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RESUMO

Os macrofagos representam um componente importante da populacdo de leucdcitos no
interior de uma neoplasia, sendo caracterizados como de suma importancia para o
comportamento tumoral em diversos canceres nos seres humanos. Entretanto, existem
poucas informagdes disponiveis sobre seu papel nos tumores mamarios caninos (TMC).
Em razdo disso, o objetivo deste estudo foi avaliar o potencial papel dos macrofagos
associados aos tumores (MAT) nos TMC. Para isso, 82 cdes fémeas submetidos a excisdo
de tumores mamarios tiveram seus tumores avaliados histologicamente e por meio de
imuno-histoquimica, subsequentemente sendo classificados baseado em baixa ou alta
contagem e avaliados de acordo com sua localizagdo em intra-epitelial (MAT1), estromal
(MATe) e total (MATt). Contagens maiores se mostraram associadas com o estadio
clinico e invasdo vascular para todas as localizacdes, apresentando também associacao
com o tamanho quando avaliadas MATt e com a metastase nodal nas contagens de MATe
e MATt. Ademais, houve associacdo entre altas contagens totais com um perfil
carcinomatoso invasor, fato ndo observado para um perfil ndo-invasor/in situ. Os MATt
também se mostraram associados com o histotipos e as taxas de proliferacdo celular e
densidade microvascular nos tumores, tendo tais contagens relagdo com um pior
prognostico a analise da sobrevida dos animais. Por meio de microscopia confocal a laser
foi demonstrado que quase todos os macrdéfagos infiltrados nos tumores com altas
contagens expressavam a proteina CD206, ao passo que todos os tumores benignos
demonstraram imunoexpressdao de NOS2, indicando uma mudangca do perfil de
subpopulagdes de macréfagos de M1 para M2 nos tumores malignos. Adicionalmente, um
padrao de tripla marcagao revelou uma populagdo mista M1/M2, caracterizando, assim,
um estagio de diferenciacdo intermediario. Os resultados indicam que os MAT estdo
relacionados com a invasividade desses canceres e com o seu potencial metastatico nos

caes.

Palavras-chave: MAT, inflama¢do, microambiente tumoral, carcinoma mamario, cao.
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ABSTRACT

Macrophages represent a major component of leukocyte populations within neoplasms
and are characterized as important for tumor behavior in several human cancers. However,
little information regarding its role in canine mammary tumors (CMT) is available.
Accordingly, the aim of this study was to address the potential role of tumor-associated
macrophages (TAM) in CMT. For that, 82 female dogs had their tumors excised and
clinically, histologically, and immunohistochemically evaluated, subsequently classifying
tumors as with low or high macrophage counts. They were also categorized as
intraepithelial (iTAM), stromal (sTAM), and total (tTAM) TAM. Higher macrophage
count was associated with clinical stage and vascular invasion for all TAM categories,
while tumor size were also associated with higher tTAM, as well as lymph node
metastasis was associated with high sTAM and tTAM counts. Additionally, there was
association with higher counts and an invasive tumor profile instead of an in situ
carcinomatous pattern. A higher tTAM count was associated with tumor type, high
proliferative rates, and vascular microdensity, as well as with a worse prognosis based on
survival analysis. Tissue laser confocal microscopy revealed that almost all macrophages
infiltrating malignant tumors with high TAM counts expressed CD206 while all benign
tumors showed macrophages expressing NOS2, indicating a phenotypic shift from M1
toward M2 macrophage subpopulations in malignant tumors. Additionally, a triple
staining pattern revealed a mixed M1/M2 profile in some tumors, characterizing an
intermediate state. The results indicate that TAM are related with mammary cancer

invasiveness and metastatic potential in dogs.

Keywords: TAM, inflammation, tumor microenvironment, mammary carcinoma, dog.
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1. INTRODUCAO

A inflamag¢do, um processo multifatorial que interconecta sinais quimicos que dao inicio
¢ mantém uma resposta do organismo com objetivo de reparar um tecido agredido, ¢ um
evento que ocorre seguindo uma lesao tecidual. Isto envolve a ativagdo e migracgao direta
de leucocitos (por exemplo, neutrdfilos, linfocitos, monécitos e eosindfilos) do leito

vascular em dire¢do aos locais agredidos e lesionados (COUSSENS & WERB, 2002).

O processo inflamatoério associado ao desenvolvimento neoplasico foi identificado pela primeira
vez ha mais de um século e envolve uma complexa resposta do hospedeiro, apresentando aspectos
protetores ¢ também pro-tumorais (COUSSENS & WERB, 2002). A inflamacao cronica foi
implicada na iniciagdo e promog¢ao de diferentes canceres (COUSSENS & WERB, 2002),
e nos carcinomas mamadrios caninos diferentes leucdcitos tém sido relacionados como
importantes na definicdo do prognostico (ESTRELA-LIMA et al., 2010; RAPOSO et al.,
2014; RAPOSO et al., 2015). O recrutamento de leucocitos para este local engatilha
mudancas no microambiente neoplasico que incluem a produc¢do de intermedidrios
reativos de oxigénio e espécimes de nitrogénio, além de citocinas e fatores de

crescimento que podem levar a proliferacdo de células pré-malignas e malignas

(CONDEELIS & POLLARD, 2006).

Os macrofagos, presentes no tecido acometido, compreendem o primeiro tipo celular a
responder a neoplasia (MANTOVANI et al., 2007) e constituem uma parte significante
do ambiente imunitario das inflamagdes cronicas, incluindo o microambiente tumoral
(SCHMIEDER et al., 2012). Os macrofagos sao células derivadas de progenitores
hematopoiéticos da medula dssea que entram na circulacdo sanguinea como mondcitos
circulantes e migram para os tecidos para se diferenciar em macréfagos. Tais células
possuem diversas fun¢des como a fagocitose, secre¢do de diferentes citocinas, fatores de
crescimento, lisozimas, proteases, componentes do complemento, fatores de coagulacio e
prostaglandinas, todos essenciais no remodelamento tecidual, imunidade e

inflamagao cronica (AUGER & ROSS, 1992).

Os fagocitos mononucleares sdo células versateis que podem expressar diferentes
programas funcionais em resposta a sinais microambientais, onde os perfis assim
denominados M1 e M2 (ou alternativamente ativado) compreendem extremos de um
continuum de estados funcionais. As moléculas e condigdes do microambiente, como as

citocinas e hipdxia, presentes no interior do microambiente neoplasico, tem a capacidade
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de dirigir o recrutamento, maturagdo e diferenciacdo de leucocitos infiltrantes e t€ém um
papel central na ativacdo de programas transcricionais especificos expressos por MAT
(MANTOVANI et al., 2008). Os macrofagos associados ao tumor (MAT) sdo conduzidos
ao local por citocinas derivadas de cé€lulas T e citocinas produzidas pelo tumor, e entdao
adquirem o fenotipo M2 (MANTOVANI et al, 2002). A partir das propriedades
expressas pelos macrofagos M2 polarizados, os MAT podem participar do crescimento e
progressao do tumor, imunidade adaptativa, formac¢do do estroma e angiogénese. In

particular, TAMs are a key component of inflammatory circuits that promote tumor progression

and metastasis (MANTOVANI et al., 1992).

Assim, os MAT foram relacionados com um pior prognostico em diversos canceres
humanos, incluindo o cancer de mama da mulher (UENO et al., 2000; WY CKOFF et al.,
2004; GOSWAMI et al. 2005). Estudos clinicos e pré-clinicos tém ligado os macrofagos
a iniciacdo, desenvolvimento e metastase (KROL et al., 2011; RAPOSO et al., 2014;
SCHMIEDER et al., 2012).

Os MAT induzem a célula neoplésica a expressar antigenos mieldides e outras
caracteristicas fenotipicas de macrofagos, como a capacidade de rolamento,
propagacdo, dissociacdo, diapedese, migracdo e invasdao. A expressdo de genes
especificos pelos macréfagos pode induzir a producdo de mediadores quimicos pro-
inflamatoérios pelas células tumorais, estimulando o recrutamento de mondcitos e sua
diferenciacdo em macrofagos (KROL et al., 2012). Essas células podem promover a
metéstase pela promog¢dao da neoangiogénese, indu¢do do crescimento neoplasico e
aumento da migracao e intravasao das células neoplasicas (LEWIS & POLLARD, 2006;
KROL et al., 2012).

Nos animais domésticos de companhia, de modo geral, poucos sdo os estudos
relacionados com a investigacdo do papel dos MAT no cancer, incluindo o cancer de
mama. Em razdo disso, a realizacao de estudos que elucidem o papel aplicado dos MAT
nas neoplasias mamarias das cadelas sdo de suma importdncia e extremamente
necessarios devido ao seu impacto na Medicina Veterinaria, de modo a fornecer
informagdes potencialmente Uteis que permitam uma melhor tomada de decisdes junto

aos pacientes.
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2. REVISAO DE LITERATURA

2.1 Macréfagos e o cincer

Os macréfagos constituem um importante componente do sistema imunologico inato e
sdo derivados de células progenitoras mieloides na medula dssea (OSTRAND-
ROSENBERG, 2008). Estas células progenitoras se desenvolvem em promondcitos e
depois se diferenciam em mondcitos. Os mondcitos entdo migram através do sistema
circulatorio para quase todos os tecidos do corpo, onde se diferenciam em macrofagos

teciduais (PICONESE & COLOMBO, 2008).

No microambiente tumoral os macréfagos estdo presentes como uma das células do
sistema imunitario mais abundantes, levando em considera¢do o fato do microambiente
neopldsico ser um meio complexo que contém células neopldsicas geneticamente
heterogéneas e diferentes tipos celulares associados, tais como células endoteliais
vasculares, fibroblastos e diferentes populagdes de células inflamatérias (QIAN &
POLLARD, 2010). Acredita-se que os MAT sao derivados de mondcitos provenientes do
sangue periférico recrutados diretamente para o microambiente tumoral, ¢ ndo derivados

de macrofagos teciduais locais (SHIH et al., 2006).

Nos tecidos normais, o desafio patogénico ou a expressao local de uma grande variedade
de fatores de crescimento como o fator estimulador de coldnia
(colony stimulating factor/CSF) -1, o CSF de granulécitos-macréfagos (granulocyte
macrophage colony stimulating fator/GM-CSF), proteina estimulante de macrofagos
(macrophage stimulating protein/MSP) , fator de crescimento transformador
(transforming growth fator/TGF) -B1, quimiocinas (citocinas quimiotaticas) que incluem
a familia de proteinas quimioatractantes de macrofagos -1, -2 e -3 (chemokine [C- C
motif] ligand 2/CCL2 ou monocyte chemoattractant protein 1/MCP-1; MCP-2 ou CCLS;
MCP-3 ou CCL7), proteina inflamatéria de macrofago (macrophage inflammatory
protein/MIP -1a /CCL3), CCL4 (MIP-1P) e fator inibidor de migracdo de macrofagos
(macrophage migration inhibitory factor/MIF), juntamente com os produtos oriundos do
proprio tecido, recrutam monodcitos circulantes e os estimulam a se diferenciar em
macrofagos. Os macrofagos, por sua vez, medeiam respostas imunes, eliminam agentes
patogénicos, estimulam a neoangiogénese e influenciam no reparo tecidual (LINGEN,

2001; NATHAN,2002).

Nos processos neoplasicos, os MAT sdo recrutados pelas células neoplasicas por meio
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de um processo ligado a liberagdo de CSF-1 ou M-CSF, fator de crescimento endotelial
vascular (vascular endotelial growth fator/VEGF) e quimiocinas, como o CCL2/MCP-1
(POLLARD, 2008; KROL et al., 2012). O recrutamento dos macrdéfagos que expressam
receptor para CCL2 (CCR2), bem como dos recrutamentos subsequentes dos MAT e
suas interagdes com as células neoplasicas, sdo dependentes de CCL2 sintetizado pelas
células neoplasicas e pelas células do microambiente neoplasico (UENO et al., 2000;

QIAN et al., 2012).

A superexpressao de CSF-1, que € o maior regulador de macrofagos (POLLARD, 2009),
¢ associado com prognostico desfavoravel em diversos canceres, incluindo o cancer de
mama, ovario, endometrial, da prostata, hepatocelular e colorretal (LIN et al., 2002;
MANTOVANI & SICA, 2010). O CCL2 ¢ também superexpresso em diversos casos de
canceres (MANTOVANI & SICA, 2010) e isto pode estar associado a progndstico ruim
em diversos tumores, incluindo o cancer de mama (TANAKA et al, 2009;
YOSHIDOME et al., 2009), considerando que a sua auséncia esta associada ao aumento

da sobrevivéncia em pacientes com cancer cervical (ZIJLMANS et al., 2006).

Embora as hipoteses originais tenham sugerido que os macrofagos estejam envolvidos na
imunidade antitumoral, as mais recentes evidéncias clinicas e experimentais afirmam que,
na maioria dos casos, os MAT estdo relacionados com a progressao neoplasica (QIAN &
POLLARD, 2010). No sitio primario neoplasico, os MAT estao envolvidos com o apoio
a transformag¢dao maligna, neoangiogénese, invasao de células tumorais aos tecidos
adjacentes, migragao e intravasdo, bem como com a supressao de respostas imunitarias
antitumorais (CONDEELIS E POLLARD, 2006; POLLARD, 2004) (Figura 1). Os
macréfagos também potencializam a disseminagdo e o estabelecimento de células
metastaticas em outras localizagdes, bem como desempenham papéis na iniciacdo do
tumor quando a inflamacdo ¢ um fator causal (QIAN & POLLARD, 2010). Os MAT
também tém sido implicados na resposta as terapias antineoplasica, especialmente devido
ao fato de regularem diferentes mecanismos intrateciduais importantes para a efetividade

de determinados tratamentos (RUFFELL & COUSSENS, 2015).

