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RESUMO

O papel carcinogénico de Helicobacter pylori esta relacionado a sua capacidade de promover
a inflamacdo e, como conseqiéncia, a metilacdo do DNA, caracteristica epigenética
frequentemente associada a carcinogénese gastrica. Por sua vez, o processo inflamatério pode
ser modulado pela presenca de alguns dos polimorfismos presentes em genes de interleucinas,
bem como pelo genotipo bacteriano. Assim, os objetivos desse estudo foram: a) associar o
perfil genotipico de viruléncia de H. pylori (quanto aos genes cagA, cagE, vacA e virBll) e o
perfil genotipico dos polimorfismos de interleucinas pré-inflamatorias, IL1p -511 C/T,
ILIRN, IL6 -174 G/C e TNF -308 G/A com a metilacdo de promotores génicos de CDKN2A,
MLH1 e COX-2; b) verificar a associacdo dos polimorfismos da IL6 -174 G/C e TNF -308
G/A com genotipo bacteriano no desenvolvimento do céncer gastrico, considerando o0s
aspectos clinico-patolégicos. Para isso, foi extraido DNA a partir de 125 amostras tumorais,
coletadas de pacientes submetidos a gastrectomia em hospitais de Fortaleza — Ceara — Brasil.
A genotipagem dos polimorfismos foi feita por PCR-RFLP e a analise de metilacdo, por MS-
PCR. Os genes de viruléncia de H. pylori foram analisados por PCR. Em algumas analises, 0s
genotipos bacterianos foram agrupados de acordo com os alelos de vacA e a integridade de
cag-PAI. Neste estudo, foi verificado que nos tumores da céardia a metilacdo na regido
promotora de COX-2 estava associada ao alelo ILIRN*2 (p= 0,015), e o gendtipo I1L-1B -511
T + ILIRN*2 se mostrou importante para a metilacdo desse gene (p=0,013), principalmente
na presenca de cepas de H. pylori cagA+ (p=0,026) e vacA sl (p=0,025). A combinacéo
genotipica IL6 CC+TNFGG parece estar envolvida na ndo-metilacdo dos promotores dos
genes CDKN2A (p=0,046) e MLH1 (p=0,031), mesmo na presenca da infeccdo por cepa H.
pylori cagA+. Considerando os aspectos clinico-pat6logicos, uma correlacdo positiva foi
encontrada entre o género masculino e pacientes da faixa etaria >65 anos (r=0,198; p=0,037),
na qual esse género foi predominante (77,5%; p= 0.022). Além disso, também foi encontrada
correlacdo positiva entre o género feminino e a faixa etéria de 55-64 (r=+0,217; p=0,021).
Quanto ao subtipo histoldgico, foi visto que tumores difusos estavam correlacionados a
pacientes mais jovens (15-44 anos, r=+0,207; p=0,033), enquanto o subtipo intestinal, a
pacientes de mais idade (> 65 anos, r=+0,296; p=0,017). Tumores do subtipo difuso foram
correlacionados com o género feminino e aqueles do subtipo intestinal, com o género
masculino (r=+0,226; p=0,019). Quanto aos polimorfismos de interleucinas, o alelo C do
polimorfismo IL6 -174G/C foi correlacionado negativamente com pacientes de menor faixa
etaria (r=—0,193; p=0,041), sendo o que pacientes com genotipo CC de IL6 foi associado
com a infeccdo por cepas virulentas (grupo 1c) (r=+0,225; p=0,017); enquanto que pacientes
portadores do genotipo heterozigoto 1L6 -174 GC, com cepas virulentas (grupo 1c) (r=—
0,215; p=0,023) e de menor viruléncia (grupo 2c) (r=+0,204; p=0,031). Os achados desse
estudo contribuem com o estabelecimento de um perfil genotipico envolvido na metilacéo de
alguns genes, no qual pacientes com gen6tipo mais inflamatorio e infectados por cepas de H.
pylori mais virulentas estdo associadas a uma maior taxa de metilacdo de alguns genes
envolvidos na carcinogénese gastrica, podendo também variar de acordo com a localizacéo e
0 subtipo do tumor. Esse estudo, portanto, oferece uma contribuicdo relevante no que diz
respeito a associacéo da cepa de H. pylori com polimorfismos de interleucinas, no qual cepas



de maior viruléncia parecem estar relacionadas com a infeccdo de pacientes com gendtipos
menos inflamatdrios, sendo o contrario também verdadeiro.

Palavras-chave: cancer gastrico; Helicobacter pylori; interleucinas; polimorfismo genético;
metilacao



ABSTRACT

The carcinogenic role of Helicobacter pylori is related to its ability to promote inflammation
and, consequently, DNA methylation, epigenetic trait often associated with gastric
carcinogenesis. In turn, the inflammation can be modulated by the presence of polymorphisms
in some interleukin genes, as well as the bacterial genotype. The objectives of this study were:
a) link the genotypic profile of H. pylori virulence (cagA, cagE, vacA and virB11 genes) and
genotypic profile of pro-inflammatory interleukins polymorphisms, IL1B -511 C/T, IL1RN,
IL6 -174 G/C and TNF-308 G/A with gene promoter methylation of CDKN2A, MLH1, and
COX-2 b) verify the association of polymorphisms of IL6 -174 G/C and TNF -308 G/A with
bacterial genotype in the gastric cancer development, considering the clinical and pathological
aspects. For this, DNA was extracted from 125 tumor samples, collected from patients who
underwent gastrectomy at hospitals in Fortaleza — Ceard — Brazil. Polymorphisms genotyping
were identified by PCR-RFLP and methylation analysis by MS-PCR. Virulence genes of H.
pylori were analyzed by PCR. In some analyzes, the bacterial genotypes were grouped
according to the alleles of vacA and integrity of cag-PAIl. In this study, we observed that in
cardia tumors the methylation of COX-2 promoter region was associated with ILLRN*2 allele
(p=0.015), and genotype IL-1B -511T+IL1RN*2 was important to methylation of this gene
(p=0.013), especially in the presence of H. pylori cagA+strains (p=0.020) and vacA sl
(p=0.032). The genotype combination IL6 CC+TNFGG seems to be involved in non-
methylation of promoters of genes CDKN2A (p=0.046) and MLH1 (p=0.031), even in the
presence of infection by strain H. pylori cagA+. Considering the clinical and pathological
aspects, a positive correlation was found between males and patients aged >65 years (r=0.198,
p=0.037), in which this gender was predominant (77.5%, p=0.022) . In addition, positive
correlation was found between female and patients aged 55-64 years (r=+0.217, p=0.021).
Regarding the histologic subtype, we found that diffuse tumors were correlated with younger
patients (15-44 years, r=+0.207, p=0.033), while the intestinal subtype, with the older patients
(>65 years, r=+ 0.296, p=0.017). Tumors of the diffuse subtype were correlated with female
gender and those of the intestinal subtype, with males (r=+0.226, p=0.019). Regarding
polymorphisms of interleukins, the C allele of IL6 polymorphism -174G/C was negatively
correlated with the younger group (r=-0.193, p=0.041), and the patients with CC genotype of
IL6 was associated with infection by virulent strains (group 1c¢) (r=+0.225, p=0.017), whereas
patients with the genotype IL6 -174 GC, with virulent strains (group 1c) (r=-0.215, p=0.023)
and less virulent (group 2c) (r=+0.204, p=0.031). Our findings contribute to the establishment
of a genotypic profile involved in methylation of some genes in which patients with genotype
more inflammatory and infected with strains of H. pylori more virulent are associated with a
higher rate of methylation of some genes involved in gastric carcinogenesis and may also vary
according to location and tumor subtype. This study thus provides an important contribution
with regard to the association of the strain of H. pylori polymorphisms interleukins, in which
most virulent strains appear to be related to infection of patients with inflammatory genotypes
less, and the converse is also true.

Keywords: gastric cancer, Helicobacter pylori, interleukins, genetic polymorphism,

methylation
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1. INTRODUCAO

1.1 Cancer Gastrico
1.1.1 Epidemiologia

Os tumores de estbmago constituem o quarto tipo de cancer mais frequente no
mundo, representando 7,8% de todos os diagnosticos, e sdo a segunda causa de morte por
cancer em ambos 0s sexos. Dessa forma, esses tumores representam um grave problema de
salde publica (WEN e MOSS, 2009), possuindo freqiiéncia duas vezes maior em homens que
em mulheres (FERLAY et al., 2008).

As taxas de incidéncia de cancer gastrico variam de acordo com a regido do
mundo (Figura 1), sendo maiores em paises do leste asiatico, principalmente a China, bem
como nos paises das Américas Central e do Sul. Estima-se que cerca de 70% dos novos casos
e mortes ocorrerdo em paises em desenvolvimento (FERLAY et al., 2008).

No Brasil, as taxas de incidéncia também variam regionalmente e, de acordo com
o Instituto Nacional do Cancer (INCA), a taxa de mortalidade é de cerca de 87,22/100.000
casos. O Ceara esta entre os estados que possui uma das maiores taxas de incidéncia, sendo
estimados 15,26/100.000 novos casos entre os homens e 8,97/100.000 casos entre as mulheres
(Figura 2) (INCA, 2011).

M <38 <58 <8.2 <13.0 H <414

Figura 1 - Taxa de incidéncia mundial de cancer gastrico a cada 100.000 pessoas. Fonte: GLOBOCAN
- Cancer Incidence and Mortality Worldwide (FERLAY et al., 2008).
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[a] [b]
Homens Mulheres I
' 148421896 W 5172966
B8 11852148 B 6522816
M 53751185 B 2472651
; [ ] a58a8,36 [] 306246

Figura 2 - Taxas brutas de incidéncia de cancer gastrico por 100.000 homens [a] ou mulheres [b]
estimadas para o ano 2012 no Brasil. Fonte: INCA — Instituto Nacional do Cancer (2011).

1.1.2 Caracteristicas Patoldgicas

Os tumores gastricos podem ser encontrados na regido proximal (cardia, fundo),
no corpo e na porcdo distal (antro, piloro) do estdmago (Figura 3). Diferencas entre tumores
localizados na cérdia e na regido ndo-cardia sugerem que eles representam doencas distintas
com etiologias diferentes. Além disso, o prognostico dos tumores da cardia é menos favoravel
qguando comparado aqueles tumores em outros sitios anatdmicos (KONTUREK et al., 2006).

Incisura

Esofago

Piloro  Incisura
angular

Duodeno

Canal
pilérico

Parte

pilérica Antro
pilérico

Figura 3 - Sitios anatémicos do estdmago. Fonte: Wikipedia.
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A classificacdo histologica do cancer gastrico divide esses tumores em dois tipos
principais: néo-epiteliais e epiteliais. Dentre os tumores epiteliais, estdo incluidos os
adenocarcinomas, que representam 90-95% dos casos de tumor gastrico (CORREIA et al.,

2009). Uma das classificacbes mais utilizadas para este tumor é a classificacao de Lauren, que

se baseia em aspectos histopatoldgicos e clinicos, dividindo-o em dois subtipos: intestinal e
difuso (Figura 4) (LAUREN, 1965).

fui

" %

R, T i o NN
wiam O I R N e el A R

Figura 4 - Classificacdo histopatoldgica de Lauren. Adenocarcinomas dos tipos [a] Intestinal [Fonte:
Hartgrink et al. (2009)] e [b] Difuso [Fonte: Espejo e Navarrete (2003)] corados por HE (x400).

Os tumores do tipo intestinal sdo predominantemente encontrados em homens e
em individuos mais velhos, sdo dependentes de fatores ambientais e podem estar associados a
presenca de lesdes pré-malignas, que representam passos intermediérios no desenvolvimento
da neoplasia. Tais tumores sdo os mais frequentes e, em geral, se apresentam moderadamente
ou bem diferenciados, mostrando microscopicamente um padrdo glandular semelhante a
mucosa intestinal, com células coesas que formam estruturas tubulares, comumente
acompanhado por formacéo papilar ou componentes solidos (Figura 4a) (WU et al., 2006).

Ja os tumores difusos acometem com mais frequéncia pacientes jovens e do sexo
feminino, podendo apresentar um carater hereditario. Esses tumores sdo pouco diferenciados,
tém progndstico ruim e ndo estdo associados a lesbes pré-malignas (KOKKOLA e
SIPPONEN, 2001; LIM et al.,, 2003; CARNEIRO et al., 2004). Microscopicamente,
consistem em células pobremente coesivas resultando em pequenos grupos ou mesmo em
células tumorais solitarias, sem formacdo de estruturas glandulares, apresentando algumas
vezes um vacuolo citoplasmatico claro (Figura 4b) (HARTGRINK et al., 2009).

Geograficamente, os adenocarcinomas do tipo difuso sdo mais comumente encontrados em
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areas de baixa incidéncia, enquanto os do tipo intestinal sdo predominantes em areas de alta
incidéncia (HAMILTON e AALTONEN, 2000).

Outro parametro histopatologico é o estadiamento do tumor. Existem dois
sistemas principais usados para classificar o estadiamento do cancer gastrico: o da "Japanese
Classification of Gastric Cancer" (JCGC) e o Tumor-Nodo-Metastase (TNM) da
“International Union Against Cancer” (UIAC) (HARTGRINK et al., 2009). Na classificagéo
patoldgica pTNM sdo avaliados parametros como a profundidade do tumor (T), a presenca de
linfonodos comprometidos (N) e a presenca de metastases a distancia (M), como mostrado na
Tabela 1 (WERNER et al., 2001).

Tabela 1 - Definicdo do TNM patoldgico.

