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RESUMO

O cancer gastrico (CQG) ¢ a terceira causa de morte por cancer no mundo. A etiologia do CG ¢
multifatorial sendo bem estabelecida a associagdo com a infec¢do por Helicobacter pylori. A
susceptibilidade genética ao CG ¢ postulado pela exposi¢do de uma grande propor¢do da
populacdo a fatores de risco, mas somente um grupo desenvolve essa neoplasia. Por outro
lado, o carater patogénico de H. pylori ¢ dado pela presenca da ilha de patogenicidade cag-
PAI (cytotoxin associated gene pathogenicity island - cagPAl) bem como a variacdo alélica
vacA sIml. Pelo lado do hospedeiro, polimorfismos genéticos tém sido relacionados com o
risco de CG, indicando que estas alteragdes sdo marcadores potenciais de susceptibilidade
genética nestes tumores, entretanto, poucos SNPs de enzimas de reparo sdo estudadas. No
contexto da carcinogenése gastrica, ha ainda que se considerar as diferengas com respeito a
histopatologia, idade e género. Assim o objetivo deste trabalho ¢ verificar a associagdo dos
SNPs em genes de reparo do DNA, APEI 2197(T>G) e MLHI -93(G>A), adicionadas aos
SNPs de CDH1I -160 (C>A) e -347 (G>GA) por ser uma proteina associada ao cancer difuso
hereditario, com a susceptibilidade genética. Os subtipos histologicos, idade e sexo foram
dados importantes considerados para as analises. O genétipo de H. pylori, foi determinado
pela presenca dos genes cagA, cagE, cagG, cagT, virBl1, vacA, oipA e hopQIIl sendo os
gendtipos de H. pylori considerado no estudo de risco e individualizada no ultimo estudo.
Para isso, foram incluidos 285 pacientes com cancer gastrico e 391 controles saudaveis
pareados por idade e sexo (1:1lou 1:2) de duas regides diferentes do Brasil: Ceara e Para.
Positividade para H. pylori em 87,71% dos casos. Foi observado no estudo de risco uma
protecdo para os tumores intestinais foi associado ao alelo G de APE! (T>G) em mulheres
com <55 anos e o alelo GA de CDHI -347 (G>GA) para homens com > 55 anos de idade.
Nos tumores difusos, o grupo com < 55 anos, o alelo A de MLHI -93 (G>A) foi associado a
protecdo e o alelo G de APEI (T>G) foi associado com o risco em homens neste grupo de
idade. O alelo G de APE1 (T>G) também foi associado a auséncia de metastase a distancia e o
alelo A de MLHI (G>A) com auséncia de metastase em linfonodos regionais. No subtipo
intestinal, pacientes portadores do alelo G de APEI(T>QG) foram significativamente infectados
por cepas menos virulentas. No estudo com as cepas de H. pylori a maioria dos casos possuiu
a ilha completa independente do subtipo histologico. Os genes cagA e cagE estavam
presentes na maioria das cepas. Segundo as analises através do método da arvore de
classificagdo, alguns genes como cagG e cagE (em cepas vacAsl) se mostraram fundamentais
na separacdo dos subtipos histoloégicos de CG. A presenca dos genes cagG e cagE
concomitantemente, ou auséncia de cagG in H. pylori parece classificar o tumor em intestinal.
Enquanto que a presenga do gene cagG associado a auséncia de cagE classifica os tumores
em difusos. O genotipo cagM (+) cagG (+) com a presencga do gene cagE classifica o tumor
em intestinal , j4 na auséncia de cagE, classifica os tumores em difusos. Em relagdo aos genes
de adesdo houve uma maior frequéncia do gene oipA4, seguido de hopQI e hopQIl. Em
resumo, estes dados indicam que o genotipo de H. pylori , subtipo histologico, idade e género
sdo importantes fatores a serem considerados em andlises com polimorfismos. E apesar da
complexidade de explicar quais sdo os fatores que contribuem para a separagdo das cepas nos
subtipos intestinal e difuso, é notdrio que existem vias diferentes associadas a essas cepas. E
que estes genes podem ser potenciais marcadores de diferentes subtipos histologicos.

Palavras chave: Neoplasias Gastricas. Helicobacter pylori. Polimorfismo Genético.
Genotipo.



ABSTRACT

Gastric cancer (GC) is the third cause of cancer death worldwide. The etiology of gastric
cancer is multifactorial and it is being well established an association with infection by
Helicobacter pylori. The genetic susceptibility to GC is postulated by exposure of a large
proportion of the population to risk factors, but only part of this people develops the
neoplasia. Furthermore, the H. pylori pathogenic character is given by the presence of cag-
PAI pathogenicity island (cytotoxin associated gene pathogenicity island - cagPAI) as well as
allelic variation vacA s/mi. About the host, genetic polymorphisms have been associated with
the risk of GC, indicating these changes are potential genetic susceptibility markers in these
tumors, however, few repair enzymes SNPs are studied. In the context of gastric
carcinogenesis, it is necessary to consider the differences about histopathology, age and
gender. So, the aim of this study is to investigate the association of SNPs in DNA repair
genes, APEI 2197 (T>G) and MLHI -93 (G>A), added to CDHI -160 (C>A) and -347
(G>GA) SNPs. The CDHI1 protein is associated with hereditary diffuse cancer and genetic
susceptibility. The histological subtypes, age and sex were importante data considered to the
analyses. H. pylori genotype was determined by the presence of genes. cagA, cagE, cagG,
cagT, virB11, vacA, oipA and hopQIIl. The H. pylori genotypes considered at risk study and
individualized in the latest study. For this, it were included 285 patients with gastric cancer
and 391 healthy controls matched for age and sex (1: 1 or 1: 2) from two different regions in
Brazil: Ceard and Para. The positivity for H. pylori was observed in 87.71% of cases. In a risk
study was observed a protection for intestinal tumors and it was associated with the G allele
of APE1 (T> G) in women <55 years and GA allele CDHI -347 (G>GA) for men aged > 55
years. In diffuse tumors, the group aged <55, the A allele of MLHI -93 (G>A) was associated
with protection and the G allele of APE] (T>G) was associated with risk in men in this age
group. The G allele of APEI (T>G) was also associated with the absence of distant metastases
and the A allele of MLHI (G>A) with absence of lymph nodes commitment. In the intestinal
subtype, carriers patients G allele of APE!l (T>G) were infected with significantly less
virulent strains. In the study with H. pylori strains, most cases had the full island regardless of
histologic subtype. The cagAd and cagE genes were present in most strains. According to the
classification tree method analysis, some genes as cagG and cagE (in vacAsl strains) proved
fundamental in the separation of GC histological subtypes. The presence of cagG and cagE
genes concomitantly or absence of cagG in H. pylori looks like classifies the intestinal tumor.
While the presence of the cagG gene associated with the cagE absence classifies the diffuse
tumors. The cagM (+) cagG (+) genotype with the presence of the cagE gene classifies the
intestinal tumor, since in the absence of cagE the tumors are classified by diffuse type.
Regarding adhesion genes, there was a greater frequency of oip4 gene, followed by hopQI
and hopQIIl. In summary, these data indicate that H. pylori genotype, histological subtype
tumors, age and gender are important factors to be considered in polymorphisms analyzes.
Despite the complexity to explain what are the factors that contribute to the separation of
strains in intestinal and diffuse subtypes, it is clear that there are different pathways associated
with these strains. And these genes may be potential markers of different histological
subtypes.

Keywords: Stomach Neoplasms. Helicobacter pylori. Genetic Polymorphism. Genotype.
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1. INTRODUCAO

1.1 Cancer Gastrico

1.1.1 Epidemiologia do Cancer Gastrico

O cancer gastrico se configura como o quinto cancer mais frequente, depois dos
canceres de pulmio, mama, prostata e colon, e a terceira causa de morte por cancer. A
incidéncia de cancer gastrico varia de acordo com as diversas regides do mundo, e no geral, ¢
de duas a trés vezes mais frequente nos paises em desenvolvimento, além de ser mais comum
em individuos do sexo masculino (FERLAY et al., 2015).

As estimativas mais recentes da GLOBOCAN 2012 indicam que cerca de 1 milhdo
novos casos de cancer gastrico ¢ 700 mil mortes ocorreram em todo o mundo em 2012,
representando 7% do total de novos casos de cancer e 9% das mortes totais de cincer. A Asia
contribuiu com cerca de 74% dos casos, sendo a China a detentora de quase metade dos casos
mundiais (figura 1) (IARC-2014).

No Brasil, esses tumores aparecem em terceiro lugar na incidéncia entre homens e
em quinto, entre as mulheres. Segundo o Instituto Nacional do Cancer (INCA), o nimero de
casos novos de cancer de estobmago no ano de 2014 foi de 20.390, sendo 12.870 homens e
7.520 mulheres (INCA, 2014). Esses valores correspondem a um risco estimado de 13,19
casos novos a cada 100 mil homens e 7,41 a cada 100 mil mulheres, (figura 2). Sem
considerar os tumores de pele ndo melanoma, o cancer de estbmago em homens é o segundo
mais frequente nas regides Norte (11,10/ 100 mil) e Nordeste (10,25/ 100 mil). Nas regides
Sul (16,07/1 00 mil) e Centro-Oeste (10,88/ 100 mil), € o quarto. Ja na regido Sudeste (14,99/
100 mil), ocupa a quinta posi¢do. Para as mulheres, ¢ o terceiro mais frequente na regido
Norte (5,91/ 100 mil). Nas regides Sudeste (8,20/ 100 mil) e Nordeste (6,39/ 100 mil), ocupa a
quinta posi¢do. Nas regides Sul (8,43/ 100 mil) e Centro-Oeste (6,32/ 100 mil), ocupando a
sexta posicdo (INCA, 2014).

Apesar dos dados estatisticos revelarem um declinio da incidéncia do cancer gastrico
nas ultimas décadas, nos paises desenvolvidos esta doenca continua representando um grave

problema de satude publica (RESENDE et al., 2011).
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Figura 1. Nimero estimado de novos casos de cancer gastrico e mortes em 2012, com proporg¢des por grandes
regides do mundo, para ambos os sexos combinados.

2012
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Figura 2. Taxas brutas de incidéncia de cancer gastrico por 100.000 homens (a) ou mulheres (b) estimadas para o
ano 2014 no Brasil.
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Fonte: INCA — Instituto Nacional do Cancer (2014).
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1.1.2 Caracteristicas Histopatologicas

Os tumores gastricos podem se localizar na regido proximal do estdmago, que
corresponde a cardia (juncdo gastro-esofagica) e o fundo gastrico, bem como pode ser
observado na regido distal, que engloba o antro gastrico e o piloro (Figura 3). A localiza¢ao
do tumor sugere que os canceres de diferentes regides gastricas apresentam-se como doencas
distintas, inclusive com etiologias diferentes. Estes tumores diferem, ainda, quanto a
incidéncia e o progndstico, no qual os tumores proximais apresentam um aumento da
incidéncia nas ultimas décadas e apresentam pior prognéstico que os tumores distais
(CONDEDUCAV et al., 2013; CREW et al., 2006). No ano de 2012, segundo a IARC, o
namero de casos na cardia foi maior do que os cinceres gastricos ndo-cardia na Asia

Oriental, Asia Central e Noroeste da Europa, no entanto na Oceania o nimero de casos de

cancer na cardia foi bem pequeno (IARC- 2014).