Estudos clinicos revelaram uma correlagdo entre uma alta densidade de MAT e
prognoéstico ruim para diferentes neoplasias. Estes dados sdo particularmente evidentes
para os casos de cancer de mama, prdstata, ovario, cervical, endometrial, esofagico e de
bexiga (BINGLE, 2002; SHIH et al, 2006). Mais de 80% dos estudos clinicos

envolvendo MAT mostram uma correlacdo significativa entre a densidade de MAT e
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prognoéstico ruim, enquanto menos de 10% associam a densidade de MAT com um bom
prognostico (BINGLE, 2002). Deste modo, € possivel sugerir que aa densidade de MAT
geralmente estd associado com a progressdo e metdstase neopldsica nos canceres

humanos.

Proliferation

NO,
TNF-o

growth factors,
TNF-a

chemokines chemokines

Progression
Angiogenesis <—— e
VEGF, FGF2, TNF-c, MMPs ~ Metastasis
TNF-o
MMPs, TGF- IL-10, TGF-B, PG
chemokines chemokines
Matrix Adaptive immunity
collagen, fibrin polarization, anergy, suppression

TRENDS in Immunology

Figura 1. Macrofago associado ao tumor, suas fungdes efetoras e moléculas

2.1.1 Macrofagos e neoangiogénese

A neoangiogénese — processo em que novos vasos sao gerados a partir de estruturas
vasculares pré-formadas ou por meio do recrutamento de células endoteliais de locais de
reserva (tais como a medula dssea) de modo a fornecer aporte sanguineo necessario ao
reparo/reconstruc¢ao/construcao de novos tecidos a partir da replicacao celular — tem a
hipoxia como de seus principais impulsionadores. Os macrofagos se acumulam em areas
hipdxicas no microambiente neopldsico e sdao visualizados associados principalmente ao

tecido necrotico (MURDOCH et al., 2008).

Nos locais com baixa oxigenagdo, os macrofagos sintetizam reguladores da
neoangiogénese, resultando na formacdo de novos vasos que permitem um maior
crescimento tumoral e acesso de células neoplasicas a circulacio (MURDOCH et al,,
2008). A infiltracdo de macrofagos esta significativa e positivamente correlacionada com
a densidade microvascular em carcinomas de mama invasivos e estd associada a uma

reducdo da sobrevida global e da sobrevida livre de doenca (LEEK et al., 1996).
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O fator induzivel por hipdxia (hypoxia-inducible factor/HIF) -la, cuja expressdo ¢
constitutiva em macréfagos, modula o recrutamento de macréfagos para regides
hipoxicas dos tecidos, incluindo aqueles neoplasicos. Este recrutamento ocorre através de
quimiocinas, especialmente CCL-2 (MURDOCH ET AL., 2008). No sitio hipoxico, o
HIF-1o regula a transcricdio de um painel de varios genes associados com a

neoangiogénese, incluindo VEGF (LEWIS & HUGHES, 2007; MURDOCH et al., 2008).

O processo de neoangiogénese envolve uma ampla gama de mediadores soluveis que sdo
estimulantes e inibitérios, incluindo o fator basico de crescimento de fibroblastos (basic
fibroblast growth fator/bFGF), VEGF, angiopoietinas (angiopoietina-1/ANG-1 e
angiopoietina-2/ANG2), interleucina (IL)-1, IL-8, fator de necrose tumoral-a (tumor
necrosis fator/TNF-a), timidina-fosforilase (thymidine-phosphorylase/TP, também
conhecido como fator de crescimento endotelial derivado de plaquetas — platelet-derived
endothelial cell growth factor/PD-ECGF), as metaloproteinases de matriz (matrix
metalloproteinase/MMP) -9 e -2 e 6xido nitrico (nitric oxide/NO) (BOUDREAU &
MYERS, 2003). Nas neoplasias mamarias hd uma correlacdo positiva entre a presenca de

MAT, niveis de VEGF e densidade microvascular (VALKOVIC, et al, 2002).
2.1.2 Macrofagos, migragdo e invasdo vascular

Os MAT produzem divesas enzimas proteolicas que modificam a matriz extracelular.
Através da producao de enzimas proteoliticas € MMP, os MAT reorganizam a matriz
extracelular e degradam a membrana basal (KESSENBROCK et al., 2010), permitindo
que as c¢lulas tumorais possam invadir o estroma. Este ¢ um passo fundamental na
metastase tumoral. Os MAT também produzem uma grande variedade de fatores de
crescimento que podem estimular o crescimento e a motilidade das células neoplasicas.
Estes incluem o fator de crescimento de fibroblastos (fibroblast growth factor/FGF), fator
de crescimento de hepatocitos (hepatocyte growth factor/HGF), receptor de fator de
crescimento epidérmico (epidermal growth factor receptor/EGFR), fator de crescimento
derivado de plaquetas (platelet-derived growth fator/PDGF, além de outros fatores de
crescimento transformantes. (POLLARD, 2004). Estudos de imagem intravital elegiveis
mostraram que as interagdes diretas entre células malignas e MAT sdo necessarias para
migracdo e intravasdo no cancer de mama (WYCKOFF, et al, 2007; GOSWAMI, et al,
2005).
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2.1.3 Papel imunossupressor dos MAT

Os macrofagos desempenham um papel importante no sistema imunoldgico, tanto
como células efetoras antimicrobianas e tumoricidas, como células imunorreguladoras,
que induzem, suprimem ou modulam respostas imunes. A supressdo antitumoral das
células T pelos MAT ¢ importante para a progressao da neoplasia. Os MAT ajudam a
estabelecer um microambiente capaz de facilitar a evasdo imunolégica do tumor.
Embora exista evidéncia de inibicdo direta das células T mediada por citocinas
produzidas por MAT, como a IL-10, TGF-B e prostaglandina E2 (PGE2) também
contribuem para a supressdao da funcdo citotoxica de células T efetoras e células
natural killer (NK) (NG et al.,2013). A producdo de citocinas imunossupressoras,
como a de IL-10, pelos MAT pode ser estimulada em condigdes de hipoxia tecidual

(MURATA et al., 2002).

O HIF-1a induzido pela hipoxia também pode promover a progressao do tumor atraveés
da evasao imunologica. Usando um modelo murino de cancer de mama, Doedens et al.
relataram recentemente que o crescimento tumoral diminuiu com a exclusao de HIF-1a
nos macrofagos, apesar dos niveis normais de VEGF e vascularizagdo tumoral. Neste
modelo, as MAT suprimiram a atividade antitumoral de células T infiltrantes nos tumores
(DOEDENS et al, 2010). Nas regides hipéxicas de tumores mamarios, os MAT
também suprimem a resposta das células T por meio do controle de arginase 1 (Argl) e
oxido nitrico sintase induzida (inducible nitric oxide synthase/INOS) (DOEDENS et al.,
2010).

A L-arginina (L-ARG) ¢ metabolizada pela ARG 1, ARG 2 ¢ iNOS (ALBINA et al.,
1989). ARG 1 e ARG 2 hidrolizam a L- Arg em ureia e L -ornitina, sendo este o principal
substrato para a produ¢do de poliaminas que sdo necessdrias para a progressao do ciclo
celular. A L -Arg também pode ser metabolizada por iINOS para produzir citrulina e
oxido nitrico, importante na homeostase vascular ¢ nos mecanismos citotoxicos dos
macrofagos (efeito tumoricida) (HIBBS et al., 1987). A atividade da ARG elevada ja foi
descrita em pacientes com varias doencas malignas, incluindo cancer gastrico, de célon,
mama e pulmdo (SINGH et al, 2000). Assim, embora arginase-1 (Arg-1) e iNOS
tenham papéis opostos na resposta antitumoral dos macréfagos, o metabolismo da

arginina-L por ambas as vias inibe a funcao das células T (RODRIGUEZ et al., 2004).
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2.2 Subpopulagées e polarizacio de macrofagos

Durante a resposta inflamatoéria, apesar dos macrofagos iniciarem seu papel por meio da
secre¢do inicial de mediadores inflamatérios que ativam mecanismos de defesa
antimicrobianos e que contribuem para a eliminagdo de organismos invasores —
consequentemente, sendo considerados benéficos ao processo — também provocam danos
nos tecidos e devem ser controlados rapidamente, para ndo contribuirem para a
progressdao da doenca. Para equilibrar o potencial prejudicial aos tecidos da resposta
inflamatdria, macréfagos sofrem apoptose ou se transformam em um fendtipo anti-
inflamatério que reduz a resposta pro-inflamatoria enquanto facilita a cicatrizagdo de

feridas (WYNN et al., 2013).

Devido a esta plasticidade notavel que lhes permite responder de forma eficiente aos
sinais ambientais, os macréfagos podem alterar seu fenétipo funcional, e sua fisiologia
pode ser alterada de forma marcante pelas respostas imunes (MOSSER & EDWARS,
2008). Na tentativa de imitar a classificagdo utilizada para as célilas T, os macréfagos
foram classificados em dois fenotipos: M1 e M2. Nesta classificagdo, a designagdo M1
foi reservada para macrofagos classicamente ativados e a designagdo M2 para
macréfagos alternativamente ativados (GORDON, 2003; MANTOVANI et al., 2002)
(Figura 2).

No processo neoplésico, a inflamagao com polarizacdo dos macrofagos desempenha
papéis diferentes durante a progressao (SICA et al., 2008). O macrofago classicamente
ativado estd associado a produgdo de interferon-y (IFN-y), TNFa, citocinas pro-
inflamatodrias como IL-1B, IL-12 e IL-23 e 6xido nitrico, € na liberagdo de citocinas T
auxiliar-1 (7T helper-1/Thl), como lipossacarideos bacterianos ¢ TNF-a, funcionando,
assim, como potentes células efetoras no combate as células neoplasicas com
consequente atividade tumoricida (GORDON, 2003; MANTOVANI et al., 2013). Tais
macrofagos sdo capazes de induzir a morte de células neoplasicas em diversos tecidos,
incluindo o tecido mamario (MANTOVANI & SICA, 2010). Em contraste a isso, os
macrofagos alternativamente ativados estdo associados com a produgdo de citocinas anti-
inflamatoérias, como IL-10, IL-4 e IL-13, além de estarem envolvidos com o processo de
fibrose, no reparo tecidual e na imunidade humoral (MANTOVANI et al, 2002;
BISWAS & MANTOVANI, 2010). Sao induzidos por citocinas T auxiliares-2 (T
helper-2/Th2), como IL-4, IL-13 e M-CSF (SVENSSON et al., 2011).
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Figura 2. Polarizacao e perfil/fenotipo dos macréfagos M1 e M2 (SICA et al., 2008).

Os macrofagos ativados classicamente dao suporte para imunidade antitumoral através da
producdo de citocinas imunogénicas IL-1, IL-2, IL-6 e IL-12 (LEEK et al., 2000;
KITAMURA et al.,2015), além de possuirem a capacidade de apresentar antigenos
tumorais para iniciar a imunidade adaptativa de células T, uma fun¢do potencialmente
antitumoral (SOLINAS et al., 2009). Essas células também possuem uma capacidade
ampliada para eliminar patogenos intracelulares gerando espécimes reativas de oxigénio e
ativando o gene que codifica iNOS, de modo a produzir 6xido nitrico (SOLINAS et al.,
2009). Os estimulos derivados de tumores de modo a evadir a resposta tumoricida
incluem as citocinas anti-inflamatorias 1L-4, IL-10, IL-13 e TGF-B, glicocorticoides,
componentes da matriz extracelular e imunocomplexos (LEEK et al., 2000; KITAMURA
et al.,2015).

Ao infiltrar tumores, os macréfagos aumentam a expressdo de receptores scavenger de
manose e galactose, e a produ¢do de VEGF, PGE2 derivada da atuacdo de
ciclooxigenase-2 (Cox-2) e IL-10 (KITAMURA et al,2015). Os macréfagos M2
mostram atividade fagocitica predominante, expressdao acentuada de genes relacionados
ao combate imunitario, expressdo de receptores de manose e galactose, producdo de
ornitina e poliaminas através da via da arginase, além de um fenotipo de expressdo

discreta de IL-12 e acentuada de IL-10 (MANTOVANI et al., 1992). Esse perfil auxilia
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na eliminacdo de agentes microbianos/parasitarios, minimizam os efeitos inflamatorios,
promovem a remodelagdo do tecido, bem como a progressao tumoral (MANTOVANI et
al., 2002). Deste modo, os macréfagos tanto apresentam atividades que podem combater
o desenvolvimento do cancer e difusdo das células neopldsicas, como podem
simultaneamente suscitar fungdes para permear o crescimento neopldsico e a progressao

neoplasica de acordo com seu estado fenotipico (SICA et al., 2008).

Em suma, ao passo que os macrofagos M1 funcionam como potentes células efetoras no
combate a neoplasia, os macréfagos M2 funcionam como promotores da proliferagao
celular neoplasica por meio da produgdo de fatores de crescimento relacionados a
neoangiogénese, reparo, remodelamento tecidual e atividade imunossupressora
(MANTOVANI et al.,, 2007; SICA et al,, 2008). Durante o inicio do processo de
carcinogénese, acredita-se que os macrofagos mostrem mais semelhangas ao fendtipo
M1, ao passo que, em estagios mais avancados, células com caracteristicas M2 sdo
predominantes. (WANG et al., 2011). Assim, MAT promovem o crescimento epitelial e

a invasdo, que sdo caracteristicas comuns do desenvolvimento e do cancer (POLLARD,

2008).

Embora a dicotomia M1 / M2 forneca conveniéncia, esse sistema subrepresenta o
diverso espectro funcional adquirido em resposta a estimulos ambientais complexos e em
constante mudanga (GAUTIER et al., 2012). Além disso, os macrofagos classicamente e
alternativamente ativados representam estados ao longo de um continuo, onde as

caracteristicas genéticas ¢ moleculares ndo sao mutuamente exclusivas (GAUTIER et al.,

2012).
2.3 Marcadores relacionados aos macrofagos e sua polarizacio

A calprotectina (antigeno leucocitdrio L1) ¢ uma proteina citosélica ligante de célcio
presente em condi¢des inflamatérias agudas e crOnicas, bem como nos processos
neopldsicos. Assim, a abundante expressdo desta proteina por leucdcitos, incluindo
macrofagos reativos, ¢ de importancia biologica significativa na defesa local
(BRANDTZAEG et al., 1987). E constituida por duas subunidades (cadeias L1L ¢ L1H)
que sdo idénticas as proteinas chamadas MRP-8 e MRP-14 (ANDERSSON et al., 1988).
Além de ser expresso pela maioria dos neutrofilos e epitélio escamsoso, o antigeno L1
apresenta uma distribui¢do restrita dentro da linhagem celular derivada de mondcitos,

sendo principalmente confinado a histidcitos reativos (macrofagos infiltrantes). O
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anticorpo anti-macrofagos MAC387, detecta o antigeno leucocitario L1 (BRANDTZAEG
et al., 1987).

