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Tocando em frente

Ando devagar

Porque jd tive pressa

Levo esse sorriso

Porque jd chorei demais

Hoje me sinto mais forte,

Mais feliz, quem sabe,

So levo a certeza, de que muito pouco eu sei,
Ou nada sei

Conhecer as manhas e as manhds

O sabor das massas e das magds

E preciso amor para poder pulsar

E preciso paz para poder sorrir

E preciso a chuva para florir

Sinto que seguir a vida seja simplesmente conhecer a marcha
Ir tocando em frente

Como um velho boiadeiro levando a boiada
Eu vou tocando os dias pela longa estrada
Eu vou

Estrada eu sou

Todo mundo ama um dia

Todo mundo sofre

Um dia a gente chega

No outro vai embora

Cada um de nés compée a sua propria historia
Cada ser em si carrega o dom de ser capaz

De ser feliz.........uuueuueenn....

Almir Sater e Renato Teixeira



“...Plante seu jardim e decore sua alma,

ao invés de esperar que alguém lhe traga flores......
E vocé aprende que realmente pode suportar... que
realmente ¢ forte, e que pode ir mais longe,

depois de pensar que ndo pode mais......

William Shakespeare
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Resumo

RESUMO

Os tumores de cabeca e pesco¢o ocupam, mundialmente, a quinta posi¢cdo na lista das
neoplasias mais freqiientes. O tipo histolégico predominante € o carcinoma de células
escamosas, que acomete a cavidade oral, a orofaringe, a hipofaringe e a laringe. O tumor de
laringe € um dos tipos mais comuns, correspondendo a 25% dos casos, com alto indice de
mortalidade e progndstico reservado. O principal fator etiologico para o seu desenvolvimento
€ o consumo combinado de dlcool e fumo. O desenvolvimento do cancer de cabeca e pescoco
€ um processo multipasso acompanhado por mudangas genéticas e epigenéticas.
Recentemente, estudos envolvendo a tecnologia microarray tém identificado genes
especificos, cuja expressao estd alterada em cancer de cabecga e pesco¢o quando comparado ao
tecido normal. No entanto, a maioria dos estudos sido realizados usando tumores de diferentes
sitios. Neste estudo, foi analisado somente amostras de carcinoma de laringe para minimizar
as diferencas genéticas. Dessa forma, os objetivos do presente projeto foram identificar e
validar possiveis biomarcadores moleculares envolvidos na carcinogénese de laringe. Para
tanto, foi construido um cDNA microarray com 340 genes previamente identificados pelo
Head and Neck Annotation Consortium. A expressdo desses genes foi analisada em 8
amostras de tecido tumoral e em 4 amostras de tecido histologicamente normal de laringe pela
técnica de microarray. Foram identificados 35 genes diferencialmente expressos (SNR
>[1.0

adesao celular, apoptose, ciclo celular, inibicdo de proteases, metabolismo, protedlise, reparo

, p-value < 0.001), os quais estdo envolvidos em diversos processos celulares como

de DNA, regulacdo da transcricdo e transdu¢do de sinal. A robustez da assinatura dos 35
genes diferencialmente expressos foi confirmada em um conjunto adicional de 5 amostras
tumorais € 6 amostras histologicamente normais. Para a validagdo por RT-PCR em tempo
real, foram selecionados 14 genes, dos quais dez (ADCY6, AES, AL2SCR3, CRRY, CSTB,
DUSPI1, MAP3K5, PLAT, UBLI e ZNF706) foram validados como diferencialmente
expressos e participam de diferentes vias metabdlicas, como apoptose, ciclo celular, inibicao
de proteases, protedlise, regulacdo da transcricao e reparo de DNA. Entre os genes validados
destaca-se o gene CSTB, que tem atividade inibidora de protease de cisteina e portanto
atividade anti-metastitica e mostrou baixa expressdo em todas as amostras de tumores
analisadas (p-value = 0.000). Estes resultados podem ajudar na compreensdao da base
molecular do cancer de laringe, fornecendo subsidios para diagndsticos e progndsticos mais

efetivos, bem como para novas abordagens terapéuticas.

Palavras-chave: cancer de cabeca e pescoco, cancer de laringe, expressao gé€nica, cDNA

microarray, RT-PCR em tempo real, CSTB



Abstract

ABSTRACT

Head and neck squamous cell carcinoma (HNSCC) is the fifth most common cancer
world-wide. More than 90% of this cancer type has a squamous origin and common sites
include oral cavity, oropharynx, hypopharynx and larynx Laryngeal squamous cell carcinoma
is very common in head and neck cancer, corresponding to 25% of cases, with high mortality
rates and poor prognosis. Tobacco use and/or alcohol consumption are the two principal risk
factors involved in development of HNSCC. The development of head and neck cancer is a
multistep process accompanied by genetic and epigenetic changes. In recent years, studies
involving microarrays have identified specific genes whose expression has changed in head
and neck cancer compared with normal tissue. However, most microarray studies are
performed using tumors from different sites in head and neck. In our study, we analyzed only
larynx carcinoma samples to minimize the genetic differences. Thus, the purpose of this work
was to identify and to validater molecular biomarkers involved in larynx carcinogenesis.
Therefore, we constructed a cDNA microarray containing 340 genes previously identified by
Head and Neck Annotation Consortium. Expression analysis was applied to 8 larynx tumor
samples and 4 larynx normal samples. We identified 35 differentially expressed genes

, p-value < 0.001).

between tumor and non-tumor adjacent tissue of larynx (SNR 2| 1.0
Genes detected were involved in processes as apoptosis, cell adhesion, cell cycle, DNA repair,
metabolism, protease inhibition, proteolysis, signal transduction and transcription regulation.
The robustness of the 35-gene signature was confirmed using data from an additional set of 5
larynx tumor samples and 6 adjacent non-tumor larynx tissues. For real time RT-PCR
validation we selected fourteen genes, of which 10 (ADCY6, AES, AL2SCR3, CRR9, CSTB,
DUSPI, MAP3K5, PLAT, UBLI and ZNF706) were validated. These genes participate of
distinct metabolic pathways as apoptosis, cell cycle, DNA repair, protease inhibition,
proteolysis and regulation transcription. Among the genes validated, we emphasize CSTB
gene that has cysteine protease inhibitor activity, i.e., anti-metastatic function, and showed
low expression in all tumor samples analyzed (p-value = 0.000). These findings may help to
form the basis for a molecular comprehension of larynx cancer, thus improving diagnosis,

treatment and outcome for patients with this carcinoma.

Keywords: head and neck cancer, larynx carcinoma, gene expression, cDNA microarray, real

time RT-PCR, CSTB
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I - INTRODUCAO

A. Cancer de cabeca e pescoco: aspectos epidemiologicos, clinicos e

genéticos

O cancer de cabeca e pescoco ocupa a quinta posi¢do na lista das neoplasias
mais freqlientes, com uma incidéncia mundial estimada de 780.000 novos casos por ano
(Lothaire et al., 2006). O principal tipo histolégico € o carcinoma de células escamosas de
cabeca e pescogo (HNSCC), correspondendo a cerca de 90% dos casos (Chung et al., 2006).
Os sitios anatdmicos que estdo incluidos nesse grupo de neoplasias constituem: a cavidade
oral, que compreende mucosa bucal, gengivas, palato duro, lingua, soalho de lingua; faringe,
que inclui orofaringe, nasofaringe, hipofaringe; fossa nasal e seios paranasais; laringe glética
e supraglotica; e glandulas. A ocorréncia aproximada é de 40% na cavidade oral, 15% na
faringe e 25% na laringe, sendo o restante nos demais sitios remanescentes (Canevari &
Rogatto, 2004; Dobrossy, 2005).

Esse grupo de neoplasias é mais freqiiente no sexo masculino do que no
feminino. No Brasil, as estimativas referem-se apenas ao cancer oral, sendo que foram
estimados para 2006, 10.060 novos casos de cancer oral entre os homens e 3.410 entre as
mulheres, ocupando dessa forma, a sétima posi¢do entre as neoplasias mais freqiientes no
Brasil (INCA, 2006).

O principal fator etiolégico para o seu desenvolvimento € o consumo
combinado de tabaco e dlcool, os quais sdo mencionados conjuntamente porque fumantes
tendem a ser etilistas e vice-versa (Roepman et al., 2005; Ragin et al., 2007).

Outros co-fatores que podem contribuir para a carcinogénese de cabecga e
pescoco, incluem a poluicao ambiental e certas condi¢des de trabalho associadas a industrias

como a metalurgia e a petroquimica, assim como a nutri¢do, a ma denticdo e a predisposicao e
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a suscetibilidade genética (Dobrossy et al. 2005). Alguns estudos também tém demonstrado
que infec¢do por HPV (Human Papillomavirus), principalmente dos tipos 16 e 18, e Epsten-
Barr virus, também desempenham papel na etiologia do HNSCC, especialmente nas regides
nasofaringeal e orofaringeal (Goldenberg et al., 2001; Syrjdnen et al., 2005; Ragin et al.,
2007)

Em relacdo a nutri¢do, estudos epidemioldgicos relatam que o consumo de
frutas e de vegetais ricos em vitaminas A e C e em betacaroteno, estdo inversamente
relacionados ao risco de cancer oral, enquanto a carne e a pimenta vermelha sdo consideradas
fatores de risco (Sanchez et al., 2003; Dobrossy et al., 2005).

Embora seja bem aceito o fato de que hd uma elevacdo da incidéncia de
HNSCC com a idade, sendo 64 anos a média de idade de apresentacdo da doenca, alguns
trabalhos relatam aumento do nimero de casos de cincer oral em jovens, mesmo entre
aqueles que ndo consomem d&lcool e fumo, o que reforca a participagdo de outros fatores
etiolégicos na carcinogénese de cabeca e pescoco, como por exemplo, a predisposi¢do e a
suscetibilidade genética (Gilroy et al., 2005).

Os pacientes com neoplasia de cabega e pescogo freqiientemente desenvolvem
lesdes multiplas em diferentes sitios anatdmicos, estando esse padrao multifocal de acordo
com o modelo proposto por Slaughter et al., em 1953, denominado “cancerizacdo de campo”.
Esse modelo baseia-se na exposicao repetida de um campo aos mesmos fatores de risco, como
os carcindgenos presentes no dlcool e no tabaco, levando ao desenvolvimento de lesdes
independentes.

O estabelecimento do planejamento terapéutico e do prognéstico dos
carcinomas epiderméides de cabeca e pesco¢o baseiam-se principalmente em parametros
clinicos, radiolégicos e histopatolégicos, os quais consistem no local do tumor primdrio e no
sistema de estadiamento TNM, ou seja, no tamanho do tumor, na presenga de metastase em

linfonodos cervicais e de metdstase 2 distdncia (Chung et al., 2004). E bastante aceito que a
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presenca de metéastase em linfonodos cervicais € o principal fator progndstico adverso
independente (Thomas et al., 2005; Lothaire et al., 2006). O cancer de laringe, especialmente
o supra-glético, freqiientemente apresenta infiltracio local e metdstase em linfonodos
cervicais (Licitra et al., 2003). No entanto, tumores apresentando o mesmo estadiamento
clinico podem demonstrar padrdes de crescimento e evolug¢do diferentes, sugerindo a
necessidade da andlise de outros fatores complementares capazes de nortear com maior
precisao o prognoéstico da doenca (Worsham et al., 2003).

Dessa forma, apesar das abordagens de tratamento agressivas e
multidisciplinares, o indice de sobrevivéncia de 5 anos permanece inalterado nos tltimos 40
anos e apenas 30 a 40% dos pacientes atingem tal indice (Hunter et al., 2005). As falhas no
tratamento ocorrem na forma de recorréncia locorregional, a qual afeta aproximadamente
60% dos pacientes, metdstase a distdncia desenvolvida em 15 a 25% dos pacientes, bem como
o aparecimento de um segundo tumor primario (Choi & Chen, 2005).

Como as neoplasias de cabeca e pescoco consistem em um grupo de tumores
muito heterogéneos, com caracteristicas clinicas diferentes, nos ultimos anos tém sido
investigados marcadores moleculares que auxiliem no seu diagndstico precoce e prognéstico,
assim como na identificacio de populagdes de risco e de marcadores que possam ser
utilizados como alvos terapéuticos (Hartmann et al., 2002; Tomioka et al., 2006).

A combinacdo de fatores progndsticos jia estabelecidos a pardmetros
moleculares podem trazer beneficios aos pacientes. Nesse sentido, fatores progndsticos com
maior sensibilidade e especificidade poderiam oferecer certamente subsidios para novas
estratégias terapéuticas. A utilizacdo de marcadores moleculares apresenta-se também como
um promissor auxilio na detec¢do do cancer nos estddios mais precoces, ou eventualmente
lesdes pré-invasivas, favorecendo os pacientes ndo apenas com a elevacdo da sobrevida, mas
também pela utilizacdo de tratamentos associados a menor morbidade. Os marcadores

moleculares também exercem importante fun¢do no seguimento dos pacientes, uma vez que a
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recidiva tumoral, bem como a possibilidade de cura podem ser avaliadas (Belbin et al., 2002;
Chung et al., 2006).

Califano et al. (1996) e Mao et al. (1997) mostraram que o aparecimento de
carcinoma de células escamosas de cabeca e pescoco estd associado com alteracdes na
estrutura cromossomica. Os estudos citogenéticos moleculares tém evidenciado varias regides
cromossOmicas consistentemente alteradas nesses tumores, envolvendo ganhos em 3q, 5p, 7q,
8q, 9q, 11q13 e 20q e perdas em 3p, 5q, 8p, Ip, 13q, 18q, 21q. Entre as alteracdes estruturais
recorrentes, podemos citar isocromossomos do 8q, dele¢cdes do 3p e regides homogeneamente
coradas em 11q13, sendo as perdas de 3p e 9p consideradas eventos precoces na tumorigénese
de cabeca e pescoco (Canevari & Rogatto, 2004; Belbin et al., 2005).

Scully et al. (2000a, 2000b, 2000c) publicaram revisdes detalhadas a respeito
dos fatores genéticos e moleculares associados com o carcinoma de células escamosas, com
consideragdes dos modelos metabdlicos da carcinogénese, fatores envolvidos no reparo de
DNA, ciclo celular, anormalidades cromossdmicas e possiveis aplicacdes clinicas.

Virios outros estudos citogenéticos € moleculares também investigaram a
ocorréncia de alteracOes genéticas em tumores de cabeca e pescoco, demonstrando que
ativacdo de oncogenes, tais como PRAD-cyclinDI, H-ras, c-myc, EGFR; e inativacdo de
genes supressores de tumor, como P16, TP53, P21 estdo envolvidos no desenvolvimento da
doenca (Gleich & Salomone, 2002; Peschos et al 2005; Thomas et al., 2005; Lothaire et al.,

2006).

Genes envolvidos na proliferacio celular

Os oncogenes codificam proteinas que promovem a perda de controle de
crescimento e a conversao de uma célula a um estado maligno. Os oncogenes sao derivados
de proto-oncogenes, os quais sdo genes que codificam proteinas que t€ém uma funcio na célula

normal. A maioria dos proto-oncogenes participa no controle do crescimento celular,
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incluindo a estimulagdo do crescimento por ligantes externos, a transduc¢do de sinal ou a
progressao do ciclo celular (Karp, 2005).

O gene do receptor do fator de crescimento epidermal (EGFR), localizado em
7p12, codifica um receptor transmembrana que liga-se ao fator de crescimento epidermal
(EGF), fator de crescimento transformante alfa (TGF-a) e outras proteinas regulatérias. A
familia EFGR inclui: EFGR, HER-2/neu (c-erbB), HER-3 (c-erbB-3) e HER-4 (c-erbB-4)
(Ford & Grandis, 2003).

Os eventos de sinalizacdo acionados apds a ligacdo de EGFR aos seus ligantes incluem
ativagao de tirosina quinase e ativagdo de Ras intracelular, Raf (v-raf-1 murine leukemia viral
oncogene homolog 1) e cascatas de proteinas quinases que estdo envolvidas na transformacao
maligna e crescimento do tumor por meio da inibicdo de apoptose, proliferacdo celular,
promocao da angiogénese e metdstase (Thomas et al., 2005).

A expressdo de EGFR tem sido extensivamente estudada em carcinoma de células escamosas
de cabeca e pesco¢o e sua superexpressdao tem sido observada em 34 a 80% dos casos,
utilizando técnicas de imuno-histoquimica. Esse marcador tem sido significativamente
associado com sobrevivéncia global e sobrevivéncia livre de doenga reduzidas, bem como
progndstico reservado em pacientes com HNSCC, principalmente em tumores de laringe
(Putti et al., 2002; Lothaire et al., 2006; Sok et al., 2006).

A superexpressdo de EFGR também tem sido associada com recidiva em
noédulos cervicais e aumento da resisténcia do tumor a quimioterapia e radioterapia em
pacientes com carcinoma de laringe. Esses dados sugerem que a avaliacdo da expressdo de
EFGR no momento do diagndstico pode ajudar a identificar pacientes que tém risco
aumentado de metdstases cervicais e que seriam beneficiados com a realizacdo de tratamentos
mais agressivos (Milas et al., 2004; Kalyankrisha et al., 2006).

Embora outros estudos ndo tenham encontrado associacdo entre EFGR com

fatores prognosticos e estagio clinico (Wen et al, 1996; Ulanovki et al., 2004), o significado
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progndstico de EFGR em HNSCC, em um grande nimero de estudos, tem dirigido o
desenvolvimento de estratégias terapéuticas para bloquear o sistema de transducao de sinal de
EFGR e teoricamente diminuir o desenvolvimento tumoral (Laskin & Sandler, 2004; Chung
et al., 2006; Sok et al., 2006)

As ciclinas sdo extremamente importantes durante o ciclo celular e sdo
divididas em quatro tipos: A, B, D e E. A ciclina D1 também chamada de PRADI € um proto-
oncogene que responde a mitégenos extracelulares e é um controlador da progressao da fase
G1 no ciclo celular. O complexo cdk4/6-ciclina D1 estimula a progressdo do ciclo celular por
fosforilar a proteina pRB. A fosforilagio de pRB por tais complexos em G1 promove a
liberacao de fatores de transcrigdo, tais como E2F, que induz a expressdo génica e mudancgas
metabolicas levando a replicacio do DNA. Dessa forma, a ciclina D1 € essencial para a
progressao da fase G1 do ciclo celular (Koontongkaew et al., 2000; Hardisson, 2003).

A mais comumente alteracdo de ciclina D1 € a amplificacdo do gene localizado
em 11ql3, regido cromossdmica na qual ja foram identificados outros proto-oncogenes como
int-2, hst-1, sem-1, EMS-1 (Namazie et al., 2002). A amplificagdo do gene resulta na
superexpressdo de uma proteina estruturalmente normal, mas em niveis altos que levam a
célula a um estado de proliferacdo descontrolada. A amplificagdo e/ou a superexpressido de
Ciclina DI tem sido encontrada em cerca de 17-70% das amostras de HNSCC utilizando
técnicas de imuno-histoquimica, FISH ou RT-PCR (Kumar et al, 2003; Volavsek et al.,2003;
Nimeus et al., 2004).

A amplificagdo e/ou superexpressdo da proteina ciclina D1 estruturalmente
normal tém sido significativamente correlacionada com a extensao do tumor, a metastase em
linfonodos regionais e o estigio clinico avangado (Cappacio et al., 2000; Gleich & Salomone,
2002). Outros estudos também tém evidenciado que alteragdes em ciclina D1 constituem um
marcador de progndstico de sobrevivéncia livre de doenca e sobrevivéncia global reduzidas

(Namazie et al., 2002). No entanto, outros estudos ndo mostraram associacdo entre alteracdes
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de ciclina D1 e sobrevivéncia em pacientes com carcinoma de células escamosa de cabeca e
pescoco (Vielba et al., 2003).

As enzimas ciclo-oxigenases (Cox) -catalizam a conversdo do dcido
araquidonico em prostaglandinas e tromboxanos. Duas isoformas de ciclo-oxigenases foram
descritas, Cox-1 e Cox-2. Embora a Cox-1 seja constitutivamente expressa em varios tecidos,
a expressdo de Cox-2 € mais restrita e pode ter um importante papel na progressdo do
carcinoma de cabeca e pescoco (Lin et al., 2002). A expressdo de Cox-2 pode ser induzida por
véarios estimulos, incluindo uma variedade de citocinas, hormonios e agentes mutagénicos
como o benzopireno (Goodin & Shiff, 2004). A enzima Cox-2 contribui para a carcinogénese
por catalizar a sintese de mutdgenos; diminuir o indice de apoptose; estimular a inflamacdo, a
imunossupressdo € a angiogénese; € por aumentar o potencial de invasdo e metdstase
(Dohadwala et al., 2001; Hunter et al., 2005).

Expressdo citoplasmatica de Cox-2 tem sido observada em 70-88% das
amostras de carcinoma de células escamosas de cabeca e pescogo utilizando técnicas de
imuno-histoquimica e em 87% das amostras usando RT-PCR (Peng et al., 2002; Sudbo et al.,
2003). Além disso, alguns estudos mostram que a expressdo de Cox-2 € significativamente
aumentada em amostras de pacientes com metdstase em linfonodos cervicais e em tumores
avancados, assim como em tumores pouco diferenciados. A expressdo de Cox-2 também tem
se revelado um marcador de prognoéstico significativo em pacientes com lesdes pré-malignas e
um preditor independente para intervalo livre de doenca (Cho et al., 2004; Nystrom et al.,
2006). De modo contrério, estudos realizado por Ranelleti et al (2001) e Bayazit et al. (2004)
nao encontraram correlacdo entre a expressdo de Cox-2 e os parametros clinicos e
progndsticos em pacientes com carcinoma de laringe. Apesar desses resultados, numerosos
estudos em outros tipos de neoplasias sugerem que a atividade de Cox-2 é importante na

progressao de neoplasias epiteliais.
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Genes envolvidos na supressao tumoral

Os genes supressores tumorais codificam proteinas que atuam como
reguladoras negativas da proliferacao celular e impedem as células de se tornarem malignas.
Entre os genes incluidos nessa categoria estdo aqueles que codificam fatores de transcrigdo,
proteinas reguladoras do ciclo celular e de vias de sinaliza¢dao (Karp, 2005).

O gene supressor de tumor 7P53, localizado em 17pl13, estd envolvido em
muitas funcdes relacionadas a manutencdo da integridade celular apds danos ao DNA e
controle do ciclo celular. As disfuncdes desse gene estdo envolvidas em muitos tipos de
tumores, incluindo cancer de cabeca e pescoco (Gleich & Salamone, 2002; Hardisson, 2003).

A produgdo da proteina p53 é aumentada em resposta a danos no DNA,
induzindo parada no ciclo celular na transicao G1/S. No entanto, se o dano for irrepardvel, a
proteina p53 pode iniciar a morte celular por apoptose. Em células normais, a concentracao de
pS3 € baixa e sua meia vida é curta, por volta de 20 minutos. De modo contririo, se o gene
TP53 estiver mutado, o seu produto protéico estd freqiientemente presente em altas
concentracoes (Edstrom et al., 2001).

Mutacdes no gene TP53, principalmente nos exons 5-8 ou 5-9, t€ém sido
registradas em cerca de 60% dos casos de cincer de cabeca e pescoco, e podem ser mutagdes
de ponto como delecdes, inser¢des ou substituicdes. Alguns estudos t€m mostrado que
mutagdes desse gene estdo associadas com aumento do risco de recorréncia loco-regional e
progndstico reservado (Mineta et al., 1998; Pechos et al., 2005). Outros estudos sugerem
também que a superexpressdo da proteina p53 mutada estd associada com indices reduzidos
de sobrevivéncia global e sobrevivéncia livre de doenca em pacientes com HNSCC,
principalmente cancer de laringe (Nylander et al., 2000. Khademi et al., 2002; Vielba et al.,
2003; De Vicente et al., 2004).

No entanto, a correlacdo entre expressao da proteina pS3 e evolugdo clinica em

pacientes com HNSCC permanece bastante controversa. Embora muitos estudos tenham
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correlacionado mutagdes e/ou superexpressao de p53 com progndstico reservado, outros t€m
mostrado que estes eventos sdao independentes do progndstico e da evolugao clinica da doenca
(Friedman et al., 2001; Pukkila et al., 2002; Samardova et al., 2004).

Além de eventos mutacionais, outros mecanismos de inativacdo, tais como
presenca de HPV e desregulacdo em outros componentes da cascata de sinalizacdo, t€ém sido
registrados. Em pacientes com carcinoma de cabeca e pescogo positivos para HPV, isto pode
ocorrer por meio da interagdo de pS3 com a proteina E6 codificada pelos tipos oncogénicos de
HPV, principalmente HPV 16 e 18. Outros mecanismos envolvem a proteina mouse double
minute 2 (MDM2) que liga-se a p53 e promove a ubiquitinizacdo da regido C-terminal de p53
e sua subseqiiente degradacio (Gasco & Crook, 2003)

A proteina p16 € codificada pelo gene supressor tumoral CDKN2A, localizado
em 9p21. A proteina p16 liga-se as quinases dependentes de ciclina (cdks) 4 e 6, inibindo sua
associacdo com a ciclina DI1. A inibicio do complexo cdk4/6-ciclina D1 preveni a
fosforilagdo da pRB, levando conseqiientemente a inibi¢do da transi¢cdo G1/S do ciclo celular
(Coon et al., 2004).

A perda de expressdo do gene P16, por delecdes homozigotas e eventos
epigenéticos, como metilacdo, estdo presentes em 52 a 82% das amostras de HNSCC e pode
ser observada usando técnicas como imuno-histoquimica e RT-PCR. Essas alteragdes tém
sido associadas com desenvolvimento de metdstase a distancia e diminuicdo da sobrevida dos
pacientes (Ambrosch et al., 2001; Namazie et al., 2002). Além disso, estudo realizado por
Bazan et al. (2002) considerou que mutagdes no gene pl/6 constituem um fator preditivo
independente para recidiva da doenga.

Contudo hé resultados conflitantes ha respeito do significado progndstico do
gene P16 em cancer de cabecga e pescogo, pois outros estudos ndo confirmam a associacao
entre perda de expressao desse gene com desenvolvimento de metdstase e sobrevida reduzida

dos pacientes (Danahey et al., 1999, Yuen et al., 2002). Estudos pré-clinicos utilizando RNA
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de interferéncia, o qual consiste em um mecanismo de silenciamento gé€nico, podem ajudar a
elucidar o significado e importancia da perda de expressao de p/6 em células humanas (Shin

et al., 2004).

WAF1/CIP1

O inibidor de quinase dependente de ciclina p21 codificado pelo gene

WAF1/CIP1, localizado em 6p21.2, tem um papel importante na regulacao da transci¢do G1/S

1 WAF1/CIP1

do ciclo celular. A proteina p2 atua como um dos principais efetores responsivos da

proteina p53. Em resposta a danos no DNA a proteina p53 selvagem acumula e liga-se na

WAF1/CIP1

regido promotora do gene WAFI/CIPI e induz a expressdo da proteina p21 , a qual

inibi a atividade dos complexos quinase dependente de ciclina, levando a parada do ciclo

celular. A expressdo da proteina p21 “WAFVCIF!

também pode ser induzida por uma via
independente de p53, tais como drogas genotdxicas e fatores de crescimento. Esse gene
também tem sido implicado nos mecanismos de apoptose e senescéncia celular (Child &
Mann, 2006).