Figura 3. Anatomia do estdmago.
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A classificagc@o histologica do cancer gastrico divide esses tumores em dois tipos
principais: ndo-epiteliais e epiteliais. Dentre os tumores epiteliais, estdo incluidos os
adenocarcinomas, que representam 90-95% dos casos de tumor gastrico (CORREIA et al.,
2009). Devido a diversidade de arranjos histoldgicos, diferentes classificagdes baseadas em
aspectos morfologicos foram propostas para os adenocarcinomas gastricos, dentre elas
destacam-se as classificagdes da Organizacdo Mundial de Saude — OMS e a de Lauren (1965),
sendo a ultima a mais utilizada nos paises ocidentais. A classificacdo de Lauren dividiu-os em
dois subtipos: intestinal e difuso. O tipo intestinal, que compreende principalmente tumores
diferenciados, apresenta células com nucleos grandes e irregulares, os quais apresentam
coesdo celular a ponto de permitir a formacdo de estruturas tubulares do tipo glandular
semelhantes a células intestinais. O tipo difuso, que em geral, inclui tumores pouco
diferenciados, ¢ constituido de pequenas células ndo coesas, difusamente dispersas, que nao
formam estruturas glandulares, podendo apresentar células com nucleos deslocados para a
periferia do citoplasma devido a elevada produg¢do de mucina, conferindo um aspecto de
“anel-de-sinete” (ESPEJO e NAVARRETE, 2003; HARTGRINK et al., 2009). A figura 4

ilustra os subtipos segundo a classificacdo de Lauren.

Figura 4. Caracteristicas histopatologicas dos adenocarcinomas gastricos subtipo intestinal (a) e subtipo difuso
(b). As setas em amarelo representam (a) células tumorais formando estruturas glandulares e (b) células tumorais
em anel de sinete. Fonte: ESPEJO e NAVARRETE, 2003.
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Os subtipos intestinal e difuso parecem ter base patogenética diferente. O tipo
intestinal, mais comum em homens e em individuos mais velhos, ¢ precedido de lesdes pré-
neoplasicas progressivas, como gastrite cronica, atrofia gastrica, metaplasia intestinal e
displasia, e mais frequentemente associado a infeccdo por Helicobacter pylori. A progressao

dessas lesdes gastricas que culmina no cancer gastrico ¢ denominada “Cascata de Correa”
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(CORREA et al., 1975) (figura 5) (SAHA et al., 2013). Quanto ao tipo difuso, ¢ mais comum
em mulheres e individuos jovens, podendo apresentar um carater hereditdrio e ter como
condi¢do precursora gastrite com infeccdo por H. pylori, além disso, apresenta evolucao
clinica mais agressiva e pode prosseguir para metastase precoce (STADTLANDER et al.,
1999; WERNER et al., 2001; CESAR et al., 2002; VAUHKONEN et al., 2006; CREW et al.,
2006).

Figura 5. Representag@o esquematica da “CASCATA DE CORREA”. Fonte: Adaptado de Correa, 1992.
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1.1.3 Etiologia do Cancer Gastrico

O cancer géastrico ¢ uma doenga de etiologia multifatorial na qual a interagdo entre
fatores genéticos do hospedeiro e fatores ambientais desempenham um papel fundamental
(KATO et al., 2004; QIU et al., 2005; CHAN, 2006; TAMURA, 2006; PAKSERESHT et al.,
2011).

Dentre as alteragdes genéticas que podem influenciar no desenvolvimento do cancer

gastrico podem-se destacar as que ocorrem no gene E-caderina (CDHI), cuja proteina
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codificada esté relacionada a adesdo celular, como na sindrome do cancer gastrico familiar do
tipo difuso (CALDAS et al., 1999; BRESCIANI et al., 2003; LYNCH et al., 2005; CHAN,
2006; TAMURA, 2006).

Dentre os fatores ambientais, pode-se destacar o consumo elevado de sal, que através
da destruicdo da camada mucosa gera inflamacdo, erosdo e degeneragdo epitelial (GLADE,
1999; LIU e RUSSELL, 2008); consumo excessivo de alcool, embora sua associagdo nao
tenha sido demonstrada (FRANKE et al., 2005); tabagismo, ja identificado como um fator de
risco (YOU et al, 2000; CESAR et al., 2002; LADEIRAS-LOPES et al., 2008); ingestao de
alimentos em conserva, defumados, carnes curadas, peixes secos e outros alimentos
conservados em sal (BRITO, 1997) sao fatores fortemente associados ao risco (YOU et al,
2000; TEIXEIRA e NOGUEIRA, 2003).

A infeccdo por H. pylori é considerada o maior fator de risco conhecido para o
desenvolvimento do cancer gastrico. E uma das infecgdes mais comuns em seres humanos e
pode ser responsavel por cerca de 60% dos casos de cancer gastrico no mundo. Nos paises em
desenvolvimento, a prevaléncia dessa infeccdo chega a 90%, sendo, em geral, adquirida na
infancia, persistindo ao longo da vida (HERRERA E PARSONNET, 2009). Entretanto,
apenas uma pequena parte de individuos infectados desenvolve a neoplasia, e o risco da
doenga envolve a interacdo entre o patdogeno e o hospedeiro, sendo esta, por sua vez,
dependente de fatores cepa-especificos da bactéria, além de fatores intrinsecos do hospedeiro
¢ de fatores ambientais, tais como, a dieta (MARSHALL, 2002; CREW e NEUGUT, 2006;
PRINZ et al., 2006; PAKSERESHT et al., 2011).

A forte associagdo epidemiologica entre a infeccdo por H. pylori e o
desenvolvimento de cancer gastrico fundamentaram que a World Health Organization
(WHO) classificasse, no ano 1994, essa bactéria como um agente carcinogénico classe |

(IARC, 1994; HONDA ET AL., 1998; WATANABE ET AL., 1998).

1.2 Helicobacter pylori

H. pylori foi descoberta em 1983 pelos pesquisadores australianos J. Robin Warren e
Barry J. Marshall (MARSHALL E WARREN, 1984), foi um dos avangos mais importantes
da gastroenterologia, tendo levado seus pesquisadores a premia¢gdo com o Nobel de Medicina
no ano de 2005.

Bactérias semelhantes ja haviam sido observadas em tecido gastrico por patologistas

europeus mesmo antes de 1906 (KRIENTIZ, 1906), sendo também descritas por outros
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pesquisadores posteriormente (DOENGES, 1938; FREEDBERG E BARRON, 1940; STEER,
1975), mas, por ndo terem sido isoladas, foram ignoradas e esquecidas por varias geragdes.
Em 1979, o microorganismo comegou a ser observado por Warren como uma bactéria de
formato curvo presente em amostras de tecido gastrico obtidas por biopsia e submetidas a
exame histologico (GOODWIN et al., 1987; BLASER, 1993; DUNN et al., 1997). Assim,
apesar do ceticismo inicial demonstrado pelas comunidades médica e cientifica, o que fez
com que Marshall infectasse a si proprio com a referida bactéria, ficou comprovada a
associacdo de H. pylori com o desenvolvimento das doengas gastricas, como a gastrite, a
ulcera duodenal e a ulcera géstrica (AHMED E SECHI, 2005).

A principio, os microorganismos foram classificados como pertencentes ao género
Campylobacter, composto por bactérias gram-negativas em forma de bastdo curvado, oxidase
e catalase positivas, que se locomovem através de flagelos polares. Dessa forma, foram
primeiramente chamados de “gastric Campylobacter like organism”, recebendo,
posteriormente, as denominagdes Campylobacter pyloridis, Campylobacter pyloricus e
Campylobacter pylori MARSHALL, 1984).

Finalmente, a partir de 1989, ap6s estudos ultraestruturais e de andlise da sequéncia
de acidos nucléicos, a bactéria recebeu a denominacao Helicobacter pylori, diferenciando-se
do género anteriormente chamado Campylobacter (bastio curvado) para o novo género
Helicobacter (forma helicoidal). A espécie foi denominada ‘pylori’ devido ao fato de a
bactéria ser mais comumente encontrada na mucosa do antro géstrico, proxima ao piloro

(GOODWIN et al., 1989).

1.2.1 Epidemiologia

H. pylori coloniza o estomago de mais de 50% da populagdo mundial, ou seja, mais
de trés bilhdes de pessoas, mas sua prevaléncia varia muito entre paises e entre grupos
populacionais dentro do mesmo pais (tabela 1). Essas diferengas entre os grupos étnicos sao
ocasionadas pelas intensidades maiores ou menores de exposi¢do ao agente etioldgico, tanto
social como relativa a dieta alimentar e aos fatores ambientais (BARBOSA E SCHINONNI,
2011).

Estudos epidemioldgicos apontam que a infeccdo por H. pylori também estd
relacionada com a idade, sendo que a aquisi¢cdo desta bactéria ¢ mais comum na infancia do
que na idade adulta (YAMAOKA, 2010). Um estudo efetuado recentemente em criangas no

sul da Nigéria encontrou prevaléncia de 30,9%, verificando que a infec¢do era normalmente
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adquirida na infancia (ETUKUDO; IKPEME; EKANEM, 2012). Por outro lado, nos paises
desenvolvidos, verifica-se uma maior taxa da prevaléncia deste microorganismo em
individuos adultos, podendo-se concluir que a manuten¢do de H. pylori, associada ao fator
idade, estd fortemente correlacionada com as condigdes socioecondmicas, falta de agua
potavel e a uma alta densidade de habitantes em determinadas regides do globo (KUSTERS et
al., 2000).

No Brasil, pesquisas feitas com criancas na regido nordeste, por exemplo,
identificaram altas taxas de infeccdo pela bactéria em criangas, com valores de 22.2% na
idade de meio a dois anos, 46,9% para trés a quatro anos e 70,0% para cinco a seis anos,
seguindo-se porcentagens também elevadas nas idades acima das citadas (PARENTE et al.,
2006). Outros estudos realizados no pais confirmam as evidéncias de que o nivel social e de
educacdo, além das condic¢des sanitarias e familiares em que os individuos vivem, além da
idade, sdo fatores determinantes na aquisi¢ao da infec¢do (SANTOS et al., 2005; ZATERKA
et al., 2007).

Viarios estudos tém mostrado que a prevaléncia da infec¢do por H. pylori esta
diminuindo em adultos e criangas em paises desenvolvidos e em desenvolvimento (TONKIC
et al., 2012). Isto evidencia as melhorias das condi¢cdes socioecondmicas e conduta clinica
voltada para o combate dessa bactéria. Apesar disso, uma grande propor¢do de individuos
adultos permanece infectada, manifestando indices elevados para o cancer géstrico. Na figura

6, encontra-se representada a prevaléncia mundial da infec¢do por Helicobacter pylori.

Figura 6. Prevaléncia global da infecg¢do pelo Helicobacter pylori. Fonte: The Helicobacter Foundation 2014.




