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Introducao

Epidemiologia

Os tumores uroteliais de bexiga constituem-se na segunda neoplasia génito-
urinaria mais freqiente, com uma incidéncia estimada em 2007, nos Estados
Unidos, de mais de 67.000 novos casos e uma estimativa de mortalidade pela
doenca, no mesmo periodo, de aproximadamente 13.500 mortes[1]. Ao
diagnéstico inicial, 70% dos tumores estdo localizados superficialmente, sem
invasao da camada muscular (estagios Ta, Tis, T1), enquanto 25% apresentam-
se como doenga musculo-invasiva (estagios T2-T4) ou metastatica (5%). Os
tumores nao-musculo-invasivos tendem a recidivar com relativa freqtiéncia (60-
70%), progredindo para doenca musculo-invasiva em 20 a 30% dos casos|[2].
Pacientes com doenga em estagio T1(com invasdo da lamina propria), de alto
grau e com a presenca de carcinoma in situ associado, apresentam uma maior
chance de evoluir para doenca musculo-invasiva ou metastatica durante o
seguimento da doenca[3].

A progressdao do tumor para camadas mais profundas da bexiga aumenta a
morbidade, levando a necessidade de realizagdao de tratamentos mais invasivos
(p.ex. cistectomia radical), refletindo-se negativamente no prognéstico da
doenca. Isto é verdade também em outras neoplasias de origem epitelial, onde o

processo de invasao, com a quebra da barreira constituida pela membrana



basal, leva a invasdo local e ao desenvolvimento de metastases. Por esta razéo,
ha um crescente interesse no entendimento dos mecanismos moleculares
envolvidos na progressao dos tumores para estagios mais avancados da

doencal4].

A Transicao Epitélio-Mesenquimal

A transicao epitélio-mesenquimal (“epithelial-mesenchymal transition” ou EMT),
processo no qual ha uma troca do fenétipo epitelial das células tumorais para um
fen6tipo mesenquimal, € um dos possiveis mecanismos envolvidos na
disseminacao de células carcinomatosas além do sitio inicial da doenga[5].

O epitélio caracteriza-se por um conjunto de células fortemente aderidas
lateralmente por jungbes célula-célula, formando uma fina camada celular. Esta
camada € polarizada, sendo que apice e base da célula apresentam
propriedades diferentes. Todas as células apresentam a mesma polaridade
apico-basal e sua superficie basal encontra-se situada sobre uma matriz
extracelular especializada, a lamina basal. As juncdes célula-célula sao
mediadas por uma série de proteinas, entre elas membros do complexo
caderina-catenina, responsaveis pela juncdo aderente na borda lateral da
célula[6].

Por outro lado, as células mesénquimais formam uma rede tecidual difusa, onde
a camada celular ndo é completa e a superficie da célula esta conectada as

células vizinhas somente por alguns pontos de contato. A matriz extracelular,



formada por colageno e fibronectina, apresenta-se, diferentemente da lamina
basal, como uma rede com varios pontos de adesdo as células. Nao ha
polarizacéo apico-basal no citoesqueleto[7].

Portanto, a perda por parte das células epiteliais da polaridade apico-basal, da
integridade da lamina basal e da forte ades&o entre as células, ao mesmo tempo
em que ha a aquisicao de propriedades relacionadas a plasticidade e motilidade
celular, sdo marcas registradas da transicao epitélio-mesenquimal.

A transigdo epitélio-mesenquimal foi primeiro observada no processo de
desenvolvimento embrionario normal, onde as células epiteliais passam por
varios processos de remodelamento, como intercalacdo, invaginacao,
evaginacao, ramificacdo e formacdo de multiplas camadas celulares. Este
processo é importante, por exemplo, para a formacao das trés camadas do
embrido durante a fase de gastrulacdo. O processo inverso, a transicao
mesénquima-epitelial, também pode ocorrer nesta fase[8].

Apesar de controverso e nao completamente entendido[9], existem evidéncias in
vitro de que este fendmeno também é observado durante o processo de
tumorigénese, onde a modificacdo fenotipica das células carcinomatosas
facilitaria a quebra da barreira existente pela adesao entre as células epiteliais e
entre as células e a membrana basal, consequientemente atingindo a regiao do
estroma, 0 que propiciaria a progressao local do tumor e o desenvolvimento de
metastases[10, 11].

Alteracdes moleculares que ocorrem durante o processo de transicao epitélio-

mesenquimal e que modificam a expressao, distribuicdo e funcdo das células



sao influenciadas por fatores de crescimento (Transforming Growth Factor -(3,
Epidermal Growth Factor), fatores de transcricdo (snail, Smad), moléculas
envolvidas na adesao intercelular (caderinas-cateninas) e adesao entre célula e
lamina basal (integrinas), moduladores do citoesqueleto (Rho GTPases) e
proteases extracelulares (metaloproteinases matriz). Alteracées associadas com
o complexo caderina-catenina estao, muito freqlientemente, envolvidas no
processo de transicao epitélio-mesenquimal, relacionadas a adesao intercelular

e aumento da capacidade de migracao e invasao das células|7, 8].

O Complexo Caderina-Catenina

As caderinas formam uma superfamilia de glicoproteinas transmembrana
responsaveis pela adesdo intercelular. Existem mais de 30 caderinas
identificadas, sendo a E-, P - e N-caderina as primeiras a serem descobertas e
estudadas. Juntamente com a R-caderina, formam as caderinas classicas do
tipo 1[12]. As caderinas classicas sao moléculas de adesao intercelular calcio-
dependente que interagem de uma maneira homofilica, isto é, caderinas de um
mesmo tipo ligam-se somente entre elas. Outros membros da superfamilia das
caderinas incluem as caderinas desmossdmicas (desmogleinas e desmocolinas)
que estdo associadas com a rede filamentar de queratina. Estas caderinas
apresentam uma regidao extracelular, uma regidao transmembrana e uma regiao
citoplasmatica ou intracelular. Estruturalmente, a regido extracelular forma

dimeros laterais na superficie celular que interagem com dimeros da célula
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oposta, criando uma estrutura semelhante a um ziper[13]. No dominio
citoplasmatico, as caderinas ligam-se a proteinas chamadas cateninas (y-
catenina ou placoglobina, B-catenina e p120-catenina)[14, 15], formando
complexos com estas moléculas. As cateninas estdo ligadas a estrutura do
citoesqueleto (actina) e a integridade deste complexo € fundamental para a
manutencao da fungcédo de adesao intercelular e a estrutura do epitélio. A perda
de qualquer uma das moléculas que integram o complexo caderina-catenina
pode levar a quebra desta estrutura e, consequientemente, facilitar a ocorréncia
da transicdo epitélio-mesenquimal em um determinado sitio[16]. A perda da
expressdao ou a translocacdo da E-caderina ou P-caderina associada ao
surgimento da N-caderina (ndo expressa normalmente no tecido epitelial) e a
perda de expressdo e/ou translocacdo das moléculas de catenina sao
identificadas como eventos envolvidos na transicdo epitélio-mesenquimal[17,
18].

A E-caderina é reconhecida como a principal molécula responsavel pela adesao
celular e a sua expressao esta, muito freqiientemente, diminuida em células
epiteliais transformadas e em células derivadas de carcinomas, correlacionando-
se com a perda de diferenciacdo e aumento da capacidade invasora em
modelos experimentais in vitro. A supressdao da E-caderina leva a inducédo de
invasdao em linhagens celulares epiteliais ndo-invasivas, bem como, a expressao
forcada da E-caderina por transfeccdo de DNA complementar em linhagens
celulares sem a presenca de E-caderina, a um bloqueio no potencial de invasao

destas células[13]. A perda da expressao de E-caderina parece estar fortemente
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envolvida com a transicdo epitélio-mesenquimal e seu papel tem sido bem
documentado na manutencdo das juncdes aderentes, possuindo propriedades
anti-invasiva e anti-metastatica. A producdo de E-caderina estd mantida na
maioria dos tumores, como mama, pulmao, figado, célon e préstata, mas os
niveis de expressao estdo inversamente correlacionados com o grau do tumor e
sobrevida dos pacientes[8]. Esta perda da expressdo ocorre por diversos
mecanismos epigenéticos, tais como repressdo da transcricdo e promocao da
hipermetilagdo. Ocasionalmente, ha mutagdo do gene da E-caderina levando a
auséncia de expressao ou uma expressao nao funcionante da proteina.

A Placoglobina ndo estd somente associada com as caderinas, mas também
existe como parte integral do complexo desmossémico. A diminuicdo da
expressao de desmogleinas e desmocolinas, proteinas que compdéem o
desmossomo, reduz a expressdo de placoglobina em linhagens celulares de
tumores vesicais. A mesma ocorréncia foi identificada em bidpsias de tumores
vesicais, juntamente com a auséncia de expressdo de outros membros do
complexo caderina-catenina — 3-catenina, a-catenina e E-caderina[19, 20]. Estas
alterac6es foram observadas em outros tipos de neoplasia, incluindo tumores
epidermdides de cabecga e pescogo e melanomas[23,24].

Outro evento significativo observado na transicao epitélio-mesenquimal e o
complexo caderina-catenina € a inibicdo da expressdao da E-caderina com a
expressdao aberrante da N-caderina nas células epiteliais. A N-caderina
tipicamente forma as juncdes aderentes no tecido nervoso e conjuntivo, sendo

que a forca de adesdo entre as células, propiciada por esta molécula, é
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significativamente mais fraca quando comparada a forca de adesdo entre
moléculas de E-caderina nas células epiteliais[6]. Esta “troca” entre as
caderinas, com a aquisicao de um fenotipo mesenquimal, tem sido documentada
em diferentes tipos de neoplasia como outra marca registrada de eventos
relacionados a transicao epitélio-mesenquimal[18, 21]. Experimentos in vitro em
células epiteliais também demonstraram que a expressao de N-caderina,
independentemente dos niveis de E-caderina, pode induzir a transicao epitélio-
mesenquimal através do aumento da capacidade migratéria das células[17].

A Vimentina é um filamento intermediario mesenquimal e, juntamente com a N-
caderina, constitui-se em um dos marcadores mesenquimais da transicao
epitélio-mesenquimal. A expressdo aumentada de Vimentina em células
epiteliais esta relacionada com aumento da motilidade celular e capacidade de
invasdo em diferentes tecidos[22, 23].

Ainda sem um papel bem estabelecido, a P-caderina também parece estar
envolvida no processo de carcinogénese. A expressao aumentada de P-
caderina em linhagens celulares de tumores de mama e pancreas correlacionou-
se com 0 aumento da capacidade de migracao e invasao destas células[24, 25].
Por outro lado, a restauracdo da P-caderina em linhagens celulares de
melanoma reduziu o potencial invasor das células[26]. Em experimentos in vivo,
analisando tecidos neoplasicos, a expressdo aumentada ou diminuida da P-
caderina foi correlacionada com fatores clinicos de pior prognostico[27, 28].

A B-catenina, assim como a placoglobina (y-catenina), tem a funcao de ligar-se a

a-catenina que se liga a actina no citoesqueleto. Portanto, a [B-catenina,
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estabiliza o complexo caderina-catenina e a sua perda também esta relacionada
a eventos relacionados a transicao epitélio-mesenquimal. Além de sua fun¢ao no
complexo caderina-catenina, a B-catenina possui um papel de regulacdo na
transcricdo génica dependente da ativacdo da via de sinalizagdo Wnt, via
envolvida nos processos de embriogénese e tumorigénese[13]. Em situacao
fisioldgica, quando ocorre o desprendimento da B-catenina do complexo
caderina-catenina e sua disponibilizacdo no citoplasma, a proteina é
rapidamente degradada por um complexo multimolecular onde estéo incluidos o
gene supressor tumoral APC (adenomatous poliposi coli) e 0 GSK3 (glicogénio
sintase kinase 3[3) que fosforila a B-catenina, evitando o seu acumulo no citosol.
Quando a via Wnt esta ativada, ha uma inibicdo da degradacédo da [(-catenina,
ocorrendo acumulo desta proteina no citoplasma e nucleo, aonde a B-catenina
vai se complexar a proteinas da familia do fator celular T (TCF), responsavel
pela transcricdo génica[14]. Desta maneira, tanto a perda da expressédo da B-
catenina na membrana celular, quanto o seu acumulo no citoplasma e nucleo
tém sido relacionadas a carcinogénese em diferentes tumores de origem
epitelial[29-31].

De maneira semelhante, porém ainda ndo tdo esclarecida, a p120-catenina
também apresenta uma funcdo primordial de estabilizacdo do complexo
caderina-catenina, também desempenhando outros papéis quando presente no
citoplasma e nucleo. A B-catenina e a Placoglobina interagem fortemente com as
caderinas e fazem, quase que exclusivamente, a conexao do complexo com o

citoesqueleto de actina. A p120-catenina liga-se as caderinas, em especial a E-
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caderina, estabilizando o complexo e controlando a quantidade de caderinas que
se agrupam no dominio justamembrana[32, 33]. A p120-catenina é um fator
determinante neste processo. A observacao de que a introducao desta catenina
em linhagens celulares que constitucionalmente a expressam de maneira
deficiente aumenta a concentracao de E-caderina nas células, recuperando a
morfologia epitelial das mesmas, corrobora este fato[34]. A dindmica deste
processo mostra que a p120-catenina ndo somente regula a estabilidade do
complexo caderina-catenina, como a sua auséncia determina a
internalizacao/endocitose das caderinas, aumentando a concentracdo destas
proteinas no citoplasma e seu envolvimento nos eventos relacionados a
transicdo epitélio-mesenquimal. De maneira oposta, acredita-se que a p120-
catenina tenha a propriedade de reassociar-se as caderinas no citoplasma,
trazendo-as novamente a superficie celular[32].

