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Introdução — 18

Introdução

1. Aspectos gerais do câncer de esôfago e estômago
Uma combinação de fatores genéticos e ambientais parecem contribuir para o

desenvolvimento de muitos tipos de tumores humanos. Entre eles, os tumores do trato

gastrointestinal, incluindo esôfago e estômago, que ainda não tiveram seu mecanismo de

carcinogênese e prevenção totalmente compreendidos e por isso são alvos de vários estudos

(HEAVEY, 2004).

O câncer do esôfago é o terceiro tipo de neoplasia do trato digestório mais comum no

mundo, com mais de 300.000 casos novos por ano, sendo mais frequente no sexo masculino do que

no feminino e com uma taxa de mortalidade de 90% (SHIOMI et al., 2003). No Brasil, de acordo

com as Estimativas de Incidência e Mortalidade por Câncer, publicadas anualmente pelo INCA, o

câncer de esôfago irá atingir 10.690 pessoas e causar cerca de 5.000 mortes em 2005. Existem áreas

com incidência particularmente elevada, como o leste da Ásia, o oeste e norte da China, Japão, Irã,

União Soviética, África do Sul e regiões da América do Sul (BAST et al., 2000; JIN et al., 2004;

INCA, 2005).

O tipo histológico mais frequente é o carcinoma de células escamosas (CCE) do

esôfago, responsável por 90% dos casos, comprometendo o terço médio do órgão em cerca de

metade dos casos, seguido pelo adenocarcinoma, localizado principalmente no terço distal, que vem

tendo um aumento expressivo no Brasil, principalmente em casos de esôfago de Barret (JIN et al.

2004; METZGER et al., 2004; INCA, 2005).

Alguns fatores ambientais parecem estar relacionados com a etiologia das neoplasias

de esôfago. Entre eles, estão o consumo de alimentos contaminados por fungos, como o Aspergillus,

as dietas ricas em nitritos e nitrosaminas, a deficiência nutricional crônica das vitaminas A e C e de

alguns membros do complexo B ou de oligoelementos como o zinco e o molibdênio (BAST et al.,

2000) e o abuso crônico de álcool e do fumo (BAST et al., 2000; GUILEM et al., 2000; VERLAG
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Introdução — 19

et al., 2001). Algumas bebidas alcoólicas contém hidrocarbonetos aromáticos policíclicos e

nitrosaminas, além de outros compostos mutagênicos. Portanto, a deficiência nutricional associada

ao alcoolismo pode contribuir para o processo carcinogênico. Também estão relacionadas com seu

desenvolvimento a predisposição genética e a presença de lesões benignas, como a acalasia e o

esôfago de Barret citado acima (COTRAN et al., 1999; LEHRBACH et al., 2004).

O câncer de estômago é o terceiro tipo mundialmente mais comum em incidência e

mortalidade e duas vezes mais freqiiente em homens do que em mulheres, principalmente em idosos

(PARKIN, 2001; INCA, 2005). As estatísticas mundiais mostram uma distinta variação geográfica,

com taxas elevadas no Japão, leste da Europa, Ásia Oriental, América Central e América do Sul,

principalmente no Chile e Costa Rica e taxas mais baixas em países desenvolvidos (AICR, 1997). A

estimativa da incidência e mortalidade de câncer de estômago no Brasil, para 2005, é de 23.145

casos novos e cerca de 11.000 óbitos (INCA, 2005). O prognóstico é extremamente pobre, com

valores de sobrevida de cinco anos ocorrendo em 5­15% dos indivíduos afetados em países

desenvolvidos (BRIEN et al., 1998). Tal fato reflete que a maioria dos casos são diagnosticados em

estágio avançado e, mesmo após gastrectomia, a taxa de recorrência da doença é de 80% (DE­VITA

et al., 1997).

As principais lesões que podem acometer o estômago incluem a gastrite aguda e a

crônica, as erosões e as ulcerações gástricas agudas, as úlceras pépticas e as neoplasias benignas e

malignas. Dentre as neoplasias malignas do estômago, o adenocarcinoma derivado do epitélio é o

mais comum e importante, com freqilência de 90­95% dos casos (COTRAN et al., 1999), sendo

classificados com base em aspectos histopatológicos e clínicos em dois tipos: intestinal e difuso

(LÁUREN et al., 1996; TAHARA, 1998, 2004).

As lesões tipo intestinal são mais frequentes, bem diferenciadas, dependentes de

fatores ambientais e associadas com a presença de lesões pré­neoplásicas, como gastrite crônica,

atrofia gástrica, metaplasia intestinal e displasia (HOHENBERGER; GRETCHEL, 2003;

TAHARA, 2004). São encontradas predominantemente em homens e em indivíduos idosos. O tipo

EV
AVAVAY

1 2 3 4 5 6 7 unesp ”. 12 13 14 15 16 17 18



Introdução — 20

difuso é pouco diferenciado, tem prognóstico ruim e não está associado a lesões pré­cancerosas

(SEGAL et al. 2001). É um pouco mais fregiiente em mulheres e em pacientes jovens e tem uma

alta ocorrência familial, principalmente entre indivíduos com tipo sanguíneo “A” (DE­VITA et al,

1997).

Dados epidemiológicos sugerem que a dieta assim como outros fatores ambientais têm

um papel importante na etiologia do câncer gástrico, como consumo elevado de sal, nitratos, nitritos

e álcool, cirurgia gástrica anterior, infecção pela bactéria Helicobacter pylori, bem como lesões

benignas do tipo gastrite atrófica crônica, úlcera gástrica, metaplasia intestinal e displasia e

predisposição familial (DE VITA et al., 1997; SONG et al., 2003; CORREA et al., 2004; HEAVEY

et al., 2004). Acredita­se que a ação dos compostos nitrogenados e seus metabólitos esteja

relacionada com a inibição de vitamina C e de outros antioxidantes que protegem o DNA (DE­

VITA et al., 1997; SEGAL et al., 2001). De modo contrário, os carotenóides, as vitaminas C e E, o

folato e o selênio presentes em frutas e vegetais frescos estão relacionados com o efeito protetivo da

mucosa gástrica contra danos oxidativos (AICR, 1997; SEGAL et al., 2001; HEAVEY et al., 2004).

A bactéria H. pylori, Gram­negativa, encontrada no estômago humano, tem sua

presença reconhecida como o agente desencadeante de diferentes alterações gástricas, como

inflamação crônica assintomática, dispepsia, úlcera, adenocarcinomas e linfomas (HIRATA «et al,

2001; SONG «et al., 2003). Contudo, a prevalência da infecção nas populações não parece estar

correlacionada com as taxas de câncer gástrico. Por exemplo, populações na África apresentam

prevalência elevada de infecção pela H. pylori, mas baixa incidência de câncer gástrico

(HOLCOMBE, 1992). Portanto, a infecção por H. pylori não é a única causa para o

desenvolvimento do câncer, cujo risco é de apenas 1% entre os indivíduos infectados.

O conhecimento sobre o papel da H. pylori na tumorigênese gástrica ainda é

incompleto (POLAT et al., 2002; HOHENBERGER; GRETCHEL, 2003; HEAVEY, 2004). Alguns

mecanismos já foram propostos, como a desregulação do ciclo celular, formação de adutos no

DNA, geração de radicais livres, danos oxidativos, alterações em fatores de crescimento e citocinas
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e efeitos sobre a secreção gástrica (SEGAL et al., 2001; POLAT et al., 2002; SEPULVEDA «et al,,

2002; HEAVEY, 2004). Os efeitos inflamatórios da infecção pela H. pylori têm sido relacionados

ao câncer gástrico devido à proliferação celular aumentada e produção de radicais livres

mutagênicos e compostos N­nitrosos (MOSS, 1999), acarretando mutações que podem ser

imortalizadas no epitélio gástrico (CORREA; MILLER, 1998).

2. Alterações genéticas envolvidas na carcinogênese do esôfago e
estômago

O desenvolvimento do câncer de esôfago é um processo de múltiplas etapas e ocorre

de forma progressiva. Um indicador precoce é o aumento de proliferação de células epiteliais,

levando a hiperplasia, displasia e ao carcinoma in situ. O processo de tumorigênese em nível celular

está relacionado com alterações em genes responsáveis pelo controle do ciclo celular, ou seja, genes

de proliferação, diferenciação e apoptose. Neste processo, muitas alterações genéticas estão

envolvidas, incluindo mutações nos genes supressores de tumor TP53, WAFI/CIPI, ARF e INK4a;

amplificação dos oncogenes CCNDI e c­MYC; além de alterações em genes de apoptose, como o

BCL­2 e o BAX, que também interagem com supressores de tumor no controle da proliferação

celular (LEHRBACH ep 2004).
Alterações nos genes TP53 e WAFI/CIP] estão envolvidos com o estágio inicial da

carcinogênese esofágica, não sendo correlacionadas com invasão tumoral, metástases ou invasão de

linfonodos (NITA et al., 1999; BAHL et al., 2000; PUTZ et al., 2002; LEHRBACH et al., 2004).

Enquanto, alterações em genes que controlam a apoptose, como BAX e BCL­2, parecem ocorrer

principalmente em tumores mais avançados, portanto sendo um evento tardio na carcinogênese do

esôfago (LEHRBACH et al., 2004).

Além desses genes, alterações citogenéticas relacionadas com os carcinomas de

esôfago incluem alguns cromossomos e regiões cromossômicas específicas, como ganho dos

cromossomos 7, 11 e 17; da região 12p e perdas 3pq, as quais estão relacionadas com um
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prognóstico pior e ocorrem tardiamente (SHIOMI et al., 2003; KWONG et al., 2004; MANOEL­

CAETANO «et al., 2004). O ganho da região 8q está relacionado com tumores mais invasivos e as

perdas em lp e 16p com invasão linfática (NOGUCHI et al., 2003).

Nos carcinomas de células escamosas e adenocarcinomas de esôfago, e nos tumores de

cabeça e pescoço e de laringe, ocorre amplificação da região 11913 (CCNDI), que parece indicar

prognóstico ruim, incluindo invasão local, metástases em linfonodos, estágio avançado da doença e

aumento no risco de recorrência (ISHIZUKA «et al., 2002; OZAWA «et al., 2002; MILLER et al,

2003; MYIAMOTO «et al, 2003; NADAL «et al., 2003; MANOEL­CAETANO et al., 2004;

METZGER et al., 2004).

Todos esses eventos de interação entre os genes e suas funções durante o processo

carcinogênico têm contribuído para o entendimento das alterações genéticas que levam ao

desenvolvimento do CCE do esôfago e poderão auxiliar no diagnóstico e prognóstico desses

tumores de um modo mais preciso (LEHRBACH et al., 2004), assim como para o direcionamento

de terapias com alvos moleculares.

Em câncer gástrico, estudos citogenéticos e moleculares têm identificado ganhos e

perdas de cromossomos, amplificações gênicas e mutações em oncogenes e genes supressores de

tumor em um processo de múltiplas etapas, assim como ocorre em carcinoma de esôfago.

Entretanto, existe uma combinação diferente dessas alterações nos dois tipos histológicos de câncer

gástrico, indicando vias carcinogênicas distintas para o tipo difuso e o intestinal (TAHARA, 2004).

No carcinoma tipo intestinal, parece ocorrer a seqiiência hiperplasia ­ metaplasia — adenoma —=
carcinoma, na qual a infecção com H. pylori pode ser um forte fator para a passagem de hiperplasia

para metaplasia intestinal. Durante essa fase começam a ocorrer erros de replicação e instabilidade

genética como, hipermetilação do DNA e mutações em TP53 que se acumulam em pelo menos 30%

das metaplasias intestinais. Após essa fase, outras alterações como mutações em APC, LOH em 1q,

perda em p27, expressão reduzida de fatores de crescimento e amplificação do oncogene HER­
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2/neu estão frequentemente relacionados com o câncer gástrico do tipo intestinal em estágio

avançado (TAHARA, 2004).

Nos carcinomas gástricos do tipo difuso, as alterações mais frequentes são mutações

em 17p, perda de heterozigosidade em 7P53, mutações e perdas no locus da E­caderina (KOO et

al., 2000; STAMOUL!I et al., 2002; TAHARA, 2004). Além dessas alterações, podem ocorrer

também amplificação dos oncogenes K­SAM, c­MET e perdas de p27 nos estágios mais avançados

da doença, resultando em progressão e metástases (SEGAL et al. 2001; PENG et al., 2003;

TAHARA, 2004).

Diversos estudos têm demonstrado que alguns oncogenes apresentam­se amplificados

em um número significativo de tumores humanos, como CCNDI, c­MET, c­MYC, HER­2/neu,

EGFR e MDM2. Entre eles, o CCNDI e o HER­2/neu parecem estar mais frequentemente

amplificados nos tumores de esôfago (MANOEL­CAETANO «et al., 2004; SHIOM!I et al., 2004) e

de estômago (TAKEHANA et al., 2002; DAHLBERG et al., 2004).

O oncogene CCNDI, localizado em 11q913, apresenta­se amplificado em carcinomas

de mama, bexiga, cabeça e pescoço, pulmão e carcinomas de células escamosas de esôfago

(HUANG «et al., 2002; ISHIZUKA et al., 2002; MIYAMOTO «et al., 2003). Similarmente, a

expressão aumentada de seu produto, a proteína ciclina DI, também ocorre nesses casos, mas pode

estar ou não relacionada com a amplificação gênica (MIYAMOTO et al., 2003; MORENO­BUENO

et al., 2003; EWEN; LAMB, 2004).

Nos carcinomas de células escamosas e adenocarcinomas de esôfago, e nos tumores de

cabeça e pescoço e de laringe, a amplificação do oncogene CCNDI também está relacionada com

prognóstico ruim, incluíndo invasão local, metástases em linfonodos, estágio avançado da doença e

aumento no risco de recorrência (ISHIZUKA «et al., 2002; OZAWA «et al., 2002; MILLER et al,

2003; MIYAMOTO «et al., 2003; NADAL et al., 2003). Tanto a amplificação do oncogene como a

expressão aumentada da proteína ciclina DI parecem também estar relacionadas com resistência do

tumor ao tratamento quimioterápico em câncer de esôfago (NAGASAWA et al., 2001).
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O c­ERBB­2, também conhecido como HER­2/neu, está localizado na região 17q11 2­

q12 (YAMAMOTO «et al, 1986) e constitui outro oncogene frequentemente amplificado em

tumores de origens variadas, como mama, ovário, bexiga, estômago e pulmão (TAKEHANA «et al,

2002; LEAR­KAUL et al., 2003) sendo um potencial marcador prognóstico em diversos tipos de

tumores, incluindo mama e ovário (ORMANDY et al., 2003; EWEN; LAMB,, 2004). Nos tumores

gástricos, a expressão elevada da proteína Her­2/neu ou p185, está relacionada com presença de

metástases (NESSLING et al., 1998; VIDGREN et al., 1999; VARIS et al., 2002) e com evolução

no tipo intestinal (BECKER et al., 2000).

Conforme relatado, a ativação de vários oncogenes por meio da amplificação gênica

está relacionada com a progressão de vários tipos de tumores, inclusive os de esôfago e de

estômago (SHIOMI et al., 2003; RIBAL et al., 2004; SUNPAWERAVONG et al., 2005). Diversos

estudos têm evidenciado que os pacientes com amplificação gênica e polissomia apresentam um

prognóstico pior quando comparado com aqueles sem amplificação. Desse modo, o ganho desses

oncogenes desempenha um importante papel na progressão dos carcinomas, podendo aumentar os

riscos de metástases e de tumores mais agressivos. Contudo, a evidência citogenética de

amplificação gênica não indica necessariamente a expressão de todas as cópias do gene envolvido.

Por esse motivo, são necessários estudos que avaliem tanto a amplificação gênica como a

expressão protéica.

3. O estudo dos territórios cromossômicos e expressão gênica
A estrutura da cromatina e sua regulação epigenética via modificações estruturais

desempenham um papel importante na expressão gênica, evidenciando que a arquitetura nuclear e a

organização espacial do genoma participam na regulação dessa expressão (PARADA; MISTELI,

2002). Conforme vários estudos, o local ocupado pelos cromossomos e seus elementos genéticos

dentro do núcleo, domínios ou territórios cromossômicos não é casual (CROFT et al., 1999;

VERSCHURE «et al., 1999; FALK et al., 2002). Entretanto, os princípios desse arranjo e as
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manifestações funcionais ainda não são conhecidos (FALK et al., 2002), mas parece que existe uma

distribuição radial da cromatina no núcleo interfásico que depende do tamanho, densidade gênica e

do tempo de replicação (TANABE et al., 2002).

A técnica de hibridização in situ fluorescente (FISH) vem sendo empregada em muitos

estudos de arquitetura nuclear, empacotamento e organização da cromatina e para a determinação

de territórios cromossômicos (CROFT et al., 1999; BARTOVA et al., 2000; WILLIAMS et al,

2003).

O território cromossômico é uma região discreta do volume nuclear ocupada pelo

cromossomo durante o ciclo celular (CREMER «et al., 1993; VISSER; ATEN, 1999). Os

mecanismos de regulação e expressão gênica parecem estar relacionados não apenas com uma

sequência linear de DNA, mas com uma estrutura tridimensional que afeta a regulação gênica

durante o ciclo celular (EDELMANN «et al., 2001; PARADA et al., 2004). Esses dados têm sido

confirmados por estudos recentes sobre organização nuclear que evideciaram uma correlação entre

a localização periférica de genes dentro do território interfásico e seu estado transcricional

(RAGOCZY et al., 2003).

