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RESUMO
Transigdo epithelial-mesenquimal (EMT) é a converséo de células epiteliais polarizadas
para células migratorias com fendtipo fibroblasto-simile. A EMT esta envolvida na
progressao e metastase em diversos canceres nos seres humanos, porém permanece a ser
mais bem explorada na literatura veterinaria. O objetivo desta pesquisa foi avaliar a
imunoexpressdo de proteinas relacionadas a EMT nos carcinomas mamarios de cadelas
(CMCs). Seis proteinas foram avaliadas por meio de imunoistoquimica em 94 amostras
de CMCs. Tecidos mamarios ndo neoplésicos de 17 cadelas e amostras de 9 tumores
mamarios benignos de cadelas foram avaliados de modo a determinar o perfil de
imunoexpressdo de Snai-1. Caracteristicas anatomopatologicas foram comparadas com
a imunoexpressao de proteinas relacionadas a EMT nos CMCs. A perda de proteinas
epiteliais e/ou a aquisicdo de proteinas mesenquimais foi observada principalmente em
neoplasias com evidéncia de invasdo estromal; entretanto, somente foi observada
significancia estatistica quando comparado S100A4 e invasdo vascular. Snai-1 foi
observado em células luminais de neoplasias simples malignas e em células
mioepiteliais de tumores benignos ou malignos de carater complexo, sendo também
significativamente relacionado a baixa de expressdo de Caderina-E. Conclui-se que a
perda de proteinas epiteliais e/ou a aquisi¢do de proteinas mesenquimais esta associada
com EMT e pode possuir importante papel na avaliagdo de CMCs. O padrdo Unico de
imunoexpressdo de Snai-1 pode ajudar a distingdo entre um adenoma e um carcinoma
ndo metastatico e aparenta estar relacionado a conversdo de células mioepiteliais a um
fendtipo mesenquimal completo. A perda de Caderina-E e citoqueratina e a mudancga no
padrdo de imunoexpressdo de Snai-1, Caderina-N, S100A4 e MMP-2 indica a
ocorréncia de EMT em carcinomas mamarios de cadelas e deve resultar na resseccdo

em bloco dos tumores e em seguimento clinico mais acurado.
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ABSTRACT

Epithelial-mesenchymal transition (EMT) is defined as switching of polarized epithelial
cells to a migratory fibroblastoid phenotype. EMT is known to be involved in the
progression and metastasis of various cancers in humans, but this specific process is still
little explored in the veterinary literature. The aim of this research was to evaluate the
expression of EMT-related proteins in canine mammary carcinomas (CMCs). The
expression of six EMT-related proteins in CMC of 94 female dogs was evaluated by
immunohistochemistry. Additionally, mammary tissues from 17 female dogs with no
history of mammary tumor development and from 9 bitches with benign tumors were
evaluated in order to determine Snai-1  immunoexpression  patterns.
Anatomopathological characteristics were compared with the expression of EMT-
related proteins in CMCs. Loss of epithelial protein and/or acquisition of the expression
of mesenchymal proteins were observed, particularly in tumors with evidence of
stromal invasion; however, significance was only observed between the S100A4 and
vascular invasion. Snai-1 was only expressed in luminal cells of histologically
malignant tumors and in myoepithelial cells of benign and malignant complex tumors
and was significantly related to E-cadherin loss. In conclusion, loss of epithelial
proteins and/or the acquisition of mesenchymal proteins are associated with EMT and
may have an important role in the evaluation of CMC patients. The unique
immunoexpression pattern of Snai-1 could help to distinguish between an adenoma and
a non-metastatic carcinoma and seems to be related to conversion of myoepithelial cells
to a complete mesenchymal-like phenotype. Loss of E-cadherin and cytokeratin and
change of immunoexpression pattern of Snai-1, N-cadherin, S100A4 and MMP-2
indicate the occurrence of EMT in canine mammary carcinomas and should result in an

en bloc resection or a close follow-up.
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1. NEOPLASIAS MAMARIAS DE CADELAS: PROGNOSTICO E
BIOMARCADORES RELACIONADOS A TRANSICAO EPITELIAL-
MESENQUIMAL

1.1. Neoplasias mamarias de cadelas
As neoplasias mamarias esporadicas das cadelas sdo as neoplasias que mais

frequentemente afetam as fémeas da espécie,*®

particularmente nos paises nos quais
0S animais nao sdo rotineiramente castrados quando jovens. A incidéncia exata destas
neoplasias é dificil de ser determinada, porém foi estimado em 105:100.000 pacientes, 0

que representa uma incidéncia cerca de trés vezes maior do que sua ocorréncia nas

mulheres.?

Os cdes possuem cinco pares de glandulas mamaria — torécicas craniais,
toréacicas caudais, abdominais craniais, abdominais caudais e inguinais — e a incidéncia
documentada da ocorréncia de mdltiplos tumores é de em até 60% dos casos.”? Apesar
da ocorréncia relativamente comum de multiplos tumores mamarios sincrénicos, as
informacdes sobre a inter-relagdo entre os tumores sdo escassas. Muitos relatos
demonstram que eles sdo neoplasias priméarias independentes uma das outras com
caracteristicas histolégicas diferentes, sendo recomendado que todos os tumores sejam

biopsiados de modo a determinar sua malignidade.?>®"*%°

As neoplasias mamarias caninas quase que exclusivamente afetam cadelas —

S : : 45,77,118 H

estas principalmente acima dos nove anos de idade — e acometem mais
frequentemente as glandulas mamarias inguinais. E descrito que cdes de ragas puras,
reconhecidamente os das categorias spaniel e pointer e a raca Daschund, aparentemente

sdo predispostos ao seu desenvolvimento.®18

Existe grande heterogeneidade histoldgica nestas neoplasias e, baseado em

critérios histologicos e bioldgicos, pode ser estimado que cerca de 40 a 50% dos casos
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cirurgicamente removidos sdo malignos.®®*® Diante deste panorama, este grupo de
doencas representa um problema de grande impacto na préatica veterinaria mundial e €
assunto preocupante tanto para oncologistas quanto patologistas veterinarios,
consequentemente refletindo na realizagdo de uma grande quantidade de estudos
relacionados a esta area de pesquisa cientifica. Ademais, as neoplasias mamarias
caninas tém atraido atencdo consideravel ao longo dos anos diante da possibilidade de
utiliza-las como modelos para neoplasias humanas como o proprio cancer de mama>** e
também as neoplasias de glandulas salivares,® devido & suas similaridades morfolégicas

e bioldgicas.

Apesar dos avancos cientificos, as neoplasias mamarias na cadela séo
detectadas tardiamente (j& na fase de manifestacdo clinica da lesdo), quando o
prognostico geralmente € pior e a instituicdo de um protocolo terapéutico adequado se
torna dificil®*®'%? Tal detecgdo pode ser feita por meio do exame clinico e de diferentes
métodos de diagnostico por imagem e laboratorial, dos quais o0 exame histopatolégico é

visto como uma das mais importantes ferramentas de avaliagdo.?2%1?

A biopsia excisional é recomendada como a abordagem diagnostica inicial
para cdes com neoplasias mamarias. Este procedimento fornece tecido para o
diagnostico histoldgico e pode constituir o tratamento de eleicdo para 0s pacientes com
neoplasias benignas. Cées com neoplasias malignas pequenas e bem diferenciados
também podem ser clinicamente curados pela biopsia excisional se as margens
cirurgicas permitirem a remoc¢do completa da neoplasia, porém animais com tumores de
tamanho maior do que 5 cm de didmetro, invasivos ou pouco diferenciados possuem

risco acentuando de desenvolver metéstases e morrer em consequéncia destas.?
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Aproximadamente 30% dos carcinomas causam metastases, geralmente por
via linfatica para linfonodos regionais e pulmdes, enquanto mais de 75% dos sarcomas
ddo origem a metastases, geralmente associadas & via hematdgena.*®*® Apesar disso,
variacdes consideraveis sdo observadas no comportamento bioldgico dos diferentes
tipos de neoplasias mamarias caninas e que nem sempre evidéncias histomorfoldgicas
de malignidade implicam em um curso clinico agressivo.'*® Dado este comportamento
complexo, existe a necessidade de determinacdo de indicadores que possam
potencializar o entendimento sobre o comportamento biolégico e determinar com
acuracia o prognostico dessas neoplasias, consequentemente permitindo a elaboracao de

procedimentos terapéuticos adequados.
1.1.1 Indicadores prognosticos

Para reduzir a mortalidade causada por neoplasias mamarias deseja-se que
todos os tumores, independente do progndstico, sejam examinados corretamente e bem
caracterizados, de modo a predizer com acuracia seu comportamento biol6gico. Para
planejar o tratamento adequado e para melhorar a resposta do paciente, diferentes
indicadores progndsticos devem ser determinados nas cadelas com neoplasias

mamarias.

