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NOBREGA, Daniela Farias. Analise imuno-histoquimica e sobrevida de cdes com
hemangiossarcoma cutineo. 2018. 50 f. Dissertagdo (Mestrado em Ciéncia Animal) —
Universidade Estadual de Londrina, Londrina, 2018.

RESUMO

O hemangiossarcoma (HSA) ¢ uma neoplasia maligna de células endoteliais de vasos
sanguineos e pode ocorrer em diversos tecidos. E frequente em cdes e apresenta comportamento
bioldgico agressivo, que associado a protocolos terapéuticos ineficientes resulta em alta
mortalidade dos animais. N@o ha na literatura atual estudos sobre a relagcdo de expressdo de
marcadores imuno-histoquimicos e prognostico de cdes com HSA cutianeo. O objetivo deste
trabalho foi determinar a expressdo de marcadores imuno-histoquimicos e relacionar com a
sobrevida de cdes com HSA cutaneo. Foram avaliados o indice de marcagdo de fator VIII
(fVII), cicloxigenase-2 (COX-2), fator de crescimento endotelial vascular (VEGF),
proliferationg cell nuclear antigen (PCNA) e caspase-3 (Casp-3) por meio da imuno-
histoquimica em 60 amostras de HSA cutdneo. Estas varidveis foram relacionadas com a
sobrevida dos animais por meio da andlise de sobrevivéncia usando o modelo de riscos
competitivos. Adicionalmente, verificou-se a relacio da idade, sexo, raca, graduagio tumoral,
grau de diferenciagdo histoldgica e tamanho do tumor com a sobrevida dos cdes. A média de
idade dos animais foi 8,5 anos. As ragas mais frequentes foram sem raga definida, Pit Bull,
Boxer e Teckel e as localiza¢des anatdmicas mais comuns a inguinal ¢ abdominal. A expressdo
dos marcadores foi positiva em 80 a 100% das amostras. A intensidade de marcagdo
predominante foi fraca a moderada para fVIII, COX-2 e VEGF. O tempo médio de sobrevida
dos cées foi 16,5 meses ¢ a mediana 12 meses. A idade dos cées, graduacdo tumoral, grau de
diferenciagdo histologica e tamanho dos tumores ndo apresentaram relagdo com a sobrevida
(p>0,05). Houve uma tendéncia dos cdes de ragas predispostas a terem sobrevida maior em
comparagdo aos cdes de racas ndo predispostas. Os cdes que apresentaram outras neoplasias
primarias concomitantes tiveram curva de sobrevida maior do que cdes que tinham apenas HSA,
e desse grupo as fémeas apresentaram sobrevida menor (p=0,03) pelo teste de Gray. O indice
de marcagdo de fVIII, COX-2, VEGF, PCNA ¢ Casp-3 ndo apresentou relagdo com a sobrevida,
assim como a intensidade de marcagdo de fVIII, COX-2 ¢ VEGF. Os resultados do presente
trabalho indicam que as variaveis imuno-histoquimicas analisadas dos HSA cutaneos ndo
apresentaram associacdo com a sobrevida dos animais, no entanto a expressdo frequente de
COX-2 e VEGF sugerem a necessidade de ampliacdo dos estudos com esses marcadores.

Palavras-chave: Biomarcadores. Canino. Pele. Progndstico. Tumor vascular maligno.
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NOBREGA, Daniela Farias. Immunohistochemical analysis and survival of dogs with
cutaneous hemangiosarcoma. 2018. 50 f. Dissertation (Master’s Degree in Animal Science)
— Universidade Estadual de Londrina, Londrina, 2018.

ABSTRACT

Hemangiosarcoma (HSA) is a malignant neoplasm of vascular endothelial cells and may arise
in any tissue. It is frequent in dogs and exhibits aggressive biological behavior, which, together
with ineffective therapeutic protocols, results in high mortality of the animals. There are no
studies in the literature associating immunohistochemical expression of markers and survival
of dogs with cutaneous HSA. The aim of this study was to determine the expression of
immunohistochemical markers and to correlate with survival of dogs with cutaneous HSA. Was
evaluated the index of labeling of factor VIII (fVIII), cycloooxigenase-2 (COX-2), vascular
endothelial growth factor (VEGF), proliferationg cell nuclear antigen (PCNA) and caspase-3
(Casp-3) by immunohistochemistry in 60 samples of canine cutaneous HSA. These variables
were associated with the survival of animals through the analysis of survival, in the model of
competitive risks. In addition, was verified the relation of age, sex, breed, tumor grade, score
of histological differentiation and tumor size with survival of the dogs. The mean age of the
animals was 8.5 years. The most frequent breeds were mixed breed, Pit Bull, Boxer and Teckel
and the most common anatomical locations were inguinal and abdominal. The expression of
the markers was positive in 80 to 100% of the samples, predominantly with weak to moderate
labeling intensity in fVIII, COX-2 and VEGF and strong in PCNA and Casp-3. The mean
survival time of dogs was 16.5 months, and median was 12 months. The age of the dogs, tumor
grade, score of histological differentiation and size of tumors were not related to survival
(p>0.05). There was a tendency of dogs of predisposed breeds to have greater survival,
compared to dogs of not predisposed breeds. The dogs that had other concomitant primary
neoplasms had a longer survival curve than dogs that had only HSA, and of this group the
females presented lower survival (p=0.03) by the Gray's test. The labelling index of fVIII,
COX-2, VEGF, PCNA and Casp-3 had no relation with survival time, as well as the labelling
intensity of fVIII, COX-2 and VEGF. Results of the present study indicate that the
immunohistochemical variables analyzed in cutaneous HSA were not associated with survival
time of the animals. However, the frequent expression of COX-2 and VEGF suggest the need
to extend the studies with these markers.

Key words: Biomarkers. Canine. Malignant vascular tumor. Prognosis. Skin.
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1 INTRODUCAO

Os hemangiossarcomas (HSA) sd3o neoplasias malignas de células
endoteliais de vasos sanguineos ¢ podem ocorrer em diversos tecidos (BROWN et al.,
1985; PATNAIK; MACEWEN, 1985; SMITH, 2003). Os o6rgdos mais afetados sdo o
baco, figado, atrio direito e pele (BROWN; PATNAIK; MACEWEN, 1985; SMITH,
2003; SABATTINI; BETTINI, 2009). Sao frequentes em cdes e a localizagdo cutanea
geralmente estd associada a tempo de sobrevida reduzido (SCHULTHEISS, 2004;
SHIU et al., 2011). A radiagdo solar tem sido atribuida como um fator predisponente
para o surgimento do HSA cutaneo, ocorrendo com frequéncia em cédes de pelo curto e
pele pouco pigmentada (HARGIS et al., 1992; NIKULA et al., 1992). Portanto, lesdes
actinicas ¢ hemangioma pode preceder a forma maligna por longo periodo de tempo
(HARGIS et al., 1992). HSA induzido pela luz solar apresenta melhor progndstico apds
a excisdo cirurgica, comparado a forma ndo induzida pela radia¢do solar (SZIVEK et
al., 2012).

As regides da pele mais acometidas sdo ventroabdominal, prepucial e
membros pélvicos (FERNANDES, 2008). Ward (1994) prop6s uma graduacdo para o
HSA cutaneo baseado em sua localizagdo e invasdo histoldgica: lesdes limitadas a
derme (estagio 1), localizadas na hipoderme com ou sem envolvimento da derme
(estagio 2) e lesdes com invasdo da camada muscular (estagio 3).