Mutacoes de WAFI/CIPI freqiientemente ocorrem em tumores malignos,
sendo que a proteina mutada € incapaz de bloquear o ciclo celular e acumula-se no nucleo da
célula. O acamulo da proteina no nucleo pode ser observado por imuno-histoquimica. Alguns

WAF1/CIP1

estudos indicam que superexpressdo da proteina p21 mutada estd associada com

progndstico reservado em cancer de bexiga, ovadrio, mama e cancer de cabeca e pescoco (Rose
et al., 2003; Garcia del Muro et al., 2004; Goan et al., 2005; Ping et al., 2006). Dessa forma,
em estudo realizado por Nemes et al. (2005) foi observada uma correlacdo positiva entre

= WAFI1/CIP1
superexpressao de p2l

e progndstico reservado, bem como maior grau de
agressividade em carcinoma oral.

No entanto, o seu papel como predidor de progndstico em neoplasias
permanece conrtroverso, pois outros estudos ndo apdiam a associacdo de superexpressiao de
p21 WAFI/CIPI

com progndstico reservado em tumores malignos (Przybojewska et al., 2003;

Liu et al., 2004).
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O gene P27 ou Kipl, localizado em 12p13.1-p12, € um inibidor de quinase
dependente de ciclina, que regula negativamente a progressao da fase G1 do ciclo celular pela
ligacdo ao complexo ciclina E/quinase dependente de ciclina 2. A proteina p27 € ativada em
reposta a sinais extracelulares como inibi¢do por contato, TGF-f3, AMP ciclico. Os niveis da
proteina p27 estdo aumentados em células quiescentes e diminui rapidamente apds a célula ser
estimulada por mitdgenos. A abundancia celular dessa proteina é regulada primariamente em
nivel pds-tranducional pelo sistema ubiquitina-proteosoma (Kaldis, 2007).

A expressdo reduzida da proteina p27 tem sido associada com progressao em
lesOes pré-cancerosas da laringe, indicando p27 como um potencial gene supressor tumoral
(Hirai et al., 2003). Em estudo realizado por Choi et al., 2001, uma correlacdo significativa foi
encontrada entre a baixa expressdo de p27 e tumores de cabeca e pescoco de alto grau,
estdgios T avancgado e a presenca de mesdstase em linfonodos cervicais.

Adicionalmente, estudos recentes indicam que a proteina Jabl (human Jun
activation domain-binding protein 1), a qual foi originalmente identificada como um co-
ativador do gene AP-/ envolvido no controle da proliferacdo celular, participa também da
degradacdo da proteina p27 via sistema ubiquitina-proteosoma, sendo a sua expressdao
inversamente associada com o nivel de p27 (Tomoda et al., 2002). Estudos indicam ainda que
a combinagdo de expressao aumentada de Jabl e baixa expressdo de p27 estdo associadas com
varidveis clinicas desfavordveis como sobrevivéncia global e sobrevivéncia livre de doenca
baixas e metdstase em linfonodos em alguns tipos de neoplasias, dentre elas cancer de cabeca

e pescogo, especialmente tumor de laringe (Dong et al., 2005).

Genes envolvidos em angiogénese
Angiogénese € o processo de formacdo de novos capilares a partir de vasos
pré-existentes, € seu processo depende da motilidade, proliferagdo e formacdo de células

endoteliais, sendo essencial para o desenvolvimento embriondrio, formacdo de o6rgaos,
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reproducdo, regeneracdo e remodelacdo tecidual. Sob certas condicdes patoldgicas, como
carcinogé€nese, um fendtipo angiogénico pode ocorrer devido a superexpressdo de fatores
angiogénicos e a baixa expressao de inibidores de angiogénese. Estudos recentes indicam que
a aquisicdo de um fendtipo angiogé€nico ocorre antes do tumor adquirir propriedades
invasivas, sendo portanto, essencial para o crescimento local do tumor, bem como para o
desenvolvimento de metdstase (Gingras et al., 2004a; Shim et al., 2005).

A familia do fator de crescimento endotelial vascular (VEGF) contém
proteinas altamente potentes e especificas que atuam no aumento da permeabilidade dos
vasos, crescimento, proliferacdo, migracdo e sobrevivéncia das células endoteliais, por meio
da ligacdo aos seus receptores celulares, os quais t€ém atividade tirosina quinase (Thomas et
al., 2005).

Os niveis de VEGF em pacientes com HNSCC tém sido estudados usando
técnicas de imuno-histoquimica (Thomas et al., 2005). Expressdao aumentada de VEGF-A e
VEGF-C, os quais atuam na regulacdo da linfagiogénese, tem sido observada em linhagem
celular e em amostras clinicas de pacientes com HNSCC (Shintani et al., 2004). Estudos
indicam ainda que os niveis de VEFG-A e/ou VEGF-C em neoplasias de cabega e pescoco
em estdgio inicial sdo fatores preditivos independentes para metdstase em linfonodos
cervicais (Sedivy et al., 2003; Onesto et al., 2006). A expressdo aumentada dessas proteinas
também tem sido associadas com sobrevivéncia global reduzida em pacientes com HNSCC
em estdgio avancado, isto levanta a possibilidade de que a avaliagc@o dos niveis de VEGF-A e
VEGF-C em HNSCC inicial pode ajudar a identificar pacientes com risco elevado de
metastase, podendo dirigi-los para tratamentos mais apropriados (Onesto et al., 2006).

No entanto, alguns estudos tém questionado o valor progndstico de VEGF e
seu papel em promover comportamento invasivo e agressivo em carcinoma de células

escamosas de cabeca e pescoco (Tae et al.,, 2000; Artese et al., 2001; Schimming et al.,
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2004). Um fator que contribui para esses resultados discrepantes € a falta de técnicas diretas

para medir a atividade angiogénica nos tecidos.

Genes envolvidos em metastase

As metaloproteinases de matriz (MMPs) s@o uma familia de enzimas
proteoliticas dependentes do zinco que estdo envolvidas na degradacdo e remodelacdo de
componentes da matriz extracelular, como coldgeno, elastina, fibronectina e gelatina. A
familia é subdividida em colagenases, gelatinases, estromelisinas, MMP tipo estromelisinas e
MMP tipo membrana. Vérios estudos t€ém evidenciado que as MMPs atuam na quebra da
membrana basal e na degradacdo do estroma intersticial e dessa forma facilitam a invasdo das
células tumorais e, conseqiientemente, a metdstase (Thomas et al., 2005).

Estudos pré-clinicos tém demonstrado, por meio de técnicas de imuno-
histoquimica ou RT-PCR, que carcinomas de células escamosas de cabeca e pescogo
expressam altos niveis de MMPs in vivo. As MMPs consistentemente encontradas
superexpressas em cancer de cabeca e pesco¢o incluem MMP-1, MMP-2, MMP-3, MMP-7,
MMP-8, MMP-9, MMP-10, MMP-11, MMP-13 e MMP-14. As enzimas MMP-1, MMP-2,
MMP-9 e MT1-MMP sido mais comumente identificadas em cincer de cabeca e pescogo e
associadas com a progressio da doenca (Werner et al., 2002; Rosenthal & Matrisian, 2006).

Estudos recentes tém mostrado que MMP-2 e MMP-9, pertencentes a
subfamilia das gelatinases, t€ém func¢do de digestio do coldgeno tipo IV, o principal
componente da membrana basal, e tem sido evidenciado que expressao aumentada de
gelatinases tem significativa correlacdo com estdgio, metastase em linfonodos e progndstico
reservado em cancer de cabeca e pescogo, principalmente em cancer oral e de laringe (Samara
et al., 2004; Liu et al.,2005). A MT1-MMP, pertencente a familia das MMP tipo membrana,
além de degradar coldgeno tipo I e outros componentes da matriz, também ativa MMP-2.

Dessa forma € considerada uma enzima critica no controle da atividade proteolitica. O
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carcinoma de células escamosas de cabeca e pesco¢o foi um dos primeiros tumores nos quais
a enzima MT1-MMP foi identificada (Rosenthal & Matrisian, 2006).

As MMPs podem ser inativadas por inibidores de MMPs de ocorréncia natural
(TIMPs). No entanto, as TIMPs também apresentam outras funcdes bioldgicas, por exemplo,
TIMP-2 € necessdria para a ativacdo de pro-MMP-2 (Itoh et al., 2001). Dessa forma, a
superexpressdao de TIMPs também té€m sido associadas com progndstico reservado em
pacientes com HNSCC (Culhaci et al., 2004).

Embora estudos tém indicado que a inibi¢ao das MMPs, in vitro e em modelos
animais, diminui invasdo e metdstase de células tumorais, as triagens clinicas para inibidores
de MMPs tém falhado em demonstrar uma significativa vantagem de sobrevida em seres
humanos (Douillard et al., 2004). A discrepancia entre esses estudos tem levado a uma
reavaliacdo da atuacdo das MMPs no desenvolvimento do cancer e no desenho de novos alvos
terapéuticos. Outro ponto a ser considerado é quanto a complexidade da regulacdo pds-traducional
das MMPs, como esta familia de enzimas requer processamento para a sua ativacdo, a andlise de
expressao gé€nica ou protéica ndo prediz completamente sua atividade catalitica (Rosenthal &
Matrisian, 2000).

Outras proteases também tém demonstrado desempenhar um papel no
desenvolvimento de HNSCC. O ativador de plasminogénio tipo uroquinase (PLAU) tem
participacdo tanto no processo de angiogénese como no processo de invasdo das células
tumorias (Speleman et al., 2006). Essa enzima ao se ligar ao seu receptor celular, u-PAR,
promove a conversao do plasminogénio em plasmina. A plasmina gerada estimula a migragao
das células endoteliais e a quebra da membrana basal, além disso, atua na ativa¢do de outras
proteases como elastases e MMPs. Dessa forma, ha interagdes reciprocas entre a enzimas
PLAU e MMPs que levam a degradacdo da matriz extracelular (Mahanivong et al., 2007).
Estudos tém evidenciado que PLAU e seu receptor, u-PAR encontram-se superexpressos em

HNSCC (Schimidt et al., 2000; Pacheco, 2002; Wojtukiewicz et al., 2003).
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Genes de suscetibilidade

Virios estudos epidemioldgicos tém demonstrado que o consumo combinado
de élcool e fumo constitui o principal fator de risco para o desenvolvimento de cancer de
cabeca e pescogo (Scully et al 2000a). Embora muitos individuos estejam expostos a estes
fatores de risco, somente uma parcela desenvolve cancer, sugerindo que diferencas genéticas
individuais influenciam a carcinogénese. (Hashibe et al., 2003; Petters et al., 2006).

A maioria dos agentes mutagé€nicos e carcinogénicos requerem ativagao
metabdlica para exercerem seus efeitos genotdxicos. Vdrias enzimas metabdlicas estdo
envolvidas na ativacdo e destoxificagdo de compostos carcinogénicos ou pré-carcinogénicos,
incluindo enzimas de Fase I, como dlcool desidrogenase e citocromo P450, e de Fase II, como
as glutationas S-transferases e N-acetil-transferases. Contudo, essas enzimas sdo polimorficas
na populacdo e a variacdo individual na metabolizacdo dos carcindégenos e pro-carcindgenos
tem sido relacionada com a suscetibilidade diferencial ao cancer (Bonassi & Au, 2002).

O gene CYPIAI, membro da familia do Citocromo P450, estd envolvido na
ativacao de varios proé-carcindégenos, como os hidrocarbonetos aromaticos policiclicos (PAH),
0s quais estdo presentes na fumaca do cigarro e em certos alimentos (Pavanelo & Clonfero,
2000). A expressdo de CYPIAI ¢ induzida por PAH, e o produto génico é responsdvel pelo
primeiro passo de ativacdo de PAH. Polimorfismos de CYPIAI, que conferem aumento de
sua atividade catalitica, ja foram associados com maior suscetibilidade para neoplasias de
pulmado, mama, préstata e de cabeca e pescoco (Kao et al., 2002; Marchand et al., 2004;
Gajecka et al., 2005).

A CYP2EL, enzima de Fase I, estd envolvida no metabolismo do etanol e
acetona, além de catalizar a oxidagdao e formacdo de adutos a partir de varios compostos
presentes na fumaca do cigarro, tais como nitrosaminas e benzeno. Polimorfismos na regiao
promotora do gene CYP2E] identificados por enzimas de restricio, como Pstl e Rsal, sdo

correlacionados com aumento da atividade transcricional do gene e conseqiientemente
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suscetibilidade aumentada para vdrias neoplasias, entre elas cancer de cabeca e pescoco
(Bouchard et al., 2000; Gattas et al., 2006).

No entanto, outros estudos ndo apdiam a associagdo entre polimorfismos de
CYPIAI e CYP2EI com risco aumentado de desenvolvimento de HNSCC (Neuhaus et al.,
2004; Davascena et al., 2007).

Entre as enzimas de fase II destacam-se as Glutationas-S-transferases, as quais
constituem uma familia de enzimas citosélicas ou microssomais, que catalizam numerosas
reacOes de reducdo dependente da glutationa, gerando produtos extremamente hidrofilicos,
que sdo facilmente excretados da célula. O gene GSTM 1, pertencente a familia p e localizado
em 1pl3.3, € responsdvel pela conjugacdo da glutationa a epdéxidos derivados de
hidrocarbonetos aromaticos policiclicos e o gene GSTT1, pertencente a familia 0 e localizado
em 22q11.2, é responsavel pela destoxificacio de monohalometanos, diclometanos e 6xido de
etileno (Pavanelo & Clonfero, 2000). Os genes GSTM1 e GSTT1 sao altamente polimorficos
entre as etnias e vdrios estudos epidemioldgicos sugerem que individuos homozigotos nulos
para GSTM1 e/ou GSTTI t€m um risco aumentado para vdrios tipos de neoplasias (Habdous
et al., 2004). Virios autores demonstraram uma associacdo do genétipo GSTMI nulo e
HNSCC (Gajecka et al., 2005; Gattas et al., 2006; Petters et al., 2006; Capoluongo et al.,
2007; Davascena et al., 2007), enquanto outros ndo (To-Figueras et al., 2002; Ophuis et al.,
2006). Para o genétipo GSTT1 nulo também foi demonstrada uma relacdo em alguns casos
(Hashibe et al., 2003; Evans et al., 2004; Oude et al., 2006) e auséncia em outros (To-Figueras
et al., 2002; Gattas et al., 2006; Capoluongo et al., 2007).

As associagdes entre polimorfismos das enzimas que atuam na metabolizagao
de xenobidticos e cancer de cabeca e pesco¢o nao tém sido homogéneas, possivelmente
devido & etnia, estilo de vida ou fatores ambientais das populag¢des estudadas, bem como a
necessidade de avaliagdo simultinea de um maior nimero de enzimas metabolizadoras

(Gattas et al., 20006).
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Os dados apresentados acima ilustram alguns dos inimeros aspectos das bases
bioquimicas do cancer, cuja compreensdo, entretanto, estd longe de ser completamente
atingida. As numerosas lesdes genéticas acumuladas no clone neoplésico sdo provavelmente
responsaveis pela heterogeneidade clinica das neoplasias, a variacdo na resposta terapéutica,
evolucdo e alguns de seus comportamentos. Além disso, a mudanca do tecido normal a
neoplédsico é acompanhada por mudancas na expressdao de um nimero varidvel de genes,
refletindo na mudanca do RNAm correspondente, assim como na eventual presenca de
transcritos de RNAm anormais. A identificacdo de expressdao génica diferencial entre tecido
normal e maligno € fundamental para a compreensdo do processo carcinogénico (Al Moustafa
et al., 2002). Entre as técnicas que avaliam a expressdo génica em tecidos neopldsicos,

podemos destacar a técnica de microarray, a qual serd descrita a seguir.

B. A tecnologia de microarray no estudo do cincer de cabeca e pescoco

O fenétipo neopldsico € definido pelo actimulo de mutagcdes e mudancas
epigenéticas que podem alterar a funcdo protéica e/ou causar alteragdes nos programas
transcricionais. Estes efeitos conferem vantagens competitivas para a célula, levando ao
fenétipo maligno. Dessa forma, a andlise global transcricional é uma importante ferramenta
para revelar alguns destes mecanismos moleculares que levam a malignidade (Reis et al.,
2005).

Duas tecnologias de andlise global da expressdo génica t€ém gerado um grande
impacto em nossa habilidade para estabelecer uma visdo global dos processos celulares:
andlise seriada da expressao génica (SAGE) e microarray.

O desenvolvimento do chamado chip de DNA ou tecnologia de microarray

permite investigar os niveis de expressdo de centenas ou milhares de genes em uma dada

amostra usando uma reacao de hibridiza¢cao. Um array pode ser definido como uma colecao
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ordenada de sondas, cada sonda representando uma unica espécie de &4cido nucléico e
correspondendo ao gene de interesse. A tecnologia € baseada na hibridizagcdo entre seqiiéncias
de cDNA alvos, derivadas das amostras de interesse que sao marcadas com fluoréforos ou
radiois6topos, com um array de varias sondas de DNA, que estdo imobilizadas em uma
matriz sOlida.. Essa matriz pode ser uma lamina de vidro ou silica ou uma membrana de
nylon. Quanto aos fluorocromos os mais utilizados sao Cy3 (Cyanine 3) e Cy5 (Cyanine 5), os
quais apresentam caracteristicas distintas de fluorescéncia, o que permite que duas amostras
diferentes possam ser co-hibridizadas na matriz sélida. O sinal de hibridiza¢do produzido em
cada sonda corresponde ao nivel de expressdo do respectivo gene em determinada amostra no
momento do estudo. Dessa forma, apds a hibridizacdo competitiva dos alvos marcados, os
sinais sdo detectados, quantificados, integrados e normalizados com softwares especificos e
refletem o perfil de expressdo génica para cada amostra bioldgica (Rijn & Gilks, 2004)
(Figura 1).

As plataformas de array podem ser divididas em dois grandes grupos, aqueles
que usam oligonucleotideos sintéticos e aqueles que usam fragmentos de cDNA. A primeira
pode ser obtida tanto por sintese in situ de oligos relativamente pequenos, uma metodologia
conhecida como fotolitografia ou por deposicdo robética de oligos maiores, variando de 50 a
80 nucleotideos. Em microarrays de cDNA, os fragmentos podem ser obtidos por PCR ou por
técnicas de clonagem, os quais podem ser arranjados em superficie de vidro ou nylon também
com o auxilio de um brago robético (Marshall et al., 2004; Brentani et al., 2005).

Atualmente, na pesquisa oncoldgica, abordagens baseadas em microarray tém
sido usadas imensamente para diversas propostas. Uma de suas principais aplicacdes é a
identificacao de clusters de genes associados com o desenvolvimento de um tipo de cancer em
particular. Diferentes estudos no perfil de expressdo de genes em amostras tumorais tém
revelado a grande heterogeneidade transcricional do cancer e tém permitido a classificagcdo de
novas subclasses clinicas e bioldgicas importantes da doenga (Kallioniemi et al., 2001; Perez-

Diez et al., 2007).
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Experimentos de Microarray

Hibridizacéao Aquisi¢gao da Imagem

Extracao dos dados

|

Nomalizacao

|

Analise dos dados

16 horas

Figura 1. Esquema de hibridizacdo e andlise dos dados de microarray. A tecnologia de
microarray € baseada na hibridiza¢do entre alvos livres marcados derivados de amostras
biolégicas e um array de muitas sondas de DNA imobilizadas em uma matriz sélida. Os alvos
sao produzidos a partir de RNA de amostras bioldgicas por transcri¢ao reversa, marcados com
fluor6foros especificos (Cy3 e Cy5) e co-hibridizados com as sondas de DNA por 16 horas.
Os sinais resultantes da hibridiza¢do sdo excitados por um feixe de laser, para a aquisicao de
imagem. Posteriormente, os sinais s@o quantificados, integrados e normalizados com

softwares especificos, e refletem o perfil de expressao para cada amostra bioldgica.
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Dessa forma, as vantagens dessa técnica t€ém sido demonstradas em estudos
realizados em uma extensa variedade de neoplasias, incluindo cancer de pulmao, estdmago,
préstata, mama, ovdrio, figado, pancreas, bem como cancer de cabeca e pescoco (Beer et al.,
2002; Meireles et al., 2004; Reis et al., 2004; Jansen et al., 2005; Lancaster et al., 2006;
Lemmer et al., 2006; Nakamura et al., 2007).

Em 1998, Chang et al. reportaram pela primeira vez a aplicacdo da técnica de
microarray na identificacdo de genes que sofrem alteragdes durante o desenvolvimento de
cancer oral, o qual pertence ao grupo de cancer de cabeca e pescoco.

Posteriormente, vdrios outros trabalhos também estudaram o perfil de
expressdo génica em tumores de cabeca e pescogo, 0s quais encontraram alteracdes na
expressdo de genes envolvidos em diversos mecanismos celulares como controle do
crescimento e diferenciacdo celular, angiogénese, apoptose, adesdo e motilidade celular,
remodelacdo tecidual, ciclo celular, sinalizacdo, regulacdo da transcricdo e sistema imune
(Alevizos et al., 2001; Al- Moustafa et al., 2002; Belbin et al., 2002; Chen et al., 2003a;
Gonzalez et al, 2003; H4 et al., 2003; Chung et al, 2004; Jeon et al., 2004; Kuriakose et al.,
2004; Sotiriou et al., 2004; Belbin et al., 2005; Chin et al., 2005; Roepman et al., 2005;
Dysvik et al.,2006; Kainuma et al., 2006; Tomioka et al., 2006)

A maioria dos estudos, a principio, descreveu as mudangas globais na
transcri¢do de genes que diferenciavam epitélio escamoso normal de carcinoma. Dessa forma,
em 2001, Alevizos et al. analisaram a expressdo diferencial em tecido tumoral e normal de
cancer de cabega e pescoco, usando um array com sondas para 7.000 genes. Esses autores
encontraram 600 genes associados com o desenvolvimento de céancer oral, incluindo
oncogenes, genes supressores de tumor, fatores transcricionais, enzimas metabolizadoras de
xenobidticos e proteinas associadas a metdstase. Sok et al. (2003) também compararam o

perfil de expressdo em 9 amostras normais e tumorias de cabeca e pescoc¢o utilizando um



Introdugdo 38

array de 12.000 genes, encontrando 227 genes diferencialmente expressos referentes a genes
supressores de tumor, quimiocinas, receptores de membrana e fatores de transcricdo. Os
autores destacaram o gene do coldgeno tipo XI alpha 1, o qual estava expresso em todos os
tumores e nao foi detectado em tecido normal.

Al Moustafa et al. (2002), no entanto, compararam o perfil de expressao, por
microarray, entre linhagens celulares de carcinoma espinocelular de cabeca e pescoco e
linhagens celulares normais, provenientes do mesmo paciente e validaram os resultados por
PCR em tempo real. Os autores observaram mudancgas na expressdao de 213 genes, com 91
genes superexpressos € 122 com baixa expressao no tecido tumoral, verificando que a maioria
dos genes que estavam superexpressos em células neopldsicas codificavam fatores de
crescimento e estruturas celulares, enquanto que aqueles pouco expressos estavam envolvidos
na adesao celular, motilidade, apoptose e metabolismo. Jeon et al. (2004) também estudaram
o perfil de expressdo génica em linhagem celular de cancer de cabeca e pescoco e verificaram
que genes envolvidos na regulacdo do ciclo celular, proliferagcdo, diferenciagcdo, apoptose e
adesdo celular estavam alterados nas linhagens celulares. Os genes que apresentavam alta
expressdo incluiam oncogenes conhecidos, reguladores do ciclo celular, genes codificadores
de proteinas quinases e de proteinas ligantes de DNA; e os genes que apresentavam baixa
expressdo incluiam genes codificadores de proteinas de adesdo celular, proteinas de matriz
extra-celular, proteinas estruturais e inibidoras de protease.

Gonzilez et al. (2003), por sua vez, estudaram a expressdo génica em amostras
de pacientes com cancer de cabega e pesco¢o, como também em linhagens celulares. As
diferencas encontradas in vivo foram testadas in vitro pela comparacao com cultura de células
normais e linhagem celular derivada de HNSCC. Os resultados foram validados por PCR e
imuno-histoquimica, destacando-se 9 genes, os quais mostraram marcante diferenca de

expressao entre os tecidos normais e tumorais: CAGB, CD24, LEKTI, ZNF-185, TGM3, EHF,
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headpin, periostin e ABCGI Os genes. LEKTI, ZNF-185, TGM3, headpin ¢ ABCGI,
mostraram um perfil de expressdo similar tanto nas linhagens quanto nas amostras.

As diferencas no perfil de expressdo entre amostras de tecido tumoral e normal
de cabeca e pescoco também foram investigadas recentemente por estudos realizados por
Somoza—Martin et al. (2005), Kainuma et al (2006) ¢ Tomioka et al. (2006). No estudo
realizado por Kainuma et al. (2006), os autores destacaram a superexpressao nos genes para
metaloproteinases de matriz-1, 3 e 10, interleucina-8, caderina 3, bem como a baixa expressao
nos genes para queratina 4 e 13. Tomioka et al. (2006) utilizaram uma plataforma de 16.617
genes para analisar a expressdao génica diferencial em 9 amostras de carcinoma oral. Os
autores observaram expressao alterada em 47 genes, envolvidos em adesdo celular, apoptose,
ciclo celular, crescimento, metabolismo, transcri¢ao e tradugdo de sinal.

Recentemente, também, Dysvik et al (2006) analisaram as diferencas no perfil
de expressdo génica entre tecido tumoral e normal de cabeca e pescoco em duas populacdes
distintas, uma sudanesa e outra norueguesa. O estudo se mostrou muito interessante, pois a
andlise das duas populagdes revelou um conjunto comum de 73 genes diferencialmente
expressos, indicando que o desenvolvimento de HNSCC € mediado por um programa
biolégico similar, apesar das diferencas relacionadas com etnia e exposicdo a fatores
ambientais e carcindgenos.

Um modelo de progressdo de lesdes em tecido de cabeca e pescogo foi
proposto por Ha et al (2003). Nesse estudo, os autores observaram que a maioria das
alteracdes transcricionais foi encontrada antes do desenvolvimento do fendtipo maligno. A
progressdo de tecido normal a pré-maligno foi associada com expressdo alterada de 334
genes, enquanto a progressao de pré-maligno a maligno foi associada com expressado alterada
de 23 genes. As fun¢des dos genes que estavam com alta expressdo nas lesdes malignas
quando comparadas com mucosa normal foram principalmente associadas com angiogénese,

apoptose, adesdo celular, ciclo celular, modula¢do de citocinas, regulacdo da transcricdo e
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vias de sinalizacdo celular. Dessa forma, de acordo com Ha et al. (2003) lesdes pré-malignas
de cabeca e pescoco possuem muitas das alteragdes encontradas em cancer antes do
desenvolvimento de um fendtipo maligno, pois a maioria das alteragdes ocorre antes da
expressdo fenotipica da malignidade. Estudos realizados por Serewko et al. (2002), por sua
vez, indicam que alteracdes em genes associados com matriz extra-celular e apoptose sao
alterados em fases iniciais da neoplasia, enquanto estigios posteriores estdo associados com
alteracdes em genes de reparo de DNA ou de fatores de crescimento

Outros estudos sugerem que subtipos histologicos distintos exibem diferentes
assinaturas de expressdo génica. Um estudo realizado por El-Naggar et al. (2002) comparou
seis amostras de HNSCC com histologia convencional com seis subtipos histolégicos menos
comuns, conseguindo distingui-los pelo perfil de expressao génica.

Andlise de microarray também tem sido usada para identificar assinaturas de
expressdo génica distintas associadas com evolucdo clinica. Dessa forma, Belbin et al. (2002),
usando uma plataforma com 9216 clones, identificaram 375 genes diferencialmente expressos
em HNSCC, os quais dividiam os pacientes estudados em dois subgrupos clinicamente
distintos. Estes resultados demonstraram que o perfil de expressdo pode ser usado como um
preditor de evolucdo clinica.

