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Resumo xviii

Introducdo: O cancer de cabeca e pescoco € responsavel por uma ata
incidéncia de 6bitos. Os polimorfismos de nucleotideos Unicos (SNPs) constituem a
variagdo mais comum do genoma humano e podem estar associados a base molecular
do cancer. Objetivo: Estabelecer a incidéncia da doenca no Servico Ambulatorial de
Otorrinolaringologia e Cirurgia de Cabeca e Pescoco do Hospital de Base de S8o José
do Rio Preto; investigar a frequéncia de SNPs nos genes MTR, VEGF, KiSS-1, NINJ1,
TAX1BP1 e LAD1 em pacientes com cancer de cabeca e pescoco e em uma popul agdo
controle; avaliar a associagdo dos polimorfismos com os hébitos tabagista e etilista,
género e idade e verificar a associagdo entre os polimorfismos e 0s parametros clinicos
da doenca. Casuistica e Método: Foram anaisados os dados epidemiolégicos de
pacientes atendidos no Servico Ambulatorial de Otorrinolaringologia e Cirurgia de
Cabeca e Pescoco do Hospital de Base de S&o José do Rio Preto, no periodo de 2000 a
2005. Para a investigacdo molecular foram incluidos no estudo 805 individuos (254
pacientes com cancer de cabeca e pescoco e 551 controles). A andlise molecular foi
realizada com DNA gendmico, e foram utilizadas as técnicas de PCR em Tempo Rea
(gene VEGF), PCR-SSCP (gene KiSS-1), PCR-RFLP (genes MTR, NINJ1 e TAX1BP1)
e seguenciamento automético (gene LAD1). Resultados: A andlise dos dados
epidemiol 6gicos mostrou predominancia de pacientes do sexo masculino (86%), habitos
tabagista (83%) e etilista (77,95%). O sitio anatbmico primario mais freqlente foi a
cavidade ora (35,37 %). Na analise molecular, foram encontradas diferencas estatisticas
na distribuicdo do polimorfismo MTR A2756G (OR = 1,69; IC 95% 1,09-2,62; p =
0,019) entre pacientes e controles. Para 0 sitio anatdmico primario do tumor, foi
encontrada uma freguiéncia aumentada do alelo polimérfico na laringe (OR = 2,32; IC

95% 1,12 — 4,82; p = 0,02) para o gene KiSS-1; uma freqiéncia aumentada do



Resumo  xix

polimorfismo para NINJ1 em cavidade oral (OR = 1,86; IC 95% 1,05 -3,30; p= 0,03) e
reduzida na laringe (OR = 0,40 IC 95% 0,22-0,74; p =0,003) e um aumento da
freqiéncia do polimorfismo para 0 gene TAX1BP1 na cavidade ora (OR =2,25; IC
95% 1,20-4,21; p =0,01). Foi observada uma menor frequéncia do polimorfismo do
gene VEGF em tumores com extensdo T3 e T4 (OR = 0,36; IC 95% 0,14 — 0,93; p =
0,0345) e uma fregtiéncia menor do polimorfismo do gene LAD1 em tumores com
estédios 111 e IV (OR = 0,39 IC 95% 0,18-0,83; p = 0,01). Conclusdes: O cancer de
cabeca e pescogo € mais freqliente em homens, em individuos com habitos tabagista e
etilista e o sitio anatémico primario mais representativo € a cavidade oral. O genétipo
MTR A2756G est4 associado ao cancer de cabeca e pescoco. Nao ha evidéncia de
associagdo entre os polimorfismos e os habitos tabagista, etilista, género e idade. Ha
evidéncias de associacdo entre o polimorfismo do gene KiSS-1 e laringe, entre os
polimorfismos dos genes NINJ1 e TAX1BP1 e cavidade oral, e uma menor freguéncia
dos polimorfismos do genes VEGF em tumores com extensdo T3 e T4 e LAD1 em

tumores com estédios Il elV.

Palavras-chave: 1. Neoplasia de Cabeca e Pescogo; 2. Polimorfismo genético; 3.

Fatores derisco
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Introduction: Head and neck cancer is responsible for a high death rate. Single
nucleotide polymorphisms (SNPs) are the most common variation of human genome
and can be associated to the molecular basis of cancer. Objectives: To establish the
incidence of this disease in the Otorhinolaryngology and Head and Neck Surgery
Service of Hospital de Base in Sdo José do Rio Preto; to investigate the frequency of
SNPsin the MTR, VEGF, KiSS-1, NINJ1, TAX1BP1 and LAD1 genes in head and neck
cancer patients and a control population; to evaluate the association of these
polymorphisms with smoking, alcoholism, gender and age and to verify the association
between polymorphisms and clinicopathological features of the disease. Subjects and
Methods: The epidemiological data of head and neck cancer patients consulted in the
Otorhinolaryngology and Head and Neck Surgery Service in the period from 2000 to
2005 were analyzed. Eight hundred and five individuals (254 head and neck cancer
patients and 551 controls) were included in the study for molecular investigation. The
molecular analyses were performed with genomic DNA utilizing Real Time PCR
(VEGF gene), PCR-SSCP (KiSS-1 gene), PCR RFLP (MTR, NINJ1 and TAX1BP1
genes) and automatic sequencing (LAD 1 gene) techniques. Results: An analysis of
epidemiological data shows a prevalence of men (86%), smokers (83%) and alcoholics
(77.95%). The most common primary tumor site was the oral cavity (35.37%).
Statistical differences were found in the MTR A2756G polymorphism distribution (OR
= 1.69; Cl 95% 1.09-2.62; p = 0.019) by molecular analysis between patients and
controls. On analyzing the primary tumor site, an increased frequency of KISS-1
polymorphic alleles was identified in laryngeal cancer (OR = 2.32; 95% Cl 1.12 —4.82;
p = 0.02); an increased frequency of the NINJ1 polymorphism was found in oral cavity

cancer (OR = 1.86; 95% CI 1.05-3.30; p = 0.03) and a decreased frequency in laryngeal
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cancer (OR = 0.40; 95% CI 0.22-0.74; p = 0.003); and an increase of the TAX1BP1 gene
polymorphism was seen in oral cavity cancer (OR = 2.25; 95% CI 1.20-4.21; p = 0.01).
A decreased frequency of the VEGF gene polymorphism was observed in advanced (T3
and T4) tumors (OR = 0.36; Cl 95% 0.14-0.93; p = 0.0345) and a lower frequency of
the LAD1 polymorphism in stage |11 and IV tumors (OR = 0.39 95% CI 0.18-0.83; p =
0.01). Conclusions: Head and neck cancer is more frequent in men, smokers and
alcoholics with the most common primary tumor site being the oral cavity. MTR
A2756G is associated with head and neck cancer. There is evidence of an association
between this polymorphism and smoking, alcoholism, gender and age. There is also
evidence of an association between the KiSS-1 gene polymorphism and laryngeal
cancer, of NINJ1 and TAX1BP1 polymorphismsin oral cavity tumors, lower frequencies
of the VEGF polymorphism in T3 and T4 tumors and the LAD1 polymorphism in stage

1l and IV tumors.

Key words: head and neck neoplasm, genetic polymorphism, risk factors
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I. INTRODUCAO

“Cancer de cabeca e pescoco” ¢ um termo coletivo definido por bases

anatomicas e topograficas para descrever tumores malignos do trato aerodigestivo
superior. Esta regido anatdmica inclui a cavidade oral, faringe e laringe. Cerca de 40%
dos canceres de cabega e pescogo ocorrem na cavidade oral, 15% na faringe ¢ 25% na
laringe. '
A incidéncia do cancer de cabega e pescogo aumentou ao longo das duas tltimas
décadas e, dentre todas as neoplasias, o cancer de cavidade oral, sitio de tumor mais
representativo, atinge o quinto lugar em incidéncia e o sétimo em taxa de mortalidade.
@ As estimativas mundiais revelam aproximadamente 481.100 casos novos e 320.000
mortes ao ano para o cancer de cabega e pescogo. ©® A taxa de sobrevida é de apenas
40 a 50% no mundo. ©7

A area do mundo com a maior incidéncia ¢ a Melanésia, regido do oeste do
Oceano Pacifico a nordeste da Australia (31,5 por 100.000 homens e 20,2 por 100.000
mulheres). Para o género masculino, a maior taxa de incidéncia ¢ no oeste da Europa
(11,3 por 100.000), sudeste da Europa (9,2 por 100.000), sul da Asia (12,7 por
100.000), sudeste da Africa (11,1 por 100.000), e Australia/Nova Zelandia (10,2 por
100.000). Em mulheres, a incidéncia é relativamente alta no sudeste da Asia (8,3 por
100.000). @

No Brasil, a incidéncia de cancer da cavidade oral representa cerca de 3% de
todos as neoplasias. A cidade de Sdo Paulo apresenta a taxa mais elevada dessa
neoplasia no Brasil e na América Latina. ® Segundo o Instituto Nacional do Cancer
(INCA) para o ano de 2008 para este sitio anatomico, héa a estimativa de 14.160 novos

casos, 10.380 homens e 3.780 mulheres para o Brasil. No estado de Sao Paulo sdo
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estimados 4.510 novos casos. '” Para o cincer de laringe no Brasil observa-se uma
incidéncia aproximada de 2% de todos os tipos de canceres do Brasil e este exibe uma
das mais altas taxas do mundo e de importante expressividade na América Latina. /%'

Na regido noroeste do estado de Sdo Paulo, um levantamento realizado mostrou
427 novos casos no periodo de 2000 a 2005, para a regido anatdomica de cabeca e
pescogo.

Variagdes geograficas ou regionais na prevaléncia do cancer de cabega ¢
pescoco indicam que o estilo de vida sociocultural de uma populagdo pode desempenhar
um papel importante na carcinogénese da mucosa desse sitio anatomico. (13,14)

O tipo histologico mais comum ¢ o carcinoma de células escamosas ou

© O carcinoma

carcinoma espinocelular, que ocorre em 90% dos pacientes
espinocelular de cabega e pescoco ¢ uma doenga freqlientemente observada entre a
quinta e sétima década de vida. "> '® Uma das possiveis explicacdes para este fato é
que alteragdes relacionadas ao estresse oxidativo na saliva contribuem para a alta
prevaléncia de cancer oral na populagdo mais velha. "

Embora mais de 90% dos pacientes com cancer de cabega e pescogo tenham
idade superior a 45 anos, a incidéncia desta doen¢a em individuos mais jovens vem
aumentando. Os mecanismos etioldégicos nesta faixa etiria ainda ndo estdo bem
esclarecidos. Ha relatos que infecgdes virais (virus papiloma humano e Epstei-Barr),

(16)

possam contribuir para o desenvolvimento desta neoplasia * *’, ¢ também que pacientes

jovens parecem exibir predisposi¢do a instabilidade genética, mostrando uma alta
freqiiéncia de instabilidade de microssatélites."®

O cancer de cabega e pescoco afeta em sua maioria homens, com uma relagao

de género em torno de 10:1. "**” Atualmente, tem-se observado um relativo aumento
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de casos em mulheres, o qual ¢ atribuido por muitos autores pelo aumento do habito
. 21
tabagista. *"

O tabagismo e o etilismo sdo os principais fatores de risco estabelecidos para

A (7, 22 - 26) . . :

cancer de cabeca e pescogo. O cigarro contém aproximadamente cerca de 70

tipos de carcindgenos, dentre eles as N-nitrosaminas, hidrocarbonetos aromaticos

policiclicos aromaticos e aminas aromaticas. Os carcindgenos do cigarro podem levar a

formacgao de adutos de DNA. A incidéncia de cancer de cabega e pescogo ¢ de quatro a

. . ., 2
sete vezes maior em individuos fumantes. ¢”

Atualmente, o conceito do campo de cancerizagdo ¢ amplamente aceito como
uma explicagdo para os efeitos carcinogé€nicos do cigarro na mucosa oral. O ataque
direto dos radicais livres e outros carcindgenos presentes no cigarro nas células
epiteliais, gradualmente acumulam alteragdes levando a transformagdo maligna no
local. @¥

Estudos em animais indicam que o alcool ndo ¢ genotéxico, mas pode agir como
solvente para a penetracdo de carcindgenos. Possui como metabdlito primario o
acetaldeido, o qual é altamente reativo ligando-se a proteinas, aos constituintes celulares
e ao DNA, formando adutos estaveis. ** >3 9 O consumo excessivo de alcool também
pode levar a deficiéncias nutricionais devido as falhas na absor¢do intestinal e pelas
alteracdes em algumas vias metabolicas. @V

Estudos demonstram que os sitios anatomicos primarios de tumores variam de
acordo com o habito tabagista e etilista. Pacientes que ndo bebem e ndo fumam tendem
a ter como sitio primario mais prevalente, a lingua, enquanto que pacientes que possuem
estes dois habitos tendem a ter a laringe, hipofaringe e assoalho bucal como sitios

N . 2
anatomicos mais prevalentes. %



Introdugdo 5

Algumas infecg¢des virais também sao fatores de risco para neoplasias de cabega
e pescogo, dentre elas a infecg¢@o pelo virus Epstein-Barr (EBV) e pelo virus papiloma
humano (HPV). O virus EBV ¢ um membro da familia Herpes considerado oncogénico
devido a sua habilidade de imortalizar e transformar células in vitro. ®* Este virus é um
fator de risco bem estabelecido para carcinoma de nasofaringe. ¢

Aproximadamente 20-25% dos pacientes com cancer de cabeca e pescogo sao
infectados com o virus HPV, predominantemente pelos tipos 16, 18, 31 ¢ 45 para a

regido cervical, e pelo tipo 16 para a orofaringe. (3.35.36) Ag

proteinas do virus HPV
possuem habilidade de desestabilizar fungdes supressoras de tumor pela interacio e
inativagdo das fungdes das proteinas p21, p53 e pRb, resultando em defeitos na
apoptose, reparo do DNA, controle do ciclo celular e eventualmente levando a
imortalizacdo celular. ©

Estudos também sugerem que a pobre higieniza¢do oral estd associada com o
risco de cancer de cabeca e pescoco. O uso regular de solugdes de bochecho, falta de
escovagdo e de visitas periodicas a odontologistas sdo fatores de risco para cancer na
cavidade oral. ®” As doengas periodontais, resultante da pobre higienizagdo oral, podem
levar a infec¢des com conseqiliente liberagdo de mediadores inflamatdrios, como as
citocinas e as reagdes contra as inflamagdes podem favorecer o desenvolvimento do
cancer. ®® A perda de dentes também pode contribuir para o desenvolvimento do cancer
oral uma vez que leva a alteracdo da flora oral favorece a redugdo de nitritos e nitratos e
a producdo de acetaldeido que leva a formagio de adutos de DNA. ¢

O refluxo gastroesofagico é prevalente em pacientes com cancer de laringe,

(40, 41)

constituindo um possivel fator de risco para esta doenga, e dependendo da

freqliéncia deste fendmeno fisiologico, pode resultar em uma inflamagao cronica, que €
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um fator mutagénico para diversos tipos de tumores. “*?

Em relacdo a dieta, os resultados da literatura evidenciam que o consumo de
frutas e cereais reduz o risco de cancer oral, enquanto o consumo de carnes vermelhas
esta associado com o aumento deste risco. 4>~

O desenvolvimento de cancer de cabega e pescoco ¢ resultado tanto da interagao
de fatores ambientais quanto da heranga genética, portanto, multifatorial. “”*®

Os polimorfismos de nucleotideos unicos (SNPs) constituem o tipo de variagao
mais comum do genoma humano. Conceitualmente, os SNPs sdo alteragdes em um
Ginico nucleotideo, com freqiiéncia acima de 1% na popula¢do humana. “” Em geral sdo
observados a cada 1000 pares de bases do DNA © ¢ correspondem a mutagdes de
pontos que foram fixadas nas populagdes. Suas freqii€ncias sdo determinadas por
periodos de tempo em que ocorreram, pressdes evolutivas sobre variantes
biologicamente significativas, eventos de efeitos de gargalo e deriva genética. Os SNPs
sdo importantes marcadores utilizados no entendimento de doencas genéticas
complexas. ®!">? )

O gene MTR (Metionina Sintase) apresenta-se polimoérfico, com substituigdo de
adenina para guanina no nucleotideo 2756 (A2756G), ©¥ e ha evidéncias de que esta
variante exerca influéncia nas rea¢des de metilagdo do DNA ¢ na suscetibilidade ao
desenvolvimento de cancer. Os genotipos MTR 2756AG e GG foram associados ao
risco aumentado para carcinoma espinocelular de cabeca e pescoco comparado com o
genotipo AA. ®® Por outro lado, Paz et al. (2002) ©® observaram menor namero de
ilhas CpG (citosina-fosfato-guanina) hipermetiladas em genes supressores de tumor em

amostras de tumores colo-retal de individuos homozigotos MTR 2756GG em relagdo

aos genotipos AG e AA, o que sugere um papel protetor para este gendtipo contra a
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inativacdo de genes supressores de tumor. Outros estudos, porém, ndo encontraram
associacio deste polimorfismo com o risco de suscetibilidade ao cancer. ®” °® Dessa
forma, a contribuicdo da variante MTR A2756G para o desenvolvimento do céancer ¢é
contraditodria.

O gene VEGF (Vascular Endotelial Growth Factor) esta localizado em 6p21.3,

(59, 60, 61)

apresenta a0 menos 30 SNPs descritos na literatura que desempenham um

papel critico na angiogénese. ®® Os polimorfismos -634G/C, -1154G/A, 2578C/A

levam a alteracdes na produg¢do da proteina VEGF e t€m sido associados ao

(65, 66), (67, 68)

desenvolvimento de melanomas “®, bexiga ®¥, pulméio prostata , estdmago

(69) 72)

, mama 7Y tiredide 7? e cabeca e pescogo. (73-76) Alguns estudos demonstram

associacgdo entre os polimorfismos do gene VEGF e o progndstico de diferentes tipos de
canceres. “®*7” No cancer oral, somente quatro estudos observaram associacdo dos

polimorfismos -460 C/T, +960 C/T ¢ —1154 G/A do gene VEGF com esta doenga. >

(73)

Para o polimorfismo -460CT, o estudo de Ku e colaboradores , mostrou uma

c~ . A . . 4
associagio do polimorfismo em cancer oral, e o estudo de Yapijakis e colaboradores ¥,
mostrou uma freqii€ncia aumentada de heterozigotos CT e cancer oral. Cheng e

(75)

colaboradores *"*’, mostrou uma freqiiéncia aumentada de homozigotos +960 C/C em

tumores com invasdo vascular. Para o polimorfismo -1154 G/A foi realizado um unico
estudo que mostrou uma associagio entre o gendtipo -1154 GG e cancer de laringe.”®
O Projeto Genoma Humano do Cancer (FAPESP/Instituto Ludwig) gerou
aproximadamente um milhao de seqiiéncias derivadas de amostras tumorais e de tecidos
normais, utilizando a técnica ORESTES a qual gera seqiiéncias predominantemente da

regido codificadora central dos genes. " 7® Polimorfismos presentes nos genes KiSS-1,

NINJ1, TAX1BP1 e LAD1 foram descritos durante este projeto por Brentani e
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) ¢ por Costa e colaboradores. ®* Estes genes sdo marcadores de

colaboradores
interesse para o estudo por serem selecionados em uma biblioteca ndo-enviesada
(Projeto Genoma Humano do Cancer), que passaram por uma primeira etapa de
validagdo. 7% 8

O gene KiSS-1 metastasis-suppressor (KiSS-1), localizado no cromossomo 1q32,
possui um polimorfismo A— G que resulta na troca do aminoacido glutamina por
arginina na posi¢io 36 da proteina. "” Sua capacidade de suprimir metastase foi
demonstrada em linhagens celulares de melanomas malignos e cancer de mama. ®" %2
Estudos de expressdo génica demonstraram uma associacdo da expressdo diminuida
com o pobre prognostico em cancer de bexiga, esdfago, estdbmago e ovario. #*-%)

O gene NINJURIN1 (NINJ1), mapeado em 922, possui uma transversao
polimorfica de A— C em sua seqiiéncia, responsavel pela substituicdo do aminoacido
Asparagina para Alanina na posi¢io 110 da proteina. ®” Seu produto, uma molécula de
adesdo, foi isolado primeiramente em células de Schwann, ap6s uma lesdo do nervo. A
proteina localiza-se na superficie celular de células de Schwann e neurdnios e tem um
papel importante na regeneragao neuronal. Além disso, se expressa em varios tecidos

humanos originados de células epiteliais (por exemplo, figados, rins, glandulas

adrenais). Uma expressdo aumentada deste gene foi observada em individuos com

(86) (87)

carcinoma hepatocelular ™ e em pacientes com leucemina linfoblastica aguda.

O gene Human T-cell leukemia virus type | binding protein 1 (TAX1BP1)
localizado em 7p15, possui um polimorfismo T — A que resulta na troca do aminoacido
Leucina por Isoleucina na posi¢do 306 da proteina, descrito por Costa e colaboradores

em 2001. ®? Este gene participa como co-fator na reagdo dos fatores de necrose tumoral

que desempenha um papel central no crescimento e desenvolvimento celular, e
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imunidade adaptativa. ® Sua proteina em expressdo elevada interage com a proteina
anti-apoptotica zinc finger A20, que inibe a apoptose induzida por TNF (fator de
necrose tumoral). ®” A analise de outros polimorfismos deste gene foi associada com

(90

artrite reumatdide =, sabe-se também que este gene possui expressao elevada em

cancer de ovario. ©"

O gene LADININ-1 (LAD1) humano estd mapeado em 1q25.1-q32.3 ¢ sua
proteina ¢ um dos componentes dos filamentos de ancoragem, componente de base de
membranas na jun¢io derme-epiderme. ©» Possui uma transicio (A—G) em sua
seqiiéncia, resultando em uma substituicdo do aminoacido Lisina para 4cido glutdmico
na posicao 323 da proteina.(go)

Embora estes polimorfismos referidos acima tenham sido descritos em amostras
de cancer no Projeto Genoma Humano do Céancer, ha auséncia de estudos que
correlacionam a presenca dos mesmos com o desenvolvimento de cancer de cabeca e
pescoco. Por isso, ¢ de extrema importancia estudos que investiguem tal associagao.