Macroscopicamente, esses tumores cutdneos se apresentam como
papulas a massas elevadas na pele, macias a firmes, de coloragdo vermelho escuro e
frequentemente com ulceragdo e hemorragia (FERNANDES, 2008; GROSS et al.
2008). O tratamento baseia-se na excisdo cirrgica associada a quimioterapia adjuvante
(doxorrubicina e ciclofosfamida), entretanto os protocolos quimioterdpicos atualmente
utilizados ndo prolongam a sobrevida dos cdes satisfatoriamente. Contudo, outras
abordagens terapéuticas vém sendo investigadas, baseadas na expressdo de moléculas
pelas células neoplésicas.

Dois estudos avaliaram o tempo de sobrevida de cdes com HSA
cutdneo, e apresentaram mediana de 987 dias (SZIVEK et al., 2012) e 780 dias para
tumores em grau 1, 172 dias para grau 2 e 307 dias para grau 3 (WARD et al., 1994). A
relagdo entre alguns fatores e o tempo de sobrevida dos cdes foi avaliada por esses

autores e foram identificados como indicativos de prognostico a raca, localizagdo da
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lesdo quanto a invasdo histoldgica (graduacdo) e presenga de ceratose actinica (WARD
etal., 1994; SZIVEK et al., 2012).

Marcadores imuno-histoquimicos vem sendo utilizados com o objetivo
da caracterizagdo molecular de neoplasias vasculares em caes e seres humanos. Dentre
os mais citados estdo o fator VIII (fVIII), CD31, Ki-67, Vascular endothelial growth
factor (VEGF) e fator de crescimento de fibroblasto basico (bFGF), que apresentaram
resultados variados de expressdo imuno-histoquimica. Os marcadores Ki-67 e
Proliferationg Cell Nuclear Antigen (PCNA) refletem o indice proliferativo da
neoplasia. O fVIII ou fator de von Willebrand, assim como o CD31, sdo proteinas
intracitoplasmaticas de células endoteliais, ¢ sdo utilizadas para distinguir HSA pouco
diferenciado de outras neoplasias mesenquimais. Porém, a expressdo de fVIII nas
células endoteliais malignas ¢ fraca devido ao processo neoplasico de indiferenciacdo
(SABATTINI e BETTINI, 2009) e a positividade para CD31 pode ocorrer em outras
neoplasias caninas (RAMOS-VARA et al., 2018).

A COX-2 ¢ expressa em diversas condigdes/estimulos celulares como
inflamagdo, citocinas e neoplasias (TAKETO, 1998). Essa enzima participa da
progressdo neoplasica de diferentes formas: inibe a apoptose, estimula a expressdo de
moléculas proangiogénicas como o VEGF, induz a capacidade de invasdo e ativa
moléculas carcinogénicas (HELLER et al., 2005). As caspases sdo mediadores da morte
celular programada (apoptose), responsavel pela ativacdo de fatores que fragmentam o
DNA celular, portanto sdo uteis para entender o mecanismo de evasdo da supressdo
celular. Outro marcador celular que vem sendo estudado na oncologia ¢ o VEGF e seus
receptores. Este ¢ um dos fatores envolvidos na angiogénese, ou seja, na proliferagéo,
diferenciagdo e migracdo de células endoteliais. Um estudo com HSA canino relacionou
a expressdo desse marcador e seu receptor flk-1 com a progressdo maligna dessa
neoplasia (YONEMARU et al., 2006).

Os estudos de caracterizacdo molecular do HSA promovem avangos
importantes acerca da fisiopatologia dessa neoplasia, o que gera aporte para abordagens
terapéuticas eficientes, direcionadas a moléculas alvos. Além disso, a imunodetec¢do de
proteinas expressas nas células neoplasicas pode ser 1til na determinagdo de fatores
progndsticos. Essas descobertas possivelmente representam maior sobrevida e
expectativa de cura de cdes acometidos por HSA, além de prover um modelo para

estudo de neoplasias vasculares em seres humanos (WANG et al., 2017).
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Contudo, na literatura atual ha estudos escassos sobre a relacdo de
expressdo de marcadores imuno-histoquimicos e sobrevida de cdes com HSA cutaneo,
fato que dificulta a defini¢do de fatores progndsticos seguros, determinag¢do do
comportamento bioldgico e aporte para o desenvolvimento de protocolos terapéuticos

eficientes.

2 REVISAO DE LITERATURA

2.1 INTRODUCAO

A oncologia veterinaria tem recebido maior atencdo nos ultimos anos
devido ao aumento da prevaléncia de doencas neoplasicas em animais de companhia, o
que ocorre principalmente pelo aumento da expectativa de vida desses animais. A
expansdo de estudos na oncologia veterinaria traz beneficios também a medicina
humana, fato relacionado as semelhangas entre neoplasias na espécie canina ¢ humana.
Dessa forma o cdo tornou-se um excelente modelo para o estudo e avango da oncologia
humana, sobretudo nas neoplasias vasculares malignas (WANG et al., 2017).

O  hemangiossarcoma (HSA), também conhecido como
hemangioendotelioma maligno ou angiossarcoma, ¢ uma neoplasia maligna de células
endoteliais vasculares e pode surgir em qualquer tecido vascularizado (BROWN;
PATNAIK; MACEWEN, 1985; SMITH, 2003). Este tipo de tumor é mais frequente em
cdes e ocorre raramente em outras espécies animais (SMITH, 2003). O HSA canino
apresenta semelhancas genéticas e comportamentais com o angiossarcoma em humanos
(HEISHIMA et al., 2015). Os 6rgdos mais acometidos pelo HSA em cées sdo o bago,
figado, atrio direito e pele (BROWN; PATNAIK; MACEWEN, 1985; SMITH, 2003;
SABATTINI; BETTINI, 2009). A lesdo pode ser solitaria ou apresentar-se como uma
sindrome multicéntrica, envolvendo varios 6rgdos concomitantemente (HENDRICK,

2016).

2.2 FATORES EPIDEMIOLOGICOS E ETIOLOGIA

Os caes afetados por HSA cutaneo geralmente sdo idosos, com média

de idade de 8,9 a 9,7 anos (WARD et al., 1994; SCHULTHEISS, 2004; SZIVEK et al.,
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2012), porém animais jovens, de até trés anos de idade, podem ser acometidos
(SCHULTHEISS, 2004; SZIVEK et al., 2012). Essa neoplasia cutdnea tem predile¢do
por cées de pelo curto e pele pouco pigmentada, como cées das ragas Whippet, Pit Bull,
Beagle, Boxer, Dalmata e Basset Hound (HARGIS et al., 1992; SCHULTHEISS, 2004;
SZIVEK et al, 2012) e ndo ha predisposicdo sexual (WARD et al., 1994;
SCHULTHEISS, 2004; SZIVEK et al., 2012). O HSA no visceral representa menos de
1% das neoplasias caninas (SCHULTHEISS, 2004).

A etiologia do HSA cutaneo em cdes ¢ desconhecida, porém a
radiagdo solar ¢ atribuida como um fator predisponente para o surgimento dessa
neoplasia, devido a ocorréncia frequente em cées de pelo curto e com pele pouco
pigmentada, principalmente em regides de pele glabra associada a presenca de lesdes
actinicas (HARGIS et al., 1992; NIKULA et al., 1992). Um estudo sugere que na forma
da doenga induzida pela luz solar os animais tém tempo de sobrevivéncia maior em
comparagdo com a forma ndo induzida (SZIVEK et al., 2012). Em humanos a
ocorréncia do HSA estd associada a radioterapia, radiagdo solar, exposi¢do a

arsénio, cloretos de vinil e dioxido de torio (BRENN; FLETCHER, 2005).