O tamanho tumoral tem sido descrito como fator prognostico
independente.?**2**!, Tumores com tamanho menor do que 3 cm de didmetro estdo
associados com um progndstico significativamente melhor do que quando o tamanho
tumoral é maior do que 3 cm de didmetro. Dados sobre o tamanho tumoral sempre
devem estar disponiveis, ndo requerem testes diagnosticos adicionais e fornecem
informacdo progndstica que deve ser considerada na tomada de decisbes sobre o

tratamento, quando necessario.
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O estadiamento clinico utilizando o sistema preconizado pela Organizacao
Mundial da Satide (OMS) para avaliagio das neoplasias mamérias de cies® ou a versdo
modificada deste sistema'® fornece informagdes importantes sobre o progndstico dos
cdes com carcinomas mamarios. Assim como para outras neoplasias, cdes com
carcinomas mamarios possuem pior prognéstico com o avancar do estadio clinico.****
Cdes com metastases nodais (doenca em estadio 4) possuem sobrevida
significativamente menor do que aqueles pacientes em que metéstases nos linfonodos
ndo esta presente. Adicionalmente, cdes com metéstases a distancia (doenca em estadio

5) possuem prognostico pior do que cdes que apresentam auséncia de metastase nodal

ou gque somente apresentam metastases em linfonodos regionais.

O histotipo e o grau de diferenciacdo histologica também sdo tidos como
importantes fatores prognosticos. No geral, cdes com sarcomas mamarios possuem pior
progndstico do que aqueles com neoplasias de origem nas células luminais/epiteliais,
exceto para cdes com carcinomas inflamatorios.**’? Sarcomas mamarios primarios se
comportam como sarcomas de alto grau e sdo associados com metéstases precoces por
via hematogena e alta incidéncia de recorréncia local. De acordo com a classificacdo
histologica preconizada pela OMS, o comportamento bioldgico da neoplasia
corresponde ao grau de diferenciacdo histologica, havendo comportamento mais
agressivo a partir de carcinomas ndo invasores (carcinoma in situ) até carcinomas
complexos, passando por carcinomas simples tubulopapilares, solidos, até carcinomas

anaplasicos.”’

Essa mesma classificacdo ndo subclassifica os carcinomas mamarios caninos
em carcinomas ductais, que tém origem nos ductos inter ou intratubulares, e carcinomas
alveolares, que se desenvolvem a partir do epitélio alveolar. Um estudo na morbidade e

mortalidade associada a neoplasias mamarias em cées da raca Beagle utilizando um
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sistema de classificagdo de um Laboratdrio de Saude Radioldgica Colaborativa (CRHL)
modificado observou, entretanto, que os carcinomas ductais respondiam pela maioria
das neoplasias que resultavam em morte nos cdes com tumores mamarios apesar de
representarem somente 19% de todos os carcinomas.” Em adicdo a classificacdo
histolégica e diferenciacdo das neoplasias, existem outras caracteristicas
anatomopatologicas que podem estar associadas com um prognaostico reservado a ruim,

|53

como infiltracdo estromal®®, auséncia de resposta inflamatéria,”® taxa de regides

11,69 37,54,112

organizadoras nucleolares argirofilicas (AgNOR), microdensidade vascular e

um grau histolégico maior, 24462119141

Para o cancer da mama da mulher, a determinacéo do prognostico clinico tem
progredido com o advento de técnicas como 0s microarranjos de cDNA para analise de
expressao génica. Subtipos do cancer de mama humano foram determinados por meio
desta técnica de acordo com grupos de perfis de expressdao génica, cada qual com
comportamento clinico diferente.®* Esses grupos incluem subtipos que expressam
receptor de estrogeno (RE), a dizer luminal A (geralmente de baixo grau de
agressividade) e luminal B (geralmente de alto grau de agressividade), assim como
subtipos que geralmente ndo expressam RE, a dizer o grupo basal-simile (basal-like) e o
grupo com superexpressao do gene ERBB2 ou da proteina gerada a partir deste — o
receptor de fator de crescimento epidérmico 2 (HER-2).*® Tanto os carcinomas
mamarios basal-simile quanto os superexpressos para ERBB2 possuem prognostico
ruim, enquanto o subtipo luminal A possui prognostico bom e luminal B possui um

prognostico reservado.

Apesar da analise génica em microarranjos provavelmente ndo se tornar uma
ferramenta diagndstica de rotina para um paciente individual, os subtipos determinados

inicialmente por este método podem ser identificados precisamente por um painel de
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coloracdo imunoistoquimica. Utilizando um painel de cinco marcadores
imunoistoquimicos (RE, HER-2, citoqueratina 5, p63 e Caderina-P), Gama e
colaboradores,?” baseando-se nos estudos de Nielsen e colaboradores,” identificaram
nos carcinomas mamarios caninos 0s quatro subtipos subgrupos supracitados.
Entrentato, apesar da similaridade e do reconhecimento da expressdo aumentada de

31,113,124 0

ERBB2 como um fator prognéstico negativo no cancer de mama da mulher,
significado de sua superexpressdo nos carcinomas mamarios caninos ainda ndo esta
claro. Alguns estudos demonstraram que tanto a superexpressdo do mRNA (avaliada
por meio da hibridizacdo do RNA total polissomal) ou a superexpressdo protéica de
HER-2 (avaliado por meio de imunoistoquimica) estdo presentes nos carcinomas

LI917.121 “anguanto um estudo ndo detectou amplificacdo génica®

mamarios caninos,
utilizando a técnica de hibridizagdo in situ cromogénica, apesar de caracterizar

superexpressao protéica em tais neoplasias por meio da imunoistoquimica.

O desenvolvimento da maioria dos carcinomas mamarios € estrégeno-
dependente e a maioria dos carcinomas mamarios caninos expressam receptores de
estrogeno.>*"% Existe uma relacéo inversa entre a expressio de RE e a diferenciacdo
histoldgica, sendo que as neoplasias benignas e bem diferenciadas tendem a apresentar
imunorreatividade positiva para RE, enquanto neoplasias pouco diferenciadas ou
indiferenciadas tendem a serem imunoistoquimicamente negativas para RE.®*"% A
associacdo entre o grau histolégico e a expressdo de RE é ressaltada, ainda, pelo fato de
haver uma correlacdo inversa entre a expressdo de RE e as taxas de proliferacéo celular
mensuradas utilizando antigeno nuclear de células em proliferacdo (PCNA) e anélise do
Ki-67. Este fato é importante uma vez que neoplasias com altos indices de proliferacdo
20,95

possuem um comportamento clinico mais agressivo e risco aumentado de metastase.

A expressdo de RE também esté associada com o estado hormonal das cadelas. Fémeas
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caninas jovens ndo castradas tendem a possuir mais chance de apresentar neoplasias

positivas para RE do que fémeas ovariohisterectomizadas com idade avancada.”

Alteracbes moleculares que incluem a superexpressdao de ERBB2 tém sido
associadas com um fen6tipo de maior agressividade e pior prognéstico em mulheres
com cancer de mama. A superexpressdao de ERBB2 foi associada com maior resisténcia
a terapia hormonal, menor tempo de recorréncia e menor taxa de sobrevida em mulheres
com cancer de mama. As neoplasias mamarias de cadelas superexpressas para HER-2
geralmente estdo associadas com indicadores bem estabelecidos de progndstico ruim,
como maior tamanho tumoral, grau histologico elevado, invasdo e altas taxas
proliferativas.’”®! Porém, analises de sobrevida utilizando o método de Kaplan-Meier
demonstraram que este subtipo estd relacionado com comportamento clinico
favoravel.”® Consequentemente, novos estudos ainda sdo necessarios para melhor

avaliar o papel progndstico de ERBB2 nos carcinomas mamarios das cadelas.
1.1.2 Potenciais novos biomarcadores

Ao longo dos anos, patologistas veterinarios utilizaram a graduacdo
histolégica para determinar o prognéstico e aplicaram sistemas de classificacdo
adaptados a partir de classificacdes para seres humanos com sucesso.’* A
disponibilidade crescente de anticorpos para a realizacdo de estudos imunoistoquimicos,
entretanto, permitiu que critérios adicionais fossem avaliados. Como extensdo dos

sistemas de graduacéo, marcadores de proliferacdo como Ki-67 e PCNA também foram

20,107,119 15,95

avaliados, assim como a expresséo de receptores de hormdnios esteroidais.

Uma vez que mudancas genéticas podem estar associadas com diversos tipos
de cancer, a expressdo de diversos genes e as proteinas originadas a partir destes tém

sido determinada nos diferentes histotipos de neoplasias mamarias de modo a detectar
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associagfes com o aumento na agressividade e, consequentemente, na determinagéo de
um pior prognastico. Entre os alvos estudados nas neoplasias mamarias caninas até o
momento, destacam-se as protefnas p53,2%"® HER-2,! c-yes,”’ BRCA-1,”" TopBP1,*

COX-2,% Caderina-E (Caderina epitelial) e Catenina-p.23

Apesar do conhecimento sobre a doenca ter aumentando na ultima década, o
prognostico para pacientes com neoplasias mamarias em estadio avancado é ruim e a
doenca localmente avancada e metastases disseminadas estdo associadas com altas taxas
de mortalidade. Espera-se que a utilizagdo da imunoistoquimica para marcadores
prognosticos seja eventualmente adotada como procedimento de rotina para neoplasias
mamarias de cadelas assim como o € para o0 cancer de mama na mulher, de modo a
fornecer um diagnostico mais preciso e informativo que acabe por ajudar o oncologista

clinico a escolher o melhor tratamento para cada paciente.