Do mesmo modo, Chung et al. (2004) identificaram 4 distintos subtipos de
HNSCC com diferentes evolugdes clinicas baseados nos modelos de expressao obtidos de 60
amostras de HNSCC que exibiam diferengas significativas quanto ao indice de sobrevivéncia
livre de recorréncia. Esse estudo, bem como os trabalhos de Villaret et al. (2000), Hartmann et
al. (2002), Nagata et al. (2003) e Kainuma et al (2006) evidenciaram superexpressao de
metaloproteinases de matriz, como MMP-1, MMP-2, MMP-3 e MMP-9 em HNSCC,
refor¢ando o seu papel no desenvolvimento desse tipo de neoplasia.

Ginos et al. (2004) encontraram uma assinatura de expressao, relacionada com

genes envolvidos em invasdo tumoral e metdstase, em pacientes com HNSCC que
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apresentavam recorréncia local. Os tumores estudados também apresentavam auséncia de uma
assinatura génica relacionada com resposta imune, sugerindo que a modulacdo da resposta
imune especifica do tumor pode ter um papel na falha do tratamento. Em outro estudo, Bebin
et al. (2005) avaliaram os perfis de expressdo de progressao tumoral em 9 pacientes com
estagio III e IV e identificaram 140 genes cuja expressdo aumentou e 94 genes cuja expressao
diminuiu durante a progressdo de normal a tumor invasivo e desse a metastdtico. Esse estudo
avaliou tumores em estidgio avancado e mostrou um modelo distinto de expressdo,
evidenciando alta expressao do gene que codifica a proteina moesina, a qual estd envolvida na
regulacdo da adesdo celular, e baixa expressdo de quatro potenciais genes supressores de
tumor.

Chin et al.(2005), por sua vez, estudando o perfil de expressao de 13.000 genes
em 7 casos de cancer de cabeca e pescoco identificaram 1.260 genes diferencialmente
expressos, destacando o gene da osteonectina como um marcador de progndstico
independente para intervalo livre de doencga e sobrevivéncia global reduzidos. Também foi
observada superexpressdo dos genes PAI-I e PLAU , os quais estdo envolvidos em indugdo
angiogénese e metdstase.

Estes estudos reforcam o papel da andlise da expressio gé€nica como um
instrumento predidor de evolu¢cdo em HNSCC. Além disso, o perfil molecular de tumores
primérios de HNSCC também foi recentemente investigado para verificar o seu potencial de
predizer o desenvolvimento de metédstase em linfonodo no momento do diagnéstico. Dessa
forma, Nagata et al. (2003) estudaram o perfil de expressio de 57 genes previamente
relacionados com cancer em 15 pacientes com carcinoma de cabega e pescoco, encontrando 7
genes, MMP-1, MMP-3, PLAU, integrina-alfa 3, paxilina, tenascina C e IL-6, superexpressos
em tumores metastaticos.

Em estudo realizado por Roepman et al. (2005) observou-se um conjunto

preditor de metdstase composto por 102 genes, o qual foi baseado no perfil de expressao de
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82 amostras de HNSCC de cavidade oral e orofaringe, sendo 45 metastiticas e 37 ndo
metastiticas. Quando o conjunto preditor foi utilizado para clusterizar 22 amostras
independentes, o status de metdstase em linfonos foi corretamente predito em 86,4% dos
casos. Em estudo anterior, Irié et al (2004) utilizaram microdissec¢do a laser para estudar o
perfil de expressdo génica em carcinoma oral. Os autores encontraram um conjunto de genes
diferencialmente expressos em comum entre 0s casos que eram positivos para metdstase com
0S €asos que eram negativos.

Roepman et al (2006) também observaram que o perfil de expressao génica em
tumores primdrios de HNSCC € mantido nos tumores metastdticos cervicais, dessa forma, o
perfil de expressdo génica em tumores primdrios tem um papel importante na sobrevivéncia e
proliferacdo das células que metastizam para os linfonodos cervicais. De acordo com os
autores uma vez que o tumor primdrio adquiriu fendtipo metastatico, poucas alteragdes futuras
na expressao génica sdo necessarias para que as células tumorais estabelecam metéstase em
linfonodos cervicais e posteriormente mestdstase a distancia. Esses achados também estao de
acordo com estudo realizado por O’Donnel et al. (2005). No entanto, Braakhuis et al. (2006),
ndo encontraram uma assinatura de expressdo génica que pudesse predizer metistase em
HNSCC.

Dessa forma, embora haja ainda controvérsia, a maioria dos estudos sugere que
o tumor primdrio possui uma assinatura que prediz seu potencial metastitico. Tal fato é
extremante relevante, uma vez que a acurdcia para predizer o potencial metastitico de
tumores de cabega e pescoco primdrios poderd guiar apropriadamente uma terapia mais
agressiva nos casos necessdrios, bem como para evitd-la nos casos em que os pacientes
apresentarem baixo risco de metéstase. (Chung et al., 2006; Roepman et al., 2006).

Como pode ser observado, ha grande heterogeneidade entre estes estudos em
termos de delineamento experimental, nimero de amostras, sitios e estdgios da doenca,

escolha da plataforma de array e validagao dos resultados por diferentes metodologias.
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C. Busca por biomarcadores moleculares em cancer de laringe

O Instituto Ludwig de Pesquisa sobre o Cancer-SP, juntamente com a
FAPESP, lancaram h4 oito anos o Projeto Genoma Humano do Céancer, que visou identificar
genes expressos em tumores malignos com alta incidéncia no Estado de Sao Paulo, incluindo
as neoplasias de cabeca e pescoco. Foram catalogadas 1.187.324 seqiiéncias, das quais,
143.414 sao de tumores cerebrais, 160.565 de mama, 169.849 de coélon, 12.367 de rim e
213.636 de tumores de cabeca e pescoco e tiredide. Essas dltimas compreendem o maior
conjunto de ESTs desses tumores ja depositadas em bancos de dados, superando em cerca de
34,4 vezes o nimero de seqiiéncias geradas pelo Cancer Genome Anatomy Project (CGAP)
do Instituto Nacional do Cancer dos Estados Unidos.

Devido ao grande nimero de seqii€éncias de cabega e pescoco obtidas e pela
disponibilidade de acesso as informagdes clinicas detalhadas, derivou-se do referido Projeto, o
Head and Neck Annotation Consortium, que teve como objetivo avaliar detalhadamente esse
conjunto de dados, extraindo informagdes significativas sobre o processo de tumorigénese de
cabeca e pescogo.

Os dados desse projeto mostraram-se muito relevantes e foram publicados em
2005 na revista cientifica Cancer Research, cujo titulo do artigo € “Large-scale transcriptome
analyses reveal new genetic marker candidates of head, neck, and thyroid cancer” (Reis et al.,
2005).

Dessas 213.636 seqiiéncias génicas de cabeca e pescoco e tiredide obtidas pelo
Projeto Genoma Humano do Cancer, apds filtragem de contaminantes, a andlise das
remanscentes 173.640 ESTs (81%) resultou em 32.576 contigs e 24.434 singlets. Todas as
seqiliéncias mapeadas que exibiam sobreposi¢do gendmica foram incluidas no mesmo cluster
genOmico, dessa forma, reduzindo o conjunto de dados para uma colecao nao redundante de

48.001 seqiiéncias agrupadas em 20.384 clusters gendmicos. Isto correspondia a 38% do total
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de grupos gendmicos formados por todas as ORESTES e incluiam um numero de clusters que
eram exclusivos de tecido de cabeca e pescoco (2.712) ou tiredide (1.331).

Do total de 20.348 clusters gendmicos que continham seqii€éncias de cabeca e
pescoco e tiredide, uma significativa fracdo, ou seja, 5.038 clusters (25%) representam
possiveis novos transcritos humanos, pois ndo tinham similaridades significativas com genes
humanos previamente conhecidos. No entanto, 507 tinham indicacdo de alto potencial
codificante. Entre esses, 254 mapeavam em regides intronicas de RefSeq génicas e podiam
representar novos exons € os 253 remanescentes mapeavam em regioes intergéncias e podiam
representar fragmentos de novos genes humanos.

A maioria dos novos transcritos de cabeca e pescoco e tirebide mapeavam em
regides gendmicas previamente associadas a cancer de cabeca e pescoco e tiredide. Foram
encontrados 12 provaveis novos transcritos que mapeavam em 22q11-12, regido envolvida na
carcinogénese de laringe.

Um total de 788 eventos de new splicing foram identificados em 748 diferentes
transcritos.A maioria dos new splicing foi devido a eventos de insercao.

O trabalho também identificou um conjunto de 8.988 clusters gendmicos
exclusivos de tecido ndo tumoral de cabeca e pescoco ou tiredide. Esse conjunto
provavelmente estd enriquecido em genes que apresentam baixa expressdo durante o
desenvolvimento e progressdo tumoral. Esse conjunto continha seqiiéncias que mapeavam em
regides freqiientemente deletadas em cancer de cabecga e pescoco. Estas observacdes sugerem
fortemente que uma desconhecida atividade supressora tumoral em céancer de cabeca e
pescoco e tiredide possa ser encontrada dentro desse conjunto de dados selecionados de
candidatos a perda de heterozigozidade.

Também foram encontrados 3.776 clusters exclusivamente derivados de tecido
tumoral de cabeca e pescoco e tiredide, dos quais 144 mapeiam em regides previamente

descritas como freqiientemente amplificadas em cancer de cabeca e pescoco. Desses, 12 eram
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transcritos de oncogenes conhecidos, enquanto um outro conjunto formado por 30% desses
clusters eram de genes com fun¢do desconhecida.

O presente projeto fez parte da proposta apresentada pelo Head and Neck
Annotation Consortium, e teve por objetivo a identificacdo e a validacdo de genes
diferencialmente expressos em tecido tumoral e normal de laringe, a partir de clusters
identificados pelo grupo.

Os tumores de laringe foram escolhidos por estarem entre os de maior
incidéncia no Estado de Sdo Paulo, além disso, apesar das novas estratégias terapéuticas,
permanecem como um dos mais freqlientes e desfigurantes tumores que afetam tanto a
duracdo como a qualidade de vida. A determinacdo da expressdo génica do tumor pode
significar a identificacdo de biomarcadores para progndstico e diagndstico precoce de tumores
de laringe, resultando em novas patentes e em abordagens clinicas e terapéuticas mais
adequadas.

Durante este trabalho, foi realizado o levantamento de dados e selecao dos
clusters identificados pelo Head and Neck Annotation Consortium, que seriam analisados
no presente projeto. O critério para selecdo dos genes foi baseado em sua localizacdo
cromossOmica, pois foram selecionados genes que mapeavam em regides cromossomicas
de perda ou ganho envolvidas na tumorigénese de cabeca e pescogo. O estabelecimento
dessas regides de perda ou ganho foi realizado de acordo com o trabalho de Knuutila et al.
(2000).

No total, foram selecionados 139 genes, dos quais 99 mapeavam em regido de
perda cromossdmica envolvida na carcinogénese de cabega e pescoco e 40 mapeavam em
regido de ganho. Dessa forma, com a andlise de expressao desses dois conjuntos, poderiam ser
encontrados genes com fungdo supressora tumoral ou oncogénica, respectivamente.

A classificacdo funcional dos genes espotados no cDNA microarray foi

realizada segundo consulta no site http://www.ncbi.nlm.nih.gov. Dessa forma, observou-se
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que os genes selecionados estavam envolvidos em processos como adesdo celular, apoptose,
ciclo celular, metabolismo, motilidade celular, proliferacao celular, protedlise, regulacdo da
transcricdo, reparo de DNA, resposta imune, sinaliza¢do celular, transporte e transducdo de
sinal.

No Anexo I encontra-se uma tabela com a descricdo dos genes que foram

amplificados para a constru¢do do cDNA microarray.

Com o objetivo de aumentar o nimero de genes que seriam analisados no
array, foram também utilizados no presente trabalho, 201 clones gerados pelo Projeto
Genoma Humano do Cancer da FAPESP e selecionados pelo grupo Head and Neck
Annotation Consortium Estes clones estavam sob responsabilidade do Prof. Dr. Sérgio
Almeida-Verjovski. e Prof. Dr. Eduardo Moraes Rego Reis, do Instituto de Quimica da
USP. Destes 201 clones, 149 clusters gendmicos eram candidatos a LOH (Loss of
Heterozygosity) e 52 eram referentes a transcritos que nao tinham similaridade com genes

conhecidos. Esses clones também foram utilizados para a constru¢do do cDNA microarray.
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OBJETIVOS

Os objetivos do presente estudo foram identificar possiveis biomarcadores
moleculares envolvidos na carcinogénese de laringe, por meio da selecdo de clusters
identificados pelo Head and Neck Annotation Consortium, € a partir dessa selecdo comparar
sua expressao diferencial em tecido neopldsico e normal de laringe, por meio de microarray e
validacdo por RT-PCR em tempo real.

Seus objetivos especificos compreenderam:

1) confeccionar um cDNA microarray a partir dos clusters identificados pelo
Head and Neck Annotation Consortium, que mapeavam em regides de perda ou ganho
envolvidas na carcinogénese de cabecga e pescoco;

2) comparar o perfil de expressao desses genes em tecido neopldsico e normal
de laringe;

3) selecionar genes candidatos, que tenham sido diferencialmente expressos em
tecido neopldsico e normal;

4) validar a expressao diferencial desses genes candidatos por PCR em tempo

real (PCR quantitativa) em tecido normal e neoplasico de laringe;
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Abstract

Laryngeal squamous cell carcinoma is very common in head and neck cancer,
accounting to 25% of cases, with high mortality rates and poor prognosis. The development of
head and neck cancer is a multistep process frequently accompanied by genetic and epigenetic
changes. In recent years, the molecular basis of head and neck cancer started to be
investigated using expression DNA microarrays. These studies have identified different sets
of genes whose expression levels can be correlated to the neoplastic phenotype of head and
neck tumors, or with the evolution and clinical outcome of the disease. Most gene expression
profiling studies of head and neck cancer have been performed with tumor samples from
distinct head and neck topologies. In this study, we analyzed a homogeneous set of clinical
samples of larynx carcinoma to minimize the genetic differences. Total RNA of 15 larynx
tumor samples and 10 normal samples were used for hybridization with a home-build cDNA
microarray containing 340 probes for genes previously identified as up or down-regulated in

head and neck tumors by the Head and Neck Annotation Consortium. Thirty five genes

showed statistically significant differences (SNR 2| 1.0, p-value < 0.001) in expression
between tumor and non-tumor larynx tissue samples, and are involved in cellular processes
relevant to the cancer phenotype, such as apoptosis, cell cycle, DNA repair, proteolysis,
protease inhibition, signal transduction and transcription regulation. Differential expression of
10 of these genes (ADCY6, AES, AL2SCR3, CRRY, CSTB, DUSPI, MAP3KS5, PLAT, UBLI
and ZNF706) was independently confirmed by quantitative real time RT-PCR. Among these,
the CSTB gene product has cysteine protease inhibitor activity that can be associated to an
anti-metastatic function. Interestingly, CSTB showed low expression in all tumor samples
analyzed. (p-value = 0.000). The set of genes identified here will contribute to the

comprehension of the molecular basis of larynx cancer, and at the same time provide novel

candidate markers for to improve diagnosis, prognosis and treatment of this carcinoma

Keywords: cDNA microarray, head and neck cancer, larynx carcinoma, gene expression,

biomarkers, real time RT-PCR, CSTB
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the fifth most common cancer
world-wide with a global yearly incidence of 780,000 new cases. More than 90% of this
cancer type has a squamous origin and common sites include hypopharynx, larynx, oral
cavity, nasopharynx, oropharynx, paranasal sinus, nasal cavity, parathyroid and salivary
glands.> Laryngeal squamous cell carcinoma is very common in head and neck cancer,
accounting to 25% of cases, and 2% of all cancers, approximately.”

Tobacco use and/or alcohol consumption are the two principal risk factors involved in
development of HNSCC. Other factors include poor oral hygiene, nutritional deficiencies and
some viruses, such as, human papillomavirus (HPV) and Epsten-Barr virus.>’ 6

Despite recent advances in treatment, the long-term survival rate of head and neck
squamous cell carcinoma patients has remained at 50% with high rates of associated
mortality.” Late presentation of lesion, lack of suitable markers for early detection and failure
of advanced lesions to respond to available chemotherapy contribute to a poor outcome of
HNSCC.” However, loco-regional relapse and metastasis after conventional therapy appear to
be the major contributing factors for restricted survival of the HNSCC patients.'

Many clinical and pathological prognostic factors have been described in HNSCC
(tumor stage, lymph node involvement, postsurgical margin, and histological grade).
Nevertheless, as prognostic biomarkers, clinical or pathological factors lack sensitivity and
accuracy in the clinical setting and with the exception of disease stage, are frequently not used
to guide treatment decisions.® The TNM (tumor/node/metastasis) staging system that is most
often used to classify patients with HNSCC is based on the clinical, radiologic and pathologic
examination of tumor specimens. 10 However, this system does not adequately address the
molecular heterogeneity of HNSCC." Thus, factors deciding on its clinical characteristics
including carcinogenesis, development, progression, angiogenesis, invasion and metastasis

have not been elucidated yet."'
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The development of HNSCC is a multistep process accompanied by genetic and
epigenetic changes, including loss of heterozygosity, gene inactivation by methylation and
gene amplification, all of which can alter gene expression. '> Different studies revealed
numerous molecular abnormalities in HNSCC, including activation of oncogenes such as
CCND1 (PRADI),13 EGFR, 14 RAS,l5 and C-MYC; 16 tumor suppressor gene inactivation such
as CDKN2A (p16)," TP53,'"®  p27," and WAF1/CIPI1;® expression of angiogenic factors

21,22 .
““ For instance, the most

and loss of heterozygosity at numerous chromosomal locations.
frequent cytogenetic alterations in HNSCC are gains of 3q, 8q, 20q, 7q, 11q13 and 5p and
losses in 3p, 9p, 21q, 5q, 13q, 18q and 8p.** In the loci, there are genes that encode specific
functional classes of proteins such as cell cycle regulators, tumors suppressors, cell adhesion
and protein kinases.**

The development of cDNA microarray technology and bioinformatics allows analysis
of the expression of thousands of genes simultaneously and thus provides a unique
opportunity to identify molecules differentially expressed in tumor and normal tissues.”

In recent years, large-scale studies involving microarrays have identified specific gene
expression signatures associated with expressions changes in HNSCC tissue samples
compared to normal tissue, as well and genes involved with clinical outcomes and
metastasis.>*' "% However, most microarray studies are performed using tumors from
different sites in head and neck. In our study, by analyzing only larynx carcinoma samples,
we sought to minimize the genetic differences that may be present in anatomically diverse
tumors of the head and neck region, thus favoring the identification of genes specifically
associated with tumors with the same histological origin.

The identification of genes involved in carcinogenesis of larynx may provide key

factors to the understanding of these tumors and might lead to the development of diagnostic

markers and/or effective therapeutic strategies. Thus, comprehensive and exhaustive
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expression studies of the great number of genes, including functionally unknown genes, are
essential to understanding the complexity of larynx carcinoma.

In the present study, we used a cDNA microarray platform containing 340 sequences
previously identified by Head and Neck Annotation Consortium*' to find differentially
expressed genes in samples from squamous cell carcinoma of the larynx. We observed
significant increase or decrease of mRNA levels from 35 genes. Genes detected were
involved in processes as cell cycle, apoptosis, DNA repair, protease inhibition, proteolysis
and transcription regulation. Our findings may help to form the basis for a molecular
comprehension of larynx cancer, once our array analysis is the first to obtain the gene

expression profile from larynx tumor samples.

Material and Methods

c¢DNA microarray construction

We selected 139 genes previously identified by Head and Neck Annotation
Consortium® to be spotted into a cDNA microarray. The criteria for selection of the genes
were based on known mapping information. Thus, genes that map to loss or gain regions
involved in head and neck carcinogenesis, according to Knuutila et al 42, were selected.

The cDNA of Hep2 (Human laryngeal carcinoma) cell line served as template for the
amplification of these sequences. Gene-specific primers for PCR were designed using the
Primer 3.0 program (provided by Whitehead/MIT center for Genome Research, Cambridge,
MA).

In brief, for the PCR, 4 puL. cDNA was mixed with 10.0 pL. 10x buffer, 4 uL. PCR
primer (10 pmol/uL), 16 uL dNTPs (1.25 mM), 3 uL MgCl, (50 mM) and 0.8 uL. Taqg DNA
Platinum (Invitrogen). The volume was adjusted to 100 uL. with water. PCR conditions were:

94°C for 4 min, followed by 35 cycles at 94 °C for 30 s, 60°C for 1 min and 72°C for 1 min.
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Products obtained by PCR were of about 600 bp. From all products, Sul. were fractionated
through a 1% agarose gel in order to measure control DNA products and the remaining 95uL
were purified by filtration on Multiscreen plates (Millipore cat. # MAFB NOB 50). cDNA
samples were diluted 1:1 in DMSO and spotted at high density into silane-coated, reflective
Type-7 glass slides (Molecular Dynamics) using a GenlII microarray spotter robot (Molecular
Dynamics). Following spotting, cDNAs were fixed to slide surface by UV cross-linking (500
mJ) and kept on a low humidity environment until use.

Based on the informatics analysis of the HN transcriptome”’, an additional set of 201
cDNA clones were included in the array, comprising candidates for LOH in HN tumors (149
sequences), as well as transcripts with no similarity to known human genes expressed in HN
tissues (52 sequences). The clone collection is stored frozen in bar-coded 96-well plates, and
selected clones were re-arrayed also with an automated robotic operation. cDNA fragments
were generated from these clones by PCR amplification with universal primers.

Each sequence is spotted in 6 replicates on the microarrays. A complete list of the
cDNA clones present in the array and annotations is provided at http://www (pdgina em

construcao).

Patient samples

This work was approved by National Research Ethics Committee and written
informed consent was obtained from all individuals prior to sample collection.

Thus, a total of 15 larynx tumor samples and 10 non-matched normal samples were
obtained at the time of surgery from Arnaldo Vieira de Carvalho Hospital. They were
immediately snap-frozen in liquid nitrogen.

Patient clinical data and tumor characteristics are described in Table 1.

Medical records were examined to obtain clinical and histopathologic information for

each patient, including age, sex, histopathologic diagnosis, history of tobacco and alcohol
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consumption. Tumors were staged according to the current TNM classification as
recommended by the UICC®.

Prior to RNA extraction, samples were re-examined and giemsa stained micro-sections
obtained from each side of the frozen block were used to delimit the spatial distribution of the
tumor mass or normal tissue. Microdissections were performed to ensure that more than 70%
of isolated RNA was derived from cancer cells. In the case of surgical margins, only the
epithelial tissue was used.

Micro-dissected tumor samples and normal samples were returned to liquid nitrogen

until use.

Common reference

Each tumoral or normal experimental sample was assayed versus a common reference
sample consisting of a pool of total RNA isolated from samples of normal necropsies larynx.
To perform this total RNA pool, aliquots of equal amounts of RNA from 5 normal necropsies

larynx samples were pooled, in order to minimize the effect of biological diversity.

RNA extraction

Tumor and normal tissues and common reference frozen in liquid nitrogen were
pulverized using a mortar pestle. Next, total RNA was isolated from tissue specimens and
Hep2 cell culture using TRIzol reagent (Gibco BRL Life Technologies). Total RNA was
precipitated by incubating with 0.5 mL of isopropyl alcohol for 10 min followed by
centrifugation at 12,000 xg for 10 min at 4°C. The pellet was washed with 75% ethanol,
solved in RNAse-free water, passed through an RNeasy spin column (Qiagen) for purification

and stored at -80°C until further use.
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RNA quantity and quality were evaluated using spectrophotometer, 1% agarose gel
electrophoresis and also a microelectrophoresis on Bioanalyzer 2100 (Agilent Technologies).

RNA from all samples was of appropriately high quality for cDNA microarray analysis.

c¢DNA Labeling

Labeled targets for hybridizations were generated from poly(A)+ mRNA in reverse
transcription reactions using oligo-dT primers, following strictly the protocol accompanying
the CyScribe Post-labeling kit (Amersham Biosciences, Piscataway, NJ). Briefly, 15 pug of
total RNA was mixed with 4 pL. anchored oligo (dT) (500ug/mL), in a total volume of 11 UL,
subsequently denatured at 70°C for 5 min. put on ice for 30 seconds, spin down and placed at
room temperature for 10 minutes.

Following, 1 pLL of ANTP Mix, 1 pL of aminoallyl-dUTP, 2uL of 0,1 M DTT, 1uL of
RNaseOUT (40U/uL), 4uL of 5X CyScript buffer and 1uL of CyScript reverse transcriptase
(200U/uL) were added. The volume was adjusted to 20 uLL with water. After incubation for 3
hr at 42°C, RNA was hydrolyzed by adding 2 puL of 2.5N NaOH for 15 min at 37°C. Samples
were then neutralized with 10 uL of 2 M HEPES free acid, and reactions were purified using
96-well Millipore Multiscreen filter plates as follows: 5 volumes of 5.3 M Guanidine-HCl:
150 mM KOAc were added to labeling reactions. The mixture was applied on the plate and
washed 4X with 80% EtOH by centrifugation at 3500 rpm for 5 min. Residual EtOH was spin
out by an additional centrifugation at 3,500 rpm for 5 minutes. Labeled targets were eluted in
50 uL 10 mM Tris pH 8.5, by spinning at 3,000 rpm for 5 minutes, dried on a SpeedVac and
kept at -20°C, protected from light until use. Next, cDNA were ressuspended in 40 uL of 0,1
M NaHCOs3 and reacted with monoreactive Cy3 or Cy5 dye. The reaction was incubated for 2

h at room temperature and purified.
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Microarray hybridization

Labeled targets were ressuspended in 250 upl of Ix hybridization buffer (25%
formamide, 12.5% of proprietary Microarray Hybridization Buffer Version 2 (Amersham
Biosciences) denatured for 2 min at 92 °C and centrifuged at 13,000 rpm for 5 min. The Cy3
(common reference) and Cy5 (tumor or normal sample) labeled cDNA were combined and
hybridizes on an Automated Slide Processor (ASP) from Amersham Biosciences. Thus, each
chip was then hybridized with a pair of cDNA - common reference and tumor or normal
tissue. The slides were incubated for 16h at 42°C. Following hybridization, slides were
washed (1.0x SSC, 0.2% SDS 10 min. at 55°C, 0.1x SSC, 0.2% SDS 10 min. at 55°C, 0.1x
SSC, 0.2% SDS 10 min. at 55°C, 0.1x SSC 1 min. at RT, 0.1x SSC 1 min at RT, dH20 10

sec. at RT) and dried with a N, stream.

Data measurement

Processed slides were scanned with a PMT setting of 700 V (Genlll Scanner —
Amersham Biosciences) and background-subtracted artifact-removed median intensities of
both Cy3 and Cy5 emissions were extracted for each spot from raw images using ArrayVision
v.7.2 software (Imaging Research Inc., Ontario, Canada).

An array grid was first automatically aligned to locate the position of each spot in the

array, and subsequently manually adjusted to obtain the best possible alignment.

Data normalization

Since we did not obtain good quality, reproducible signals from Cy3-labeled targets,
we opted not to use the reference RNA intensity data for data normalization, and use only the
intensity data derived from Cy5-labeled test samples. To make experiments comparable,
intensity data from different hybridizations were normalized by Lowess, local weighted

scatter-plot smoothing.44 Intensity data from a sample with total energy comparable to the
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average intensity of all samples was used as a reference in the Lowess normalization

procedure.