2.3 SINAIS CLINICOS

Os cdes com HSA cutaneo geralmente apresentam lesdes visiveis na
superficie da pele. A localizagdo mais frequente é onde ha pele glabra ou com pouco
pelo, como as regides abdominal ventral e inguinal (HARGIS et al., 1992; WARD et al.,
1994; SZIVEK et al., 2012). As caracteristicas macroscopicas dessa neoplasia podem
variar de acordo com a localizagdo. Tumores limitados a derme se apresentam como
placas ou nddulos pouco delimitados de coloragdo vermelha escura que medem em
geral poucos centimetros, com frequente ulceracdo e hemorragia. J& os HSA que
envolvem as camadas subcutdnea e/ou muscular sdo maiores, macios, mal delimitados
e se assemelham a grandes hematomas (GROSS et al., 2008).

Frequentemente, os cdes com HSA cutineo (28%) apresentam
multiplas outras lesdes cutaneas com o mesmo diagndstico (WARD et al., 1994) ou
hemangiomas (HA), que podem se transformar em HSA devido a mutacdes induzidas
pela radiacdo ultravioleta (HARGIS et al., 1992). A metastase ocorre com maior

frequéncia nos pulmdes, 6rgdos abdominais, tais como o figado, bago e epiplon, e no
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sistema nervoso central (BROWN; PATNAIK; MACEWEN, 1985; CLIFFORD et al.,
2001). A recorréncia do HSA cutaneo é comum apos a excisdo cirurgica e ocorre em
77% dos caes (SZIVEK et al., 2012).

O estadiamento clinico baseado no sistema TNM também ¢ utilizado
em cdes com HSA, de acordo com o seguinte método: Ty € denominado quando ndo ha
evidéncia de tumor, T; quando o tumor € menor que 5 cm de didmetro e limitado ao
sitio primario, T> em tumores maiores que 5 cm de didmetro ou rompido, invadindo o
tecido subcutineo e T3 quando o tumor invade os tecidos adjacentes inclusive musculo;
No ¢é designado quando nio ha envolvimento de linfonodos, Ni quando ha afeccdo de
linfonodo regional e N2 quando ha envolvimento de linfonodo distante; Mo ¢ atribuido
quando metastase é ausente ¢ M; quando ha metastase distante; grau 1: To ou Ti, No,
Moy, grau II: Ty or T2, No or N1, Mg e grau III T, or T3, No, N1 or N2, M; (THAMM,
2013).

2.4 DIAGNOSTICO

O exame citopatologico pode apresentar diagndstico sugestivo de
HSA, com critérios definidos como formagdes vasculares com limen microacinar ou
intracitoplasmatico, fundo com grande quantidade de hemadcias, eritrofagocitose e
apoptose, porém as variagdes histologicas dessa neoplasia pode gerar um diagndstico
citopatoldgico equivocado (BERTAZZOLO et al., 2005). O exame histopatologico ¢
necessario para o diagndstico definitivo de HSA. Porém alguns tumores pouco
diferenciados necessitam de exame imuno-histoquimico para ser distinguidos de outros
sarcomas (GROSS et al., 2008).

O HSA cutaneo pode ser graduado em estagio/grau I, 11 e III, de
acordo com a invasdo histoldgica. Tumores limitados a derme s3o denominados estagio
I, HSA primario da hipoderme que invade ou ndo a derme € estagio II e tumores da
derme ou hipoderme que invadem a camada muscular sdo classificados em estagio 111
(WARD et al., 1994). Essa classificacdo ¢ relevante, pois tem relagdo com o tempo de
sobrevida dos cdes (WARD et al., 1994). H4 também uma variacdo histoldgica
denominada HSA epitelioide, cujas células sdo maiores e mais redondas, semelhantes as
células epiteliais, apresenta arranjo mais sélido e possui aparentemente comportamento

clinico semelhante as formas néo epitelioides (WARREN; SUMMERS, 2007).
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Microscopicamente, essa neoplasia se apresenta de diferentes formas,
geralmente ¢ mal delimitada e invasiva, composta por proliferacao de células endoteliais
formando canais vasculares irregulares com trabéculas de tecido conjuntivo preenchidos
por variada quantidade de hemacias (GROSS et al., 2008; SABATTINI; BETTINI,
2009). As células apresentam nticleo oval a epitelioide e hipercromatico com nucléolos
inconspicuos e o indice mitdtico pode variar de baixo a alto com mitoses atipicas
(GROSS et al., 2008). Frequentemente observa-se acantose, ulceracdo, trombose e
hemorragia no interior da neoplasia e no tecido adjacente (GROSS et al., 2008).

O HSA induzido pela luz solar geralmente esta associados a alteragdes
na derme superficial como a elastose solar, a dilatagdo de vasos ndo neoplasicos e por
vezes outras neoplasias cutdneas concomitantemente, como o HA e o carcinoma de
células de escamosas, também relacionados a radiacdo ultravioleta (GROSS et al.,
2008).

A partir do diagnodstico de HSA cutaneo confirmado ¢ importante
avaliar se ha envolvimento de 6rgdos abdominais através do exame ultrassonografico,
radiografia, ecocardiografia ou tomografia, visto que um estudo demostrou que 60% dos
animais que tinham HSA cutineo, apresentavam também HSA visceral concomitante

(HARGIS et al., 1992).

2.5 BIOMARCADORES

O estudo imuno-histoquimico das neoplasias é essencial para a
caracterizacdo molecular e compreensdo do comportamento biologico, auxiliando no
diagndstico e obtencdo de terapias mais efetivas, direcionadas a moléculas especificas.

Os primeiros marcadores imuno-histoquimicos a serem descritos e
ainda os mais utilizados no HSA canino sdo o fator VIII (fVIII ou fator de von
Willebrand) e CD31. Esses marcadores possuem especificidade para células endoteliais
e sdo utilizados para confirmar o diagnostico ou distinguir outras neoplasias de origem
mesenquimal de HSA pouco diferenciado (SABATTINI; BETTINI, 2009).

Estudos prévios demonstraram que a expressio do fVIII ¢
consistentemente positiva em HSA canino, pois apresentam imunomarcagdo em 88 a
100% dessas neoplasias (VON BEUST; SUTER; SUMMERS, 1988; WARREN;
SUMMERS, 2007; SABATTINI; BETTINI, 2009). Sabattini et al. (2009) relataram
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marcagdo de fVIII mais intensa em tecido de granulagdo e HA, comparado ao HSA que
apresentaram marcacao fraca, fato que caracteriza a pouca diferenciagdo dessa neoplasia
maligna. O CD31 apresentou imunomarcagdo em 95 a 100% dos HSA em caes,
caracterizando uma maior sensibilidade para a marcacdo de células endoteliais
(FERRER et al., 1995; BERTAZZOLO et al., 2005).

O fator de crescimento vascular endotelial (vascular endothelial
growth factor = VEGF) é uma das proteinas mais potentes envolvidas na angiogénese
tumoral, pois promove a proliferacdo, crescimento e migragdo de células endoteliais,
além de induzir aumento de permeabilidade vascular, produ¢do de metaloproteinases e
inibi¢do da resposta inflamatoria, favorecendo o crescimento rapido e a ocorréncia de
metastases (FERRARA; DAVIS-SMYTH, 1997). Esse marcador tem sido amplamente
estudado na oncologia veterinaria, sobretudo em HSA canino (CLIFFORD et al., 2001;
YONEMARU et al., 2006; KODAMA et al., 2009; CAMPOS et al., 2012).

Estudos demonstraram a expressdo imuno-histoquimica de VEGF
(CAMPOS et al., 2012) e seus receptores como o VEGFR-2 (ADACHI et al., 2016b),
VEGFR-3 (SABATTINI; BETTINI, 2009), flt-1 e flk-1 (YONEMARU et al., 2006) em
HSA cutaneo e visceral de cées e sua relagdo com a progressdo maligna dessa neoplasia.
A presen¢a de VEGF também foi mensurada no plasma de cdes com HSA ndo cutdneo
(n=16) e saudaveis (n=17) utilizando o método de ELISA, sendo que o nivel sérico de
VEGF foi significativamente maior em cdes com neoplasia, sem haver no entanto,
associagdo com o estagio da doenca (CLIFFORD et al., 2001). Recentemente, em um
estudo in vitro com células de HSA submetidas a inibidores de VEGFR-2 observou-se
aumento da atividade apoptdtica (ADACHI et al., 2016a). Também o fator de
crescimento fibroblastico basico (bFGF) foi considerado outra importante molécula
envolvida na proliferagdo celular do HSA canino (YONEMARU et al., 2006).

