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Resumo 

RESUMO 

Meireles, SI. Desenvolvimento de um método de diagnóstico molecular para o 

câncer gástrico baseado na análise do perfil de expressão gênica através da 

metodologia de cDNA an-ay. São Paulo; 2003. [fese de Doutorado-Fundação 

Antônio Prudente]. 

O Câncer Gástrico é uma das principais causas de morte por câncer no 

Brasil e no mundo. Um dos fatores que contribuíram para esta alta taxa de 

mortalidade e o diagnóstico tardio da doença. Assim, o desenvolvimento de 

métodos que permitem o diagnóstico precoce do câncer gástrico podem 

contribuir para melhorar o prognóstico dos pacientes com esta doença. Neste 

trabalho, utilizamos a técnica de cDNA am:ry e analisamos o perftl de expressão 

gênica em mucosa gástrica normal (N), gastrite (G), metaplasia intestinal (M) e 

tumor gástrico (I). Com base nos genes diferencialmente expressos, procuramos 

desenvolver uma ferramenta de diagnóstico molecular para as lesões na mucosa 

gástrica. Na primeira fase, utilizamos um ,DNA atrqy, contendo cerca de 4.500 

elementos e comparamos o perftl de expressão gênica em seis amostras de 

mucosa gástrica normal e se1s amostras de mucosa gástrica tumoral. 

Identificamos 80 cDNAs, diferencialmente expressos entre esses dois tecidos e 

ao utilizar o método de agrupamento Se!f Organiifng Map (SOM), o perftl de 

expressão desses cDNAs permitiu separar o grupo de amostras normais do grupo 

de amostras tumorais. Na segunda fase foi analisado o perfil de expressão gênica 

de 376 genes distintos em 99 fragmentos de estômago, representando N (n=28), 
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G (n=21), M (n=22) e T (n=28). Neste arranjo, os genes incluídos correspondem 

àqueles selecionados na análise anterior. A este arranjo foram acrescentados 

genes relacionados ao câncer, segundo dados da literatura. Através de 

comparações pareadas dessas amostras, identificamos 42 genes diferencialmente 

expressos com p< 0,0009, de acordo com o teste de Wilcoxon. Utilizando um 

algoritmo de agrupamento (k-means), através do perfil de expressão de 18 genes 

foi possível agrupar essas amostras em quatro grupos: um grupo para a maioria 

de N e G, dois grupos distintos para a maioria deTeM, respectivamente, e um 

quarto grupo bastante heterogêneo, contendo seis amostras representando quatro 

tipos de tecido. Para identificar trios de genes capazes de classificar uma amostra, 

utilizamos o algoritmo Discriminador Linear de Fisher. Encontramos inúmeros 

classificadores capazes de distinguir entre N e T, porém poucos classificadores 

que distinguem entre G e T ou M e T. Identificamos amostras de metaplasia 

intestinal cujo perfll molecular se assemelha àquele típico de amostras tumorais. 

Propomos, então, a utilização desses marcadores para que possamos avaliar a 

evolução e o prognóstico de pacientes com metaplasia intestinal. 



Abstract 

ABSTRACT 

Meireles, SI. Development of a molecular diagnosis tool for gastric cancer based 

on gene expression profile using the cDNA array methodology. São Paulo; 2003. 

[Tese de Doutorado-Fundação Antônio Prudente]. 

Gastric cancer is one of the leading causes of cancer-related death in 

Brazil and in the world. High frequency of gastric cancer-related death is mainly 

due to late-stage diagnosis. Hence, new tools aimed to early diagnostic would 

have a positive impact in the outcome of the disease. Using cDNA arrays, we 

analised the expression proflle of normal gastric mucosa (N), gastritis (G), 

intestinal metaplasia (M) and gastric tumor (I). Based on the differentially 

expressed genes, we developed diagnosis tools for identification of lesions in 

gastric mucosa. In a ftrst step, we used cDNA arrays having around 4,500 

elements to compare the expression proflle of six samples of normal gastric 

mucosa and six samples of tumor gastric mucosa. Eighty differentially expressed 

cDNAs were identified and, using Self Organizing Map (SOM), their expression 

proflle allowed the precise separation of the normal from the tumor sample 

groups. In a second step, the expression pro file o f 3 7 6 distinct genes, derived 

from the ftrst analysis and plus a set of known altered genes in human cancer 

according to the literature, were analised in 99 gastric fragments represented by: 

N (n=28), G (n=21), M (n=22) and T (n=28). Pair wise comparisons between 

these samples allowed the identification of 42 differentially expressed genes with 

p<0.0009 in a Wilcoxon test. Using the clustering algorithm k-means, the 
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expression profile of 18 genes allowed the clustering of the majority of N and G 

samples in a distinct group, the majority of M and T samples in two aditional 

groups and fourth heterogeneous group. We then applied Fisher's linear 

discriminat to identify trios of genes that could be used to build classifiers for 

class distinction. A lager number of classifiers could distinguish between NxT 

whereas, for the distinction of GxT and MxT, fewer classifiers were identified. 

Importandy, it was possible identify samples of intestinal metaplasia whose 

expression pattem resembled that of an adenocarcinoma and can now be used 

for follow-up of patients in order to determine their potencial as prognostic test 

for malignant transformation. 
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Introdução 1 

1. INTRODUÇÃO 

1.1. O Câncer 

O câncer é um processo de múltiplas etapas e reflete o acúmulo de 

alterações genéticas, desencadeadas, principalmente, por defeitos herdados ou 

adquiridos em genes relacionados ao reparo de DNA e controle do ciclo-celular. 

No câncer, alguns genes sofrem mutações, que resultam em um ganho de função 

ou que resultam em perda de função, como no caso dos oncogenes e dos genes 

supressores de tumor, respectivamente. Foram propostos seis importantes 

defeitos relacionados à fisiologia celular que juntos desencadeiam o 

desenvolvimento do câncer: auto-suficiência para estímulo do crescimento 

celular, ausência de inibição de crescimento por sinais gerados no contato entre 

células, ausência de resposta ao estímulo de apoptose, potencial ilimitado de 

replicação celular, manutenção de angiogênese, capacidade de invasão tecidual e 

metástase (HANAHAN et al. 2000). 

O diagnóstico precoce possui um impacto muito grande no controle da 

doença (ETZIONI et al. 2003), pois permite identificar o câncer ainda restrito ao 

sítio primário, aumentando as chances de cura e reduzindo a mortalidade e a 

morbidade. A detecção precoce do câncer pode se beneficiar do uso de novas 

tecnologias de análise molecular e de ferramentas de bioinformática. Estas 

tecnologias permitem identificar inúmeros marcadores moleculares que são úteis 
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não só para o entendimento do processo de oncogênese, mas também para a 

detecção precoce e classificação do câncer (YEATMAN, 2003). 

1.2. O Câncer Gástrico 

O câncer gástrico é um dos tumores de maior taxa de mortalidade no 

mundo (STADTLANDER et al. 1999). No Brasil, o câncer gástrico ocupa, 

respectivamente, entre homens e mulheres, a quarta e quinta colocação em 

incidência, e a terceira e quinta colocação em mortalidade por câncer. O Instituto 

Nacional do Câncer estimou que em 2003 haveria 20.640 novos casos de câncer 

gástrico diagnosticados no Brasil, com um número de óbitos estimado em 11.145 

casos/ ano (MINISTÉRIO DA SAÚDE , 2003). Mundialmente, as taxas de 

incidência e mortalidade por câncer gástrico estão diminuindo, provavelmente 

por causa de mudança de hábitos alimentares da população e da facilidade na 

conservação de alimentos. Porém, por razões ainda não bem esclarecidas, esta 

diminuição tem sido limitada aos tumores da porção distai do estômago (região 

do corpo e antro) e o número de pacientes com câncer proximal (região do 

cárdia) e da junção gastro esofágica tem aumentado, significativamente, desde 

meados da década de 80 (DEVESA et al. 1998). 

A maioria dos casos de câncer gástrico são diagnosticados tardiamente, 

especialmente, devido à falta de sintomas específicos que caracterizem a doença. 

O diagnóstico tardio dificulta o tratamento curativo, elevando os índices de 

morbidade e mortalidade da doença. Assim, a precocidade no diagnóstico é 

j
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essencial, pois permite uma conduta mais efetiva no tratamento, aumentando a 

sobrevida e a taxa de cura (OLIVEIRA et al. 1998). 

O principal tipo de câncer gástrico é o adenocarcinoma, responsável por 

90-95% dos casos. A classificação mais utilizada para esses tumores é a 

classificação de Lauren, que divide o adenocarcinoma gástrico em dois principais 

tipos histológicos: intestinal e difuso. Alguns tumores apresentam caracteristicas 

dos dois tipos histológicos e são denominados do tipo misto (LAUREN , 1965; 

MING, 1977). 

No adenocarcinoma do tipo intestinal as células cancerosas formam 

glândulas que variam de bem diferenciadas a moderadamente diferenciadas. É 

mais freqüente em relação ao tipo difuso, mais comum em homens do que em 

mulheres e mais freqüente em idosos. Representa o tipo histológico dominante 

em áreas onde o câncer gástrico é epidêmico, sugerindo um fator etiológico. A 

patogênese do adenocarcinoma do tipo intestinal tem sido associada à presença 

de lesões precursoras tais como a gastrite crônica, gastrite atrófica, metaplasia 

intestinal e displasia (CORREA et al. 1994). Tanto as lesões precursoras quanto o 

adenocarcinoma gástrico estão freqüentemente associadas à infecção por 

Helicobacter pylori (PEEK, J r. et al. 2002). 

Os fatores que levam ao maior risco de desenvolvimento do câncer em 

pacientes infectados por H. pylori são relacionados à infecção por certas cepas, 

fatores ambientais e fatores do hospedeiro (idade da aquisição da infecção, 

resposta imune, mudanças na secreção ácida). Cepas de H. Pylori que possuem_ a 
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ilha de patogenicidade ~'tlgA + induzem a produção de citocinas pró-inflamatórias 

como IL-8 (interleucina-8), desencadeando uma resposta inflamatória na mucosa 

gástrica. Entre outros efeitos, a resposta inflamatória por celulas 

polimorfonucleares libera radicais livres, como o óxido nítrico (NO), que 

promovem danos no DNA e aumentam o risco de desenvolvimento do câncer 

(PEEK, Jr. et al. 2002). Com relação aos fatores do hospedeiro, um importante 

estudo demonstrou que indivíduos portadores de polimorfismos na região 

cromossômica do gene que codifica a IL-1 (lnterleucina-1) apresentam, quando 

infectados por H. pylon~ risco maior de desenvolvimento de gastrite atrófica e 

câncer gástrico (EL OMAR et al. 2000). As evidências discutidas acima poderiam 

explicar, em parte, porque apenas alguns indivíduos infectados por H. pylon· 

desenvolvem câncer gástrico. 

O adenocarcinoma gástrico do tipo difuso apresenta células não 

organizadas em estruturas glandulares, que inf.tltram de maneira difusa pela 

parede gástrica. O adenocarcinoma gástrico do tipo difuso acomete pacientes 

mais jovens e na mesma proporção entre mulheres e homens. Este tipo de tumor 

não tem sido associado a lesões precursoras como a metaplasia intestinal e possui 

uma alta associação à herança familial, devido a mutações no gene da e-caderina 

(CDH1) (GUILFORD et al. 1998). 

Estudos moleculares em câncer gástrico têm demonstrado que um grande 

número de alterações genéticas podem estar envolvidas no processo de 

carcinogênese no estômago. Estas evidências indicam também que podem existir 

diferentes mecanismos moleculares entre o carcinoma tipo intestinal e o 
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carcinoma do tipo difuso (EL RIF AI et al. 2002). O conhecimento das alterações 

moleculares envolvidas no processo de carcinogênese gástrica pode ser utilizado 

para identificar marcadores genéticos indicativos na evolução do processo de 

transformação celular e podem ser úteis na criação de ferramentas de diagnóstico 

molecular e prognóstico. 

1.3. Utilização da Técnica de Microarranjos de cDNA no estudo 

do câncer gástrico 

Os arranjos de cDNA (do inglês tDNA arrqys) são arranjos de centenas a 

milhares de fragmentos de cDNA em superfícies de nylon ou vidro. Eles 

permitem avaliar a expressão gênica de um grande número de genes em um único 

experimento. Esta tecnologia tem mostrado ser uma ferramenta indispensável em 

estudos de expressão gênica em câncer (LIOTIA et al. 2000; PUSZTAI et al. 

2003; RAMASWAMY et al. 2002). 

Os estudos envolvendo a utilização da técnica de tDNA microarrqy em 

câncer gástrico surgiram recentemente e a maioria dos estudos analisou o perfil 

de expressão gênica em mucosa gástrica normal e tumoral (EL RIF AI et al. 2001; 

INOUE et al. 2002; JI et al. 2002; JUNG et al. 2000; LEE et al. 2002; LIU et al. 

2002; MEIRELES et al. 2003; WANG et al. 2002). Poucos trabalhos 

compararam os genes diferencialmente expressos entre os tumores do tipo 

intestinal e do tipo difuso (BOUSSIOUTAS et al. 2003). Hasegawa e 

colaboradores estudaram especificamente o adenocarcinoma do tipo intestinal 
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correlacionando-o com a presença de comprometimento linfonodal 

(HASEGA WA et al. 2002). No entanto, nenhum dos trabalhos até agora 

apresentados tiveram como objetivo específico a construção de classificadores 

moleculares que possam contribuir para o diagnóstico precoce do câncer gástrico. 

Ana Maria Rodrigues Alves Kuninar l 
Coordenadora Pt\l;..firaduacã~ 
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2. JUSTIFICATIVA 

O Câncer Gástrico é uma das principais causas de morte por câncer no 

Brasil e no mundo. Um dos fatores que contribuem para esta alta taxa de 

mortalidade é o diagnóstico tardio da doença. Na maioria dos casos, os tumores 

diagnosticados em fase avançada apresentam metástase em outros órgãos, 

comprometendo o sucesso no tratamento, levando a um pior prognóstico e alta 

mortalidade. Prejudicando ainda mais o prognóstico de pacientes com doença 

avançada, o câncer gástrico, em especial o adenocarcinoma, responde muito mal 

ao tratamento quimioterápico. Medidas voltadas para promover o diagnóstico 

precoce do câncer gástrico podem contribuir para melhorar o prognóstico destes 

pacientes. Entre estas medidas, está o desenvolvimento de ferramentas de 

diagnóstico molecular para a detecção de alterações malignas na mucosa gástrica, 

especialmente numa fase precoce do desenvolvimento do tumor. Realizamos este 

estudo, visando identificar marcadores moleculares em amostras de estômago 

normal e de diferentes lesões na mucosa gástrica. Esses marcadores foram 

utilizados para a criação de classificadores moleculares capazes de distinguir entre 

lesões não-malignas, pré-malignas e malignas. 

O regimento do curso de Pós-Graduação da Fundação Antônio Prudente 

possibilita ao aluno apresentar a tese no formato tradicional ou no formato 

simplificado. Optamos por apresentar essa tese no formato simplificado, 

anexando os artigos oriundos dessa pesquisa. Incluímos, também, a discussão de 
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alguns aspectos metodológicos que consideramos relevantes para complementar 

a análise final, descrita no artigo. 
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3. OBJETIVOS 

3.1. Objetivo geral 

Desenvolver um método de diagnóstico molecular para o câncer gástrico, 

baseado na análise do perfil de expressão gênica através da metodologia de 

cDNAam:q. 