O NO, um produto bioativo celular, ¢ critico para inimeros processos fisiologicos,
incluindo a defesa do hospedeiro contra patéogenos, vasodilatacdo e neurotransmissao
(BOGDAN, 2001). Curiosamente, o NO também desempenha papéis criticos na
imunossupressao (NIEDBALA & LIEW, 2006). Sdo conhecidas trés isoformas distintas
de NO: NOS neuronal (nNOS), NOS induzivel (iNOS) e NOS endotelial (eNOS)
(Griffith & Stuehr, 1995). Os ligantes TLR e citocinas inflamatorias, incluindo o IFN-y,
podem induzir a expressdo de INOS em muitos tipos celulares (NIEDBALA ET AL.,
2006). Macrofagos de perfil M1 pro-inflamatorios quando ativados, levam a produgao de
citocinas pro-inflamatdrioas e altos niveis de 6xido nitrico (NO) devido a indugdo de

0xido nitrico sintase.

O receptor de manose (manose receptor/MR; CD206; mannose receptor 1 C-type/MRC1)
¢ uma glicoproteina transmembrana que pertence a familia das lectinas do tipo C e ¢
expressa predominantemente pela maioria dos macrofagos teciduais, células dendriticas
(dendpritic cells/DCs) e células endoteliais linfaticas e hepaticas selecionadas (TAYLOR
et al., 2005). Suas regides extracelulares incluem um dominio N-terminal rico em cisteina
que se liga a glicoproteinas contendo acucares sulfatados que terminam em 4-
SO4GalNAc, um dominio de fibronectina II (FNII) e oito dominios de reconhecimento de
carboidratos que se ligam a a¢ticares como manose ¢ fucose com alta afinidade. Uma vez
que muitos microorganismos sdo revestidos com estruturas contendo manose, o MR de
macréfago interage com estes (MEDZHITOV, 2007). Nos canceres, o MR ¢ altamento
expresso nos MAT de perfil M2 e n3o sdo observados no macrofagos M1
(ALLAVENA et al, 2010), e pesquisas tém mostrado que o MR ¢ um potencial

biomarcador para o diagnostico e terapia anti-cancer (AZAD et al., 2014).

2.4 MAT e o cancer de mama

Os macréfagos podem ocupar mais de cinquenta por cento do componente tumoral uma
vez infiltrados no estroma das neoplasias mamadrias, tendo sido demonstrada uma
correlacdo entre a densidade de macréfagos e o progndstico desfavordvel dos pacientes
(GYORKI & LINDEMAN, 2008; MAHMOUD et al., 2011). Os macroéfagos M2 sdo
mais prevalentes no microambiente neopldsico e promovem diretamente o crescimento

do cancer de mama através da secrecdo fatores de crescimento e fatores pro-
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angiogénicos (MANTOVANI & SICA, 2010). A infiltragdo de macréfagos esta
associada a recidiva tumoral, alto grau histologico e metastase em linfonodos nos

tumores mamarios (GYORKI & LINDEMAN, 2008; MAHMOUD et al., 2011).

A progressdao do cancer de mama pode ser destacada através da relacdo entre o tumor
primario e as células imunitérias especializadas, incluindo monocitos e MAT. O tumor
primario € constituido por uma populacao heterogénea de células, que podem recrutar
monocitos da corrente sanguinea principalmente através da secre¢do de citocinas,
CCL2 e CSF-1 (WILLIAN et al., 2016). Evidéncias mostram que a expressao de CCL2
no microambiente das neoplasias mamarias estd fortemente correlacionada com altos
niveis de vascularizacdo tumoral, invasdao vascular e recidivas (UENO et al., 2000;
QIAN et al., 2012). Da mesma forma, uma correlacao positiva significativa entre MAT,
niveis de VEGF e densidade microvascular ¢ observada nos tumores mamarios

(VALKOVIC et al., 2002).

Uma vez que os mondcitos sao recrutados para o tumor primario, essas células podem,
entdo, se diferenciar em MAT. Foi demonstrado que os tumores mamarios exibem um
ciclo paracrino entre MAT e células do cancer. Os MAT expressam o M-CSFR, que se
liga ao CSF-1 secretado por células neoplasicas. Por outro lado, os MAT segregam o
EGF e ativam EGFR nas células do cancer. Isso permite a co-migracdo dos dois tipos
de células, assim, aumentando a motilidade e subsequente invasdo de tecido e
intravasao ao longo do tecido (WYCKOFF et al., 2004). Além de fornecer EGF para as
células de cancer de mama, eles também secretam VEGF e IL-8 no microambiente
tumoral, o que estimula a neoangiogénese, sendo que a formagdao de novos vasos
sanguineos em torno do tumor primario fornece oxigénio e nutrientes necessarios a
proliferacdo. Além disso, os MAT induzem células do cincer de mama a migrar e
entrar na corrente sanguinea, permitindo-lhes atingir locais metastaticos distantes no

corpo.

As células do cancer de mama podem migrar para nichos pré-metastaticos em 6rgaos
distais que abrigam um conjunto de MAT, o que permite que as metastases ocorram.
Os locais comuns de metdastases incluem pulmdo e osso, bem como cérebro, figado e
linfonodos. Os MAT encontradas no nicho pré-metastatico e locais com formacgdo de
focos neoplasicos secundarios/metdstases exibem expressdo de receptores diferentes
do que os MAT que interagem com o tumor primario da mama. As células neoplasicas

podem interagir com os MAT do nicho pré-metastatico, dentro do local metastatico,
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fazendo com que o ciclo de retroalimentacdo positivo que ocorre entre o tumor

primario e MAT se inicie novamente (WILLIAN et al., 2016)

Nas neoplasias mamarias das cadelas, de maneira semelhante ao que ocorre na mulher, o
numero de macrofagos associados ao tumor foi relacionado com a ocorréncia de
metastases (KROL el al.,, 2011; RAPOSO et al., 2015), crescimento infiltrativo e
formagdo tubular (RAPOSO et al, 2015), ulceragdo, tipo histologico e sobrevida
(RAPOSO et al., 2014). Ainda, o aumento na expressdo de MCSF-R foi relacionado ao
grau histologico avancado e ocorréncia de metastases (KROL el al., 2011). Ademais, a
densidade de MAT foi relacionada com a expressao de VEGF nas neoplasias malignas
(RAPOSO et al., 2015). Em estudos in vitro, as células neoplasicas puderam influenciar o
fenotipo dos MAT por meio de CSF-1 e CCL2, com os MAT induzindo as células
neopldsicas a estimular a expressao dos receptores para CSF-1 e CCL2, aumentando,

assim, a atividade metabolica nas células neoplasicas (BEIRAO et al, 2015).

Embora o aumento de nimero de MAT ja tenha sido associado a progressao neopldsica e
neoangiogénese, o papel dos MAT nas neoplasias mamarias de candelas ainda necessita
de elucidacao adicional, particularmente devido ao fato da localizagdo dos macrofagos
em tais neoplasias ndo ter sido investigada até o momento e, especialmente, pelo fato dos
subtipos M1 ¢ M2 de macrofagos ainda nao terem sido investigados em tal tipo de
tumor. Esta relagdo paradoxal ambivalente entre macrofagos e o cancer reflete a
plasticidade funcional destas células, que podem apresentar diferentes programas
funcionais em resposta a diferentes sinais do microambiente. Assim, aspectos
especificos da presenca de macrdéfagos em tais neoplasias necessitam ser mais bem
exploradas visto que dados acerca de seu papel nos tumores mamarios das cadelas sao

€SCassos.

Por se tratar de frequente causa de morte na espécie, o cancer de mama na cadela ¢ um
problema importante na Medicina Veterinaria. Apesar dos avangos cientificos e
tecnologicos, as neoplasias malignas mamarias na cadela sdo detectadas tardiamente, ja
quando a lesdo se manifestou clinicamente, no momento em que o prognostico
geralmente ¢ pior e ¢ mais dificil a instituicdo de um tratamento adequado (McCARTHY
et al., 2000; MISDORP, 2002), fazendo com que a determinagdo de potenciais novos
biomarcadores passiveis de permitir uma defini¢do prognostica mais adequada — como os

MAT, sejam desejaveis.
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3. HIPOTESES

Acredita-se que os MAT estejam relacionados a um pior prognostico em diversos
canceres humanos, incluindo o cancer de mama da cadela, estando intimamente ligados a
iniciagdo, desenvolvimento ¢ metastase tumoral. Estes dados sugerem que os animais
portadores do tumor com alta expressao de proteinas relacionadas aos macrofagos e sua
polarizagdo representam para o animal menor periodo de sobrevida global devido
principalmente aos quadros relacionados com a progressdo tumoral e ocorréncia de

metastase.
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4. OBJETIVOS

4.1. Objetivo Geral

Estudar a relevancia prognostica da presenca dos MAT nos carcinomas de glandula

mamadria de cadelas, de modo a avaliar seu papel no processo de progressao

neopldsica e metastatizacdo, correlacionando os resultados com os histotipos e

graduacdo das neoplasias, fatores prognosticos e com a taxa de sobrevida dos animais.

a)
b)

4.2. Objetivos especificos

Caracterizar a distribui¢do dos MAT nas neoplasias mamadrias de cadelas;
Caracterizar a distribuicdo dos MAT nas neoplasias mamadrias de cadelas nas
areas estromais e intratumorais, € nas areas in situ € invasoras nas neoplasias
mamarias de cadelas.

Caracterizar o padrao imunofenotipico dos MAT nas neoplasias mamarias de
cadelas;

Analisar a possivel relagdo das mudangas funcionais dos MAT relacionadas
a alteracdo de polarizagdo, fendtipos M1 e M2, com a progressdo tumoral e
metastizacao.

Relacionar os dados obtidos com o histotipo e graduagao das neoplasias, € com
fatores prognoésticos estabelecidos para neoplasias mamarias em cadelas.
Analisar a sobrevida global dos animais (determinada pelo método de Kaplan-

Meier).
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5. MATERIAL E METODOS

5.1 Pacientes, amostras teciduais e acompanhamento

O presente trabalho envolveu uma analise retroprospectiva com utilizagdo de amostras
provenientes 82 cadelas diagnosticadas com tumores mamarios primarios entre os anos
de 2011 e 2015. Os pacientes foram submetidos a determina¢do do estadio clinico
tumoral (TNM) baseado nos critérios adotados pela Organizagdo Mundial da Satde
(OMS) (OWEN, 1980) (ANEXO 1) que se norteiam pela avaliagdo clinica,
radiografica e ultrassonografica dos animais. Para o estadiamento clinico do animal
foram avaliados o tamanho do tumor (T1 de 0-3 cm; T2: 3-5cm; T3: >5cm ),
envolvimento neoplasico de linfonodos regionais (NO: livre; N1: metastatico;) e

presenca de metéstases a distancia (M0O: sem metastase; M1: com metdastase).

Todos os pacientes foram submetidos a procedimento cirurgico de mastectomia como
opcao de tratamento, seguido de avaliagdo microscopica dos tumores removidos. A
sobrevida global foi avaliada e determinada como o periodo a partir da cirurgia até a
morte e, ou, final do estudo. As informagdes sobre os caes foram obtidas por meio de
entrevistas telefonicas com os tutores dos animais € por meio da revisdo dos dados
clinicos disponiveis nas fichas clinicas dos pacientes cadastradas junto ao Hospital
Veterinario da Universidade Federal de Minas Gerais — quando levados em
consideracdo os animais que vieram a Obito na Instituicdo. Quando os tutores nao
responderam as entrevistas ou quando os animais morreram devido outras causas, 0s

animais foram censurados.