Tabela 1. Exemplos de diferencas na prevaléncia de H. Pylori dentro e entre paises representando
paises desenvolvidos e em desenvolvimento

Pais Numero de casos Faixa etaria Prevaléncia
estudados
Brasil
Rural 40 (criangas) <20 anos 77,5%
Urbano 164 (adultos) 20-90 anos 84,7%
Comunidade Urbana 363 > 20 anos 63,4%
Pobre
Colombia (rural) 684 2-9 anos 69%
China
Sudeste da China 1727 N/A 44,2%
Hong Kong 397 36-65 58,6%
Egito
Alexandria (Nordeste) 169 maes N/A 88%
169 criangas <1 ano 13%
1,5 anos 25%
Cairo (central) 52 < 6 anos 33%
56 >6 anos 60%
india 238 3-70 anos 79%
México 11605 20-90 anos 66%
Nepal (rural) 1142 4-93 anos 56,8%
Peru 407 2meses-12 anos 48%
104 0-17 50%
Russia 213 20-75 anos 88%
Arabia Saudita 557 5-10 anos 40%
> 20 anos 70%
Taiwan 823 1-40 anos 54%
Paises Desenvolvidos
Australia 273 19-47 anos 23%
Dinamarca 3589 30-60 anos 25,9%
Alemanha 260 18-61 anos 39,2%
Israel (rural) 377 30-90 anos 72%
Japio 4361 19-69 anos 30%
Holanda 254 11-89 anos 27,2%
Nova Zelandia 579 40-64 anos 56%
Espanha 332 >18 anos 43%
Coréia do Sul 161 20-75 anos 75%
Suica 176 10-20 anos 7,3%
Reino unido
Inglaterra 267 >18 anos 41%
Irlanda do Norte 4742 12-64 anos 50,5%
Estados unidos
Carolina do Sul 938 soldados do exército 17-26 anos 26%
324 negros 44%
47 espanhdis 38%
536 brancos 14%
California 556 20-39 anos 27%
Texas 246 negros 15-80 anos 70%
239 brancos 34%

Traduzido de: KHALIFA et al., 2010
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1.2.2 Caracteristicas Microbiologicas

1.2.2.1 Classifica¢cao taxondomica

A espécie Helicobacter pylori pertence a seguinte classificacdo taxondmica
(KONEMAN et al., 2008):
- Dominio: Bacteria;
- Reino: Eubacteria;
- Filo: Proteobacteria;
- Classe: Epsilonproteobacteria;
- Ordem: Campylobacterales;
- Familia: Helicobacteraceae;

- Género: Helicobacter.

1.2.2.2 Estrutura e nutriciao

H. pylori ¢ uma bactéria em forma de espiral, ndo esporulada, medindo de 2,5 a 5,0
uM de comprimento e 0,5 a 1,0 pM de largura. E lofotriquia, com quatro a seis flagelos
unipolares embainhados, com bulbo terminal, como representado na figura 7 (DUNN et al.,
1997).

Esta bactéria ¢ classificada como Gram negativa e, portanto, apresenta como tal uma
membrana externa e outra membrana citoplasmatica, separadas por um espago periplasmatico
de aproximadamente 30 nm de espessura. Diferente de outras bactérias gram-negativas, a
camada fina de peptideoglicano, com composi¢do de muropeptideo, ¢ estruturalmente menos
complexa (MOBLEY et al., 2001).

Com base em suas necessidades nutricionais, H. pylori ¢ uma bactéria fastidiosa,
heterotrofica e microaerofila apresentando, portanto, um crescimento 6timo sob baixa tensao
de oxigénio (10% CO3, 5% de O,, 85% de N») e na presenca de compostos organicos, além de

fatores de crescimento (KONEMAN et al., 2008).
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Figura 7. Representagao estrutural externa de H. pylori.
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1.2.2.3Transmissao

O mecanismo exato de transmissdo de H. pylori permanece indefinido, ja que a
bactéria tem praticamente como Unico reservatério o ser humano (MENDALL E
NORTHFIELD, 1995; KUSTERS et al., 2006). Em raras ocasides, o microorganismo foi
detectado em animas domésticos, que podem, portanto, ser uma fonte de infeccio (BROWN
et al., 2001; DORE et al., 2001). No entanto, como ndo h4 uma conclusdo acerca da possivel
transmissdo por animais, novas infec¢des parecem ocorrer como consequéncia direta da
transmissao entre humanos, através de duas vias principais: oral-oral e fecal-oral, ou de ambas
(KUSTERS et al., 20006).

Considera-se que a infec¢do seja adquirida na infancia, sendo a transmissao oral-oral
a mais comum, especialmente devido a estudos que demonstraram que pessoas de uma
mesma unidade familiar e individuos institucionalizados apresentam uma prevaléncia elevada
da bactéria (BROWN, 2000; ALLAKER et al., 2002; KIVI et al., 2003; KONNO et al., 2005).
Evidéncias primdrias de que H. pylori pode ser transmitido pela saliva foram decorrentes de
estudos que mostraram uma elevada contaminacdo entre criangas que ingeriram alimentos
previamente mastigados pelas mées, o que ¢ uma pratica comum em alguns paises da Africa
(ALBENQUE et al., 1990).

Assim, a cavidade oral tem sido proposta como reservatdrio da infeccdo e também
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das reinfecgdes por H. pylori, apesar de ndo ser claro se a bactéria ¢ um habitante constante ou
intermitente deste local (NGUYEN et al., 1995; MADINIER et al., 1997). As mais provaveis
fontes de infeccdo oral incluem a saliva, a placa dental, o conteudo do refluxo gastrico e o
vomito (BROWN, 2000; SONG et al., 2000).

O DNA bacteriano também foi isolado através da andlise das fezes de individuos
infectados, demonstrando ser a rota fecal-oral um mecanismo também importante de
transmissdao (NAMAVAR et al., 1995; GRAMLEY et al., 1999; PARSONNET et al., 1999).
A disseminagdo pela via fecal-oral pode ocorrer diretamente de uma pessoa infectada a outra
ou em decorréncia de situagdes ambientais que a favoregam, como elevada densidade
populacional no domicilio e precarias condi¢des sanitarias e higiénicas (DOMINICI et al.,
1999; MALATY et al., 2003, BRUCE E MAAROOS, 2008).

Diversos estudos também analisaram a possivel transmissdo através da agua
(QUERALT et al.,, 2005; BRUCE E MAAROOS, 2008), o que provavelmente reflete a
contaminagdo desse recurso com DNA bacteriano degradado ou com o microorganismo morto
(KUSTERS et al., 2006). Ainda, outra fonte de contaminacdo seriam os alimentos, ja que ha
evidéncias de que a bactéria possa sobreviver por um tempo limitado em comidas refrigeradas
(POMS E TATINI, 2001).

Com base nessas consideracdes, a transmissdo pessoa-pessoa permanece como a

forma mais provavel de aquisi¢do da infecgao.

1.2.2.4 Diversidade genética

H. pylori exibe uma das maiores variabilidades gendmicas conhecidas entre as
bactérias, e € tdo diversificada que é quase impossivel encontrar duas estirpes independentes
com perfis gendmicos idénticos. Essa grande variabilidade genética ¢ reflexo de sua alta taxa
de mutacdo endogena (WANG et al, 1999), que ocorre devido a falta de um sistema de
correcao de pareamento de bases durante a replicacdo do DNA (TOMB et al., 1997); da sua
alta competéncia para a aquisicdo de DNA exdgeno, tanto de outras linhagens de H. pylori
como de outras espécies bacterianas (SUERBAUM et al., 1998 ¢ FALUSH et al., 2001).
Além disso, H. pylori possui uma alta taxa de recombinagdo intragendmica devido
basicamente a presenca de um grande nimero de seqiiéncias repetitivas de DNA (repeti¢des
homopoliméricas ou dinucledtidos) (ARAS et al., 2003).

H. pylori apresenta uma alta taxa de muta¢do endogena quando comparada a outras

bactérias, tais como espécies da familia Enterobacteraceae (BJORKHOLM et al., 2001;
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SUERBAUM, 2007). A mutagdo ¢ o principal mecanismo responsavel pela alta variabilidade
genética apresentada por essa bactéria. Além disso, o genoma de H. pylori ndo apresenta um
sistema de corre¢do de pareamento de bases, como o Sistema mufHLS de E. coli. (WANG et
al., 1999). Esses mecanismos operando em conjunto contribuem para a geracdo e manutencao
da diversidade genética apresentada por H. pylori.

H. pylori ¢ um microorganismo naturalmente competente, capaz de captar,
internalizar e incorporar DNA ex6geno no seu genoma, através de processos de recombinagao
homologa (SUERBAUM et al, 1998). A competéncia natural permite que as varias amostras
de H. pylori que coexistem no estobmago de um mesmo individuo possam se recombinar, e
como resultado, tem-se o aumento na diversidade genética intraespécie dentro do hospedeiro.
Os multiplos eventos de recombinagdo que H. pylori tem sofrido ao longo da sua evolugao
contribuiram para o carater panmitico da estrutura de suas populagdes (KANG E BLASER,
2006).

Além da recombina¢do decorrente da aquisi¢do de DNA exdgeno, as células de H.
pylori podem sofrer recombinagdo intragendmica, que pode ocorrer através de slip- strand
mispairing em regides de homonucleotideos, dinucleotideos ou longos pedagos de DNA

repetitivo adjacentes (KANG E BLASER, 2006; ARAS et al 2003).

1.2.2.5 Variacao Geografica

Estudos também demonstram que existe uma variacdo geografica entre cepas de H.
pylori (ACHTMAN et al., 1999; WIRTH et al., 2004; LINZ et al., 2007; DEVI et al., 2007,
YAMAOKA, 2009). Apesar da frequente taxa de recombinacdo, as espécies de H. pylori
podem ser divididas em sete populagdes com distribuicdes geograficas distintas, baseado em
duas grandes analises realizadas com 370 e 769 cepas de diversas fontes geograficas e étnicas
(FALUSH et al., 2003; LINZ et al., 2007). Estas populagdes podem ser vistas na figura 8 e
sdo designadas por hpEurope, que ¢ comum na Europa e em paises colonizados por Europeus;
hpAfrical, composta pelas subpopulagdes hspWAfiica (Africa Ocidental, Africa do Sul e
Américas) e hspSAfrica (Africa do Sul); hpEastAsian, constituida pelas subpopula¢des
hspMaori (Polinésios, Melanésios e Nativos Tailandeses), hspAmerind (Indios Americanos) e
hspEAsia (Asia Oriental); hpNEAfrica (Nordeste Africa); hpAfrica2, que representa uma
populagdo da Africa do Sul muito distinta; e pAsia2, que estd localizada no Sul da Asia e
Asia Central (SUERBAUM et al.,, 2007; LINZ et al., 2007). Mais recentemente, foi

identificada a populacdo ApSahul que ¢ especifica de Aborigenes da Australia e de povos de
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tribos da Nova Guiné¢ (YAMAOKA et al., 2009; MOODLEY ET AL., 2009). Estas
populagdes modernas sdo o resultado de dezenas de milhares de anos de vivéncia entre o
homem e H. pylori, em conjunto com a migracao das populagdes, o isolamento geografico e a
recombinacdo inter-estirpes. (SUERBAUM et al., 2007; LINZ et al., 2007; ATHERTON et
al., 2009).