Diante do exposto, os mecanismos envolvendo a progressao das neoplasias
mamarias caninas — que, apesar de sua relevancia, ainda permanecem a serem mais bem
esclarecidos — tém sido vistos como alvos de estudo com fins progndsticos. A conversdo
das células epiteliais em células com um fenotipo fibroblastoide, referida como
transicdo epitelial-mesenquimal (EMT), € um dos processos de destaque dentre deste
contexto. Este processo envolve a perda ou redistribuicdo de juncdes intercelulares de
aderéncia e oclusédo, além da expressdo de genes associados ao fenotipo mesenquimal
que conferem a célula a habilidade de se movimentar e infiltrar-se através da membrana
basal. Ademais, a EMT esta associada com pouca diferenciacdo histoldgica dos
canceres, invasividade local e metastatizagdo.*>** Consequentemente, a possibilidade
de se utilizar moléculas associadas a EMT como biomarcadores na determinagdo do
prognostico nos diferentes canceres, incluindo as neoplasias mamarias caninas, se vé

extremamente interessante.
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1.2 Transicao epitelial-mesenquimal

A transicdo epitelial-mesenquimal é um processo bioldgico que permite que
células epiteliais (que normalmente interagem com a membrana basal via superficie
basal) passem por mdltiplas mudancas que as habilitam a assumir um fendétipo de
células mesenquimais, que inclui capacidade migratéria aumentada, potencial de
invasividade, resisténcia elevada contra a apoptose e producdo potencializada de

componentes da matriz extracelular.™

Células epiteliais sdo por si polarizadas, possuindo superficies apical e basal
visualmente diferentes. Elas se aderem a diferentes substratos ou possuem diferentes
fungdes. Por sua vez, as ceélulas mesenquimais muitas vezes ndo exibem estrutura
regimentada nem adesdes intercelulares e ndo sdo uniformes no que diz respeito a
composicdo ou densidade.” AdesBes entre células mesenquimais sdo mais fracas que

em sua contraparte epitelial, permitindo uma maior capacidade migratoria.

Diversos mecanismos moleculares distintos estdo envolvidos no
desencadeamento da EMT e sua consequente habilitagdo. Estes incluem a ativacdo de
fatores de transcricdo, expressdo de proteinas especificas de superficie celular,
reorganizacdo e expressao de proteinas do citoesqueleto e producdo de enzimas que
degradam a matriz extracelular. Em varios casos, os fatores envolvidos sdo utilizados
como biomarcadores para demonstrar a modificacdo de uma célula em EMT. A EMT ¢é

1,49 assim como no

essencial durante a gastrulagcdo e na formagdo da crista neura
processo de reparo de feridas.”®*® Este fendmeno é descrito como essencial na
progressdo de diversos canceres dos seres humanos, como 0s canceres de prostata,

hepatico, gastrico, pancreatico e colorretal, nos quais a EMT pode estar associada a

pouca diferenciaco histolégica, invasividade local e metastases distantes.'*®
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A EMT foi pela primeira vez descrita no pioneiro trabalho de Hay em 1995,
que utilizou um modelo de formacdo da crista primitiva em galinhas para descrever o
fendmeno entdo denominado “transformacdo epitelial-mesenquimal”. Com o tempo, o
termo transformacdo foi substituido por transicdo, refletindo a reversibilidade do
processo e o fato de que o processo se diferencia da transformagéo neoplasica.”® Tal
reversibilidade se revela pela ocorréncia do processo inverso denominado transicao
mesenquimal-epitelial (MET), que envolve a conversdo das células mesenquimais em

derivados epiteliais.
1.2.1 EMT no cancer

A EMT possui papel essencial na embriogénese e homeostase. Entretanto, se
a EMT estiver desregulada pode também levar a alteracbes que contribuem para a
fibrose e a metastase de células cancerosas. A ocorréncia de EMT durante a progressdo
neoplasica permite que células malignas adquiram a capacidade de infiltrar o tecido

adjacente e se disseminar por processo metastatico para sitios distantes.®

O conceito de carcinogénese em mdltiplas etapas em favor de a progressao
neoplésica ser um acumulo passo a passo de alteracfes genéticas tem sido observado em
diversos canceres. Diversos tipos de lesdes pré-malignas sdo induzidos por alteracdes
genéticas que oferecem uma vantagem para a proliferacdo das células e permitem sua
expansdo monoclonal ou policlonal. O acumulo de alteragcBes genéticas futuras em
proto-oncogenes, genes supressores tumorais e genes de reparo do DNA acabam por
levar as células pré-malignas a transformarem-se em células malignas, dando o ponto de

partida para a formacao de um tumor primério.**

A caracteristica principal da malignidade no cancer é a capacidade de células

de uma neoplasia priméaria se disseminarem para locais onde originalmente seriam
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incapazes de invadir. No curso da doenca, 0 microambiente neoplésico se torna
acentuadamente heterogéneo, uma vez que células da neoplasia primaria acumulam
alteracdes genéticas de maneira independente e interagem com seu microambiente local
particular.*® Como resultado, um pequeno nimero de células presentes em &reas
localizadas de um carcinoma pode transgredir regras de seu comportamento normal,
desligar-se de células vizinhas, migrar e invadir localmente o tecido circundante. O
acesso posterior a circulacdo sanguinea ou a vasos linfaticos permite sua disseminacéo

pelo organismo e finalmente seu reestabelecimento em sitios distantes.

Uma vez que a progressdo neoplasica estd associada com a perda de
caracteristicas epiteliais, o fenotipo de célula com mobilidade acentuada, degradacéo da
matriz extracelular e a habilidade de sobrevivéncia fora do epitélio em um
microambiente tecidual relativamente pouco estruturado e variavel, 0s processos
celulares normais envolvidos na EMT durante o desenvolvimento e nas colonias de
células-tronco embrionéarias aparenta possuir papel de destaque na conversdo de células
neoplasicas benignas para células malignas com potencial invasor. De maneira
interessante, tais mudancas no fendtipo celular que acompanham a progressao
neoplasica estdo frequentemente associadas com eventos moleculares semelhantes

aqueles descritos durante o desenvolvimento embrionario.*****

Diversas vias de sinalizacdo intracelulares envolvidas na progresséo
neoplasica aparentam convergir na baixa de expressao e/ou da atividade de Caderina-
E.%057104106 piante do exposto, é capaz de se pensar que a habilidade das células
neoplasicas em sofrer uma mudanca complexa no seu comportamento de células
epiteliais ao estado mesenquimal pode se basear nas caracteristicas de células-tronco

embrionarias, que utilizam os processos moleculares que governam a EMT durante o
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desenvolvimento embrionario normal e durante a diferenciacdo da progénie das células-

tronco embrionarias.*®
1.2.2 Proteinas relacionadas a EMT

Converter células epiteliais em mesenquimais requer alteracdes na forma,
arquitetura, adesdo e capacidade de migracdo celular, processos estes relacionados a
alteragdo na producdo de diferentes proteinas na célula. Moléculas comumente
utilizadas como marcadores para EMT incluem a expressdo aumentada de Caderina-N
(Caderina neural) e vimentina, localizag&o nuclear de p-catenina e produgdo aumentada
de fatores de transcricdo como Snai-1 (Snail), Snai-2 (Slug), Twist, EF1/ZEB1,
SIP1/SEB2 e/ou E47 que inibem a producdo de Caderina-E ou regulam sua represso.*
A molécula de adesdo celular Caderina-E, membro da cléssica familia das caderinas, foi
determinada como importante para a EMT,****° de modo que nos casos onde ocorre
perda de expressao de Caderina-E considera-se que a EMT ja teve inicio. Nas cadelas, a
Caderina-E é uma molécula reconhecidamente importante para avaliar o perfil

progndstico dos carcinomas, particularmente naqueles originados no tecido mamario.*?°

As metaloproteinases de matriz (MMP) — particularmente a MMP-2 —
associam-se a tal processo ao capacitar as células neoplésicas, bem como células
estromais do microambiente neoplasico, a modificar 0 meio circundante com
consequente aumento da capacidade de se mover no mesmo.**!? Por sua vez, S100A4
— uma proteina da familia S-100 — determina a laténcia da dispersdo neoplasica e sua
expressdo é tida como um ponto inicial chave para a ocorréncia de metéastase,™*’
inclusive nos carcinomas mamarios. Marcadores imunofenotipicos para uma EMT

incluem ainda a capacidade de migracdo e invasdo tridimensional, assim como a
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resisténcia contra a apoptose e anoiquise, o Ultimo um processo apoptotico iniciado pela

perda de contato intercelular e entre células e matriz extracelular.
1.2.2.1 Superfamilia das Caderinas

As caderinas sdo proteinas que pertecem a familia de moléculas de adesdo
celular e sdo expressas em diversos tecidos. Elas medeiam a adesdo célula-célula ao
interagir entre si e com outras moléculas utilizando seus dominios extracelulares. Trés
moléculas desta superfamilia possuem destaque, a dizer a Caderina-E, Caderina-N e

Caderina-P (caderina placentéria).