5.2 Avaliacao histopatologica

As amostras cirurgicas foram fixadas em solugdo de formalina a 10%, neutra e
tamponada, sendo amostras representativas rotineiramente processadas e incluidas em
parafina, subsequentemente cortadas (seccoes de 4 pum de espessura) e coradas
utilizando-se hematoxilina e eosina (H&E) para avaliagdo sob microscopia de luz. Os
tumores foram classificados de acordo com os critérios adotados pela OMS (MISDORP
et al., 1999) e por proposi¢des de classificacdo atualizados (CASSALI et al., 2014). As
neoplasias foram categorizadas como benignas (de crescimento expansivo, atipia
discreta) ou malignas (carcinomas in situ/pré-invasivos e tumores invasores). Quando
diagnosticados como carcinomas in sifu, a lesdes representavam somente alteragdes

carcinomatosas pré-invasivas. Por outro lado, tumores com componentes carcinomatosos
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in situ e invasores tiveram seu histotipos classificado baseado na proliferagdo com
caracteristicas  invasoras. Subsequentemente, os tumores foram graduados
histologicamente de acordo com o Sistema de Nottingham adaptado para neoplasias
mamarias caninas (KARAYANNOPOULOU et al., 2005; DUTRA et al., 2008) (ANEXO
2). Ap6s o diagnostico histologico, os pacientes que apresentaram tumores multiplos
tiveram as lesdes com o pior prognostico (por exemplo, maior tamanho, morfologia
compativel com neoplasias menos ou pouco diferenciadas) selecionadas para utilizagao
neste estudo, de acordo com o sugerido previamente por outros autores (SORENMO et

al., 2013).
5.3 Imuno-histoquimica

Para as reagdes imuno-histoquimicas, seccdes de 3 pm de espessura foram obtidas a
partir dos blocos de parafina e montadas em laminas de vidro histologicas revestidas com
poli-L-lisina. Os cortes foram desparafinizados e reidratados, subsequentemente sendo
submetidos a recuperacao antigénica por calor por 30 minutos sob 125 °C utilizando o
tampdo para recuperagdo antigénica Trilogy™ (Cell Marque Corporation”, Rocklin, CA,
Estados Unidos) em uma cimara de pressio tmida (Pascal Pressure Chamber®, Dako®,
Carpinteria, CA, Estados Unidos). Foi realizada recuperagao antigénica com proteinase K
quando aplicavel, com incubagdo subsequente dos tecidos com anticorpos anti-
macrophage (clone MAC387, 1:400, AbD Serotec”, Oxford, Reino Unido). Tecido nodal
linfoide canino foi utilizado como controle positivo para as reagdes, a0 passo que 0s
controles negativos foram obtidos por meio da aplicagdo de anticorpos primarios com
isotipo semelhante aos utilizados para deteccdo. Para a imuno-histoquimica direcionada
aos macrofagos, a visualizagdo da reagdo antigeno-anticorpo foi obtida por meio de
utilizacdo do sistema de deteccdo baseado em polimero (Envision G2 System/AP,
rabbit/mouse”, Dako™) com a utilizagdo de cromégeno compativel (Permanent red
substmte-chromogen®, Dako®) e visualizagio sob microscopia de luz. Para os outros
anticorpos primarios utilizados, a reagdo antigeno-anticorpo foi visualizada por meio da

revelagio com 3’3 diaminobenzidina (DAB) (Dako™) liquida como cromogeno.
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5.3.1 Imunoexpressdo e quantificacao de MAT

A imunorreacdo foi considerada como positiva para os anticorpos direcionados aos
macrofagos quando marcagdo citoplasmatica difusa ou granular (porém, nao nuclear) foi
observada. A caracterizagdo da célula como macrofago envolveu imunorreatividade
positiva ao anticorpo supracitado e a visualizacdo de aspectos morfologicos compativeis
com a de um macroéfago, visto que o anticorpo utilizado também possui
imunorreatividade positiva para neutr6filos. O nimero de MAT corados foi contado sem
qualquer conhecimento prévio da condicao clinica dos pacientes, com avaliagdo de cinco
areas com maior infiltragdo (“hot-spots”) em cada tumor primeiramente detectadas sob
menor magnificacdo (100x, objetiva de 10x) e entdo, posteriormente, tendo imagens
capturadas sob magnificacdo de 200x (objetiva de 20x), totalizando uma area de 1 mm’
para analise. A andlise de areas com maior infiltragdo/hot-spots foi escolhida em
detrimento da andlise de 4&reas aleatorias uma vez que sdo entendidas como
biologicamente mais importantes (LEEK et al., 1996; TAKEUCHI et al., 2004). Para a
analise dos pontos de corte a serem utilizados, a avaliagdo das medianas e do caso com
metastase a menor contagem de macrdfagos total foram considerados para caracterizar os

tumores como de infiltragdo discreta ou acentuada por MAT.

As contagens de macrofagos foram realizadas em areas diferentes no interior do mesmo
tumor, com avaliagdo tanto de locais com areas carcinomatosas in situ quanto invasoras.
De modo a avaliar apropriadamente tais diferencas, as areas in situ foram consideradas
como locais de proliferagao carcinomatosa nao-invasora circundados por uma camada de
c¢lulas mioepiteliais associadas a uma membrana basal continua. Para distinguir entre
macréfagos existentes em areas intratumorais (ou seja, intra-epiteliais) e estromais, os
critérios previamente aplicados por outros autores para macréfagos (GWAK et al., 2015)
e baseados na diferenciagao de linfocitos intratumorais de estromais (DENKERT et al.,
2010; SEO et al., 2013) foram utilizados. Os macrofagos intra-tumorais foram definidos
como macréfagos contidos no interior de ninhos de células tumorais ou em contato direto
com células neoplasicas epiteliais, ao passo que os MAT estromais foram caracterizados
como macrofagos infiltrados no espago estromal. Apds a contagem, o nimero de
macrofagos intratumorais, estromais e totais (soma de ambos os tipos) foi calculada, com
utilizagdo dos valores de mediana para cada um dos compartimentos analisados sendo
utilizados para a categorizagdo como tumores de infiltracdo discreta ou acentuada por

macrofagos.
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5.3.2 Imunoexpressdo de proteinas para avaliagoes clinico-patologicas

Para avaliagdo da imunoexpressdo de fator VI (factor VIII), as células foram
consideradas como positivas quando observada marcagdo citoplasmatica. Posteriormente,
foi realizada contagem por meio do método de Weidner para avaliacdo de densidade
microvascular (WEIDNER, 2008), que consiste na contagem de células ou agregados
celulares com imunoexpressdo positiva para marcadores vasculares. Para avaliacdo da
imunoexpressdao de Ki67, as células foram consideradas como positivas quando
observada marcagdo nuclear. Um sistema automatico de contagem foi utilizado para
determinagdo do percentual de células neoplasicas positivas (TUOMINEN et al., 2010).
A expressao de EGFR foi detectada por meio de visualizagdo de reagdo citoplasmatica ou
membranosa com variagao na intensidade de coloragdo, sendo avaliada de acordo com os
critérios determinados no sistema de classificagio semi-quantitativo EGFR PharmDx"
(Dako®). As informagdes sobre os anticorpos primarios utilizados estdo disponiveis na

tabela 1.
5.4 Imunofluorescéncia e Microscopia confocal a laser

A imunofluorescéncia foi realizada apds a recuperagdo antigénica de secgdes histoldgicas
de 3 um de espessura, de maneira semelhante as informagdes previamente descritas para
a realizacdo e reagdes imuno-histoquimicas. Subsequentemente, os cortes foram imersos
em solucdo tampao salina-fosfato (PBS) e posteriormente incubadas em solugao de PBS
contendo Triton-X-100® 0,2% (Sigma-Aldrich®). Apos, foi realizado bloqueio de
proteinas inespecificas por meio da utilizacdo de solucdo 1% de soro-albumina bovina
(BSA®, Sigma-Aldrich®). Os dados dos anticorpos primarios utilizados estdo disponiveis
na tabela 1. Para a detec¢do de NOS2, cortes histologicos foram posteriormente
incubados com IgG de cabra anti-coelho conjugada com Alexa Fluor 647 (1:1000, Life
Technologies®, Gaithersburg, MD, Estados Unidos). Os nucleos foram contracorados
com Hoescht 33342 (Life Technologies®). Entdo, as amostras foram lavadas trés vezes
com PBS por 10 minutos e montadas com um reagente para prevenir desaparecimento
gradual da expressio visualizdavel (Prolong Gold Antifade Reagent®, Life
Technologies™). Controles negativos foram incluidos em todas as reagdes por meio da
omissdo da utilizagdo dos anticorpos primarios. As imagens foram obtidas utilizando um
microscopio confocal Zeiss® 880" (Carl Zeiss”, Jena, Alemanha) e lente objetiva a dleo
de 40x 1.3. As amostras foram excitadas sob as seguintes especificacdes: 405 nm e

observadas a 415-480 nm para detec¢do de Hoescht 33342; 488 nm e observadas a 500-
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525 nm para detectar FITC; sob 544 nm e observadas a 695 nm para detectar R-PE; e 630
nm e observadas a 755 nm para Alexa Fluor 647". Todas as proteinas marcadas avaliadas
por meio de andlise confocal foram localizadas no citoplasma das células neoplasicas. O

programa computacional Zeiss Efficient Navigation (ZEN) ® para sistema operacional

Microsoft® Windows® foi utilizado para analise espectral.

Tabela 1. Anticorpos primarios utilizados e seus dados.

Anticorpo Fonte Clone Diluicido Fabricante Conjugado Recuperacao Incubacio

primario antigénica

Imuno-histoquimica

Macrophage Camundongo MAC387 1:400 AbD - RCU ON, 4°C
Serotec®

Factor VIII Coelho Policlonal  1:1200 Dako® - RCU ON, 4 °C

Ki67 Camundongo  MIBI 1:50 Dako” - RCU ON, 4 °C

EGFR Camundongo 31G7 1:100  Invitrogen” - Proteinase K~ ON, 4 °C

Imunofluorescéncia

S100A8/A9 Camundongo MAC387 1:400 Abcam” FITC RCU ON, 4°C

Complex

CD206 Camundongo 3.29B1.10  1:100 Beckman R-PE RCU 1 hora, TA
Coulter®

NOS2 Coelho Policlonal 1:100 San‘[?D - RCU 1 hora, TA

Cruz

RCU: recuperagao com calor timido; ON: overnight; TA: temperatura ambiente; FITC,
isotiocianato de fluoresceina; R-PE, ficoeritrina-R.

5.5 Analise Estatistica

A infiltracdo por MAT foi comparada utilizando-se anélise de variancia (ANOVA) com
valores de MAT utilizados como variaveis continuas. A correlagdo entre o nimero de
macrofagos e caracteristicas clinico-patologicas dos tumores foi avaliada por meio da
correlagdo de Spearman, sendo utilizado o teste U de Mann-Whitne y para comparacao
entre localizagdes histologicas diferentes. Curvas de sobrevida foram produzidas
utilizando-se o método de Kaplan-Meier, com avaliagdo de diferengas na sobrevida
analisadas por meio do uso do teste de log rank. As andlises foram realizadas utilizando-
se o programa computacional para sistema operacional Microsoft® Windows®, Prism®
(versao 6,0, GraphPad®, San Diego, CA, Estados Unidos). Os resultados foram

considerados como estatisticamente significativos quando P < 0,05.
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5.6 Aspectos éticos

A pesquisa foi aprovada pelo Comité de FEtica em Experimentagdo Animal

(CEUA/UFMG) sob protocolo n® 81/2013 (ANEXO 3).



6. RESULTADOS E DISCUSSAO

Os resultados serdo apresentados sob a forma de dois artigos cientificos elaborados

durante o periodo de doutoramento.
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ARTICLE INFO ABSTRACT
Article history:
Accepted 22 February 2018 Macrophages represent a major component of the overall leucocyte population within neoplasms and are

important for tumour behaviour in several cancers in human beings. However, little information

Keywords: regarding their role in canine mammary tumours (CMTs) is available. The aim of this study was to address
Canine the potential role of tumour-associated macrophages (TAMs) in CMTs. TAMs in CMTs excised from 82
Inflammation female dogs were quantified at high power (400x magnification) and categorised as low (<50) or high
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(>50) TAM counts. Higher TAM counts were associated with clinical stage (P <0.001), tumour type
(P=0.016), tumour size (P=0.013), vascular invasion (P=0.031), lymph node metastasis (P=0.003), high
proliferation rates (P=0.009), vascular microdensity (P=0.008), invasive tumour profile (P=0.002) and
worse prognosis (P=0.018; hazard ratio=0.283). Almost all macrophages infiltrating malignant tumours
with high TAM counts expressed CD206 (macrophage mannose receptor 1), while all benign tumours
were infiltrated by macrophages expressing inducible nitric oxide synthase (NOS2), suggesting a
phenotypic shift from classically activated macrophage (M1) subpopulations towards alternatively
activated macrophage (M2) subpopulations in malignant tumours. A triple staining pattern revealed
mixed M1/M2 profiles in some tumours, thus characterising an intermediate state. The results indicate
that TAMs are associated with more aggressive types of mammary cancer in dogs.

© 2018 Elsevier Ltd. All rights reserved.

Introduction through variation in macrophage subsets (Qian and Pollard, 2010;

Murray and Wynn, 2011).

Intrinsic patterns of host immune response and infiltrating
leucocytes might guide cancer progression (De Nardo and
Coussens, 2007). In human beings and dogs, tumour-associated
macrophages (TAMs) have been identified as important compo-
nents of the tumour microenvironment, since they are a major
proportion of the leucocytic infiltrate, promoting tumour cell
invasion and migration, as well as suppressing anti-tumour
responses (Pollard, 2004; Condeelis and Pollard, 2006; Raposo
et al, 2014, 2015). Although it has been suggested that macro-
phages are involved in anti-tumour immunity, there is substantial
evidence that TAMs enhance tumour progression to malignancy

* Corresponding author.
E-mail address: cassalig@icb.ufmg.br (G.D. Cassali).

https://doi.org(10.1016/j.tvjl.2018.02.016
1090-0233/© 2018 Elsevier Ltd. All rights reserved.

Polarisation of major macrophage subsets into classically
activated (M1) and alternatively activated (M2) subsets has been
reported in cancer and inflammation. M1 macrophages exhibit
anti-tumour activity by mediating host defence against micro-
organisms and cancer cells, while M2 macrophages have an anti-
inflammatory function and pro-tumoural effect, since they are
active during tissue remodelling and neoangiogenesis, both of
which can be related to tumour progression and metastasis
(Murray and Wynn, 2011).

There are relatively few studies describing TAM infiltration
patterns and their relationship with progression and prognosis in
tumours in dogs (Krol et al., 2012; Raposo et al., 2014, 2015). The
aim of the present study was to investigate the characteristics of
TAM infiltration and populations in canine mammary tumours



120 LN. Monteiro et al./The Veterinary Journal 234 (2018) 119-125

(CMTs) and their potential role as a prognostic marker in these
tumours.

Materials and methods
Study population, classification of mammary tumours and follow-up

This retrospective study was approved by the Ethics Committee on Animal Use
of the Federal University of Minas Gerais, Belo Horizonte, Brazil (protocol number
81/2013; date of approval 19th November 2013) and included 82 female dogs
diagnosed with primary CMTs from 2011 to 2015. CMTs were staged from | to V

Immunofluorescence was performed as described by Rodrigues et al. (2016).
Tissue sections were incubated with Alexa Fluor 647 goat anti-rabbit IgG antibody
(1:1000, Life Technologies) for detection of inducible nitric oxide synthase (NOS2).
Nuclei were counterstained with Hoechst 33342 (Life Technologies). Images were
collected using a LSM Zeiss 880 confocal microscope (Carl Zeiss). Samples were
excited at 405nm and observed at 415-480nm for detection of Hoechst 33342,
excited at 488nm and observed at 500-525nm for detection of fluorescein
isothiocyanate (FITC), excited at 543 nm and observed at 550-630 nm for detection
of R-phycoerythrin (R-PE), and excited at 630nm and observed at 650 nm for
detection of Alexa Fluor 647. Zeiss Efficient Navigation (ZEN) software was used for
spectral analysis.

according to Owen {1980) and surgically excised. H al was
performed on routine formalin-fixed and paraffin-embedded (FFPE) sections
stained with haematoxylin and eosin.