Tumor Primario (pT)
TX Tumor priméario ndo pode ser avaliado
TO Sem evidéncia de tumor primario
Tis Carcinoma in situ
T1 Tumor invade a lamina prépria ou submucosa
T2 Tumor invade a muscular prépria ou subserosa
T2a Tumor invade a muscular propria
T2b Tumor invade subserosa
T3 Tumor invade a serosa sem invadir estruturas adjacentes
T4  Tumor invade estruturas adjacentes
Linfonodos Regionais (pN)
NX Linfonodos regionais ndo podem ser avaliados
NO Sem metastase para linfonodos regionais
N1 Metastase em 1 a 6 linfonodos regionais
N2 Metastase em 7 a 15 linfonodos regionais
N3 Metastase em mais de 15 linfonodos regionais
Metéstase a distancia (pM)
MX Presenca de metéstase a distancia ndo pode ser avaliada
MO Sem metastase & distancia
M1 Com metéstase a distancia

Traduzido de IARC (2000).

Baseado nesta classificacdo, € estabelecido o estadiamento do tumor, que pode ser
classificado em quatro estadios (I - 1V). Os estadios | e 11 podem ser agrupados como de baixo
grau, enquanto 11l e IV sdo denominados de alto grau, os quais compreendem cerca de 65%
de todos os tumores e apresentam um pior prognostico (Tabela 2) (WERNER et al., 2001).
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Tabela 2 — Estadiamento por agrupamento de classificagdes histoldgicas.

Estadiamento Combinagbes TNM
0 Tis NO MO
1A T1 NO MO
IB T1 N1 MO
T2alb NO MO
1 T1 N2 MO
T2alb N1 MO
T3 NO MO
A T2alb N2 MO
T3 N1 MO
T4 NO MO
1B T3 N2 MO
v T4 N1-3 MO
T1-3 N3 MO

Qualquer Qualquer M1

Traduzido de IARC (2000).

1.1.3 Etiologia

Vérios sdo os fatores etiolégicos possivelmente envolvidos na tumorigénese
gastrica. Estudos epidemioldgicos sugerem que fatores genéticos e ambientais tenham um
importante papel no desenvolvimento desse cancer (ANDO et al., 2006; YANG et al., 2009;
PAKSERESHT et al., 2011).

Dentre os fatores genéticos, destacam-se aqueles responsaveis pelos casos
hereditarios de cancer gastrico, associados a 5% de todos os casos (BARBER et al., 2006),
como por exemplo a mutacdo do gene da E-caderina (CDH1). Nas familias com mutacéo do
gene CDHL, o cancer gastrico foi identificado em 76,5 — 100% de espécimes obtidos a partir
gastrectomias profilaticas (HUNTSMAN et al., 2001; LYNCH et al., 2008). Alteracdes nesse
gene sdo reportadas ndo somente em casos hereditarios, mas também em tumores gastricos
primarios, nos quais o promotor de CDH1 se encontra hipermetilado em 40-80% casos
(GRAZIANO et al., 2003).

Dentre os fatores ambientais, pode-se destacar:

= Consumo elevado de sal, que através da destruicdo da camada mucosa gera
inflamacéo, erosdes e degeneracdo epitelial (GLADE, 1999; LIU e RUSSELL,

2008);

= Consumo excessivo de alcool, embora sua associa¢do ndo tenha sido demonstrada
(FRANKE et al., 2005);
= Tabagismo (LADEIRAS-LOPES et al., 2008);
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= Infecgdo pela bactéria Helicobacter pylori, um dos principal fatores ambientais
causadores de cancer gastrico (WEN e MOSS, 2009).

H. pylori esta envolvida na etiologia de doencas gastricas, tendo sua participacao
comprovada somente no ano de 1983, por Robin Warren e Barry Marshall, que ganharam o
Prémio Nobel em 2005 por essa descoberta. (WARREN e MARSHALL, 1983). A infeccdo
por essa bactéria estd relacionada a carcinogénese de tumores do subtipo intestinal, como
proposto por Correa (1992). Esse processo é inicialmente dirigido pela infeccdo por H.
pylori, causando uma sequéncia de lesdes precursoras caracterizadas por uma cascata de

mudancas na mucosa gastrica que progridem a partir da mucosa normal (Figura 5).

Helicobach Mucosa Mormal
copacier py h'_‘—'—-—-—._._____________-_‘_‘_* /

lori
— \Gaﬂ:ﬁte Cronica
Defeitos
Geneticos
. Epigeneticos . /
Gastrite Atrofica

Metaplasia Intestinal

/ Defeitos Genéticos

Displasia

Cancer Gastrico

[Tipo Difuso)

Figura 5 - Representacdo esquematica da Cascata de Correa. Modelo sequencial de alteragbes, com a
progressdo a partir da mucosa normal, evoluindo para gastrite cronica, gastrite atréfica, metaplasia intestinal,

displasia e, por fim, o cancer gastrico do tipo intestinal. Adaptado de Correa (1992).

1.2 Helicobacter pylori

E uma bactéria encontrada com maior frequéncia na forma espiralada ou
encurvada, também podendo assumir a forma de cocos, gram-negativa, movel, microaerofila,

que possui de 4-6 flagelos unipolares embainhados e que apresenta de 0,5 a 0,9 um de largura
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e 2 a4 um de comprimento. Essa espécie esta classificada no Dominio Bacteria, filo
Proteobacteria, classe Epsilonproteobacteria, na ordem Campylobacterales, na familia
Helicobacteraceae e no género Helicobacter (GOODWIN, et al., 1989; MONTECUCCO e
RAPPUOLLI, 2001; OWEN, 2001; NCBI).

H. pylori coloniza areas do estdbmago e duodeno (WARREN e MARSHALL,
1983) e sobrevive muito bem neste ambiente acido devido a secre¢do de urease. Essa enzima
converte a uréia, presente em condi¢bes fisioldgicas no suco gastrico, em aménia e
bicarbonato promovendo a alcalinizacdo local e resultando no aumento do pH periplasmatico
e do microambiente proximo (Figura 6). A elevacdo do pH previne o acimulo téxico de uréia
dentro da bactéria e protege esse patdgeno dos efeitos deletérios do pH acido do estbmago
(TOMBOLA et al., 2001; YAMAOKA, 2008).

Figura 6 - Helicobacter pylori a) Micrografia eletronica b) Representacdo esquematica mostrando a forma,
flagelo polar, urease, canal de uréia e a producdo de aménia (NHs), a qual neutraliza o ambiente &cido em
amarelo, o citosol e 0 ambiente imediatamente ao redor da bactéria (azul). Fonte: Montecucco e Rappuoli (2001).

Acredita-se que ha centenas de anos H. pylori venha coexistindo com a espécie
humana. Tem-se hipotetizado que a colonizacdo por essa bactéria pode ter proporcionado
beneficios aqueles que a possuiam, funcionando como uma pressdo seletiva durante um longo
periodo de tempo (BLASER e ATHERTON, 2004).
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H. pylori possui uma distribui¢cdo cosmopolita, sendo encontrada em habitantes de
todos os continentes (GO, 2002). Admite-se que a infeccdo ocorre durante a infancia e
embora as vias de transmissdo ndo sejam completamente entendidas, s@o aceitas as seguintes:
(1) via fecal-oral, caracteristica de paises em desenvolvimento, na qual a &gua poderia ser o
veiculo; e (2) via gastro-oral e oral-oral, prevalente em paises desenvolvidos (SHANKS e EL-
OMAR, 2009; KHALIFA et al., 2010). A prevaléncia da infeccdo por H. pylori varia de
acordo com a idade (quanto maior a idade maior a prevaléncia), o nivel socioeconémico
(maior em paises em desenvolvimento) e a etnia (LOGAN e WALKER, 2001).

1.2.2 Helicobacter pylori e o Cancer Gastrico

Em 1994, a Organizacdo Mundial de Satde (OMS) classificou H. pylori como um
carcinogeno de classe | (definitivo), baseando-se em evidéncias epidemioldgicas sobre seu
papel na patogénese dos adenocarcinomas gastricos (IARC, 1994). Embora cerca de 50% da
populacdo mundial esteja infectada por essa bactéria, estima-se que somente 1-2% dessas
pessoas irdo desenvolver cancer gastrico (WEN e MOSS, 2009). Essa discordancia entre as
taxas de infeccdo e desenvolvimento da doenca é devida a diferencas entre as cepas
envolvidas nas infecgdes (presenca de fatores de viruléncia), bem como entre os hospedeiros
humanos (fatores genéticos e ambientais) (GLADE, 1999; HUANG et al.,, 2003,
SCHNEIDER et al., 2008; LIMA et al., 2011).

1.2.3 Fatores de Viruléncia

Alguns fatores de viruléncia de H. pylori sdo frequentemente associados a
doencas gastricas mais graves. Estudos mostram que a presenca da ilha de patogenicidade
Cag (cag-PAl), bem como da variacdo alélica do gene vacA, estdo relacionadas ao
desenvolvimento de céncer gastrico (CENSINI et al., 1996; ENROTH et al., 2000;
DOURAGHI et al., 2009).

a) Ilha de Patogenicidade cag (cag-PAl)
cag-PAI (Figura 7) constitui uma regido génica de H. pylori de 37 kb, composta

por aproximadamente 29 genes que codificam o sistema de secrecdo tipo IV (SST4), utilizado

pela batéria para a transferéncia de produtos bacterianos para a célula hospedeira, incluindo a



21

proteina CagA (SUERBAUM e JOSENHANS, 2007). Tais produtos injetados via SST4
permitem que a bactéria module vias do matebolismo da célula hospedeira (COVACCI e
RAPPUOLLI, 2000).
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epitelizis gastricas

Figura 7 - llha de patogenicidade cag, composta por aproximadamente 37 kb e 29 genes. As proteinas
codificadas pelos genes da ilha estdo envolvidas em dois processos principais: a indugdo da produgdo de
interleucina-8 (IL-8) pelas células epiteliais gastricas e a translocacdo de CagA da bactéria para a célula do
hospedeiro. Todos 0s genes representados por setas em tons escuros de vermelho e verde indicam genes que sdo
essenciais para inducdo de IL-8; considerando os tons mais claros de vermelho e verde, indicam os genes que ndo
estdo envolvidos neste processo. As setas marcadas com um ponto vermelho indicam 0s genes que ndo séo
necessarios para a translocacdo de CagA, os genes ndo marcados, sdo essenciais para a translocacdo. Traduzido de
Suerbaum e Josenhans (2007).

Gene cagA — localizado na porcdo direita da ilha, € um marcador de cag-PAlI, que
codifica uma proteina (CagA) de 125-145 kDa injetada nas células epiteliais gastricas quando
ocorre sucesso da infeccdo por H. pylori. Essa proteina atua como um antigeno altamente
imunogénico, que leva a mudancas morfolégicas na célula hospedeira (fenotipo
hummingbird). A proteina CagA, além de mudancas na estrutura celular, também ¢é
responsavel pela desregulagdo da polaridade e da proliferacdo celular, do processo mitético,
agindo como uma engrenagem na desregulacdo de multiplas vias de sinalizagdo celular
(MURATA-KAMIYA, 2011). Estudos em roedores mostraram que os animais infectados
com cepas de H. pylori do tipo selvagem (que possuia cagA sem alteracOes) desenvolveram
cancer gastrico, diferentemente daqueles infectados por cepas com cagA mutante (FRANCO

et al., 2005; 2008). Nos paises ocidentais, tem sido reportado que individuos infectados com
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cepas de H. pylori que possuem o gene cagA tém um maior risco de desenvolver Ulcera
péptica e cancer gastrico, que aquelas infectadas com cepas cagA negativas (VAN DOORN et
al., 1998; YAMAOKA et al., 2002). J& nos paises do leste asiatico, a maioria das cepas de H.
pylori possui o0 gene cagA, ndo havendo uma associacdo clara com alguma doenca
(YAMAOKA et al., 1999).

Gene cagE (virB4) — também localizado na porcdo direita de cag-PAI, ¢

considerado um melhor marcador de integridade da ilha de patogenicidade que os outros
genes cag (IKENOUE et al., 2001; SOZZI et al., 2005). Este gene codifica uma proteina
transmembrana constituinte do SST4 (Figura 8), localizada na membrana interna da bactéria,
com funcdo de ATPase, que fornece energia para a montagem do sistema e/ou transporte de
substancias (KUTTER et al., 2008). Além disso, essa proteina é responsavel pela inducdo da

secrecdo de interleucina 8 (IL-8) pelas células epiteliais gastricas (TUMMURU et al., 1995).

Proteina efetora
e (HP0547)

VirBS (HP0539)

VirB2 (HP0546)

Peptiogicano e
Cag3 (HP0522)
CagM (HP0537)
-~ VirB8 (HP0530)

VieB1 (HP0523)
VirB9 (HP0528)

VirD4 (HP0524) " \VirB11 (HPDS525)

Chaperonz mposaa; Proteinz efetors HPOSAT!

Figura 8 - Modelo do sistema de secrecéo tipo IV de Helicobacter pylori. Cada componente do sistema de
secrecdo codificado por cag-PAI demonstrado em cinza. Traduzido de Olbermann et al. (2010).
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Gene virB11 — localizado na porcéo esquerda de cag-PAl, este gene codifica uma
proteina essencial para a translocacao de CagA (FISCHER et al., 2001). Ele também faz parte
do SST4 e possui uma estrutura anelar composta de seis unidades monoméricas, exibindo
funcdo de ATPase (Figura 8) (FRONZES et al., 2009).

b) Citotoxina Vacuolizante A (vacA)

O gene vacA estd presente em todas as cepas de H. pylori e compreende duas
partes variaveis, s (localizada no final da cadeia 5> do DNA) e m (localizada na regido média).
Essas duas regiGes possuem alelos variaveis: s (s1 ou s2) e m (m1 ou m2), e a combinagdo em
mosaico desses alelos determina a toxicidade da proteina produzida (Figura 9). Cepas
portadoras do gendtipo siml produzem uma proteina que é toxica para uma maior variedade
de tipos celulares, que aquelas s1m2. Ja as cepas s2ml sdo raras e 0 produto de cepas s2m2
virtualmente ndo possui toxicidade (PAGLIACCIA et al., 1998; LETLEY et al., 2003).

