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O tumor venéreo transmissivel canino (TVTc) é um tumor tnico em varios aspectos,
sendo o principal, o fato de as células tumorais ndo serem origindrias do animal acometido.
Resultados de pesquisas recentes demonstraram que o TVTc é um tumor transplantivel que
surgiu em ancestrais do cdo doméstico ha aproximadamente 10000 anos. As células, que se
propagam principalmente pelo coito, se desenvolvem como um enxerto e apresentam a
capacidade de se implantar através de mecanismos de escape a resposta imunoldgica do
hospedeiro. Essa resposta envolve a imunidade celular e humoral e varia de acordo com fatores
ndo totalmente elucidados. Além do conhecido papel na resposta imune com o objetivo de
combater tumores, a resposta inflamatéria desempenha um papel involuntario e paradoxal que
resulta na promoc¢do do crescimento tumoral pela liberacdo de substincias vasculogénicas, anti-
apoptéticas e promotoras de crescimento celular. O fato de que os tumores possam se beneficiar
da resposta inflamatdria torna necessarias pesquisas visando o desenvolvimento de terapias
direcionadas a modulagdo da resposta inflamatéria para o controle do desenvolvimento tumoral.
Dessa forma, o objetivo deste estudo foi compreender melhor os mecanismos envolvidos no
desenvolvimento do tumor através da mensuragdo dos niveis das citocinas pré-inflamatorias (IL-
1, IL-6, TNF-a e INF-y) e da anti-inflamatéria (IL-10) e de uma proteina de fase aguda da
inflamacdo, a Proteina C-reativa (PCR) durante o tratamento de cdes naturalmente infectados
pelo TVTc. A quantificacdo das citocinas e da PCR foi realizada no soro dos animais a partir de

amostras obtidas no diagnéstico e pré-terapia, imediatamente antes de cada nova aplicacdo



quimioterdpica € no momento em que o animal era considerado curado. A partir da resposta a
quimioterapia foram caracterizados grupos de animais de acordo com os tumores resistentes (R) e
nao-resistentes (NR). Foi estabelecida a probabilidade de cura em relacao ao tempo de terapia, de
acordo com o tipo de tumor. No grupo R, foi observada variacdo significativa em todos os
parametros, sendo a expressdo das citocinas pré-inflamatérias e da PCR, mais elevadas e a
expressao da IL-10 inferior em relagdo a expressdo observada em amostras dos animais do grupo
NR. No caso das citocinas pré-inflamatérias e da PCR, essa diferenca se manteve até a cura dos
animais, diferindo da IL-10, cujas concentra¢des foram similares nos dois grupos ao final do
tratamento. A andlise estatistica realizada detectou a presenga de correlagdes entre as variaveis,
demonstrando a participacdo das citocinas durante o processo de evolugdo tumoral. O papel da
inflamacgdo no desenvolvimento do cancer foi postulado, apesar de os mecanismos moleculares
nio terem sido elucidados, sabe-se que a inflamagdo cronica eleva a probabilidade do
desenvolvimento de tumores. Pelo fato de o TVTc ser um tumor de células estranhas ao
organismo, seu estudo € importante para verificar os mecanismos relacionados com a manutencao

e desenvolvimento dos tumores, bem como da resposta imune associada.

Palavras-chaves: IL-1, IL-6, IL-10, TNF-a, INF-y, Proteina C-reativa, TVTc
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The canine transmissible venereal tumor (CTVT) is unique in various aspects, and the
principal is that the tumoral cells are not originated from the host. Recent findings showed that
the CTVT is a transplantable tumor that first appeared in a dog ancestor approximately 10000
years ago. The tumoral cells propagate mainly through coitus, develop as a graft, and have the
capability of installing themselves by mechanisms of escape from the host's immunologic
response. This specific response involves cellular and humoral immunity and varies according to
some factors not yet very elucidated. Beyond the well-known role of fighting the tumor cells, the
inflammatory response also plays an involuntary and paradoxical role, which results in the
promotion of tumor growth by releasing vasculogenic, antiapoptotic, and cellular growth-
promoting substances. The fact that tumors can benefit from the inflammatory response makes
the investigation of the mechanisms involved important for the development of new therapies
focused on the modulation of the inflammatory response to control the tumor development. The
aim of this work is to better understand the mechanisms behind tumoral growth by the
measurement of the levels of pro-inflammatory (IL-1, IL-6, TNF-o and INF-y) and anti-
inflammatory (IL-10) cytokines and the C-reactive protein (CRP) over the treatment of dogs
naturally infected with CTVT. The quantification of the cytokines and CRP was performed in the

animals' serum from samples obtained at the moments of the diagnosis and pre-therapy,



immediately before chemotherapy, and after the confirmation of the cure of each animal.
According to therapy response, two groups were identified, R, were the tumor was resistant to
therapy and NR, which was susceptible. A cure probability was defined in relation to time of
treatment and tumor response to vincristin. In group R all parameters varied significantly: The
expression of pro-inflammatory cytokines and CRP were higher, and of IL-10, lower, comparing
to group NR. For pro-inflammatory cytokines, this difference was maintained until cure.
Statistical analysis was able to detect correlations between all variables, demonstrating the
participation of cytokines during tumor evolution. The role of inflammation has been postulated
and, although the mechanisms remain unclear, a correlation of chronic inflammation and cancer
susceptibility has been demonstrated. Because CTVT is a tumor of foreign cells, it is a suitable
model to investigate the mechanisms involved in tumor maintenance and developing, as well as

the associated immune response.

Keywords: IL-1, IL-6, IL-10, TNF-a, INF-y, C-reactive protein, CTVT.
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APRESENTACAO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
manuscrito, e se encontram no item ‘“Manuscrito”. As secdes ‘“‘Material e Métodos”,
“Resultados”, “Discussao” e “Referéncias” encontram-se no préprio manuscrito que representa
este estudo na integra. O item “Conclusdes”, encontrado no final desta dissertacdo, apresenta
interpretacOes gerais sobre o manuscrito contido neste trabalho. As referéncias correspondem

somente as citacdes que aparecem no item “Introducao” desta dissertacao.



1 INTRODUCAO

O tumor venéreo transmissivel canino (TVTc) € uma neoplasia de ocorréncia natural que
afeta principalmente a genitdlia externa de caninos machos e fémeas (HIGGINS, 1966; DAS;
DAS, 2000) e que possui distribuicdo geogrifica mundial, tendo sido bem documentado nos
cinco continentes, com prevaléncia nas regides urbanas e de clima temperado (ROGERS, 1997).
O tumor atinge com maior prevaléncia animais de vida livre, uma vez que estes nao sio
submetidos ao controle reprodutivo (COHEN, 1985). A transmissdao do TVTc ocorre através da
transplantacdo de células tumorais vidveis, principalmente nos locais onde ocorrem abrasdes ou
perda de integridade da superficie das mucosas (COHEN, 1978). O contato prolongado e as
caracteristicas do coito dos cdes levam a escoriagdes da mucosa genital, sendo um excelente meio
para que ocorra a transmissdo (ROGERS, 1997). Em machos, os tumores sdo normalmente
observados na parte caudal do pénis, glande e ocasionalmente no prepticio (DAS; DAS, 2000),
enquanto que nas fémeas o tumor localiza-se tipicamente na vagina, vestibulo e juncio vestibulo-
vaginal, podendo envolver o orificio uretral. A localizacdo das massas favorece a ocorréncia de
infeccoes do trato urindrio (MOULTON, 1990). O aspecto macroscépico do TVTc ¢é
caracteristico. Inicialmente aparecem pequenas papulas hiperémicas que progridem para nédulos,
muitas vezes multilobulados, com aspecto de couve flor ou proliferacdes pedunculares que
podem atingir mais de 10 cm de didmetro (MACEWEN, 2001). A massa € firme e fridvel, e a
superficie inflama e ulcera com facilidade (MORALES, 1995). Alguns exemplos da apresentacao

clinica podem ser visualizados na Figura 1.
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Figura 1- Formas de apresentacdo clinica do tumor venéreo transmissivel canino: A e C. Localizag¢do vulvo-vaginal;
B. Tumores cutineos multiplos; D. Forma genital localizada no bulbo peniano.

Lesdes tumorais extragenitais também podem ser observadas com ou sem presenca do
tumor na regido genital (DAS; DAS, 2000). Essas lesdes sdo frequentemente visualizadas nas
cavidades oral e nasal (NDIRITU et al., 1977; PAPAZOGLOU et al., 2001), pele (PARK et al.,
2006), regidao anal e mucosa conjuntival (BOSCOS et al.,, 1998). O envolvimento de locais
extragenitais pode estar associado a comportamentos sociais dos cdes (DAS; DAS, 2000) e a
hipétese de auto-infeccdo por lambedura ndo pode ser descartada (NDIRITU et al., 1977;
BATAMUZI; BITTEGEKO, 1991).

