasia das células basais, acantose leve a moderada, hiperceratose e
paraceratose e poucos corpusculos de inclusdo. A fase de desenvolvimento envolve acentuada
acantose, com tumefacdo celular e acentuada hiperceratose ortoceratdtica e paraceratotica.
Nesse estdgio, muitos corpusculos de inclusao viral intranucleares podem estar presentes em
células tumefeitas ou degeneradas das camadas espinhosa e granular (JARRETT, 1985). A
regressdo dos papilomas ¢ caracterizada por leve hiperplasia epidermal, acentuagdo da
formacao de redes, moderada proliferacdo de fibroblastos, deposi¢do de colageno e infiltrado
de linfocitos T na interface dermo-epidérmica (KNOWLES et al., 1996; NICHOLLS &
STANLEY, 2000; NICHOLLS et al., 2001; GOLDSCHMIDT & HENDRICK, 2002).
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Tabela 3 — Critérios histopatoldgicos para cada fase de desenvolvimento do papiloma.

Papiloma Critério histopatologico
Em crescimento Hiperplasia das células basais, leve a moderada acantose com leve a
moderada hiper ou paraceratose.
Desenvolvido Acantose proeminente, edema e fusdo celular e acentuada hiper ou
paraceratose.
Em regressao Leve hiperplasia epitelial. Acentuagdo das papilas intradérmicas

proliferando internamente em dire¢do a lamina propria, moderada
proliferagdo de fibroblastos e produgdo de fibras colagenas, com
infiltrado inflamatdrio linfocitico na interface epitelial-ldmina propria.

Fonte: traduzido de HAMADA et al. (1990)

A regressdo dos papilomas ocorre naturalmente em individuos imunocompetentes,
tanto em humanos quanto em animais domésticos (KNOWLES et al., 1996; NICHOLLS et
al., 2001; PALEFSKY et al., 2001). Nos bovinos, a involu¢ao dos papilomas ocorre depois de
véarios meses de infeccio (JARRETT, 1985), através da infiltracdo de linfocitos T CD4" e
CD8" (KNOWLES et al., 1996; NICHOLLS & STANLEY, 2000; NICHOLLS et al., 2001).
Nos papilomas induzidos por BPV-4, a infiltracdo de linfécitos T CD4" ocorre nas camadas
basais, enquanto que os CD8" estdo presentes no interior das frondes (KNOWLES et al.,
1996; ANDERSON et al., 1997). Como essas células sdo consideradas as principais células
citoliticas, sua proximidade aos ceratindcitos infectados poderia potencialmente eliminar
células infectadas (KNOWLES et al., 1996). Alta infiltracao de linfocitos tem sido observada
em papilomas por BPV-2 e BPV-4 ap6s vacinagdo com proteinas L2 e E7, respectivamente
(JARRETT et al., 1991; CAMPO et al., 1994b; CAMPO, 1997a). Mesmo ap0s a regressao,
formas epissomais de DNA de BPV sdo encontradas em linfocitos circulantes (ROPERTO et

al., 2008), o que sugere que fatores imunossupressivos ou citocinas podem reativar a laténcia

viral e produzir lesdes (CAMPO et al., 1994a; CAMPO, 2002).

24 Sinergismo samambaia-BPV-4 para carcinogénese

Em bovinos, o BPV-4 infecta a mucosa do trato alimentar superior (TAS) e leva a
formacdo de papilomas que regridem naturalmente ap6és um ano (JARRETT, 1980). No

entanto, papilomas e CCEs no TAS tem sido encontrados conjuntamente em animais de



20

diversas idades no Brasil, Escocia, Italia, entre outros (BUENO, 1953; DOBEREINER et al.,
1967; JARRETT, 1978; JARRETT et al., 1978; BORZACCHIELLO et al., 2003). Em todas
essas areas, a presenga desses tumores no TAS esta fortemente relacionada com a alta
infestacdo por samambaia (EVANS & MASON, 1965; DOBEREINER et al., 1967;
BORZACCHIELLO et al., 2003; SOUTO et al., 2006a). As evidéncias epidemioldgicas
levaram pesquisadores a associarem o efeito carcinogénico dos principios toxicos da
samambaia com a infec¢do viral na formagdo de CCEs do TAS (JARRETT et al., 1978;
CAMPO et al., 1980). Segundo esses autores, a persisténcia dos papilomas e a reativagdo viral
ocorreria pela imunossupressao cronica nesses animais que pastoreiam nas areas infestadas
por samambaia (CAMPO et al., 1992; CAMPO et al., 1994b).

Em 1994, CAMPO et al. publicaram um estudo experimental de 13 anos de duragdo
sobre o que seria a patogénese da intoxicagdo cronica pela samambaia e a interacdo viral.
Nesse estudo, e em estudos subsequentes, a papilomatose ocorreu e persistiu no TAS apds
estados imunossupressivos, através da administragdo de azatioprina ou samambaia (CAMPO
et al., 1994b; BORZACCHIELLO et al., 2003). Apenas nos animais infectados por BPV-4, e
que foram alimentados com samambaia, os CCEs se desenvolveram no TAS. Apesar do DNA
viral ter sido encontrado em apenas parte dos papilomas e em nenhum CCE, a teoria de que os
carcinomas se originavam de novo pela agdo direta dos carcindgenos foi considerada, na
época, pouco provavel devido a auséncia de tumores no grupo sem BPV-4 e alimentados
apenas com samambaia (CAMPO et al., 1994b).

Nos anos seguintes, foi proposto um diagrama representando a relagdo entre o BPV-4
e a samambaia no desenvolvimento de CCE no TAS (Figura 2). A transformagdo maligna
completa dependeria, portanto, da agdo de mutdgenos, tais como a quercetina € o
ptaquilosideo, os quais agiriam sinergicamente com o virus no processo carcinogénico,
iniciando a expressdo génica do BPV e levando ao desenvolvimento do CCE (CAMPO,
2002). Durante o processo carcinogénico, o nimero de receptores celulares para o EGFR
aumenta, o gene ras ¢ ativado e o gene p53 ¢ mutado. Esses efeitos transformadores sdo

causados, provavelmente, pelos principios toxicos da samambaia (CAMPO, 2002)
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Figura 2 — Diagrama esquematico representando os multiplos passos da progressdo neoplasica dos papilomas do
trato alimentar superior. Fonte: traduzido de CAMPO (2002).

Nos casos de CCEs induzidos por samambaia em bovinos, evidéncias morfologicas de
papilomas em transformagao carcinomatosa (PT) para CCE tem sido observadas (JARRETT,
1978; SOUTO et al., 2006a). Os mecanismos moleculares propostos se baseiam
principalmente na a¢do da quercetina e do ptaquilosideo sobre os proto-oncogenes celulares e
as ORFs virais, sendo que o papel do BPV-4 tem sido apenas demonstrado in vitro (JAGGAR
et al., 1990; PENNIE & CAMPO, 1992; PENNIE et al., 1993; CAIRNEY & CAMPO, 1995;
CAMPO, 1997b; SCOBIE et al., 1997; CONNOLLY et al., 1998; ASHRAFTI et al., 2002;
ARAIBI et al., 2006). A presen¢a apenas do BPV-4 nao induz transformacgao de fibroblastos
priméarios de palato bovino (primary bovine palate fibroblasts - PalFs) pela auséncia da ORF
E6, ao contrario dos BPVs-1 e -2 (JACKSON et al., 1991). Ele precisa da ativagdo do gene
ras para transformar as células (JAGGAR et al., 1990). Apesar de morfologicamente
transformadas, essas PalFs ndo sdo tumorigénicas, possuindo apenas crescimento
independente de ancoramento. A adi¢do de quercetina nessas culturas, entretanto, ¢ capaz da
transformagdo completa, com imortalizagdo celular e indugdo de tumor em ratos (PENNIE &
CAMPO, 1992). Na presenca de quercetina, o £7 ¢ o Unico oncogene viral requerido para a
transformagao viral e foi sugerido por alguns autores que a quercetina seja 0 componente mais
ativo na carcinogénese dos CCEs do TAS (CAIRNEY & CAMPO, 1995; CAMPO, 1997b). A
acdo da quercetina sobre o BPV-4 induz o aumento na expressdo dos oncogenes virais pela
sobre-regulagdo da LCR, aumentando o grau de transformacao celular (CONNOLLY et al.,
1998). Além disso, o aumento da expressdo da ORF ES5 promove a diminui¢do da regulagdo

do MHC-1, promovendo a evasdo das células infectadas pelo BPV-4 contra o sistema imune



22

(linfocitos T citotoxicos e nulas [natural-killers - NK]) (ASHRAFI et al., 2002; ARAIBI et
al., 2006; TSIRIMONAKI et al., 2006). Esse efeito promoveria o aumento na quantidade e
persisténcia dos papilomas, além da diminuicdo da vigilancia imunoldgica anti-neoplasica
(BORZACCHIELLO & ROPERTO, 2008). Este mecanismo de evasdao das células do
sistema imune, especialmente dos linfocitos T e NK (ASHRAFI et al., 2002), estd presente na
infec¢do natural pelo papilomavirus. No entanto, somente este mecanismo de evasdo natural
ndo consegue explicar completamente a persisténcia dos papilomas em animais cronicamente
intoxicados por samambaia.

Recentemente, um estudo com extrato de samambaia em camundongos C57BL/6
demonstrou a acdo modulatdria direta do principio toxico sobre células do sistema imune com
efeito citotoxico seletivo e direto nas células NK (LATORRE et al., 2009). Camundongos
tratados com samamabaia tiveram uma diminui¢do na citotoxicidade mediada pelas células
NK, os quais interrompiam suas agdes sobre os linfocitos T. A redugdo seletiva da atividade
das células NK (citotoxicidade e producdo de interferon gama) poderia estar diretamente
envolvida na manuten¢do dos papilomas e formagdo de tumores em animais cronicamente
intoxicados por samambaia (LATORRE et al., 2009). Dessa forma, os efeitos imunotdxicos
da samambaia poderiam afetar ndo apenas a resposta imune contra a infec¢do viral, mas

também a vigilancia imunologica para a formagdo de tumores.

2.5  Lesdes displasicas intra-epiteliais escamosas induzidas por papilomavirus e por

carcinogenos quimicos

Apesar da teoria da patogénese dos CCEs no TAS de bovinos que pastoreiam por
longos periodos em samambaia ser bastante aceita, ela ainda tem que ser comprovada in vivo
(CAMPO, 2002). Estudos tem relacionado a interagdo entre carcinégenos ¢ ORFs, mas uma
ligacdo causal concreta ainda ndo foi realmente estabelecida. O DNA do BPV-4 tem sido
identificado em uma infima propor¢do de CCEs de bovinos cronicamente intoxicados por
samambaia (CAMPO et al., 1980; CAMPO et al., 1985). Por outro lado, a formagdo de
tumores cervicais uterinos em humanos pelo HPV ¢ quase que exclusivamente relacionado a
infeccdo viral. O DNA do HPV tem sido recuperado de 99% dos casos de cancer cervical
uterino, principalmente relacionado aos gendtipos de alto risco, como o HPV-16 e o HPV-18

(WALBOOMERS et al., 1999; BOHMER et al., 2003).
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Alguns estudos sugerem que haja um papel similar do HPV nos CCEs de cabeca e
pescoco de humanos (SYRJANEN, 2005). No entanto, identificagdo positiva de DNA de
HPV ocorre em uma pequena percentagem desses casos (HOBBS et al., 2006; TORRENTE
& OJEDA, 2007) e uma percentagem semelhante de DNA viral ¢ identificado na mucosa
aerodigestiva de pessoas saudaveis (HOWLEY & LOWY, 2006). Os casos de CCEs de
cabeca e pescoco tem sido relacionados a lesdo quimica cronica pelo consumo abusivo de
alcool e tabaco (MUSCAT & WYNDER, 1992; MAIER & TISCH, 1997). Em alguns casos
de carcinoma géstrico, suspeita-se do envolvimento da samambaia na alimentacdo humana,
principalmente através do consumo direto do broto (ALONSO-AMELOT et al., 1996) ou
indiretamente pelo leite (ALONSO-AMELOT & AVENDANO, 2002).