A Caderina-E é uma glicoproteina transmembranica supressora tumoral
essencial na adesdo intercelular de células epiteliais.* Ela é uma proteina indispensavel
durante o desenvolvimento do organismo ao direcionar a transicdo epitelial-

mesenquimal®®

durante a gastrulacdo e a organogénese quando células epiteliais sdo
convertidas em células mesenquimais. A perda ou supressdo de Caderina-E € um evento
critico na perda do fenétipo epitelial e comeco da invasdo, existindo evidéncias de que

defeitos na Caderina-E levam ao desenvolvimento e progressdo do cancer.*

A maioria dos defeitos na expressdo Caderina-E tem sido associada com
alteracdes epigenéticas como silenciamento transcricional ou metilacdo. Repressao por
hipermetilagdo de regides promotoras,®® repressdo transcricional® e mutaces estéo
implicadas na progressdo neoplésica mediada por Caderina-E. Snail® e outros fatores
como p300 e AML-1 também foram documentados como reguladores da expressédo de

Caderina-E.”

Uma vez que Caderina-E esta ligada a manutencdo da proximidade entre
células epiteliais, sua expressdo reduzida favorece a disseminacao celular; entretanto, a

retomada de sua expressdo é um passo importante na readesdo de células metastaticas
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no sitio alvo durante a MET. Estudos utilizando as linhagens celulares de cancer de
mama humano MCF-7,%1% MCF-750:,'"® MDA-MB-134,'® MDA-MB-157,'%
MDA-MB-175-7,"® MDA-MB-231,'%® MDA-MB-361,"® MDA-MB-435,%%41% MDA.-
MB-436,'® MDA-MB-453,%* SKBr3,** BT-20,** BT-474,'® BT-483'% BT-
549,49 Hs578t,* CAMA-1,'% T-47D,'® e ZR-75-B'®® demostraram que a perda de
Caderina-E estd associada com propriedades invasivas, assim como 0 aumento na
expressao de caderina-N estd associada com invasividade, motilidade e metastase. A
expressao forcada de Caderina-E em tais linhagens celulares falhou em corrigir seu

fendtipo invasivo, revelando consequentemente um papel dominante da Caderina-N.

Os efeitos da Caderina-N estdo ligados com sua associacdo ao receptor de
fator de crescimento fibroblastico 1 (FGFR-1), que é estabilizado pelo primeiro e
culmina na sensibilizacdo das células do cancer de mama para estimular o fator de
crescimento fibroblastico 2 (FGF-2) — que resulta na ativacdo sustentada da via de
sinalizacdo intracelular da quinase protéica ativada por mitégeno (MAPK) e na
expressdo aumentada de MMP-9.'* A caderina-N também facilita a invasdo e a
metastase por meio da intervencdo na afinidade de células neoplésicas pelo estroma e

por células endoteliais.*****?°

Em cées, esta proteina foi demonstrada como
superexpressa em meningiomas com caracteristicas invasivas em associacdo com a

expressdo nuclear de catenina-R e com a perda de expressdo da Caderina-E.>?

Os estudos supracitados fornecem um painel geral das potenciais
consequéncias de uma mudanca de expressdo de Caderina-E por Caderina-N, porém a
incidéncia e as consequéncias patoldgicas desta troca no cancer de mama, tanto da

mulher quando da cadela, ainda devem ser melhor determinadas.

1.2.2.2 Cateninas
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As cateninas sdo proteinas que interagem com caderinas, especialmente a
Caderina-E, compreendendo uma familia onde catenina-a, catenina-f e catenina-y
(placoglobina) sdo as moléculas de maior destaque. Os complexos caderina-catenina
possuem importante papel na morfogénese e na arquitetura tecidual em embrides e na
progressdo neoplasica. Estes complexos influenciam o mecanismo de disseminacao

142

metastatica e a invasdo por um processo de perda de adesdo celular.”™ Apesar de ja ter

sido previamente avaliado,'®*'**

0 papel das caderinas e caterinas nas neoplasias
mamarias caninas ainda necessita de maior esclarecimento. Foi demonstrado que a
expressao reduzida de Caderina-E/catenina-p influencia na invasdo nas neoplasias

mamarias caninas, porém a mesma ndo interferiria na proliferacdo das celulas

neoplasicas ou na sobrevida dos animais.™
1.2.2.3 Superfamilia Snail

A superfamilia Snail é dividida nas familias Snail e Scratch, sendo trés
membros da familia Snail descritos em vertebrados até o presente momento: Snai-1
(Snail), Snai-2 (Slug) e Snai-3.> Membros da familia Snail sdo fatores de transcric&o do
tipo “dedo de zinco” que partilham de uma organizacdo comum que se baseia em uma
regido carboxi-terminal altamente conservada, contendo de quatro a seis dedos de zinco
(tipo CyH), além de uma regido amino-terminal divergente. Os dedos de zinco
funcionam como a sequéncia especifica de ligacdo aos dominios de DNA que
reconhecem elementos C/A (CAGGTG) do tipo caixa-E2.%® Até o presente momento, a

caracterizacdo desta superfamilia ndo foi realizada nos caes.

Snai-1 é expresso durante a formacdo do mesoderma, gastrulacdo e
desenvolvimento da crista neural, assim como na maioria dos processos onde a EMT ¢é

necessaria.®®*** A expressdo de Snai-2 se da nas células do mesoderma e nas células
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migratorias da crista neural, assim como em outros tecidos nem sempre associados com
a EMT.? Essas protefnas contribuem para uma série de eventos coordenados que levam
a formacdo do mesoderma nos animais, sendo que sua expressao pode ser ativada por
diferentes cascatas de sinalizacdo incluindo a via de sinalizacdo intracelular dos

receptores tirosina quinase (RTK), que comumente esta desregulada nos canceres.

As proteinas da superfamilia Snail ddo inicio também a um programa transcricional que
modula varios genes envolvidos na diferenciacdo celular, levando a uma baixa na
regulacao de caracteristicas epiteliais e a0 aumento na expressdo de genes associados ao
fenotipo mesenquimal. Ao se ligarem aos elementos do tipo caixa-E na regido
promotora da Caderina-E, essas proteinas levam a repressdo transcricional do gene
CDHL1 e resultam na perda da expressdo de Caderina-E e consequente quebra das
ligagOes epiteliais intercelulares, fato este considerado como uma das caracteristicas

principais da EMT.®
1.2.2.4 Twist

Twist é um fator de transcricdo basico hélice-alga-hélice (bHLH) essencial
na morfogénese embrionéria Pertence a superfamilia de proteinas HLH que estdo
envolvidas em diversos processos regulatérios no organismo.> As proteinas bHLH se
dimerizam com outros membros da familia, ligam-se a pequenas sequéncias
conservadas nas caixas-E™ nas regides promotoras e genes alvo de regulacido da

transcricao.

Twist normalmente é expresso por um grupo de células mesodérmicas'*® e

também possui influéncia na diferenciacdo de diversas linhagens celulares culminando

5

na miogénese,®® osteogénese” e neurogénese.’*® Apesar de seu papel no
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desenvolvimento normal, Twist pode estar superexpresso em diversos tipos de cancer,

como o cancer de mama,®® prostético™ e do trato digestorio.**
1.2.2.5 Familia S-100

A familia S-100 compreende mais de 20 proteinas cujas sequéncias
possuem ao menos um motivo ligante de Ca*".®*'?> A expressio de membros
individuais desta familia ndo é permanente para a maioria dos tecidos e aparenta ser um
elemento de expresséo tecido-especifica. Dentre os membros desta familia, destaca-se
S100A4, que é uma proteina com possivel papel em varios eventos diferentes da
progressdo neoplasica, incluindo aumento da motilidade, invasividade e resisténcia

contra a apoptose.> "%

Niveis elevados de S100A4 detectados imunocitoquimicamente estdo
associados com porcBes carcinomatosas mais agressivas em neoplasias primarias do
figado e em metéstases hepaticas.*! Um aumento na expressdo de S100A4 também esta
associada com um pior prognéstico em pacientes com diversos tipos de cancer,

4
12

incluindo cancer colorretal,* de vesicula biliar,®* de vesicula urinéria,'” esofagico,” de

103,116

mama e cancer de pulmo.®® Até o presente momento, estudos avaliando o papel

de Twist nos canceres de cdes nao foi documentado.
1.2.2.6 Proteinas do citoesqueleto — Citoqueratinas e vimentina

As citogueratina e a vimentina sdo proteinas estruturais classificadas como
filamentos intermediarios celulares, cruciais na manutencao da arquitetura das células e
diferencialmente expressas em tipos celulares de maneira linhagem-dependente.
Existem aproximadamente 50 tipos diferentes de filamentos intermediarios que sdo
categorizados em seis subtipos.® As citoqueratinas compreendem o principal grupo de

filamentos intermediarios expressos em células de origem epitelial, enquanto a
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vimentina é a principal molécula expressa em células de tecidos mesenquimais, apesar
de sua expressao ser disseminada durante a embriogénese. Entretanto, quando células
neoplasicas sofrem EMT, a expressdo de citoqueratinas especificas pode ser diminuida
ou cessada, com a vimentina se tornando o principal filamento intermediario expresso

nas células.