A suspeita diagndstica ocorre através dos sinais clinicos, que incluem a presenca de
secre¢do genital geralmente sanguinolenta persistente ou intermitente, aumento ou deformacao

genital, odor anormal, massa visivel ou lambedura no local. Com frequéncia esses sinais podem
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estar presentes por periodos acima de um ano (ROGERS, 1997; ROGERS et al., 1998). Apesar
de os sinais serem geralmente sugestivos, a confirmacdo diagnodstica € feita através de citologia
esfoliativa, aspirac@o por agulha fina ou histopatologia, podendo ser realizada também através de
imuno-histoquimica. A citologia é o método de escolha por se tratar de uma técnica simples,
minimamente invasiva e indolor, além de produzir menor distor¢cao da morfologia celular quando
comparadas as amostras de biopsia fixadas em formaldeido (KROGER, 1991; ERUNAL-
MARAL et al., 2000).

As caracteristicas microscépicas do TVTc fizeram com que esse tumor recebesse
diversas classificacOes, tais como sarcoma infeccioso, linfossarcoma infeccioso, granuloma
infeccioso e sarcoma de Sticker, em referéncia ao pesquisador que se aprofundou no estudo deste
tumor no inicio do século XX (COHEN, 1985; ROGERS, 1997). O aspecto citolégico do TVTc
¢ de neoplasia de células redondas, ovais ou poliédricas com um grande nucleo centralizado,
cromatina condensada, normalmente cont€ém de um a dois nucléolos proeminentes. O citoplasma
¢ abundante, levemente basofilico e tipicamente vacuolizado (ERUNAL-MARAL et al., 2000).
Figuras de mitose e células inflamatdrias, plasmdcitos, linfécitos, macréfagos e neutréfilos sao

observadas com frequéncia (ROGERS, 1997) (Figura 2).
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Figura 2 - Citologia de tumor venéreo transmissivel canino. Visualiza-se presenca de grande nimero de células
redondas, com nicleo redondo, cromatina granular grosseira, nucléolo proeminente e quantidades escassas de
citoplasma basofilico (A). Algumas células inflamatdrias como neutréfilos (N), linfécitos (L) e plasmocitos (P)
podem ser observadas. Coloragdo: panético rapido, aumento: 400x.

O TVTc apresenta variacdes morfologicas e pode ser classificado em linfocitoide,
plasmocitoide ou misto. Sdo considerados linfocitoides os tumores com caracteristicas tipicas do
TVTc citadas anteriormente e como plasmocitoide, quando hd predominio de células com
morfologia ovoide, menor relagdo nucleo-citoplasma e nucleo localizado excentricamente
(AMARAL et al., 2007). As células do TVTc foram caracterizadas por imunohistoquimica e, de
acordo com a presenca de moléculas de membrana e intracitoplasmdticas, pode-se sugerir a
origem mesenquimal, com caracteristicas histiociticas devido a presenca de vimentina, lisozima,
ACMI1 (activated macrophage specific antigen 1) e alfa-1-antitripsina. Células de TVTc ndo

apresentam marcacdo para anticorpos dirigidos contra queratina, desmina, a-actina, CD3, 1gG e
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IgM, e cadeias leves A e k (MOZOS et al., 1996; MARCHAL et al., 1997), caracteristicas de
células epiteliais, musculares, linfocitos e plasmdcitos, respectivamente.

O crescimento do tumor ocorre geralmente no local de implantacao das células e a
estimativa para ocorréncia de metédstases no TVTc de desenvolvimento natural é de menos de 5%
segundo MOULTON (1990), ou de 0-17% segundo ROGERS et al. (1998). Os locais comuns de
aparecimento de metdstase sdo linfonodos inguinais e iliacos (NDIRITU et al., 1977, ROGERS
et al., 1998; DAS; DAS, 2000), pele ou tecido subcutaneo (BOSCOS et al., 1998; DAS; DAS,
2000; ALBANESE et al., 2002; PARK et al., 2006). Outros sitios extragenitais também podem
apresentar metastase, como figado e baco (KROGER, 1991), faringe (NDIRITU et al., 1977),
cérebro (ADAMS; SLAUGHTER, 1970; FERREIRA et al., 2000), adeno-hip6fise (MANNING;
MARTIN, 1970), olhos (BOSCOS et al., 1998; FERREIRA et al., 2000; PEREIRA et al., 2000),
rins (MANNING; MARTIN, 1970) e muisculos (KROGER, 1991). Animais acometidos por esse
tumor ndo costumam apresentar nenhuma alteracdo em sua condi¢cdo corporal, mesmo nos casos
em que metdastases estdo presentes (FERREIRA et al., 2000; RODRIGUES et al., 2001).

Com relagdo as alteragdes clinicopatoldgicas, nos casos de TVTc de ocorréncia natural,
observa-se valores eritrocitarios abaixo dos valores de referéncia (ROGERS, 1997). TINUCCI-
COSTA (1994) observou que dos quarenta cdes acometidos naturalmente pelo TVTc avaliados,
57% apresentavam valores eritrocitarios abaixo dos valores de referéncia. Dados divergentes
foram publicados por COHEN (1985) onde constatou-se policitemia em animais com grande
crescimento tumoral apds implante experimental, esses animais utilizados possuiam grandes
concentracdes intratumorais de eritropoietina. Outras alteragdes como as que se referem as
plaquetas, sdo descritas apenas durante a quimioterapia com aplicagdo de vincristina, quando a
contagem plaquetdria tende a se elevar ap6s a primeira aplicacdo (MACKIN et al.,, 1995;
SHVIDEL et al., 2006). Também durante o tratamento a contagem leucocitaria decresce por acao
mielossupressora da droga (SOBREIRA et al., 2004).

O tratamento do TVTc € recomendado, uma vez que sua regressdo espontanea nao é
esperada nos casos de infecc@o natural (ROGERS, 1997). Entre as formas de tratamento descritas
estdo a remogdo cirdrgica, radioterapia, imunoterapia e quimioterapia (DAS; DAS, 2000). A
exérese cirdrgica do tumor foi, durante muito tempo, o tratamento preconizado e, apesar de ser
efetiva nos casos de tumores pequenos e localizados, possui taxa de recorréncia que pode chegar

a 68% dos casos (IDOWU, 1984; ROGERS, 1997). Obter a margem cirdrgica necessaria pode
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ser dificil nas regides onde o TVTc normalmente aparece. Durante o procedimento cirtdrgico de
cdes machos, o cuidado deve ser redobrado para que a uretra ndo seja danificada (DAS; DAS,
2000). O sucesso no uso de criocirurgia para o tratamento de um cao macho com TVTc genital ja
foi reportado (RICKARDS, 1983). Mais recentemente cinco cdes tratados com criocirurgia
apresentaram resultados distintos entre si, quando trés apresentaram cura enquanto 0s outros nao
obtiveram reducao completa (GOLOUBEFF; OLIVEIRA, 1999).

A radioterapia é uma técnica efetiva e pode ser utilizada como forma tnica de tratamento
nos casos de tumores solitdrios ou resistentes a quimioterapia (ROGERS et al., 1998). No
entanto, necessita de imobilizacdo quimica e equipamento especializado (DAS; DAS, 2000).
THRALL (1982), utilizando a dosagem de 10 Gy (1000 rad) a cada aplicagdo, obteve regressao
completa com 1-3 aplicacdes.

De todas as condutas terapéuticas descritas, a quimioterapia € a que promove resultados
mais satisfatérios, tendo como caracteristica o baixo custo, a facil aplicacdo e a diversidade de
protocolos quimioterdpicos disponiveis (ROGERS, 1997). Dos diversos quimioterdpicos
utilizados pode-se citar o uso de sulfato de vincristina, sulfato de vimblastina, cloridrato de
doxorrubicina, ciclofosfamida, metotrexato utilizados como agentes unicos ou combinados,
demonstrando percentual de cura de 90-95% (ROGERS, 1997; DAS; DAS, 2000). O protocolo
mais utilizado no tratamento do TVTc é a aplicacio semanal de vincristina de 0,5 — 0,7mg/m’
como agente Unico durante quatro a oito semanas consecutivas, ou até a remissdao completa
(ERUNAL-MARAL et al., 2000). Em tumores resistentes a vincristina, a droga de escolha deve
ser a doxorrubicina (ROGERS, 1997). A imunoterapia tem sido estudada como alternativa aos
tratamentos convencionais, mas seus resultados sao varidveis. Estudos reportam a aplicacdo intra-
lesional da vacina BCG (MUKARATIRWA et al., 2009), vacina para parvovirus (YANG, 1987),
além do uso de interleucinas (OTTER et al., 1999; HSIAO et al., 2008; LIN et al., 2008; CHOU
et al., 2009; CHUANG et al., 2009).