Seja de origem quimica pelo dlcool/tdbaco ou viral pelo HPV nos tratos aerodigestivo
ou genital de humanos, respectivamente, lesdes intra-epiteliais (squamous intra-epithelial
lesions - SILs) hiperplasicas, displésicas e carcinomas in situ podem estar presentes em
conjunto ou ndo com CCEs (WALBOOMERS et al., 1999; GALE et al., 2009). As
caracteristicas histopatologicas de cada alteracdo estd demonstrada nas Tabela 4 e 5. Tais
lesdes predizem ou antecedem a formacgao desses tumores (GALE et al., 2005). A transicao de
um epitélio normal a carcinoma ¢ um processo lento e multivariado. A soma ou acimulo de
alteracdes genéticas ndo-deletérias, que levam a sele¢do de uma populacao clonal de células
epiteliais malignas transformadas, ¢ a base patogenética da formacao de SILs e CCEs (GALE
et al., 2009). Todo espectro dessas alteracdes histoloégicas ocorrendo nesse processo ¢
chamado de SILs, que varia de hiperplasia escamosa, displasia a carcinoma in sifu (Figura 3)
(GALE et al., 2005). Em sua evolugdo, alguns tipos de SILs s3o auto-limitantes e reversiveis,

alguns persistem e alguns progridem a CCE (GALE et al., 2009).
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Tabela 4 — Classifica¢do e critérios histopatologicos para lesdes intra-epiteliais escamosas
(SILs) de acordo com a classificacdo da Organizacdo Mundial da Saide (WHO) para SILs de
cabeca e pescoco em humanos.

SIL

Critério histopatologico

Hiperplasia escamosa

Displasia leve
Displasia moderada
Displasia acentuada

Carcinoma in situ

Aumento no numero de células na camada espinhosa (acantose)
e/ou na camada basal/parabasal (hiperplasia de células basais); a
arquitetura demonstra estratificacdo regular sem atipia celular.

O distarbio arquitetural esta limitado no tergo inferior do epitélio,
acompanhado por atipia celular leve.

O distarbio arquitetural se estende ao ter¢o médio do epitélio,
acompanhado por atipia celular moderada.

O distarbio arquitetural envolve mais de dois ter¢os do epitélio,
com acentuada atipia celular.

Disturbio arquitetural em toda (ou quase toda) espessura do
epitélio, acompanhada por acentuada atipia celular.

Fonte: GALE et al. (2005)

Tabela 5 — Critérios utilizados para o diagndstico de displasia de acordo com a classificacdo
da Organizacdo Mundial da Satde (WHO) para SILs de cabeca e pescogo em humanos.

Distirbio arquitetural Atipia celular

¢ Estratificacdo epitelial irregular; * Variagdo anormal no tamanho do nucleo
* Perda de polaridade das células basais; (anisonucleose);
* Rete ridges em formato de gota; * Variagdo anormal no formato do nucleo
* Aumento no niimero de figuras (pleomorfismo nuclear);

mitoticas; * Variagdo anormal no tamanho das células
* Mitoses superficiais anormais; (anisocitose);
¢ Ceratinizagdo prematura de células * Variagdo anormal no formato das células

(disceratose); (pleomorfismo celular);
* Pérolas de ceraltina dentro de rete *  Aumento na razdo nicleo-citoplasma;

pegs. *  Aumento no tamanho nuclear;

*  Figuras de mitose atipicas;

* Aumento no tamanho e no numero de
nucléolo;

* Hipercromasia.

Fonte: GALE et al. (2005)
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Figura 3 — Representagdo esquematica das diversas lesdes intra-epiteliais escamosas quanto a atipia celular e ao
distarbio arquitetural. A hiperplasia escamosa e a displasia leve sdo alteragdes benignas com grande chance de
regressdo. Displasia moderada e acentuada representam alteragdes epiteliais potencialmente malignas que,
juntamente com o carcinoma in sifu, podem progredir para carcinoma invasivo. Ilustragdo e texto baseados em
WOODMAN et al. (2007), HOWLEY & LOWRY (2006) e GALE et al. (2005).

As SILs também foram observadas em bovinos intoxicados cronica e
espontaneamente por samambaia. A observacdo de pequenos CCEs em estagios iniciais
(JARRETT, 1978; CAMPO et al., 1994b) e lesdes epiteliais displasicas (SOUTO, 2005) no
TAS de bovinos intoxicados espontaneamente por samambaia, bem como uma possivel
origem dos CCEs de faringe a partir do epitélio de ductos salivares (MASUDA, 2007,
MASUDA et al., 2010), pode sugerir também uma agdo direta dos principios toxicos da
planta na génese tumoral. Foi sugerido que a avaliagdo imuno-histoquimica para diferentes
tipos especificos de citoceratinas, por exemplo o uso das citoceratinas 7/8, que sdo especificas
de epitélios glandulares/ductais e ndo reagem ao epitélio estratificado maduro (RAUL et al.,
2004; FILLIES et al., 2006; KATO et al., 2007), poderia ser uma ferramenta util na distingao
da origem dos CCEs nestes casos (MASUDA, 2007).
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Are papillomas really necessary for the development of bracken fern-associated upper

digestive tract squamous cell carcinomas of cattle?

E.K. Masuda*, G.D. Kommerst, F.B. Rosa*, C.S.L. Barros¥, J.V.M. Piazer}

Summary

Squamous cell carcinomas (SCCs) of the upper digestive tract (UDT) of cattle have
been associated with chronic bracken fern (Pteridium aquilinum) poisoning and bovine
papillomavirus type-4 (BPV-4) infection. According to the hypothesis designated as
“papilloma-carcinoma syndrome” and established in 1994, BPV-4 infects the mucosa and
induces papillomas, a vastly expanded target for chemical carcinogens in bracken fern.
However, similarly to what is observed in human head and neck cancer, dysplastic squamous
intraepithelial lesions (SILs) are also observed in cattle with naturally-occuring SCCs grazing
on bracken fern. Morphologic analysis of papillomatous lesions and dysplastic SILs of
spontaneous cases can provide important additional data to the establishment of the disease
etiopathogenesis and this is the aim of the present study. Epithelial samples (n=268) from the
UDT mucosa of 60 bovines diagnosed with SCCs from highly contaminated areas with
bracken fern were collected. Grossly, the lesions corresponded to mucosal wrinkles, small
erosions and ulcers, nodules up to 0.5cm in diameter, rugged plaques, and papillomatous
lesions. Microscopically, 168 papillomatous lesions, 72 SILs and 28 SCCs in initial phase of
growth were identified. Papillomas were subdivided into four phases: a growing phase, a
developing phase, a regressing phase, and a carcinomatous transforming phase. More than a
half of all papillomatous lesions were well-developed papillomas. Transforming papillomas
observed in 18.5% of all papillomas is the morphological evidence to support the papilloma-
carcinoma syndrome hypothesis. However, potentially malignant epithelial dysplastic lesions
that have a greater likelihood of progression to SCCs without passing through a papillomatous
stage, such as moderate and severe dysplasia and carcinoma in situ, were observed in the
majority of the SILs. Similarly to what is observed in human head and neck SCCs, potentially
malignant SILs may be the second hypothetic pathway for the development of UDT SCCs of
cattle grazing on bracken fern. Although a role of BPV-4 infection in the development of SILs



42

cannot be completely ruled out, direct-acting carcinogens of bracken fern can be a plausible

explanation for the development of SILs in the upper alimentary tract of cattle.

Introduction

Two factors have been related to the pathogenesis of bovine squamous cell carcinomas
(SCC) of the upper digestive tract (UDT) of cattle: bracken fern (Pteridium aquilinum)
toxicity and bovine papillomavirus type-4 (BPV-4) infection (Evans and Mason, 1965; Jarrett
et al., 1978b; Campo et al., 1980). The tumours only occur in cattle grazing on bracken fern
highly contaminated areas (Dobereiner et al., 1967; Jarrett, 1978). Extensive papillomatosis in
the UDT is common in these same animals (Dobereiner ef al., 1967; Jarrett, 1980; Gava et al.,
2002; Borzacchiello et al., 2003).

Bracken fern is the only known plant that naturally causes cancer in animals (Yamada
et al., 2007). Ptaquiloside (Hirono et al., 1984; Yamada ef al., 2007) and quercetin (Bjeldanes
and Chang, 1977; Lioi et al., 2004) are the most important carcinogenic compounds of the
plant leading to the development of neoplasms in several animal species (Evans and Mason,
1965; Pamukcu and Price, 1969; Pamukcu et al., 1980; Smith et al., 1988; Shahin et al.,
1998).

The relationship between BPV-4 and the carcinogenic compounds of bracken fern in
the development of SCCs of the UDT of cattle has been studied in vivo and in vitro (Pennie
and Campo, 1992; Campo et al., 1994; Connolly et al., 1998; Campo, 2002). According to
these studies, the BPV-4 infects the mucosa of the UDT, expresses its transforming proteins
and induces the formation of papilloma (Jarrett et al., 1978a; Campo et al., 1980). In cattle
grazing on bracken fern, it was hypothesized that papillomas are a vastly expanded target for
chemical carcinogens by the interaction between viral proteins and bracken carcinogens, such
as quercetin (Bjeldanes and Chang, 1977; Campo et al., 1994). Some of these transforming
events have been shown in vitro, but it remains to be established in vivo (Campo, 2002).

The actual involvement of BPV-4 in the development of SCCs in cattle grazing on
bracken fern areas is still somehow not fully defined. Bovine papillomavirus DNA has been
identified in a few cases of well-established SCCs (Campo et al., 1980; Campo et al., 1985).
High-risk human papillomaviruses (mostly HPV-16 and -18) have been recovered from
almost all cases of uterine cervical cancer (Walboomers et al., 1999; Bohmer et al., 2003).

Some studies suggest that there might be a similar role of high-risk HPV in human head and
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neck SCCs (Syrjanen, 2005). However, similarly to what is seen in bovine SCCs of the UDT
of cattle, HPVs are recovered in a few cases of human head and neck cancer (Hobbs et al.,
2006; Torrente and Ojeda, 2007). Human head and neck SCCs are epidemiologically and
experimentally related to chronic abuse of alcohol and tobacco (Muscat and Wynder, 1992;
Maier and Tisch, 1997; Morse et al., 2007; Seitz and Stickel, 2007). Interestingly, some
human cases of gastric cancer are suspected of bracken fern involvement (Alonso-Amelot,
1997; Alonso-Amelot and Avendano, 2001; Alonso-Amelot and Avendano, 2002).