Estudos mostram que as cepas de H. pylori de diferentes regides geograficas
apresentam caracteristicas diferentes e Uinicas, que levam a sua diferenciacdo filogenética de
acordo com o seu historico genético, no entanto, a data da associag@o entre esta bactéria e o
homem ¢ um assunto que ainda estd por elucidar. Foi demonstrado que, em paralelo com o
homem, a infec¢do por H. pylori disseminou-se do oeste Africano ha cerca de 60,000 anos
atras (LINZ et al., 2007). Estes resultados mostram que o Homem anatomicamente moderno
ja se encontrava infectado com H. pylori antes das migragdes da Africa e demonstram que

desde entdo essa bactéria tem permanecido intimamente associada as populagdes hospedeiras.

Figura 8. Populagdes de H. pylori e a sua distribui¢do em todo o mundo. A, Arvore filogenética das populagdes e
subpopulac¢des de H. pylori, os didmetros dos circulos representam a diversidade genética dentro de cada
populagdo e os dngulos dos arcos preenchidos s&o proporcionais ao niimero de isolados. B, Distribui¢do de nove

populagdes e subpopulagdes entre 769 estirpes estudadas. (Fonte: Suerbaum et al., 2007).

o
=
00! Vo, RO = PN B 5
Kimura 2-parameter distance > 23 2o SN 3 \; R,
\ G ) 1 Sz RAT
\q -\ f 0N N
WO\ S \ { oy - P \ ~ v
<4 hpafrica2 <4 hspAmerind 49 hpNEAfrica i ’\2 /8 e /) ! e )
£ : oy ¢ " n ! i /
£49 hspEasia < hpAsia2 <9 hspSAfrica ([ L X,
l{ 3 v .

42 hspMaori <3 hpEurope 9 hspWAfrica g o



25

1.2.2.6 Fatores de viruléncia e patogénese da infeccao por H. pylori

Diversos fatores de viruléncia de H. pylori estdo envolvidos na patogénese gastrica,
sendo divididos de acordo com as fungdes que apresentam. Existem basicamente aqueles
envolvidos na colonizagdo, na adesdo do epitélio géstrico, no dano tecidual e na sobrevivéncia
da bactéria (MOBLEY et al., 2001).

A partir do levamento bibliografico sobre esses fatores de viruléncia foi gerado um
artigo de revisdo com os principais fatores de viruléncia de H. pylori citados na literatura e

novos candidatos. O artigo esta descrito a seguir.
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Abstract

The Helicobacter pylori infection is present in more than half of the world’s
population and it has been associated with several gastric disorders, as gastritis, peptic
ulceration and gastric adenocarcinoma. The clinical outcome of this infection depends on host
and bacterium factors where H. pylori virulence genes seem to play a relevant role. Until now,
cagA and vacA genes were studied and established in the literature as determining factors in
gastric pathogenesis. However, there are percentages of gastric cancer cases that are cagA
negative. Several other virulence genes have been searched but these genes still remain in the
shadow of cagA and vacA. Thus, this review aimed to bring up which genes have been
suggested as potentially relevant virulence factors for H. pylori associated gastrointestinal
diseases. We focused on the cag-pathogenicity island, genes with adherence and motility

functions and iceA based on its relevance shown in several studies in the literature.

Keywords: Helicobacter pylori; virulence genes; Cag-PAI; motility genes; adhesion genes
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1. Introduction

Helicobacter pylori is a Gram-negative spiral shaped bacterium that selectively
colonizes the gastric mucous layer by adhering to the epithelial lining of the stomach. It is a
urease, catalase and oxidase positive bacterium that possesses 4 to 6 polar flagella used for
motility and several virulence factors which vary with the strains [1,2]. H. pylori was isolated
by the first time in 1983 by Warren and Marshall from gastric biopsy samples of patients with
chronic gastritis and peptic ulcer. However, the finding of spiral bacteria in the stomach of
animals dates back to 1906 [3,4].

Evidence supports that the relationship between H. pylori and its human host exists for
at least 60,000 years. One piece of evidence is the fact that the genetic diversity of bacteria
evolved in parallel to the human species, showing that both have been evolving intimately
ever since. Furthermore, the genetic diversity distribution of H. pylori is in consonance with
the colonization of the earliest humans and with co-migration out of East Africa [5]. In 1994,
the WHO recognized this bacteria as a type I (definite) carcinogen in humans, based in
evidence that H. pylori is involved in the development of gastric adenocarcinoma [6]. The
infection by H. pylori is present in more than half of the world’s population. However, not all
infected people exhibit diseases associated to this bacterium. It is the main cause of gastric
disorders such as gastritis in about 20%, peptic ulceration in 10%, gastric adenocarcinoma in
1-2% and gastric MALT lymphoma in less than 0.1% of the people infected [7,8].

The clinical outcome of infection by H. pylori depends on the presence of bacterium
virulence factors and on factors related to the host. Several virulence genes are well studied
and established in the literature as determining factors in gastric pathogens such as cagA and
vacA genes. Several other genes, although previously studied, still remain in the shadow of
cagA and vacA. Thus, the objective of this review is to discuss about current knowledge of H.
pylori virulence factors that bring out other genes of cag Pathogenicity Island — cag-PAl,
genes that codifies outer membrane proteins (babA, oipA, sabA, hopQ), motility genes (flaA
and flaB) and iceA, which are pointed out in the literature as potentially relevant for the

development of more severe lesions.

2. Well Established Virulence Factors

The cagA (cytotoxin-associated gene A) and vacA (vacuolating cytotoxin A) genes are both

well established and extensively studied H. pylori virulence factors. While not all H.
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pylori strains possess the cagA gene, essentially, all strains possess the vacA gene.
However, not all secrete a VacA product, which depends on the gene structure.

The cagA gene is a recognized marker for the presence of cag-PAI. This gene encodes
a 121-145 kDa immuno-dominant protein (CagA) that once injected into the gastric epithelial
cell cytoplasm interacts with host cell proteins, inducing cell morphological changes
(hummingbird phenotype), pro-inflammatory and mitogenic responses. Several studies in cell
culture and animal models indicate the importance of the cagA gene involvement in human
gastric cancer, one of them showing that its deletion prevents the development of the disease
in gerbil model [9-11]. Most of the H. pylori strains in East Asia have the cagA gene,
regardless of the disease. Thus, the pathogenic difference in this region is difficult to explain
in terms of the presence or absence of the cagA gene alone [12].

The CagA protein contains tyrosine phosphorylation motifs (glutamate-proline-
isoleucinetyrosine- alanine, EPIYA) within the carboxyl-terminal variable region of the
protein. Studies show the existence of four EPIY A motifs (A, B, C e D). EPIYA-A and -B are
present throughout the world, EPIYA-C is predominantly found in strains from Western
countries and EPIYA-D is found almost exclusively in East-Asian strains (Japan, Korea and
China). H. pylori strains containing EPIY A-D motifs induce significantly higher levels of IL-
8 release from gastric epithelial cells when compared to strains containing the A-B-C-type of
CagA [13,14].

The vacA gene is not part of the cag-PAL It induces vacuolization and various cellular
activities such as the formation of membrane channels, the release of cytochrome ¢ from
mitochondria leading to apoptosis and binding to cell receptors membrane, followed by a pro-
inflammatory response [15,16]. Nonetheless, considerable differences in vacuolating activities
are observed between strains according to variations in vacA gene structures within the signal
(s), the middle (m), and intermediate (i) regions [17]. The ‘s’ and ‘m’ regions are stratified
into sl or s2 and m1l or m2 subtypes, and the possible combinations generate proteins with
different cytotoxicity. In vitro experiments showed that vacA sl/ml strains induce greater
vacuolation than do sl/m2 strains, and there is typically no vacuolating activity in s2/m2
strains [17].

In agreement with in vitro data, studies in Middle East, Africa and Western countries
showed that individuals infected with vacA sl or m1 H. pylori strains have an increased risk
of peptic ulcer or gastric cancer compared with individuals infected with s2 or m2 strains
[18,19]. On the other hand, in East Asia, as most strains are vacA sl, the differences in

pathogenesis cannot be explained by the type of ‘s’ region [20]. On its turn, the ‘m’ region in
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East Asia shows variations suggesting that it may play a role in the regional difference. In
northern East Asia there is a higher prevalence of strains vacA ml and incidence of gastric
cancer, whereas in the south of East Asia, where the strains vacA m2 are prevalent, the
incidence of cancer is lower than in the north region [20,21]. A Brazilian study indicated that
in the absence of cagA, there was a relevance vacA sl in the development of gastric cancer,

since most of the negative strains, had the vacA sl gene [22].

3. Variability and Integrity of cag Pathogenicity Island

The cag-PAl is a segment of H. pylori DNA with 40 kilobase which contains 31 genes
[23]. Most of these genes encode functional components of a type 4 bacterial secretion system
(T4SS) used for the translocation of bacterial products directly into the host cell cytoplasm,
including the cagA gene product [24]. The cag-PAl is found in about 60% of Western strains,
whereas almost all of the East Asian strains isolated are cag-PAI positive [25]. The positive
cag-PAl strains are more related to peptic ulcer and gastric cancer that the negative strains,
showing that cag-PAI plays an important role in H. pylori pathogenesis [26,27].

A phylogeny study showed by sequencing that most cag-PAI genes were similar to
those of housekeeping genes, indicating that the cag-PAI was probably acquired only once by
H. pylori. Thus, H. pylori genetic diversity seems to reflect the isolation by distance that has
shaped this bacterial species since modern humans migrated out of Africa. Carriage of the
cag-PAl varies from almost universal presence in the strains hpEastAsia and hpAfrical,
through intermediate presence (hpEurope) to complete absence (hpAfrica2). When compared
to other bacteria of the same genus, the absence of cag-PAI seems to be an ancestral state.
Thus, the pathogenicity island would have been acquired by horizontal gene transfer from an
unknown source after H. pylori had established itself in humans [11].

Initial studies on the integrity of cag-PAI analyzed sequences of cagl and cagll
regions and genes present in these regions separately [28,29]. One study that analyzed cag-
PAI integrity shows that rearrangement in this island is a prevalent phenomenon, with less
rearrangement in the cagE and cagT genes than in the cagA gene. The cag-PAI was disrupted
in the majority of isolated strains throughout the world. Conservation of cag-PAI was highest
in Japanese isolates and minimal in European and African strains [30]. Infection with a strain
containing a complete set of cag-PAI genes was associated to the development of ulcer

disease, showing the importance of these genes to gastric diseases outcomes [31].
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4. Other genes located in cag-PAI
Several Cag proteins have been detected as constituents of H. pylori cag TA4SS

apparatus and with important roles in the translocation of CagA [32]. These include CagE,
VirB11, CagT, CagM and CagG, whose importance will be described below (Figure 1).
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Figure 1. Schematic representation of the cag-PAI of H. pylori deduced from strain 26695. The localizations of

cag 1 and cag 11 are shown. Highlighted squares represent genes cited in this review.