A andlise molecular em tumores é muito importante para oferecer novas
informagdes sobre suscetibilidade de desenvolvimento, bem como para estimativa de

prognostico e decisio de tratamentos. ©®

.1 OBJETIVOS

Com base nas evidéncias apresentadas, este estudo teve como objetivo:

1. Caracterizar o perfil socio demografico e identificar fatores de risco (tabagismo e
etilismo) de pacientes com cancer de cabeca e pescogo atendidos no Servigo

Ambulatorial de Otorrinolaringologia e Cirurgia de Cabeca e Pescoco do Hospital de
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Base de Sao Jos¢é do Rio Preto, para posterior selecdo de pacientes para a andlise
molecular;

2. Investigar a freqiiéncia de polimorfismos de nucleotideo unico (SNPs) dos genes
MTR, VEGF, KiSS-1, NINJ1, TAX1BP1 e LAD1 em pacientes com cancer de cabega e
pescogo comparando-a com aquela observada em uma populagdo controle;

3. Avaliar a associag@o dos polimorfismos com os hébitos tabagista e etilista, género e
idade no desenvolvimento do cancer de cabeca e pescogo;

4. Verificar a associagdo entre os polimorfismos e os sitios primarios de ocorréncia,
extensao do tumor, comprometimento de linfonodos, agressividade do tumor e o

prognostico da doenga (tempo de recidiva e 6bito).
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Il. ARTIGOS CIENTIFICOS

Os resultados estdo apresentados em forma de artigo. No total estéo apresentados 07
artigos, dois artigos publicados, dois artigos submetidos, um artigo a ser submetido e

dois artigos redigidos em portugués para serem traduzidos e posteriormente submetidos.

Artigo I: Revisdo sobre biomarcadores em cancer de cabeca e pescogo publicado em
periédico nacional.
Titulo: Epidemiologia e biomarcadores em cancer de cabeca e pescogo.

Periodico: Arquivosem Ciéncias da Salde 2006 jan-mar;13(1):34-8.

Artigo I1: Andlise clinica dos pacientes publicado em periédico internacional.
Titulo: Epidemiologic evaluation of head and neck patients in a university hospital of
Northwestern Sdo Paulo State

Periddico: Brazilian Journal of Otorhinolaryngology, 74:68-73, 2008.

Artigo I11: Resultados sobre a andlise do polimorfismo MTR A2756G submetido para
publicacdo em periddico internacional.

Titulo: Methionine synthase gene polymorphism (MTR) and risk of head and neck
cancer.

Periddico: Ora Oncology

Artigo IV: Resultados sobre a andlise do polimorfismo —1154 VEGF submetido para

publicacdo em periddico internacional.
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Titulo: Vascular endothelial growth factor genetic variability and head and neck cancer
in Brazilian population

Periddico: Archives of Medical Research

Artigo V: Resultados sobre a andlise do polimorfismo do gene KiSS-1 a ser submetido
para publicacdo em periddico internacional.
Titulo: Polymorphism of KiSS-1 gene in Brazilian head and neck cancer patients.

Periddico: Anticancer Research

Artigo VI: Resultados sobre a andlise dos polimorfismos gerados no projeto Genoma
Humano do Cancer a ser traduzido e submetido para publicagdo em periddico
internacional .

Titulo: Validacdo de polimorfismos de nucleotideos Unicos (SNPs) do Projeto Genoma

Humano do Cancer em pacientes com cancer de cabega e pescoco.
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Artigo I: Revisdo sobre biomarcadores em cancer de cabeca e pescogo publicado em
periédico nacional.

Titulo: Epidemiologia e biomarcadores em cancer de cabeca e pescoco.

Autores: Ruiz, MT; Pavarino-Bertelli EC; Maniglia JV; Ruback MJC; Goloni-Bertollo
EM.

Periodico: Arquivosem Ciéncias da Salde 2006 jan-mar;13(1):34-8.
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Resumo

Palavras-chave

Abstract

O presente artigo ¢ uma revisio com o objetivo de atualizar os aspectos epidemiologicos e marcadores
moleculares em cancer de cabega e pescogo com énfase nos fatores de riscos desta doenga, na prevaléncia
e nas novas descobertas de marcadores moleculares. Para isso foi realizado um levantamento bibliografico
para a obtengfo destes dados. O cancer de cabega e pescogo é responsavel por uma grande incidéncia de
obitos e apresenta uma freqiiéneia de aproximadamente 200.000 casos novos por ano. O tabagismo ¢ o
consumo de alcool sao os principais fatores etiologicos dessa doenga. A analise de marcadores moleculares
é Util para a compreensio da fisiologia, diagnostico, prognostico, selegio de tratamentos e prevengio desta
doenca.

Epidemiologia; Neoplasias de Cabega e Pescogo. Marcadores Biologicos. Genética; Tabagismo: Alcoolismo.

This study is a review aiming to update the epidemiological aspects and molecular markers of head and neck
cancer, focusing the risks factors, the prevalence and the new findings of molecular markers of this disease.
A literature review was made to obtain these data. Head and neck cancer accounts for a great incidence of
deaths, and its frequency is approximately 200,000 new cases a year, Smoking and alcohol consumption are
the main etiological factors of this disease. The analysis of molecular markers is usetul to understand the
physiology, diagnosis, prognosis, treatment choices and prevention of this disease.

Keywords

Aspectos epidemiologicos

O cincer de cabega e pescogo ¢ responsavel por uma grande
incidéncia de obitos em todo o mundo, constituindo a 6* causa
de morte por cancer. Segundo dados do Instituto Nacional do
Cancer (INCA), no Estado de S3o Paulo, as estimativas de cin-
cer na cavidade oral, para o ano 2006, mostram um total de
13.470 novos casos por 100.000 habitantes, com taxas de 10.060
para o sexo masculino e 3.410 para o sexo feminino'.

A incidéncia do cancer de cabega e pescogo aumenta com a
idade. Na Europa, 98% dos pacientes tém idade superior a 40
anos de idade’ e apenas 4 a 6% sfo individuos mais jovens.
Entretanto, a incidéncia nesta faixa etaria tem aumentado em
varios paises’ e os mecanismos envolvidos na tumorigénese
de pacientes jovens sdo pouco conhecidos ¢,

O tipo histologico mais freqiiente, presente em mais de 90%
dos casos’, é o carcinoma de células escamosas com ocorrén-
cia aproximada de 40% na cavidade oral, 15% na faringe e 25%
na laringe. O restante nos demais sitios remanescentes, como
por exemplo as glandulas salivares. Outros tumores da regiao
dacabeca e pescoco, tais como, cérebro, tireoide e face ndo sdo

Epidemiology: Head and Neck Neoplasms; Biological Markers; Genetics; Smoking; Alcoholism.

convencionalmente inclusos no termo “cancer de cabega ¢ pes-
c0go™,

O céncer de cabega e pescogo ¢ caracterizado pela agressivida-
de local e pelo risco de ocorréncia de tumores secundarios. O
risco para o desenvolvimento de tumores secundarios esta es-
timado em 20% correspondendo a uma taxa anual é de 4-6%%
geralmente maior em mulheres quando comparadas aos ho-
mens’. Os pacientes em tratamento apresentam risco para neo-
plasmas adicionais principalmente no trato aerodigestivo. A
taxa de mortalidade & estimada em, aproximadamente, 12.300
mortes por ano' e a de sobrevida ¢ de apenas 40 a 50% no
mundo'l 1, 1:':_

Evidéncias epidemiologicas sugerem que muitos fatores dife-
rentes podem estar associados com o aumento da probabilida-
de de ocorréncia destes canceres. Varios estudos tém mostrado
uma relagiio consistente do fumo com cancer de laringe e da
cavidade oral. Na Unido Européia estima-se que aproximada-
mente 60% do cdncer oral em homens e 30% em mulheres seri-
am atribuidos somente ao cigarro®.

Além do fumo, o consumo de aleool também é um fator de risco

Apoio Financeiro: Auxilio FAPESP (Processo 04/14573-3) e CNPQ (Processo 477665/04)

Nio ha conflito de interesse
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bem estabelecido para o cancer de cabega e pescogo. Estes
fatores de risco 1solados podem aumentar de duas a trés vezes
o risco para esta doenga; para a cavidade oral e laringe o risco
aumenta mais de 15 vezes quando o consumo de alcool e cigar-
ro estdo combinados 4118

Embora os homens sejam mais afetados que as mulheres, nos
ultimos anos, observou-se um aumento notavel na incidéncia
entre mulheres, o que parece refletir a alteragio de habitos taba-
gistas e elilistas neste grupo™.

Uma pobre higiene bucal pode agir sinergisticamente com
o alcool que nessas condigdes, aumenta a produgio de
acetaldeido na saliva, um metabolito do etanol que contribui
para o desenvolvimento do cincer®.

Em relagfio a dieta, as deficiéncias de micronutrientes parecem
estar associadas com um risco aumentado deste tipo de neo-
plasia. entretanto essas evidéncias sfo inconsistentes. Parale-
lamente, ha evidéncia de que uma dieta rica em vegetais (parti-
cularmente em carotenos) e frutas provavelmente diminui o ris-
co!*. Por outro lado, uma historia familial positiva aumenta em
3,5 vezes a probabilidade empirica do desenvolvimento do cén-
cer de cabega e pescogo *.

Variagdes geograficas ou regionais indicam que o estilo de vida
sociocultural de uma populagio pode refletir a apresentagio
clinica e as caracteristicas do tumor. Um estudo realizado no
Brasil, pais em desenvolvimento, revela diferengas estatistica-
mente significantes dessas caracteristicas quando comparado
aquelas de pacientes provenientes de uma institui¢do de pais
desenvolvido (Estados Unidos)™'.

Marcadores moleculares

Os avangos na compreensio da biologia molecular do cancer
de cabega e pescogo tém aberto novas diregGes na ciéncia. O
aumento das pesquisas esta sendo direcionado para o desen-
volvimento de terapias com alves moleculares ou marcadores
moleculares que sfo uteis na predi¢io dos tratamentos ou na
selegiio de pacientes para terapias moleculares especificas ba-
seadas nas caracteristicas dos tumores *.

Cada passo da progressio da doenga ¢ seguido por alteragbes
cromossomicas resultantes tanto da perda como do ganho de
material genético e, conseqiientemente perda ou ganho de fun-
¢ao celular. Os resultados fenotipicos dessas alteragSes estio
descritos em diferentes niveis do desenvolvimento do cancer:
crescimento ¢ supressio do tumor, angiogénese e invasio,
potencial metastatico, resposta imune. A maioria das alteragOes
geneticas que ocorrem durante este processo ainda ndo ¢ co-
nhecida ou nio esta totalmente compreendida®. O Quadro 1
mostra algumas alteragies moleculares mais fregiientes em cén-
cer de cabega e pescogo.

Marcadores moleculares, tais como gz, crering DL, Fas/Fasl.,
proteina p27. veae. e metaloproteinases tém auxiliado no prog-
nostico de tumores de cabega e pescogo.

Os fatores de crescimento e seus receptores de membrana de-
sempenham papéis importantes na proliferagfio celular, sobre-
vida, adesfio, migragio e diferenciagio®. O gene rarr (Epider-
mal Growth Factor Receptor) possul expressio clevada em
cincer de cabega e pescogo, e esta relacionado com um mau
progndstico para a doenga. A ativagio do gene earr estimula o
crescimento e proliferaiio. angiogénese, invasiio, metastase e
inibigao da apoptose. E amplamente expresso por varios lipos
celulares, incluindo linhagens epiteliais ¢ mesenquimais®™ /.
Em céncer de cabega ¢ pescogo, ¢ encontrada expressio eleva-
da do RNA mensageiro em 92% a 87% dos tumores, e esta

aumentada 69 vezes em 92% dos tumores quando comparados
4 mucosa normal ##%#.30,

O gene da ciclina D1 (ccond ) localizado em 11q13, é expressoem
celulas epiteliais na transigao G 1-S do ciclo celular. Em alguns
tipos celulares induz a apoptose *'. A atividade da ciclina D1
pode ser inibida por varios genes supressores de tumor inclu-
indo as proteinas pl6 (gene coxn2d - Cyelin-dependent kinase
inhibitor 24), p21 (gene marl/ciel- cyelin-dependent kinase
infibitor 14) e p27 (gene rrel- cyclin-dependent kinase inhi-
bitor 1) . Varios estudos mostram que a amplificacio ou ex-
pressao elevada foram associadas com a doenga em estagios
avangados, expansio precoce de nodulos, pobre resposta a
quimioterapia e redugfo da sobrevida® 3",

Aamplificagio daregido 11q13 que contém os oncogenes mr-2
(rar-3), Hsr-1 (;Ge-4), crorma D1 (prap-1, sor-1) e gas-1 foicor-
relacionada com carcinomas invasivos e estd presente em 30-
50% dos tumores™.

O gene Fas (tvr rRECEPTOR sUPERFAMILY MEMBER) também conhe-
cido como rwrsF6, cp95, ou 4po-1 ¢ um receptor de superficie
celular que desempenha um papel central na sinalizagio da apop-
tose em varios tipos celulares. Este receptor interage com seu
ligante natural Fasz (também conhecido como ¢p931), um mem-
bro da superfamilia de fatores de necrose tumoral. Adiminuigdo
da expressio de Fas e/ou o aumento da expressio de Fase
favorece a transformagao maligna e progressao do tumor. Mu-
tagdes em linhagens somaticas e germinativas do gene Fas e
também do gene sz estio associadas com um risco aumenta-
do de cancer =¥,

A proteina pl6. codificada pelo gene supressor de tumor
coen2a (Cyclin-dependent kinase inhibitor 24), localizado
em 9p21. pertence a familia dos inibidores de quinase depen-
dentes de ciclina, que incluem as proteinas p15 (gene weds -
cyelin-dependent kinase inhibitor 2B ), p21 e p27. Estes
genes regulam a fase G1 do ciclo celular de uma maneira
negativa. A proteina pl6 se liga a cokd (evelin-dependent
kinase-4) e cok6 (cyelin-dependent kinase-6), inibindo sua
associagdo com a ciclina D1. A inibigdo da atividade do com-
plexo ciclina D1/CDEK4/6 interrompe a [osforilagdo da pro-
teina Rb (retinoblastoma) e a liberacio do fator de transri¢ao
FE2F, o que leva a inibigéo do ciclo celular na fase de transi-
¢io G1-8. AlteragGes geneticas em pl6 podem conferir van-
tagens para o crescimento celular contribuindo com o pro-
cesso tumorigénico . Estudos mostram que a proteina pl6
alterada esta associada com baixa sobrevida, aumento de
recorréncias, progressio tumoral, ¢ metastase nodular em
muitos estudos . Entretanto, os resultados relacionados ao
prognostico, utilizando a proteina pl6 como marcador em
cincer de cabega e pescogo sfio contlitantes e, portanto, o
papel dessa proteina na carcinogénese ainda néio esta clara-
mente estabelecido™.

A proteina VEGF (gene vascular endothelial growth factor)
foi relacionada a agressividade ** %, invasiio e metdstase de
tumores solidos. Desempenha um papel critico na angiogén-
se, essencial para o crescimento tumoral e ocorréncia de
metastase. Induz a proliferag@o, migragiio e sobrevida das
celulas endotelias durante o crescimento tumoral pela liga-
¢Ao as quinases receptoras de tirosinas especificas. Varios
estudos mostram o valor progndstico de veer e seu papel na
promogao da invasio e no comportamento agressivo de tumo-
res de cabega e pescogo 101

As metaloproteinas (MMPs) sdo enzimas proteoliticas depen-
dentes de zinco que degradam a maioria dos componentes da
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Quadro 1. Alteragdes moleculares em cancer de cabeca e pescogo”

Cromossomo  Cromossomo  Alteragio Frequéncia(®s)  Genesasociades Significado

3ql 1-gter 3ql 1-qter Ganho 3771 AIS{pM0T3) Carcinogénese e fendtipotransformado

Tpl2-p22 Tpl2-p22 Ganho M7 EGIR Cresamento e fenobipo agressivo

8ql3-q43  8ql3-qM3  Gaho 27-50 MYC,PTK2 Adesao e regulagio do crescimento

1113 1113 Ganho 3961 CICLINADI, EMS, FGE3, FGF4 Progressao do ciclo celular, migragio,
regulagdio do crescimento

Aql2q132  20q12q132  Gaho 3348 BCASLZNF217 Fendlipoagressivo

Ipl2p 3pl2-p24 Penda 5372 FHIT Supressiio de tumor

Spler-p21 Spler421 Penda 6243 Desconhiecidos Suposta supressio tumoral

9p21-p24 9p21-p2A4 Perda 30467 Proteinas pl6, p13, pl8,pl9 Progressan do ciclo celular, senescéncia

18q 189 Perda 5850 DCC, DPC4, MADR2, P15, SCCAL, SCCA2, PAR, PAII3 Pobre progndstico

17pl3 17pl3 Perdacurmiagio 35 TP33 Regulagao do ciclo celular, apoptose

* Adaptado de Le & Giaccia, 2003 .

matriz extracelular incluindo coldgeno, elastina e fibronectina.
A degradagiio da matriz de colageno ¢ importante para a inva-
sao de tecidos subjacentes e metastases™. Varias MMPs pos-
suem expressio elevada em céncer de cabega ¢ pescogo in-
cluindo MMP-2 * MMP-8 **, MMP-9 ¢ e MMP-13 *7. MMP-
2 e MMP-9 ¢ desempenham um papel importante na carcino-
génese de cabega e pescogo por degradar o colageno tipo
IV, o principal componente da membrana basal. Alguns estu-
dos mostram uma correlagio significante entre a expressio
de MMP-9 e baixa sobrevida em pacientes com cancer de
cabega e pescogo’’.

O gene 1#33 (tumor protein p33). mapeado em 17q13, esta en-
volvido em muitas fungdes celulares, incluindo a manutengiio
da estabilidade gendmica, progressio do ciclo celular, diferen-
ciagiio celular, reparo a danos no DNA e apoptose. A produgio
da proteina ¢ aumentada na célula em resposta a danos no
DNA, induzindo a parada do ciclo celular na transigio G1/8.
Se o dano ndo for reparado. p53 leva a célula a apoplose. Na
presenga de mutagoes deste gene, o produto génico ¢ fre-
quentemente presente em altas concentragdes. No cancer de
cabega e pescogo, sio relatadas mutagdes em 33 a 59% dos
casos, perdas alélicas em 38% e expressiio aumentada da
proteina em 37 a 76% =7,

A detecgiio de mutagBes da p53 nas margens cirirgicas ou nos
nodulos linfaticos cervicais considerados histologicamente li-
vres da doenga. pode auxiliar na localizagdo das celulas cance-
rigenas persistentes, no sangue ou na medula ¢ssea, na ausén-
cia de doenga clinica, radiologica e histopatoldgica. 1sto pode-
ria teoricamente evidenciar a necessidade de uma terapia adju-
vante™. A expressio elevada da proteina p53 nos tumores pri-
marios ¢ considerada um sinal preditivo de sobrevida reduzida
em fungfio de sua associagio com a recorréncia de tumores
primarios e secundarios™.

A expressio elevada de c-zreB-2(Hrr-2), gene codificador do
receptor para o [ator de crescimento epidérmico, localizado no
cromossomol7, observada em 75% dos pacientes com céncer
de cabega e pescogo, também [oi correlacionada a baixa sobre-
vida. Expressdo diferencial de outros genes como aqueles rela-

cionados com a matriz extracelular, adesfio, motilidade, inflama-
¢io e mibigio da protease tem contribuido para o desenvolvi-
mento de carcinomas oral e faringeano metastaticos e nao-me-
tastaticos*®. A analise dos padrdes de metilagio (hipometilagio
e hipermetilagio) de genes especilicos também pode ser utiliza-
da para diagnostico precoce™ .

Genes que codificam enzimas envolvidas na biotransformagio
de carcindgenos tém sido associados ao desenvolvimento do
cancer de cabega e pescogo. Dois genes em particular, csrrl e
csmael, que codificam enzimas pertencentes a familia das gluta-
tido S-transferases (GSTs), parecem relevantes para a susceti-
bilidade ao carcinoma espinocelular de cabega e pescogo, pois
atuam na detoxificagio de metabolitos reativos de substancias
carcindgenas da fumaga do tabaco®. Os estudos dos polimor-
fismos cerrl ¢ cenvl realizados em carcinomas de cabega ¢
pescoco sfio contraditdrios, Varios autores demonstram uma
assoclago com o genotipo nulo [-] Gsmel 331525545 enquan-
1o outros niop “ 7" %99 Parg ¢ gendtipo nulo [-] asTrl também
foi demonstrada uma relagio em alguns casos “**e auséncia
da mesma em outros ** - 9 Desse modo, a varabilidade
individual em genes relacionados aos processos de ativagio e
detoxificagio metabdlica parece crucial na suscetibilidade ao
cincer de cabega ¢ pescogo.

Consideracoes finais

A detecgio de alteragdes moleculares pode auxiliar no
diagnostico ¢ no tratamento do cdncer de cabega ¢ pes-
cogo, 0 que tem estimulado a busca de biomarcadores
com aplicagGes clinicas potenciais. A era da gendmica e
da proteémica, com o desvendamento do genoma huma-
no tem melhorado significativamente a compreensio da
fisiologia dos tumores solidos resultando na rapida 1den-
tificagio de novos alvos moleculares para o diagnéstico,
prevengdo e tratamento do cincer de cabega e pescogo™
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Summary

Hcad and neck cancer accounts for nearly 200.000 new
cases worldwide, A mean of 13.470 new cases of cancer in
the oral cavity for 100.000 inhabitants is observed in Brazil.
Aim: To analyze clinical and epidemiological aspects in
patients consulted in the Otorhinolaryngology and Head and
Neck Surgery ward in a University hospital of Northwestern
Sao Paulo, Brazil. Materials and Methods: A total of 427
patients consulted in the hospital in the period from 2000
to 2005 were nvestigated. The variables analyzed included:
age, gender, occupation, skin color, tobacco and alechel
consumption, primary site of the tumor, clinical staging,
degree of histological differentiation and outcome, The
data was analyzed by descriptive and exploratory statistics,
Results; Prevalence was found Armong men (80%), white
color (9096), smokers (83.37%), and alcoholics (65.8006); the
average age was 01 years, 24.25% of men were farmers and
60% of women, housekeepers. Primary site of tumar was
usually in the oral cavity (35.37%), with histalogical squamous
cell. The incidence of deaths was 164, Conclusion: This
study has provided the profile of the patients assisted in
this hospital; moreover, it has contributed to outline further
programs for preventing this disease.
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INTRODUCTION

Head and neck cancer is a collective term based
on anatomical and topographic definitions for describing
malignant tumors of the upper aerodigestive tract. This
anatomical region comprises the oral cavity, the pharynx
and the larynx. "Oral cancer” is one of the major subgroups
of head and neck carcinomas: it involves the mucosa of the
mouth (lips, base of tongue, tongue, floor of the mouth and
the hard palate) and pharynx (oropharynx, hypopharynx
and nasopharynx). About 408 of head and neck cancers
oceur in the oral cavity, 15% oceur in the pharynx, 25%
occur in the larynx and the remaining mumors occur in
other sites (salivary glands and thyroid)'. The most frequent
histological type, occurring in over 9096 of cases, is the
squamous cell carcinoma ®

This disease is responsible for many deaths worl-
dwide; it is the sixth cause of death by cancer. Each year
approximately 200 thousand new cases of head and neck
cancer are diagnosed worldwide.® In Brazil, estimates in-
dicate that there will be approximately 13,470 new cases
of oral cavity cancer for each 100 thousand persons in
2008 (10,060 estimated in males and 3,410 estimated cases
in females).4 The incidence of mouth cancer in Brazil is
2% of all cancers, one of the highest in the world, and
significant in Latin America.’ The estimated mortality rate
is approximately 12,300 deaths per year;” the survival rate
is 40 to 50% for diagnosed patients.”®

Epidemiological evidence shows that the incidence
of head and neck cancer increases with age. In Europe,
98% of the patients are aged over 40 years.1 This type of
tumor is rare in young patients, involving only 4 ta 6% of
persons aged below 40 years, although this incidence has
increased in a number of countries,” The carcinogenetic
mechanisms in this age group are still little known,'#!