O Proliferating Cell Nuclear Antigen (PCNA) ¢é comumente
encontrado na fase G1 e G2 do ciclo celular e estd envolvido no reparo de DNA,
altera¢des na replicagdo e organizacdo da cromatina, sendo que na imuno-histoquimica
¢ utilizado como marcador de proliferacdo celular (CAPPELLO et al., 2006). Em
neoplasias vasculares de cies, a expressdo de PCNA foi avaliada somente em HA e
HSA oculares, os quais apresentaram imunomarcacdo em mais de 50% das células, em
todas as amostras de ambas as neoplasias (CHANDLER et al., 2009). Outro importante

marcador de proliferagdo celular, o Ki-67, apresentou indice médio de 16,7% nos HSA
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e auséncia de marcagdo em HA (SABATTINI; BETTINI, 2009), demonstrando a alta
capacidade proliferativa dessa neoplasia maligna.

Outra molécula estudada através da imuno-histoquimica foi o c-kit
(CD117) que apresentou marcagdo citoplasmatica na maioria dos HSA caninos com
intensidade variavel, em contraste com expressdo ausente em quase todos os tumores
vasculares benignos (SABATTINI; BETTINI, 2009; CHEN et al., 2016). Resultados
semelhantes foram descritos em angiossarcomas humanos (MIETTINEN; SARLOMO-
RIKALA; LASOTA, 2000). Esses achados suportam a teoria de que os HSA caninos e
os angiossarcomas humanos sdo originados de células endoteliais primitivas e pouco
diferenciadas, dado que o c-kit é um receptor de fatores de crescimento de células
tronco e mastocitos (SABATTINI; BETTINI, 2009).

A ciclooxigenase-2 (COX-2) tem apresentado importancia crescente
na determinacdo de prognoéstico de inumeras neoplasias e na terapéutica oncologica na
medicina humana (KURTOVA et al., 2015; HU et al., 2017; HUANG et al., 2017). Os
mecanismos em que a COX-2 contribui para o desenvolvimento tumoral e progressao
maligna incluem a inibi¢do da apoptose celular, promocdo da angiogénese, aumento de
células potencialmente invasoras, atividade imunomoduladora e conversdo de pro-
carcinogenos em carcindgenos (FOSSLIEN, 2001). Quanto a angiogénese, a
participagdo da COX-2 tem sido comprovada pela regulacdo da expressdo de moléculas
como VEGF, bFGF e fator de crescimento derivado de plaquetas (DEMPKE et al.,
2001).

Na medicina veterinaria ha poucos estudos de COX-2 em HSA
canino. Heller et al. (2005) avaliaram esse marcador em HSA esplénicos, sarcomas
histiociticos e mastocitomas caninos, através da imuno-histoquimica, ¢ ndo observaram
expressdo significativa nessas neoplasias. Outros autores demonstraram imunomarcagao
de COX-2 em diversas outras neoplasias em cdes, porém héd grande divergéncia de
resultados quando utilizado o mesmo tipo de neoplasia e mesma espécie. Este fato tem
sido relacionado ao uso de diferentes metodologias, levando a necessidade de
sistematizacdo da metodologia imuno-histoquimica para COX-2, de modo a definir a
significancia de sua expressdo no prognostico de neoplasias em cdes (BELLUCO et al.,
2016).

Os estudos utilizando a imuno-histoquimica em HSA canino sdo

abrangentes, no entanto n3o foram encontradas informag¢des sobre a relagdo da
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expressdo dos diferentes marcadores e a sobrevida dos caes, fato que poderia contribuir
para estabelecer fatores de progndstico e novas terapias com base na expressdo de
moléculas alvo.

Biomarcadores séricos possuem grande vantagem por demandarem
técnica pouco invasiva. Um estudo com microRNAs: microRNA-214 ¢ microRNA-126,
pequenos RNAs ndo codificantes secretados por células neoplasicas em microvesiculas
na corrente sanguinea, demonstrou ser um potencial biomarcador sérico em cies com

HSA esplénico (HEISHIMA et al., 2015).

2.6 TRATAMENTO

Na oncologia veterinaria o tratamento dos HSA hd muitos anos
representa um desafio; muitas terapias foram realizadas, porém nenhuma apresenta
perspectiva de controle efetivo da doenga (FINOTELLO et al., 2016).

A excisdo cirargica ¢ o tratamento de escolha para controle local do
HSA cutaneo. Quando ha envolvimento da derme margens de 2 cm sdo suficientes,
porém nos casos em que ha envolvimento muscular geralmente a excisdo completa do
tumor ndo ¢ possivel (THAMM, 2013). Embora a intervencdo cirurgica seja o
tratamento primdrio dessa neoplasia, terapias adjuvantes vém sendo estudadas devido a
recidiva frequente e sobrevida curta de muitos caes com HSA cutineo tratados apenas
com essa modalidade.

A quimioterapia vem sendo amplamente utilizada no tratamento de
cdes com HSA, no entanto apresenta sucesso limitado no controle da doenga. O
protocolo quimioterdpico mais utilizado ¢ a administra¢io de doxorrubicina (30mg/m?,
via intravenosa) que associado ao tratamento cirtirgico apresenta moderado acréscimo
no tempo de sobrevida dos cdes (SORENMO; JEGLUM; HELFAND, 1993;
CLIFFORD et al.,, 2001; BULAKOWSKI et al., 2008; THAMM, 2013). Outros
quimioterdpicos como a ciclofosfamida, a vincristina e o metotrexato também podem
ser utilizados em associacdes (THAMM, 2013). Bulakowski et al. (2008) avaliaram a
resposta da doxorrubicina como tratamento adjuvante em HSA subcutineos e
intramusculares de cdes e concluiram que ¢ consistentemente melhor nos tumores

subcutineos.
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Uma modalidade de quimioterapia que utiliza baixas doses e
administracdo frequente, denominada metrondmica, demonstrou ser eficaz em HSA
esplénico canino utilizando a combinag¢ao de ciclofosfamida, etoposido e piroxicam (via
oral). Nesse tipo de tratamento o tempo de sobrevida dos cdes aumentou em 45 dias
comparado ao grupo tratado apenas com doxorrubicina, além de uma redugio
substancial dos efeitos adversos devido a baixa toxicidade da quimioterapia
metrondmica (LANA et al., 2007).

Um estudo mais recente com tratamento adjuvante de HSA
biologicamente agressivo, visceral e ndo visceral, associou a quimioterapia
convencional e a metrondmica com ciclofosfamida, um anti-inflamatdrio nio esteroidal
e a talidomida (um importante inibidor da angiogénese), e os resultados foram retardo
no tempo de metdstase e aumento da sobrevida dos cdes (FINOTELLO et al., 2016). A
eletroquimioterapia também foi utilizada em HSA, com cisplatina, e apresentou redugdo
de mais de 50% do volume do tumor (TOZON et al., 2001).

A radioterapia ¢ uma opg¢ao terapéutica para controle local de HSA
cutdneos em cdes (THAMM, 2013). Foi avaliada a resposta a radiagdo ionizante em
HSA nao esplénicos, que revelou remissdo parcial em 75% dos tumores e 20% de
remissdo total, portanto demonstrou ser uma possibilidade terapéutica eficiente
(HILLERS et al., 2007).