Similarmente a B-catenina, a p120-catenina apresenta funcdes regulatérias, uma
vez que a proteina esteja desligada do complexo caderina-catenina. Por
exemplo, a interacdo com elementos dos microtubulos, de receptores do fator de
crescimento epidérmico e Rho GTPases estéo ligados ao aumento da motilidade
celular[15]. Ainda nao bem elucidada esta a participacao da p120-catenina como
fator regulador da transcricdo através de sua ligacdo com o fator Kaiso no
nucleo[35]. A expresséo aberrante ou diminuida da p120-catenina, bem como a
sua delocalizacado para a regido do citoplasma/ndcleo esta correlacionada com
diversos tumores de origem epitelial bem como fatores de pior progndstico,

como grau de diferenciagcdo tumoral e sobrevida[36].
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A reducdo ou perda da expressdo da E-caderina é reconhecida como um
importante evento na carcinogénese dos tumores uroteliais[20, 37-39], mais
especificamente de bexiga, onde a perda ou reducédo dos niveis de E-caderina,
juntamente com a perda da expressdao de Placoglobina e P-caderina, e o
surgimento da expressdo de N-caderina estdo relacionadas ao aumento de
motilidade e invasao em linhagens celulares de tumores de bexiga[12, 39-41].
Achados semelhantes foram descritos envolvendo E-caderina e B-catenina em
amostras de tumores vesicais. A localizagdo nuclear da B-catenina, secundarias
a mutagdo no seu gene, com consequente hiperexpressdao de oncogenes c-myc
and ciclina D1, também foi descrita como fator associado com tumores vesicais
mais agressivos[42].

Outro membro das cateninas, a p120-catenina também esta envolvida com
eventos ligados a progressdo dos tumores de bexiga. Em um estudo
experimental in vivo, a perda de expressao na membrana celular de p120-
catenina e E-caderina correlacionaram-se com estagio e grau tumorais mais
avancados, bem como com pior sobrevida[43].

Conforme descrito acima, existem fortes evidéncias in vitro e in vivo de que 0s
eventos relacionados a transicdo epitélio-mesenquimal, mais especificamente
aqueles ligados as proteinas do complexo caderina-catenina, estdo envolvidos
no processo de carcinogénese, sendo determinantes nos estagios de invasao e
metastatizacdo dos tumores epiteliais, onde os tumores do urotélio também
estdo incluidos. Estes eventos, identificados isoladamente ou em um painel de

marcadores, podem ser utilizados como ferramenta diagnéstica ou prognostica,
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podendo determinar aqueles tumores com potencial maior de progressao; bem
como a identificacdo de vias moleculares envolvidas neste processo e que
possam ser ativadas ou inibidas através de drogas sintetizadas para estes alvos
especificos. Primeiramente, estes achados devem ser analisados em grupos
maiores de pacientes, com diferentes estadgios da doenca para que se possa
avaliar a real aplicabilidade clinica e a sua potencial utilizacao para diagnéstico,

progndstico e terapéutica.

17



Objetivos

Objetivo Principal

Avaliar a expressao de proteinas que compdem o complexo caderina-catenina
em amostras de tumores uroteliais de bexiga e identificar o potencial valor
prognostico destes marcadores utilizando uma plataforma de microarranjos de

tecidos.
Objetivo Secundario

Avaliar a influéncia da expressao destas proteinas na motilidade e invasao

celular em linhagens celulares de tumores de bexiga.
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Resumo

Introducao e Obijetivo: A transicao epitélio-mesenquimal (EMT) é descrita como
um evento importante na progressdao do cancer, na qual alteracbes celulares
subjacentes tém sido identificadas, principalmente em modelos in vitro. Neste
estudo, ndés examinamos o padrao de expressao de marcadores da EMT in vivo
e determinamos a ocorréncia e o significado clinico destes eventos em uma
série de carcinomas de bexiga.

Materiais e Métodos: Oitocentos e vinte e cinco amostras de tumores de 572
pacientes foram dispostas em 10 microarranjos de tecidos. Cortes de cada
microarranjo de tecidos foram submetidos a recuperacdo antigénica e
analisados através de imunohistoquimica com relacdo a expressao de E-
caderina, Placoglobina, B-catenina, N-caderina e Vimentina.

Resultados: Expressdo anormal de E-caderina, B-catenina, Placoglobina e
Vimentina associaram-se com as variaveis clinico-patolégicas estagio e grau do
tumor, onde somente a localizacao citoplasmatica de Placoglobina associou-se
com doenga linfonodal. Correlagbes entre os marcadores acima mencionados foi
estatisticamente significativa através do Coeficiente de Correlacdo de
Spearman, onde a expressdo de N-caderina foi a Unica a ndo associar-se com
nenhum dos outros marcadores estudados. Na analise de sobrevida univariada,
envolvendo pacientes que foram submetidos a cistectomia radical, a reducéo ou
perda da Placoglobina significativamente influenciou a sobrevida global (p=0,02)
onde o tempo mediano para o desfecho foi de 2 anos, comparado com 4 anos

de sobrevida quando um nivel normal de Placoglobina foi observado. Quando a
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analise foi feita considerando sobrevida cancer-especifica, baixos niveis, tanto
de Placoglobina (p=0,02) quanto de p-catenina (p=0,02), influenciaram
significativamente o desfecho.

Conclusao: Os supostos marcadores da EMT, definidos dentro de um painel de
linhagens celulares de tumores uroteliais de bexiga, foram analisados in vivo e
estdo frequentemente associados com tumores de alto grau e estagios mais
avancados da doenca. Embora a analise multivariada de sobrevida ndo mostrou
uma influéncia dos marcadores de adesdo celular na sobrevida, alteracbes
associadas com a Placoglobina foram identificadas como um fator progndstico

nestes tumores.
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Introducao:

A transicdo epitélio-mesenquimal (EMT) é um processo que foi primeiramente
observado no periodo de desenvolvimento embrionario[1-3] e, mais
recentemente, tem sido envolvido como um evento ligado a progressao
neoplésical4-7].

Atualmente, a definicao e a ocorréncia da EMT em tumores in vivo sao
controversas[6,8]. Contudo, a idéia conceitual de perda de marcadores epiteliais
e ganho de marcadores mesenquimais vém sendo relatada em diversos tipos de
neoplasias[9-11] e identificada em diversas linhagens celulares tumorais
representativas de diferentes estagios e graus de diferenciacdo[10,12]. Desta
forma, o modelo experimental de progressao descontinuada, observada em um
painel de linhagens celulares de um mesmo tecido de origem, pode estar
intimamente ligado ao status de diferenciagéo celular. Na maioria dos casos, a
transicdo projetada entre fenotipos epiteliais e mesenquimais esta acompanhada
por um aumento na motilidade e capacidade de invasédo das células.

Com o advento do estabelecimento de modelos in vitro de EMT, causados pela
acao de diferentes fatores em tipos celulares alternativos[13-18], a existéncia da
EMT na progressao neoplésica tornou-se mais evidente. Além disso, estes
modelos nos possibilitaram confirmar os eventos ligados a EMT identificados
previamente no modelo descontinuado e descobrir novos eventos moleculares
envolvidos nesta transicdo[7,19]. Alteracdes associadas com o0 complexo
caderina-catenina sdo eventos centrais da transicdo epitélio-mesenquimal,

também relacionados com o aumento de migragédo e invasao celular[19]. Estes
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eventos vao seguir diferentes cursos em diferentes modelos, dependendo do
perfil de expressdo das caderinas na célula estudada. Em um modelo
descontinuado de EMT em céancer de bexiga, nos identificamos a perda ou a
expressdao diminuida da E-caderina, acompanhada pelo silenciamento da
expressao de Placoglobina em eventos relacionados a estagios mais avancados
do tumor[20]. Estas alteracdes estavam ligadas a um aumento de motilidade e
invasdao em células de tumores uroteliais. Nestas linhagens celulares, a perda de
E-caderina estd acompanhada do aparecimento da expressao da N-caderina,
representando uma troca entre a expressdo de caderina classica do tipo
epitelial, para uma caderina mesénquima-especifica[21]. Estes eventos também
se relacionam com o aumento da capacidade de motilidade e invasdo das
células. Em um estudo anterior, n6s demonstramos a expressao da N-caderina
em tumores uroteliais de bexiga[22]. Neste estudo, usando uma plataforma de
microarranjos de tecidos, nés avaliamos 5 marcadores de adesé&o celular ligados
a EMT, para determinar a ocorréncia da expressao destas moléculas in vivo e o
potencial valor prognéstico destes eventos dentro de uma série de carcinomas
uroteliais de bexiga.

Materiais e Métodos:

Cultura celular: Linhagens celulares de tumores uroteliais de bexiga RT4, RT112,
HU456, BC16-1, CUBIII, 5637, PSI, HT1197, HT1376, ScaBER, EJ, KK47, J82, UM-UC-3 e
TCCSUP foram mantidas em DMEM suplementado com FBS 7,5% e penicilina/estreptomicina.

Experimentos de invasao: Foram realizadas utilizando camaras de Boyden consistindo
de filtros de membrana Transwell (tamanho do poro 8-um; Corning Costar Corp, Cambridge, MA)
inserido em pratos de culturas com 24 pocos. A superficie superior da membrana foi coberta com

Matrigel (Collaborative Biomedical Products, Bedford, MA) e colocada nos pratos com 24 pog¢os

26



contendo 600ul de meio de cultura condicionado NIH/3T3 (experimental) ou DMEM puro
(controle). Células (1 x 105) foram adicionadas a cada camara Transwell e permitida a invasao
até a superficie inferior da membrana por um periodo de 24 horas a 37°C. As células que
passaram através da membrana foram fixadas em metanol, coradas em violeta cristal e contadas
por microscopia.

Imunocitoquimica das linhagens celulares de bexiga: Células foram cultivadas em
laminas de vidro, lavadas com PBS e fixados em formaldeido 3,7% por 15 minutos, a
temperatura ambiente. Células foram entdo lavadas 3 vezes com PBS e permeabilizadas em
0,5% Triton X-100 em PBS. Seguindo trés enxaglies em PBS, células foram coradas com os
marcadores de interesse usando os anticorpos listados abaixo. As células foram imunocoradas
utilizando sistema automatizado (Autostainer Plus, DAKO Corporation, Carpinteria, CA).

Andlise por Western Blot: Células em cultura, subconfluentes, foram lavadas em PBS,
lisadas em solugado-tampao quente [2 x ESB-0,08 mol/L Tris (pH 6,8); 0,07 mol/L SDS, 10%
glicerol, 0,001% azul bromofenol e 1 mmol/L CaCl,] e homogeneizadas através da passagem da
solugao por agulha de 26 gauge. Lisados foram avaliados para concentragdo protéica usando
método BSA (Pierce, Rockford, IL). Apés a determinagao da concentragdo de proteinas, beta-
mercaptoetanol (1%) foi adicionado a cada amostra. As amostras foram fervidas por 5 minutos e
colocadas em géis de poliacrilamida de 7,5% e 12,5%. Proteinas foram transferidas por um
periodo de 12 horas para membrana de nitrocelulose. Membranas foram bloqueadas em leite a
10%, em solugdo de TBS com 0,05% Tween e incubadas com o anticorpo primario por 12 horas
a 4°C. Membranas foram lavadas em TBS com 0,05% Tween, 3 vezes por 15 minutos e
incubada com anticorpo secundario ligadas com peroxidase de rabano-silvestre por 60 minutos a
temperatura ambiente. As membranas foram entdo lavadas conforme descrito acima e reveladas
através de kit de quimioluminescéncia (Amersham, Arlington Heights, IL)

Amostras de tecido: Foram utilizadas amostras de tecido de pacientes diagnosticados
com cancer de bexiga na Lahey Clinic Medical Center, entre os anos de 1990 e 2005. O projeto
foi aprovado pelo comité de ética da instituigcdo e todos os pacientes consentiram com o uso do

material. Blocos de parafina foram retirados dos arquivos do Departamento de Patologia. O
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estagio tumoral foi determinado utilizando a classificacdo TNM e o grau de diferenciacao de
acordo com a classificacdo da OMS.

Construcdao e Imunohistoquimica dos microarranjos: Oitocentos e vinte e cinco
amostras de 572 pacientes foram dispostas em 10 microarranjos. Todos os tumores eram do tipo
de células transicionais. Microarranjos de tecidos foram organizados com replicas de cada
amostra e cada controle. Controles incluiam amostras de bexiga normal, prostata, testiculo,
amigdala, figado, cerebelo, rim e pulmao. Colocacdo estratégica dos controles em cada
microarranjo possibilitou a orientacdo durante a avaliagdo dos resultados. Cada microarranjo
consistiu de 400 espécimes (4 réplicas para cada amostra). Mdltiplas laminas foram produzidas
(cortes de 4um) e armazenadas a 4°C na presenca de desumidificador, antes da realizagéo da
coloragéo por imunohistoquimica. Laminas foram deparafinizadas e recuperacéo de antigeno foi
realizada utilizando citrato-tampao (pH 6,0; DAKO). Os anticorpos foram diluidos com solugao de
diluicdo especifica (DAKO). Imunohistoquimica foi realizada utilizando método automatizado
(Autostainer Plus, DAKO), usando sistema de deteccdo de alta sensibilidade baseado em
polimero (EnVision, DAKO). Um controle negativo foi incluido, utilizando anticorpo de
camundongo (DAKOQO), substituindo o anticorpo primario.