Smoking and alcohol drinking are well-established
risk factors for head and neck cancer. Although this form
of cancer affects mostly males, there has been a significant
increase in the incidence in females, probably reflecting
changes in smoking and drinking habits.*

The aim of this paper was to describe the social
and demagraphic profile of head and neck cancer patients
at a university hospital, and to identify the risk factors
{smoking and alcohol drinking) to support disease pre-
vention programs.

SERIES AND METHOD

The Research Ethics Committee of our institution
approved the research project (protocol 5566/2005).

A retrospective study was done of the medical
files of head and neck cancer patients of the hospital
Otorhinolaryngology Unit comprising six years between
2000 and 2003,

WVariables were age, sex, cccupation, skin color,

smoking and alcohol drinking habits, primary tumor site,
clinical staging, histological differentiation, treatment and
patient mortality,

Tumors were classified according to the anatomi-
cal site in the mouth, the pharynx and the larynx. The
oral cavity was divided into the lips, the anterior 2/3 of
the tongue, the palate, the oral mucosa, the gingiva, the
retromolar trigone and the hard palate. The pharynx was
divided into the following three separate regions: the
oropharynx (soft palate and uvula, the tonsils, and the
lateral and posterior walls), the hypopharynx (piriform
sinuses, hypopharyngeal wall, the postericoid region and
non-postericoid areas), and the nasopharynx (lateral walls,
choanae), The larynx is subdivided into the supraglottis,
the glottis and the subglottis.*?

Tumor staging CINM) was done according to the
guidelines of the American Joint Committee on Can-
cer (AJCC).14,15 Initially, the files of 427 patients were
analyzed, but only 372 were TNM-staged.

Data were compiled in the software Microsoft Excel
and analyzed by exploratory descriptive statistics,

RESULTS

Data were collected from 427 patients seen between
2000 and 2005,

There were 367 male patients (8624) and 60 female
patients (14%). Age ranged from 30 to 94 years (mean
- 61,77 years; standard deviation - 11.44 years). Table 1
shows the age distribution of patients for each age group.
Skin color was subdivided into two types (white and non-
white). Non-white subjects were those with black, brown
and oriental skin colors. In this study 90% of the subjects
were white.

Table 1. Age distribution of head and neck cancer patients.

Age group Number of patients (%)
30a40 9(2,11)
41as0 66 (15.45)
51a80 121 (28,34)
61a70 127 (29,75)
Tiagd az2(18.2)
81a80 20 (4,68)

=80 2(0,47)

The mast frequent professional occupation in males
was a rural activity (grower - 24.25%), followed by bri-
cklayer (13.9%) and driver (11.17%). The most frequent
occupation for females was housewife (60%) and rural
activiries (grower - 8.3%). Retirement with no specification
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as to the previous occupation was reported by 8.17% of
males and 15% of females (Table 2 and 3).

Smoking was a habit in 83.37% of the sample;
65.8% reported using aleoholic beverages; 55.27% of the
sample reported having both habits; and 6.18% reported
having neither habit. Quantities consumed were not do-
cumenied.

Table 2. Occupation of male head and neck cancer patients.

Occupation of males Number of patients (%)

Grower 89 (24.25)

Bricklaysr 51 (13.9)

Driver 4 (11,17

Retirad 30 (817)

Shopkeaper 16 (4,36)

Neon-specialized services 13 (3,55)
Carpenter 11 (3)
Painter a(245)

Guard 9(2,45)

Other 98 (26,7)

Table 3. Cccupation of famale head and neck cancer patients.

Occupation of females Number of patients (%)
Housewife 36 (B0)
Retired 915
Grower 583
Other 10 (16,7)

Table 4 shows the primary tumor sites in 427 pa-
tients. The oral cavity had the highest rate, 35.37% (151
of the 427 cases).

Tables 5, 6 and 7 present tumor staging according
to the malignant amor classification (TNM) and their fre-
quency in the primary tumor sites, This information was
not reparted in the files in 55 cases,

Table 4. Primary anatomical site in head and neck cancer patiants.

Anatomical site Number of patients (%)

Oral cavity 151 (35.37)

Larynx 133 (31,15}

Cropharynx 68 (16,15)
Hypopharynx 36 (8,43)
Nasopharynx 8 8(1.88)
Unknown primary sita 30 (7,02)

Table 5. Distribution of primary tumeor anatomical sites according to
the TNM classification (category T).

Category Anatomical site Number of patients (%)
Oral cavity 26 (38)
Larynx 26 (38)
Ti Oropharynx a{13)
Hypopharynx 418
MNasopharynx 3(4)
Oral cavity 39 (48)
Larynx 27 (33)
T2 Oropharynx 11 (14
Hypopharynx 2(3)
Unknown primary site 2(2)
Oral cavity 32 (30)
Laryrx 38 (38)
5 Oropharynx 17 (18)
Hypopharynx 15 (14)
Masopharynx 2(3
Unknown primary site a3
Oral cavity 3a (41)
Larynx 23 (24)
4 Oropharynx 21 (22)
Hypopharynx 10 (11)
MNasopharynx 1(1)
Unknown primary site 1 (1)
Larynx 2(95)
T MNagopharynx 1(4.75)
Unknown primary site 18 (85,75)

There was a predominance of squamous cell car-
cinomas (SCC), which was present in 96.7% of cases.
Cther histological types were also found, such as non-
Hodgkin's lymphoma, undifferentiated carcinomas and
athers (Table 8).

Indications for radiotherapy or surgery generally
balanced out for T1 and T2 tumaors; most of the T3 and T4
mmors, however, required multimode treatment, usually
surgery and adjuvant radiotherapy. On the other hand,
ather factors may have influenced somewhat the choice
of treatment, such as age, professional voice users, un-
controlled smoking or alcohol drinking, as well as social
and economic factors that might have required short-term
solutions. At our unit treatment includes surgery, chemao-
therapy and radiotherapy. Most of the patients underwent
surgery associated with radiotherapy (33.25%).

There were 164 deaths out of 427 cases: lack of
information in the charts precluded a survey of the causes
of death in most patients.
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Table 6. Distribution of primary tumer anatomical sites according to
the TNM classification (category N).

Table 7. Distribution of primary tumer anatomical sites according to
the TNM classification (category M).

Category Anatomical site Number of patients (%) Category Anatomical site Number of patients (%)
Oral cavity 94 (40) Oral cavity 120 (38)
Larynx a7 (37) Larynx 111 (33)
5 Oropharynx 31 (13) o Cropharynx 54 (16)
]
Hypopharynx 15 (8) Hypopharynx 23(7)
Nasopharynx 4(2) Nasopharynx 6(2)
Unknown primary site 201 Unknown primary site 18 (g)
Oral cavity 25 (42) Oral cavity 1{25)
Larynx 13 (22) M Laryrx 1(25)
M1 Oropharynx 13 (23) Unknown primary sita 2(50)
Hypopharynx 6 (10) Oral cavity 15 (43)
Unknown primary site 3(5) Larynx 4(11)
Oral cavity 12 (23) Mk Oropharynx 4(11)
Larynix 217 Hypopharynx 8(23
N Oropharynx 12 (23) Nasopharynx 1(3)
2
Hypopharynx 713 Unknown primary site 39
Masopharynx R L]
Unknown primary site a(17) Table 8. Histological differentiation of head and neck cancer pa-
Oral cavity 5(21) tients.
Larynix 6 (25
Histological differentiation Number of patients (%)
N3 Oropharynx 2(8)
Squamous cell carcinema (SCC) 413 (968,7)
Hypopharynx 313
. . Mon-Hodgkin's lymphoma 3(0,69)
Unknown primary site 833
- Undiffarantiated carcinoma 3(0,69)
Larynx 1 {33)
MNx . . Other * 8(1,92)
Unknown primary site 2 (87)

DISCUSSION

Mast of the subjects in our sample were aged betwe-
en 51 and 70 years, which is similar to the data reported by
the Head & Neck Unit of the Oncology Center, Oswaldo
Cruz University Hospital, in the state of Pernambuco; their
data shows that 55.82% of these tumors occur in this age
group.'*

Our finding that there is a higher incidence of head
and neck tumors in males is similar to existing repotts in
the literature.® Head and neck mimors are relatively rare
in females,"” particularly in developing countries, where
males predominate® In recent years there has been a
significant increase in the incidence of head and neck tu-
mors in females, probably due to changes in smoking and
alcohol drinking habits.'* There were more rural workers
among males, and more housewives among females. A
survey undertaken at the Head & Neck Surgery Unit of
the Heliopolis Hospital in the state of Sao Paulo revealed
that the most frﬂquc?nl occupation among males was that

* adenocarcinoma, cystic adenecid carcinoma, clear cell carcinoma,
muceepithelicid carcinema, poorly differentiated carcinoma.

of bricklayer, with miral activities in sixth place; the most
frequent occupation for females was that of housewife,
followed by mural activities.”® It should be noted that rural
work exposes individuals constantly to the sun and to
carcinogens, which helps promote cancer development,
Another study done at the same hospital showed that about
85% of male and female patients were white.* White was
also the predominant skin color in our sample (9094),

Mast of our patients were smokers (83.37%) and
alcohol drinkers (65.8%), which strengthens the association
between aleohol drinking and smoking and head and neck
cancers, 1 Many studies have shown a consistent relation
between tobacco and alechol, and cancer of the larynx
and oral cavity 153

The most frequent tumor site in our series was the
oral cavity (35.37%), followed by the larynx (31.15%).
Epidemiological studies have also reported that 40% of
head and neck cancers occur in in the oral cavity.! This
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finding appears to reflect smoking and alechol drinking
habits, which may increase two or threefold the risk of
these diseases in the oral cavity >

The TNM classification of our series revealed that
25% of the cases were T3, 35.65% of the cases had lymph
node involvement, and 2% presented metastases, showing
that advanced disease was present upon the diagnosis.
The literature reports that a high frequency of head and
neck cancer cases are diagnosed at an advanced stage, 24
as we ourselves also demonstrated. A Brazilian study,
taking place in a developing country, shows statistically
significant differences in these features compared to the
findings of studies about patients from institutions in de-
veloped countries,”

The most representative histological type was the
squamous cell carcinoma (96.7% of cases). Another study
done in the state of Pernambuco has reported this type
as the most frequent.’ The literature shows that over 9084
of the cases of head and neck cancer are squamous cell
carcinoma.®

Open surgery and external radiotherapy are fun-
damental approaches to treat carcinomas. ™ Radiotherapy
asscciated with surgery was the predominant approach
in our series (33.25%), followed by radiotherapy only
(28.10%), In another study, 528 out of 1,010 cases un-
derwent surgery, 335 were treated by both surgery and
radiotherapy, and 67 were treated by surgery, radiotherapy
and chemotherapy.25 In our sample only 23 cases were
treated with surgery associated with chemotherapy.,

There were 164 deaths (38.4%) between 2000 and
2005. Head and neck cancer is characterized by local ag-
gressiveness and by a high recurrence rate of secondary
tumors with a high mortality rate ™

High-risk populations should be targeted for
educational and surveillance programs. These programs
and measures can attenuate the unfavorable ocutcomes
in patients with mouth cancer, and decrease the risk of
developing secondary tumors.

CONCLUSION

The analysis of 427 patients seen at a university
hospital between 2000 and 2005 is in agreement with
data reported in the literanare showing that head and neck
cancer is more frequent in male smokers aged over 40
years. Medical dara reveal that the primary site in most of
the patients is the oral cavity. Identifying the risk factors
for these patients may enable strategies for implementing
prevention programs against this disease,
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Methionine synthase gene polymorphism (MTR) and risk of head and neck cancer.

A.L.S Gabiatti*, M.T Ruiz}, P.M Bisdlli, L.S Raposo?, JV Maniglia?, E.C Pavarino-
Bertelli.' e E.M Goloni-Bertollo.!

! Unidade de Pesquisa em Genética e Biologia Molecular- UPGEM, Faculdade de
Medicina de S&o José do Rio Preto- Brasil,  Departamento de Otorrinolaringologia e

Cirurgia de Cabeca e Pescoco de Medicina de Sdo José do Rio Preto — Brasil

Head and neck cancer may be caused by changesin DNA methylation associated with
the deficiency of folate. Low folate levels may also reduce the ability to repair DNA,
resulting in malignant cell alterations. The A2756G polymorphism of the methionine
synthase gene (MTR) may lead to alteration of the MTR enzyme, involved in the
pathway of folate and, therefore, may be a risk factor for cancer. We evauated the
frequency of the MTR A2756G polymorphism in patients with head and neck cancer
and in individuals without any history of neoplasias and to investigate the association of
this polymorphism with clinical parameters. One overall of 705 individuals was
included in the study (236 with head and neck cancer and 469 without history of
cancer). The PCR-RFLP technique was performed for genotyping of A2756G
polymorphism of the gene MTR. For statistical analysis were used chi-square test
(univariate analysis), binary logistic regression (multivariate analysis) and Log-Rank
test. The results showed that tobacco consumption (p <0.001), alcohol consumption (p
<0.001), age > 42 years (p <0.001), AG genotype (p = 0.019) and G alele (p = 0.028)
can be predictors of the disease. There was a higher frequency of carriers of the

polymorphic allele in the men group with cancer in relation to men group without the
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disease (p = 0.008), however, the male gender was not predictor for the development of
head and neck cancer. The analysis of polymorphism regarding clinical parameters did
not show association with the primary sites, aggressiveness, lymph nodes involvement,
and extension of the tumor. In conclusion, an association between the MTR A2756G
polymorphism and the risk for head and neck cancer was observed.

Introduction

“Head and neck cancer” is a term defined by anatomical and topographical
databases to describe malignant tumors of the upper aerodigestive tract, anatomical
region that includes oral cavity, pharynx and larynx. *

The most frequent histological type is the squamous cell carcinoma accounting
for 90%. %3 This cancer can be developed in an epithelium subject to a cancerization
field, proposed by Slaughter and collaborators (1953). * The factors that seem to
promote this field include environmental exposures to tobacco and alcohol, vira
infections, especially with the 16 and 18 virus papiloma subtypes and vitamin and
micronutrient deficiencies, such asfolate, vitamins A, C, E, selenium and zinc. >**

Low folate levels may increase the risk of cancer by causing hipometilation of
DNA and, consequentely, activation of proto-oncogenes that lead to malignant
transformation. The DNA methylation is the transfer of methyl groups (CH3) to
position 5 of residues cytosines located in dinucleotides cytosine-guanine (CpG),
through reactions catalyzed by proteins called DNA methyltransferases.’* This
epigenetic modification of the DNA has several functional roles, including control of

13

gene expression, = stability of the structure of cromatin ®® and maintenance of

genomics stability. **
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Folate deficiency is also associated with reduced capacity to repair DNA.™ This
relationship is due to the importance of folate in the synthesis of purines and thymine.
The Timidilate synthase enzyme catalyzes the conversion of deoxyuridine (dUMP) to
deoxytimidine monophosphate (ATMP) using 5,10 methylenetetrahidrofolate as donor
of methyl groups. Under low concentrations of folate, dUMP can be accumulated,
inducing the incorporation of uracil to DNA instead of thymine. DNA repair enzymes
remove misincorporated uracil of DNA, resulting in temporary breaks in the molecule,
which are, afterwards, sealed by the DNA ligase enzyme. However, if the availability of
folate is continuously limited, the uracil misincorporation and repair of the DNA
molecule can occur continuously in a cycle of uncontrolled repair, resulting in frequent
breaksin DNA and chromosomal damage, resulting in malignant cell alteration. ***°

The relationship between the presence of polymorphisms of genes involved in
the folate metabolism and the risk for head and neck cancer is based on the influence of
them in the reactions of cellular methylation and DNA synthesis and, thus, in
maintaining the structure of chromatin and chromosome stability. The Methionine
synthase (MTR) gene, located in cromossomol1q43, % encodes the methionine synthase
enzyme, which is involved in the folate metabolism, catalyzes the remethylation of
homocysteine (Hcy) to methionine, reaction essential for adequate maintenance of
methionine and intracellular normal homocysteine concentration. %

The basis alteration adenine to guanine in position 2756 of the MTR gene results

in the replacement of the amino acid aspartic to glycine in codon 919 of the protein

and isrelated to alterations in metabolic pathway of folate. %

Results of research on the influence of the polymorphism MTR A2756G in the

development of cancer are contradictory. Some studies show association with colon,?
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lung ?® and breast, 2’ cancer and relationship with tumor aggressiveness and different
responses to the treatment of esophagus cancer. 22 Other studies have not confirmed the
association between polymorphism and various types of cancer, including colorectal,

230 yng, 3! bladder ** and stomach cancer. *

Few studies evaluated the influence of MTR A2756G polymorphism in the
development of head and neck cancer. ** The increased risk for this type of cancer
was associated to the presence of G polymorphic allele (AG and GG genotypes) in the
study of Zhang and collaborators (2005). ** On the other hand, study of Suzuki and
collaborators (2007) * showed no influence of this polymorphism alone, but showed
interaction between the MTR 2756GG genotype and the alcohol consumption in risk for

head and neck cancer.

Based on the presented evidences, the am of this study was to compare the
frequency of the MTR A2756G polymorphism in patients with head and neck cancer
with those observed in individuals with no history of cancer, and to investigate the

association of this polymorphism with clinical analyzed characteristics.
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Patients and Methods

In this study, 236 patients with head and neck cancer, and 469 individuals with
no history of cancer assisted in the Head and Neck Surgery services of Hospital de
Base, Sdo Jose do Rio Preto — SP, Brazil were evaluated. All samples were obtained
after free and informed consent. The study was initiated after approval of the Ethics
Committee of Research (CEP). The diagnosis was made from pathological specimens
after total excision or biopsy. All tumor cell types were squamous cell carcinoma and

the samples were collected before beginning the treatment.

The analyzed variables were gender, age, exposure to risk factors (tobacco and
alcohol consumption), primary site of occurrence, aggressiveness, extension of the
tumor and lymph node involvement. Individuals who have smoked >100 cigarettes in
their lifetime and now smoke every day or some days were considered smokers.

Individuals who have drunk four drinks a week were considered alcohol consumers. %6

The tumors were classified according to the parameters of the International
Union of Cancer Control (UICC), 2002 and American Joint Committee for Cancer
(AJCC), 2002, following three criteria: extension of the tumor (T), presence of regiona

lymph nodes involved (N) and presence of metastasis at a distance (M).

The genomic DNA was obtained from peripheral blood following Miller and
collaborators (1988) with modifications. ** PCR-RFLP technique (Polymerase Chain
Reaction - Restriction Fragment Length Polymorphism) was used to determine the
genotypes MTR A2756G. The primers used were: sense 5-CCA GGG TGC GAC GTA
TAC AG - 3 'and anti-sense 5' - GCC TTT TAC ACT CCT CAA AAC C - 3. The
amplification was obtained with initial denaturation at 94° C during 4 minutes, followed

by 30 cyclesat 94° C during 1 minute to denaturation of DNA, 56° C during 1 minute to
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annealing the primers and 72° C during 1 minute to extension. A final cycle during 10
minutes at 72° C was performed for final extension. The product of 498 base pairs (bp)
was submitted to digestion with restriction enzyme Hae Ill, during 2 hours to 37° C,
according to the manufacturer's instructions. The fragments were analyzed in 2%
agarose gel, after staining with ethidium bromide. In the presence of G polymorphic
alele, fragments of 390, 123 and 85 bp were generated, and in the presence of the A

allele, fragments of 413 and 85 bp were observed.

Statistical analysis

Data were presented as mean and standard deviation, numbers or proportions
(percentages). Comparisons between the groups were performed using the Chi-square
test (univariate analisys). This test was aso used for analysis of Hardy-Weinberg's
balance, using the BioEstat program. Multiple logistic regression models were used to
determine the effect of MTR A2756G polymorphism on the variables in head and neck
squamous cell carcinoma. The model included age (divided by quartis), gender
(reference: female), smoking habits (reference: non-smokers) and drinking habits
(reference: non-drinkers). Results are shown as odds ratio (OR) and 95% confidence

intervals (95% Cl).

The clinicopathological features were analyzed by multiple logistic regression.
Tumor classification was divided into low T (T1,T2) and high T (T3,T4) classification
categories. N classification was dichotomized into negative involvement of lymph
nodes (NO) and positive involvement (N1, N2, N3). Stage grouping was divided into

early stage (Stage | or I1) and advanced stage (Stage I11 or IV) categories.
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The Kaplan-Meier method was used to examine the survival rates and time of
disease recurrence. Log-rank test was used to assess the differences considering the

different genotypes.

Statistical analyses were performed using the computer program Minitab for

Windows (Version 12.22). Value of p <0.05 was considered statistically significant.

Results
Sample characterization

The characteristics of the population are described in Table 1. An overall of 705
individuals (236 patients and 469 controls), with mean age of 52.5 + 13.7 years, was
included in this analysis. Five hundred and twenty-nine were men (75%) and 176 were
women (25%). There were statistically significant differences between patients and
controls for age, gender, smoking and drinking habits.