A alta densidade de genes durante o processo de empacotamento da cromatina no

espaço nuclear fomece uma base para o entendimento da organização espacial do genoma. A

marcação de sítios de transcrição e sua localização por microscopia eletrônica demonstraram que a

transcrição ocorre na superfície das fibras cromatínicas altamente condensadas. A diferenciação da

cromatina rica em gene (banda R positiva) e deficiente em gene (banda G positiva) é mantida

durante a intérfase e pode ser distinguida no estudo dos territórios cromossômicos. Desse modo,

parece haver também uma distribuição cromossômica diferencial no espaço intra­nuclear, onde a

cromatina rica em genes parece localizar­se no interior do núcleo quando comparada com a

deficiente em genes, que parece estar presente na periferia nuclear (HENDZEL et al. 2001).

Nas células de galinha, cada território cromossômico também ocupa um local

determinado dentro do núcleo que é dependente de seu tamanho, da densidade gênica e do tempo de
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replicação. As regiões ricas em genes e os microcromossomos que replicam mais precocemente

localizam­se no interior do núcleo, enquanto as regiões deficientes em genes e os

macrocromossomos que replicam tardiamente localizam­se na periferia do núcleo (TANABE et al,,

2002). Da mesma forma, em humanos, os cromossomos 18 e 19 de tamanhos semelhantes também

mostram posição diferente dentro do núcleo interfásico, onde as regiões ricas em genes que

replicam precocemente estão localizadas no centro nuclear (cromossomo 19) e as regiões pobres em

genes e que replicam mais tardiamente estão na periferia (cromossomo 18) (TANABE et al., 2002;

CREMER et al., 2004). Similarmente, alguns genes como MYC, BCL e o locus da imunoglobulina,

frequentemente translocados em linfoma de células B parecem estar preferencialmente próximos no

núcleo interfásico, sugerindo que as translocações que ocorrem nesse tipo tumoral também são

devidas à localização não casual dos genes dentro do núcleo (ROIX et al., 2003)

Zirbel et al. (1993) observaram, em diferentes células de mamíferos utilizando uma

combinação de imunodetecção e FISH, que os transcritos de RNA e a maquinaria de splicing

ocupavam geralmente a periferia dos territórios cromossômicos. Esses achados levaram estes

autores a propor o modelo de Compartimentalização de Domínios Intercromossômicos (ICD),

segundo o qual os genes ativos estão posicionados na periferia dos territórios cromossômicos

interfásicos, onde ficam mais acessíveis à maquinaria transcricional, e os RNAs recém­sintetizados

são depositados diretamente no espaço intercromatínico. Posteriormente, outros estudos

corroboraram esses achados. Park; De Boni (1998) verificaram, em câncer de mama, que o gene

HER­2/neu estava localizado preferencialmente na periferia do domínio do cromossomo 17,

podendo representar um mecanismo de controle fundamental na expressão gênica. Do mesmo

modo, quando células leucêmicas foram estimuladas para a diferenciação em granulócitos por

dimetilsulfoxido (DMSO) ou ácido retinóico, o gene c­MYC, localizado no cromossomo 8, foi

visualizado pela técnica de FISH na periferia nuclear (BARTOVA et al., 2000). Volpi et al. (2000),

utilizando sondas para toda extensão do cromossomo 6 e de sequência única para os genes do

Complexo Principal de Histocompatibilidade (MHC), mostraram que os genes desse complexo,
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quando ativos, localizavam­se preferencialmente na periferia do domínio do cromossomo 6. Esses

dados sugerem, portanto, que o posicionamento de seqúências ativas na periferia dos territórios

cromossômicos está relacionado com sua transcrição (VERSCHURE et al., 1999; CHEVRET et

al., 2000). Contudo, Mahy et al. (2002) estudando algumas seqiiências gênicas (RCN, PAXNEB,

WTI e PAX6) ativas em tumor de Wilm's pela técnica FISH, observaram que os genes

transcricionalmente ativos não estavam localizados preferencialmente na periferia dos territórios

cromossômicos. Para explicar esse achado, propuseram que ocorre uma mobilidade das proteínas e

enzimas relacionadas com a transcrição gênica dentro de compartimentos subcromossômicos, não

necessitando de uma posição preferencial periférica ou extema de tais genes.

No presente estudo, a técnica de FISH foi utilizada em câncer de esôfago e estômago

para investigar se os genes CCNDI e HER­2/neu, em situações de amplificação e expressão

elevada, posicionam­se em locais preferenciais dos núcleos interfásicos. Os resultados, poderão

ampliar os conhecimentos sobre posição e função da cromatina e contribuir para o entendimento da

progressão tumoral.
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Objetivos

O presente estudo teve por objetivos:

Avaliar a ocorrência de amplificação dos oncogenes CCNDI e HER­2/neu, pela
técnica FISH em suspensão nuclear de tecidos frescos de tumores de esôfago e

de estômago;

. Avaliar o nível de expressão das proteínas Ciclina DI e Her­2/neu por técnica

imuno­histoquímica nesses tumores e comparar com a ocorrência de
amplificação dos respectivos genes;

Investigar a ocorrência de associação entre amplificação e expressão dos

oncogenes CCNDI e HER­2/neu com parâmetros demográficos e

clinicopatológicos;

. Avaliar a posição relativa dos oncogenes CCNDI e HER­2/neu nos territórios
interfásicos dos cromossomos correspondentes, pela técnica FISH em células

provenientes de culturas de tumores de esôfago e de estômago e comparar com

os níveis de expressão e amplificação gênica.
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GENE AMPLIFICATION IN THE CARCINOGENIC PROCESS

1. ABSTRACT

Gene amplification comprises the expansion of the gene number in the cell genome

giving rise to karyotype abnormalities called Double Minutes (DM) and Homogeneously

Staining Regions (HSR). The DM and HSR forms have been widely observed in human

tumors, but they can also play a major role during embryonic development, as they are

responsible for the programmed increase of gene expression. The etiology of gene

amplification during the process of carcinogenesis is not yet completely understood, but It can

be considered a result of genetic instability. Gene amplification leads to an increase in protein

expression, thereby being able to provide a selective advantage during cell growth. Some

oncogenes, such as CCNDI, c­MET, c­MYC, HER­2/neu, EGFR, and MDM2, are amplified in

human tumors, they can be associated with an increased expression of their respective

proteins or not. In general, gene amplification is associated with more aggressive tumors,

metastases, resistance to chemotherapy and a decrease in the period during which the patient

stays free of the disease. So, in this review, we comment about the major role in the

progression of carcinomas, forming genetic markers and possible therapeutic targets for the

development of drugs for the treatment of some types of tumors.
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GENE AMPLIFICATION

Gene amplification can be defined as an expansion of the number of copies of a

gene in the cell genome. This process occurs by replication of the genomic DNA, giving rise

to karyotype abnormalities called Double Minutes (DM) and Homogeneously Staining

Regions (HSR) (Bast et al., 2000; Simon et al., 2002).

Double minutes (DM) are extrachromosomal structures of circular DNA

containing 1 to 2 million base pairs, which replicate autonomously about once every cell cycle

and, since centromeres are absent, segregate at random to the daughter cells. The

homogeneously staining regions (HSR), on the other side, are intrachromosomal segments

forming large genomic regions (Hellman er a/., 2002), which display no chromosome banding

pattern when submitted to the G­banding technique, but can be visualized by FISH. Both

these structures have amplified genomic DNA, containing hundreds of copies of one or more

genes, frequently oncogenes (Bast et al., 2000).

Gene amplification plays a major role during development, when 1 is

responsible for the programmed increase of gene expression. In amphibian oocytes, for

example, where the need for proteins is high, an amplification of rRNA (ribosomal RNA)

genes oceurs. This process produces between two thousand and one million copies of TRNA

per oocyte. Another example is found in Drosophila oocytes, which display amplification of

genes responsible for chorionic proteins (Cooper, 2000). Another non­pathologic condition

involving gene amplification was recently studied by Hastings & Rosenberg (2002). These

authors observed that, under certain conditions of environmental stress, such as lactose

deficiency, the bacterium £. coli exhibits amplification of the chromosome region containing

the LAC allele and a higher production of the enzyme lactase, enabling the bacteria to grow

even in a restrictive environment.
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DM and HSR gene amplification has been widely observed in human tumors,

where it acts as one of the oncogene­activating genetic mechanisms (Bast er al., 2000; Imoto

et al., 2001) and frequently suggests an aggressive behavior of the tumor and a poor prognosis

(Ohta er al., 2001; Ethier ef al., 2003).

The etiology of gene amplification in cancer is not yet completely understood,

but it can be considered a result of genetic instability. Cytogenetic studies in rats involving

genes for drug resistance have indicated that in tumor cells there is a frequent occurrence of

chromosome breaks followed by fusion of distant segments and the consequent formation of

bridges during anaphase (Hellman er al., 2002). This process is particularly common in

certain fragile sites, which are unstable regions of the chromosomes, prone to breaks or gaps

during cell division. Hypoxia, a powerful inducer of fragile sites, is thought to facilitate the

fusion of DM and their reintegration into the chromosomal fragile sites, producing HSR

(Ishizuka et al., 2002).

Gene amplification has been demonstrated in several types of tumors, but their

relationship with carcinogenesis and tumor progression is still not clear. This process leads to

an increase in gene expression, which can confer a selective advantage during the early stages

of the neoplastic process. However, amplification may also occur as a late event of

tumorigenesis (Tsujimoto et al., 1997; Bast et al., 2000; Sarasin, 2003).

MAIN AMPLIFIED GENES IN HUMAN NEOPLASIAS

Several studies have shown that some oncogenes, such as CCNDI, c­MET, c­

MYC, HER­2/neu, EGFR and MDM2, are amplified in a significant number of human tumors.

These and other oncogenes rarely become amplified alone, but rather present as large

amplicons with multiple copies of several genes, making it difficult to establish which of
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these genes provide a proliferative advantage (Nakakuki er al., 2002; Simon et al., 2002;

Ethier, 2003).

An amplicon located in region 11913 includes the oncogene CCNDI and

another two genes, INT­2 and HST­I. This group of genes is frequently amplified in breast,

bladder, head and neck, lung and esophageal squamous cell carcinomas (Huang et al., 2002;

Ishizuka er al., 2002). Among these, CCNDI is the most frequently amplified gene in tumor

cells (Nagasawa et al., 2001; Huang et al., 2002; Miyamoto et al., 2003). Overexpression of

the Cyclin D1 protein also occurs in these cases, but it may or may not be related to gene

amplification (Miyamoto et al., 2003; Moreno­Bueno et al., 2003).

Cyclin DI is a 38kDa protein that belongs to the type cyclin D family, which

includes cyclins D2 and D3 (Ewen & Lamb, 2004). It regulates the passage of cells in phase

G1 to S in the cell cycle by phosphorylation of the pRb protein during phase G1, releasing the

family of E2F transcription factors (Rabbani er al., 2000; Brandau er al., 2001; Vielba et al,,

2003) which, in turn, lead to the induction of the genes needed for the G1­S progression of the

cell cycle (Ewen & Lamb, 2004). It acts by forming the cyclin DI­CDK complex, activating

the specific CDKs (cyclin­dependent protein kinases — CDK4 e CDK6), thereby allowing the

cell cycle to progress (Rabbani er al., 2000; Saikawa et al., 2001) (Figure 1).

Amplification of the gene encoding Cyclin DI 1s seen in a variety of solid

tumors, includig breast adenocarcinoma, squamous cell carcinoma of head and neck,

esophageal and bladder cancer (Ewen & Lamb, 2004).

In bladder tumors, the overexpression of this protein is correlated with high­

degree tumors and a short recurrence time. In patients with bladder cancer, there appears not

to be any association between tumor invasion and decreased survival and overexpression of

the Cyclin D1 protein (Adshead et al., 1998). Amplification of the CCNDI oncogene is also
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seen in the early stages of these tumors, persisting during the advanced stages of the disease,

but the exact mechanism leading to progression remains to be clarified (Watters er al/., 2002).

In esophageal squamous cell carcinomas and adenocarcinomas and in head and

neck and larynx tumors, amplification of the CCNDI oncogene is also related to a poor

prognosis, including local invasion, metastases in Iymph nodes, an advanced stage of the

disease and an increased recurrence risk (Nagasawa et al., 2001; Ishizuka er al., 2002; Ozawa

et al., 2002; Nadal er al., 2003; Miller et al., 2003; Miyamoto er al., 2003). Both the

amplification of the oncogene and the overexpression of the D1 cyclin also seem to be related

to the resistance of the tumor to chemotherapeutic treatment in esophageal cancer (Nagasawa

et al., 2001). In breast cancer, both gene amplification and overexpression of the protein are

related to a shorter survival time, a shorter period free of the disease and a higher recurrence

rate of the tumor (Ormandy et al., 2003).

Another widely studied amplicon is located in region 7931­932 and includes

the c­MET oncogene. This oncogene encodes the hepatocyte growth factor (HGF) receptor

(Herynk et al., 2003) and is one of the oncogenes most frequently associated with the

development of gastric cancer, where it exhibits alterations such as amplification and

overexpression of its protein (Nessling er al., 1998). The amplification of this oncogene is

correlated with the stage of the tumor, specifically of the diffuse type, as it is never found in

early stages of carcinogenesis; it works as a marker of poor prognosis, providing progression

and increase of metastases (Nessling et al., 1998; Tsugawa et al., 1998; Tahara, 2004).

Gene amplification and deregulation of the expression of the c­MYC oncogene

located in region 89424 are the main activating mechanisms of this oncogene in human tumors

(Mai et al., 2003; Abba et al., 2004). Its protein (myc) enables the cell to enter the cell cycle,

activating several genes, among which those encoding ornithine decarboxylase, phosphatase

cdc25A and the transcription factor E2F (Zajac­Kaye, 2001; Mai et al., 2003), and repressing
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others, such as, for example, releasing protein p27 from the cdk2 complex by means of the

activity of the cyclin E­cdk2 complex. Once released, protein p27 is sequestered by the cdk4­

cyclin D complex, forming a new complex, edk4­cyclinD­p27, that will phosphorylate pRb,

releasing the transcription factor E2F and enabling the cell to perform the G1­S passage ofthe

cell cycle (Zajac­Kaye, 2001). Overexpression of the c­myc protein can increase cell

proliferation, impair differentiation and lead to an increase in cell apoptosis (Abba et al,

2004). Usually, its expression decreases when the cell is leaving the cell cycle and during

differentiation.

In several types of cancer, such as breast and hepatocellular (Ghani­Abdel et

al., 2002; Robanus­Maandag et al., 2003), prostate, cervical (Abba er al, 2004) and lung

tumors (Zajac­Kaye et al., 2001; Yakut et al., 2003), amplification of c­MYC is correlated

with protein overexpression and is frequently associated with more aggressive tumors.

In breast cancer, there is an association between c­MYC amplification and the

expression levels of mRNA and its protein (Blancato er al., 2004). In bladder carcinomas, this

correlation is not yet clear, as the gene is also seen amplified in low­grade tumors (Schulz er

al., 1998). In cervical carcinoma, c­MYC amplification occurs in early stages and can lead to

tumor progression (Abba et al., 2004). In gastric carcinomas, its overexpression is a major

factor that can be used to distinguish between well differentiated adenomas and

adenocarcinomas. This alteration is present not only at the beginning of the disease, but seems

to be related with its entire course (Kozma et al., 2001).

c­ERBB­2, also known as HER­2/neu, is located in region 17911­912

(Yamamoto et al., 1986) and is another oncogene that is often amplified in tumors ofdifferent

origins, such as breast, ovary, bladder, stomach and lung (Takehana er al., 2002; Lear­Kaul et

al., 2003); in some of them, it is a potential marker of prognosis. This gene encodes a

transmembrane phosphoglucoprotein (p185) that resembles the epidermal growth factor
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receptor (EGFR) which acts as a tyrosine kinase receptor, stimulating cell proliferation (Ohta

et al., 2001; Rabbani er al., 2001; Krause et al., 2000) (Figure 2).

In breast and lung tumors, HER­2/neu amplification induces overexpression of

the protein in the cell membrane (Ohta er al., 2001; Takehana et al., 2002; Lear­Kaul et al,,

2003), which has been associated with a poor prognosis (Ohta et al., 2001; Cianciulli et al,,

2003; Hirsch er al., 2003). In gastric tumors, its overexpression is related to the presence of

metastases (Nessling et al, 1998; Vidgren er al., 1999; Varis er al, 2002) and to a

development into the intestinal type (Becker et al., 2000).

Amplification of the oncogene HER­2/neu, regardless of protein

overexpression, has frequently been detected in bladder tumors, although it has not yet been

correlated with the development, progression and clinical course of the disease (Adshead er

al., 1998; Brandau et al.,, 2001; Ohta et al., 2001). In these as well as in breast tumors,

amplification and overexpression of the Her­2/neu protein have been investigated with the

purpose of possibly directing the treatment of positive patients towards the use of Herceptin

(trastuzumab), since the levels of gene amplification and protein expression are very similar

to those found in patients with breast cancer (Ross & McKenna, 2001; Ross & Gray, 2003).