Outros dois estudos avaliaram a associagdo de quimioterapia e
imunoterapia em HSA esplénico em cdes apos a excisdo cirirgica, utilizando uma
vacina obtida através de células de HSA canino alogénicas lisadas e muramil-
fosfatidiletanolamina encapsulado em lipossomo. Em ambos os estudos foram
observados efeitos imunomoduladores ¢ aumento no tempo de sobrevida dos cdes em 49
(U’REN et al., 2007) e 134 dias (VAIL et al., 1995).

Estudos comprovaram a eficicia de novas terapias baseadas na
inibi¢do de moléculas alvos, relacionadas com a progressdo tumoral de HSA em cées e
camundongos. Os principais alvos foram os fatores angiogénicos, com a utilizagdo de
inibidores de tirosina quinase de VEGF testados in vivo (GINGRICH et al., 2003), o
composto sintético quimiopreventivo Oltipraz utilizado in vitro e in vivo (RUGGERI et
al., 2002) e o extrato vegetal honokiol estudado in vitro e in vivo (BAI et al., 2003), e

todos apresentaram efeitos terapéuticos em HSA.



O 0 9 N N AW N =

W W W W N N N N N N N N N N = R e e e e e =
W D= O O 0NN R WD = DO O Y R WD~ O

21

A acdo dos antiinflamatdrios mavacoxib e carprofeno foi avaliada em
cultura de células de osteossarcoma, glioma, linfoma, mastocitoma e HSA de cées e foi
constatada inibicdo da proliferacdo celular e indugdo da apoptose das células
neoplasicas (PANG et al., 2014), fato que contribui para a hipdtese de que a COX-2 tem
um importante papel na progressao neoplasica do HSA.

Outro alvo de estudo foi a endotelina, relacionada a proliferagcdo
celular, inibicdo da apoptose e metastase de células neoplésicas, e que apresentou niveis
séricos aumentados em c@es com HSA esplénico (FUKUMOTO et al., 2015). Em um
estudo in vitro com farmacos antagonistas de receptores de endotelina observou-se a
inibi¢do do crescimento de linhagens de células de HSA canino (FUKUMOTO et al.,
2016). Ainda, esse mesmo tipo de células quando expostas a um extrato vegetal Yunnan
Baiyao apresentaram um aumento da apoptose que foi dose e tempo-dependente
(WIRTH et al., 2016). Os dados da literatura indicam que novos protocolos terapéuticos
tém sido desenvolvidos, porém ainda apresentam perspectivas de controle limitado da

doenca.

2.7 PROGNOSTICO

O prognostico de cdes com HSA na pele é reservado (FERNANDES,
2008). Apenas dois estudos avaliaram o tempo de sobrevivéncia de cdes com HSA
cutaneo, submetidos a diferentes tratamentos. A mediana do tempo de sobrevida variou
entre 441 dias (WARD et al., 1994) e 987 dias (SZIVEK et al., 2012). Muitos outros
estudos relatam a sobrevivéncia de cdes com HSA, no entanto ndo fazem distin¢do
quanto a localizag@o cutdnea ou visceral.

Os fatores prognosticos mais bem estabelecidos em cdes com esta
neoplasia sdo invasdo tecidual (graduagdo) e tamanho tumoral, e estdo relacionados ao
maior sucesso cirargico e melhor progndstico (WARD et al., 1994, SCHULTHEISS,
2004). Além disso, os cdes com HSA cutaneo induzido pela luz solar apresentam maior
sobrevida, porém recorréncia frequente, em comparacdo com os nio induzidos pela

radia¢do solar (SZIVEK et al., 2012).
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2.8 CONCLUSAO

O HSA cutaneo canino representa uma doencga de grande importancia
na oncologia veterinaria, sendo que sua ocorréncia pode estar relacionada a um quadro
neoplasico multicéntrico. A provavel associagdo com a exposicdo a radiacdo solar, o
comportamento bioldgico agressivo e os protocolos terapéuticos que ndo apresentam um
controle efetivo da doenca reforcam a necessidade de ampliagdo de investigagcdes que
auxiliem na compreensdo do desenvolvimento da neoplasia. Estudos relacionados a
biomarcadores, potenciais alvos terapéuticos e ensaios clinicos devem ser estimulados

de modo a prolongar substancialmente a sobrevivéncia de cdes com HSA cutaneo.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a expressdo [HQ de diferentes proteinas no HSA cutaneo

canino a fim de determinar biomarcadores de prognostico.

3.2 OBJETIVOS ESPECIFICOS

Definir os fatores epidemioldgicos e anatomopatologicas dos

hemangiossarcomas cutdneos em caes.

Avaliar a expressao das proteinas fator VIII, COX-2, VEGF, PCNA e
Caspase-3 dos hemangiossarcomas cutaneos caninos, por meio de exame imuno-
histoquimico.

Estabelecer a relacdo da expressdo das proteinas de interesse, idade,
sexo, raga, graduacdo, escore de diferenciagdo histologica e tamanho dos tumores com o

tempo de sobrevida dos cdes com hemangiosarcoma cutaneo.
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Summary

Hemangiosarcoma (HSA) is a malignant neoplasm of vascular endothelial cells that are
common in dogs, rare in other species and may arise in any tissue. Dermal locations of
canine HSA was generally associated with short survival and recurrence after surgical
excision is frequent. Solar radiation has been proposed as a predisposing factor for
occurring in short hair dogs with lightly pigmented skin. Studies were not located in the
literature relating immunohistochemical (IHC) expression of markers and survival of
dogs with cutaneous HSA. These data could contribute to establish prognostic factors
and new therapies based on the expression of target molecules. The aim of this study
was to evaluate biomarkers and overall survival (OS) of dogs with cutaneous HSA, to
understand the biological behavior of this neoplasm and determine prognostic factors.
Were evaluated the expression of factor VIII (fVII), cyclooxygenase-2 (COX-2),
vascular endothelial growth factor (VEGF), proliferationg cell nuclear antigen (PCNA)
e caspase-3 (Casp-3) by immunohistochemistry in 60 samples of canine cutaneous
HSA, and related to OS of the animals through the analysis of survival, in the model of
competitive risks. In addition, were verified the relation of age, sex, breed, tumour
grade, score of histological differentiation, mitotic rate and tumour size with OS of the
dogs. The expression of the markers was positive in 80 to 100% of the samples,
predominantly with weak to moderate labeling intensity in fVIII, COX-2 and VEGF and
exclusively strong in PCNA and Casp-3. The median OS of the dogs was 12 months.
The age of the dogs, tumour grade, score of histological differentiation, mitotic rate and
size of tumours were not related to survival. There was a tendency of dogs of
predisposed breeds (Pit bull, Boxer, Basset Hound e Dalmatian) to have greater OS,

compared to dogs of not predisposed breeds. The dogs that had other concomitant
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primary neoplasms had a longer survival curve than dogs that had only HSA and the
female dogs of the group with other neoplasms presented lower OS. The labelling index
of fVIII, COX-2, VEGF, PCNA and Casp-3 had no relation to OS, as well as the
labelling intensity of fVIII, COX-2 and VEGF. However, expression of COX-2 and
VEGEF is frequent in canine cHSA and these molecules are possible therapeutic targets

to be investigated.

Keywords: dog; immunohistochemical; malignant vascular tumour; prognosis
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Introduction

Hemangiosarcoma (HSA) is a malignant neoplasm of vascular endothelial cells that is
common in dogs, rare in other species and may arise in any vascularized tissue (Brown et al.,
1985; Smith, 2003). The organs most affected in dogs are the spleen, right atrium, skin and
liver (Fernandes, 2008). This neoplasm can be primarily cutaneous with subcutaneous and
muscular infiltration or primarily subcutaneous with intramuscular involvement (Shiu ef al.,
2011; Ward et al., 1994). Dermal location of canine HSA was generally associated with short
survival (Schultheiss, 2004; Shiu et al.,, 2011) and recurrence after surgical excision is
frequent (Hargis et al., 1992).