Anticorpos: Anticorpos monoclonais de camundongo para citoqueratina, E-caderina
(DAKO), B-catenina e placoglobina (BD Transduction Laboratories, San Diego, CA) foram
diluidos 1:25, 1:100 e 1:100 (concentracbes de trabalho de 0,75, 7,56 e 2,5 pg/ml),
respectivamente, para uso em imunohistoquimica. Anticorpos monoclonais de camundongo para
marcadores mesenquimais N-caderina (Zymed, San Francisco, CA) e Vimentina (DAKO) foram
diluidos 1: 100 (5 pug/ml) e 1: 50 (4,6 pug/ml), respectivamente. O controle negativo (DAKQO) foi um
coquetel pré-diluido de imunoglobulinas ndo imunes de camundongo (lgG e IgM). A
especificidade de cada anticorpo em imunohistoquimica foi determinada utilizando cortes de
xenoenxerto derivados de linhagens celulares de tumores de bexiga, nos quais o perfil de
expressao do antigeno de interesse foi previamente identificado.

Escore da Imunohistoquimica: As amostras foram pontuadas semiquantitativamente,

de acordo com a intensidade da coloracdo (0 a 3) e localizagdo da proteina (membrana,
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citoplasma e nucleo). Nas amostras de tecido vesical normal, a coloragdo com todos os
anticorpos receberam escore 3, localizados na membrana celular através de toda a extensao da
camada epitelial da mucosa. Em cortes onde a coloragao era heterogénea por toda a amostra ou
entre amostras de um mesmo tumor, o escore que traduzia o pior cenario foi atribuido quando
mais de 5% das células apresentavam aquele fenétipo. Mais de 90% de concordancia entre
réplicas de um mesmo tumor foi observada. Amostras com completa auséncia de coloracdo ou
coloracao muito fraca em <5% das células, receberam escore 0. No caso da N-caderina e da
Vimentina, um escore positivo ou negativo foi atribuido para cada amostra, ja que a presenca de
marcadores mesénquimais representaria o evento de interesse. Cada microarranjo foi pontuado
independentemente (ICS e ML). Quando os escores foram discordantes, ambos revisaram as
amostras até a obtencao de consenso.

Analise Estatistica: Comparacgéo entre grupos foi realizada pelo teste de qui-quadrado.
Correlagdo entre marcadores foi determinada pelo coeficiente de correlagdo de Spearman.
Andlise de sobrevida global e cancer-especifica univariada foram realizadas utilizando o método
de Kaplan-Meier, com a cirurgia como data de entrada. O teste de log-rank (Cox-Mantel) foi
usado para comparar curvas de sobrevida em diferentes categorias de cada variavel. Variaveis
com efeito na sobrevida na andlise univariada (p<0,15) foram examinadas por log-log plot para
determinar como estas variaveis poderiam ser incorporadas em um modelo de regressao
proporcional de Cox e varidveis com p<0,1 foram mantidas no modelo. Testes de interagédo
foram realizados com variaveis que foram consideradas significativas na analise de regressao de
Cox. Dados foram analisados usando o software SPSS, versdo 11.5. Silva Neto B e Biolo A

realizaram a andlise estatisica.

Resultados:

Caracterizacao dos marcadores de transicao epitélio-mesenquimal
nas linhagens celulares — Para estabelecer a suposta ocorréncia de um
fenotipo caracteristico da transicao epitélio-mesenquimal em tumores de bexiga,

nds inicialmente analisamos um painel de 15 linhagens celulares para expressao
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dos 5 marcadores em estudo. A tabela 1 mostra o perfil de expressao de cada
componente, determinado em Western Blot e a andlise morfolégica e de invasao
in vitro de cada linhagem. Nao foi observada a localizagao nuclear de proteinas
por imunocitoquimica. Classificagcdo morfoldgica de células epiteliais foi definida
por células cuboidais, intimamente aderidas, enquanto a morfologia
mesenquimal foi definida como células fracamente aderidas, mostrando uma
morfologia estrelada.

Fenétipo da EMT em amostras teciduais de tumores de bexiga — Se o
fendtipo identificado no painel de linhagens celulares € um paradigma valido em
cancer de bexiga, nos esperariamos ver as alteracbes sugeridas nos
marcadores epiteliais e mesenquimais associadas com doenca mais agressiva.
Para testar esta hip6tese, os niveis de expressao e localizacdo de E-caderina,
placoglobina, B-catenina, N-caderina e Vimentina foram analisados em
microarranjos de tumores uroteliais de bexiga. A construcdo dos 10
microarranjos incluiu 825 amostras de tumores de 572 pacientes. A classificacao
TNM e grau histologico sdo mostrados na tabela 2. Analise por pacientes ao
invés de por amostras ndo mostrou diferenca nos resultados. Neste estudo, a
analise do grupo de tumores superficiais incluiu pTa, pTis e pT1, enquanto o
grupo de tumores musculo-invasivos incluiu estagios pT2-pT4. Quando os
tumores pT1G3 foram incluidos no grupo de tumores invasivos, nao foi
observada mudanca nos resultados (dados ndo mostrados).

Expressao de E-caderina — Uma reducao ou perda da expressao de E-

caderina correlacionou-se significativamente com estagio tumoral (p<0,001),
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grau histologico (p<0,001), mas ndo com envolvimento linfonodal ou invaséao
linfovascular na amostra. Perda ou redugdo na expressdao de E-caderina foi
observada em 37,7% dos tumores superficiais e 60,2% dos tumores invasivos,
com valores semelhantes registrados para localizagdo citoplasmatica da E-
caderina, 26% e 58,1%, respectivamente (tabela 3).

Expressao de B-catenina — Uma reducdo ou perda da expressdo, além da
expressao citoplasmatica da B-catenina, mostrou correlacdo significativa com
estagio e grau do tumor (p<0,001). Intensidade e localizagdo nao se associaram
com status linfonodal e invasao linfovascular (tabela 3). A reducao ou perda da
expressao de B-catenina foi observada em 16,7% dos tumores superficiais e
47,6% dos tumores invasivos (tabela 3). A localizacado citoplasmatica de B-
catenina mostrou uma grande diferenca entre os grupos superficial e invasivo,
17,9% e 58%, respectivamente. Localizagao nuclear da B-catenina foi registrada
em 27 de 709 (3,8%) amostras de tumores vesicais, incluindo 1Ta, 9 T1 e 17 T2-
T4.

Expressao de Placoglobina — A reducdo ou perda da expressdao e a
localizagdo citoplasmatica de placoglobina foram significativamente associadas
com estagio e grau da neoplasia (p<0,001). A localizagdo da Placoglobina
também se correlacionou com doenca linfonodal (p=0,04). Invasao linfovascular
nao se correlacionou com nenhuma das variaveis imunohistoquimicas. Perda ou
reducdo da expressao da Placoglobina foi observada em 15,2% dos tumores
superficiais e 57,9% dos tumores invasivos. Assim como a localizagédo da B-

catenina, ocorreu uma importante diferenca entre a freqiéncia da localizagao
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citoplasmatica de Placoglobina nos grupos de estagio superficial (23,1%) e
invasivo (72,1%). Localizagdo nuclear da Placoglobina foi observada em 13 de
726 (1,8%) amostras, incluindo 4 Ta, 4 T1, e 5 T2-T4.

Expressao de N-caderina — O aparecimento da expressdao de N-
caderina foi observado em 61 de 746 (8,2%) tumores vesicais (figuras 1 A e B),
incluindo 32 tumores suprficiais e 24 tumores invasivos, com 5 lesdées Tx.
Expressédo de N-caderina na membrana foi raramente vista por toda a extensao
do tumor (figura 1B). Ao contrério, foi observada focalmente na les&o (figura 1A).
Dos 61 tumores positivos para N-caderina, somente 21 apresentaram coloracao
para a proteina em todas as 4 réplicas da amostra. A expressao de N-caderina
néo se correlacionou com nenhuma das variaveis clinicas estudadas.

Expressao de Vimentina — O aparecimento da expressao de Vimentina
em amostras de tumores vesicais foi registrado em 143 de um total de 795
(18%) tumores, incluindo 29 superficiais, 97 invasivos e 17 Tx. Expresséo de
Vimentina (figuras 1 C e D) correlacionou-se significativamente com estagio e
grau do tumor (p<0,001), mas ndo com doenga linfonodal e invaséo
linfovascular. A figura 2 mostra a coloracao para todos os marcadores em uma
mesma amostra de tecido, demonstrando a co-expressdo de queratina e
vimentina (figuras 2A e 2E, respectivamente).

Associacdao entre os marcadores da EMT - Perda ou reducdo da
expressdao de E-caderina correlacionou-se significativamente com a baixa
expressdao de B-catenina (p<0,01; Coeficiente de Spearman = 0,446), baixa

expressao de Placoglobina (p<0,01; Coeficiente de Spearman = 0,37) e com a

32



expressdao de Vimentina (p<0,01; Coeficiente de Spearman = -0,109). Baixa
expressao de B-catenina foi associada com baixa de expresséao de Placoglobina
(p<0,01; Coeficiente de Spearman = 0,441) e Vimentina (p<0,01; Coeficiente de
Spearman = -0,181). A Baixa expressao de Placoglobina e Vimentina positiva
também se correlacionaram significativamente (p<0,01; Coeficiente de
Spearman = -0,231). Nenhum dos marcadores acima mencionados
correlacionou-se com a expressao de N-caderina.

Analise de sobrevida — Porque ndo havia o registro adequado de
seguimento para os pacientes do grupo de tumores superficias, a analise de
sobrevida foi restrita ao grupo de pacientes submetidos a cistectomia radical.
Andlise univariada de sobrevida global, envolvendo cada um dos marcadores
em estudo, demonstrou que a redugédo ou perda de expressao de Placoglobina
correlacionou-se estatisticamente com a sobrevida dos pacientes (p=0,02), com
uma tendéncia de associacdo para B-catenina (p=0,11; Figuras 3A e 3C). Por
outro lado, ndo houve influéncia na sobrevida dos niveis de expressédo de E-
caderina ou N-caderina (Figuras 3E e 3G). Dentre deste grupo de pacientes, as
variaveis clinicas de estagio tumoral, grau, doenca linfonodal e invasao
linfovascular mostraram uma correlagdo estatisticamente significativa com
sobrevida global. A sobrevida global em 5 anos para pacientes cujos tumores
apresentavam perda ou reducdo na expressado de Placoglobina foi de 29,4%
comparado com 41,5% quando a expressdo desta proteina foi normal.
Sobrevida em 10 anos foi de 22,9% e 29,2%, respectivamente. O tempo

mediano para o desfecho foi de 2 anos para o grupo com baixa expressao de
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Placoglobina e de 4 anos para o grupo com expressao normal. A sobrevida em 5
anos para o grupo com perda ou expressao diminuida de B-catenina foi de
29,1% comparado com 40,8% quando a [B-catenina tinha expressdao normal.
Sobrevida em 10 anos foi de 24,2% e 23,5%, respectivamente. O tempo
mediano para o desfecho para perda ou reducéo da expressao de B-catenina foi
de 2,4 anos, enquanto que para a expressao normal de B-catenina o tempo foi
de 3,8 anos.

Quando o desfecho foi sobrevida cancer-especifica, a perda ou reducao de
Placoglobina (p=0,02) e B-catenina (p=0,02) foram estatisticamente diferentes
quando comparadas com 0s grupos com expressao normal destes marcadores
(Figura 3B e 3D). Como esperado, as variaveis clinico-patologicas
correlacionaram-se significativamente com sobrevida cancer-especifica. As
taxas de sobrevida cancer-especifica em 5 e 10 anos foram, respectivamente,
de 43,7% e 41% para a perda ou reducao de Placoglobina comparado com 55%
e 52,7%, respectivamente, no grupo com niveis normais de expressdo. Com a -
catenina, sobrevida em 5 e 10 anos foi de 41,9% e 39,4%, respectivamente,
para niveis baixos de expressdo comparado com 56,3% e 53,7%,
respectivamente, para niveis normais de expressdo. E-caderina e N-caderina
ndo demonstraram influéncia na sobrevida cancer-especifica (Figura 3F e 3H).
Andlise multivariada foi realizada utilizando as varidveis Placoglobina, B-
catenina, estagio tumoral, idade e invasao linfovascular, ja que todas mostraram
significancia estatistica na analise univariada, conforme descrito nas tabelas 4 e

5. Para sobrevida global, invasao vascular e idade foram os fatores prognésticos
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independentes (hazard ratio =1,83; p<0,001 e 1,08 a cada ano; p=0,006,
respectivamente). A perda de Placoglobina (hazard ratio 1,31; p=0,11) e B-
catenina (p=0,82) ndo se correlacionaram com sobrevida global na analise
multivariada.

Para sobrevida cancer-especifica, a localizacdo de Placoglobina e B-catenina
foram incluidas no modelo de regressdo mostrado acima. Invasao linfovascular
foi o Unico fator preditor de sobrevida cancer-especifica no modelo de regressao
(hazard ratio=2,57; p< 0,001).

Discussao:

Neste estudo, n6s analisamos a expressao e o valor progndstico de um
painel de 5 marcadores associados com o fenédtipo relacionado a transigao
epitélio-mesenquimal. A perda da expressdo de E-caderina e o surgimento da
expressdao de N-caderina representam caracteristicas bem definidas da EMT,
ambos ja descritos em neoplasias vesicais[22,23]. Ligada a esta transicao,
também esta a expressao da proteina de filamento intermediario mesenquimal, a
Vimentina, freqientemente acompanhada da expressdo alterada de
citoqueratinas[19]. Além disso, a relocalizagdo da B-catenina estd implicada no
processo de EMT[9]. Varios estudos mostraram que a perda ou reducédo da
expressao de Placoglobina nas células epiteliais ocorre junto com a auséncia da
expressao de E-caderina. Estas alteracoes tém sido relacionadas como parte do
fen6tipo que envolve a EMT[24]. Mudancgas na expressao das proteinas acima
mencionadas representam um desfecho que pode ser modulado por um

crescente numero de moléculas envolvidas na regulacdo de transcri¢ao,
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sinalizacao celular e modulacao do microambiente tumoral[para revisao ver refs.
7,14,19,24]. Contudo, ainda ha controvérsia sobre a ocorréncia destes eventos
in vivo, ja que a observacao destas alteracées morfolégicas é raramente descrita
pelos patologistas, ao analisarem tumores primarios e lesées secundarias[8].