In papillomavirus- or chemically- induced cancers in humans, hyperplastic and
dysplastic squamous intraepithelial lesions (SILs) arise preceding the formation of SCCs
(Walboomers et al., 1999; Gale et al., 2005; Gale et al, 2009). Dysplastic SILs were
mentioned in a recent study of naturally occurring SCCs in cattle grazing on bracken fern in
Brazil. They were found in the same regions of the UDT where papillomas and SCCs were
observed (Souto et al., 2006). Other studies on SCCs of the UDT of bovine grazing on
bracken fern also presented similar gross and microscopic early lesions (Tokarnia ef al., 1969;
Jarrett et al., 1978b; Campo et al., 1994)

The aim of the present study was to perform a criterious analysis of the morphology of
papillomas, cancerous transforming papillomas, hyperplastic and dysplastic SILs observed
within the UDT of cattle diagnosed with alimentary SCCs and grazing on pastures with a high
content of bracken fern. This may result in important additional data to the establishment of

the disease etiopathogenesis.

Material and methods

Three to five lesions were sampled from the oral, oesophageal and rumenal (entrance)
mucosa of 60 necropsied bovines diagnosed with SCCs on the UDT. These animals had
grazed for long periods of time on pastures with high levels of contamination with bracken
fern (P. aquilinum). Necropsies were performed between years 2003 and 2009. All animals
had at least one large neoplastic mass within the UDT, diagnosed as SCC, that was not the
target of the present study. Grossly, the sampled lesions corresponded to mucosal wrinkles,
small erosions and ulcers, nodules up to 0.5 cm in diameter, rugged plaques (Figs. 1A and
1B), and papillomatous lesions (Figs. 1C and 1D). All samples were fixed in 10% buffered

formalin, processed routinely and stained with haematoxylin and eosin (HE).
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Mucosal epithelial lesions were recorded as hyperplastic, dysplastic, or neoplastic.
Papillomas were subdivided into four phases: a growing phase, a developing phase, a
regressing phase (Hamada et al., 1990), and a carcinomatous transforming phase (Jarrett,
1978; Campo, 1997). The main characteristics of each papillomatous phase are summarized
on Table 1.

The presence of koilocytes (i.e., keratinocytes with eccentric pyknotic nuclei and a
perinuclear halo observed at the upper spinous layer), indicative of papillomavirus infection
(Goldschmidt and Hendrick, 2002), were recorded in each papillomatous lesion.

Hyperplastic and dysplastic SILs of the bovine UDT were categorized according to the
latest World Health Organization (WHO) classification for human head and neck epithelial
lesions (Gale et al., 2005). The SILs ranged from squamous hyperplasia to mild, moderate or
severe dysplasia and carcinoma in situ. The classification and characteristics of SILs are listed
on Tables 2 and 3. Other small mucosal lesions were diagnosed as invasive SCCs in early

stage of growth.

Results

All cattle of this study had a large spectrum of gross lesions distributed throughout the
mucosa of the UDT (Fig. 1). Microscopically, 268 epithelial lesions were analyzed and were
divided in 168 papillomatous lesions, 72 SILs and 28 invasive SCCs in initial phase of
growth.

All four phases of papillomas were observed in the present study. Growing papillomas
had mild epithelial cupped hyperplasia, with initial formation of rete ridges in the /amina
propria (Fig. 2A). Developing papillomas had typical digitiform fronds with moderate to
severe parakeratosis, anchored in a moderate collagenous stroma (Fig. 2B). Regressing
papillomas were composed of attenuated fronds with accentuation of rete ridges formation
and moderate to severe infiltrate of lymphocytes (Fig. 2C). Carcinomatous transforming
papillomas also had typical papillomatous fronds with carcinomatous formations invading the
subjacent lamina propria (Fig. 2D). There were moderate nuclear and cellular pleomorfism,
with dyskeratosis and keratin pearls. Mild to moderate lymphocytic inflammatory infiltrate
was also observed in carcinomatous transforming papillomas. The distribution of each
papilomatous lesion, according to the phases of growth and transformation, and the presence

of koilocytes are demonstrated on Table 4.
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More than 54% of all papillomatous lesions were in the developing phase. Only 9%
were regressing papillomas. Growing and carcinomatous transforming papillomas were
observed in approximatelly 18,5% of all papillomatous lesions each. Koilocytes were
observed in more than 90% of papillomas in the developing and transforming phases. Less
than 20% of growing papillomas had koilocytes.

Squamous hyperplasia described in this study was present as focal patches of
increased prickle layer (Fig. 3A). When architectural disturbance was accompanied by
cellular atypia, those lesions were categorized as dysplasia. Lesions categorized as mild
dysplasia had architectural disturbance limited to the lower third of the epithelium,
accompanied by mild cellular atypia (Fig. 3B). In each case of mild dysplasia of the present
study, basal and parabasal cell layers were proliferated. In moderate dysplastic lesions, the
initial criteria utilized to recognize this category was the architectural disturbance extending
into the middle third of the epithelium. In these cases, cellular atypia was more pronounced
and more frequent than in mild dysplasia (Fig. 3C). The recognition of severe dysplasia
started with more than two-thirds of the epithelium showing architectural disturbance with
associated severe cellular atypia. In all cases of severe dysplasia, there were loss of
stratification or maturation of the epithelium, drop-shaped rete ridges, increased number of
mitosis and dyskeratotic cells (Fig 3D). Samples categorized as carcinoma in sifu had full
thickness architectural abnormalities and pronounced cellular atypia. In the present study,
carcinoma in situ had atypical mitotic figures and abnormal superficial mitosis, with
dyskeratosis and/or keratin pearls without evidences of invasion of the lamina propria (Fig.
4A). The distribution of hyperplastic and dysplastic SILs are on Table 5.

Approximately one third of all epithelial non-papillomatous samples were squamous
hyperplasia or mild dysplasia. Moderate and severe dysplasia and carcinoma in sifu were
observed in about 70% of the SILs. All cases of moderate to severe dysplasia and carcinoma
in situ were accompanied by moderate lymphoplasmacytic inflammatory infiltrate.

Some gross nodular lesions with 0,1-0,3 cm in diameter, revealed invasive SCCs in
initial stage of growth (Fig. 4B). They were observed in 28 epithelial samples. In these cases,
groups or small islands of neoplastic keratinocytes were observed invading the subjacent

lamina propria, frequently accompanied by lymphoplasmacytic inflammatory infiltrate.

Discussion
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All bovines of the present study had SCCs within the UDT and were grazing on highly
contaminated areas with bracken fern. They all had papillomas in diverse stages of
development, transforming papillomas, SILs and small foci of SCCs. The etiopathogenesis of
these lesions will be discussed hereafter.

A possible pathogenesis for the development of SCCs of the UDT of cattle was
established after the publication of an experimental study in 1994 (Campo et al., 1994;
Campo, 2002). Theoretically, the papillomas induced by BPV-4 would serve as an expanded
target for bracken carcinogens, giving rise to SCCs (Campo et al., 1994). The results of the
present study may demonstrate that this papilloma-carcinoma syndrome might not be the only
pathway for the development of bovine alimentary SCCs.

Alimentary papillomatosis, characterized by papillomas spread throughout the UDT
(Tsirimonaki et al., 2003), was observed in the animals of the present study. This lesion in
cattle is rare and it is observed in specific cases of immunosupression (Duncan et al., 1975;
Jarrett et al., 1978a), such as iatrogenic administration of azathioprine (Campo et al., 1994)
and chronic poisoning by bracken fern (Ddbereiner et al., 1967; Jarrett et al., 1978b; Souto et
al., 2006). In the present study, the majority of papillomas corresponded to growing and
developing papillomas. A few papillomatous lesions were regressing papillomas, supporting
the role of bracken fern carcinogens on its maintenance.

Papillomas undergoing carcinomatous transformation, like the ones observed in the
present study, are the morphologic evidence for the involvement of papilloma as a target for
bracken carcinogens (Jarrett, 1978; Campo et al., 1994). Quercetin has been pointed out as the
major bracken fern carcinogen (Bjeldanes and Chang, 1977) that interacts with
papillomavirus oncoproteins (Pennie and Campo, 1992; Cairney and Campo, 1995; Connolly
et al., 1998; Beniston et al., 2001). The result of such interaction is the activation of the H-ras
gene (Campo et al., 1990) and the mutation of the p53 gene (Beniston et al., 2001), leading to
oncogenic cellular transformation. An interesting finding of the present study was the
expressive percentage of carcinomatous transforming papillomas with koilocytes,
significantly similar to the percentage observed in developing papillomas. This data supports
the molecular evidence that bracken carcinogens might be involved in the
activation/inhibition of important papillomaviral genes (Anderson et al., 1997; Connolly et
al., 1998). Quercetin would act raising the expression of viral oncogenes through the up-
regulation of the long control region (LCR) transcriptional activity, contributing further to

cellular transformation (Connolly et al., 1998). Although transforming papillomas were
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significantly found in the present study, other epithelial non-papillomatous lesions were also
observed.

Transition from a normal epithelium to SCC is a lengthy, comprehensive and multi-
stage process, causally related to progressive accumulation of genetic changes and the
selection of a clonal population of transformed epithelial cells (Braakhuis ef al., 2002; Gale et
al., 2009). The whole spectrum of histological changes occurring in this process has been
designated as SILs in human patients (Gale et al., 2005). In the evolution of SILs, some
lesions are self-limited and reversible, some persist, and some progress to SCC (Gale et al.,
2009).

Hyperplastic and dysplastic SILs were observed in 72 epithelial samples of the UDT
mucosa. Approximately 70% of all SILs were composed of pre-malignant to malignant
lesions (moderate to severe dysplasia and carcinoma in situ) that potentially could give rise to
invasive SCCs (Gale et al., 2009). These potentially malignant and non-invasive malignant
epithelial histomorphologic alterations may represent important findings to the establishment
of the pathogenesis of SCCs in cattle grazing on bracken fern. Also, small foci of SCCs in
initial phase of growth (smaller than 0.5 cm) found throughout the UDT epithelium did not
seem to be passing through a papillomatous stage. Those lesions may have arised in situ in the
epithelium due to malignant progression of SILs and/or de novo growth.

In humans, SILs are frequently observed in the upper aerodigestive tract and in the
cervical uterine epithelium (Woodman et al., 2007; Jayshree et al., 2009). They are
morphologically similar to the lesions observed in the present study, and they are categorized
under the same histopathologic criteria used for the present study. In women uterine cervix,
SILs are mainly attributed to high-risk HPVs (Walboomers et al., 1999; Bohmer et al., 2003).
However, epidemiologic and molecular studies did not support entirely the involvement of
HPV in human head and neck SILs and SCCs (Gale et al., 2005). In fact, they are strongly
related to chemical carcinogenesis by chronic abuse of alcohol and tobacco (Gale et al., 2005;
Morse et al., 2007; Morita et al., 2010).

The BPV-4 DNA has been detected in a very few cases of bovine digestive SCCs
(Campo et al., 1985; Campo et al., 1994). Although some experimental, morphologic and
molecular evidences support the papilloma-carcinoma syndrome hypothesis, the BPV-4 gene
lacks the open reading frame E6, defined as the major oncogene for malignant cell
transformation in high-risk HPVs (Scobie et al., 1997; Moody and Laimins, 2010). The causal

relationship between BPV-4 and bracken fern still remains obscure (Campo, 1997).
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Carcinogens of bracken fern induce tumours in several animal species (Evans and
Mason, 1965; Pamukcu and Price, 1969; Hirono et al., 1973; Smith et al., 1988; Shahin et al.,
1998). Development of chemically induced lesions by bracken fern carcinogens (without
passing through a papilloma stage) may be a plausible explanation for some SILs and SCCs in
bovine chronically and spontaneously poisoned by bracken fern. The presence of multiple
SILs and SCC in early stages of development in a same bovine was a very common finding in
this study.