Among the patients with cancer, 38.1% had ora cavity as a site of primary
tumor, followed by larynx (32.2%) and pharynx (25%). In 4.7% of cases the primary

site was not known.

Analysis of MTR A2756G polymorphism
Table 2 shows the allelic and genotypic distributions in patients with head and
neck cancer and control individuals. There were no significant statistical differences
between both groups regarding genotypes (p = 0.148) and al€elic (p = 0.185)

frequencies.
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Hardy-Weinberg Equilibrium test showed that genotypic distribution was similar
to the expected in both groups: case and control (X? = 0.028, p = 0.868 and X?= 2.868;
p = 0.09, respectively).

The frequency of the G polymorphic alele (AG and GG genotypes) was stratified
for gender (Table 3). There was higher frequency of carriers of the G variant alele in
the group of men with head and neck cancer in relation to the group of men with no
history of cancer (p = 0.008). No difference between patients and controls (p = 0.335)
was observed among females.

Since the matching between demographic data and risk factors between patients
with cancer and individuals control was not possible, the multivariate analysis was
performed for the adjustment of these variables. The following variables were included:
age in quartiles (<42 years, 42-51 years, 51-63 years and> 63 years), gender, tobacco
and acohol consumption and MTR A2756G polymorphism. Tobacco (p <0.001),
alcohol (p <0.001), age > 42 years (p <0.001), AG heterozygous genotype (p = 0.019)
and G polymorphic allele (p = 0.028) were predictors for the disease (Table 4).

The analysis of polymorphism for clinical parameters did not show association
with the primary site of tumor (p = 0.12), extension of the tumor (p = 0.38), lymph
nodes involvement (p = 0.35) and stage of tumor (p = 0.18).

The survival curve of the Kaplan-Meer considering the different MTR
genotypes is shown in Figure 1. There was no significant statistical difference between
the presence of polymorphism and survival (p = 0.52) and between the presence of

polymorphism and time to the disease recurrence (p = 0.25).
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Discussion
Evidence suggests that the folate deficiency is related to the cause of the head

and neck squamous cell carcinoma****

and the MTR gene plays an important role in the
folate metabolism. %

MTR A2756G polymorphism has also been associated with variations in Hcy
concentrations. Fillon-Ermery and collaborators (2004) * associated elevated Hcy
concentrations with the presence of the wild-type alele (A), while Laraqui and
colaborators (2006) observed a correlation with the polymorphic alele (G). ©

Association between the A2756G polymorphism of the gene MTR and the
development of some types of cancer has been shown in previous studies, 227 while
others did not confirm these findings. *** In head and neck cancer, only two studies
investigated this polymorphism. 32 Zhang and collaborators (2005) * showed that the
MTR 2756AG heterozygous genotype is associated with the risk for developing head
and neck squamous cell carcinoma, while Suzuki and collaborators (2007) * have not
observed any association between the presence of MTR A2756G polymorphism and the
risk for the disease. The latter demonstrated an interaction of alcohol consumption and
2756GG genotype in risk for this type of cancer.

In the present study, the results did not show significant differencesin allelic and
genotypic distributions between both groups (patients with head and neck cancer versus
control subjects) according to univariate analysis. However, multivariate analysis,
performed after adjusting for gender, age, tobacco and alcohol consumption, showed
that the G polymorphic alele and AG heterozygous are associated with increased risk

for the disease with odds ratio (OR) of 1.60 and 1.69, respectively.
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Advanced age (> 42 years), tobacco and acohol consumption were also
associated with head and neck cancer in the multivariate analysis. These are well-
established risk factors for head and neck cancer, and this type of malignancy occurs

more frequently in individuals with older age. °

The univariate analysis showed that men with head and neck cancer had a higher
frequency of the G polymorphic alele than men with no history of cancer. Our study
did not corroborate with the findings of Zhang and collaborators (2005) ®*? who
observed that the MTR 2756AG genotype is associated with an increased risk for this
type of cancer, especiadly in younger individuas, women and former smokers.
However, in multivariate analysis, the male gender was not a predictor for cancer, while
ages over 42 years and tobacco and alcohol consumption maintained significant

statistics.

Regarding to site of occurrence, aggressiveness, extension of the tumor and
limph node involvement, our study did not find any association with the MTR A2756G
polymorphism. The association between tumor aggressiveness and this polymorphism
was also evaluated with in esophagus cancer; individuals with this type of cancer and
MTR 2756AG genotype or MTR 2756GG had higher survival regarding carriers of the
MTR 2756AA homozygous genotype. The results of this study reported that tumors of
individuals MTR 2756GG showed hystopathological regression in 46.2% of cases,
while tumors of individuals with MTR 2756AA genotype have not regressed. %

In our study the G polymorphic alelle of the MTR gene was not associated with
survival time and tumor recurrence. No data were found in the literature assessing the
Kaplan-Meier curve according to the MTR polymorphism in patients with head and

neck cancer.
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Due the lack of data on the influence the MTR A2756G polymorphism in the
etiology of head and neck cancer, further studies are needed to show the role of this
polymorphism in the disease development. Moreover, study of other enzymes involved
in the folate metabolism, and plasmatic concentrations and other derivatives could
contribute to the understanding of the factors involved in the etiology of head and neck

cancer.

In conclusion, an association between the MTR A2756G polymorphism and the
risk for head and neck cancer and higher frequency of carriers of the G variant allelein
the group of men with head and neck cancer in relation to the group of men with no
history of cancer were observed; furthermore, this finding confirm the importance of

folate metabolism in the process of head and neck carcinogeness.

References

1. Rogin CCR, Modugno F, Gollin SM. The epidemiology and risk factors of head and
neack cancer: afocus on a Human Papillomavirus. J Den Res 2007; 86: 104-14.

2. Casiglia AJ, Woo SB. A comprehensive review of oral cancer. Gen Dent 2001; 49:
72-82.

3. Reichart PA. Identification of risk groups for oral precancer and cancer and
preventive measures. Clin Oral Invest 2001; 05: 207-213.

4. Slaughter DP, Southwick HW, Smelkal W. Field cancerization in oral stratified
squamous epithelium; clinical implications of multicentric origin. Cancer. 1953; 05:
963-8.

5. Block G, Patterson B, Subar A. Fruit, vegetables, and cancer prevention: areview of

the epidemiological evidence. Nutr Cancer 1992; 18:1-29.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22SLAUGHTER%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22SOUTHWICK%20HW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22SMEJKAL%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Artigo IIT 42

6. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer prevention: a review. J Am
Diet Assoc 1996; 10:1027-39.

7. Choi SW, Mason JB. Folate and carcinogenesis. an integrated scheme. J Nutr. 2000;
02: 129-32.

8. Raval GN, Sainger RN, Rawal RM, et a. Vitamin B12 and folate status in head and
neck cancer. Asian Pac J Cancer 2002; 03:155-62.

9. Lingen M, Sturgis EM, Kies MS. Squamous cell carcinoma of the head and neck in
nonsmokers: clinical and biologic characteristics and implications for management.
Curr Opin Oncol 2001; 13: 176-82.

10. Pelucchi C, Taamini R, Negri E, Levi F, Conti E, Francheschi S, La Vecchia C.
Folate intake and risk of oral and pharyngeal cancer. Ann Oncol 2003; 14:1677-81.

11. Kane MA. The role of folates in squamous cell carcinoma of the head and neck.
Canc Detect and Prev 2006; 29: 46-53.

12. D'Alessio AC, Szyf M. Epigenetic téte-a-téte: the bilateral relationship between
chromatin modifications and DNA methylation. Biochem Cell Biol 2006; 84: 463-76.
13. Ehrlich M. The ICF syndrome, a DNA methyltransferase 3B deficiency and
immunodeficiency disease.Clin. Immunol 2003; 109: 17-28.

14. Tuck-Muller CM, Narayan A, Tsien F, Smeets DF, Sawyer J, FialaES, et al. DNA
hypomethylation and unusua chromosome instability in cell lines from ICF syndrome
patients. Cytogenet Cell Genet 2000; 89: 121-8.

15. Wel O, Shen H, Wang LE, Duphorne CM, Pillow PC, Guo Z, et a. Association
between low dietary folate intake and suboptimal cellular DNA repair capacity. Cancer

Epidemiol Biomarkers Prev 2003; 12: 963-9.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Steinmetz%20KA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potter%20JD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Choi%20SW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mason%20JB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22D'Alessio%20AC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Szyf%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ehrlich%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science/journal/15216616
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236740%232003%23998909998%23466646%23FLA%23&_cdi=6740&_pubType=J&_auth=y&_acct=C000049825&_version=1&_urlVersion=0&_userid=984626&md5=743664c2b737a004db7ed3b9ea2b1e69
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tuck-Muller%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Narayan%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tsien%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smeets%20DF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sawyer%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fiala%20ES%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Artigo IIT 43

16. Reidy JA. Folate and deoxyuridine-sensitive chromatid breakage may result from
DNA repair during G2. Mutat Res 1987; 192: 217-9.

17. Blount BC, Ames BN. DNA damage in folate deficiency. Baillieres Clin Haematol
1995; 08: 461-78.

18. Duthie SJ. Folic acid deficiency and cancer: mechanisms of DNA instability. Br
Med Bull 1999; 55:578-92.

19. Ames BN. DNA damage from micronutrient deficiencies is likely to be a major
cause of cancer. Mutat Res 2001; 475: 07-20.

20. Leclerc D, Campeau E, Goyette P, Adjala CE, Christensen B, Ross M et al. Human
methionine synthase: cDNA cloning and identification of mutations in patients of the
cblG complementation group of folate/cobalamin disorders. Hum Mol Genet 1996; 05:
1867-74.

21. Leclerc D, Wilson A, Dumas R, Gafuik C, Song D, Watkins D et a. Cloning and
mapping of a cDNA for methionine synthase reductase, a flavoprotein defective in
patients with homocystinuria. Proc Natl Acad Sci USA 1998; 95: 3059- 64.

22. Sharp L, Little J. Polymorphisms in genes involved in folate metabolism and
colorectal neoplasia: a HUGE review. Am J Epidemiol 2004; 159: 423-43.

23. Van der Put NM, Van der Molen EF, Kluijtmans LA, Heil SG, Trijbels IM, Eskes
TK, et a. Sequence analysis of the coding region of human methionine synthase:
relevance to hyperhomocysteinaemia in neural-tube defects and vascular disease.QIM

1997; 90: 511-17.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Blount+BC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ames+BN%22%5BAuthor%5D

Artigo IIT 44

24. Harmon DL, Shields DC, Woodside JV, McMaster D, Yarnell WG, Young IS, et
al. Methionine synthase D919G polymorphism is a significant but modest determinant
of circulating homocysteine concentrations. Gen Epidemiol 1999; 17: 298— 309.

25. Chen K, Song L, Jin MJ, Fan CH, Jiang QT, Yu WP. Association between genetic
polymorphisms in folate metabolic enzyme genes and colorectal cancer: a nested case-
control study. Zhonghua Zhong Liu Za Zhi 2006; 28: 429-32.

26. Shi Q, Zhang Z, Li G, Pillow PC, Hernandez LM, Spitz MR, et a. Polymorphisms
of methionine synthase and methionine synthase reductase and risk of lung cancer: a
case-control analysis. Pharmacogenet Genomics 2005, 15: 547-55.

27. Lissowska J, Gaudet MM, Brinton LA, Chanock SJ, Peplonska B, Welch R, et al.
Genetic polymorphisms in the one-carbon metabolism pathway and breast cancer risk: a
popul ation-based case-control study and meta-analyses. Int J Cancer 2007; 120: 2696-
703.

28. Sarbia M, Stahl M, Von Weyhern C, Weirich G, Puhringer-Oppermann F. The
prognostic significance of genetic polymorphisms (Methylenetetrahydrofolate
Reductase C677T, Methionine Synthase A2756G, Thymidilate Synthase tandem repeat
polymorphism) in multimodally treated oesophageal sgquamous cell carcinoma. Br J
Cancer 2006; 94:203-7.

29. Ma J, Stampfer MJ, Christensen B, Giovannucci E, Hunter DJ, Chen J, et a. A
polymorphism of the methionine synthase gene: association with plasma folate, vitamin
B12, homocysteine, and colorectal cancer risk. Cancer Epidemiol Biomarkers Prev

1999; 08: 825-9.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Song%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jin%20MJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fan%20CH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jiang%20QT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yu%20WP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Giovannucci%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hunter%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Artigo ITT 45

30. Kun Chen, Qin-Ting Jiang, Han-Qing He. Relationship between metabolic enzyme
polymorphism and colorectal cancer. World J Gastroenterol 2005; 11: 331-5.

31. Suzuki T, Matsuo K, Hiraki A, Saito T, Sato S, Yatabe Y, et a. Impact of one-
carbon metabolism-related gene polymorphisms on risk of lung cancer in Japan: a case
control study. Carcinogenesis 2007; 08:1718-25.

32. Moore LE, Maats N, Rothman N, Real FX, Kogevinas M, Karami S, et al.
Polymorphisms in one-carbon metabolism and trans-sulfuration pathway genes and
susceptibility to bladder cancer. Int J Cancer 2007; 120:2452-8.

33. Zhang FF, Terry MB, Hou L, Chen J, Lissowska J, Yeager M, et a. Genetic
polymorphisms in folate metabolism and the risk of stomach cancer. Cancer Epidemiol
Biomarkers Prev 2007 01:115-21.

34. Zhang Z, Shi Q, Liu Z, Sturgis EM, Spitz MR, Wel Q. Polymorphisms of
Methionine Synthase and Methionine Synthase Reductase and Risk of Squamous Cell
Carcinoma of the Head and Neck: a Case-Control Analysis. Cancer Epidemiol Biomark
Prev 2005; 14: 1188-93.

35. Suzuki T, Matsuo K, Hasegawa Y, Hiraki A, Wakai K, Hirose K, et al. One-carbon
metabolism-related gene polymorphisms and risk of head and neck squamous cell
carcinoma: case-control study. Cancer Sci 2007, 09:1439-46.

36. Ahrendt SA, Chown JT, Yang SC, Wu L, Zhang MJ, Jen J, Sidransky D. Alcohol
comsuption and cigarette smoking increase the frequency of p53 mutations in nomsmall

cell lung cancer. Cancer Res 2000; 60:3155-9.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20FF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Terry%20MB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hou%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lissowska%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yeager%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Suzuki%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matsuo%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hasegawa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hiraki%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wakai%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hirose%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Artigo ITT 46

37. Kjaerhein K, Gaard M, Andersen A. The role of alcohol, tobacco, and dietary
factors in upper aerogastric tract cancer: a prospective study of 10.900 Norwegian men.
Cancer Causes and Control 1998; 9: 99-108.

38. Ministério da Saude. Instituto Nacional do Céancer. In: UICC- Unido Internacional
Contra o Cancer, 2002 — TNM — Classificacgo de Tumores Malignos 62 edition . Rio de
Janeiro: INCA 2004, 254 p.

39. Miller SA, Dikes DD e Polesky HF. A simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic Acids Research 1988; 16: 1215.

40. Argiris A, Karamouzis MV, David Raben D, Ferris RL. Head and neck cancer. J
Lancet 2008, 371: 1695-1709.

41. Elefhteriadou A, Chalastras T, Ferekidou E, Yiotaxis I, Kyrou L, Tzagarakis M et
al. Association between sgquamous cell carcinoma of the head and neck and serum folate
and homocysteine. Anticancer Res 2006; 26:2345-8.

42. Fillon-Emery N, Chango A, Mircher C, Barbe F, Blehault H, Hebert B, et al.
Homocysteine concentrations in adults with trisomy 21: effect of B vitamins and
genetic polymorphisms. Am J Clin Nutr 2004; 80:1551-7.

43. Laraqui A, Allani A, Carrie A, Coffard AS, Benkouka F, Benjoaud A. Influence of
Methionine synthase (A2756G) and Methione synthase reductase (A66G)
polymorphisms on plasma homocysteine levels and relation to risk of coronary artery

disease. Acta Cardiol 2006; 61: 51-61.



Artigo IIT 47

Table 1. Demographic characteristics of patients with head and neck cancer and control

individuals.
Evaluated Patients n (%) Controls n (%) p
characteristics N= 236 N =469
Age < 0.0001
<42 07 (3.0) 170 (36.0)
42 -51 15 (6.5) 177 (38.0)
51- 63 63 (27.0) 122 (26.0)
> 63 151 (63.5) 0(0)
Gender < 0.0001
Male 203 (86.02) 326 (69.51)
Female 33(13.98) 143 (30.49)
Tobacco consumption < 0.0001
Smokers 211 (89.41) 229 (48.83)
Non-smokers 25 (10.59) 240 (51.17)
Alcohol consumption < 0.0001
Alcohol consumers 184 (77.97) 219 (46.70)
Alcohol non-consumers 52 (22.03) 250 (53.30)




Artigo IIT 48

Table 2. Allelic and genotypic distributions in patients with head and neck cancer and

control individuals.

MTR A2756G Patients Controls
AA, n (%) 155 (65.7) 340 (72.5)
AG, n (%) 73 (31.0) 113 (24.0)
GG, n (%) 08 (3.3) 16 (3.5)

A allele frequency 0.81 0.85

G allele frequency 0.19 0.15
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Table 3. Distribution of MTR A2756G polymorphism in controls and

patients with head and neck cancer.

Group AA AG + GG

M (%) F(%) M(%) F (%)
Patients 130 (55) 25(10.5) 73(31) 08 (3.5)
Controls 244 (52) 96(20) 82 (17.5) 47(12.5)

M —-male F-femae
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Table 4. Distribution of demographic data, risk factors, genotypes, MTR

2756 aleles and odds ratio (OR) for the head and neck cancer.

Variables p OR (95% CI)
Tobacco consumption

Non-smokers reference
Smokers <0.001 4.49 (2.68 — 7.54)
Alcohol consumption

Alcohol non-consumers reference
Alcohol consumers <0.001 2.30 (1.46 - 3.63)
Gender
Femae reference
Male 0.547 1.18 (0.69 —2.01)
Age

<42 reference

42-51 <0.001 4.72 (2.29-9.72)
51-63 <0.001 19.45 (9.55 — 39.59)
> 63 <0.001 11.01 (5.33-22.72)
MTR 2756 Genotypes

AA reference

AG 0.019 1.69 (1.09 — 2.62)
GG 0.891 1.08 (0.37 —3.13)
MTR 2756 Alleles

A reference

G 0.028 1.60 (1.05—2.44)

50



Artigo ITT

Probability

08 -

Survival Time (months)

10
-
03 -
e
08 -
o [
5 WA L
2 ke
a e G
S o5 L
o PR
E |
o 0s
04 | Aa 0,
|
'
03
02

o 50 100

Recurrence Time (months)

51

Figure 1. Kaplan-Meier curve representing (A) Survival Time - Patients with the G

alele had a higher survival rate than those with the AA genotype. (B) Recurrence

Time — Patients with AA genotype had a higher recurrence rate than those with G allele.
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Abstract:

Background: Head and neck cancer is responsible for a high mortality rate, with a
frequency of nearly 481,100 new cases annually. Smoking and alcoholism are the main
etiological factors of this disease. The vascular endothelial growth factor (VEGF) is one
of the most potent endothelial cell mitogens and plays a critical role in angiogenesis.
The aims of this study were to evaluate the association of the -1154G/A polymorphism
of the VEGF gene with head and neck cancer and the interaction of this polymorphism
with lifestyle and demographic factors. Additionally, the VEGF genotype distribution
was investigated in respect to the clinicopathological features of head and neck cancer
patients. Methods: The study included 100 patients with head and neck cancer and 176
individuals without any history of neoplasias. Molecular analysis of was performed
after extraction of genomic DNA using the Real Time PCR technique.

Results: This investigation did not identify significant differences between healthy
individuals and patients. However, an analysis of the clinicopathological features
showed a decreased frequency of the A allele polymorphism in advanced (T3 and T4)
tumors (OR = 0.36; CI1 95% 0.14 - 0.93; p = 0.0345). Conclusion: The -1154 A allele of
the VEGF gene decreases the risk of tumor growth and may be an important biomarker

in head and neck cancer.

Keys words: head and neck cancer, polymorphisms, VEGF gene
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Introduction

Head and neck squamous cell carcinoma (HNSCC) remains a significant cause
of morbidity and mortality; worldwide, 481,100 new cases are reported annually. Two-
thirds occur in developing countries, with an overall 5-year mortality rate of
approximately 50% (1,2). In Sao Paulo State, Brazil, an occurrence of 4,510 new cases
was estimated for 2008 (3).

The growth of solid tumors depends on angiogenesis, the process by which new
blood vessels develop from the endothelium of the preexisting vasculature. Tumors
promote angiogenesis by secreting or activating angiogenic factors that stimulate
endothelial migration, proliferation, and capillary morphogenesis. Newly formed blood
vessels supply the tumor with nutrients and oxygen, dispose of the metabolic waste
products of tumor cells, generate paracrine stimuli, and provide potential routes for
tumor dissemination. Thus, tumor-induced angiogenesis plays a pivotal role in cancer
progression and metastasis (4,5).

The vascular endothelial growth factor (VEGF) is one of the most potent
endothelial cell mitogens and plays a critical role in angiogenesis. VEGF binds
specifically to two transmembrane VEGF receptor tyrosine kinases on endothelial cells
to initiate intracellular signal transduction pathways that mediate angiogenesis and
vascular permeability (6). Angiogenesis properties are correlated with tumor
aggressiveness, with intratumor microvessel density having been identified as an
independent prognostic factor (7).

VEGF forms the new blood vessels of the tumor by acting as an endothelial cell

mitogen, thereby promoting the growth and invasion of the tumor. VEGF functions to
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increase the vascular permeability, which causes edema in the extracellular matrix and
supports the spouting and splitting of new blood vessels by making fibrin freely
availably; VEGF also allows the intravascular circulating tumor cells to easily penetrate
the basement membrane of blood vessels (8).

Several lines of compelling evidence from in vitro and in vivo experiments have
shown that increased VEGF expression is associated to tumor growth and metastasis,
whereas the inhibition of VEGF signaling results in suppression of both tumor-induced
angiogenesis and tumor growth (6).

