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RESUMO

O hemangiossarcoma (HSA) é um tumor maligno das células endoteliais e apresenta
comportamento bioldgico agressivo. Afetam cdes de meia idade a idosos e séo
caracterizados pela formagdo de novos vasos associados a &reas necréticas e
hemorréagicas. Pacientes com HSA esplénico apresentam sintomas como anorexia,
distensdo abdominal e ruptura esplénica aguda causando 6bito em um curto periodo. Na
medicina veterinaria, varios estudos avaliaram retrospectivamente a sobrevida global em
caes afetados por HSA ou investigaram a expressdo de genes e proteinas de diferentes
marcadores em amostras de necropsia ou cultura de células. No entanto, um ndmero
limitado de estudos combinou ambas as estratégias para identificar novos fatores
prognosticos. Conhecendo o potencial de sobrevida e os correlacionando com possiveis
marcadores, podemos desenvolver um painel progndstico e assim, torna-los futuros alvos
terapéuticos. Portanto esta pesquisa teve como objetivo associar critérios clinico-
patoldgicos, Claudin-5, PSMA e Ki67 expressao génica e proteica de a sobrevida global
em pacientes afetados pelo HSA. Cinquenta e trés amostras de HSA esplénicos
previamente diagnosticados por exame histopatoldgico foram utilizadas nesta pesquisa.
A expressdo proteica de Claudin-5, PSMA e Ki-67 foram avaliadas pelas técnicas de
imuno-histoquimica e a expressdo génica de Claudin-5 e PSMA foram avaliadas por
gPCR. As amostras foram classificadas histologicamente em cavernoso (n=23), capilar
(n=16) e solido (n=14). Os marcadores foram superexpressos em amostras de pacientes
com metastase em associacdo ao estadio tumoral. Entretanto, o subtipo sélido apresentou
um indice proliferativo mais alto em relacdo aos demais subtipos histolégicos.
Identificou-se também um maior indice proliferativo em tumores indiferenciados quando
comparados aos HSA esplénicos diferenciados. Nosso estudo confirmou que pacientes
com estadio Il e doenca metastatica apresentaram um pior prognostico. A quimioterapia
adjuvante proporciona maior sobrevida global para os pacientes e deve ser indicada para
0s pacientes com HSA esplénico.

Palavras-chave: Imuno-histoquimica, neoplasia endotelial esplénica, marcadores

génicos e indice proliferativo.
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ABSTRACT

Splenic hemangiosarcoma (HSA) is a malignant tumor from endothelial cells, with
aggressive biological behavior. They affect middle-aged and elderly dogs and are
characterized by the formation of new blood vessels, commonly associated with necrotic
and hemorrhagic areas, leading patients to clinical symptoms of anorexia, abdominal
distension and severe acute rupture with death in a short period. Several studies have
retrospectively evaluated overall survival in HSA-affected dogs or investigated gene and
protein expression of different markers in necropsy samples or cell culture. However, a
limited number of studies combined both strategies to identify new prognostic factors.
Knowing potential survival and correlating it with possible markers we can develop a
prognostic panel and thus make them a future therapeutic target. Thus, this research aimed
to associate the clinical-pathological findings, PSMA, Claudin-5 and Ki67gene and
protein expression with overall survival in HSA-affected patients. Fifty-three formalin
fixed and paraffin embedded canine splenic HSA samples, previously diagnosed by
histopathological examination, were used in this research. Claudin-5, PSMA and K167
protein expression was evaluated by immunohistochemistry and the gene expression by
gPCR. Histological classification identified were cavernous (n= 23), capillary (n= 16)
and solid (n= 14). Markers were overexpressed in samples from patients with metastasis
and there were also association with tumor stage. However, solid subtype showed a higher
proliferative index when compared to others subtype. It was also identified a higher
proliferative index in undifferentiated tumors when compared to differentiated splenic
HSA. Our study has confirmed that patients with stage I11 and metastatic disease present
a poor prognosis. The adjuvant chemotherapy provides a higher overall survival for the
patients and should indicated for all patients with splenic HSA.

Keywords: Immunohistochemistry, endothelial splenic neoplasia, gene markers,

proliferative index.
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1. INTRODUCAO

O hemangiossarcoma esplénico canino (HSA) é uma neoplasia endotelial maligna
de comportamento altamente agressivo e heterogéneo, com alto indice metastatico e baixa
sobrevida (SORENMO et al., 2004). Acometem cées de meia idade a idosos e observa-
se uma maior predilecdo em macho do que em fémeas. Os HSAs podem induzir
diretamente a angiogénese através da producdo de fatores pro-angiogénicos, colagenases
e proteinases e indiretamente através de células inflamatoérias. Por ser uma neoplasia
endotelial, a via de disseminagdo de células tumorais de forma sistémica é altamente
facilitada atingindo seus sitios metastaticos sem dificuldade, proporcionando assim uma
alta taxa de metastase entre pacientes acometidos por HSA (SORENMO et al., 2000).

O HSA pode se desenvolver em qualquer localizacdo onde tenha um grande aporte
vascular (KIM et al., 2015; MOROZ; SCHWEIGERT, 2007). Representam de 12% a 21
% das neoplasias mesenquimais que acometem os cdes (BRAY et al., 2018). Os sitios
primarios mais comuns sdo baco, figado, atrio direito e pele (BARKER et al., 2016;
BATSCHINSKI et al., 2018; GORITZ et al., 2013; MOROZ; SCHWEIGERT,
2007). Dentre os tumores primarios em baco, cerca de 25% deles apresentam metastases
cardiacas (MOROZ; SCHWEIGERT, 2007). Os sitos metastaticos mais comuns s&o 0s
pulmdes, figado, omento e cérebro podendo ocorrer também a transplantacéo de célula
neoplasica em decorréncia de ruptura tumoral (CLENDANIEL et al., 2014; KAHN et al.,
2013). Apesar da remogdo da neoplasia primaria, a taxa de sobrevida ainda se mostra
baixa muito em decorréncia de estadios mais avancados com doenca progressiva
metastatica presente ao diagndstico (BRAY et al., 2018).

Em humanos, o HSA é denominado de angiosarcoma e é considerada uma
neoplasia rara, com acometimento maior em regido dérmica e tem sido associado a
exposi¢do de dioxido de tdrio, arsénico, cloridrato de vinil, inseticidas e irradiagdo
ultravioleta(CLIFFORD; MACKIN; HENRY, 2000; GORITZ et al., 2013), estudos
genéticos comparativos entre humanos e cdes observam alteragcGes genéticas no gene
supressor tumoral Tp53 pela via PI3K e mutacéo pela substituicdo da citosina pela tiamina
e 0S caninos sdo modelos para a investigacdo desta patologia tdo devastadora
(MEGQUIER et al., 2019).

Os fatores etiologicos sdo desconhecidos nos cdes, alguns estudos tém
correlacionado o surgimento do HSA a uma pré-disposicao genética racial, em racas de

porte grande como Golden Retrivier, Labrador, Rottweiler, Pastor Alemdo, Boxer



(CLIFFORD et al., 2001; GORITZ et al., 2013; HARGIS et al., 1992; JOHNSON, K.
A.;POWERS, B.E, WITHROW, 1989; KIM et al.,, 2015; SOARES et al., 2017,
TAMBURINI et al., 2009; THOMAS et al., 2014).

O surgimento de técnicas para deteccdo precoce desta doencga tornaria mais agil a
conduta clinica de pacientes com HSA esplénicos. Dentre 0s mecanismos de deteccao
menos invasivos, foi proposto a avaliagdo do antigeno de membrana prostatico especifico
(PSMA) em efusbes abdominais hemorragicas de cdes (DOWLING et al., 2019). No
entanto, esse método foi proposto, mas nédo foi validado na rotina clinica. O PSMA é uma
glicoproteina transmembrana com atividade mdaltipla enziméatica e citoplasmatica.
Observa-se que a atividade enzimatica da folato hidrolase do PSMA, melhora a
disponibilidade do acido folico, facilitando a angiogenese pelo aumento dos niveis de
oxido nitrico pro angiogenico através da regeneracdo endotelial, por isso ela tem sido
estudada como um alvo terapéutico também a neoplasias do endotélio vascular
(DOWLING et al., 2019).

Na medicina veterinaria ainda ndo ha definido marcadores prognosticos que
possam ser amplamente ser utilizados na rotina clinica, sendo assim, ao longo do tempo,
muitos estudos estdo em desenvolvimento para conhecer quais marcadores podem nos
auxiliares como alvo terapéutico na busca progndstica. Um dos marcadores que tém sido
amplamente estudados é o Ki-67, este € um marcador nuclear de proliferacdo celular,
visto que é expresso em células atipicas presentes em qualquer fase do ciclo celular,
exceto a fase GO o qual a célula esta quiescente (YANG et al., 2018).

Em relacdo a proteinas com valor prognostico previamente investigada em cées,
o Claudin 5 é uma fosfoproteina endotelial exclusiva de jun¢des celulares o qual possui a
finalidade de manutencdo da integridade vascular e capilar da membrana cerebral
regulando o espaco para celular, responsavel pela adesdo celular e interacdes proteicas da
membrana celular impedindo a difusdo de ions de soluto para o espaco intercelular. Possui
uma afinidade a tumores vasculares com alta especificidade ao HSA em relacéo a outros
sarcomas e tumores mesenquimais (GREENE; HANLEY; CAMPBELL, 2019). No
entanto, seu valor prognostico ndo foi investigado em associacdo com a sobrevida dos
animais (JAKAB et al.,, 2009). Em humanos, o claudin-5 também apresenta alta
especificidade a tumores vasculares e ndo apresenta expressdo em tumores mesenquimais
e epiteliais, com exce¢do de adenocarcinoma pancreatico (MIETTINEN; SARLOMO-
RIKALA; WANG, 2011). Assim, tem sido proposto como um marcador diagnostico

promissor.