In 1953, Slaughter et al. proposed the clinical concept of “field cancerization” to
explain the pathogenesis of multiple SILs and SCCs in the upper aerodigestive tract of
smoking people. The concept was based on chemical exposure for long period of time leading
to the development of multiple independent malignant transforming areas (Slaughter ef al.,
1953). More recently, three hypotheses try to explain the development of such SILs:
formation of multiple sites with independent genetic cellular anomalies, metastatic
implantation via saliva or intraepithelial migration of malignant progenitor cells (van Oijen
and Slootweg, 2000; Braakhuis et al., 2002). Based on morphological evidences of the
present study, the field cancerization hypothesis could be applied in the pathogenesis of
digestive SCCs in cattle grazing for long periods of time on bracken fern.

In the present study, it is possible that the formation of bovine alimentary SILs could
be related to the carcinogenic induction of multiple foci with independent malignant cell
transformation. This hypothesis can be supported by two major chemically-based evidences:
pH-dependent activation of ptaquiloside and the combined presence of neoplasias in the UDT
and in the urinary bladder of bovines chronically and spontaneously poisoned by bracken
fern. The potent direct-acting carcinogen/mutagen dienone is formed when ptaquiloside is
submitted to alkaline conditions (Vanderhoeven et al., 1984; Potter and Baird, 2000; Yamada
et al., 2007). Epithelial lesions are frequently observed in the UDT and in the urinary bladder
of bovines chronically exposed to bracken fern (Peixoto et al., 2003; Carvalho et al., 2006;
Gabriel et al., 2009; Roperto et al., 2010). Multifocal transformation of these epithelia could
be induced by chronic exposure to the potent activated carcinogen by saliva (pH 8.1-8.2) or
urine (pH 7.5-8.5) (Fenwick, 1989). Exposure to non-contiguous epithelia, like the UDT and
urinary bladder, and formation of tumours are unlikely to be clonally related and they do not
represent metastastatic spread. Rather than, they are indicators of the degree of carcinogen
exposure or general organism-wide susceptibility to carcinogenesis (Ha and Califano, 2003).

These chemically-based evidences supports the concept that a group of carcinogens can,
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simultaneously, affect multiple epithelia when systemically metabolized (Ha and Califano,
2003).

In conclusion, the presence of digestive papillomatosis and mostly of carcinomatous
transforming papillomas simultaneously with well developed SCCs in the UDT is in
agreement with the papilloma-carcinoma syndrome theory. However, the marked presence of
SILs and early stage invasive SCCs point out to another pathway to the development of SCCs
of the UDT in cattle chronically poisoned by bracken fern. Although a role for the BPV-4
oncoproteins in the development of SILs (with great likelihood of progression to SCCs)
cannot be disregarded, the results of the present study might indicate that direct-acting
carcinogens of bracken fern might represent an alternate etiopathogenetic route for the

development of SCCs in cattle.
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Table 1 — Histopathologic criteria of each phase of the papilloma development.

Papillomatous phase Histopathologic criteria

Growing* Hyperplasia of the basal cells, mild to moderate acanthosis and mild to

moderate hyper- to parakeratosis.

Developing* Prominent acanthosis, cellular swelling and fusion and marked hyper- to
parakeratosis.
Regressing* Slight epithelial hyperplasia. Accentuation of the rete peg proliferation

downward into the lamina propria, moderate proliferation of fibroblasts
and collagen fibres with an infiltrate of lymphocytes at the epithelial-
lamina propria interface.
Carcinomatous Irregularity of the lower edge of epithelium, early neoplastic squamous
transforminglr transformation characterized by dyskeratosis, keratin pearls, mild

cellular pleomorphism and invasion of subjacent tissues.

Source: adapted from ¥*Hamada et al. (1990) and fJarret (1978).
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Table 2 — Histopathologic classification and criteria for squamous intraepithelial lesions
(SILs) according to the World Health Organization (WHO) classification for human head and

neck epithelial lesions.

SIL

Histopathologic criteria

Squamous hyperplasia

Mild dysplasia

Moderate dysplasia

Severe dysplasia

Carcinoma in situ

Increased number of cells in the spinous layer (acanthosis) and/or in
the basal/parabasal cell layers (basal cell hyperplasia); the

architecture shows regular stratification without cellular atypia

The architectural disturbance is limited to the lower third of the

epithelium accompanied by mild cellular atypia

The architectural disturbance extends into the middle third of the

epithelium with moderate cellular atypia.

The architectural disturbance involves more than two thirds of the

epithelium with severe cellular atypia.

Full thickness or almost full thickness architectural disturbance in

the viable cell layers accompanied by pronounced cellular atypia

Source: Gale et al. (2005)
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Table 3 — Criteria used for diagnosing dysplasia according to the World Health Organization
(WHO) classification for human head and neck epithelial lesions.

Architectural disturbance

Celullar atypia

¢ Irregular epithelial stratification

* Loss of polarity of basal cells

* Drop-shaped rete ridges

* Increased number of mitotic figures

* Abnormal superficial mitoses

* Premature individual cell
keratinization (dyskeratosis)

* Keratin pearls within rete pegs

Abnormal  variation in nuclear size
(anisonucleosis)

Abnormal variation in nuclear shape (nuclear
pleomorphism)

Abnormal variation in cell size (anisocytosis)
Abnormal variation in cell shape (cellular
pleomorphism)

Increased nuclear-cytoplasmic ratio
Increased nuclear size

Atypical mitotic figures

Increased number and size of nucleoli

Hyperchromasia

Source: Gale et al. (2005)
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Table 4 — Histopathologic classification and distribution of papillomatous lesions and the
percentage of cases with koilocytes.

Type Classification Amount  Koilocytes (%)
Growing phase 31 6 (19)
Developing phase 92 83 (90)
Papillomas (N=168) Regressing phase 15 10 (67)
Carcinomatous
30 28 (93)

transforming phase
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Table 5 — Histopathologic classification and distribution of squamous intraepithelial lesions
(SILs).

Type Classification Amount (%)
Squamous hyperplasia 10 (14%)
) o Mild dysplasia 12 (17%)
Squamous intraepithelial
) Moderate dysplasia 20 (28%)
lesions (N=72)
Severe dysplasia 22 (31%)

Carcinoma in situ 8 (11%)
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Fig. 1. Gross lesions observed in cattle with squamous cell carcinoma of the upper digestive tract and grazing on
bracken fern. (A) Pharynx. There are numerous papillomatous lesions, small erosions and ulcers and nodules up
to 0.5 cm in diameter. (B) Oesophagus. Multiple small nodules, rugged plaques and erosions are seen throughout
the whole oesophageal epithelium. (C) Rumen entrance. Developing papilloma with marked digitiform
keratinized frond. (D) Entrance of the rumen. A carcinomatous transforming papilloma with attenuation of the
papillomatous fronds is observed in the epithelium.
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Fig. 2. Papillomatous stages. (A) Growing papillomas. (B) Developing papillomas. (C) Regressing papillomas.
(D) Carcinomatous transforming papilloma. Haematoxylin and eosin. Objective, 2.5x.
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Fig. 3. Hyperplastic and dysplastic squamous intraepithelial lesions. (A) Squamous hyperplasia. The squamous
cell layer is severely increased. Haematoxylin and eosin. Bar, 250um. (B) Mild dysplasia. The architectural
disturbance is restricted to the lower third of the epithelium, with mild cellular atypia. Haematoxylin and eosin.
Bar, 250um. (C) Moderate dysplasia. Two-thirds of the epithelium is affected and is basicaly of composed of
basal and parabasal cells with loss of cell orientation and mild atypia. Haematoxylin and eosin. Bar, 300um. (D)
Severe dysplasia. The whole epithelium is affected. There is severe loss of normal cell orientation and severe
cellular atypia. Haematoxylin and eosin. Bar, 150um.
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Fig. 4. Squamous cell carcinomas (SCC). (A) Invasive SCC in initial stage of growth (arrow) and a developing
papilloma (asterisk). There is no morphologic evidence of a papillomatous transformation to carcinoma in this
area. Haematoxylin and eosin. Objective, 2.5x. (B) Invasive SCC in advanced stage of growth (arrow). A
severelly dysplastic epithelium (asterisk) seems to give rise to the well-developed invasive SCC. Haematoxylin
and eosin. Objective, 2.5x.



4. ARTIGO 2

SQUAMOUS CELL CARCINOMA OF MINOR SALIVARY GLANDS IN CATTLE
GRAZING ON BRACKEN FERN: IMPLICATIONS ON PATHOGENESIS

Masuda E.K.*, Kommers G.D.T, Rosa F.B.*, Barros C.S.L.T, Piazer J.V.M.*

(Submetido para publicagdo em Outubro de 2010 para o Research in Veterinary Science)

i Programa de P6s-Graduagido em Medicina Veterinaria, UFSM.
T Departamento de Patologia, Universidade Federal de Santa Maria (UFSM), 97105-970, Santa Maria/RS,

Brazil.
! Inspetoria Veterinaria, Jaguari/RS, Brazil.
Corresponding author: G.D. Kommers. Address: Departamento de Patologia, Universidade Federal de Santa

Maria (UFSM), 97105-970, Santa Maria/RS, Brazil. Tel: +55 (55) 3220-8168; Fax: +55 (55) 3220-8284. E-mail
address: glaukommers@yahoo.com (G.D. Kommers)




67

Squamous cell carcinoma of minor salivary glands in cattle grazing on bracken fern:

implications on pathogenesis

Masuda E.K.*, Kommers G.D.}, Rosa F.B.*, Barros C.S.L.¥, Piazer J.V.M.%

Abstract

Squamous cell carcinomas (SCCs) of the upper digestive tract (UDT) occur in cattle
grazing on bracken fern (Pteridium aquilinum). The pathogenesis is related with the
development of papillomas and a possible further transformation to carcinomas. However,
morphological evidences of SCCs possibly arising from minor salivary glands may represent
an alternate pathogenetic pathway of the disease. The aim of this study was to evaluate a
possible minor salivary gland origin for alimentary SCCs of cattle grazing on bracken fern.
Forty SCCs of the UDT were evaluated. Nine SCCs seemed to be arising from minor salivary
glands and had pools of Alcian blue-positive mucus inside island of neoplastic keratinocytes.
A strong immunohistochemical evidence of a SCC arising from a minor salivary gland
positively stained for cytokeratin 7/8 was observed. This study provides morphologic
evidences that SCCs arise in minor salivary glands and it may result from a direct chemical

carcinogenic effect.

Keywords: cattle, bracken fern, Pteridium aquilinum, squamous cell carcinoma.

Introduction

Bracken fern (Pteridium aquilinum) is the only known plant that naturally causes
cancer in animals (Yamada et al. 2007). Epidemiologic studies suggest that the plant may be
also involved in some cases of human gastric cancer (Alonso-Amelot and Avendano 2001,
Alonso-Amelot and Avendano 2002).