Foi sugerido que a vimentina pode ser um potencial biomarcador
diagnostico da progressdo neoplésica em células epiteliais com potencial metastético® e
sua superexpressdo protéica foi recentemente documentada em carcinomas caninos.***
Adicionalmente, apesar da expressdo de vimentina ser um biomarcador Util da EMT, foi
também sugerido que a vimentina contribui para as propriedades bioldgicas alteradas
das celulas neoplasicas. Tais propriedades culminam, principalmente, no aumento da
motilidade celular e no consequente aumento da capacidade de migracdo, fatos esses
que capacitam as células no processo de invasdo e metastizacdo na progressao

neoplésica.
1.2.2.7 Metaloproteinases de matriz

As metaloproteinases de matriz sdo endopeptidases que possuem papel
crucial em diversos processos fisiolégicos como o remodelamento tecidual, a

! a regulagdo do processo inflamatério’® e em doencas como o

organogénese,™®
cancer.”’  Tradicionalmente, as MMPs tém sido consideradas como fatores
antifibrogénicos devido a sua atividade proteolitica que culmina na degradacdo da
membrana basal e da matriz extracelular com consequente capacitagcdo para mobilidade

no intersticio. No cancer, as MMPs contribuem principalmente para 0s processos de

invasdo e metastase, uma vez que permitem a mobilidade das células no intersticio.
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No contexto da inflamacdo e progressdo neoplésica, algumas MMPs
encontram-se reguladas positivamente e podem servir para romper contatos célula-
célula através da quebra das interagdes de Caderina-E, como a MMP-3 que é capaz de
participar na EMT nas células por ocasionar a perda de Caderina-E e culminar no

78,127

deslocamento de Catenina-f para o nUcleo das células — um evento importante da

EMT que leva a ativagédo da via de sinalizacdo intracelular Wnt.

O modo de acao das MMPs engloba desde a atuacdo como proteinases que
simplesmente degradam a matriz extracelular até a acdo como moduladores especificos
da angiogénese e da resposta inflamatoria. Entretanto, talvez o papel de maior destaque
das MMPs seja sua funcéo regulatoria no microambiente neoplasico. As MMPs afetam
a funcéo dos adipocitos, a qual acaba por ter grande importancia em neoplasias ricas em
adipécitos como as neoplasias mamarias. Elas também regulam o curso da reacgéo
inflamat6ria em diversas fases e facilitam o recrutamento de células inflamatdrias ao
alteraram a funcdo de quimiocinas e a biodisponibilidade de importantes citocinas pro-

inflamatorias.?

Os efeitos das MMPS nas células mieldides podem estar ainda
implicados na formacdo de um nicho pré-metastatico. De fato, MMP-2, -3 e -9
contribuem para o estabelecimento de sitios proprios para metastase em Orgaos

distantes.?>°11

Nos cdes, diferentes realizados com neoplasias epiteliais como
meningiomas® e neoplasias mamarias'® falharam em demonstrar associacéo entre o
aumento da imunoexpressdo de MMP-2 e diferentes tipos histoldgicos e sobrevida
global dos animais, fazendo com que haja a necessidade da conducgédo de novos estudos
associados a este assunto. Entretanto, apesar de tais resultados, um estudo que avaliou o
perfil de expressdo génica em carcinomas mamarios metastaticos de cadelas por meio

de microarranjos de cDNA detectou superexpressdo de MMP®’, o que permite concluir
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que as metaloproteinases de matriz possuem importante papel na progressao neoplasica

de carcinomas mamarios caninos.
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Abstract

Changes in the expression of E-cadherin have been associated with aggressive tumor
behavior and are reported to be important in the progression of mammary carcinomas.
To further examine the mechanisms regulating E-cadherin expression in mammary
carcinogenesis, we investigated the immunohistochemical expression of the E-cadherin
transcriptional repressor Snai-1 (Snail) in normal, hyperplastic, and neoplastic (benign
lesions and malignant neoplasms) tissue from female dogs. Snai-1 nuclear expression
was detected in luminal cells in most of carcinoma cases but was not observed in non-
neoplastic tissue and luminal cells from benign tumors. Myoepithelial cells from bening
and malignant tumors of complex type revealed Snai-1 overexpression. Snai-1 high
expression was also observed in tumors with histological evidence of stromal invasion;
however, no statistical significance was observed. Our results indicate that the
expression of Snai-1 increases with malignancy in canine malignant epithelial
neoplasms and that the expression of this E-cadherin repressor is altered in
myoepithelial proliferated cells, probably participating in the change to a complete
mesenchymal-like phenotype in the last. The transcription factor Snai-1 is expressed in
canine mammary cancer but not in non-neoplastic tissue, suggesting a role in the

progression of mammary tumors of female dogs.

Keywords: Epithelial-mesenchymal transition, EMT, E-cadherin repressors, mammary

carcinoma, dog.
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Introduction

Mammary gland tumors are the most common neoplasms of the female dog and
represent a remarkably heterogeneous group in terms of morphology and biological
behavior (Nerurkar et al., 1989). About half of canine mammary neoplasms are
considered to be malignant, and the identification of reliable prognostic factors is very
important in order to assess the individual risk and evaluate the clinical outcome. The
prognosis of advanced mammary carcinoma patients is most likely related to the degree
of metastatic spread. Although the process of cancer metastasis appears to be regulated
by a variety of gene products, little is known about the molecular aspects of progression

of canine mammary carcinoma (CMC) cells.

The metastatic spread is characterized by the invasion of cancer cells from the primary
neoplasm in the surrounding stroma, intravasation, attach to other anatomical sites, and
regrow at this site. One of the important events for metastasis is the reduction of
adhesions between neoplastic cells, and E-cadherin is known to play a key role in
epithelial cell adhesion (Bernstein & Liotta, 1994). In malignant neoplasms, inactivation
of E-cadherin has been reported to occur via various mechanisms such as gene mutation
(Becker et al., 1994), promoter hypermethylation (Grady et al., 2000), post-translational

modification (Peinado et al., 2007), and transcriptional repression (Kurrey et al., 2005).

Reduced expression of E-cadherin has already been observed in canine mammary
carcinomas, being associated with tumor progression (De Matos et al., 2006). However,
the molecular mechanism for the change in E-cadherin expression is largely unknown.
Recent studies identified transcriptional repressors such as the proteins of the Snail
superfamily, and the expression of these molecules has been reported to show an
inverse correlation with that of E-cadherin in various human malignancies (Grady et al.,

2000; Blanco et al., 2002; Pena et al., 2005). These molecules have been reported to be
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important in epithelial-mesenchymal transition (EMT) in cancer cells, a event
characterized by the conversion of epithelial cells to migratory fibroblastoid cells which
is essential during embryogenesis in gastrulation and neural crest formation (Larue e
Bellacosa, 2005). Snai-1, a molecule of the Snail superfamily, is thought to be closely
related to such processes both in development and disease (Barralo-Gimeno & Nieto,
2005) and has been studied in several human malignancies (Barralo-Gimeno & Nieto,

2005; Becker et al., 2007; Hardy et al., 2007).

In this study, to address the possible importance of Snai-1 in the development and
progression of canine mammary carcinoma, we systematically examined the
immunoexpression of Snail in normal, hyperplastic, benign, and malignant mammary
tissues of female dogs using immunohistochemistry. In addition, we also analyzed the
prognostic significance of the expression of this molecule by comparing the results of
its expression with HER-2, and estrogen receptor (ER) a status, and several pathologic

features of canine mammary carcinoma patients.

MATERIALS AND METHODS

Tissue samples

Canine mammary tissue samples (n=119) collected at the time of surgical excision or
necropsy were obtained by the Investigative and Comparative Pathology Laboratory,
Sdo Paulo State University, Botucatu, Brazil, were used in this study. The material was
fixed in 10% neutral formalin and embedded in paraffin wax. Sections (4um thick) were

obtained and stained with hematoxylin and eosin for histological examination.

Histologic examination
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Two independent pathologists were responsible for the evaluation of tissues and
diagnosis of the neoplasms, according to the World Health Organization criteria for
canine mammary tumors (Misdorp et al., 1999). Malignant epithelial neoplasms were
graded histologically in accordance with the Nottingham scoring system for mammary
cancer (Elston and Ellis, 1998), based on the assessment of three morphological
features: tubule formation, nuclear pleomorphism and mitotic counts. Each of these
features was scored on a scale of 1-3 to indicate whether it was present in slight,
moderate or marked degree, giving a putative total of 3-9 points. Grade was allocated
by an arbitrary division of the total points as follows: grade I (well differentiated), 3, 4
or 5 points; grade Il (moderately differentiated), 6 or 7 points; and grade Il (poorly
differentiated), 8 or 9 points. Cases of mammary carcinomas were assessed for mode of
growth (expansive vs. infiltrative), presence of intratumoral necrosis, stromal and

vascular invasion.