2. REVISAO DE LITERATURA

2.1. Etiologia e epidemiologia

Tumores vasculares de origem endoteliais assim como 0s hemangioendotelioma,
angiossarcomas e HSA séo tumores malignos descritos como altamente agressivos e
metastaticos. Diferentemente dos humanos, 0s animais apresentam estes tumores com
alta frequéncia. Os HSA viscerais nos cdes compreendem cerca de 5 a 7 %das neoplasias
primarias (SMITH, 2003). Acometem animais de meia idade a idosos (8 a 13 anos),
porém, h& descricdo em animais jovens (CLIFFORD; MACKIN; HENRY, 2000;
SMITH, 2003).

De maneira geral as racas de cdes de médio a grande porte sdo mais predispostas
ao acometimento de HSA esplénico, dentre elas estdo o Pastor Alemé&o, Golden Retrivier,
Labrador, Boxer, English Setter, Pitbull e Poodle. No entanto, os estudos séo conflitantes
em concordarem sobre a relacdo da predisposicdo racial como um fator importante
(SMITH, 2003).

N&o h& uma causa conhecida para formacdo do HSA, algumas suspeitas em
relagdo a predisposicdo racial, hereditariedade podem ser consideradas e uma predilecéo
por machos(CLIFFORD; MACKIN; HENRY, 2000; MODIANO et al., 2000).0 fator
hereditario (genotipo) mais o ambiente (feno6tipo) ou microambiente tumoral podem levar
a mutacOes aumentando o risco para o desenvolvimento de tais tumores (MODIANO et
al., 2000).

A ontogénese do HSA pode se alicercar em duas hipoteses: uma se define em que
células endoteliais nos vasos sanguineos sofrem mutacdes e podem, portanto, conferir um
a carater maligno favorecendo a proliferacdo e sobre vivenciada célula endotelial. Na
segunda hipotese, acredita-se que o HSA se originaria de células tronco multipotentes
derivadas da medula éssea com maturacdo incompleta e estdo préximas ou na fase de
comprometimento de endotelial (hemangioblastos).Estas seriam células precursoras
endoteliais que migram da medula Gssea para 0s vasos sanguineos periféricos sendo
responsaveis pela angiogénese fisiologica e patoldégica(LAMERATO-KOZICKI et al.,
2006).

A questdo hormonal também pode ser considerada ja que alguns estudos sugerem
que fémeas castradas apresentaram duas vezes mais chances de desenvolverem HSA

esplénicos dos que as nao castradas e a castracdo tardia, apos 1 ano de idade predispde ao



risco de desenvolvimento de HSA em até quatro vezes em fémeas das racas Golden
Retrivier e Vizslas(MULLIN; CLIFFORD, 2019).

2.2. Comportamento Biologico

O HSA pode se desenvolver em qualquer vaso sanguineo, porém, o sitio primario
de maior acometimento é o baco (50 a 65%), atrio direito(3 a 25%) e figado (5 a
6%)(BARKER et al., 2016; BATSCHINSKI et al., 2018; GORITZ et al., 2013; SMITH,
2003). A angiogénese realizada pelas células endoteliais tumorais gera novos vasos de
aspecto tortuoso e mal formados, levando a formacéo de codgulos. Quando as células se
agrupam podem apresentar coagulos que as impedem de serem nutridas causando assim
uma ruptura tumoral e acumulando liquido hemorragico para as cavidades (derrame
hemorragico) (MODIANO et al., 2000).

A ocorréncia de metéstase em pacientes com HSA esplénico ao diagnostico é de
80%, principalmente em figado, mesentério, pulmdes e cérebro, podendo também ocorrer
em menor frequéncia em rins, peritbnio, omento, préstata, adrenais e olhos(LIPTAK;
DERNELL; WITHROW, 2004; SMITH, 2003). A morte subita normalmente ocorre
devido a rupturas do tumor, quando localizado em cavidades corpéreas (SMITH, 2003).

Para a disseminacdo metastatica e crescimento neoplésico, hd uma série de
eventos em cascata como a transformacéo celular, a angiogénese, a motilidade, invaséo,
embolismo, entrada no leito capilar, aderéncia a parede capilar e extravasamento do
parénquima e alteracdo do microambiente celular (CLIFFORD; MACKIN; HENRY,
2000).

A angiogénese é um processo fisiologico ativado no desenvolvimento fetal, de
crescimento, na reparacdo de feridas e ciclo reprodutivo feminino. Este processo é co-
regulado diretamente por fatores angiogénicos e indiretamente por células inflamatdrias.
Os tumores podem induzir a proliferacdo vascular, alterando o microambiente local
através da superexpressdo e inducao de fatores angiogénicos, recrutando células locais,
mobilizando proteinas da matriz extracelular e reduzindo fatores anti-
angiogénicos(CLIFFORD; MACKIN; HENRY, 2000; SORENMO et al., 2000).

As metaloproteinases (MMPs) assim como as colagenases, estromelisinas e
gelatinases sdo enzimas que degradam a matriz extracelular, proporcionando assim a
alteracdo do microambiente tumoral e facilitando sua disseminagdo. A relagcéo das
metaloproteinases e as neoplasias ndo é totalmente conhecida na medicina veterinaria,

porém, acredita-se que elas estejam envolvidas ndo somente na promog¢édo da invasdo



tumoral via sanguinea ou linfatica mas também na regulacéo de proliferacdo de sitios
priméarios e secundarios e na manutencdo do microambiente tumoral (Figura 1), a
descoberta destas vias de atuacdo podem abrir portas para novas formas terapéuticas de
combate a evolucdo tumoral (CLIFFORD; MACKIN; HENRY, 2000; SORENMO et al.,
2000).

MutagOes em gene de supressdo tumoral como o localizado no cromossomo 10
(Phosphatase and tensin homolog deleted from chromossomel0 - PTEN) em sua porcao
C-teminal também podem estar relacionados ao desenvolvimento do HSA esplénico
canino, estudos demosntram que o PTEN é dependente da atividade lipidica e inibi a
proliferacdo celular tumoral, atuando de forma inibitria a migragdo celular e na
angiogénese através da via PIBK(DICKERSON et al., 2005).
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FIGURA 1. Fluxograma dos estagios da cascata da via metastatica e alvos terapéuticos com a acédo de
quimioterapia (QT), inibidores de metaloproteinases,integrinas, imunomoduladores e dieta
alimentar.Adaptado: (CLIFFORD; MACKIN; HENRY, 2000).



2.3. Sinais clinicos

Pacientes com HSA esplénico normalmente apresentam como sinais gerais:
anemia, anorexia, fraqueza, mucosas hipocoradas, letargia, taquipnéia, taquicardia, dor,
distensdo abdominal, hemoabdomen e pode ocorrer choque hipovolémico quando h&
ruptura da massa abdominal (MODIANO et al., 2000; MULLIN; CLIFFORD, 2019;
SMITH, 2003; SORENMO et al., 2004). Muitas vezes quando ha hemoperiténio ou
hemoabdomen a correlacdo com o HSA esplénico € bem alta chegando até em mais de
90% (HAMMOND; PESILLO-CROSBY, 2008).

2.4. Diagnostico

O padrdo ouro para o diagndstico de HSA esplénico é o exame de histopatologia,
embora 0s exames complementares iniciais como exame sanguineo com painel
bioguimico, urinalise, perfil de coagulacdo, radiografias torécicas, ultrassonografia
abdominal, ecocardiografia e tomografia computadorizada também séo primordiais para
delineamento do perfil do paciente e classificacdo de estadio clinico atraves da avaliacdo
pelo sistema TNM (Quadro 1) (MULLIN; CLIFFORD, 2019; SMITH, 2003).

Quadro 1.Sistema clinico TNM para hemangiossarcoma.

Tumor Primario (T)
T0—Sem tumor evidente

T1-Tumor menor que 5 cm, localizado no orgdo e sem invasdo
dérmica

T2 - Tumor maior ouigual a 5 cm, rompido ou com invasdo dérmica
T3 —Tumor com invasao a tecidos adjacentes

Linfonodo Regional (N)

. . Estadiol: TO ou T1, NO, MO
N0 —Sem linfonodo envolvido

N1 - Linfonodo regional envolvido Estadioll: T1 ou T2, NO ou N1, M0

N2 — Linfonodo distante envolvido Estadiolll: T2 ou T3, N0, Nlou N2,
M1

Metastase a distancia (M)
MO — Sem metdstase

M1 — Com metastase confirmada

Fonte : Adaptado (MULLIN; CLIFFORD, 2019).