O contra-argumento para esta afirmagdo requer necessariamente a
demonstracdo dos eventos relacionados a EMT in vivo, durante a progressao
tumoral[25,26]. Evidencia disto comega a surgir e, atualmente, incluem relatos
da presenca da proteina Snail1, integrina av6 e a localizacdo nuclear de B-
catenina em tumores colénicos invasivos[14,19]. A melhor maneira de analisar
estas alteracdes talvez seja a analise total dos cortes, ja que algumas alteracdes
presentes somente na regido invasora do tumor podem néo ser visualizadas em
outras areas da leséo.

A reducdo ou perda de expressdo da E-caderina é reconhecida como um
importante evento primario na carcinogénese dos tumores vesicais,
normalmente ligado a um pior prognostico[23,27-29]. Neste estudo, a expressao
alterada de E-caderina correlacionou-se significativamente com a baixa
expressao de B-catenina e Placoglobina, juntamente com o aparecimento de
expressao da Vimentina. A consideracdo destas mudancas associadas com as
proteinas do complexo caderina-catenina revelou uma diferenca
estatisticamente significativa entre a freqiéncia destes eventos entre os grupos
de tumores superficias e profundos, ligando os mesmos a progressao tumoral.

Embora a expressdo ou localizacdo alterada da E-caderina nédo esteve
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associada com envolvimento dos linfonodos ou invasao vascular, a localizacao
citoplasmatica da Placoglobina foi um indicador de envolvimento linfonodal.

A localizag&o nuclear da 3-catenina e Placoglobina foram observadas em 3,8% e
1,8% dos tumores, respectivamente, e foi sempre observada na presenga
citoplasmatica de um membro das cateninas. A freqliéncia reportada da
localizagdo nuclear da B-catenina em tumores vesicais varia entre 0-22% em
estudos com numero menor de pacientes[30-33]. Mutagdes associadas com a [3-
catenina resultaram em sua localizacdo nuclear em tumores vesicais[30].
Localizacdo nuclear da Placoglobina parece ser um achado menos freqliente e,
embora tenha sido descrito em outros tumores[34,35], ndo ha relato prévio de
localizagdo nuclear da Placoglobina em tumores de bexiga. A localizagcao
nuclear de ambas as proteinas foi observada na maioria das amostras, onde
apareciam focalmente, representando <5% da amostra, consequientemente nao
sendo classificadas como tal. Dada a suposta natureza transitéria dos eventos
relacionados a EMT e a limitada, possivelmente temporaria, relocalizacao
nuclear das cateninas associadas com a regido invasora destas lesées, nos
podemos ter subestimado a representacédo de alguns eventos menores.

A aparigdo da N-caderina também vem sendo relatada em tumores vesicais em
humanos[22] e foi previamente observada em 39% (20/51) dos tumores. Neste
estudo de maior magnitude, nés observamos a expressdo da N-caderina em
apenas 8,2% (61/746) dos tumores vesicais usando o mesmo anticorpo e a
mesma técnica de recuperagdo de antigeno. Consistente com o nosso relato

prévio, o surgimento da N-caderina foi focal em todos os microarranjos e,
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embora a presenga de quatro amostras de um mesmo tecido foi considerada
suficiente para representar o padrao de expressao de uma determinada lesao,
ndés acreditamos que a freqiéncia da expressdao de N-caderina esta
subestimada nesta amostra. Suporte para este achado estd na individualizacao
da analise das quatro réplicas de cada lesdo. Uma revisdo destes resultados
revelou a expressdo de N-caderina em todas as réplicas de uma amostra
especifica em um terco dos casos (21/61). E importante observar que nio houve
diferenca na expressao desta proteina entre os grupos superficial e invasivo.
Recentemente, foi descrito que a N-caderina € um marcador progndstico de
progressdao tumoral em tumores superficiais[36]. Embora ndés tenhamos
demonstrado previamente que a N-caderina promove invasao celular em
tumores de bexiga[37], a expressdao de N-caderina em diferentes estagios da
doenca faz com que o estudo de funcbes adicionais da N-caderina seja
considerado.

O aparecimento da expressado de Vimentina, o segundo marcador mesenquimal
relacionado a EMT, foi freqientemente observado em linhagens celulares
derivadas de tumores vesicais que possuem uma morfologia celular com padrao
mesenquimal. Contudo, esta descrito que as células podem expressar Vimentina
apos um periodo em cultura in vitro[38]. Neste estudo, nés demonstramos que o
surgimento da expressdo de Vimentina em tumores epiteliais esta
correlacionado com lesdes vesicais invasivas. Confirmacao da origem epitelial
destas células foi feita através da andlise da expressdo de citoqueratinas em

células vizinhas, demonstrando a co-expressao destes dois fendtipos. Nao se
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observou correlacdo entre os dois marcadores mesenquimais, N-caderina e
Vimentina. Enquanto a N-caderina ndo foi associada com nenhuma das
variaveis clinico-patolégicas estudadas, a Vimentina correlacionou-se com
estagio e grau do tumor. Além disso, a expressado de Vimentina correlacionou-se
significativamente com a expressao diminuida de B-catenina e Placoglobina. A
expressao de Vimentina foi observada em 18% (143/795) dos tumores vesicais,
demonstrando a expressdo deste filamento intermediario in vivo. E interessante
observar que um subgrupo dos tumores superficiais (6,8%) expressava
Vimentina. Considerando a associacdo de Vimentina com tumores mais
agressivos, seria importante estabelecer se este subgrupo de tumores estaria
sob um maior risco de progredir para doencga invasiva, como tem sido descrito
para N-caderina[36].

Neste estudo, dados de sobrevida foram avaliados somente em pacientes que
foram submetidos a cistectomia radical. Para sobrevida global, a reducdo ou a
perda da Placoglobina foi uma das varidveis que mostrou correlagdo com o
desfecho. Como esperado dentro deste grupo de pacientes, as variaveis clinico-
patolégicas estagio tumoral, doenca linfonodal e invasdo vascular também
mostraram correlagdo estatisticamente significatica com sobrevida global. O
tempo mediano para o desfecho em pacientes com a expressédo diminuida de
Placoglobina foi metade (2 anos) daquela registrada no grupo com expressao
normal da proteina (4 anos). De fato, um estudo prévio com um pequeno grupo
de pacientes com cancer vesical[39] também descreveu que a expressao

alterada de Placoglobina influencia na sobrevida. Alteragdes na expressao da
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Placoglobina também foram descritas como um marcador de progressdao em
tumores vesicais T1[40]. Um padrdo similar foi observado para B-catenina,
embora estas diferencas ndo foram estatisticamente significativas. Quando o
desfecho foi limitado a sobrevida cancer-especifica, tanto a expressao quanto a
localizacao de Placoglobina e 3-catenina tiveram influéncia no desfecho.

Neste estudo, nds identificamos alteragcdes ligadas a transicdo epitélio-
mesenquimal que ocorrem em tumores uroteliais de bexiga. A perda de E-
caderina € um evento bem estabelecido na carcinogénese e, mais
recentemente, nés demonstramos o aparecimento da expressdo de N-caderina
em tumores vesicais em humanos. A ligacdo da expressdo diminuida da
Placoglobina com eventos associados a EMT foi descrita mais recentemente.
Esta combinacdo de alteracdes fenotipicas tem sido observada em todas as
linhagens celulares de tumores vesicais que demonstram uma morfologia
caracteristica da transicao epitélio-mesenquimal, acompanhado pelo aumento
da capacidade de migracdo e invasao das células. Neste estudo, nés
demonstramos que a perda da expressdo de E-caderina estd associada com
perda da expressao de Placoglobina, mesmo na presenca da expressao de N-
caderina. Além disso, a expressao de Vimentina também se correlacionou, de
maneira estatisticamente significativa, com alteracbes na expressdao de E-
caderina, B-catenina e Placoglobina. A falta de associacdo da N-caderina com
as outras variaveis estudadas surpreende, embora, como previamente discutido,
ndés acreditamos que tenha havido uma subestimacdo da frequéncia de

expressao deste marcador. Contudo, n6s descrevemos a expressao in vivo de
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alteracbes envolvidas com o processo de transicdo epitélio-mesenquimal em
neoplasia urotelial vesical, dentre as quais a expressao reduzida ou ausente de

Placoglobina é descrita como fator prognéstico mais importante nestes tumores.
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Tabela 1 — Expressio do Fenétipo de Transicio Epitélio-Mesenquimal em
Linhagens Celulares de Carcinomas Uroteliais de Bexiga

E-cadherina Placoglobina B- N-cadherina Vimentina Morfologia Invaséo+
* catenina*
RT4 +++ +++ +++ - - E -
RT112 +++ +++ +++ - - E -
HU456 +H+ +++ +++ + + EM +
BC16.1 +++ +++ +++ + + E -
CUBII +++ +++ +++ - - E -
5637 +++ +++ +++ + + E -
PSI +++ +++ +++ + - E -
HT1197 +H+ +++ +++ - - E -
HT1376 +H+ +++ +++ - - E -
SCaBER +++ +++ +++ + - E -
EJ - + ++ + + M +
KK47 - +++ +++ + + EM +
J82 - + ++ + + M +++
UM-UC-3 - + ++ + + M ++
TCCSUP - + ++ + - M +
+++ = expresso em niveis altos; ++ = expresso em niveis moderados; += expressed em niveis baixos; - = sem

expressdo detectada; E = morfologia epitelial E/M = morfologia intermedidria entre células epitéliais e
mesénquimais; M = morfologia mesenquimal.

*Sem evidéncia de localizagio nuclear de cateninas foi observada em imunocitoquimica.

*Invasdo avaliada apds periodo de 16 horas em experimento in vitro. Resultados foram pontuados como niimero de
células que atravessaram a membrana por cada Imm de drea; - = 0 — 4 células; + 5-20 células; ++ 21 a 50 células;
+++ >50 células.
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Tabela 2 — Parametros Clinico-Patolégicos nas 825 Amostras de Tumores de Células Transicionais de Bexiga

Amostras (%) Pacientes (%) Cistectomias(%)

n=825 n=572 n=299
Estadiamento
pTa 317(38,4) 211(36,9) 10(3,3)
pTis 40(4,8) 24(4,2) 22(7,4)
pT1 92(11,1) 54(9,4) 32(10,7)
pT2-T4 321(39) 268(46,9) 233(77,9)
pTx 55(6,7) 15(2,6) 2(0,7)
Grau
172 298(36,2) 198(34,6) 27(9)
3 526(63,8) 374(65,8) 272(91)
Estadiamento/Grau
Ta/G1-G2 248(30,1) 167(29,2) 6(2)
TaG3 69(8.,4) 44(7,7) 4(1,3)
T1G2 17(2,1) 11(1,9) 6(2)
T1G3 74(9) 43(7,5) 26(8,7)
T2-T4/G2 25(3) 18(3.1) 15(5)
T2-T4/G3 296(35.,9) 250(43,8) 218(72,9)
Tx/G1-G2 7(0,9) 1(0,2) 0
Tx/G3 48(5,8) 142,4) 2(0,7)
Estadiamento N/'M
N+ (n=283/262/240) 83(29,3) 78(29,6) 62(25,8)
M+ (n=393/317/270) 33(8,4) 30(9,5) 8(3)
InvasdoVascular — presente*! 203(45.4) 166(51,1) 136(51,3)
(n=447/325/265)
Sexo — Masculino (n=572/299) 438(76,6) 231(717,3)
Tabagismo — sim (n=543/282) 393(72,4) 209(74,1)
Idade Média na Cistectomia 67,1£9.7
(anos)

Valores estdo expressos como niimero de amostras ou pacientes(%) ou média + DP. *Ta e Tis ndo foram considerados na
andlise. Todos os Tis sdo grau 3.
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Tabela 3 — Associacoes entre os Marcadores da EMT e Fatores Clinicopatolgicos em Pacientes com Céncer de Bexiga

E- B-catenina Placoglobina Vimentina N-
caderina P baixa exp. P baixa exp. P presente P caderina P
baixa exp. presente
Estadiamento
Superficial 37,7 (427) 16,7 (426) 15,2 (429) 6,8 (427) 8,1(393)
<0,001 <0,001 <0,001 <0,001 0,94
Invasiv0 60,2 (304) 47,6 (313) 57,9 (309) 30,9 (314) 8,0 (301)
Grau
172 36 (292) 12,5 (289) 15 (287) 6,2 (292) 10,6 (263)
<0,001 <0,001 <0,001 <0,001 0,07
3 54,3 (490) 40,4 (502) 44,3 (503) 24,7 (502) 6,8 (482)
Invasao Vascular
Nio 51,9 (231) 41,1 (236) 50,2 (233) 27,5 (236) 9,2 (228)
0,07 0.2 0,671 0,5 0,18
Sim 60,8 (194) 47,2 (199) 52,3 (199) 30,5 (200) 5,7(193)
Linfonodos
Negativo 52,7 (182) 42,6 (190) 52,4 (191) 26,6 (192) 6,0 (184)
0,19 0,14 0,218 0.4 0,14
Positivo 61,5 (78) 52,5 (80) 60,5 (81) 31,7 (82) 11,3 (80)
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Tabela 3 — continuacao

E-caderina p-catenina Placoglobina
citoplasma P citoplasma P citoplasma P
Estadiamento
Superficial 26 (358) 17,9 (407) 23,1 (416)
<0,001 <0,001 <0,001
Invasivo 58,1 (172) 58,0 (257) 72,1 (265)
Grau
12 19,3 (254) 13,2 (280) 18,5 (281)
<0,001 <0,001 <0,001
3 51,3 (308) 47,7 (428) 57,7 (444)
Invasdo Vascular
Nio 51,8 (137) 53,9 (206) 62,9 (202)
0,40 0,56 0,28
Sim 57,1 (112) 57,0 (158) 68,2 (170)
Linfonodos
Negativo 49 (98) 56,9 (160) 65,0 (160)
0,29 0,14 0,04
Positivo 59 (39) 67,8 (59) 78,9 (71)

Valores expressos em porcentagem (nimero de amostras)

45




Table 4 - Preditores na Andlise Univariada de Sobrevida Global e Cancer-Especifica.