Immunohistochemistry

For immunohistochemistry, 3 um thick sections were obtained and subsequently
deparaffinizated and rehydrated. The primary antibodies used in this study are
summarized in table 1. The NovoLink polymer based labeling system (Novocastra
Laboratories, Newcastle, UK) was used for detection of antigen-antibody reaction.
Antigen retrieval was carried out by heat treatment in 10mM citrate buffer, pH 6.0.
After cooling (20 minutes at room temperature), the sections were immersed for 30
minutes in a solution of 3% hydrogen peroxide diluted in methanol in order to block

endogenous peroxidase activity.
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Table 1. Primary antibodies, dilutions, and antigen retrieval methods

Primary
antibody

Origin

Clone

Source

Dilution

Antigen
retrieval

Shai-1

c-erbB2

ERa

LifeSpan

Biosciences,

USA

Dako, USA

Novocastra,
UK

Polyclonal

Polyclonal

NCL-LH2

Rabbit

Rabbit

Mouse

1:500

1:2000

1:40

Pressure
chamber,
citrate
buffer pH
6.0

Pressure
chamber,
citrate
buffer pH
6.0

Microwave,
citrate
buffer, pH

6.0

All slides were then incubated with a protein block reagent (Novocastra Laboratories,
Newcastle, UK) for 10 minutes and subsequently overnight incubated at 4 °C with the
specific antibodies. Then, the slides were immersed with the detection systems
following the manufacturer’s instructions. Subsequently, 3,3" diaminobenzidine
tetrahydrochloride was used as chromogen in order to allow the visualization of
antigen-antibody reaction. The slides were then counterstained using Harris’s
hematoxylin, dehydrated, and mounted for evaluation under light microscopy. For

negative control, the primary antibody was replaced by non-immune serum.

Quantification of immunolabelling

The assessment of Snai-1 expression in canine mammary tissues was based on
detectable immunoreactivity in nuclear region and on a semiquantitative analysis using

the following scoring system: 0, no staining; 1+, nuclear staining in 1% to 25% of
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neoplastic cells; 2+, nuclear staining in 26% to 50% of neoplastic cells; and 3+: nuclear
staining in more than 50% of neoplastic cells. Analysis was focused on the tumor
invasive front. Cytoplasmic immunostaining was sporadically observed in tumor cells.
For quantification of HER-2 immunostaining the HercepTest scoring system was
adopted. ERa was considered positive when nuclear staining was observed in more than

10% of the neoplastic cells.

Statistical analysis

Contingency tables and chi-square test were used, and results were considered
significant at P < 0.05. These analyses were performed using the StatView system

(Abacus, Berkeley, USA).

RESULTS

Snai-1 immunoexpression patterns in canine mammary tissues and correlation with

pathological features in canine mammary carcinomas

Snai-1 nuclear positive immunostaining was not observed in normal or hyperplastic
mammary tissue adjacent to tumor areas and from female dogs that never developed
mammary tumors. Dysplastic areas revealed only single positive cells. In mixed benign
tumors, Snai-1 nuclear expression was observed in fibroblastoid cells, myoepithelial
cells, and cells under chondroid/osteoid differentiation. In simple carcinomas, Snai-1
expression was observed in luminal cells, infiltrating cells of the invasive front and
stromal cells (Figure 1a), with absence of nuclear expression in myoepithelial cells. In
complex carcinomas and carcinomas in mixed tumors, Snai-1 expression was observed
in carcinomatous luminal cells, myoepithelial cells and cells under chondroid/osteoid

differentiation (Figure 1b).
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Figure 1. A. Simple mammary carcinoma of a female dog. Snai-1 nuclear expression in
luminal cells, cells of the invasive front and stromal cells B. Complex mammary
carcinoma of a female dog. Snai-1 overexpression in neoplastic cells under chondroid

metaplasia/differentiation

No or rare Snai-1 positive immunoreactivity was observed in mammary adenomas and
in the benign luminal component of carcinomas in mixed tumors. The results regarding

the Snai-1 immunoexpression quantification are summarized in table 2.

Table 2. Snai-1 expression in luminal cells from mammary tissues and their relation to
histological classification

Snai-1 expression in luminal cells

Histological Number of
diagnosis samples -[+ ++ +++
Normal
mammary 5) 5) 0 0
tissue
Hyperplasia 10 10 0 0

65



Dysplasia 2 2 0 0

Benign lesions
(n=9)

Tubular
adenoma

Benign mixed
tumor

Malignant
neoplasms
(n=93)

Lipid-rich
carcinoma

Carcinoma
arising in 9 2 5 2
mixed tumor

Complex

. 34 7 19 8
Carcinoma

Tubulopapillary

. 33 17 15 8
carcinoma

Solid
carcinoma

Although in our study the number of Snai-1-highly-expressing cases increased with the
occurrence of stromal invasion, a statistical significant correlation was not evident.
Additionally, no relation with invasion depth, presence of intratumoral necrosis,
vascular invasion, tumor mode of growth, HER-2 and hormone receptor status were

statistically found.

DISCUSSION

The E-cadherin repressing transcription factor Snail is supposed to contribute to the

regulation of EMT during tumor progression (Bolos et al., 2003). EMT is a fundamental
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process governing morphogenesis during embryonal development. It is also reactivated
in a variety of pathologic conditions in adult life including wound healing, fibrosis, and
progression of carcinoma (Barralo-Gimeno & Nieto, 2000; Becker et al., 2007; Hardy et
al., 2007; Radisky et al., 2007). Our results indicate that EMT might also play an
important role in the pathogenesis of CMCs. This is further supported by our finding of
Snai-1 being highly expressed in the majority of CMCs. Snai-1 belongs to the Snail
family of Zinc-finger transcription factors. It represses the transcription of E-cadherin
by binding to E-box elements in E-cadherin promoter, thus producing changes in cell
phenotype consistent with EMT (Battle et al., 2000; Cano et al., 2000). Snai-1 is
expressed in most developmental processes in which EMT is required, as well as in
many pathologic conditions including malignant neoplasms (Barralo-Gimeno & Nieto,

2005; Becker et al., 2007; Hardy et al., 2007).

The analysis of SNAIL mRNA confirms that Snail expression is altered in breast cancer
and can be related to pathological features such as lymph node metastasis and high
histological grade (Blanco et al., 2002). However, no significant association of SNAI1
expression and clinical parameters has been observed, and contradictory expression data
for the same tumor type have been reported by different groups (Blanco et al., 2002;
Come et al., 2006; Elloul et al., 2005). These discrepancies might be due to technical
issues, possibly derived from the undefined specificity of most commercial anti Snai-1
antibodies and, importantly, from the inappropriate assessment of nuclear staining

and/or the discrimination between cytoplasmic and nuclear stain found in most studies.

To be active as a transcription factor, Snai-1 has to be located in the cell’s nucleus.
When analyzing Snai-1 expression in tumors, some results are difficult to interpret, e.g.
Zhou et al. (2004) and Makdissi et al. (2009) reported Snail immunoreactivity in breast

cancer; however, the immunoreactivity was seen exclusively in the cytoplasm, at least
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in the photographs provided. Probably, the antibodies used in such studies cross-reacted
with other proteins and failed to provide nuclear immunoexpression of Snail. The
meaning of these findings is unclear at present, and the data provided in the present
study suggest that it is possible to immunohistochemically detect nuclear Snai-1 in
mammary cancer. Unfortunately, these drawbacks mean that the data available

regarding SNAI1 expression in tumor samples must be interpreted with care.

Much attention has been recently paid to the significance of Snai-1 in malignant tumors,
and it appears that it depends on the tumor type and location (Becker et al., 2007). In
our study, we found a differential expression of Snai-1 in luminal cells, cells of the
invasive front, and stromal cells of the neoplastic microenvironment from simple
carcinomas. Such results are in concordance with others that indicate that Snai-1 is
weakly associated with carcinoma cells, but it shows more prominent staining at the
tumor-stroma interface (Franci et al., 2006), indicating that Snai-1 is expressed in
restricted areas and perhaps in both tumor and reactive stromal cells, as previously
indicated by in situ hybridization (Blanco et al., 2002; Sugimachi et al., 2003). It also
seems plausible that stromal-positive cells in such cases represent tumor cells that have

undergone EMT (Franci et al., 2006).

We also observed overexpression of Snai-1 in myoepithelial cells from benign and
malignant tumors of complex type, in a similar manner than others observed when
analyzing metaplastic breast cancer in humans (Nassar et al., 2010). These results
reinforce the putative role of myoepithelium in mesenchymal metaplasia, which is
supported by our observations of Snai-1 immunoreactivity in interstitial, modified,
proliferated myoepithelial cells of complex and mixed tumors. Additionally, we suggest
that the proliferation of myoepithelial cells in myoepithelium disorders of mammary

tissue can possibly be triggered by Snai-1, since the overexpression of this zinc-finger
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protein is related to the activation of important intracellular signaling pathways that
regulate cell proliferation and differentiation such as the Wnt pathway (Stemmer et al,

2008).