4.1 cagE and virB11

cagE is located in the right half of the cag-PAI and studies have suggested that this
gene is a more accurate marker of an intact pathogenicity island and can be used as a cag-PAI
marker with cagA [33,34]. virB11 codifies a protein that has a ring-shaped structure
composed of six monomeric units. These genes codify transmembrane proteins with ATPase
activity that provides the energy for apparatus assembly and/or substrate transport [24,35].

Although there is a well-established relationship between cagE and virB11 genes with
gastritis, peptic ulcer and duodenal ulcer, few studies have described an association with
gastric cancer [36-38]. Two of these studies show the presence of these genes in early tumor
stages strains and its association with other virulence genes, showing that there is a

participation of cagE and virB11 with gastric carcinogenesis [34,39].
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4.2 cagT

The cagT gene is a homologue of 4. tumefaciens virB7 and it has been reported to be a
marker of the cagll region [40]. Some studies revealed that CagT localized in both inner and
outer membranes play important roles in the induction of the proinflammatory cytokine IL-8
when localized in the outer membrane [41-43]. It may also interact with CagA and facilitate
its translocation into host cells, acting as a chaperone-like protein localized in the inner
membrane [44].

The expression of CagT in H. pylori is also closely associated with severe gastric
disease [45]. Deletion frequencies of cagT genes were higher in benign cases compared with
isolates from severe ulcers and gastric cancers [46,47]. Studies reported an association of
cagT gene with the development of peptic ulcer disease, suggesting a high virulence gene in
H. pylori [40,48,49]. The cagT gene, as well as the cagA, have been associated with other
virulence factors, such as vacA sl, vacA ml and the genotype vacA slml, occurring in
smaller percentages concomitantly with vacA s2 strains, vacA m2 and vacA s2m2 [49,50].
Therefore, CagT seems to be a very important protein in H. pylori, not only for the integrity

of the cag-PAI apparatus but also for determining disease severity.

4.3cagM

The cagM gene has been reported to be a marker of the cagl region [51]. Some studies
revealed that the protein encoded by this gene form a surface structure which acts as the NF-
kB-inducing agent, mediating IL-8 secretion [41,52,53]. It is also involved in the repression of
H/K-ATPase transcription, which causes the downregulation of human gastric H/K-ATPase
expression, significantly inhibiting acid secretion by gastric cells [54,55]. CagM expression
may represent a first line of H. pylori defense against gastric acid, which may otherwise be
upregulated by the presence of CagM-deficient Gram-negative bacteria.

Expression of CagM in H. pylori is also associated with severe gastric disease. Some
studies revealed that the cagM gene is associated with the development of gastritis, peptic
ulcers and gastric cancer [45,49,56,57]. Thus, CagM is a very important protein, not only for
the integrity of the cag-PAI apparatus but also for determining disease severity and a line of

H. pylori defense against gastric acid.

4.4 cagG
cagG is located in the right side of cag-PAI and it has been reported to be a marker

of the cagl region. This gene is not a vir homologue, but it has weak homology to the flagellar
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motor switch protein gene or toxin coregulated pilus biosynthesis protein gene [23,51,58]. It
may also play an important role in the induction of the proinflammatory cytokine IL-8
[41,52].

Some studies suggest that cagG may have a function related to the adhesion to
gastric epithelial cells. cagG-deleted strains adhere less to gastric epithelial cells, and these
strains cause a reduction in the amount of IL-8 secreted from the cells [59,60]. The frequency
of the cagG gene has been high in several gastrointestinal diseases, but such a specific disease
related to it has not been found [51,61].

Given the above, we suggest that the integrity of cag-PAI seems to be more relevant
than the presence of the gene individually. It is believed that only the presence of cagA is not
enough to the pathogenicity of the bacteria, but the set of genes which form an efficient T4SS

1S.

5. Genes that Codify Outer Membrane Proteins (OMPs)

Approximately 4% of the H. pylori genome encodes a diverse repertoire of OMPs
that have been grouped into five major families [62]. The Helicobacter outer membrane
protein (Hop) family is the largest and includes adhesins such as BabA (HopS), SabA (HopP),
OipA (HopH) and HopQ. Adherence of H. pylori to the gastric mucosa plays important roles
in the initial colonization and long-term persistence on the gastric mucosa as well as in the

intensity of the resulting inflammatory response [63].

5.1 babA

Blood group antigen binding adhesin (babA) is a 78-kDa outer membrane protein
encoded by the habA2 gene, which binds the fucosylated Lewis” antigen (Le") on the surfaces
of gastric epithelial cells and is the best described H. pylori OMP [64,65]. Although three bab
alleles have been identified (babAl, babA2, and babB), only the babA2 gene product is
functionally active [66]. Analyses of binding characteristics of H. pylori strains worldwide
suggest that the BabAadhesin has evolved in response to host mucosal glycosylation patterns
to permit H. pylori to adapt to its host and to maintain persistent colonization [67].

Some researchers have demonstrated that babA?2 is associated with increased risk of
duodenal ulcer disease and adenocarcinoma, and when found in conjunction with cagA and
vacA sl alleles, it leads to an even greater risk of developing more severe diseases [68,69].

BabA binding to Le" is also important for the induction of DNA double-strand breaks in host
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cell lines and may promote cancer-associated gene mutations [70]. Adherence via BabA also
enhances the ability of the type IV secretion apparatus to contact host cells, leading to a
stronger inflammatory response [71]. Therefore, BabA is important not only for H. pylori to
adhere to the stomach surface but also to anchor the bacterial secretion system to the host cell

surface so that bacterial factors can be effectively injected into the host cell cytosol.

5.2 sabA

The sialic acid-binding adhesin, SabA or HopP or OMP17 (~70 KDa) is the second
best characterized adhesin of H. pylori, which binds sialyl-Lewis antigens that are expressed
on inflamed gastric tissue [64,72]. H. pylori modulates the expression of the SabA ligand, the
sialyl-dimeric-Le®, in human gastric cell lines via the induction of a specific
glycosyltransferase, f3 GIcNAc T5 (B3GnT5), involved in the biosynthesis of Lewis antigens,
thereby strengthening the epithelial attachment necessary to achieve successful colonization
[73].

The expression sabA gene is regulated at transcriptional level by some mechanisms.
Indeed, the dinucleotide CT repeats present in the 5' coding region of sabA regulate their
expression by phase variation through a slipped strand repair mechanism (SSM) [74,75] and
the sabA promoter region modulates its transcriptional activity through a wvariable
homopolymeric thymidine tract [76]. The frequent “on/off” switch of SabA expression
suggests that SabA expression can rapidly respond to changes exerted by the gastric niche.
SabA positive status was inversely related to the ability of the stomach to secrete acid,
suggesting that its expression may be regulated by changes in acid secretion and/or in
antigens expressed by the atrophic mucosa [67,75].

SabA-positive status was associated with the development of intestinal metaplasia,
gastric atrophy and gastric cancer [65,68]. After H. pylori induced gastritis, neutrophils and
monocytes infiltrated into the gastric mucosa. SabA of non-opsonized H. pylori strains
specifically binds to neutrophils through sialylated carbohydrates. Consequently, the
stimulated neutrophils produce reactive oxygen species causing oxidative damage of the

gastric epithelium, showing that SabA is a virulence factor [72,77].

5.3 oipA
OipA (~34 kDa) was identified in 2000. It is one of the outer membrane proteins. It
functions in adhesion and it is located approximately 100 kbp from the cag-PAI on the H.
pylori chromosome [58,78,79]. The functional status of OipA is regulated by slipped strand



42

mispairing that is determined by the number of CT dinucleotide repeats in the 5’ region of the
gene (switch ‘on’ and OipA is functional; switch “off” and OipA is nonfunctional) [80].

H. pylori with the oipA functional status “on” has been associated with other
virulence factors, as cag PAIL vacA, iceA and babA [65,68,81,82]. OipA “on”-status is
significantly associated with more severe gastric diseases (duodenal ulcer and gastric cancer),
high H. pylori density, and severe neutrophil infiltration and high mucosal IL-8 levels [83].
Researchers have demonstrated that OipA can induce inflammation and actin dynamics
through the phosphorylation of multiple signaling pathways that usually interact with cag-PAI
(CagA)-related pathways [84, 85]. H. pylori-related inflammatory signaling related to gastric
carcinogenesis is regulated by the activation of the phosphoinositide-3 kinase (PI3K)/Akt
signaling pathway [86]. OipA regulates IL-8 secretion through PI3K/Akt and this regulation is
dependent on forkhead transcription factors of class O (FoxO) 1/3a inactivation [87].
Inactivation of oipA also results in a decreased level of nuclear B-catenin in vitro and a
reduced incidence of cancer in gerbils, indicative of the importance of this OMP in the

virulence of H. pylori [10].

5.4 hopQ

The hopQ gene encodes HopQ, an outer membrane protein that attenuates the
adherence of H. pylori strains to gastric epithelial cells and thus may play an important role in
the initial colonization and long-term persistence of the bacterium in the stomach [88]. The
hopQ gene is present in two forms: types I and II. Some studies have reported an association
between the presence of type I hopQ alleles and other H. pylori virulence markers, including
type sl vacA alleles [89-92]. In Western patients, the inflammatory cell infiltration and
atrophy scores were significantly higher in patients with hopQ type I strains than those with
type II [63]. Only one study so far showed that the #opQII genotype is frequently present in
H. pylori strains isolated from gastric cancer patients [93].

A study conducted an analysis of 3000 H. pylori mutants and revealed that the ~opQ
gene affected NF-kB nuclear translocation. HopQ was essential for CagA translocation and
for CagA-mediated host cell responses such as formation of the hummingbird phenotype and
cell scattering. It also showed that the deletion of #opQ reduced T4SS-dependent activation of
NF-kB, induction of MAPK signaling and secretion of interleukin 8 (IL-8) in the host cells,
but it did not affect motility or the quantity of bacteria attached to host cells. Therefore, HopQ
exhibits adhesive properties and could be useful to conferring contacts of H. pylori’s T4SS to

the host cell surface. [94].
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Although BabA and SabA are the most prominent adhesins described so far, it seems
probable that additional adhesins described in this review are involved in the colonization
process. The adhesins are important not only for H. pylori to adhere to the stomach surface
but also to anchor the bacterial secretion system and consequently the delivery of virulence

factors to host epithelial cells.

6. Motility genes

Flagella conferred the motility of H. pylori that possesses a unipolar bundle of 3 to 5
flagella, which are composed of three structural elements: the basal body, the hook, and the
filament [67,95,96]. The filament acts as a propeller when rotated at its base and it is made of
two flagellins: the major, FlaA, and the minor, FlaB [97]. Mutation of flaA results in flagellar
truncation and decreased motility in vitro [98]. In vivo, FlaA and other proteins necessary for
flagellar assembly are essential for persistent infection in rodent and gnotobiotic piglet models
[99-101].