A facilidade intrigante que o TVTc possui de ser facilmente transmitido de um cao para o
outro através do contato despertou o interesse de varios pesquisadores com o intuito de desvendar
a fisiopatologia do tumor. O TVTc pode ser considerado a linhagem celular mais antiga existente,
cuja origem se deu hd aproximadamente 10000 anos quando os cdes estavam recém sendo
domesticados (REBBECK et al., 2011). Além do modo de transmissao natural, o TVTc pode ser

induzido em animais adultos ou imunocompetentes através da inocula¢iao experimental de células
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tumorais vidveis para os tecidos do hospedeiro. Esta caracteristica, observada por Nowinsky em
1876, gerou intimeras transformagdes no que diz respeito aos estudos oncoldgicos, além de
despertar o interesse da comunidade cientifica (COHEN, 1978; DAS; DAS, 2000). Inicialmente,
cogitou-se a possibilidade de envolvimento viral, a exemplo do que ocorre com outros tumores,
como o sarcoma aviario, descrito por Rous, em 1911, para o virus do sarcoma aviario (RSV), ou
o linfoma de Burkit, induzido pelo virus Epstein-Barr (EBV) (JAVIER; BUTEL, 2008). Para
confirmar essa suposi¢do, indculos de filtrados livres de células foram utilizados na tentativa de
expressar este agente oncogénico viral que teoricamente seria o transmissor € causador do tumor.
Alguns pesquisadores demonstraram resultados positivos utilizando essa técnica (AJELLO,
1960), mas os métodos utilizados em seus estudos e a impossibilidade de reproduzir os resultados
demonstraram a inveracidade dos mesmos (COHEN, 1985). Tentativas de identificacdo de
particulas oncogénicas virais através de microscopia eletronica também se mostraram infrutiferas
(MURRAY et al., 1969; MOULTON, 1990).

A caracteristica transplantdvel peculiar ao TVT e o fato de ndo ser identificado agente
viral associado, suscitou a hipétese da origem tUnica do tumor, ou seja, que o tumor tenha se
desenvolvido em um individuo e que, a partir do contato com outros individuos, as células
tenham adquirido a capacidade de se implantar e proliferar. Com o objetivo de investigar essa
hipétese, foram realizados estudos citogenéticos que demonstram que amostras de tumores
oriundas de diferentes partes do mundo possuiam caridtipo semelhante: 58 a 59 cromossomos e
presenca de cromossomos metacéntricos (IDOWU, 1977; MURCHISON, 2009; REBBECK et
al., 2009). Esse nimero difere significativamente do caridtipo normal do cdo, formado por 78
cromossomos, onde apenas os sexuais sao submetacéntricos € 0s outros Ccromossomos,
acrocéntricos (OSHIMURA et al., 1973). Essas semelhancas, além de sugerir que os tumores
encontrados nessas regioes fossem origindrios de um mesmo animal, também demonstraram a
estabilidade do cariétipo das células tumorais (MURCHISON, 2009).

A partir dessa constatacdo, através de andlise filogenética, MURGIA et al. (2006)
conseguiram demonstrar que tumores coletados de caes de diferentes continentes podem ser
derivados de um clone neoplasico dividido anteriormente em duas subclasses. Além do cariétipo
similar, o rearranjo do proto-oncogene c-MYC como resultado da inser¢ao do elemento de
transposicdo LINE-1 é outra alteracdo génica caracteristica do TVTc presente em todos os

tumores (CHU et al., 2001; MURGIA et al., 2006). Adicionalmente, estudos imunolégicos
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demonstraram que todas as amostras de TVTc possuiam moléculas do complexo maior de
histocompatibilidade (MHC) canino, o antigeno leucocitario canino, (DLA) diferentes de seus
hospedeiros, porém idénticas entre si. Esses autores observaram que todos os tumores
compartilham os mesmos alelos nos quatro genes testados (DLA-88, DRB1, DQB1, DQA1),
sendo que os mesmos ndo foram observados nos tecidos dos seus respectivos hospedeiros
(MURGIA et al., 2006). Dessa forma, o TVTc € considerado um tumor de origem Tunica,
transmitido como aloenxerto e que se comporta como uma célula infecciosa com capacidade de
se desenvolver de forma autdnoma em seu hospedeiro (DINGLI; NOWAK, 2006)

A evolucio clinica do TVTc induzido experimentalmente foi caracterizada por HSIAO et
al. (2002) em diferentes estdgios: progressdo, estabilizacdo e regressdo. Esses estigios sdo
diretamente influenciados pela capacidade de resposta imunoldgica do hospedeiro, que pode ser
mais bem observada quando as células sdo implantadas experimentalmente e exibem um padrao
de desenvolvimento previsivel (CHU et al., 2001). A transicdo da fase progressiva para a
regressiva do TVTc é marcada pelo aumento de infiltrados celulares (CHU et al., 2001; HSIAO
et al., 2002; MUKARATIRWA; GRUYS, 2004). Em tumores induzidos experimentalmente, a
resposta humoral e celular e o desenvolvimento de imunidade em individuos imunologicamente
competentes é que previne a infeccado por TVTc (PALKER; YANG, 1981; FENTON; YANG,
1988).

A inflamacdo € uma resposta de defesa produzida pelo corpo do hospedeiro que sofreu
injuria tecidual, normalmente causada por infec¢des microbianas e virais ou por outros estimulos
nocivos, como exposi¢do a alergénicos, radiacdo, substancias quimicas toéxicas, doengas
autoimunes ou cronicas, obesidade e consumo de dlcool, tabaco e dietas com altas quantidades de
calorias (SCHETTER et al., 2010). Durante a inflamac¢do a migracdo celular aumenta no local
que sofreu injdria e diminui no momento em que o reparo tecidual é concluido. Células em
crescimento estdo mais propensas a sofrer danos ao DNA e ambientes em que ocorrem altas taxas
de proliferacdo celular propiciam agressdes mutagénicas. Além disso, nos microambientes ricos
em células inflamatodrias sdo liberados fatores estimuladores de crescimento. Dessa forma, pode-
se considerar que o desenvolvimento de tumores causa desequilibrio na capacidade de reparacdo
tecidual, fazendo com que o tumor pare¢a uma lesdo que nao cura (DVORAK, 1986).

A primeira correlacdo estabelecida entre a resposta inflamatdria e as neoplasias foi a

observacdo de infiltrados de leucdcitos nos tumores. Atualmente, a interacdo entre o tumor e
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células inflamatdrias no microambiente tumoral, através da comunica¢do mediada por moléculas
de superficie e citocinas tem papel reconhecido no desenvolvimento do cancer (HANAHAN;
WEINBERG, 2011). Viérios tipos de células inflamatérias do sistema imune, células do estroma
do hospedeiro e células do tumor liberam grande nimero de mediadores pré-inflamatérios que
acabam por acelerar a invasao tumoral e a ocorréncia de metédstases (KUNDU; SURH, 2012). A
inflamacdo ocasionada por envolvimento destas células permite que a maioria, sendo todos os
processos celulares relacionados a tumorigénese ocorram (HANAHAN; WEINBERG, 2011).

Citocinas sdo proteinas soluveis, de baixo peso molecular, mediadoras da duragdo e da
intensidade da resposta imune, sendo produzidas em resposta a estimulos diferentes (TIZARD,
2009). Sao moléculas envolvidas em quase todos os processos bioldgicos importantes, desde a
proliferacao celular até o envolvimento no processo inflamatério, imunidade, migracao, fibrose,
reparacio e angiogénese (VILCEK; FELDMANN, 2004). Na medicina, sdo consideradas agentes
terapéuticos importantes em doencas do sistema imune e inflamatdrias e vém sendo utilizadas em
muitos estudos com animais para estimular ou inibir a inflamacao, imunidade e hematopoiese
(ABBAS; LICHTMAN, 2004). Possuem propriedades como secrecdo breve e autolimitante,
ligam-se a receptores de membrana especificos de outras células, exercem um efeito autderino,
pardcrino ou enddcrino, podem ser pleiotropicas (agem em diferentes tipos celulares),
redundantes (diferentes citocinas possuem mesmas funcdes) e influenciam na sintese e acdo de
outras interleucinas (ABBAS; LICHTMAN, 2005; TIZARD, 2009). Diferentes células sido
responsaveis pela sintese de citocinas, no entanto, sdo os macrdfagos ativados os principais
responsaveis pela producdo de citocinas pré-inflamatérias, como a interleucina 1 (IL-1),
interleucina 6 (IL-6), o fator de necrose tumoral o (TNF-a) e interferon y (INF-y). A interleucina
10 (IL-10), por sua vez, € considerada uma citocina anti-inflamatéria que exerce papel contrério,
e age como inibidora da resposta imune, principalmente em respostas que envolvem macréfagos
(TIZARD, 2009).