Myoepithelial cells, by mechanisms not fully understood, can undergo metaplastic
differentiation to cartilage or bone, which is accompanied by molecular alterations that
include the loss of expression of cytokeratins, ASMA, and p63 and increased vimentin
immunoexpression. Such alterations lead to the acquisition of a mesenchymal
fibroblastoid phenotype, which is in accordance with previous electron microscopy and
immunohistochemical studies (Tateyama & Cotchin, 1978; Destexhe et al., 1993;
Gartner et al., 1999). Since Snai-1 was not consistently expressed in myoepithelial cells
of non-neoplastic tissue and of simple carcinomas, our results suggest that Snai-1 may
be important for the acquisition of a complete mesenchymal cell-like phenotype and can

possibly lead to metaplastic differentiation in myoepithelial cells.

The vast majority of tumors presenting Snai-1 expression in this study presented
invasive characteristics in histologic sections. For several tumor entities of humans,
there are data concerning the participation of Snai-1 in the induction of the invasive or
metastatic phenotype (Blanco et al., 2002; Yin et al., 2006; Natsugo et al., 2007).
Against this background, we analyzed the relation of the amount of Snai-1 positive
neoplastic cells to histological grade, stromal invasion, lymphovascular invasion, ER-a,
and HER-2 status, but no significance was observed for these pathological
characteristics. Such results are similar to those of other authors in which Snail
expression was not related to tumor grade (Moody et al., 2005; Nassar et al., 2010),

hormone receptor and HER-2 status (Nassar et al., 2010).
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Although there was an increase in Snai-1-positive cells in neoplasms with stromal
invasion, a statistically significant correlation could not be shown. Such feature can be
due to different reasons. First, the contribution of Snai-1 to EMT and to metastasis may
be a tumor-type specific phenomenon and is not relevant for CMCs. This hypothesis is
supported by the fact that some carcinoma cells in vitro can display an EMT-like
phenotype without Snail expression (Takkunen et al., 2006). Similar results were found
in human colon cancer, where Snail and Zeb1 showed no correlation to the presence of
lymph node metastasis (Pena et al., 2005). Another reason might be that Snai-1
expression is a short and transient phenomenon possibly being not stable during the
development of an individual tumor. Snai-1 was described to activate the E-cadherin
repressor Zebl being important for the maintenance of the mesenchymal phenotype
(Franci et al., 2006; Guaita et al., 2002). However, a contribution of Snai-1 to the
progression is supported by the fact that this protein expression was increased with

raising malignancy.

In summary, we were able to show that Snai-1 expression in CMCs is a phenomenon
associated with luminal carcinoma cells, proliferated myoepithelial cells and
myoepithelial cells under chondroid/osseous differentiation. Snai-1 immunoexpression
showed no statistical association with histopathological and immunohistochemical
features such as lymphovascular and stromal invasion, hormonal receptor and HER-2
status. Therefore, Snai-1 immunohistochemistry cannot contribute to the prediction of
the metastatic potential of an individual tumor. However, the unique immunoexpression
pattern of Snai-1 could help to distinguish between an adenoma and a non-metastatic
carcinoma in CMC patients and demonstrate the probable important putative role of this

molecule in myoepithelial cell differentiation.
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Abstract

Epithelial-mesenchymal transition (EMT) is defined as switching of polarized epithelial
cells to a migratory fibroblastoid phenotype. EMT is known to be involved in the
progression and metastasis of various cancers in humans, but this specific process is still
little explored in the veterinary literature. The aim of this research was to evaluate the
expression of EMT-related proteins in canine mammary carcinomas (CMCs). The
expression of six EMT-related proteins in 94 CMCs of female dogs was evaluated by
immunohistochemistry using a tissue array method. Additionally, clinicopathological
characteristics were compared with the expression of EMT-related proteins. Loss of
epithelial protein and/or acquisition of the expression of mesenchymal proteins were
observed in CMCs. Loss of epithelial protein and/or acquisition of the expression of
mesenchymal proteins were observed, particularly in tumors with evidence of stromal
invasion; however, significance was only observed between the S100A4 and vascular
invasion. In addition, Snai-1 nuclear immunoexpression was significantly related to E-
cadherin loss. In conclusion, loss of epithelial proteins and/or the acquisition of
mesenchymal proteins are associated with EMT and may have an important role in the
evaluation of CMC patients. The unique immunoexpression pattern of Snai-1 could help
to distinguish between an adenoma and a non-metastatic carcinoma and seems to be
related to conversion of myoepithelial cells to a complete mesenchymal-like phenotype.
Loss of E-cadherin and cytokeratin and change of immunoexpression pattern of Snai-1,
N-cadherin, S100A4 and MMP-2 indicate the occurrence of EMT in canine mammary

carcinomas and should result in an en bloc resection or a close follow-up.

Keywords: Epithelial-mesenchymal transition, EMT, Snai-1, S100A4, mammary

carcinoma, dog.
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Introduction

Mammary gland tumors are the most common neoplasms of the female dog and
represent a remarkably heterogeneous group in terms of morphology and biological
behavior (Nerurkar et al., 1989). Consequently, the identification of reliable prognostic
factors is very important in order to assess the individual risk and evaluate the clinical
outcome. The prognosis of advanced mammary carcinoma patients is most likely
related to the degree of metastatic spread. Although the process of cancer metastasis
appears to be regulated by a variety of gene products, little is known about the

molecular aspects of progression of canine mammary carcinoma (CMC) cells.

The conversion of epithelial cells to migratory fibroblastoid cells is referred to as
epithelial-mesenchymal transition (EMT) and is a essential event during gastrulation
and neural crest formation (Larue e Bellacosa, 2005). During EMT, cells lose epithelial
polarity and acquire a spindle-shaped, highly motile fibroblastoid phenotype. Moreover,
this transition involves loss or redistribution of tight- and adherence-junction proteins
and a switch to mesenchymal gene expression which confers upon cells the ability to
pass through the basement membrane (Jechlinger et al., 2003). This phenomenon is
reactivated during the progression of numerous cancers and was demonstrated to be
associated with poor histological differentiation, local invasiveness and distant

metastasis (Thiery, 2002; Gotzmann et al., 2004).

Different studies regarding expression of EMT-related proteins in canine mammary
neoplasms were performed; however, none of them focused on the specific event of
EMT and its implication in the diagnosis and prognosis of any canine tumor type. In the
present study we therefore evaluated the expression of 6 established human breast

cancer EMT markers in canine mammary carcinomas.
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Materials and methods

Tissue samples

Consecutively collected, surgically resected 94 CMC tissue specimens were obtained
from female dogs which underwent mastectomy at the S&o Paulo State University’s
Veterinary Hospital, Botucatu, Brazil, between March 2009 and September 2010. All
patients had the tumor specimens surgically removed by radical mastectomy and none
of them had received preoperative chemotherapy or radiotherapy. Tissue samples from
these neoplasms were formalin-fixed and paraffin-embedded. For routine microscopic
examination, 4 um thick sections were obtained and stained with hematoxylin and eosin
with subsequent evaluation under light microscopy. Lesions were classified according
to standard diagnostic criteria provided by the World Health Organization (Misdorp et
al., 1999) and classified using the Nottingham grading system for mammary neoplasms
(Elston and Ellis, 1998). Pathological parameters such as presence of vascular invasion,
invasion depth, mode of growth, and presence of intratumoral necrotic tissue were also

evaluated.

Immunohistochemistry

Firstly, 3 um thick histologic sections were obtained, deparaffinizated, and rehydrated.
Immunohistochemical staining was performed for Snai-1 using the streptavidin-biotin-
peroxidase complex method using the Dako LSAB kit (Dako, Carpinteria, USA). For
the other primary antibodies — N-cadherin, E-cadherin, MMP-2, cytokeratin, and
S100A4 — a polymeric labeling detection system (Novolink Polymer Detection System,

Novocastra Laboratories, Newcastle, United Kingdom) was used.

Antigen retrieval was carried out by heat treatment in 10mM citrate buffer, pH 6.0 for

all primary antibodies except for N-cadherin, for which the antigen retrieval was carried
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by heating the slides in a water bath using a Tris EDTA buffer, pH 9.0. Table 1
summarizes the used primary antibodies and staining procedures adopted for each
antibody in this study and their immunoexpression patterns in non-neoplastic and CMC
tissues. After cooling (20 minutes at room temperature), the sections were immersed for
30 minutes in a solution of 3% hydrogen peroxide diluted in methanol in order to block
endogenous peroxidase activity. All slides were then incubated with a protein block
reagent (Novocastra Laboratories, Newcastle, UK) for 10 minutes and subsequently
overnight incubated at 4 °C with the specific primary antibodies. Then, the slides were
immersed with the detection systems following the manufacturer’s instructions.
Subsequently, 3,3’ diaminobenzidine tetrahydrochloride was used as chromogen in
order to allow the visualization of antigen-antibody reaction. Then, the slides were
counterstained using Harris’s hematoxylin, dehydrated, and, and mounted for evaluation

and light microscopy.