3.2. Objetivos específicos 

• Construir cDNA arrays, contendo fragmentos de cDNA (ORESTES) 

gerados pelo Projeto Genoma de Câncer. 

• Identificar genes diferencialmente expressos em mucosa gástrica normal, 

gastrite, mucosa gástrica com metaplasia intestinal e tumoral, obtidas no 

Hospital do Câncer AC Camargo através de procedimento cirúrgico e 

biópsia pré-cirúrgica. 

• Criar classificadores moleculares capazes de distinguir entre mucosa 

gástrica normal, gastrite, mucosa gástrica com metaplasia intestinal e 

tumoral. 

• Identificar genes diferencialmente expressos em adenocarcínoma do tipo 

intestinal e adenocarcinoma do tipo difuso. 
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4. DISCUSSÃO 

Utilizando a técnica de cDNA arrCfY, estudamos o perfil de expressão 

gênica em mucosa normal de estômago, gastrite, metaplasia intestinal e 

adenocarcinoma gástrico. Os resultados mais relevantes foram discutidos nas 

publicações em anexo. Nesta seção, estamos abordando os aspectos importantes 

de nossas análises e alguns resultados, obtidos durante a fase de implementação 

da técnica de tDNA aTTCfY e de análise dos dados. 

Para construção de cDNA aTTCfYS utilizamos fragmentos de sequências de 

cDNA (ORESTES) gerados no Projeto Genoma de Câncer (CAMARGO et al. 

2001). Neste projeto, concluído em Outubro de 2001, foram estudados tumores 

de relevância no Brasil, incluindo o câncer gástrico. Foram geradas ORESTES 

(Open Reading Frames EST Sequences) que são ESTs da porção central dos mRNAs, 

correspondente à região codificadora do gene (DIAS et al. 2000). Os clones 

bacterianos que contêm estas ORESTES foram congelados e estocados em 

nosso laboratório. Os cDNA aTTCfYS utilizados inicialmente em nosso estudo 

foram construídos com os primeiros clones ORESTES disponíveis no estoque 

gerados a partir de RNA extraído de estômago normal e tumoral. Posteriormente, 

estas sequências foram reunidas em um segundo arranjo contendo sequências 

adicionais geradas a partir de RNA extraído de tumor ou tecido normal de mama 

e de cabeça e pescoço, totalizando cerca de 4.500 ORESTES. Este arranjo maior 

foi utilizado no primeiro artigo. No segundo artigo foi construído um terceiro 

cDNA aTTCfY, contendo os 141 clones identificados no primeiro artigo acrescido 
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de uma coleção de genes com função relacionada a processos tumorais em 

diferentes órgãos, com base em dados da literatura, totalizando 376 genes 

distintos. Neste último array, todos os clones foram fixados em triplicata e, 

sempre que possível, foram selecionados dois fragmentos diferentes de cDNA 

para cada gene. 

No início de nossos estudos, os genes diferencialmente expressos foram 

identificados pela razão do valor médio de intensidade de hibridação em dois 

conjuntos de amostras (Normal e Tumor). Porém, as análises preliminares não 

foram consideradas no primeiro artigo, pois passamos a utilizar testes estatísticos 

para a busca por genes diferencialmente expressos, levando em consideração, 

além da razão, a variância de cada gene nas populações estudadas. Este 

importante progresso foi possível graças à colaboração dos pesquisadores do 

Instituto de Matemática e Estatística da Universidade de São Paulo. Estes 

critérios são mais adequados do que apenas utilizar a razão. Experimentalmente, 

não é possível garantir que um valor de razão pré-determinado seja suficiente 

para definir se um gene é ou não diferencialmente expresso sem considerar a 

variabilidade da expressão deste gene em todas as amostras. Além disso, a razão 

elimina toda a informação sobre o valor absoluto do nível de expressão gênica. 

Assim, no primeiro artigo, passamos a utilizar a medida tnc, que corresponde à 

diferença entre os valores médios de expressão entre amostras normais e 

tumorais dividido pelo desvio padrão nas duas populações (fórmula apresentada 

no primeiro artigo). Valor positivo de tnc demonstra que um determinado gene 

possui maior nível de expressão em amostra normal ao passo que o valor 
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negativo de tnc demonstra que um determinado gene possut maJor nível de 

expressão em amostra tumoral. Na figura 1, mostramos um exemplo extraído do 

banco de dados referente ao primeiro artigo, onde selecionamos 5 genes com 

base na razão de expressão sem considerar a variância e 5 genes onde, além da 

razão, a variância foi considerada. 
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Figura 1 - Comparação entre razão e tnt. 
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Nesta figura estão apresentados boxplot para valores de expressão gênica obtidos 
por hibridização de microarranjos de cDNA. Os gráficos representam valores 
obtidos em amostras normais e amostras tumorais para 1 O genes distintos. Em A, 
estão apresentados 5 genes que possuem alta razão e baixo tnc. Em B, estão 
apresentados 5 genes que possuem baixa razão e alto tnc. 
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No prnnelto artigo, identificamos um painel de 80 cDNAs 

diferencialmente expressos entre amostras normais e tumorais cujo valor de tnc 

foi 2: 3,5. O perfil de expressão destes genes em todas as amostras, permitiu 

classificar perfeitamente o grupo normal e o grupo tumoral, utilizando o método 

de análise computacional Se!f Organi'{jng Map (SOM). Além disso, utilizando o 

método de busca supervisionada Support Vector Machine (SVM) identificamos, 

entre os 80 cDNAS, inúmeros trios de genes, cujos perfis de expressão em uma 

única amostra também podem ser utilizados para definir sua origem normal ou 

tumoral. Um dos trios, formado pela 13-catenina, clatrina e receptor-O de ácido 

retinóico, é composto por genes que possuem um papel importante na 

carcinogênese gástrica, como descrito no artigo. O perfil de expressão dos genes 

contidos neste trio também permitiu a perfeita classificação de 42 elementos de 

um total de 49 amostras de tecido normal e de tecido tumoral pertencentes ao 

grupo de pacientes analisados no segundo artigo (Figura 2). 

Através da técnica de RT-PCR, avaliamos o nível de expressão de 10 

genes contidos no painel de 80 genes identificados como sendo diferencialmente 

expressos, utilizando 7 amostras pareadas de mucosa gástrica normal e tumoral, 

distintas daquelas empregadas no primeiro artigo. Sete desses genes foram 

conf1tmados, incluindo os genes NBS1 e CLTC, RPL10, EEF1A1, TARDBP, 

HSPCA e uma EST (AW812624). Identificamos uma variabilidade no perfil de 

expressão destes genes mesmo utilizando três diferentes genes normalizadores 

(13-actina, 0-tubulina e TBP). Esta dificuldade de normalização foi discutida por 

Lee e cols (Lee, PD e cols. 2002) cujo estudo mostra que muitos genes 
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considerados clássicos "housekeeping genes" como o GAPDH, J3-actina, 02-

microglobulina, Q-tubulina, G6PD, LDHA e HPRT, apresentaram uma alta 

variabilidade de expresão tanto entre amostras de um experimento como entre 

diferentes experimentos. 
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Figura 2 - Comparação da classificação molecular pelo trio de genes RAR-at, 
CLTC e CTNNB1, utilizando dois grupos distintos de amostras. 

Em A, mostramos a figura publicada no primeiro artigo com a perfeita 
classificação de 6 amostras de tecido normal (azuQ e 6 amostras de tecido 
tumoral (vermelho), representadas em triplicata. Em B, mostramos a classificação 
de 25 amostras de tecido normal (azuQ e 24 amostras de tecido tumoral 
(vermelho) utilizando o mesmo trio de genes em A. 
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No segundo artigo, analisamos um total de 99 amostras, representadas 

por mucosa normal (N), gastrite (G), mucosa com metaplasia intestinal (M) e 

tumor gástrico (I). Apresentamos uma lista de 42 genes expressos 

diferencialmente entre dois grupos quaisquer com p<0,0009, de acordo com o 

teste de Wilcoxon. 

Comparamos, através do sinal obtido para o valor de tnc (positivo ou 

negativo), o perftl de expressão de 123 genes contidos entre os 141 genes 

identificados no primeiro artigo, com o perftl de expressão dos mesmos, nas 

amostras analisadas no segundo artigo. Os resultados são muito semelhantes 

entre os grupos de amostras e apenas 22 genes apresentaram um sinal oposto 

para o valor de tnc. Além da confirmação feita através do tnc, apresentamos na 

figura 3, três genes (C1NNB1, NBS1 e CLTC), cujo perftl de expressão, nas 

amostras do segundo artigo, está de acordo com o primeiro artigo. C1NNB 1 e 

NBS 1 são genes mais expressos em tecido tumoral e o gene CLTC foi menos 

expresso em tecido tumoral, segundo nossa análise. 
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Figura 3- Perfil de expressão dos genes CTNNBt, NBSt, CLTC, nas amostrn.s 
analisadas no segundo artigo. 

O perfil de expressão de C1NNB1, NBSt, CLTC está representado nos gráficos 
boxplot para as amostr.ts N (Normais), G (Gastrite), M (Metaplasia IntestinaQ e T 
(tumor). Em A estão agrupados os genes que apresentaram valor negativo de tnc, 
ou seja, apresentam maior expressão em tecido tumoru em relação ao tecido 
normal na análise do artigo 1. Em B está representado um gene que apresentou 
valor negativo de tnc, ou seja, menor expressão em tecido tumoru em relação ao 
tecido normal na análise do artigo 1. 
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Para a primeira tentativa de agrupamento das 99 amostras, selecionamos 

os 6 genes mais diferencialmente expressos em cada comparação, o que resultou 

em 18 genes distintos. Utilizando o algoritmo K-means, separamos as 99 amostras 

em quatro grupos (figura 2 do segundo artigo). As amostras correspondentes a 

tecidos normais e com gastrite não foram distinguíveis entre si e fizeram parte do 

primeiro grupo. Este resultado está de acordo com a ausência de genes 

diferencialmente expressos entre essas amostras como apresentados na figura 1 

do segundo artigo. A maioria das amostras com metaplasia intestinal e tumorais 

foram separadas em dois grupos distintos, correspondendo ao segundo e ao 

quarto grupos. O terceiro grupo da figura contêm apenas 6 elementos que 

representam as quatro classes de amostras. Esta análise demonstra uma grande 

concordância entre a classificação molecular e a classificação histológica, mas 

mostra claramente a existência de amostras que, apesar de histologicamente 

classificadas como mucosa normal, gastrite, metaplasia intestinal ou tumor, 

apresentam o perfil de expressão gênica distinto de seus pares. 

Para a criação de classificadores moleculares, utilizamos o método 

Discriminador Linear de Fisher para fazer uma busca exaustiva por trios de genes 

que pudessem ser usados na distinção N, G, M e T, através de comparações 

pareadas (NxT, GxT, MxT, NxM e GxM). Os trios encontrados para avaliar o 

total de 99 amostras foram ordenados de acordo com o SVD, do inglês: Singular 

Values Discriminator. O SVD avalia a razão da distância entre e dentro de grupos. 

Os melhores classificadores moleculares são aqueles que possuem alto SVD, pois 

apresentam a maior distância entre dois grupos diferentes e a distribuição mais 

!:r."~ 11'Jt.-~rtl!r~'9 

, '":r ... ~. . t""' 
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Discussão 18 

densa entre as amostras de cada grupo. Encontramos 100 genes distintos, 

contidos no conjunto de trios que separam NxT, GxT e MxT. Apenas o gene 

CTSB (catepsina B) foi encontrado em comum nos três conjuntos de trios. Isto 

demonstra que os genes que distinguem tecido normal do tecido tumoral são, em 

sua maioria, diferentes dos genes que distinguem gastrite ou metaplasia intestinal 

do tecido tumoral. A lista contendo os 100 trios de genes que compõem o 

classificados NxT está apresentada na Tabela 1. 

Nos classificadores NxT identificamos discrepância em relação à 

classificação histológica de 7 amostras não-tumorais que foram classificadas 

como tumorais GF63-N, GF59 e GH880-G BI0133, GH828, BI0124 e 

BI0136-M (Tabela 2). As amostras GH880 (G) e GH828 (M) também foram 

classificadas com tumor no classificador MxT. As amostras GF63 (N), GF59 (G), 

BI0133 e BI0136 (M) foram agrupadas na análise de cluster (figura 2, segundo 

artigo) dentro de um grupo que contêm apenas 6 elementos, representando 

amostras N, G, M e T. Assim, duas análises distintas (classificadores e análise de 

agrupamento) mostraram que algumas amostras possuem alterações moleculares, 

diferenciando-as das demais que compõem o mesmo grupo. Este erro 

classificatório pode estar refletindo alterações moleculares que ainda não 

influenciaram as características morfológicas do tecido e podem ser úteis no 

diagnóstico molecular precoce de lesões pré-malignas. 
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Tabela 1- Trios de genes que classificam as amostras como normal ou tumoral 

Esta tabela contêm 100 trios de genes que classificam as amostras como normal 
ou tumoral. Trios com maior valor SVD possuem a melhor separação entre os 
dois grupos de amostras. 

Genel Gene2 Gene3 SVD Gene 1 Gene2 Gene3 SVD 
RPL14 XBPl COIAAl 14.94 HS.323910 XBPl COL4Al 13.265 
CTSB XBP1 COL4A1 14.222 UlSNRNPBP XBP1 COL4A1 13.263 
KRT17 XBP1 COL4A1 14.124 IL8 XBPl COL4A1 13.248 
XBP1 COL4Al HS.82318 14.015 NME1 XBP1 COL4A1 13.246 
HS.232400 XBP1 COL4A1 13.905 MGB1 XBPl COL4A1 13.243 
XBP1 HS.21330 COL4A1 13.826 XBPl COL4Al CASP3 13.23 
NoM.5677 HS.297095 COL4Al 13.823 XBP1 COL4Al HS.351348 13.227 
ELKl XBPl COL4A1 13.805 XBP1 COL4A1 DAF 13.219 
XBP1 COL4Al GCP3 13.789 TIJBB2 XBPl COL4Al 13.214 
MA4 XBPl COL4Al 13.768 FLil XBPl COL4A1 13.213 
XBP! KIAA0970 COL4A1 13.753 XBPl COL4A1 COL4A2 13.203 
LCK XBP1 COL4Al 13.674 XBP! LOC56997 COL4Al 13.198 
CTSB TR COL4A1 13.655 LAMBI XBPl COL4Al 13.196 
XBPl COL4Al HGF 13.654 XBP1 COL4A1 HS.177781 13.195 
XBPl COL4Al MMPlO 13.644 HS.84905 XBPl COL4Al 13.19 
XBPl COL4Al HS.l69610 13.589 XBP1 COL4A1 HS.5648 13.182 
XBPl COL4Al TYMS 13.538 SERPINB2 XBP1 COL4Al 13.175 
XBPl COL4Al NSEPl 13.533 XBPl COL4A1 PCNA 13.164 
V AVI XBPl COL4A1 13.528 XBP1 COL4Al NRGl 13.162 
LAMA2 XBP1 COL4Al 13.524 TARDBP XBPl COL4Al 13.158 
DTR XBPl COL4A1 13.522 TUBB XBPl COL4A1 13.154 
VEGFB XBPl COL4Al 13.507 XBP1 COL4Al SERPINEl 13.153 
NF1 XBP1 COL4Al 13.501 CTSB COL4A1 RPLlO 13.149 
XBPl KRT18 COL4Al 13.483 XBPl COL4A1 NoM.12614 13.146 
XBP! COL4A1 HS.89603 13.483 HS.83583 XBPl COL4A1 13.141 
HS.85112 XBP1 COL4A1 13.45 rNt XBP1 COL4A1 13.14 
HS.81134 XBPl COL4A1 13.447 CTSB TOP2A COL4A1 13.136 
CTSB TARDBP HS.303023 13.437 CTSB HS.303023 HS.80976 13.133 
MMP14 XBP1 COL4A1 13.436 NME2 XBP1 COL4A1 13.132 
XBP1 COL4A1 CASP9 13.436 POLR21 CLTC COL4A1 13.103 