O TNF-a € o primeiro mediador inflamatério a ser produzido em resposta as infecgdes,
sendo considerado mediador primério do sistema imune inato e crucial para induzir prote¢ao
local (ULLOA; TRACEY, 2005). Quantidades minimas de TNF-a contribuem para a defesa do
hospedeiro e, quando a producdo € excessiva e prolongada, o TNF-a torna-se deletério ao
organismo (NETEA et al., 2003), causando desregulacdo da resposta imune e induzindo a

ativacdo de outras citocinas, bem como do sistema oxidativo celular, os quais promovem
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inflamacao e lesdo tecidual potencialmente letais (TRACEY, 2002; ULLOA; TRACEY, 2005).
A producdo de IL-1 e IL-6 ocorre logo em seguida a do TNF-a, ji no inicio do processo
inflamatério. E o aumento local de TNF-a o responsdvel pelos sinais cardeais da inflamacdo,
incluindo calor, tumor, dor e rubor. Ele age sobre os neutréfilos, aumentando sua habilidade em
destruir microrganismos, ativa mastdcitos, amplifica e prolonga a inflamacao, além de estimular a
fagocitose e a producdo de oxidantes. Por fim, o TNF-a pode destruir algumas células tumorais
ou infectadas por virus, ativando as caspases e induzindo a apoptose (TIZARD, 2009). A IL-1
possui fungdo similar a do TNF-a (CUNNEEN; CARTWRIGHT, 2004), pois induz a resposta
inflamatéria sist€émica em resposta a um agravo inicial (LOISA et al., 2003), agindo
sinergicamente com o TNF-a nesse processo (DEL VECCHIO et al., 2004). Esse sinergismo ¢
responsavel pelo aparecimento de sinais tipicos de doencga, como febre, letargia, mal-estar e falta
de apetite (TIZARD, 2009). A IL-6 é considerada importante marcador da resposta inflamatéria
sist€émica, pois nas infec¢des alcanca rapidamente picos de concentragdo sérica, caracterizando-se
como citocina “de alarme” da infeccdo (CASEY, 2000). A IL-6 € a principal indutora da sintese
da proteina C-reativa (PCR) pelos hepatdcitos, sendo ainda capaz de ativar células T e atrair
neutréfilos aos sitios de infeccdo (CUNNEEN; CARTWRIGHT, 2004). INF-y é uma importante
citocina produzida primariamente por células Th1, mas também pode ter sua producao estimulada
por células NK e, por esse motivo, o INF-y possui fun¢des tanto na resposta imune inata quanto
na adaptativa. Entre suas vdrias fungdes, podem ser citadas a ativacdo de células endoteliais,
estimulagdo na atividade das células NK, indu¢ao de MHC I e II, diferenciacdo de linfécitos B,
ativacdo de linfécitos T e de macrofagos, entre outros (ABBAS; LICHTMAN, 2004;2005)
(Figura 3).
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Figura 3 — Representacio esquematica da ativagdo da resposta imune por citocinas. Fonte: NETEA et al.(2003).

Células dendriticas (CD), assim como macréfagos sdo células sentinelas da imunidade
inata e excelentes apresentadoras de antigenos (TIZARD, 2009), estdo presentes em quase todos
os locais de entrada dos antigenos e processam antigenos tumorais de forma que sua apresentacao
ao MHC I e II seja facilitada (ONISHI et al., 2004; TOURKOVA et al., 2005). As CD expressao
altos niveis de moléculas estimuladoras da inflamacgdo produzindo grande variedade de citocinas
e quimiocinas (NIMURA et al., 2006). O processamento do antigeno e a presenca dos fatores
estimuladores acaba promovendo o estimulo necessario para a resposta imune inata e adaptativa
(TIZARD, 2009). A inducdo de apoptose das CD por fatores derivados do tumor sdo reportados
em alguns estudos com o sistema humanos e murinos (HIRANO et al., 1997; HARIZI et al.,

2002) esta atividade parece ser um mecanismo chave para que as células tumorais escapem ao
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reconhecimento imunolégico (HIRANO et al., 1997). O TVTC parece debilitar a diferenciacdo
das CD inibindo o reconhecimento do antigeno e sua apresentacdo causando apostose de
mondcitos e CD (LIU et al., 2008).

No papel de inibir as citocinas pré-inflamatorias estd a IL-10, principal citocina contra
reguladora da resposta imune inata (OBERHOLZER et al., 2002). Atua como citocina anti-
inflamatéria e age por feedback negativo, ou seja, inibe a sintese de citocinas pré-inflamatorias
(CASEY, 2000). Elevadas concentragdes de IL-10 reduzem a produgdo de TNF-a, IL-1, IL- 6
IL-8 pelos mondcitos, enquanto ativam (por feedback positivo) a producdo de IL-1Ra
(HOWARD; O'GARRA, 1992). A supressdao de IL-10 resulta em aumento dos niveis séricos
circulantes de TNF-a e IL-6, o que sugere que esta citocina possua grande poder anti-
inflamatério (CUNNEEN; CARTWRIGHT, 2004). OBERHOLZER et al. (2002) sugeriram que a
magnitude da resposta da IL-10 parece correlacionar- se com a gravidade do processo
inflamatdrio e a concentragdo de citocinas pré-inflamatérias com a ativacao do TNF-a. Existe, de
fato, um mecanismo homeostético que envolve a IL-10 e as citocinas pré-inflamatérias. Enquanto
o TNF-a e outras citocinas estimulam a sintese de IL-10, na vigéncia de estimulo inflamatério,
esta bloqueia a sintese de TNF-a de forma diretamente proporcional a resolu¢do do processo
inflamatério, levando a normalizacdo dos niveis séricos das citocinas (BORISH; STEINKE,
2003) e restaurando a homeostase (BONE et al., 1997).

Estudos sugerem que a resposta aguda iniciada pelos leucdcitos infiltrados tumorais,
acaba por ndo exercer normalmente seus mecanismos imunoldgicos capazes de conduzir a
erradicacdo do desenvolvimento do tumor. Ao contrério, produzem mediadores pré-inflamatorios
de forma excessiva e cronica contribuindo para a promog¢do e progressdo tumoral, seja por
estimulos proliferativos diretos as células tumorais, seja pela liberacdo de substancias
vasculogénicas que irdo proporcionar melhores condi¢des de desenvolvimento tumoral pelo
incremento no aporte sanguineo ao local (BERGMAN, 2009). As interleucinas e o TNF-a sdo
exemplos de citocinas associadas a carcinogénese (TSELEPIS et al., 2002; LIN; KARIN, 2007).
Sabe-se até o momento que a IL-6 liga-se ao seu receptor (IL-6R), resultando na ativagdao do gene
Janus Kinase 1 (JAK-1) e consequentemente na fosforilagdo e dimerizacdao do Signal Transducer
and Activator of Transcription (STAT), particularmente o STAT3, um fator de transcri¢do que
regula a ativagdo dos genes envolvidos na proliferagdo celular, inflamagcdo e angiogénese

(KUNDU; SURH, 2012). O STAT j4 foi relacionado a tumorigénese em muitos tecidos e estd
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relacionado aos processos inflamatérios de tumores géstricos, figado, célon, pancreas e pulmao
(GAO et al., 2007; GRIVENNIKOYV et al., 2009; LESINA et al., 2011). Niveis de IL-1 também
aparecem aumentados em muitos tumores, onde a IL-1p faz o papel de promover o crescimento
tumoral enquanto a IL-lo promove imunidade anti-tumoral (APTE; VORONOV, 2002). O
mesmo ocorre com o TNF-qa, também presente em vdrios canceres humanos como o cancer de
mama, préstata, bexiga, linfoma e leucemias (BURKE et al., 1996; BALKWILL;
MANTOVANI, 2001). Todos esses mediadores promovem estimulo inflamatério que ativa a via
do Fator Nuclear kappa B (NF-kP), resultando na expressio dos genes proé-inflamatorios,
proliferativos e anti-apoptéticos (KUNDU; SURH, 2012; ELINAV et al., 2013).

Além da resposta inflamatdria mediada pelas interleucinas ja discutidas anteriormente,
ocorre uma reagdo complexa e inespecifica chamada de “resposta de fase aguda”, que se
desenvolve rapidamente apds qualquer injdria tecidual. A origem desta resposta pode ser
atribuida a causas infecciosas, imunoldgicas, neopldsicas, traumdticas ou outras, € 0 seu proposito
€ restaurar a homeostase e remover a causa do desequilibrio (CERON et al., 2005). A maioria
das proteinas de resposta de fase aguda é formada por glicoproteinas sintetizadas, principalmente
por hepatécitos (JAIN, 1989), e sua produgcdo € mediada por citocinas pré-inflamatérias, das
quais as mais importantes sdo as interleucinas (IL-6, IL-1) e o fator de necrose tumoral (TNF-a)
(CERON et al., 2005). Apés o estimulo gerado pelas citocinas, principalmente as interleucinas
IL-1, IL-6 e o TNF-aq, liberadas por células de defesa, o figado sintetiza e libera a maioria das
proteinas de fase aguda, o que resulta em seu aumento na corrente sanguinea (PETERSEN et al.,
2004). A resposta de fase aguda € muito rdpida e antecede ao estimulo do sistema imune e, em
muitos casos, o surgimento dos sinais clinicos (CERON et al., 2005). Dependendo da espécie
animal, as proteinas de fase aguda s@o consideradas indicadoras fi€is da resposta sistémica frente
aos processos inflamatdrios e infecciosos, quando comparadas a outras varidveis, tais como febre,
aumento na taxa de hemossedimentacdo e/ou presenca de leucocitose associados a neutrofilia
(WEISS; WARDROP, 2010). Apesar da falta de especificidade dessas proteinas, que pode
representar limitagdo significativa, sua determinacdo oferece vantagens do ponto de vista
diagnéstico, uma vez que o aumento dessas proteinas significa que o organismo estd combatendo
um evento potencialmente perigoso. As altas concentragdes dessas proteinas, embora nao nos
ajudem a compreender qual patégeno estd (ou estava) presente, demonstram que O organismo