Tumours were categorised according to the World Health Organization (WHO)
classification scheme for CMTs (Misdorp et al, 1999), incorporating updated
classification proposals (Cassali et al., 2014). Tumours were classified as benign
(expansive growth, low degree of atypia) or malignant (pre-invasive in situ
carcinomas and invasive tumours); in situ carcinomas were defined as sites of non-
invasive carcinomatous proliferation surrounded by a myoepithelial cell lining with
a conti basement according to Cassali et al. (2014). In tumours
with both in situ and invasive components, the histological classification was based
on features of the invasive growth. Subsequently, the Nottingham grading system
(Karayannopoulou et al, 2005) was applied. When dogs were presented with
multiple tumours, the tumour with the most aggressive clinical and histopatho-
logical features (larger size, infiltrative growth and undifferentiated histology) was
selected for inclusion in the study (Sorenmo et al., 2011).

Tumour subtypes were grouped into three categories according to biological
behaviour and prognosis based on Santos et al. (2013): group 1: benign tumours
(less aggressive; good prognosis); group 2: in situ carcinomas, carcinomas in mixed
tumours, papillary carcinomas and tubular carcinomas (intermediate; reserved to
poor prognosis); and group 3: solid carcinomas, micropapillary carcinomas, and
carcinosarcomas (aggressive behaviour; poor prognosis).

Overall survival (0S) was characterised as the time from surgery/tumour
removal to the date of animal death/euthanasia due to tumour-related causes and/
or the end of the study. Follow-up data were obtained by telephone interviews with
owners and by reviewing the clinical data available for animals that died at our
institute. Minimum, maximum and mean survival time values were determined.
When the owners did not answer the telephone calls, or when animals died from
other causes, data were censored; seven animals were censored because they were
lost to follow-up. Dogs with benign tumours (six cases) were not included in the
survival analysis, in view of the good prognosis due to the non-invasive nature of
their tumours.

Immunohistochemistry and confocal microscopy

FFPE sections (3 pm thick) for immunohistochemistry and confocal microscopy
were deparaffinised, rehydrated and subjected to heat-induced epitope/antigen
retrieval (HIER) for 30s at 125°C using an antigen retrieval buffer (Trilogy, Cell
Marque Corporation) in a pressure chamber (Pascal Pressure Chamber, Dako) and
proteinase K, when appropriate. The antibodies used in this study are summarised
in Table 1. An unaffected canine lymph node was used as a positive control, while
negative controls were sections treated with isotype-matched primary antibodies
(rabbit and mouse anti-human IgG, Dako). Immunohistochemical staining for anti-
macrophage markers was revealed using a polymer-based detection system
(Envision G2 System/AP, Rabbit/Mouse, Dako), with liquid permanent red as the
chromogen (Permanent Red Substrate-Chromogen, Dako). Antigen-antibody
reactions for other antibodies were revealed using 3-3' diaminobenzidine (Dako
Liquid DAB+ Substrate Chromogen System, Dako) as the chromogen. Sections were
evaluated by routine light microscopy.

and macrophage quantification by immunohistochemistry and
confocal microscopy

Anti-macrophage immunoreactivity was considered to be positive when diffuse
or granular cytoplasmic staining (but not nuclear staining) was observed in cells
showing macrophage morphology, since ather cells (e.g. neutrophils) can also be
stained by the same antibody. Cells were considered to be positive for factor VIII
associated factor (von Willebrand's factor) when cytoplasmic staining was
observed; stained cells were counted according to Weidner (2008). An automated
counting application was used to determine the percentage of neoplastic cells
positive for Ki67 (nuclear immunostaining) (Tuominen et al., 2010). Epidermal
growth factor receptor (EGFR) expression was detected as membranous and/or
cytoplasmic brown staining of neoplastic cells with variation in staining intensity
and was evaluated according to EGFR PharmDx recommendations (Dako).

TAMs were counted in each tumour in five ‘hot spot’ areas (areas of maximum
leucocytic infiltration) first observed at low magnification and then captured at
400 magnification. The total number of TAMs was determined for each tumour by
adding up the counts of all areas. A count of 50 infiltrating macrophages in five 400 <
high power fields (1 HPF=0.22mm?) was designated as the arbitrary cut-off to
separate tumours into those with low (n<50) and high (n=> 50) numbers of
infiltrating macrophages.

Benign tumours (n=5) and malignant tumours (solid carcinomas and
carcinomas in mixed tumours; n =12) with high macrophage counts were evaluated
to characterise infiltration by M1 and M2 macrophages using a mouse anti-human
MAC387, rabbit anti-human NOS2 (M1) and mouse anti-human CD206 (M2)
antibody (Table 1). All antibodies were previously documented as suitable for
detection of epitopes in canine tissues (Ricklin et al., 2010; Sanches et al., 2014;
Raposo et al., 2014, 2015).

Statistical analysis

TAM infiltration among different CMT histotypes was compared using analysis
of variance (ANOVA) with the TAM value as a continuous variable. Correlation
between the number of macrophages and clinicopathological features was assessed
using Spearman’s rank order correlation or the Mann-Whitney U test, which was
used for comparison between in situ and invasive areas. Survival curves were
produced using the Kaplan-Meier method and differences in OS between dogs were
evaluated using the log rank test. Results were considered to be statistically
significant at P < 0.05.

Results
Clinical and histopathological data
The mean age of 82 dogs included in the study was 8 years

(range 4-20 years). Tumours were classified as carcinomas in
mixed tumours (n=27/82; 32.9%), papillary carcinomas (n=11;

Table 1

Details of used for im histochemistry and im fl ence in canine mammary tumours.
Antibody Source Clone Dilution Manufacturer Conjugate Antigen retrieval Incubation
Immunochistochemistry
Macrophage Mouse MAC387 1:400 AbD Serotec - HIER ON 4°C
Factor Vlll-associated factor Rabbit Polyclonal 1:1200 Dako - HIER ON 4°C
Ki67 Mouse MIB1 1:50 Dako - HIER ON 4°C
EGFR Mouse 31G7 1:100 Invitrogen - Proteinase K ON4°C
Immunofluorescence
S100A8/A9 complex Mouse MAC387 1:400 Abcam FITC HIER ON 4°C
CD206 Mouse 3.29B1.10 1:100 Beckman Coulter R-PE HIER 1hRT
NOS2 Rabbit Polyclonal 1:100 Santa Cruz - HIER 1hRT

EGFR, epidermal growth factor receptor; FITC, fluorescein isothiocyanate; R-PE, R-phycoerythrin; HIER, heat-induced epitope/antigen retrieval; NOS2, inducible nitric oxide

synthase; ON, overnight; RT, room temperature.
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13.5%), solid carcinomas (n=11; 13.5%), micropapillary carcinomas
(n=7; 8.5%), tubular carcinomas (n=7; 8.5%), benign tumours
(n=7; 8.5%), carcinosarcomas (n==6; 7.3%) and in situ/non-invasive
carcinomas (n=6; 7.3%). Amongst invasive tumours, 14/69 (20.3%)
were high grade (grade 3) tumours, 33 (47.8%) were intermediate
grade (grade 2) tumours and 22 (31.9%) were low (grade 1)
tumours. Amongst malignant neoplasms, 23/75 (30.7%) had
vascular invasion and 32 (42.7%) had nodal metastasis.

Macrophage counts and clinicopathological features

Clinicopathological data in relation to TAM counts are
summarised in Table 2. TAMs positive for MAC387 were observed
in all tumour types and showed moderate to intense cytoplasmic
staining. TAMs were observed as single cells or densely packed
clusters with heterogeneous distribution, frequently observed
within the stroma of the tumour front, within necrotic areas, and
around or within tumour nests of in situ/non-invasive mammary
carcinomas (Fig. 1A) and/or areas of invasion (Fig. 1B). Occasional
individual TAMs were observed in areas of myoepithelial
proliferation, or within chondroid or osteoid matrix, in mixed
tumours, and in benign tumours (Fig. 1C). TAMs were also observed
in peritumoural tissues and in normal mammary tissue. The range
of TAM counts summed for five HPFs was from 15 (13 TAMs/mm?)
in a carcinoma in a mixed tumour to 1060 (963 TAMs/mm?) in a
solid carcinoma.

‘When analysed according to tumour subtype (Santos et al.,
2013), TAM counts increased with grade of tumour from 1 to 3
(P=0.016; Fig. 2; Table 3). There were statistically significant
differences in TAM counts between groups 1 and 2 (P < 0.005), and
between groups 1 and 3 (P<0.005). Solid carcinomas had the
highest TAM counts. There was a statistically significant difference

Table 2
Association between tumour-associated macrophage (TAM) counts and clinico-
pathological characteristics in dogs with mammary tumours.

Clinicopathological characteristics TAM count
Low High P value
Tumour size
T1 (<3cm) 11 (134%) 20 (24.4%) 0.013°
T2 (3-5cm) 2 (24%) 18 (22.0%)
T3 (>5cm) 3(3.7%) 28 (34.1%)
Lymph node metastasis
No 15(18.3%) 36 (43.9%) 0.003°
Yes 1(1.2%) 30 (3.7%)
Distant metastasis
No 16 (19.5%) 64 (78.0%) 0.484
Yes 0 2(24%)
Clinical stage (Owen, 1980)
1 13 (15.9%) 15 (18.3%) <0001
i 1(1.2%) 8(9.8%)
n 1(1.2%) 12 (14.6%)
v 1(1.2%) 29 (35.4%)
v 0 2(2.4%)
Histological grade
1 5(8.2%) 18 (29.5%) 0.061
1 4(6.6) 19 (31.1%)
m 0 15 (24.6%)
Necrosis
No 1 (134%) 28 (34.1%) 0.068
Yes 5(6.1%) 38 (46.3%)
Skin ulceration
No 16 (19.5%) 57 (69.5%) 017
Yes 0 9(11.0%)
Vascular invasion
No 15 (18.3%) 44 (53.7%) 0.031°
Yes 1(1.2%) 22 (26.8%)

Low < 50 TAMSs in five high power fields (HPFs); High = 50 in five high power fields.
" P value < 0.05 considered to be statistically significant.

Fig. 1. (A) Macrophages within a mammary carcinoma in situ/non-invasive area
(sur bya b, ) at the centre. Papillary mammary
carcinoma. (B) Macrophages in invasive areas of a mammary tumour with
predominantly myoepithelial proliferation and associated matrix production.
Carcinoma in mixed mammary tumour. (C) Canine mammary tumour showing
macrophages within areas of myoepithelial proliferation and matrix production.
Carcinoma in mixed mammary tumour. Immunchistochemistry with anti-
macrophage/MAC387 antibody, permanent red ch and Harris h.

ylin counterstain (scale bars: A and B=50 pm; C=20pm).

between TAM counts in invasive carcinomas and in situ/non-
invasive carcinomas (P=0.002; Fig. 3).

TAM counts increased with clinical stage (P<0.001; Spear-
man’s rank order correlation coefficient r,=0.453). An association
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Fig. 2. Macrophage count according to tumour histotype: group 1: benign tumours
(less aggressive; good prognosis); group 2: in situ carcinomas, carcinomas in mixed
tumours, papillary carcinomas and tubular carcinomas (intermediate; reserved to
poor prognosis); and group 3: solid carcinomas, micropapillary carcinomas and
carcinosarcomas (aggressive behaviour; poor prognosis) (P=0.0158).

Table 3
Association between tumour-associated macrophage (TAM) counts and histological
subtypes in dogs with mammary tumours,

Group  Histotype (Santos et al., 2013) TAM count
Low High P value
1 Benign tumour 2 (2.4%) 5 (B6.1%) 0.016
In situ carcinoma 5 (6.1%) 1(1.2%)
2 Carcinoma in mixed tumour 3(3.7%) 24 (29.3%)
Papillary carcinoma 3(3.7%) 8 (9.8%)
Tubular carcinoma 1(1.2%) 6(7.3%)
3 Solid carcinoma 1(1.2%) 10 (12.2%)
Micropapillary carcinoma 0 7 (8.5%)
Carcinosarcoma 0 6(7.3%)

Low < 50 TAMs in five high power fields (HPFs); High > 50 in five high power fields.
" Pvalue < 0.05 considered to be statistically significant.

200+
£ 1s0- s
8 .
= e
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Fig. 3. Tumour-associated macrophage (TAM) counts in in situ and invasive canine
mammary carcinomas (P=0.002).

was also observed between increased TAM infiltration and tumour
size (P=0.013; r,=0.276), presence of vascular invasion (P=0.031;
r;=0.239) and lymph node metastasis (P=0.003; r,=0.320). We
did not observe statistically significant relations between TAM and
intratumoural necrosis, skin ulceration, histological grade or
distant metastasis (P>0.05; Table 2). A statistically significant
association was observed between TAM counts and vascular
microdensity (P=0.008; r,=0.314), as well as between TAM and
Ki67 counts (P=0.009; ry=0.295). Mammary tumours from all

dogs had positive cytoplasmic immunoexpression of EGFR; there
was no significant association between EGFR expression and TAM
counts (P=0.204; Table 4).

M1/M2 macrophage subpopulations in benign and malignant
tumours

NOS2 was expressed in macrophages (MAC387 positive cells
with macrophage-like morphology) in all five benign mammary
tumours evaluated (5/5, 100%), while CD206 was expressed in 2/5
(40%) benign tumours; this profile is consistent with a predomi-
nantly M1 profile. In 12 malignant mammary tumours (six solid
carcinomas and six carcinomas in mixed tumours), there was
expression of CD206 in MAC387 positive macrophages in 4/6
(66.7%) solid carcinomas and 4/6 (66.7%) carcinomas in mixed
tumours, while there was expression of NOS2 in MAC387 positive
macrophages in 4/6 (66.7%) solid carcinomas and 1/6 (16.7%)
carcinomas in mixed tumours; this profile is more consistent with
a predominantly M2 profile. A triple staining pattern (MAC387
positive, NOS2 positive, CD206 positive; Fig. 4) was observed in all
tumour types, with 2/5 (40%) benign tumours, 2/6 (33.3%) solid
carcinomas and 1/6 (16.7%) carcinomas in mixed tumours showing
this immunolabelling profile. Statistical analysis was not per-
formed on this data in view of the low number of cases in each
group.