Statistical analysis of microarray data

To identify genes with expression significantly altered in larynx tumors, a Signal-to-
Noise Ratio (SNR) metric*’ was used to compare the expression intensity data from tumor
and non-tumor samples. The SNR parameter essentially is a measure of signal strength
relative to background noise. The distance between the two groups was measured by a signal-
(expression intensity) to-noise (variation) ratio. The signal-to-noise comparison gives an

indication of the level of separation for the means of the two distributions defining the gene

intensities of the two groups, and it was calculated as SNR = \/ 2(X, - X,)/(S,+S,) , where

X, and X, are the mean intensities of tumor and non-tumor groups, respectively, and S; and

S, the corresponding standard deviations. For each gene, higher absolute SNR values indicate
a higher difference of expression between tumor and non-tumor samples with a lower
dispersion within each group. A cutoff SNR > I[1I, p-value < 0.001 was used to select
differentially expressed genes. Statistical significance of the differential expression (p-values)
was ascertained by bootstrap re-sampling, i.e. by re-calculating SNR values following 10,000
pairs of random samples with replacement of the same sizes of the groups.

Expression profiles of selected transcripts were grouped using hierarchical
clustering (UPGMA with Euclidean distance) and visualized using a software (Spotfire

Decision Site; Spotfire, Somerville, MA, USA).

Validation by quantitative Real Time RT-PCR
For an independent validation of the array data, we selected fourteen genes which

were down-regulated in tumor tissues by microarray analysis. cDNA sequence for each gene
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were selected from international published databases (http://www.ncbi.nlm.ni.gov/).Gene-
specific primers for real time RT-PCR were designed for optimal hybridization kinetics using
the Primer 3.0 program (provided by Whitehead/MIT center for Genome Research,
Cambridge, MA). Amplification primers were designed into different exons to avoid
amplification of any contaminating genomic DNA. The primer sequences are showed on the
Table II.
For validation were utilized 15 tumor samples (T1 to T15) and 1 pool of total RNA from a
subset of 7 normal mucosa samples adjacent to tumors, denominated normal reference.
Double-stranded cDNA was synthesized from total RNA using High-Capacity cDNA
Archive (Applied Biosystems) according to the manufacture’s instructions. Real-time PCR
was performed using ABI prism 7300 sequencer detector system and SybrGreen PCR Core
Reagent (Applied Biosystems) following the manufacture’s protocol. In brief, the reaction
mixture (20 pl total volume) contained 25 ng of cDNA, gene-specific forward and reverse
primers for each gene a 0,4 UM or 0,5 UM final concentration and 10 puL. of 2x Quantitative
Sybr Green PCR Master Mix. The relative quantification is given by the CT values,
determined for triplicate reactions for tumor samples and reference sample from each gene
and for the control endogenous (o-tubulin ). Thus, the fold-change of each gene was
calculated by using the 274CT formula, where CT = fluorescence at the defined detection
threshold; ACT = CT of the target gene — CT of the endogenous control, a-tubulin; AACT =
ACT (tumor sample) — ACT (reference sample). For the tumor sample, evaluation of pmAACT

indicates the fold change in gene expression relative to the reference sample.

Statistical analysis of quantitative real time RT-PCR data
Statistical analysis was performed using Minitab software, version 12.22, and
significance level was defined as & = 0.05. Relative expression levels detected by quantitative

real-time RT-PCR for the 14 genes in samples from larynx carcinoma were transformed in
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natural logarithms. Next, Anderson-Darling normality test was performed to determine
whether the values present a normal distribution or not. As this test did not reject normality
for all genes, data were subjected to a one-sample Student t-test on the their expression levels

at logarithm scale.

Results

Epidemiology

The study population included 14 males and 1 female with larynx carcinoma. The
minimum and maximum ages were 44 and 73 years, respectively, with the average age of
58.6619.84 years. According to UICC stage, there were 1 patient of T2, 2 patients of T3 and
12 patients T4. Neck stage included 7 patients of NO, 2 patients of N1 and 6 patients of N2.
Thus, 93.33% of patients had T3-T4 tumors and 60.00% had regional metastases at
presentation. None of the patients had distant metastases at disease diagnostic. In relation to
the clinical stage, 3 patients had stage III and 12 had stage IV. Six patients had no clinical
evidence of disease at the last follow-up and 8 patients had disease recurrence. The recurrence
occurred between 4 and 14 months after surgery. Our data are in accordance with the
literature, once 40-50% of patients with advanced disease (stage III and IV) recur, and
approximately 80% of recurrences occur within the first two years. Regarding the risk factors,
100% smoked tobacco and 94.11% drank alcohol. Therefore, most of these patients have a
history of smoking and alcohol consumption, which are the major etiological causes of larynx

cancer. Data are showed in Table 1.
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Gene expression analysis of larynx tumors

Expression analysis using cDNA microarray containing 340 sequences was applied to
8 larynx tumor samples (T1-T8) and 4 larynx normal samples. For each tumor or normal
sample we generated one expression profile against a common reference pool.

Differentially expressed genes were identified using the Signal-to-Noise Ratio (SNR)
metric as described above. Out of the set of 340 genes analyzed, 35 (10.29%) showed

statistically significant differences in expression between tumor and non-tumor adjacent

tissue of larynx (SNR > ‘ 1.0, p-value < 0.001). Of the 35 genes, 19 (54.29%) were
overexpressed in tumoral tissue and underexpressed in normal tissue, and 16 (45.71%) were
underexpressed in .tumoral tissue and overexpressed in normal tissue.

Supervised hierarchical clustering analysis revealed that the expression patterns of the
selected set of 35 differentially expressed genes were able to distinguish perfectly tumors
from non-malignant tissues in the set of samples used to identify the signature in this training
set (Fig 1, 2 and 3). To verify the robustness of the 35-gene signature, we asked if this gene
set was able to separate tumor from non-tumor larynx tissues using data from an additional set
of 5 larynx tumor samples (T9, T10, T11, T14 and T15) and 6 adjacent non-tumor larynx
tissues. As is apparent in Figure 4, the 35-gene set was able to separate larynx samples
according to their histological type, thus confirming the robustness of this gene classifier.

For gene functional classification we consulted the http://www.ncbi.nlm.nih.gov. We
observed that genes detected were involved in processes such as apoptosis, cell adhesion, cell
cycle, cell motility, DNA repair, metabolism, proteolysis, signal tranduction and transcription
regulation. Thus, of the 19 genes overexpressed, 2 were involved in signal transduction, 2 in
transcription regulation, 1 in apoptosis, 1 in catabolism, 1 in cell adhesion, 1 in chromatin
modification, 1 in folding protein, 1 in metabolism, 1 in response to stimulus and 8 were of
unknown functions. Of the 16 underexpressed, 2 were involved in cell cycle, 2 in DNA repair,

I in apoptosis, 1 in biosynsthesis, 1 in cell adhesion, 1 in immune response, 1 in protease
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inhibition, 1 in proteolysis, 1 in transcription regulation, 1 in transport, and 4 were of
unknown functions. These data are presented in Table III.

Apparently, hierarchical cluster analysis classified the tumors from the training group
into 2 subgroups, suggesting heterogeneity among larynx cancer cases. Separation of these
samples into 2 groups does not seem to correlate with the clinical staging or metastatic
features of the tumors. Conversely, we observed a statistically significant difference (p-value
=0.030) in the average age of presentation of the disease of patients in each of the two groups.
In one group the patients had between 44 the 58 years (51£5.47) and in the other group the

patients had between 61 the 73 years (68.50+4.67).

Quantitative real-time RT-PCR results

To validate gene expression found using independent methods, we used quantitative
real-time RT-PCR. We compared the relative expression levels of 14 genes (ADCY6, AES,
ALS2CR3, CLK1, CRRY, CSTB, DUSPI, ILISBP, MAP3K5, PLAT, PTPRS, UBLI, XRCCS,
ZNF706) using triple determination and normalization based on alfa-tubulin level. Data were
analyzed using Student t-test. Seven genes were statistically underexpressed in tumor samples
compared to normal reference, while three genes were statistically overexpressed. These data
are presented in Table IV and Fig 5.

Thus, we found that ADCY6, AES, ALS2CR3, CSTB, DUSP1, MAP3K5 and PLAT
genes are significantly down-regulated in tumor tissues compared to normal reference (p-
value = 0.012; 0.000; 0.000; 0.000; 0.000; 0.014 and 0.000, respectively). All these genes,
except ALS2CR3, were located in regions of chromosome losses involved in head and neck
carcinogenesis. The results of RT-PCR were in accordance with those of cDNA microarray
analysis, suggesting that the data obtained by the microarray gene expression analysis were

valid and that these genes could potentiality serve as cancer related-genes.
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We found also that CRR9, UBLI and ZNF706 genes are significantly up-regulated in
tumor tissues when compared to normal reference (p-value = 0.011; 0.007 and 0.001,
respectively). Thus, these genes displayed opposite expression patterns to cDNA microarray
analysis. All these genes were located in regions of chromosome gains involved in head and
neck carcinogenesis.

However, CLKI, ILISBP, PTPRS and XRCC5 genes did not show differentially
expressed by quantitative real-time RT-PCR (p-value = 0.406; 0.222; 0.083 and 0.340,

respectively).

Discussion

Identification of differential gene expression between normal and malignant tissue is
the basis for a comprehensive understanding of the carcinogenic process and may contribute
to the discovery of new biomarkers. Microarray technology can improve the accuracy of the
classical diagnostic techniques by suggesting novel tumor-specific markers.”

The current literature reveals several studies that incorporated DNA microarray
analysis in the study of HNSCC to determine gene expression changes during disease
progression and/or to predict outcome of disease. Nevertheless, there is considerable
heterogeneity among these studies in terms of study design, number of samples, sites and
stage of disease, choice of microarray platform and validation of results by other laboratory
methodologies.7 Many studies in HNSCC have been performed using tumors from various
anatomical sites, however carcinomas from different upper aerodigestive tract sites may
behave differently and results may be misleading when analyzed together. Larynx cancer is
one of the most common types of HNSCC with high mortality rates and poor prognosis.*°
Therefore, in our study, we have examined the expression levels of 340 genes only in samples
of normal larynx and larynx squamous cell carcinoma by microarray technology and we

identified 35 as regulated differentially between tumors and normal. Genes detected are
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involved primarily in processes such as apoptosis, cell cycle, DNA repair, proteolysis,
protease inhibition, signal transduction and transcription regulation.

The validity of the microarray data was further confirmed by real-time PCR on a set of
fourteen genes which were down-regulated in tumor tissues by microarray analysis. Not all of
the genes analyzed by microarray showed similar patterns of expression by real-time RT-
PCR. Thus, out of the 14 selected genes tested by both microarray and real time RT-PCR, 7
showed congruent and significant differences, 3 displayed opposite expression patterns, while
4 did not exhibit any significant change in expression by real time RT-PCR. One possible
source of variation in the magnitude of mRNA expression between microarray and real-time
RT-PCR may be differential mRNA splicing which may affect the transcript levels detected at
different regions of mRNA by these two techniques.”” Therefore, real-time RT-PCR
validation of high-throughput gene microarray screening is important and necessary before
further conclusions on gene expression can be drawn.*®

Thus, 10 biomarkers were validated in our study according to pronounced differences
in expression between tumor samples and reference sample. The validated markers were the
genes ADCY6, AES, AL2SCR3, CRRY, CSTB, DUSP1, MAP3K5, PLAT, UBLI and ZNF706.

Expression of ADCY6, AES, ALS2CR3, CSTB, DUSPI1, MAP3K5 and PLAT genes
were significantly lower in tumor tissues than in normal reference. All these genes, except
ALS2CR3, were located in regions of chromosome losses involved in head and neck
carcinogenesis.

ADCY®6 gene, located on 12q14.1, encodes adenylate cyclase 6, which is a membrane-
associated enzyme and catalyzes the formation of the secondary messenger cyclic adenosine
monophosphate (cAMP). No information is available in the literature on ADCY6 expression in
head and neck cancer, however Celano ez al.*’ observed that its expression is significantly
lower in hyperfunctioning thyroid tumor than in normal thyroid tissue, evidencing low

expression of this gene in transformed tissues.
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The amino-terminal enhancer of split (AES) gene, located on 19p13, encodes a 197-
amino acid protein that is homologous to the NH(2)-terminal domain of the Drosophila
Groucho protein but lacks COOH-terminal WD40 repeats. According to data of Tetsuka et
al.™® AES acts as a co-repressor for NF-kappaf3, which is well recognized as a regulator of
genes encoding cytokines, chemokines and cell adhesion molecules important in immune and
inflammatory responses, as well as critical genes in the control of cellular proliferation and
apoptosis.51 Additionally, AES also inhibited NF-kappaf-dependent gene expression induced
by tumor necrosis factor alpha, interleukin-1 beta, and mitogen-activated protein
kinase/extracellular signal-regulated kinase kinase kinase 1, which is an upstream kinase for
NF-kapp3 activation. >

There is evidence that nuclear factor kappap modulates a broad programme of genes
differentially expressed during tumour progression of HNSCC, such as CCNDI (PRADI),
Gro-1 (IL-8 homologue) and GST.>> Thus, AES gene may play a role in the head and neck
carcinogenesis, once this gene acts in the regulation of NF-kappa3 and its target genes.

Moreover, AES gene acts also on Wnt receptor signaling pathway. The nuclear output
of Wnt signaling is mediated by a complex between DNA-binding proteins of the TCF family
and the transcriptional coactivador f-catenin. The Wnt/S-catenin/Tcf pathway serves
important functions in embryonic development and is constitutively activated in human
colorectal cancer.’>* Groucho proteins, which includes AES, act to repress transcriptional
activation by B-catenin-tcf complex, probably by interacting directly with Tcf transcription
factors.”® Hence, the low expression of AES gene may be contributing to a higher activation of
the Wnt/fB-catenin/Tcf signaling model and consequently to larynx carcinogenesis, likewise

occurs in colorectal cancer.
ALS2CR3 gene, located on 2q33.1, is also denominated GRIF-1 and TRAK?2. This gene

codifies a factor that interacts with Gamma-aminobutyric acid(A) receptor and also play a role
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in the intracellular transport, mainly in kinesin-mediated transport of mitochondria.”
Alterations of this gene have been associated with neurodegenerative diseases.”® However,
there are no in the literature studies that describe alterations of ALS2CR3 in tumor tissues
currently.

Cystatin B, also called Stefin B, is a small protein that is a member of the superfamily
of cysteine protease inhibitors. Cystatins have emerged as important players in a multitude of
physiological and patho-phsiological settings that range from cell survival and proliferation,
to differentiation, cell signaling and immunomodulation.”’ Cysteine proteases, in turn, have
been implicated in multiple steps of tumor progression, including early steps of
immortalization and transformation,5 8 intermediated steps of tumor invasion and
angiogenesis,” and late steps of metastasis and drug resistance.”* The importance of
lysosomal cysteine proteases in the development of tumors from benign to aggressive lesions
suggest that cystatins may in many ways safeguard against tumor progression.>’

The low expression of CSTB (cystatin B) gene, located on 21q22.3, has been reported
in 5 HNSCC microarray studies in a recent review on gene expression profiles comprising 24
HNSCC studies.” The decrease of CSTB also was observed in esophageal carcinoma, breast
cancer, prostatic adenocarcinomas and atypical meningiomas.m‘64

DUSPI gene, also referred to as MSP-I and located on 5q35.1, encodes a dual-
specificity phosphatase for tyrosine and threonin.®® This gene inactivates specifically mitogen-
activated protein kinase and suppresses its activation by ras. DUSPI gene is also a
transcriptional target of tumor suppressor p53, inducing cell cycle arrest or apoptosis.
Consequently, DUSPI may play an important role in the negative regulation of cellular

proliferation.®>®

Low expression of this gene was observed in ovarian and prostate cancer.’”®

Moreover, Tomioka er al. ' likewise our study, also observed low expression of this gene in

head and neck cancer. The authors considered DUSPI a candidate for tumor-suppression,
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mediating PTEN signaling pathways. Unoki and Nakamura® reported that DUSPI gene
expression was induced by the introduction of exogeous PTEN into endometrial cancer cell
lines.

In addition, DUSPI plays a vital role in the regulation of innate immune responses via
the p38 MAPK and JNK pathways’® and seems to play a role in the induction of senescence
through inhibition of AP-1 activity and the subsequent transcription of genes involved in
DNA replication.”’

MAP3KS5 gene, located on 6g25.1 and also denominated ASK/ (Apoptosis signal-
regulating kinase 1), codifies a multifunctional serine/threonine kinase involved in a broad
range of biological activities including cell differentiation and stress-induced apoptosis.’*"” Its
catalytic activity can be activated by many stress-stimuli such as tumor necrosis factor o
(TNF-ov), reactive oxygen species (ROS), DNA damage and chemotherapeutic agents like
cisplatin and taxol, and selectively activates JNK and p38 MAPK pathways.”*

The MAP3KS5 proapoptotic role is reinforced by Dasgupta et al.”” and Kerrouche et
al.”® Dasgupta et al.” described a physical and functional interaction between MAP3K5 and
the Rb protein in response to apoptotic stimuli. The Rb protein has antiproliferative and
antiapoptotic functions. It appears that MAP3KS has to overcome RB functions to induce
apoptosis; further, MAP3KS5-mediated inactivation of Rb correlates with increased levels of
the proapoptotic protein p73. Kerrouche et al.’® suggest that the overexpression of E2F]
induces the expression of MAP3KS5 and that some of the cellular functions of MAP3KS5 may
be under the control of E2F transcription factor. Moreover, the authors suggest that the up-
regulation of MAP3K5 may also favour the p53-independent E2F1 apoptotic activity.
However, no information is available in the literature about MAP3K5 expression in head and
neck cancer.

PLAT gene, located on 8p11.21, encodes tissue-type plasminogen activator, a secreted

serine protease which converts the proenzyme plasminogen to plasmin, a fibrinolytic
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enzyme.”” Numerous studies have provided evidence that plasminogen activators
(PA)/plasmin systems represent a key event in angiogenesis. It is well established that tumor-
induced neovascularization, angiogenesis, is an absolute requirement for the growth of tumors
and of their metastases. The PA/plasmin system comprises two major types of PA, tissue PA
(PLAT) and urokinase PA (PLAU).”®

However, by contrast to PLAU, for which considerable evidence indicates that
upregulation of the enzyme correlates with aggressiveness of tumors, several observations
suggest that high PLAT levels rather correlate with good prognosis in melanoma and breast
cancer, whereas lower PLAT levels have been associated with malignant tumors.”™ This
suggest that increase in either PLAT activity or expression levels may be beneficial, possibly
due to the overstimulation of plasmin generation by PLAT that may induce the degradation of
the pro-angiogenic fibrin matrix, resulting in the inhibition of angiogenesis.*"** Moreover,
Gingras e al.** and Gingras et al.® reported that Neovastat, an inhibitor of angiogenesis
derived from shark cartilage, specifically stimulates PLAT-dependent plasmin generation
through an increase in the affinity of the enzyme towards plasminogen.

Expression of CRRY9, UBLI and ZNF706 genes were significantly higher in tumor
tissues than in normal reference. All these genes were located in regions of chromosome gains
involved in head and neck carcinogenesis.

CRR9 gene, located on 5pter15.33, has unknown function. However, high expression
of CRR9 gene, was also observed in cell line of renal carcinoma when compared with the
normal cells, as well as in cell line of ovary cancer resistant to the treatment with
cisplatine.** However, no information is available in the literature on CRR9 expression in
head and neck cancer.

UBLI gene, also referred to as SUMO-1 and located on 2q33.1, is likely to be
involved in many cellular processes, including apoptosis, regulation of mitosis, protein

translocation, cell proliferation and transcriptional regulation. One function of UBLI1 protein
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is to conjugate covalently with target proteins and modify their function. In consequence, in
nucleus, the transcriptional activities of UBL1 modified transcriptional factors, including p53,
c-jun, Sp-3, c-Myc and ¢/EBP families, were reduced.>®?’

UBLI1 protein also forms a complex with RADS51 and RADS52 proteins in human
cells, which plays essential roles in DNA homologous recombination, DNA repair and cell
proliferation. Overexpression of UBLI down-regulates DNA double-strand break-induced
homologous recombination in CHO cells and reduces cellular resistance to ionizing radiation.
Overexpression of UBLI also reduces the fraction of bidirectional gene conversion tracts, and
overexpression of a mutant UBLI that is incapable of being conjugated retains the ability to
inhibit homologous recombination.®® These results suggest a regulatory role for UBLI in
homologous recombination.

Moreover, UBL1 protein also repressed MAPKS activation through physical
interaction.” Therefore, UBLI overexpression may contribute to carcinogenesis both by
decreasing DNA repair capacity as by inhibiting MAP3K5 activation and consequently the
apoptosis. For instance, no information is available in the literature on UBLI expression in
head and neck cancer, however, high expression of UBLI, was observed in cell line of renal
carcinoma when compared with the normal cells.”

Zinc finger gene family belongs to one of the biggest families of transcription factors.
Most zinc finger proteins can bind to specific DNA sequences and are involved in the
transcriptional regulation of gene expression. Members of the zinc finger family function as
activators or repressors of gene transcription, and therefore regulate embryonic development
as well as a variety of physiological processes in the adult.”’ The zinc-finger-containing
transcription factors have been previously revealed to be involved in the regulation of the
MAPK signaling pathways, which are among the most widespread mechanisms of eukaryotic
cell regulation.”” However, no information is available in the literature on ZNF706 expression

in cancer.
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According to the holistic model of cancer by Hanahan and Weinberg,” a malignant
cell has to acquire 6 biological alterations to dictate pathogenesis, namely self-sufficiency in
proliferative growth signals, insensitively to growth inhibitors signals, evasion of apoptosis,
limitless replicative potential, sustained angiogenesis and the induction of invasion. In support
of this model, our study shows a set of differentially expressed genes, especially AES, CSTB,
DUSPI, MAP3KS, PLAT, UBLI, that can directly or indirectly feed these pathways.

However, among the differentially expressed genes, we emphasize CSTB.
Interestingly, this gene showed low expression in all tumor samples analyzed by microarray
and real time RT-PCR. CSTB gene has anti-metastatic function, since it can inhibit the action
of lysosomal cysteine proteases. Despite mounting evidence showing that expression of
lysosomal cysteine proteases are aberrant in tumor cells when compared to normal cells, this
class of proteases has received little attention’’ The emphasis was placed on metalloproteases
as potential novel targets for anti-cancer chemotherapy. However, clinical trials of cancer
patients showed no indication that metalloprotease inhibitors are successful.” This has led to
a growing interest in members of the cystatin superfamily for potential novel anti-cancer
strategies. Recent pre-clinical studies indeed are promising.95 Several clinical studies have
shown that some cathepsin and/or cystatins may have diagnostic and/or prognostic value in a
variety of cancer.®>%*%

Once, loco-regional relapse and metastasis appear to be the major contributing factors
for restricted survival of the HNSCC patients', we suggest that CSTB gene consists in a good
biomarker for larynx cancer and requires more attention in future studies.

In conclusion, our array analysis is the first to obtain the gene expression profile from
larynx tumor samples and normal mucosa and our results suggest that genes expression
profiling can determine deregulation in multiple genes potentially associated with disease

development. These findings may help to form the basis for a molecular comprehension of



Differential gene expression profiling of laryngeal squamous cell carcinoma by 71

mi

croarray analysis

larynx cancer, thus improving diagnosis, treatment and outcome for patients with this

carcinoma.
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Table 1. Clinical and pathological data.

Case

T1
(285678)

T2
(287723)
T3
(276004)
T4
(279422)
TS
(288106)
T6
(286453)
T7
(284311)
TS
(271901)
T9
(289145)
T10
(292091)
T11
(288931)
T12
(288253)
T13
(291715)
T14
(278657)
T15
(292191)

Sex

Age
(years)

73

66

52

58

44

48

53

58

72

72

44

60

52

67

61

Ethnicity

Tobacco Alcohol

P P
P P
P P
P P
P P
P P
P P
P P
P P
P P
P N
P P
P P
P P
P P

Anatomic
location

Pyriform
sinus and
hemilarynx
Glottis and
subglottis
Glottis

Larynx
Pyriform
sinus
Transglottis
Transglottis
Transglottis
Transglottis
Vocal cords
Vallecula,
Epiglottis
Pyriform
sinus
Vallecula

Vallecula

Epiglottis,
vocal cords

TNM
category and
clinical stage

T4N2bMO
v

T4NOMO
v
T3NOMO
I
T4ANOMO
v
T4N2bMO
v
T4N2cMO
v
T2N2MO
I
T4NOMO
v
T3NOMO
I
T4N2cMO
v
T4N2cMO
v
TAN2cMO
v
TANIMO
v
TANIMO
v
TANOMO
v

NED or
Recurrence
(months)
Loc/Rec (14)
Loc/Rec (10)
NED (26)
Loc/Rec (7)
NED (40)
Loc/Rec (14)
Loc/Rec (5)
NED (30)
NED (38)
Loc/Rec (10)
NED (42)
Loc/Rec (7)

Loc/Rec (4)

NED (30)

M = male; F =female; C = caucasian; N = negroid

P = positive; N = negative

NED = Not Evidence of Disease; Loc/Rec = locoregional recurrence

* = not evaluated
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Table II. Primer sequences used for validation by quantitative real time PCR.

Gene Primers: forward (F) and reverse (R) Target size
ADCY6 F-5 - ACACCTGCTGACATCACTGC - 3’ 150
R -5 - GACAGAGCTGGCCAAGAGAC -3’
AES F-5 - CCCAGCAACTCAAATTCACC - 3’ 116
R -5 - CTCACTGGCCAACTTGTCAC -3’
ALS2CR3 F-5 -TTGCCTTCGAGGTTTTATGC - 3’ 108
R -5 - ATGGTTCCCAAGTTTGGTTG - 3’
Alfa-tubulin F-5 —-TCAACACCTTCTTCAGTGAAACG - 3’ 150 pb
(endogenous control) R -5 - AGTGCCAGTGCGAACTTCATC -3
CLK1 F-5 - AGGAGCATTTAGCAATGATG -3’ 104 pb
R -5 - CCAGTCTAATCGATCGTGGTG - 3’
CRR9 F-5 - TGGGTGCTGAGAACAACATC -3’ 120 pb
R -5 - ACAGCGTCCCATTGTTTCTC - 3’
CSTB F-5 - TGTCATTCAAGAGCCAGGTG -3’ 100 pb
R -5 - GGGAGAGATTGGAACACTCG -3’
DUSP1 F -5 - GCGGAATCTGGGTGCAGTT - 3’ 81 pb
R -5 - CAGGTACAGAAAGGGCAGGATTIT - 3’
IL18BP F-5 -TAAGCAGTGTCCAGCATTGG -3’ 83 pb
R -5 - AGGCCACACAGGATAAGCTC -3
MAP3KS5 F-5 - ACCGAAGAGAAGGGGAGAAG -3’ 135 pb
R -5 - CCGACCTGCGTAGACTATCC - 3’
PLAT F -5 - GAGTGCACCAACTGGAACAG -3’ 125 pb
R -5 - GGCTTTGAGTCTCGATCTGG - 3’
PTPRS F-5 - TCCTGCGAGAGTTCAAGGTC - 3’ 100 pb
R -5 - GACTTTGGCACACCCTGTTC - 3’
UBL1 F-5 —-TGACAACACATCTCAAGAAACTCAAA -3 92 pb
R -5 —-TCTCTGACCCTCAAAGAGAAACCT - 3
XRCC5 F -5 - ACCAAAGAGGAAGCCTCTGG - 3’ 121 pb
R -5 - CGTCCACATCACCACCTTC - 3
ZNF706 F-5 - AAATGCCAAAAAGCAAGCTG -3 147 pb

R -5 -TGCTTGCTCTCAAAGTGCTG - 3’
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Figure 1. Supervisied hierarquical clustering of 8 larynx tumors and 4 normal samples used in
the training set. A total of 35 differentially expressed genes were identified using as cutoffs a
Signal-to-Noise ratio > |11 and p <0.001). Selected transcripts were grouped using hierarchical
clustering (UPGMA with Euclidean distance), and heat maps were constructed using software
(Spotfire Decision Site; Spotfire, Somerville, MA, USA). For each gene (lines), red indicates
higher expression and green lower expression, relative to the average intensity of that gene

across all samples (columns).
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Figure 2. Genes underexpressed in tumor samples and overexpressed in normal samples. For
each gene (lines), red indicates higher expression and green lower expression, relative to the

average intensity of that gene across all samples (columns).
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Figure 3. Genes overexpressed in tumor samples and underexpressed in normal samples. For
each gene (lines), red indicates higher expression and green lower expression, relative to the

average intensity of that gene across all samples (columns).
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Figure 4. Validation the 35-gene classifier on an independent set of tumor and non-tumor
larynx samples. Expression profiles of the 35 genes identified in the training set on the 5
tumor samples and 6 normal samples of the validation set. The metric used was Euclidean
distance. To visualize the data, genes and samples were grouped using Spotfire and
graphically represented in Treeview. Red indicates higher expression and green lower

expression, relative to the average intensity of that gene across all samples.
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Differential gene expression profiling of laryngeal squamous cell carcinoma by 94
microarray analysis

Figure 5. Mean and 95% confidence interval for the natural logarithms of the values of
relative expression of the selected genes for validation by quantitative real time RT-PCR.
Expression of ADCY6, AES, ALS2CR3, CSTB, DUSPI, MAP3K5 and PLAT genes were
significantly lower in tumor tissues than in normal reference. Expression of CRR9, UBLI and
ZNF7063 genes were significantly higher in tumor tissues than in normal reference. CLK],

IL18BP, PTPRS and XRCC5 genes did not show differentially expressed.
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III - DISCUSSAO

A. Aspectos epidemioldgicos do cancer de laringe

O cancer de cabeca e pescoco € o quinto tipo mais comum de neoplasia no
mundo, com uma incidéncia anual estimada de 780.000 novos casos (Lothaire et al., 2006).
Dentro desse grupo, a incidéncia de tumores de laringe € uma das mais altas, correspondendo
a 25% de todos os casos € 2% de todas as doencgas malignas (INCA, 2007). Aproximadamente
2/3 dos tumores de laringe ocorrem na prega vocal verdadeira e 1/3 acomete a laringe
supragldtica, ou seja, localizam-se acima das cordas vocais. Essa neoplasia apresenta
prognostico reservado e alto indice de mortalidade (Vokes & Stenson, 2003).