Table 1: Antibodies used in the immunohistochemical study

Dilutio Non- Altered
Antibody 0 Origin Clone neoplastic expression in
tissue cancer
Cytokeratin ~ 1:500 Dako, USA AE1/AE3 Membranous Loss
. N
E-cadherin  1:150 ovaczstra, NCL-E-Cad Membranous Loss
N-cadherin 1:50 Dako, USA 6G11 Negative Membranous
S100A4 1:1200 Abcam, USA  Polyclonal Negative Nuclear
LifeSpan
Snai-1 1:500 Biosciences,  Polyclonal Negative Nuclear
USA
MMP-2 1:200 Invlljrso'gen, A-gel VC2 Negative Cytoplasmic

MMP-2, matrix metalloproteinase-2.
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For quantification of immunollabeling, S1I00A4 was considered as positive when more
than 10% of neoplastic cells revealed nuclear staining. N-cadherin was considered as
positive when membranous immunostaining was observed in luminal neoplastic cells.
On the other hand, E-cadherin was considered as negative when loss of membranous
staining was observed in such cells. For cytokeratin tumor cells were considered as
negative when loss of membranous/cytoplasmic staining was observed. For MMP-2,
neoplastic cells were considered as positive when cytoplasmic/membranous staining
was observed. The assessment of Snai-1 expression in canine mammary tissues was
based on detectable immunoreactivity in nuclear region and on a semiquantitative
analysis using the following scoring system: 0, no staining; 1+, nuclear staining in 1%
to 25% of neoplastic cells; 2+, nuclear staining in 26% to 50% of neoplastic cells; and

3+: nuclear staining in more than 50% of neoplastic cells.
Statistical analysis

Differences were compared using Fisher’s exact test or Pearson’s X test for qualitative
variables and using Student’s t-test or analysis of variance for continuous variables.
Statistical significance was accepted at the p< 0.05 level. All analyses were performed

using the StatView system (Abacus, Berkeley, USA).
Results

Relation between immunoexpression of EMT-related proteins and pathologic

parameters

Epithelial protein loss frequencies were 25.53% (28/94) for cytokeratin and 38.29%
(36/94) for E-cadherin, and aberrant mesenchymal protein expression frequencies were

59.57% (56/94) for N-cadherin, 36.17% (34/94) for matrix metalloproteinase 2, and
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10.63% (10/94) for S100A4. Additionaly, 59.57% (56/94) highly expressed Snai-1.

Figure 1 shows a representative immunohistochemical result.

Figure 1. Immunohistochemistry findings showing epithelial protein loss (A and B) and
mesenchymal protein expression acquisition (C-F) in canine mammary carcinomas. A.
Membranous cytokeratins loss. B. Membranous E-cadherin loss. C. Membranous N-
cadherin expression. D. Cytoplasmic matrix metalloproteinase 2 expression. E. Snai-1

nuclear expression. F. SI00A4 nuclear expression.

Expression loss of the epithelial protein E-cadherin was found to be significantly related
to high nuclear expression of Snai-1 (P = 0.045) (Figure 2a). Novel mesenchymal
protein expression of S100A4 was found to be related to vascular invasion (P = 0.001)
(Figure 2b). Although in our study the number of Snai-1-highly-expressing cases
increased with the occurrence of stromal invasion, a statistical significant correlation
was not evident. Additionally, no relation between EMT related proteins
immunoexpression and invasion depth, presence of intratumoral necrosis, vascular
invasion, and tumor mode of growth was statistically found except for S100A4 and

vascular invasion.
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Figure 2. Significant statistical results of EMT markers and pathological
chacaracteristics. A. Association between Snai-1 and E-cadherin. B. Association

between S100A4 and vascular invasion.

Discussion

In the present study we have demonstrated the expression of various EMT-related
proteins in CMCs. To our knowledge, this is the first report that has studied the
expression of multiple EMT-related proteins in a series of such tumors. Our results
support previous reports in which the expression of various EMT-related molecules was
associated with neoplastic progression and poor prognosis in different malignancies
(Blanco et al., 2002; Becker et al., 2007; Hardy et al., 2007). Accordingly, the EMT
process may also be an important molecular event during the progression and metastasis

of CMC:s.

An important aspect of EMT is the loss of epithelial protein markers, i.e. cytokeratins
and E-cadherin. E-cadherin is required for the formation of stable adherens junctions
and, thus, for the maintenance of an epithelial phenotype (Willipinski-Stapelfeldt et al.,

2005). Down-regulation or inactivation of E-cadherin caused by gene mutation,
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promoter hypermethylation and transcriptional repression have been documented in
different human epithelial malignancies (Becker et al., 2007) including breast cancer
(Droufakou et al., 2001; Hajra et al., 2002; Caldeira et al., 2006), and is usually

associated with poorly differentiated histology and advanced stage.

Loss of epithelial proteins such as E-cadherin is a hallmark of metastatic carcinoma and,
furthermore, proteomic analysis in breast cancer has revealed that circulating mammary
tumor cells or those found in micrometastases reveal evidence of mesenchymal
conversion (Willipinski-Stapelfeldt et al., 2005). In this study we observed both loss of
expression of the important epithelial proteins E-cadherin and cytokeratin; however, no
statistical significance related to such immunoexpressional changes and pathological
characteristics of the evaluated CMCs was observed. Despite this, E-cadherin and
cytokeratin loss was frequently observed in tumors presenting stromal invasion and
vascular invasion similarly to other authors’ observations (Sarli et al., 2004; Gama et

al., 2010), possibly suggesting the participation of such molecules in CMC progression.

Another important aspect of EMT is the aberrant expression of mesenchymal markers,
i.e. N-cadherin, and that of regulators involving mesenchymal differentiation such as
S100A4 and Snai-1. Mesenchymal protein expression is known to be related to an
invasive phenotype and poor outcome in several human malignancies (Brabletz et al.,
2001; Rosivatz et al., 2002; Moody et al., 2005; Baumgart et al., 2007). Our results
demonstrate that many CMCs express mesenchymal proteins and that Snai-1 is
overexpressed in many infiltrating CMCs while is statistically related to E-cadherin
loss. Since the loss of E-cadherin has already been documented as related to progression
of noninfiltrating to highly infiltrating mammary carcinomas in dogs (Brunetti et al.,
2005), Snai-1 consequently rises as a useful biomarker of neoplastic progression in

CMCs. Such Snai-1 increases the aggressiveness of experimentally induced mammary
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tumors and its high expression is related to an increased risk of tumor relapse and poor
survival rates in human breast carcinoma (Moody et al., 2005), studies regarding the

investigation of relation of Snai-1 and other prognostic factors in CMCs are encouraged.

In our study S100A4 was significantly related to vascular invasion, consequently
demonstrating to be an interesting biomarker for evaluation of neoplastic progression in
CMCs. Such results are in concordance with others observed in human breast cancer
that relates S100A4 as a useful independent cancer biomarker (Rudland et al., 2006;
Ismail et al., 2008). Despite this, no statistical significance was observed in relation to
the expression of other EMT markers and pathological characteristics; however
overexpression of such proteins was detected and can represent an important change in

the phenotype of CMC cells during the neoplastic progression.

Although we have demonstrated that alteration of epithelial and mesenchymal markers
occurs in CMCs, further studies are needed to determine whether this represents EMT,
or merely EMT-like immunoexpressional change. Since cancer treatment failure is for
the most part due to the formation of metastases resistant to conventional therapy,
awareness of the EMT mechanism and, furthermore, inhibition of EMT offers a

promising target for the prevention of invasion and metastasis.
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Conclus



CONCLUSOES GERAIS

Em razdo dos resultados obtidos neste estudo, € possivel concluir que a perda de
proteinas epiteliais e/ou a aquisicdo de proteinas mesenquimais estd associada com
EMT e pode possuir importante papel na avaliagdo de CMCs. O padrdo Unico de
imunoexpressdo de Snai-1 pode ajudar a distincdo entre um adenoma e um carcinoma
ndo metastatico e aparenta estar relacionado a conversdo de células mioepiteliais a um
fenotipo mesenquimal completo, possivelmente possuindo papel importante nas
desordens de carater mioepitelial. A perda de Caderina-E e citoqueratina e a mudanca
no padrdo de imunoexpressdo de Snai-1, Caderina-N, S100A4 e MMP-2 indica a
ocorréncia de EMT em carcinomas mamarios de cadelas e conclui-se que esse processo

possui importancia na progressao de tais neoplasias.

90






92



	CAPA
	FOLHA DE ROSTO
	FICHA CATALOGRÁFICA
	DEDICATÓRIA
	AGRADECIMENTOS
	SUMÁRIO
	LISTA DE TABELAS, QUADROS E FIGURAS
	LISTA DE ABREVIATURAS
	RESUMO
	ABSTRACT
	1. NEOPLASIAS MAMÁRIAS DE CADELAS:
	1.1. Neoplasias mamárias de cadelas
	1.2 Transição epitelial-mesenquimal
	Referências e Bibliografia

	MANUSCRITO I
	Abstract
	Introduction
	Material and Methods
	Results
	Discussion
	References

	MANUSCRITO II
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References

	CONCLUSÕES
	ANEXOS