The drug Herceptin, a monoclonal antibody, works as a negative regulator of

the protein Her­2/neu, inhibiting the signaling pathway of the cell cycle and blocking its

progression. In vivo, trastuzumab inhibits angiogenesis and induces antibody­dependent cell

eytotoxicity (Albanell er al., 2003; Menard er al., 2003). Besides Herceptin, other drugs are

under study for use in patients with amplification of the oncogenes c­MYC and c­MET (Ma et

al., 2003). The protein c­myc takes part in several signaling cascades during the cell cycle and

appears activated in tumor cells, promoting cell proliferation and regulating the expression of

many target genes. Thus, inhibition of c­MYC expression could be sufficient to block tumor

growth and to induce its regression (Hermeking ef al., 2003).
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As mentioned before, activation of several oncogenes through gene

amplification is related to the progression of several types of tumors. Many studies have

shown that patients with gene amplification present a worse prognosis compared to those

without amplification. We can therefore conclude that the amplification of these oncogenes

plays an important role in the progression of carcinomas by increasing the risks for metastases

and more aggressive tumors. So, they comprise valuable genetic markers and therapeutic

targets for the development of effective drugs for the treatment of different types of tumors.
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Figure 1. Simplified G1/S regulation. When a dividing cell is about to go through another

round of division, the Rb protein (or its related family members) is phosphorylated

by ceyclin/CDK complexes. This releases the E2F transcription factor and leads to

changes in gene expression that are essential for cell cycle progression.
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Figure 2. Activation of the EGF­R results in the initiation of a diverse array of cellular

pathways. Dimerization results in autophosphorylation, initiating a downstream
cascade of events and culminating in cellular responses such as cell proliferation or

apoptosis. These protein interactions bring SOS in close proximity to Ras, allowing

for Ras activation; this activates the RAF­MEK­MAP­kinase signaling pathways

which, in turn, activate trahscription factors, such as c­fos, c­myc, and cyclin D,

which promote gene expression and contribute to cel! proliferation.
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Amplification, polyvsomy and overexpression ofthe CCNDI1 andHER­2/neu oncogenes in 50
esophageal andgastric cancers.

Abstract

We made an evaluation of the contribution of amplification and high­balanced

polysomy of both the CCNDI and the HER­2/neu genes to the overexpression of proteins

in esophageal and gastric cancers, and attempted to determine the association between these

events and also with demographic and clinicopathological features. Regarding CCNDI,

gene copy gain by amplification (45%) was prevalent over polysomy (25%) in the cases of

esophageal carcinoma, but in gastric adenocarcinoma the patterm observed was similar, 1. e.,

10% and 15%, respectively. However, for the HER­2/neu gene, polysomy was a more

important mechanism than amplification in both esophageal (32.5% vs. 7.5%) and gastric

cancers (15% vs 5%). Protein overexpression of Cyclin DI was identified in 37.5% and

35%, and of Her­2/neu in 12.5% and 7.5% of the specimens of esophageal and gastric

tumors, respectively. Kappa statistics revealed a fair agreement in both types of tumors

only between overexpression and amplification of the CCNDI gene, but not with

polysomy. As for the HER­2/neu gene, neither amplification nor polysomy showed an

association with protein overexpression in esophageal carcinoma, but in gastric

adenocarcinoma a fair agreement was observed between amplification and polysomy and

the level ofprotein expression. This finding emphasizes that high­balanced polysomy could

contribute to a high Her­2/neu protein level, at least in gastric adenocarcinoma. Our data

showed no association between the CCNDI and HER­2/neu genes and protein status with

demographic and clinicopathological features, except for an association with alcohol

consumption and the CCND! gene or protein levels, in both esophageal and gastric cancers.
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Amplification, polvsomy and overexpression ofthe CCND1 and HER­2/neu oncogenes in 51
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1. Introduction

Cancers of the gastrointestinal tract, including the esophagus and stomach,

show increasing rates of mortality and morbidity in the world [1,2]. The interaction ofboth

environmental and genetic factors contributes to the etiology and pathogenesis of these

aggressive cancers [2,34]. Smoking and alcohol consumption are appointed as major

environmental agents in esophageal and gastric carcinogenesis [5,6], besides dietary habits

and bacterial infection by Helicobacterpylori in gastric cancer [1,7].

Recent molecular advances have made it clear that the uncontrolled

proliferation of carcinoma cells involves an accumulation of oncogene and tumor­

suppressor gene abnormalities [8], which control the cell cycle. Among the genetic

alterations involved, the gain of a number ofgene copies by amplification and/or polysomy

appears to be an important mechanism in carcinogenesis and tumoral progression [9­11].

Amplification of the CCNDI and/or HER­2/neu genes has been demonstrated in several

human tumor types, such as breast [12­14], bladder [14], squdihous cell carcinoma of the

head and neck [15,16], esophageal [9,17] and gastric cancers [18,19]; and is thought to be

an important determinant ofthe biologic behavior ofcarcinomas [17, 19­21].
Additionally, both genes are involved in the activation of cell proliferation

by different pathways. The CCNDI gene (PRADI, Cyclin DI), localized at chromosomal

band 11913 [22], encodes the protein Cyclin DI, a member of the cyclin family, involved

in the G1/S transition. Its alteration can cause deregulation of the cell cycle, resulting in

oncogenesis [23,24]. The gene HER­2/neu (ERBB2), localized in chromosome region

17911.2­q12, encodes a transmembrane glycoprotein that is a member of the epidermal!

growth factor receptor family [25]. The protein Her­2/Neu or p185 acts as a tyrosine kinase
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receptor, stimulating cell proliferation [26,27] and therefore being potentially involved in

the growth and progression of malignant cells [21].

Immunohistochemical assays have demonstrated overexpression of the

Cyclin DI and Her­2/neu proteins in some types of cancers, mainly breast [28],

osteosarcomas [21], urothelial carcinoma [29,30], esophageal carcinoma [10,19,21,31,32]

and gastric cancer [33­35]. The status of these proteins has been related to

clinicophatological factors, so they can be potential biomarkers for cancer prognosis.

There is so far a limited number of studies that evaluated simultaneously the

amplification and overexpression of the CCND!I and HER­2/neu genes in esophageal [10,

191 and gastric carcinomas [18]. Moreover, an exact relation between overexpression and
gene amplification has not been observed [10,21,36], nor is there a precise correlation of

these alterations with prognosis and survival [21,36].

Although gene amplification appears to be the main mechanism leading to

overexpression of both Cyclin DI and Her­2/neu proteins in carcinogenesis, the gain of a

number of gene copies by high­polysomy may also be an important mechanism in those

tumors, with positive protein immunostaining but no amplification, as recently reported in

breast cancer [37].

The purpose of the present study was to evaluate the relationship of

amplification and polisomy of the genes CCNDI and HER­2/neu with overexpression of

proteins in patients with esophageal carcinoma and gastric adenocarcinoma. Thus, we

evaluated the gene status (amplification and polysomy) and overexpression ofproteins, and

determined the agreement between these events, as well as the association of gene status

and overexpression with demographic and clinicopathological features.
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2. Material and methods

2.1. Patients

A total of 80 specimens (fresh tumor tissue and paraffin­embedded specimens) were

obtained from 40 patients with esophageal squamous cell carcinoma (34 males and 6

females) and 40 patients with gastric adenocarcinoma (30 males and 10 females), before

any chemotherapy and radiotherapy. All patients were diagnosed and operated on at the

Department ofSurgery ofHospital de Base, in São José do Rio Preto, SP, Brazil. The mean

age of the patients with esophageal carcinoma was 63.4 years (range 46­96 years), and the

mean age of the patients with gastric adenocarcinoma was 62.3 years (range 28­93 years).

The esophageal tumors were graded according to the World Health Organization: 1 tumor

was classified as well differentiated, 30 as moderately differentiated, 4 as poorly

differentiated, and 5 as undifferentiated. Gastric adenocarcinoma was classified by

characteristic histological features into diffuse (25 specimens) or intestinal (15 specimens)

types [38]. Biopsies obtained from the same patients, but removed from distant surgery

areas, were used to establish the cut­off level for the gene status (12 normal esophageal

mucosae and 14 normal gastric mucosae) and protein status (6 normal esophageal mucosae

and 7 normal gastric mucosae).

Written informed consent was obtained from all patients, and the project was

approved by the National Research Ethics Committee.

2.2. Fluorescence in situ hybridization (FISH)

FISH assays were performed on cell suspensions using a Cyclin DI probe kit

(Vysis), including the LSI Cyclin DI sequence labeled in Spectrum Orange, with the

chromosome 11 centromere sequence labeled in Spectrum Green, and the HER­2/neu kit

FS
AVAVAV

1 2 3 4 5 6 7 unesp ”. 12 13 14 15 16 17 18



Amplification, polysomy and overexpression of the CCNDI1 and HER­2/neu oncogenes in — 54
esophageal andgastric cancers.

(Q­bioGene), including the probe HER­2/neu sequence, labeled with Rhodamine, with the

chromosome 17 centromere labeled with fluorescein, following the instructions given by

the manufacturer. All specimens were mechanically and enzymatically disaggregated with

0.008% pepsin, and the single­cell suspensions obtained were treated with hypotonic

solution (0.0759M KCI) and fixed in methanol­acetic acid (3:1) ovemight. After washes in

60% acetic acid, the resulting cell suspension was dropped onto microscope slides. Briefly,

the slides were treated with 70% acetic acid at room temperature for 5 min. Then, a solution

containing the Cyclin DI or HER­2/neu probes was applied to the specimens and co­

denatured at 80ºC for 5­8 min. Afterwards, the slides were hybridized ovemight (16 to 18

hours) at 37ºC in a moist chamber. After the post­hybridization washes, the slides were

counterstained with DAPI (4º,6­diamino­2­phenylindole).

The slides were analyzed under an Olympus BX60 microscope. The number of

signals corresponding to chromosome 11 centromeres and to the CCNDI gene were scored

together, and the number of chromosome 17 centromere signals was scored together with

those corresponding to the HER­2/neu gene in about 250 nuclei, in accordance with the

criteria described by Eastmond et al. [39]. The gene­to­centromere (G/C) ratio was

calculated for each case, that is, the total number of gene signals observed was divided by

the total number of centromere signals. For each FISH probe tested, the status of the

chromosome used as a control was classified as either disomy or polysomy, when on

average 2 or 3 or more copies, respectively, were scored per nucleus. Gene gain was

considered either by amplification or by high­balanced polysomy, recognized as

overrepresentation [10]. Gene amplification assessed by multiple copies of the gene in any

chromosomal status was classified as high­level whenever the gene/centromere ratio was >
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2.0 or with clustered copies (groups of many copies of the gene), while high­balanced

polysomy was considered as positive only in the cases with high frequencies (>15%).

2.3. Inmunohistochemistry (IHC)

Tumor material consisted of paraffin­embedded specimens fixed in 10% formalin.

Sections were cut at Sum and dried for 1 h at 65ºC. After deparaffinization and rehydration

of the sections, antigen retrieval was performed in a Tris­EDTA solution pH 9.0 for Cyclin

DI, and 10mM citrate pH 6.0 for Her­2/neu antibody. All further steps were performed

using an automated system (Cadenza). Endogenous peroxidases were inhibited by 20 min

incubation in 3% H2O;,. Then, the sections were incubated overnight at room temperature

with the monoclonal Cyclin DI or Her­2/neu antibodies (Dako), used at a dilution of 1:100

and 1:200, respectively. Immunodetection was achieved using the NOVOSTATIN Super

ABC kit (NOVOCASTRA), for 35 min at room temperature. The sections were then

incubated with diaminobenzidine for 5 min and counterstained with hematoxylin for 15 sec.

Amigdala and breast carcinomas were used as positive controls for Cyclin D1 and Her­

2/neu antibodies, respectively.

All specimens were revised by a single pathologist and only the IHC status was

evaluated. For Cyclin DI immunostaining about 500 nuclei were counted. The index of

positivity was defined as a value greater than 30% and 20% of nuclei showing strong

Cyclin DI immunostaining, in esophageal carcinomas and gastric adenocarcinomas,

respectively, according to the mean frequencies observed in the respective normal mucosae.

The membrane staining intensity and pattern considered for scoring were in accordance

with the criteria approved by the FDA (Food and Drug Administration) for the HER­2/neu
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antibody: O, no staining or membrane staining, observed in less than 10% of tumor cells;

1+, partial membrane staining, in more than 10% of tumor cells and membrane, not

circumferential, staining; 2+, circumferential, weak to moderate staining, observed in more

than 10% of tumor cells; and 3+, strong circumferential membrane staining, observed in

more than 10% of tumor cells. Scores 2+ and 3+ were considered positive. Cytoplasmatic

immunostaining was not considered for either protein. Areas that were poorly preserved,

crushed, cauterized, folded, or retracted were specifically avoided.

2.4. Statistics

FISH and IHC results were compared with demographic and clinicopathological

information by Fisher's exact test, using the GraphPad Instat computer software program.

The level of significance was set at P<0.05. A Kappa statistical test was made to examine

the agreement between gene and protein status for the two molecular targets, using the

website http://www.lee.dante.br/pesquisa/kappa/index/html [40].

3. Results

Cyclin DI and HER­2/neu amplification, polysomy and overexpression

Tables 1 and 2 summarize the results concerning gene status (amplification

and polysomy) and overexpression of the CCNDI and HER­2/neu genes in normal and

tumoral tissues of the esophagus and stomach. None of the samples from either the

esophagus or stomach that had a normal histology displayed gene gain or appreciable

immunostaining for Cyclin DI and Her­2/neu proteins, thus none of them was defined as

positive.
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High levels ofamplification (G/C>2.0 or cluster) or high­balanced polysomy

(>15%) of the CCNDI!I gene were identified in a total of 28 out of 40 (70%) of the

esophageal carcinomas and 10 out of 40 (25%) of the gastric adenocarcinomas (Table 1).

Esophageal carcinoma showed higher levels of gene amplification than of polysomy [18/40

(45%) vs 10/40 (25%)], while gastric adenocarcinoma showed similar patterns [4/40 (10%)

vs 6/40 (15%)]. HER­2/neu amplification or polysomy was found in a total of 16/40 (40%)

of esophageal carcinomas and 8/40 (20%) of the gastric adenocarcinomas (Table 1).

Balanced polysomy was more prevalent than amplification in both esophageal [13/40

(32.5%) vs. 3/40 (7.5%)] and gastric cancers [6/40 (15%) vs. 2/40 (5%)]. Interestingly, in

both types of tumors, most specimens did not show simultaneously cluster and high­

balanced polysomy, except for a single case of esophageal and another one of gastric

cancer regarding the HER­2/neu gene. Figure 1 illustrates the gene gain (amplification and

polysomy) of the CCNDI and HER­2/neu genes in esophageal and gastric cancers.

The Cyclin DI protein was found to be overexpressed with positive

immunostaining in over 30% of the nuclei (range 30.8 to 72.8%) in esophageal carcinoma

and in over 20% (range 20.2 to 69.3%) in gastric adenocarcinoma, in 15/40 (37.5%) and

14/40 (35%) of the tumors, respectively (Table 2). High­level overexpression of the Her­

2/neu protein (scores 2+ and 3+) was seen in 5/40 (12.5%) and 3/40 (7.5%) of the

esophageal carcinomas and gastric adenocarcinomas, respectively (Table 2). Figure 2

illustrates the Cyclin DI and Her­2/neu overexpression in esophageal and gastric cancers.
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Relationship between amplification and polysomy with overexpression ofCyclin D1 and

Her­2/neu proteins

According to Kappa statistics (Table 3), in both esophageal and gastric

tumors, the combination of gene status (amplification and polysomy) with protein

expression of the CCNDI gene showed only a fair agreement between amplification and

overexpression (Kappa=0.333 and 0.340, respectively). Moreover, only a single specimen

of esophageal carcinoma and 7 of gastric adenocarcinoma had an overexpressed Cyclin D1

protein without displaying either amplification or polysomy.

Regarding HER­2/neu, neither amplification nor polysomy showed an

agreement with protein overexpression in the esophageal carcinomas (Kappa=0.172 and

0.186, respectively), but in gastric adenocarcinomas a fair agreement was observed between

amplification and polysomy and the protein expression level (Kappa=0.360 and 0.383,

respectively). Conversely, a single specimen of esophageal and none of gastric cancer was

positively immunostained, but without amplification or polysomy.

Combined analyses of Cyclin DI and HER­2/hneu for gene status and

Overexpression

The combined analyses of the two molecular targets CCND!I and HER­2/neu

in each tumor (Table 4) revealed that 12/40 (30%) of esophageal carcinoma and only 3/40

(7.5%) of gastric cancers showed simultaneously gene gain by amplification and/or

polysomy for both genes. Thus, no agreement was found regarding this parameter between

esophageal and gastric tumors (Kappa=0.030 and 0.100, respectively). Similarly, no

agreement was detected between Cyclin DI and Her­2/neu protein overexpression in the

specimens of both esophageal and gastric cancers (Kappa=0.010 and ­0.001, respectively),
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since only 2/40 (5%) of esophageal carcinomas and 1/40 (2.5%) of gastric cancers co­

overexpressed both proteins.