DKFZP54712 
DPH2L1 XBP1 COL4A1 13.417 XBP1 24 COL4A1 13.103 
XBP1 COL4A1 KRT4 13.415 CTSB ZFP95 COL4A1 13.089 
XBP1 COL4A1 HS.4745 13.414 XBP1 COL4A1 HS.193716 13.087 
NoM.4275 XBPl COL4Al 13.413 KRTI XBPl COL4A1 13.082 
XBP1 COL4Al TGFB2 13.406 CTSB TR COL4A2 13.081 
HS.326445 COL4A1 IGFBP6 13.398 GJA1 XBP1 COL4A1 13.08 
SNAP25 XBP1 COL4Al 13.396 XBPl COL4Al HS.31210 13.08 
CLTC XBPl COL4Al 13.38 POLR21 CTSB POLR2A 13.075 
XBPl COL4Al PLAU 13.372 HS.195850 XBP1 COL4Al 13.072 
HS.326445 COL4Al TNFRSF6 13.364 XBPl COL4A1 KPNA2 13.066 
XBP1 COL4A1 JUN 13.353 XBP1 COL4Al KRT6B 13.063 
JUND XBP1 COL4Al 13.347 XBPl HS.348423 COL4Al 13.056 
FGFR4 XBP1 COL4A1 13.338 HS.319378 XBP1 COL4A1 13.053 
XBP1 COL4Al FGFR2 13.309 XBP1 COL4A1 PABPC4 13.05 
XBP1 BIRC5 COL4A1 13.295 CTSB NoM.9304 COL4A1 13.046 
XBP1 NoM.146 COL4Al 13.292 XBPl HS.291904 COL4Al 13.044 
ITGB4 XBP1 COL4Al 13.285 XBPl COL4A1 HS.349305 13.038 
XBPl COL4Al LGALS3BP 13.284 XBPl COL4Al HS222015 13.037 
ILlB XBPl COL4Al 13.278 POLR2A COL4Al HS.7243 13.034 
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Tabela 2- Classificação de 99 amostras segundo 100 trios de genes que separam 
NxT 

As amostras analisadas no segundo artigo foram classificadas de acordo com o 
trios que separam NxT. A escala de 0-100 refere-se ao número de trios que 
classificam uma amostra como tumoral. 

Normal Trios Gastrite Trios Met~asia Trios Tumor Trios 
BI0102 o BI0114 o BI0111 4 BI0108 100 
BI0103 o BI0123 o BI0133 88 BI093 100 
BI0107 o BI0131 o BI0138 6 GF48 100 
BI0109 o BI046 o BI045 o GF50 100 
BI0118 o BI050 o BI054 o GF52 97 
BI048 o BI057 o BI069 4 GF54 100 
BI061 o BI063 1 GF46 5 GF56 100 
BI062 o BI072 o GH828 99 GF58 99 
BI090 o BI073 o GH834 1 GH695 100 
BI094 o BI098 o GH966 o GH831 99 
GF47 o BI099 o GH976 25 GH833 100 
GF57 o GF49 o Bl0195 o GH843 100 
GH882 1 GF53 1 BI0215 o GH877 100 
GH883 1 GF59 66 BI0124 44 GH881 100 
GH910 1 GH880 98 BI0136 91 GH965 91 
GH968 o GH980 o BI0140 5 GH967 100 
GH972 o BI0216 o BI0141 5 GH969 100 
GH978 o BI0077 o BI0145 4 GH973 100 
BI0151 o BI0113 5 BI0148 o GH977 100 
BI0213 o BI0161 5 BI0174 1 GH979 100 
BI0220 o GH840 1 BI0226 5 GF62 100 
GF63 93 GH832 3 GF68 98 
GF67 o GF70 100 
BI0199 o GF72 99 
BI0218 o BI0228 100 
BI0230 o GF066 100 
BI0231 o GH971 92 
GH970 o GH975 100 
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É importante analisar amostras de metaplasia intestinal que apresentam 

perfll molecular semelhante ao tumor. Apesar de ser uma lesão com maior risco 

de malignização, nem todas evoluem para o câncer, além disso, o perfll molecular 

desta lesão não tem sido muito estudado. Alterações moleculares que se 

assemelham ao câncer podem indicar o potencial maligno de algumas lesões, 

como discutido acima. As amostras, BI0133, BI0124, BI0136 e GH828 foram 

classificadas como tumor por vários classificadores moleculares NXT. Apesar da 

revisão do diagnóstico histológico dessas amostras não demonstrar nenhuma 

evidência de alteração maligna, nossas análises indicam que existem alterações 

moleculares semelhantes ao tumor. Baseado neste fato, sugerimos que estas 

amostras possuem um maior potencial de malignização e será fundamental 

acompanhar estes pacientes com mruor ngor. A possibilidade de 

acompanhamento de pacientes com metaplasia intestinal com o comportamento 

descrito acima é a principal perspectiva do nosso trabalho. 

Finahnente, identificamos genes diferenciahnente expressos entre 

adenocarcinoma do tipo intestinal e adenocarcinoma do tipo difuso, para 

entender melhor os mecanismos moleculares que levam ao surgimento de cada 

um destes tipos histológicos. O gene VHL, responsável pela síndrome de V on 

Hippel Lindau, foi relacionado tanto ao tipo intestinal quanto ao tipo difuso e 

ainda não havia sido relacionado ao câncer gástrico. A síndrome de V on Hippel 

Lindau está associada ao desenvolvimentos de tumores malignos e benignos em 

diversos órgãos. Os tipos de tumores mais freqüentes são os hemangiblastomas 

de retina e cerebelo, carcinoma de células renais, feocromocitoma e tumores 
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pancreáticos. O câncer gástrico ainda não havia sido correlacionado ao perfil de 

expressão do gene VHL. 
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5. CONCLUSÕES 

Utilizamos a metodologia de cDNA arrqy para analisar o perfll de 

expressão gênica em amostras de mucosa gástrica normal, gastrite, metaplasia 

intestinal e adenocarcinoma de estômago. 

Através de testes estatísticos não paramétricas, comparamos a expressão 

gênica entre duas amostras e identificamos os genes diferencialmente expressos 

entre mucosa gástrica normal, gastrite, mucosa gástrica com metaplasia intestinal 

e tumoral. 

Através de análises de agrupamento identificamos padrões de expressão 

gênica capazes de separar os diferentes grupos de amostras. 

Desenvolvemos classificadores moleculares compostos por trios de genes 

capazes de distingUir entre NxT, GxT, MxT, NxM e GxM. 

Identificamos amostras de metaplasia intestinal cujo perfll molecular foi 

distinto de outras amostras de metaplasia intestinal e semelhante ao tumor. 

Identificamos genes que alteram o perfil de expressão de maneira 

progressiva e genes diferencialmente expressos entre adenocarcinoma do tipo 

intestinal do tipo difuso. Entre os genes identificados, destaca-se o gene VHL 

01 on Hippel Lindau) que foi relacionado aos dois tipos de tumor e ainda não 

tinha sido relacionado ao câncer gástrico. 
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6. PERSPECTIVAS 

Neste trabalho, apresentamos um grupo de classificadores moleculares 

que distinguem o tecido normal, tumoral, gastrite e metaplasia intestinal entre si. 

Em continuidade a este estudo, é necessário testar esses classificadores em outro 

conjunto de amostras e avaliar se os mesmos são aplicáveis para qualquer 

amostra da população. Também é importante correlacionar a presença de 

Helicobacter pylori com a classificação molecular das lesões na mucosa gástrica, 

incluindo o adenocarcinoma, tanto do tipo intestinal quanto do tipo difuso. 

Pacientes que possuem lesões com maior risco para o desenvolvimento de 

câncer gástrico, como a metaplasia intestinal, são acompanhados periodicamente. 

Os classificadores construídos neste trabalho permitem, em princípio, detectar 

alterações moleculares em metaplasia intestinal que indicam um potencial 

maligno. O acompanhamento dos pacientes, com metaplasia intestinal e com 

estas alterações moleculares, poderá avaliar se os mesmos irão desenvolver tumor 

gástrico com maior freqüência em relação a outros que não apresentaram tais 

alterações. Além disso, os classificadores aqui apresentados podem ser avaliados 

em relação aos subtipos de metaplasia intestinal (Tipo I, II e III) que estão 

associados ao maior ou menor risco para o desenvolvimento de tumor. 

Finalmente, validando-se essa ferramenta de diagnóstico molecular, será possível 

contribuir, significativamente, para o diagnóstico precoce do tumor. 

r~~ f· • ·; 7. ,~"':-7'~Tiiõl 
' ' 
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Identificamos inúmeros genes, cujo perfil de expressão está alterado em 

diferentes lesões na mucosa gástrica. Paralelamente à identificação de alterações 

em nível de expressão gênica, é necessário avaliar a tradução gênica, através da 

identificação da proteína codificada por um determinado gene. Estudos 

imunohistoquímicos já foram iniciados em colaboração com o Departamento de 

Anatomia Patológica do Hospital do Câncer, utilizando a técnica de tissue am:ry 

para analisar mucosa gástrica normal, gastrite, metaplasia intestinal, além de 

adenocarcinoma gástrico do tipo intestinal e do tipo difuso (Figura 4). Já 

confmnamos a expressão alterada de alguns dos genes descritos nesse trabalho, 

como a f3-catenina. Além disso, estes marcadores estão sendo utilizados para 

estudar o tumor primário, o tumor metastático e também a via de metastatização 

tumoral (Tese de doutorado em andamento do aluno Alberto Siqueira Igreja). 

Um dos genes alvo de interesse é o VHL, que possui um papel importante no 

desenvolvimento da Síndrome de V on Hippel Lindau, porém ainda não foi 

relacionado ao câncer gástrico. 
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Figura 4 - Tisme amr; de amostras de estômago. 

Exemplo da lãmina de ti'sme amrJ corada com Hematoxilia e Eosina. Este arranjo 
contem 25 amostras de mucosa gastrica normal, 50 amostras de gastrite, 25 
amostras de metaplasia intestinal, 100 amostras de adenocarcinoma intestinal do 
tipo intestinal e 100 amostms de adenocarcinoma do tipo difuso. 
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Abstract 

Using cDNA fragments from lhe FAPESP/liCR Cancer Genome Project, we constructed a cDNA array having 4512 
elements and determined gene expression in six normal and six tumor gastric tissues. Using t-statistics, we identified 80 cDNAs 
whose expressioo in normal and tumor samples differed more lhan 3.5 sample standard deviations. Using Self-Organizing Map, 
lhe expressioo profile of lhese cDNAs allowed perl'ect separation of malignant and non-malignant samples. Using lhe 
supervised leaming procedure Support Vector Machine, we identified trios of cDNAs lhal could be used to classify samples as 
normal or tumor, based on single-array analysis. Finally, we identified genes wilh altered linear correlation when lheir 
expression in normal and tumor samples were compared. Further investigation concerning lhe function of lhese genes could 
contribute to lhe understanding of gastric carcinogenesis and may prove useful in molecular diagnostics. 
© 2002 Elsevier Science Ireland Ud. All rights reserved. 

Keywords: Gene expression; Gastric cancer, cDNA array; Molecular marlc:er 

1. lntrodoction 

During the last 10 years, the incidence of gastric 
cancer is declining worldwide but, nevertheless, it is 
still a tumor of high incidence [ 1 ]. Worldwide, tumors 
of the stomach are the fourth in incidence and second 

• Corresponding author. Tel.: +SS-11-3207-4922; fax: +SS-11-
32117-7001. 

E-mail addre.u: lreis@ludwig.org.br (L.F.L. Reis). 

in cancer-related deaths (IARC home page: http:// 
www.dep.iarc.fr). 

At the molecular levei, little is known about the 
mechanisms involved in gastric carcinogenesis. As 
established for tumors in general, it was proposed that, 
for gastric adenocarcinomas, accumulation of genetic 
alterations in a multistep fashion would correlate with 
disease progression and differences between diffuse 
and intestinal type adenocarcinomas would be linked 
to distinct mutation pathways [2]. These genetic 

0304-3835/021$ - see front man.er «li 2002 Elsevier Science lreland Ud. AIJ rights reserved. 
doi: 10 . 1 O 16/S0304-3835(02)00S 87-6 
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alterations can be either chromosomal aberrations or 
confined to mutations in one or more genes. 

For chromosomal aberrations, several studies 
applying comparative genomic hybridization ident
ified the 20q region as the most frequent gain. Other 
frequent gains were observed at 6p, 7q, 8q, and l7q 
and losses were at 4q, 5q, 9p, and 18q [3-5] . A high 
level amplification of the region 17q12-2l was 
observed in the intestinal type of tumors [4] and 
fiuorescent in situ hybridization analyses using probes 
for either gastrin or ERBB2 revealed that both genes 
were simultaneously amplified [6] . Using at least two 
highly polymorphic microsatellite markers for each 
oooacrocentric chromosomal arm, ao exhaustive 
scanoing for loss of heterozygosity (LOH) revealed 
significant LOH at severalloci such as 3p, 4p, 5q, 8p, 
9p, 13q, 17p, and 18q, suggestiog the presence of 
poteotial tumor suppressor genes [7]. 

Altered expressioo of genes koowo to play a role io 
oocogenic transformatioo has also beeo detected in 
gastric cancer, either in fresbly isolated tissue or in 
celllines. It is well documented that mutations in the 
p53 gene is a frequent event in gastric cancer and 
detected in as much as 50% of advanced cases [8,9]. 
loterestingly, p53 knockout mice, carrying either one 
or two mutated alleles appear to be more seositive to 
experimentalHelicobacterinfection [lO]. Other genes 
with altered expression or frequeotly amplified in 
gastric cancer are cErbB2 and c-met [11], TGF-JUI 
receptor [12] , e-Cadherin [13, 14], ~-Catenin [15] , 
among others. 

Another tumor type of gastric cancer that accounts 
for 2% of the cases is designated GIST (gastrointes
tinal stromal tumor) and comprises the majority of 
gastrointestinal mesenchymal tumors (reviewed by 
Miettinen and colleagues [16]). At the molecular 
leveis, GIST is commonly associated with losses in 
chromosomes 14 and 22 whereas gain or high-level 
amplification is observed in 3q, 8q, 5p, and Xp [17, 
18]. Mutations in the c-Kit gene bave beeo frequeotly 
associated with GIST [19,20] and these tumors 
showed a remarkably homogeneous gene expression 
profile [21] . 

More recently, several groups described the 
utilizatioo of high throughput methodology in order 
to ideotify genes differentially expressed in gastric 
cancer [3,22-24] . 