2.4.1. Exames laboratoriais

Dentre as alteracdes hematoldgicas a anemia, a leucocitose por neutrofilia,
normalmente estdo presentes em pacientes com HSA esplénicos e de30 a 60% dos casos
apresentam trombocitopenia secundério a um processo imunomediado e hemorragia ativa
ou coagulacao intravascular disseminada (CID). Esta, quando presente, estd associada a
elevacdo de tempo de protrombina e tromboplastina e decréscimo nos niveis de
antitrombina 11, fibrinogénio e degradacdo de subprodutos da fibrina. A coagulagédo
intravascular disseminada pode ser focal ou sistémica e sua resolu¢do normalmente se da
com a remoc¢do tumoral. Em relacdo as alteragfes bioquimicas sdo inespecificas com
elevacdo de fosfatase alcalina e aspartato aminotransferase pela infiltracdo hepatica e
hipoglicemia as quais podem ser consideradas como sindrome paraneoplasica (MULLIN;
CLIFFORD, 2019; SMITH, 2003).

2.4.2. Exames de imagem

2.4.2.1. Radiografia
Radiografias toracicas podem revelar aumento globoso de silhueta cardiaca,
efusdo pericardica, tamponamento cardiaco e aumento de atrio direito em casos de massas
em base cardiaca e sua sensibilidade para avaliar metastase pulmonar é de 78%,
radiografias abdominais podem demonstrar as organomegalias de baco e figado e massas
intrabdominais além de efusdo peritoneal causada por hemorragia ativa devido a ruptura
(hemoperitonio) (MULLIN; CLIFFORD, 2019; SMITH, 2003).

2.4.2.2.  Ultrassonografia
A ultrassonografia abdominal pode detectar efusdes e lesdes viscerais e em
omento para pesquisa de metastase e tumores primarios, apresentam uma variedade
ecogénica devido a formacdes soOlidas a cavitarias(MULLIN; CLIFFORD, 2019).
Associado a imagem ultrassonogréafica se pode realizar citologia por aspirado de agulha
fina para melhor planejamento cirargico e estadiamento do paciente (LEE et al., 2018).

2.4.2.3.  Ecocardiografia e eletrocardiografia
AlteracBes em ecocardiografia sdo inespecificas para o0 HSA esplénico, porém,
sdo mais fidedignas quando ha suspeita de HSA cardiaco, com a presenca de efusdes
pericardicas. Sendo de grande valia para avaliar a funcdo cardiaca para inicio de terapia

com quimioterapia adjuvante. Pacientes com HSA esplénicos podem apresentar arritmias



ventriculares em 44% dos pacientes submetidos a esplenectomia. As arritmias
ventriculares podem aumentar o risco de 6bito transcirurgico(MULLIN; CLIFFORD,
2019).

2.4.2.4. Tomografia computadorizada

E de escolha para se obter uma melhor localizagdo anatémica da lesdo sem ser
invasivo, alem de um adequado planejamento e abordagem terapéutica cirurgica. Possui
uma sensibilidade superior a imagem radiografica, sendo fundamental para deteccao
precoce de micrometastases pulmonares. Estudos ainda revelam que a tomografia por
emissdo de protons (PET-CT) seria ainda mais eficaz, pois além da sensibilidade da
tomografia consegue avaliar a capacidade de retencdo de glicose na célula neoplasica de
forma precoce sendo uma ferramenta importante para a detec¢cdo de metastases a distancia
principalmente aquelas tardias como as de musculatura esquelética (CARLONI et al.,
2019).

2.4.3. Histologia

A histopatologia com amostras bem representativas sdo necessérias, poisas
mesmas, normalmente estdo repletas de hematomas e areas de necrose por muitas vezes
dificultamos seu diagndéstico mais preciso(SMITH, 2003). Segundo Hendrick et al
(1998) microscopicamente 0s hemangiossarcomas se apresentam em trés classificacoes:
capilar (canais vasculares irregulares), cavernoso (canais vasculares expandidos e de
aspecto espongiforme) e sélido (perda dos canais vasculares)(GORITZ et al., 2013; KIM
etal., 2015).

Os tumores séo considerados bem diferenciados quando as células endoteliais se
apresentam morfologicamente uniformes e com corddes e canais vasculares preservados,
ja os considerados pouco diferenciados apresentam a perda ou diminuicdo destes canais
vasculares com predominio de formacbes mais sélidas e pleomorfismo mais evidente
(NOBREGA et al., 2019; SCHULTHEISS, 2004).

Este pleomorfismo nuclear é caracterizado por estruturas mais ovaladas, com
estruturas multifocais, com evidéncia de nucléolo, baixa relacdo nucleo/citoplasma,
anisocariose, anisocitose, basofilia, cromatina densa, citoplasma vacuolar e alto indice
mitdtico e normalmente séo classificados em alto grau(GORITZ et al., 2013; MULLIN;
CLIFFORD, 2019).
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2.4.4. Biomarcadores/ Fatores progndsticos

Os biomarcadores especificos para HSA sdo de grande valia para a deteccao
precoce da doenca e pode de forma mais eficaz promover o manejo terapéutico mais
efetivo ao paciente. Desta maneira alguns biomarcadores podem ser utilizados como fator
progndstico tem se destacado para pacientes com HSA esplénico e principalmente os de
marcacdo de proliferacdo e angiogénese.

Alguns estudos demonstram que células maduras e células precursoras
multipotentes de HSA podem expressar em sua superficie marcadores como CD31, VWF
(Fator VIII), VEGFR, CD105, CD146, CD34 e c-kit (LAMERATO-KOZICKI et al.,
2006).

2.4.4.1. Proliferacdo celular- Ki-67

O Ki-67 € uma proteina com expressdo nuclear responsavel pela proliferacdo
celular, o qual ocorre em varios tecidos principalmente em medula dssea e linfonodos.
Sua expressdo ocorre em todas as fases do ciclo celular (G1, S, G2 até a fase M) e esta
quiescente na fase GO(LI et al., 2015; SMITH, 2003; SYSEL; VALLI; BAUER, 2015;
YANG etal., 2018), por esta razdo ele € considerado um marcador importante para avaliar
fator de crescimento e replicacdo em uma populacdo celular atipica, pois em células
consideradas normais sua expressao € praticamente nula (SCHOLZEN; GERDES, 2000;
YANG et al., 2018).

Assim como em estudos com mastocitomas caninos utilizam o valor de expressédo
do Ki-67 como fator prognostico e este nimero ja esta estabelecido (SCHOLZEN;
GERDES, 2000), ndo ha um valor de corte estabelecido para o hemangiossarcoma
esplénico. No entanto, a literatura prévia considera esse marcador como padrdao ouro na
imuno-histoquimica para avaliagdo de proliferacdo celular. Isso ocorre, pois sua
expressdo entre 10-14% ja é considerado um alto fator progndstico para evolugdo de uma
neoplasia (YANG et al., 2018).

Estudos tem demonstrado algumas vias para tentar bloquear a prolifera¢do do Ki-
67 na célula através do uso de biologia molecular com nucleotideo anti-reverso de Ki-67,
acido peptideo anti Ki-67, RNA interferéncia (RNAI), siRNA (mualtiplos alvos) e
imunoterapia (Oncolitico viral anti —Ki-67 e Oncolitico com a¢do dupla anti —Ki67 e
telomerase)(YANG et al., 2018). A caracterizacdo de transcricdo génica do Ki-67
observa-se uma dele¢do na sequencia TATA e um aumento na GC no sitio de liga¢do Spl
e este sitio de ligagdo Spl é essencial para transcricdo génica para a atividade do Ki-67,
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demonstrando um potencial prognostico para pacientes com distintas neoplasias (LI et
al., 2015).

2.4.4.2. CLAUDIN-5

Claudin-5 é uma proteina endotelial exclusiva nas juncées celulares, responsavel
pela integridade e manutengdo da membrana vascular, principalmente de capilares de
membrana cerebral. A familia das Claudinas sdo proteinas que determinam o tamanho de
molécula que podem passar ou ndo pelo espaco para celular epitelial com o tecido
endotelial, por isso quando h& o desequilibrio desta barreira gera desordens
neuroinflamatodrias, neurodegenerativas e neuropsiquiatricas (GREENE; HANLEY;
CAMPBELL, 2019; JAKAB et al., 2009; MORROW et al., 2010; ORDONEZ, 2012).

A Claudin-5 é a uma fosfoproteina que ndo é detectada em compartimento
epitelial e sim se demonstra restrita em tecidos endoteliais, principalmente, nos tecidos
cerebrais, enddcrinos, medula éssea, tecidos linfoides, pulmao, figado, pancreas, rins,
bexiga, trato gastrointestinal, pele e tecidos do reprodutor(GREENE; HANLEY;
CAMPBELL, 2019).

A claudin-5 é expressa no tecido endotelial de artérias, capilares e canais
sinusoides do baco e ndo é expressa em células como linfdcitos, megacariocitos e
macrofagos assim, a claudin-5 se confirma com uma forte sensibilidade e marcacéo
vascular (JAKAB et al., 2009; ORDONEZ, 2012). Sendo uma fosfoproteina o qual
compde essa barreira juncional, ela tem por finalidade melhorar a adesdo celular e
estreitar as interagdes com as demais proteinas de membrana para manter a integridade
vascular e impedindo a difusdo de solutos e ions do espaco intercelular (GREENE;
HANLEY; CAMPBELL, 2019).

Em cdes a claudin-5 foi fortemente expressa em amostras de hemangiomas e
hemangiossarcomas, porém, foi ausentes em tumores mesenquimais tanto benignos
quanto nos malignos como os sarcomas (fibroblastico, de tecidos moles, sinovial e
hemangiopericitoma). Em humanos, o claudin-5 também apresenta especificidade a
tumores vasculares e sem afinidade a sarcomas e carcinomas com excegdo de
adenocarcinoma pancreatico (MIETTINEN; SARLOMO-RIKALA; WANG, 2011).