Relationship between gene status (amplificativon and polysomy) and

overexpression of CCNDI and HER­2/neu with demographic and clinicopathological

Seatures

The evaluation of an association between CCNDI and HER­2/neu gene gain by

amplification or polysomy and protein overexpression with demographic and

clinicopathological characteristics (Tables 5 and 6) revealed a statistically significant

association only between CCNDI gene gain (amplification and polysomy) and alcohol

consumption in gastric adenocarcinoma (P=0.0260 and 0.0295, respectively). Cyclin DI

overexpression in esophageal carcinoma also showed a significant association with alcohol

consumption (P=0.0175). In the other comparisons (age, gender, smoking, survival,

histological grade and H. pylori infection) no significant differences were found for either

gene ànd protein status.

4. Discussion

In the current study, both the CCNDI and the HER­2/neu molecules were

evaluated for gene status by amplification and polysomy and protein overexpression levels,

in a series of cases of esophageal carcinoma and adenocarcinoma of the stomach. The

number of copies per cell of each gene and centromere of interest was correlated with a

protein score. Amplifications of these genes as well as overexpression of the corresponding

proteins appear to play an important role in esophageal [8,10,17,21] and gastric

carcinogenesis [18,21].
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To our best knowledge, this is the first study that carried out a simultaneous

evaluation of CCNDI and HER­2/neu gene and protein status in esophageal and gastric

cancer. Of the two genes evaluated, CCNDI was the more frequently amplified and

overexpressed one in both tumors, while for the Her­2/neu gene the gain ofcopies occurred

mainly by high­balanced polysomy, that must have contributed to an increased protein

expression, leading to positive immunostaining in some ofthe cases without amplification.

In esophageal carcinomas, our results showed that gene amplification (45%

ofcases) was the main mechanism responsible for overexpression of the Cyclin DI protein,

as compared to polysomy (25% of cases). These findings reinforce the evidence that

CCND!I gene amplification is associated with esophageal carcinogenesis, with frequencies

ranging from 20% to 80% of the cases [10,15,17,41]. However, in gastric cancer, the

CCNDI gene was commonily not amplified, and polysomy was not frequent either, both

having been observed in only 10­15% of the cases. This finding is in accordance with other

studies that reported frequencies of approximately 16.6% of CCNDI amplification [35],

therefore not appearing to play a significant role in the progression this type of cancer

[42,43].

Additionally, in this study, the Cyclin DI protein was commonly

overexpressed in both esophageal and gastric carcinomas (37.5% and 35%, respectively),

and its incidence rate falls within the wide range of 26 to 71% of esophageal carcinoma

[10,31,32] and 25 to 50% ofgastric cancer patients reported previously [24,31,33,35]. Gao

et al. [35] suggested that positive expression of the Cyclin DI protein may be an early event

in gastric carcinoma pathogenesis, tending to remain stable throughout the progression of

infiltration and metastasis. Thus, in a proportion of gastric cancer cases, the increased

protein production must occur by another mechanism beyond amplification, as for example
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high polysomy, observed in 17.5% of cases by Gao et al. [35] and in 15% in the current

study.

When we evaluated the agreement of the cases with amplification or

polysomy which simultaneously overexpressed the protein, we observed a fair agreement

only between amplification and overexpression of the CCNDI gene, and rather in

esophageal carcinoma (25% ofcases) than in gastric adenocarcinoma (10%).

On the other hand, while in oral squamous cell carcinomas Myiamoto et al.

[15] found 100% of cases with amplification and overexpression of CCNDI, other studies

have reported an association in 30­70% of esophageal carcinoma cases with CCNDI

amplification and overexpression [10,41,45]. In gastric cancer, this association is lower,

that is, approximately 17% [35].

Additionally, the Cyclin DI protein was not expressed in all cases with

amplification or polysomy, in both esophageal (14 cases) and gastric cancers (3 cases).

Conversely, only a single case of esophageal carcinoma and 7 cases of gastric

adenocarcinoma displayed overexpression without gene gain. This situation has been

described in esophageal carcinoma [10,31], colon adenocarcinoma [31,46], breast cancer

[47,48] and gastric carcinoma [35]. Probably other pathways allow Cyclin DI expression in

addition to amplification, such as alterations in the synthesis or stability of the Cyclin DI

protein [49], alterations in the CCNDI promoter or abnormal regulation by transcription

factors, which could both upregulate the expression ofmRNA and induce the production of

more Cyclin DI protein [35]. Moreover, Gao et al. [35] observed that the expression of the

Cyclin DI protein was affected more directly by the mRNA level than by the gene

amplification.

FS
AVAVAV

1 2 3 4 5 6 7 unesp ”. 12 13 14 15 16 17 18



Amplification, polysomy and overexpression ofthe CCNDI1 andHER­2/neu oncogenes in 62
esophageal andgastric cancers.

Interestingly, the evaluation of the HER­2/neu gene status revealed that high­

polysomy was the prevalent pattem regarding the gain of HER­2/neu gene copies, in both

esophageal (32.5%) and gastric cancer (15%) cases, as compared to gene amplification,

observed only in 7.5% and 5.0% of cases, respectively. Similarly, Sunpaweravong et al.

[10] reported a low level of amplification (2%) in comparison to gene overrepresentation

by balanced polysomy (31%) in esophageal carcinoma. In gastric adenocarcinoma,

Ishikawa et al. [50] also reported low frequencies ofHER­2/neu amplification.

Polysomies 11 and 17 could have an additive effect with CCNDI or HER­

2/neu amplification and contribute to an overall increase of the number of gene copies in

the tumor cells. In breast cancer, Lal et al. [37] showed the impact ofpolysomy 17 on Her­

2/neu protein overexpression in the cases without gene amplification, evidencing polysomy

17 as a contributing factor to strong positive protein immunostaining. In squamous cell

carcinoma of the pharynx and larynx, the polysomies 11 and 17 were found in 60 and 72%

of cases, respectively [51], while in gastric adenocarcinoma Gobbo­César et al [52]

displayed high­polisomy of chromosomes 3, 7, 8, 9 and 17. High­polysomy is a

chromosome aberration that in many cases suggests a global genetic instability of the

tumor, affecting more than one chromosome, and correlates with the proposed models of

tumor progression in which this progression is the result of a series ofsequential changes in

the DNA content ofthe tumor [11].

In the present study, the expression of the Her­2/neu protein showed a lower

incidence than that of the Cyclin DI protein, in both esophageal and gastric carcinomas

(12.5% and 7.5%, respectively), but in accordance with the 15 to 56% incidence reported

for esophageal carcinoma [21,36,53] and with the wide range (8.0 to 53%) found in gastric

cancer (18,20,37,54].
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The evaluation of Her­2/neu protein and gene levels in the same specimens

showed no agreement in esophageal carcinoma, but revealed a fair agreement in gastric

cancer, supporting the hypothesis that a gain in copy number is not a critical mechanism for

protein overexpression. For the HER­2/neu gene, this dissociation has been suggested to

occur due to point mutation, translocation, transcriptional upregulation, heterodimerization

with HER­2 (cross­talk with HER­2), increased co­expression of ligands and alterations in

molecules that contro! receptor signaling output, leading to protein overexpression [30, 55].

We have shown that CCNDI and HER­2/neu are not associated with each

other, whether at the gene or the protein levels, in both esophageal and gastric cancer.

These results are concordant with those presented by Sunpaweravong et al. [10], who did

not find an association between CCNDI, EGFR and HER­2/neu in esophageal carcinoma

either. Thus, there is no evidence of inter­gene interaction (CCNDI and HER­2/neu) in the

carcinogenesis process of the esophagus and stomach. The amplification and

overexpression ofCCNDI and HER­2/neu in distinct tumors suggests alternative activation

mechanisms of the tumorigenesis pathway [10].

Despite its low level of amplification and overexpression in patients with

esophageal and gastric tumors, HER­2/neu appears to be an interesting molecular marker

for targeted therapy. Takehana et al. [18] suggested that the mechanisms ofoverexpression

and amplification of HER­2/neu in gastric adenocarcinoma seem to be similar to those

well­established in breast cancers. In the OEI9 esophageal adenocarcinoma cell line,

Dalbergh et al. [19] observed growth inhibition after incubation with trastuzumab. So,

patients with esophageal and gastric adenocarcinoma with Her­2/neu amplification or

overexpression are potential candidates for an adjuvant therapy using humanized

monoclonal antibody [18,19,54].
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The relationship between CCNDI and HER­2/heu amplification or

overexpression and clinicopathological parameters in esophageal and gastric cancers has

been controversial. In agreement with previous studies [18,20,24,32,35], our data show no

association between CCNDI and HER­2/neu amplification or overexpression with

demographic and clinicopathological markers, including patient gender, age, smoking,

histological grade, H. pylori infection and survival, in both esophageal and gastric cancer.

However, our study revealed an association only of alcohol consumption with CCNDI

amplification and polysomy in gastric cancer patients, and with Cyclin DI overexpression

in patients with esophageal carcinoma, evidencing a gene­environment interaction. Alcohol!

consumption is an environmental factor that plays an important role in the carcinogenesis

of the esophagus and stomach [6], because N­nitroso compounds are directly linked to

carcinogenesis [43, 56]. However, further studies are needed to clarify the correlation

between these genes and clinicopathological features.

In conclusion, our results indicate that the CCNDI]I gene is more closely

involved in the carcinogenesis of the esophagus and stomach than HER­2/neu, mainly due
to amplification. Interesting!y, at the level that could be demonstrated by IHC staining in

some specimens of esophageal and gastric tumors, high­balanced polysomy of the HER­

2/neu gene in addition to amplification was an important mechanism leading to increased
Her­2/neu protein expression. Thus, it must be an event to be considered separately from

amplification in the studies on gene status evaluation. Although an exact association

between gene status and protein levels was not seen, probably as a consequence of the fact

that some specimens showed amplification or polysomy without protein overexpression,

the IHC assay mainly of the Cyclin DI protein appears to be a suitable method to be

employed as a biological marker in studies on esophageal and gastric carcinogenesis.
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Table 1. Results of gene gain (amplification and polysomy) of the CCNDI and HER­2/neu
genes in normal and tumor tissues ofesophagus and stomach.

Saâmples Disomy o Gene Status
(G/C=0.9­1.0)

Amplification — Polysomy
(G/C>2.0) — (15%)

Normal Esophageal
licosa !

CCNDI 12 (100%) 0 (0%) 0 (0%) 0 (0%) 12 (100%)
HEk­/neu 11 (100%) 0 (0%) 0 (0%) 0 (0%) 11 (100%)

Esophigeal
Cartilibma :

CCND!I 12 (30%) 18(45%) — 1025%)  28(70%)  40(100%)HER­ÍL/neu 24 (60%) 3(7.5%)  13(32.5%) 16(40%  40(100%)

Normal Gastric
Mucosa '

CCNDI 14 (100%) 0 (0%) 0 (0%) 0 (0%) 14 (100%)HER­2/heu 12 (100%) 0 (0%) 0 (0%) 0 (0%) 12 (100%)

Gastric
Adenocarcinoma :

:

CCNDI 29 (12.5%) 4 (10%) 615%)  10(25%  .40(100%)
HER­2/neu 32 (80%) 2 (5%) 6 (15%) 8 (20%) 40 (100%)

G/C: gene­to­centrorhere ratio
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esophageal andgastric cancers.

Table 2. Results ofoverexpression ofCyclin D1 and Her­2/neu proteins in normal and
tumoral tissues ofesophagus ahd stomach.

o Cyclin D1 Her­2/nel
Sálhpies Es O  Toml Negative —Lowlevel Highlevel Total
Normal 1 5 6 6 Õ 0 6

Esophiageal 16.695 833% 100% 100% 0% 0% 100%
Mutosa

Esophageal 15 25 40 32 3 5 40
Catcinotia 37.5% 625% 100% 80% 7.5% 12.5% — 100%

Normiúi] gustric 0 7 7 Y 0 0 7
mucosi 0% 100% 100% 100% 0% 0% 100%

Gaste = 14 26 do 34 3 3 40

Adenotárelhoma — 359 —— 65% — 100% 85% ——75% 100%
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Table 3. Association between gene gains by amplification and polysomy with Cyclin DI
and Her­2/neu proteins expression in esophageal carcinoma and gastric
adenocarcinoma.

FISH Esophageal Carcinoma Gastric Adenocarciloma
Cyclin DI Cyclin DI Her­2/ieu Her­2/neu Cyclin DI CydinD1 Her­2/neu Her­2/neu

(+) O (+) 19) (+) O (+) O
Amiblification :

Yes 10(25%) 8(20%) 105%  2(5.0%) 4(10%)  0(0%) 105% 125%)
No  5(125% 17(425% 4(10% 33(825% 1005% 26(65% 2(50%  36(90%)
Kappa 0.333*+*+* 0.172*+* 0.340*** 0.360***

Polysomy !

|

:

!

Yes 4(10%) 615%) 3(75% 1005%  3(715% 3(75% 2(50%  4(10%)
No 11 (27.5%) 19(47.5%) 2(5.0%) 25(625%)  11(27.5%) 23(57.5%) 1(235% 33(82.5%)

Kappa ­0.176* 0.186** 0.114** 0.383***

* Value ofKappa<O: no agreement
** Vúlue of Kappa =0­0.19: poor agreement
*** Value ofKappa =0.20­0.39: fair agreerhent
FISH: Fludrescerice in situ hybridizatioh
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Table 4. Relationship between CCNDI]I and HER­2/neu gene status and protein expression
in esophageal carcinoma and gastric adenocarcinoma

Category Esophageal carcinoma Gastric adenocarcinoma

Gene status — Overexpression — Genestatus — Overexpression
Cyclin DI + /Her­2/neu+ — 12(30%) 2 (5%) 3 (71.5%) 1(2.5%)

Cyclin DI + /Her­2/neu­ — 17(425% — 14(35%) 8 (20%) 13 (32.5%)

Cyclin D1 ­ /Her­2/neut — 4(10%) 3 (7.5%) 5 (12.5%) 2 (5%)

Cyclin D1 ­/ Her­2/neu ­ 1075%  21(525%) 24 (60%) 24 (60%)

— Kappa 0.030** 0.010** 0.100** ­0.001*

* Value ofKappa<DO: no agreement
+** Value ofKappa =0­0.19: poor agreement
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Amplification, polvsomv and overexpression ofthe CCNDI and HER­2/NEU oncogenes
in esophageal andgastrice carcinomas

Tabela 5. Demographic and clinicopathological distribution of esophageal carcinoma patients in relation the CCNDI and HER­2/neu gene
status and protein levels.

78

Gene Status (FISH) Overexpression (IHC)
Variables CCNDI HER­2/neu Cyclin D1 Her­2/neu

Amphfication Polisomy Amplification Polisomy (+) CO () (e)
Gender

Male 16 (40%) 8 (20%)
Female 2 (5%) 2 (5%)
P value 0.6726 0.7059

Age
<60 7 (17.5%) 4 (10%)
> 60 11 07.5%) 6 (15%)

P value 0.5092 0.70041

Smoking
Yes 16 (40%) 9 (22.5%)
No 2 (5%) 1 (2.5%)

Pvalue 0.6726 1.0000
Alcohol

Yes 15 37.5%) 6 (15%)
No 3 (7.5%) 4 (10%)

P value 0.2863 04177

Histological
Grade

Well differentiated 16 (40%)
Poorly 2 (5%)

Differentiated
Pvalue 0.6726 0.1528
Survival

Dead 8 (20%) 6 (15%)
Alive 10 (25%) 4 (10%)

Pvalue 0.5254 0.7209

7(17.5%)
3 (7.5%)

3 (7.5%)
0 (0%)
1.0000

2 (5%)
12.5%)
0.242]

3 (71.5%)
0 (0%)
1.0000

2(5%)
1(2.5%)
1.0000

1(2.5%)
2(5%)

0.0536

3 (71.5%)
0 (0%)
0.2327

12 (30%)
1(2.5%)
0.64134

5 (12.5%)
8 (20%)
0.7215

10 (25%)
3 (7.5%)
0.6622

10 (25%)
3 (7.5%)
0.7159

12 (30%)
1(2.5%)

0.6134

71(17.5%)
6 (15%)
1.0000

13(32.5%) 21(52.5%)
3(7.5%)  3(7.5%)

0.6678

5(125%  8(20%)
11(27.5%) 16(40%)

1.0000

1567.5%) 21(52.5%)
105%  3(7.5%)

0.6376

9(22.5%  22(55%)
7017.5%  2(5%

0.0175*

12 (30%)
4 (10%)

20 (50%)
4 (10%)

0.6975

9(22.5%) 13(32.5%)
T17.5%) 11 (7.58%)

1.0000

410%)  30(75%)
125%  5(125%

1.0000

3 (7.5%) 10 (25%)
2(5%) 25 (62.5%)

0.3065

5012.5%  31(717.5%)
0(0%) — 4(10%

1.0000

4(10%  27(67.5%)
105% 800%

1.0000

5(12.5%) 27 (67.5%)
0 (0%) 8 (20%)

0.5628

4(10%) — 18(45%)
125%  17(425%)

0.3555

*Statistical significance was demonstrated with P<0.05 (Fisher's exact test);
FISH: Fluorescence in situ hybridization
IHC: Immnohistochemical
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Tabela 6. Demographic and clinicopathological distribution ofgastric adenocarcinoma patients in relation the CCNDI and HER­2/neu
gene status and protein levels.