Solar radiation has been proposed as a predisposing factor for occurring in short hair
dogs with lightly pigmented skin (Hargis et al., 1992; Nikula et al, 1992). In addition,
mutation of PTEN gene and retinoblastoma protein pathways overexpression has been
reported in canine HSA (visceral and not visceral), and are probably associated with the
pathogenesis of this neoplasm (Dickerson et al., 2005; Yonemaru et al., 2007). The
predisposed breeds to cutaneous hemangiosarcoma (cHSA) are Whippet, Italian Greyhound,
Beagle, Dalmatian, American Staffordshire Terrier/Pit Bull, Boxer and Basset Hound (Hargis
et al., 1992; Szivek et al., 2012; Ward et al., 1994). Actinic lesions and hemangioma (HA)
may precede the malignant form for a long time (Hargis et al., 1992). The regions most
affected of the skin are ventral abdominal, preputial and pelvic limbs (Fernandes, 2008;
Hargis et al., 1992; Ward et al., 1994). A previous study reported that 60% of dogs with HSA
involving the skin and subcutaneous tissue presented the same neoplasia in other organs
(Hargis et al., 1992).

One of the main areas of interest in oncology studies is survival time and factors

involved. Data regarding survival time in canine HSA are available, however, most studies
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are of subcutaneous, intramuscular or visceral tumours (Bulakowski et al., 2008; Goritz et al.,
2013; Shiu ef al., 2011; Sorenmo et al., 2004). The median survival time in dogs presenting
cHSA submitted to different treatments varied from 172 — 780 days, according to the staging
(Ward et al., 1994) and 987 days (Szivek et al., 2012). A longer survival was proposed for
dogs presenting the solar-induced form of the cHSA compared to non-solar-induced form
(Szivek et al., 2012). Nevertheless, no difference in the clinical outcome was observed in
other investigation (Schultheiss, 2004).

Several studies have related the expression of immunohistochemical (IHC) markers as
useful prognostic factors in varied neoplasms in dogs. The most used biomarkers are
cyclooxygenase-2 (COX-2) (Carvalho et al., 2017; Dore, 2011; Gregorio et al., 2017), Ki-67
(Fonseca-Alves et al., 2015; Gregorio et al., 2017; Vascellari et al., 2013) and vascular
endothelial growth factor (VEGF) or its receptors (Da Silva and Fonseca-Alves, 2017; Platt et
al., 2006).

Regarding canine HSA, previous studies have described IHC expression mainly of
factor VIII/von Willebrand (fVIII) (Giuffrida et al., 2017; Sabattini and Bettini, 2009; von
Beust et al., 1988), CD31 (Ferrer et al., 1995), CD117 (c-kit) (Chen ef al., 2016; Fosmire et
al., 2004; Sabattini and Bettini, 2009), COX-2 (Heller et al., 2005), proliferating cell nuclear
antigen (PCNA) (Chandler et al., 2009), VEGF, basic fibroblastic growth factor (bFGF) and
its receptors (Sabattini and Bettini, 2009; Yonemaru et al., 2006), bcl-2, survivin (Murakami
et al., 2008), Akt/mTOR/4E-BP1 pathway (Murai ef al., 2012) and peroxiredoxin 6 (Anwar et
al., 2016). However, no data was found in the available scientific database relating IHC
expression of markers and survival of dogs diagnosed with cHSA. These data could
contribute to establish prognostic factors and new therapies based on the expression of target
molecules; additionally it helps to understand the pathogenesis of this neoplasm in dogs and

comparatively in humans.
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In this way, the aims of this study were to evaluate the epidemiological,
histopathological and IHC data of cHSA and to relate with OS of the dogs, to determine

prognostic biomarkers.

Materials and Methods

Animals

A retrospective study was performed using samples of canine cHSA diagnosed at a
Veterinary Teaching School Hospital, Universidade Estadual de Londrina, southern Brazil,
from January 2004 to December 2016. Criteria for inclusion of cases were histopathological
diagnosis of cHSA and data regarding survival time. All animals were submitted to surgical
excision of the tumour.

The time interval between the histopathological diagnosis of cHSA and the death of
dogs or the end of the study was determined as the overall survival (OS). Due to the
established period of this study, not all dogs could be followed-up until the death; because of
this, the observational trial time of these dogs was considered as censure. Epidemiological

data such as age, breed and sex were also evaluated.

Macroscopic and histopathological analysis

Data regarding the macroscopic analysis of the tumours were collected, such as size,
anatomic location and presence of other neoplasms. When the animal had more than one
cHSA, the largest one was analyzed.

Samples were fixed in 10% buffered formalin solution, embedded in paraftin,
sectioned (4 um) and stained with hematoxylin and eosin (HE). All slides were re-evaluated

for tumour grade according to Ward et al. (1994). Briefly, the score was based on histological



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

34

invasiveness: dermal limited (stage I), hypodermal involvement (stage II) and muscular
infiltration (stage III). The samples were also scored for histological differentiation, linking
overall cellular differentiation and nuclear pleomorphism; score 1 represents well
differentiated lesions with many vascular channels and minimal nuclear size and shape
variation, score 2 has moderate differentiation and nuclear variation and score 3 represents a
poorly differentiated tumours, with few vascular channels and marked nuclear variation
(Sabattini and Bettini, 2009). The mitotic rate of tumours was also evaluated, counting
number of mitotic figures in 10 high-power (400X magnification) fields and were divided into

4 groups: 1to 5, 6 to 10, 11 to 20 and more than 20 mitoses.

Immunohistochemical analysis

For THC analysis, tissue sections were deparaffinized with xylene and dehydrated
through a graded ethanol series. Heat-mediated antigen retrieval was done by heating the
sections (immersed in EDTA buffer, pH 9.0 or Citrate buffer, pH 6.0) in a microwave oven
(750W) for 9 to 14 minutes. Endogenous peroxidase activity was blocked by incubation in
methanol/ H2O: solution. The sections were incubated overnight at 4°C with the primary
antibodies (Table 1). The secondary antibody (Kit Super PictureTM Zymed, San Francisco,
CA) was applied followed by the addition of the chromogen diaminobenzidine for four
minutes.

The tissue sections were counterstained with hematoxylin and mounted on coverslips
using a permanent mounting medium. Positive controls were used according to the
manufacturer instructions, for negative controls the same tissues had primary antibody
replaced with antibody diluent. For COX-2, the macula densa of canine kidney was used as
positive control (Belluco et al., 2016). The tissue sections were examined to establish the

labeling index; 500 cells per slide were counted manually in random high-
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power fields (400x), and the percentage of immunostained cells was determined. To
determine the expression index of PCNA, only cells with strong labeling were counted. In
addition, each sample was evaluated for the intensity of labelling, as weak, moderate or strong

for fVIII, COX-2 and VEGF.

Table 1. Primary antibodies used in immunohistochemistry

Primary antibody Clone Source Dilution
fVII polyclonal antibody Invitrogen — Camarillo, CA 1in 100
COX-2 CX-294 Dako — Carpinteria, CA 1in 50
VEGF VG-1 Santa Cruz Biotechnology — Santa Cruz, CA 11in 50
PCNA PC10 Zymed — South San Francisco, CA 1 in 200
Casp-3 Aspl75 Cell Signaling Technology — Danvers, MA 1 in 200

Statistical analysis

The statistical analysis was based on a retrospective observational clinical trial of
veterinary records of dogs presenting cHSA, which were followed up for six to 150 months
post-diagnosis, between July 2004 and December 2016. The survival time of the followed up
dogs with cHSA was competing with other diagnosed neoplasms, i. e. survival time of dogs
would be influenced for the presence of other neoplasms. Therefore, the animals were
grouped according to the competitive causes, being group 1 when they only had cHSA, and
group 2 when the dogs had other neoplasms diagnosed besides HSA, concomitantly.