The FAPESPIIICR Human Genome Cancer Pro-

ject finisbed a major effort in sequencing over 
1 100 000 ORESTES (open reading frame ESTs) 
derived from various tumor types and a significant 
proportion of yet unknown sequences were generated 
[25]. Taking advantage of the clone collection 
generated by this project, we constructed a cDNA 
array and searched for genes differeotially expressed 
in normal versus tumor gastric mucosa and searched 
for differeotially expressed genes that could dis
tioguish betweeo normal and tumor tissues. Detailed 
analysis of the genes could help in uoderstanding the 
molecular events related to gastric carcinogens and 
also, could bring some improvement towards diag
nostics and prognostics of gastric cancer. 

2. Materiais and methods 

2.1. Tissue specimens and RNA extraction 

Fresh tissues from surgically resected gastric 
cancers were collected by the Gastric Surgery 
Departmeot from Hospital do Câncer AC Camargo, 
São Paulo. All patients signed an informed cooseot 
and the project was approved by the in-house ethics 
committee. Six gastric tumors (four adenocarcinomas 
and two gastrointestinal stromal tumors) and six, not 
paired, disease-free gastric mucosa were used. Dis
ease-free tissue from tumor margios or obtained from 
radical gastrectomy was considered as normal tissue. 
At the time of RNA extraction, histological confir
matioo of normal or tumor status was performed by 
hematoxylin-eosin stainiog of frozen sections. The 
frozen sections were also used for dissection of 
samples in order to enrich for tumor cells (see Fig. 1, 
upper paoels). Only samples with at least 70% of 
tumor tissue and negative for infiltrating infiammatory 
cells were further processed. lo the case of normal 
samples, only gastric mucosa was used. Total RNA 
was extracted using TRizol Reagent (Life Technol
ogies, Grand Island, NY) following the procedure 
recommended by maoufacturer. 

2.2. Production of cDNA arrays 

A collection of 4512 ORESTES fragmeots derived 
from the FAPESP/LICR Humao Cancer Geoome 
Project [25] was immobilized in oylon membranes. 



S.l. Meireles et ai. I Cancer Letters 190 (2003) J9f)...2J J 201 

As positive control for labeling and hybridization, we 
spotted, in serial dilutions, a cDNA corresponding to a 
fragment of lhe lambda phage Q gene. Bacterial 
clones were grown in LB medium containing 7.5% 
glycerol and, from each clone, lhe cDNA insert was 
amplified by polymerase chain reaction (PCR), using 
M13 reverse and forward primers in a final volume of 
100 111. From all 4512 PCR products, 5 111 were 
fractionated through a 1% agarose gel in order to 
quality control DNA products and lhe remaining 95 111 
were purified wilh QIAquick 96 PCR purification kit 
(Qiagen) or Sephadex G50 (Amershan Pharmacia). 
Purified DNA was printed onto nylon membranes by 
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Fig. I. ldentilicalion of genes differenlially expressed in gaslric 
rumors. Schematic representalion of our experimental design. (A,B) 
Representalion of lhe dissecling procedure were only lhe invasive 
poltion of an adenocarcinoma was excised and JKOCeSsed for RNA 
ex!raclion. Each RNA sample was hybridized wilh lhree idenlical 
arrays. (C) Represenlalive image of our nylon array afler 
hybridizalion wilh [a-1'l']dCTP-Iabeled cDNA. Signals were 
capiDed on a phosphorimager and data wa.~ acquired by the 
ArrayVision software using.gel files . 

Flexys robot (Genomic Solutions, UK) using a 96 fiat 
pinhead in 96 blocks of 7 X 7 elements. 

2.3. Labeling, hybridi.zation, and scanning of arrays 

Thirty micrograms of total RNA were contami
nated wilh a defined concentration of synlhetic, 
polyadenylated RNA corresponding to lhe lambda 
phage Q gene. To this mix, we added 2.0 11g (dT)15 in 
a final volume of 11 111 of water, and lhe mix was 
heated to 70 °C for 10 min and subsequently cooled to 
43 °C. Reverse transcription was performed in a total 
volume of 50 111 using Superscript II reverse 
transcriptase (Life Technologies Inc.) for 2 h at 43 
°C in lhe presence of 0.25 mM each of dA TP, dGTP 
and dTTP, 1.66 11M-dCTP and 30 11Ci of 
[a-33P]dCTP (3000 Ci/mmol; Amersham, UK) . 
Subsequently, 1.5 111 1% SDS, 1.5 111 0.5 M EDTA 
and 3 111 3 M NaOH were added and lhe RNA was 
hydrolyzed for 30 min at 65 oc and 15 min at room 
temperature. The solution was lhen neutralized with 
1.5 111 1 M Tris-HCl (pH 8) and 4.5 111 2 M HCl. 
Probes were purified by gel chromatography (BioSpin 
6; Bio-Rad). Prior to hybridization, lhe solution was 
boiled for 2 min, and lhen cooled on ice. Arrays were 
prehybridized for at least 1 h in 0.25 M Na2HP04 (pH 
7.2), SDS 7%, BSA 1%, 1 mM EDTA. Hybridization 
was conducted in lhe same buffer at 65 oc ovemight 
[26] . For each cDNA sample, three identical mem
branes were hybridized simultaneously (normal 
samples correspond to membranes 1-18 and tumor 
samples correspond to membranes 19-36). The filters 
were lhen washed for 30 min in 0.5 M Na2HP04 (pH 
7.2), SDS 1%, 1 mM EDTA and image acquired by a 
phosphorimager (Molecular Dynamics Storm Imager, 
Molecular Dynamics, USA). 

2.4. Data acquisition 

Data acquisition was performed wilh lhe ArrayVi
sion software (Amersham, UK), using.gel files . To 
quantify signal intensities of the hybridized spots, a 
template composed by equal-sized ellipses were 
drawn around ali spots. Following lhe identification 
of lhe spots, the software calculated lhe spot-intensity 
value and array background intensity. 
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2.5. Data normalization 

The background from a given array was subtracted 
from all4512 spot-intensity values and we considered 
in our analysis only the 4388 genes with positive 
background-corrected values across ali 36 arrays. 
Next we normalized the data in ali arrays using total 
energy (4388 spots) on each given array. 

2.6. Statistical analysis 

Single genes with difference in expression when 
comparing normal and tumor samples were identified 
by their t-values, denoted by tnc, which is the 
difference between Normal and Tumor sample-mean 
log-transformed gene expressions, standardized by 
the corresponding sample standard deviation. For a 
given gene, say gene k, andj = 1, ... , 18, let1 denote 
its log-transformed gene expression on the j normal 
sample and Tf its log-transformed gene expression on 
the j th tumor sample. The tnc value for gene k is 
computed as follows: 

N*-1* 
s~. s~ 
18+18 

where Nlr. (respectively r) denotes gene k sample 
mean expression value in normal (tumor) arrays, SN• 
(respectively STt) denotes its sample standard devi
ation in normal (tumor) arrays. We choose the 
normalization term for tnc as in Ref. [27] even though 
our experimental setting is different because it 
penalises strongly replica measurement errors and 
therefore provides a simple and yet stringent statistics 
to evaluate differences in gene expression. 

Elements with '"" values equal or higher than 3.5 in 
absolute values were considered as differeotialiy 
expressed. This set of cDNAs was then analyzed by 
Self-Organizing Map (SOM) and hierarchical cluster
ing algorithms, both implemented in Matlab (Math
Works) neural networks and statistics toolboxes. 

To find pairs and trios of genes that would allow 
perfect linear separation of Normal and Tumor 
samples we used a supervised leaming technique 
known as Support Vector Machines, also 
implemented in Matlab (Cawley, G.C., Support 
Vector MacbineToolbox v0.50, http://theoval.sys. 

uea.ac.uk/- gcc/svrnltoolbox, Support Vector 
Machine toolbox for Matlab Version 2.4, August, 
2001, copyright Anton Schwaighofer (2001) mailto: 
anton.schwaighofer@gmx.net). 

Write (Nir. = Nf,N~ . ... Nta) and (T" = 
rt. rt ... na) for the vectors of expressions of gene 
k, respectively, among normal and tumor samples. To 
look for pairs of genes whose coordinated pattems of 
expression would change in comparing the two 
conditions we computed, for each pair of genes k 
and l, their Pearson linear correlation coefficient 
among normais, corr(Nir., N1) , and among tumors, 
corr(Tir., T1). 

3. Results 

In arder to determine the profile of gene expression 
in gastric tissues, we isolated total RNA from six 
tumor samples and from six samples of disease free 
gastric mucosa. For each sample, three identical nylon 
arrays were simultaneously hybridized, giving 18 
membranes oorresponding to normal tissue and 18 
membranes corresponding to tumor tissues. Fig. 1 
represents a scheme of our experimental design. 

3.1. ldentification of 80 cDNAs differentially 
e.xpressed in gastric cancer 

The data obtained from all 36 membranes were 
normalized by total energy as described in Section 2. 
Therefore, after normalization, all our 36 arrays have 
the same total expression values and one can mean
ingfully compare gene expressions from different 
arrays [27,28] . 

With normalized data, we computed the t-statistic, 
t""' for each single cDNA. In Fig. 2A, we plotted data 
from all 4388 cDNA clones based on their '"" value. 
Fig. 2B represents the histogram with the tnc values 
and in Fig. 2C we represent a quantile-quantile plot 
of this data versus theoretical quantiles from a normal 
distribution. The heavy tails of the empirical distri
bution of t"" indicate the presence of several genes 
whose expression leveis differ between normal and 
tumor samples. 

Before the application o f more elaborated, but also 
more computer-intensive, exploratory methods, it is 
quite natural to first select a smaller subset of genes to 
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Fig. 2. Dislribution of 1,., values for 4388 cDNAs tested in gastric tumor.;: Normalized data from 36 arrays hybridized wilh complex cDNA 
probes derived from nmna.l or tumor samples were used to compute lhe 1.., value f1r each of lhe 4388 cDNAs. (A) Representation of lhe 1.., 

value flr each single cDNA In red, we rejresent 80 cDNA• wilh t,., greater lhan 3.5 in absolute values. (8) Histogram rejresenting data from 
(A). (C) Quantile-quan(ile pior of data .represented in (A) again.•t lhe expected value from a nmnal distribution. 

deal with. This important step, sometimes called 
feature selection [29,30], was done here with the help 
of tnc as genes with larger tnc in absolute value, are 
good candidates for playing a role in carcinogenesis as 
well as in the discrimination among normal and tumor 
tissues. We arbitrarily choose a threshold of 3.5 for t,., 
we found a set of 80 cDNAs, 43 with tnc larger than 
3.5 (indicated in green in Fig. 3) and 37 with tnc 
smaller than - 3.5 (indicated in red in Fig. 3). All 
these 80 cDNAs were sequence verified. 

In Fig. 3, we have a graphic representation of all80 
differentially expressed cDNAs with their respective 
t,.c value. As can be observed, five genes are 
represented by two or more distinct cDNA fragments. 
Ribosomal protein L 10 (RPLlO) is represented by 
five cDNA clones, a2-glycoprotein 1 is represented 
by three clones, and metallothionein IG, Elongation 
Factor 1-a1, and lactate dehydrogenase A are 

represented by two clones. Clones representing the 
same gene showed very similar tnc values and 
appeared together in the same side of Fig. 3, 
confirming the reproducibility of our experimental 
conditions and the consistence of our statistical 
analysis. From these 80 cDNAs, we identified 35 
known genes, 31 ESTs with no functional annotation 
and three ORESTES sequences not yet submitted to 
GenBank. If a more relaxed threshold for tnc is used, 
namely 3 instead of 3.5, 61 extra cDNAs are identified 
anda list with these 141 cDNAs can be visualized in 
our web page (http://www.array.ludwig.org.br/ 
gastriccancer/canlettersmeireles). The sequence of 
a11141 cDNAs was verified experimentally. 

We selected ten genes in order to experimentally 
confinn their differential expression in 26 new RNA 
samples (13 from normal tissue and 13 from tumor 
tissue). The leveis of mRNA were estimated by RT-
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PCR followed by Southem blot and phosphorimager 
analysis. For nonnalization, we used tbree distinct 
housekeeping genes (Ji-actin, a-tubulin, and TBP) 
and, for each gene, we determined its arl>itrary 
expression unit (ratio of signal for genelnonnalizing 
gene). A gene was considered as confinned when the 

Flg. 3. Genes wilh dilferential expression in gaslric tumors. Based 
on data presenred in Fig. 2A, we lisl genes (wilh respective 
accession numbers indicaled wilhin bracla:ts) and indicale lheir lnc 

values. In green, genes with lowec exp-ession in tumor tissue 
(positive tnc values); in red, genes with highec exp-ession in tumor 
tissue (negative t,.. values). 

ratio of its average expression units (nonnal/tumor) 
followed its t"" value. Seven of the ten genes (RPLlO, 
CLTC, EEFlAl, TARDBP, HSPCA, NBSl, Est 
A W812624) could be experimentaliy confirmed. 
Nevertheless, validation of array data by RT -PCR 
must take in consideration the tremendous variability 
of housekeeping genes [31] and, more importantly, 
that in our case, a gene can have a high trrc value even 
if its fold change in rather small. Similar observations 
were published by [32] . For instance, in our array 
data, ~-Catenin differs only 1.3-fold between nonnal 
and tumor samples but its t"" value is 4.32 due to its 
small SD. 

3.2. Clustering algorithms: SOM and hierarchical 

After selecting the 80 cDNA clones with absolute 
tnc value higher than 3.5, we applied a SOM algorithm 
[33] to identify clusters of expression profiles 
according to samples. Two clusters were identified 
and they represented a precise separation of normal 
and tumor samples (data not shown). When we 
applied a hierarchical cluster algorithm, we observed 
that ali replicas from a given patient are grouped 
together, further confirming reproducibility of our 
data (data not shown). Next, we applied again the 
SOM algorithm, now to separate genes according to 
their expression across ali 36 membranes, into six 
clusters. In Fig. 4, we represent these clusters and, 
within each cluster, we further ordered genes accord
ing to their hierarchical distance, as indicated by each 
dendrogram. 

3.3. Genes with coordinaJed paliem of expression 

Next we used a supervised computer learning 
method called Support Vector Machine (SVM) to 
search for trios of genes with a coordinated pattem of 
expression. We searched the dataset corresponding to 
the 80 cDNAs with t,._., in absolute value, larger than 
3.5 to find trios of genes whose pattem of expression 
in individual mem.branes would be such that, when 
plotted on tbree dimensional space, a plane could be 
found separating perfectly the 36 data points into two 
groups, one with 18 normal samples and another with 
the remaining 18 tumor samples. We found severa! 
interesting trios with this property. One trio is 
composed of ~-Catenin, Clathrin, and Retinoic Acid 
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Receptor-a (Fig. 5A) and represents genes tbat can be 
mapped into a common biochem.ical pathway known 
to be implicated in gastric carcinogenesis. Another 
trio is composed of Ribosomal Protein L lO, Humanin, 
and Ji-Catenin (Fig. 5B). 

' ~ .... ~. 

- 'Wf ~ 
- -··~ 4 - . . ,·~ - . - - ' -t'l:" 

fig. 4. Scbemalic representalim of samples and genes clusrered by 
Self-Organizing Map (SOM). Using lhe 80 cDNAs wilh t..c highec 
lhan 3.5 in absolute values we appüed SOM to clUS!er samples 
based on lhe e:qftSsion prolile of lhe 80 cDNAs. The resulling IWO 
clustrzs are represenled ai lhe lop m lhe figure by lhe blue and red 
bars. Next, cDNAs were gxuuped irMO six clusters based onlheir log
transformed normalized signal inlflllsily. For each cDNA, a 
maximmn value is represen!ed in bright red, minimum value in 
bright green and lhe intc:rmedia!e value in black. AI lhe left side of 
each clUS!er is a dendrogmm reJRSenling hieran:hical distances. 