Variables
Gene Status (FISH) Overexpression (IHC)

CCNDI HER­2/neu Cyclin DI Her­2/neu

Amplification Polisomy Amplification Polisomy O) CO (+) (O)
Gender
Male

Female
P value

Age
<60
> 60

P value

Smoking
Yes
No

Pvalue
Alcohol

Yes
No

Pvalue

Histological
Grade
Diffuse

Intestinal
P value

H. pylori infection
Positive
Negative
P value

Survival
Dead
Alive

Pvalue

4 (10%)
0 (0%)
0.5588

1 (3%)
3 (7.5%)
1.0000

4 (10%)
0 (0%)
0.1079

4 (10%)
0 (0%)
0.0260*

3 (7.5%)
12.5%)
1.0000

12.5%)
3 (7.5%)
1.0000

1 (2.5%)
3 (7.5%)
0.7778

3 (7.5%)
3 (7.5%)
0.1528

4 (10%)
2 (5%)
0.159]

1(2.5%)
5 (12,5%)

0.0848

0 (0%)
6 (15%)
0.0295*

5 (12.5%)
12,5%)
0.3990

12,5%)
5 (125%)

0.3990

2 (5%)
4 (10%)
0.3990

2 (5%)
0 (0%)
1.0000

1 (2.5%)
1 (2.5%)
1.0000

12,5%)
1(2.5%)
1.0000

1(2.5%)
1(2.5%)
1.0000

2 (5%)
0 (0%)
0.5333

1(2.5%)
1(2.5%)
1.0000

1(2.5%)
1(2.5%)
0.5154

3 (7.5%)
3 (7.5%)
0.1528

4 (10%)
2 (5%)
0.1591

1 (2.5%)
5 (12.5%)

0.0734

1(2.5%)
5 (12.5%)

0.2156

3 (7.5%)
3 (7.5%)
0.6456

1(2.5%)
5 (12.5%)

0.3990

1(2.5%)
5 (125%)

0.6479

12 (40%)
2 (5%)

18 (45%)
8 (20%)

0.4457

8(20%)  I18(45%)
615%) — 8(20%)

0.5013

12 (30%)
2 (5%)

14 35%)
12 (40%)

0.0807

10 (25%) 11027.5%)
4(10%) 15(37.5%)

0.1046

820%  18(45%
6 (15%) 8 (20%)

0.5013

6(15%) 17(42.5%)
8 (20%)  9(22.5%)

0.1978

2 (5%) 11(27.5%)
12 (40%) — 15637.5%)

0.0897

2 (5%) 28 (70%)
1(2.5%  9(225%)

1.0000

2 (5%) 24 (60%)
105%  13(32.5%)

1.0000

1(2.5%)
2 (5%)

25 (62.5%)
12 (40%)

0.2763

1 (2.5%)
2 (5%)

20 (50%)
17 (42.5%)

0.5962

2 (5%) 12 (40%)
10,5% 25 (625%)

0.2763

265%  1567.5%
105%  22(65%

0.5647

2 (5%) 1127.5%)
1(2.5%) 26 (65%)

0.2421

*Statistical significance was demonstrated with P<0.05 (Fisher's exact test);
FISH: Fluorescence in situ hybridization
IHC: Immnohistochemical
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Amplification, polysomy and overexpression ofthe CCNDI andHER­2/NEU
oncogenes in esophageal andgastric carcinomas

Figure 1. Gene (red signal) and centromere (green signal) detected by fluorescence in

situ hybridization (FISH): (A) CCNDI gene amplification (cluster) and

centromere 11 in esophageal carcinoma and (B) in gastric adenocarcinoma;

(C) HER­2/neu gene amplification (cluster) and centromere 17 in esophageal

carcinoma and (D) in gastric cancer; (E) polysomy of chromosome 11 and

CCNDI gene gain in esophageal carcinoma and (F) in gastric cancer; (G)

polysomy of chromosome 17 and HER­2/neu gene gain in esophageal

carcinoma and (H) in gastric adenocarcinoma.
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Armplification, polysomy and overexpression ofthe CCNDI1 and HER­2/NEU
oncogenes in esophageal andgastric carcinomas

Figure 2. Protein nuclear overexpression detected by immunohistochemistry (IHC):

Cyelin DI overexpression (A) in esophageal carcinoma and (B) in gastric

adenocarcinoma; Her­2/neu overexpression (C) in esophageal carcinoma

and (D) in gastric adenocarcinoma. (original magnification x 40).
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CCND!1 and HER­2/neu geneposition within chromosome territories and association
with amplifíication and overexpression in esophageal andgastric carcinomas

Individual interphase chromosomes have been shown to occupy discrete

regions of the nuclear volume called chromosome territories (CT), and their active genes

are preferentially positioned on the surfaces of CTs, where they are accessible to the

transcriptional machinery. We analyzed by FISH the CCNDI and HER­2/neu gene

positions within the CTs and their relationship with gene amplification and protein

overexpression in esophageal and gastric cancers. Both genes were preferentially

positioned at the periphery (mean frequency of 50­83%) of the CTs, both in normal mucosa

and in tumor tissues of the esophagus and stomach. However, this positioning revealed no

exact association with the amplification or protein overexpression status of these genes,

although, in esophageal carcinoma Kappa statistics showed a moderated agreement

between amplification of the CCNDI gene (Kappa=0.400) and its location within the CT,

as well as with overexpression of the correspondent protein (Kappa=0.444). Thus, our

results suggest that the gene positioning in the interphase chromosome does not depend

only on the transcriptional activity of the gene, but also on other factors acting together,

such as dense­gene, chromosome size, chromatin structure, level and stability of its

expression and tissue specificity of its expression.

Key words: CCNDI, HER­2/neu, chromosome territories, cancer.
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Introduction

Various studies focusing on the molecular components of DNA replication,

transcription, RNA processing, DNA repair, and on the nuclear matrix (Berezney et al,

1995; Lamond; Earnshaw, 1998) have demonstrated that the interphase nucleus is

structurally and functionally compartmentalized into regions that contain factors involved

in RNA synthesis, processing and transport (Park; De Boni, 1998).

The chromosomes have shown to maintain their identity during the entire

cell cycle and did not indicate movement during interphase (Zink et al., 1998; Edelmann et

al., 2001), thus occupying discrete, non­overlapping regions of the nuclear volume called

chromosome territories (CT) or chromosome domains (CD) (Cremer et al., 1993; Visser;

— Aten, 1999). Within these territories, active genes are positioned at the surface, where they

are accessible to the transcriptional machinery and splicing factors, and where RNA

transcripts could be released directly into the CT for transportation to the nuclear pores

(Park; De Boni, 1998; Volpi et al., 2000).

Fluorescence in situ hybridization (FISH) has proved to be an effective tool

for investigators in researching interphase chromosome organization and in understanding

the spatial compartmentalization of inactive and active genes. Particular emphasis has been

placed on the question of whether the transcriptional activity of genes can affect their

territorial positioning and, indeed, whether active genes can leave the territory altogether

(Bartová et al., 2000; Williams, 2003). Firstly, Kurz et al. (1996) demonstrated that in

muscle cells, fibroblasts and HeLa cells, the DMD, HBB and MYH7 genes (but not non­

coding regions) are preferentially located in the periphery of their respective CTs,

regardless of their activity. Extending this analysis, other studies have reported the
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preferential positioning of different genes within CTs in some cell types, with or without an

association with transcriptional activity (Park; De Boni, 1998; Dietzel et al., 1999; Bartová

et al., 2000; Volpi et al., 2002).

In contrast, Mahy et al. (2002) found that the WAGR locus at 11pl3

(associated with Wilm's tumor aniridia, genitourinary anomalies, mental retardation

syndrome and containing the genes WTI, RCN, PAX6 and PAXNEB) 1s located well within

the painted chromosome 11 territory and, more importantly, that transcriptional activation

of these genes did not result in their relocation to the territory surface. Thus, they suggested

that active genes might be found not only at the surface, but also within the territory, on the

surface of the condensed chromatin subdomains that line the invaginating interchromatin

channels (Williams, 2003). Such analyses reveal that the positions of gene loci with respect

to the territory are not absolute, but can represent a statistically significant percentage.

It is important to note that only a limited number of genes/loci have been

examined in terms of chromosome territory and expression. lt is therefore unclear 1f all

genes behave similarly (Kosak; Groudine, 2002) and, moreover, there is evidence that

genes can be found anywhere within a chromosome territory, regardless of their

transcriptional activity (Parada et al., 2002). The core question is whether particular types

or classes of genes demonstrate a conserved territorial position.

Given that the positioning of transcriptionally active sequences in the

periphery of chromosome territories has been controversial, the aims of this study were: to

evaluate by dual­color FISH the spatial intranuclear distribution of the CCND!I and HER­

2/heu genes within their respective chromosome 11 and 17 territories, in esophageal

carcinoma and gastric adenocarcinoma, and to correlate the results with the amplification
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and overexpression status of both the CCND!I and the HER­2/neu genes. Esophageal and

gastric cancers were chosen as models due to indications of increased gene amplification

and overexpression of the CCNDI and HER­2/neu sequences.

Material and methods

Patients

A total of 20 specimens (fresh tumor tissue) were obtained before any

chemotherapy and/or radiotherapy from 10 patients with esophageal squamous cell

carcinoma (10 males) and 10 patients with gastric adenocarcinoma (8 males and 2

females). All patients were diagnosed and operated on by the Department of Surgery of

Hospital de Base, in São José do Rio Preto, SP, Brazil. The mean age of the patients with

esophageal carcinoma was 58.2 years (range 46­65 years), and that of the patients with

gastric adenocarcinoma was 56 years (range 38­82 years). The esophageal tumors were

graded according to the World Health Organization: 8 tumors were classified as moderately

differentiated(, 1 as adenocarcinoma, and 1 as carcinoma in situ. The gastric

adenocarcinomas were classified by characteristic histological features (Laurén, 1965) into

diffuse (7 specimens) or intestinal (3 specimens) types. Biopsies (5 normal esophageal

mucosae and 5 normal gastric mucosae) obtained from the same patients, but removed

from distant surgery areas, were used as controls.

Written informed consent was obtained from all patients, and the project was

approved by the National Research Ethics Committee.
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Cell culture

Esophageal and gastric cancer and normal mucosa tissues were cultured in &­MEM

medium, supplemented with 10% fetal calf serum, ImMM sodium pyruvate, 0.1IMM non­

essential aminoacids and penicillin/streptomycin, in an incubator at 37ºC with a humidified

atmosphere containing 5% CO;. After about 15­20 days, the cells were synchronized in the

Go/G1 phase by serum deprivation for 48 hours. The cells were then detached by trypsin,

washed by centrifugation in &­MEM medium, and incubated in a hypotonic solution

(0.075M KCI) for 20 minutes at 37ºC. Then the cells were fixed by standard cytogenetic

procedure in three changes of fresh 3:1 methanol:acetic acid and dropped onto clean glass

slides. Although methanol:acetic acid generates a looser chromatin packing, allowing only

bi­dimensional analysis, it has been used successfully to study large­scale chromatin

organization in situ, with results comparable to paraformaldehyde fixation and three­

dimensional preservation of the nuclear structure (Yokota et al., 1997; Bartová et al., 2000;

Volpi et al., 2000).

Fluorescence in situ hybridization (FISH)

Chromosome territories

Dual­color FISH assays were performed on cell suspensions obtained from

the cell culture, using the LSI Cyclin DI sequence labeled in Spectrum Orange and Whole

Chromosome Painting (WCP) 11 labeled in Spectrum Green (Vysis), and the HER­2/neu

kit (Q­bioGene), including the HER­2/neu sequence probe labeled with rhodamine and

WCP 17 labeled with fluorescein, following the instructions given by the manufacturer.
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Briefly, the slides were treated with 70% acetic acid at room temperature for S min. Then, a

solution containing the Cyclin DI and WCP11 or HER­2/neu and WCP17 probes was

applied to the specimens and co­denatured at 80ºC for 5­8 min. Afterwards, the slides were

hybridized overnight (16 to 18 hours) at 37ºC in a moist chamber. When post­hybridization

had washed out, the slides were counterstained with DAPI (4º, 6­diamino­2­phenylindole).

After post­hybridization washes, both chromosomal territories (X11 and 417) were

visualized in green and the genes (CCNDI and HER­2/neu) in red.

The slides were evaluated in an Olympus BX60 microscope. The positions

of FISH signals from individual regions (CCND! and HER­2/neu genes) of chromosomes

11 and 17 were analyzed in relation to the respective chromosome territories, defined by

chromosomes 11 and 17­specific paint, in about 200 territories, following a previously

reported protocol (Volpi et al., 2000). In polysomic nuclei, each territory was evaluated

separately. In this analysis, the gene signal was named “internal” if it was inside the painted

domain and did not touch the border of the painted domain; “peripheral” 1f it touched the

border of the painted domain, and “external” 1f 1t was outside the painted domain without

touching its border. In our experiments, we have grouped together under the definition

“peripheral” both the “peripheral” and the “external” hybridization patterns.

Gene amplification

FISH assays were performed on cell suspension obtained of non­cultured fresh

tumor and normal tissues using Cyclin DI probe kit (Vysis), including the LSI Cyclin DI

sequence labeled in Spectrum Orange with the chromosome 11 centromere sequence

labeled in Spectrum Green and the HER­2/neu kit (Q­bioGene), including the probe HER­
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2/neu sequence labeled with Rhodamine with the chromosome 17 centromere labeled in

Fluorescein, following the instructions given by the manufacturer. All specimens were

mechanically and enzymatically disagregated with pepsin 0.008% and single cell

suspension obtained was treated with hypotonic solution (0.077M KCl) and fixed in

methanol­acetic acid (3:1) ovemight. After washes in 60% acetic acid, the resulting cell

suspension was dropped onto microscope slides. Briefly, the slides were treated with a

acetic acid 70% at room temperature for 5 min. Then, a solution containing the Cyclin D1

or HER­2/neu probes were applied to the specimens and co­denatured at 80ºC for 5­8 min,

according to described above for chromosome territories.

The slides were also evaluated in a Olympus BX60 microscope. The number of

signals from the chromosome 11 centromere and of Cyclin D1 gene were scored together,

and the signal numbers of chromosome 17 centromere was scored with those ofHER­2/neu

gene in about 250 nuclei in accordance to the criteria described by Eastmond et al. (1995).

The gene­to­centromere (G/C) ratio was calculated for each case; that 1s, the total number

of gene signals observed was divided by the total number of centromere signals. For each

FISH probe tested, the status of the chromosome used as control was classified as disomy,

or polysomy when, respectively, on average, 2 or 3, or more copies scored per nucleus.

Gene gains was considered either by amplification or high­balanced polisomy that is

recognized as overrepresentation (Patrapim et al., 2004). Gene amplification assessed by

multiple copies of the gene in any chromosomal status was classified as high level when

gene/centromere ratio was > 2.0 or with clustered copies (groups of many copies of the

gene), while high­balanced polisomy was considered as positive only in the cases with high

frequencies (>15%).
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Immunohistochemistry (IHC)

Tumor material consisted of paraffin­embedded specimens fixed in 10%

formalin. Sections were cut at Sum, dried for 1 h at 65ºC. After deparaffinization and

rehydration of the sections, antigen retrieval was performed in a solution of Tris­EDTA pH

9.0 for Cyclin DI and citrate 10OmM, pH 6.0 for ­Her­2/neu antibody. All further steps

were performed using an automated system (Cadenza). Endogenous peroxidases were

inhibited by 20 min incubation in 3% H2O>. Then, sections were incubated with the

monoclonal Cyclin DI or Her­2/neu antibodies (Dako), used at 1:100 and 1:200 dilution

respectively, ovemight at room temperature. Immunodection was achieved using the kit

NOVOSTATIN Super ABC (NOVOCASTRA), for 35 min at room temperature. Then,

sections were incubated with diaminobenzidine for 5 min and counterstained for 15 sec

with hematoxylin Amigdala and breast carcinomas were used as positive control for

Cyclin D1 and Her­2/neu antibodies, respectively.

All specimens were revised by a single pathologist and only IHC

status was evaluated. For cyclin DI immunostaining were counted about 500 nuclei. The

positivity index was defined as greater than 30% and 20% of nuclei showing strong cyclin

D1 immunostaining in esophageal carcinomas and gastric adenocarcinomas, respectively,

according to mean frequencies observed in the respectives normal mucosas. The nuclear

membrane staining intensity and pattern were considered for scoring according to the Food

and Drug Administration approved criteria for HER­2/neu antibody: O, no staining or

membrane staining observed in less than 10% of tumor cells; 1+, partial membrane staining

in more than 10% of tumor cells and membrane staining not circumferential; 2+,

circumferential, weak to moderate staining observed in more than 10% of tumor cells; and
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3+, strong circumferential membrane staining observed in more than 10% of tumor cells.

Scores of 2+ and 3+ were considered positive. To both proteins were not considered

cytoplasmatic immunostaining. Areas that were poorly preserved, crushed, cauterized,

folded, or retracted were specifically avoided.

Statistics

The ANOVA statistical test using Statidisk computer software program, was

conducted to compare mean frequencies of gene position between normal and tumoral

tissues with arcsen (p)"* transformation. The level ofsignificance was set at P<0.05.