Em tecidos normais, a expressdo da claudin-5 se mostrou restrita no primeiro
trimestre de embrido humano a epiderme, intima camada de vasos que desenvolveriam a
espinha e sinusoides hepaticos, apds o trimestre o feto ja apresenta positividade a células

endoteliais dos capilares dos tecidos mole e j& ndo apresenta mais a expressdo na
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epiderme e em tecidos adultos foi expressa em Vvarios endotélios vasculares
principalmente a capilares cerebrais (MIETTINEN; SARLOMO-RIKALA; WANG,
2011).

A especificidade da claudin-5 para o angiosarcoma/ hemangiossarcoma é alta em
relacdo aos demais sarcomas e 0s tumores mesenquimais e ela também seleciona o
angiosarcoma das demais neoplasias endoteliais 0 que ja ndo ocorre com o marcador
CD31(MIETTINEN; SARLOMO-RIKALA; WANG, 2011). No entanto, ndo ha estudos
prévios associando a expressao de Claudin-5 como fator prognostico em

hemangiossarcomas caninos.

2.4.4.3.  Antigeno de membrana especifico para préstata (PSMA)

O antigeno de membrana especifico para préstata (PSMA) é uma glicoproteina
transmembrana com atividade multipla enzimatica, citoplasméatica com predilecdo em
tecidos prostaticos, renais e intestinais do tipo Il de 100 KDa. Apresenta-se super expresso
em tecidos normais e neoplasicos de epitélio prostatico e também em carcinomas renais,
transicionais de bexiga, adenocarcinomas, glioblastoma multiforme, pulmonares,
melanomas, schwannomas, osteossarcomas e associado a tumores com
neovascularizacdo ativa, sendo esta caracteristica utilizada como marcador para o
hemangiossarcoma canino (B. et al., 2017; DOWLING et al., 2019).

O intuito do PSMA é promover uma autorregulardo da angiogéneses através da
via daspl-integrina e quinase 1 ativada pela p21(PAK1) e nesta ativacdo ha a invasao de
célula endotelial na matriz extracelular pela interacdo da sinalizagcdo das integrinas e
ativacdo da ligacdo com a proteina Filamin A, por isso ela além dos processos
neoplasicos, também estd expressa na reparacao neovascular e processos regenerativos.
Observa-se que a atividade enzimatica da folato hidrolase do PSMA, melhora a
disponibilidade do &cido folico, facilitando a angiogénese pelo aumento dos niveis de
oxido nitrico proangiogenico através da regeneracao endotelial (B. et al., 2017).

Nestes tumores vasculares (angiossarcomas e hemangiossarcomas) e em efusoes
hemorragicas foram analisados e obteve-se que o PSMA encontra se seis vezes mais
expresso do que em tecidos normais e mais expressivos do que o marcador CD-31, dessa
maneira abre possibilidade do desenvolvimento de testes rapidos para diagnostico in
loco(DOWLING et al., 2019). No entanto, ndo houve associacdo prévia da expressao
génica e proteica de PSMA com fatores clinicos e patoldgicos dos hemangiossarcomas

caninos.
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2.5. Tratamentos e Sobrevida Média

2.5.1. Cirurgico

O tratamento de escolha para o hemangiossarcoma esplénico é a remoc¢édo da
massa tumoral por laparotomia exploratdria. Alguns pacientes ja apresentam uma grande
melhora clinica no pos cirargico, porém quando o estadio é mais avangado e apresentam
metastases (em 50% dos casos) a recuperacao pode nao ser tdo favoravel, autores relatam
uma sobrevida média de 19 a 86 dias(MULLIN; CLIFFORD, 2019; SMITH, 2003).

Um comparativo entre pacientes tratados apenas com cirurgia e pacientes tratados
com cirurgia e quimioterapia adjuvante demonstrou que nao houve diferenca significativa
em relacdo ao tempo de sobrevida, sendo que 0s apenas cirdrgicos apresentaram uma
média de sobrevida de 66 dias e 0s associados a terapia adjuvante uma média de sobrevida
de 274 dias (BATSCHINSKI et al., 2018).

2.5.2. Radioterapia

A radioterapia ndo € amplamente utilizada em pacientes com HSA esplénico, pois
como ele é considerado uma doenca sistémica e ndo localizada, o seu uso torna-se restrito,
portanto, pode se utiliza-lo em casos inoperaveis ou associados a comprometimento 6sseo
e cutdneo como efeito paliativo (MULLIN; CLIFFORD, 2019; SMITH, 2003).

2.5.3. Quimioterapia

O intuito de utilizar a quimioterapia adjuvante apds a ressecdo cirdrgica em
pacientes com HSA esplénico com alto indice metastatico € aumentar o tempo médio de
sobrevida em alguns casos este tempo pode se elevar de 5 a 8 meses comparado a somente
a realizacdo de procedimento cirargico (3 semanas a 2 meses).

A doxorrubicina é a quimioterapia de eleicdo para pacientes portadores de HSA
esplénico. Ela pode utilizada como agente Unico (monoterapia) ou combinada com
ciclofosfamida e vincristina (poliquimioterapia). (BATSCHINSKI et al., 2018; GORITZ
etal., 2013; SORENMO et al., 2000, 2004).

Em relacdo aos efeitos colaterais eles podem ser mais evidentes quando em
associacdo de outros quimioterdpicos, podendo apresentar neutropenia e toxicidade
gastrointestinal. A sobrevida em pacientes com monoterapia (somente doxorrubicina) e a
protocolo doxorrubicina- ciclofosfamida- vincristina sdo bem semelhantes, sendo a
escolha através da avaliacdo de perfil e tolerancia do paciente. Outros protocolos podem

utilizados assim como a ifosfamida como agente Unico ou podem associa-la com a
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vincristina, ciclofosfamida e metotrexato  apresentaram algum  resultado
satisfatorio(SMITH, 2003), porém a relacdo de sobrevida também esta associado ao
indice mitdtico da célula endotelial neoplasica (GORITZ et al., 2013).

A eficacia dos protocolos quimioterapicos € influenciada pela dose, sua
intensidade e sua efetividade em combinacdo com outros farmacos, sendo caracterizada
por uma curva de dose resposta, preconizando a dose méxima tolerada nos protocolos
utilizados (SORENMO et al.,, 2004). Os protocolos mais utilizados para o
HSAesplénicosdo doxorrubicina (30 mg/m? IV)a cada 3 semanas totalizando 5 ciclos,
doxorrubicina e ciclofosfamida (50 a 75 mg/m? IV ) de 3 a 6 dias, a cada 3 semanas e
doxorubicina, ciclofosfamida 100mg/m? IV) no dia 1 /ciclo e vincristina ( 0,75mg/m?) no
8°. e 15° dia como sugestdo na Tabela 1(CLIFFORD; MACKIN; HENRY, 2000;
SORENMO et al., 2004)

Alguns estudos relatam que a vincristina e ciclofosfamida sem o uso da
doxorrubicina ndo melhoram a sobrevida em pacientes com HSA em comparacdo a
pacientes que utilizaram somente doxorrubicina (SORENMO et al., 2004).

A associacdo de inibidores de Cox -2 também sdo promissores juntamente com a
terapia adjuvante de doxorrubicina, o uso de deracoxib a 1-2,1mg/kg por via oral foi bem
tolerada em cdes com HSA esplénico (KAHN et al., 2013).

O uso da darcabazina também foi proposto em associacdo aos protocolos de
doxorrubicina com a melhora do prognostico possuindo um tempo médio de sobrevida
de 550 dias (1 ano e meio). Ja seu uso em associacdo com doxorrubicina e vincristina
em pacientes sem resseccao tumoral e em estadio mais avancado da doenca foi de eficécia
em 47,4% dos pacientes com tempo livre de doenca de 101 dias e média de sobrevida de
125dias(BATSCHINSKI et al., 2018; MULLIN; CLIFFORD, 2019).

A quimioterapia metrondmica que consiste no uso de baixas doses dos farmacos
por via oral, também pode ser uma aliada na terapia convencional e no controle de
metastase com uma média de sobrevida de 150 dias e aumento médio de sobrevida em
paciente sem metastase em até 168 dias (BATSCHINSKI et al., 2018). Apresenta uma
boa tolerdncia em longo prazo e pode ser uma alternativa ao tratamento de pacientes com
HSA esplénico (LANA et al., 2007). Porém, o seu uso como tratamento de manutencao
em pacientes apos terapia adjuvante pode ser controverso em relacdo a melhora de
resultado em relagdo a sobrevida global do paciente (MATSUYAMA et al., 2017).

Estudos demonstram que cerca de 90% dos HSA retroperitoneais possuem

metastases a distancia. O estadio clinico da doenga correlaciona-se ao fator prognostico.
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Sendo assim, pacientes em estadio | se restringem a doenca primaria e localizada no 6rgéo
(257 dias), o est&dio Il h& a ruptura tumoral e disseminagdo para linfonodo regional (210
dias) e estadio Ill ha a presenca de metastase a distancia(107 dias) (BATSCHINSKI et
al., 2018; SORENMO et al., 2004; WENDELBURG et al., 2015).A quimioterapia
inalatorio pode ser uma estratégia para inibi¢cdo de micro metastases pulmonares, apés a
esplenectomia pode se realizar quatro ciclos de doxorrubicina com ciclofosfamida a cada
trés semanas e associar doxorrubicina inalatério manipulada em formato
aerossol(CLIFFORD; MACKIN; HENRY, 2000).