Therefore, to verify an association between the OS with breed, sex, tumour grade,
histological score, mitotic rate and the intensity of IHC markers in the dogs, it was used a
model of competitive risks of Fine-Gray (Fine and Gray, 1999) and the Gray's test (Gray,
2014) based on cumulative incidence functions. For the age of dogs, tumours size, labelling
index of markers and the above-mentioned variables a proportional subdistribution hazards

regression model described by Fine and Gray (1999) was used, just to make sure that the all
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kind of explanatory covariate information (discrete and continuous variables) would be used,
considering a significance level of 5%. The data was fitted using the library cmprsk (Gray,

2017) from software R, version 3.4.1 (R Core Team, 2017).

Results

Animals

In the period of the study 5,543 canine neoplasms were diagnosed, in which 1.98%
were cHSA. Survival information was obtained from 60 cases, which were analyzed, among
them 30 were from male dogs and 30 of females. The average age of the dogs was 8.5 years
(range 3-18 years). Mixed breed were most frequent (38.3%, n = 23), followed by Pit bull
(35%, n = 21), Boxer (8.3%, n = 5), Teckel (5%, n = 3) and other breeds (13.3%, n = 8).
Overall, 29/60 dogs (48.3%) were of predisposed breeds (Pit bull, Boxer, Basset Hound and

Dalmatian).

Macroscopic and histopathological analysis

The average diameter of the tumours was 2.5 cm, ranging from 0.25 to 14.5 cm. cHSA
occurred in inguinal region (50%, n = 30), abdominal (31.6%, n = 19), limbs (15%, n = 9),
head (8.3%, n = 5) and thorax (5%, n = 3). Almost half of the dogs (45%, n = 27) had others
HSA and/or HA on the skin, and of all 35% (n = 21) had multiple cHSA. From all the cases,
20/60 (33.3%) presented concomitantly other cutaneous, subcutaneous or mammary
neoplasms (not HSA); from these, nine (45%) were malignant.

Microscopically, HSA showed different degrees of nuclear differentiation and cellular
patterns, characterized by poorly demarcated proliferation of spindle shape to epithelioid

cells, aligned on trabeculae of collagen, forming irregular vascular channels blood-filled of
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varying sizes (Figure 1A). The cells had minimal cytoplasm, enlarged hyperchromatic nuclei,
inconspicuous to evident nucleoli and 1 to 53 (average = 12) mitosis in 10 high-power fields.
Concerning tumour grade, 41/60 (68.3%) were in stage I, 14/60 (23.3%) in stage II,
four (6.6%) in stage III and in one (1/60) case it was undetermined. Regarding the score of
histological differentiation of the tumours, 27/60 (45%) cases were score 2 (moderately
differentiated), 26/60 (43.3%) score 1 (well differentiated) and 6/60 (11.66%) were score 3

(poorly differentiated).

Immunohistochemical analysis

Immunohistochemical expression of fVIII, COX-2, VEGF, PCNA and Casp-3 were
evaluated according to the labelling index and intensity of immunolabelling in all the cHSA
of the present study. A summary of the immunolabelling in cHSA is shown in Table 2. The
fVIII exhibiting weak to strong cytoplasmic staining (Figure 1B). Expression of COX-2 was
weak or moderate intensity and cytoplasmic (Figure 1C). Immunodetection of VEGF
occurred in weak to strong cytoplasmic staining (Figure 1D). All samples had strong nuclear
staining of PCNA (Figure 1E) and strong cytoplasmatic immunostaining for Casp-3 (Figure

IF).
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Figure 1. Canine cHSA. (A) Proliferation of spindle shape aligned on delicate collagen
trabeculae, forming irregular vascular channels blood-filled of varying sizes. HE. (B) fVIII
immunoexpression, cytoplasmatic marking and weak intensity. IHC. (C) COX-2 expression,
showing weak cytoplasmatic labelling. THC. (D) VEGF immunoexpression, moderate
cytoplasmatic labelling. IHC. (E) PCNA expression, strong nuclear immunostaining. IHC (F)
Casp-3 labelling, showing cytoplasmatic labelling and strong intensity. IHC. Bars, 50 pm.
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Table 2. Summary of immunohistochemical labelling of canine cutaneous hemangiosarcoma (n = 60)

Positive Average index  Index range Intensity of labelling
Marker o e 0
samples (%) of labelling (%) (%) weak (%) moderate (%)  strong (%)

fVIII 96.66 (58/60) 26.8 2.32 - 66 36.2 41.38 22.41
COX-2 80 (48/60) 24.3 0.67 - 86.66 95.83 4.17 0
VEGF 88.33 (53/60) 34.63 2.56 - 87 49.06 49.06 1.89
PCNA 100 (60/60) 31.6 5.14 -77.55 0 0 100
Casp-3 86.66 (52/60) 9.7 0.05-73.93 0 0 100

Survival time

By the end of this study, 39 dogs died (25 of group 1 and 14 of group 2) and 21
remained alive (15 of group 1 and 6 of group 2). The median OS was 12 months (365 days),
and average was 16.5 months (495 days), ranging from 1 to 52 months, considering only the
animals that reached the endpoint (death). Analyzing the survival curves of competitive
causes, the dogs that had only HSA (group 1) had reduced survival compared to dogs with

concomitantly other neoplasms (group 2) (Figure 2).



W R W N

10

11

12

13

14

15

40

o |
o _|
o
© _|
o
=
B
g
(@]
N
g
— Group 1
S o — Group2
T T | T T T
0 10 20 30 40 50

Time (months)

Figure 2. Survival curves based on cumulative incidence functions from competing risks data
(Gray, 2014), the black and red survival curves represent the groups of dogs that had only
HSA (group 1) and with concomitantly other neoplasms (group 2), respectively.

The following variables: age, breed, sex, size of tumours, tumour grade, score of
histological differentiation, mitotic rate, labelling index and intensity of immunostaining were
compared with the OS, considering the competitive causes.

The age of the dogs, tumour grade, score of histological differentiation, mitotic rate
and tumour size were not associated with the OS (P > 0.05). Considering the Fine and Gray
model, it was observed a tendency of longer survival in dogs of predisposed breeds (Pit bull,
Boxer, Basset Hound e Dalmatian) when compared to dogs of non-predisposed breeds (P =
0.05) (Figure 3). In group 2 (dogs with HSA and other neoplasms), the female dogs had a
lower OS rate than the males (P = 0.03) by Gray’s test, but the Fine and Gray model showed

no difference (Figure 4).
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Figure 3. Survival curves of dogs classified in non-predisposed breeds (black curves),
predisposed breeds (red curves) and mixed breeds (blue curves), for groups of dogs that had
only HSA (group 1) and with concomitantly other neoplasms (group 2).
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Figure 4. Survival curves of females dogs (F) (black curves) and males (M) (red curves), for
groups of dogs that had only HSA (group 1) and with concomitantly other neoplasms (group
2).

No significant association was observed between OS and labelling index of fVIII,
COX-2, VEGF, PCNA and Casp-3 (P > 0.05). The intensity of labelling of fVIII, COX-2 and
VEGF also showed no difference in OS (P > 0.05). As the immunolabelling intensity of

PCNA and Casp-3 was classified as strong in all positive cases, it was not considered in a

survival analysis.
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Discussion

The epidemiological data concerning the average age of the animals and sex
predilection in this study were consistent with previous reports of cHSA (Hargis et al., 1992;
Szivek et al., 2012; Ward et al., 1994). The higher frequency of short hair breeds predisposed
to cHSA and inguinal and abdominal location of the tumours are similar to other studies and
suggest solar-induced lesions (Hargis et al., 1992; Szivek et al., 2012; Ward et al., 1994). In
addition, the presence of 35% of dogs with multiple cHSA corroborates this hypothesis.
Szivek et al. (2012) and Ward et al. (1994) also observed multifocal tumours in the skin in 29
and 28% of cases, respectively, and this presentation seems to be frequent in dogs with cHSA.
The greater survival in dogs of predisposed breeds observed in this study, agree with the
knowledge that the solar induced cHSA presents longer survival time of the dogs (Szivek ef
al., 2012). This fact is probably related to the different etiologies of cHSA, which reflect in
different biological behaviors.