3.4. Genes with chnnges in their Pearson linear 
correlation 

We also looked for pairs of genes whose pattem of 
expression would show changes in their Pearson 
linear correlation when normal and tumor samples 
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fig. 5. Trios of genes lha! allow sample classiticalion. From a gene 
üst having cDNAs wilh absolute values of t,... greater lhan 2, we 
applied lhe SVM algorilhm and ideoli tied lrios of genes lha! 
allowed perfect sepamlion of ali 18 nonna1 and 18 tmn<r IIIIli}'S. 

(A.B) Three-dimensilmal space where lhe log-transfonned n<rmal
ized signal intensity for each cDNA is plolted. Each data point in 
space represents one individual anay; data from normal samples are 
represenled in open squares and rumor samples are represenled by 
dots. 
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were compared. For this search, we use a list of 432 
cDNAs that showed tnc value greater than 2.0 (in 
absolute value). We constructed a scatter plot where, 
to each pair of genes, we associate a point on the plane 
with coordinates given by their log-transformed 
normalized signal intensity on normal samples and 
in tumor samples. As one would expect, we found that 
ali five clones corresponding to different cDNA 
fragments of Ribosomal Protein LIO had a strong 
positive correlation among themselves, both in 
normal and tumor samples. However, ali five RPLIO 
clones showed strong positive linear correlation with 
MARK3 on normal samples but negative correlation 
on tumor samples (Fig. 6). Another gene group 
exhibiting this sort of correlation change is composed 
by Ras association domain family 1 (RASSFl), a2-
glycoprotein 1 (AZGPl) and Metaliothionein lG. 
RASSFI has strong positive correlation with the 
expressions pattems of two cDNA segments repre
senting Metaliothionein IG in normal samples but 
very small correlation on tumor samples. Moreover, 
Metaliothionein IG has strong positive correlation 
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with a2-glycoprotein 1 in normal samples but small 
correlation in tumor samples (data not shown). 

4. Dlscussion 

Gastric cancer is the second cause of cancer-related 
death worldwide. This observation can be explained, 
at least in part, by the fact that gastric cancer does not 
respond well to chemotherapy and/or radiotherapy, 
leaving surgery as the treatment of choice [34,35]. 
Efforts towards early diagnosis of gastric cancer are 
regarded as high priority since it would aliow more 
conservative procedures, improving survival and 
quality of life. And as in the case of many other 
tumors, the molecular events related to oncogenesis of 
gastric cancer are not well understood. Thus, 
identification of genes with differential expression in 
gastric cancer will certainly have a positive impact in 
this field (36] . Such genes would be prime suspects in 
sharing some responsibility on the onset, develop
ment, or behavior of gastric cancer and good 
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F1g. 6. Linear Pearson correlation coefticient between RPL lO and MARK3 expressions. The figure reJRsenL~ a scatter plot where, to each array, 
we associate a point on the plane reJRSenting the log-b'arlsfonned nonnalized signal intensity f1r RPLlO and MARK3 on nonnal samples (dois) 
and on lllmor samples (open squares). 
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candidates as mar.kers for diagnosis [37] . Using cDNA 
arrays, we searched for genes modulated in gastric 
tumors and applied several statistical tools to identify 
correlations in their expression panern. 

We first identify single genes, whose expression 
would be different in normal and cancer samples. 
lnstead of considering differences in fold expression, 
as is usual in the literature, we computed the 1-statistic 
for each cDNA. The well-known problem in evaluat
ing differences in expression simply by fold change is 
that one does not know whether a fixed value, for a 
given gene, is sufficiently large to characterize that 
gene as differently expressed without taking into 
account its variation of expression across all saroples. 
By using the 1-statistic this variation is ta.ken into 
account and genes that can be considered differeo
tially expressed would be those with larger lnc, in 
absolute value. Among the genes with differential 
expression, we identified well-known tumor suppres
sor genes and proto-oncogenes, known to play a role 
in gastric cancer. We found that RASSFI, known as 
tumor suppressor gene [38], was underexpressed in 
tumor samples (1,., = 3.7). Loss or abnormal down
regulation of RASSFI is observed in a considerable 
proportion of lung, breast, ovarian, bladder, nasophar
yngeal [39-44] and, more relevant, in gastric 
adenocarcinomas [45] . 

We also detected overexpression of known onco
genes. Of notice, ~-Catenin was overexpressed in 
tumor samples (l,c = -4.1). The role of the WNT 
pathway in development and oncogenesis has been 
widely investigated [46-48]. In the case of gastric 
tumors, e-Cadherins and ~atenin are of particular 
importance [13.49,50] . lndeed, mutations in e-Cad
herin gene has been associated with familial cases of 
gastric cancer [51,52]. 

lnterestingly, two other genes involved in the 
WNT pathway were also found as differentially 
expressed in our samples. Clathrin and Retinoic 
Acid Receptor a were both underexpressed in tumor 
samples (t,c = 4.4 and 4.8, respectively). Reduced 
leveis of Clathrin leads to reduced recycling e
Cadherin, lowering its levei at cell surface and, as 
consequence, more ~-Catenin would be available in 
the cytoplasm for signaling via interaction with 
LEFfi'CF [53,54] . Recently, it was shown that 
retinoic acid (RA) decreases the activity of the ~
Catenin-TCF/lEF signaling pathway by inducing 

ubiquitin-dependent degradation of cytoplasmic ~

Catenin as well as by competition with TCF for ~
Catenin binding [55,56] . Thus reduced leveis of 
Clathrin and RAR might also contribute to increased 
WNT signaling. 

Two other genes identified as overexpressed in 
tumor samples might have important implications in 
the oncogenesis of gastric cancer, Nibrin (l,c = -3.7) 
and Humanin mRNA (I,IC = -3.6) . Nibrin is a 
member of the Mrell/Rad50/Nbsl complex, impli
cated in numerous aspects of double-strand break 
repair, and considered as a typical tumor suppressor 
gene (reviewed by Wang [57]). In agreement with our 
data, Nibrin mRNA was also found to be augmented 
in GIST [21] . This is also confirmed by SAGE 
analysis (http://cgap.nci.nih.gov/Pathways). lt is poss
ib1e that, based on the findings by Paull and co
workers [58] , Nibrin overexpression might favor the 
nucleolytic activity of the Mrell/Rad50/Nbsl com
plex. Humanin was recently described as a small 
polypeptide that could rescue neuronal cells from 
specific death signals [59,60]. To the best of our 
knowledge, this is the first report of augmented 
expression of Humanin in tumor tissues and its 
overexpression by cancer cells could represent yet 
another survival signal. favoring tumor development. 

Based on published observations, it is clear that 
molecular classification of cancer is not only feasible 
but also, might prove to be the method of choice to 
identify sub groups of a given tumor [61-65] . Having 
identified these 80 cDNAs, we applied other statistical 
tools to classify our normal and tumor samples. lt has 
been suggested that the SOM has some important 
advantages for interpreting gene expression pattems, 
when compared to other clustering algorithms [66] . 
When we applied SOM to group samples, two 
predominant clusters of expression profile were 
identified and they could precisely separate normal 
and tumor samples (Fig. 4). Using a support vector 
machine algorithm, recently described as a tool to 
build classifiers for cancer samples [63], we per
formed an exhaustive search for trios of cDNAs that 
would allow precise separation between normal and 
tumor saroples. We identified several trios composed 
by the 80 genes from Fig. 3 that, when ploned on a 
three-dimensional space, normal and tumor samples 
could be precisely separated by a plane (Fig. 5). lt is 
possible that combination of various trios with the 
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properties described here might have an added 
accuracy for molecular classification when compared 
to a list of differentially expressed genes as currently 
suggested [62,65,67] 

The identification of these trios was based on their 
simultaneous expression leveis on each given array 
and one could use this information to investigate 
whether, in such trios, the genes would fali into a 
common biochemical pathway or whether they belong 
to distinct pathways that, together, would point to 
some metabolic advantage for tumor celis. lndeed, the 
three genes from Fig. 5A, Clathrin, ~-Catenin, and 
Retinoic Acid Receptor can ali be mapped into a 
common pathway, as discussed earlier. In other trio 
(Fig. 58), the three genes cannot be directly linked to 
a single pathway. RPLlO, might have tumor suppres
sor activities and negatively regulate c-Jun activity 
[68]. Thus, reduced RPLlO and augmented ~atenin 
in tumor samples would favor mitogenic signals, 
whereas elevated Humanin could provide a survival 
advantage for tumor cells, as mentioned above. 

We also searched for genes with change in their 
linear Pearson correlation. This kind of analysis 
would allow the identification of genes whose 
expression occurs in a coordinated fashion in one 
group of samples but either are not correlated or, 
perhaps more interestingly, with inverse correlation in 
the other group. Importantly, it could be that, genes 
with this behavior might have low tiiC values in 
absolute numbers and thus not identified as differen
tially expressed. In Fig. 6, we represent the changes in 
linear correlation between RPLlO and MARK3. This 
pair of genes has a positive linear correlation in 
normal samples that changes to a negative linear 
correlation in tumor samples. As we discussed before 
RPLlO might function as a negative regulator c-Jun
mediated mitogenic pathway. In contrast, overexpres
sion of ~-Catenin and consequent activation of the 
WNT pathway activates c-Jun gene expression [69] 
and, possibly, MARK3 [24, 70]. Hence, in tumor cells, 
a negative linear correlation, would favor a mitogenic 
signaling pathways. 

Finaliy, it is clear that gastric adenocarcinomas 
and gastrointestinal stromal tumors are conse
quences of the transformation of different celi 
lineages and hence, we made no efforts neither in 
distinguishing nor in comparing these two tumor 
types. Intentionally, we simply looked for genes 

with conserved alterations in ali tumor samples. lt 
is not surprising that a common set of genes can be 
identified in two distinct tumor types. As discussed 
above RASSF1, Clusterin, ~-Catenin, and many 
others genes are commonly altered in a variety of 
tumors. Specificaliy, NBS 1 that we identified as 
overexpressed in tumor samples was also found 
augmented in GIST by Allander and co-workers 
[21] . As expected, we did identify differences in 
the expression profile of the two tumor types, 
especially in genes from cluster 1 (uppermost 
cluster, second and third last triplicates from the 
right). However, based on our findings (Figs. 5 and 
6) we can suggest that, as for gastric adenocarci
nomas, the WNT pathway might also be altered in 
GIST. We can also conclude that classifiers based 
on genes commonly altered in adenocarcinomas 
and GIST can precisely distinguish both tumor 
types from normal gastric mucosa (Fig. 5) and this 
would imply that, regardless of differences in 
oncogenesis, a single classifier could be applied 
for gastric tumors. 

Taken together, the information extracted from our 
dataset can contribute to the better understanding of 
oncogenesis of gastric cancer as well as to the 
development of molecular-based diagnostic tools. 
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ABSTRACT 

Hlgh incidence of gastrlc cancer-related death ls mainly due to diag
nosis at an advanced stage in addltion to the lack of adequate neoadjuvant 
therapy. Hence, oew tools aimed at early dlagnosis wonld have a positlve 
impact in the outcome of the dlsease. Using cDNA arrays having 376 genes 
either identif'ted previously as altered in gastric tumors or known to be 
altered in human cancer, we determined expression slgnature of 99 tissue 
fragments representing normal gastrlc mucosa, gastritis, intestinal meta
plasla, and adenocarcinomas. We flrst validated the array by identifying 
molecular markers that are assoclated wlth Intestinal metaplasla, consld
ered as a transldon stage of gastric adenocarcinomas of the intestinal type 
as well as markers that are associated wlth diffuse type of gastric adeno
carclnomas. Ncxt, we applled Fisher's linear discrimlnant analysis In an 
exhaustlve search of trios of genes that could be used to build classifiers 
for class distlnction. Many classlflers conld distinguish between normal 
and tumor samples, whereas, for the distlnction of gastritis from tumor 
and for metaplasla from tumor, fewer classlfiers were ldentlfled. Statlsti
cal validations showed that trios that discriminate between normal and 
tumor samples are powerful classlfiers to dlstingulsh between tumor and 
nontumor samples. More relevant, lt was possible to ldentify samples of 
intestinal metaplasia that have expression slgnature resembling that of an 
adenocarcinoma and can now be used for fol.low-up of patients to deter
mine their potentlal as a prognostic test for malignant transformation. 

INTRODUCTION 

Gastric cancer is still one of the major causes of cancer-related 
death worldwide, although its incidence is declining during the last 
decades, as reviewed previously (1). This high mortality is, at least in 
part, a consequence oflate-stage diagnosis, due to the lack of specific 
symptoms at early stages of the disease. Moreover, no effective 
therapeutic strategy is available at advanced stages, and patients often 
undergo radical gastrectomy leading to high morbidity. Despite the 
aggressiveness of this treatment, 5-year survival rate in advanced 
stages is extremely poor, ranging from 5% to 15%. On the contrary, 
when early diagnosis is successful, there is a hlgher degree ofresect
ability and better survival rales (2). 

Gastric adenocarcinoma represents >95% of ali gastric tumors and, 
following Lauren's classification (3), it can be divided into intestinal 
and diffuse type, according to tumor histology. These two histological 
types have a distinct pathology, epidemiology, and etiology. The 
intestinal type is more frequent and represents the dominant histolog
ical type in areas where stomach cancer is epidemic, suggesting an 
environmental etiology. The pathogenesis of intestinal type adenocar-
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cinoma has been connected to precursor changes such as chronic 
aclive gastritis, multifocal atrophic gastritis, intestinal metaplasia, and 
dysplasia as proposed by Correa and Chen (4), and with the presence 
of Helicobacter pylori infection (5). In contrast, the diffuse type has 
not been related to precursor lesions and has a higher association with 
familial occurrence. It is widely accepted that genetic alterations in the 
CDHJ (e-cadherin) gene play an important role in the oncogenesis of 
the diffuse-type gastric cancer (6). 

The relationship between intestinal metaplasia and intestinal-type 
gastric adenocarcinomas has not been fully established. Some indi
viduais with intestinal metaplasia will never develop gastric cancer. 
The molecular events related to progression from metaplasia to ade
nocarcinomas remains unknown. Certain molecular alterations have 
been associated with intestinal metaplasia. For example, mutation in 
p53 was detected in intestinal metaplasia adjacent to gastric tumors 
(7). Overexpression of cyclooxygenase-2 was detected in intestinal 
metaplasia-associated gastritis (8), and also detected in gastric cancer 
and in other tumors like colon cancer (9). Kang et ai. (10) detected 
promoter hypermethylation in the DNA mismatch repair gene 
(hMLHJ) in intestinal metaplasia, and this epigenetic alteration is 
related to microsatellite instability. This author also describes hyper
methylation of other genes, including pl6, DAP-kinase, THBSJ, and 
TIMP-3. Recently, Boussioutas et ai. (li) described the expression 
profile of 124 gastric mucosa representing gastritis, intestinal meta
plasia, and adenocarcinomas, and identified a series of genes that are 
typically expressed in the intestinal type and could be related to tumor 
progression. Together, these findings demonstrate that some of the 
molecular events associated with intestinal metaplasia can also be 
detected in cancer sample and, hence, comparing the molecular alter
ations between nonmalignant and malignant lesions could lead to the 
identification of genes involved in gastric carcinogenesis. Moreover, 
the identification of expression signatures that correlate with adeno
carcinomas could be used for follow-up of patients with intestinal 
metaplasia and assessment of the risk of the prernalignant stages 
becoming malignant. 