In cattle, chronic poisoning by bracken fern is associated with two types of clinical
disease: urinary bladder tumours (bovine enzootic hematuria - BEH) (Price and Pamukcu
1968, Campo et al. 1992, Gabriel et al. 2009) and squamous cell carcinoma (SCCs) of the
upper digestive tract (UDT) (Campo et al. 1994, Souto et al. 2006, Masuda et al. 2010). In



68

both cases, grazing for long periods of time on pastures highly contaminated with bracken
fern is the major factor associated with these diseases, since they do not occur in areas
without the plant (Ddbereiner ef al. 1967, Jarrett 1978).

The norsesquiterpene ptaquiloside is the major chemical compound of this fern that
has been proved to be radiomimetic, mutagenic and carcinogenic (Fenwick 1989).
Ptaquiloside bounds to DNA forming adducts, the basis for chemical carcinogenesis (Yamada
et al. 2007). The ptaquiloside can also be transformed in alkaline pH solutions, producing a
highly mutagenic dienone (Fenwick 1989, Yamada et al. 2007). The activation to dienone is
an important feature in the pathogenesis of chronic bracken fern poisoning and it is closely
related to the location of tumours since saliva in the UDT and urine in the urinary bladder
have alkaline pH in normal conditions, 7.8 and 8.5, respectively (Fenwick 1989).

High doses of ptaquiloside exert a potent radiomimetic effect in animals (Hirono et al.
1984). High intake of bracken fern in a short period of time leads to the development of
severe bone marrow aplasia as part of the acute hemorrhagic syndrome in cattle (Evans 1968,
Hirono et al. 1984, Anjos et al. 2009).

Quercetin, a flavonoid, is also implied as an important mutagenic chemical compound
of bracken fern (Bjeldanes and Chang 1977, Pamukcu et al. 1980). Several studies in vitro
have demonstrated that quercetin acts in synergism with bovine papillomavirus type 4 (BPV-
4) promoting malignant transformation of primary bovine cells (Pennie and Campo 1992,
Cairney and Campo 1995, Beniston et al. 2001).

Papillomavirus is a double-stranded DNA virus of the family Papillomaviridae
(Howley and Lowy 2006). The development of papillomas, a benign epithelial tumour, is
dependent on epithelial stratification, expressing different viral open reading frames (ORFs)
in different layers of the squamous epithelium (Zur Hausen 2002). Thus, productive
papillomaviral infection only occurs in keratinocytes undergoing squamous terminal
differentiation (Jarrett 1985, Howley and Lowy 2006). In BPV-4 infection, viral particles are
mostly found in developing papillomas of the UDT (Jarrett 1980, Campo ef al. 1985). Small
amounts of BPV-4 DNA have been identified in alimentary SCCs of cattle grazing on bracken
fern, suggesting its role in the pathogenesis of the disease (Campo ef al. 1994).

Alimentary papillomatosis is a common finding in cattle grazing for long periods of
time in bracken fern (Ddbereiner et al. 1967, Campo et al. 1980, Jarrett 1980). Some authors
suggest that the requirement for the formation and maintenance of these papillomas is a
chronic and persistent immunosupression state induced by the bracken fern toxic principles

(Jarrett 1985, Campo and Jarrett 1986, Campo ef al. 1994). In the pathogenesis of alimentary
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SCCs of cattle grazing on bracken fern, it was hypothesized that these persistent papillomas
would act as a large expanded target for bracken carcinogens (Campo et al. 1994, Campo
1997). According to this theory, the transformation from papilloma to carcinoma, named
papilloma-carcinoma syndrome, would be the pathogenetic basis of these SCCs (Campo and
Jarrett 1986, Campo et al. 1994).

However, a recent study showed morphological evidences of SCCs possibly arising
from minor salivary glands of cattle grazing on pastures contaminated with bracken fern
(Masuda et al. 2010). This intriguing observation may represent an alternate pathogenetic
pathway of the disease. The aim of this study was to evaluate a possible minor salivary gland

origin for SCCs of cattle chronically and spontaneously poisoned by bracken fern.

Materials and methods

Forty SCCs were evaluated from cattle necropsied between years 2003 and 2009,
which have been grazing on highly contaminated areas with bracken fern. Thirty SCCs were
located in the cranial region of the UDT, including the base of tongue, oropharynx and
epiglottis. The other ten SCC were located in the lower part of the oesophagus and in the
entrance of the rumen. Oesophageal and rumenal SCCs were utilized as negative controls for
the presence of minor salivary glands. Clinical and necropsy data were recorded for all cases.

The SCCs were fixed in 10% buffered formalin, routinely processed for
histopathology and stained with hematoxylin and eosin. Salivary mucopolysaccharides were
demonstrated through histochemical staining with 1% Alcian blue, diluted in 3% acetic acid
solution, for 20 minutes. The tumours were histopathologically graded as well, moderate or
poorly differentiated SCCs (Head ef al. 2002, Masuda et al. 2010).

All forty SCCs were submitted to the immunohistochemistry technique using the
streptavidin-biotin-peroxidase method. Briefly, sections (3um) were dewaxed, rehydrated
through xylene and graded alcohols and rinsed in tap water. Sections were microwaved for
antigen retrieval in TRIS-EDTA (pH 9.0) for 10 min. Epithelial cells in general were
immunolabelled with rabbit polyclonal anti-bovine pan-cytokeratin (Dako Corp., Carpinteria,
California; 1 in 2,000 dilution) and epithelial glandular single-layered cells were labeled with
monoclonal anti-human cytokeratin 7/8 (clone CAMS.2; Becton-Dickinson, San Jose,
California, ready to use). Primary antibody was incubated for two (pan-cytokeratin) or three

hours (for cytokeratin 7/8) at 37°C in a humid chamber. Incubations with secondary
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biotinylated antibody and enzyme complex (LSAB-HRP Kit; Dako Corp., Carpinteria,
California) were for 35 min each at room temperature and the chromogen-substrate reaction
was with 3,3°diaminobenzidine (DAB; Sigma-Aldrich, St. Louis, Missouri). The sections
were counterstained with Harris hematoxylin and Alcian blue. Previously known SCCs of
cattle and bovine epididymis were used as positive control for pan-cytokeratin and cytokeratin
7/8, respectively. As negative control, the primary antibody was replaced by phosphate-
buffered saline (PBS) during the incubation.

Results

All animals presented progressive weight loss, dysphagia, sialorrhea or ruminal atonia.
At necropsy, there were mild to severe papillomatosis, small mucosal nodules, erosions/ulcers
and one large SCC, ranging from 8 to 35cm in diameter. Metastases to regional lymph nodes
were observed in 50% of the cases.

In the SCCs of the cranial region of the UDT, 8 were located in the base of tongue, 20
in the oropharynx and 2 in the epiglottis (Fig. 1A-C). Histopathological, histochemical and
immunohistochemical results are presented on Table 1. The tumours were mostly composed
of islands, strands and cords of neoplastic keratinocytes with dyskeratosis and keratin pearls.
Oesophageal and ruminal SCCs were grossly and microscopically similar to the tumours of
the cranial region. Histopathological grading of all SCCs revealed 27 cases of well-
differentiated carcinomas, 8 cases of moderate, and 4 cases of poorly differentiated SCCs. In
the SCCs of the cranial region, minor salivary glands were surrounded by groups of
neoplastic keratinocytes and accompanied by mild to severe desmoplastic and/or
inflammatory reaction. Minor salivary glands were not present in oesophageal and rumenal
SCCs. Nine SCCs of the base of tongue, oropharynx and epiglottis seemed to be arising from
minor salivary glands.

Acini and ducts of normal minor salivary glands were filled with a strongly positive
amorphous Alcian blue-stained mucus in all SCCs of the cranial region of the UDT. None
oesophageal or rumenal SCC had any Alcian blue-stained material. The nine cases of
suspected salivary gland origin had pools of amorphous Alcian blue-positive material inside
island of neoplastic keratinocytes (Fig. 2). Neoplastic cells were embedded in a bluish mucus,

mixed in areas of lamellar keratinization.
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All  SCCs stained for pan-cytokeratin (wide spectrum screening) in
immunohistochemistry. The immunolabelling was cytoplasmic, fibrilar and diffuse in
neoplastic keratinocytes and finely granular in salivary acini and ducts. The Figure 3 shows
positivity for pan-cytokeratin in a SCC of minor salivary gland.

Strong positive staining for cytokeratin 7/8 was observed in acini and ducts of normal
minor salivary glands in all SCCs of the cranial region. No immunostaining was observed in
normal squamous stratified epithelium or in the oesophageal and rumenal SCCs. Neoplastic
keratinocytes were negatively stained for cytokeratin 7/8 in all SCCs of this study.
Nevertheless, four pharyngeal SCCs had strongly-stained individual cells inside islands of
neoplastic keratinocytes (Fig 4). There were no differences in the staining pattern between the
three histopathological stages. A strong immunohistochemical evidence of a SCC arising

from a minor salivary gland positive-stained for cytokeratin 7/8 was observed in one case

(Fig. 5).

Discussion

In the present study, SCCs of the cranial region of the UDT were in close association
with minor salivary glands. However, SCCs around salivary acini does not mean a glandular
origin. Areas with glands may have been infiltrated by adjacent neoplastic keratinocytes
(Head et al. 2002). The differentiation between infiltration of superficial mucosa SCCs and
SCCs of minor salivary glands is quite difficult and sometimes considered unreliable (Lewis
and Olsen 2005). Nevertheless, there are some unequivocal cases of SCCs of minor salivary
glands in the literature (Vered et al. 2003, Akrish et al. 2009, Brennand-Roper et al. 2010). In
the present study, there were nine suspect cases of minor salivary gland origin and a
confirming diagnosis of SCC was made based on the presence of Alcian blue-positive mucus
inside islands of neoplastic cells and on immunohistochemical results.

Immunolabelling for cytokeratin 7/8 is specific for simple glandular epithelia and it
does not stain squamous epithelium (Dabbs 2006). The morphological and
immunohistochemical transition from a cytokeratin 7/8-positive glandular epithelium to a
negative-stained SCC was confirmative of a minor salivary gland origin. Also, pools of
alcian-blue positive salivary mucus were observed inside neoplastic islands.

Staining for cytokeratin 7/8 in individual cells inside neoplastic islands in four SCCs

was considered an intriguing finding. It may represent a vestige of the glandular origin in the
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SCCs of this study. Considering the specific staining for intermediate filaments, such as
cytokeratins, these immunostained cells could also reflect distinct cellular properties and
different stages of epithelial differentiation (Dabbs 2006, Fillies et al. 2006). In general,
cytokeratin expression patterns are highly conserved and an alteration in the expression of
these specific intermediate filaments is related to substantial changes in the cell behaviour
(Hendrix et al. 1996, Fillies et al. 2006). Recent cell culture and studies with chemical
carcinogens have revealed an important role of cytokeratin 7/8 in various steps of the
pathogenesis and progression of SCCs (Fillies et al. 2006). Transfection of buccal mucosal
cells with a vector for cytokeratins 7/8 resulted additionally in significant alterations in the
cell morphology and motility, prerequisite features for invasive tumour behaviour (Chu et al.
1996, Hansson et al. 2003, Raul et al. 2004). Nevertheless, expression of cytokeratins 7/8 in
individual cells inside neoplastic islands was not related with the histopathological grade of
the SCCs of this study.