Among the dogs that had other tumours besides HSA, females presented evidence of
lower OS. This may be related to a higher proportion of other malignant neoplasms in females
(58.3% vs. 25% in males), especially mammary carcinomas, which present a worse prognosis.
The HSA of this study showed a very heterogeneous histological pattern, similarly to the
described by other authors (Bertazzolo et al., 2005; Goritz et al., 2013; Sabattini and Bettini,
2009). There was no significant difference in the OS of the dogs relative to the various tumour
grade and score of histological differentiation, however the number of cases grade 3 (n = 4)
and poorly differentiated (n = 7) was not representative.

The median OS time in this study was 365 days, thus the chance of survival of dogs

with cHSA being more than 365 days is 50%, while previous reports concerning cHSA
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presented variable results. Dogs with cHSA limited to the dermis had a median survival time
of 780 days whereas dogs with hypodermic and muscular involvement showed a significantly
lower survival time of 172 to 307 days, respectively (Ward et al., 1994), and 987 days,
without distinction of staging (Szivek et al., 2012).

In the present study, no association between the age of the dogs and size of the
tumours with OS was observed. In several canine neoplasms, the association between tumour
size and survival time is well established (Ferreira et al., 2009; Dennis et al. 2011). Probably,
this difference is related to the irregular growth pattern of malignant vascular tumours in the
skin, leading to innacurate measures of the tumour diameter (Albores-Saavedra et al., 2011).
In addition, cHSA with hypodermal and muscular involvement also difficult a precise gross
measure.

Interestingly, dogs that had multiple additional primary neoplasms had a longer OS
than dogs with only cHSA. In human medicine, the occurrence of multiple primary neoplasms
is common in caucasian ancestry and represents longer survival time. This fact can be
explained by earlier diagnosis and possibly by the occurrence of genetic alterations which
predisposes to the appearance of multiple neoplasms, however with less aggressive biological
behavior (Amer, 2014). Analogously, the same event may have occurred in dogs of this study,
which are of breeds already known to be predisposed to various neoplastic diseases (Dobson,
2013).

The prognostic significance of the expression of different markers was assessed. The
fVIII is an endothelial cell-specific marker, nevertheless in this study presented weak to
strong intensity of labelling, as previously described in canine HSA (Ferrer et al., 1995;
Sabattini and Bettini, 2009; von Beust ef al., 1988). This protein was not expressed in all

tumours probably reflecting an altered phenotype in endothelial cells. This result suggests that
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fVIII must be used cautiously in the diagnosis of malignant tumours of endothelial cells, and
its expression may be not related to survival of dogs with cHSA.

Specific mechanisms of COX-2 contributes to the development of malignancies
including the inhibition of cellular apoptosis, promotion of tumour angiogenesis, increased
tumour cell motility invasiveness, immunomodulatory activity, and the conversion of pro-
carcinogens to carcinogens (Fosslien, 2001). This enzyme has been demonstrated to be
overexpressed in human sarcomas (Dickens et al., 2002).

A previous IHC study of COX-2 in splenic canine HSA, reported no immunostaining
for this protein in 19 tumours (Heller ef al., 2005). These results differ with the present study,
where a weak cytoplasmic expression was observed in 80% of the samples. These findings
suggest that COX-2 is expressed in cHSA and may be related with the progression of this
neoplasia, suggesting the possibility of a new therapeutic approach, such as the use of COX-2
inhibitors and a possible predictive value marker. A study contributes to this hypothesis; the
use of COX-2 inhibitors was effective in the suppression of cell proliferation of canine HSA
in vitro (Pang et al., 2014).

The imbalance of pathways related to growth factors has been suspected to be
involved in the appearance and progression of HSA (Thamm, 2013). /n vivo and ex vivo
studies have demonstrated that the overexpression of VEGF in murine cause neoplastic
transformation of endothelial cells (Arbiser et al., 2000). The treatment of tyrosine kinase
inhibitor (masitinib mesylate) in cell lines of canine HSA decreased cell proliferation in a
dose and time-dependent manner (Lyles et al., 2012). Therefore, the potential of this marker
was assessed as an indicator of prognosis, but no relation between OS and VEGF was
observed, in the conditions of this study. However, the positive expression of VEGF in almost
90% of the cases confirmed the high expression of this growth factor in cutaneous HSA in

dogs, possibly a favorable predictive value marker.
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In this study, similarly to canine ocular HSA (Chandler ez al., 2009) a high PCNA
expression was observed in all tumours, indicating a high proliferative activity, but with no
association with OS. Another marker of cell proliferation, Ki67, was evaluated previously and
showed no association with cell differentiation and nuclear pleomorphism in canine HSA,
however relationship with survival time was not investigated (Sabattini and Bettini, 2009).

The evasion of apoptosis is one of the known abilities of neoplastic cell, contributing
with the growth and progression of the tumour. Therefore it is assumed that the expression of
Casp-3 should be a predictor of a better prognosis, but this is contradictory in many
neoplasms (Amptoulach ez al., 2015; Chen et al., 2015; Peiro et al., 2001). According to these
studies, the role of this caspase in tumour biology is not fully known. Apoptosis does not
appear to be very frequent in cHSA of this study, since the mean expression index of Casp-3
was low (9.7%). The relationship of Casp-3 expression to survival of dogs with cHSA was
investigated, nevertheless there was no difference. Yet, this marker is probably not a good
indicator of prognosis in cHSA.

Data regarding recurrence and metastasis would be useful in this study, but this study
was retrospective and complete clinical record and follow-up of many cases could not be
performed, due to lack of information or interest of the owners or change of veterinary
hospital.

In conclusion, according to the conditions of this research, features of solar-induced
and multiple lesions are frequent in canine cHSA and dogs of predisposed breed have a better
prognosis regarding OS. The average age of the dogs affected is 8.5 years and there is no
sexual predisposition. Furthermore, the occurrence of multiple other primary neoplasms in
dogs with cHSA is common, and these animals tend to have greater OS than dogs that have
only cHSA. Expression of COX-2 and VEGF are frequent in canine cHSA and were not

related to the OS of the dogs as well as the other markers, however these molecules are
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possible therapeutic targets to be investigated. Greater numbers of cases of cHSA and more
complete disease follow-up data are required to corroborate the significance of these markers

in the survival of dogs.
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Hemangiossarcomas cutaneos em cées sdo frequentemente multiplos, ndo
tem predile¢@o sexual e acometem cies jovens a idosos

Caes de racas predispostas ao hemangiossarcoma cutdneo apresentam
melhor prognostico com relagdo ao tempo de sobrevida, comparado a
cées de ragas ndo predispostas.

A ocorréncia de outras neoplasias primarias em cdes com
hemangiossarcoma cutdneo ¢ comum e esses tendem a ter uma sobrevida
maior.

A expressdo imuno-histoquimica de COX-2 e VEGF ¢ frequente nos
hemangiossarcomas cutdneos em cdes ¢ ndo apresenta relagdo com a
sobrevida, porém sdo possiveis alvos terapéuticos a serem investigados.
A expressdo imuno-histoquimica de fator VIII, PCNA e Caspase-3 ndo

apresenta relacdo com a sobrevida dos caes.