In this work, we used a cDNA array with 376 genes, including 
those 141 genes described previously by our group (12) plus other 
genes known to be generally altered in human cancers. We determined 
the expression profile in 99 tissue samples representing normal gastric 
mucosa, as well as gastritis, intestinal metaplasia, and adenocarci
noma ofthe stomach. Using Fisher's linear discriminant analysis, we 
identified a series of molecular classifiers that could distinguish 
between cancer and noncancer samples. lmportantly, we also identifY 
a series o f intestinal metaplasias of which the gene expression pro file 
resembles that of adenocarcinoma. 

MATERIALS AND METHODS 

Tlssue Samples and RNA Preparatlons. Fresb tissue samples were ob
tained by surgery or by endoscopy at the Gastric Surgery Department and 
Gastric/Esophagic Endoscopy Department from Hospital do Cancer AC Ca
margo (São Paulo, Brazil). Ali ofthe patients signed an informed consent, and 
the project was approved by the in-house ethics committee. Tissue samples 
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Table I De.,·criptiun ufpatient.< and sample.< 

A. Nonmalignant Samples 

Inflammation Activity IM Procedure 

Group Absent/Minimal Discrete Modera te lnlense Absent Present Absent Prescnt Biopsy Surgery Total 

Normal 28 28 28 17 ll 28 
Gastritis/atrophy 8 1 6 6 15 21 15 06 21 
Intestinal melaplasia 10 lO 2 13 9 22 16 06 22 

B. Tumor Samples 

lD WHO Laurón Grade Size (em) Botrmann lnfiltralion LN" TNM 

BI0228 Signet-ring cell carcinoma Diff"us<o PD NA N NA NA NA 
GF48 Signet-ring cell carcinoma Diffuse PD 1.5 N Se rosa 017 T2NOM1 
GF52 Signet-ring cell carcinoma Diff"us<o PD 5.3 li Muscularis propria 3140 T2N1MO 
GF62 Signet-ring cell carcinoma Diff"us<o PD 3.5 m Se rosa 1/40 T3N1MO 
GF66 Signet-ring cell carcinoma Diff"us<o PD 6.5 [[ Se rosa 28/42 T3N3MO 
GF68 Signet-ring cell carcinoma Diffu.<e PD 6.0 [[ Se rosa 9140 T4N2MO 
GF72 Signet-ring cell carcinoma Diffuse PD 6.0 II Fatti.'l.<rue 417 T4N1M1 
GH877 Signet-ring cell carcinoma Diffuse PD 7.5 [[ Se rosa 1144 T3N2MO 
GH967 Signet-ring cell carcinoma Diff"us<o PD 2.9 m Fattissue 0116 T2NOMO 
GH977 Signet-ring cell carcinoma Diffuse PD 6.5 IV Muscularis propria 13123 T2N2MO 
BI0093 T ubular adenocarcinoma Intestinal PD NA m NA NA NA 
BI0108 T ubular adenocarcinoma Intestinal PD NA 11 NA NA NA 
GF50 T ubular adenocarcinoma Intestinal MD lO m Fat ti.<sue 3/42 T4N1MO 
GF54 Tubular adenocarcinoma Intestinal PD 4.5 III Fat lissue 2122 T3N1MO 
GF56 Tubular adenocarcinoma Intestinal MD 5.5 I Fat ti.'5ue 47155 T4N3M1 
GF58 r ubular adenocarcinoma Intestinal MD 7.5 [[ Fat tissue 1/29 T4N1MJ 
GF70 Tubular adenocarcinoma Intestinal MD 11.8 m Se rosa 0/42 T3NOMO 
GH695 r ubular adenocarcinoma Intestinal PD 11 III Fat ti.<sue 17118 T4N3M1 
GH831 Mucinou.< adenocarcinoma Intestinal MD 11 [[ Fat ti..sue 06118 T4N1MI 
GH833 T ubular adenocareinoma Intestinal MD 6 m Fattissue l /4 T2N1MO 
GH843 Mucinous adenocarcinoma Intestinal WD 8 [[ Fatlissue 10/37 T3N2MO 
GH881 T ubular adenocarcinorna Intestinal MD 7 DI Fat ti.<sue 9130 T4N2MO 
GH965 Tubular adenocarcinoma Intestinal WD 5 I Mucosa 017 TisNOMO 
GH969 Papillary adenocarcinoma Intestinal WD 7 11 Se rosa 11/1 8 T4N2MI 
GH971 Tubular adenocareinorna Intestinal WD 5.0 DI Mucosa 0/39 TlNOMO 
GH973 Tubular adenocareinoma Intestinal MD 14 II Se rosa 20141 T3N3MO 
GH975 Tubular adenocarcinorna Intestinal PD 9.0 DI Fattissue 5/26 T3N1MO 
GH979 Tubular adenocarcinorna Intestinal PD 6.5 DI Fat tissue 103/1 25 T4N3MO 

"LN, lymph node; TNM, Tumor-Node-Melaslasis; PD, poorly differentiated; NA, not applicable; MD, moderately differenliated; WD, well differentiated. 

were either snap frozen in liquid nitrogen or coUected in RNAiater, and are 
represented by 21:! gastric adenocarcinomas (18 intestinal type and 10 diffuse 
type, according to Lauren classification; Ref. 3) and 71 nontumor gastric 
samples (28 normal gastric mucosa, 21 gastritis mucosa, and 22 intestinal 
metaplasia ofthe gastric mucosa). Detailed description ofsamples is presentcd 
in Table I . Samples labeled as "GF' or "GH" were obtained from surgery, and 
the majority carne from patients with gastric adenocarcinomas. Samples la
beled as "810" were obtained by endoscopic biopsy, and the majority is from 
patients with only the indicated pathology. 

At the time of RNA ex.traction, histological confirmation of tumor or 
nontumor status was performed by H&E staining of each individual sample. 
The frozen sections were also used for tissue dissection to enrich for tumor 
cells. For tumor specimens, only samples with at least 70% oftumor tissue and 
free of inflammatory inftltrate were additionally processed. In the case of 
nontumor samples, only gastric mucosa was used. Total RNA was extracted 
using TRizol Reagent (Life Technotogies, Inc., Grand lsland, NY) following 
the procedure recommended by the manufàcturer. 

Production of cDNA Arrays. We constructed a cDNA array with 376 
genes including 141 clones of genes described previously as being altered in 
gastric cancer ( 12) and 235 genes known to be attered in buman cancers on the 
basis of available literature (complete gene list is available).5 Ali oftbe clones 
correspond to ORESTES fragments derived from the Fundação de Amparo à 
Pesquisa do Estado de São Paulo/Ludwig lnstitute for Cancer Research Hurnan 
Cancer Genome Project and were sequence verified. Whenever possible, each 
gene is represented by two clones corresponding to different regions of the 
complete cDNA and each cDNA clone was printed in triplicares onto nylon 
membranes IFlexys robot; Genomic Sotutions, Ann Arbor, Ml) making a total 
of 2400 spots. Production of the cDNA array, labeling, hybridization, and 
detection of signals were carried out as described previously (12). For eacb 
tissue sample, 25 1-Lg of total RNA were radioactively tabeted with 

[a-33P]dCTP (3000 Ci/mmol; Amersham, Piscataway, NJ) and hybridized 
against a nylon-based cDNA array. Data acquisition was performed with the 
Arra y V ision software (Amersham ), using gel files. 

Statistical Analysis. Data analysis was performed using R," an open source 

interpreted computer language for statistical computation and graphics, and 
tools from the Bioconductor project, 7 adapted to our needs. Principal compo
nent analysis was performed using TMEV (13). After image acquisition and 
quantification (see above), spots with signalloweror equal to background were 
identified and excluded from the analysis. Nex.t, background-subtracted spot 
intensities were normalized by global mean normalization procedure (I 4, 15). 
Replica spots representing the same gene were identified, and average signal 
intensity was determined. 

Next, we searched our data for differentially expressed genes in the four 
clinicai conditions. We used a nonparametric test (Mann-Whitney) to deter
mine the P for each individual gene in each pair-wise comparison. For display 
purpose, we highlighted genes with P :5 0.0009 in Figs. 1 and 3. For ali of the 
pair-wise comparisons (Figs. I and 3;Table 2), genes that are overexpressed in 
tbe second entity have the [ - Iog,(P)] preceded by a minus signal . For 
clustering, we selected tbe nonredundant set of 6 genes with lowest P for each 
comparison and used the resulting 18 genes for clustering samples into four 
groups using the nonsupervised algorithm k-means. Once clusters were ob
tained, samples were organized hierarchically, based on their correlation 
distances (16). For classifiers, we use Fisher's linear discriminant analysis and 
made exhausted search of the entire dataset for trios of genes such that data 
points representing signal intensity for ali 3 of the genes for each sample would 
be separated by a plane in a three-dimensional space. More precisely, for a 
given group of genes, this linear classification method searches for linear 
combinations of their ex.pressions with large ratios of between-groups to 
within-groups sum o f squares ( 16). This maximal ratio of sum o f squares, or 

" Internet address: htlp://cran.r-projecl.org/. 
s Internet address: hllp://array.ludwig.org.br/publications/meirelescancerresearch2003 
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independent pathologists and, for each sample, we sum tbe two scores ( inten
sity and percentage) for ali eight spots gave by each pathologist. Arbitrary units 
correspond with the average score for each tissue sample (average of 16 
determinations for the corresponding eigbt spots). 
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Fig. l. Differentíally expressed genes in pair-wise oomparison in tissue samples of 
normal gastric muoosa, gastritis, gastric intestinal metap1asia, and gastric adenocarcino
mas. Expression profile from samp1es representing normal gastric mucosa (N), gastritis 
(G), intestinal metaplasia (M), and rumor (1) oontaining 28 . 21 , 22, and 28 samples, 
respcctJvely, were analyzed in six pair-wise oomparisons, NT, NM, GT, NG, GM, and 
MT. Genes were dislributed acconding to r.heir [ - log2(P)] in each pair-wise comparison. 
The green and red dot> represent genes r.hat showed P < 0.0009 (Mann-Wbitney). Green 
color was used for genes wilh higher expression in lhe fust entity o f lhe comparison, and 
red culor was used for genes wilh higher expression in lhe seoond entity oflhe compari~on 
(va1ues preceded by a minus sign). 

ldentificaHon of Genes DilTerentiaUy Expressed in Normal, 
Nonmalignant, and Malignant Diseases. For the icientification of 
differentially expressed genes in 99 samples representing normal 
gastric mucosa (n = 28), gastritis (n = 21 ), intestinal metaplasia 
(n = 22), and acienocarcinomas of the intestinal type (n = 18) or 
diffuse type (n = 10), data from ali of the hybridizations were 
background-corrected anci nonnalizeci as describeci in "Materiais and 
Methocis" leaving a set of 370 genes for analysis. For each gene, we 
considereci the average signal intensity from ali of the replica spots. 
We first compareci samples in a pair-wise manner using a nonpara
metric test (Mann-Whitney) to access significance. In Fig. 1 we 
represent ali of the genes anci their respective Ps for each pair-wise 
comparison, indicating incolor those with Ps os; 0.0009. Green color 
was used for genes with higher expression in the frrst entity of the 
comparison, anci reci color was useci for genes with higher expression 
in the seconci entity o f the comparison. As expected, there were more 
differentially expressed genes when tumor samples were compareci 
with normal, gastritis, or intestinal metaplasia anci, conversely, fewer 

its square root, which is denoted bere by SVD (singular v alue decomposition) , 
measures how weU separated the two groups are. For tbe search oftrios, the 99 
samples da1aset was split into two groups, one witb 65 samples, used as 
learning set and a second, independent group, witb 34 samples used for 
validation. Using tbe leaming set of samples (65 samples) we performed an 
exhaustive search for tbe best classification trios for eacb one of the six 

Table 2 Genes differenlia/ly expre.'isecJ in pair-wi.oie comparisun o) ga'ilric tissue 
samples 

Symbol NxT GxT MxT NxM GxM 

20.6" 12.4 7.74 - h 

16.6 11.7 
PRPF8 

comparisons of interest among normal, gastritis, metaplasia, and tumor. Trios Hs.327751 
were ranked according their SVD. ln lhe case of normal versus tumor, where XBP1 14.3 8.93 14 .6 

13.3 10.8 10.3 
9.03 
8.21 
8.17 

many trios were available, we only considered trios witb perfect classification POLR21 
(I 044 trios). Next, the best classifiers were tested with lhe remaining 34 ~~ 
samples with tbe results presented bere. IGF IR 

Tissue Array. For tbe preparation of lhe stomach tissue microarray, ali of MUC6 7.8 9.67 8.91 
7.46 9.97 12.7 

9.44 7.07 
9.14 

9.34 

lhe gastrectomy specimens were retrieved from tbe hospital archives. Ali oftbe IGL 
tissues were fixed in formalin and, from each specimen, H&E-stained slides ~s 
underwent palhological review to reconfirm diagnosis and selection o f blocks. Hs. 164280 
Samples were divided into five groups, histologically normal mucosa (25 KRT20 18 -11.7 -7.41 

8.47 
10.7 
10.4 -8_44 
7.41 

cases), chronic gastritis (50 cases), intestinal metaplasia (25 cases), intestinal DPH2Ll 
type adenocarcinoma (75 cases), and diffuse type adenocarcinoma (75 cases). ~~7 

The Lauren type of gastric carcinoma was determined by lhe following cri teria: s IOOA 14 
the intestinal type ofgastric adenocarcinoma is histologically cbaracterized by KRT19 7.71 - 8.27 

- 8.47 7.25 
- 7.56 
- 8.43 

- 8.4 

tbe presence of cohesive cells forming glandular and papillary structure. The PTSGS2 

diffuse type of gastric carcinoma is characterized histologically by noncohe- ~~~7 
sive cells and lhe common presence of signet ring cells. lmportantly, samples TrMPl 
used for RNA extraction represented only a small portion of the samples 1-IDGF - 7.77 

- 7.83 - 8.26 
-7.94 
-8.31 
-8.68 -9.96 

- 8.43 

-8.34 

comprising the tissue microarray. TIMP3 

For tbe construction of tbe stomach tissue microarray, new sections were ~Cl 
obtained from tbe representltive paraffin blocks, and aU of the H&E-stained SPPI 
slides for these cases were reviewed. A slide wilh representative condition was IGFBP4 -8.82 -8.12 

-8.94 
- 9.07 - 9.67 
-9.35 

-10.8 - 9.96 

- 7.54 
selected from eacb case, and an area o fone o f tbe studied groups was circled KRT7 
on the slide. The corresponding formalin-fixed, paraffin-embedded blocks ~g:;4A2 

were retrieved, and lhe area corresponding to tbe selected area on tbe slide was MMP2 
circled on the block with a felt marker for tissue microarray construction. PCNA -10.9 

-10.9 -8.26 
-11.4 -10.6 
-13.4 -9.57 
-14.4 - 10.9 

-12.2 
- 7.87 

Using a tissue microarrayer (Beecher lnstruments, Si! ver Spring, MD), tbe area LAMA4 
of interest in the donor paraffin block was cored twice with a 0.6-mm diameter ~~ 
needle and transferred to a reeipient paraffin block. Sections of 4 ~tm were cut HS.177781 
from stomach tissue microarray block, deparafiined, dehydrated, and submit- VIM -17.7 - 14 

-19.1 - 18.1 
-20.6 -15.3 
-20.7 -19.3 
-33.1 -27.4 

-10.2 
ted to immunohistochemistry with a polyc\onal antibody against metal1opro- FNl - 15.8 

teinase 2 (Oncogene; clone 75-7f7; dilution 1:40). For determining arbitrary ~b~~A2 -~~ :~9 
units, we gave a score (1-4) for intensity of staining plus a score (1 - 4) for tbe coL4A1 -16.7 

percentage ofpositive cells in eacb tissue spot. Eaeb tissue sample was spotted a For each comparison, we represent lhe [ -1og
2 

(P)]. 
in duplicate in tbe slide, and four slides were measured, making a total of eigbt h Values preceded by a minus signal indica te overexpression in lhe second entity ofthe 
spots for each tissue sample. Ali four of lhe slides were analyzed by two comparison. 
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genes with statistically significant differences could be identified 
when we compare intestinal metaplasia with normal or gastritis. 
Finally, no statistically significant differences (P :s 0.0009) could be 
observed in the expression proflie when we compared normal versus 
gastritis. If we consider genes with P < 0.05, a larger number o f genes 
differentially expressed (153 genes) could be identified. In Table 2, 
we describe the identity ofthe 42 most differentially expressed genes 
for each comparison. For convenience, instead ofshowing the Ps, we 
present minus the Iogarithm of the P, which is more directly associ
ated with the significance as it is large for large significance (small 
Ps), with a minus signal indicating whether the mean expression is 
higher on the second condition being compared. 