The VEGF gene is located on chromosome 6p21.3 and consists of 8 exons. At
least, 30 single-nucleotide polymorphisms (SNP) in this gene have been described in the
literature. Among these, evidence has shown that the -634G/C, -1154G/A, and -
2578C/A VEGF polymorphisms are associated with increases in VEGF production
(9,10,11).

Recently, VEGF polymorphisms have been evaluated in skin (12), bladder
(13), lung (14,15), prostate (16, 17), stomach (18) and breast (19,21) cancers in patients.
Several studies have focused on the potential prognostic importance of VEGF
polymorphisms (13, 19, 20).

The -1154 GG VEGF genotype is associated with a higher VEGF production
and is located in the promoter region of the gene (11) however, the -1154A/A genotype
is associated with a decreased risk for prostate cancer and less advanced melanoma (14-
16).

In head and neck cancer, only four studies have investigated VEGF
polymorphisms. In one study an association of -460C/T and +960C/T VEGF

polymorphisms was reported in oral cancer (21) and a second study showed an
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association between +960C/T VEGF polymorphism and oral cancer (22). Cheng et al.
(23) identified an association between the +960 C/T polymorphism and vascular
invasion in oral squamous cell carcinoma. The -1154G/G genotype of the VEGF gene
appears to increase the risk for laryngeal squamous cell carcinoma (24).

VEGF polymorphisms have been implicated in the risk for several types of
tumors and other diseases with putative angiogenic components. Based on the
biological and pathologic significance of VEGF, it is possible that functional genetic
variations of the VEGF gene may contribute to the progression of the head and neck
cancer. To test this hypothesis, the aims of this study were to investigate the association
of the -1154G/A polymorphism of the VEGF gene with head and neck cancer and to
evaluate whether the interaction of this polymorphism with lifestyle and demographic
factors may be associated to a higher risk. In addition, VEGF genotype distribution was
investigated in relation to the clinicopathological features of head and neck cancer

patients.
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Material and methods

A total of 91 male and 9 female patients, who were diagnosed with head and
neck cancer, were investigated (average age 57; range: 36 - 80 years). Informed consent
was obtained from all individuals enrolled in this study. Diagnosis was made from
pathological specimens either from total excision or biopsy. All tumor cell types were
squamous cell carcinoma with the samples being collected before the beginning of
treatment. A control group comprised 176 apparently healthy volunteers with no history
of familial cancer.

The patients were staged according to the tumor-node-metastasis (TNM)

classification of the International Union against Cancer (25).

Methods

DNA isolation and genotyping assay

DNA was isolated from leukocytes obtained from peripheral blood according to
the method described by Miller et al. (26). DNA concentration was measured using a
CARY spectrophotometer. Allelic discrimination of the -1154 VEGF polymorphism
was achieved with the ABI PRISM 7500 Sequence Detection System (Applied
Biosystems) using the fluorogenic 5’ nuclease assay with Tagman Minor Groove Binder
(MGB) probes. The wild-type Tagman MGB probes were FAM labeled and the mutants
were VIC labeled. The final volume for each reaction was 5 uL, consisting of 1.5 pL
Tagman Universal PCR Master Mix (Applied Biosystems), 0.9 uM of each primer,
0.2uM of each Tagman probe and 5 ng of genomic DNA. PCR sequencing involved an
initial denaturation step at 95°C for 10 minutes followed by 40 cycles at 92°C for 15

seconds and 60°C for 1 minute. Fluorescent signals were measured at 60°C. The
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primers and probes for the G -1154 A were purchased from Applied Biosystems (ID -
C _1647379-10).

The SDS computer program version 2.0 was used to analyze the fluorescence
emitted in real time and at the end of the PCR reaction (endpoint read).

Statistical analysis

The demographic and lifestyle data were analysed by descriptive statistics and
compared employing the Chi-Square Test.

The Chi-square test and the Hardy-Weinberg Equilibrium (HWE) were used for
statistical analysis of the allele and genotype distributions of this polymorphism. A p-
value < 0.05 was used to establish statistical significance. Multiple logistic regression
models were used to determine the effect on the variables in head and neck squamous
cell carcinoma. The model included age (reference: < 54 years old - mean of the
groups), gender (reference: female), smoking habits (reference: non-smokers) and
drinking habits (reference: non-drinkers). Results are shown as odds ratio (OR) and

95% confidence intervals (95% CI).

The clinicopathological features were analyzed by multiple logistic regression.
Tumor classification was divided into low T (T1,T2) and high T (T3,T4) classification
categories. N classification was dichotomized into negative involvement of lymph
nodes (NO) and positive involvement (N1, N2, N3). Stage grouping was divided into
early stage (Stage I or II) and advanced stage (Stage III or IV) categories. The analysis

of M classification was not performed since all patients were classified as M0.
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Dependence analysis was used to assess the distribution of polymorphisms and
the primary anatomic site of the tumor.

The Kaplan-Meier method was used to examine the survival rates and time of
disease recurrence. Log-rank test was used to assess the differences considering the
different genotypes.

Statistical analyses were performed using the computer program Minitab for

Windows (Version 12.22). Value of p <0.05 was considered statistically significant.
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Results

Demographic data and lifestyle factors

Table 1 shows the distribution of the variables of patients and controls. There
were statistically significant differences between patients and controls for age, gender,
smoking and drinking habits.

VEGF genotype

The genotype distribution of the studied polymorphism did not deviate from the
Hardy-Weinberg equilibrium for patients (p = 0.9521) or for controls (p = 0.0675).

The allele and genotype frequencies of the VEGF gene of head and neck cancer
patients and the control group are shown in Table 2. There was no statistically
significant difference in the allele distribution of the - 1154 VEGF gene G/A
polymorphism between controls and head and neck cancer patients (p= 0.65). The
differences in genotype frequencies between patients and controls were not statistically
significant either (p = 0.46).

The potential interaction between the distribution of the VEGF genotype and
exposure to risk factors for head and neck cancer are shown in Table 3 with no
statistical difference being found using multiple logistic regression.

Using dependence analysis, the distribution of genotype frequencies showed a
significant association with the anatomic site of the tumor (p = 0.041); the GG genotype
was associated to pharynx cancer, while the GA genotype was linked to oral cavity and
larynx cancer (p= 0.003).

The associations of clinicopathological features of the head and neck cancer

patients with VEGF genotypes are shown in Table 4. For this analysis were considered
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only patients with complete pathological data. This analysis shows that the polymorphic
A allele is less frequent in patients with T3 and T4 tumors. No significant association of
genotype frequency was found for the other clinical parameters.

An analysis of metastasis classification was not performed since all patients
were classified as MO.

The Kaplan-Meier survival curves by genotype are presented in Figure 1A, and
did not demonstrate any association between the polymorphism and overall survival (p=
0.1521); moreover, no association was observed for the time of recurrence of the

disease (p = 0.4592) (Figure 1B).
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Discussion

This study confirms the well-known fact that head and neck cancer development
is strongly associated with lifestyle factors, such as alcohol intake and cigarette smoking
(27, 28, 29). Additionally, a significant association was confirmed between age and
gender with this disease as has previously been described (29,30).

In this study, the allele and genotype distribution of the -1154 G/A
polymorphism in patients with head and neck cancer were in close agreement with those
previously published for healthy Caucasian individuals (31), but, using univariate and
multiple logistic regression analyses, no significant differences were observed in the
allele and genotype distributions of the gene polymorphisms between patients with head
and neck cancer and controls.

Four studies reported the association of VEGF polymorphisms and head and
neck cancer. Ku et al., (21) reported the association between -460 C/T VEGF
polymorphism and oral cancer, Yapijakis et al., (22) showed an elevated frequency of
heterozygotes with the +936 C/T polymorphism and oral cancer and Cheng et al. (23)
identified an association between the +960C/C VEGF polymorphism and vascular
invasion in oral squamous cell carcinoma. Unal et al. (24) in 2008, showed an
association between the VEGF -1154G/G genotype and larynx cancer.

In lung cancer, an analysis revealed that the —1154A/A VEGF polymorphism
was significantly associated with a lower VEGF expression compared to the GG
polymorphism, while GA seemed to be related to an intermediate expression (14).

The association between the primary site of tumor and polymorphism suggest a
tissue-specific role of polymorphisms. This may explain the differences in biological

behavior of head and neck cancer in various anatomical locations (32).
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In the analysis of clinicopathological features, the decreased frequency of the
polymorphic A allele in T3 and T4 tumors supports the hypothesis that this allele is
associated with decreased angiogenesis. Howell et al. (12) reported that the VEGF -
1154A/A genotype was associated with the thinner primary vertical growth phase of
malignant cutaneous melanomas while VEGF -1154 GG was associated with thicker
primary tumors. McCarron et al. (16) observed that the VEGF -1154 AA genotype is
associated with a reduced risk for prostate cancer development. These results indicate
that the VEGF genotype may influence tumor growth, possibly via the effects of
differential VEGF expressions on tumor angiogenesis.

Several studies have found that VEGF expression was significantly higher in
patients with regional lymph node involvement (33,34) and therefore may promote oral
cancer progression. In the present study no association was observed between lymph
node involvement and the -1154G/A VEGF polymorphism. Moreover, no significant
differences between the different stages of tumor and the distribution of the -1154G/A
VEGF polymorphism were observed. In a study of the +936C/T VEGF polymorphism,
Yapijakis et al. (22) reported an increase in the frequency of the VEGF 936T
polymorphic allele, which is associated to lower circulating levels of VEGF.

A clear correlation between the VEGF gene and clinical parameters has not yet
been established in squamous cell head and neck carcinoma (35). Our study suggests
that the VEGF -1154A allele can reduce the risk of tumor growth and thus supports
results on the role of VEGF in head and neck cancer published by other authors. Our
result is not surprising, because VEGF, as a key mediator of angiogenesis, is more

likely to alter the aggressiveness of the tumor than susceptibility to cancer.
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Further studies of other VEGF sequence variants and expressions and their
biological functions are also needed to understand the role of VEGF polymorphisms and

haplotypes in determining the risk for head and neck cancer.
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Table 1. Distributions of characteristics of case and control status.

Variable Cases (n=100)  Controls (n=176) p
Gender (%) <0.0001
Male 91 119
Female 9 57
Mean age in years 57 (9,56) 52 (11,77) <0.0001
(SD)
Smoking (%) 91 99 <0.0001
Drinking habits (%) 81 61 <0.0001

Table 2. Distribution of the -1154G/A VEGF polymorphism

among head and neck cancer patients and controls.

Patients Controls p
n (%) n (%)
Genotypes 0.46
GG 51(51) 100 (56.81)
GA 41 (41) 59 (33.53)
AA 8 (08) 17 (9.66)
Alleles 0.65
G Allele 0.72 0.74

A Allele 0.28 0.26
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Table 3. Odds Ratio of Head and Neck Cancer related to VEGF genotypes by gender, age,

smoking and drinking habits

Characteristic GG OR GA and AA OR p
(Cases/Controls) (95% CI)* (Cases/Controls) (95% CI)*
Gender
Female 04/32 1.00 (ref) 05/25 2.22(0.46-10.55) 0.319
Male 47/68 1.00 (ref) 44/51 1.25(0.64-2.41) 0.5136
Age
<54 16/56 1.00 (ref) 15/42 1.50 (0.59-3.82) 0.3922
> 54 35/44 1.00 (ref) 34/34 1.33(0.61-2.88)  0.4692
Smoking
Non-smokers 05/38 1.00 (ref) 04/39 1.08 (0.24-4.90)  0.9247
Smokers 46/62 1.00 (ref) 45/37 1.40 (0.72-2.71)  0.3271
Drinking
habits
Use of alcohol 41/38 1.00 (ref) 39/23 1.29 (0.61-2.72)  0.4999
Non-Use of 10/62 1.00 (ref) 10/53 1.63 (0.56-4.71) 0.3681
alcohol

* Adjusted for age, gender, smoking and drinking habits
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Table 4. Clinicopathological features and VEGF polymorphism.
Variables GG OR GA and AA OR p
Genotype  (95% CI)*  Genotype (95% ChH*
Site of tumor
Oral cavity 22 1.00 (ref) 20 0.81 (0.35-1.89) 0.6249
Pharynx 15 1.00 (ref) 11 0.73 (0.29-1.85) 0.5131
Larynx 14 1.00 (ref) 12 0.91 (0.36-2.31) 0.8481
Tumor
extension
T1/T2 11 1.00 (ref) 15 1.00 (ref)
T3/T4 40 1.00 (ref) 29 0.36 (0.14 - 0.93)  0.0345
N
involvement
No 26 1.00 (ref) 16 1.00 (ref)
Yes 25 1.00 (ref) 32 2.20(0.94-5.14)  0.0699
Stage
/11 7 1.00 (ref) 9 1.00 (ref)
v 36 1.00 (ref) 30 1.26 (0.33 -4.71) 0.4278

* Adjusted for age, gender, smoking and drinking habits; N = lymph node
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Figure 1: Kaplan—Meier curves for the overall survival (A) and relapse time (B) for

patients according to the -1154G/A VEGF polymorphism.



Artigo IV 77

COMPROVANTE DE SUBMISSAO

Contact us [=]
Help 2

LIk
: Username! mariangela_t
home | main menu | subrit paper | guide far authors | register | change details | log out S

EES Wersion: 5.0

Submissions Being Processed for Author Mariangela Torreglosa Ruiz, Master

Page: 1 of 1 {1 total submissions) Display |_10 v| results per page.
Manuscript Initial Date
Number i Submitted Current Status
Action A |AV AV AY

e Lidile Uascula_r Endnthe!lal growth factor genetic varisbility and head and neck 15 Sep 2008 15 Sep Submitted to
T cancer in a Brazilian population 2008 Journal
Fage: 1 of 1 {1 total submissions) Display [10 | results per page.

=< Author Main Menu

Help | Privacy Policy | Terms and Conditions & 2006 - 2007 Elsevier BY.




Artigo IV 78

From: archmedres_editor@terra.com.mx
To: mariangela_t@hotmail.com

Date: Mon, 15 Sep 2008 18:03:01 +0100
Subject: Submission Confirmation

Dear Master Mariangela Torreglosa Ruiz,

Your submission entitled "Vascular endothelial growth factor genetic variability and head and neck
cancer in a Brazilian population" has been received by Archives of Medical Research.

You may check on the progress of your paper by logging on to the Elsevier Editorial System as an
author. The URL is http://ees.elsevier.com/arcmed/.

Your username is: *x**xx*x
Your password is: ******xxx

Your manuscript will be given a reference number once an Editor has been assigned.
Thank you for submitting your work to this journal.
Kind regards,

Elsevier Editorial System
Archives of Medical Research



ARTIGO V




Artigo V 80

Artigo V: Resultados sobre a analise do polimorfismo do gene KiSS-1 a ser submetido
para publicagdo em periddico internacional.
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Polymorphism of the KiSS-1 gene in Brazilian head and neck cancer patients

Abstract

Head and neck cancer is responsible for a high mortality rate, with a frequency
of around 481, 000 new cases annually. Metastasis is a major cause of death in cancer
patients. The head and neck squamous cell carcinoma remains locoregional for a long
time, with visceral metastases developing only in a late stage of the disease. The KiSS-1
metastasis-suppressor gene (KiSS-1) product (metastin, kisspeptin) is reported to act
after binding with what has been identified as the natural ligand of a G-protein coupled
receptor (hOT7T175, human GPR54 gene). After this binding the gene product inhibits
chemotaxis, invasion, and metastasis of cells. Objectives: To evaluate the Q36R
(transition from base A to G) polymorphism of KiSS-1 in patients with head and neck
cancer and to compare the results with healthy individuals. Another aim is to analyze
the presence of this polymorphism in respect to different clinical features of head and
neck cancer. Subjects and Methods: Gender, age, smoking and alcohol intake were
analyzed in 252 patients with head and neck cancer, and in 522 individuals without any
history of neoplasia. The molecular analysis of these individuals was made after
extraction of genomic DNA using the SSCP-PCR technique. Results: This study did
not reveal any significant differences in genotype frequencies between healthy
individuals and patients with head and neck cancer or with the clinical parameters.
Conclusion: The results do not show a relation between the polymorphism and head
and neck cancer.

Key words: Head and Neck Cancer, KiSS-1, Polymorphism
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) remains a significant cause
of morbidity and mortality, with approximately 481,000 new cases reported annually
worldwide and 320,000 deaths, thus giving a mortality rate of about 50% (1). In Brazil,
the occurrence of this disease was estimated at 14,160 new cases for 2008; about 3.03%
of all neoplasias in the country (2).

The majority of human cancers lead to death during the organic phase of
metastatization. Metastasis involves a multistep process including detachment of cancer
cells from a primary cancer, invasion of surrounding tissue, spread to the circulation, re-
invasion and proliferation in distant organs. Head and neck squamous cell carcinoma,
on the other hand, stays locoregional for a long time with visceral metastases
developing only in a late stage of the disease (3).

The KiSS-1 metastasis-suppressor gene (KiSS-1) was identified by Lee et al. in
1996 (4) and consists of three exons, of which only part of the second and third exons
are finally translated into a 145-amino acid protein with a putative signal sequence,
from which three forms of kisspeptins containing 54, 14, and 13 amino acids are
derived. The function of the KiSS-1 product (metastin, kisspeptin) is reported to act after
binding with what has been identified as the natural ligand of a G-protein coupled
receptor (hOT7T175, human GPR54 gene). After this binding the gene product inhibits
chemotaxis, invasion, and metastasis of cells (5,6).

The expression of KiSS-1 has been evaluated in several types of tumor and a
decrease was observed in bladder (7), breast (8,9), esophageal (10), gastric (11), ovarian
(12) and pancreatic (13) cancers, malignant melanoma (14-16), uveal melanoma (17)

and osteosarcoma (18). Other studies have shown an increase of expression in
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hepatocellular (19, 20) and papillary thyroid (21) carcinomas. A significant reduction in
KiSS-1 expression has been reported in tumors with high metastatic potential (10, 11,
18, 21, 22).

The Human Cancer Genome Project (HCGP) supported by the Sao Paulo State
Research Foundation (FAPESP) - Ludwig Institute for Cancer Research described the
Q36R polymorphism of KiSS-1 (NT 004487.18). This project identified human non-
synonymous single nucleotide polymorphisms (SNPs) and an A to G transition in KiSS-
1 was validated in a DNA panel of 150 Brazilian individuals (23), thereby
demonstrating the importance of studies that evaluate molecular markers for the disease,
such as genomic SNPs.

The objectives of the present study were to evaluate the Q36R (transition from
base A to G) polymorphism of KiSS-1 in patients with head and neck cancer and to
compare the results with healthy individuals. Additionally, the study analyzed the
presence of polymorphisms of this gene with different clinical features of head and neck

cancer.

SUBJECTS AND METHODS

All participants gave written informed consent for their inclusion in the study.
The study protocol was approved by the National Ethics Committee (CONEP). A total
of 243 patients (35 women and 208 men) who were diagnosed as having head and neck
cancer were investigated (average age 58.17; range, 36-86 years). Diagnosis was made
from pathological specimens either from total excision or biopsy. All tumor cell types
were squamous cell carcinoma and the primary anatomic sites included the oral cavity

(n=97: 39.9%); pharynx (n = 65: 26.75%) and larynx (n = 81: 33.3%). A control group
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was drawn up of 522 (168 women and 354 men) apparently healthy volunteers who had
no history of familial cancer with an average age of 49.89 years (range, 18-90 years).

The frequencies of smoking and alcohol intake in the head and neck cancer
group patients were 89.7% and 77.7%, respectively. In the control group, the
frequencies were 49.8% and 48.7%, respectively. These variables were adjusted in the
logistic regression for the polymorphism analyses.

The patients were staged according to the tumor-node-metastasis (TNM)
classification of the International Union against Cancer (24,25). DNA was isolated from
leukocytes obtained from peripheral blood according to the method described by Miller
et al. (26).

Polymorphism was determined by polymerase chain reaction (PCR) with
upstream and downstream primers flanking the target sequence (forward: 5’
CGAGCTTCCAAAAGGTCAAG 3’, and reverse: 5' CAGTAGCAGCTGGCTTCCTC
3"). Amplified fragments were subjected to single strand conformational polymorphism
(SSCP) analysis (27).The aberrant SSCP mobility patterns were verified and the DNA
samples were automatically sequenced on an ABI 377 PRISM DNA Sequencer
(Applied Biosystems) using big dye terminator as instructed by the manufacturer.
Statistical analysis

Demographic and lifestyle data were assessed by descriptive statistics and
compared using Fisher’s Exact Test.

Hardy-Weinberg Equilibrium (HWE) was tested separately for cases and

controls for the polymorphism and the Pearson y’-test was used to compare groups.
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Fisher’s Exact Test was used for the statistical analysis of the allele and
genotype distributions of this polymorphism. A p-value of less than or equal to 0.05 was
considered statistically significant for all analysis.

Multiple logistic regression models were used to determine the effect on the
variables in head and neck squamous cell carcinoma. The model included age
(reference: < 52 years old - mean of the groups), gender (reference: female), smoking
habits (reference: non-smokers) and drinking habits (reference: non-drinkers). Results
are shown as odds ratio (OR) and 95% confidence intervals (95% IC).

The clinicopathological features were analyzed by multiple logistic regression.
Tumor classification was divided into low T (T1,T2) and high T (T3,T4) classification
categories. N classification was dichotomized into negative involvement of lymph
nodes (NO) and positive involvement (N1, N2, N3). Stage grouping was divided into
early stage (Stage I or II) and advanced stage (Stage III or IV) categories. The analysis
of M classification was not performed since all patients were classified as M0.

The Kaplan-Meier method was used to examine the survival rates and time of
disease recurrence. Log-rank test was used to assess the differences considering the
different genotypes.

The computer-assisted statistical analyses were carried out using Minitab for
Windows (Release 12.22) and the Stats Direct Statistical (version 1.617) programs. The
Hardy-Weinberg equilibrium (HWE) was tested by chi-square using the BioEstat

program.
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RESULTS

Demographic data and lifestyle factors

Table 1 shows the distribution of demographic and lifestyle variables of patients
and controls. Statistically significant differences were observed between the patients
and controls for the all variables.

KiSS-1 genotype

The genotype distribution of the studied polymorphisms did not deviate from the
Hardy-Weinberg Equilibrium in both head and neck cancer (X* = 0.3670; p = 0.54) and
control (X = 0.2551; p =0.61) individuals.