Kappa statistics was conducted to examine the agreement between gene location in

the CTs and gene amplification or overexpression levels for the two molecular targets.

Kappa statistic were performed using website

wWW.lee.dante.br/pesquisa/kappa/index.html.

Results

The results of each specimen of normal and tumor tissues of the esophagus

and stomach, respectively, analyzed for location of genes within their respective

chromosome territories, amplification and overexpression of the CCNDI and HER­2/neu

genes, are summarized in Tables 1 and 2. In all experiments, the peripheral and external

patterns were added together in the peripheral category, in view of the low frequencies of

the external position observed in the majority of cases. Regarding the CCNDI gene, about

50% of the signals were found to be present either inside (Figure 1A) or at the periphery of
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the painted chromosome 11 territory, in normal mucosa of both the esophagus and the

stomach, while in esophageal and gastric carcinomas a higher frequency was observed in

the periphery of the CT (60.55 and 83.73%, respectively) (Figure 1B). In fact, the ANOVA

test showed a significant difference between the mean frequencies of the CCNDI gene

positions only between the groups of normal mucosa and gastric cancer (P<0.0001).

Interestingly, for the HER­2/neu gene a different patterm was found (Figure 1C), since

about 60% of the signals were located in a peripheral position of the 17 chromosome

territory, in the esophageal carcinoma, as well as in the normal gastric mucosa and in the

gastric adenocarcinoma samples, whereas in the normal esophageal mucosa it was found

preferentially in an intemal position (66.54%). So, statistically significant differences were

found between both the groups of esophageal (P=0.0203) and gastric cancer (P=0.0017)

and the respective groups of normal mucosa. In none of these cases a large external

chromatin loop was observed, but in some of those with amplification a larger signal was

evidenced in a cluster outside the chromosome territory (Figure 1D).

The association of the CCNDI and HER­2/neu gene location within the

respective chromosome territories with gene amplification and overexpression of these two

molecular targets is shown in Tables 3 and 4 for esophageal carcinoma and gastric

adenocarcinoma. According to Kappa statistics, an exact association between these

parameters was not found in either esophageal or gastric cancers, but only a moderated

agreement between amplification of the CCNDI gene and an internal or peripheral position

of this gene within its respective CT in esophageal carcinoma (Kappa=0.400). Regarding

overexpression, a moderate and poor agreement of Cyclin D1 and Her­2/neu protein
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expression with gene position was also observed in esophageal carcinoma (Kappa=0.444

and Kappa=0.194, respectively).

Although we did not investigate the spatial distribution of the 11 and 17

chromatin CTs in the nuclei, we observed that both these chromosome territories were

located in a median position in about 60­80% of the nuclei of both normal and tumor

tissues, except for gastric adenocarcinoma, in which these CTs were most commonty

positioned in the periphery of the nuclei (range 61­72%).

Discussion

Individual chromosomes have been shown to occeupy discrete regions of the

nuclear volume, and their active genes are positioned at the surface of chromosome

territories, where they are accessible to the transcriptional machinery (Cremer et al., 1993;

Visser; Aten, 1999; Volpi et al., 2000). This model appears to be true at least for some

chromosomes, but studies about gene positioning in different cell types are still scarce and

the results are conflicting. Understandably, 1t is therefore unclear 1f all genes behave in the

same manner.

The aim of this study was to analyze interphase chromosomes, in an attempt

to understand the relationship between the position of a gene within its chromosome

territory and its activity. As a model system, we examined the CCNDI and HER­2/neu

genes in normal mucosa and tumor tissue of the esophagus and stomach using a FISH

assay, because these genes have been shown to be amplified and/or overexpressed in these

two tumor types (Takehana et al, 2002; Shiomi et al, 2003; Dahlberg et al., 2004;

Manoel­Caetano et al., 2004).
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In this study, the CCNDI and HER­2/heu genes were mainly detected near

the periphery (peripheral and external positions) of their chromosome territories, in both

esophageal and gastric cancers, and also in their respective normal mucosae.

Other studies have observed a peripheral position of some genes within their

CTs associated with transcriptional activity. For example, the ANT­2 gene, subject to X

inactivation, has been shown to reside at the periphery of the active X territory, but inside

the inactive X territory, where it is silenced (Dietzel et al., 1999). Tn muscle cells,

fibroblasts and HeLa cells, Kurz et al. (1996) observed that about of 73­88% of the DMD,

MYH7 and HBB genes were in peripheral positions within their chromosome territories, but

the localization was independent from the activity of the respective genes, while a non­

coding DNA segment of chromosome 11 was located randomly or predominantly inside

the CT. These authors also showed that genes do not have to be confined to the interior of

the territory to be in an inactive state. Thus, the organization of genes in the CTs must be

characteristic for the genes, but independent from their activity status.

More recently, Volpi et al. (2000) demonstrated that the major human

histocompatibility complex (MHC) region displays a cell­ and activity­dependent

organization in a large loop emanating from the territory of chromosome 6. This finding

was related to the number ofactive genes in the MHC region. In human breast cancer cells,

thin chromatin protrusions carrying amplified HER­2/neu sequences, which extend from

the painted chromosome 17 territory, have also been found (Park; De Boni, 1998). On the

other hand, Mahy et al. (2002) observed that the WAGR locus (11p13) was located well

within the painted chromosome 11 territory, and that transcriptional activation of this gene
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did not result in its relocation to the territory surface. Later on, Roix et al. (2003) observed

that in human Iymphomas the CCND! gene frequently localizes near the nuclear interior,

whereas others (c­MYC, BCL6 and IGK) are preferentially located near the periphery.

These authors suggested that human gene loci frequently have non­random and gene­

specific distribution patterns in the interphase nucleus. These observations seem to indicate

that active genes might be found not only at the surface of the ternitory, but also within the

territory. Chromosome ternitories are permeable to proteins and contain a large accessible

internal surface created by a meshwork of interconnected channels (Parada; Misteli, 2002),

thus there are no significant zones of exclusion within the nucleus.

Although a preferential positioning of CCNDI and HER­2/neu sequences at

the periphery of the CTs has been observed in two tumor types, our data did not reveal an

exact relationship between the position and the amplification and overexpression status of

these genes. To our best knowledge, this is the first study that evaluated the association

between the location of the CCNDI and HER­2/neu oncogenes and their amplification and

overexpression in esophageal and gastric cancers. In their previous report on breast tumor

cell lines, Park; De Boni (1998) did not relate the positioning of the HER­2/neu gene with

alterations in the copy number of chromosome 17 either. As in our sample, tumors with

amplification of the HER­2/neu gene presented non­uniformity in signal size, suggesting

possible cluster. However, we did not commontiy observe elongated protrusions of the

signal extending outside the chromosome 17 territory, as observed by those authors. In

addition, Kurz et al. (1996) also observed that the positioning of DMD, MYH7 and HBB

sequences was independent from the activity of the genes assessel by mRNA

amplification.
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The CCNDI and HER­2/neu genes, mapped to chromosome bands 11g13

(Motokura et al., 1993) and 17q11.2­g912 (Yamamoto et al., 1986), respectively, are both

located in an R­band (early­replication region), believed to contain more transcriptionally

active genes than G­bands (Kurz et al., 1996; Volpi et al., 2000). Thus, our findings

reinforce the hypothesis that R­bands are predominantly located outside the CTs (Volpi et

al., 2000), so sequences in R­bands would be expected to locate preferentially in the

periphery of the chromosome territories, as observed in the current study.

We had no measurement standard of the radial arrangement of chromosome

11 and 17 territories in relation to the nucleus, but we observed that both chromosomes 11

(144Mb) and 17 (92Mb), which present a similar gene density (12 genes/Mb and 15

genes/Mp, respectively, in www..ncbi.nim.nih.&ov) were preferentially positioned in the

median region of nuclei of both normal and tumor tissues. Only in gastric adenocarcinoma

these chromosomes were preferentially positioned towards the periphery of the nucleus.

The radial position of chromosomes in the nucleus is still a matter under discussion.

In breast tumor cells, chromosome 17 was not found to occupy a preferential position

within the nuclear space (Park; De Boni, 1998). However, several sets of experiments

indicate that the radial position of a given chromosome territory is correlated with 1ts size,

its gene density and its replication timing. Generally, the gene­rich and early­replicating

CTs are typically positioned in the nuclear interior, while the gene­poor and later­

replicating CTs are preferentially located at the periphery of the nucleus (Chevret et al,

2000; Tanabe et al., 2002). Moreover, the radial positioning according to size allows to

predict that large chromosomes will be positioned towards the periphery and small

chromosomes towards the interior (Sun, 2000). For example, in human lymphocytes, the
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gene­poor chromosome 18 is observed to locate preferentially toward the nuclear

periphery, whereas the gene­rich chromosome 19 is rather seen in the nuclear interior

(Croft et al., 1999). Cremer et al. (2003) also obtained similar results in different normal

and tumoral cell types, when they analyzed the radial distribution of the chromosome 18

and 19 chromatin. However, compared with nuclei of normal cells, most tumor cell lines

showed a higher fraction of nuclei with inverted positions of these chromosomes, that is,

CT 18 located more internally than CT 19.

Regardless of results which strongly support the hypothesis that genes are

preferentially positioned in the periphery of the CTs for transcription to occur, other

features such as gene density, DNA transcriptional level in G­band and R­band (gene­rich)

regions, chromatin structure, gene characteristics, caromosomal structure, expression level

and stability and tissue expression specificity, should also be considered (Volpi et al., 2000;

Kosak; Groudine, 2002).

In conclusion, despite the inherent restrictions of the analysis procedure, our

results suggest a preferential positioning of the CCNDI and HER­2/neu genes in the

periphery of chromosome territories, both in normal mucosa and in tumoral tissues of the

esophagus and stomach, but without an exact association with amplification or

overexpression of these genes. These findings emphasize the idea that other factors beyond

gene transcriptional activity must be acting together. Thus, further studies are needed to

elucidate the relevance of gene positioning in interphase chromosome territories and

differential gene expression.
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Table 1. Results of location of the CCNDI and HER­2/neu genes in the chromosome territories, amplification and protein overexpression in normal
and tumor tissues of the esophagus.

CCNDI HER­2/neu

Samples Position in CT Amplification Overexpression Position in CT Amplification Overexpression
1(%) P (%) Category (G/C>2.0) 230%) 1(%) P (%) Category (G/C>2.0) (2+, 3+)

Normal
mucosa

MNE 01 65.1
. 1.0

MNE 02 24
: 0.9

MNE 03 76.5
' 0.9

MNE 04 36.2
. 0.9

MNE 05 19.7
. 10

(Y ts 44.30+
25.26

Esophageal
carcinoma

CEO! 3 97

CE 02 29 9.9

CE 03 67.1 32.8

CE 04 TI2 27

CE 05 2.9 96.9

CE 06 74 25.4

CE 07 74.6 254

CE 08 25 75

CE 09 27.9 721 46.1 54

CE 10 38.8 61.3 35.4 64.6

(Y ts) 39.34+ 60.55 39.18+ 63.61+
31.55 31.36 22.78 23.63

Pvalue 0.5033 0.0203

Abbreviations: CT: chromosome territories; 1: internal; P: peripheral; G/C: gene­to­centromere ratio.
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Table 2. Results of location of the CCNDI and HER­2/neu genes in the chromosome territories, amplification and protein overexpression in normal
and tumor tissues of the stomach.

CCNDI HER­2/hneu

Samples Position in CT Amplification Overexpression Position in CT Amplification Overexpression
1(%) P(%) Category (G/C>2.0) (>20%) 1(%) P(%) Category (G/C>2.0) (2+, 3+)

Normal
mucosa

MNG 01 46 54
: 0,9

MNG 02 25 75
| : 69 0,9

MNG 03 76.3 237
| :

67 1.0

MNG 04 7167 232
| |

s8 0.9

MNG 05 24.6 753
:

26.4 0.9

(Y ts) 49, 72+ 50.24+ 59.16+
25.93 25.93 19.34

Gastric
cancer

CGO!l

CG 02 74

CG 03

CG 04 16

CG OS 9

CG 06 15 85

CG 07 25.9 74

CG o8 17.9 82.1

CG 09 12.3 87.6 25.4 74.5

CG 10 132 86.7 37.8 62.2

(Y ts) 16.18+ 83.73+ 33.20t 66.72+
12.68 12.67 11.50 11.44

P value <0.0001] 0.0017

Abbreviations: CT: chromosome territories; 1: internal; P: peripheral; G/C: gene­to­centromere ratio.
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Table 3. Relationship between gene location (peripheral or internal) of CCNDI mn
chromosome 11 territory and amplification and overexpression, in esophageal
carcinoma and gastric adenocarcinoma.

Samples/ Amplification (FISH) Overexpression (IHC)

Positions CCNDIG) CCNDIO Total CycdinDI() CydinDIQO — Total
Esophageal
Carcinoma

Peripheral 4 (40%) 2 (20%) 6 (60%) 3 (30%) 3 (30%) 6 (60%)

Internal 1 (10%) 3(30%)  4(40%) 0 (0%) 4 (40%) 4 (40%)

Total 5 (50%) 5(50%)  10(100%) 330%) 7 (70%) 10 (100%)

Kappa ­ 0.400* 0.444*

Gastric
Cancer

Peripheral O (0%) 10 (100%) 10(100%) — 5(10%) 5(90%) — 10(100%)
Internal 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Total 3 (30%) 7(710%)  10(100%) 5 (10%) 5 (90%) 10 (100%)

Kappa a

* Value ofKappa =­0.40­0.59: moderated agreement
a  ValueofKappa not estimated
FISH: Fluorescence in situ hybridization
IHC: immunohistochemical
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with amplification and overexpression in esophageal andgastric carcinomas

Table 4. Relationship between gene location (peripheral or internal) of HER­2/ neu in
chromosome 17 territory and amplification and overexpression, in esophageal
carcinoma and gastric adenocarcinoma.

Amplification (FISH) Overexpression (IHC)

HER­2/NEU HER2/NEU Total Her­2/neu(+) Her­2/neu() Total
(+) O

Samples/
Positions

Esophageal
Carcinoma

Peripheral 2 (20%) 5 (50%) 7 (70%) 2 (20%) 5 (50%) 7 (70%)

Internal 1 (10%) 2 (20%) 3 (30%) 0 (0%) 3 (30%) 3 (30%)

Total 3 (30%) 7 (70%) 10 (100%) 2 (20%) 8 (80%) 10 (100%)
Kappa ­0.034* 0.194**

Gastric
cancer

Peripheral 0 (0%) 9 (90%) 9(90%) 0 (0%) 9 (90%) 9 (90%)

Internal 0 (0%) 1 (10%) 1 (10%) 1 (10%) 0 (0%) 1 (10%)

Total 0 (0%) 10 (100%) —10(100%) 1 (10%) 9 (90%) 10 (100%)
Kappa a ­ 0.22*

* Value ofKappa <O: no agreement
** Value ofKappa=0­0.19: poor agreement
a Value ofKappa not estimated
FISH: Fluorescence in situ hybridization
IHC: immunohistochemical
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with amplification and overexpression in esophagealandgastric carcinomas

Figure 1. Fluorescence in situ hybridization (FISH): (A) CCNDI gene (red signal) in the

internal region of the chromosome 11 territory (green), in normal esophageal

mucosa; (B) CCNDI!I gene (red signal) located at the periphery of the

chromosome 11 territory (green), in gastric adenocarcinoma; (C) HER­2/neu

gene (red signal) located at the periphery of the chromosome 17 territory

(green), in esophageal carcinoma; (D) CCNDI gene amplification (red cluster)

located in the external region of the chromosome 11 terrnitory (green), in

esophageal carcinoma.
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Discussão

Diferentes tipos de alterações genéticas, que afetam a homeostase do ciclo

celular, estão envolvidas nos processo de iniciação e progressão tumoral ocasionando o

aumento da proliferação celular. Dentre elas, destacam­se mutações em oncogenes e genes

supressores de tumor, amplificação gênica e polissomias, além de alterações em genes que

regulam a apoptose e que atuam em diferentes vias do sistema de reparo do DNA (BAAK

et al., 2003; BAMAIN; GRAY; PONDER, 2003). Alterações no número de cópias de

cromossomos e/ou genes por polissomia e amplificação é um importante mecanismo

presente no processo carcinogênico (SHIOMI et al, 2003; RIBAL «et al, 2004;

SUNPAWERAWONG et al, 2005). A polissomia, provavelmente afeta mais de um

cromossomo e está relacionada com o modelo de progressão tumoral, sendo o resultado de

uma série de alterações no conteúdo do DNA, sugerindo a ocorrência de instabilidade

genética (FRIEDLANDER et al 2001; RIBAL et al., 2004).

A localização preferencial de genes com atividade transcricional aumentada,

na periferia do território cromossômico interfásico também vêm sendo investigada em

células de origens diversas, inclusive tumorais (PARK; DE BONI, 1998; BARTOVÁ etal,

2000; MAHY et al., 2002; ROIX et al., 2003). Contudo, ainda não está esclarecida a

relação precisa entre posicionamento gênico e expressão gênica, sendo os estudos restritos

à apenas alguns genes em um grupo limitado de tecidos celulares (PARK; DE BONI, 1998;

DIETZEL et al.,1999; BARTOVÁ et al., 2000; VOLPI et al., 2000).