Tumour-associated macrophages and clinical outcome

Survival data were analysed for 69 dogs, excluding the six dogs
with benign tumours and the seven dogs that were censored
because they were lost to follow up; 22/69 dogs (all of which had
high TAM counts) died spontaneously from causes related to
mammary tumours. There was a significant relationship between
TAM infiltration and overall survival amongst dogs with malignant
tumours (P=0.018; hazard ratio=0.283; Fig. 5). No dogs with
tumours with low TAM counts died during the study. Of dogs with
tumours with high TAM counts, the mean survival time from
surgery to death was 240days (range 16-950 days). The mean
overall survival of dogs with mammary tumours with low TAM
counts was 537 days, while the mean overall survival of dogs with
tumours with high TAM counts was 431 days (Table 5).

Discussion

In this study, we examined the role of TAMs in CMTs and the
association of TAMs with different histopathological and clinical
characteristics of CMTs. In some human tumours, including breast
cancer, there is an association between TAMs and neoplastic
progression and metastasis (Gwak et al, 2015). However, little
information is available for dogs, especially regarding M1/M2
macrophage polarisation. We showed that macrophage counts are

Table 4

Association between tumour-associated macrophage (TAM) count, positive
immunostaining for Ki67, positive immunostaining for epidermal growth factor
receptor (EGFR) and microvessel density.

TAM count

Low High P value
EGFR score
0 0 0 0.204
+1 11 (13.4%) 42 (51.2%)
+2 2 (24%) 19 (23.2%)
+3 2 (24%) 6 (7.3%)
Ki67 mean 1.8 25.2 0.009°
Microvessel density mean 90 1371 0.008

Low < 50 TAMs in five high power fields (HPFs); High > 50 in five high power fields.
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Fig. 4. Confocal immunofluorescence images of canine mammary tumours, showing inducible nitric oxide synthase (NOS2; pink), CD206 (red), MAC387 (green) and Hoechst
(blue) overlay images distinguishing between different macrophage phenotypes. (A) Benign tumours with M1-type population (9.5% NOS2+ macrophages; no CD206+

macrophages). (B) Benign tumours showing a shift from M1 to M2 populations (15.9% NOS2+ macrophages: 4.
052+ macrophages; 21.4% CD206+ macrophages). (D) Malignant tumours with a M2 subset pattern (3.4% NOS2+ macrophages; 55.2% CD206+

macrophage population (18.6

t CD206+ macrophages). (C) Malignant tumours with a mixed

macrophages). Nuclei were revealed by Hoechst staining (blue) and merged images demonstrate the cytoplasmic localisation of the evaluated proteins. Images are
representative of observations from three independent experiments. Bars =20 wm. FITC, fluorescein isothiocyanate; R-PE, R-phycoerythrin.
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Fig. 5. Kaplan-Meier survival analysis for overall survival based on tumour-
associated macrophage (TAM) counts in dogs with mammary cancer (Spearman’s
log rank test; P=0.018).

different between benign and malignant CMTs, increasing in
numbers between in situ and invasive carcinomas. Moreover, we
demonstrated that benign mammary tumours had low macro-
phage counts, while malignant mammary tumours had high
macrophage counts, as well as polarisation from a predominantly
M1 profile to a pattern in which M2 macrophages accumulated
within malignant tumours.

TAMs are believed to have different roles according to their
location within the tumour microenvironment (areas of invasion
versus areas of in situ proliferation); however, no previous studies
have addressed the importance of such locations in CMTs. In early
stage tumourigenesis, macrophages are visualised at points of
basement membrane breakdown during malignant transforma-
tion and at the invasive fronts of more advanced tumours
(Condeelis and Pollard, 2006). These features suggest that tumours
exploit the normal matrix remodelling capacities of macrophages,
enabling them to egress into and migrate through the surrounding
stroma (Pollard, 2004; Wyckoff et al., 2004; Lin et al., 2006). In our

Table 5

Survival rates according to tumour-associated macrophage (TAM) count in canine mammary tumours.
TAM count n (%) Mean survival in days 1 year survival rate 2year survival rate P value
Low 11 (15.9%) 537 100% 100% 0.0177
High 58 (84.1%) 431 100% 722%

Low < 50 TAMs in five high power fields (HPFs); High
n=number of dogs.
" P value < 0.05 considered to be statistically significant

50 in five high power fields.
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study, fewer TAMs were observed in non-invasivef/in situ
carcinomatous areas, suggesting that the macrophage count might
be lower in initial tumoural phases, including in situ carcinomas.
The higher TAM count in malignant tumours tends to support a
role for macrophages in mammary cancer cell migration and
invasion.

We also observed a relation between tumour subtypes and TAM
counts. More aggressive tumours, such as micropapillary carcino-
mas, solid carcinomas and carcinosarcomas, had higher TAM
counts. Such subtypes have a more aggressive behaviour,
characterised by a higher invasive and metastatic potential (Cassali
et al., 2014). Solid mammary carcinoma was the most frequently
diagnosed tumour subtype in which there was a high TAM count.
This observation is in accordance with previous findings in human
breast cancer, in which increases in TAMs were also detected in
more aggressive histological subtypes (Hussein and Hassan, 2006).
A higher macrophage count in solid mammary carcinomas was
also reported recently in dogs by Raposo et al. (2014).

Malignant breast tumours in human beings and malignant
mammary tumours in dogs have higher TAMs than benign
tumours (Hussein and Hassan, 2006; Lin et al., 2006; Krol et al.,
2012; Raposo et al., 2014). The pattern of TAM infiltration appears
to be related to tumour progression. Clinical studies in human
beings and in animal models suggest that TAMs are typically
polarised within the tumour microenvironment and can adopt a
particular phenotype to carry out functions that give support to
tumour cell infiltration, meotility and vascular invasion (Biswas
et al, 2013; Noy and Pollard, 2014). In malignant CMTs, we
observed a profile in which CD206 positive macrophages were
more abundant, thus indicating a M2-polarised infiltration. NOS2
positive cells were detected in all benign mammary tumours,
while CD206 positive cells were detected in less than a half of the
evaluated neoplasms, indicating an M1 polarised infiltration.
These findings suggest a shift from an M1 pattern in benign
tumours to an M2 pattern in malignant tumours, suggesting a pro-
tumoural state that promotes CMT progression. A triple staining
TAM pattern was observed in some CMTs. The concept of M1 and
M2 subpopulations is based on the extremes of a spectrum;
macrophages exhibit an M1, M2 or mixed phenotype in response to
arange of signals in different microenvironments (Mantovani et al.,
2002; Lawrence and Natoli, 2011).

We observed an association between higher TAM counts, higher
microvessel density and higher rates of tumour proliferation.
Macrophages produce growth factors related to cell proliferation
for both neoplastic cells and vascular endothelial cells within the
tumour microenvironment. A similar pattern of microvessel
density was observed by Raposo et al. (2014), but a relationship
with rates of proliferation has not been reported previously (Beirdo
et al, 2015). There was no statistically significant association
between TAMs and EGFR, since all mammary tumours exhibited
expression of EGFR.

Higher macrophage counts were also associated with clinical
stage and survival in the dogs evaluated on this study. These
features reinforce the association between TAM infiltration and
worse prognosis, similar to observations in women with breast
cancer (Gwak et al, 2015) and in dogs with mammary cancer
(Raposo et al., 2014). This highlights the potential role of TAMs as a
prognostic indicator in CMTs.

Conclusions

The results of this study suggest that a higher TAM count is
related to CMT invasion and progression and that there is a shift
from M1 TAMs in benign CMTs to M2 TAMSs in malignant CMTs.
Higher TAM counts were associated with higher microvessel
density, higher tumour proliferation rates, presence of vascular

invasion and nodal metastasis, as well as overall survival. Future
prospective studies with standardised treatment and outcome
measurements should be conducted to evaluate the potential role
of TAMs as an independent prognostic indicator in CMTs.
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Prognostic value of tumour-associated macrophages microlocalization in canine

mammary carcinomas

In this study we evaluated the potential role of tumour-associated
macrophages (TAM) in specific histologic locations — intraepithelial
(iTAM) and stromal (sTAM), as well as total macrophage (tTAM) counts
— as prognostic indicators in canine mammary tumours. Clinico-
pathologic data from 66 animals with mammary carcinoma and their
tumours were used in this study. Samples were stained with anti-
macrophage antibodies for subsequent TAM count. High levels of iTAM,
sTAM, and tTAM were related with clinical stage and vascular invasion.
Additionally, tTAM alone revealed a relation with tumour size, while
high levels of sTAM and tTAM also were correlated with node
metastasis and a poor prognosis based on survival analysis. Canine
mammary tumours with aggressive features can reveal higher TAM
counts. TAM counts are related with vascular invasion and nodal
metastasis, and total TAM, but not stromal or intraepithelial TAM, are
associated with overall survival, consequently leading to the conclusion
that the tTAM can be used as prognostic indicators in canine mammary

invasive carcinomas.

Keywords: Breast cancer; growth factors/cytokines/inflammatory

mediators; proteomics;
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Background

Mammary cancer is frequent in female dogs and represents an important issue in
veterinary medicine because many animals die due to tumour dissemination. Previous
studies have addressed infiltration by leukocytes in canine mammary tumours’
microenvironment and evaluated mostly lymphocytes (Estrela-Lima et al., 2010) and
macrophages (Raposo et al., 2014, 2015); however, more extensive data regarding

tumour-associated leukocytes in such neoplasms is still lacking.

Macrophages represent a major component in the tumour microenvironment. They
infiltrate tumour tissues and are thought to be related with tumour progression in human
(Ohno et al., 2002, Solinas et al., 2009, Mahmoud et al., 2012, Medrek et al., 2012, Ch’ng
et al., 2013, Gwak et al., 2015) and canine cancers (Raposo et al., 2014, 2015). Although
the original hypotheses proposed that macrophages were involved in antitumour
immunity, there is substantial clinical and experimental evidence that in most of cases
they enhance tumour evolution to malignancy (Bingle et al., 2002). They are called
tumour-associated macrophages (TAM) and have been associated with angiogenesis and
tissue remodelling within tumours, thus helping in metastasis (Bingle et al., 2002,
Condeelis and Pollard, 2006, Solinas et al., 2009, Pollard, 2014). High macrophage
infiltration has been recently correlated with poor prognosis in both human (Mahmoud et
al., 2012, Medrek et al., 2012, Ch’ng et al., 2013, Gwak et al., 2015) and canine (Raposo
et al., 2014, 2015) patients with mammary tumours. Results indicated that highly
infiltrated tumours have a poor prognosis. However, the prognostic importance of TAM
specific locations (microlocalization) in such tumours was not evaluated to date. The
study of new biomarkers is highly encouraged also in veterinary medicine (Eckersall et
al., 2009) and this study aimed to address the significance of TAM infiltration in different
histologic compartments (intraepithelial vs. stromal vs. total) of invasive canine
mammary carcinomas and its relation with tumours’ clinicopathologic features. Thus, the
TAM data obtained from the tumours could be useful to assess the outcomes of canine

mammary cancer patients.

Materials and Methods

Patients, samples and clinical data

This study was in accordance with the ethical standards of the Institutional Ethics

Committee on Animal Use of the Federal University of Minas Gerais, Brazil (protocol #
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81-2013).

Sixty-six female dogs diagnosed with mammary carcinomas from 2011 to 2015
were used in this study. All patients were submitted to surgical mastectomy as treatment
option with subsequent microscopic evaluation of the excised mammary tumours. They
were classified according to the World Health Organization’s (WHO) histologic criteria
for canine mammary tumours diagnosis (Misdorp et al, 1999) and to updated
classification propositions (Cassali et al., 2014). Subsequently, tumours were graded
using the Nottingham grading system (Karayannopoulou et al., 2005). When dogs
presented more than one malignant neoplasm, the tumour with the more aggressive
clinical and histopathologic features (e.g., larger size, undifferentiated histology) was
selected, as recommended by other authors (Sorenmo et al., 2013). The WHO’s staging
system (Owen, 1980) was used for clinical stage determination based on animals’

clinical, radiographic, and sonographic findings.

Patients’ data were obtained by phone interviews with owners and by reviewing
the clinical data available at the Institution’s Veterinary Teaching Hospital. Overall
survival (OS) was calculated and characterized as the time from surgery/tumour removal
to the date of patient death/euthanasia due to tumour-related causes and/or end of the
study. Data was censored when owners did not answer or when animals died from other

causes.
Immunohistochesmitry

For immunohistochemistry, 3um-thick sections were obtained from paraffin
blocks and mounted on poly-L-lysine-coated slides. Sections were deparaffinized and
rehydrated and subsequently submitted to heat-induced epitope/antigen retrieval for 30
seconds at 125°C using the Trilogy antigen retrieval buffer (Cell Marque Corporation,
Rocklin, CA) in a pressure chamber (Pascal Pressure Chamber, Dako, Carpinteria, CA).
Proteinase K antigen retrieval was used when suitable, with subsequent incubation of
tissue sections with a mouse anti-macrophage antibody (clone MAC387, 1:400, AbD
Serotec, Oxford, UK). Canine lymph node tissue was used as positive control for
reactions while negative controls were obtained by using isotype-matched primary
antibodies. For anti-macrophage immunohistochemistry, the staining was revealed by
using a polymer based detection system (Envision G2 System/AP, rabbit/mouse, Dako)

with liquid permanent red as chromogen (Permanent red substrate-chromogen, Dako) and
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visualized under light microscopy. For the other antibodies used, the antigen-antibody

reaction was revealed by using 3-3’ diaminobenzidine (DAB) as chromogen.
Immunolabelling and quantification of tumour-associated macrophages

Immunoreaction was considered as positive for anti-macrophage antibodies when
cytoplasmic diffuse or granular staining (but no nuclear) was observed and
simultaneously demonstrating macrophage morphology. Since the antibody also stains
granulocytic cells, macrophages were distinguished from other cells, such as neutrophils
by nuclear morphologic (non-segmented nuclei). The number of stained TAM was
counted in each tumour in five hot spot areas first detected at low magnification and then
captured at x200 magnification (total area of 1 mm?) without any previous knowledge of
patients’ clinical data. TAM hot spots were chosen rather than random fields, because
these areas are thought to be biologically the most important (Leek et al., 1996, Takeuchi
et al., 2004). For cut-off point analysis, the medians were used to categorize tumours into

high and low TAM groups.