Variavel HR (IC 95%) p

Sobrevida Global
Vascular invasion 1.87 (1.37-2.56) <0.001
Age (1-year increment) 1.03 (1.01-1.05) <0.001
Sexo (masculino) 0.83 (0.60-1.14) 0.25
Tabagismo 1.04 (0.74-1.45) 0.82
Estadiamento (T2-T4) 2.23 (1.50-3.32) <0.001
Grau 3 1.21 (0.77-1.91) 0.41
Linfonodo (+) 1.71 (1.19-2.46) 0.003
Metastase (+) 2.31(1.08-4.97) 0.03
Placoglobina (expressao  1.41 (1.05-1.89) 0.02
baixa)
Placoglobina (citoplasma) 1.25 (0.88-1.76) 0.21
B-catenina (expressdo baixa) 1.27 (0.95-1.70) 0.11
B-catenina (citoplasma) 1.06 (0.76-1.48) 0.75
E-caderina (expressao baixa) 1.04 (0.77-1.41) 0.78
E-caderina (citoplasma) 1.08 (0.72-1.59) 0.71
N-caderina (presente) 0.98 (0.43-2.22) 0.96
Vimentina (presente) 1.03(0.73-1.46) 0.85

Sobrevida cancer-

especifica
Invasdao Vascular 2.48 (1.68-3.66) <0.001
Idade (a cadal ano) 1.02 (0.99-1.04) 0.08
Sexo (masculino) 0.75 (0.51-1.11) 0.16
Tabagismo 0.96 (0.64-1.44) 0.84
Estadiamento (T2-T4) 3.35 (1.88-5.96) <0.001
Grau 3 1.15 (0.66-2.00) 0.63
Linfonodo (+) 2.15 (1.42-3.24) <0.001
Metastase (+) 3.21(1.40-7.36) 0.06
Placoglobina (expressao  1.54 (1.07-2.22) 0.02
baixa)
Placoglobina (citoplasma) 1.39 (0.90-2.16) 0.14
[-catenina (expressdo baixa) 1.55 (1.08-2.24) 0.02
[-catenina (citoplasma) 1.47 (0.95-2.27) 0.08
E-caderina (expressao baixa) 1.32 (0.90-1.92) 0.16
E-caderina (citoplasma) 0.93 (0.56-1.52) 0.76
N-caderina (presente) 1.20 (0.49-2.93) 0.70
Vimentina (presente) 1.24 (0.80-1.92) 0.37

HR= Hazard-ratio, IC= Intervalo de Confianca.
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Tabela 5 - Modelo de Regressao de Cox — Andlise de Sobrevida Multivariada

Variavel HR (IC 95%) p
Sobrevida Global
Invasdo Vascular 1.83 (1.31-2.57) <0.001
Idade (a cadal ano) 1.03 (1.01-1.04) 0.006
Estadiamento(T2-T4) 1.45 (0.78-2.70) 0.24
Placoglobina(baixa 1.31 (0.94-1.85) 0.11
expressao)
[-catenina (baixa expressao) 1.03 (0.75-1.44) 0.82
Sobrevida cancer-
especifica
Invasdo Vascular 2.57 (1.51-4.35) <0.001
Idade (a cadal ano) 1.02 (0.99-1.05) 0.14
Estadiamento(T2-T4) 0.97 (0.40-2.38) 0.95
Placoglobina(baixa 1.30 (0.77-2.21) 0.33
expressao)
Placoglobina (citoplasma) 1.41 (0.75-2.63) 0.28
-catenina ( baixa expressao) 1.19 (0.60-2.23) 0.60
-catenin (citoplasma) 0.85 (0.42-1.70) 0.65

HR= Hazard-ratio, IC= Intervalo de Confianga

Variaveis inicialmente incluidas no modelo foram: Invasdo Vascular, idade, estadiamento,
presenca de linfonodos positivos ou metdstases, expressao de placoglobina, expressao de

B-catenina. Localiza¢do de Placoglobina e B-catenina foram incluidas somente na anélise de
sobrevida cancer-especifica.
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Figura 1

Figura 1 - Imunohistoquimica mostrando N-caderina (A e B) e Vimentina (C e D) em tumores vesicais de baixo (A e C) e alto
graus (B e D). A — expressdo focal de N-caderina em uma amostra de tumor superficial. B — expressdao de N-caderina por toda a
extensdo da amostra em um tumor invasivo. C — auséncia de expressdo de Vimentina nas células epiteliais de um tumor
superficial. D — expressdo de Vimentina nas células de um tumor invasivo.
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Figura 2

Figura 2 - Imunohistoquimica mostrando uma mesma amostra tumoral sendo corado com anticorpos para (A) Queratina, (B) E-
caderina, (C) B-catenina, (D) Placoglobina, (E) Vimentina e (F) N-caderina. Observar a co-expressao de filamentos
intermedidrios de Queratina e Vimentina (comparar A e E) na auséncia de expressido de N-caderina.
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Figura 3 — Curvas de Kaplan-Meier em pacientes com cancer de bexiga, apds a cistectomia
radical. Expressdo de Placoglobina — sobrevida global (A) e cancer-especifica (B). Expressao de
B-catenina - sobrevida global (C) e cancer-especifica (D). Expressao deE-caderina - sobrevida
global (E) e cancer-especifica (F). Expressdo de N-caderina - sobrevida global (G) e cancer-
especifica (H).
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Abstract

Objective: To identify the frequency of change in the expression and localization
of p120°" in bladder tumors and its association with clinical outcomes and to
investigate the potential role of p120°" in the migratory and invasive behavior of
bladder carcinoma cells.

Materials and Methods: A total of 425 superficial tumor specimens (Ta, Tis and
T1) and 305 invasive (T2-T4) tumor specimens from 534 patients were
assembled in ten tissue microarrays (TMA). P120°" immunostaining was scored
for intensity and cellular localization and correlated with clinical variables and
survival analysis. Knockdown of p120°" was achieved using siRNA followed by
the assessment of migration and invasion behavior in standard in vitro assays.
Results: Expression levels of p120 catenin inversely correlated with pathological
tumor stage (p<0.001), histological grade (p<0.001), presence of lymphovascular
invasion (p=0.02) but not node involvement (p=0.17). Non-membranous
localization of p120°" correlated with stage (p<0.001), grade (p<0.001),
lymphovascular invasion (p=0.04) and node positive disease (p=0.02). Low
expression level of p120°" was linked to a poor outcome in cancer-specific
survival analysis. Knockdown of p120°" using siRNA resulted in a significant

reduction in the migration and invasive potential of bladder carcinoma cells.
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Conclusions: Our findings suggest that p120°" acts as a prognostic factor in
bladder tumors and has a primary role to play in the migratory and invasive
behavior of bladder carcinoma cells.

Keywords: p120°", bladder cancer, tissue microarrays
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Introduction

By the end of 2007 in the United States, bladder cancer will be diagnosed in
more than 67,000 patients and there will be more than 13,500 deaths from this
disease [1]. Transitional cell carcinoma is the most common form of bladder
cancer where 70% of the patients present with a superficial, non-muscle invasive
tumor that has a high recurrence rate (60-70%). In 20-30% of recurrent cases,
muscle invasive disease is detected at a later stage conferring a significant
change in prognosis [2]. For this reason there is a continuing interest in
understanding the molecular mechanisms involved in the transition that leads to
invasion. It has been shown that the cadherin/catenin complex stability plays an
important role in this process where the loss of expression of different
components of the complex can result in the generation of a more aggressive
tumor profile [3, 4]. P120°" was originally identified as a substrate for src kinase
and has subsequently been shown to be a part of the cadherin complex, binding
to the juxtamembrane domain (JMD) of the cadherin molecule acting as a
mediator of JMD function [5-8]. P120°" can also function as a transcriptional
regulator [9, 10] and has the potential to be a regulatory element of similar
importance and diversity of function as 3-catenin. There exists multiple isoforms
of p120°"[11] that are derived from alternative splicing of a single gene [12].
Recent work has defined a role for p120°" as a positive regulator of cadherin
turnover whereby proper cadherin-dependent adhesion requires the presence of
at least one member of the p120°" family [13-16]. From this work it is predicted

that a dose-dependent loss of E-cadherin would occur in tumors that partially or
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completely down-regulate p120°". Indeed, restoration of p120°" expression in
the SW48 cell line, where p120°" is mutated and the cadherin adhesion system
is impaired, resulted in increased levels of E-cadherin with reactivation of
cadherin function [13].

The loss or heterogeneous staining of p120°" has been reported in bladder
tumor tissue albeit at a low frequency [17, 18]. Indeed, cytoplasmic and nuclear
localization of p120°" has been reported in the absence of E-cadherin where
restored expression of this cadherin resulted in a shift of p120°" from the
cytoplasm to the membrane [19]. Interestingly, knockdown of p120°" results in
destabilization of E-cadherin where premature loss of p120®" could represent
another mechanism of E-cadherin loss in cancer [20]. Additional studies have
shed light on p120°" associations with microtubule elements [21, 22], epidermal
growth factor receptor signaling to p120°" [23] and signaling events involving
RhoA GTPase linked to motility and cell scattering [24, 25]. It is also clear that
the phosphorylation status of p120°" is important in cellular functional outcomes.
In this study, we have focused on altered p120°" expression and localization in
bladder cancer and the association with different clinical variables currently used

for prognostication in the clinical setting.
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Materials and methods
Clinical samples

We have used tumor tissue samples from patients diagnosed with bladder
cancer at the Lahey Clinic Medical Center between 1990 and 2005 under an IRB
approved protocol. Formalin-fixed, paraffin embedded tumor tissue from patients
was retrieved and tumor stage was determined using TNM classification and

graded according to WHO guidelines.

Construction and immunohistochemical staining of tissue microarrays

Seven hundred and thirty tumor samples from 534 patients were assembled in
ten tissue microarrays (TMA’s). Each TMA consisted of 400 tissue cores (4
cores per specimen) and control tissue cores for immunohistochemistry (IHC)
validation and orientation. Individual TMA sections were deparaffinized and
antigen retrieval was performed. The antibodies were diluted with Dako antibody
diluent solution. IHC staining was performed on an automated stainer
(Autostainer Plus, Dako Corporation, Carpinteria, CA) using a high sensitivity
polymer-based detection system (EnVision™, Dako Corporation, Carpinteria,
CA). A negative control was included using a non-specific mouse antibody
solution (Dako Corporation, Carpinteria, CA) substituting for the primary

antibody.

Antibodies
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Antibodies to cytokeratin (Dako Corporation, Carpinteria CA) and pan-
p120°" (BD Transduction Laboratories, San Diego, CA) were diluted 1:25 and
1:100, respectively, for use in IHC. Antibodies recognizing p120 isoforms 1 and
2 (5A7 and 6H11) were generous gifts from Dr Albert Reynolds (Vanderbilt
University, TN). Antibodies to Akt, pAkt, MAP, MAPK, pStat-1, 3, 5 and 6 (Cell

Signaling, Beverly MA) were used in Western blot analysis at 1:500 dilution.

Scoring of immunohistochemistry

The tissue sections were scored semi-quantitatively assessing staining
intensity and protein localization including membrane, cytoplasmic or nuclear
localization. For p120°" a staining intensity scale of 0-3 was applied. In tissue
sections that displayed heterogeneous staining throughout the section the worst-
case-scenario score was assigned to that sample when >5% of the tumor cells
displayed this phenotype. Specimens that exhibited a complete absence of
staining or faint staining in <5% cells were scored negative. Each TMA was
scored independently by ICS and ML. Where discordant results were obtained

both individuals re-reviewed the stained cores to obtain a consensus.

Statistical analysis

Comparisons of groups were performed by Student t-test and Pearson xZ.
Correlation between markers was determined by Spearman’s correlation
coefficient.  Univariate overall and cancer-specific survival analysis was

performed using the product-limit procedure (Kaplan-Meier method), with the
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surgery date as the entry date. The log-rank (Cox-Mantel) test was used to
compare survival curves for different categories of each variable. Variables with
impact on survival in univariate analyses were incorporated into a multivariate
Cox proportional hazards regression model. Data were analyzed using the SPSS

software package, version 11.5.

Cell culture

Human bladder cell lines RT4, RT112, HU456, BC16.1, CUBIII, 5637, PSI,
HT1197, HT1376, SCaBER, EJ, KK47, J82, UM-UC-3, and TCCSUP were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with

7.5% fetal bovine serum and penicillin/streptomycin.

SiRNA knockdown

Pre-designed siRNA for p120°", (SMARTpool siRNA, Dharmacon,
Lafayette, CO) as well as scrambled controls were purchased. Cells were plated
(1.2 x 10°%well) in a 12 well plate 24 hours prior to transfection. P120°" siRNA
and a scrambled control sequence were introduced into cells using
Oligofectamine (Invitrogen, Carlsbad, CA) according to the manufacturer’'s

instructions.
Migration and invasion assays

In vitro migration and invasion assays were carried out using modified

Boyden chambers consisting of Transwell (8um pore size; Corning Costar Corp.,
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Cambridge, MA) membrane filter inserts in 24-well tissue culture plates. For
invasion assays the upper surfaces of the membranes were coated with Matrigel
(Collaborative Biomedical Products, Bedford, MA) and placed into 24-well tissue
culture plates containing 600ul of NIH/3T3 conditioned media (experimental) or
plain DMEM (control). No matrigel was used for migration assays where the
chemoattractant was fibronectin (10ug/ml). Cells (1 x 10°%) were added to each
Transwell chamber and allowed to migrate/invade toward the underside of the
membrane for 16 hours at 37°C. Cells that pass through the membrane were
fixed in methanol, stained with crystal violet and counted under a light

microscope.