Citotoxina VacA
_ p Madura
( ISinzl péip tldeto Regido autotransportadora
clivado durante a '
exportacdo da toxina) sub-unidade  sub-unidade Eckhveitin duroete o
p37 D58 exportacdo da toxina)
0/ ] ] vacatposim
Tipo s1 Tipo m1 Completamente ativa
D | I/\i i | | VacA tipo sim2
Tipo si Tipo m2 Ativa, mas se liga a uma

menor variedade de células

m N

| VacA tipo s2m2

J\|
Tipo s2 \ Tipo m2 \ N&o induz vacuolizaggdo
e ndo forma poros de
Mudanca no sftio de civagem | | Subunidade tipo m2 eficientemente
do sinal peptideo retira uma VacA se liga a uma
porcdo N-terminal, que torna menor variedade
VacA nao-téxica de células

Figura 9 - Polimorfismo no gene vacA de Helicobacter pylori. O gene vacA possui variagdes nas regides sinal
(s1 e s2) e média (m1 e m2), normalmente originando dessas combinages trés tipos de toxinas: slml, slm2 e
s2m2 (o tipo s2m1 é raro). Traduzido de Atherton (2006).

A proteina VacA é secretada no espaco extracelular e é internalizada por
endocitose pela célula do hospedeiro. Esta citotoxina induz varias atividades celulares,

incluindo a formacdo de poros nas membranas citoplasmaética e mitocondrial, bem como o



24

efluxo de citocromo ¢, que aumenta a permeabilidade celular, levando & apoptose. Essa
proteina também interfere na fagocitose, na apresentacdo de antigenos, além de inibir
especificamente a ativacdo e a proliferacdo de células T (Figura 10) (SUNDRUD et al., 2004;
BASSO et al., 2010).
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Figura 10 - Efeitos de VacA nas células epiteliais géstricas. Alteracdes na permeabilidade da membrana
mitocondrial e apoptose, estimulagdo da sinalizagdo pré-inflamatéria, aumento da permeabilidade da membrana
plasmatica e alteragdes nos compartimentos endociticos. Outros fatores de H. pylori rompem a barreira epitelial
e facilitam a passagem de VacA. Dentro da lamina prépria, VacA interfere na ativagdo e proliferacdo dos
linfocitos T. Vérios desses efeitos de VacA sao atribuidos a formagdo de canais de membrana. Traduzido de
Cover e Blanke (2005).

1.3 Colonizagéo por Helicobacter pylori e Resposta Imune do Hospedeiro

Para a colonizacdo da mucosa gastrica, € necessario que H. pylori atravesse a
camada de muco que protege o epitélio gastrico. Assim, lipases e proteases sdo sintetizadas
para a degradacdo dessa camada, facilitando esta etapa de colonizagdo. Além disto, H. pylori
move-se facilmente devido a sua morfologia em espiral e aos seus flagelos, atravessando a
camada de muco e estabelecendo intimo contato com as células epiteliais de revestimento

(LADEIRA et al., 2003). Os fatores de aderéncia contribuem para a sua fixacdo ao epitélio
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gastrico, por meio da adesdo & moléculas expressas na superficie dessas células, como 0s
antigenos de grupos sanguineos Lewis b (BOREN et al. 1993; HILL e RODE, 1998). Apo6s
essa adesdo, a celula epitelial passa a ter contato com uma série de fatores de viruléncia da
bactéria, como o SST4, CagA, VacA, dentre outros produtos bacterianos (O’KEEFFE e
MORAN, 2008).

A resposta imune inata do hospedeiro se inicia através do reconhecimento de
peptidoglicano, lipopolissacarideo (LPS) e flagelina de H. pylori, pelos receptores toll-like
(TLR) 2, 4 e 5, respectivamente (Figura 11) (ADEREM et al., 2000). Entretanto, estudos
mostram que tanto o LPS quanto as flagelinas (FlaA e FlaB) dessa bactéria induzem uma
ativagdo minima de respostas mediadas pelos TLR4 e TLR5 (LEE et al., 2003;
SCHMAUSSER et al., 2004).

Uma outra familia de moléculas de reconhecimento de patégenos, a das proteinas
Nod, parece ter um papel mais central na mediacdo da imunidade inata contra H. pylori. A
proteina Nod-1, parte do sistema de reconhecimento intracelular, detecta peptideos derivados
do peptideoglicano que compfe a parede celular da bactéria. Tal deteccdo estimula a
sinalizacdo através da ativacdo do fator de nuclear kB (NF-xB), que por sua vez leva a
transcricdo de varios genes, incluindo citocinas inflamatdrias como a IL-8. O reconhecimento
por Nod-1, provavelmente, é mais importante que por TLR, uma vez que a produgdo de NF-
kB e IL-8 nas células epiteliais se mostrou dependente dessa via de sinalizagdo (VIALA et al.,
2004).

Os componentes responsaveis pela ligacdo entre as respostas imunes inata e
adaptativa a infec¢do por H. pylori sdo as células dendriticas (DC). Elas possuem um papel
critico, pois sdo as células que primariamente respondem aos produtos bacterianos, além de
atuarem como células apresentadoras de antigenos. O rompimento da barreira epitelial pela
bacteria facilita a interacdo entre as DCs e H. pylori e seus antigenos. Apds a ativacdo dos
TLRs, as DCs ativam as células T de diferentes formas, induzindo também a resposta Thl ou
Th2/Treg pela geracéo de 1L-12 ou IL-10, respectivamente (PEEK et al., 2010).

Dessa forma, a resposta imune adaptativa contra H. pylori acontece
principalmente através das células T. Acredita-se que a inflamacdo da mucosa induzida pela
bactéria seja causada pela polarizacdo da resposta para o padrdo Th1l, embora em alguns casos
também possa haver resposta Th2 (BAMFORD et al., 1998).
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Figura 11 - Receptores Toll-like (TLRs) e o reconhecimento de patégenos. A ativagcdo dos TLRs e
receptores intracelulares (Nod-1) por padrGes moleculares associados a patégenos (PAMPSs) desencadeia varias
vias de sinaliza¢do intracelular que culminam na ativacdo de NF-kB e subsequente produgdo de efetores

inflamatdrios e imunes, como a IL-8. Traduzido de Peek et al. (2010).

A polarizacdo em direcdo a um perfil de citocinas Thl pode contribuir para o
desenvolvimento de Ulcera péptica e doencas mais graves, enquanto a ativacdo de respostas
do tipo Th2 resultam em uma melhora dos sintomas dispépticos (D’ELIOS et al., 2003).
Estudos com modelos animais demonstraram que patologias induzidas por H. pylori sdo
dependentes das respostas mediadas por células e citocinas do perfil de resposta Thl
(SOMMER et al., 2001; HELLMIG et al., 2003; STOICQV et al., 2004). Dessa forma, a
resposta Thl sem controle estaria relacionada a promocdo de uma infeccdo cronica e ao
desenvolvimento doencas mais graves, embora seja este tipo de resposta aquele que confere
uma real protecdo contra a infeccdo (O’KEEFFE e MORAN, 2008).
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1.4 Polimorfismos de Interleucinas

Algumas das citocinas envolvidas na resposta inflamatoria possuem genes
polimorficos. Tais polimorfismos alteram a expressao desses genes e, consequentemente, a
intensidade da resposta inflamatoria por parte do hospedeiro (KROEGER et al., 1997; LIAO
et al., 2008).

1.4.1 Interleucina 1 Beta (IL1p)

A IL-1B é uma citocina pré-inflamatoria produzida na resposta do hospedeiro a
uma variedade de estimulos endogenos e exdgenos. Dentre seus efeitos bioldgicos destaca-se
a capacidade de induzir a expressdo de varios genes, como: TNF, I1L2, IL6, IL12, moléculas de
adesdo, dentre outros. (EL-OMAR, 2001). Na mucosa gastrica, a IL-1p3 age como um potente
inibidor a secrecdo de acido gastrico, possuindo também um papel principal no inicio e na
amplificacdo da resposta inflamatoria a infecgdo por H. pylori (BASSO et al., 2010).

A familia de proteina IL-1 é um cluster responsavel por codificar trés genes: IL1a,
IL1p e ILIRN. O gene humano de IL-1p esté localizado no cromossomo 2q, sendo produzido
como um peptideo precursor e ativado por processamento proteolitico (EL-OMAR et al.,
2000). Dois polimorfismos de unico nucleotideo (SNPs) sdo identificados na regido
promotora deste gene nas posicoes: -511 e -31 (PEREZ-PEREZ et al., 2005). Desses SNPs,
um dos mais estudados € o -511 C/T (rs 16944), no qual o alelo T esta relacionado ao
aumento dos niveis dessa interleucina na mucosa gastrica (FURUTA et al., 2002).

Diversos estudos mostram uma associacao entre a presenca do alelo polimérfico
de IL1p -511T ao risco do desenvolvimento de cancer gastrico (KUMAR et al., 2009; HE et
al., 2011). Esse aumento de risco parece ser devido a supressdo da secrecdo gastrica e intensa
resposta inflamatoria, que em conjunto levam a progressdo das lesdes gastricas (FURUTA et
al., 2002).

1.4.2 Receptor Antagonista de Interleucina 1 (IL-1RN)

IL-1RN € uma citocina anti-inflamatoria que se liga competitivamente ao receptor
de IL-1 sem a ativagdo das células-alvo, agindo assim como um antagonista de IL-1a e IL-1p.
Dessa forma, IL-1RN atua na modulacdo dos potenciais efeitos danosos de IL-1a e IL-1B
(AL-MOUNDHRI et al., 2006). As concenctragdes plasmaticas de IL-1RN em doencas
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inflamatorias e infecciosas sdo fortemente aumentadas, sendo aproximadamente 100 vezes
maiores que as de IL-1B. Acredita-se que a taxa IL-1p/IL-1RN seja critica para determinar a
gravidade da reacdo inflamatoria (SANTILLA et al., 1998).

Um polimorfismo de repeticdo € encontrado no intron 2 do gene de IL-1RN, no
qual existe uma variacdo no nimero de uma sequencia de 86 pb. Tal varia¢do resulta em um
alelo curto (ILIRN*2, duas repeticOes) e alelos longos (trés a seis repeti¢des), sendo o alelo
curto aquele associado a uma maior producéo de IL-1p (SANTILLA et al., 1998). Devido a
essa capacidade de influenciar os niveis de IL-1pB, o alelo curto de IL1IRN tem sido muito
estudado em relacdo com doencas gastricas, sendo encontrada em alguns um aumento do
risco para essas doengas (EL-OMAR et al., 2001; MACHADO et al., 2001; FIGUEIREDO et
al., 2002).

1.4.3 Fator de Necrose Tumoral Alfa (TNF)

TNF é uma poderosa citocina pré-inflamatoria que, embora seja produzida por
diversos tipos celulares, tem como principal fonte os macréfagos (VASSALLI, 1992). E
produzida como uma molécula ligada a membrana de 26 kDa, a partir da qual € liberada na
forma de uma molécula ativa soltvel de 17 kDa, através de clivagem enziméatica (HAJEER e
HUTCHINSON, 2000).

As funcdes biologicas de TNF sdo complexas e relacionadas a sua concentracao e
duracdo de exposicdo. Em situacGes agudas, a producdo local desta citocina é claramente
benéfica, pois leva ao aumento da expressdo de moléculas de adesdo no endotélio vascular,
permitindo a passagem de células imunes, como neutréfilos e macrdfagos, para os sitios com
dano tecidual e infeccdo (BARBARA et al., 1996). Além disso, TNF ativa fagocitos para
engolfar e eliminar agentes infecciosos e restos celulares. No entanto, exposi¢des sistémicas
ou prolongadas ao TNF podem ser prejudiciais, uma vez que altos niveis dessa citocina na
circulacdo estéo associados ao choque toxico (TRACEY et al., 1986). A inducéo de TNF para
a producdo de IL-1 e IL-6 leva ao aumento da temperatura, a sonoléncia e a liberacdo de
glicocorticdides (HERMANN et al., 1998).

Na mucosa gastrica, essa citocina esta envolvida na resposta a infec¢do por H.
pylori e, assim como a IL-1B, possui um efeito inibitorio na produgdo de acido cloridrico,
embora mais fraco (BEALES et al., 1998). Reporta-se que essa citocina tenha varias vias de
inibicdo da secrecdo gastrica, que ocorre em um nivel pods-receptor e envolve vias

dependentes e independentes de tirosina-quinase (SUGIMOTO et al., 2010).
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O gene humano de TNF (ID: 7124) esté localizado no brago curto do cromossomo
6 (6p21.3) e varios SNPs sdo relatados na regido promotora deste gene nas posi¢des -1031, -
863, -857, -376, -308, -238, dentre outros (HAJEER e HUTCHINSON, 2000). Desses SNPs
um dos mais extensivamente estudados € o polimorfismo -308 G/A (rs1800629), no qual o
alelo polimorfico -308A estd relacionado a uma maior atividade transcricional, quando
comparado ao alelo selvagem -308G (KROEGER et al., 1997). Dessa forma, em pessoas
portadoras do alelo polimdrfico ocorre uma amplificacdo da cascata inflamatoria contra a
infeccdo e tal resposta inflamatdria excessiva na mucosa gastrica pode estar associada tanto
com a inibi¢do da secrecdo gastrica, quanto a maior suscetibilidade ao cancer (FURUTA et
al., 2002).

Devido ao fato da inflamacdo ser um importante componente de uma série de
doencas, estudos tém demonstrado uma associacdo entre o alelo polimérfico de TNF -308A e
0 risco a essas doencas. Podem ser citadas como exemplo a doenca celiaca (MCMANUS et
al., 1996), a doenca de Crohn (LOUIS et al., 1996), a colangite esclerosante hepética
(BERNAL et al., 1999), doencas gastricas inflamatdrias (gastrite e Glcera), bem como cancer
de estdmago (HOU et al., 2007).