Although there is an undoubtiful morphological evidence of transformation from a
simple glandular to a neoplastic squamous stratified epithelium, non-neoplastic reactive
ductal change and other neoplasms were included in the differential diagnosis. Patchy
hyperplasia and squamous metaplasia of interlobular ducts may be induced by vitamin A
deficiency and highly chlorinated naphtalene poisoning (Head et al. 2002, Brown et al. 2007).
Similar changes are seen in ducts at the periphery of necrotic tissue in salivary infarction in
dogs, cats and humans (Kelly ez al. 1979, Eisenberg 1986, Brown et al. 2007). However, there
was no clinical or pathological evidence of vitamin A deficiency or salivary gland infarction
in any animal of this study. Mucoepidermoid carcinomas (mixed epidermoid or mucus-
secreting carcinomas) differ from salivary gland SCCs because they are composed of a
mixture of neoplastic keratinocytes, mucous cells and intermediated type cells (Koestner and
Buerger 1965, Karbe and Schiefer 1967, Ellis and Simpson 2005). Despite the abundant
amount of salivary mucus inside island of neoplastic keratinocytes, mucous cells and
intermediated type cells were not present, favoring the diagnosis of SCCs.

Minor salivary gland SCCs in cattle grazing on bracken fern may represent an
important finding for the etiopathogenesis of the disease. The hypothesis of the papilloma-
carcinoma syndrome was established after an experimental study with cattle published in
1994 (Campo et al. 1994). It was hypothesized that the development and persistence of the
papilloma was a crucial step for carcinomatous transformation to SCCs (Campo et al. 1994,

Campo 1997). However, based on the results of this study, the sequential progression from
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papillomas to carcinoma may not be the only pathway to the development of SCCs of the
UDT in cattle grazing on bracken fern.

In the present study, neoplastic transformation of minor salivary glands could not be
associated with a papillomatous formation, but it could be closely related to the direct
carcinogenic effect of ptaquiloside. This hypothesis is based on the single cell layer
epithelium of salivary glands, which expresses cytokeratin 7/8 (Dabbs 2006). The complete
formation of a papilloma, for further transformation to SCC, would not be possible without
the presence of epithelial stratification, as it occurs in the squamous stratified epithelium of
the UDT. Therefore, the papilloma would not be able to grow and to act as an expanded target
for bracken carcinogens. However, abortive replications of BPV-4 (or other BPV)
(Borzacchiello et al. 2003) cannot be completely ruled out.

Ptaquiloside can induce tumours in several animal species (Evans and Mason 1965,
Evans 1968, Pamukcu et al. 1972, Hirono et al. 1987, Shahin et al. 1998). A potent
carcinogen-mutagen dienone is formed when ptaquiloside is submitted to alkaline solutions
(Fenwick 1989, Vetter 2009). In cattle grazing on bracken, such chemical metabolism has a
strong correspondence to the location of tumours. Syndromes like SCCs of the UDT and
tumours in urinary bladder in BEH of cattle are closely related to the alkaline pH of the saliva
and urine, respectively (Fenwick 1989). The multiplicities of tumours in different epithelia are
indicators of the degree of carcinogen exposure or general organism-wide susceptibility to
carcinogenesis. Multiple epithelia are affected when a chemical compound is systemically
metabolized (Ha and Califano 2003).

Ethanol-induced cancers in humans have some similarities to bracken fern-related
tumours of cattle. In human ethanol-related head and neck SCCs, saliva is also an important
factor involved in carcinogenesis (Simanowski et al. 1993). Acetaldehyde, a carcinogen to
several animal species and formed when ethanol is metabolized by oral bacteria, is the most
important cancer-causing agent in the UDT of humans (Seitz et al. 1990, Homann et al.
1997). The chemical basis for carcinogenesis of acetaldehyde is the formation of DNA
adducts (Seitz and Stickel 2007). Acetaldehyde concentration in saliva are 10-100 times
higher than in blood (Homann et al 1997). As consequence of a high acetaldehyde
concentration in a hyper-regenerative environment, the generation of highly mutagenic
acetaldehyde-DNA-adducts is facilitated in these tissues (Simanowski et al. 1993, Seitz and
Stickel 2007). Similarly in cattle grazing on bracken fern, high concentrations of ptaquiloside-
DNA-adducts and dienone in salivary glands and saliva could be the responsible for induction

of SCCs of the UDT. The induction of these changes could be the result of exposure of the
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ducts to either penetration of the carcinogen through the oral mucosa or retrograde passage of
the carcinogen from the oral cavity through the duct lumen (Vered ef al. 2003). In the present
study, some carcinomas may have been arisen from direct carcinomatous transformation of
minor salivary glands.

In conclusion, this study provides morphologic evidences of SCCs arising in minor
salivary glands in cattle grazing for long periods on bracken fern. This finding adds relevant

data for further studies on pathogenesis of alimentary SCCs of cattle.
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Table 1 — Morphological, histochemical and immunohistochemical results of bovine
alimentary SCCs.
. Histological Alcian HC IHC Cy‘Fokeratln 181
Case Location stage T blue f Pan-Cytokeratin { Normal minor SCC
salivary gland

1 Base of tongue WD + + +
2 Oropharynx MD + + + 45
3 Epiglottis WD - + + -
4 Oropharynx MD - + + +*
5 Base of tongue WD - + + -
6 Base of tongue WD - + + -
7 Base of tongue WD + + -
8 Oropharynx WD - + + -
9 Base of tongue WD - + + -
10 Oropharynx WD + + + +*
11 Oropharynx WD - + + -
12 Oropharynx WD + + + -
13 Oropharynx WD - + + -
14 Oropharynx WD + + + -
15 Oropharynx WD - + + -
16 Oropharynx WD - + + -
17 Oropharynx WD - + + -
18 Oropharynx MD - + + -
19 Epiglottis MD + + + -
20 Oropharynx WD - + + -
21 Oropharynx MD + + + -
22 Base of tongue WD + + -
23 Oropharynx WD + + + +*
24  Base of tongue PD - + + -
25 Oropharynx WD - + + -
26 Oropharynx WD - + + -
27  Base of tongue WD - + + -
28 Oropharynx MD - + + -
29 Oropharynx WD - + + -
30 Oropharynx MD - + + -
31 Rumen PD - + n/a -
32 Rumen PD - + n/a -
33 Rumen WD - + n/a -
34 Rumen MD - + n/a -
35 Rumen WD - + n/a -
36 Oesophagus WD - + n/a -
37 Oesophagus PD - + n/a -
38 Oesophagus WD - + n/a -
39 oesophagus WD - + n/a -
40 Oesophagus MD - + n/a -

T WD: well-differentiated; MD: moderated differentiated; PD: poorly differentiated; +: positive; -: negative; n/a:
not available; %: transition between positive cytokeratin 7/8 minor salivary gland to negatively-stained SCC; *:
immunolabelling in individual cells inside neoplastic islands.
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Fig. 1 — Gross appearance of squamous cell carcinomas of the upper digestive tract in cattle grazing on bracken
fern. A) Base of tongue. B) Oropharynx. C) Epiglottis.
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Fig. 2 — Well-differentiated squamous cell carcinoma. There are pools of Alcian blue-positive salivary mucus
(arrows) inside islands of neoplastic keratinocytes (Alcian blue and haematoxylin-eosin, bar 100um).
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Fig. 3 — Squamous cell carcinoma of minor salivary gland. Neoplastic keratinocytes are continuous to the
glandular wall (Immunohistochesmistry for pan-cytokeratin, streptavidin-biotin-peroxidase method,
counterstained with Harris haematoxylin, bar 100pm).
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Fig. 4 — Squamous cell carcinoma of the cranial region of the upper digestive tract. Some neoplastic cells are
immunostained with cytokeratin 7/8 inside neoplastic islands (arrow) (Immunohistochesmistry for cytokeratin
7/8, streptavidin-biotin-peroxidase method, counterstained with Harris haematoxylin, bar 250um).
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Fig. 5 — Confirmative immunohistochemical diagnosis of squamous cell carcinoma of minor salivary gland. A
well-differentiated squamous cell carcinoma (asterisk) is arising from a minor salivary gland positively stained
for cytokeratin 7/8 (arrow). Observe the Alcian blue-positive stained salivary mucus in salivary gland and inside
the island of neoplastic keratinocytes. (Immunohistochesmistry for cytokeratin 7/8, streptavidin-biotin-
peroxidase method, counterstained with Harris haematoxylin and Alcian blue, bar 200um).
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ABSTRACT.- Masuda E.K., Kommers G.D., Rosa F.B., Barros C.S.L., Fighera R.A. &
Piazer J.V.M. 2010. [Relationship between lymphopenia and the persistence of
alimentary papillomatosis in cattle chronically and spontaneously poisoned by bracken
fern (Pteridium aquilinum).] Relacdo entre a linfopenia e a persisténcia da papilomatose
alimentar em bovinos intoxicados cronica e espontaneamente por samambaia (Pteridium
aquilinum). Pesquisa Veterinaria Brasileira 00(0):00-00. Laboratério de Patologia
Veterinaria, Departamento de Patologia, Centro de Ciéncias da Satde, Universidade Federal
de Santa Maria. Av. Roraima, 1000, Santa Maria, RS, Brazil. E-mail:

glaukommers@yahoo.com

Bovine papillomavirus type-4 (BPV-4) is responsible for the development of
papillomas in the upper digestive tract (UDT) of cattle. The necessary steps for the
development, growth and regression of papillomas are intimately related with the
immunological status of the animal. The consumption of bracken fern (Pteridium aquilinum)
has been pointed out as the major factor involved in the persistence of BPV-4 infection of the
UDT. The theory involving the relationship between alimentary papillomas and the formation
of squamous cell carcinomas (SCCs) suggests the persistence of alimentary papillomatosis
through a chronic immunosupressive lymphopenic state induced by bracken fern. The
papillomas would serve then as a development site of SCCs through the interaction of BPV-4
oncoproteins and bracken carcinogens. The objective of this study was to evaluate the
relationship between lymphopenia and alimentary papillomatosis in spontaneous cases of

chronic bracken fern poisoning of cattle. The age, intensity of papillomatosis and the leukon
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were evaluated of 40 cattle with SCCs of the UDT. Three animals had leukopenia and one
had neutrophilia. The mean lymphocyte count (and standart deviation) of mild, moderate and
severe papillomatosis was 5,395(ﬂ:1,696)/mm3 , 4,560(ﬂ:1,561)/mm3 and 5,007(ﬂ:1,786)/mrn3 ,
respectively. There were no statistically significant differences between the intensity of
alimentary papillomasis, age, and the lymphocyte count. Immunosupression by lymphopenia
was a sporadic finding (three cases) in the present study. The results demonstrate that the
persistence of alimentary papilomatosis in spontaneous cases of bracken fern-related SCCs of
the UDT is not related to lymphopenia and it may be related with other immunological

factors.

INDEX TERMS: Papillomatosis, Bovine papillomavirus type 4, plant poisoning, Pteridium

aquilinum, diseases of cattle.