Western blot analysis

Subconfluent dishes of cells were washed in phosphate buffered saline (PBS)
followed by lysis in hot sample buffer (2x ESB — 0.08M Tris, pH 6.8; 0.07M SDS,
10% glycerol, 0.001% bromophenol blue and 1mM CaCly). Lysates were
assayed for protein concentration using the BSA method (Pierce, Rockford, IL).
After determination of protein content, p-mercaptoethanol (1%) was added to
each sample. Samples were boiled for 5 minutes and protein was loaded in each
lane of a polyacrylamide gel. Proteins were transferred overnight onto
nitrocellulose. Membranes were blocked in 10% milk in TBS with 0.05% Tween
(TBST) and incubated with primary antibody overnight at 4°C. Blots were
washed in TBST, three times for 15 mins each, and incubated with secondary

antibody linked to horseradish peroxidase for 60 minutes at room temperature.
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Blots were then washed as described above and developed with an ECL kit

(Pierce, Rockford IL)

62



Results
P120%" expression profile in bladder tumors

The level of expression and localization of p120°" was assessed in tissue
microarrays of primary bladder tumors (Figure 1A-1F). The construction of ten
microarrays included 730 transitional cell carcinoma samples from 534 patients.
The TNM'’s and histological grade of the samples is shown in Table 1. In this
analysis the superficial tumor group included pTa, pTis and pT1 lesions with the
invasive group represented by T2-T4 tumors.

A reduction or loss of expression of p120°" showed significant correlation
with tumor grade, stage and vascular invasion but not with lymph node
involvement. A reduction or loss of p120°" was recorded in 20.2% of superficial
tumors and 32.5% of invasive tumors (Table 2). Cytoplasmic localization of
p120°" (Figure 1D) was recorded in 25.1% of superficial tumors and 68% of
invasive tumors (p<0.001) and was also correlated with grade, lymph node
involvement and vascular invasion. In samples displaying an abnormal
expression or relocation of p120°", loss or reduced expression of E-cadherin [4]
was recorded in 83.8% (R=0.42, p<0.001) and 68.6% of the cases (R=0.4,
p<0.001), respectively (figure 1C-F). Nuclear localization of p120°" (figure 1F)
was identified in 21 tumors (2.5%) including 1/Ta, 9/T1 and 11/T2-T4, where
nuclear staining observed in >5% tumor cells established a nuclear scoring
classification. = However, numerous additional samples displayed nuclear
localization of p120°" in restricted tumor regions in <5% of the cells and were not

recorded with p120 nuclear score (Figure 2).
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Survival analysis

Survival analysis was confined to the cystectomy group of patients in
which follow-up data was available. Mean follow-up for survivors was 5.02+3.39
years. Univariate analysis for overall survival showed that neither the level of
expression nor cytoplasmic localization of p120°®" was significantly associated
with patient survival. In contrast, when the outcome was limited to cancer-
specific survival the loss or reduction in expression of p120°" was significantly
different for survival (p=0.03). The 5- and 10-year cancer-specific survival rates
were 43% and 38%, respectively, for loss or reduced expression of p120°"
compared to 53% and 51%, respectively for normal levels of expression (Figure
3A). No significant association was recorded between the cytoplasmic
relocalization of p120°" and cancer-specific survival (Figure 3B). As expected, T-
stage, lymph node status and vascular invasion correlated with cancer-specific
survival. In the multivariate analysis, vascular invasion was the strongest
predictor for survival while the level of expression of p120°" no longer showed

significant difference for cancer-specific survival.

Characterization of p120°" expression profile in bladder carcinoma cells

To establish the expression profile of p120°" in bladder carcinoma cells
we initially screened a panel of fifteen cell lines for the expression of different
p120°" isoforms. Figure 4 shows Western blot analyses of the cell panel

demonstrating overall expression of p120°" isoforms along with the identification
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of bladder carcinoma cell lines that displayed novel expression of p120°"
isoforms-1 and 2. Using immunocytochemistry, no loss of expression or nuclear
localization of p120°" was recorded in the bladder carcinoma cell lines (data not
shown). However, a predominant cytoplasmic p120°" localization was recorded

in cell lines with N-cadherin expression in the absence of E-cadherin.

SiRNA knockdown of p120°" in bladder carcinoma cells

To better understand the biological consequences of the loss or reduction
of p120°" expression in bladder carcinomas we have selected representative cell
lines, CUBIII and UM-UC-3, in which to knockdown p120°" using siRNA. These
cell lines were selected based on their differing cadherin expression profiles
where CUBIII expresses E- and P-cadherin and UM-UC-3 expresses N-cadherin
alone [26]. Each cell line is considered representative of different stages of
urothelial neoplastic progression. Knockdown of pan-p120°" was achieved using
siRNA targeting all isoforms of p120°" and confirmed in Western blot analysis
(Figure 5). The same cell population was used in migration and invasion assays.
Reduced expression of p120°" in CUBIII cells resulted in decreased expression
of E-, P-cadherin (Figure 5). In UM-UC-3 cells, reduced p120°" expression
resulted in decreased N-cadherin (Figure 5). Repeated assessment of changes
associated with alternative signaling molecules including the phosphorylated
forms of Akt, MAP, Stat —1, 2, 3, 5, 6 and FAK revealed no consistent change in

activity linked to reduced p120°" expression in the target cells (data not shown).
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Reduced p120°" expression suppresses the migration and invasive potential
Screening of bladder cell lines in in vitro migration assays revealed
significant inhibition in both CUBIII and UM-UC-3 bladder cell lines when p120°"
was knocked down using siRNA. Parallel assessment of invasive potential
using the same cells demonstrated reduced invasion of p120°" knockdown

transfectants in both bladder carcinoma cell lines.
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Discussion

In this study we have assessed the expression and localization of p120°"
in a large series of well-characterized bladder tumors to investigate the potential
prognostic value of changing events linked to different clinical parameters. We
have identified a role for p120°" in the progression of bladder tumors from a
superficial to an invasive stage and have reported the potential for this cadherin-
binding protein(s) to act as a prognostic factor, either alone or in association with
E-cadherin expression.
Aberrant expression and/or the cytoplasmic localization of p120°" have been
reported correlated with a more aggressive tumor phenotype and poor survival in
different tumor types [27-29]. Indeed, previous studies involving small sample
sizes have shown that decreased p120°" expression is correlated with increasing
grade and stage linked to poor prognosis in bladder cancer [17, 18, 30]. Our
results, examining a much larger sample size (n = 730), demonstrated a
significant difference in the occurrence of p120°" aberrant expression and
relocalization when comparing superficial with invasive tumors, grade I/l with IlI
tumors and vascular invasion. The presence or absence of nodal disease
correlated with the cytoplasmic localization but not with the level of expression of
p120°". In survival analysis a poor prognosis was recorded linking reduced
p120°" expression in cancer-specific survival. In the multivariate analysis,
vascular invasion was the only independent predictor recorded. No association
between p120°" parameters and overall survival was found. Since our survival

analysis was restricted to the cystectomy group, it is probable that the striking
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differences revealed in the comparisons between the superficial and invasive
groups were attenuated and for this reason not revealed in the survival analysis.
We have published that reduced expression of E-cadherin is associated with an
invasive tumor phenotype in bladder cancer, with no difference in survival being
observed [4]. When comparing the pattern of expression of p120°" and E-
cadherin from the same samples in the tissue microarray, we recorded a high
frequency of simultaneous occurrence of loss of E-cadherin in samples with
abnormal expression or relocalization of p120°" with an intermediate correlation
coefficient between the groups. We observed a worse prognosis for cancer-
specific survival when p120°" and E-cadherin loss of expression were grouped.
The scoring of tissue microarrays is semi-quantitative, where we have
selected a 5% cutoff for immunostained cells to score for a particular phenotype.
However, we observed limited nuclear staining of p120°" (<5% cells stained) in
numerous tumors that were scored negative in this study. With the recent
discussions on the potential transient nature of events associated with the
epithelial to mesenchymal transition (EMT), specifically the nuclear localization of
catenins associated with the invasive edge of tumors [31, 32], we may have
overlooked a significant biological event in these tissues. It is also of note that
the scattered cells displaying nuclear p120°" were mainly localized to the
epithelial layer abutting the stroma where the microenvironment may play a role
in influencing the adjacent epithelial cell phenotype, albeit transitory in nature.
P120°" binds to the JMD of the cadherin protein and has been shown to be

important in the stabilization of the cadherin complex. Reports of the knockdown
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of p120°" resulted in the loss of E-cadherin expression because of the
destabilization of the cadherin complex in the absence of p120°". In bladder
cancer, loss or reduced E-cadherin expression has prognostic significance
associated with an invasive phenotype and poor survival. In this study we have
shown a strong association between E-cadherin expression status and that of
p120°". Such an association was also recorded in the panel of bladder
carcinoma cell lines where the cytoplasmic localization of p120°" in the absence
of an alteration in the expression level was associated with the loss of E-cadherin
even in the presence of novel expression of N-cadherin. This phenotype was
observed in the bladder cell lines characterized as invasive where we also
recorded novel expression of p120°" isoforms 1 and 2. Whether the novel
expression of p120°" isoforms 1 and 2 are directly involved in the invasive
phenotype or linked to expression of N-cadherin in the absence of E-cadherin
has yet to be determined in bladder carcinoma cells.

Reduced expression of p120°" using siRNA in bladder carcinoma cell lines
resulted in decreased migration and invasion of cells with concomitant
modulation of co-expressed cadherin and catenin molecules. In the CUBIII cell
line, that co-expresses E- and P-cadherin, reduced p120°" expression resulted in
the reduction of both of these classic cadherin members. Reduced E-cadherin is
usually indicative of increased invasive potential, however, the opposite was
recorded in CUBIII cells in these experiments. Although we do not know the role
of P-cadherin in normal bladder mucosa or bladder neoplastic progression a

recent publication, involving knockdown of p120°"in a colon carcinoma cell line,
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also showed inhibition of migration [27]. Here, p120°" was found to have an
inhibitory effect on RhoA, such that increased expression of p120°" led to
decreased activity of RhoA and increased migration. Conversely, knockdown of
p120°" with siRNA led to a loss of RhoA inhibition by p120°" and subsequent
increase in RhoA activity. In UM-UC-3 cells, where N-cadherin is expressed in
the absence of E- or P-cadherin, N-cadherin expression is reduced in siRNA
p120°" knockdown cells. We have previously reported a role for N-cadherin in
invasion in bladder carcinoma cells and demonstrated a direct link between N-
cadherin expression and invasive potential [33]. Clearly, p120°" has a primary
role to play in cell migration and invasion in bladder carcinoma cells and has the
potential to act as a prognostic factor, either alone or in association with E-

cadherin expression.
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FIG. 1. IHC staining showing E-cadherin (A, Cand E)
and p120°" (B, D and A in bladder tumours. A and B,
superficial bladder tumour showing membrane
localization of E-cadherin and p120°", respectively;
Cand D, showing late-stage bladder tumour with
loss of E-cadherin expression and cytoplasmic
localization of p120°", respectively; Eand E showing
late-stage bladder tumour with loss of E-cadherin
staining and cytoplasmic/nuclear localization of

p120°" respectively.
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FIG. 2. IHC staining of the same bladder tumour
showing loss of E-cadherin expression (A) and
nuclear localization of p120°" in a limited number of
tumour cells (B).
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FIG. 3.

Kaplan-Meier curves among
patients with bladder cancer after
radical cystectomy. A, p120°™
expression levels (high and low)
and CSS; B, p120F™ localization
(membrane vs cytoplasmic/
nuclear) and CSS.
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FIG. 4. Western blot analysis showing the expression
profileof p120°" in a panelof bladder carcinoma cell
lines. Upper panel shows total cell lysates probed
with pan-p120°" showing all isoforms; lower panel
probed with antibody recognizing p- 120" [soforms
1and 2. Bladder carcinoma cell lines include lane 1
RT4: lane 2 RT112: lane 3 EJ: lane 4 UM-UC-3; lane
5182 lane 6 HT1376; lane 7 TCCSUF: lane 8 KK47;
lane 9 CUBIII: lane 10 5637 lane 11 PSI: lane 12
HI1197: lane 13 SCaBER; lane 14 HU456; lane 15
BC16.1.
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FIG. 5. p120°" siRNA knockdown in bladder
carcinoma cell lines CUBIII (lanes A and B) and UM-
UC-3 (lanes C and D). Scrambled siRNA control
(lanes A and C) and p120°" siRNA (lanes B and D).
Total cell lysates were probed with pan p120, E-, P-,
N-cadherin and 3-actin antibodies.
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FIG. 6. Results from in vitro assays showing reduced
cell migration and invasion after knockdown of
p120°™ in CUBII and UM-UC-3 bladder carcinoma
cell lines. *P=0.05 control vs experimental cells in
three separate experiments performed in triplicate,
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Abstract

Purpose: In this study we identified changes associated with P-cadherin
expression in bladder cancer and evaluated the potential role of such events in
determining clinical outcome and cell behavior.