ainda esta lutando contra o microrganismo (PALTRINIERI, 2007).
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Tumores sdo frequentemente infiltrados por linfécitos T e células natural killer (NK)
(BURNET, 1970) cujo papel depende do nivel de expressdo do MHC na superficie das células
tumorais (MUKARATIRWA; GRUYS, 2004). Dessa forma, a eliminagdo das células tumorais
por mecanismos imunoldgicos € também determinada pela resposta inflamatéria por elas
desencadeada. Os tumores fortemente imunogénicos induzem potentes respostas mediadas por
linfécitos T apds seu processamento por c€lulas dendriticas. J4 os fracamente imunogénicos
tendem a crescer como nddulos isolados que podem ndo ser suficientes para desencadear
respostas imunoldgicas eficazes (TIZARD, 2009). Os antigenos do MHC funcionam como
marcadores celulares que sinalizam para os linfécitos T citotéxicos (MHC I) e linfécitos T helper
(MHC II) e sdo indispensdveis para a apresentacdo de antigenos para as células T citotéxicas
(ZINKERNAGEL; DOHERTY, 1979). A auséncia de antigenos do MHC pode levar ao nao
reconhecimento dessas células tumorais pelo sistema imune (MUKARATIRWA; GRUYS,
2004). Tanto o MHC I quanto o MHC II ndo sdo expressos durante a fase de crescimento
progressiva do TVTc (HSIAO et al., 2002; MURGIA et al., 2006), € 0 mecanismo que permite a
niao expressdo de MHC pelo TVTc durante toda sua fase progressiva e o aumento da sua
expressao na fase regressiva do tumor ainda ndo foram explicadas (HSIAO et al., 2002). Certos
tumores humanos, como os de pele e os carcinomas cervicais, também apresentam baixos ou
indetectaveis niveis de MHC I, sugerindo um mecanismo de escape a vigilancia imunoldgica
(HOLDEN et al., 1983; CONNOR; STERN, 1990).

Células de TVTc podem ser induzidas a expressar MHC quando expostas ao sobrenadante
da cultura celular de TVTc que encontram-se na fase regressiva e linfécitos intratumorais (ITLs),
mas ndo por células da fase progressiva e ITLs (HSIAO et al.,, 2002). A transi¢cdo da fase
progressiva para a regressiva do TVTc pode ser desencadeada através da inducdo da expressao de
MHC, causado por citocinas através de ITLs (MURCHISON, 2009).

Enquanto linfécitos T citotdxicos reconhecem apenas antigenos tumorais apresentados
por MHC I, as células NK sdo citotéxicas para as células tumorais que ndo expressam MHC L
Portanto, a perda da expressdao de MHC I ativa as células NK, proporcionando a destrui¢do das
células tumorais. Esse mecanismo nao ¢ eficiente quando se trata da resposta ao TVTc e a razdo
para isso ainda ndo estd esclarecida completamente (PORGADOR et al., 1997,
MUKARATIRWA; GRUYS, 2004). Uma explicagdo possivel para o fato seria a produgcdo do

fator transformador do crescimento beta (TGF-B1) pelas células tumorais. Essa citocina parece
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inibir a atividade das células NK, bem como a citotoxicidade dos ITLs. O efeito supressivo de
TGF-B1 sobre as células NK pode ser antagonizado pela citocina pré-inflamatéria IL-6, que é
secretada pelos ITLs (HSIAO et al., 2004).

Em conjunto com a IL-6 para induzir a expressao do MHC estdo o IFN-y (HSIAO et al.,
2008) e a IL-15 (CHOU et al., 2009). Acredita-se que, uma vez que um determinado limite de IL-
6 secretado por ITLs € alcancado, ocorre a supressdo de TGF-f1 nas ITLs e o aumento da
atividade de IFN-y, permitindo que as ITLs induzam a expressdao de MHC I e II nas células de
TVTc, iniciando a regressao (HSIAO et al., 2004; HSIAO et al., 2008).

A resposta imunoldgica ao TVTc € de vital importancia, pois pode determinar a inibi¢dao
ou o crescimento tumoral no individuo. A regressdo completa do tumor ocorre no momento em
que a resposta imune contra o TVTc torna-se eficaz (COHEN, 1978). A implantacdo do TVTc de
forma experimental em caninos imunologicamente comprometidos, como filhotes recém-
nascidos (YANG; JONES, 1973) ou caninos irradiados (COHEN, 1973), resultou na progressao
continua desse tumor e no aparecimento de metdstases, enquanto que cdes recuperados
apresentavam imunidade contra a re-infeccio (POWERS, 1968). Por isso, filhotes nascidos de
maes ja expostas ao TVTc sdo menos susceptiveis a doenca (YANG; JONES, 1973).

A presenca de um antigeno associado ao TVTc foi confirmada através de microscopia
imunoeletronica durante todos os estdgios de desenvolvimento tumoral através da utilizacdo de
anticorpos contra o antigeno tumoral (HILL; YANG, 1985). Este antigeno pode ser detectado
durante toda a fase de crescimento tumoral, sendo que sua concentracdo no soro aumenta
proporcionalmente ao volume do tumor, ndo sendo mais encontrado em até 72 horas apds a
remocao cirdrgica do tumor (YANG et al., 1991).

A presenca de imunidade em filhotes nascidos de maes que possuem ou ja possuiram o
TVTc e a incapacidade de reinfeccdo nos cdes ja curados sdo dois exemplos ja citados
anteriormente que confirmam a importancia da imunidade humoral nos casos de TVTc.
Adicionalmente, infiltrados inflamatérios intra- e peritumorais na fase de regressdo apresentam
maiores quantidades de linfocitos B e plasmdcitos que tumores em fase progressiva (PEREZ et
al., 1998). A presenca de maior quantidade de anticorpos ligados a membrana nas fases de
estabilizacdo e regressdo do tumor e sua menor presenca na fase progressiva (FENTON; YANG,
1988) também sugere uma importante participacdo da resposta imune humoral na progressao do

TVTec.
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Além da participacdo do sistema imune através da imunidade celular e humoral na
tentativa de inibir o crescimento e eliminar células tumorais, a resposta inflamatéria desempenha
um papel paradoxal, uma vez que também pode beneficiar o desenvolvimento dos tumores
através da liberagcdo de citocinas vasculogénicas, anti-apoptoticas e proliferativas. Dessa forma,
estudos com o objetivo de elucidar a participacdo de citocinas na fisiopatologia dos tumores
podem contribuir no desenvolvimento de protocolos terapéuticos mais eficientes
(MUKARATIRWA; GRUYS, 2004).

Desta forma, a resposta imune e anti-inflamatéria pode ter papel chave na modulacido do
TVT, pois a resposta a neoplasia estd diretamente relacionada a um evento imune com
componentes da imunidade inata e adquirida. Por essa razdo este trabalho objetivou a busca de
uma melhor compreensao dos mecanismos envolvidos no desenvolvimento do TVTc, através da
mensuragcdo dos niveis de citocinas pré e anti-inflamatérias e PCR ao longo do tratamento de
caninos naturalmente infectados pelo TVTc e atendidos na rotina do Hospital Veterinario

Universitario da Universidade Federal de Santa Maria (HVU-UFSM).
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Abstract

The canine transmissible venereal tumor (CTVT) is unique in various aspects, and the
principal is that the tumoral cells are not originated from the host. Recent findings showed that
the CTVT is a transplantable tumor that first appeared in a dog ancestor approximately 10000
years ago. The tumoral cells propagate mainly through coitus, develop as a graft, and have the
capability of installing themselves by mechanisms of escape from the host's immunologic
response. This specific response involves cellular and humoral immunity and varies according to
some factors not yet very elucidated. Beyond the well-known role of fighting the tumor cells, the
inflammatory response also plays an involuntary and paradoxical role, which results in the
promotion of tumor growth by releasing vasculogenic, antiapoptotic, and cellular growth-
promoting substances. The fact that tumors can benefit from the inflammatory response makes
the investigation of the mechanisms involved important for the development of new therapies
focused on the modulation of the inflammatory response to control the tumor development. The
aim of this work was to better understand the mechanisms behind tumoral growth by the
measurement of the levels of pro-inflammatory (IL-1, IL-6, TNF-o and INF-y) and anti-
inflammatory (IL-10) cytokines and the C-reactive protein (CRP) over the treatment of dogs
naturally infected with CTVT. The quantification of the cytokines and CRP was performed in the
animals' serum from samples obtained at the moments of the diagnosis and pre-therapy,
immediately before chemotherapy, and after the confirmation of the cure of each animal.
According to therapy response, two groups were identified, R, were the tumor was resistant to
therapy and NR, which was susceptible. A cure probability was defined in relation to time of
treatment and tumor response to vincristin. In group R all parameters varied significantly: The
expression of pro-inflammatory cytokines and CRP were higher, and of IL-10, lower, comparing

to group NR. For pro-inflammatory cytokines, this difference was maintained until cure.
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Statistical analysis was able to detect correlations between all variables, demonstrating the
participation of cytokines during tumor evolution. The role of inflammation has been postulated
and, although the mechanisms remain unclear, a correlation of chronic inflammation and cancer
susceptibility has been demonstrated. Because CTVT is a tumor of foreign cells, it is a useful
model to investigate the mechanisms involved in tumor maintenance and developing, as well as

the associated immune response.