RESUMO. Papilomavirus bovino tipo 4 (BPV-4) ¢ responsavel pelo desenvolvimento de
papilomas no trato alimentar superior (TAS) de bovinos. Os passos necessarios para o
crescimento, o desenvolvimento e a regressdo dos papilomas estdo intimamente relacionados
com o estado imunologico do animal. A ingestdo de samambaia (Pteridium aquilinum) tem
sido relacionada como o principal fator envolvido na persisténcia da infec¢ao pelo BPV-4 no
TAS. A teoria que estabelece a relagdo entre papilomatose alimentar e a formacdo de CCEs
sugere a producdo de um estado imunossupressivo cronico pela planta, permitindo a
persisténcia dos papilomas no TAS. Os papilomas serviriam entdo como sitios de
desenvolvimento dos CCEs através da interagdo entre as proteinas do BPV-4 e os
carcindgenos da samambaia O objetivo deste estudo foi avaliar a relagdo entre a quantidade
de linfocitos circulantes e a papilomatose alimentar em casos de intoxicacdo espontanea
cronica por P. aquilinum em bovinos com CCE no TAS. Quarenta bovinos com CCEs no
TAS foram avaliados quanto a idade, a intensidade da papilomatose alimentar no TAS e ao
leucograma. Trés bovinos tinham leucopenia e um apresentava neutrofilia. A média de
linfocitos foi de 5.395 (£1.696) na papilomatose leve, 4.560 (+1.561) na moderada e 5.007
(x1.786) na acentuada. Nao houve diferenca estatisticamente significativa entre o grau de
papilomatose, a idade e a quantidade de linfocitos circulantes. Imunossupressdo por
linfopenia foi um achado esporadico (trés casos) neste estudo. Os resultados indicam que a

persisténcia da papilomatose alimentar em casos espontaneos de intoxicagdo crdnica por



90

samambaia em bovinos ndo tem relacdo com a quantidade de linfocitos circulantes e que

talvez esteja relacionada a outros fatores imunoldgicos.

TERMOS DE INDEXACAO: Papilomatose, Papilomavirus bovino tipo 4, intoxicagdo por

plantas, Pteridium aquilinum, doencas de bovinos.

INTRODUCAO

Papilomavirus bovino tipo 4 (BPV-4) é um virus DNA pertencente a familia
Papillomaviridae, responsavel pelo desenvolvimento de papilomas no trato alimentar superior
(TAS) de bovinos (Campo et al. 1980). Quando a papilomatose alimentar se desenvolve em
animais saudaveis, ela é auto-limitante (Nicholls et al. 2001).

Os passos necessarios para o crescimento, o desenvolvimento e a regressao dos
papilomas estdo intimamente relacionados com o estado imunoldégico do animal (Nicholls &
Stanley 2000, Howley & Lowy 2006). A infec¢do viral pelo BPV-4 se estabelece na mucosa
do TAS através de pequenas lesdes epiteliais (Howley & Lowy 2006). O virus induz a
proliferacdo das células basais infectadas e leva a formagdo de papilomas, com posterior
liberacao dos virides através da descamacao do estrato cérneo (Anderson et al. 1997).

Fatores imunossupressores predispdem animais € humanos a desenvolverem
papilomatose (Duncan et al. 1975, Campo & Jarrett 1986, Borzacchiello et al. 2003). Em
humanos, condi¢cdes imunossupressivas que afetam os linfocitos (por exemplo: gravidez,
quimioterapia ou infec¢do pelo virus da imunodeficiéncia humana) aumentam a chance da
persisténcia da infec¢do pelo papilomavirus (Duncan et al. 1975, Howley & Lowy 2006,
Woodman et al. 2007). Em bovinos, fatores imunossupressivos, como a infec¢do pelo virus da
diarreia viral bovina (Borzacchiello & Roperto 2008), corticoterapia (Tsirimonaki et al. 2003)
e ingestdo de samambaia (Pteridium aquilinum) (Jarrett et al. 1978, Jarrett 1985, Campo &
Jarrett 1986, Campo et al. 1994) tem sido relacionados como os principais fatores envolvidos
na persisténcia da infeccdo pelo BPV-4.

Bovinos que pastoreiam em areas altamente infestadas por samambaia frequentemente
sdo acometidos por papilomatose alimentar e por carcinomas de células escamosas (CCEs) no
TAS (Dobereiner et al. 1967, Tokarnia et al. 1969, Jarrett et al. 1978, Jarrett 1980, Gava et al.
2002, Souto et al. 2006). A teoria da relagdo entre papilomatose alimentar por BPV-4,

samambaia e a formagdo de CCEs no TAS foi estabelecida apds um estudo experimental de



91

intoxicacdo cronica por P. aquilinum (Campo et al. 1994). Na teoria da patogénese dos CCEs
no TAS, denominada “sindrome papiloma-carcinoma”, o ptaquilosideo presente na
samambaia seria o responsavel por estabelecer um estado imunossupressivo linfopénico
cronico e persistente. Essa diminui¢do da quantidade de linfécitos circulantes predisporia os
animais a desenvolver papilomatose persistente e disseminada. Tais papilomas serviriam
entdo como sitios de desenvolvimento dos CCEs através da interagdo entre as oncoproteinas
do BPV-4 ¢ os carcinégenos da samambaia (Campo et al. 1994, Anderson et al. 1997, Campo
1997).

O principal objetivo deste estudo foi, portanto, avaliar se ha relagdo entre a quantidade
de linfocitos circulantes e a papilomatose alimentar em casos de intoxicacdo espontanea

cronica por samambaia em bovinos com CCE no TAS.

MATERIAIS E METODOS

Foram analisados o leucograma e os aspectos clinicopatolégicos de 40 bovinos com
diagnéstico de intoxicacdo cronica por samambaia (P. aquilinum) na forma clinica cronica de
CCEs no TAS, no periodo de 2006 a 2010. Os bovinos eram provenientes de areas altamente
infestadas por samambaia e foram avaliados quanto a idade, a intensidade da papilomatose
alimentar no TAS e ao leucograma.

A idade dos bovinos foi computada no momento do diagnostico clinico de CCE no
TAS. As idades absolutas foram tabuladas e analisadas quanto a distribuicao de frequéncia.

A papilomatose alimentar foi classificada quanto a intensidade em: leve, moderada ou
acentuada. Quanto a sua localizacdo, ela foi classificada regionalmente em: cranial
(compreendendo a regido da base da lingua, faringe/orofaringe e epiglote), média (es6fago),
caudal (entrada do rimen e rimen). Quando os papilomas estavam presentes em todo o TAS,
a papilomatose foi classificada como disseminada.

Foi classificada como papilomatose leve quando os bovinos apresentavam poucos
papilomas e que se localizavam regionalmente no TAS, principalmente na regido cranial.
Moderada quantidade de papilomas que se localizavam regionalmente ou em toda extensdo do
TAS foi classificada como papilomatose moderada. Papilomatose acentuada ocorreu quando
grande quantidade de papilomas foi encontrada disseminada em toda extensao do TAS.

O sangue para realizagdo do leucograma foi coletado em tubos de ensaio com EDTA

no momento do diagnostico clinico (dias ou poucas semanas antes da morte) ou momentos
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antes da morte do animal. A técnica constituiu-se de: contagem de leucocitos em camara de
Neubauer utilizando-se liquidos de Tiirk como diluente e andlise de esfregacos corados por
panotico rapido para a diferenciagio celular e pesquisa de alteragdes morfoldgicas nas células.
Foram utilizados valores de referéncia da espécie bovina segundo Jain (1986).

Os resultados dos leucogramas foram comparados com os graus de papilomatose
alimentar e com a idade dos animais através da anélise de varidncia com o método de Holm-

Sidak. Em todos os testes, P<0.05 foi considerado estatisticamente significativo.

RESULTADOS

A idade dos bovinos diagnosticados com CCEs no TAS e que pastoreavam em areas com
samambaia variou de trés a 12 anos, com média de oito anos (Fig. 1).

O resultado completo do leucograma estd apresentado no Quadro 1. No leucograma,
leucopenia foi observada em trés casos. Linfopenia foi a principal causa da diminuigdo de
leucocitos circulantes e ocorreu nos trés casos. Neutropenia também foi observada em um
caso. Em seis bovinos, leucocitose por neutrofilia e com desvio a esquerda foi o achado mais
importante. Eosinofilia ocorreu em um caso. Nao houve alteragdo significativa no leucograma
dos trinta bovinos restantes.

Papilomatose leve (Fig. 2A) foi observada em 17 casos. Nesses, poucos papilomas
estavam localizados principalmente na regido cranial do TAS, compreendendo a face
ventrolateral da base da lingua e faringe/orofaringe. Nos 15 casos de papilomatose moderada
(Fig. 2B), os papilomas localizavam-se regionalmente na parte cranial ou em toda extensao do
TAS. Papilomatose acentuada (Fig. 2C) ocorreu em oito casos e se caracterizava por grande
quantidade de papilomas, em diversos estagios de desenvolvimento, em toda extensdo do
TAS.

Nao houve diferenga estatisticamente significativa entre o grau de papilomatose e a
idade dos bovinos ao diagndstico de CCE. Nos trés casos de linfopenia, dois tinham
papilomatose leve ¢ um moderada. A média de linfocitos foi de 5.395(x1.696)/mm’ na
papilomatose leve, 4.560 (£1.561)/mm’ na moderada e 5.007 (+1.786)/mm’ na acentuada.
Nao houve diferenca estatisticamente significativa entre o grau de papilomatose e a

quantidade de linfocitos circulantes (Fig. 3).
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DISCUSSAO

Bovinos sadios naturalmente ou experimentalmente infectados por BPV-4 recuperam-se de
papilomatose alimentar em aproximadamente um ano, através de uma resposta imunoldgica
mediada por células (Campo et al. 1994, Knowles et al. 1996). No entanto, exposi¢ao cronica
a imunossupressores leva a persisténcia e a dissemina¢do de papilomas em todo o TAS
(Borzacchiello & Roperto 2008). O sistema imune tem, portanto, um papel importante na
modula¢do da severidade da doencga associada ao papilomavirus (Nicholls & Stanley 2000).

A persisténcia dos papilomas no TAS de bovinos que pastoreiam por longos periodos
em areas com samambaia tem sido relacionada com a ingestdo continua dos principios
quimicos presentes na planta. A exposicdo cronica a esses principios toxicos,
principalmemente o ptaquilosideo, levaria os bovinos a desenvolverem imunossupressao por
linfopenia cronica, permitindo a persisténcia e a manutengdo dos papilomas no TAS (Campo
et al. 1994). Tais papilomas serviriam entdo como um alvo expandido, devido a constante
replicacdo celular induzida pelo BPV-4, para os carcindgenos da samambaia agirem
sinergicamente com o virus no desenvolvimento dos CCEs (Campo et al. 1994).

Inversamente ao que foi encontrado nos casos experimentais (Campo et al. 1992,
Campo et al. 1994), a grande maioria dos casos espontianeos de intoxicagdo cronica por
samamabaia do presente estudo ndo apresentaram linfopenia no momento do diagnostico
clinico. A quantidade de linfocitos também ndo foi relacionada com a presenca e severidade
da papilomatose, nem com a idade dos bovinos. Dessa forma, a linfopenia parece ndo estar
relacionada com a persisténcia dos papilomas no TAS nos casos espontdneos estudados.
Porém, nao se pode afirmar que mecanismos imunossupressivos (da planta ou outros fatores)
ndo foram necessarios para a infeccdo inicial pelo BPV-4 e para a dissemina¢do da doenga no
TAS em época anterior a0 momento estudado.

Em bovinos naturalmente infectados por BPV-4, a regressao dos papilomas ocorre
através de uma reagdo mediada por células (Knowles et al. 1996, Anderson et al. 1997).
Papilomas em regressdo sdo infiltrados por linfocitos T, principalmente T CD4+ e CD8+
(Knowles et al. 1996). Esses linfocitos nao proliferam nos locais de regressao dos papilomas
(Nicholls & Stanley 2000) e, portanto, sdo origindrios de oOrgdo linfoides. O efeito
radiomimético do ptaquilosideo, que levaria ao achado hematolégico de linfopenia cronica
presente nos casos experimentais (Campo et al. 1994), poderia explicar a auséncia dos

linfocitos nos papilomas para a sua regressao. No entanto, a persisténcia dos papilomas nos
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animais cronica e espontanemente intoxicados por samambaia deste estudo parece ndo ter
nenhuma relagdo com a diminui¢ao da quantidade de linfocitos circulantes.