A talidomida como agente antiangiogénico (2-3mg/kg a cada 24 ou 48 horas)
junto com a terapia adjuvante ou metrondémica também apresentou um aumento na
sobrevida de pacientes com HSA em comparacdo a pacientes que apenas utilizaram a
monoterapia com doxorrubicina(MULLIN; CLIFFORD, 2019).

Células in vitro de HSA canino que expressavam o0 antigeno de membrana
especifico da prostata (PSMA) responderam seletivamente a uso de um nano conjugado
de doxorrubicina com liberacdo controlada do agente através de um aptamero o qual
direciona terapia no intuito de realizar uma citorreducdo para casos de pacientes com

HSA canino, estudo ainda é preliminar porem promissor (TANG et al., 2015).

2.5.4. Imunoterapia

O uso de imunomoduladores pode ser benéfico no intuito de aumentar a sobrevida
dos pacientes, especialmente combinada com a quimioterapia. A vacina e a L-MTP
(triptideomuramyl lipossoma encapsulada) podem de forma ndo seletiva ativar a
linhagem de macrofagos para uma finalidade antitumoral. Ambas associadas ao
tratamento do HSA promovem um aumento de sobrevida média entre os pacientes
submetidos a quimioterapia, porém ndo houve aumento de sobrevida significativa em
relacdo as pacientes submetidos somente a cirurgia e aqueles os quais foram submetidos
acirurgia e quimioterapia. A L-MTP tem sido utilizada apenas experimentalmente devido
ao seu custo elevado porem é uma promessa para uma futura terapia (CLIFFORD;
MACKIN; HENRY, 2000; SMITH, 2003).

Outra possibilidade imunoterapia é o uso de celulas dendriticas as quais estimulam
o sistema imunologico atraves das celulas T homologas ao MHC classel e polarizagédo de
nl. Esta polarizacdo é a secrecdo de citocinas em regulacdo de moleculas que
coestimulam a superficie e induzem as celulas CD8 * secretoras de interferon y, com esta

modulacdo melhora a apresentacdo do antigeno e a resposta inata aumentando o potencial
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memoria duravel celular . Assim o uso da imunoterapia em sinergismo com a terapia
convencional tem se demonstrado seguro e viavel em colaboracdo a sobrevida de
pacientes com HSA esplénico sendo um possivel potencial terapéutico que ainda requer
maiores estudos(KONDURI et al., 2019).

2.5.5. Terapia Alvo

Em intima relacdo com os biomarcadores ou fatores prognosticos, a terapia alvo
consiste em verificar alvos proliferativos e angiogénicos capazes de induzir a
disseminacéo tumoral e bloquea-las. Desta forma inimeros estudos tentam desvendar as
vias de sinalizagdo de progressdo tumoral para melhor elucida-las e desenvolver alvos
terapéuticos a fim de frear sua evolucao.

As tirosinas quinases sdo enzimas envolvidas na proliferacdo celular através da
sintese de DNA. Em pacientes com HSA apresentam esta via esta super expressa em
relagdo a pacientes saudaveis, desta forma o uso do Toceranib na dose de 2,5 -3mg/kg
por via oral a cada 48h em pacientes com estadio | e Il de HSA pode ser recomendado
(MULLIN; CLIFFORD, 2019; THAMM et al., 2012).

Alguns estudos também estdo bem empenhados em avaliar o microambiente
tumoral através das expressdes génicas e proteicas das células tumorais. Seriam futuras
perspectivas de tratamento, para uma medicina mais precisa e direcionada ao foco
terapéutico individualizado para cada tipo tumoral e perfil de paciente (MODIANO et al.,
2000)

2.6. Progndstico

O prognostico do HSA esplénico é bem reservado devido a agressividade tumoral,
estadio da doenca. Massas solidas e Gnicas apresentam prognostico melhor do que massas
multiplas (WENDELBURG et al., 2015).

Pacientes com estadio | e Il apresentam uma sobrevida média um pouco maior (I-
250 dias, 11-186 dias) em relacéo ha pacientes com estadio I11 (86 dias). J& outros estudos
mostram uma sobrevida consideravel de 180 dias em pacientes que utilizaram protocolos
quimioterapicos associados a cirurgia (MODIANO et al., 2000).

Para Goritz et al (2013) a sobrevida ndo € influenciada pelo tipo histologico,
porém observou se uma curta sobrevida em pacientes que apresentaram o tipo histologico

cavernoso devido a sua intima relagdo com sinais de ruptura e hemorragia abdominal.
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3. OBJETIVO GERAL
Este trabalho objetivou correlacionar os critérios clinico-patoldgicos com a
expressao génica de Claudin-5 e PSMA e proteica de Ki-67, CLAUDIN -5 e PSMA como

fatores progndsticos em hemangiossarcoma esplénicos caninos.

4. OBJETIVO ESPECIFICO
e Associar a expressdo génica e proteica de CLAUDIN-5 com dados clinicos
patoldgicos de cdes com hemangiossarcoma esplénico.
e Associar a expressdo génica e proteica de PSMA com dados clinicos patolégicos
de cdes com hemangiossarcoma esplénico.
e Correlacionar a expressdo de Ki67 com a sobrevida de cdes com

hemangiosarcoma esplénico.
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ABSTRACT

Splenic hemangiosarcoma (HSA) is a malignant tumor from endothelial cells, with
aggressive biological behavior. They affect middle-aged and elderly dogs and are
characterized by the formation of new blood vessels, commonly associated with necrotic
and hemorrhagic areas, leading patients to clinical symptoms of anorexia, abdominal
distension and severe acute rupture with death in a short period. Several studies have
retrospectively evaluated overall survival in HSA-affected dogs or investigated gene and
protein expression of different markers in necropsy samples or cell culture. However, a
limited number of studies combined both strategies to identify new prognostic factors.
Knowing potential survival and correlating it with possible markers we can develop a
prognostic panel and thus make them a future therapeutic target. Thus, this research aimed
to associate the clinical-pathological findings, PSMA, Claudin-5 and Ki67gene and
protein expression with overall survival in HSA-affected patients. Fifty-three formalin
fixed and paraffin embedded canine splenic HSA samples, previously diagnosed by
histopathological examination, were used in this research. Claudin-5, PSMA and K167
protein expression was evaluated by immunohistochemistry and the gene expression by
gPCR. Histological classification identified were cavernous (n= 23), capillary (n= 16)
and solid (n= 14). Markers were overexpressed in samples from patients with metastasis
and there were also association with tumor stage. However, solid subtype showed a higher
proliferative index when compared to others subtype. It was also identified a higher
proliferative index in undifferentiated tumors when compared to differentiated splenic
HSA. Our study has confirmed that patients with stage I11 and metastatic disease present
a poor prognosis. The adjuvant chemotherapy provides a higher overall survival for the
patients and should indicated for all patients with splenic HSA.

Keywords: Immunohistochemistry, endothelial splenic neoplasia, gene markers,

proliferative index.



24

1. INTRODUCTION

Splenic canine hemangiosarcoma (HSA) it is a highly aggressive malignant
neoplasm, originated from endothelial cells with a high metastatic rate and poor outcome.
It is one of the most aggressive and metastatic cancer in dogs®. Vascular tumors
represent about 5 up to 7% of canine neoplasms and the prevalence of HSA can be 0,3%
up to 2 % in all the tumors in dogs®®.They affect middle-aged dogs to the elderly and
there is a greater predisposition to affect males than females . Splenic HSA can
develop metastasis in right atrium in 25% of cases®!?. The most common metastatic sites
are liver, lungs, but less frequently in omentum, kidneys, retroperitoneum and skin®:"10-
¥ In human, HSA is called angiosarcoma and is considered a rare neoplasm and has
been correlated with exposure to thorium dioxide arsenic, vinyl hydrochloride,
insecticides and irradiation, some studies had been demonstrated potential drivers
mutations that could potential therapeutic targets but in dogs, the etiological factors are
unknown®121% Splenectomy is the gold standard treatment for splenic HSA; however,
due the poor outcome, adjuvant chemotherapy has been associated with controversial
results.

Due the limited information regarding markers with prognostic value for canine
HSA. Generally canine tumor, the main prognostic markers are related to proliferation
and angiogenesis. Our research aimed to associate clinical pathological findings with
Claudin-5, PSMA(Prostate-specific membrane antigen) and Ki67 expression as
prognostic markers in canine splenic HSA.Claudin-5 is a tight junctional membrane
protein responsible for the integrity and maintenance of the vascular membrane®5:16),
Claudin-5 was detected in membrane of neoplasm endothelial cells in all histological
types of HSA®) PSMA was detected in biologic fluid in patients with HSA, it was readily
identifiable in hemorrhagic effusions, it’s a potential value for early detection molecular
diagnostic test for presence microscopy HSA disease™® Prostate-specific membrane
antigen (PSMA) is a membrane glycoprotein, highly expressed in prostate epithelium,
prostate cancer and also neovasculature®®. In normal tissues, PSMA is negative and
overexpression occurs in neoplastic endothelium neovasculature®®29,  Among  the
markers, Ki-67 is a nuclear protein widely used for evaluation of cell proliferation. This
protein is expressed only in proliferating cells and its expression occurring all active
phases of cell cycle, including early division, observed mainly in patients with high stage

and poor prognostic®Y. Due the lack of prognostic markers for canine HSA, this research
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aimed to evaluate the Claudin-5, PSMA and Ki56 prognostic factor in a subset of canine
splenic HSA.