In order to distinguish intratumoural (i.e., intraepithelial) and stromal TAM,
criteria previously applied by other authors (Gwak et al, 2015) and based on
differentiation of stromal from intraepithelial lymphocytes (Derkert et al., 2010, Seo et
al., 2013) were used. Intratumoural TAM (figure 1) were defined as macrophages within
tumour cell nests an in direct contact with tumour cells, and stromal TAM were
characterized as macrophages infiltrating tumour stroma. After counting, the number of
intraepithelial, stromal, and total TAM (sum of both types) was calculated. Median values
were calculated for each histologic location and used for categorization of tumours as

with low or high TAM infiltration.
Statistical analysis

TAM infiltration was compared using analysis of variance (ANOVA) with TAM
value as a continuous variable. Correlation between the number of macrophages and
clinicopathologic features was assessed using Spearman rank order correlation or the
Mann-Whitney U test, which was used for comparison between different histologic
locations. Survival curves were produced using the Kaplan-Meier method and differences
in survival time between patients were evaluated using the log-rank test. Results were

considered as statistically significant when P < 0.05.
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Results
Clinical and histological features

The mean age of the subjects was twelve years (range, four to twenty years). After
histopathologic evaluation, tumours were classified as carcinomas in mixed tumours (26
cases/39.39%), papillary carcinomas (11 cases/16.66%), solid carcinomas (10
cases/15.15%), micropapillary carcinomas (7 cases/10.60%), and tubular carcinomas and
carcinosarcomas (6 cases each/9.09% each). From all tumours, 13 cases (19.69%) were
high grade (grade 3), whereas 20 (30.30%) and 33 cases (50%) were of grades 1 and 2,
respectively. Twenty-two samples (33.33%) presented with vascular invasion, 29
(43.93%) cases revealed evidence of nodal metastasis, and 2 cases presented with distant

metastasis (3.03%). Clinicopathologic data are summarized in table 1.
Macrophage count and clinicopathologic features

Macrophages showed moderate to intense cytoplasmic staining and were observed
as single or clustered cells forming densely packed groups. The distribution of TAM in
CMT was rather heterogeneous and frequently observed at the stroma of the tumour
front, around necrotic areas of the tumour, associated with areas of cartilage and bone
production in mixed tumours, and within tumour nests (intraepithelial). All tumour
histotypes revealed macrophage positivity. The highest tTAM count was of 1282/mm?
(1219 sSTAM/mm?; 63 iTAM/mm?) in a papillary carcinoma. Median TAM counts/mm”
were used as cut-off values for iTAM, sTAM, and tTAM in order to categorize them as
of low or high TAM infiltration (iTAM: < 61.5, > 61.5; sTAM: < 57.5, > 57.5; tTAM:
low <149, > 149, figure 2).

All TAM counts (iTAM, sTAM, and tTAM) revealed a correlation with clinical
stage (P = 0.0380, 0.0162, and 0.0004, respectively; table 1) and vascular invasion (P =
0.0235, 0.0371, and 0.0371, respectively; table 1). The tTAM count also correlated with
tumour size (P = 0.0017 ; table 1), while sSTAM and tTAM revealed a relation with
lymph node metastasis (P = 0.0256.; table 1). No associations were observed between

TAM and ulceration, necrosis, histologic grade, or distant metastasis.
Survival analysis and TAM counts

To assess the prognostic significance of TAM infiltration, patients were first
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classified according to iTAM, sTAM, and tTAM counts. Survival data were available for
the 66 animals. A significant relationship between TAM infiltration and overall survival
was revealed for tTAM (P = 0.0282; figure 3A), but not for sSTAM (P = 0.0504; figure
3B) or iTAM (P = 0.8439; figure 3C). Median overall survival of dogs with mammary
tumours with high TAM counts was of 950 days (table 2). The curve did reach the

median survival time in cases with low sTAM and tTAM at 613 days.

Discussion

Mammary tumours are the most common neoplasms in non-spayed adult female
dogs (Misdorp et al., 1999, Cassali et al., 2014). Since they can be extremely aggressive
and lead to death of animals and because of the large number of cellular events involved
in cell growth, differentiation, proliferation, invasion and metastasis, the investigation of
TAM may be a great relevance for the understanding of CMT progression. Therefore, in
this study we addressed the role of TAM in CMT progression and the importance of
TAM in specific locations in such tumours. In humans, there is strong evidence of TAM
association with neoplastic progression and metastasis in different tumour types (Bingle
et al., 2002), including breast cancer (Mahmoud et al., 2012, Medrek et al., 2012, Gwak
et al.,, 2015). This feature was also recently described in dogs with mammary cancer

(Raposo et al., 2014, 2015).

TAM have a diverse role according to their microenvironment and histologic
microlocalization (Ohno et al., 2002, Mahmoud et al., 2012, Medrek et al., 2012, Ch’ng
et al., 2013, Gwak et al., 2015), but still little information is available for dogs, with lack
of data regarding the specific location of such cells within tumours. In this study, high
levels of TAM infiltration were associated with aggressive clinicopathologic features in
canine mammary carcinomas. Additionally, total TAM counts were related with lymph
node metastasis and with a poor prognosis given their influence on overall survival, in a
similar way to what is observed in women (Mahmoud et al., 2012, Medrek et al., 2012,
Gwak et al., 2015). However, we did not observe an effect of stromal and intraepithelial
TAM in overall survival. Despite the well known role of various leukocytes in tumour
microenvironment functional state (Pollard, 2008), this feature was not unexpected
because macrophages are highly motile and can cross between tissues microlocalizations

freely.

In previous studies, necrosis and skin ulceration have also been suggested to be
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indicators of higher tumour aggressiveness in dogs (Hellmén et al., 1993), but were not
significantly associated with TAM counts in this study. The absence of a significant
association between TAM and necrotic tissue or ulceration could be explained by the
method used to count macrophages, in which counting was focused in hot spots within
tumour stroma and tumour nests (intraepithelial area). However, a relation between a
higher TAM counts (iTAM, sTAM, and tTAM) and clinical stage and vascular invasion
was found — while tTAM was also related with tumour size — similarly to what was
observed by other authors (Krol et al., 2012, Raposo et al., 2015). Additionally, tTAM
was associated with lymph node metastasis — an expected feature given the ability of
macrophages in remodelling tumour stroma and acting as a major player in the
enhancement of tumour cell migration and invasion (Lewis et al., 2006). These features
are highly important for metastasis, reinforcing the role of macrophages in canine
mammary carcinoma progression. Despite this, we did not observe a relation between
TAM counts and histologic grade, in concordance with other authors’ reports (Krol et al.,
2012, Raposo et al., 2014, 2015). This finding could indicate that macrophage infiltration

can be associated with other tumour features independent from its histologic grade.

In this study, higher tTAM counts were also correlated with survival and
prognosis, in concordance with other authors results (Raposo et al., 2014). The relation
between the evaluated clinicopathologic data and higher TAM counts indicate a relation
with a worse prognosis and survival rate, similarly to what is observed in women with
breast cancer (Leek et al., 1996, Gwak et al., 2015), consequently highlighting the
potential role of tTAM count as prognostic indicators in canine invasive mammary

carcinomas.

In summary, it is possible to conclude that canine mammary tumours with
aggressive features can reveal higher TAM counts. TAM are associated with vascular
mvasion and nodal metastasis, and tTAM counts — but not STAM or iTAM, are correlated
with overall survival, consequently leading to the conclusion that sTAM and/or tTAM

counts could be used as prognostic indicators in canine mammary invasive carcinomas.
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Table 1.

clinicopathologic features

Association between TAM
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counts according to histologic location and

Intraepithelial
Clinicopathologic TAM P Stromal TAM P Total TAM P
characteristic LowN HighN value LowN HighN value LowN HighN value
(%) (%) (%) (%) (%) (%)
Size
15 9 15 9 17 7
T1 (<3cm) 22.72)  (13.63) 22.72)  (13.63) (2575)  (10.60) o 0017
8 0.0891 7 7 0.1761 8 e
T2 (3-Sem) (12.12) 800 (10.60)  (10.60) (12.12) 8O
11 17 11 17 8 20
T3 (>5cm) (16.66) (25.75) (16.66) (25.75) (12.12)  (30.30)
Nodal metastasis
12 17 10 19 10 19
Yes (18.18) (25.75) 0.1491 (15.15) (28.78) 020 (1515 (28.78) 002%6
No 22 15 23 14 23 14
(33.33) (22.72) (34.84) (21.21) (34.84) (21.21)
Distant metastasis
Yes 25 29 33 31 34 30
(37.87) (43.93) 0.1492 (50.0) (46.96) 0.9827 (51.51) (45.45) 0.1621
No (8) 2 (3.03) 1(1.51) 1(1.51) (g) 2 (3.03)
Clinical stage
14 7 14 7 17
I (21.21)  (10.60) (21.21)  (10.60) (25.75) 4 (6.06)
11 2 (3.03) 1(1.51) 2(3.03) 1(1.51) 2(3.03) 1(1.51)
7 0.0380 8 0.0162 8 0.0004
I 106y 6OD © (aay SOSD TN SO s
v 10 17 7 20 8 19
(15.15) (25.75) (10.60)  (30.30) (12.12) (28.78)
v (8) 2 (3.03) 1(1.51) 1(1.51) (g) 2 (3.03)
Ulceration
Yes 28 28 27 29 27 30
(42.42) (42.42) 0.8367 (40.9) (43.93) 0.0371 (40.9) (45.45) 0.6883
No (9§1) 4 (6.06) (9?1) 4 (6.06) 4(6.06) 5(7.57)
Necrosis
Yes 21 20 20 21 18 23
(31.81) (30.30) 0.5761 (30.30) (31.81) 0.8034 (27.27) (34.84) 0.2105
No 12 13 14 11 15 10
(18.18)  (19.69) 21.21)  (16.66) (22.72)  (15.15)
Histological grade
I 11 9 12 8 12 8
(16.66)  (13.63) (18.18)  (12.12) (18.18) (12.12)
I 19 14 0.6677 16 17 0.1229 17 16 0.1229
(28.78) (21.21) (24.24)  (25.75) (25.75)  (24.24)
8 9 9
I 505D (1212 4(6.00) (1363, 4(6.00) (1363,
Vascular invasion 0.0235 0.0371 0.0371
Yes 7 15 * 7 15 * 7 15 *
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(10.60)  (22.72) (10.60)  (22.72) (10.60)  (22.72)
No 27 17 26 18 26 18
(41.0)  (25.75) (39.39)  (27.27) (39.39)  (27.27)

* P value < 0.05 was considered to be statistically significant.

Table 2. Survival rates according to TAM count and histologic location in canine

mammary tumours

TAM count N (%) Median Mean P value
Intraepithelial®

Low 30 (49.18) Undefined 451.56 0.8439
High 31 (50.82) 950 437.06

Stromal®

Low 29 (47.54) 613 482.93 0.0504
High 32 (52.46) 950 409.09

Total”

Low 22 (36.07) 613 489.5 0.0282*
High 39 (63.93) 950 418.6

& Low: <61.5; High: > 61.5
$ Low: <57.5; High: > 57.5
# Low: < 149; High: > 149.

* P value < 0.05 was considered to be statistically significant.
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List of figure legends

Figure 1. Canine mammary carcinoma. Infiltrating macrophages can be observed as

intraepithelial and stromal TAM. Permanent red immunohistochemistry, Harris

haematoxylin counterstain (bar = 50 pm).
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Figure 3. Kaplan—Meier survival analysis for OS based on low and high TAM counts in
dogs with mammary carcinomas. A) Intraepithelial TAM (log rank test, P = 0.8439); B)
Stromal TAM (log rank test, P = 0.0500); C) Total TAM (log rank test, P = 0.0282).
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7. CONCLUSOES GERAIS

- Nossos resultados indicam que contagem de MAT nas neoplasias mamarias em
cadelas estd relacionada a progressio neoplasica, invasividade e potencial
metastatico, e consequentemente com a sobrevida dos pacientes.

- Em geral, a maior densidade de MAT esta relacionada ao tamanho das neoplasias,
metastase nodal, estadio clinico e invasdo vascular.

- Observamos diferenga entre a densidade de MAT e o tipo histologico das
neoplasias mamadrias, com maiores contagens obsevadas nos carcinomas em
tumores mistos e carcinomas solidos.

- Observamos associacdo entre altas contagens totais com um perfil carcinomatoso
invasor, fato ndo observado para um perfil ndo-invasor/in situ.

- Quando avaliamos a contagem de MAT de acordo com a localizagao histologica
no tumor, maiores densidades de macrofagos se mostraram associadas com estadio
clinico e invasdo vascular, apresentando também associagdo com tamanho quando
avaliadas MATt e com a ocorréncia de metastase nodal quando presente no
estroma e na contagem total.

- Os MAT também se mostraram associados com o histotipos e as taxas de
proliferacdo celular e densidade microvascular nos tumores, tendo tais contagens
relacdo com um pior progndstico a analise da sobrevida dos animais.

- Observamos maior expressao de CD206 nos tumores com altas contagens de MAT
e nos tumores benignos, com menores contagens de MAT, observamos maior
imunoexpressao de NOS2, indicando possiveis diferengas nos fenotipos M1 ¢ M2
entre tumores benignos e malignos.