Os dados epidemioldgicos indicam que o consumo combinado de dlcool e
fumo constitui o principal fator etioldgico para o seu desenvolvimento, embora outros fatores
como a nutricdo, a ma denticdo, a ocupacao profissional, a infec¢dao por HPV, principalmente
os tipos 16 e 18, a predisposicdo e a suscetibilidade genética podem contribuir para o seu
desenvolvimento (Goldenberg et al., 2001; Dobrossy et al., 2005; Syrjinen et al., 2005; Ragin
et al., 2007).

No presente trabalho, obteve-se informagdes sobre sexo, idade, tabagismo,
etilismo e estadiamento clinico nos individuos com cancer de laringe pertencentes ao grupo de
estudo.

A grande maioria dos individuos (93,33%) era do sexo masculino. Conforme a
literatura, o cancer de laringe afeta predominantemente homens (Vokes & Stenson, 2003).
Uma possivel explicagdo é que os homens apresentam uma maior exposi¢do aos fatores de
risco como o tabagismo e o etilismo, além disso, as mulheres se mostram mais preocupadas

com a saude realizando exames periodicamente.
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A média de idade dos pacientes com tumor de laringe foi cerca de 58 anos,
sendo que a faixa etdria entre 50 a 60 anos a que apresentou maior nimero de individuos.
Esses dados estdo de acordo com a literatura, que indica uma freqii€éncia baixa de cancer de
cabeca e pescog¢o abaixo dos 40 anos, mas aumentando progressivamente com a idade, sendo
a idade média de apresentacdo da doenca por volta dos 64 anos (Gilroy et al., 2005).

Todos os pacientes, exceto um, eram simultaneamente tabagistas e etilistas. A
participacdo desses fatores de risco na carcinogénese de cabeca e pescogo € bastante clara,
com vdrios trabalhos na literatura apoiando essa associacdo (Scully et al 2000a; Hunter et al.,
2005).

O tabaco consiste em uma complexa mistura de mais de 4.000 substancias, das
quais pelo menos 50 sdo carcinogénicas, entre elas, destacam-se os hidrocarbonetos
aromadticos policiclicos (PAHs), as nitrosaminas, os aldeidos e as aminas arométicas que
podem formar adutos de DNA apds sua ativagdo metabdlica e induzir muitos tipos de
mutacoes (Canevari & Rogatto, 2004).

Em relagdo ao dlcool, os possiveis mecanismos pelos quais seu consumo pode
aumentar o risco de cancer incluem a carcinogenicidade do acetaldeido, um metabdlito do
dlcool, que forma adutos de proteinas, resultando na producdo de anticorpos, inativacdo de
enzimas e prejuizos no sistema de reparo do DNA. O 4lcool pode agir também como um
solvente e facilitar a penetracdo de carcindgenos nos tecidos-alvos. Além disso, aumenta o
indice de quebras no material genético e a peroxida¢do de lipidios e conseqiientemente a
producdo de radicais livres (Greenwald et al., 2001; Canevari & Rogatto, 2004; Hunter et al..,
2005).

A exposi¢do a estes fatores parece atuar sinergisticamente, sendo o risco de
cancer, associado com a exposi¢do combinada de dlcool e fumo, mais pronunciado na parte

superior da laringe quando comparada a parte inferior (Licitra et al., 2003).
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Com relacdo aos dados histopatoldgicos, a grande maioria dos pacientes
(93,33%) tinham tumores T3-T4 e 60% tinham metédstase regional, embora metdstase a
distancia ndo foi observada em nenhum caso. Em relacdo ao estigio clinico, 3 pacientes
tinham estdgio III e 12 tinham estdgio IV, dessa forma, todos os pacientes apresentavam
estagio clinico avancado. Enquanto 6 pacientes estavam sem evidéncia de doenga no ultimo
follow-up, 8 pacientes apresentaram doenca recorrente. A recorréncia ocorreu entre 4 e 14
meses apods a cirurgia Os dados observados estdo de acordo com a literatura, pois cerca de 40
a 50% dos pacientes com estdgio clinico avangado, ou seja estagios Il e 1V, apresentam
doenca recorrente e aproximadamente 80% das recorréncias ocorrem nos dois primeiros anos

(Chung et al., 2004).

B. Analise de expressao génica em cancer de laringe pelas técnicas de microarray e RT-

PCR em tempo real

A avaliacdo do progndstico em carcinoma de cabega e pescoco tem sido feita
baseada em fatores clinicos e patoldgicos, como o estigio do tumor, o envolvimento de
linfonodos, a margem pds-cirtirgica e o grau histolégico. Contudo, esses pardmetros clinicos e
patoldégicos ndo apresentam sensibilidade e acuricia suficientes para serem biomarcadores de
prognéstico (Choi & Chen, 2005; Thomas et al., 2005; Chung et al., 2006; Lothaire et al.,
2006).

Avancos no conhecimento da patogénese e progressaio do HNSCC tém
estimulado o desenvolvimento de novos biomarcadores com potencial de aplicacdes clinicas,
que pode beneficiar, por exemplo, pacientes que necessitem de modalidades de tratamento

mais agressivas (Chung et al., 2006).
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Estudos recentes tém focado na definicdo de alteracdes moleculares especificas
do tumor que possam constituir biomarcadores moleculares de diagndstico e progndstico.
Estes estudos tém revelado numerosas alteracdes moleculares, incluindo a ativacdo de
oncogenes, como EFGR (Kalyankrisha et al., 2006), PRADI-ciclina DI (Angandi &
Krishnapillai, 2007); a inativacdo de genes supressores de tumor, como 7P53 (Keum et al.,
2006), P16 (Smith et al., 2007) e P27 (Hirai et al., 2007); e a expressdo de fatores
angiogénicos (Onesto et al., 2006) e de invasdo celular (Liu et al., 2005; Rosenthal &
Matrisian, 2006).

Contudo, a maioria dessas alteracdes tem mostrado, isoladamente, insuficiente
poder preditivo. Vadrios fatores podem contribuir para a falta de poder preditivo dos
biomarcadores em HNSCC e a discordancia entre os estudos. Esses fatores incluem as
variagdes na localiza¢do do tumor primdrio, pois a grande maioria dos estudos moleculares €
realizada em amostras de pacientes com HNSCC sem distingdo entre os diferentes sitios
anatomicos; a sensibilidade das técnicas utilizadas; a qualidade dos espécimes estudados; bem
como a falta de técnicas diretas para medir atividade funcional enzimdtica. Outro ponto
extremamente importante é quanto as diferencas nos protocolos de tratamento dos pacientes,
as quais podem levar a diferencas nos indices de sobrevivéncia (Thomas et al., 2006).

No entanto, um ponto que merece destaque € a heterogeneidade genética
intrinseca da doenca, a qual € um resultado direto do acimulo de mutacdes e mudancgas
epigenéticas, como perda de heterozigozidade, inativacio génica por metilagdo e amplificagdo
génica. Esses eventos podem alterar os programas transcricionais e/ou as funcdes das
proteinas (Jeon et al., 2004).

Andlise do transcriptoma, que é o conjunto de genes expressos em uma célula
ou tecido, € uma importante ferramenta para revelar alguns desses mecanismos moleculares e

dessa forma contribuir pra a identificacdo de biomarcadores que auxiliem no diagndstico
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precoce, progndstico, bem como no desenvolvimento de novas estratégias terapéuticas (Reis
et al., 2005).

A técnica de microarray é extremamente importante para o estudo da
expressao génica diferencial em cancer, pois permite a identificacdo simultanea de genes com
expressdo alterada em tecido tumoral, os quais podem ser usados como biomarcadores de
progndstico e diagndstico para cada tipo de tumor e também como candidatos para alvos
terapéuticos (Phan et al., 2004; Somoza-Martin et al., 2005).

No entanto, embora a tecnologia de microarray represente uma OGtima
oportunidade para a pesquisa clinica por monitorar mudancas globais, questdes significativas
precisam ser consideradas. (Russo et al., 2002).

A qualidade e quantidade do RNA permanecem como um grande desafio nos
experimentos. O RNA € uma molécula extremamente instavel, assim, o rdpido processamento
para manter a integridade do RNA € crucial, pois dados falsos podem ser gerados a partir de
RNA degradado. Dessa forma, ap0s a retirada cirtrgica, as amostras devem ser imediatamente
mantidas em temperatura extremamente baixa (-80°C) para evitar a degradacdo do RNA
(Huang et al. 2001; Choi & Chen, 2005).

Além disso, as amostras de tecido tumoral humano sido uma mistura de
diferentes tipos celulares, como células neopldsicas, estromais, inflamatdrias, endoteliais e
normais. Dessa forma, mudangas nos modelos de expressdo génica, quando comparam-se
duas diferentes amostras, sdo a manifestacio de todos os tipos celulares presentes nas
amostras, o que pode, segundo alguns autores, ocasionar anélises inadequadas. Métodos como
microdisseccdo a laser, a qual permite o isolamento de células especificas, podem ser muito
uteis, mas ainda sao tecnologicamente limitados (Irié et al., 2004). No entanto, outros autores
referem a importancia da interacdo entre as células neopldsicas e seu estroma circunvizinho

ou células ndo tumorais, pois a biologia do tumor é o resultado da interacdo desses varios
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tipos celulares e dessa forma, € relevante sua presenga nas amostras sob investigacdo
(Brentani et al., 2005).

O reduzido tamanho de muitas amostras clinicas € outro problema critico,
devido a pouca quantidade de RNA obtida, especialmente nos casos em que as amostras
foram microdissecadas a laser. Uma solucdo para esse problema é amplificacio de RNA,
técnica que ja estd sendo utilizada (Zhao et al., 2002).

Alguns trabalhos t€ém usado linhagens celulares, no entanto, este fato também
tem levantado alguns debates. O uso de linhagens celulares torna os experimentos mais
reprodutiveis, no entanto, estas células estdo fora de um contexto biolégico que € relevante e
também acumulam mutag¢des em seu genoma, o que torna dificil extrapolar os resultados para
um modelo real (Brentani et al., 2005)

Contudo, € bastante provével que a principal fonte de heterogeneidade entre os
diferentes estudos de microarray seja os diferentes métodos de geracdo e andlise dos dados,
pois ha diferentes tipos de plataformas, diferentes grupos de genes sao incluidos em cada uma
delas e diferentes técnicas sdo usadas para hibridizagdo. Dessa forma, varios métodos de
andlise estatistica estdo sendo desenvolvidos para transpor o viés sistemdtico das variacdes
experimentais. Um exemplo € o uso da distance weighted discrimination (DWD) para superar
e corrigir viés introduzido pela variacdo técnica no array. Isto permite que chips de diferentes
instituicdes, diferencas nas plataformas e variagdes experimentais sejam corrigidas para a
comparacdo de dados (Benito et al., 2004).

Outro ponto importante é quanto a validacao dos resultados obtidos, pois os
genes identificados como diferencialmente expressos pela técnica de microarray precisam ter
sua expressao diferencial confirmada. No entanto, muitos trabalhos ndo realizaram tais
validacdes, o que contribui para a heterogeneidade dos resultados. As técnicas que podem ser

utilizadas para as validacdes dos dados gerados por microarray incluem, por exemplo, imuno-
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histoquimica, tissue array e PCR em tempo real (Chen et al., 2003b; Rijn & Gilks, 2004).
Essa tltima tem recentemente alcancado um nivel de sensibilidade, acurdcia e praticidade que
suporta seu uso como um bioinstrumento de rotina para quantificacdo de expressdao génica,
sendo atualmente considerada o método mais apropriado para confirmar os dados gerados por
microarray (Provenzano & Mocelllin, 2007).

Diante do exposto, pode-se perceber que hd muito a validar, antes que a técnica
tenha plena utilidade clinica, contudo, a expectativa € que a andlise da expressdo génica em
larga escala permita uma classificagdo molecular detalhada dos tumores, a qual possa predizer
seu comportamento clinico e fornecer subsidios para uma melhor classificagdo dos pacientes e
para o desenvolvimento de novos agentes terapéuticos. (Ring & Ross, 2002).

Dessa forma, vérios trabalhos na literatura investigaram o perfil de expressao
génica em tumores de cabeca e pescoco, 0s quais encontraram alteracdes na expressao de
genes envolvidos em diversos mecanismos celulares como controle do crescimento e
diferenciacdo celular, angiogénese, apoptose, adesdo e motilidade celular, remodelacao
tecidual, ciclo celular, sinalizacdo, regulacdo da transcri¢do e sistema imune (Alevizos et al.,
2001; Al- Moustafa et al., 2002; Belbin et al., 2002; El-Naggar et al. 2002; Gonzalez et al,
2003; H4 et al., 2003; Nagata et al. 2003; Chung et al, 2004; Ginos et al., 2004; Irié et al.,
2004; Jeon et al., 2004; Kuriakose et al., 2004; Sotiriou et al., 2004; Warner et al., 2004;
Belbin et al., 2005; Somoza-Martin et al., 2005; Roepman et al., 2005; Dysvik et al.,2006;
Kainuma et al., 2006; Tomioka et al., 2006).

Estes estudos produziram listas muito varidveis de genes candidatos envolvidos
no desenvolvimento do carcinoma de células escamosas de cabeca e pescogo. Isto se deve, em
parte, a alguns dos motivos j& mencionados, como uso de pequeno nimero de amostras
tumorais e normais, uso de linhagens celulares instdveis, andlise estatistica limitada ou falta

de validacdo dos genes selecionados. (Kuriakose et al., 2005). No entanto, essas divergéncias
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também podem representar diferencas verdadeiras na biologia dos tumores, baseadas em seus
diferentes subsitios e também em outros fatores que nio sido considerados como, por exemplo,
infec¢do pr HPV, como também a heterogeneidade intrinseca da doenca (Chung et al., 2006).

O presente trabalho investigou a expressdo génica diferencial de 340
seqiiéncias génicas, previamente identificadas pelo Head and Neck Annotation Consortium
(Reis et al., 2005), pela técnica de microarray.

As andlises de bioinformdtica deste trabalho foram executadas no Laboratério
de Expressdo Génica de Eucariotos do Instituto de Quimica da USP, sob a coordenagdo do
Prof. Dr. Eduardo Moraes Rego Reis. Dessa forma, dentre as 340 seqii€ncias génicas

estudadas, 35 (10,29%) mostraram-se diferencialmente expressas entre tecido tumoral e

normal de laringe pela técnica de microarray (SNR >|1.0 , p-value < 0.001). Os genes
diferencialmente expressos estavam envolvidos em processos como apoptose, ciclo celular,
reparo de DNA, regulacdo da transcri¢do, transducdo de sinal, inibicdo de proteases e
protedlise. Esse conjunto de genes diferencialmente expressos permitiu a clusterizacdo
hierdrquica das amostras, ou seja, a separacdo das amostras tumorais das amostras normais

Dessas, 35 seqiiéncias diferencialmente expressas, 19 apresentaram-se com alta
expressdo nos tumores € 16 com baixa expressdo, quando comparadas as amostras
histologicamente normais de laringe.

Para validar os dados de expressdo génica foi utilizada a técnica de RT-PCR
em tempo real. Dessa forma, foram avaliados os perfis de expressdo de 14 genes que
apresentaram, segundo a técnica de microarray, baixa expressio no tumor (ADCY6, AES,
ALS2CR3, CLKI1, CRRY, CSTB, DUSPI, ILISBP, MAP3K5, PLAT, PTPRS, UBLI, XRCC)5,
ZNF706). Dessa forma, dos 14 genes selecionados que foram analisados por ambas as

técnicas, 7 (50%) mostraram resultados congruentes, ou seja, apresentaram baixa expressao

no tumor; 4 (28,57%) nao foram validados pela técnica de PCR em tempo real; e 3 (21,42)
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exibiram perfis de expressao opostos, ou seja a técnica de PCR em tempo real evidenciou alta
expressdo desses genes em tecido tumoral.

Alguns autores tém mostrado correlacdes variadas entre as técnicas de cDNA
microarray € RT-PCR em tempo real, utilizando as mesmas amostras ou um outro grupo de
amostras em ambos os ensaios. Wang et al. (2006) analisaram a expressao génica de amostras
de tecido cerebral, pulmonar e hepatico em duas diferentes plataformas de cDNA microarray
e também PCR em tempo real, utilizando as mesmas amostras em ambos os ensaios. Estes
autores avaliaram a expressao de 1.375 genes e encontraram uma correlacdo perfeita de 34-
40% entre os ensaios e anti-correlagdes de 6,3-9,6% dos genes analisados. Chiu et al. (2005)
selecionaram genes encontrados superexpressos em amostras de cancer colon-rectal em
relacdo a mucosa normal correspondente, em ensaios de cDNA microarray. Andlise de um
novo grupo de amostras por ensaios de PCR em tempo real mostrou uma concordancia na
expressdo diferencial de 40% destes genes. Um estudo recente, realizado por Liew & Chow
(2006), usando células BHK-27 infectadas por virus da dengue demonstrou 53% de
concordincia em seus resultados de expressao génica avaliada pelas duas técnicas, enquanto
que 27% dos genes apresentaram perfis de expressdo opostos.

O uso de cDNA microarray € uma técnica que permite avaliar a expressdo
génica global e o rastreamento do perfil génico das amostras. No entanto, uma limitacdo no
uso de cDNA microarrays consiste na significante diminuicdo de acurdcia na detec¢do da
expressdo génica diferencial em baixos niveis de expressdo e na baixa sensibilidade para
detectar pequenas alteracoes de expressao (Wang et al. 2006). Um outro fator que pode
contribuir para uma alta ou baixa correlagcao entre as técnicas de PCR em tempo real e cDNA
microarray € a diferenca nos desenhos das sondas para o array e a PCR. Esta diferenca pode

resultar na quantificacdo de diferentes transcritos, como por exemplo, produtos de splicing
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alternativo ou degradacdo, alterando medidas absolutas como taxas de falsos positivos e anti-
correlacdo (Hedge et al., 2003) .

Esses dados reforcam a importancia e a necessidade de validacdes dos dados
gerados pela técnica de microarray, antes que conclusdes sobre a expressido de determinados
genes possam ser obtidas (Liew & Chow, 2006).

Dessa forma, foi observado que os genes ADCY6, AES, ALS2CR3, CSTB,
DUSP, MAP3K5, PLAT e PTPRS apresentaram baixa expressao no tecido tumoral em ambos
os ensaios. Todos esses genes, exceto ALS2CR3, mapeiam em regides de perda cromossomica
envolvidas na carcinogénese de cabeca e pescoco.

O gene ADCY6, localizado em 12ql4.1, apresentou evidéncia de baixa
expressao (p-value = 0,012) nas amostras tumorais. Este gene codifica a adenilato ciclase 6,
que é uma enzima associada a membrana plasmdtica e cataliza a formacdo de cAMP,
participando da regulag@o do crescimento celular. Estudos realizados por Celano et al. (2003)
mostraram que a expressdo de ADCY6 foi significativamente reduzida em nodulos de tiredide
hiperfuncionais quando comparado ao tecido normal peri-nodular, evidenciando baixa
expressdo desse gene em tecidos alterados.

O gene AES, localizado em 19p13.3, apresentou evidéncia de baixa expressio
nas amostras tumorais analisadas (p-value = 0,000). Este gene é um co-repressor do fator
transcricional NF-kappa}, o qual atua como ativador de genes que codificam citocinas,
quimocinas e moléculas de adesdo celular importantes na resposta imune e inflamatéria, assim
como de genes criticos no controle da proliferacao celular e apoptose (Chang & Waes, 2006).
O gene AES também inibe a expressdo de genes dependentes de NF-kappaf e induzidos pelo
fator de necrose tumoral alpha, como interleucina 1 beta e proteina quinase regulada por sinal

extracelular (Tetsuka et al., 2000).
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O gene NF-kappaf, por sua vez, modula um amplo programa de genes
diferencialmente expressos durante a progressio do carcinoma de células escamosas de
cabeca e pescogo, destacando-se os genes ciclina DI1-PRADI, GST, Gro-1, o qual € homodlogo
a interleucina 8 (Loercher et al., 2004; Chang & Waes, 2006). Estudos indicam ainda que NF-
kappaf estimula a expressdo de enzimas que atuam na degradacdo da matriz extra-celular,
como as metaloproteinases de matriz, especialmente MMP2 e MMP9, as quais parecem
desempenhar um papel importante na carcinogénese de cabeca e pesco¢o (Bindhu et al.,
2006). Em estudo realizado por Andela et al. (2000), a inibi¢cdo de NF-kappafS resultou na
baixa expressao de MMP9 e do ativador de plasminogénio tipo uroquinase (PLAU), o qual
estd envolvido tanto no processo de angiogénese como no processo metastatico.

A inativagdo do gene NF-kappa/s tem mostrado inibir algumas caracteristicas
fenotipicas malignas em cancer de cabeca e pescoco, como a proliferacdo, a sobrevivéncia
celular, a migracdo e a angiogénese (Loercher et al., 2004). Dessa forma, o gene AES pode ter
um importante papel na carcinogénese de cabega e pescoco, uma vez que atua na regulacao
negativa de NF-kappa/f3 ¢ de seus genes alvos.

Além disso, o gene AES também atua na via de sinalizacdo do receptor Wnt, o
qual é mediado, fora do nicleo, por um complexo entre proteinas ligantes de DNA da familia
Tcf e o co-ativador transcricional B-catenina. Esse modelo de sinalizacdo Wnt/B-catenin/Tcf
apresenta importantes funcdes no desenvolvimento embriondrios e estd constitutivamente
ativado em cancer colon-rectal (Lepourcelet & Shivdasani, 2002; Wong & Pignatelli, 2002).
As proteinas da familia Groucho, a qual pertence a proteina codificada pelo gene AES, atua
reprimindo a ativagdo transcricional pelo complexo [-catenina-tcf, provavelmente pela
interacao direta com os fatores transcricionais tcf (Lepourcelet & Shivdasani, 2002). Dessa

forma, a baixa expressdo do gene AES pode estar contribuindo para uma maior ativagdo da
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via de sinalizacdo Wnt/B-catenin/Tcf e, conseqiientemente, para a carcinogénese de laringe, a
semelhanga do que ocorre no cancer c6lon-rectal.

O gene ALS2CR3, localizado em 2q33, apresentou evidéncia de baixa
expressdao nas amostras de tecido tumoral testadas (p-value = 0,000). Este gene é também
denominado GRIF-1 ou TRAK2 e codifica um fator que interage com o receptor do acido
gama-aminobutirico do tipo A (GABAA) e tem atuagdo no transporte intracelular,
principalmente no transporte de mitocondrias mediado por quinecinas (Brickley et al., 2005).
Alteragdes desse gene tém sido associadas a doencas neurodegenerativas (Hadano et al.,
2001). Entretanto, atualmente ndo ha na literatura trabalhos que descrevam alteracOes de
ALS2CR3 em tecido neoplésico.

A cistatina B (CSTB), também chamada de estefina B, é uma pequena proteina
de 11 kDA, membro da superfamilia dos inibidores de proteinases de cisteina. As cistatinas
tém recentemente emergido como importantes efetoras em multiplas fun¢des celulares como
sobrevivéncia, proliferacdo, diferenciacdo, sinalizacdo e imunomodulacio (Keppler et al.,
2006). As proteinases de cisteina, por sua vez, tém sido implicadas em multiplos passos da
progressdo tumoral, incluindo passos precoces de imortalizacio e transformacgdo
(Fehrenbacher et al., 2004), passos intermedidrios na invasdo tumoral e angiogénese (Joyce et
al., 2004) e passos tardios na metdstase e resisténcia a drogas (Zheng et al., 2004). A
importancia das proteinases de cisteinas no desenvolvimento de tumores sugere que as
cistatinas podem ter um papel fundamental em muitas formas de salvaguardar o organismo
contra a progressao tumoral, uma vez que inibem a atuacdo dessas proteinases (Keppler et al.,
20006).

A baixa expressao do gene CSTB, localizado em 21q22.3, foi observada em 5
de 24 estudos que avaliaram a expressao génica em cancer de cabeca e pescoco pela técnica

de microarray (revisdo em Choi & Chen, 2005). No presente trabalho, o gene CSTB
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apresentou evidéncia estatistica de baixa expressdo nas amostras tumorais de laringe
analisadas (p-value = 0,000).

A baixa expressio de CSTB também ja foi correlacionada com o
desenvolvimento de outras neoplasias. Dessa forma, Mirtti et al. (2003) observaram baixa
expressdo desse gene em adenocarcinoma prostitico, enquanto que Levicar et al (2002)
associaram a baixa expressao da proteina CSTB com indices menores de sobrevivéncia livre
de doenca em pacientes com cancer de mama. Shiraishi et al. (1998), por sua vez,
encontraram niveis reduzidos de RNA mensageiro e de marcagdo por imuno-histoquimica
para a cistatina B em carcinoma esofdgico. Trinkaus et al. (2005) também verificaram que
tanto os niveis de proteina quanto de RNA mensageiro de CSTB foram significativamente
mais baixos em meningiomas atipicos (grau II) do que em meningiomas benignos (grau I).

Cabe ressaltar também que mutacdes no gene CSTB, que levam a perda de sua
expressdo, tém sido consideradas o principal fator etioldégico para o desenvolvimento da
epilepsia mioclonica progressiva (EPMI) tipo Unverricht-Lundborg, uma doenca autossomica
recessiva (Alakurtti et al., 2005; Franceschetti et al., 2007; Joensuu et al., 2007).