H. pylori flagellin filaments are post-translationally modified by glycosylation with a
nine-carbon pseudaminic acid (Pse) sugar derivative that resembles sialic acid, which is
typically found on mammalian cell surfaces [102]. The FlaA protein is modified with a total
of seven O-linked pseudaminic acid (Pse5Ac7Ac) residues, while FlaB is modified with ten
O-linked Pse5Ac7Ac residues. Deletion of genes responsible for the glycosylation process
leads to loss of late flagellar structures (hook and filaments) and loss of motility [103,104].

Motility is essential for successful gastric colonization and may contribute to pathogenesis.

7. iceA

Another virulence gene designated iceA (induced by contact with epithelium) has
been recently described. Some studies showed that iceA has two main allelic variants, iceAl
and iceA2, but the function of these variants is not clear yet [105,106]. iceAl demonstrated
sequence homology with a gene from Neisseria lactamica, nlallIR, which encodes a CTAG-
specific restriction endonuclease [107]. On the other hand, iceA2 has no homology to known
genes and the function of the iceA2 product remains unclear. The expression of iceAl is
upregulated on contact between H. pylori and human epithelial cells, and the iceAl genotype
was linked with enhanced mucosal interleukin (IL)-8 expression and acute antral

inflammation [61].



44

Some reports have associated the relationship between the iceA allelic types and
clinical outcomes [108]. The iceAl variant was associated with peptic ulcer disease, while
iceA2 variants with gastritis [109,110]. However, this association varies among populations.
In Brazil, for instance, iceAl allele is associated with gastritis [111]. Additionally, it was
described in Cuba, Europe, Saudi Arabia, and Turkey that the iceA2 allele is associated with
non-peptic ulcer dyspepsia (NUD) as well as strains with more virulent types [109,112]. Thus,

the iceA gene may be considered a useful marker in patients with gastroduodenal diseases.
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Conclusion

The relationship between H. pylori and humans date back to 50,000 years ago and
during this time these two species have co-evolved. During this evolution, there was a major
change in the genome of this bacterium with the horizontal acquisition of the cag
pathogenicity island, which seems to have been important in the colonization, although it was
responsible for the development of gastric diseases. In spite of the fact that only the cagA
gene is well defined as an H. pylori pathogenicity marker, over the course of our review it was
observed that other genes are also essential components for a functional cag T4SS.
Furthermore, the fact that some strain with an incomplete pathogenicity island in a more
severe gastric lesion was observed, suggesting that there must be genes with overlapping
function ensuring the functioning of the secretory apparatus. Besides, the product of some of
these genes could be capable of stimulating an exacerbated inflammatory response which is
characteristic of gastric lesions. Although there are several genes associated with the adhesion

of the bacteria, the babA gene stands for a successful colonization.
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1.3. Perguntas de Partida

Existe algum genotipo de H. pylori influenciando na determinagdo dos subtipos
histologicos em relacdo a ilha de patogenicidade e genes de adesdo?
A viruléncia de H. pylori associada a polimorfismos em genes de determinadas

enzimas de reparo e de E-caderina estariam envolvidas no processo carcinogénico?

1.4. Hipoteses

7V Existem gendtipos especificos de H. pylori para cada um dos subtipos histologicos.
/¥ Polimorfismos em genes das enzimas de reparo e de E-caderina associados a

viruléncia de H. pylori contribuem para o desenvolvimento do cancer géstrico.

2. OBJETIVOS
2.1 Geral

/¥ Determinar a integridade da ilha de patogenicidade (cag-PAl), pela presen¢a dos genes
cagA, cagE, cagG, cagM, cagT e virB11, além das variagoes alélicas do gene vacA e
das adesinas hopQ e oipA de H. pylori e associar com os aspectos histopatologicos
dos tumores géstricos, com enzimas de reparo e E-caderina.

2.2 Especificos

/¥ Detectar a presenca de H. pylori no tumor géstrico;

/¥ Detectar a presenca dos genes cagA,cagE, cagG, cagM, cagT,virB11,vacA, oipA e
hopQ nos tumores H. pylori positivos;

/¥ Associar os perfis genotipicos de H. pylori, com os tumores gastricos e de acordo com
o subtipos histologicos;

/¥ Associar os perfis genotipicos da H. pylori, com estudo de risco com genes de enzimas

de reparo APE1 e MLH]1, e E-caderina.
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3. MATERIAL E METODOS

3.1 Casuistica

Um total de 285 amostras de tumores gastricos foram obtidos a partir de pacientes
submetidos a gastrectomias totais ou parciais nos hospitais: Santa Casa de Misericordia de
Fortaleza (SCMF), Hospital Universitario Walter Cantideo (HUWC) e Hospital Geral César
Cals (HGCC), Hospital Geral de Fortaleza e Hospital Ophir Loyola (Belém — PA). As
amostras de DNA do grupo controle do estudo de risco foram obtidas de sangue coletadas no
Centro de Hematologia e Hemoterapia do Ceara (HEMOCE), Santa Casa de Misericordia de
Sobral e Centro de Hematologia e Hemoterapia do Para (HEMOPA).

Os espécimes tumorais frescos foram coletados nos centros cirlirgicos dos
respectivos hospitais, imediatamente apds a gastrectomia, obedecendo as condigdes ideais de
assepsia, de acordo com o protocolo de coleta. As amostras foram retiradas sem
comprometimento da investiga¢do histopatologica da rotina hospitalar e em seguida foram
transportadas rapidamente em compartimento contendo gelo para o Laboratorio de Genética
Molecular — LABGEM do Departamento de Patologia e Medicina Legal — DPML, onde
foram mantidas em freezer a temperatura de — 80°C, até o momento da extracdo do DNA. De
cada amostra congelada foram feitos cortes histoldgicos, em micrétomo criostato, com uma
espessura de aproximadamente Sum, corados com Hematoxilina-Eosina e avaliados quanto ao
percentual de células tumorais pelo patologista do grupo de pesquisa. Apenas aquelas
amostras que continham um percentual maior ou igual a 80% de células tumorais foram

dirigidas para a extracdo do DNA genomico.

3.2 Aspectos Eticos

Esta pesquisa foi aprovada pelo Comité de Etica do Hospital Geral de Fortaleza, sob
protocolo n® 071002/10, e pelo Comité de Etica da Universidade Federal do Ceard, sob
protocolo n® 220/12 observando as normas que regulamentam a pesquisa em seres humanos,
do Conselho Nacional de Satide de acordo com as resolugdes 196/96, 251/97, 292/99, 303/00,
304/00, 347/05, 346/05. Foram incluidos neste estudo apenas aqueles individuos submetidos a
resseccdo cirirgica, que apds serem informados sobre a pesquisa, concordaram em participar

dela, assinando espontaneamente o termo de consentimento livre e esclarecido (TCLE).
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3.3 Coleta de Dados

Os dados epidemioldgicos e clinico-patologicos foram obtidos no momento da
entrevista com o paciente, bem como por meio da consulta de prontudrios sendo registrados
em fichas estruturadas. Os dados histopatologicos tais como subtipos tumorais, profundidade
da invasdo, acometimento de linfonodos e/ou metastase a distancia ¢ estadiamento, foram

extraidos dos laudos patoldgicos, presentes nos respectivos prontudrios.

3.4 Extracao do DNA

As amostras tumorais foram submetidas a extragdo do DNA gendmico de alto peso
molecular, utilizando-se o método de extragdo com CTAB descrito por Foster e Twell (1996).
Neste método, fragmentos de aproximadamente 0,5g foram macerados com auxilio de bastdo
de vidro esterilizado, em tubo tipo Falcon de 15mL e em seguida, adicionou-se o tampao de
extracdo (2% CTAB; 1,4M de NaCl; 20mM de EDTA; 100mM de Tris-HCI pH 8,0; 0,2% de
2-Mercaptoetanol); obedecendo-se propor¢cdo de 6mL de tampao de extragdo para cada 0,5g
de tecido tumoral e incubado em banho-maria a 60°C por 16 horas com algumas inversoes.
Apo6s a incubacgdo, adicionou-se volume igual de cloroférmio-dlcool isoamilico (24:1), para
purificagdo, seguido de centrifugagdo a 2.000 rpm por 15 min. Em seguida, a fase superior foi
transferida para tubo tipo Falcon estéril de 15mL e o DNA foi precipitado com 2/3 do volume
de isopropanol a 100%, centrifugado a 2.000 rpm por 5 min. Apds a centrifugagdo, o
sobrenadante foi descartado e o sedimento foi ressuspendido com NaCl 1M, para libera¢dao do
complexo DNA-CTAB. Em seguida adicionou-se 2,5 volumes de etanol 100% gelado e
centrifugado a 2000 rpm por 5 min. Em seguida foi lavado com etanol 70% e colocado para
secar a 37°C. Depois de seco, o DNA foi ressuspendido em 400l de agua Milli-Q estéril com
DEPC 0,1% e armazenado em freezer a -14°C. Para avaliar a qualidade do DNA, cada
amostra foi submetida a eletroforese em gel de agarose a 1% corado com brometo de etideo e
observado sob transluminador de luz ultravioleta; Paralelamente, o DNA foi quantificado
usando um espectrofotdmetro NanoDrop ™ 3300 (Wilmington, DE, USA). Ja a extracdo de

sangue foi realizada pelo método salting-out descrito por Miller (1988).



60

3.5 Genotipagem de H. pylori

A detecgdo da presenga de H. pylori e de seus respectivos genes foi realizada pela
reacdo em cadeia da polimerase (PCR). A tabela 2 mostra as especifica¢des de cada reacao.
Em todas as reagdes foram usados como controle negativo, um mix de PCR sem amostra de
DNA foi usado para certificar-se de que o produto final da PCR estava livre de contaminagao.
A presenca de H. pylori nas amostras estudadas foi detectada pela presenca da regido interna,
especifica para H. pylori, do gene que codifica a proteina urease (ureC) (LAGE, et al., 1995).
A mistura para PCR foi composta por tampao 1x (Tris-HCl 20mM [pH 8§,4], KCI 50 mM),
1,25 U de Platinum Taq DNA Polimerase Invitrogen®; 0,4 mM deoxinucleotideos tri-fosfato
(ANTP); 1,5 mM de MgCly; 0,4 uM de cada oligonucleotideo iniciador e 100 ng de DNA,
adicionada de agua estéril suficiente para 25ul. Os produtos amplificados nessas reagdes

foram visualizados em gel de poliacrilamida a 6% corado com nitrato de prata.

3.5.1 Presenca e subtipos do gene vacA de H. pylori
vacA sl e s2

Os subtipos sl e s2 foram amplificados em uma mesma reagdo. A mistura para PCR
foi composta por tampao 1x (Tris-HCI 20mM [pH 8,4], KCI 50 mM); 0,1% Tween 20; 1,25 U
de Go Taq® Flexi DNA Polimerase (PROMEGA); 0,24 mM deoxinucleotideos tri-fosfato
(ANTP); 1,5 mM de MgCl,; 0,48 uM de cada oligonucleotideo iniciador e 100 ng de DNA,
adicionada de dgua estéril suficiente para 12,5 uL. Os produtos amplificados nessas reagdes

foram visualizados em gel de poliacrilamida a 6% corado com nitrato de prata.

vacA ml e m2

Os subtipos m1 e m2 foram amplificados individualmente. Para amplificacdo do subtipo
ml a mistura para PCR foi composta por tampao 1x (Tris-HCI 20mM [pH 8,4], KCI 50 mM)),
0,1% de Tween 20, 1,25 U de Platinum Taq DNA Polimerase Invitrogen®; 0,2 mM
deoxinucleotideos tri-fosfato (ANTP); 1,5 mM de MgCly; 0,4 uM de cada oligonucleotideo
iniciador e 100 ng de DNA, adicionada de 4dgua estéril suficiente para 25uL.