Outros mecanismos podem ser sugeridos na tentativa de explicar o papel do sistema
imune na regressao dos papilomas apds a infeccdo. A falha no reconhecimento dos papilomas
pelo sistema imune sugere que ele talvez ndo seja avisado (ou seja desabilitado) pela infec¢ao
do BPV-4 (Araibi et al., 2006). A habilidade do papilomavirus em persistir tem sido atribuido
a natureza do ciclo viral (somente epitelial), fatores do hospedeiro, ao estado de laténcia viral
e/ou a habilidade do papilomavirus em subverter ou evadir o sistema imune (O'Brien and
Saveria Campo, 2002; Tindle, 2002). E provéavel que esses fatores contribuam para a demora
ao reconhecimento da infecgao.

Muitos virus sdo capazes de evadir do sistema imune do hospedeiro através da
interferéncia nas vias de apresentacdo e processamento de antigenos (Piquet 2005). No caso
dos papilomavirus, foi demonstrado que em papilomas de casos naturais a oncoproteina viral
ES5 sobre-regula a expressdo de MHC-1, permitindo ao virus evadir da vigilancia imunoldgica
e persistir no epitélio infectado (Ashrafi et al. 2002, Marchetti et al. 2002, Araibi et al. 2006).
Este mecanismo de evasdo das células do sistema imune, especialmente dos linfocitos T e
células nulas (natural-killer cells; NK) (Ashrafi et al. 2002), est4 presente na infec¢do natural
pelo papilomavirus. No entanto, somente este mecanismo de evasdo natural ndo consegue
explicar completamente a persisténcia dos papilomas em bovinos cronicamente intoxicados
por samambaia.

Recentemente, um estudo com extrato de samambaia em camundongos C57BL/6
demonstrou a acdo modulatdria direta do principio toxico sobre células do sistema imune com
efeito citotoxico seletivo e direto nas células NK. Camundongos tratados com samambaia
tiveram uma diminui¢do na citotoxicidade mediada pelas células NK, as quais interrompiam
suas agOes sobre os linfocitos T. A redugdo seletiva da atividade das células NK
(citotoxicidade e producdo de interferon gama) poderia estar diretamente envolvida na
manutengdo dos papilomas e formagdo de tumores em animais cronicamente intoxicados por
samambaia (Latorre et al. 2009). Dessa forma, os efeitos imunotoxicos da samambaia
poderiam afetar ndo apenas a resposta imune contra a infec¢do viral, mas também a vigilancia

imunoldgica para a formagao de tumores.
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CONCLUSOES

Imunossupressdo por linfopenia foi um achado esporadico nos casos de intoxicagdo cronica e
espontanea por samambaia em bovinos com a forma clinica de CCEs no TAS deste estudo.
Estes resultados indicam que a persisténcia da papilomatose alimentar em casos naturais nao
tem relagdo com a quantidade de linfocitos circulantes e que talvez esteja relacionada a outros
fatores imunoldgicos. Dentre eles, destaca-se a agdo das proteinas do papilomavirus e também
a acdo seletiva do ptaquilosideo sobre determinadas células do sistema imune, fatores
importantes para a regressdo dos papilomas. A atuacdo conjunta desses fatores poderia ser
responsavel pela manutengdo dos papilomas no TAS de bovinos cronica e espontaneamente

intoxicados por samambaia.
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Quadro 1. Idade, leucograma e intensidade da papilomatose alimentar de bovinos intoxicados
cronica e espontaneamente por Pteridium aquilinum com a forma clinica de carcinoma de células
escamosas no trato alimentar superior.

Leucocitos Neutrofilos Bastonetes Linfocitos Mondcitos Eosinofilos Basofilos .
Bovino  Idade (/mm®) (/mm’) (/mm’) (/mm®) (/mm’) (/mm’) (/mm’) Papilomatose
4.000-12.000 600-4.000 0-120 2.500-7.500 25-840 0-2.400 0-200 (LM, A)

) 5 22.100 12.818 2873 5.525 442 0 0 M
) 4 10.200 3.570 102 6.120 0 408 0 L
3 g 5.400 1.728 0 2.970 108 594 0 A
4 g 8.100 2.106 81 5.589 162 162 0 A
5 7 6.000 1.680 120 3.480 540 180 0 M
6 g 5.100 1.734 102 3.009 153 102 0 A
7 6 2.900 493 145 2.030 87 145 0 L
g 7 18.100 9.955 1.448 6.154 362 0 0 M
9 6 8.700 2.001 0 5.655 0 1.044 0 A
10 g 8.300 2.739 0 5.395 83 83 0 L
" 10 4.500 1.260 0 2.880 45 315 0 M
12 g 5.200 1.768 52 3.120 156 104 0 A
13 3 7.000 2.100 0 4.200 70 630 0 M
14 3 11.000 3.300 110 7.260 110 220 0 L
15 5 12.000 3.120 120 7.200 120 1.440 0 A
16 7 8.600 2.150 86 5418 258 688 0 L
17 g 11.200 3.920 112 6.160 336 560 112 L
18 g 7.700 2.079 77 5313 154 77 0 M
19 10 6.200 2418 62 3.596 62 62 0 M
2 7 4.300 1.591 0 2.537 129 43 0 L
21 4 6.800 2.380 68 4216 68 68 0 M
” 10 16.200 5.832 324 6.804 162 2916 162 L
3 6 8.100 3.240 0 4212 243 405 0 M
4 g 9.600 2.880 0 6.432 192 9 0 L
25 6 7.600 2.584 0 4.560 152 304 0 M
% 12 8.900 2225 0 6.480 89 178 0 L
27 12 9.100 3.276 0 5.187 273 364 0 M
28 g 14.200 8.236 284 4.686 284 710 0 M
2 12 28.400 16.756 1.420 7.100 1.704 1.420 0 L
30 9 8.200 2.870 82 4.674 164 410 0 L
3 6 19.800 9.900 990 8.316 198 198 0 M
0 7 8.500 2.720 85 5.355 170 170 0 L
3 7 10.600 3.286 106 6.890 212 106 0 M
34 10 8.800 3.872 88 3.960 176 704 0 L
35 7 7.900 3.081 79 4.424 158 158 0 A
36 9 8.700 2.523 87 5.220 174 696 0 L
37 11 3.300 1.056 33 2.079 99 33 0 L
38 9 3.700 1.221 0 2.220 185 74 0 M
39 10 9.600 1.248 96 7.200 9 960 0 A
40 8 6.400 2.176 64 3.776 256 128 0 L

* Intensidade da papilomatose: (L) leve, (M) moderada e (A) acentuada.
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Fig. 1. Grafico da distribui¢@o de frequéncia das idades dos 40 bovinos. A média de idade ¢ de oito anos,
variando de trés a 12 anos.
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Fig. 2. Graus de papilomatose alimentar em bovinos intoxicados cronica e espontaneamente por Pteridium
aquilinum. Regido cranial do trato alimentar superior. A. Papilomatose leve. B. Papilomatose moderada. C.
Papilomatose acentuada.
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Fig.3. Relagdo entre a quantidade de linfocitos e o grau de papilomatose alimentar através da analise de varidncia
e do teste de comparagdo dos pares (método de Holm-Sidak), estabelecendo intervalo de confianga de 95%.



6. CONSIDERACOES FINAIS

A formagado do papiloma ¢ o ponto crucial no desenvolvimento dos CCEs do TAS de
bovinos, segundo a teoria da patogé€nese denominada de sindrome papiloma-carcinoma,
estabelecida por CAMPO et al. (1994b). E a partir da sua manutengao por longos periodos no
TAS (através de principios toxicos imunossupressores presentes na samamabaia) que o
papiloma se tornaria alvo para os carcindogenos da planta, promovendo a transformacao
carcinomatosa. Os resultados do presente estudo demonstram haver uma via alternativa para a
patogénese dos CCEs no TAS, sem a necessidade da formagdo do papiloma em bovinos que
pastoreiam naturalmente e por longos periodos em areas com samambaia.

Dos resultados obtidos no Artigo 1, pequenas lesdes epiteliais iniciais demonstraram
que havia uma variada gama de lesdes, além daquelas observadas na sindrome papiloma-
carcinoma descrita por CAMPO et al. (1994b). A maioria dos papilomas encontrados no TAS
de todos os animais eram desenvolvidos. Os resultados demonstraram que os papilomas
permanecem cronicamente no TAS em seu estado maduro de desenvolvimento e que a
regressao foi minima. A transformagdo carcinomatosa dos papilomas foi observada em parte
dos papilomas do presente estudo e representa a evidéncia morfoldgica da sindrome
papiloma-carcinoma. No entanto, lesdes displasicas intra-epiteliais escamosas (SILs) também
estavam presentes em quantidade significativa no TAS dos bovinos. Em humanos, lesdes
semelhantes estdo presentes no trato aerodigestivo em pacientes que abusam cronicamente do
alcool/tabaco. As SILs no trato aerodigestivo de humanos s3o potencialmente malignas e
podem evoluir para CCEs. As SILs nos bovinos do presente estudo podem, portanto,
representar uma via alternativa de formag¢do de CCEs no TAS, sem a necessidade da

transformagdo carcinomatosa do papiloma.
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Nos resultados do Artigo 2, foram observadas evidéncias morfologicas e
histoquimicas de CCEs de possivel origem do epitélio ductal simples de glandulas salivares
menores. Como ha necessidade de um epitélio estratificado para o BPV desenvolver um
papiloma, a confirmagdo morfoldgica e imuno-histoquimica de CCE se originando de um
ducto salivar simples sugere também que pode ndo haver a necessidade da formagdo do
papiloma para o desenvolvimento desses neoplasmas no TAS de bovinos. Os resultados
obtidos no artigo 2 apdiam a evidéncia da transformacdo do ptaquilosideo em um composto
altamente mutagénico em contato com o pH bésico da saliva. A agdo carcindgena quimica
direta sobre os ductos salivares do TAS poderia ser a explicagcdo da origem desses CCEs.

No Artigo 3, o grau de imunossupressao por linfopenia, necessaria para a manutengao
dos papilomas, também foi avaliado nos casos naturais de CCE no TAS de bovinos
provenientes de areas altamente infestadas por P. aquilinum. A imunossupressio por
linfopenia foi incomum, apesar da papilomatose estar presente em todos os casos. A auséncia
de linfopenia em bovinos com papilomatose alimentar pode sugerir que os mecanismos para a
manutencdo dos papilomas ndo estejam relacionados com a imunossupressao pela diminui¢ao
da quantidade de linfocitos circulantes, mas sim com uma possivel agdo seletiva sobre
determinados tipos celulares responsaveis pela regressao dos papilomas.

Concluiu-se que a manutengao dos papilomas no TAS de bovinos pode contribuir para
o desenvolvimento de CCEs, mas que esta ndo ¢ a Unica via para o desenvolvimento desses
neoplasmas, e que a manuten¢do dos papilomas ou o grau de papilomatose alimentar nao

estdo associados com linfopenia.
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Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica
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Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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