We next used a nonsupervised method of clustering to determine 
whether the 6 genes with Iowest Ps for each comparison would be 
capable of grouping samples based on their expression profiles. Using 
the K-means algorithm (16), samples were grouped in four clusters on 
the basis ofthe expression profile of 18 genes that were nonredundant 
among the 6 genes with lowest Ps for ali o f the comparisons except 
normal X gastritis (Fig. 2). In the frrst group, the majority of samples 
representing normal gastric mucosa (green labels) or gastritis (blue 
1abels) were clustered together with only one tumor sample (red 
labels) and four samples representing metaplasia (brown labels). The 
second cluster is composed by the majority o f samples corresponding 
to metaplasia plus two normal and three gastritis. The third cluster is 
composed o f a mix of ali four of the tissue classes in which a higher 
expression of the c-Myc oncogene and a lower expression of the 
CDKNJA gene could be detected. The fourth cluster corresponds with 
the vast majority of tumor samples, either of the intestinal or the 
diffuse type plus one gastritis and one metaplasia. lnterestingly, when 
we did principal component analysis along ali 99 samples using the 
expression pro file o f ali 3 70 genes, the group o f 6 samples comprising 
the third cluster, representing ali four of the tissue classes, is detached 
from the remaining 93 samples, additionally corroborating their 
unique gene expression profi1e (figure available elsewhere)5 

Differentially Expressed Genes between Intestinal Type and 
Diffuse Type Gastric Adenocarcinoma. As proposed by Correa and 
Chen (4), pathogenesis of the intestinal type of gastric adenocarci
noma has been connected to precursor changes in a progressive 
fashion going from chronic active gastritis, multifocal atrophic gas
tritis, intestinal metap1asia, and dysplasia. As can be observed in Fig. 
2, the fourth cluster has the majority of tumors (25 of 28), with the 
majority of intestinal type tumors at the bottom branch (14 of 18). 
Because we could observe this dichotomy in the clustering of two 
types of gastric adenocarcinomas, we searched for genes differentially 
among them as compared with normal gastric mucosa (Fig. 3). Genes 
withPs :s 0.0009 (Mann-Whitney Test) are denoted in green (for only 
one comparison) or in red (for both comparisons). Among the genes 
with augmented expression in the diffuse type adenocarcinomas we 
identified matrix metalloproteinase (MMP2), and its overexpression 
could contribute to the phenotypic characteristics of this tumor. Of 
notice, expression ofthe VHL gene was diminished on intestinal type 
adenocarcinomas. 

Tissue Expression ofMMP2. We found MJJP2 to be expressed in 
higher leveis in both intestinal and diffuse types of adenocarcinomas 
(Figs. 4A). To confirm this observation, we generated a tissue array 
having 75 samples of diffuse and 75 samples of intestinal types of 
gastric adenocarcinomas, spotted in duplicates, plus 25 samples of 
normal gastric mucosa, 50 samples of chronic gastritis, and 25 sam
ples of intestinal metaplasia (total of 500 tissue fragments) . In agree-

Low High 
~111 

Fig. 2. Cluslering of lhe 99 tis;ue samples acconling lo lhe expression profile of 18 
genes. Using lhe K·means algorilhm. 99 tissue samples represc:nting normal gaslnc 
mucosa (green). gaslriti. (blue), melapla ia (broM1) , and adc:nocarcinomas (red) were 
grouped into four clust<JS on lhe basis o f lhe expression pro file o f lhe nonredundant set 
of l8 genes rep~nb.ng lhe 6 genes wilh lowesl Ps for each pa~r-wise comparison. The 
columm represenl geoes ordered according to lheir bierarchical distances. The retl colar 
denotes bigh expre<Sion, and lhe green calor deooles low expression as co~ wilh 
avemge expression arnoog ali 99 of lhe srunples. Within each clusler, samples were 
ordered on lhe basis of lheic correlalion distances. 

ment with mRNA leveis, both diffuse- and intestinal-type adenocar- 0.034 for Mann-Whitney and t test, respectively). The fact that the 
cinomas showed stronger staining for MMP2 as compared with other majority of the samples used for the stomach tissue microarray were 
entities (Fig. 4, B and C) with a statistically significant difference different from those used as source of RNA for gene expression 
when we compared normal and ali tumor samples (P o f 0.036 and increases the significance o f these findings. In the case o f diffuse-type 
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fig. 3. Scaller plol representiog genes differeotially expre ed betweeo Ílllestmal and 
di~ types o f gastric adenocarcinomas. The minus log2 o f lhe Ps for eacb gene m lhe 

ltTi (X axis) aod xTd (Y axis) compansoos were ploued wilh nunus Slgoal indicaling 
overexpression 10 rumor sa111ples. Genes wi lh P ,;; 0.0009 (Mano-Whitney) are deooted Íl1 
greerr (for ooly ooe comparison) or in red (for bolh comparisoos). 

adenocarcinomas, we observed that signet ring cells failed to express 
MMP2 (see pane) SRC in Fig. 4B). A pictorial case stained with a 
polyclonal antibody against CTNNB 1 is available at the provided 
website. 5 This figure clearly demonstrares not only the augmented 
expression but also changes in cellular localization going from the celi 
surface in the normal sample to the nucleus in both diffuse and 
intestinal types of adenocarcinomas (17, 18). 

Di.IJerentiaUy Eipressed Genes during the Evolution to Intes
tinal Type Gastric Adenocarcinoma. We next searched for genes 
that had their expression progressively altered according to the pro
posed cascade o f evolution from normal gastric mucosa, gastritis, and 
intestinal metaplasia to intestinal type adenocarcinoma, and with Ps 
:50.0009 in the extreme comparison i. e., normal versus tumor of the 
intestinal type (tumors of the diffuse type were excluded from this 
comparison). The top 7 genes with increased and the top 7 genes with 
decreased expression are represented in Fig. 5. The 7 selected genes 
with increased expression pattem were COLJAJ, FNJ, CTSB, 
COLJA2. Hd77781, DAF. and VIM The 7 selected genes with 
decreased expression pattem were PRPF8, Hd27751, VHL, LCK. 
BAD, VEGFB, and POLR2H 

Construction of Molecular Classifiers. As the main goal of the 
present work was the building of molecular classifiers, we next 
performed an exhaustive search for pairs and trios of genes that could 
be used for class distinction on the basis ofthe expression signature of 
each individual sample. Using the signal intensity of ali 370 genes, we 
applied Fisher Linear Discriminant Analysis ( 16) and identified ali of 
the possible pairs and trios of genes that could correctly separate 
tissue samples in each of the six possible comparisons (NxT, NxG, 
NxM, GxT, GxM, and MxT), allowing none, one, two, or three 
misclassifications. For the identification oftrios we used were a set of 

tively. We could not identify a single trio that could distinguish 
normal from gastritis even accepting one sample misclassified. 

The high number of trios that can distinguish between normal and 
tumor samples is, in part, because four pair of genes (.KIAAOJ06-

COL4Al, CLTC-COL4AJ, XBPJ-COL4Al. and COL4Al- MCLJ) 
could precisely separate the set o f normal and tumor samples used for 
training . 
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65 samples (learning set). We analyzed 38 samples in NxT compar- N T 
ison, 34 samples in NxG comparison, 29 samples in NxM comparison, Fig. 4. Ovcrexpr=ioo of malrilt metalloproleioasc 2 m sampks of gastric ademcar-

36 samples in GxT comparison, 27 samples in GxM comparison, and cillomas. Tissue 81111ys represeolillg 25 normal gaslric mucosa, 50 gastritis, 25 inlestinal 

31 samples in MxT comparison. The number of trios found for each metaplasia, Slld 75 sam.ples of each inleslillal 8lld di~ types o f adeoocan:ioomas were 
stained wilh Sllti-malrilt metalloproleioasc 2 (Oocogcoe Scieoce). ln A we bave box plots 

comparison is shown in Table 3. We identified 1,044, 17, and 1 trios md1caung mRNA expreJ , 100 leveis 111 aU four groups of samples ( = nonna1 gastric 

o f genes that could precisely separate ali o f the normal, gastritis, and mucosa: G = gastrius; M = mtestinal meta pias• o: Ti = mleotinal-type adenocarciooma; 
nnd Td = diliuse-lype adenocan:inoma) Wllh Ps of 0.0097 for Ti, 1.5 X w- > for 

intestinal metaplasia from tumor samples, respectively, with perfect NxTd, aod 1.9 x w-> for NxT. In B we bave represcotalive fields of lhe lissue 81111Y 
distinction of ali of the samples. When we accepted one sample slaÍiled for matrix metallopro~ioasc 2 (n = normal gaslric mucosa; Ti = inleslillal-lype 

misclassified, we found a Iargernumberoftrios, 12,278, 512, and 19, adeoocan:moma; Td = dilfuse-lype adenocan:inoma: SRc = sigoet rÍilg cclls; magnifi-
calioo = X400). ln C we represenl prolemlevels ill normal 8lld IUmor sa111ples (diffuse 

for the same comparisons described above, plus 52 and 4 trios that plus Íllleslillal types) m Blbillary units as defilled il1 "Malerials aod Melhods," as well as 

could classify normal and gastritis from intestinal metaplasia, respec- lhe con-espoodiog P (MBili>-Whillley). 
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Fig. 5. Genes wilh progressively allered expression according lo lhe cascade of evolulion of inlestinal-type adenocarciooma. The lop 7 genes wilh iocreased (A) or decreasro (B) 
expression paliem according to lhe cascade of evolulion from normal gaslric mucosa, gaslrilis, intestinal metaplasia, and inteslinal-type adenocareiooma are presented. Ail o f lhe genes 
bave Ps :s 0.0009 (Mann-Wbitney) for lhe NxTi comparison. 

Next, ali of the identified trios represented in Table 3 were tested 
again, in an independent set of 34 samples (validation set), corre
sponding with an increase of 18 samples in NxT comparison, 15 
samples in NxG comparison, 21 samples in NxM comparison, 13 
samples in GxT comparison, 16 samples in GxM comparison, and 19 
samp1es in MxT comparison. In Fig. 6 we represent the trio with 
highest SVD (COL4Al, XBPI, andRPLI4) and its performance using 
the training set ofsamples (Fig. 6A) and the separation ofthe valida
tion set of samples (Fig. 6B, samples represented by stars) using the 
same rule defined during training. On the basis of their performance 
on the learning set of samples, trios were ranked by their SVD score 
(square root ofthe ratio ofbetween groups and within groups sum of 

Table 3 ldentification o f c/a..sifiers 

Number of misclassified samples 

Comparison o 2 3 

NXT 1,044 12,278 45,636 66,428 
GXT 17 512 4,741 27,548 
M X T I 19 808 24.648 
NXM o 52 354 10,810 
GXM o 4 LIO 1,223 
NXG o o o 2 

squares, as explained above). Trios with highest SVD show the least 
dispersed distribution of samples of a given class and the greater 
distance between the two classes. We selected the 100 trios with 
highest SVD score and again determined their performance on the 
validation set of samples using the rule defined during training (Fig. 
6C) ar allowed definition of new rules (Fig. 6D). By comparing Fig. 
6, C and D. it can be notice that, when new rules are allowed, 
classification of samples GF63 improves, but samples BI0124 and 
GH971 are rnisclassified by a larger number of trios. The actual 
numbers for this heatmap is available elsewhere.5 

To estimate the likelihood that good classifiers as the ones we 
describe were the result of chance, we performed resampling exper
iments based on a sequential search method for classifier, restricted to 
the normal X tumor comparison. If N represents the total number of 
genes (n = 370 in the present situation), the method starts by selecting 
the best k discriminating genes among the original N genes. Denoting 
this set o f genes by G 1, we next search the k best distinct discrirni
nating pairs o f genes sue h that at least one o f them belongs to G 1. 
Denoting this set of pairs of genes by G2, we then proceed to search 
for the k best distinct discriminating trios (denoted by G3) such that 
at least one of its pairs belong to G2. We finally applied a similar 
process to get the set G4, the k best distinct discrirninating groups of 
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Fig. 6. Training and validation of classifie.r.; 
nonnaJ and lwmr samples. In A we n:present lhe 
trio (COL4Al, XBPJ, and RPLI4) wilh highesl 
SVD and its performance on lhe lrain.illg sei of 
nonnal (green circle.<) and lllmor (red .<quores) 
samples. In B we represc:nl 1M performance of lhe 
same trio, for class disl.inclion of lhe validalion se1 

of samples (repr<SCllled by stan.·) using lhe same 
rule defined during training. In C and D. we n:p
n:senl IM performance o f lhe top I 00 trios for 
nonnal x twno.r.;, based on lheir singular value 
decomposition, using either, lhe same rule defmed 
during lraining (C) or allowing definition of ll<'W 

rules for each trio dwing validation (D). The exact 
numbers n:pn:s<nted by lhe coloc scale can be 
oblained al lhe provided website. • The color scale 
n:presents ~umcy lhat a given sample was clas
si.fied as nonnal by ali classifiers. 
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four genes. The motivation of introducing this method is that it can be the performance of four nios that can classifY NxT, GxT, and MxT. 
implemented much faster than the original exhaustive search, and, For the NxT classification, we represent the nio with highest SVD 
therefore, is amenable to bootstrap procedures. We applied the with ali 54 normal and tumor samples (Fig. 7A) and with ali 99 
method with k = 100 for 1000 bootstrap samples and never found, for samples (Fig. 7B). We also represent the best nio that precisely 
any bootstrap search, better results than those corresponding with the separates ali normal and tumor samples (Fig. 7C), and the same nio 
real dataset, which strongly suggests that our findings are not due to with ali 99 samples (Fig. 7 D). In Fig. 7, E and F. we represent the nio 
chance. with highest SVD for GxT and MxT separation with the correspond-

Molecular Classification o f the 99 Gastric Tissue Samples. Hav- ing samples. The performance o f ali of the nios against ali o f the 
ing identified nios and their respective SVD, we determined the samples is represented in Fig. 8. The spectrum of colors from green to 
efficiency of these nios to correctly classify ali 99 samples. As the red was used to denote 100% to 0"/o classification as the first entity of 
number of nios for NxT classification was quite large and very each comparison (for example, in the first line, representing NxT, 
redundant, we selected the top 100 nios for the NxT separation, 100% means ali nios classif)'ing the corresponding sample as N and 
according to their SVD. For the remaining classification, we used 17, 0"/o means ali nios classif)'ing the corresponding sample as tumor). 
20, 52, and 4 nios for the GxT, MxT, NxM, and GxM, respectively. Thus, a black bar denotes that a sample was classified by 50"/o ofthe 
The number of genes involved in these nios is I 03, 24, 38, 57, and 11, nios as one of the two entities. 
for NxT, GxT, MxT, NxM, and GxM, respective1y (the identity ofthe It was expected that samples pertaining to one ofthe two classes of 
genes, the structure of the trios, and the identity of misclassified the classifiers would be colored as green and red because the classi
samples can be obtained elsewhere ). 5 Each of the 99 samples was then fiers were built specifically for them. lndeed, in the first three col
classified by ali nios of the five comparisons. In Fig. 7, we represent umns, representing the classifiers having tumor as the second entity 
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produced the vast majority of red bars at the bottom of the figure. 
Interestingly, there was one normal sample (GF63), two gastritis 
samples (GF59 and GH880), and three samples of intestinal metapla
sia (810133, GH828, and 810136) that were classified as a tumor by 
>50% of the classifiers for the NxT comparison. Samples GF63 , 
GF59, GH880, 810133, GH828, and 810136 were considered as 
tumor by 93, 66, 98, 88, 99, and 91 trios, respectively. Tbese samples 
are those that, in Fig. 2, are placed in the third and fourth clusters and, 
at the principal component analysis, are detached from the remaining 
samp1es (figure available). 5 Also compatible with the number of genes 
with significant expression differences observed in Fig. 1, there was a 
less clear separation o f samples in the two columns representing NxM 
and GxM comparisons but nevertheless, a larger number of red bars 
can be observed in samples representing intestinal metaplasia. 