Nos carcinomas de esôfago e estômago, um dos mais agressivos tumores

gastrointestinais, observa­se o processo de multiplas etapas de desenvolvimento tumoral

acompanhado de várias alterações genéticas, como amplificação dos oncogenes CCNDI e
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HER­2/neu (KAGAWA «et al., 2000; SHIOMI et al., 2003; DAHLBERG et al., 2004;

MANOEL­CAETANO «et al., 2004). Assim como expressão aumentada de suas proteinas

no tecido tumoral (AOYAGI et al., 2000; NAGASAWA «et al., 2001; AKAMATSU et al,

2003; FEAKINS «et al, 2003; DAHLBERG «et al, 2004; GAÃO et al, 2004;

SUNPAWERAWONG et al., 2005), mas nem sempre correlacionada com o nível de

amplificação (TAKEHANA et al., 2002; DAHLBERG et al., 2004; SUNPAWERAWONG

et al, 2005). Além do mais, apenas alguns estudos avaliaram a associação entre

amplificação dos genes CCNDI e HER­2/neu com expressão protéica em carcinomas de

esôfago (DAHLBERG et al., 2004; SUNPAWERAWONG et al., 2005) e adenocarcinoma

gástrico (TAKEHANA et al., 2002).

O presente estudo, avaliou conjuntamente os genes CCNDI and HER­2/neu

quanto ao ganho gênico (amplificação e/ou polissomia) pela técnica de FISH e quanto ao

nivel de expressão das proteínas por imuno­histoquímica. À associação entre esses

parâmetros foi avaliada com o intuito de estabelecer o nível de correlação entre ganho no

número de cópias gênicas e aumento da expressão protéica, como também a indicação

como marcadores biológicos, se associados com fatores prognósticos e de sobrevivência.

Este estudo também avaliou a localização desses oncogenes nos territórios cromossômicos

interfásicos, assim como a associação com a ocorrência de amplificação e expressão

elevada das proteinas nas mucosas normais e tecidos tumorais de esôfago e estômago.

O gene CCNDI foi mais frequentemente amplificado nos dois tipos de

tumores avaliados e também apresentou níveis elevados de expressão da proteína, quando

comparado ao gene HER­2/neu. Por outro lado, o ganho no número de cópias do oncogene

HER­2/neu ocorreu principalmente por polissomia balanceada, em taxa elevada, que deve

ter contribuído para uma expressão aumentada da proteina, especialmente naqueles casos
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onde não foi observado amplificação gênica. Lal et al. (2003) evidenciaram que a

polissomia 17 em câncer de mama teve uma participação importante na expressão elevada

da proteína Her­2/neu nos casos sem amplificação e contribuiu para a imunomarcação

positiva forte naqueles casos com amplificação. Do mesmo modo, em carcinomas de

células escamosas de faringe e laringe as polissomias dos cromossomos 11 e 17 foram

evidenciadas em frequências elevadas (60­72%, respectivamente) (HARDISSON et al,

2004). Enquanto em adenocarcinoma gástrico, Gobbo­César et al. (2004) evidenciaram

frequências elevadas de polissomias dos cromossomos 3, 7,8, 9 e 17.

Em carcinoma de esôfago a amplificação do gene CCND!I foi mais frequente

(45%) do que a polissomia (25%), sendo o principal mecanismo envolvido no aumento da

expressão da proteína. Tais achados reforçam as evidências de associação da amplificação

desse gene com a carcinogênese do esôfago (JIN et al., 2004; MANOEL­CAETANO etal,,

2004; SUNPAWERAWONG et al., 2005). Contudo, nos adenocarcinomas gástricos, tanto

a amplificação do gene CCNDI como a polissomia ocorreram em frequências reduzidas

(10­15%, respectivamente) corroborando a baixa frequência (16,6%) relatada por Gao et al.

(2004). Dessa forma, a amplificação do gene CCND! na tumorigênese do cancer gástrico

não parece ser tão relevante como relatado por outros autores (YASOGAWA et al., 1998;

TAKANO «et al., 2000). Por outro lado, a proteina Ciclina DI apresentou nível elevado de

expressão — em 37,5% dos casos de carcinoma de esôfago e em 35% dos casos de

adenocarinoma gástrico, concordando com estudos anteriores, que têm relatado expressão

aumentada dessa proteína em 26 a 71% dos tumores de esôfazso (ARBER et al., 1999;

NAGASAWA et al., 2001; SUNPAWERAWONG et al., 2005) e 25 a 50% dos tumores

gástricos (AHN et al., 1998; ARBER «et al, 1999; AOYAGI et al., 2000; GAO et al,,

2004).

Ara
AVAVAY

2 3 4 5 6 7 ; UNesp ” 12 13 14 15 16 17 18 19



Discussão — 115

A associação entre amplificação ou polissomia do gene CCNDI com a

expressão aumentada da proteina Ciclina D1 foi muito baixa, sendo apenas observada uma

concordância satisfatória em carcinoma de esôfago (25% dos casos) e adenocarcinoma

gástrico (10% dos casos), apenas quando considerou­se o ganho gênico por amplificação.

Poucos estudos têm avaliado a correlação entre esses dois parâmetros e os achados têm

evidenciado associação de amplificação com expressão da proteina Ciclina DI] em 30­70%

de carcinomas de esôfago (SHINOZAKI et al, 199%; JIN et al, 2004;

SUNPAWERAWONG et al., 2005) e em 17% de adenocarcinoma gástrico (GAO et al,

2004). Também foi observado que nem todos os casos que apresentaram amplificação ou

polissomia do gene CCND!I tinham aumento da expressão da proteina, ou seja 14 casos de

carcinoma de esôfago e três casos de adenocarcinoma gástrico tiveram ganho gênico, mas

não tiveram os níveis da proteina elevados. De modo contrário, apenas um caso de

carcinoma de esôfago e sete de adenocarcinoma gástrico apresentaram expressão elevada

da proteina sem ganho gênico. Nesses últimos casos, outras vias devem promover a

elevação da expressão da Ciclina DI, como alterações na síntese ou na estabilidade da

proteína (NISHIMOTO et al., 2004), alterações na região promotora do gene CCNDI ou

regulação alterada dos fatores de transcrição, promovendo um aumento na produção de

RNAm (GAO et al., 2004).

O gene HER­2/neu apresentou prevalência de ganho gênico por polissomia

balanceada em alta frequência, tanto em carcinoma de esôfago (32,5%) como em

adenocarcinoma gástrico (15%), quando comparado com a amplificação gênica que foi

observada em 7,5% e 5,0% dos casos, respectivamente. Sunpawerawong et al. (2005)

também encontraram baixa frequência de amplificação desse gene em tumores de esôfago

(2%), em relação ao ganho gênico por polissomia (31%). Conseqúuentemente, níveis
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aumentados da proteina Her­2/neu foram encontrados em uma frequência reduzida de

casos, tanto em carcinoma de esôfago (12,5%) como nos adenocarcinomas gástricos

(7,5%), mas conforme a frequência relatada em estudos anteriores nesses dois tipos de

tumores (HARDIWICK «et al., 1997; DURSUN et al., 1999; ALLGAYER et al., 2000;

ROSS et al., 2001; TAKEHANA et al., 2002; AKAMATSU et al., 2003; LAL et al., 2004).

A relação entre o ganho do gene HER­2/neu (amplificação e polissomia)

com nível de expressão da proteína não está bem estabelecida. Nossos dados não

mostraram concordância entre esses parâmetros em carcinoma de esôfago, porém foi

evidenciado uma concordância satisfatória em adenocarcinoma gástrico. De modo geral,

evidenciando que o ganho no número de cópias do gene HER­2/neu não é o principal

mecanismo que leva à expressão aumentada da proteina Mutações em ponto,

translocações, alterações transcricionais e alterações em moléculas que controlam os

sinalizadores também são outros eventos envolvidos no aumento da expressão da proteína

Her­2/neu (ANTEAGA et al., 2002; PINIEUX et al., 2004).

Apesar das variações dos níveis de amplificação e expressão do gene HER­

2/neu relatadas em diferentes tumores, ele parece ser um alvo interessante para terapia

molecular. Takehana et al. (2002) sugeriram que os mecanismos de amplificação e

expressão aumentada de HER­2/neu em adenocarcinoma gástrico parecem ser semelhantes

aos encontrados em câncer de mama. Dalbergh et al. (2004) observaram inibição do

crescimento da linhagem celular (OE19) de adenocarcinoma de esôfago após incubação

com a droga Herceptin (trastuzumab). Portanto, os pacientes com tumores de esôfago e

estômago que apresentam amplificação ou expressão aumentada da proteina Her­2/neu

podem ser candidatos a terapia molecular com o anticorpo mococlonal trastuzumab

(ALLGAYER et al., 2000; TAKEHANA et al., 2002; DAHLBERG et al., 2004).
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A análise combinada dos genes CCNDI e HER­2/neu e das respectivas

proteínas em tumores de esôfago e estômago não revelou associação na ocorrência de

amplificação ou super expressão de ambos genes e proteinas nos tumores avaliados. Assim,

sugerindo que não parece haver interação desses genes no processo carcinogênico do

esôfago e estômago. Similarmente, Sunpawerawong et al (2005) também não encontraram

associação entre os genes CCNDI, EGFR and HER­2/neu quando avaliaram os níveis de

amplificação e expressão conjuntamente em carcinoma de esôfago. Dessa forma, a falta de

associação nos padrões de amplificação e expressão desses genes em tumores distintos,

sugere — mecanismos — alternativos de ativação das vias de  tumorigênese

(SUNPAWERAWONG et al., 2005).

A indicação dos genes CCNDI e HER­2/neu em situações de amplificação

e/ou de expressão elevada, como marcadores de prognóstico e sobrevida em neoplasias do

esôfago e estômago ainda é controversa na literatura (HARDWICK et al, 1997;

AKAMATSU «et al., 2003; SUNPAWERAWONG et al., 2005). No presente estudo não

observamos associação entre os parâmetros demográficos (sexo e idade) e

clinicopatológicos (consumo de álcool e de cigarro, graduação e tipo histológico, infecção

pela bactéria H. pilory e sobrevivência) dos pacientes com tumores de esôfago e estômago

com ganho dos genes CCNDI e HER­2/neu (amplificação e polissomia) ou expressão

aumentada das proteínas. Exceto que em pacientes com câncer gástrico observou­se uma

associação entre consumo de álcool e ganho do gene CCNDI por amplificação e

polissomia, e também nível elevado da proteína Ciclina DI em pacientes etilistas com

carcinoma de esôfago. O consumo de álcool é um fator ambiental que parece atuar durante

o processo de carcinogênese do esôfago e do estômago (WUNSCH­FILHO, 2002), devido

a relação direta dos compostos N­nitrosos com o processo carcinogênico (DE VITA et al,,
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1997; TAHARA et al., 2004). Assim evidenciando a interação gene­ambiente nesses tipos

tumorais. Contudo, Kornfehl et al. (2002) não evidenciaram efeito do álcool sobre a

expressão da Ciclina D1, como ocorreu com as proteínas p21, pl8 e pl19, em linhagem

celular de carcinoma de células escamosas de cabeça e pescoço.

A atividade transcricional gênica têm sido correlacionada com o

posicionamento dos genes nos repectivos territórios cromossômicos (TCs) ocupados nos

núcleos interfásicos. Portanto, os genes CCNDI e HER­2/hneu constituem alvos

interessantes para avaliação de posicionamento preferencial nos territórios dos

cromossomos 11 e 17, utilizando como modelo células normais e tumorais cultivadas de

esôfago e estômago, e sua associação com amplificação e expressão elevada das proteínas.

De modo geral, os resultados apontaram uma localização preferencial dos genes CCND!I e

HER­2/neu na periferia dos TCs nas mucosas normais e tecidos tumorais de esôfago e

estômago. No entanto, não foi observada uma associação precisa entre o posicionamento

gênico com os padrões de amplificação e expressão das proteínas. Mas em carcinoma de

esôfago a estatística Kappa mostrou uma concordância satisfatória a moderada entre

localização do genes CCNDI com amplificação e expressão protéica.

Esses resultados estão de acordo com alguns estudos prévios que

evidenciaram posição periférica ou extema de genes em seus respectivos territórios

cromossômicos, especialmente quando eles estavam sendo transcritos (PARK; DE BONI,

1998: DIETZEL et al.,1999; BARTOVÁ et al., 2000; VOLPI et al., 2000). Entretanto,

essas observações ainda não são conclusivas, pois alguns outros estudos não evidenciaram

uma associação da posição gênica com seu estado transcricional e genes ativos também

foram observados no interior dos territórios cromossômicos. Por exemplo, Dietzel et al.

(1999) observaram que o gene ANT­2, sujeito à inativação do cromossomo X, encontrava­
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se na periferia do território do cromossomo X ativo, mas no interior do território do

cromossomo X inativo, onde ele está silenciado. Volpi et al. (2000) demonstraram que os

genes da região do complexo principal de histocompatibilidade (MHC) extendiam­se para

fora do território do cromossomo 6, formando grandes alças quando as células eram

estimuladas para transcrição desses genes. Similarmente, em células de câncer de mama,

Park; De Boni et al. (1998) também encontraram protusões externas do gene HER­2/neu em

relação ao território do cromossomo 17. Kurz et al. (1996), apesar de observar em cerca de

73­88% dos TCs os genes DMD, MYH7 e HBB na posição externa em células musculares,

fibroblastos e células HeLa, essa localização era independente da atividade transcricional

desses genes.

De modo contrário, Roix et al. (2003) constataram que o gene CCNDI

estava localizado mais frequentemente na região interna do território do cromossomo 11,

enquanto que outros genes, como o c­MYC, BCL6 e IGK ocupavam preferencialmente a

posição periférica dos respectivos territórios cromossômicos, em células de linfoma

humano. Da mesma forma, Mahy et al. (2002), também observaram que o locus WAGR

(11p13), que contém os genes WTI, RCN, PAX6 e PAXNEB localizavam­se

preferencialmente no interior do cromossomo 11 e quando ativados não resultava em

mudanças de localização, ou seja, reposicionamento para a periferia do território. Portanto,

outros aspectos devem ser considerados conjuntamente no direcionamento da localização

dos genes nos TCs, como densidade gênica, taxa transcricional diferencial em regiões de

banda G+ (pobre em genes) e banda R+ (rica em genes), estrutura da cromatina, posição do

CT no núcleo, taxa e estabilidade de expressão e especificidade do tecido (VOLPI et al,

2000; KOSAK; GROUDINE, 2002).
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O modelo revisado de território cromossômico prediz a atividade gênica não

restrita apenas a posição periférica dos TCs, devido a presença de uma rede de canais

interconectados tornando os TCs permeáveis à proteínas e fatores de transcrição, sem zonas

significantes de exclusão (PARADA; MISTELI, 2002).