Para a amplificacdo do subtipo m2, foi feita a mistura para PCR contendo tampao 1x
(Tris-HC1 20mM [pH 8,4], KCI 50 mM); 0,1% de Tween 20; 1,25 U de Go Taq® Flexi DNA
Polimerase (PROMEGA); 0,25 mM deoxinucleotideos tri-fosfato (dNTP); 1,5 mM de
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MgCl,; 0,32 uM de cada oligonucleotideo iniciador e 100 ng de DNA, adicionada de agua
estéril suficiente para 12,5uL.
Os produtos gerados nessas reagdes foram visualizados em gel de poliacrilamida 6%,

corado com nitrato de prata.

3.5.2 Deteccao do gene cagA

O gene cagA de H. pylori foi amplificado em uma mistura para PCR composta por
tampdo 1x (Tris-HCI 20mM [pH 8,4], KCI 50 mM); 0,1% Tween 20; 1,25 U de Go Taq"”
Flexi DNA Polimerase (PROMEGA); 0,24 mM deoxinucleotideos tri-fosfato (ANTP); 1,5
mM de MgCly; 0,48 uM de cada oligonucleotideo iniciador e 100 ng de DNA, adicionada de
agua estéril suficiente para 12,5 pL. Os produtos gerados foram visualizados em gel de

poliacrilamidas a 6% corado com nitrato de prata.

3.5.3 Deteccao do gene cagE

O gene cagE de H. pylori foi amplificado em uma mistura para PCR composta por
Master Mix 1X, 0,1% Tween 20, 0,48 uM de cada oligonucleotideo iniciador e 100 ng de
DNA, adicionada de agua estéril suficiente para 20 pL. Os produtos amplificados nessas
reacdes foram visualizados em gel de agarose a 2% corado com brometo de etideo sob

transluminador de luz ultravioleta.
3.5.4 Deteccao do gene virB11

O gene virB11 de H. pylori foi amplificado em uma mistura contendo 10 ul de Go Taq
Master Mix, 0,5 mM de MgCl,;, 0,3 uM de cada oligonucleotideo iniciador e 100 ng de
DNA, adicionada de agua estéril suficiente para 20 pL. Os produtos que foram visualizados
em gel de agarose a 1% corado com brometo de etideo sob transluminador de luz ultravioleta.

3.5.5 Deteccao do gene cag@G, cagT, cagM e oipA

Os genes cagG, cagT e cagM e oipA de H. pylori foram amplificados em uma

mistura para PCR composta por Master Mix 1X, 0,5 uM de cada oligonucleotideo
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iniciador ¢ 100 ng de DNA, adicionada de agua estéril suficiente para 20 pL. Os
produtos amplificados nessas reagdes foram visualizados em gel de agarose a 2%

corado com brometo de etideo sob transluminador de luz ultravioleta.

3.5.6 Deteccao do gene hopQI e hopQII

As variagdes alélicas do gene hopQ foram amplificadas individualmente. Para
amplificagdo de ambas varia¢des a mistura para PCR foi composta por Master Mix 1X, 0,6
uM de cada oligonucleotideo iniciador ¢ 100 ng de DNA, adicionada de agua estéril
suficiente para 20 pL. Os produtos amplificados nessas reagdes foram visualizados em gel de

agarose a 2% corado com brometo de etideo sob transluminador de luz ultravioleta.

3.6 Detecgao dos Polimorfismos Genéticos do Hospedeiro

A presenga de polimorfismos de tnico nucleotideo (SNPs) nos genes que codificam as
enzimas de reparo, APE-1, MLHI1 e E-caderina, foram detectados por meio da andlise do
DNA gendmico, utilizando a Reagdo em Cadeia da Polimerase (PCR) e RFLP (restriction
fragment length polymorphism), que ¢ a PCR seguida de restricdo enzimatica. Os resultados
da genotipagem foram regularmente confirmados por regenotipagem de aproximadamente
10% das amostras. Os produtos de PCR foram gerados utilizando em cada reacdo um volume
total de 20 ul de PCR contendo MasterMix 1X (Promega Madison WI), 0,4 mM de de cada
oligonucleotideo iniciador e 100 ng de DNA. Os fragmentos amplificados foram visualizados
em gel de agarose a 2% contendo brometo de etidio sob luz UV e foram digeridos com as
endonucleases de restricdo apropriadas. As enzimas de restri¢do e o tamanho do fragmento
estd descrita na Tabela 2. Os fragmentos visualizados em gel de poliacrilamida a 8% corado

com nitrato de prata.
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Tabela 2. Primers, temperatura de anelamento, tamanho dos produtos dos PCRs, enzimas de restrigdo ¢
tamanhos dos fragmentos da restri¢do.

ureC F-5"-AAGCTTTTAGGGGTGTTAGGGGTTT-3" 55°C 294 bp - Lage AP etal., 1995
R -5"-AAGCTTACTTTCTAACACTAACGC-3"

vacAs1/s2 F—5"-ATGGAAATACAACAAACACAC-3’ 55°C 259/286 bp - Lima et al, 2011
R —5"-CTGCTTGAATGCGCCAAAC-3’

ml F - 5"GGTCAAAATGCGGTCATGG3’ 55°C 290 bp - Lima et al, 2011
R - 5"-CCATTGGTACCTGTAGAAAC-3"

m2 F - 5"-GGAGCCCCAGGAAACATTG-3" 52°C 192 bp - Lima et al, 2011
R - 5"-CATAACTAGCGCCTTGCAC-3"

cagA F-5"-ATAATGCTAAATTAGACAACTTGAGCGA-3" 56°C 297 bp - Lima et al, 2011
R - 5'-TTAGAATAATCAACAAACATAACGCCAT-3"

cagE F - 5"-TTGAAAACTTCAAGGATAGGATAGAGC-3’ 56 °C 509 bp - Lima et al, 2011
R - 5'-GCCTAGCGTAATATCACCATTACCC-3"

virB11 F-5"-TTAAATCCTCTAAGGCATGCTAC-3" 49 °C 491 bp - Lima et al, 2011
R - 5"-GATATAAGTCGTTTTACCGCTTC-3"

cagG F - 5-GCCATGTTAACACCCCCTAG-3’ 52°C 497 bp - Hsu et al., 2002
R - 5"-TTAATGCGCTAGAATAGTGC-3"

cagM F-5'-ACAAATACAAAAAAGAAAAAGAGGC-3" 52°C 587 bp - Hsu et al., 2002
R-5"-ATTTTTCAACAAGTTAGAAAAAGCC-3*

cagT F-5'- TCTAAAAAGATTACGCTCATAGGCG -3° 52°C 490 bp - Hsu et al., 2002
R-5'- CTTTGGCTTGCATGTTCAAGTTGCC-3"

hopQI F-5'- ACGAACGCGCAAAAACTTTA -3° 55°C 187 bp - Sicinschi et al., 2012
R-5'- TTGCCATTCTCATCGGTGTA-3"

hopOII F-5"- ACAGCCACTCCAATCCAGAA -3’ 55°C 160 bp - Sicinschi et al., 2012
R-5"- AACCCCACCGTGGATTTTAG-3"

APE-12197 (T>G) F: 5'-CTGTTTCATTTCTATAGGCTA-3" 48.5°C T 164 bp Bfal Vodicka et al., 2007
R: 5"-AGGAACTTGCGAAAGGCTTC-3" G 144 bp €20 bp

MLHI -93 (G>A) F-5-AGTAGCCGCTTCAGGGA-3’ 50°C G125 e 34bp Pvull Chen et al., 2005
R-5"-CTCGTCCAGCCGCCGAATAA-3 A259bp

CDH1 -160 (C>A) F- 5-GCCCCGACTTGTCTCTCTAC-3' 61°C C 446 bp Hincll Chien et al. (2011)
R- 5-GGCCACAGCCAATCAGCA-3' A 368 e 68bp

CDH1 -347 (G>GA) F- 5-GCCCCGACTTGTCTCTCTAC-3' 61°C G-263,115e 68 pb  Banll Chien et al. (2011)
R- 5-GGCCACAGCCAATCAGCA-3’ GA-331e115pb

3.7 Analise Estatistica

Os dados clinico-patologicos e os resultados das PCR’s foram demonstrados através

de graficos e tabelas como auxilio dos programas computacionais Microsoft Office Excel®

2010 e Microsoft Office Word® 2010 (Microsoft®, USA). As analises estatisticas foram

realizadas utilizando-se os programas estatisticos: Software Weka, EPINFO® versdo 6.0 ¢

SPSS® 12.0, realizando-se o Teste do x> e Teste Exato de Fisher. Foram considerados

estatisticamente significantes, valores de p < 0,05.
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4. RESULTADOS

Os resultados referentes a esta tese serdo apresentados a seguir na forma de 2

artigos cientificos.
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Abstract

Intestinal and diffuse are two histological subtype of gastric carcinoma, with distinct
epidemiology, carcinogenic pathways and clinic outcome. In spite of both are a disease more
frequent in elderly population with higher occurrence in those over 50-55 years, the diffuse
tumors is associated to younger and women individuals. Few polymorphisms of repair
enzymes has been associated with the gastric cancer susceptibility. Thus, we evaluated the
role of SNPs in DNA repair genes APEI 2197(T>G) and MLHI -93(G>A), as well as in
CDH] at positions -160 (C>A) and -347 (G>GA) in gastric cancer risk, which have been less
explored. This study included genotypic of 264 gastric cancer patients and 391 healthy
controls matched by age and sex (1:1 or 1:2) form two different regions from Brazil: Ceara
and Pard.. Analyzes were carried out considering the GC subtypes, age and gender. In
intestinal subtype it was observed a protection associated to APEI 2197 (T>G) polymorphic
allele for female patients aged <55 years old and CDHI -347 (G>GA) polymorphic allele for
male aged > 55 years old. In diffuse tumors, in the <55 years old age group, the polymorphic
allele of MLH1 -93 (G>A) was associated to protection and the polymorphic allele of APE]
2197 (T>G) was associated with risk in males in this age group. Moreover, APE] 2197
(T>G) polymorphic allele was associated with the absence of distant metastasis and MLH] -
93 (G>A) polymorphic allele with absence of regional lymph nodes metastasis. Considering
H. pylori strains according to age group shows difference between intestinal and diffuse
subtypes. In the intestinal subtype, patients carrying the APE! polymorphic allele were
significantly infected by less virulence strains. In summary, our data show that these SNPs are
potentials markers of susceptibility to the different subtypes of GC in older and young

patients and that gender is also an important aspect to be considered at risk studies.

Key words: Gastric cancer, Helicobacter pylori, Polymorphism, Age, Gender.