1.4.4 Interleucina 6 (IL-6)

A IL-6 foi originalmente identificada como um fator de diferenciacdo de células
B, mas atualmente se sabe que esta € uma citocina multifuncional, que regula a resposta
imune, hematopoiese e a resposta inflamatdria de fase aguda (ISHIHARA e HIRANO, 2002).
Ela é produzida tanto por células da imunidade (mondcitos, linfécitos e macréfagos), quanto
por outras células, como célula endotelial, célula epitelial intestinal e osteoclastos (LAUTA,
2001). Essa citocina atua como mensageiro entre as imunidades inata e adaptativa,
estimulando a producdo de interferon-y (IFN- vy) pelas células T, promovendo a secregdo de
imunoglobulina por células B ativadas e ativacdo de células PMN (CURFS et al., 1997).

O gene humano da IL6 (ID: 3569) esta localizado no brago curto do cromossomo
7 (7p21) e possui quatro SNPs em sua regido promotora (-597, -572, -373 e -174). Desses
polimorfismos relatados, somente um parece afetar a transcricdo do gene, o -174 G/C
(rs1800795), sendo também assim o mais estudado (LIAO et al., 2008). O alelo selvagem -
174G esta relacionado a um maior nivel de producdo dessa interleucina que o alelo
polimorfico -174C (FISHMAN et al., 1998).
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Na mucosa géstrica, ha uma estreita relacdo entre a infeccdo por H. pylori e a IL-
6, uma vez que os niveis de mRNA dessa citocina tém sido correlacionados aos niveis de
inflamacédo. Além disso, estudos mostraram que o0s niveis plasmaticos de IL-6 se encontravam
elevados em gastrites associadas a H. pylori, além de estarem também relacionados a um
prognostico ruim em casos avangados de cancer gastrico (DE VITA et al., 2001). Quanto ao
polimorfismo -174 G/C, o alelo -174G tem se mostrado associado a doencgas inflamatdrias
como artrite crénica juvenil (FISHMAN et al., 1998), aterosclerose (BENNERMO et al.,
2004), doencas cardiovasculares (HUMPHRIES et al.,, 2001), doencas gastroduodenais
(KANG et al., 2009), canceres (DEMICHELE et al., 2003; COZEN et al., 2004), dentre

outras.

1.5 Polimorfismos de Interleucinas no Cancer Gastrico

Alguns estudos tém analisado a associa¢do dos polimorfismos das citocinas ao
risco do desenvolvimento de cancer gastrico, embora os resultados sejam controversos.
Quanto aos polimorfimos de /L1 -511 C/T e IL1RN, alguns estudos mostram uma associacao
entre 0 gendtipo -511 TT e o alelo IL1IRN*2 e o desenvolvimento de cancer gastrico (AL-
MOUNDHRI et al., 2009; KUMAR et al., 2009; MELO BARBOSA et al., 2009; HE et al.,
2011), embora esses resultados variem de acordo com a populagéo estudada.

Quanto ao polimorfismo de TNF, alguns desses estudos encontraram associagao
entre o alelo -308A e 0 aumento do risco (LU et al., 2005; HOU et al., 2007), embora outros
ndo tenham identificado qualquer associacdo (KAMANGAR et al., 2006; CRUSIUS et al.,
2008; MELO BARBOSA et al., 2009).

Ja em relacdo ao polimorfismo de IL6 -174 G/C, os estudos em cancer gastrico
mostram que h& uma associacdo entre o alelo -174G e o0 aumento no risco para
desenvolvimento dessa neoplasia (GATTI et al., 2007), embora outros tenham mostrado
resultados discordantes (EL-OMAR et al., 2003; SAVAGE et al., 2004).
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1.6 Inflamacé&o e Metilagdo de Promotores no Cancer Géstrico

O proceso inflamatério exacerbado parece estar envolvido na carcinogénese
gastrica, uma vez que esta pode ser responsavel por: danos ao DNA, causados por estresse
oxidativo; ativacdo da transcricdo de fatores de crescimento, de genes anti-apoptético e de
moléculas de adesdo, através da ativacdo de NF-«xB, e alguns outros fatores (LI e VERMA,
2002; FUENTES-PANANA et al., 2009). Alguns estudos também apontam a associacio
entre inflamacdo e metilacdo de regides promotoras de determinados genes (CHAN et al.,
2007; YOO et al., 2008).

A metilacdo ocorre em regies do genoma ricas em citosina e guanina,
denominadas de ilhas CpG. Alguns genes possuem ilhas CpG associadas que ficam
localizadas quase sempre na regido promotora do gene. A metilacdo das ilhas CpG constitui
uma das principais vias epigenéticas envolvidas na regulacdo da transcricdo génica, que, por
sua vez, esta envolvida em processos de diferenciacdo celular, inativacdo do cromossomo X e
impriting génico (JONES e LAIRD, 1999; ROBERTSON, 2005). Alteragbes no padrdo de
metilacdo dessas regifes promotoras podem resultar na inativacdo de genes supressores de
tumor (HERMAN e BAYLIN, 2003; JONES e BAYLIN, 2002).

Alguns estudos demonstraram um aumento na metilacdo de ilhas CpG de varios
genes na mucosa de pacientes infectados por H. pylori (MAEKITA et al., 2006; CHO et al.,
2007). Dentre esses estdo os genes CDKN2A, MLH1 e COX-2. O gene CDKN2A é
considerado um supressor tumoral, que codifica a proteina reguladora do ciclo celular p16
INK4Aenvolvida na inibicdo da progressao da fase G1 (KSIAA et al., 2009). J4 MLH1 codifica
uma enzima de reparo, cuja funcdo é manter a fidelidade do genoma durante a proliferacdo
celular (NAN et al., 2005). O gene COX-2, por sua vez, codifica uma proteina responsavel
tanto pela proliferacdo celular, quanto pela producéo de prostaglandinas durante a inflamacéo
gastrica (JACKSON et al., 2000; PAI et al., 2002).

Estudos confirmam ainda a existéncia de uma associagdo entre polimorfismos de
interleucinas e a metilacdo de promotores génicos no cancer gastrico. Tais estudos
demonstraram que pacientes portadores do genotipo polimérfico de -511 C/T de IL1p, que
tem como consequéncia uma inflamagdo de maior intensidade, estavam predispostos ao
desenvolvimento de cancer gastrico através da hipermetilacdo de ilhas CpG (GATTI et al.,
2005; CHAN et al., 2007).
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Tendo em vista que, embora varios estudos tenham sido feitos no intuito de
avaliar a influéncia de H. pylori e dos polimorfismos de interleucinas na metilagdo de
promotores génicos no cancer gastrico, ndo se tem conhecimento de estudos que analisem 0s
polimorfismos associados aos genes de viruléncia de H. pylori. Além disso, todos os trabalhos
acerca dos polimorfismos de interleucinas no desenvolvimento dessa neoplasia constituem
estudos de risco, deixando de correlacionar tais polimorfismos a presenca de fatores de

viruléncia de H. pylori.
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1.7 Perguntas de Partida

= A viruléncia de H. pylori e o gendtipo do hospedeiro (em relacdo aos
polimorfismos de interleucinas) associados levariam a uma maior taxa de
metilacdo de regides promotoras de genes envolvidos na carcinogénese gastrica?
= Existe uma relacdo entre a presenca de genes de viruléncia de H. pylori e
polimorfismos de interleucinas que resultariam no desenvolvimento de cancer?

Qual seria essa relacdo?

1.8 Hipoteses de Trabalho

= Pacientes portadores de determinados polimorfismos de interleucinas (IL1p,
ILIRN, IL6, TNF) e infectados por cepas mais virulentas possuem uma maior taxa
de metilacdo de promotores de genes envolvidos na carcinogénese gastrica;

= EXxiste uma relagdo entre a patogenicidade da cepa de H. pylori e a intensidade da
resposta inflamatdria do hospedeiro, na qual cepas mais virulentas associadas a
uma resposta inflamatdria mais intensa favoreceriam o desenvolvimento do

cancer.
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2. OBJETIVOS

2.1 Objetivo Geral

= Relacionar o perfil genotipico de viruléncia de Helicobacter pylori com o perfil
genotipico dos polimorfismos de interleucinas pré-inflamatérias em pacientes
com adenocarinoma gastrico, bem como os correlacionar com a metilacdo de

promotores génicos.

2.2 Objetivos Especificos

= Genotipar cepas de H. pylori quanto aos genes de viruléncia vacA, cagA, cagE e
virB11 presentes em pacientes com cancer gastrico;

= Detectar a freqliéncia dos polimorfismos -511 C/T de /L1p, IL1RN, -308 G/A de
TNF e -174 G/C de IL6, nestes pacientes;

= Detectar a metilacdo dos promotores dos genes CDKN2A, MLH1 e COX-2 nas
amostras tumorais;

= Correlacionar caracteristicas clinico-epidemiol6gicas com a distribuicdo
genotipica dos polimorfismos estudados e com 0s geno6tipos de H. pylori;

= Correlacionar as cepas de H. pylori com a presenca dos polimorfismos na amostra
estudada;

= Correlacionar a metilacdo dos promores génicos estudados com o genétipo de H.
pylori e com a presenca dos polimorfismos de interleucinas.
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Abstract

Background: Interleukin polymorphisms and Helicobacter pylori infection are believed to
play critical roles in the DNA methylation process, an epigenetic feature frequently associated
with gastric carcinogenesis. The aim of this study was to determine the associations between
the polymorphisms of interleukins and the methylation status of three gastric cancer-related
genes. Material and Methods: The influence of H. pylori strains was also assessed. DNA
extracted from 80 gastric tumor samples was available for interleukin polymorphism
genotyping by PCR-RFLP, promoter methylation identification by MS-PCR and H. pylori
detection and later the 75 positive H. pylori samples were subtyping (cagA, cagE, virB11,
vacA and flaA genes) by PCR. Results: In the cardia tumors, methylation in promoter region
of COX-2 was associated with ILLRN*2 (p= 0.015), and the associated genotypes IL1B 511T
+ ILIRN*2 seem to be important in the methylation of COX-2 (p= 0.013), especially in the
presence of cagA+ (p= 0.026) and vacA sl (p= 0.025) H. pylori strains. The associated
genotypes of IL6 CC+TNF GG seem to be involved in the unmethylation of CDKN2A (p=
0.046) and MLH1 (p=0.031), respectively, along with H. pylori cagA+ infection. Conclusion:
DNA methylation in gastric cancer seems to be influenced by the presence of interleukin

polymorphisms and by the H. pylori cagA/vacAslm1 strains.

Keywords: Gastric Cancer; Helicobacter pylori genotypes, methylation, interleukin

polymorphisms
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INTRODUCTION

Helicobacter pylori is a Gram-negative bacterium that infects the human gastric
mucosa and has been designated as a human class | carcinogen of gastric malignancies by the
International Agency for Research on Cancer [1]. It is known that H. pylori infection triggers
chronic inflammation of the stomach, which can lead to stepwise development of the
malignancy [2,3].

Several proinflammatory interleukins, including interleukin 1 (IL1B), interleukin 1
receptor antagonist (ILLRN), IL6 and tumor necrosis factor (TNF) have been described as
being upregulated in the presence of H. pylori infection [4,5]. Genes encoding interleukins
harbor polymorphic regions, which usually are considered to alter gene transcription and
thereby influence inflammatory processes in response to infectious diseases. In the IL1B gene,
the T allele of -511 C/T polymorphism in the regulatory region has been found to be
associated with increased production of this interleukin. The IL1RN is an anti-inflammatory
interleukin that competitively binds to IL-1 receptors and thereby modulates the potentially
damaging effects of IL-1 [6]. This gene has a variable number tandem repeat in intron 2,
resulting in a short allele (ILLRN*2, two repeats) or long alleles (ILLRN*L, three to six
repeats). Santtila et al. [7] demonstrated in a study in vitro that ILLRN*2 is associated with
increased IL1pB production. In fact, the presence of these polymorphisms and also TNF and
IL6, has been associated with an increased risk of H. pylori-induced hypochlorhydria [8] and
gastric cancer [5;9-12], although the mechanisms in which these polymorphisms are
associated with gastric carcinogenesis are not well understood.

DNA methylation is an important cellular mechanism modulating gene expression
associated with aging and inflammation. Some studies have confirmed the association

between IL1B polymorphisms and methylation of CpG islands in gastric cancer [12,13].
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Additionally, some studies have demonstrated enhanced hypermethylation in multiple CpG
island loci in gastric mucosa of H. pylori-infected patients [15,16], supporting the hypothesis
that patients with H. pylori infection and IL1B -511 T/T genotype may be predisposed to
gastric cancer through the CpG island methylation pathway. However, there are few studies in
this field, and no one so far has related promoter methylation to interleukin polymorphisms
other than those in IL1B. When the H. pylori genotype is taken into account, it is restricted to
the presence of the cagA gene. This study is the first to examine the relationship between host
and bacterial genotype regarding methylation pattern.

Among the methylated genes found in gastric cancer, two of them had already
described as usual; the MLH1 and the CDKN2A genes. MLH1 encodes a mismatch repair

enzyme that maintains- the fidelity of the genome during cell proliferation [17]. CDKN2A

encodes a tumor suppressor gene, 16|NK4A, a cell cycle regulator involved in the inhibition
of G1 phase progression, which are associated with the early stages of gastric carcinogenesis.
Additionally, methylation of the COX-2 gene has been associated with its underexpression in
gastric cancer studies [18,19]. The COX-2 gene encodes a protein responsible for cell
proliferation by the activation of EGFR [20]; it inhibits apoptosis by upregulation of bcl-2
[21]. COX-2 is a key enzyme responsible for prostaglandin production during gastric
inflammation and ulcer healing [22]. The presence of COX-2 expression in gastric
carcinogenesis is a controversial issue [19;23,24].