Allele and genotypic frequencies of the Q36R polymorphism of KISS-1 were
determined for all participants (Table 2). No statistically significant differences were
observed for the alleles (p=0.55) and genotype frequency (p =0.62) between cases and
controls in the univariate analysis. In addition, multivariate logistic regression analysis
did not demonstrate any association between variant genotypes and the risk for head and
neck cancer (OR: 0.97; C1 95% 0.61-1.54; p = 0.8897).

The potential interaction between KiSS-1 genotypes and exposure to risk factors
for head and neck cancer are shown in Table 3 with the results of multiple logistic
regression demonstrating that the lower frequency of G allele together with low alcohol
intake has a significant difference between head and neck cancer and control individuals
(OR: 0.35 CI 95% 0.14 — 0.88; p = 0.0257), indicating an association (protective effect)
between these two factors and risk for head and neck cancer. Other potential
associations did not present with significant differences.

The association of the clinicopathological features of head and neck cancer

patients with KiSS-1 genotypes is shown in the Table 4. An analysis of primary tumor
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sites shows a possible interaction between the presence of the Q36R polymorphism and
pharyngeal cancer. The analyses of tumor extension, lymph node involvement and
aggressiveness according to the genotype frequencies did not identify statistical
differences. The analysis of the metastasis classification was not performed since only
one patient was classified as M1.

The overall survival analysis represented by the Kaplan-Meier survival curve
(Figure 1) did not reveal any significant association with the KiSS-1 genotypes (p =
0.65). Moreover, there was no association between the time to disease recurrence and

genotypes (p = 0.17).

DISCUSSION

The present study confirms the well-known fact that the development of head
and neck cancer is strongly associated with lifestyle factors, such as alcohol intake and
smoking (28-30). We also report a significant association between age and gender with
this disease as previously described (31, 32).

There are several studies on human melanoma, breast carcinoma cells and in
others types of tumor that have reported KiSS-1 as a novel metastasis suppressor gene
(5,7,9-11, 13-16, 33),

The association between polymorphisms of KiSS-1 and head and neck cancer
has not been reported previously. The study of Luan et al. in 2007 (34) was the first to
analyze polymorphisms of this gene and its relationship with central precocious
puberty.

The Q36R polymorphism of KiSS-1 was described using the ORESTEs

approach (35) during the Human Cancer Genome Project (HCGP) supported by the Sao
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Paulo State Research Foundation (FAPESP)/Ludwig Institute for Cancer Research. This
SNP was subsequently validated in a set 150 DNA samples (23) with a frequency of
8%.

In this study, no significant differences in the allele and genotype distribution of
the polymorphism were identified between patients with head and neck cancer and
controls using univariate and multiple logistic regression analysis.

The potential interaction between KiSS-1 genotypes and exposure to risk factors
for head and neck cancer demonstrated an inverse relationship between the presence of
the Q36R polymorphism and non-drinkers (OR: 0.35; CI 95%: 0.14 - 0.88; p = 0.0257).
The analysis of clinicopathological features shows a possible association between
laryngeal cancer and the Q36R polymorphism (OR: 2.50; CI 95%: 1.23 - 5.08; p =
0.0116) and suggest a tissue-specific role of polymorphism. This may explain the
differences in biological behavior of head and neck cancer in various anatomical
locations (3). This study did not demonstrate an association between the Q36R
polymorphism and other clinicopathological features including extension of tumor,
lymph node involvement and tumor aggressiveness, survival or recurrence of disease.

Various studies have correlated KISS-1 expression and clinical features of
tumors. A lower expression was associated with lymph node metastasis in breast (36),
esophageal (10) and thyroid (37) cancers, and with the progression, prognosis and
survival in patients with melanoma (22), gastric (11), hepatocellular (19, 20) and
ovarian (12) carcinomas. There are no studies on its expression in head and neck

squamous cell carcinoma.
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The Q36R polymorphism of KiSS-1 results in a non-synonymous substitution
with the exchange of A — G resulting in the substitution of Glutamine for Arginine in
the kisspeptin protein, but the significance of this alteration remains unclear.

This study is the first that correlates the Q36R polymorphism with head and
neck cancer and may open the possibility of future investigations of this polymorphism
in different types of tumors and the analysis of the expression of this gene in head and

neck cancer.
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Table 1: Distribution of characteristics in case and control individuals

Variable Cases (n=252)  Controls ( n =522) p
Gender (%) <0.0001
Male 217 (86.11) 354 (67.82)
Female 35 (13.89) 168 (32.18)
Mean age in years 58 (9.64) 50 (15.35) <0.0001
(SD)
Smokers (%) 226 (89.62) 260 (49.80) <0.0001

Drinkers (%) 196 (77.78) 254 (48.65) <0.0001
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Table 2. Distribution of the Q36R polymorphism of KiSS-1 in

head and neck cancer patients and controls

Genotype Patients Controls p
n (%) n (%)
0.62
AA 211(83.73) 426 (81.61)
AG 40 (15.87) 90 (17.24)
GG 1(0.39) 6 (1.15)
Allele 0.55
A Allele 0.92 0.90
G Allele 0.08 0.10

96
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Table 3: Odds Ratio of head and neck cancer related to the genotypes of KiSS-1

polymorphisms by gender, age, smoking and drinking habits

Characteristics AA OR AG and GG OR (95% CI) p

(Cases/Controls) (95% CI)* (Cases/Controls)

Gender
Female 6/131 1.00 (ref) 29/37 0.76 (0.30 - 1.96)  0.57
Male 182/295 1.00 (ref) 35/59 1.06 (0.62- 1.82) 0.83

Age

<52 49/275 1.00 (ref) 13/58 1.11(0.54 -2.28)  0.77
>52 162/151 1.00 (ref) 28/38 0.84 (0.46 - 1.53)  0.56

Smoking
Non-smokers 24/210 1.00 (ref) 02/52 0.30 (0.07-1.33) 0.11
Smokers 187/216 1.00 (ref) 39/44 1.18 (0.70 - 1.98) 0.53

Drinking habits
Non-use of alcohol 49/213 1.00 (ref) 07/55 0.35(0.14 - 0.88) 0.03

Use of alcohol 162/213 1.00 (ref) 34/41 1.50 (0.83 - 2.71) 0.18

* Adjusted for age, gender, and smoking and drinking habits.
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Table 4: Clinicopathological features and the KiSS-1 polymorphisms

Variables AA OR (95% CI)  AG and GG OR (95% CI)* p
Genotype Genotype
Sites of tumor
Oral cavity 86 1.00 (ref) 11 0.51(0.24 - 1.08) 0.0777
Pharynx 48 1.00 (ref) 17 2.50 (1.23 - 5.08) 0.0116
Larynx 69 1.00 (ref) 12 0.86 (0.41 -1.79) 0.6818
Tumor extension
TUT2 75 1.00 (ref) 16 1.00 (ref)
T3/T4 109 1.00 (ref) 24 1.05 (0.52 - 2.08) 0.8985
N involvement
No 107 1.00 (ref) 26 1.00 (ref)
Yes 83 1.00 (ref) 15 0.70 (0.34-1.43) 0.3277
Stage
/11 58 1.00 (ref) 13 1.00 (ref)
/v 120 1.00 (ref) 24 0.82 (0.38-1.75) 0.6008

* Adjusted for age, gender, and smoking and drinking habits.
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Figure 1: Kaplan—Meier curves for the overall survival (A) and relapse time (B) for

patients according to the Q36R KiSS-1 polymorphism
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Artigo VI: Resultados sobre a analise dos polimorfismos gerados no projeto Genoma
Humano do Céancer a ser traduzido e submetido para publicagio em periodico
internacional.

Titulo: Validagdo de polimorfismos de nucleotideos unicos (SNPs) do Projeto Genoma

Humano do Cancer em pacientes com cancer de cabega e pescoco.
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Validacdo de polimorfismos de nucleotideos Unicos (SNPs) do Projeto Genoma

Humano do Cancer em pacientes com cancer de cabeca e pescoco.

Resumo

Introducdo: O cancer de cabeca ¢ pescoco ¢ responsavel por uma alta
incidéncia de 6bitos. O tabagismo e o etilismo sdo os principais fatores etioldgicos desta
doenca. Os polimorfismos de nucleotideos unicos (SNPs) constituem a variagdo mais
comum do genoma humano e estdo associados a base molecular do cancer. Objetivo:
avaliar a freqiiéncia de SNPs ndo sinonimos nos genes KiSS-1 (A/G), NINJ1 (A/C),
TAX1BP1 (T/A) e LAD1 (A/G) gerados no Projeto Genoma Humano do Cancer em
pacientes com cancer de cabeca e pescogo e comparar suas freqliéncias em uma
populagdo controle. Metodologia: Foram analisados os dados epidemioldgicos como
sexo, idade, etnia, tabagismo e etilismo de 656 individuos (243 pacientes com cancer de
cabega e pescoco e 413 individuos sem histéria de neoplasia). A analise molecular foi
realizada com DNA gendmico, extraido a partir de sangue periférico e foram utilizadas
as técnicas de PCR-SSCP (gene KiSS-1), PCR-RFLP (genes NINJ1 ¢ TAX1BP1) ¢
sequenciamento automatico (gene LAD-1). Resultados: A analise dos dados
epidemioldgicos mostrou predominancia de pacientes do sexo masculino (86%),
tabagistas (89,71%) e etilistas (77,37%). O sitio anatdmico primario mais freqiliente foi
a cavidade oral (37,45 %). Na analise das freqiiéncias genotipicas nao foram
encontradas diferencas estatisticamente significantes. Na analise dos parametros
clinicos, para o sitio anatdmico primario do tumor, foi encontrada uma freqiiéncia
aumentada do alelo polimorfico na laringe (OR = 2,32; IC 95% 1,12 — 4,82; p = 0,02)

para o gene KiSS-1; uma freqiiéncia aumentada do polimorfismo do gene NINJ1 em
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cavidade oral (OR = 1,86; IC 95% 1,05 -3,30; p = 0,03) e diminuida na laringe (OR =
0,40 IC 95% 0,22-0,74; p =0,003). Para o gene TAX1BP1 foi encontrado um aumento
do polimorfismo na cavidade oral (OR =2,25; IC 95% 1,20-4,21; p =0,01). Em relagao
ao estadiamento do tumor, ha uma freqiiéncia menor do polimorfismo do gene LAD1
em tumores com estadios IIl e IV (OR = 0,39 IC 95% 0,18-0,83; p = 0,01).
Conclus6es: Os resultados ndo mostram relagdo entre os polimorfismos estudados e o
desenvolvimento do cancer de cabeca e pescogo. & evidéncias de associagdo entre o
polimorfismo do gene KiSS-1 e a presenca do cancer na laringe, entre os polimorfismos
dos genes NINJ1 e TAX1BP1 e cavidade oral e o alelo G do gene LAD1 confere menor

agressividade.
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INTRODUCAO

Carcinomas espinocelulares de cabega e pescogo sdo neoplasias muito
agressivas com uma estimativa de incidéncia anual de 481.100 casos no mundo e
320.000 mortes ao ano.' Dois ter¢os desta doenca ocorre em paises em desenvolvimento
com uma taxa de sobrevivéncia de aproximadamente 50%.> No Brasil, a incidéncia de
cancer da cavidade oral, sitio mais representativo da doencga, representa cerca de 3% de
todos as neoplasias, segundo o Instituto Nacional do Cancer ha a estimativa de 14.160

4
novos casos o ano de 2008.

O tabagismo e o etilismo s30 os principais fatores de risco estabelecidos para

N 5-10 . ~ , . . N .
cancer de cabega e pescogo. Variagoes geograficas ou regionais na prevaléncia do
cancer de cabega e pescogo indicam que o estilo de vida sociocultural de uma populagao
pode desempenhar um papel importante na carcinogénese da mucosa desse sitio

A s 11,12
anatomico. "’

O desenvolvimento de cancer de cabeca e pescoco ¢é resultado tanto da
interacdo de fatores ambientais quanto da heranca genética, portanto, multifatorial. "> '*
Marcadores moleculares sdo utilizados para avaliar a suscetibilidade dos individuos para
o desenvolvimento de neoplasias e dentre eles estdo os polimorfismos de sitios tnicos
(SNPs), que sdo variagdes comuns que ocorrem em cerca de 1.000 pares de bases com
freqliéncia acima de 1% na populacdo humana. Um numero cada vez maior dessas
alteragdes de base Unica esta sendo associadas as bases moleculares de doencas
envolvendo um componente genético, como o cancer, ou como um fator de risco para

. . 15-1
doencas adquiridas. ">

No Projeto Genoma Humano do Cancer (FAPESP/Instituto Ludwig - Brasil)

que gerou aproximadamente um milhdo de seqiiéncias derivadas de amostras tumorais e
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de tecidos normais, utilizando a técnica ORESTES a qual gera seqiiéncias
predominantemente da regido codificadora central dos genes, foram identificados cerca

20, 21 ~ .
0.2l Bsses SNPs estdo localizados em

de 237 SNPs, e um total de 20 ndo-sindnimos.
regides codificadoras dos genes possuindo, portanto, o potencial de gerar proteinas
alteradas, como conseqii€éncia de variagdes nos aminoacidos dos produtos protéicos dos
genes. 2*** Dentre eles, podem ser citados os polimorfismos ndo sindnimos A— G no
gene KiSS-1 metastasis-suppressor (KiSS-1) (gln36arg), A— C no gene NINJURIN1
(NINJ1) (asnllOala), T — A de TAX1BP1 (Human T-cell leukemia virus type I)
(leu306ile), e o polimorfismo A—G no gene LADININ-1 (LAD1) (lys 323glu). %

De maneira geral, estes genes possuem fungdes importantes relacionadas com a
carcinogénese, tais como supressio de metastase (KiSS-1) ***°, adesdo celular (NINJ1)
*® participagdo na transdugdo de sinas, transcrigio de genes virais e celulares
(TAX1BP1)?’ e ancoragem (LAD1). **

Nao hé estudos com estes polimorfismos e cancer e a associagdo entre estes
polimorfismos e cancer de cabeca e pesco¢o ndo foi estudada até o momento, o que
reforca a importancia de estudos para avaliar estes marcadores moleculares nesta
doenca. Considerando a relevancia deste assunto, o objetivo deste estudo é avaliar a
freqiiéncia dos polimorfismos dos genes acima citados em pacientes com cancer de

cabega e pescoco ¢ também avaliar a distribui¢do destes gendtipos de acordo com as

caracteristicas clinico-patologicas do cancer de cabega e pescoco.
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Material e Métodos

Todas as amostras foram obtidas apos aprovacdo da Comissao Nacional de
Etica em Pesquisa (CONEP) e consentimento livre e esclarecido de todos os
participantes. O diagnoéstico de cancer de cabega e pescogco foi feito por estudos
patoldgicos apds excisdo total ou bidpsia e todos os tumores foram classificados como
carcinoma de células escamosas. Os pacientes foram provenientes dos Servigos de
Cirurgia de Cabeca e Pescoco de Sdo Paulo, Brasil (capital e regido noroeste). Os
individuos sem histéria de neoplasia (controles) foram doadores saudaveis de banco de
sangue.

Foram avaliados 656 individuos (243 pacientes com cancer de cabega e
pescoco, e 413 controles). O perfil sociodemografico (género, idade) e a exposicao a
fatores de risco (tabagismo e etilismo) dos pacientes e dos controles foram analisados.
Individuos que consomem cerca de 100 cigarros durante toda a vida foram considerados
tabagistas e aqueles que bebem mais que quatro drinques por semana, etilista. >

Os tumores foram classificados de acordo com os parametros da Union
International Control Cancer (IUCC), 2002 ¢ American Joint Commitee for Cancer
(AJCC), 2002. "%

O DNA genomico foi extraido a partir de sangue periférico segundo a técnica
de Milleret al., 1988 com modifica¢des. >> As técnicas para anélise molecular dos genes
KiSS-1, NINJ1, TAX1BP1 e LADI. Foi utilizada a amplifica¢do por Reagdo em Cadeia
da Polimerase (PCR). As seqiiéncias de oligonucleotideos primers, bem como as
temperaturas de anelamento estdo apresentadas na Tabela 1.

Para o gene KiSS-1 foi utilizada a técnica de Single Strand Conformation

Polymorfism (SSCP) **, utilizando-se como controle de reagdo amostras previamente
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seqlienciadas. Para o gene NINJ1, os produtos de amplificacdo foram submetidos a
digestao enzimatica com a endonuclease de restricdo (RFLP) Hae Ill e os individuos
homozigotos (AA) apresentaram, no gel de eletroforese, apenas um fragmento de 212
pb, os heterozigotos (AC) apresentam dois fragmentos (212 pb e 176 pb) e os
homozigotos (CC) apresentam um fragmento de 176 pb.

Na andlise de TAX1BP1, os produtos de amplificacdo foram submetidos a
digestdo enzimdatica com a endonuclease de restricdo (RFLP) Apol. A presenca do
polimorfismo destrdi o sitio de restricdo, ndo ocorrendo o corte do amplificado de 264
pb. Na auséncia do polimorfismo, o produto ¢ digerido em dois fragmentos (um
fragmento de 205 pb e outro fragmento de 59 pb).

Para a genotipagem de LAD1 foi realizado o seqiienciamento automatico ABI

Prism 377 (Applied Biosystems Inc).

Andlise Estatistica

Os dados demograficos foram tabulados por estatistica descritiva e comparados
pelo Teste Exato de Fisher. O teste do qui-quadrado foi utilizado para a analise das
distribui¢des alélicas e genotipicas destes polimorfismos e para o calculo do Equilibrio

de Hardy-Weinberg (HWE).

Os modelos de regressdo logistica multipla foram utilizados para determinar o
efeito das variaveis analisadas em cancer de cabega e pescogo. O modelo incluiu idade
(referéncia: < 50 anos, mediana dos dois grupos), género (referéncia: feminino), habito
tabagista (referéncia: ndo fumantes) e habito etilista (referéncia: ndo etilistas). Para os
parametros clinicos, a classificacdo T foi dividida em tumores com pequena extensao

(T1,T2) e com grande extensdo (T3, T4); a classificagdo N em comprometimento de
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linfonodos negativo (NO), e positivo (N1, N2, N3) e os estadios em precoce (estadios I,
IT) e categoria avangada da doenga (Il e I'V). Os resultados foram apresentados em odds
ratio (OR) e intervalo de confianga de 95 % (IC 95%). O nivel de significancia foi

estabelecido em 5% (p=0,05).

O método de Kaplan-Meier foi aplicado para avaliar as diferentes taxas de
sobrevida e recorréncia da doenga entre os diferentes gendtipos e o teste Log-Rank para
medir estas diferencas entre os genotipos. Para a analise de sobrevida foram
considerados como ponto final da analise (end point) o periodo compreendido entre o
diagnostico da doenga e o Obito, e para a analise da recorréncia, o end point foi o

diagnostico de recidiva.

Foram utilizados os programas computacionais Minitab for Windows (Release
12.22) e Stats Direct Statistical Software (versdo 1.617). O equilibrio de Hardy-

Weinberg foi feito utilizando o programa BioEstat.
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Resultados

As caracteristicas dos grupos estudados estdo apresentadas na Tabela 2. Foram
observadas diferengas estatisticas em todas as variaveis estudadas.

Para os pacientes, os sitios anatomicos primarios de tumores incluiram
cavidade oral (37,45%), laringe (32,10 %), faringe (26,75%) e sitio primario nao
conhecido (3,70%).

A Tabela 3 apresenta a distribui¢do genotipica dos individuos estudados, na
analise univariada nd3o mostrando diferengas significantes entre pacientes ¢ individuos
controles, para as freqliéncias alélicas também ndo foram encontradas diferengas
significantes.

A andlise das freqliéncias genotipicas para o equilibrio de Hardy-Weinberg
mostrou que para os genes KiSS-1, NINJ1 e TAX1BP1 encontram-se em equilibrio (X* =

0,37; p= 0,54; X? = 0,21; p = 0,65; ¢ X? = 2,75; p = 0,09) para pacientes e (X2 =
0,009; p = 0,93; X*= 031;p=0,58 e X = 1,86; p = 0,17 para os individuos
controles). Para o gene LADI tanto as freqii€ncias genotipica dos pacientes como as
dos individuos do grupo controle nio se encontram em equilibrio (X* = 8,94; p = 0,003
e X* = 39,02; p <0,0001).

Como nao foi possivel realizar o pareamento entre os dados demogréaficos e fator
de risco entre pacientes e controles foi realizado o teste de regressdo logistica multipla
(Tabela 4) e ndao observou-se diferencas entre os grupos para os polimorfismos
estudados.

A andlise do numero de alelos polimorficos por individuos (pacientes e
controles) para os quatro loci polimoérficos testados mostrou que mediana do numero de

alelos polimorficos ndo diferiu entre pacientes e controles e que a presenga de mais de
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um alelo polimorfico (mediana do nimero de alelos alterados para os dois grupos) nao
aumenta o risco de cancer de cabega e pescogo (OR 1,31; IC 95% 1,61-2,83; p = 0,49)
(Tabela 5).

O modelo de regressdao multipla para as caracteristicas sociodemograficas (idade
e género) e fatores de risco (tabagismo e etilismo) ndo mostrou diferencas estatisticas
significantes entre os dois grupos Também foi realizado o mesmo teste para verificar a
interagdo das caracteristicas estudadas e a presenca de mais de um alelo polimorfico
(valor da mediana do numero de alelos nos dois grupos) e ndo foram observadas
diferencas (Tabela 6).

Os dados da andlise dos parametros clinicos e polimorfismos estio
apresentados na Tabela 7. Em relacdo ao sitio anatdmico primario do tumor, para o gene
KiSS-1 foi encontrada uma freqiiéncia aumentada do alelo polimorfico na faringe (OR =
2,32; IC 95% 1,12 — 4,82; p = 0,02); uma freqii€éncia aumentada em cavidade oral (OR
=1,86; IC 95% 1,05 -3,30; p = 0,03) ¢ diminuida na laringe (OR = 0,40 IC 95% 0,22-
0,74; p =0,003) para o polimorfismo do gene NINJ1. Para o gene TAX1BP1l foi
encontrado um aumento do polimorfismo na cavidade oral (OR =2,25; IC 95% 1,20-
4,21; p=0,01). Nao foram observadas diferengas na distribui¢do dos polimorfismos para
a extensdo tumoral e para o comprometimento dos linfonodos. Em relacdo ao
estadiamento do tumor, ha uma freqiiéncia menor do polimorfismo do gene LAD1 em
tumores com estadios Il e IV (OR = 0,39 IC 95% 0,18-0,83; p= 0,01).