2. MATERIALS AND METHODS

2.1. Study design

This was a retrospective non-randomized study, including 53 canine splenic HSA
cases from S&o Paulo State University-UNESP and ONCOCANE Oncology center. The
inclusion criteria for this study were: patients with histopathological analysis confirming
splenic HSA diagnosis, presence of complete clinical information and availability of the
paraffin blocks from the primary tumor. This study was approved by the Committee on
Ethics in the Use of Animals (204/2018) and all owners signed an informed consent
allowing to use the samples in this research.

It was included in theis study only patients with imaging exams (abdominal
ultrassound or computed tomography and three-view thoracic x-ray) to perfom tumor
staging, with histopathological analysis confirming a splenic hemangiosarcoma and
sufficient amout of tissue in paraffin blocks to perform further techniques. It was excluded
patients without clinical information, with other primary tumors at the diagnosis and
tumors with no internal Ki67 positive expression. A total of 53 out of 111 samples met

the inclusion criteria.

2.2. Morphological analysis

From the paraffin blocks, a new section was obtained and stained with
hematoxylin and eosin. Histological and subtype histological evaluation was performed
using an optical microscope by two collaborators (JMR and CEFA) according to
Hendrick et al (1998).

Since most of the antibodies are produced to cross react with human tissue, we
verified the cross reactivity of all antibodies with canine tissue. The reactivity of the Ki-
67 antibody (Clone MIB-1-Dako Omnis-) has been provided by the
manufacturer.Claudin-5 was previously validated by Jakab et al.!”) and the reactivity of
PSMA with canine tissue was previously reported by Dowling et al.(®),

2.3. Gene expression
Transcript levels were evaluated for Claudin -5 and PSMA tissue fixed in
formalin and embedded in paraffin was used for RNAm extraction. For mMRNA extraction,

five tissue sections with 6M we placed with histological slides and tumor areas were
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macrodissecated suing a scalpel and mRNA was extracted using a commercial kit
(Recover All™ total nucleic acid kit, Ambion Life Technologies, MA, USA) according
to the manufacture instructions. mRNA concentration was defined with a
spectrophotometer (Nano Drop™, ND-8000, Thermo Scientific, MA, USA). cDNA was
synthesized in a final volume of 20uL and each reaction containedl pg of total RNA
treated with DNAse | (Life Technologies, Rockville, MD, USA), 200 U of SuperScript
I11 reverse transcriptase (Life Technologies), 4 pl of 5X SuperScript First-Buand Strand,
1 pL of each 10 mMdNTP (Life Technologies), 1 puL of Oligo-(dT) 18(500ng/ uL)( Life
Technologies), 1 pL of random hexamers ( 100ng/ puL)( Life Technologies) and 1 pL of
0,1 M DTT (Life Technologies). A reverse transcription was performed for 60 min at
50°C and enzyme was inactivated for 15 min at 70°C. The cDNA was stored at - 80°C.

The genes were demonstrated in tablel.

Table 1. Identification and sequence of the primers used for gPCR.

Expression Product Gene ID Expression primer sequence (5°- 3°)
Forward: CCTTTGTGTTTCTGCTCTCTGA
CLAUDIN-5 100684266
Reverse: CCCAGTGTTCTCCAGTGACTCA
Forward: TCGATTGCACCCCACTGAT
PSMA 476775
Reverse: GGGCTTTGGAGCTCCTTTGT
Forward: TACAGCTTCACCACCACTGC
ACTB 487218
Reverse: CTTCTCCATGTCGTCCCAGT
Forward: CATCAACGGGAAGTCCATCT
GAHPD 403755
Reverse: TACTCACCACCAGCATCACC
Forward: CGGCTTGCTCGAGATGTGAT
HPRT 442945
Reverse: GCACACAGAGGGCTACGATGT
Forward: CCATGAATCCTGTGGAGC
RPLS8 475130
Reverse: GTAGAGGGTTTGCCGATG
Forward: CCTTCCTCAAAAAGTCTGGG
RPS19 476450
Reverse: GTTCTCATCGTAGGGAGCAAG
Forward: TCACTGGTGAGAACCCCCT
RPS 5 476366
Reverse: CCTGATTCACACGGCGTAG

The reaction was conducted in a total volume of 10 pL containing Power SYBR
Green PCR Master Mix (Applied Biosystems; Foster City, CA, USA), 1 uL of cDNA
(1:10) and 0.3 uM of each primer pair in triplicate using Quant Studio 12K Flex Thermal
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Cycler equipment (Applied Biosystems; Foster City, CA, USA). A dissociation curve was
included in all experiments to determine the PCR product specificity.

2.4. Immunohistochemistry

Immunohistochemistry was performed in charged slides, using a polymer system
and 3,3'-Diaminobenzidine (DAB) as a chromogen. Initially, Ki67 (clone MIB-1) staining
was performed in all paraffin blocks (n=53) and samples without Ki67 positive expression
(internal control) were excluded from this research (n=6). Antigen retrieval was
performed in a pressure cooker (Pascal, DakoCytomation, Carpinteria, CA, USA) with
pH 6.0 citrate buffer solution and the endogenous peroxidase blockage was performed
with 8% hydrogen peroxide diluted in methyl alcohol for 1 hour for Ki-67 and Claudin 5.
For the PSMA antibody, the peroxidase blockage was made for 30 minutes. A
commercial Protein block reagent (Dako Cytomation, Carpinteria, CA, USA) was used
to block non-specific proteins (Table 2).

Mouse monoclonal Ki-67 antibody (Clone MIB-1, DakoOminis, Santa Clara, CA)
was diluted at 1:50, mouse monoclonal CLAUDIN-5 antibody (Zymed Inc, San
Francisco, CA, USA) and mouse monoclonal PSMA (Novus Biological, Littleton, CO)
at dilutions 1:200 and 1:2000, respectively. Then, slides were incubated with
DakoEnVision™+ Dual Link System-HRPsecondary antibody for one hour and the
chromogen IP FLX DAB (Dako Ominis, Santa Clara, CA). The slides were counter
stained with hematoxylin. Positive control was internal blood vessels for Claudin-5 and
PSMA, a normal prostatic tissue was used. Negative control was performed by replacing
the primary antibodies with immunoglobulins. The protocol information is available in
Table 2.

Immunocytochemical expression was evaluated using Image J software (ImageJ
v1.47; NIH, Bethesda, MD, USA) according to the Da Silva et al. (2017)??. Briefly, a
threshold tool was determined for Claudin-5 and PSMA expression, based on positive
stained cells. Then, the analysis was made in five fields (40 X) of each sample and a mean
expression was used as a final score. The threshold values for Claudin-5 were: hue (1 -
255), saturation (15 - 255) and brightness (100 - 175). For the PSMA expression, the
values were: hue (1- 255), saturation (30 - 255) and brightness (100 - 180). The evaluation
of Ki67 was performed though manual counting of at least 1000 cells (positive and

negative) in five high power fields (400x). Then, the number of o positive cells dived by
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the total of cells was determined as a percentage of positive cells. The final Ki67 index

was determined as a mean of the five fields.

Table 2. Specification of the immunohistochemistry protocol used in this

research.
Antibody Peroxidase Concentration DAB
Blockage
. Clone MIB-1(Dako Ominis, Santa i :
Ki-67 Clara, CA) 1 hour 1:50 5min
Monoclonal mouse anti-human
CLAUDIN-5 antibodies (Zymed Inc, San 1 hour 1:200 1min
Francisco, CA, USA)
PSMA Anti-human mouse (Novus 30 min 1:2000 1min
Biological, Littleton, CO) ]

PSMA-= Prostatic specific membrane antigen.

2.5. Statistical Analysis

For the immunohistochemistry analysis, it was performed a qualitative evaluation,
describing each marker immunolocalization. For statistical propose, we group samples
according to the clinical-pathological criteria and compared the different categorical
variables with overall survival (OS). Including histological subtypes, metastatic status,
clinical stage and treatment using the log-rank test and the Kaplan-Meier curves. The
immunohistochemical and gene expression results were evaluated as a mean expression,
and then, divided into two groups (low or high expression). Samples with expression
equal or lower tha mean value as classified as low expression and samples with expression
higher than mean value was classified as high. For comparisons using the markers and
survival data, we evaluated samples from patients that underwent only surgery and
surgery associated with chemotherapy, separately. Since overall adjuvant treatment can
affect patient’s overall survival. To evaluate the correlation among all variables, it was
performed the matrix of multiple correlation using Spearman test. Statistical analysis was
performed using GraphPad Prism v.8.1.0 (GraphPad Software Inc., La Jolla, CA, USA).