Experimental Design: A total of 536 bladder tumor specimens from 408 patients
were assembled in 7 tissue microarrays. Paraffin sections from each array were
processed for immunohistochemistry for the expression of P-cadherin. Forced
expression or knockdown of P-cadherin was performed in bladder carcinoma cell
lines following transfection of the P-cadherin gene or siRNA, respectively.
Results: The absence of P-cadherin staining was associated with muscle
invasive disease, grade 3 classification (p<0.001) and nodal disease (p=0.009).
Similar results were obtained when considering cytoplasmic and unrestricted
localization of P-cadherin (P<0.001) with the exception of nodal involvement.
The group with cytoplasmic localization of P-cadherin showed a shorter cancer-
specific survival when compared to the group displaying membrane localization
of P-cadherin (p=0.03). Novel expression of P-cadherin in EJ and UM-UC-3 cells
was accompanied by modulation in catenin expression. Enhanced migration of
EJ and UM-UC-3/P-cadherin transfectants (>200%) was recorded. Knockdown
of constitutively expressed P-cadherin in cell lines (RT112, CUBIIl) showed
enhanced migratory potential in in vitro assays. Inhibition of Rho kinase activity
resulted in reduced migratory potential of bladder carcinoma cells.

Conclusion: We showed that loss of expression, cytoplasmic relocation or

unrestricted tissue localization of P-cadherin was associated with poor clinical
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outcome and prognosis in bladder cancer. From our in vitro work it is clear that

P-cadherin is a primary modulator of migration in bladder epithelial cells.
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INTRODUCTION

Cadherins have been well described as transmembrane glycoprotein
molecules involved in calcium dependent cell-cell adhesion (1-3). The classic
cadherins, E-, P-, N- and R-cadherin possess an extracellular N-terminal domain,
a transmembrane and a cytoplasmic carboxy-terminal domain. The cytoplasmic
domain of the classic cadherins binds the catenin family members where
associations are necessary to maintain the cell-cell adhesion function of the
cadherin complex. Consistent with this concept, numerous studies have reported
the altered expression status of individual catenins linked to prognosis in different
cancers (4-9).

Classic cadherin profiles have been widely studied in a variety of human
cancers revealing co-expression of classic cadherins in normal mucosa with
often a change in cadherin expression profiles accompanying disease
progression. The loss or reduced expression of E-cadherin expression is a
common event in tumorigenesis resulting in increased migratory and invasive
capacity with E-cadherin playing an invasive suppressor role (10, 11). In
contrast, novel expression of N-cadherin has been recorded in different tumors
(12-14) and has been shown to promote the invasive potential of epithelial cells
in vitro (15-17). Although there have been few studies of R-cadherin expression
in human tumors (18, 19) it is proposed that R-cadherin has a tumor suppressor
function in gastrointestinal tumors (19) and has been shown to promote the

migratory behavior of epithelial cells in vitro (20).
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Although over expression of P-cadherin has been reported to promote the
migratory and invasive behavior of breast and pancreatic carcinoma cell lines
(21, 22) reduced P-cadherin expression has been reported associated with
primary cultures from progressive melanomas (23) with restoration of P-cadherin
expression in melanoma cell lines resulting in reduced invasive potential (24).
Loss or reduced expression of P-cadherin in tumor tissue has been reported
associated with different clinical parameters of poor prognosis in breast (25, 26),
oral squamous cell carcinoma (27, 28) and melanocytic skin tumors (29). In
contrast, alternative studies have reported elevated P-cadherin expression linked
to tumor aggressiveness in endometrial cancer (30), melanocytic (31) and breast
carcinomas (32, 33). Although P-cadherin may play a different role in tumor
progression in different organs, there is no clearly identified role for P-cadherin
as a clinical indicator of progression or outcome, in a specific cancer.

We have previously reported an association between decreased E-
cadherin expression and later stage bladder tumors with poor prognosis (34). In
addition, we have identified novel expression of N-cadherin in human bladder
tumors (12) linked to invasive behavior in bladder carcinoma cells (17). In this
study, we have investigated the expression profile of P-cadherin at different
stages of urothelial neoplastic progression using tissue microarrays and have
assessed the functional significance of modulation of P-cadherin expression in

bladder carcinoma cell lines displaying different cadherin expression profiles.
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MATERIALS & METHODS
Clinical Samples and TMA analysis

We have used tissue samples from patients diagnosed with bladder
cancer at the Lahey Clinic Medical Center between 1990 and 2005 under an IRB
approved protocol. Formalin-fixed, paraffin embedded tumor tissue from patients
was retrieved from the archives of the Pathology Department. The tumor stage
was determined using TNM classification and graded according to WHO
guidelines.

Five hundred and thirty six tumors (269 superficial, 238 invasive and 29
Tx) were assembled in seven tissue microarrays (TMAs). All tumor cells were
transitional cell carcinomas (TCC). Tissue microarrays were designed with
replicas for each tumor sample and each control. Controls included normal
tissue from prostate, testis, tonsil, liver, cerebellum, kidney, lung and bladder.
Strategic placement of control cores in each TMA enabled definitive orientation
during the scoring of the TMAs. Each TMA consisted of 400 tissue cores (4
cores per specimen) and control tissue cores for immunohistochemistry (IHC)
validation and orientation. Multiple 4um sections were cut and stored at 4°C in
the presence of a dessicant prior to IHC staining. Individual TMA sections were
deparaffinized and antigen retrieval in citrate buffer (pH 6.0; Dako Corporation,
Carpinteria, CA) was performed. The antibodies were diluted with Dako antibody
diluent solution. IHC staining was performed on an automated stainer
(Autostainer Plus, Dako Corporation, Carpinteria, CA) using a high sensitivity

polymer-based detection system (EnVision™, Dako Corporation, Carpinteria,
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CA). A negative control was included using a non-specific mouse antibody
solution (Dako, Corporation, Carpinteria, CA) substituting for the primary
antibody.

Mouse monoclonal antibody to P-cadherin (Transduction Laboratories,
Lexington, KY) was diluted at 1:100 for use in IHC. The negative control reagent
(Dako Corporation, Carpinteria, CA) is a cocktail of non-immune mouse
immunoglobulins (IgG and IgM) and is purchased pre-diluted. The specificity of
the P-cadherin antibody in IHC was determined using xenograft sections derived
from bladder cell lines in which the expression profile of P-cadherin, had

previously been identified.

Scoring of Immunohistochemistry

The tissue sections were scored semi-quantitatively assessing staining intensity
and localization including membrane or cytoplasmic. A staining intensity scale of
0-3 was applied. In normal bladder tissue cores the staining intensity was
recorded as 3 where P-cadherin was localized to the basal cell layer. Staining
was recorded as 0 only in the presence of an identifiable basal cell layer defined
by the presence of a basement membrane and underlying stroma. When P-
cadherin was observed staining throughout the tumor tissue, staining was
recorded as unrestricted. In tissue sections that displayed heterogeneous
staining throughout the section or between cores from the same tumor, the
worst-case-scenario score was assigned to that sample when >5% of the tumor

cells displayed this phenotype. Greater than 90% concordance between scores
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from different cores of the same tumor was recorded. In samples where scoring
differed between cores the worst-case-scenario score for expression level and
localization was recorded for analysis. Specimens that exhibited a complete
absence of staining or faint staining in <5% cells were scored negative. Each
TMA was scored independently by ICS and ML. Where discordant results were
obtained both individuals re-reviewed the stained cores to obtain a consensus.
Expression of P-cadherin comparative to alternative proteins of the cadherin
complex was performed using previously published results from the same TMA’s

(34) .

Statistical Analysis

Comparisons of groups were performed by Pearson x°. Correlation between
markers was determined by Spearman’s correlation coefficient. Survival analysis
was restricted to the cystectomy group where the follow-up data was available.
Univariate overall and cancer-specific survival analysis was performed using the
product-limit procedure (Kaplan-Meier method), with the surgery date as the
entry date. The log-rank (Cox-Mantel) test was used to compare survival curves
for different categories of each variable. Data were analyzed using the SPSS

software package, version 11.5.

Cell Culture
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The human bladder carcinoma cell lines EJ, UM-UC-3, RT112 and CUBIII were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with

10% fetal bovine serum (FBS) and penicillin/streptomycin.

Antibodies and Inhibitor

Mouse monoclonal antibodies to cytokeratin, (Dako Corporation, Carpinteria CA)
and P-cadherin (Transduction Laboratories, Lexington, KY) were diluted 1:25;
and 1:100, respectively for use in IHC. The following antibodies were used in
this study: MAPK, phosphorylated MAPK, AKT and phosphorylated AKT,
STAT1, phosphorylated-STAT1 (1:500 dilution), STAT3, phosphorylated STATS3,
FAK and phosphorylated FAK (Cell Signaling Technology, Beverly, MA), a-
tubulin (1:500 dilution, Sigma, St Louis MI). All antibodies were used in western
blot analysis at 1:1000 dilution unless otherwise indicated. Cells were exposed
to the biochemical inhibitor Y-27632 dihydrochloride monohydrate (25um -
Sigma, St Louis MI) for five hours in serum-free medium before harvesting for

migration assays. Assays were performed in the continued presence of inhibitor.

Transfection

EJ and UM-UC-3 cells were plated at 3x10° cells per 60mm dish 24 hours
before lipofection. The puromycin resistance gene alone or the P-cadherin
construct (Origene, Rockville MD) plus the puromycin resistance gene were
mixed with lipofectin reagent (Gibco BRL, Gaithersburg, MD) and incubated with

cells at 37°C overnight in the absence of serum. Following incubation, cells were
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washed and maintained in standard medium. Forty-eight hours post-transfection,
cells were split into puromycin containing medium (2ug/ml) to select successfully
transfected colonies. Individual surviving colonies screened for drug selection
were ring-cloned two weeks later. Each colony was taken through three rounds

of limiting dilution for clonal selection.

SiRNA Knockdown

Pre-designed siRNA for P-cadherin (ON-TARGETplus SMARTpool, Dharmacon,
Inc, Lafayette, CO) as well as scrambled controls were purchased. RT112 and
CUBIII cells were plated (1.2x10°) in a 12 well plate 24 hours prior to transfection.
Transfection of both P-cadherin SiIRNA and scrambled controls was performed
using Oligofectamine (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. Cells were harvested 48-hours post-transfection when lysates were
analyzed in western blots to confirm knockdown of P-cadherin and assess the

expression status of other proteins of interest.

Western Blot Analysis

Subconfluent dishes of cells were washed in PBS followed by lysis in hot
sample buffer (2x ESB — 0.08M Tris, pH 6.8; 0.07M SDS, 10% glycerol, 0.001%
bromophenol blue and 1mM CaCl,) and sheared through a 26-gauge needle.
Lysates were then assayed for protein concentration using the BSA method
(Pierce, Rockford, IL). After determination of protein content, 3-mercaptoethanol

(1%) was added to each sample. Samples were boiled for 5 minutes and protein
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was loaded into lanes of a 7.5% polyacrylamide gel. Proteins were transferred
overnight onto nitrocellulose. Membranes were blocked in 10% milk in TBS with
0.05% Tween (TBST) and placed on primary antibody overnight at 4°C. Blots
were washed in TBST, three times for 15 minutes each wash and secondary
antibody linked to horseradish peroxidase was incubated with the blots for 60
minutes at room temperature. Blots were then washed in TBST as previously

described and developed with an ECL kit (Amersham, Arlington Heights, IL).

Immunoprecipitation

Subconfluent dishes of cell lines were lysed in 1ml of PBSTDS (phosphate
buffered saline, pH7.4, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate, 2mmol/L phenylmethylsulfonyl fluoride, and 100ug/ml
aprotinin). Lysis was carried out on ice for 20 minutes followed by clarification in
a microfuge at 4°C. Supernatants were removed and a 10yl aliquot was taken
for protein estimation using the bovine serum albumin protein assay system
(Pierce, Rockford, IL). For immunoprecipitation, protein concentrations were
standardized between samples using 400ug protein from each preparation.
Lysates were incubated overnight at 4°C with B-catenin (Transduction
Laboratories, Lexington, KY) sandwiched with a goat anti-mouse anti-
immunoglobulin whole molecule (Sigma, St Louis MI). Protein A-Sepharose
beads were added the next morning and incubated with the mix for 90 minutes at
room temperature. Immune complexes were washed 3 times in PBSTDS

followed by three washes in 0.1% PBS. To disrupt protein complexes, 35ul of
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reducing sample buffer was added to each sample, boiled for 5 minutes and
loaded onto 7.5% acrylamide gels. Western blot analysis was then performed

using P-cadherin as the primary antibody.

Migration and Invasion Assays

In vitro migration and invasion assays were carried out using modified
Boyden chambers consisting of Transwell (8um pore size; Corning Costar Corp.,
Cambridge, MA) membrane filter inserts in 24-well tissue culture plates. For
invasion assays, the upper surfaces of the membranes were coated with Matrigel
(Collaborative Biomedical Products, Bedford, MA) and placed into 24-well tissue
culture plates containing 600 ul of NIH/3T3 conditioned media. For migration
assays, no Matrigel was used and the chemoattractant consisted of 600l
fibronectin at a concentration of 10ug/ml. Cells (1x10°) suspended in serum-free
DMEM were added to each Transwell chamber and allowed to migrate/invade
toward the underside of the chamber for 4-16 hours (dependent upon the cell
line) at 37°C. Cells that passed through the membranes were fixed in methanol,

stained with crystal violet, and counted under a light microscope.
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Results
TMA Analysis

The construction of seven microarrays included 536 transitional cell
carcinoma samples from 408 patients. The TNM’s and histological grade of the
samples is shown in Table 1A. In this analysis the superficial tumor group
included pTa, pTis and pT1 lesions with the invasive group represented by T2-T4
tumors.
Membranous P-cadherin staining was observed in the basal cell layer of normal
bladder mucosa (Fig. 1A). The absence of P-cadherin staining was recorded in
34.9% and 51.7% of superficial and invasive tumors, respectively (p<0.001,
Table 1B, Fig. 1B). When considering cytoplasmic and unrestricted localization
of P-cadherin (Fig. 1C and 1D, respectively), similar results were recorded.
Invasive tumors displayed cytoplasmic localization and unrestricted P-cadherin
staining in 88.6% and 95.6% as compared to 65.1% and 73.7% in the superficial
group, respectively (p<0.001). High-grade transitional cell carcinomas (grade 3)
were significantly linked to the same P-cadherin characteristics (p<0.001, Table
1B). Nodal disease was correlated with the absence of P-cadherin expression
(47.9% node negative versus 67.9% node positive, p=0.009), but not with
relocalization or unrestricted staining (Table 1B). No correlation between P-
cadherin expression and lymphovascular invasion was observed. In the
univariate survival analysis, the group with cytoplasmic localization of P-cadherin
demonstrated a shorter cancer-specific survival when compared to the group

displaying membrane localization of P-cadherin. The 5-year survival rate for the
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cytoplasmic localization group was 55%, while no death events were recorded in
the nine patients with P-cadherin membrane localization (p=0.03) (Fig. 2A). No
significant cancer-specific survival difference was recorded between P-cadherin
expression levels (Fig. 2B) and the restricted versus unrestricted localization of
P-cadherin (Fig. 2C). No difference was recorded between all of the
aforementioned groups for overall survival.