There is no information if the polymorphisms of proinflammatory interleukins could
affect the methylation process. For filling the information lacking in this field, this study
aimed to determine the associations between the IL1B, IL1IRN, TNF and IL6 polymorphisms
and the DNA methylation status of three candidate genes (MLH1, CDKN2A and COX-2,),
largely associated with gastric carcinogenesis, and the influence of H. pylori strains in this

process.



51

MATERIAL AND METHODS

Subjects

The present study was approved by the Hospital Ethics Committee of the Federal
University of Ceard, Brazil, and all subjects signed an informed consent form before
inclusion. A total of 125 tumor samples of H. pylori-positive patients who had undergone
gastrectomy at University Hospital Walter Cantideo, Santa Casa de Misericordia Hospital and
General Hospital, located in Fortaleza (Ceard — Brazil), were included in this study. The

histological classification was done according to Lauren's classification.

DNA extraction

Genomic DNA was extracted from frozen tumor tissue using the cetyltrimethyl
ammonium bromide (CTAB) technique, adapted from Foster and Twell [25]. DNA extraction
was done only in fragments with more than 80% of tumor cells. The DNA quality was

analyzed by 1% agarose gel electrophoresis and the amount was determined using the

NanoDropTM® 3300 fluorospectrometer (Wilmington, DE, USA).

DNA bisulfite modification

Extracted DNA of tumor tissue was modified by sodium bisulfite to determine the
methylation status of the COX-2, MLH1, and CDKNZ2A genes by MS-PCR, as previously
described by Ferrasi et al. [26]. The primers targeted to study the promoter gene regions are
described in Table 1. PCR was performed in 25 pL reaction volume, containing 1x Platinum

Taq buffer, 3.0 mM MgCl, (CDKN2A) or 1.5 mM MgCl, (MLH1 and COX-2), 0.4 mM

dNTPs, and 0.64 uM (CDKN2A), 0.24 mM (MLH1) or 0.4 mM (COX-2) of each primer set, 1

U Platinum Taq DNA Polymerase® (Invitrogen,
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Foster, CA, USA), and 50 ng of treated DNA. Water and DNA from peripheral
lymphocytes of healthy donors were used as negative controls. The PCR products were
separated in 6% non-denaturing polyacrylamide gel and subsequently submitted to silver
staining. For confirmation of the reaction specificity, MS-PCR products from the COX-2,
MLH1 and CDKN2A genes analyzed were cloned with a TOPO TA Cloning Kit® (Invitrogen,
California, USA) and both the methylated and unmethylated PCR products were sequenced
using an ABI PRISM® BigDye Terminator v.3.0 Cycle Sequencing Kit® (Applied

Biosystems, Foster, CA, USA) and ABI Prism 3100 DNA Sequencer® (Applied Biosystems).

Table 1 - PCR primer sets used for MS-PCR.

Gene Primer Reference Annealing PCR
(°C) product

(bp)

Forward Reverse

COX-2 M: TTAGATACGGCGGCGGCGGC TCTTTACCCGAACGCTTCCG 27 59 161
U: ATAGATTAGATATGGTGGTGGTGGT CACAATCTTTACCCAAACACTTCCA 65 171

MLH1  M: TATATCGTTCGTAGTATTCGTGT TCCGACCCGAATAAACCCAA 28 66 153
uU: ACCACCTCATCATAACTACCCACA 64 124

TTTTGATGTAGATGTTTTATTAGGGTTGT

CDKN2A M: TTATTAGAGGGTGGGGCGGATCGC  GACCCCGAACCGCGACCGTAA 29 70 150
U: TTATTAGAGGGTGGGGTGGATTGT CAACCCCAAACCACAACCATAA 70 151

M — Methylated; U — Unmethylated.

Detection of H. pylori infection and vacA alleles and the presence of cagA, cagE, virB11 and
flaA genes

H. pylori infection was detected by amplification of the ureC gene using primers for
PCR, as described by Lage et al. [30]. For the H. pylori-positive samples, the presence of the
vacA alleles, cagA, cagE, virB11 and flaA genes were identified using the primer sets shown

in Table 2.
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Gene

ureC

vacA

s1/s2

ml

m2

cagA

cagk

virB11

Primer sequence

F-5 AAG CTT TTA GGG GTG TTA GGG GTT T 3’
R-5"AAG CTT ACT TTC TAA CAC TAACGC ¥’

F-5° ATG GAA ATA CAA CAA ACA CAC 3
R-5" CTG CTT GAA TGC GCC AAAC3’

F- 5> GGT CAA AAT GCG GTCATG G ¥’
R- 5 CCA TTG GTA CCT GTA GAAAC 3’

F -5 GGA GCC CCA GGA AACATTG 3’
R-5" CAT AAC TAG CGCCTT GCAC 3’

F-5 ATA ATG CTA AAT TAG ACAACT TGAGCGA 3
R-5 TTAGAATAATCA ACAAAC ATAACGCCATZYS

F-5 TTG AAA ACT TCA AGG ATA GGA TAG AGC 3’
R-5 GCC TAG CGT AAT ATC ACC ATT ACCC 3

F-5 TTA AAT CCT CTA AGG CAT GCT AC 3
R-5 GAT ATAAGTCGT TTT ACC GCT TC &

PCR (bp)

294

(s1) 259
(s2) 286

290

192

297

509

491

Reference

Lage et al, 1995

Atherton et al. 1995

Domingo et al., 1999

Sozzi et al., 2005

Sozzi et al., 2005

F- Forward; R- Reverse

PCR mixtures, for amplification of cagE and virB11 and flaA genes, were prepared in

a volume of 20 pL using Green MasterMix® (Promega, Madison, USA), according to the

manufacturer’s instructions with the addition of 0.8% Tween 20 and 0.3 pM of each primer

and 50 ng of the DNA sample. The ureC, cagA, vacA s1/s2, vacA m1 genes were amplified in

a 25 pL volume containing 2.5 pL of 10X PCR buffer (Invitrogen, Cergy Pontoise, France),

1% Tween 20, 1.5 mM MgCl,, (Invitrogen), 200 uM dNTPs (Invitrogen), 1 U Platinum Taq

polymerase® (Invitrogen), 0.4 uM (ureC, cagA, vacA sl1/s2, vacA ml), 0.3 uM (vacA m2) for

each primer and 50 ng of DNA sample. The PCR products were resolved by 1% agarose gel

electrophoresis with ethidium bromide staining. The sample was considered H. pylori positive

when an ureC fragment of 294 bp was amplified. For confirmation of the reaction specificity,

PCR products from the ureC gene were cloned with TOPO TA Cloning Kit® (Invitrogen,
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California, USA) and sequenced using an ABI PRISM BigDye Terminator v.3.0 Cycle
Sequencing Kit® (Applied Biosystems, California, USA) and an ABI Prism 3100 DNA
Sequencer® (Applied Biosystems, California, USA). The vacA, cagA, cagE, virB11 and flaA
genes were considered positive when a specific fragment was detected (Table 2). DNAse-free
water was used as a negative control. DNA preservation has also been confirmed by
amplification of different genes in other approaches under study in our laboratory. Random

samples were reanalyzed to confirm the results.

Genotyping of interleukin polymorphisms

The genetic polymorphisms of IL1B (-511 C/T), TNF (-308 G/A) and IL6 (-174 G/C)

were detected by PCR-RFLP, and the ILLRN polymorphism was detected by PCR (Table 3).

Table 3 - PCR primer sets used for genotyping interleukin polymorphisms.

SNP Primer sequence Annealing  Size (bp) of PCR Reference
(°C) product
IL-1B F 5°TGG CAT TGA TCT GGT TCA TC3’ 55 304 35
(-511) R 5’GTT TAG GAA TCT TCC CACTT?3’
ILIRN F 5°CTCAGCAACACTCCTAT3’ 58 240, 326, 412, 35
R 5’TCCTGGTCTGCAGGTAA3’ 484, 498
TNF-A  F 5’AGGCAATAGGTTTTGAGGGCCAT3’ 57 107 36
(-308) R 5’TCCTCCCTGCTCCGATTCCG3’
IL6 F 5’TTGTCAAGACATGCCAAAGTG3’ 55 198 37

(-174) R 5’TCAGACATCTCCAGTCCTATA3’

F- Forward; R- Reverse.

Statistical analyses
The statistical analyses were carried out using the sPss® version 15.0 program

(Chicago, IL, USA). Statistically significant differences were evaluated by the chi-square test
(x2) or Fisher’s exact test. The results were considered statistically significant when the p-

values were less than 0.05.
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RESULTS

Study population

Of a total of 130 collected gastric tumor samples, 80 cases were available for analysis
of methylation status. Of these, H. pylori infection was present in 75 cases. Among the H.
pylori positive cases, the mean age was 64.5 years old; males were the most frequent (57.3%).
Most tumors were located in the non-cardia region (73.3%) and 61.3% were classified as

Lauren intestinal type.

Frequency of promoter CpG island methylation and of interleukin polymorphism genotypes
The presence of methylation in the promoter region of the genes COX-2, MLH1 and
CDKNZ2A was observed in 50.7% (38/75), 29.3% (22/75) and 44% (33/75) of the cases,
respectively. The frequency of interleukin genotypes is shown in Table 4. All described
genotypes for the ILIRN polymorphism were observed in this study. For statistical analysis,

the genotypes were grouped according to the presence (*2) or absence (*L) of the short allele.

Table 4 — Frequencies of interleukin polymorphisms (N=75)

Genotype N (%0) Genotype* N (%)
IL-1B ccC 24 (32.0%) *2 24 (32.0%)
IL1IRN
(-511) CT 36 (48.0%) *L 51 (68.0%)
TT 15 (20.0%)
Genotype N (%0) Genotype N (%)
TNF GG 58 (77.3%) IL6 GG 16 (21.3%)
(-308) GA 16 (21.3%) (-174) GC 27 (36.0%)
AA 1 (1.3%) cC 32 (42.7%)

*IL1IRN*L — genotypes that have long alleles; ILIRN*2 — genotypes that have at least one short allele.
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Associations between methylation status of promoter regions of COX-2, MLH1 and CDKN2A
and interleukin polymorphism genotypes

The presence of methylation status of the genes studied were analyzed according to
the interleukin genotypes, considering the general sample and also categorizing the tumor by
anatomic site (cardia and non-cardia) and the histological type. In these analyses, a significant
difference in COX-2 promoter methylation status was found in the cardia tumors, where
patients carrying the ILLRN*2 allele were statistically more frequent in methylated tumors (p=
0.029) than patients carrying the other IL1IRN allele (ILLRN*L). On the other hand,
considering the histological subtype, it was observed that, in the intestinal tumor type, the
patients carrying the ILLRN*2 allele showed a statistically higher frequency of methylated
COX-2 promoter region (p= 0.015).

When the genotypes of IL1B and IL1RN polymorphisms were analyzed in
combination, the methylated COX-2 promoter gene was statistically more frequent in patients
carrying CT/TT — ILIRN*2 genotypes than in patients carrying the reference genotype, as
shown in Table 5. Taking in account the potential inflammatory of the polymorphic allele, the
combined genotypes TT-ILIRN*L or CC-ILIRN*2 were considered as intermediate
inflammatory. The analysis of the combined polymorphisms of IL6 and TNF showed no

statistical significance.

Table 5 — Difference in methylation status of genes COX-2, MLH1 and CDKN2A genotype combinations
between the polymorphisms IL1B and IL1RN

COX-2 MLH1 CDKN2A
CC — ILIRN*L* 2 9 - - 3 8 - - 4
CT/TT — ILIRN*2 23 15 6.12 0.013f 10 28 0.00 1.00 17 21 024 0.736
TT - ILIRN*L 9 7 391 0.109 6 10 031 0.692 8 8 049 0.69

CC- IL1RN*2

* Reference genotype fStatistically significant
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Influence of H. pylori genotype in the methylation process

Among the H. pylori-infected cases, 62.7% (47/75) were cagA+, 84.0% (63/75) vacA
s1, 64.0% (48/75) vacA siml, 58.7% (44/75) flaA+, 49.3% (37/75) cagE+ and 56.0% (42/75)
virB11+. The tables 6 and 7 show the analysis of the methylation status of the genes studied
considering the above cited H. pylori genes and the patients’ genotypes. From these analysis it
were possible to observe that patients with the genotype combination CT/TT-ILIRN*2 and
infected by H. pylori cagA+ or vacA sl had COX-2 promoter region more frequently
methylated than those with the reference genotype (CC-IL1IRN*L). Also, the patients carrying
genotypes which could expect to have an intermediate inflammation process (TT-ILIRN*L /
CC-IL1RN*2) and infected by H. pylori cagA+ had also COX-2 promoter region more
frequently methylated than those with the reference genotype.