Keywords: IL-1, IL-6, IL-10, TNF-a, INF-y, C-reactive protein, CTVT

1. Introduction

The canine transmissible venereal tumor (CTVT) is characterized as a natural occurring
neoplasm that affects the external genital organs of males and females, although in some cases it
can be found in extra-genital sites as well (Higgins, 1966; Das and Das, 2000). The CTVT is well
documented over the five continents, giving to this tumor a status of worldwide occurrence
(Cohen, 1985; Murgia et al., 2006).

The transmission occurs by the transplantation of viable tumor cells from dog to dog,
especially in regions of pronounced abrasion with loss of integrity of the mucosal surface (Cohen,
1978). CTVT is considered a tumor which first developed in dogs or wolfs around 200 and 2500
years ago and since then it has been transmitted as an allograft. The cells behave as infectious
cancer cells, capable of growing autonomously from the host (Dingli and Nowak, 2006). The
easiness by which the CTVT is transplanted between individuals has long intrigued researchers in
understanding the tumor's physiopathology.

This tumor induces an immune response, which is crucial to define the fate of the tumor

in the body: inhibition of the tumor growth or its spread to other organs. Hsiao et al. (2002)



10

11

12

13

14

15

16

17

18

19

20

21

22

23

37

defined in experimentally induced tumors different growth stages of the CTVT: Progression (P),
Stasis (S) and Regression (R). After the lack of response by the immune system, which coincides
with the P stage, antigens are expressed on the CTVT cells surface, and the immune response
leads to the complete regression of the tumor (Mukaratirwa and Gruys, 2004). The role of the
immune response in the clinical evolution of the CTVT points to important functions of
cytokines. These proteins can modulate microenvironmental changes which would lead to tumor
growth or regression (Hsiao et al., 2008; Lin et al., 2008; Chou et al., 2009; Pai et al., 2011). The
investigation of the role played by cytokines and growth factors produced by the intratumoral
lymphocytes (ITLs), tumor cells or other inflammatory cells can contribute to better understand
the mechanisms involved in tumorigenesis and also the development of new therapies for cancer
(Mukaratirwa and Gruys, 2004).

Several types of inflammatory cells, cells from the host stroma, and cancer cells from the
tumoral microenvironment release high levels of pro-inflammatory mediators that end up
speeding up the tumoral invasion and the occurrence of metastases (Kundu and Surh, 2012). The
inflammation caused by the activation of these cells triggers most of (if not all) the cellular
processes needed for tumorigenesis (Hanahan and Weinberg, 2011). Among the inflammatory
mediators, some cytokines act as stimulus, aggravation, or even in the attenuation of the
inflammatory response. Interleukins and TNF-a are examples of cytokines associated with
carcinogenesis (Lin and Karin, 2007; Tselepis et al., 2002). In addition to these cytokines, during
the inflammatory response, the liver produces a set of proteins in response to the cytokines IL-1,
TNF-a and IL-6 released by the inflammatory cells (Paltrinieri, 2007; Tizard, 2009). These
proteins whose plasmatic concentration increase over the inflammatory process are denominated

Acute-phase Proteins (APP). This group comprises, for instance, the C-reactive Protein (CRP)
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that, as the other proteins plays an important role in the defense of the organism (Murata et al.,
2004).

The mechanisms involved in CTVT are very relevant to investigate the role of
inflammation in tumor growth and allograft implantation, since the implanted cells are already
transformed and it development in the host depends on the immune response as well as the cross-
talk between tumoral cells and the host microenvironment. The levels of inflammatory cytokines
during the tumor stages could be related to properties of the tumor in inducing the response and
to the host ability in fighting the cellular infection. Since some dogs are not able to spontaneously
heal, we pursued to investigate whether this inability could be related to different cytokine
response patterns, making these dogs behave as “bad therapy responders”.

The aim of this study was to investigate the mechanisms involved in the development of
the CTVT by the measurement of pro- and anti-inflammatory cytokines and the CRP levels
during the clinical evolution of dogs naturally infected with CTVT and treated with conventional

chemotherapy.

2. Material and Methods
2.1 Animals

Thirty three dogs, of which eighteen were diagnosed for CTVT and fifteen were used as
the control group were selected, with no restriction of breed, age or sex, which got admitted at the
Veterinary Teaching Hospital of the Universidade Federal de Santa Maria. Before the dogs were
enrolled in the study, the owners were asked to participate and signed an Informed Consent for

Participation in Health Research.
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This study protocol was approved by the Animal Welfare Committee of the Federal
University of Santa Maria, number 044/2013, in accordance to Brazilian laws and ethical

principles published by the National Council for Control of Animal Experimentation (CONCEA).

2.2 Experimental design

The exclusion criteria were previous treatment with any drugs or other concurrent illness.
In order to assess the overall health status of the dogs, clinical examination, complete blood
count, and biochemical profile were performed.

The CTVT diagnoses were made based on cytological examination of samples obtained
by fine-needle aspiration, brushing or imprinting. Smears were air-dried and stained with Diff-
Quick stain, and the tumor cells were identified by optical microscopy visualization.

Chemotherapy protocols were performed to the animals infected with CTVT initially
using vincristine 0.65 mg/m? i.v. every seven days up to a total of three to eight applications,
depending on the animals' clinical evolution. After four vincristine applications, in those cases
where the tumors did not show volume change, volume increase or volume reduction superior
than 50%, or when new neoplasic sites were developed, the chemotherapic was replaced by
doxorubicin 30 mg/m? i.v. every 21 days until the cure or when the drug's toxic dosage was
reached.

It was essential for the chemotherapic treatment that the animals were subjected to a
complete blood count and biochemical profile on a weekly basis. For that purpose, blood samples
were collected always at the beginning of the treatment as well as immediately before each
chemotherapic application.

The animals in the control group were not subjected to any treatment.
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2.3 Hematological evaluation

Complete blood counts were performed using an automated cell counter (Vet Auto
Hematology Analyzer®, model BC 2800). The packed cell volume was obtained by
centrifugation using a microcentrifuge (Sigma) at 14,000 rpm for 6 minutes. For morphological
evaluation of the blood and differential count of white blood cell, the blood smears were first

stained using a Diff-Quick commercial kit and subsequently visualized under the microscope.

2.4 Biochemical Assay

The activities of the serum enzymes alanine aminotransferase, aspartate aminotransferase,
blood urea nitrogen, creatinine and the levels of albumina were determined using standard
commercial kits (Labtest Diagnéstica, Lagoa Santa, Brazil) in a semi-automated

spectrophotometer BioPlus (Bio-2000).

2.5 Blood sampling

For each animal, except for the control group (which had their blood tested only once),
blood samples were collected prior to their treatment as well as immediately before each
chemotherapic application. Each sample consisted in 6 ml of blood collected from the jugular
vein, of which 1 ml was stored in tubes containing EDTA 10% and the remaining 5 ml were
stored in tubes without anticoagulant, and centrifuged at 2000 x g for 8 minutes in order to get the
serum used in the biochemical analysis, and in the determination of the pro- and anti-

inflammatory cytokines as well as of the CRP

2.6 Cytokines

The quantification of the cytokines IL-1 (pg/ml), IL-6 (pg/ml), TNF-a (pg/ml), IFN-y
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(ug/ml), and IL-10 (pg/ml) were assessed by ELISA using commercial kits for humans
(eBIOSCIENCE®, San Diego, USA), according to manufacturer’s instructions. The presence and
concentration of the cytokines were determined by the intensity of color measured by
spectrometry by a micro ELISA reader. The cross-reactivity between the antibodies for canine
cytokines was assured by epitope amino acid homology and previously confirmed in our lab

(Paim et al., 2013).

2.7 C-reactive protein
The determination of the CRP (mg/dl) in the serum was performed by nephelometric
method using a commercial kit (Dade Behring Diagnostic, Marburg, Germany) according to the

manufacturer's instructions.

2.8 Statistical analysis

The groups were evaluated using a Survival Analysis according to Kaplan-Meier method
(Kaplan and Meier, 1958), and the Chi-square test with 1% level of significance was used to
verify the association between the time length of the treatments and the probability of non-cure of
the animals.

With exception of the concentration of IL-10, the collected data was adjusted to the non-
linear statistical model proposed by Michaelis-Menten and parameterized by Zeviani (2013). 1L-
10 data were adjusted to the simple linear model. For the comparison means analysis, the
Student's t test for paired data was used. Differences were considered statistically significant
when p < 0.05. All of the analyses above were performed using the R statistical system R

Development Core Team, 2011 and the add-on package ‘survival’.
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In order to verify the existence of a correlation between the variables and the overall time
length of the treatments, a correlation analysis was performed making use of the Pearson's
correlation coefficient (r) together with a Principal Factors Analysis. The Pearson's coefficient
was considered low when 1r/<0.3 and high when |rI>0.7. This last analysis was made using the

SAS v.9.2 statistical software.