Comparative analysis of P-cadherin results with the expression of other members
of the cadherin complex, as reported previously by this group using the same
TMA’s (34), revealed a significant correlation between absence of expression,
cytoplasmic and unrestricted localization of P-cadherin with low expression and
cytoplasmic localization of the cadherin complex components plakoglobin, E-
cadherin, B-catenin, and p120°". Here, coincident E-cadherin and P-cadherin
cytoplasmic localization had the strongest correlation (R=0.285, p<0.001).
Regarding mesenchymal markers, the novel expression of vimentin, correlated
with cytoplasmic and unrestricted localization of P-cadherin (R=0.23, p<0.001

and R=0.16, p=0.05, respectively).

Establishment and Characterization of P-Cadherin Transfectants

EJ and UM-UC-3 bladder carcinoma cells were co-transfected with the P-
cadherin and puromycin resistance gene. Following selection of puromycin
resistant colonies total cell lysates were screened in Western blot analysis to
identify P-cadherin expressing cells. Selected transfectants were taken through

three rounds of limiting dilution and further screened to identify clones that
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expressed P-cadherin at high levels (Fig. 3A). Clones expressing P-cadherin
displayed a more flattened morphology in both EJ and UM-UC-3 recipients.
Three P-cadherin expressing clones of EJ and UM-UC-3 were selected and
maintained with three puromycin control clones and used in experiments
throughout the study. Immunoprecipitation of B-catenin from each of these
clones was performed to demonstrate co-precipitation of P-cadherin within a
cadherin/catenin complex (Fig. 3B). Assessment of cadherin/catenin expression
in the presence of forced P-cadherin expression revealed an increase in a and 8-
catenin, a decrease in plakoglobin (Fig. 3C and 3D) and no change in the levels
of N-cadherin or p120°". Immunocytochemical staining of transfectants revealed
the presence of P-cadherin throughout the cytoplasm of EJ and UM-UC-3

transfectants with limited membranous staining (data not shown).

Migration and Invasion Potential

Screening of EJ and UM-UC-3/P-cadherin transfectants and control lines
in in vitro migration assays revealed a significant increase in migratory capacity
in P-cadherin expressing clones. In UM-UC-3/P-cadherin clones, migration was
increased almost 3-fold over control cell lines (Fig. 4A). Similarly, in EJ
transfectants expressing P-cadherin, migration was increased 2-fold over control
lines (Fig. 4A). Using the same cell pool in parallel in vitro invasion assays we
found no significant change in invasive potential between the P-cadherin

expressing and control cell lines in repeated assays (data not shown).
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Role of P-cadherin in Migration

To demonstrate a direct link between P-cadherin expression and
increased migration we used siRNA to knockdown P-cadherin in EJ
transfectants. Knockdown of P-cadherin was confirmed in Western blot analysis
and a sample of the same cells was used in in vitro migration assays.
Knockdown of P-cadherin expression in EJ transfectants resulted in reduced
migratory potential to approximately 36-49% of that of the control clones
represented by the same cells transfected with a scrambled sequence (Fig. 4B).
EJ puromycin control transfectants displayed no significant migratory change in
the same experiment.

To determine the effect of modulation of P-cadherin expression in cell
lines that constitutively express this protein we transfected RT112 and CUBIII cell
lines with P-cadherin siRNA. Decreased P-cadherin expression was confirmed
in western blot analysis (Fig. 5A) with no detectable change in E-cadherin
expression. The same knockdown cell pool was used in in vitro migration and
invasion assays revealing increased migration potential approximately 2.5-fold
and 1.7-fold over control cells in CUBIIl and RT112 P-cadherin knockdown lines,
respectively (Fig. 5B). No change was recorded in invasion assays (data not

shown).

Signaling Events linked to P-cadherin Expression

To investigate the signaling pathway(s) linked to P-cadherin expression

affecting migratory behavior we initially assessed the activation status of AKT,
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MAPK, FAK, STAT1 and STAT3 where all remained unchanged in the presence
of novel P-cadherin expression (data not shown). Since activation of Rho-family
GTPases has been linked to P-cadherin induced motility in pancreatic carcinoma
cells(22) we studied the effect of the Rho-kinase inhibitor, Y-27632, on in vitro
migration of the bladder transfectants. Exposure of cells to Y-27632 inhibited the
migration of UM-UC-3 control, UM-UC-3/P-cadherin, EJ control and EJ/P-
cadherin transfectants, 42%, 58%, 57%, 58%, respectively (Fig. 6).
Discussion

Aberrant expression of the classic cadherins has been shown to be
involved in a number of human cancers where the roles of E-cadherin and N-
cadherin in tumorigenesis have been extensively studied. In contrast, little is
known of the role of P-cadherin in normal tissue or whether changes in P-
cadherin expression represent primary events in neoplastic progression. In this
study we have assessed the expression and localization of P-cadherin in a large
series of well-characterized bladder tumors to investigate the potential prognostic
value of changing events linked to different clinical parameters. In addition, we
have identified a role for P-cadherin in modulating the migratory behavior of
bladder carcinoma cells.
P-cadherin is localized to the basal cells in normal bladder mucosa possibly
linked to the proliferative potential or the differentiation status of this urothelial
cell compartment. The apparent involvement of P-cadherin in bladder cell
motility may indicate that P-cadherin plays a role in regulating the migration of

basal cells to the intermediate cell layer in normal bladder mucosa. In urothelial
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neoplastic progression aberrant expression of P-cadherin, including loss of
expression, cytoplasmic and unrestricted localization, were found to be poor
prognostic indicators linked to increasing grade and stage. However, only the
absence of P-cadherin was significantly correlated with lymph node involvement
but not lymphovascular invasion. Interestingly, reduced levels of P-cadherin
have previously been reported associated with invasive bladder lesions in a
study identifying differential gene expression patterns in superficial and invasive
bladder tumors (35). In our study a significant differential in cancer-specific
survival was recorded between patients where P-cadherin was localized to the
cytoplasm or membrane. The 5-year survival rate was recorded as 55% for the
cytoplasmic localization group while no deaths were observed in the membrane
group within the period of observation. However, the latter group included only
nine patients.

We have previously published the expression profile of different members of the
cadherin complex including E-cadherin, B, y and p120°" linked to prognosis using
the same TMA’s (34, 36). Integration of this data revealed a significant
correlation between aberrant expression of P-cadherin and reduced expression,
cytoplasmic localization of the aforementioned cadherin/catenin components,
where coincident E- and P-cadherin cytoplasmic localization showed the
strongest correlation. Reduced expression of E-cadherin within this tumor group
has been shown to be associated with the invasive phenotype with no difference
in survival (34). Previous reports involving immunostaining of P-cadherin in

breast and melanocytic tumors have demonstrated clinical significance linked to
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poor prognosis associated with both increased (31, 32) and decreased (25, 29)
expression of P-cadherin in the same tissue. Hence, there is no clear picture as
to the role of P-cadherin in the neoplastic process. It is possible that P-cadherin
does not have a primary role to play in neoplasia, accounting for the lack of
concordance between similar studies from the same tissue. However, it is of
note that P-cadherin knockout mice are viable, unlike their E-cadherin
counterparts, and display a phenotype of precocious mammary gland
development leading to hyperplasia and dysplasia (37). Such events suggest a
role for P-cadherin in neoplastic progression.

In a prognostic clinical scenario it may be necessary to partner P-cadherin status
with additional biomarkers to attain any significant clinical correlates. The
scoring of TMA’s is semi-quantitative and given the restricted localization of P-
cadherin in normal bladder mucosa caution is required in the scoring of tissue
cores. For instance, the plane of the section can determine the staining
observed i.e. a section through the tip of a well-differentiated papillary frond will
display an absence of staining when indeed the lesion may retain a basal
staining pattern. We would hope that the representation of four cores for each
sample would resolve this issue, however, in this study we only recorded cores
with an absence of staining if a basement membrane was present.

We have introduced P-cadherin into bladder carcinoma cell lines that lack E-
cadherin and are representative of late-stage tumors where novel expression of
N-cadherin in these cells has been shown to play a primary role in establishing

the invasive phenotype (17). Forced P-cadherin expression significantly
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enhanced the migratory potential of these cells but did not change their invasive
capabilities. In contrast, knocking down P-cadherin in cells constitutively
expressing E- and P-cadherin, resulted in an enhanced migratory potential.
These apparent contradictory results likely demonstrate that the role of P-
cadherin may differ at different stages of neoplastic progression possibly
contingent on the cadherin/catenin expression profile of the cell. Our results
suggest that P-cadherin suppresses the migratory behavior of cells at early
stages of progression although it is not clear whether increased migration in
knockdown experiments occurred directly as a result of reduced P-cadherin or
secondary to other events.

We have looked at different signaling pathways implicated in cell motility
recording no change in the activation status of multiple signaling proteins (AKT,
MAPK, FAK, STAT1, STATS3) in the presence of P-cadherin expression. Use of
the Rho-ROCK kinase inhibitor Y-27632 (38) revealed inhibition of migration in
both control and P-cadherin transfectants with a significant increased inhibition of
UM-UC-3 cell migratory potential in P-cadherin transfectants. These results
suggest that the Rho-ROCK signaling pathway underlies motility in these cells
and is further involved in UM-UC-3 cells in the presence of P-cadherin
expression.  However, different results from EJ/P-cadherin transfectants
demonstrate that although this signaling pathway is involved in the migration of
bladder carcinoma cells it does not represent the only player and is not solely

linked to P-cadherin expression.
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In this study we have shown that the loss of expression, the cytoplasmic
relocation or unrestricted tissue localization of P-cadherin was associated with
poor clinical outcome and prognosis in bladder cancer. In addition, it is clear
from our in vitro work that P-cadherin is a primary modulator of migration in

bladder epithelial cells.

104



Acknowledgement
This work was supported by a grant from the R. E. Wise Research and Education

Institute. B. Silva Neto M.D. was sponsored by CAPES/Brazil.

105



HG. 1. IHC staining patterns of P-cadherin in bladder tissue; (A) normal blodder mucose showing basal
location of membranous P-cadherin; (B low-grade superficial papiliary biodder tumour showing an absence
of P-cadherin even in the basal cells obutting the basement membrane; (C] cytoplasmic location of P-
cadherin throughout o high-grade tumour; (D) membrane-localized P-cadherin throughout the bladder
tumour. Original 400,
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FIG. 2. Koplan-Meier curves recording cancer-specific sunvival among patients with blodder cancer after
cystectomy P-cadherin expression (4) membrane or cytoplasmic location; (B) high or low expression levels;
{Cl restricted or unrestricted location in epithelial tissue. || represents the number of patients in each group.
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HG. 3. Detection of P-cadherin protein in Western blot analysis using protein-standardized total cell lysates
from transfectants (A, C.0) or after immunoprecipitation of B-catenin (B). In panels A-0, lane 1, AT4 blodder
carcinoma cell line; lane 2, Elfpuro 2; lane 3, Eljpuro &; lane 4 Eljpuro 8;lane 5, EJfP-cad 1; iane 6, EJfP-cad
9 lane 7, ElfP-cad 10; lane 8, UM-UC-3/puro 7; lane 8 UM-UC-3/purc 8;lane 10, UM-UC-3/puro 20; lane 11,
UM-UC-3/P-cad 3; lane 12, UM-UC-3/P-cod 5; lane 13, UM-UC-3/P-cad 16. In panels C and [, catenin
expression is recorded (o, B, yand p 1207") in total cell fysates from transfectants,
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FG. 4. Immunocytochemistry showing P-cadherin expression in £ (4,8 and UM-UC-3 (CD transfectants.
Panel A, Eljpuro 2; panel B, ElfP-cad 1; panel C UM-UC-3/puro 7; panel 0, UM-UC-3/P-cad 3. Original x200.
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FiG. 5 A, In vitro migration results showing
increased migration in representative clones of
both EJ and UM-UC-3/P-cadherin transfectants
compared to puromyein controf celis. B, in vitro
migration results in EifP-cad 1, EJ/P-cad 9, Elfpuro 2
and Effpura & after knockdown of P-cadherin using
sIRNA
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Conclusoes

A perda de expressao e a relocalizacdo de marcadores epiteliais do complexo
caderina-catenina, avaliada por microarranjos de tecidos, esta ligada a fatores

clinicos de pior progndstico em tumores uroteliais de bexiga;

A expressdo de Vimentina nestas amostras correlaciona-se diretamente com o

estagio e grau da leséao;

A expressao da pi120-catenina influencia a capacidade de migracdo e de

invasao celular in vitro;

A expressao de P-caderina influencia a capacidade de migracao celular in vitro;
Estes achados reforcam a importancia do papel do complexo caderina-catenina

no processo de Transicdo Epitélio-Mesenquimal nos tumores uroteliais de
bexiga.
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