No significant results were found in analyzing the cagE, flaA and virB11 genes. In the
only 3 cases of H. pylori-negative samples, 66.7% (2/3) were CDKN2A methylated and all

were COX-2 methylated and MLH1 unmethylated.
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Table 6 — Difference in methylation status between patients infected with cagA positive and negative
strains between the genotypic combinations of polymorphisms IL1B and IL1RN

IL1B - ILIRN cox-2 MLHL CDKN2A
cagA+ M U P M U 5 p M U p
— x| *
CC — ILIRN*L . . ] . . ] L 5 . ]
_ *
G 12 12 571 002t 6 18 036 100 12 12 284 0.191
TT - ILIRN*L
CC- ILLRN*2 5 5 496 0044f 3 7 057 0.602 3 7 057 0602
cagA- M U P M U 5 p M U ) p
_ x| *
CC- ILIRN*L ., ] ., ] s 1. ]
_ *
CTTT - ILIRN*2 11 3 127 0532 4 10 064 0568 5 9 194 0274
TT - ILIRN*L
CC- ILLRN*2 4 2 028 100 3 3 000 100 5 1 010 1.00

*Reference genotype T Statistically significant

Table 7 - Difference in methylation status between patients infected with vacA sl strains between the
genotypic combinations of polymorphisms IL1B and IL1RN

COX-2 MLH1 CDKN2A

vacA sl
M U P M U ¥ p M U p

_ *| *
CC - ILIRN*L , g ] s 7 ] A 5 ] ]

_ *
CT/TT - ILIRN*2 21 11 640 0025t 10 22 001 100 13 19 000 1.00
TT - ILIRN*L

CC - ILIRN*2 7 6 272 0.19 6 7 062 0.669 7 6 043 0.680

*Reference genotype fStatistically significant
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When the analyses were carried out with the combined polymorphisms of IL6 and
TNF, it was found that when the patients were GC-GA/AA and GG-GA/AA carriers and
infected with H. pylori cagA+, the genes CDKN2A and MLH1 were significantly (p= 0.031;
p= 0.046, respectively) unmethylated compared to the reference genotype CC-GG (Table 8).
Is important to note that the six patients carrying the GC-GA/AA genotype, five presented the
CDKNZ2A promoter methylated. No significant results were found in tests involving the vacA,

cagE, flaA and virB11 genotypes.

Table 8 — Difference in methylation status between patients infected with cagA positive and negative
strains between the genotypic combinations of polymorphisms IL6 and TNF

IL6 - TNF COX-2 MLH1 CDKN2A

cagA+ M U Pa p M U P P M U P p
CC-GG* 7 10 - - 2 13 - - 4 11 - -
CC-GA/AA 0 2 130 0508 1 1 163 0330 0 2 070 1.00
GC-GG 4 10 053 0.707 4 10 1.02 0.389 7 7 167 019
GC-GA/AA 3 3 014 1.00 1 5 004 1.00 5 1 562 00461
GG-GG 6 3 153 0410 4 5 290 0.150 3 6 012 1.00
GG-GA/AA 0 1 067 1.00 1 0 492 0031f 0 1 036 1.00

cagA- M U p M U 4 P M U 4 p
CC-GG* 8 3 4 7 - ; 7 4 - ]
CC-GA/AA 2 2 068 0560 2 2 023 1.00 2 2 023 1.00
GC-GG 3 3 088 0600 2 5 012 1.00 2 4 143 0334
GC-GA/AA 0 1 218 0.333 0 1 055 1.00 0 1 153 0416
GG-GG 3 0 104 1.00 1 2 001 1.00 1 2 088 0538
GG-GA/AA 2 1 004 1.00 0 3 153 0505 2 1 001 1.00

*Reference genotype T Statistically significant
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DISCUSSION

Some studies have examined the relationship between interleukin polymorphisms and
CpG island methylation in patients with gastric cancer based on the fact that methylation is a
consequence of the inflammation process [18;38-41]. Thus, polymorphisms that enhance the
inflammation seem to be indirectly involved in the methylation process. Besides, the few
published studies that found a relationship between interleukin polymorphisms and CpG
island methylation were restricted to polymorphisms of only two interleukins, IL1B and IL-
17, and all of them were conducted in Asian populations [13,14;41-43].

In this study, four polymorphisms of different genes (IL-B, IL1IRN, TNF and IL6) were
analyzed to verify the association between the presence of polymorphisms and methylation
status of the two genes usually methylated in gastric cancer and other with a controversial
issue. In our study any association was found considering all samples as one group. The only
two studies that associated the polymorphism of IL1B and methylation, found an association
of the T allele of IL1B with hypermethylation of CpG islands, however they analyzed
different genes (E-cadherin, MGMT and RUNX3,) [13,14]. This difference also may be results
to the studied population, since in these Asian studies, the polymorphic allele had a higher
frequency than that found in our study.

It has been reported that the frequencies or levels of CpG island methylation of certain
genes are dependent on the tumor anatomic site, supporting the notion hypothesis that cardiac
tumors have different characteristics compared to non-cardiac tumors [44, 45]. Also, diffuse
and intestinal histological subtypes tumors of show different pathways [46]. Thus, we
analyzed the relationship between localization and histological subtype according to the
patients’ genotype considering each polymorphism independently. These analyses showed
that in patients carrying the ILLRN*2 allele and who had tumors located in the cardia region,

the COX-2 gene was more frequently methylated. In the study carried out by Alves et al. [19]
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it was found that methylation in the promoter region of COX-2, MLH1 and CDKN2A was
dependent on the tumor location only for MLH1. Methylation of the COX-2 promoter region
was found in both sites. Although the study by Vo et al. [47] found no distinct methylation
status for CDKN2A regarded to the tumor localization, recent studies carried out in Turkey
[48] and Germany [49] correlate methylation of promoter CDKN2A to cardiac tumors, but the
interleukin polymorphism influence was not assessed. Regarding to COX-2 methylation no
studies to date show that differences in the anatomical site of the tumor. When we analyzed
the interactions between the interleukin polymorphisms, in combined genotypes of IL1B and
ILLRN, considering the general sample, we found that in patients carrying the CT/TT —
ILLRN*2 genotypes, the COX-2 promoter region were more frequently methylated. It is
known that the genotype ILLRN*2 increases the IL1B production and that the consequence is
an increased inflammatory process in the gastric mucosa [7]. Thus, a genotype that promotes
further inflammation (CT/TT —IL1RN*2) seems to be responsible for CpG island methylation.
On the other hand, the polymorphism of TNF was associated with the tumor histological
subtypes. The results showed that patients carrying the TNF GG genotype (wild-type) with a
diffuse tumor had CDKN2A more frequently unmethylated than those carrying the
polymorphic allele (GA/AA). The allele G of the -308 G/A of TNF polymorphism is more
associated with a lower production of TNF than the A allele [50]. The TNF -308 wild-type
allele is involved in a lower inflammatory response and, therefore, shows a lower risk of
developing gastric cancer, when compared to the polymorphic allele [5].

In order to observe the influence of H. pylori infection on the promoter methylation process,
considering the polymorphisms studied, we analyzed five H. pylori virulence genes. The
relevance of H. pylori in this process has been evidenced in studies showing that increased
inflammation can trigger the epigenetic process [51]. Yoo et al. [52], in a study in which the

methylation status of 25 genes was analyzed in chronic gastritis, observed that the number of
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hypermethylated genes was significantly increased in H. pylori-infected samples. Besides the
presence of bacteria, there also seems to be a relationship with the presence of certain
virulence gene of H. pylori virulence genes. Kranzer et al. [53] showed in vitro the induction
of a number of interleukins, including the ones we studied, with the presence of the genes
cagA, cagk and vacA. Therefore, it seems that the methylation status is also influenced by the
presence of H. pylori virulence genes.

In this study, although other virulence genes were analyzed, i.e., cagE, flaA and
virB11, only cagA and vacA showed a relationship with promoter methylation. We found
that in patients carrying the genotype combination CT/TT-IL1RN*2 and infected by H. pylori
cagA+ or vacA sl, the COX-2 gene promoter region was more frequently methylated. This
data is accordance with studies show that H. pylori cagA+ and vacA sl are associated with an
intense inflammatory process, with dense neutrophilic infiltrate in the gastric mucosa [31;
54,55]. Thus, patients with genotypes that predispose to an increased inflammatory response
and infected by H. pylori cagA/vacA sl would have a greater ability to methylate certain
genes, such as COX-2. This data can provide one of the explanations for the significant
frequency of methylated COX-2 found by Alves et al. [19], who analyzed the same patients in
the present study. The presence of methylated COX-2 is a controversial issue in gastric
carcinogenesis. Huang et al. [18] also found a similar frequency of methylated COX-2 gene,
and although some studies have proposed COX-2 overexpression as a gastric tumorigenesis
pathway [56], Huang et al. [18] suggests that the expression of this gene is not required for
gastric carcinogenesis.

The analysis of combined genotypes of IL6-TNF involved small numbers. However, in
patients carrying the IL6-TNF CC-GG genotype (lower inflammatory process) and showing
the presence of H. pylori cagA+ strains, the genes CDKN2A and MLH1 were statistically

more frequently unmethylated than in GC-GA/AA and GG-GA/AA. Similarly, we also
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observed that other combinations of genotypes containing TNF -308GG were more frequent
in unmethylated tumors. These findings are consistent with other studies in which the
presence of wild-type allele of TNF and the polymorphic allele of IL6 was found to be
associated with less inflammation process [37; 57].

In conclusion, DNA methylation in promoter regions of COX-2 associated with ILIRN*2 is
suggested to be a cardia tumor characteristic. Furthermore, the combination IL1B 511T +
ILLRN*2 seems to be important in the methylation of COX-2, especially in the presence of
more virulent H. pylori strains. Moreover, the non-methylation of CDKN2A in the diffuse
tumors is apparently associated with the TNF -308GG genotype, and the associated genotypes
of IL6 and TNF CC+ GG seem to be implicated in the non-methylation of CDKN2A and
MLH1, respectively, along with H. pylori cagA+ infection. More studies with larger sample
size, involving interleukin polymorphisms, DNA methylation and H. pylori infection are

needed to extend our understanding of gastric carcinogenesis.
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Abstract

The aim of this study was to determine the associations between the polymorphisms of
interleukins and the H. pylori strains influence involved in gastric tumors cases. DNA
extracted from 119 gastric tumor samples was available for interleukin polymorphism
genotyping by PCR-RFLP, H. pylori detection and subtyping (cagA, cagE, virB11 and vacA
genes) by PCR. The patients aged > 65 years were predominantly of male gender (77,5%; p=
0.022), presenting a positive correlation. (r= 0.198, p= 0.037). A positive correlation was also
found between the age group 55-64 and women (r= 0.217, p= 0.021). Related to histological
subtype, diffuse tumoras were correlated with younger patients (15-44 years, r= 0.207, p=
0.033) and intestinal subtype with older patients (> 65, r= 0.296, p= 0.017). The diffuse
subtype was also correlated with the female while the male intestinal subtype (r= 0.226, p=
0.019). A significantly correlation was found between the IL6 -174 C allele (GC+CC) and the
age 15-44 (r=-0.193; p= 0.041) and this allele was statically more frequent (p= 0.049) than -
174 G allele in patients with age > 65 years. In the genotype association of IL6 and TNF
polymorphisms the high virulence strains have been observed in all genotypes of TNF and 1L6
polymorphisms, and the low virulent strains was more frequent in the genotype GC+GG. The
infection with a H. pylori low virulent can leads to the gastric cancer development when the
hosts’ inflammatory response is exacerbated, based on the genetic polymorphism of IL6 -

174GJC.
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INTRODUCTION

Gastric cancer represents the fourth most common cancer and the second leading
cause of cancer-related death worldwide (1). Adenocarcinoma, the most common gastric
cancer type, depending on the localization (distal — antrum or body; proximal — cardia) and
the histological types (intestinal and diffuse, according to Lauren’s classification) have
different epidemiological, pathobiological characteristics and distinct carcinogenetic
pathways (2,3).

The etiological role of Helicobacter pylori in chronic gastritis, peptic ulcer disease and
gastric cancer has been clearly recognized, although more than 50% of the population has
been reported to be infected by H. pylori, only 1-2% will develop gastric cancer (4). The
reasons for the divergent clinical outcomes remain poorly understood, but it is thought that
host, bacterial and environmental factors contribute to this process.

Some virulence factors of H. pylori are frequently associated with the most serious
clinical outcomes and pathogenic bacteria. The presence of the pathogenic island cag (cag-
PAI), which encodes the secretion system type IV, can be recognized by some markers of
virulence as cagA, cagE and virB11 genes (5) and cagA was related to severe inflammation,
gastric ulcers and tumors in Mongolian gerbil models (6). Another important H. pylori
virulence factor is the vacA gene that produces a secreted protein which induces apoptosis,
partly by forming pores in the mitochondrial and cytoplasm membrane, thereby allowing the
efflux of cytochrome c (7). This gene consists in two main polymorphic regions (signal- s1
and s2; and the middle- m1 and m2), that may comprise any combination of signal and mid-
region types. The s1/m1 H. pylori strains produce a more toxic protein and are more likely to
cause disease (8).

The inflammation process caused by H. pylori infection is suggested as mechanism in

which H. pylori can cause cancer (8). The local inflammation in H. pylori infection is
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characterized by infiltration of neutrophils and specific lymphocytes into the gastric mucosa
as well as by increased production of several cytokines. These cytokines expression can vary
at least partly by polymorphisms in the genes that encode the respective proteins (3).

The pro-inflammatory cytokine tumor necrosis factor alpha (TNF) plays an important
role in the inflammatory process and have a functional promoter polymorphism in the TNF
-308 G/A. The TNF -308*A allele is thought to increase the production of TNF and has been
found to influence the risk of H. pylori-induced gastritis and gastric cancer (9,10).

Another important interleukin is the IL6, a multifactorial cytokine that is produced by
immune and nonimmune cells, such as, monocytes, lymphocytes, macrophages, endothelial
cells, intestinal epithelial cells, and osteoclasts. IL6 functions as an inflammatory mediator
and also regulates endocrine and metabolic functions (11). The functional promoter
polymorphism IL6 -174 G/C is reported to be involved in the pathogenesis of gastric diseases
and the IL6 -174*G allele have been found to produce high levels of IL6 (12,13). In Brazilian
population the inheritance of this allele was found to be associated with an elevated risk of
gastric cancer (14), however the relationship of these polymorphism and H. pylori genotype is
poorly understood, thus, the aim of this study was to verify the associations between the
virulence factors of H. pylori and the TNF -308 G/A and IL6 -174 G/C polymorphisms in the

gastric carcinogenesis.
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MATERIAL AND METHODS

Subjects

The present study was approved by the Hospital Ethics Committee in the Federal
University of Ceara, Brazil, and all subjects signed the informed consent form before
inclusion. A total of 119 tumor samples of H. pylori-positive patients who had undergone
gastrectomy at University Hospital Walter Cantideo, Santa Casa de Misericordia Hospital and
General Hospital, located in Fortaleza (Ceara — Brazil) were included in this study. The
histological classification was done according to Lauren's classification by two pathologists of

the team.