To determine whether the biological phenomena that were support
ing class distinction between tumor and nontumor samples were 
somehow related, we identified the genes composing the top 45 trios 
for the NxT distinction plus the genes composing the 17 trios for GxT 
and the 20 trios for MxT. Tbe number of genes was 50, 24, and 38, 
respectively, and only 1 gene, CTSB, was at the intersection of the 
three groups, whereas the sum o f the three groups has 1 00 genes 
indicating very little redundancy among the genes. 

... . 

: e 

DISCUSSION 

F 

... 
' ~ .. 

H -

. 

. 
, . , 
'. 

;--;--_-
' 

~ 

u 

~ .. 
' .. 

' 

: =-· 

.. '-./' 
, . ,.··. ·, . .. ,. 

. - -. . ' 

During the Jast 2 years, severa! groups, including ourselves ( 12), 
published studies focusing on the expression profile of gastric cancer 
and the identification of differentially expressed genes (19 - 25). 
Whereas the majority ofthe published data are based on the compar
ison between normal and tumor tissues, less information conceming 
the molecular events that could establish a link between gastric cancer 
and intestinal metaplasia is available (11). Likewise, no systematic 
effort for the construction of molecular classifiers for gastric cancer 
that could impact on early diagnosis has been reported. 

In the present work, we describe the identification of a large set of 
molecular classifiers that could be used for distinction between nor
mal gastric mucosa and those representing gastritis, intestinal meta
plasia, and gastric adenocarcinomas. We have also identified genes of 
which the gene expression profile can be correlated with the transition 
stages between normal and intestinal type of adenocarcinomas and 
genes that are differentially expressed between diffuse and intestinal 
type of gastric adenocarcinomas. 

8efore searching for classifiers, we frrst validated our cDNA array 
by searching for differentially expressed genes in the various disease 
states. As expected there were fewer differentially expressed genes 
when we compared samples representing the nontumor states than 
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Fig. 8. Molecular classificalion of 99 gaslric samplc:s. Each of lhe 99 samplc:s was 
classified by lhe trios according lo lhe five comparisons. The numbcrs of trios were 100 
for NT, 17 for GT, 20 for MT, 52 for NM, and 4 for GM. Co1or scale represents frequency 
lhal a given sample was classified as lhe fin;t enlity of lhe comparison by eacb of lhe trios 
for lhal comparison ( 1 000/o = green. 0% = red). 

comparisons having tumor samples (Fig. 1 and Table 2). As a way to 
con:firm the correlation between our findings and the biology of the 
process we are dealing with, we determined the pattern of expression 
of genes that, based on current knowledge, should be altered in our 
data set. Alterations in the Wnt pathway have been found in a large set 
o f gastric adenocarcinomas, and overexpression o f J3-catenin ( CT
NNBI) in gastric tumors has been described (12, 17, 18, 23, 25). We 
observed over expression of CTNNB 1 in this coiiection of samples in 
both intestinal and diffuse types of gastric adenocarcinomas (figure 
available)5 It was reported recently that MMP2 rnRNA is elevated in 
both diffuse and intestinal types of gastric adenocarcinornas ( 11 ), and 
we have confmned these observations both at the RNA and at the 
protein leveis (Fig. 4). Also, KRT20 is typically augrnented in intes-

tina! rnetaplasia and, in agreernent with this notion; we found its 
expression augrnented in relation to ali other three o f the tissue classes 
(see Table 2). 

The cDNA microarray technology has been largely applied to 
cancer research (26), and expression profile is being increasingly used 
for distinction between physiological and disease states, as well as to 
distinguish between groups of disease sarnples of which the expres
sion profile can discrirninate between clinically or biologically similar 
entities (27- 29). Using a set of 18 nonredundant genes representing 
the 6 genes with lowest Ps for ali six o f the pair-wise com pari sons, we 
applied the nonsupervised algorithrn k-rneans to see whether our 
sarnples could be grouped accordingly. In Fig. 3, we can observe that 
the vast majority o f samples representing normal and gastritis sarnples 
are grouped together, and rnost o f the samples representing intestinal 
rnetaplasia and tumors groups in two other clusters. Interestingly, a 
srnall cluster with only 6 sarnples of ali four of the entities could be 
observed and, by the pattem oftheir expression profile, it is clear that 
overexpression of MYC and lower expression of CDKNJA is the 
hallrnark o f this group o f sarnples. When we did principal cornponent 
analysis along all 99 sarnples, this group of 6 samples is detached 
frorn the rernaining 93 samples (figure available).5 Also, KRT20 was 
expressed at higher leveis in virtually half o f the sarnples from the 
cluster where the rnajority of intestinal metaplasias were grouped (see 
upper branch). There is a controversy on the literature conceming the 
pattem o f expression of KRT20 in intestinal metaplasias o f the gastric 
esophageal junction and its pattem of expression in gastric mucosa 
(30-35). Apparently, KTR20 expression in intestinal rnetaplasias of 
the gastric mucosa is also variable. lrnportantly, we repeated the 
clustering of sarnples using self-organizing rnaps, also a nonsuper
vised algorithrn, and again, sarnples were grouped with cornparable 
results (data not shown). 

The phenotypic and biological differences observed between intes
tinal- and diffuse-type gastric adenocarcinorna should be a conse
quence of differences in gene expression. The hallmark of diffuse
type gastric adenocarcinoma is the lack o f glandular organization with 
spreading of tumor cells throughout the parenchyrna irnplying the 
need for extracellular rnatrix destruction. In agreernent with this 
notion and in agreement with data presented by Boussioutas et a/. 
( 11 ), we found MMP 2 to be expressed at higher leveis in both types 
oftumor, with diffuse type having even higher mRNA leveis than the 
intestinal type (Fig. 4A). Again, these data were con:firmed by irnmu
nohistochemistry in a collection of 150 tumor sarnples (Fig. 4, B and 
C). lnterestingly, signet-ring cells, frequently observed in diffuse type 
of adenocarcinornas, did not express MMP2 (Fig. 4B. signet ring cells 
or SRc). 

To additionally contribute to the understanding of the cascade of 
events that takes place during the oncogenesis of intestinal type 
gastric adenocarcinorna, we identified genes o f which the expression 
showed a constant increase or decrease along the cascade frorn normal 
to tumor samples with a P s; 0.0009 between the normal and the 
tumor samples (Fig. 5). Five ofthe 7 genes with increased expression 
toward rnalignancy have functions related to the extracellular rnatrix 
(COL4Al . FNJ. CTSB. COLJA2. and VIM). Another gene, DAF. also 
showed augrnented expression from normal to gastritis, metaplasia, 
and tumor. DAF could be involved in escaping frorn cornplement, and 
its increase expression in gastric cancer was also observed by serial 
analysis of gene expression analysis (SAGE anatornical viewer8

). 

Among the genes of which the expression decreased frorn normal to 
tumor sarnples, we identified the tumor suppressor gene VHL. There 
are few reports in the literature where the status of VHL gene in gastric 

"Internet address: hUp://cgap.nci.nih.gov/SAGE!viewer. 
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cancer was investigated. Leung et al. (36) failed to demonstrate 
hypermethylation o f the promoter region o f VHL in 5 gastric cancer 
cell !ines and 26 gastric carcinomas. Diminished expression of the 
VHL gene, assessed by immune histochemistry was found in 27 of318 
samples of gastric carcinomas (37). Ofnotice, there was a diminished 
expression of BAD, a proapoptotic gene, and such reduced expression 
could contribute to cell survival. It would be important to see whether 
there is a correlation between reduced BAD expression and expression 
of trefoil factor 1, known to antagonizes BAD-induced apoptosis in 
gastric mucosa (38). Finally it is likely that reduced expression of 
LCK just reflects the reduction of infiltrating lymphocytes, because 
our samples were dissected to exclude inflammatory cells from tumor 
samples. 

Having compared tumor types and identified genes of which the 
pattern of expression correlates with disease progression we next 
searched for genes that could be used for the construction of molec
ular classifiers. As mentioned before, different clustering approaches 
were successfully used to distinguish between tumor and nontumor 
samples (24), morphologically similar samples (29, 11 ), and deter
mine disease outcome (27, 39). Whereas a large group of statistical 
methods is available for such a task, (reviewed in Ref. 40), they are 
often based on the expression of a large set of genes and, necessarily, 
require data from the two sample groups to identify the set of genes 
where similarities and differences can be used to define the clusters. 
To be routinely applied, these requirements could represent potential 
pitfalls. An alternative would be the implementation of supervised 
learning procedures where classification could be based on expression 
signatures rather then comparative expression profile, as proposed 
earlier (40 - 42). The major advantage would be the possibility of 
creating a database against which the test sample would be classified, 
as demonstrated by Ramaswamy et al. (41). A known group of 
samples could be used for training and the resulting classifier used for 
prediction of an unknown sample (class prediction), as demonstrated 
by Golub et ai. (29). Support vector machine, an example of super
vised learning algorithm, was successfully used for class distinction 
by Shipp et ai. (43) and by us (12). Severa! other mathematical 
methods such as Nearest Neighbors Classifiers and Classification 
Trees ( 44) could also be applied to search for groups o f genes with 
different expression patterns or sample signature. lt appears to us that 
Fisher's linear discriminant analysis (16) attains a good compromise 
between simplicity and performance, making it a good choice for this 
investigation. Moreover, this approach to identify expression signa
tures corresponds to the usual approach to identify differentially 
expressed (single) genes, based on the t-statistics. 

Hence, we decided to apply Fisher's linear discriminant and, by 
exhausted search among ali 370 genes, we identified trios of genes 
that could be used for class distinction of ali four entities in a 
pair-wise manner (Table 3). First, it was interesting to observe that the 
closer along the cascade of disease progression two samples are, the 
lowest the number of trios. Also, many trios that can distinguish 
between normal and tumor samples can be explained by the fact that 
four pairs of genes (KJAAOJ06-COIAAJ, CLTC-COL4Al, XBPJ
COL4Al, and COL4Al- MCLJ) could precisely separate all 38 ofthe 
normal and tumor samples used in the training set of samples. Hence, 
the list of trios for this comparison is highly redundant for trios 
composed of these four pairs. 

lt is noteworthy that, according to our strategy to select cDNA 
fragments for immobilization in the array, many genes were repre
sented by two or even three cDNA fragments representing distinct 
regions of the same gene. Thus, it was interesting to determine 
whether classifiers based on the average signal intensity for ali spots 
of different cDNA fragments corresponding to a given gene would be 
reproduced when signal intensity of replicas for a single cDNA 

fragment of that given gene was considered. lndeed, there was a 
strong correlation between classifiers identified by the two strategies. 

Ali of the trios identified as potential classifiers using the training 
set of samples were first validated against an independent group of 
samples, the validation set, comprising 34 new samples using the 
same classification rule defined during training (Fig. 6C) or by new 
roles defined during validation (Fig. 6D). The performances of all of 
the trios were ranked by their SVD score. Interestingly, the trio with 
highest SVD, composed of COL4AJ, XBP 1, and RPL14, misclassified 
one normal sample (GF63), whereas a trio with lower SVD (TNFRS6, 
COL4AJ, and Hd25445) correctly classified all 54 of the normal 
plus tumor samples (Fig. 7, A and C, respectively). With the exception 
o f NxT classification, for which we selected only the top 100 trios 
with highest SVD, the performance ofali ofthe trios for ali tive ofthe 
comparisons using ali 99 samples is represented in Fig. 8. lt is 
noteworthy that, from the 150 genes present in top 45 trios for NxT 
plus the 17, 20, 52, and 4 trios for the GT, MT, NM, and GM, 
respectively, a single gene, CTSB, is present in the five groups of 
classifiers. These data strongly suggest that the biological phenomena 
that these genes are involved in differ for each comparison. 

There is a strong correlation between data from classifiers and from 
cluster analysis. Samples that are misclassified by the trios are those 
that were not grouped in the expected cluster in Fig. 2. For the NxT 
comparison (Fig. 8, first column) there are 6 nontumor samples that 
were classified as tumor by >50% ofthe trios; GF 63 (N), GF59 (G), 
BI0133 (M), and BI0136 (M) were ali grouped in the third cluster, 
whereas GH828 (M) and GH880 (G) fali into the fourth cluster, 
together with the majority of tumor samples. Together, these obser
vations suggest that the expression profile of the 18 genes used for 
clustering reflects the structure detected by the signatures identified 
by the trios. lt is important to remember that the 100 trios used for 
NxT classification are composed of 103 genes. Also, it is clear that the 
closer the samples are in the cascade o f disease progression, the higher 
the number of misclassified samples, probably reflecting a gradual 
change in the pattem of gene expression. Nonetheless, there is always 
a predominant distribution of green and red bars for the samples that 
represents a given comparison. 

The classifiers presented here, based on trios of genes defined by 
Fisher's linear discriminant analysis, were able to discriminate tissue 
samples representing the cascade of events related to gastric adeno
carcinomas and should now be validated for class prediction. lmpor
tantly, it is now imperative to apply these classifiers to a large set of 
samples representing intestinal metaplasia to determine the correlation 
between rnisclassification of these samp1es as adenocarcinomas and 
the frequency they transform into malignant disease. This study will 
require a large coliection of samples and a period of foliow-up that 
cannot be precisely anticipated but is now under way, in a multicentric 
effort. 
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