3. RESULTS

3.1. Clinical Data
The mean age of these patients was 10.7 years (+2.0), 79.24% was female (n=42)
and 20.75% was male (n=11). Mixed breed dogs were the most affected (n=22)(41,51%),
followed by Pit Bull (n=7)(13,21%), Cocker Spaniel (n=3)(5,66%), Daschround
(n=3)(5,66%), Golden Retrievier (n=3)(5,66%), Border Collie (n=2)(3,77%),Boxer
(n=2)(3,77%), German Shepherd (n=2)(3,77%), Poodle (n=2)(3,77%), Shepherd Belgian
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(n=2)(3,77%), Brazilian Mastiff (n=1)(1,89%), Labrador (n=1)(1,89%), Lhasa Apso
(n=1)(1,89%), Schnauzer (n=1)(1,89%) and Yorkshire (n=1)(1,89%). The presence of
metastasis at diagnosis occurred in 60.38% (n=32) of the cases and the most prevalent
sites were liver (n=18), lung (n=6), heart (n=2) and skin (n=6). There was statistical
difference between non-metastatic and metastatic patients (P<0.0001)(Figure 1B).
Regarding the clinical stage 58.9% was on stage 11l (n=31), 28.3% stage Il (n=15) and
13.2% stage | (n=7). There was statistical difference among patients with stage I, I1 or 11l
and overall survival (P=0.0444) (Figure 1C).

The mean overall survival was 155.94 days (+148.37), independent of patient’s
treatment (FigurelA). For sixty six percent of the patients surgery was the only treatment
option (n= 35), 27% had surgery and adjuvant chemotherapy (n=14) and 7% received no
treatment (n=4). Patients who only underwent surgery had an average survival of
128.83(+118.84) days, those who underwent surgery and chemotherapy had
262.43(x243.53) days and those who did not undergo any treatment survived for
20.50(x£19.5) days (Figure 1D). Thus, patients treated with surgery associated with

chemotherapy experienced a higher survival time.
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Figure 1. (A)Overall survival in HSA-affected dogs according to the clinical pathological criteria.
(B)Patients with metastatic splenic HSA experienced a lower survival time (P<0.0001). (C) Patients
with stage 111 show lower survival time than stage I and 11 patients(P=0.0444). (D) Patients that received
surgical or surgery associated with adjuvant chemotherapy as treatment has a higher survival time than

those that did not receive treatment or only surgery treatment (P<0.0001).
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3.2. Histopathological Analysis
Tissue samples were classified in cavernous (n= 23, 44%), capillary (n= 16, 30%)
and solid (n= 14, 26%) (P=0.1286). Then, according to the degree of differentiation,
samples were also classified as differentiated (n= 39, 74%) and undifferentiated (n=14,
26%) (P=0.3837).

3.3. Gene Expression Analysis

Claudin-5 showed a 3.36(%£2.9) mean of relative quantification and there was no
statistical difference in Claudin 5 gene expression comparing metastatic and non-
metastatic samples (P=0.8266). Regarding the tumor stage, there was no statistical
difference in overall survival among the three stages (P=0.4804) or when compared stage
I and Il (P=0.3011), stage I and Il (P=0.5142) or stage Il and 11l (P=0.4448). It was also
associated Claudin-5 expression with the different histological subtypes. When compared
Claudin-5 expression among capillary, cavernous and solid subtypes, there was no
statistical difference (P=0.2959). The Claudin-5 expression did not differ when compared
capillary and cavernous (P=0.6573), capillary and solid (P=0.4252) or cavernous and
solid (P=0.1338). When tumors were grouped as differentiated and undifferentiated
patterns, no statistical difference was observed (P=0.1415). Then, it was compared
Claudin-5 expression with the patient’s overall survival. No survival association was
observed survival in patients with low Claudin-5 expression, compared with patients
showing high expression (P=0.4244).

PSMA mean of real tie quantification was 5,26+5,19. There was no statistical
difference in PSMA gene expression comparing metastatic or non-metastatic samples
(P=0.1555). Regarding the tumor stage, there was statistical difference among the three
stages (P=0.041), with patients with tumor stage Il expression higher PSMA levels.
There was no statistical difference of PSMA expression between tumor with stage | and
Il (P=0.1807) or stage | and Ill (P=0.9699). On the other hand, samples from patients
with tumor stage 111 expressed more PSMA than tumor samples with stage 11 (P=0.0319).
When associated histological subtype with PSMA gene expression, it was not identified
statistical difference among capillary, cavernous and solid histological types (P=0.1815).
However, it was identified stasitical difference when compared cavernous with capillary
(P=0.046) and cavernous with solid (P=0.05). There was no statistical difference between

capillary and solid (P=0.9497). Although PSMA was associated with tumors tag and
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histological type, no association of PSMA expression was found with overall survival
(P=0.4080). All these data were demonstrated in table 3.

Table 3. Gene expression results

Gene Claudin-5 PSMA
Relative Quantification (RQ) 3.36(x2.9) 5,26 (£5,19)
Overall Survival P=0.4244 P=0.4080
Metastatic Status P=0.8266 P=0.1555
Stage P=0.4804 P=0.041*
Stage | x 11 P=0.3011 P=0.1807
Stage | x 111 P=0.5142 P=0.9699
Stage 11 x 111 P=0.4448 P=0.0319*
Histological Types P=0.2959 P=0.1815
Capillary x Cavernous P=0.6573 P=0.046*
Capillary x Solid P=0.4252 P=0.9497
Cavernous x Solid P=0.1338 P=0.05*
Differenciated x
Undifferenciated PRO-1415 P=0.3285
Treatment P=0.1684 P=0.3580

*Statistical Difference

3.4. Claudin-5, PSMA and Ki67 immunoexpression

Claudin-5 presented membranous and cytoplasmic staining (Figure 2 A, B and C)
in endothelial neoplastic cells and also the pre-existing blood vessels. PSMA presented
cytoplasmic staining (Figure 2 D, E and F) in only in neoplastic cells and Ki-67 was
nuclear of endothelial neoplastic cells (Figure 2 G, H and 1) and in internal controls blood
vessels and remaining splenic germinal center).Claudin-5 protein showed a mean
expression of 12% (£5.73%) among has samples.Claudin-5 protein was overexpressed in
samples from patients with metastatic.
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Figure 2. Claudin-5 presented a membranous and cytoplasmic staining in endothelial neoplastic cells and
also the pre-existing blood vessels in capillary type (A), cavernous type (B) and solid type (C). PSMA
presented a cytoplasmic staining in capillary type (D), cavernous type (E) and solid type (F) and Ki-67
stained the cell nuclei of endothelial neoplastic cells in capillary type (G), cavernous type (H) and solid

type (1).

Higher Claudin 5 expression was observed among metastatic samples compared
with non metastatic samples (P=0.0078). Association of Claudin-5 expression with tumor
stage, with stage 111 tumors with higher expression the stages I and Il (P=0.0451) (Figure
3).
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Figure 3. (A)Metastatic samples had a higher Claudin-5 expression compared with non metastatic samples
(P=0.0078). (B) Association of Claudin-5 expression with tumor stage, with stage 111 tumors with higher

expression the stages | and Il (P=0.0451).

It was investigated the association of Claudin-5 protein expression with the
different histological subtypes and no statistical difference was observed among capillary,
cavernous and solid patterns (P=0.2460). Statistical difference was not observed when
compared capillary and cavernous (P=0.2897), capillary and solid (P=0.5439) or
cavernous and solid (P=0.1196). Tumor were also grouped in differentiated and
undifferentiated patterns (P=0.1663).

PSMA protein expression presented 5% (£3.89%) mean expression in HSA
samples and there was no association between PSMA protein expression and the patient’s
metastatic status (P=0.5650). Regarding the tumor stage, there was no statistical
difference among the three stages and PSMA protein expression (P=0.2804). Comparison
between two different stages were made and there was no statistical difference when
compared tumor stage | and Il (P= 0.1455), I and Il1 (P=0.1931) or stage Il and Il (P=
0.5401). PSMA protein expression did not differ among the three histological subtypes
(P=0.2653) or when compared capillary and cavernous (P=0.1685), capillary and solid
(P= 0.7336) or cavernous and solid (P=0.2022). When compared differentiated and
undifferentiated patterns, no statistical difference was observed (P=0.3372).

The Ki-67 expression was evaluated in 47 out of 53 samples, because in six
samples, it was not possible to evaluate 1000 cells. The mean Ki67 expression was 16%
(£14.06%) and there was no association with Ki67 expression and patient’s metastatic
status (P=0.8323). On the other hand, it was identified an association among Ki67 index
and tumor stage, with tumor stages 11 and 111 showing a higher Ki67 index when compared
to stage | (P=0.0144). It was observed higher Ki67 index in tumor stage 11(P=0.0033) and
I11(P=0.0355), when they were individually compared with stage I. On the other hand,
there was no statistical difference between tumor stages Il and 111 (P=0.1222). There was
no statistical difference among Ki67 expression and the three different histological
subtypes (P=0.0942) or when compared capillary and cavernous (P=0.3044), cavernous
and solid (P=0.1284). Solid subtypes showed a higher proliferative index when compared
to capillary subtype (P=0.0433). It was also identified a higher proliferative index in
undifferentiated tumors when compared to differentiated HSA (P=0.05). All these results

were demonstrated in table 4.
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Table 4. Protein expression results

Protein Claudin-5 PSMA Ki-67
(RQ)
Overall Survival P=0.0078* P=0.8979 P=0.4542
Metastatic Status P=0.9390 P=0.5650 P=0.8323
Stage P=0.0451* P=0.2804 P=0.0144*
Stage | x 11 P=0.9589 P=0.1455 P=0.0033*
Stage | x 111 P=0.0377 P=0.1931 P=0.0355*
Stage 11 x 111 P=0.0152* P=0.5401 P=0.1222
Histological Types P=0.2460 P=0.2653 P=0.0942
Capillary x Cavernous P=0.2897 P=0.1685 P=0.1685
Capillary x Solid P=0.5439 P=10.7336 P=0.0433*
Cavernous x Solid P=0.1196 P=0.2022 P=10.1284
Differenciated x P=0.1663 P=0.3372 P=0.05*
Undifferenciated
Treatment P=0.1294 P=0.0805 P=0.0043*

*Statistical Difference

3.5. Gene and protein expression association with overall survival

The Claudin-5 mean of gene expression in samples from patients treated with only
sugery was 2.478+2.4 (n=35) and 5.3£5.6 (n=14) for the patients treated with surgery and
chemotherapy. For the Claudin-5 protein expression, the mean expression for patients
that underwet only surgery was 10.6+6.9 and 14.1+6.1 for patients treated with surgery
and chemotherapy. There was no statiscal difference between Claudin-5 low or high gene
expression in patients treated with surgery (P=0.424) or surgery associated with
chemotherapy (P=0.8454). There was no statistical difference regarding Claudin-5
expression in samples from patients submitted to surgery (P=0.694) or surgery associated
with chemotherapy (P=0.4001).