- Nas avaliacbes em tripla marcacdo, observamos um padrao misto M1/M2,
evidenciando 4reas transitorias de polarizacdo dos macréfagos nos fendtipos M1 e

M2.
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8. CONSIDERACOES FINAIS

As pesquisas atuais cada vez mais evidenciam a importancia da resposta imunitaria no
desenvolvimento de neoplasias, com é&nfase principalmente no recrutamento de
mondcitos para o sitio neoplasico. As células neopldsicas podem ser revertidas para um
estado diferenciado quando incorporadas a um microambiente diferenciado. Observamos
que o microambiente ¢ em grande parte, responsavel pelas caracteristicas malignas de
uma neoplasia. Assim, para que os tumores evoluam e se tornem malignos, eles devem
manipular seu microambiente de forma a favorecer sua progressio. E dentre essas
mudancas, o recrutamento de células derivadas da medula 6ssea - em especial os

macrdfagos - sdo decisivas para que ocorram essas alteragdes.

Os resultados obtidos neste trabalham sinalizam a importante correlacdo entre a presenga
de macrofagos associados ao tumor e a progressdao tumoral. Nossos resultados
confirmaram que a contagem de MAT nas neoplasias mamarias em cadelas, assim como
no cancer de mama da mulher e estudos experimentais, estd relacionada a progressao
neopldsica, invasividade e potencial metastatico, e consequentemente com a sobrevida
dos pacientes. Esses resultados abrem precedentes para que novas pesquisas nessa linha
possam ser realizados no intuito de entender melhor o papel dos MAT no microambiente
das neoplasias mamarias das cadelas, com perspectivas para novas estratégias

terapéuticas especificas.

Nossos resultados enfatizam a importancia de introduzir nos resultados de exames
histopatolégicos a caracterizacao e distribuicao do infiltrado inflamatério, e futuramente,
espera-se que esta informacdo seja um parametro complementar no estabelecimento do

comportamento bilégico do tumor e prognostico.

Nesse contexto, novas propostas de estudo podem ser estabelecidas com o objetivo de
avaliar a presenca destes macrdfagos nos sitios metastaticos e o perfil de citocinas

secretados por essas células.
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10.ANEXOS

Anexo 1 - Estadiamento clinico (TNM) dos carcinomas mamarios da cadela

Tumor Primario (T)
TO Tumor nao detectavel

T1 Tumor < 3 cm
a: nio fixo

b: fixo a Pele

¢ : fixo ao Musculo

T2 Tumor de 3 —5 cm
a : nao fixo

b : fixo a Pele

¢ : fixo ao Musculo

T3 Tumor > 5 cm
a : ndo fixo

b : fixo a Pele

¢ : fixo ao musculo

T4 Tumor de
(Carcinoma inflamatorio)

Taman

Linfonodos Regionais (N)

NO Sem evidéncia de linfonodo
(axilares ou inguinais)

N1 Linfonodo Ipslateral envolvido
a : ndo fixo

b : fixo

N2 Linfonodos bilaterais envolvidos
a : ndo fixo

b : fixo

Metastases a Distancia (M)

MO Sem evidéncia de metastase distante

M1  Metéastase  distante
linfonodos nao-regionais

Agrupamento por estadios

Estadiamento da OMS modificado para tumores mamarios da cadela

Estadiamen T N M
Estaz(ciio I T1 NO MO
Estadio 11 T2 NO MO
Estadio 111 T3 NO MO
Estadio IV T1; T2; N1 MO
Estadio V TITEFZ; NO ; M1

T3 N1

T- Tamanho do tumor primario; N — Linfonodo; M — Metéstase
(FONTE: CAVALCANTI e CASSALI, 2006, modificado de OWEN, 19
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Anexo 2 - Critérios utilizados na graduacdo de tumores mamarios de cadela conforme o

grau de malignidade.

Caracteristicas Pontuacao

Formacio tubular

75% do tumor 1
10 a 75% do tumor 2
< 10% do tumor 3
Pleomorfismo
nuclear

Tamanho nuclear
semelhante 4 célula normal (2 a 3 x

o tamanho da 1
hemacia)
2
Moderado aumento e
variabilidade Grande 3
variagao

Indice mitético

0 a 8 mitoses 1
9 a 16 mitoses 2
17 ou mais
mitoses 3

Alocacio do grau tumoral

Total de escore Grau de malignidade
3-5 I
6-7 I
8-9

(FONTE: CASSALI et al., 2011a, modificado de ELSTON e ELLIS, 1998)



Anexo 3- Certificado CEUA

UMIVERSIDADE FEDERAL DE MINMAS GERAIS

CEUA

COMISSAD DE ETICA NO USO DE AMIMAIS

CERTIFICADOD

Certificamos que o Protocolo n2. B1 / 2013, relativo ao projeto intitulzdo “Estudo das subpopulactes M1 e M2 de MATs & da
expressao de CCR2 nos carcinomas mamarios de cadelas ¥, que tem como responsavel Geovanni Dantas Cassali, esta de
acordo com oz Principios Eticos da Experimentagdo animal, adotados pela Comiszio de Frice no Uso de Animais
[CEUASUFMG), tendo sido aprovado na reunido de 19/11/2013.

Este certificado espira-se em 19/11/2018.

CERTIFICATE

\We hereby certify that the Protocol n2. 1 / 2013, related to the Project entilted “Studies on M1 and M2 TAMs
subpopulations and CCA2 expression in canine mammary carcinomas”, under the supervision of Geovanni Dantas Cassali, is in
agreement with the Ethical Principles in Animal Experimentation, adopted by the Ethics Committee in Animal
Experimentation (CEUASUFME), and was approved in 18/11/2013.

This certificates expires in 19/11/2018.

FRAMCISMETE GRACIAME ARALLD MARTINS
Coprdenador(a) da CEUASUFME

Belo Horizonte, 19/11/2013.
Atenciosamente.

sisterna CEUA-UFMG

https://fwww ufmg. br/bicetica/cetea/ceua/

Universidade Federal de Minas Gerais
awvenids Antdnio Carlos, 6627 — Campus Fampulha
Unidade Administrativa Il — 22 Andar, Sala 2005
31270-201 — Bele Horizonte, MG — Brasil
Telefone: (31) 34595-4516 — Fax- (31) 3495-4502
wwnw ufmg. br/bioetica/cetes - cetea@prpa.ufmebr

79



80

APENDICES
APENDICE A- Atividades desenvolvidas no periodo do doutorado
EXPERIENCIA PROFISSIONAL

1. Professora do Curso de Especializagao em Citopatologia Veterinaria — Anclivepa/ Sao
Paulo: 2014.

2. Professora da Escola Superior Sdo Francisco de Assis (ESFA), Santa Tereza/ Espirito
Santo: 2017/01.

3. Responsavel Técnica: Consultoria Diagndstica em Patologia Veterinaria, Vitoria/
Espirito Santo: 2017 — atual.

4. Participacao no projeto de Extensdo Universitaria “Diagnostico cito e histopatologico
de biopsias caninas e felina” realizado no Instituto de Ciéncias Bioldgicas, sob

coordenagdo do professor Dr. Geovanni Dantas Cassali: 2013-2016.

TRABALHOS NAO RELACIONADOS A TESE
Resumos publicados em anais de eventos

CAMPOS, C.B.; DAMASCENO, K.A.; GAMBA, C.0.; MONTEIRO, L.N.;
LAVALLE, G.E.; CASSALI, G.D. Carcinoma cribriforme em estadiamento avancado na
glandula mamaria canina relato de caso. In: 3° Congresso Brasileiro de Patologia
Veterinaria/ENAPAVE, 2015, Belo Horizonte. Anais do 3° Congresso Brasileiro de
Patologia Veterinaria/ENAPAVE, 2015.

MELLO, E.M.; MONTEIRO, L.N.;CASSALI, G. D.; GUIMARAES, M. P. .
Avaliacdo anatomopatologica das lesdes gastricas em Crotalus durissus (Serpentes,
Viperidae) causadas pelo parasitismo por Ophidascaris arndti. In: 1l Congresso
Brasileiro de Patologia Veterinaria, 2015, Belo Horizonte. Anais do 1l Congresso de

Brasileiro de Patologia Veterinaria, 2015.

CASSALIL G. D.; MONTEIRO, L.N.; GAMBA, C. O. ; DAMASCENO, K. A. ;
CAMPOS, C. B. ; SALGADQO, B. S. . Cytologycal aspects of mammary papilla discharge

of canine micropapillary carcinoma: case report. In: I Simposio Internacional de


http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/5921185698230768

81

Oncologia, 2014, Botucatu. I Simpdsio Internacional de Oncologia Veterinaria, 2014.

SOUZA, C. M. ; GAMBA, C. O. ; MONTEIRO, L.N. ; NUNES, F. C. ; FERREIRA, E.
; CASSALI, G. D.. Melanoma com metaplasia condréide emum canino: relato de caso.
In: II Congresso Brasileiro de Patologia Veterinaria - XVI ENAPAVE/ VI Simpdsio
Brasileiro da CL Davis Foundation, 2013, Curitiba. II Congresso Brasileiro de Patologia

Veterinaria - XVI ENAPAVE VI Simposio Brasileiro da CL Davis Foundation, 2013.

GAMBA, C. O. ; MONTEIRO, L.N. ; NUNES, F. C. ; ARAUJO, M. R. ; FERREIRA, E.
; CASSALI, G. D. . Tumor de bainha de nervo periférico maligno do plano nasal em um
felino: relato de caso. In: II Congresso Brasileiro de Patologia Veterindria - XVI
ENAPAVE/ VI Simposio Brasileiro da CL Davis Foundation, 2013, Curitiba. II
Congresso Brasileiro de Patologia Veterinaria - XVI ENAPAVE VI Simposio Brasileiro
da CL Davis Foundation, 2013.

MONTEIRO, L.N.; ARAUJO, M. R.; REIS, D. C.; CAMPOS, C. B.; FERREIRA, E.
; CASSALI, G. D.. Teratoma maligno extragonadal em um cao. In: I Congresso
Brasileiro de Patologia Veterinaria - XVI ENAPAVE/ VI Simposio Brasileiro da CL
Davis Foundation, 2013, Curitiba. I Congresso Brasileiro de Patologia Veterindria - XVI

ENAPAVE VI Simposio Brasileiro da CL Davis Foundation, 2013.

NUNES, F. C. ; GAMBA, C. O. ; DAMASCENO, K. A. ; CAMPOS, C. B. ; HORTA, R.
S. ; ARAUJO, M. R. ; MONTEIRO, L.N.; LAVALLE, G. E. ; FERREIRA, E.
; CASSALI, G. D.. Analisis of Clinico-Pathological Data, Therapeutical Conduct and
Overall Survival of Canine Mammary Lesions Attended at the Veterinary Hospital of the
Federal University of Minas Gerais (UFMG). In: II Encontro de Patologia Mamaria
Diagnostico, Prognostico e Tratamento das Neoplasias Mamarias da Cadela, 2014, Belo
Horizonte. In: II Encontro de Patologia Mamaria Diagnostico, Prognostico e Tratamento
das Neoplasias Mamarias da Cadela, 2013, Belo Horizonte. Abstract - II Encontro de
Patologia Mamaria Diagnostico, Prognostico e Tratamento das Neoplasias Mamarias da

Cadela, 2013. v. 7. p. 122-126.

Artigos completos nio relacionados a tese

SALGADO, B. S.; MONTEIRO, L.N.; COLODEL, M. M. ; FIGUEIROA, F. C. ;
SOARES, L. M. ; NONOGAKI, SUELY ; ROCHA, RAFAEL M. ; ROCHA, N. S. .


http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/1509782177703337
http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/1059450881675911
http://lattes.cnpq.br/1509782177703337

82

Clinical, cytologic, and histologic features of a mammary micropapillary carcinoma in a

dog. Veterinary Clinical Pathology, v. 42, p. 382-385, 2013.

CASSALI G.D., LAVALLE, G.E., FERREIRA, E., ESTRELA-LIMA, A., NARDI,
A.B., FERNANDES, C.G., SOBRAL, R.A., AMORIM, R.L., OLIVEIRA,L.O.,
SUEIRO, F.A.R., BESERRA, H.E.O., BERTAGNOLLI, A.C., GAMBA, C.O.,
DAMASCENO, K.A., CAMPOS, C.B.,, ARAUJO, M.R., CAMPOS, L.C,
MONTEIRO, L.N., NUNES, F.C., HORTA, R.S., REIS, D.C., LUVIZZOTO, M.C.R.,
MAGALHAES, G.M., RAPOSO, J.B., FERREIRA, A.M.R.,, TANAKA, N.M,
GRANDI, F., UBUKATA, R., BATSCHINSKI, K., TERRA, E.M., SALVADOR,
R.C.L., JARK, P.C., DELECRODI, J.E.R., NASCIMENTO, N.A., SILVA, D.N,,
SILVA, L.P., FERREIRA, K.C.R.S., FREHSE, M.S., SANTIS, G.W., SILVA, E.O.,
GUIM, T.N., KERR, B., CINTRA, P.P., SILVA, F.B.F., LEITE, J.S., MELLO,
M.F.V., FERREIRA, M.L.G., FUKUMASU, H., SALGADO, B.S., TORRES, R.
Consensus for the Diagnosis, Prognosis and Treatment of Canine Mammary Tumors -

2013. Brazilian Journal of Veterinary Pathology, v.7, p.38 - 69, 2014.

SALGADO, B. S.;MONTEIRO, L.N.;CASSALI, G. D.;ROCHA, N.S.;
GARTNER, F. . Rare Histotypes of Canine Mammary Neoplasms. Source Journal of
Veterinary Science, v. 1, p. 1-6, 2014.

CASSALI G.D; MONTEIRO, L.N.; GAMBA, C. O.; DAMASCENO, K. A.; DE
CAMPOS, C. B.; SALGADO, B.S. Cytologic analysis of the mammarypapillar
discharge in a canine micropapillary carcinoma. Veterinary Clinical Pathology, v. 44, p.

n/a-n/a, 2015.

CAMPOS, C.B, LAVALLE, G.E, LIGORIO, S.F, MONTEIRO, L.N, AMORIM, R.L,
CASSALI G.D. Thalidomide Treatment in a Canine Mammary Gland Carcinosarcoma
Presenting Pulmonary Metastasis. Advances in Animal and Veterinary Sciences, V. 5,

p.120 -126, 2017.


http://lattes.cnpq.br/5921185698230768
http://lattes.cnpq.br/6077735918469284