DNA extraction

Genomic DNA was extracted from frozen tumor tissue using the cetyltrimethyl
ammonium bromide (CTAB) technique, adapted from Foster and Twell (15). The DNA
extraction was done only in fragments that showed more than 80% of tumor cells. The DNA
quality was analyzed by 1% agarose gel electrophoresis and the amount was determined using

the NanoDropTM® 3300 fluorospectrometer (Wilmington, DE, USA).

Detection of H. pylori infection and vacA alleles and the presence of cagA, cagE and virB11
genes

H. pylori infection was detected by amplification of the ureC gene using primers for
PCR, as described by Lage et al. (16). For the H. pylori-positive samples, the presence of the
vacA alleles, cagA, cagE and virB11 genes were identified using the primer sets showed in

Table 1.
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Table 1 - PCR primer sets used for genotyping H. pylori.

Gene Primer sequence PCR (bp) Reference
ureC F- 5 AAG CTT TTA GGG GTG TTA GGG GTT T 3’ 204 (16)
R-5 AAG CTT ACT TTC TAA CAC TAA CGC 3’
vacA
s1/s2  F-5° ATG GAA ATA CAA CAA ACA CAC 3’ (s1) 259
R- 5" CTG CTT GAA TGC GCC AAA C 3’ (s2) 286
ml
F- 5° GGT CAA AAT GCG GTC ATG G 3° 290 (7)
R- 5° CCA TTG GTA CCT GTA GAA AC 3’
m2
F -5 GGA GCC CCA GGA AAC ATT G 3’ 192
R-5 CAT AAC TAG CGC CTT GCA C 3’
cagA F-5 ATA ATG CTA AAT TAG ACA ACT TGA GCG A 3’
R-5 TTA GAA TAA TCA ACA AAC ATAACG CCAT3’ 291 (18)
cagE F-5 TTG AAA ACT TCA AGG ATA GGA TAG AGC 3°
R-5 GCC TAG CGT AAT ATC ACCATTACCC 3 20 @)
virB11 , ,
F-5 TTA AAT CCT CTA AGG CAT GCT AC 3 491
(19)

R-5 GAT ATAAGT CGTTTT ACCGCT TC 3’

F- Forward; R- Reverse

PCR mixtures, for amplification of cagE and virB11 genes, were prepared in a volume
of 20 pL using Green MasterMix® (Promega, Madison, USA), according to the
manufacturer’s instructions with addition of 0.8% Tween 20 and 0.3 puM of each primer and
50ng of the DNA sample. The ureC, cagA, vacA s1/s2, vacA ml genes were amplified in a 25
pL volume containing 2.5 pL of 10X PCR buffer (Invitrogen, Cergy Pontoise, France), 1%
Tween 20, 1.5 mM of MgCl, (Invitrogen), 200 uM of dNTPs (Invitrogen), 1 U of Platinum
Taq polymerase® (Invitrogen), 0.4 uM (ureC, cagA, vacA sl/s2, vacA ml), 0.3 uM (vacA
m2) for each primer and 50 ng of DNA sample. The PCR products were resolved by 1%
agarose gel electrophoresis with ethidium bromide staining. The sample was considered H.
pylori positive when an ureC fragment of 294bp was amplified. For confirmation of the
reaction specificity, PCR products from the ureC gene were cloned in TOPO TA Cloning

Kit® (Invitrogen, California, USA) and sequenced using an ABI PRISM BigDye Terminator
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v.3.0 Cycle Sequencing Kit® (Applied Biosystems, California, USA) and an ABI Prism 3100
DNA Sequencer® (Applied Biosystems, California, USA). The vacA, cagA, cagE, virB11 and
flaA genes were considered positive when a specific fragment was detected (Table 2).
DNAse-free water was used as a negative control. DNA preservation has also been confirmed
by amplification of different genes in other approaches under study in our laboratory. All

negative H. pylori genes and 10% of random samples were reanalyzed to confirm the results
Genotyping of interleukin polymorphisms
The genetic polymorphisms of TNF (-308 G/A) and IL6 (-174 G/C) were detected by

PCR-RFLP, as previously described (Table 2).

Table 2 - PCR primer sets used for genotyping interleukin polymorphisms.

Gene il S leines PCR (bp) E”ZY”!e Referéncia
Restriction
F-5 AGG CAA TAG GTT TTG AGG GCC AT 3’ 107
TNF p_$ TCC TCC CTG CTC CGA TTC CG 3° Ncol (20)
F-5 TGA CTT CAG CTT TAC TCT TTG T 3’
IL6 R .5 CTG ATT GGA AAC CTT ATT AAG 3' ce St (21)

F- Forward; R- Reverse.

Statistical analyzes

The statistical analyses were carried out using the SPSS® version 15.0 program
(Chicago, IL, USA). Statistically significant differences were evaluated by the chi-square test
(x2) or Fisher exact test. The results were considered statistically significant when the p-

values were less than 0.05.
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RESULTS

Clinical and demographic characteristics of patients

The median age of patients was 65 years, ranging from 23 to 92 years.
Epidemiological data of the study group are shown in Table 3. A positive correlation was
found between male and patients aged > 65 years (r= 0.198, p= 0.037). In fact, among patients
aged > 65 years, male sex was predominant (77,5%; p= 0.022). On the other hand, a positive
correlation was found between the age group 55-64 and women (r= 0.217, p= 0.021). Age
was also correlated with the histological subtype, where the diffuse subtype were correlated
with younger patients (15-44 years of age, r= 0.207, p= 0.033) and intestinal subtype with
older patients (> 65, r= 0.296, p= 0.017). The diffuse subtype was also correlated with the

female while the male intestinal subtype (r=0.226, p= 0.019).

Table 3. Clinical and demographic data of patients with gastric adenocarcinoma

Demographic data (n=119) N (%)
Age
0-14 -
15-44 10 (8.4)
45-54 17 (14.3)
55-64 30 (25.2)
>65 62 (52.1)
Sex
Male 81 (68.1)
Female 38 (31.9)
Clinical data
Tumor stage
| 15 (12.8)
I 28 (23.9)
i 35 (29.9)
v 39 (33.3)
Lauren’s classification
Intestinal 62 (52.1)

Diffuse 57 (47.9)
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Helicobacter pylori virulence genes and IL6 and TNF polymorphisms

H. pylori infection was present in 94.1% (112/119) of patients. Among them, 64.3%
(72/112) were cagA+, 86.6% (97/112) vacA s1, 68.8% (77/112) vacA siml, 47.3% (53/112)
cagE+ and 56.3% (63/112) virB11+.

The frequencies of polymorphisms studied are showed in Table 4 and were in the
Hardy-Weinberg equilibrium (TNF p= 0.899; IL6 p= 0.108). The genotype distribution
according to the age is showed in the Figure 2. From this figure it is possible to observe a
significantly correlation (Figure 2a) between the IL6 -174 C allele (GC+CC) and the age 15-
44 (r= -0.193; p= 0.041) and this allele was statically more frequent (p= 0.049) than -174 G
allele in patients with age > 65 years. On the other hand, an homogeneous distribution was
found of the wild-type allele -308 TNF GG, with one major difference between the

frequencies being found in the age group without statistical significance (Figure 2b).

Table 4 — Genotypes frequency of IL6 -174 G/C and TNF -308 G/A polymorphisms (n=119).

Cytokine Genotype Frequency
Polymorphisms N (%)

IL6 -174 G/C

GG 24 (20.2)

GC 49 (41.2)

cC 46 (38.7)

TNF -308 G/A

GG 97 (81.5)

GA 21 (17.6)

AA 1(0.8)
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Figure 2. Frequency distribution of polymorphisms of [a] IL6 -174 G/C and [b] TNF -308 G/A into age
groups.

Relationship between H. pylori infection and vacA, cagA, cagE and virB1l genes with
interleukin polymorphisms in gastric adenocarcinoma

When these data were analyzed according to H. pylori genes, a positive correlation
between patients carrying the I1L6 -174 GC genotype and the less virulent vacA s2m1l allele
(r= 0.309; p= 0.001) was found. To investigate the relationship between H. pylori infection
and the presence of vacA alleles, cagA, cagE and virB11 genes in gastric tumorigenesis, the
cases were divided into two groups according to vacA alleles. Subsequently each group was
subdivided into four subgroups according to the integrity of cag-PAl, considering the studied
genes. The cases which no presented and cag-PAl genes were classified as cag-PAI(-). These
groups, their frequencies and polymorphism genotypes are shown in Table 5. In these
analysis, correlations were also found between patients carrying the IL6 -174 CC genotype
and H. pylori from 1c group (r= 0.225; p= 0.017) and between patients carrying the IL6 -174

GC and H. pylori from 1c (r=-0.215; p=0.023) and 2c groups (r= 0.204; p= 0.031).



Table 5 - H. pylori infection cases in gastric cancer divided according to H. pylori and polymorphisms interleukin genotypes.

IL6 -174 G/C TNF -308 G/A

GG GC CcC GG GA AA Total
Genotype distribution 24/112 46/112 42/112 90/112 21/112 1/112
(%) (21.4) (41.1) (37.5) (80.3) (18.8) (0.9
1 Group: vacAslml/slm2
la: cagA(+), cagE(+) and virB11(+) 8/24 19/46 11/42 33/90 4/21 1/1 38
(%) (33.3) (41.3) (26.2) (36.7) (19) (100)
1b: cagA(+) and virB11(+); cagE(+) and virB11(+) 4/24 8/46 6/42 15/90 3/21 - 18
(%) (16.7) (17.4) (14.3) (16.7) (14.3)
1c: cagA(+) or cagE(+) or virB11 (+) or cagA(+) cagE(+) 5/24 5/46 14/42 19/90 5/21 - 24
(%) (20.8) (10.8) (33.3) (21.1) (23.8)
1d: ureC(+) 6/24 5/46 6/42 13/90 4/21 - 17
(%) (25) (10.8) (14.3) (14.5) (19)
2 Group: vacA s2ml/s2m2
2a: cagA(+), cagE(+) and virB11(+) - - - - - - -
(%)
2b: cagA(+) and virB11(+); cagE(+) and virB11(+) - 1/46 2/42 2/90 1/21 - 3
(%) (2.2) 4.7) (2.2) 4.7
2¢: cagA(+) or cagE(+) or virB11 (+) or cagA(+) cagE(+) - 5/46 1/42 5/90 1/21 - 6
(%) (10.8) (2.4) (5.5) 4.7
2d: ureC(+) 1/24 3/46 2/42 3/90 3/21 - 6

(4.2) (6.6) 4.7) (3.3) (14.3)
Total 24 46 42 90 21 1 112

6L
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The Figure 3 shows the genotype polymorphisms distribution considering H. pylori

virulence. As high virulence strain, it was considered H. pylori classified in 1a to 1d groups,

and low virulence strain, H. pylori classified in 2a to 2d groups.

In the genotype association of IL6 and TNF polymorphisms the high virulence strains

have been observed in all genotypes of TNF and IL6 polymorphisms, and the low virulent

strains was more frequent in the genotype GC+GG (intermediate inflammation) (Figure 3c)

and one interesting fact is that around 60% of this low virulence strains were cagA+.

Although in Figure 3d, can be observed that in all genotypes there is a high frequency of

infection with strains of high virulence. When the analyzes were made according to the

presence of inflammatory alleles, the frequency of high virulent strains decreased with the

allele number (Figure 4).

[a] . High virulence (1a-1d)

M Lowvirulence (2a-2d)

L

GC+CC

66,1%
P

Prrrs I
d |
GG

[c] I High virulence (1a-1d)
26,8% 27’,2% M Lowvirulence (23-2d)
17,0%
6,3% 63% 549
- = 3,6%
7% ‘ | p
. 1,8% 1,8% -
, [ [X:3
| L . e | ke e

CC+GG CC+GA GC+GG GC+GA/AA GG+GG GG+GA

- High virulence (1a-1
[b] h | ( d)
/'71,4% M Lowvirulence (2a-2d)
15,2%
P
4.5%
GG GA+AA
[d] High virulence (13-1d)

100% B Lowvirulence (23-2d)

90,9%

81,6% 80,0%
77.8% - 75,0% 0

CC+GG CC+GA GC+GG GC+GA/AA GG+GG GG+GA

Figure 3. Frequency distribution of polymorphisms of [a] IL6 -174 G/C; [b] TNF -308 G/A, [c] and [d] IL6

+ TNF according to H. pylori virulence.
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33 9% Highvirulence (1a-1d)
m Low virulence (2a-2d)

26,8%

17,0%
8,0% 8,9%
2,7% 2,7%
0,
0 1 2 3

N2 of Inflammatory alleles

Figure 4. Frequency distribution of number of inflammatory alleles (IL6 -174 G/C and TNF -308 G/A
polymorphisms) according to H. pylori virulence.
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DISCUSSION

A high incidence of gastric adenocarcinoma is found in Ceara state and this state is
among the five with the highest incidence (22). As described in the literature, in this study the
patients with gastric adenocarcinoma were more frequent in older age group and were mostly
male (23-25). On the histological subtype, the results also corroborate other studies in which
the diffuse subtype is more common in females, and often occurs in younger patients. Since
the intestinal subtype is more common in men, and increases significantly in incidence with
age (26).

Some studies have demonstrated the high incidence of H. pylori infection in patients
with gastric cancer and as expected, this close association was observed in this study. Similar
frequencies observed in this study (94%) have been found in other Brazilian studies from the
North region, and in studies from Italy and Turkey (24, 27,28). Also, the frequencies of cagA
and vacA slml genes were similar to other studies (29,30). There are few studies of cagE
gene (31,32) and none linking the presence of gastric cancer to virB11, except for studies of
our group (5,33).