O gene DUSPI, também chamado MKP-1 e localizado em 5q35.1, apresentou
evidéncia de baixa expressdo nas amostras tumorais analisadas (p-value = 0,000). A baixa
expressdo desse gene ji foi observada em cancer de cabeca e pescoco, mais especificamente
em cancer oral, como também em cancer de ovario e prostata (Denkert ef al., 2002; Rauhala et
al., 2005; Tomioka et al., 2006). Em estudo realizado por Li et al. (2004) observou-se que a
baixa expressdao de DUSPI ja podia ser observada em amostras de células da saliva de
pacientes com carcinoma oral, constituindo um potencial biomarcador para detec¢io precoce
desse tipo de neoplasia.

O gene DUSPI codifica uma fosfatase de dupla especificidade para tirosina e

treonina e inativa proteina quinase ativada por mitégeno, além de suprimir a ativagdo dessa
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proteina pelo oncogene ras (Lin & Yang, 2006). Esse gene ¢ um candidato a supressor
tumoral, sendo um alvo transcricional do gene p53, induzindo parada no ciclo celular e
apoptose. Dessa forma, DUSPI tem um importante papel na regulacdo negativa da
proliferacao celular (Li et al., 2003; Lin & Yang, 2006). Unoki & Namakmura (2001),
observaram que a expressdo de DUSP foi induzida pela introducdo de PTEN exdgeno em
linhagem celular de cancer endometrial. Dessa forma, DUSPI tem sido também considerado
um mediador da via de sinaliza¢do do gene supressor tumoral PTEN.

O gene DUSPI parece ter também um papel na inducdo de senescéncia celular
por meio da inibicdo da atividade do fator de transcricdo AP-1 e o subseqiiente bloqueio de
transcricdo de genes envolvidos na replicacdo do DNA (Hardy et al., 2005). Adicionalmente,
estudos realizados por Abraham & Clark (2006) enfatizam o papel de DUSPI como um
regulador critico da resposta imune inata, uma vez que este gene participa da regulacdo das
vias de JNK (c-Jun N-terninal Kinase) e p38 MAPK. Dessa forma, seus niveis de expressao
podem afetar profundamente a evolucao de processos inflamatdrios.

O gene MAP3K5, localizado em 6g25.1, apresentou evidéncia de baixa
expressdo nas amostras de tumores analisadas (p-value = 0,014). Este gene ¢ também
denominado ASKI e codifica uma quinase serina/treonina pré-apoptética. A atividade
catalitica da proteina codificada por MAP3K5 pode ser ativada pelo fator de necrose tumoral o
(TNFa), espécies de oxigénio reativas (ROS), danos no DNA e agentes quimioterdpicos como
cisplatina e taxol (Subramanian et al., 2004; Nagai et al., 2007).

A ativacdo de MAP3KS leva conseqiientemente a ativacdo da quinase N-
terminal c-Jun (JNK) e da cascata de sinalizacio mediada pela quinase p38 MAPK,
apresentando uma ampla variedade de fungdes bioldgicas como diferenciagdo celular e
apoptose induzida por estresse e por sinais pré-inflamatérios (Mizumura et al., 2006; Nagai et

al., 2007). A proteina MAP3KS5 liga-se também a muitas proteinas pro-apoptdticas tais como
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TRAF-2, DAXX e ALG-2 para facilitar a morte celular mediada por TNF-o e Fas
(Matsuzawa & Ichijo, 2001).

O papel pro-apoptotico de MAP3K)5 é reforcado pelos trabalhos de Dasgupta et
al (2004) e de Krerrouche et al. (2006). Estudos realizados por Dasgupta et al (2004) indicam
que a proteina do retnoblastoma, pRB, além de ter atividade antiproliferativa tem também
fungdes anti-apoptéticas, mecanismo que ainda ndo € completamente compreendido. De
acordo com os autores, pRB pode associa-se com MAP3KS5 em resposta a sinais apoptoticos
especificos. No entanto, MAP3KS5 parece bloquear a agdo de pRB e induzir a apoptose, além
disso, a inativagdo de pRb por MAP3KS correlaciona-se com aumento dos niveis da proteina
pro-apoptotica p73. No estudo de Kherrouche et al. (2006) observou-se que a superexpressao
do fator de transcricio E2F1 induz a expressdo do gene MAP3K5. Os autores também
sugeriram que algumas das funcdes celulares de MAP3K5 podem estar sob o controle de
E2F1 e que a superexpressdo de MAP3K5 pode favorecer a apoptose induzida por E2F]
independentemente da via de p53.

Além disso, estudos realizados por Arvindsson et al., 2001, demonstraram que
0 agente anti-neoplasico paclitaxel, ativa MAP3K5 e JNK, promovendo, in vitro, estabilizacdao
de microtibulos em linhagem celular de neuroblastoma. Além disso, os autores observaram
que MAP3K5 induz apoptose em neuroblastoma principalmente via p38 MAPK.

O gene PLAT codifica o ativador de plasminogénio tipo tecidual e mapeia em
8pl2. Este gene apresentou evidéncia de baixa expressdo nas amostras de tecido tumoral
analisadas (p-value = 0,000). O Ativador de plasminogénio tipo tecidual, codificado pelo gene
PLAT, é uma protease de serina multidominio, expresso em uma variedade de tipos celulares,
incluindo células endoteliais. E responsdvel pela conversio do plasminogénio zimégeno em
plasmina, uma enzima fibrinolitica (Kim et al., 2003). O ativador de plasminogénio tipo

7z

tecidual € secretado como uma proteina precursora de 70 kDA, composta por
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aproximadamente 527 aminodcidos. A molécula tem 17 pontes de dissulfito e uma cisteina
livre adicional na posi¢ao 83 (Colen & Lunen, 2004).

Esta proteina tem um dominio two-kringle, o qual apresenta atividade anti-
angiogénica (Shim et al., 2005). Dominios krigles sao moédulos de proteinas compostos de
78-80 aminodcidos conectados por uma triple disulfite-linked loop. Desde a descoberta que a
angiostatina é um inibidor endégeno de angiogénese e crescimento tumoral, outras moléculas
contendo dominios Kringles t€ém sido estudadas por sua atividade anti-angiogénica. O
ativador de plasminogénio tipo tecidual (PLAT) é uma proteina relacionada a fibrindlise e
tém dois dominios kringles com aproximadamente 29-30% de identidade com os dominios
kringles da angiostatina (Kim et al., 2003).

Dessa forma, em contraste ao ativador de plasminogénio tipo uroquinase
(PLAU), para o qual considerdveis evidéncias indicam que a superexpressio da enzima
correlaciona-se com agressividade dos tumores, dentre eles cancer de cabeca e pescocgo,
especialmente cancer de laringe (Schimidt et al., 2000; Pacheco, 2002; Wojtukiewicz et al.,
2003; Mengele et al., 2005), varias observacdes sugerem que altos niveis de ativador de
plasminogénio tipo tecidual correlaciona-se com bom progndstico em vdrios tipos de
neoplasias, como melanoma, cancer de mama, como também de laringe (Ferrier et al., 2000;
Chappuis et al., 2001; Wojtukiewicz et al., 2003). Enquanto que baixos niveis de ativador de
plasminogénio tipo tecidual tém sido associado com a ocorréncia de tumores malignos.

Estes dados sugerem que o aumento de expressdo do gene PLAT pode ser
benéfico, possivelmente devido a estimulacdo de geracdo de plasmina, a qual pode induzir a
degradacao da matriz de fibrina pré-angiogénica, necessdria para a formagao de novos vasos e
subseqiiente apoptose de células endoteliais, resultando em inibi¢do da angiogénese

(Reijerkerk et al., 2000).
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Recentemente, foi observado que o Neovastat, um inibidor de angiogé€nese
derivado de cartilagem de tubardo estimula a gera¢dao de plasmina dependente do ativador de
plasminogénio tipo tecidual. Além disso, vdérias proteinas anti-angiogénicas, como
endostatina, angiostatina, anfoterina, maspina estimulam a atividade de PLAT. Tais evidéncias
corroboram o papel anti-angiogénico do ativador de plasminogénio tipo tecidual (Gingras et
al., 2004a; Gingras et al., 2004b).

Os genes CRRY, UBLI e ZNF706, por sua vez, em contraste a técnica de
microarray, apresentaram alta expressdo nas amostras de tecido tumoral analisadas pela
técnica de PCR em tempo real. Todos esses genes mapeiam em regides de ganho
cromossOdmicos envolvidos na carcinogénese de cabeca e pescoco.

O gene CRRY, localizado em Spter15.33, apresentou evidéncia de alta
expressao nas amostras de tecido tumoral testadas (p-value = 0,011). As fungdes desse gene
ainda ndo sdo claramente conhecidas, no entanto, sua alta expressdo ja foi observada em
linhagens celulares de carcinoma renal quando comparada as células normais, como também
em linhagem celular de cincer de ovério resistente ao tratamento com cisplatina (Yamamoto
et al., 2001; Asakura et al., 2005).

O gene UBLI, também denominado SUMOI, apresentou evidéncia de alta
expressdo nos tumores analisados (p-value = 0,007) e mapeia em 2q33. Este gene parece estar
envolvido em muitos processos celulares, incluindo apoptose, regulacdo da mitose,
proliferacdo celular e regulacdo da transcricdo, pois a proteina UBL1 pode interagir com
fatores transcricionais como p53, c-jun, Sp-3, c-Myb e ¢/EBP, reduzindo suas atividades (Gill,
2004; Chen et al., 2006). A proteina UBL1 pode também formar complexos com as proteinas
RADS51 e RADS2, as quais tem um papel essencial no reparo do DNA por recombinagao
homdloga. Estudos mostram que a superexpressdao de UBLI regula negativamente o reparo

por recombinacdo homodloga induzido por quebras de cadeia dupla de DNA em linhagem
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celular CHO (Chinese Hamster Ovary) e reduz a resisténcia celular a radiacdo ionizante em
linhagem celular HT1080 (Li et al., 2000).

Em estudo recente realizado por Lee et al. (2005) foi observado que a proteina
UBLI1 também reprime a ativacdo do gene MAP3KS5, o qual, como descrito anteriormente,
apresentou baixa expressao nas amostras de tecido tumoral de laringe analisadas no presente
trabalho. Dessa forma, a alta expressdo do gene UBLI pode contribuir para o processo
carcinogénico tanto por diminuir a capacidade de reparo de DNA por recombinacdo
homdloga, como também por estar associada a baixa expressdo de MAP3KS5, o qual possui
funcdo pré-apoptdtica.

O gene ZNF706, localizado em 8q22.3, apresentou evidéncia de alta expressao
nos tumores analisados (p-value = 0,001). A familia zinc finger € uma das principais familias
génicas codificantes de fatores transcricionais. Membros dessa familia podem atuar tanto
como repressores como acentuadores da transcrigdo génica, tendo participagdo no
desenvolvimento embriondrio, assim como em uma variedade de processos fisioldgicos no
organismo adulto (Xiang et al. 2006). Estudos t€ém revelado que os fatores de transcri¢do que
contém motivos zinc finger sao envolvidos no modelo de sinalizacdo de proteinas quinase
ativada por mitégeno (MAPK), o qual é um dos principais mecanismos de regulacdo celular
eucaridtica (Zhao et al., 2006). Atualmente ndo hé na literatura trabalhos que correlacionem
expressdo alterada do gene ZNF706 em tecidos transformados e também que descrevam
funcdes mais especificas desse gene. No entanto, baixa expressdo de outros membros da
familia zinc finger, como ZNF185, ZNF212, ZNF262 e ZNF273, ja foi observada em cancer
de cabeca e pescoco (Alevisos et al. 2001; Gonzales et al., 2003; Sok et al., 2003; Kuriakose
et al., 2004; Belbin et al., 2005). Como ja mencionado anteriormente, genes dessa familia

podem atuar tanto como repressores como acentuadores da expressdo génica. Dessa forma,
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dependendo de sua atuag@o, podem apresentar tanto alta quanto baixa expressdao em tecidos
transformados.

Os genes CLKI, PTPRS, XRCC5, ILISBP nao apresentaram diferenca de
expressdo nas amostras tumorais analisadas (p-value = 0,406; 0,083; 0,340 e 0,222,
respectivamente) pela técnica de PCR em tempo real..

De acordo com o modelo Hanahan and Weinberg (2000), uma célula maligna
precisa adquirir 6 alteracdes bioldgicas para levar a patogénese, como auto-suficiéncia em
sinais de crescimento proliferativo, insensibilidade aos sinais inibidores de crescimento,
evasdo da apoptose, potencial de replicacdo ilimitado, capacidade de angiogénese e inducao
de invasdo. Em suporte a este modelo, o presente trabalho evidencia um conjunto de genes
diferencialmente expressos, especialmente, AES, CSTB, DUSP1, MAP3K5, PLAT e UBLI,
que podem diretamente ou indiretamente suprir estas vias.

Contudo, entre os genes validados como diferencialmente expressos,
enfatizamos o gene CSTB, o qual apresentou, pelas técnicas de microarray e PCR em tempo
real, baixa expressdo em todas as amostras de tumor de laringe analisadas.

Como ja mencionado, o gene CSTB possui fun¢do anti-metastdtica, pois inibi a acdo
de proteinases de cisteina lisossomais, as quais podem degradar a matriz extra-celular. No
entanto, apesar de considerdveis evidéncias mostrarem que a expressdo de proteinases de
cisteina lisossomais estdo alteradas em células tumorais quando comparadas as células
normais, esta classe de proteinases tem recebido pouca atencao, pois a énfase tem sido dada as
metaloproteinasesde matriz como novos alvos para a terapia anti-cancer (Keppler, 2006).
Contudo, estudos clinicos ndo tém evidenciado sucesso na terapia anti-cancer com o uso de
inibidores de metaloproteases (Rosenthal & Matrisian, 2006). Isto tem levado ao crescente
interesse pela superfamilia das cistatinas como potenciais novos alvos da terapia anti-cancer.

Recentes estudos pré-clinicos tém-se mostrado promissores (Gondi et al., 2004). Alguns
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estudos clinicos também tém mostrado que algumas cistatinas podem ter potencial de
progndstico e/ou diagndstico em varios tipos de neoplasias (Kos et al., 2000; Mirtti et al.,
2003; Trinkaus et al., 2005).

Uma vez que a metdstase regional em cancer de cabeca e pescoco diminui a
sobrevivéncia em aproximadamente 50%, constituindo o principal fator progndstico adverso
independente para esse tipo de neoplasia (Lothaire et al., 2006), o gene CSTB, pela sua fun¢ao
anti-metastatica, constitui um bom biomarcador em céncer de laringe, requerendo mais
atencdo em estudos futuros.

A identificac@o e a validagdo de genes diferencialmente expressos em HNSCC
€ extremamente importante, uma vez que os métodos clinicos e histopatoldgicos utilizados
atualmente mostram-se insuficientes para predizer a evolucao clinica e a resposta a tratamento
nos pacientes (Worsham et al., 2003).

Dessa forma, o presente trabalho validou 10 genes como diferencialmente
expressos em tecido neopldsico de laringe quando comparado ao tecido histologicamente
normal. Estes genes participam de vérios processos celulares importantes como mencionado
anteriormente, e alguns ja foram observados como diferencialmente expressos em cancer de
cabecga e pescoco, grupo ao qual os tumores de laringe fazem parte.

A identificacdo de uma assinatura de expressdo gé€nica que possa distinguir
tecido normal de tumoral, bem como predizer a evolucdo clinica, resultard em diagndsticos e
progndsticos mais efetivos e em abordagens terapéuticas mais adequadas para essa neoplasia.
Os biomarcadores moleculares identificados nesse trabalho poderdo resultar em novas
patentes e em abordagens clinicas e terapéuticas mais adequadas para o cancer de laringe, que
permanece como um dos mais freqiientes e desfigurantes tumores que afetam tanto a duragdo

como a qualidade de vida dos pacientes
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IV - CONCLUSOES

Por meio do presente trabalho foram obtidas as seguintes conclusdes:

1y

2)

3)

4)

5)

6)

A técnica de microarray permite a identificacdo de genes diferencialmente
expressos em tecido tumoral de laringe quando comparado ao tecido
normal;

O conjunto de 35 genes, encontrados como diferencialmente expressos no
presente trabalho, possue informacdo suficiente para a clusterizagao
hierdrquica das amostras de laringe em dois grupos, um normal e outro
tumoral;

As principais categorias funcionais dos genes com alta expressdo no tumor
sdo apoptose, adesdo celular, metabolismo, regulacdo da transcricdo e
transdugdo de sinal;

As principais categorias funcionais dos genes com baixa expressio no
tumor sdo adesdo celular, apoptose, ciclo celular, inibicdo de protease,
protedlise, regulacdo da transcricdo e reparo de DNA;

A técnica de RT-PCR em tempo real permite a validacdo de genes
identificados como diferencialmente expressos pela técnica de microarray.
No entanto, alguns genes podem ndo ser validados como diferencialmente
expressos ou mostrar resultados opostos aos observados pela andlise de
microarray, o que reforca a necessidade e a importancia das técnicas de
validagdo;

Os genes validados, ADCY6, AES, AL2SCR3, CRR9, CSTB, DUSPI,

MAP3KS, PLAT, UBLI e ZNF706, participam de diferentes vias
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7)

8)

9)

metabdlicas, como apoptose, ciclo celular, inibicao de protease, protedlise,
regulacdo da transcri¢do e reparo de DNA, e podem estar contribuindo
significativamente para o desenvolvimento do carcinoma de células
escamosas de laringe;

Em todos os genes validados, exceto em ALS2CR3, observa-se correlacao
entre a sua alta ou baixa expressdo em tumor de laringe e a sua localizacio
em regido cromossdmica de ganho ou perda envolvida na carcinogénese de
cabeca e pescoco, respectivamente.

O gene CSTB, o qual tem atividade anti-metastdtica por inibir a acdo de
proteases de cisteina, apresenta baixa expressio em todas as amostras e
tumor analisadas por microarray e RT-PCR em tempo real, demonstrando
ser um bom marcador de carcinogénese de laringe e merecendo mais
atencao em estudos futuros;

Os genes validados fornecem informacdes importantes para a compreensao

do desenvolvimento do céincer de laringe.
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Descri¢do dos 139 genes que foram amplificados para a construcdo do cDNA

microarray, segundo consulta ao banco de dados do National Center for Biotechnology

Information (http://www.ncbi.nlm.nih.gov) e em Knuutila et al. (2000).

Description Genome Loss or gain region HN Cluster Reference Function/
Mapping in head and neck Sequence Process
cancer according
by Knuutila et al.
(2000)
Actinin, alpha 4 19q13.2 Loss R1_CL308708_CT59 NM_004924.3 Protein binding/
(ACTN4) Cell motility
Activating signal 2ql1.2 Loss R1_CL306547 _CT1 NM_014014.2 Nucleic acid and
cointegrator 1 protein binding/
complex subunit mRNA processing
(ASCC3L1)
Activating 12q13.12 Loss R1_CL182156_CT2 NM_005171.2 Transcription factor
transcription factor 1 activity/
(ATF1) Transcription
regulation
Acyl-Coenzyme A 17925.1 Gain R1_CL212368_CTl1 NM_004035.5 Acyl-CoA
oxidase 1, palmitoyl dehydrogenase
(ACOX1) activity/
Metabolism
Adenylate cyclase 6 12q14.1 Loss R1_CL17269_CT2 NM_015270.2 Adenylate cyclase
isoform a activity/
(ADCY6) cAMP biosynthesis
ALLI fused gene from 5q31.1 Loss R1_CL283420_CT4 NM_014423.3 Transcription factor
5q31 activity/
(AFF4) Transcription
regulation
Alpha 1 type VII 3p21.31 Loss R1_CL54028_CTl1 NM_000094.2 Serine-type
collagen precursor endopeptidase
(COL7A1) inhibitor activity/
Cell adhesion
Alpha-kinase 1 4925 Loss R2_CLUSTER_24089 NM_025144.2 Protein
(ALPK1) serine/threonine
kinase activity/
Protein amino acid
phosphorylation
Aminopeptidase 17921.32 Gain R1_CL32051_CTl1 NM_006310.2 Metallopeptidase
puromycin sensitive activity/
(NPEPPS) Proteolysis
Amino-terminal 19p13.3 Loss R1_CL309068_CT2 NM_198969.1 Transcription
enhancer of split corepressor activity/
isoform b Transcription
(AES) regulation
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AMME chromosomal 2q21.2 Loss R1_CL148773_CT1 NM_031445.2 Unknown/
region gene 1-like Unknown
(AMMECRIL)
Amyotrophic lateral 2q33.1 Gain R1_CL303821_CT1 NM_015049.1 GABA receptor
sclerosis 2 (juvenile) binding/
chromosome region, Neurotransmitter
candidate 3 transport
(ALS2CR3)
Androgen-induced 13q13.1 Loss R2_CLUSTER_28626 NM_015032.1 Transferase activity/
prostate proliferative Cell proliferation
shutoff
(APRIN)
Antigen identified by 10926.2 Loss R1_CL314386_CT11 NM_002417.3 Nucleotide and
monoclonal antibody protein binding/
Ki-67 Cell cycle
(MKI67)
Arginine rich, mutated  3p21.31 Loss R1_CL289881_CT1 NM_006010.2 Unknown/
in early stage tumors Unknown

(ARMET)

AT rich interactive 12q12 Loss R1_CL308219_CT3 NM_152641.2 DNA and protein
domain 2 (ARID binding/

RFX-like) Transcription

(ARID2) regulation
Attractin-like 1 10g25.3 Loss R1_CL210096_CT1 NM_207303.2 Receptor activity/
(ATRNL1) Development
Breast cancer anti- 1p22.1 Loss R1_CL329575_CT2 NM_003567.2 Protein binding/
estrogen resistance 3 Cell cycle
(BCAR3)
Bridging integrator 1 2q21.1 Loss R1_CL60463_CT1 NM_139348.1 Protein binding/
isoform 6 Cell cycle
(BIN1)
cAMP-dependent 7q22.3 Gain R2_CLUSTER_27035 NM_002736.2 Nucleotide binding/
protein kinase Intracellular signaling
regulatory
(PRKAR2B)
cAMP-specific 5ql1.2 Loss R1_CL186152_CT1 NM_006203.3 Hydrolase activity/
phosphodiesterase 4D Signal transduction

(PDE4D)

Caspase 1 isoform 11922.3 Loss R1_CL273774_CT1 NM_001223.3 Caspase activator
beta precursor activity/

( CASP1) Apoptosis
Catenin (cadherin- 3p22.1 Loss R1_CL313072_CT43 NM_001904.2 Structural molecule
associated protein) activity, transcription

beta 1 factor activity/

(CTNNBI1) Cell adhesion,

Transcription
regulation
CDC-like kinase 1 2q33.1 Gain R1_CL306959_CT1 NM_004071.2 Protein
(CLK1) serine/threonine
kinase activity/ Cell
proliferation
Chromatin modifying ~ 19q13.43 Loss R1_CL161650_CT3 NM_198426.1 Unknown
protein 2A Protein transport
(CHMP2A)
Chromosome 7 7q34 Gain R1_14306_CT2 NT_007914.14 Unknown/
genomic contig Unknown
Cisplatin resistance Spter15.33 Gain R1_CL315539_CT1 NM_030782.2 Unknown/
related protein Unknown

(CRRY)
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COP9 signalosome 2q37.3 Loss R1_CL237148_CT2 NM_006710.4 Protein binding/
subunit 8 isoform 1 Unknown
(COPS8)
Cortactin isoform a 11q13.3 Gain R1_CL343806_CT1 NM_005231.2 Protein binding/
(CTTN) Unknown
Cyclin D1 (CCND1) 11q13.3 Gain R1_CL90322_CT3 NM_053056.2 Cyclin-dependent
protein kinase
regulator activity/
Cell cycle
Cystatin B (CSTB) 21g22.3 Loss R1_CL240674_CT4 NM_001000.2 Cysteine protease
inhibitor activity/
Protease inhibition
Cytokine inducible 3p21.31 Loss R1 _CL308680_CT1 NM_145071.1 Unknown/
SH2 containing Signal transduction
protein (CISH)
D4 zinc and double 11q13.1 Gain R1_CL64522 CT4 NM_006268.3 Nucleic acid and
PHD fingers family 2 protein binding/
( DPF2) Apoptosis
Diacylglycerol kinase ~ 13q14.11 Loss R1_CL180127_CT1 NM_152910.3 Diacylglycerol kinase
eta isoform 1 activity/
( DGKH) Intracellular signaling
cascade
DnaJ homology 5pl3.2 Gain R1_CL260138_CT3 NM_001012339.2 Nucleic acid and
subfamily A member protein binding/
5 isoform 2 Protein folding
(DNAJAS)
Dual specificity 5q35.1 Loss R1_CL117820_CT4 NM_004417.2 MAP kinase
phosphatase 1 phosphatase activity/
(DUSP1) Cell cycle
Dystroglycan 1 3p21.31 Loss R1_25779_CT4 NM_004393.1 Protein binding/
(dystrophin-associated Cell adhesion
glycoprotein 1)
(DAG1)
Ephrin-AS (EFNAS) 5q21.3 Loss R1_CL182109_CT1 NM_001962.1 Ephrin receptor
binding/
Cell-cell signaling
Epithelial protein lost ~ 12q13.12 Loss R1_CL316114_CT1 NM_016357.3 Actin filament
in neoplasm beta binding/
(LIMA1) Oganization and
biogenesis
Family with sequence ~ 12q13.2 Loss R1_CL139514_CT2 NM_015292.1 Unknown/
similarity 62 (C2 Unknown
domain (FAM62A)
Fibronectin type I1I 3q26.31 Gain R1_CL171287_CT4 NM_022763.2 Unknown/
domain containing 3B Unknown
(FNDC3B)
Four and a half LIM 2ql2.1 Loss R1_CL69822_CT3 NM_001450.3 Transcription
domains 2 coactivator activity/
(FHL2 Transcription
regulation
Glutathione S- 11q13.3 Gain R1_CL315103_CT13 NM_000852.2 Glutathione
transferase pi transferase activity/
(GSTP1) Metabolism
Hematopoietically 10g23.33 Loss R1_CL243018_CT1 NM_002729.4 Transcription factor
expressed homeobox activity/
(HHEX) Transcription
regulation
Hepatitis B virus x- 1p13.3 Loss R1_CL294006_CT1 NM_006402.2 Protein binding/
interacting protein Apoptosis

(HBXIP)




Anexo I 141

Heterogeneous nuclear  1p36.11 Loss R1_CL259954_CT4 NM_005826.2 RNA binding/
ribonucleoprotein R mRNA processing
(HNRPR)
HIV-1 Tat interactive 11pl5.1 Loss R1_CL167890_CT2 NM_006410.3 Transcription
protein 2, 30kDa coactivator activity/
(HTATIP2) Transcription
regulation
Hypothetical protein 5q33.2 Loss R1_CL58915_CT2 NM_016348.1 Catalytic activity/
LOC10826 isoform 1 Metabolism
(C5o0rf4)
Hypothetical protein 17921.2 Gain R1_CL258959_CT1 NM_178126.2 Unknown/
LOC162427 Unknown
(LOC162427)
Hypothetical protein 4p15.33 Loss R1_CL92010_CT1 NM_148894.2 Unknown/
LOC259282 Unknown
(FAM44A)
Hypothetical protein 14q13.2 Loss R1_CL176160_CT1 NM_001079519.1 Acylphosphatase
LOC283635 isoform 2 activity/
(Cl4orf24) Unknown
Hypothetical protein 2q37.1 Loss R1_CL224574_CT1 XM_939706 Unknown/
LOC339766 Unknown
(LOC339766)
Hypothetical protein 11q12.3 Loss R1_CL141460_CT3 NM_199337.1 Unknown/
LOC374395 Unknown
(LOC374395)