3. Results
3.1 Clinical Evolution

Among 18 animals treated, 15 were infected with tumors classified as "non-resistant"
(83.3%) and the remaining three (16,7%) were diagnosed with "resistant" tumors. The distinction
between these two groups was made based on the clinical response of the animals as well as on
the development of the tumors over the treatment. In the case of the resistant tumors, a total of six
to ten chemotherapic applications were needed to achieve complete cure. In these cases, the
chemotherapy was started with vincristine with no or minor tumor regression after four
applications. Based on this observation, the antineoplastic drug was changed to doxorubicin as
described in method section until the complete eradication of the tumors. One of the animals
infected with a resistant tumor presented a metastasis in inguinal lymph node during the
treatment with vincristine. Resistant tumors were treated with additional two to seven
applications of doxorubicin and were completed cured with one exception. In this case, a tumor
located at the vulvar vestibulus could be reduced with chemotherapy, but a small remaining mass
of cells needed to be surgically removed. The fifteen non-resistant animals were treated solely
with vincristine, and at least three applications were needed up to a maximum of eight to reach

complete cure.
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3.2 Association between resistance and probability of non-cure

In order to obtain prognostic information a non-cure probability analysis was performed.
A statistically significant difference (p=0,01) between the response to the chemotherapy could be
observed, were animals which could be cured with chemotherapy based only in vincristine

applications were classified as non-resistant CTVT hosts (Fig. 1).

3.3 Serum cytokines and CRP levels

As expected, in all cases, a progressive decrease of all pro-inflammatory cytokines and
the CRP was observed (Fig. 2a to 2e), while the levels of IL-10 showed an increasing behavior
throughout the treatments. All of the animals belonging to the resistant group had initial higher
cytokine expression patterns than those of the non-resistant group. Additionally, in the case of IL-
10, there was no apparent distinction of initial levels between animals of the resistant or the non-
resistant group (Fig. 3).

It can be noticed that the levels of the pro-inflammatory cytokines as well as the CRP
converge, at the end of the treatment, to the level of each variable observed in the healthy
animals. On the other hand, the anti-inflammatory cytokine IL-10 presents the same
concentration among healthy and ill animals before the beginning of their treatment. With the
evolution of chemotherapy, the levels of IL-10 increase linearly with time and diverge from the
levels of the control group.

To compare each variable, and both resistant and non-resistant groups, the model
parameters by and b;, their 95% confidence intervals, and the coefficient of determination R?
were computed (Tab. 1). The most accurate fitting was obtained in the case of the IL-10
concentrations of the animals in the non-resistant group (R? = 98.86%), while the poorest one was

that of the TNF concentration of the resistant animals (R? = 69.22%). In all of the cases, the
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quality of the fittings of the non-resistant animals was superior when compared to the resistant

group.

3.4 Comparison between initial and final concentrations of cytokines and CRP

In order to evaluate the degree of influence of treatment and type of tumor (resistant or
non-resistant) on the variation of cytokine and CRP concentration, we performed a comparison
between initial and final means of these proteins. In this analysis, the Student's t test for paired
data was used (Tab.2). With exception of the results for IL-1, IL-6 and CRP in the resistant group
(p = 0.0629, p = 0.0553 e p = 0.1276, respectively), the other 9 parameters showed statistically

significant differences (p < 0.05).

3.5 Correlation analysis between initial cytokine concentration and time of treatment

In order to verify the existence of any correlation between the initial concentrations and
the overall time of the treatments, a correlation analysis based on the Pearson's coefficient was
performed. In all the cases, the coefficients were considered too low to indicate any correlation
between the variables analyzed (Tab. 3, second row). On the other hand, if we take the initial
concentrations and divide them by the initial concentration of the anti-inflammatory interleukin
IL-10, we can spot an improvement on the correlation coefficients (Tab. 3, third row), with
exception of the CRP. The pro-inflammatory cytokine INF-y, for instance, had an increase of
975% of its coefficient.

Finally, a third analysis was performed, where instead of dividing the concentrations by
the value of IL-10, we use the CRP as denominator (Tab.3, fourth row). The results showed yet

another improvement compared to the previous analyses. Cytokines IL-6 and TNF-q, in this case,
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showed 162% and 112% of increase in their coefficients respectively, when compared with the
previous results. The largest coefficient was obtained for IL-6/PCR (0.42).

The results of the Pearson's coefficients of correlation can be better visualized after the
principal factors analysis (Fig. 4). Three principal factors were identified and the first two

explained 66.46% and 15.92%, respectively, of the total variance observed in the experiment.

4 Discussion

CTVT is a very suitable model to study the host-tumor interaction (Liao et al., 2003).
Vincristine-based chemotherapy is still considered the most effective treatment, but the necessary
time until the tumor complete eradication varies (Scarpelli et al., 2010). In this experiment, those
tumors that presented resistance to the initial weekly vincristine treatment were submitted to a
second, doxorrubicine-based treatment. This had a schedule of 21 days interval between each
application, and led to a significant increase in the total time until cure. Most of the authors refer
single agent therapy with vincristine as sufficient to cure animals with CTVT (Cohen, 1985; Das
and Das, 2000), although resistant tumors are described and doxorubicin, have been used to treat
as the choice in these cases (Rogers, 1997; Erunal-Maral et al., 2000).

In order to assess the relationship between extent of the treatments and the occurrence of
the event 'cure', a Survival Analysis was performed. Figure 1 shows these results using Kaplan-
Meier analysis. The expectation was that the resistant tumors would take longer periods of time
to be eliminated, when compared to the non-resistant ones. This could be detected by the analysis
performed. Similarly, it was expected that there should be some kind of influence of the
resistance to the chemotherapy on the probability of cure of the animals. Chi-squared test clearly
showed an association between the resistance or non-resistance of a tumor and the probability of

non-cure after treatment. Scarpelli et al., (2010) presented a set of factors that could influence on
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the necessary time for cure, such as: the tumor's volume before treatment, where larger tumors
would need longer treatments; the animal's age, in the sense that the older the animals, the longer
their treatment should take; and the weather, as it was detected that treatments during hot, rainy
months would also last longer. In our study the size of the tumors did not varied significantly as
well as the other factors. In our experiment, the resistant tumors needed at least 60 days to show a
probability of eradication larger than 0%, while during the same time, all of the non-resistant
animals have already finished their treatments after cure.

CTVT is characterized as a neoplasm that evokes both the humoral and cellular response
in immunologically competent hosts (Yang, 1988). These responses in infected dogs vary
according to the tumor's development stage (Hsiao et al., 2002), the distribution of T
lymphocytes in the blood and tumoral tissue, lymphatic drainage, and intra-tumoral factors
(Perez, et al., 1998), as well as to the humoral immunity against CTVT cells (Fenton and Yang,
1988). The CTVT's physiopathology remains a subject still not well documented in the literature,
and among other factors, is noticed a scarcity of comprehension about the immunologic response
of the host against the tumor.

After the first application of vincristine, an increase of the intra-tumoral leucocytes
infiltrate is noticed, clearly showing that the host's immune system is a very important factor
against CTVT, and that the vincristine is linked to the beginning of the tumor regression
(Gonzales et al., 2000). That implies that a smaller immunologic reaction of the host should
reduce tumor clearance during chemotherapy (Kearns at al., 1999). Another important factor to
be considered is the antigen release by the cell lysis induced by the drug.

As expected, the reduction of the tumor is followed by a decrease in inflammation and
release of pro-inflammatory cytokines. The high initial concentrations of the pro-inflammatory

cytokines (IL-1, IL-6, TNF-a, and INF-y) noticed in the experiments and their decrease over the
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treatments are a reflex of the body response to tumoral development. If the levels of cytokines
and CRP drive the evolution of the tumor, or if they are driven by it, however, remains an open
question.

Interestingly, we could observe higher levels of pro-inflammatory cytokines in dogs
affected with resistant tumors. The same behavior is observed for the CRP, since this protein
increases its concentration more than 25% in serum in response to the stimulus of the pro-
inflammatory cytokines (Eckersall and Bell, 2010) (Fig. 2). Inflammation and tumor
development are closely related and the same cytokines involved in immunologic response are
also related to tumor growth (Lund, 2008; Schiavoni et al., 2013; Roato, 2013). Inflammatory
cells, immune cells or cytokines secreted by the tumor might promote its development and
survival, but on the other hand might also produce anti-tumoral effects. The chronic inflammation
developed by inflammatory mediators, such as the cytokines, leads to the suppression of the anti-
tumoral immunity, speeding up the progression of the tumor (Lin and Karin, 2007). The
improvement of the host immune response allows the expression of MHC I and II molecules by
the tumor cells that so far were reduced, allowing their recognition and destruction (Hsiao et al.,
2008). As the treatment continues and the host's immune response improves, the tumor starts its
regression phase.