Devido ao número limitado de estudos sobre a localização dos genes nos

territórios cromossômicos interfásicos e a sua relação com atividade transcricional, ainda é

pouco compreendido sobre o comportamento gênico durante o processo de transcrição,

assim como a existência ou não de similaridade quanto a posição entre o grande número de

genes, nos diferentes tipos de tecidos.
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Conclusões

a. Os resultados evidenciam a participação do gene CCND!I na carcinogênese do
esôfago, devido ganho gênico, principalmente pelo processo de amplificação,

levando a uma expressão aumentada da proteína, mas apenas com uma associação
baixa entre esses dois eventos;

Em câncer gástrico, não é frequente a participação do gene CCNDI no processo

tumorigênico, em que o ganho gênico ocorreu em taxa reduzida de casos tanto por
amplificação como polissomia. Porém, a expressão elevada da proteína é observada

em uma frequência maior de casos em relação ao ganho gênico. Dessa forma, não é

possível estabelecer uma associação precisa entre esses eventos, sugerindo a
ocorrência de outros mecanismos responsáveis pela expressão elevada da Ciclina

DI;

Em ambos os tumores o ganho do gene HER­2/neu não é tão frequente como o do

gene CCNDI, ocorrendo principalmente por polissomia balanceada elevada, que

contribui mais especificamente em adenocarcinoma gástrico para o nível aumentado

da proteína. Da mesma forma, não é freqiiente a expressão elevada da proteína, não

observando­se portanto, associação entre esses eventos em carcinoma de esôfago,

mas uma associação baixa em adenocarcinoma gástrico. Assim, não há indicação de

que o gene ou a proteína Her­2/neu sejam os marcadores moleculares mais
interessantes para a carcinogênese do esôfago e gástrica;

A ocorrência de amplificação e expressão elevada dos genes CCNDI e HER­2/neu

não implica em associação com os fatores demográficos e clinicopatológicos, como

sexo, idade, tabagismo, grau e tipo histológico, sobrevivência e infecção pela H.

pylori que possam ser utilizados como indicadores de prognóstico e sobrevida, nos
pacientes com tumores de esôfago e estômago avaliados. Mas, o consumo de álcool
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parece estar associado com os padrões de ganho gênico e expressão da proteína
Ciclina DI, merecendo outras investigações;

Nossos resultados indicam uma localização preferencial dos oncogenes CCNDI e
HER­2/neu na periferia dos territórios dos cromossomos 11 e 17, mas de modo

geral independente do tipo e histologia do tecido (mucosa normal ou tumoral de

esôfago e estômago) e dos padrões de ganho gênico e expressão das proteínas,
sugerindo a participação conjunta de outros mecanismos além da atividade
transcricional.
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Resumo

Uma combinação de fatores genéticos e ambientais contribuem para o

processo de iniciação e progressão tumoral do esôfago e do estômago. Das alterações

genéticas, a amplificação dos oncogenes CCNDI e HER­2/neu tem sido associada com o

aumento da expressão protéica e indicadas como marcadores prognóstico. Contudo a

relação entre esses eventos ainda não está esclarecida. Além disso, também há indicação de

localização preferencial de genes com atividade transcricional aumentada, na periferia dos

territórios cromossômicos (TC) interfásicos em tecidos normais e tumorais. Portanto, o

presente estudo avaliou conjuntamente os genes CCNDI and HER­2/neu quanto ao ganho

gênico (amplificação e polissomia) e a localização desses oncogenes nos TC interfásicos

pela técnica de hibridização in situ fluorescente (FISH) e quanto ao nível de expressão das

proteínas por imuno­histoquímica, em câncer de esôfago e de estômago. O gene CCNDI

foi mais freqilentemente amplificado nos dois tipos de tumores avaliados e também

apresentou níveis elevados de expressão da proteína, quando comparado ao gene HER­

2/neu. Em carcinoma de esôfago a amplificação do gene CCNDI foi mais frequente (45%

dos casos) do que a polissomia (25% dos casos), sendo o principal mecanismo envolvido

no aumento da expressão da proteína. Contudo, nos adenocarcinomas gástricos, tanto a

amplificação do gene CCNDI como a polissomia ocorreram em fregqiiências reduzidas (10­

15%, respectivamente). Por outro lado, a proteína Ciclina DI apresentou nível elevado de

expressão em 37,5% dos casos de carcinoma de esôfago & em 35% dos casos de

adenocarinoma gástrico. Portanto, não há evidências de associação precisa entre

amplificação ou polissomia do gene CCNDI com a expressão aumentada da proteína

Ciclina DI, pois observou­se uma concordância em apenas 25% dos casos de carcinoma de
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esôfago e 10% dos casos de adenocarcinoma gástrico quando considerou­se o ganho gênico

por amplificação. Assim, outros mecanismos devem promover o aumento da expressão

dessa proteína. O gene HER­2/neu apresentou prevalência de ganho gênico por polissomia

balanceada em alta frequência, tanto em carcinoma de esôfago (32,5%) como em

adenocarcinoma gástrico (15%), quando comparado com a amplificação gênica que foi

observada em apenas 7,5% e 5,0% dos casos, respectivamente. A relação entre o ganho do

gene HER­2/neu (amplificação e polissomia) com nível de expressão da proteína, que

apresentou­se elevada em 12,5% e 7,5% dos casos de câncer de esôfago e de estômago,

respectivamente, não mostraram associação em carcinoma de esôfago. Porém foi

evidenciado uma concordância satisfatória em adenocarcinoma gástrico, principalmente

pela contribuição das polissomias no aumento da expressão protéica. Também não foi

constatado uma associação entre os padrões de ganho gênico e de expressão das proteínas

com parâmetros como sexo, idade, tabagismo, grau histológico e infecção pela bactéria

Helicobacter pylori, mas o etilismo foi associado com ganho gênico ou expressão

aumentada do gene CCNDI em câncer de esôfago e gástrico. O estudo dos territórios

cromossômicos apontaram uma localização preferencial dos genes CCNDI e HER­2/neu na

periferia dos TC (frequência média de 60­83%) nos núcleos dos tecidos tumorais de

esôfago e de estômago e respectivas mucosas normais. No entanto, não observou­se uma

associação entre o posicionamento gênico no TC com os padrões de amplificação e

expressão das proteínas, sugerindo­se que outros fatores devem atuar conjuntamente na

localização dos genes, além da atividade gênica transcricional.

Palavras chaves: CCNDI, HER­2/neu, FISH, imuno­histoquímica, território cromossômico,

câncer de esôfago e câncer de estômago.
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Abstract

The genetic and environmental factors contributes to the start and

progression of gastric and esophageal cancers. Among all genetic abnormalities the

CCND!I and HER­2/neu oncogenes amplification has been associated with the increase of

protein expression and indicated as prognostic markers. However, the relationship

between these events are not clear. Besides, there is the indication of preferential

location of genes with increased transcricional activity in the periphery of chromosomal

territories (TC) in normal and tumor tissues. Thus, this study evaluated CCNDI and

HER­2/neu genes for gene gain (amplification and polyssomy) and the location of these

genes in the TC with the Fluorescence in situ Hybridization technique (FISH) and the

level of protein expression by immunohistochemistry in esophageal carcinoma and

gastric adenocarcinoma. The CCDNI gene was more frequently amplified in two types

of tumors evaluated and also showed high levels ofprotein expression, when compared to

HER­2/neu gene. In esophageal carcinoma, CCDNI gene amplification was more

prevalent (45% of cases) than polysomy (25% of cases), and it was the main mechanism

involved in the increase ofprotein expression. However, in gastric adenocarcinoma, both

CCNDI gene amplification and polysomy occurred in reduced frequencies (10% and

15% respectively). On the other hand Cyclin DI protein indicated a high level of

expression in 37.5% of occurrences of esophageal carcinoma and in 35% of gastric

adenocarcinoma. Therefore there is no evidence of precise association between CCDNI

gene amplification or polysomy with the increased expression of CyclinDI1 protein, since

was observed a agreement only in 25% of esophageal carcinoma occeurrences and 10% of
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gastric adenocarcinoma ones, when considered the genetic gain by amplification. Other

mechanisms might promote this protein expression level increase. HER­2/neu gene

indicated prevalence of gene gain by balanced polysomy in high frequency in esophageal

carcinoma (32.5%) as well as in gastric adenocarcinoma (15%), when compared to the

gene amplification observed only in 12.5% and 7.5% of cases, respectively. The

relationship between the gene gain of HER­2/neu gene (amplification and polysomy)

with protein expression level that was high in 12.5% and 7.5% of esophageal carcinoma

and gastric adenocarcinoma cases, respectively, did not indicated association in

esophageal carcinoma. However it indicated a fair agreement in gastric adenocarcinoma,

mainly by the polysomies contribution in the protein expression increase. The

association between gene gain and protein expression with regards to sex, age, smoking

habits, histological grade and Helicobacter pylori bacteria infection was not evidenced,

but the alcohol consume was associated with gene gain or increased expression of

CCDNI in esophageal and gastric cancers. The study of chromosomes territories

indicated a preferential location of CCDNI and HER­2/neu genes in the periphery of the

TC (mean frequency of 60 to 83%) in the nuclei of esophageal and gastric cancers and

respective normal mucosas. However, it was not observed an association between the

genetic position in TC with the amplification and protein expression status, suggesting

other factors might act together in the gene location, besides the gene transcriptional

activity.

Keywords: CCDNI, HER­2/meu, FISH, immunohistochemistry, chromosome territories,

esophageal carcinoma and gastric adenocarcinoma.
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2 UNIVERSIDADE ESTADUAL PAULISTAUNESP CAMPUS DE SÃO JOSÉ DO RIO PRETO
INSTITUTO DE BIOCIÊNCIAS, LETRAS E CIÊNCIAS EXATAS

CEP. 15054­000 ­ R. Cristovão Colombo, 2265­Jd. Nazareth­PABX (017) 221­2200­Caixa Postal 136­São José do Rio Preto­SP

QUESTIONÁRIO

IL IDENTIFICAÇÃO

Nome: Prontuário:

Data de Nascimento: Sexo:

Origem: .( Jcaucasóide ( )negróide ( Joriental

Endereço:

Cidade: : Fone:

Profissão atual: Tempo de atuação:

Profissão anterior: Tempo de atuação:

II. Dados pessoais e familiais

Consumo de cigarro: (sim ( não ( J)ex­fumante

Tempo que fuma: Quantidade(unid/dia):

Tratamentos anteriores: ( sim ( não

Tipo:

Cirurgias anteriores: ( sim ( não

Tipo:

Uso de medicamentos: ( sim ( DJnão

Tipo: Duração:

História de câncer na família: ( sim ( Dnão Parentesco:
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Tabela 1. Caracterização das amostras provenientes dos tumores e mucosa normal de esôfago quanto à
idade, sexo, etilismo, tabagismo, ocupação profissional e diagnóstico histopatológico.

Etilismo/

Tabagismo
(anos)

Idade/Sexo

(anos)
Ordem Caso Morbidade

(tempo)
Ocupação

profissional
Histologia/Grau

68M Ss
S(25)

63M Ex (20
Ex (20)

58M Ss/S(35)

N/S

Ex (15) /Ex
(53)

S(20) /
S(40)

N / S(40)

S/SG32)

Ex (65) /
S (66)

S (26) /
S (26)

cm 1 2 3 4 5 6 7

S (1 ano)

S (2 meses)

N

S (3 anos)

S (3 anos)

S (5 meses)

S (2 anos)

S (15 dias)

N

S (2 anos)

Lavrador/

Aposentado

Pintor/

Aposentado

Operador de
máquinas

Serviço
Gerais/

Aposentado

Lavrador

Lavrador

Funcionário

público

Guarda

Pedreiro

Ambulante

Marceneiro

Lavadeira

Motorista

ES
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8 unesp 12 13

Adeno / mod. dif. / inv.
Mucosa normal

CCE / mod. dif. / inv./ II
Mucosa normal

CCE / mod. dif. / ulc./
inv.

Mucosa normal

CCE / mod. dif. / inv.
Mucosa normal

Adeno / mod. dif.
Mucosa normal

CCE / pouco dif. / ulc/
inv.

Mucosa normal

CCE / in situ
Mucosa normal

CCE / mod. dif. /IV
Mucosa normal

CCE / mod. dif. / inv.
Mucosa normal

Adeno / ulc.

PT3/PN1/pM]
Mucosa normal

CCE / mod. dif. / ulc. /
inv./IMI

Mucosa normal

CCE / mod. dif. / inv.

CCE / mod. dif. /inv.

14 15 16 17 18 19
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5 6

S/S(40)

S (20)/
S (15)

S/S(50)

N/N

*

S/SB35)

S/S30)

Ex (10)/
S (40)

S(6)/S(20)

S(40) /
S(40)

Ex/Ex

S(31)/S(30)

N/S(50)

S(45)/S
(45)

*

S(30) /
S35)

S/S

S/S

S (40) /

7 ; UNeSp * 12 13 14 15 16 17 18

N Pedreiro CCE / ind. / inv.

S (1 ano) Lavrador CCE / mod. dif. / ulc./
inv.

S (20 dias) — Marceneiro CCE / mod. dif. /inv.

S (1 mês) Do lar CCE / ulc. / inv.

N Servente CCE / mod. dif. / ulc /
inv.

N Operador de =Adeno. / pouco dif. / ulc.
máquinas /inv.

pT3/pN2/pMx

N Pedreiro CCE / mod. dif. / inv.

S (5 anos) Pedreiro CCE / mod. dif. / ulc. /
inv.

Jornalista CCE / mod. dif/ ule

N Vigia CCE / mod. dif/ ule/ IV

S (1 mês) Lavrador CCE / pouco dif. / inv.

Aposentado — CCE / mod. dif. / inv.

Lavrador CCE / mod. dif. / ulc./
inv.

S(2anos) Pensionista  CCE/mod.dif./Inv.

S(lano) Aposentado  CCE/mod.dif./inv.

S (5 anos) Lavrador CCE / mod. dif. / ulc./
inv.

S(l0dias) Aposentado —CCE/bemdif./ulc.

N Funcionário — Carcinoma de pequenas
público células

N Aposentada CCE / mod.dif / inv.

S (10 dias) Cobrador CCE / mod. dif. / ulc. /
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CE 40

CE 41

CE 42

CE 43

CE 44
MNE 44

39 CE 45

40 CE 46

64/M

66/M

S(40)

NS (7)

S(1)/S
(30)

S/S30)

N/S

N/S(48)

: S(48)/S(48)

S/S

onibus

*S (2 anos) Do lar

S (10 dias) Lavrador CCE / mod. dif. / inv.

Garçom CCE / pouco dif. / Inv.
Aposentado

Gari CCE / mod. dif. /Inv.

pT2/pN2/pM0

CCE / mod.dif. / ulc.
finv.

Mucosa normal

Montador

N Inativo CCE / mod. dif. / inv.

N Lavrador CCE / mod. dif. / inv.

M = masculino; F = feminino; S=sim; N=não; ex= ex­fumante/etilista; CCE = carcinoma de
células esccamosas; =
* = dado não dispenível

6 7 ; UNeSp * 12 13 14 15 16 17 18 19
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Tabela 2. Caracterização das amostras provenientes dos tumores e mucosa normal de
estômago quanto a idade, sexo, etilismo, tabagismo ocupação profissional e
diagnóstico histopatológico.

Ordem Caso Idade/ Etilimo/ Ocupação Morbi
Sexo Tabagismo profissional dade HP Histologia/Grau  Estadiamento

(anos) (anos)

63/M Ex/S(20) Aposentado N Carcinoma

epidermóide II
Mucosa normal

Aposentado Adenocarcinoma — pT3/pN1/pMx
Difuso

Mucosa normal

N/Ex(45)  Lavrador/ Adenocarcinoma PT2/pNI1
Aposentado Intestinal

Mucosa normal

Ex(20) / Lavrador/ Adenocarcinoma — — pT3/NO0/Mx
Ex(25) Aposentado Difuso

Mucosa nomal

N/N Faxineira Carcinoma/invasi

vo e ulcerado/ pT3/pNl/pMx
Intestinal

Mucosa normal

S(38) / Lavrador Adenocarcinoma — pT4/NI/Mx
S(65) Intestinal / IV

N/N Adenocarcinoma pT4/N2/
Difuso / IV

83/M S(65)/S(8) Lavrador Adenocarcinoma pT3/N1
Difuso/ III

44/M S(29)/SQ4) Motorista Adenocarcinoma pT1/NO0O/MO0
Difuso / I

93/M S(10)/ Lavrador Adeno/inv.

S(30) Difuso

N/S(32)  Auxiliarde Adenocarcinoma PT3/NI/MI1
limpeza Intestinal IV
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5 6

S(20)/S(5) Mecânico S (4
anos)

Ss(30) / Lavrador Ss(1
S(40) mês)

S(45)/ Lavrador SG
S(45) meses)

Vigia/ S(1
Aposentado — mês)

N/S Mecânico N

N/N Lavrador SG
anos)

N/N Doméstica N

S(15)/S(15) Pedreiro N

Lavradora/ N
Aposentada

Doméstica N

Aposentado — S (1
mês)

Lavrador N

Ara
AVAVAY

Adenocarcinoma
Intestinal

Adenocarcinoma
Intestinal / III

Adenocarcinoma
Intestinal /IV

Adenocarcinoma
Intestinal

Mucosa Normal

Adenocarcinoma
Intestinal

Mucosa normal

Adenocarcinoma
Intestinal

Mucosa normal

Adenocarcinoma
Difuso

Mucosa Normal

Adenocarcinoma/
difuso

Mucosa Normal

Adenocarcinoma/
Difuso II

Mucosa normal

Adenocarcinoma/
difuso

Mucosa normal

Adenocarcinoma
Intestinal /IV

Adenocarcinoma
Difuso /IV

pT3/N2/MO

pTxX/Nx/M]

pT4/DN2/pM]1

pT2/pN2/pMx

pr2/NIV/Mx

pT4/pN2/DpM4

pT3/pNx/pMx

7 ; UNesp ” 12 13 14 15 16 17 18 19
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S/S Aposentado

N/N Doméstica

52M S(9)/SO) Serralheiro

S/S Aposentado

N/N Doméstica

S(20)/S(46) ­ Motorista

N/Ex(70) Aposentado

S/S Lavrador

N/Ex (50) Aposentado

N/N Doméstica

79/M Ex/S Lavrador

62/M

Costureira

Auxiliar

Serviços
Gerais

5 6 7

N
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Adenocarcinoma
Difuso /II

Adenocarcinoma
Difuso /IV

Adenocarcinoma
Difuso /III

Adenocarcinoma
mod. dif

Intestinal / III

Adenocarcinoma
Intestinal

Adenocarcinoma
Difuso

Adenocarcinoma
Difuso

Adenocarcinoma
Difuso /HI

Adenocarcinoma
Difuso

Adenocarcinoma

Adenocarcinoma
Difuso

Mucosa normal

Adenocarcinoma
Difuso

Mucosa normal

Adenocarcinoma
Difuso

Adenocarcinoma
Difuso

pT3/NO/MO

pT3/NU/MI1

pT2/pN2/pMx

pT2/N1/Mx

pT3/pN1l/pMx

pT3/NO/Mx

PT3/pNO0/pMx

pT3/pN1/pMx

pT3/pN2/pMx

PT3/pN2/pMx

; UNeSp * 12 13 14 15 16 17 18 19
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CG 60 84/F N/N Aposentada N ­ — Adenocarcinoma
Difuso

CG 61! 74/M N/N Aposentado N ­ — Adenocarcinoma
Difuso

40 CG62  82/M Aposentado — N ­ — Adenocarcinoma
Difuso

M = masculino; F=feminino; S=sim, N=não; ex= ex­fumante/etilista; * = dado não disponível.
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