Hypothetical protein 18q23 Loss R1_186193_CT1 NM_024805.1 RNA binding/
LOC79863 rRNA processing
(C180rf22)

Hypothetical protein 3ql2.1 Gain R1_CL27336_CT1 NM_032359.2 Unknown/
LOC84319 Unknown

(C3o0rf26)

Hypothetical protein 2ql3 Loss R2_CLUSTER_28435 NM_032824.1 Unknown/

LOC84910 Unknown
(TMEMS7B)

Hypothetical protein 8p23.1 Loss R1_CL198837_CT1 NM_032916.3 Unknown/
LOC85002 Unknown
FAMS6B1

Hypothetical protein 5q31.1 Loss R1_CL310111_CT1 NM_080656.1 Unknown/
LOC91368 Unknown

(MGC13017)
IKK interacting 12q23.1 Loss R1_CL299091_CT1 NM_201613.1 Protein binding/
protein isoform 3.1 Apoptosis
(IKIP)
Immunoglobulin 13g31.1 Loss RC3-HNO0029- NM_004258.1 Unknown/
superfamily member 2 221100-011-g01 Signal Transduction
(IGSF2)
Integrin alpha chain 2q31.1 Gain R1_CL268742_CT3 NM_001079818.1 Protein binding/
alpha 6 isoform a Cell adhesion
(ITGA®6)
Integrin, alpha 5 12q13.13 Loss R1_CL308230_CT1 NM_002205.2 Protein binding/
(fibronectin receptor, Cell adhesion
alpha polypeptide)
(ITGAS)
Interleukin 18 binding  11q13.4 Gain R1_CL305797_CT10 NM_001039659.1  Receptor antagonist

protein precursor
(IL18BP)

activity/
T-helper 1 type
immune response
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Interleukin enhancer 19p13.2 Loss R1_294710_CT3 NM_004516.2 Transcription
binding factor 3 regulator activity/
isoform b Transcription
(ILF3) regulation
Jumonji domain 5q31.2 Loss R1_CL303776_CT1 NM_016604.3 Oxidoreductase
containing 1B activity/
(JMID1B) Transcription
regulation
Kelch-like ECH- 19p13.2 Loss R1_15270_CT3 NM_012289.3 Transcription
associated protein 1 regulator activity/
(KEAP1) Transcription
regulation
Latrophilin 3 4q13.1 Loss R2_CLUSTER_30293 NM_015236.3 Receptor activity/
precursor Signal Transduction
(LPHN3)

LATS large tumor 6q25.1 Loss R1_CL14643_CT1 NM_004690.2 Protein
suppressor homolog 1 serine/threonine
(Drosophila) (LATS1) kinase activity/

Cell cycle
Leucine rich repeat 15q15.2 Gain R1_CL112617_CT1 NM_153260.1 Protein binding/
containing 57 Unknown
(LRRC57)
Leucine-rich repeat 12q12 Loss R1_CL254473_CT1 NM_198578.2 Protein
kinase 2 serine/threonine
(LRRK2) kinase activity/
Signal transduction
Leukemia inhibitory 5pl13.1 Gain R1_CL74481 _CT1 NM_002310.3 Protein binding/
factor receptor (LIFR) Cell proliferation
LIM domain only 4 1p22.3 Loss R1_CL43335_CT1 NM_006769.2 Transcription factor
(LMO4) activity/
Transcription
regulation
Matrix 11q22.2 Loss R1_CL80351_CT1 NM_002422.3 Stromelysin 1
metalloproteinase 3 activity/
(MMP?3) Proteolysis
Mediator of RNA 17p13.2 Loss R1_CL173670_CT1  NM_001001683.1 Protein binding/
polymerase 11 Unknown
transcription (MED11)
Metastasis suppressor  8q24.13 Gain R1_CL276939_CT1 NM_014751.2 Receptor binding/
1 (MTSS1) Cell motility
Methyl-CpG binding 18q21.2 Loss R1_240581_CT4 NM_003927.3 Transcriptional
domain protein 2 repressor activity/
isoform 1 Transcription
(MBD?2) regulation
Microtubule- 3p21.31 Loss R1_CL308445_CT13 NM_002375.3 Structural molecule
associated protein 4 activity/
isoform 1 Negative regulation
(MAP4) of microtubule
depolymerization
Mitogen-activated 10q11.22 Loss R1_CL276260_CT1 NM_002750.2 Protein
protein kinase 8 serine/threonine
isoform JNK1 kinase activity/
(MAPKS) Apoptosis
Mitogen-activated 6qg25.1 Loss R1_CL237238_CT1 NM_005923.3 MAP kinase kinase
protein kinase kinase kinase activity/
kinase 5 (MAP3K5) Apoptosis
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Mitogen-activated Xp21.2 Loss R1_CL154747_CT1 NM_152787.3 Protein kinase

protein kinase kinase activity/

kinase 7 Signal transduction
(MAP3K7IP3)

Mouse double minute 12q15 Loss R1_CL77132_CT2 NM_002392.2 Protein binding/
2 homolog isoform Cell proliferation
MDM?2 ( MDM2)

Myeloid/lymphoid or 11g23.3 Loss R1_CL244629_CT1 NM_005933.2 Transcription factor

mixed-lineage activity/
leukemia ( MLL) Transcription
regulation
Nuclear distribution 1p35.1 Loss R1 _CL308547 CT5 NM_006600.2 Protein binding/
gene C homolog Cell proliferation
(NUDC)
Nuclear factor of 6p21.33 Loss R1_CL303075_CT1 NM_005007.2 Protein binding/
kappa light Transcription
polypeptide gene regulation
(NFKBIL1)
Nuclear matrix protein  18p11.32 Gain R1_227909_CT2 NM_005131.1 DNA, RNA and
p84 (THOC1) protein binding/
Signal transduction
Nuclear matrix 12p13.31 Gain R1_CL153745_CT2  NM_001039916.1  Nucleic acid binding/
transcription factor 4 Transcription
isoform a (ZNF384) regulation
Nuclear mitotic 11q13.4 Gain R1_CL318069_CT3 NM_006185.2 Protein binding/
apparatus protein 1 Organization and
(NUMA1) biogenesis
PHD finger protein 11~ 13q14.2 Loss R1_CL136422_CT10 NM_001040444.1 Protein binding/
isoform b Unknown
(PHF11)
PHD finger protein 15 5q31.1 Loss R1_CL71875_CTl1 NM_015288.4 Protein binding/
PHF15 Unknown
Phosphate 3929 Gain R1_CL252687_CT1 NM_005017.2 Transferase activity/
cytidylyltransferase 1 Biosynthesis
choline alpha
(PCYT1A)

Phosphofructokise 12q13.11 Loss RC4-HNO0030- NM_000289.3 Protein kinase
muscle 151100-011-al1 activity/
(PFKM Glycolysis regulation

Plasminogen activator ~ 8p11.21 Loss R1_CL186187_CT2 NM_000930.2 Plasminogen

tissue type isoform 2 activator activity/

(PLAT) Proteolysis
Polyhomeotic-like 2 1p35.1 Loss R1_CL135128_CT3 NM_004427.3 DNA and protein
isoform b binding/
(PHC2) Development
Prefoldin subunit 5 12q13.13 Loss R1_CL305855_CT2 NM_145897.2 Transcription
isoform gamma corepressor activity/
(PFDNY5) Transcription
regulation
Prenyl protein 11q13.3 Gain R1_CL233758_CT2 NM_001032279.1 Hydrolase activity/
peptidase RCE1 Proteolysis
isoform 2
(RCE1)
Prickle-like 2 3pl4.l Loss R1_CL163834_CT1 NM_198859.1 Metal ion binding/
(PRICKLE?2) Unknown
PRKC apoptosis WT1 12g21.2 Loss R1_CL22195_CT3 NM_002583.2 Transcription
regulator corepressor activity/
(PAWR) Apoptosis




Anexo I 144

Protein 5q22.3 Loss R1_CL18320_CT1 NM_005023.2 Transferase activity/
geranylgeranyltransfer Protein amino acid
ase type I beta geranylgeranylation
(PGGT1B)
Protein tyrosine 2q21.1 Loss R1_CL308813_CT7 NM_014369.2 Protein tyrosine
phosphatase non- phosphatase activity/
receptor type Cell cycle
PTPNI18 (PTPN18)
Protein tyrosine 19p13.3 Loss R1_CL310075_CT12 NM_002850.3 Protein tyrosine
phosphatase receptor phosphatase activity/
type sigma Cell adhesion
(PTPRS)
Proteina zinc finger 8q22.3 Gain R1_CL164403_CT3 NM_016096.3 Nucleic acid binding/
706 (ZNF706) Unknown
Purine-rich element 5q31.3 Loss R1_CL308628_CT1 NM_005859.3 RNA polymerase 11
binding protein A transcription factor
(PURA) activity/
Replication and
transcription
regulation
Reg receptor (EXTL3) 8p21.1 Loss R1_CL90011_CT2 NM_001440.2 Transferase activity,
transferring glycosyl
groups/
Unknown
Restin (Reed- 12q24.31 Loss R1_CL117078_CT1 NM_002956.2 Protein binding/
Steinberg cell- Cell cycle
expressed intermediate
filament-associated
protein) (RSN)
Retinoblastoma 1 13q14.2 Loss R1_CL43373_CT1 NM_000321.2 Protein binding/
(RB1) Cell cycle
Ribonuclease T2 6q27 Loss R1_CL72807_CT2 NM_003730.3 Endoribonuclease
precursor activity/
(RNASET?2) RNA catabolism
Ribosomal protein S8 1p34.1 Loss R1_CL306039_CT6 NM_001012.1 RNA binding/
(RPS8) Translation
Ring finger protein 13 3g25.1 Gain R1_CL143318_CT10 NM_007282.3 Protein binding/
isoform 1 (RNF13) Unknown
RNA binding motif 11q13.3 Gain R1_CL140107_CT1 NM_006328.2 Nucleic acid and
protein 14 (RBM14) protein binding/
Transcription
regulation
RNA binding motif 3p21.31 Loss R1_CL250624 _CT4 NM_005778.1 Nucleotide binding/
protein 5 (RBMS) Cell cicle
Roquin 1g25.1 Gain R1_CL192991_CT2 NM_172071.1 RNA and protein
(RC3H1) binding
Round spermatid basic ~ 7q11.23 Gain R1_CL192364_CT2 NM_198467.1 Unknown/
protein 1-like Unknown
(RSBNIL)
Serum amyloid Al 11p15.1 Loss R1_CL311850_CT1 NM_000331.3 G-protein-coupled
preproprotein (SAA1) receptor binding/
Cell adhesion
SID1 transmembrane 11g23.3 Loss R1_CL49195_CT4 NM_001040455.1 Unknown/
family member 2 Unknown
(SIDT2)
Signal transducer and 17921.2 Gain R1_CL90946_CT7 NM_139276.2 Transcription factor

activator of
transcription 3 (acute-
phase response factor)
(STAT3)

activity/
Transcription
regulation
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Signal transducer and 2q32.2 Gain R1_CL44297_CT1 NM_003151.2 Transcription factor
activator of activity/
transcription 4 Transcription

(STAT4) regulation
Skeletal muscle 19q13.2 Loss R2_CLUSTER_8601 NM_000540.2 Receptor activity/
ryanodine receptor Transport
isoform 1 (RYR1)
Sma- and Mad-related 18g21.1 Loss R1_314249_CT1 NM_005901.4 Transcriptional
protein 2 activator activity/
(SMAD?2) Transcription
regulation
Small conductance 1922 Gain R1 _CL55643 CT1 NM_170782.1 Calcium-activated
calcium-activated potassium channel
potassium activity/
(KCNN3) Transport
Solute carrier family 16q22.1 Loss CM4-HN0022- NM_005072.3 Transporter activity/
12 (potassium/ 090101-453-e09 Transport
chloride (SLC12A4)
Solute carrier family 17p13.1 Loss R1_CL62589_CT1 NM_177550.2 Transporter activity/
13 (sodium-dependent Transport
(LC13A5)
Squamous cell 12g23.3 Loss R1_CL249877_CTl1 NM_014706.3 RNA binding/
carcinoma antigen RNA processing
recognised by T cells
3 (SART3)
Suppression of 11q24.3 Gain R1_CL316882_CT2 NM_021978.3 Serine-type
tumorigenicity 14 endopeptidase
(ST14) activity/
Proteolysis
SWI/SNF-related 19p13.2 Loss R1_309522_CT4 NM_003072.2 Transcription factor
matrix-associated activity/
(SMARCA4) Transcription
regulation
T-cell leukemia 3p21.31 Loss R1_CL63525_CT3 NM_022171.1 Unknown/
translocation altered Unknown
(TCTA)

Telomeric repeat 8ql3.3 Gain R1_CL308320_CT2 NM_017489.1 Double-stranded
binding factor 1 telomeric DNA
isoform 1 binding/

( TERF1) Telomere

maintenance via
telomerase
Thyroid hormone 12q24.21 Loss R1_CL84119_CTl1 NM_015335.2 Receptor activity/
receptor associated Transcription
protein 2 regulation
(THRAP2)
Transducer of 1g21.1 Gain R1_CL98433_CT3 NM_181715.1 Protein binding/
regulated cAMP Unknown
response (CRTC2)
Tripartite motif- 10q24.32 Loss R1_CL269655_CT1 NM_030912.1 Protein binding/
containing 8 (TRIMS) Unknown
Tumor protein p53 1q42.11 Gain R1_CL303671_CT2 NM_001031685.2 Protein binding/
binding protein, 2 Apoptosis
(TP53BP2)
Ubiquitin specific 10g25.3 Loss R1_CL115398_CT1 NM_152586.3 Protein binding/

protease 54
(USP54)

Ubiquitin-dependent
protein catabolism




Anexo I 146

Ubiquitin-like 1 2q33.1 Gain R1_CL327107_CT1  NM_001005781.1 SUMO conjugating
(sentrin) (UBLI) enzyme activity/
DNA Repair
V-ets erythroblastosis 21q22.2 Loss R1_CL89976_CT5 NM_005239.4 Transcription factor
virus E26 oncogene activity/
(ETS2) Transcription
regulation
Vinculin transcript 10g22.2 Loss R1_CL307412_CT3 NM_003373.3 Structural molecule
variant meta activity/
(VCL) Cell adhesion
V-raf-1 murine 3p25.2 Loss R1_CL288015_CT3 NM_002880.2 Protein
leukemia viral serine/threonine
oncogene homolog kinase activity/
(RAF1) Cell proliferation
WD repeat domain 5 9p34.2 Loss R1_CL175289_CT1 NM_017588.2 Protein binding/
(WDRY5) Development
X-ray repair defective 2q35 Loss R1_CL315103_CT23 NM_021141.2 ATP-dependent DNA
repair in Chinese helicase activity/
hamster cells DNA repair
(XRCCS)

Zinc finger MYND 10p14 Gain R1_CL240566_CT7 NM_006624.3 Protein binding/
domain containing 11 Transcription
isoform (ZMYND11) regulation

Zinc finger protein 8q23.1 Gain R1_CL252686_CT1 NM_012082.2 Transcription

multitype 2 corepressor activity/
(ZFPM2) Transcription

regulation
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Abstract

Hypermethylation in the promoter region has been associated with a loss of gene function that may

give a selective advantage to neoplastic cells. In this study, the methylation pattern of genes
CDKN2A (alias pl4, pl4**", p16, p16™**"), DAPK1, CDHI, and ADAM23 was analyzed in 43
samples of head and neck tumors using methylation-specific polymerase chain reaction. In the oro-
pharynx, there was a statistically significant association between hypermethylation of the DAPKI
gene and the occurrence of lymph node metastases, and in the larynx there was statistically signif-
icant evidence of an association between hypermethylation of the ADAM23 gene and advanced
stages of the tumors. Thus, a correlation was observed between hypermethylation of the promoter
region of genes DAPK] and ADAM23 and the progression of head and neck cancer. © 2007

Elsevier Inc. All rights reserved.

1. Introduction

Head and neck cancer is a major public health problem
worldwide. For instance, head and neck squamous cell car-
cinomas currently occur at a rate of approximately 500,000
new cases yearly [1]. Carcinogenesis is a multistep process,
characterized by the accumulation of genetic alterations
and by epigenetic alterations, which are in turn character-
ized by an inherited process during cellular division, with-
out any alterations in the DNA sequence [1,2—4].

Recent advances in transcriptome studies have resulted
in new approaches in the identification of epigenetic
changes associated with cancer. There is a growing list of
tumor suppressor genes silenced by hypermethylation of
the promoter region and of oncogenes that are activated
as a consequence of hypomethylation, observed in certain
types of cancer [5].

* Corresponding author. Tel.: +55-17-3221-2379; fax: +55-17-3221-
2496.
E-mail address: rahalp@yahoo.com.br (P. Rahal).

0165-4608/07/$ — see front matter © 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.cancergencyto.2006.09.008

The study of epigenetics, especially methylation of
DNA, offers a great potential for the identification of bio-
markers that can be used in the diagnosis of the first stages
of cancer development and for a more accurate evaluation
of the individual risk of developing the disease [6]. Among
these biomarkers are the genes p/4, pl6, DAPKI (death-
associated protein kinase 1), CDHI (E-cadherin; alias
E-CAD), and ADAM?23 (ADAM disintegrin and metallopro-
teinase domain 23).

The INK4a/ARF locus is located on chromosome 9p21
and has the unique distinction of encoding two cell cycle-
regulatory genes, pl6™5** and p14**". Briefly, alternative
splicing of the first exon and common downstream exons
permits one gene to encode two different products, which
function via two distinct pathways to inhibit cell cycle pro-
gression [7].

The protein encoded by the tumor suppressor gene pl4 is
involved in the regulation of the cell cycle, interrupting
phases G1 or G2 [8]. Previous studies have reported that epi-
genetic alterations of the p/4 gene are important events in
head and neck carcinogenesis and in the development of be-
nign tumors [9,10]. The product of the tumor suppressor gene
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pl6 acts as a negative regulator of cellular proliferation
through the interaction with the CDK4 (cyclin-dependent
kinase 4) protein by inhibiting its kinase activity [11,12].
The methylation mechanism whose consequence is the tran-
scriptional silencing of the p/6 gene was observed in epider-
moid carcinomas of the head and neck, particularly of the
oral cavity [12,13].

The DAPKI gene encodes a calmodulin-dependent ser-
ine-threonine kinase. This protein is classified as a positive
mediator of apoptosis induced by IFNG (interferon gamma)
[14]. In studies performed on head and neck cancer sam-
ples, a positive correlation was found between methylation
of the DAPK gene and the presence of lymph node metas-
tases, confirming the role of this protein in the dissemina-
tion of the tumor [15].

The glycoprotein E-cadherin is the main adhesion mol-
ecule of the epithelium, and a reduction or loss of its ex-
pression is frequently seen during carcinogenesis. It has
been suggested that methylation of the CDHI gene in asso-
ciation with the loss of its expression may persist in inva-
sive and metastatic lesions during the progression of
cancer [16]. The ADAM23 gene, a member of the ADAM
protein family (ADAM, for ‘“‘a disintegrin and metallopro-
teinase’), is located on chromosome 2q33 and encodes
ADAM domain 23; it possesses a potent adhesion domain
and is involved in cell—cell and cell—matrix interactions.
Members of this family are membrane-anchored proteins
structurally related to snake venom disintegrins, and have
been implicated in a variety of biological processes involv-
ing cell—cell and cell—matrix interactions, including fertil-
ization, muscle development and neurogenesis [17]. It has
been shown that advanced-stage primary breast tumors
present with a high degree of methylation in the ADAM23
gene [18].

Our objective was to analyze the methylation pattern of
the promoter region of genes pl4*%" p16™** DAPKI,
CDHI, and ADAM23 in DNA samples from 43 head and
neck tumors.

2. Materials and methods
2.1. Sample collection

Forty-three tumor samples were collected from patients
diagnosed with head and neck tumors at the Dr. Arnaldo
Vieira de Carvalho Cancer Institute in Sao Paulo, Brazil.
Of these patients, 32 were male, and 11 were female;
95% were smokers and 70% consumed alcohol. In terms
of staging, 30 patients had stage T4 tumors, 22 of them with
lymph node involvement; 9 patients were in stage T3, of
whom 1 had lymph node involvement; and 4 patients were
in stage T2, one of them with lymph node involvement. No
long-distance metastases were observed in any of the tu-
mors. Fresh samples were obtained from surgical resection

of head and neck tumors: 30% from the oral cavity, 26%
from the larynx, and 44% from the oropharynx (Table 1).

Research protocols and informed consent forms were re-
viewed and approved by the in-house Ethics Committee
and by the National Committee of Ethics in Research. De-
mographic data, including age at diagnosis, gender, and use
of alcohol and tobacco, were obtained from medical re-
cords. Tumor stage and grade were determined from surgi-
cal and pathology reports. Tumor stage classification was

Table 1
Demographic and clinical characteristics for 43 samples of head
and neck cancer

Age, Localiza-

Tumor years Sex Ethnicity Tobacco? Alcohol? tion® TNM

T1 54 M White Yes Yes (0] T4N1MO
T2 55 M  White Yes No L T3NOMO
T3 45 M White Yes Yes CO T4NOMO
T4 42 M White Yes Yes L T4N2AMO
T5 62 M  White Yes No CcO T3NOMO
T6 73 M White Yes Yes L T4N2BMO
T7 61 M White Yes Yes (0] T3NOMO
T8 67 F  White Yes No (0] T3NOMO
T9 69 M White Yes Yes L T3NOMO
T10 51 M  Black Yes No (0] T3NOMO
T11 58 F  White Yes Yes L T4NOMO
T2 74 F  White Yes No (6] T4NOMO
T3 52 M  Mulatto  Yes Yes (6] T4N20MO
T4 57 M White Yes Yes CO T4N3MO
T15 80 F  White No No CcO T3N2MO
T16 54 M White Yes Yes (0] T4N2MO
T17 68 M White Yes Yes (6] T2NOMO
T18 58 M White Yes No (0] T2NOMO
T19 50 M  White Yes Yes L T4N1MO
T20 56 M White Yes Yes L T4NOMO
T21 72 M White Yes No CcO T2NOMO
T22 50 F  White Yes No L T4N1IMO
T23 72 M  White Yes Yes L T4NOMO
T24 50 M White Yes No L T4N1IMO
T25 70 M White Yes Yes CO T4NIMO
T26 49 M White Yes Yes (0] T4N2aMO
T27 51 M  White Yes Yes CcO T4N2bMO
T28 49 M White Yes Yes CO T4N1IMO
T29 55 M  White Yes Yes L T4N1MO
T30 51 M White Yes Yes (0] T4N2BMO
T31 51 M White Yes Yes (0] T4N3MO
T32 71 M White Yes Yes (0] T2N2MO
T33 71 M Black Yes Yes CcO T4NOMO
T34 57 M White Yes Yes (6] T4N2CMO
T35 69 M Black Yes Yes (0] T4N1IMO
T36 54 M Black Yes Yes CO T4N3MO
T37 56 M Black Yes Yes CcO T3NOMO
T38 71 F  White No No CO T3NOMO
T39 57 M  White Yes Yes (6] T4N2CMO
T40 61 M  White Yes Yes CcO T4NOMO
T41 78 F  White Yes Yes (0] T4N2CMO
T42 59 F  Black Yes No (6] T4NOMO
T43 60 F  Black Yes Yes (0] T4N2CMO

Abbreviations: CO, oral cavity; F, female; L, larynx; M, male; O, oro-
pharynx; TNM, tumor—node—metastasis classification (with T for primary
tumor, N for regional lymph nodes, and M for distant metastasis).

# Primary localization of the tumor.
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made according to the 1997 American Joint Committee on
Cancer (AJCC) staging criteria [19].

2.2. DNA collection and extraction from tumor samples

The tumor samples, collected after surgical resection,
were stored in cryogenic tubes at —70°C. DNA extraction
was performed according to the protocol of Sambrook
et al. [20].

2.3. DNA conversion by sodium bisulfite

After the concentration of each DNA sample had been
determined with spectrophotometry, 2 pg of DNA (per
sample) was denatured by the addition of 1 pL herring
sperm DNA (10 mg/mL) and 2 pL. NaOH (3 mol/L) and
then was heated to 50°C for 20 minutes. Next, the DNA
was treated with a solution of 500 pL sodium bisulfite
(2.5 mol/L)—hydroquinone (1 mol/L)—NaOH (2 mol/L)
and was heated to 70°C during 3 hours in the dark. After
this treatment, a Wizard clean-up kit (Promega) was used
for purification of the DNA, according to the manufac-
turer’s instructions. The purified DNA was precipitated with
75 uL. ammonium acetate (5 mol/L), 350 uL of 100% fro-
zen ethanol and 1 pL of 20% glycogen (20 mg/mL), and
incubated at —20°C overnight. After precipitation, the
DNA was centrifuged and dried at room temperature; finally,
the DNA was resuspended with 50 pL of distilled, deionized
water.

2.4. Methylation-specific polymerase chain reaction

After the conversion of the DNA, methylation-specific
polymerase chain reaction (PCR) amplification was per-
formed, to analyze the methylation pattern of the chosen
genes. In this study, the specific genes were pl4, pl6,
DAPKI, CDHI, and ADAM?23. The primers used for each
gene in the PCR reaction were specific for methylated
and unmethylated DNA (Table 2).

Table 2
Primer sequences used in methylation-specific polymerase chain reaction

Amplification reactions were performed in a final vol-
ume of 25 pL, using 0.24 mmol/L of dNTPs (Invitrogen,
Sao Paolo, Brazil), 2 mmol/L of MgCl,, 1x PCR buffer
without magnesium (Invitrogen), and 1 U platinum Tagq
DNA polymerase (Invitrogen). Touch-down PCR condi-
tions for the genes pl4, pl6, CDHI, and DAPKI were as
follows: 95°C for 5 minutes, followed by 10 cycles at
94°C for 30 seconds, at the annealing temperature of each
gene (Table 2) for 1 minute, 72°C for 1 minute; 10 cycles of
94°C for 30 seconds, the annealing temperature of each
gene for 1 minute, 72°C for 1 minute, and 15 cycles of
94°C for 30 seconds, the annealing temperature of each
gene for 1 minute, 72°C for 1 minute, with a final extension
of 72°C for 7 minutes. The PCR conditions for gene
ADAM?23 were as 95°C for 5 minutes, followed by 40 cy-
cles of 95°C for 45 seconds, 59°C for 45 seconds, and
72°C for 1 minute, with a final extension of 72°C for 5 min-
utes. The nested PCR technique was used only for the p/6
gene, according to the protocol of Kresty et al. [7].

The methylation pattern (i.e., detection of the methyl-
ated or unmethylated alleles) in the promoter region of
the five genes was analyzed in three cell lines derived
from colon cancer (HCT116, SW480, and DLD-1), one
cell line derived from breast cancer (MCF-7), one cell line
derived from lung cancer (H1299), and one from bladder
cancer (HT1376). The methylation pattern in the promoter
region of the p/4 gene was analyzed in SW480 (methyl-
ated control) and HCT116 (unmethylated control); for
the CDHI gene, H1299 (methylated control) and
HCT116 (unmethylated control) were used; for the
DAPKI gene, MCF-7 (methylated control) and DLD-1
(unmethylated control) were used; and for the ADAM23
gene, MCF-7 (methylated control) was used. The methyl-
ation pattern in the promoter region of the p/6 gene was
analyzed using HCTI116 (methylated control) and
HT1376 (unmethylated control). The PCR products were
added to an 8% polyacrylamide gel, to measure the size
of the amplicons and to assess the methylation pattern of
the genes in the tumor samples.