As curvas de Kaplan-Meier estdo apresentadas na Figura 1, e ndo mostraram
diferengas entre a presenca de pelo menos um polimorfismo (mediana do grupo de

pacientes) e a taxa de sobrevida (p = 0,20) e o tempo de recidiva da doenga (p = 0,23).
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Discusséao

Confirmando os dados encontrados na literatura, nosso estudo demonstrou que
o cancer de cabega e pescogo ¢ mais freqiiente em pessoas do sexo masculino,
tabagistas e acima de 40 anos de idade. O carcinoma espinocelular de cabega e pescogo
¢ uma doenga freqiientemente observada entre a quinta e sétima década de vida. *>°° E
sabidamente conhecido que o risco para este tipo de cancer aumenta consideravelmente
com a idade, independente do sexo. *” Embora mais que 90% dos pacientes com cincer
de cabega e pescogo tenham idade superior a 45 anos, a incidéncia desta doenca em
individuos mais jovens vem aumentando, com maior ocorréncia na cavidade oral. Os
mecanismos etiologicos nesta faixa etdria ainda ndo estdo bem esclarecidos. Ha relatos
que infecgdes virais (virus papiloma humano e virus Epstei-Barr) possam contribuir
para o desenvolvimento desta neoplasia®’, ¢ também que pacientes jovens parecem
exibir predisposicdo a instabilidade genética, mostrando uma alta freqiiéncia de
instabilidade de microssatélites. ** Uma das hipoteses para explicar tais diferentes é que
o cancer oral ¢ prevalente em individuos com mais idade devido a reducdo dos
mecanismos antioxidantes da saliva e/ou aumento da quantidade de espécies reativas de
oxigénio (ROS) e espécies reativas ao nitrogénio (RNS), ocasionando alteracdes no

DNA. ¥
O cancer oral afeta principalmente os homens em uma relagdo de género em
torno de 10: 1. Embora tenha ocorrido um aumento da incidéncia do cancer de cabega e
pescocgo entre as mulheres nas ultimas décadas, a literatura mostra que o sexo masculino

. , . . . 40. 41
ainda é o mais acometido por esse tipo de tumor *
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Os nossos resultados mostram uma alta freqiiéncia de pacientes com os hébitos
tabagista e etilista o que esta de acordo com os dados da literatura, nos quais estes dois
fatores de risco estdo bem estabelecidos para esta doenca. ~'°

Em relacdo a distribui¢do genotipica, o gene LAD1 ndo encontra-se em
equilibrio equilibrio de Hardy-Weinberg (HWE), uma das possiveis explicagdes ¢ que
este resultado pode ser decorrente da selecdo aleatoria dos individuos estudados, modelo
de doenga adotada e mudangas aleatérias nas freqii€ncias genotipicas em decorréncia de
erros de amostragem (deriva genética). **** As demais freqiiéncias genotipicas
encontram-se em equilibrio.

Nao ha na literatura a descri¢do das alteragdes dos genes estudados e seus
respectivos efeitos. O gene KiSS-1 foi identificado por Lee e colaboradores em 1994 +° ¢
consiste de trés éxons, dos quais somente os éxons 2 ¢ 3 sdo traduzidos em uma
proteina de 145 aminoacidos com uma suposta sequéncia sinal. A fun¢do do produto do
gene KiSS-1 (kisspeptina) ¢ reportada por atuar depois da ligagdo com o receptor do
ligante natural da proteina G (gene GPR54). Apoés essa ligacao o produto génico inibe a
quimiotaxia, a invasdo e metastase das células. >*** O trabalho de Brentani et al., 2003
*2_ relata uma freqiiéncia de 8% para o polimorfismo G no gene KiSS1, tal freqiiéncia foi
similar em nosso estudo em pacientes com cancer de cabega e pescogo outros
polimorfismos no gene KiSS-1 (regido 5°, éxon 2 ¢ 3) foram avaliados apenas em
puberdade precoce. *

O polimorfismo do gene NINJ1 (alallOasp) foi estudado apenas em
hanseniase, mas nenhuma associagio foi observada. *’ Seu produto, uma molécula de
adesdo, foi isolado primeiramente em células de Schwann, ap6s uma lesao do nervo. A

proteina localiza-se na superficie celular de células de Schwann e neurdnios e tem um
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papel importante na regeneragao neuronal. Além disso, se expressa em varios tecidos
humanos originados de células epiteliais (por exemplo, figados, rins, glandulas
adrenais). Uma expressdo aumentada deste gene foi observada em individuos com
carcinoma hepatocelular ** ¢ em pacientes com leucemina linfobléstica aguda. *

Para os demais genes os estudos sdo relacionados apenas a expressao génica e,
portanto, o papel destes polimorfismos em doengas humanas nao ¢ conhecido.

O gene TAX1BP1 participa como co-fator na reacdo dos fatores de necrose
tumoral que desempenha um papel central no crescimento e desenvolvimento celular, e
imunidade adaptativa. ° Sua proteina em expressio elevada interage com a proteina
anti-apoptotica zinc finger A20, que inibe a apoptose induzida por TNF (fator de
necrose tumoral). °' A analise de outros polimorfismos deste gene foi associada com
artrite reumatoide >, sabe-se também que este gene possui expressio clevada em
cancer de ovario. > A proteina do gene LADININ-1 (LAD1) ¢ um dos componentes
dos filamentos de ancoragem, componente de base de membranas na jungdo derme-
epiderme. **

Foram encontradas diferencas entre as freqii€ncias genotipicas e o sitio
anatOmico primario de tumor. Em nosso estudo a freqiiéncia aumentada do
polimorfismo na cavidade oral nos genes NINJ1 e TAX1BP1 e na laringe para o gene
KiSS-1 sugerem que os mesmos possam favorecer o desenvolvimento do tumor neste
sitio especifico. Na laringe foi observada uma menor freqiiéncia do polimorfismo do
gene NINJ1. Estes fatos podem ser explicados pelas diferencas no comportamento
biologico do cancer de cabega e pescoco nos diferentes sitios anatémicos.’

Para o gene LAD1 os resultados revelam uma menor freqiiéncia do alelo

polimorfico em tumores mais agressivos (estadios III e IV). Pouco é conhecido a
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respeito do papel deste gene na carcinogénese, sua proteina ¢ um dos componentes dos
filamentos de ancoragem. Sabe-se também que a expressdo deste gene ¢ diminuida em
cancer de pulmio » ¢ elevada em cancer de ovario. °° Nossos resultados demonstram
que hd uma menor freqiiéncia do alelo polimérfico em tumores com estadio avangado,
portanto com carater mais agressivo, sugerindo a participacdo deste polimorfismo na
evolugao clinica do cancer.

Este estudo ¢ o primeiro que analisa os polimorfismos ndo sinénimos A— G
no gene KiSS-1 metastasis-suppressor (KiSS-1) (gln36arg), A— C no gene (NINJ1)
(asnll0ala), T — A de TAX1BP1 (Human T-cell leukemia virus type I) (leu306ile), e o
polimorfismo A—G no gene LAD1 (lys323glu).

Em conclusdo ndo héd associacdes entre os polimorfismos estudados e
carcinoma espinocelular de cabega e pescogo. Ha evidéncias de associagdo entre o
polimorfismo do gene KiSS-1 e a presenga do cancer na laringe, entre os polimorfismos
dos genes NINJ1 e TAX1BP1 e cavidade oral e o alelo G do gene LAD1 confere menor
agressividade.

Estes polimorfismos sdao marcadores de interesse para o estudo em cancer
porque foram selecionados em uma biblioteca ndo enviesada (Projeto Genoma Humano
do Cancer) e abre novas possibilidades para futuras investigagdes deste polimorfismo
em diferentes tipos de canceres. Estudos adicionais também podem avaliar a influéncia
destes polimorfismos na expressdo génica e identificar associacdo destes com o

desenvolvimento de carcinoma de cabega e pescogo.
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Tabela 1. Seqiiéncia de oligonucleotideos primers e temperaturas de anclamento (Ta)

das Reacdes em Cadeia da Polimerase.

Gene Sequiéncia de primer sense

Sequiéncia de primer antisense Ta

KiSS-1 5' GAGCTTCCAAAAGGTCAAG 3'

NINJ1 5'CTCTGGGCGACAAAACTCATCC 3'

TAX1BP1 5’ACCTGGGTCTCCTAAATCCT 3’

LAD1 5’GAAGGAGGCTGGTGTCTGAG 3’

5' AGTAGCAGCTGGCTTCCTC 3' 57°

5' CCTCGCGCCCCATCTCC 3' 62°

5" AGCCTGCCAATCTCTTCTT 3 5§70

5'CACTGCCAACCTGGAGTG T3  63°

Tabela 2. Distribuigdo dos dados demograficos dos pacientes com cancer de cabeca ¢

pescoco e individuos do grupo controle.

Variavel Pacientes Controles p
n (%) n (%)
Género <0.0001
Masculino 209 (86) 294 (71.19)
Feminino 34 (14) 119 (28.81)
Média de idade 58 £9,58 48 £13,85 <0.0001
+ DP*
Consumo de cigarro 218 (89,71) 207 (50,12) <0.0001
Consumo de alcool 188 (77,37) 192 (46,49) <0.0001

*DP = Desvio padrao



Tabela 3. Freqiiéncia génica na analise univariada.

Genotipo Pacientes Controles
n (%) n (%o)
0,56
KiSS-1
AA 203 (83,54) 334 (80,87)
AG 39 (16,05) 75 (18,16)
GG 01(0,41) 04 (0,97)
0,12
NINJ1
AA 149 (61,32) 284 (68,77)
AC 81 (33,33) 115 (27,84)
cC 13 (5,35) 14 (3,39)
0,84
TAX1BP1
TT 187 (76,95) 322 (77,97)
TA 49 (20,17) 82 (19,85)
AA 07 (2,88) 09 (2,18)
0,27
LAD1
AA 67 (27,57) 118 (28,57)
AG 98 (40,33) 142 (34,38)
GG 78 (32,10) 153 (37,05)
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Tabela 4. Freqiiéncias genotipicas dos polimorfismos dos genes KiSS-1, NINJ1,

TAX1BP1, LAD1.

Genotipo Pacientes Controles OR (IC 95%)* p
n (%) n (%)

KiSS-1

AA 203 (83,54) 334 (80,87) Referéncia

AG e GG 40 (16,46) 79 (19,13) 0,85 (0,52-1,39) 0,5092

NINJ1

AA 149 (61,32) 284 (68,77) Referéncia

AC e CC 94 (38,68) 129 (31,23) 1,16 (0,78 —1,73)  0,4639

TAX1BP1

TT 187 (76,95) 322 (77,97) Referéncia

TA + AA 56 (23,05) 91 (22,03) 0,92 (0,58-1,45) 0,7195

LAD1

AA 67 (27,57) 118 (28,57) Referéncia 0,861

AGe GG 176 (72.,43) 295 (71,43) 1,04 (0,68-1,59)

* Ajustado para idade, género e habitos tabagista e etilista



Tabela 5. Numero de alelos polimoérficos entre pacientes e controles.

Numero de alelos Pacientes Controles
alterados n (%) n (%)
0 25(10,33) 58 (14,08)
1 98 (40,50) 163 (39,56)
2 93 (38,43) 149 (36,17)
3 27 (11,15) 39 (9,47)
4 0 03 (0,73)
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Tabela 6. Distribuigiio dos dados demograficos, fatores de risco ¢ gendtipos dos polimorfismos estudados em odds ratio (OR) para o cancer de cabega e pescogo.

Varidveis
Gene KiSS-1
Género
Masculino 0,99 (0,74 - 1.32)
Idade
=350 0,69 (0,38 - 1,28)
Consumo de cigarro
Sim 1,02 (0,59-1.78)
Consumo de dlcool
Sim 1.40 (0.74-2.65)

* Ajustado para idade, género, consumo de cigarro e dlcool

Gene NINJ

1,45 (0.93-2.26)

107 (0,66-1,76)

1,09 (0.70-1,70)

1,03 (0.63-1,69)

Odds OR (IC 95%)*

Gene TAXIBPI

0.99 (0,59-1,64)

0,92 (0.52-1,63)

0,92 (0,56-1,51)

0.76 (0.44-1.31)

Gene LAD]

1,11 (0,68-1,79)

0,93 (0,54-1.58)

1,07 (0.66-1.71)

1,06 (0.62-1.80)

Mais de um alelo
polimérfico

147 (0.61-3,52)

1,53 (0.58-4,02)

1.22 (0.51-2,91)

1.19 (0.46-3,10)



Tabela 7. Caracteristicas clinico-patolégicas ¢ polimorfismos estudados.

Caracteristica Clinica

Sitio primério de tumor
Cavidade oral
Faringe
Laringe
Extensio do tumor
T1T2
T3/T4
Comprometimento dos linfonodos
NO
N+
Estadiamento
I
v

Odds Ratio (IC 95%)

Gene KiSS-1

1.36 (0.72-2,60): 0.34
2,32 (1,12 - 4,82); 0,02
0.82 (0,38-1.77). 0,62

1.0 (ref)
110 (0,54-2.26); 0,79

1.0 (ref)
0,66 (0.31-1,40); 0,27

1,0 (ref)
0.69 (0.31-1.55) 0.37

Gene NINJ

1,86 (1,05 -3.307; 0,03
1.27 (0.68-2.35), 0.45
0,40 (0,22-0,74); 0,003

1.0 (ref)
109 (0.61-1.91Y; 0.78

1.0 (ref)
1.48 (0.83-2,63). 0,19

1.0 (ref)
1,22 (0,65-2.31), 0,53

Gene TAXIBPI

2.25(1,20-4,21), 0,01
0,49 (0,22-1,09)%:0,08
0.77 (0.39-1,52). 0,45

1,0 (ref)
1,17 (0.61-2.24); 0.78

1.0 (ref)
0,64 (0.32-1,27); 0.20

1.0 (ref)
0.92 (0.45-1.86):0.81

Gene LADI

179 (0,91-3.50); 0,09
0,77 (0,40-1,46); 0,42
0,96 (0,51-1,78): 0,89

1,0 (ref)
0,54 (0,29-1,02); 0.06

1.0 (ref)
0,68 (0,37-1,27). 0,23

1,0 (ref)
0,39 (0,18-0,83); 0,01
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Figura 1. Curvas de Kaplan—Meier curves para tempo de 6bito (A) e tempo de recidiva
da doenga (B). O grupo 0 representa até 1 alelo alterado e o grupo 1 os gendtipos com

mais de um alelo alterado.
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I11. CONCLUSOES

1. No Servico Ambulatorial de Otorrinolaringologia e Cirurgia de Cabega e Pescogo do
Hospital de Base de S&o José do Rio Preto, o cancer de cabegca e pescogo € mais
freqliente em homens, com média de idade de 61 anos, e com habitos tabagista e etilista.
O sitio anatémico primério mais representativo é a cavidade oral, e o tipo histoldgico
predominante € o carcinoma espinocelular.

2. O gendtipo MTR A2756G esté associado ao cancer de cabeca e pescoco, enquanto as
fregliéncias genctipicas dos polimorfismos dos genes VEGF, , KiSS-1, NINJ1,
TAX1BP1 e LAD1 néo diferenciaram entre pacientes e controles.

3. N&o ha evidéncias de associacdo entre os polimorfismos MTR, VEGF, , KiSS-1,
NINJ1, TAX1BP1 e LAD1 com os hébitos tabagista, etilista, género e idade.

4. H4 evidéncias de associacdo entre o polimorfismo do gene KiSS-1 e a presenca do
cancer nalaringe, entre os polimorfismos dos genes NINJ1 e TAX1BP1 e cavidade oral.
Em relacdo a extensdo tumoral o aelo A polimérfico do gene VEGF parece conferir
protecdo para a evolugdo clinica do tumor e o alelo G do gene LAD1 confere menor

agressividade.
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CASUISTICA E METODO
a) Caracterizacio da amostra para a analise molecular

Apds a aprovacdo do Comité de Etica em Pesquisa (CEP) da Faculdade de
Medicina de Sao José do Rio Preto (parecer 5566/2005) e do Conselho Nacional de
Satde — CONEP ( parecer 178/98 - Processo 25000.018584/98-13), foram incluidos na
pesquisa 805 individuos (254 pacientes com cancer de cabeca e pescogo e 551

individuos sem historia de neoplasia). (Anexo I e II).

Fizeram parte do estudo individuos adultos independentemente do sexo, idade e
cor da pele que concordaram em participar ap6s os esclarecimentos necessarios ¢ a

obteng¢do do Termo de Consentimento Livre e Esclarecido.

Os pacientes foram procedentes do Hospital Arnaldo Vieira de Carvalho de Sao
Paulo e do Servigo de Otorrinolaringologia e Cirurgia de Cabega e Pescogo do Hospital
de Base, hospital de Ensino da Faculdade de Medicina de Sao José do Rio Preto e foram
incluidos no estudo apos exame patoldgico. Os individuos sem histéria de neoplasia
foram provenientes do Hemocentro e de ambulatorios de outras especialidades médicas

do Hospital de Base (HB).
b) Analise dos dados demograficos e clinicos

As variaveis analisadas incluiram idade, sexo, habitos tabagista e etilista.
Informagdes sobre o tabagismo e etilismo foram limitadas quanto ao uso ou ndo de
tabaco e alcool. Foram considerados tabagistas individuos que consomem cerca de 100
cigarros durante toda a vida e etilistas aqueles que bebem mais que quatro drinques por

semana. ¥ Os dados estdo apresentados na Tabela 1.
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Tabela 1. Dados sociodemograficos dos pacientes com

cancer de cabega e pescoco e individuos controles.

Variaveis Pacientes Controles
n (%) n (%)

N° de individuos 254 551

Idade 58 50
Uso de tabaco 227 (89,37) 277 (50,27)
Uso de alcool 198 (77,95) 269 (48.,82)

Sexo

Sexo masculino 218 (85,83) 377 (68,42)
Sexo feminino 36 (14,17) 174 (31,58)

¢) Sitios primarios de tumor

Os tumores foram classificados quanto a localizagdo anatdmica em cavidade

oral, faringe e laringe, de acordo com Lee, 2003. ). Os dados estdo apresentados na

Tabela 2.
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Tabela 2. Distribui¢do entre 0s casos por sitio primario de ocorréncia do tumor.

Sitio anatomico primario n (%)
Cavidade oral 97 (38,19)
Laringe 82 (32,28)
Faringe (orofaringe, nasofaringe e hipofaringe) 66 (25,98)
Sitio primario ndo conhecido 09 (3,55)

d) Classificacao dos tumores malignos (TNM)

Os tumores foram classificados de acordo com os parametros da Union
International Control Cancer (IUCC), 2002 “ ¢ American Joint Commitee for Cancer
(AJCC), 2002 ®® em trés critérios: tamanho do tumor (T), presenca de linfonodos
regionais comprometidos (N) e presenca de metastase a distdncia (M). Foram obtidos
os TNM dos 236 casos analisados (Tabelas 3 e 4). Nesta analise, foram excluidos os
tumores com sitio primario ndo conhecido devido ao pequeno niumero de amostras, em

relagdo a presenga de metastase (M) apenas um pacientes foi classificado como M1.

Para os tumores de cavidade oral e faringe, o T varia de Tx (ndo € possivel
avaliar), TO (ndo ha evidéncias de tumor primario), Tis (carcinoma in situ), T1 (tumor
menor que 2 cm), T2 (tumor entre 2 e 4 cm), T3 (tumor maior que 4cm) e T4 (tumor
invadindo estruturas adjacentes que depende da localizacdo primaria dele para a
classificagdao). Com relagdo a presenca de linfonodos (N) os tumores sao classificados
em Nx (os linfonodos regionais nao podem ser avaliados), NO (auséncia de metastase
em linfonodos regionais), N1 (metastase em um tnico linfonodo homolateral menor que

3cm), N2 a, b, ¢ (metastase em um unico linfonodo homolateral de 3 a 6 cm ou em
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linfonodos homolaterais multiplos menores que 6cm ou em linfonodos bilaterais ou
contralaterais menores que 6 cm) e N3 (metastase em linfonodos maiores que 6 cm). Ja
0 M pode ser classificado em Mx (a presenga de metastase a distancia ndo pode ser
avaliada), MO (auséncia de metédstase a distdncia) e M1 (presenca de metastase a

distancia).

Para os tumores de laringe a categoria T (referente a extensdo do tumor) varia de
T1 a T4, com classificagdes diferentes para supraglote, glote e subglote. Para supraglote
a categoria T varia de T1 (uma sub-localizagdo anatdmica e mobilidade normal), T2
(mucosa de mais de uma sub-localizacdo adjacente da supraglote ou da glote, ou de
regido adjacente fora da supraglote; sem fixagdo), T3 (Fixacdo da corda, ou invasdo da
area poscricoide, tecidos pré-epigloticos, espago paraglotico, erosdo da cartilagem
tireoide) e T4 (Toda a cartilagem tiredide; traquéia, partes moles do pescogo: musculos
profundos/extrinsecos da lingua, al¢ga muscular tiredide e esdéfago e espaco pré-
vertebral, estruturas mediastinais, artéria carotida). Para a glote varia de T1 (limitado
a(s) corda(s) vocal(is), mobilidade normal a uma corda ou ambas as cordas), T2
(supraglote, subglote, mobilidade de corda vocal diminuida), T3 (fixagdo da corda,
espaco paraglotico, erosdo de cartilagem tireoide), T4 (toda a cartilagem tiredide;
traquéia; partes moles do pescoco: musculos profundos/extrinsecos da lingua,alga
muscular; tiredide e esofago e espaco pré-vertebral, estruturas mediastinais, artéria

cardtida).

Na Tabela 5 estdo apresentados os dados relativos ao estadiamento dos tumores.
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Tabela 3. Distribuicdo dos sitios anatomicos primdrios do

tumor em relagdo ao TNM (categoria T).

Sitio primario do tumor T1 T2 T3 T4 Tx
Cavidade oral 19 18 14 37 00
Laringe 16 14 16 28 02
Faringe 03 21 14 25 00

Tabela 4. Distribui¢dao dos sitios anatdmicos primarios

do tumor em relacao ao TNM (categoria N).