PSMA gene expression in samples from patients submitted to surgery showed a
gene mean expression of 10.6+6.9 and patients treated with surgery and chemotherapy
had a gene mean expression of 14.1+7.4. Regarding PSMA protein expression, the
samples from patients submitted to surgery was 4.8+3.9 and 4.8+4.3 mean expression in
the group of patients treated with sugery and chemotherapy. There was no statistical
different between PSMA gene expression and overall survival in patients submitted to

surgery. On the other hand, in the group of patients submitted to chemotherapy, patients
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with PSMA low expression experienced a higher survival time (P=0.05). For the patients
treated with surgery, low PSMA protein expression was associated with an increased
survive time (P=0.0355) (Figure 4A). However, when the patients were treated with
chemotherapy, the opposite relation was observed. Patients with lower PSMA protein

expression experienced a shorter survival time (P=0.0113) (Figure 4B).
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Figure 4. (A) Patients underwent surgery presented low PSMA protein expression whose associated
increased survive time (P=0.0355), (B) Patients were treated with chemotherapy with lower PSMA protein
expression observed a shorter survival time (P=0.0113), (C) A higher survival time was observed in patients
submitted to surgery and had a low Ki67 index (P=0.0488) and (D) a higher survival time for patients with
low Ki67 index in the group of patients treated with chemotherapy (P=0.0143).

The mean Ki67 proliferative index in patients submitted to surgery was 20.8+19.5
and 3.4+4.7 in the group of patients submitted to surgery and chemotherapy. A higher
survival time was observed in patients submitted to surgery and had a low Ki67 index
(P=0.0488) (Figure 4C). It was also observed a higher survival time for patients with low

Ki67 index in the group of patients treated with chemotherapy (P=0.0143) (Figure 4D).

3.6. Matrix of multiple correlations
The multiple correlations analysis revealed a strong positive correlation of tumor
stage and development of metastasis (r= 0.9597). Thus, patients with higher stages were
correlated with metastasis in different sites at the diagnosis. It was also observed a

positive correlation between Claudin-5 protein expression and overall survival. On the
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other hand, patients with higher Claudin-5 protein expression was also correlated with
higher survival time (r=0.4382). Ki67 index presented a negative correlation with
Claudin-5 protein expression (r=0.4264). The matrix of multiple correlations for all

markers is shown in Figure 5.
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Figure 5. Matrix of multiple correlation for all studied markers. It is possible to observe a positive
correlation in blue color and a negative correlation in red color. Strogest correlations are association with

higher color intensity.

4. DISCUSSION

Canine hemangiosarcoma (HSA) it is a highly aggressive malignant neoplasm,
originated from endothelial cells with a high metastatic rate and poor outcome. It is one
of the most common and metastatic cancer in dogs*™. They affect middle-aged dogs to
the elderly and there is a greater predisposition to affect males than females ), in our
study we confirm an average age of 10.7(x£2.0)years but females were more affected than
males representing 79.24% of our samples. There was a prevalence of metastasis in 60.4%
of cases and statistical difference with the liver and lungs being the most affected organs,

corroborating with the literature®710-1323),
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Splenic hemangiosarcoma is a malignant vascular neoplasm that has a fast-
growing and highly metastatic characteristic®”. Our mean overall survival was 155.94
days (+148.37) independent of treatment. Patients performed only surgery was 66% and
had average survival of 128.83 days (+ 118.84), pacients who performed surgery and
chemotherapy was 27% and had 262.43 days (+ 243.53) and patients not received any
treatment represented 7% with average 20.50 days (£19.5) in overall survival also
confirm with the literature525-28),

Regarding staging 58.9% of our cases had stage Ill, 28.30% with stage Il and
13.21% with stage I, also showing a statistical difference and corroborating with the
literature that the majority of splenic hemangiosarcomas present aggressively in stage 11
with decrease significant survival.The tumor staging is one of the most important
prognostic factors for all subtypes of tumors and we showed a lower survival time in
patients with stage Ill, compared with stages | and Il. In our matrix of multiple
correlations, we confirmed the importance of tumor stage to predict metastatic disease.
This finding was widely provided by the previous literature(252329),

The previous literature reinforces that stage I11 tumors have a worst prognosis and
patients with stages | and Il are challenging®®®9. Besides that, patients who underwent
chemotherapy associated with surgery had a longer survival than those who just
underwent surgery. Since chemotherapy has a direct impact in overall survival, we opted
to analyze our overall survival data, grouping patients that performed only surgery and
patients submitted for surgery associated with chemotherapy@72831, Due the
retrospect aspect of our research, in the group of patients submitted to surgery and
chemotherapy, we had different protocols applied. Among the protocols, it was selected
patients treated with anthracycline-based chemotherapy and patients treated with
metronomic cyclophomaphamide. We grouped these patients because we had a low
number of patients treated with chemotherapy and the previous literature had provided
sufficient evidence to support this approach. Overall, there is no difference in overall
survival in patients submitted to the anthracycline-based chemotherapy or metronomic
cyclophomaphamide(?”-28:31),

Claudin-5 is a protein member of the Claudin family may be directly or indirectly
related to tumor motility and neovascularization and it facilitates metastasis and tumor
progression because it is closely linked to the epithelial and endothelial cell®’32), We did
not find association of Claudin-5 gene expression and the evaluated parameters. On the

other handClaudin-5 protein was overexpressed in samples from patients with metastatis.
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It was also observed an association of Claudin-5 expression with tumor stage mainly stage
I1l. So, in more advanced stages of the disease and expression of Claudin 5 was more
evident. Previously, the literature®” reports that the high expression of claudin 5 occurs
mainly in solid and undifferentiated histological type. In our study, we found a high
expression in the cavernous and differentiated histological subtype.It could be used as a
new marker with greater sensitivity and could also be of a diagnostic value in the
differential diagnosis of canine HSAs from other sarcomas with hemorrhages or increased
vascularisation(6:17:32-34),
Being able to be used as a diagnostic value, that is, a high expression of Claudin 5 we can
consider as advanced disease with disseminated tumor progression and there are still not
many studies related to claudin and hemangiosarcoma, but we can also leave a possibility
for it to be a potential therapeutic target, by blocking the cellular permeability of the
altered cell would be able to contain the tumor progression and its systemic dissemination.
According to the literature®9PSMA gene expression was predictive of cancer
occurrence and metastasis development.In our study observed that there was a high
PSMA gene expression in patients who had metastasis, stage Il and cavernous
histological type interestingly in samples whose patients underwent surgery and
chemotherapy treatment had a longer survival with a low PSMA gene expression. Few
studies are still in veterinary medicine which reports the correlation of PSMA and
hemangiosrcoma, but some studies used ascitic fluid to obtain cells and had difficulty in
gene amplification. Our study used tissue samples in paraffin blocks and obtained a better
genetic amplification. Patients undergoing treatment for surgery or surgery associated
with chemotherapy had a higher expectation of survival with a lower protein expression
of PSMA. This reveals local and systemic disease control and decreased angiogenesis. So
further studies are still needed to improve methods of sensitivity and specificity®81°3),
AL thought Ki67 expression is widely used in canine tumor, we did not find
previous studies evaluation Ki67 proliferative index in canine splenic HSA. In our study,
high survival was correlated to patients who underwent at least one of the proposed
treatments, thus their long survival was characterized by obtaining a low index of ki67.
Previously, Moore et al.?® studied 30 cases of canine HSA and identified a correlation
of mitotic index with overall survival. Our immunohistochemical results demonstrated
that patients submitted to one of the proposed treatments had a lower rate of proliferation
by Ki67 have longer survival, the high rate of ki67 was found in a patient with stage II

and solid and undifferentiated histological type, again corroborating the literature.
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All markers studied demonstrated strong and efficient staining in patients who had
metastasis, more advanced stages, with the cavernous type being the most affected due to
its arrangement of vascular channels and the proliferative index accompanies tumor
progression. Thus, we can propose that claudin-5, PSMA and ki67 could compose a
prognostic panel for patients with HSA.

Overall, our study has confirmed that patients with stage 111 and metastatic disease
present a poor prognosis. The adjuvant chemotherapy provides a higher overall survival
for the patients and should indicated for all patients with splenic HSA.
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