Together with the progressive decrease of the pro-inflammatory cytokines, the opposite
behavior is noticed for the IL-10, which gradually increased as the tumor reduced its size (Fig. 3).
This trend indicates a decisive role of the IL-10 in modulating the response of the organism
against CTVT, where the balance between protective pro-inflammatory and unwanted pro-
tumoral inflammation reflects the clinical evolution of the disease.

The time evolution of the cytokines IL-1, IL-6, TNF-a, INF-y, and 1L-10 as well as the

CRP over the treatments, result in the graphs of Figs. 2 and 3 and Tab. 1. Using the equation of
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the statistical model and the by and b; parameters of Tab. 1, it is possible to estimate, for a given
moment in time after the beginning of the treatment, the approximate concentration of any
cytokine or CRP, considered their 95% confidence interval.

Based in these results, we observed that for the animals in the resistant group, both the
initial and final concentrations were always higher than those of the non-resistant animals. The
only exception was IL-10, which showed a slightly higher initial concentration for the non-
resistant animals instead of the resistant ones. The resistant animals are subjected to a bigger
decrease (or increase, in the case of IL-10) on their levels of these cytokines and the CRP along
the CTVT treatment. Statistically, we could observe an association between the response and
consequently extent of treatment (resistance), and the levels of pro- and anti-inflammatory
cytokines and the CRP (Tab. 2).

In quantitative terms, these associations can be shown as statistical correlation between
the variables in their initial moment, and the total time extent of the treatments, and the results are
obtained in terms of the Pearson's correlation coefficients of the Tab. 3 (second row). However,
as can be seen, despite the existence of correlation, the Pearson's coefficients are low. High
coefficients of correlation can be a good way to define predictive techniques for the extent of the
treatment of the CTVT based solely on the measure of the initial levels of cytokines or CRP.

Based on the fact that the cytokines studied here are of opposite nature, either pro- or anti-
inflammatory, a second correlation analysis was made, but not based on the initial levels alone,
but on their quotient relative to IL-10. The coefficients shown in Tab. 3 (third row) demonstrate
that these quotients have indeed a better correlation with the extent of the treatment than the
initial concentrations alone. In the third correlation analysis, instead of using the IL-10 as
denominator in the quotients, it was used the initial level of the CRP. Again it was noticed an

improvement on the Person's coefficients (Tab. 3, fourth row). In terms of predictive potential, it
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is more reliable to use these initial quotients in order to have a more accurate tool to predict the
total necessary time to treat CTVT. Visually these findings can be seen in Fig. 4, in which angles
of 0° between vectors indicate perfect positive correlation and 180° angles correspond to perfect
negative correlations. Angles of 90° indicate lack of correlation between variables. Angles of
about 90° between the vectors “treatment duration™ and the vectors of the IL-10 ratios indicate
positive, although low correlation between these variables (Tab. 3, third row). Angles of about
180° between the vectors “treatment duration” and the vectors of the CRP ratios, however,
indicate negative high correlation between the variables (Tab. 3, fourth row).

The mechanisms involving inflammation and tumor development are not fully
understood, however, chronic inflammation is related to tumorigenesis, tumor growth and
invasiveness. A higher incidence of certain types of cancers, (e.g. lung, prostate, intestine and
liver) is documented in the presence of chronic inflammation (Lin and Karin, 2007; Terlizzi et
al.,, 2014; Liu et al., 2014). Some pro-inflammatory cytokines, such as TNF- and high IL-1
expression are related to bad prognosis in cancer (Terlizzi et al., 2014). The presence of
inflammatory status found in dogs hosting resistant CTVT cells might be a consequence of these
interactions. The tumor microenvironment (TME) is composed by cellular and soluble factors.
These soluble factors, produced by tumor cells and tumor-associated lymphocytes, inflammatory
and vascular cells, are components of the extra-cellular compartment of the tumoral
microenvironment are the key components that determine tumor development (Salo et al., 2014).
Cytokines are part of the TME and improved knowledge about their role in cancer will open new

therapeutic horizons in cancer therapy.

5 Conclusion

In this study, we could demonstrate the involvement of pro- and anti-inflammatory
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cytokines and of the CRP in tumor development and response to treatment in dogs naturally
affected by the CTVT, and the evolution in time of the concentration of each of these variables
could be determine over the chemotherapy treatment.

A difference between the resistant and non-resistant tumors could be observed and was
determined by the time to obtain cure and the need of a second chemotherapic agent.

The inflammatory status of the dogs affected the evolution of the tumor and dogs with
lower inflammatory status at diagnosis showed better responses to treatment.

If the levels of cytokines and CRP drive the evolution of the tumor, or if they are driven

by it, however, remains an open question.
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1 Table 1
2 Statistical model parameters.
Variable Resistance b, (IC, 95%) b, (IC, 95%) R? (%)

.1 Non Resistant 160,31 (119,10; 201,49) 63,11  (35,75;90,48) 82,21
Resistant 227,29 (168,27;286,31) 81,86 (49,88;113,85) 72,69
L6 Non Resistant 182,56 (150,11; 215,01) 62,98  (35,45;90,51) 79,53
Resistant 260,78 (189,84;331,71) 81,83 (51,55;112,11) 70,81
TNFoq Non Resistant 218,64 (163,11;274,17) 82,55 (50,64; 114,45) 91,14
Resistant 298,45 (214,44;382,45) 81,25 (51,29;111,21) 69,22
INFy Non Resistant 262,68 (235,78;289,57) 56,33  (43,98; 68,68) 88,37
Resistant 363,66 (280,20;447,12) 100,59 (63,72;137,48) 70,93
.10 Non Resistant 2,34 (1,34; 3,34) 14,73 (1,41; 28,07) 98,86
Resistant 4,50 (3,015 5,99) 41,04  (25,25;56,83) 79,34
CRP Non Resistant 53,89 (42,81; 64,96) 0,74 (0,39; 1,10) 72,67

Resistant 56,23 (30,82; 81,65) 0,93 (0,56; 1,29) 70,63

Variable, resistance to the treatment, model parameters, and coefficient of determination R2. Physically, b, indicates
the initial concentration of the variables, and b; denotes the necessary time (in days) until each variable reaches half
of their initial concentration. When these values are inserted into the model equation, one gets the graphs in Figures 1
and 2. IC: Interval of confidence

aounphw



1 Table 2
2 Means comparison between initial and final concentrations for each variable.

Mean

Variable Resistance Initial Final  Difference p-value
- Non Resistant 160,7 121,93 47,13 0,0001
Resistant 223,33 139,67 83,67 0,0629
L6 Non Resistant 197,67 149,80 47,87 0,0001
) Resistant 259,33 164,67 94,67 0,0553
Non Resistant 220,20 165,47 54,73 0,0001

TNF-a
Resistant 296,54 195,00 101,54 0,0235
INF Non Resistant 290,20 214,00 76,20 0,0014
R Resistant 636,88 251,00 112,88 0,0113
.10 Non Resistant 49,87 87,67 37,80 0,0001
Resistant 4492 142,67 97,75 0,0270
Non Resistant 2,01 0,65 1,36 0,0010

CRP

Resistant 4,74 0,65 4,09 0,1276

3 Variable, mean initial, final and difference values, and p-value of the t test. * p < 0.05.
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Table 3
Pearson's coefficient of correlation (r)

Variable Initial concentration [X] [X] ! [IL-10] [X] ! [CRP]
IL-1 0.055 0.208 -0.304
IL-6 -0.026 0.160 -0.420

TNF-a -0.016 0.187 -0.398
INF-y 0.016 0.170 -0.238
IL-10 -0.273 - -0.240

CRP 0.277 0.271 -

Irl < 0.3 indicates low degree of correlation, 0.3 < Irl < 0.7 indicates moderate correlation, and Irl > 0.7 suggests a

high level of correlation between the variables.
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Fig. 1. Kaplan-Meier curves show the probability of non-cure versus time until cure of the
resistant and non resistant animals. Chi-square test with 1% level of significance determined that
there is association between the time length of the treatments and the probability of non cure of

the animals.

Fig. 2. Data fitting to the statistical model. Determination of each concentration profile

throughout the CTVT treatment: (a) IL-1, (b) IL-6, (¢c) TNF-q, (d) INF-y, and (e) CRP.

Fig. 3. Data fitting to the statistical model. Determination of the IL-10 profile throughout the

CTVT treatment.

Fig. 4. Variables projected in Principal Factors 1 and 2.
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3 CONCLUSAO

Neste estudo foi possivel demonstrar o envolvimento de citocinas pré- e anti-inflamatdria,
bem como da PCR no desenvolvimento tumoral e resposta ao tratamento em caes naturalmente
infectados pelo TVTc.

Foi observada uma diferenca entre tumores resistentes ou ndo-resistentes a terapia e essa
caracteristica é determinada pelo tempo até a cura total o a necessidade de um segundo agente
quimioterapico.

O estado inflamatério dos caes influenciou a evolucao dos tumores, sendo que os animais
com resposta inflamatdria menos pronunciada no momento do diagndstico apresentaram melhor
resposta ao tratamento.

Nao foi possivel observar se os niveis de citocinas e da PCR determinam a evolugao

tumoral ou se eles apenas acompanham esta evolugao.
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