Sitio primario do tumor NO N+ Nx
Cavidade oral 55 33 00
Laringe 50 25 01
Faringe 29 33 01

Tabela 5. Distribui¢c@o dos sitios anatdmicos primdrios do tumor em relacao ao

estadio.
Sitio primario de I II I1I IVA IVB
tumor
Cavidade Oral 17 14 13 45 00
Faringe 02 12 11 32 02
Laringe 14 13 11 28 03
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METODOLOGIA
a) Analise Molecular
1. Extracio de DNA genomico a partir de sangue periférico

O DNA foi obtido por meio da técnica segundo Miller et al. (1988), ©® com

modifica¢des descrita a seguir.
a.1) Isolamento de leucdcitos:

Uma amostra de 5 mL de sangue periférico foi colhida em um tubo vacutainer,
contendo anticoagulante 4cido etilenodiamino tetra-acético (EDTA), e homogeneizada
em seguida. Com auxilio de uma pipeta estéril, a amostra foi colocada em um tubo de
centrifuga de 15 mL contendo a mesma quantidade de Ficoll-Paque Plus (Amersham
Biosciences'™). O material foi, entdo, centrifugado por 30 minutos a 1.500 rpm, para
formagdo de trés camadas distintas: hemaceas ao fundo do tubo, ficoll na camada
intermediaria e plasma na superficie do tubo. O plasma foi aspirado e descartado com
uma pipeta Pasteur. Em seguida, a camada de leucocitos foi aspirada e transferida para
um novo tubo. Aos leucdcitos isolados, foi adicionada solucdo tampao (PBS) até atingir
15 mL. O tubo contendo os leucécitos foi invertido cuidadosamente e centrifugado por
12 minutos a 1.200 rpm. Apds centrifugado, o sobrenadante foi descartado e o pellet de
leucocitos ressuspendido. Novamente, o tubo recebeu PBS e foi centrifugado como

anteriormente. Ao final do processo, o pellet foi ressuspendido em 0,5 mL de PBS.
a.2) Extracdo de DNA genémico:

Aos leucocitos isolados, foram adicionados 3 mL de tampao de lise (TrisHCI
10mM, NaCl 400mM, Na2EDTA 2mM); 200 pL. de SDS (Sodium dodecyl sulfate)

10%; 50uL de proteinase K (20mg/mL). Em seguida, o tubo foi incubado por 16 horas a
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37°C, para a digestdo protéica. Apos incubacao, acrescentou-se 1 mL de NaCl 6 M ¢ o
tubo foi agitado no vortex até a solucao formar espuma. O material permaneceu em gelo
por 15 minutos, foi novamente agitado e, entdo, centrifugado por 15 minutos a 2.000
rpm. Apos centrifugacdo, o tubo recebeu 10 mL de etanol 100% gelado e foi invertido
cuidadosamente para a precipitacio do DNA. O DNA precipitado foi lavado em etanol
70% e mantido em temperatura ambiente para secar. Posteriormente, foi ressuspendido
em agua Mili-Q autoclavada e armazenado a 20°C para posterior amplificacdo. As
amostras de DNA obtidas foram submetidas a leitura em espectofotometro CARY no
comprimento de onda de 260 nm para determinagdo da concentra¢do e grau de pureza
no laboratério de Bioquimica do Prof. Dr. Gustavo Bonilha na UNESP de Sao José do

Rio Preto.
b. Analise molecular dos polimorfismos
b.1) Reacdo em cadeia da polimerase (PCR)

Para a andlise molecular dos polimorfismos foi utilizada a amplificacdo por
Reagdo em Cadeia da Polimerase (PCR). As seqiiéncias dos oligonucleotideos primers,

bem como as temperaturas de anelamento estdo apresentadas na Tabela 6.

As reagdes de PCR foram realizadas em um volume total de 20 pL, utilizando-se
50 ng de DNA genémico, 0,3 mM de primer sense, 0,3 mM de primer antisense, 200
mM dNTP, 1X tampao de reagdo, 1,5 mM MgCl,, 0,2 U de Taq polimerase. A
amplificacdo por PCR foi realizada com uma etapa inicial de desnaturagdo por 5
minutos a 95°C, seguida de 35 ciclos com desnaturagdao a 95°C por 30 segundos,

temperatura de anelamento apresentada na Tabela 6 por 30 segundos e extensdo das
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cadeias a 72°C por 30 segundos. Uma etapa de extensao final foi realizada a 72°C por 7

minutos.

Tabela 6. Seqiiéncia de oligonucleotideos primers e temperaturas de anclamento (Ta)

das Reacdes em Cadeia da Polimerase.

Gene Seqiiéncia de primer sense Seqiiéncia de primer antisense Ta
MTR 5' CCAGGGTGCCAGGTATACAG 3' 5'GCCTTTTACACTCCTCAAAACC3 570
KiSs-1 5' GAGCTTCCAAAAGGTCAAG 3' 5' AGTAGCAGCTGGCTTCCTC 3' 57°
NINJ1 5'CTCTGGGCGACAAAACTCATCC 3" 5'CCTCGCGCCCCATCTCC 3' 62°
TAX1BP1 5’ACCTGGGTCTCCTAAATCCT 3’ 5 AGCCTGCCAATCTCTTCTT 3’ 57°
LAD1 5’GAAGGAGGCTGGTGTCTGAG 3" 5'CACTGCCAACCTGGAGTGT 3° 63°

b.2) Analise molecular do polimorfismo A2756G do gene MTR

Os produtos amplificados de 498 pares de bases (pb) foram visualizados em gel
de agarose 1,5%, ap0ds eletroforese a 120 Volts, por 50 minutos. O gel foi corado com

brometo de etidio (concentracao final de 0,5 mg/ml) e observado em luz ultravioleta.

Os produtos de PCR serao submetidos a digestdo enzimatica, utilizando-se a
enzima Hae Ill. Os produtos de PCR e de restricdo enzimatica foram separados por
eletroforese em gel de agarose a 2%, em tampao TBE (Tris-EDTA-Borato), e

identificados sob luz UV apds coloragdo com brometo de etideo (Figura 1).
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& 413 pb
400 pb

300 pb < 290 pb

200 pb
<123 pb

100 pb < 85pb

Figura 1. Digestdo com a enzima Hae Ill do produto de PCR do gene MTR o0s
genotipos estudados (Linha 2, homozigoto AA, linha 3 heterozigoto AG e linha 4
homozigoto GG) Na primeira linha do gel, pode-se observar o marcador de peso

molecular e ao lado da foto o tamanho de cada um destes fragmentos.
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b.3) Analise molecular do polimorfismo -1154 G/A do gene VEGF

A analise para o gene VEGF foi realizada pelo método de discriminagdo alélica
pelo de PCR em Tempo Real (aparelho ABI PRISM 7500 Sequence Detection Systems -
Applied Biosystems) usando o sistema de sondas fluorogénicas 5’ com sondas Tagman
Minor Groove Binder (MGB). Para os gendtipos selvagens foi utilizada a marcagdo
FAM e para os mutantes a marca¢do VIC. O volume final de cada reagdo foi de 5 pL,
consistindo de 1,5 pL de Tagman Universal PCR Master Mix (Applied Biosystems), 0,2
mM de cada primer, 0,2 mM de cada sonda Tagman e¢ 5 ng de DNA genomico. A
amplificacdo do PCR foi realizada com uma desnaturagao inicial a 95°C por 10 minutos
e 40 ciclos com 92°C por 15 segundos e 60°C por 1 minuto. Os sinais fluorescentes
foram medidos a 60°C. Os primers ¢ sondas para o polimorfismo G -1154 A foram

feitos pela Applied Biosystems (ID - C_1647379-10).

Para a andlise foi utilizado o software SDS versao 2.0 para analisar a
fluorescéncia emitida em tempo real e o final da reacao de PCR (endpoint read) (Figura

2).
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Figura 2. Curvas da discriminagdo alélica produzidas pela analise no software SDS. O
eixo X representa o numero de ciclos de amplificacdo ¢ o eixo y, o valor da
fluorescéncia. (A) Exemplo de um homozigoto (GG); (B) Exemplo de um homozigoto

(AA); (C) Exemplo de um heterozigoto (GA).
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b.4) Analise molecular do polimorfismo G—A do gene KiSS-1

Os produtos amplificados de 194 pares de bases (pb) foram visualizados em gel
de agarose 1,5%, apods eletroforese a 120 Volts, por 50 minutos. O gel foi corado com

brometo de etidio (concentragdo final de 0,5 mg/ml) e observado em luz ultravioleta.

b.4.1) Analise de polimorfismo conformacional de fita simples do DNA (do

inglés: Single Strand Conformation Polymorphism)

Os produtos de amplificacdo foram submetidos a eletroforese em gel de
poliacrilamida na concentragdo de 7,5% para a identificagdo dos padrdes de migracio
eletroforética, segundo técnica descrita por Orita e colaboradores em 1989, com

modificacdes. 7

O conteudo total da reacdo de PCR (10 mL) foi misturado com 10 mL do
tampao de corrida (95% formamida, 5 mM NaOH, 0,1% de azul de bromofenol e 0,1
mL de xileno cianol). As amostras foram desnaturadas a 95°C por 10 minutos,
resfriadas imediatamente em gelo e submetidas a eletroforese em gel de poliacrilamida a
7,5 %. A corrida eletroforética foi realizada a 180 Volts durante 3 horas em temperatura
ambiente, na presenga do tampao 0,5X TBE (0,04 M Tris, 1 M &cido bérico, 0,5M
EDTA pH 8,0). Apos a corrida eletroforética, o gel foi corado com nitrato de prata.
Brevemente, o gel foi colocado em solugdo fixadora (30 mL de etanol, 2,25 mL de
acido acético, 267 mL de agua ultra-pura) por 10 minutos, em seguida, foi corado com
uma solu¢do de nitrato de prata a 0,2%, durante 10 minutos. A revelagdo do gel foi
realizada com solugdo de hidréxido de sodio e formaldeido (4,5 gramas de hidroxido de

sodio, 400 mL de formaldeido, 150 mL de &gua ultra-pura) por um periodo de 5 a 7
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minutos. Para bloquear a revelagao utilizou-se solugdo fixadora descrita anteriormente.

O gel foi envolvido em papel celofane e mantido em temperatura ambiente (Figura 3).

Figura 3. Gel de poliacrilamida 7.5% apresentando os padrdes de migragdo
eletroforética dos produtos de amplificagdo do gene KiSS-1 apos a técnica de SSCP
(Coluna M: marcador de peso molecular 100 pb; colunas 1, 3, 4 e 5: padrao usual -

genotipo AA e coluna 2: padrao ndo usual — gendtipo AG).

b.4.2) Seqiienciamento automatico do gene KiSS-1

Apoés a andlise pela técnica de SSCP, os diferentes padrdes de migracao
eletroforética observados foram submetidos ao seqiienciamento automatico.
Aproximadamente 19,6 ng/ul. (em uma propor¢ddo de ng/uL) do produto de

amplificacdo do gene KiSS-1 foi submetido a uma reagdo de amplificacdo para o
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seqiienciamento das cadeias sense e antisense. Foram utilizados 2 uL de Big Dye

Terminator ¢ 1 puL de cada primer em reag¢des separadas.

A reacdo de amplificagdo para seqiienciamento compreendeu uma primeira etapa
de 2 segundos a 96°C para desnaturacao da cadeia de DNA e 25 ciclos de 10 segundos a
96°C, 5 segundos para anelamento dos primers em temperatura de 50°C e 4 minutos a

60°C para extensao das cadeias.

As amostras amplificadas foram precipitadas com 100 pL de etanol absoluto
gelado, 5 pL de acetato de potassio (KOAc) 3M e 30 pL de 4agua, homogeneizadas
aproximadamente 30 vezes por inversdo ¢ incubadas por 15 minutos a temperatura
ambiente. Em seguida, foram centrifugadas por 30 minutos a 3200 rpm a 4°C e o
sobrenadante foi descartado. Posteriormente, receberam 200 uL de etanol 70% e
centrifugadas por 5 minutos a 3200 rpm a 4°C. O sobrenadante foi descartado e foi
realizada nova adicdo de etanol 70% e centrifugacdo. A placa foi, entdo, invertida,

centrifugada por 3 minutos a 720 rpm e seca em estufa a 37°C por uma hora.

Apbs a precipitacdo, as amostras receberam 1,5 uL de tampdo de corrida
(formamida e azul dextran) e foram homogeneizadas aproximadamente 25 vezes,
desnaturadas por 2 minutos a 95°C e mantidas no gelo até o momento de aplica¢dao no
gel de poliacrilamida 5% do seqiienciador ABI Prism, do Laboratorio de Genética

Humana, da UNESP- Sao José do Rio Preto.
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b.5. Analise molecular do polimorfismo A—C do gene NINJ1
b.5.1) Polimorfismo de comprimento de fragmento de restricio (RFLP)

O produto de amplificacdo de 342 pb foi submetido a restri¢do enzimatica com a
enzima de restricdo Hae Ill, segundo as instru¢des do fabricante, para a deteccdo do
polimorfismo A—C. A digestao enzimatica gera um fragmento de 212 pb derivado do
alelo A, e fragmentos de 176 pb e 36 pb na presenca do alelo C. Fragmentos menores

também sdo gerados e nao sdo visualizados no gel.

Os individuos homozigotos (AA) apresentaram, no gel de eletroforese, apenas
um fragmento de 212 pb, os heterozigotos (AC) apresentam dois fragmentos (212 pb e

176 pb) e os homozigotos (CC) apresentam um fragmento de 176 pb (Figura 4).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

300pb

200pb

100pb

Figura 4. Digestdo com a enzima Hae Il do produto de PCR do gene NINJ 1
mostrando os dois alelos observados (A com 212 pb e C com 176 pb) e os trés
diferentes gendtipos (Linhas 8, 13, 14 heterozigotos AC; linhas 2, 3,4, 5,6, 7,9, 10, 11,
12 homozigotos AA e linha 15 homozigoto CC). Na primeira linha do gel, pode-se
observar o marcador de peso molecular e ao lado da foto o tamanho de cada um destes

fragmentos.

>A
>C
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b.5) Analise molecular do polimorfismo T—A do gene TAX1BP1
b.5.1) Polimorfismo de comprimento de restricio (PCR-RFLP)

Para a analise do polimorfismo, o produto amplificado do gene TAX1BP1 foi
digerido com a enzima de restricdo Apo |. A presenga do polimorfismo destroi o sitio de
restricdo, ndo ocorrendo o corte do amplificado de 264 pb. Na auséncia do
polimorfismo, o produto ¢ digerido em dois fragmentos (um fragmento de 205 pb e

outro fragmento de 59 pb) (Figura 5).
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7 8 9 10 11 12 13 14

Figura 5. Gel de eletroforese apods digestdo com a enzima Apo | do produto de PCR do
gene TAX1BP1 mostrando os dois alelos observados (A com 264 pb e T com 205 pb) e
os trés diferentes gendtipos (Linha 10, heterozigoto TA; linhas 2, 3, 4,6, 7, 8,9, 11, 12,
13 e 14 homozigotos TT e linha 5 homozigoto AA). Na primeira linha do gel, pode-se
observar o marcador de peso molecular e ao lado da foto o tamanho de cada um destes

fragmentos.

>A

>T
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b. 6). Analise molecular do polimorfismo A - G do gene LAD1
b.6.1) Seqiienciamento automatico

O seqiienciamento automatico destas amostras foi realizado em colabora¢do com
a Profa. Dra. Elida Benquique Ojopi do Laboratério de Neurociéncias LIM-27 do

Departamento de Psiquiatria da Universidade de Sao Paulo — USP.

A reagdo de seqlienciamento foi realizada com o kit BigDye® Terminator

(Applied Biosystems Inc), segundo as instru¢des do fabricante.

Em um tubo de 0,2 mL contendo 5 pL de dgua ultra-pura autoclavada, 2 pL de
tampao Save Money (1 mL cloreto de magnésio 50 mM; 2 mL de Tris-HCI 1 M; 7mL
de 4gua ultra-pura), 1 pL de pré-mix (kit Big Dye™), foi adicionado 1pL de primer
sense a 3,2 M e 1uL do produto purificado. A reagdo foi realizada evitando-se a
iluminacdo direta, pois o reagente pré-mix possui os dNTPs marcados com
fluorescéncia que degrada quando exposto a luz. A reacdo foi colada no termociclador
para realizagdo de 36 ciclos com 3 minutos de desnaturagdo inicial a 95°C, 30 segundos
a 95°C para desnaturacdo, 20 segundos a 55°C para anelamento do primer ¢ 4 minutos a

60°C para extensao das cadeias.

Apbs a reacdo de PCR com o kit de seqiienciamento, foi adicionado 80 pL de
isopropanol 75%. O material foi homogeneizado em vortex e incubado por 15 minutos
em temperatura ambiente ao abrigo da luz. Apds a incubacdo, o material foi
centrifugado por 45 minutos a 3.200 rcf e o sobrenadante foi desprezado. Foi
adicionado 1500 pL de etanol 70% sobre o pellet formado e, entdo, o material foi

centrifugado por 15 minutos a 3.200 rcf.



Apéndice 165

O sobrenadante foi desprezado e o material foi colocado por 15 minutos em
estufa de secagem a 37°C. O material foi, entdo, envolvido em papel aluminio e
acondicionado em freezer -20°C para ser ressuspendido em 10 pL. de formamida no
momento do seqiienciamento. A analise foi realizada a partir dos cromatogramas

reproduzidos pelo seqiienciador automatico (Figura 5).

CCTGGEGEAAGALCCTGCCCTOC  TTTGGCALRAGCAGGGGGC T TCAGACCCTCCGACTGT G
120 130 140 130 160 170

l

CCTGGGAAGAAM CTGCCCTC TT TG GCAN AGCAGGGGGCTTCAGACCC TCCGACTGT G
120 130 140 150 180 170

_ AR . fad

CTGGG AAGAAM CTGCCCTOCTTTGGCAGAGCAGGGGGCTTCAG ACCCTCCGACTGTG G
120 130 140 150 160 170

Figura 6. Cromatogramas apresentando o seqilienciamento automatico do gene

LADININ, as setas indicam o local analisado A: homozigoto AA; B: heterozigoto AG e

C: homozigoto GG.
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c) Analise estatistica

Para a analise estatistica, foram realizadas a andlise utilizando-se os programa
computacionais Minitab/Windows - Versdo 12.22, GraphPad InStat — versdo 3.0, Bio

Estat versao 3.0 e Stats Directs versdo 16.17.

Os dados demograficos foram tabulados por estatistica descritiva e comparados
pelo Teste Exato de Fisher. Este teste também foi utilizado para as analises estatisticas
da distribuicdo genotipica e alélica dos polimorfismos. O equilibrio de Hardy-Weinberg

(HWE) foi realizado pelo teste do qui-quadrado.

Os modelos de regressao logistica multipla foram utilizados para determinar o
efeito das variaveis analisadas em cancer de cabega e pescoco. Os modelos incluiram
idade (referéncia: < mediana entre os dois grupos), género (referéncia: feminino), habito

tabagista (referéncia: ndo fumantes) e habito etilista (referéncia: ndo etilistas).

As caracteristicas clinico-patologicas também foram analisadas por regressao
logistica multipla. A classificacdo T foi dividida em tumores com pequena extensdo
(T1,T2) e com grande extensdo (T3, T4). A classificagdo N foi dicotomizada em
compromento de linfonodos negativo (NO), e positivo (N1, N2, N3). Os estadios foram

divididos em precoce (estadios I, II) e categoria avangada da doenga (I1l ¢ IV).

Os resultados foram apresentados em odds ratio (OR) e intervalo de confianga

de 95% (IC — 95%). O nivel de significancia foi estabelecido em 5% (p=0,05).

O método de Kaplan-Meier foi aplicado para avaliar as diferentes taxas de
sobrevida e recorréncia da doenga entre os diferentes gendtipos e o teste Log-Rank para
medir estas diferencas entre os genotipos. Para a analise de sobrevida foram

considerados como ponto final da analise (end point) o periodo compreendido entre o
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diagnostico da doenga e o Obito, e para a analise da recorréncia, o end point foi o

diagnostico de recidiva.
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FACULDADE DE MEDICINA DE SAO JOSE DO RIO PRETO

Autarquia Estadual - Lei n° 8899 de 27/09/94
(Reconhecida pelo Decreto Federal n® 74.179 de 14/06/74)

COMITE DE ETICA EM PESQUISA

O Comité de Etica em Pesquisa da Faculdade de Medicina de Sdo
José do Rio Preto tomou ciéncia e aprovou a ampliacdo da metodologia datada
de 11 de novembro de 2005, referente ao protocolo n° 5566/2005 sob a
responsabilidade de Mauricio José Cabral Ruback, com o fitulo “Cancer de
cabeca e pescogo: um levantamento epidemioldgico do Hospital de
Base/FAMERP de SdoJosé do Rio Preto’.

Sdo José do Rio Preto, 19 de dezembro de 2005.

Prof. Dr. José Pujlo C(puilo

Vice- Caordenador do CEP/FAMERP

Av. Brigadeiro Faria Lima 5416 - 15090-000 Sé&o José do Rio Preto SP - Brasil
Tel. (17) 210-5700 - Fax (17) 227-6201 - www.famerp.br

01/2004
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’ MINISTER|O DA SAUDE
Conselho Nacional de Salde
Comissdo Nacional de Etica em Pesquisa - CONEP

- PARECER N 425/99

Processo n® 25000.024346/99-92 Registro CONEP = 669

Projeto de Pesquisa: “Investigagso de biomarcadores em tumores de cabega e
pescogo "

Pesquisador Respansivel: Prof’. Dra. Eloiza Helena Tajara da Silva

Instituiglo: IBILCE / UNESP

Area Temé4tica Especial: Genética humana.

Ao_‘sa proceder a analise das respostas ao parecer CONEP n°
317198, relativo aa projeto supracitado ,considerou-se que:

a) Foram atendidas as solicitagbes do referido parecer;

b) O projeto atends acs requisitos fundamentais da Resolugéo
CNS 196/96, sobre Diretrizes ¢ Normas Regulamentadoras de Pesquisas
Envolvendo Seres Humanos;

c) O projeto foi aprovado pelo Comité de Etica em Pesquisa da
instituicho acima.

Diante do exposto,a Comisséo Nacional de Etica em
Pesquisa - CONEP, de acordo com as atribuigdes definidas na Resolugéo
CNS 186/98, manifesta-se pela aprovagho do projeto de pesquisa
proposto.

Situag8o : Projeto aprovado.

Brasilia, 12 de agosto de 1899,

(Lt W

WILLIAM SAAD HOSSNE
Coordenador da CONEP-MS
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