Primer sequence

Product size, bp

Gene Methylated situation (5'—3") Unmethylated situation (5'—3") Tanneats °C U M

ADAM23 F ATTGTTTTTTGGTTAGAATGTCG F ATTGTTTTTTTGTTAGAATGTTG 59 100 100
R TAAAAAAAACACAAAAAACCGAACG R TAAAAAAAACACAAAAAACCAAACA

DAPKI F GGATAGTCGGATCGAGTTAACGTC F GGAGGATAGTTGGATTGAGTTAATGTT 62—60—58 106 98
R CCCTCCCAAACGCGA R CAAATCCCTCCCAAACACCAA

CDHI F TTAGGTTAGAGGGTTATCGCGT F TAATTTTAGGTTAGAGGGTTATTGT 62—60—58 97 115
R TAACTAAAATTCACCTACCGAC R CACAACCAATCAACACA

pl4ARE F GTGTTAAAGGGCGGCGTAGC F TTTTTGGTGTTAAAGGGTGGTGTAGT 65—63—61 132 122
R AAAACCCTCACTCGCGACGA R CACAAAAACCCTCACTCACAACAA

pl6™NKda F CGGGGAGTAGTATGGAGTCGGCGGC F TGGGGAGTAGTATGGAGTTGGTGGT 64 81 81

R GACCCCGAACCGCGACCGTAA

R CAACCCCAAACCACAACCATAA

References: ADAM23, unpublished data; DAPKI, CDHI, and p14*®", Zischbauer-Miiller et al., 2001 [21]; pI6™%5%, Kresty et al., 2002 [7].
Abbreviations: F, forward; M, methylated; R, reverse; Tynnea, annealing temperature; U, unmethylated.
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2.5. Statistical analysis

McNemar’s test and confidence for two proportions and
Fisher’s exact test were used to analyze the observed data.
A P-value < 0.05 was considered significant.

3. Results

This study comprised samples from 43 patients diag-
nosed with head and neck cancer. First, an overall analysis
of the tumors was made. The results showed that in 100%
(43/43) of the tumors, the hypermethylation of the promoter
region was present in at least one of the genes analyzed. In
20.9% (9/43) of the tumors, the hypermethylation of the pro-
moter region was present in two of the genes analyzed, in
34.9% (15/43) of the tumors, the hypermethylation of the
promoter region was present in three of the genes analyzed,
and in 34.9% (15/43) hypermethylation was present in at
least four of the five genes studied (Table 3).

The tumor suppressor gene p/4 was hypermethylated in
30% (13/43) of these samples. Hypermethylation of the p/6
gene was observed in 63% (27/43) of the tumors. In respect
to genes DAPKI, CDHI, and ADAM?23, the frequencies of
hypermethylation of the promoter regions were 81.3% (35/
43), 88.3% (38/43), and 42% (18/43), respectively (Fig. 1).
There was no statistically significant evidence of an associ-
ation between the presence of hypermethylation in the pro-
moter region of genes pl4, pl6, DAPKI, CDHI, and
ADAM?23 and advanced stages of the tumors. In the tumors
that presented hypermethylation, metastatic lymph node in-
volvement was observed for genes pl4, pl6, CDHI,
DAPKI, and ADAM23 in 53.8, 66.6, 52.6, 60, and 50% of
the samples, respectively. There was statistically significant
evidence (P = 0.004) of an association between the presence
of hypermethylation in the promoter region of gene p/6 and
the presence of lymph node involvement in the samples ana-
lyzed. In the overall analysis of the samples, no statistically
significant association was found between the presence of ab-
errant methylation in the promoter region of genes pi4, p16,
CDHI, DAPKI, and ADAM23 and the consumption of alco-
hol and tobacco by the patients.

After the overall analysis, the set of tumors was subdi-
vided into regions (oropharynx, larynx, and oral cavity),
and a new statistical analysis was made, to search for evi-
dence of an association between the methylation pattern
of the genes, the stage of the tumor, and the presence of
lymph node metastases. In the oropharynx, statistically sig-
nificant evidence was found of an association between the
presence of hypermethylation in the promoter region of
the DAPK]1 gene and the presence of lymph node involve-
ment (P = 0.036) (Table 4). In the larynx, there was statis-
tically significant evidence of an association between the
presence of hypermethylation in the promoter region of
genes ADAM?23 and stages T3 and T4 of the tumors (P =
0.005). In the oral cavity, there was no statistically signifi-
cant evidence of an association between the presence of

Table 3
Methylation pattern of five genes in 43 tumor samples

DAPKI1 CDHI

Tumor pl4 plé

T1 —
T2 —
T3 —
T4 —
TS
T6
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Legend: x, methylated genes; —, unmethylated genes.

hypermethylation in the promoter region of genes pl4,
pl6, DAPKI, CDHI, and ADAM23 and the clinical data
analyzed.

4. Discussion

Methylation is the main epigenetic event in humans, and
changes in the methylation pattern play an important role in
tumorigenesis. Feinberg [22] hypothesized that, according
to the epigenetic hypothesis, epigenetic modification can
play a critical role in cancer initiation and also in cancer
progression. In addition to contributing to carcinogenesis,
there is growing evidence that epigenetic changes are spe-
cifically associated with activation or silencing of genes. In
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Fig. 1. Representative examples of methylation-specific polymerase chain reaction for genes CDKN2A (analyzed separately as p/4 and p16), DAPKI, CDHI
(alias E-CAD), and ADAM?23. Tumor (T31) of head and neck cancer patient. Lanes U and M correspond to unmethylated and methylated reactions, respec-
tively. In each case, C— indicates DNA from a cell line with an unmethylated promoter of the respective target gene, C+ indicates DNA from cell line with
methylated promoter of the respective target gene, and H,O indicates negative PCR control. On the left: molecular weight marker; on the right: the size of

each PCR product, unmethylated and methylated.

particular, hypermethylation of the CpG islands, normally
unmethylated in the promoter region of many tumor sup-
pressor genes, correlates with a loss of expression [23].
Development of the sensitive methylation-specific PCR
technique has simplified the study of genes inactivated by

Table 4

hypermethylation of the promoter region in human cancer.
The advantages of the methylation-specific PCR technique
are its simplicity, specificity for each gene, and its sensiti-
vity, enabling the detection of one methylated gene copy
in 1,000 unmethylated copies [24].

Percentage of hypermethylation in p/4, pl16, DAPKI, CDHI, and ADAM23 genes according to subsite, stage, and lymph node involvement

of head and neck tumors used for analysis

Stage, no. (%)

Lymph node involvement, no. (%)

Gene, by subsite T2 T3 T4 P-value Positive Negative P-value
Oral cavity
pl4 0 (0) 2 (50) 4 (50) nsf 4 (67) 2 (28) 0.17
pl6 0 (0) 3(75) 4 (50) nsf 4(67) 3 (43) 0.391
DAPK1 1 (100) 3(75) 6 (75) 1.0 5(83.3) 5(71.4) 1.0
CDH!I 1 (100) 4 (100) 7 (87) nsf 5(83) 7 (100) nsf
ADAM?23 0 (0) 1(25) 5(62) nsf 2 (33) 4 (57) 0.391
Oropharynx
pl4 1(33) 1(33) 2 (15) nsf 1(8) 3(43) 0.075
pl6 2 (67) 1(33) 11 (85) nsf 10 (83) 4 (57) 0.211
DAPKI 3 (100) 2 (67) 11 (85) 0.7 12 (100) 4 (57) 0.036
CDHI 2 (67) 2 (67) 10 (77) nsf 9 (75) 5(71) 0.865
ADAM?23 1(33) 1(33) 7 (54) nsf 7 (58) 2 (28) 0.21
Larynx
pl4 — 0 (0) 3(33) 1.0 2 (33) 1 (20) 1.0
plo — 1 (50) 5(55) 1.0 5(83) 1(20) 0.08
DAPKI — 2 (100) 8 (89) 1.0 5(83) 5 (100) 1.0
CDHI — 2 (100) 9 (100) 1.0 6 (100) 5 (100) 1.0
ADAM?23 — 2 (100) 1(11) 0.005 0 (0) 3 (60) 0.061

Abbreviation: nsf, insufficient data for inference statistics.
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Transcriptional silencing of multiple genes by hyperme-
thylation of their CpG islands in the promoter region has
been observed in squamous cell carcinomas in the head
and neck region, including the mouth [25]. The frequency
of methylation of the promoter region of genes pl6, pl4,
CDHI, and DAPKI has been observed in head and neck
cancer samples in 27% to 50% [12—14,26], 14% to
43.8% [9,27], 64% to 94.4% [16,28,29], and 7 to 68.3%
[15,25,27,30] of cases, respectively. These findings are con-
sistent with the methylation prevalence of the majority of
the genes analyzed in this study. In our tumor samples,
genes pl6 and DAPKI presented a greater frequency of
methylation of the promoter region than reported in previ-
ously published studies. This may be due to differences in
the histological characteristics of the samples.

We found statistically significant evidence of an associ-
ation between the presence of hypermethylation in the pro-
moter region of gene DAPKI and the presence of lymph
node involvement in the oropharynx tumors analyzed
(P = 0.036). These data corroborate those of Sanchez-
Cespedes et al. [15], who found a positive correlation be-
tween methylation of DAPKI and the presence of lymph
node metastasis in samples of head and neck cancer,
supporting a role for the DAPKI1 protein in tumor dissem-
ination. Death-associated protein kinase 1 is a positive
mediator of vy-interferon-induced programmed cell death
[31]. The DAP-kinase protein is a calcium/calmodulin-
dependent enzyme that phosphorylates serine/threonine
residues. This protein has been classified as a positive me-
diator of apoptosis induced by IFN-y. DAP-kinase expres-
sion is frequently lost in highly metastatic murine lung
tumors as compared to their low-metastatic counterparts.
In addition, restoration of DAP-kinase protein to physiolog-
ical levels in highly metastatic Lewis carcinoma cells sup-
pressed their ability to form metastases [32].

Hypermethylation of the gene ADAM23 was found in
our head and neck cancer samples (to our knowledge, the
first such finding). Hypermethylation of this gene was pres-
ent in 18 of the 43 of the tumor samples (42%), and in the
larynx we observed significant evidence of an association
between the presence of hypermethylation in the promoter
region of the ADAM23 gene and stages 3 and 4 of the tu-
mors (P = 0.005), suggesting an important role of a mem-
ber of the ADAM family in head and neck carcinogenesis.
Costa et al. [18] also observed a strong association between
hypermethylation of the promoter region of the ADAM23
gene and advanced-stage breast cancer. These researchers
corroborate the hypothesis of Takada et al. [33], that the
loss of ADAM?23 is likely to play an important role with re-
gard to cell—cell and cell—extracellular matrix interactions
in gastric tissue as well, and might be essential for the pro-
gression of gastric cancer.

Cell—cell contact can sometimes inhibit growth (contact
inhibition of growth), especially in normal cells. Hyperme-
thylation of the ADAM23 gene could lead to tumor progres-
sion, because the neoplastic cells would lose the contact

inhibition. As a consequence, these cells would proliferate
in an uncontrolled manner; once the proliferation of most
cancer cells is no longer sensitive to density-dependent in-
hibition, a permissive environment for cell proliferation is
created [34].

We observed a correlation between the hypermethyla-
tion of the promoter region of DAPKI and ADAM23 and
the progression of head and neck cancer, but further studies
are necessary for the validation of these genes as methyla-
tion markers for head and neck cancer. DNA methylation is
the only epigenetic mark preserved in genomic DNA iso-
lated from tumors or biopsies. In theory, an enormous
amount of information can be encoded by DNA methyla-
tion patterns [35]. DNA methylation markers have obvious
applications in diagnostics, but can also contribute indi-
rectly to therapeutics as predictors of response to therapy.
Early detection of cancer will allow therapeutic interven-
tions to inhibit further development of the disease, and such
information could also be used in the development of
cancer prevention strategies.
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Oncogenic human papillomavirus (HPV), a causa-
tive agent of uterine cervical cancer, has also been
detected in head and neck squamous cell cancers,
especially in squamous cell carcinomas of the
tonsils. However, the true HPV prevalence in nor-
mal and neoplasic oropharyngeal mucosa remains
uncertain. To determine the prevalence of HPV
DNA in normal oropharyngeal mucosa of cancer-
free individuals, a study was carried out on 50
Brazilian subjects. PCR was performed to identify
HPV DNA in samples from four sites in the oropha-
rynx (tonsils, soft palate, base of the tongue, and
back wall of the pharynx). For amplification of the
HPV DNA, MY09/11 consensus primers were used,
and specific genotypes were identified by dot-blot
hybridization or cloning and sequencing. HPV
DNA was present in 14.0% of the individuals, and
the identified genotypes were 16, 18, 52, and 61.
All these types are considered high-risk (HR) HPV.
The tonsils and the soft palate were the sites with
the highest HPV prevalence. This study shows the
prevalence of HR HPV in the oropharynx of normal
individuals. However, the prevalence of HPV is still
unclear, and if HPV infection in a healthy it is not
known individual predisposes to HPV-associated
disease such as oropharyngeal cancer. Thus, it is
important to assess the prevalence of HPV in
cancer-free individuals, in order to compare it with
the HPV prevalence in oropharyngeal carcinomas
and to attempt to determine the true role of HPV in
the development of head and neck squamous cell
cancers. J. Med. Virol. 78:614-618, 2006.
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INTRODUCTION

Head and neck cancer is a major health problem
worldwide that accounts for approximately 500,000 new
cases every year [Blons and Laurent-Puig, 2003]. Age-
adjusted incidence and mortality rates increase with age
and are almost three times higher in males than in
females [Ries et al., 2002]. Smoking and drinking have
been well documented as risk factors for most cases of
head and neck squamous cell carcinoma [Blot et al.,
1988]. Some oncogenic types of the human papilloma-
virus (HPV) have been found in the oral cavity and
oropharynx of cancer-free adults [Kreimer et al., 2004]
and in cancer biopsy specimens from head and neck
squamous cell carcinoma patients [Herrero et al., 2003;
Smith et al., 2004a].

The HPV is a small DNA tumor virus with a double-
stranded circular DNA genome enclosed in an icosahe-
dron-shaped protein capsid [zur Hausen, 2002]. HPV
can cause different types of warts, genital condylomas,
and laryngeal papillomas, and its association with
sexually transmitted genital lesions is becoming more
common [Reeves et al., 1994]. Approximately one-third
of the 120 known HPV types infect regularly the genital
tract. Certain HPV types, including HPV 16, 18, and
others, are associated with an increased risk of cervical

Abbreviations: HPV, human papillomavirus; HR, high-risk; LR,
low-risk; ND, not detected.
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malignancy and are, therefore, known as oncogenic or
high-risk (HR) types. Other types, such as HPV 6, cause
genital warts and low-grade cervical dysplastic lesions
and are known as non-oncogenic or low-risk (LR) types,
since they are rarely found as solitary isolates in genital-
tract malignancies [Brown et al., 2005].

HPVDNA hasbeenidentified in primary tumors of the
tonsils [Snijders et al., 1992; Paz et al., 1997], larynx,
hypopharynx [Clayman et al., 1994], oral cavity
[Kashima et al., 1990], tongue [De Villers et al., 1985],
nasopharynx [Hording et al., 1994], in cell lines derived
from a variety of head and neck carcinomas [Bradford
et al.,, 1991], and in inverted papillomas that have
progressed to squamous cell carcinoma [Beck et al.,
1995]. Precancerous lesions [Fouret et al., 1995] and
metastatic lymph nodes [Miller and White, 1996; Paz
et al., 1997] have also been shown to contain DNA of the
same HPV type as the primary tumor, supporting the
involvement of HPV in the development of squamous
cell carcinoma. Among head and neck squamous cell
cancer biopsies, the true prevalence of HPV DNA
remains uncertain; however, there are studies which
estimated that up to 60% of head and neck squamous cell
cancers may be HPV-positive [Herrero et al., 2003;
Smith et al., 2004b].

The oropharynx is covered by an epithelium with
characteristics that are similar to those of the genital
region, and both are exposed to microorganisms, some of
which could be potentially carcinogenic [Lakshmi et al.,
1993]. Considering that in the genital region, this virus
is implicated in the development of uterine cervical
cancer, it is possible that such a link could also be
presentinrelation to head and neck cancer. Therefore, it
is important to determine the frequency of this virus in
the oropharynx and its possible relationship with the
presence of amalignant neoplasm in this anatomical site
[Lazzariet al., 2004]. The aim of the present study was to
determine the prevalence of HPV DNA in four sites of
the oropharynx (tonsils, soft palate, base of the tongue,
and back wall of the pharynx) in cancer-free individuals.

MATERIALS AND METHODS
Patients and Samples

The study sample consisted of 50 cancer-free indivi-
duals, with no signs of neoplasia of the upper airways or
any other pathology of the oropharynx (29 women and
21 men, mean age 28 years; range 16—52 years). These
individuals underwent different surgeries at Hospital
de Base, in Sao José do Rio Preto, SP, Brazil. The study
material was obtained under general anesthesia, after
the surgical procedure. Individual scrapes were col-
lected from four different sites of the oropharynx: right
and left palatine tonsils, soft palate, base of the tongue,
and back wall of the pharynx.

Prior to surgery, the subjects answered a question-
naire for the assessment of epidemiologic variables and
signed an informed consent form, after learning about
the procedure and objective of the study. Information
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regarding age, smoking, and drinking was obtained by
personal interview.

The human subject protocol was approved by the
Ethics Committee of the School of Medicine (FAMERP).

DNA Extraction

Oropharyngeal specimens from tonsils, soft palate,
base of the tongue and back wall of the pharynx were
collected with a cytobrush and immersed in 2 ml TE
buffer (Tris 10 mM pH 7.4, EDTA 1 mM). The samples
were stored at —20°C until the time of DNA extraction.
DNA was isolated from the oropharyngeal specimens
according to the method of Sambrook et al. (1989).

HPV Detection and Typing

To determine the quality of DNA extraction, all
samples (n =200) were submitted to PCR amplification
of the 268-bp B-globin gene, using the G73/G74 primers,
and the samples which were positive for the p-globin
gene were later processed to identify HPV DNA [Greer
et al., 1991].

The presence of HPV DNA was determined by PCR,
using the MY09/11 primers, which amplify a 450-bp
fragment of the HPV L1 region. The reaction products
were subjected to electrophoresis in 1% agarose gel
containing 0.5 pg/ml ethidium bromide. Ultraviolet
transillumination was used to identify the expected
450-bp HPV fragment [Manos et al., 1989].

HPV typing was done by dot-blot hybridization. The
20 corresponding probes were used to identify 19 differ-
ent HPV types and 1 generic probe that is degenerated
and detects most of the HPVs. Each dot-blot membrane
included several negative and positive controls for HPV
types, as well as PCR products. The membrane was
hybridized overnight at 55°C in 6x standard saline
citrate (SSC), 10x Denhardt’s solution, 0.5% sodium
dodecylsulfate (SDS), and 200 ug/ml salmon sperm DNA
with HPV HR probes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56
e 58) and LR probes (6, 11, 34, 40, 42, 43, 44 e 54) labeled
with y-[3?P]dATP. After hybridization, the unbound
probe was removed from the membrane by one 10-min
wash of 2x SSC and 0.1% SDS at room temperature and
two 10-min washes of the same solution at 56°C. The
membrane was exposed to X-ray film at —70°C for 48 hr.

The samples that hybridized only to the generic probe
were typed further by direct DNA sequencing. Sequen-
cing was performed by Dye Termination (Applied
Biosystems) on a DNA sequencer (ABI PRISM377,
Applied Biosystems). The nucleotide sequences were
compared with GenBank sequences using the Nucleo-
tide BLAST program (http:/www.ncbi.nlm.nih.gov/
blast/).

RESULTS

Fifty cancer-free volunteers were selected at random
and recruited at the Hospital de Base, in Séao José do
Rio Preto, SP, Brazil. The cohort included different
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TABLE I. HPV Detection in 173 Samples Analyzed by
Oropharyngeal Site

Total number HPV negatives HPV positive

Site of samples % (n) % (n)

Tonsils 39 20.8 (36) 1.7 (3)

Soft palate 47 25.4 (44) 1.7 (3)

Base of tongue 43 23.7 (41) 1.2 (2)

Pharynx back 44 24.9 (43) 0.6 (1)
wall

Total 173 94.8 (164) 5.2 (9)

generations and both genders. With the purpose of
analyzing whether there were any abnormalities in the
oropharyngeal mucosa, a cytopathological examination
was undertaken of 200 samples collected from the
50 subjects. All the results were negative for neoplastic
cells.

Twenty-seven of the 200 oropharynx samples, which
were PB-globin-negative, were excluded from analysis,
due to their failure to amplify. Thus, 173 extracted DNA
samples were included in the study.

Of the 173 samples examined, 9 (5.2%) were HPV-
positive and 164 (94.8%) were HPV-negative. The HPV-
positive samples showed a prevalence of 1.7% in the
tonsils, 1.7% in the soft palate, 1.2% in the base of the
tongue, and 0.6% in the back wall of the pharynx
(Table I). Viral typing showed that 5 out of the 173
samples hybridized with the specific probes for HPV
types 16, 18, and 52, and 4 hybridized with the generic
probe. The samples that hybridized only with the
generic probe were cloned and sequenced. Two samples
had not enough DNA for cloning and sequencing, and
could therefore not be typed. The other two samples
were sequenced and both were found to be HPV type 61.
All the HPV types detected in the study are considered
HR (Table II).

Of the 50 subjects studied, 7 (14.0%) were HPV-
positive; 2 were positive for HPV type 61, 1 was positive
for HPV type 16, 1 for HPV type 18, and 1 for HPV type
52. Of these 7 HPV-positive subjects, 5 were positive at
one site (1 HPV 18 and 2 HPV 61), and 2 were positive at
two sites of the oropharynx (1 HPV 16 and 1 HPV 52). Of
the five individuals, which were positive at one site of the
oropharynx, one was positive at the base of the tongue,

TABLE II. Oropharyngeal Site and HPV Types in the
Samples HPV Positive

Samples Site HPV type—HR
1 Base of tongue 18

2 Base of tongue 52

3 Pharynx back wall 16

4 Soft palate 52

5 Soft palate 61

6 Soft palate ND?

7 Tonsils 16

8 Tonsils 61

9 Tonsils ND?

2ND, not detected.
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two were positive at the tonsils, and the others were
positive at the soft palate. Of the two subjects with two
positive sites, one was positive at the soft palate and the
base of the tongue, and the other was positive at the
tonsils and at the back wall of the pharynx (Table III).
The tonsils and the soft palate were the most HPV-
prevalent sites, as they were present in three indivi-
duals each.

Of the HPV-positive subjects, 52.1% were women and
42.9% men; 14.3% were smokers, and 85.7% non-
smokers. The average age was 25.4 years. As for alcohol
abuse, 71.4% were drinkers and 28.6% were not
drinkers. Regarding sexual behavior, 14.3% had prac-
ticed oral sex, and 57.1% had had 1-4 sex partners.

DISCUSSION

The etiology of head and neck squamous cell carci-
noma is multifactorial. Oncogenic HPV, a causative
agent in uterine cervical cancer, has also been repeat-
edly detected in head and neck squamous cell carci-
noma, especially in squamous cell carcinomas of the
tonsils [Dahlstrand and Dalianis, 2005; Szentirmay
et al., 2005].

A number of studies have addressed the prevalence of
HPV DNA in malignant lesions of the oral cavity [Sand
et al., 2000; Giovannelli et al., 2002; Ha et al., 2002;
Correntiet al., 2004; Kurose et al., 2004]. However, HPV
DNA has also been found in normal oral mucosa [Miller
and Johnstone, 2001; Kurose et al., 2004]. Therefore,
some researchers have attempted to determine the
prevalence of HPV infection in healthy oral mucosa of
cancer-free individuals. The estimates of HPV preva-
lence vary, depending on the studied population, the
samples and the methods used. That is why geographic
location and study size were investigated as possible
sources of variability [Eike et al., 1995; Bouda et al.,
2000; Kreimer et al., 2005].

Some studies have attempted to find the prevalence of
HPV infection in oropharyngeal carcinomas using the
case-control method [Herrero et al., 2003; Smith et al.,
2004a or not [Lindel et al., 2001; Smith et al., 2004b].
Thus, the HPV prevalence in the oropharynx of normal
individuals remains uncertain, just as the actual
prevalence of HPV DNA among head and neck squa-
mous cell carcinomas biopsies.

This study is the first to be conducted in Brazil to
determine the presence of HPV DNA in the oropharynx
of cancer-free individuals. HPV DNA was detected in
14.0% of the subjects studied. This finding is consistent
with other studies, which reported a prevalence of DNA
HPYV in normal oral mucosa ranging from 0% to 20% in
healthy individuals, especially of HPV types 16 and 18
[Miller and Johnstone, 2001; Summersgill et al., 2001;
Giovannelli et al., 2002; Nagpal et al., 2002].

The prevalence of HPV in healthy individuals can
vary according to the site and population studied [Ha
et al., 2002]. Kurose et al. [2004] found 0.6% HPV DNA
in normal oral mucosa of subjects from Japan. Yet,
Cortezzi et al. [2004] detected HPV DNA in 10.6% of
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TABLE III. HPV Type of the Individuals Positive by Oropharyngeal Site

HPV type—HR (n)

Number of the Number of the
site HPV positive  individuals positive % Site 16 18 52 61
1 1 Base of tongue soft 1
palate tonsils
2 1
2 1
Total® 0 1 0 2
2 1 Base of tongue 1
and soft palate
pharynx back
wall and tonsils
1 1
Total 1 0 1 0

#In two individuals, the specimens were not genotyped.

normal oral mucosa samples from control subjects in
Brazil. All the control samples analyzed were collected
from the oral cavity and not from the oropharynx. It is,
therefore, important to study the normal oropharyngeal
mucosa, to compare the HPV prevalence in orophar-
yngeal carcinomas and in normal cells, in order to
determine the true role of HPV infection at this site in
carcinomas.

All the HPV-positive individuals were positive for HR
types. HR types of HPV are a causative agent of uterine
cervical cancer, and molecular biological approaches
have provided evidence for specific mechanisms [zur
Hausen, 1999]. An increasing number of studies have
suggested that HR types of HPV play an etiological role
in the pathogenesis of head and neck squamous cell
carcinoma, particularly in oropharyngeal carcinomas
and especially in tonsillar malignancies [Gillison and
Shah, 2001; Miller and Johnstone, 2001; Giovannelli
et al., 2002; Correnti et al., 2004; Smith et al., 2004b].

HPV type 61 was found in two individuals, followed by
HPV types 16, 18, and 52, present in one subject each.
Some types of HR HPV that infect the genital tract, like
the HPV types found in this study, can also be found in
the oral cavity of cancer-free individuals [Kreimer et al.,
2005]. The immunological response may also differ
between oropharynx and other head and neck sites,
possibly affecting HPV type-specific prevalence [Krei-
mer et al., 2005].

In the present study, the tonsils and the soft palate
were the sites with the greatest prevalence of HPV, as it
was present in three individuals (42.9%). Studies have
indicated that the tonsils have the highest HPV
prevalence (60%). A hypothesis to explain this finding
may be that the complicated juxtaposition between
squamous cell epithelium and lymphatic tissue in the
tonsils may share properties similar to the squamous-
columnar junction of the cervix uteri, where the
majority of HPV-associated cancers of the female genital
tract arise, despite the almost ubiquitous presence of
HPYV infection in the vagina and vulva of sexually active
women [Winer et al., 2003].

In conclusion, this study demonstrates the prevalence
of HPV DNA in the oropharynx of cancer-free indivi-
duals. Although it is not clear whether infection in a
healthy individual predisposes the person to later
arising HPV-associated diseases such as oropharyngeal
and tonsillar cancer, it seems that the tonsils act as a
reservoir for these HPVs. Therefore, if the infection
persists in cancer-free individuals, it is important to
determine the factors associated with the progression
from HPYV infection to dysplasia and malignancy.
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