Several studies have described an association between H. pylori cagE and virB11l
genes and gastritis, duodenal ulcer, peptic ulcer disease (19,34). These genes are involved in
encoding major proteins of type IV secretion system and inducing the secretion of cytokines.

The frequency of the TNF polymorphic allele (-308 A) in patients with gastric cancer
in this study was similar to patients from 10 Europe countries (35), but less frequent than
others from Brazil, USA and Korea (9,24,36) and more frequent than some Asian studies (37-
39). Considering the frequency of IL6 polymorphic homozygous genotype (-174 CC), the
frequencies found in this study was higher than all studies that analyzed the same

polymorphism, including a Brazilian study (9,14,40,41).
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One interesting finding was the higher frequency of patients carrying the allele -308A
TNF in patients aged > 65 years and a negative correlation between the allele IL6 -174 C and
the age group of 15-44 years. This allele (-308A) is those responsible for a greater
inflammatory response (12,42), which associated to others factors could lead to the gastric
cancer development. Usually, in the polymorphism analysis the age is not considered,
however it could add data for understanding the increase of the frequency of cancer in this age
group.

In the gastric cancer, H. pylori infection is considered a trigger of inflammatory
process. In this study it was observed that gastric cancer patients carrying the genotype -174
GC of IL6 were associated with strain vacA s2m1l. The influence of the host genotype and H.
pylori strain in the development of gastric cancer was accessed, through the grouping cases
according to vacA alleles and cag-PAI integrity and our findings about the correlation of
interleukin genotypes and H. pylori virulence showed that the polymorphic genotype of IL6 -
174 CC, involved in a lower inflammatory response, was correlated to high virulent strains,
whereas the heterozygous genotype -174 GC (higher inflammatory response than -174 CC
genotype) was correlated to low virulent strains. Studies showed that infection with cag-PAI-
positive strains stimulate a higher secretion of pro-inflammatory interleukins compared with
cag-PAl-negative strains (43), independently of host genotype. Thus, the presence of a
genotype that leads to a higher inflammation appears to influence the outcome of infection by
a strain of lower virulence. In such cases, although there is no presence of bacterial products
known to stimulate the secretion of interleukins, there is recognition and response by the host
immune system, which in the presence of polymorphism can be amplified and exacerbate the
inflammatory response.

In conclusion, based on this analysis of the genetic polymorphisms of IL6 and TNF,

our findings demonstrate a significant positive association between IL6 -174CC and high
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virulent strains (1c group) and the wild-type allele in the IL6 -174GC genotype with low
virulent strains (2c group). Therefore, these results suggest that an infection with a H. pylori
low virulent can leads to the gastric cancer development when the hosts’ inflammatory

response is exacerbated, based on the genetic polymorphism of IL6.
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Anexo — |

Protocolo de Coleta no Centro cirurgico

Durante todo o procedimento utilizar méscara e luvas estéreis.

1- Conferir o material a ser utilizado para coleta (ldentificacdo do pacientes, maquina
fotografica, régua, caneta para tubo, criotubo estéril e protocolo a ser preenchido);

2- ldentificar os tubos com o niumero da amostra, tipo de mucosa (tumoral ou normal) e a data
(Ex.: CG-01-N1/D-M-2004);

3- Apos a retirada da peca, coloca-la em cuba estéril e lava-la com soro fisioldgico estéril (se
necessario). Secé-la com compressa estéril;

4- colocar a peca em um campo azul estéril, em seguida a régua e a identificacdo logo abaixo
da peca, tirar uma foto panoramica e uma foto somente do tumor utilizando flash (total 2
fotos);

5- Com o auxilio de pinca e bisturi estéreis, coletar primeiramente quatro espécimes da
mucosa normal (o0 mais distante do tumor), em seguida quatro espécimes do tumor
(preferencialmente as bordas, evitando as areas de necrose e fibrose), colocar o material
colhido dentro do criotubo estéril e acondiciona-los imediatamente em recipiente com gelo;

6- Tirar uma foto da peca pos-coleta com flash e sem régua;

7- Preencher o cadastro do tecido da peca cirurgica em duplicata e desenhar um esboco
marcando os locais dos quais foram coletados, bem como as margens cirdrgicas € o tamanho
do tumor;

8- Transportar imediatamente o0s tubos para armazenagem em nitrogénio liquido.
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Anexo -1

Parecer do Comité de Etica

HUWC/UFC
Comité de Etica em Pesquisa

Céd CEP- O F.06,09

o Tay'

UNIVERSIDADE FEDERAL DO CEARA
HOSPITAL UNIVERSITARIO WALTER CANTIDIO
COMITE DE ETICA EM PESQUISA

Rua Capitdo Francisco Pedra, 1290 — Rodolfo Tedfilo ~ 60.430-370 — Fortaleza-CE
FONE: (85) 3366-8589 / 3366-8613 E-MAIL: cephuwc@huwe.ufe.br

Protocolo n®: 047.06.09

Pesquisadora Responsavel: Silvia Helena Barem Habenhorst

Departamento / Servigo:

Titulo do Projeto: “Polimorfismos de interleucinas e enzimas do sistema de reparo do
cancer gastrico: associagdo com Helicobater pylori”

O Comité de Etica em Pesquisa do Hospital Universitario Walter Cantidio analisou
na sessio do dia 07/07/09 o projeto de pesquisa: “Polimorfismos de interleucinas e
enzimas do sistema de reparo do cincer gastrico: associagiio com Helicobater pylori”,
tendo como pesquisadora responsavel Silvia Helena Barem Habenhorst.

Baseando-se nas normas que regulamentam a pesquisa em seres humanos, do
Conselho Nacional de Satide (Resolugdes CNS 196/96, 251/97, 292/99, 303/00, 304/00,
347/05, 346/05), o Comité de Etica resolve classificar o referido projeto como:
APROVADO.

Salientamos a necessidade de apresentagio de relatdrio ao CEP-HUWC da pesquisa
dentro de 12 meses (data prevista: 07/07/10).

Fortaleza, 07 de julho de 2009.

lowmg Fecaudia

Dra. Monica Cardoso Faganha
Coordenadora do CEP-HUWC
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Anexo - 111

Termo de Consentimento Livre e Esclarecido

Instituicdo: DEPARTAMENTO DE PATOLOGIA E MEDICINA LEGAL — UFC
LABORATORIO DE GENETICA MOLECULAR — LABGEM

Endereco: Rua Coronel Nunes de Melo, 1127, Porangabucu

Investigadora Responsavel: Silvia Helena Barem Rabenhorrst

Titulo: ALTERACOES MOLECULARES NO CANCER GASTRICO: ASSOCIAGCAO
COM FATORES EPIDEMIOLOGICOS

Eu, por este
meio, fui informado(a), em detalhes sobre o estudo intitulado: ALTERAGCOES
MOLECULARES NO CANCER GASTRICO: ASSOCIACAO COM FATORES
EPIDEMIOLOGICOS. O estudo estad sendo realizado pelo Departamento de Patologia e
Medicina Legal da Universidade Federal do Ceard. O estudo em questdo pretende associar
fatores genéticos e ambientais, que podem levar ao desenvolvimento do carcinoma gastrico,
de modo a identificar os fatores de risco, tais como a presenca de uma bactéria denominada H.
pylori e de um virus denominado EBV. Esses serdo detectados através da presenca do
material genético destes agentes infectantes no tumor. Serdo também observadas as alteracdes
genéticas das células tumorais. Estas alteragcdes serdo vistas pela expressdo de proteinas, ou
pela analise do DNA/RNA do tumor.

Cerca de 150 pacientes serdo incluidos no presente estudo. Portanto, concordando em
participar serei um dos pacientes deste estudo que envolve diversas instituicdes, permitindo
coleta de material necessario para o estudo. Ndo havera mudanca ou perdas em relacdo a
andlise pelo patologista do meu material. Paralelamente, serdo anotadas algumas questdes
referentes a minha pessoa, no que diz respeito a dados pessoais como a data de nascimento e
relativo a habitos de vida e a minha doenca. Estas informacgdes serdo retiradas do meu
prontuario ou na auséncia delas, serdo perguntadas pessoalmente a mim.

Minha participacdo ndo tera beneficio direto imediato, em principio, mas que podera
estar contribuindo para que se entendam melhor os fatores de risco e alteracdes que propiciem
0 aparecimento do cancer gastrico. A identificacdo dos fatores de risco para cancer gastrico
servira para direcionar medidas preventivas. Por outro lado as alteracbes dos materiais
genéticos encontradas nas células tumorais poderdo ser usadas como fatores que auxiliardo no
diagnostico, prognostico e também como alvos das novas terapias que estdo sendo agora
desenvolvidas.

Todos os dados da minha participacdo neste estudo serdo documentados e mantidos
confidencialmente, sendo disponiveis apenas para as autoridades de salde e profissionais
envolvidos neste estudo, 0s quais, quando necessario, terdo acesso a0 meu prontuario.

Como minha participagdo € voluntéaria, posso abandonar o estudo a qualquer
momento, sem que isso resulte em qualquer penalidade ou perda de meus direitos onde recebo
atendimento médico. Se tiver qualquer duvida ou perguntas relativas a esse estudo ou aos
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meus direitos no que diz respeito a minha participacdo, posso contactar a Dra. Silvia Helena
Rabenhorst no telefone 3288 8206 ou 9994 5689.

Assinatura do paciente:
Endereco do paciente:

Telefone: Data: / /
Nome da testemunha
Assinatura da testemunha:
Data: / /

Assinatura do investigador:
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Anexo — IV

Cadastro de Pacientes Submetidos a Coleta de Tecido de Peca Cirurgica

Cddigo CG: Data / /

N° Prontuario Data de admisséo no servico hospitalar __/ /

Depto Responsavel Hospital

Nome Sexo F[ M| ]

Endereco

Contato Naturalidade Procedéncia

Idade Nasc / / Cor ABO

Grau de instrucdo Profisséo

Histéria familiar:

[ JAVO [ JAVO [ ]Mée [ ]JPai [ ]JIrmdo(d) [ ]Tio(a) [ ]Filho(a) Outros

Héabitos: [ ]Sal [ ]Frutas [ ]Verduras [ ]Churrasco [ ]Carne seca[ ]geladeira

[ ]JTabagista Tipo Frequiéncia Fum. passivo [ ]

[ 1Alcool  Tipo Frequiéncia

Dados relativos a neoplasia.

Data do primeiro diagnéstico / / Exam

H. pylori[ ]

Sitio anatémico Est. Clinico T N M
Aspecto morfoldgico Bormann

Exame anatomopatologico N°:

Tratamento: [ ]Radioterapia [ ]JQuimioterapia[ ]JHormonioterapia [ ]Imunoterapia

Protocolo

Cirurgia: realizada em / / Cirurgido

Responsavel pela Coleta

Tempo de ressec¢do da coleta: [ J<ih [ J1h [ ]2h[ ]3h [ ]J<ou=4h[ ] Outras



Observagdes
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N° de amostra Tumoral congelada[ ] N°de amostra Normal [ ]

Local Armazenamento:




	À minha mãe, minha avó, minha família,
	por todo apoio e incentivo
	Dedico
	AGRADECIMENTOS
	Necessitamos sempre de ambicionar alguma coisa que, alcançada,
	não nos torna sem ambição.
	Carlos Drummond de Andrade
	RESUMO
	ABSTRACT
	Keywords: gastric cancer, Helicobacter pylori, interleukins, genetic polymorphism, methylation
	1. INTRODUÇÃO
	1.1 Câncer Gástrico
	1.1.1 Epidemiologia
	1.1.2 Características Patológicas
	1.1.3 Etiologia

	1.2 Helicobacter pylori
	1.2.2 Helicobacter pylori e o Câncer Gástrico
	1.2.3 Fatores de Virulência

	1.3 Colonização por Helicobacter pylori e Resposta Imune do Hospedeiro
	1.4 Polimorfismos de Interleucinas
	1.4.1 Interleucina 1 Beta (IL1β)
	1.4.2 Receptor Antagonista de Interleucina 1 (IL-1RN)
	1.4.3 Fator de Necrose Tumoral Alfa (TNF)
	1.4.4 Interleucina 6 (IL-6)

	1.5 Polimorfismos de Interleucinas no Câncer Gástrico
	1.6 Inflamação e Metilação de Promotores no Câncer Gástrico
	1.7 Perguntas de Partida
	1.8 Hipóteses de Trabalho

	2. OBJETIVOS
	2.1 Objetivo Geral
	2.2 Objetivos Específicos

	REFERÊNCIAS
	GATTI, L. L.; ZAMBALDI-TUNES, M.; DE LÁBIO, R. W.; SILVA, L. C.; CARDOSO-SMITH, M. A.; MARQUES-PAYÃO, S. L. Interleukin-6 polymorphism and Helicobacter pylori infection in Brazilian adult patients with chronic gastritis. Clin. Exp. Med. v. 5, p. 112–1...
	GO, M. F. Treatment and management of Helicobacter pylori infection. Curr Gastroenterol. Rep. v. 4, p. 471–477, 2002.
	PAI, R.; SOREGHAN, B.; SZABO, I. L.; PAVELKA, M.; BAATAR, D.; TARNAWSKI, A. S. Prostaglandin E2 transactivates EGF receptor: a novel mechanism for promoting colon cancer growth and gastrointestinal hypertrophy. Nat. Med. v. 8, p. 289–293, 2002.
	3. ARTIGO I
	4. ARTIGO II
	ANEXOS
	Anexo – I
	Protocolo de Coleta no Centro cirúrgico
	Anexo –II
	Parecer do Comitê de Ética Anexo - III
	Termo de Consentimento Livre e Esclarecido
	Anexo – IV
	Cadastro de Pacientes Submetidos à Coleta de Tecido de Peça Cirúrgica