68

Introduction

Gastric cancer (GC) is now the fifth most common malignancy in the world and the

third leading cause of cancer death, been more frequent in man than women [1].
Adenocarcinoma is the most frequent GC and are classified in two histologically distinct
types by Lauren: intestinal (well-differentiated) and diffuse (undifferentiated). They have
distinct epidemiology, carcinogenic pathways and clinic outcome [2,3]. In common, both are
a disease more frequent in elderly population, with higher occurrence in those over 50-55
years old. However, the rate of gastric cancer in young patients has increased over the past
few decades [4-6]. Helicobacter pylori infection is the most important risk factor for gastric
cancer, more associated to the intestinal subtype [7,8]. It is estimated that around 50% of the
population worldwide is infected by this bacterium, however only 1% to 2% of those
individuals develop gastric malignancies indicating association with genetic factors [9].

Genome-wide association studies have successfully identified human single
nucleotide polymorphisms (SNPs) related to the risk of gastric cancer, indicating that these
genetic alterations are potential targets for CG risk studies [10,11]. SNPs in DNA repair genes
can result in reduced DNA repair capacity, which can consequently be important for GC
susceptibility [12,13]. Moreover, studies have reported that the loss of E-cadherin (CDHI1)
expression has been associated with poor clinical outcome in GC. Wherefore SNPs in this
gene can also contribute to GC development.

Four DNA repair pathways operate on specifics DNA damage: base excision repair
(BER), nucleotide excision repair (NER), double- strand break repair (DSBR) and mismatch
repair (MMR) [14]. Apurinic/apyrimidinic endonuclease/redox factor-1 (APE1/Ref-1) is an
essential enzyme in the BER pathway involved in the excision of abasic sites formed in DNA
cleavage by OGGI1. The MLHI gene is considered one of the key members of the MMR
pathway that repairs base—base mismatches that occur during DNA replication in proliferating
cells, which are promoted by some chemical agents [15,16].

E-cadherin or CDHI1 is an epithelial cellular junction protein expressed in almost all
epithelial cells. It is an invasion-suppressor molecule, plays an important role in the
maintenance of epithelial development, organization and cell integrity [17]. Diminished
expression of CDHI1 promotes malignant transformation, tumor invasion and metastasis
[18,19]. Loss of function of the E-cadherin gene (CDH1) has been linked with diffuse gastric
cancer susceptibility, and germline inactivating mutations in CDHI1 characterize the

hereditary diffuse gastric cancer (HDGC) syndrome [20].
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Therefore, this study was designed to investigate the role of polymorphism SNPs in
DNA repair genes involved in the BER (APEI, T>G) and MMR (MLHI, G>A) pathways, as
well as in CDH] at positions -160 (C>A) and -347 (G>GA) in the susceptibility different
histological subtypes of GC to older patients and young patients.

Methods

Subjects

This case—control study consisted of 264 patients with a diagnosis of gastric cancer,
aged 23-92 years, who were recruited from four hospitals: Walter Cantideo Hospital at the
Federal University of Ceard, Santa Casa de Misericordia, Fortaleza General Hospital in state
Ceard and Hospital Ofir Loyola, Joao de Barros Barreto in the state Para. The controls were
composed by 391 healthy volunteers recruited from Ceard Hematology Center, Santa Casa de
Misericordia Hospital, in the state of Ceard and Pard Hematology Center, without any history
of cancer. The control population was age and sex matched with the gastric cancer patients
and 4 ml of blood were harvested for analysis.

All participants signed an informed consent and the study was approved by the
Ethics Committee of the Federal University of Ceara and Ethics Committee of the Fortaleza
General Hospital under the protocols n° 071002/10 and n°® 220/12, respectively. According to
the Resolution 306/04 of the National Council of Health, Ministry of Health/Brazil.

Genotype analysis

DNA isolation was performed according to the Salting-Out procedure [21] and
cetyltrimethyl ammonium bromide (CTAB) method [22] extracted from frozen tumor tissue
and whole blood respectively. The APEI (T>G), MLHI (G>A), CDHI -160 (C>A) and
CDHI -347 (G>GA) polymorphisms were determined by PCR—RFLP-(restriction fragment
length polymorphism) based method. PCR products were generated using in each reaction a
total volume of 20ul containing PCR MasterMix 1X (Promega Madison WI), 0.4 mM each
primer and 100 ng DNA template. All PCR products were verified by 1% agarose gel
electrophoresis with ethidium bromide and were digested with appropriate restriction
endonucleases. The digested fragments were visualized in 8% polyacrylamide gels with silver
stained. The reaction conditions, restriction enzymes and the fragment size are described in

Table 1.
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Table 1. PCR primer sets, annealing temperature and size of the PCR products used for genotyping
polymorphism and H. pylori . F — foward; R — reverse.

Gene Primer sequence Annealing  Size of PCR Restriction enzyme  Reference
product

ureC F - 5"-AAGCTTTTAGGGGTGTTAGGGGTTT-3" 55°C 294 bp - [23]
R -5-AAGCTTACTTTCTAACACTAACGC-3"

vacA s1/s2 F - 5-ATGGAAATACAACAAACACAC-3’ 55°C 259/286 bp - [24]
R-5"-CTGCTTGAATGCGCCAAAC-3’

ml F - 5"GGTCAAAATGCGGTCATGG3’ 55°C 290 bp - [24]
R -5-CCATTGGTACCTGTAGAAAC-3’

m2 F-5"-GGAGCCCCAGGAAACATTG-3" 52°C 192 bp - [24]
R-5"-CATAACTAGCGCCTTGCAC-3"

cagA F-5-ATAATGCTAAATTAGACAACTTGAGCGA-3" 56 °C 297 bp - [24]
R —5"-TTAGAATAATCAACAAACATAACGCCAT-3’

cagk F-5"-TTGAAAACTTCAAGGATAGGATAGAGC-3’ 56 °C 509 bp - [24]
R-5"-GCCTAGCGTAATATCACCATTACCC-3"

virB11 F-5-TTAAATCCTCTAAGGCATGCTAC-3’ 49°C 491 bp - [24]
R - 5"-GATATAAGTCGTTTTACCGCTTC-3

APE-12197(T>G)  F:5-CTGTTTCATTTCTATAGGCTA-3' 48.5°C T 164 bp Bfal [27]
R: 5"-AGGAACTTGCGAAAGGCTTC-3" G 144 bp and 20 bp

MLHI -93 (G>A) F-5"-AGTAGCCGCTTCAGGGA-3" 50°C G125 and134bp Pvull [28]
R-5'-CTCGTCCAGCCGCCGAATAA-3' A259bp

CDHI -160 (C>A) F- 5-GCCCCGACTTGTCTCTCTAC-3' 61°C C 446 bp Hincll [29]
R- 5'-GGCCACAGCCAATCAGCA-3' A 368 and 68bp

CDHI -347 (G>GA)  F- 5-GCCCCGACTTGTCTCTCTAC-3' 61°C G-263,115e 68 pb  Banll [29]
R- 5'-GGCCACAGCCAATCAGCA-3' GA-331¢ 115 pb

The H. pylori infection was detected by amplification of the urease C gene using
primers for PCR, as described by Lage et al., [23]. For the H. pylori-positive samples, the
presence of the vacA and alleles, cagAd, cagE and virBI1 genes were identified using the
primer sets from the published literature. These are shown in Table 1. PCR for amplification
of cagA, cagE, virB11 and vacA genes, were prepared as described by Lima et al., [24]. PCR
products were visualized in 1% agarose gel electrophoresis with ethidium bromide or 8%
polyacrylamide gels with silver stained.

Statistical analysis

The statistical analyses were conducted using the EPINFOI 6.0. Statistically
significant differences were evaluated by the chi-square test (y°) and Fisher’s exact test. A p-
value less than 0.05 was regarded as statistically significant. In the calculation of the

genotypes and allele frequencies, Hardy-Weinberg equality was tested.

Results

Among the 264 analyzed cases, the males were more frequent 174 (65.9%) than
females 90 (34.1%). The mean age was 62, ranging from 23 to 92 years old been 62.3 for
intestinal tumors and 59.2 for diffuse tumors. The intestinal subtype was slightly more

frequent than the diffuse subtype (53% vs 47%, respectively). H. pylori infection was detected
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in 248 out of 264 (93.9%) gastric adenocarcinomas. Analyzes were carried out considering
the histological subtype (intestinal and diffuse) and cutoff age of 55 years old.

In intestinal subtype, among the patients <55 years old, (table 2) it was observed that
the presence of APEI 2197 (T>G) homozygous polymorphic genotype and the polymorphic
allele (G) were associated to a protection for the intestinal subtype development. The
importance of the G allele was confirmed by the significance found in the dominant model
analysis. On the other hand, in patients > 55 years old, the protection was associated to the
presence CDHI -347 (G>GA) polymorphic allele, confirmed in the dominant model analysis.
There are no differences between patients ages groups (<55 vs > 55 years old) considering the
frequency of polymorphism genotypes studied. Taking in account the gender in the intestinal
subtype, in male only among patients aged 55> years old, CDHI-347 (G>GA) the
heterozygous genotype and the dominant model for GA allele was associated with a
protection [CDHI-347 (GGA vs GG: OR=0.50 ; CI: 0.25-1.0 ; p=0.036); (GGA+GAGA vs
GG: OR=0.51 ; CI:0.2-1.0; p=0.034)]. No difference was found between the two ages groups
in male. In females, only among patients aged <55 years old, a protection was observed for
APEI 2197 (T>Q) associated with polymorphic allele and the dominant model [APEI 2197
(G vs T: OR=0.24; CI:0.04-1.2; p=0.046); (TG+GG vs TT: OR=0.13 ; CI:0.01-1.1; p=0.039)].
When the two ages groups were compared, a protection was associated with females at age
<55 years old [APE1 2197 (G vs T: OR= 0.20; CI: 0.07-1.0; p=0.046)]. Comparing the gender,
in patients aged 55 > years old , male patients had a tendency of lower frequency of MLHI -
93 (G>A) homozygous polymorphic genotype than women [MLHI -93 (AA vs GG: OR=0.1;
CI: 0.01-1.4; p=0.059)].

In diffuse subtype, among the patients <55 years old (table 3), the MLHI -93 (G>A)
heterozygous genotype was associated to a protection for diffuse tumors developing [MLHI -
93 (GA vs GG: OR=0.41 ; CI:0.17-1.0 ; p=0.049)]. There are no differences between patients
ages groups (<55 vs > 55 years old). Taking in account the gender, among the males, an
increase of 7 times risk was found for patients <55 years old associated to APEI 2197 (T>G)
homozygous polymorphic genotype [APEI 2197 (GG vs TT: OR= 8.25; CI: 0.82-82;
p=0.047)]. No significant risk results were found among the female. Also no difference was
found between the two age patients groups for both gender. However, when the patients
gender was compared, among the 55 > years old groups a risk was observed for male
carrying the CDH1 -347 (G>GA) the heterozygous genotype , in a dominant model and the
polymorphic allele [CDHI -347 (GGA vs GG: OR= 2.7; CI:1.0-7.3; p=0.040); (GGA+GAGA
vs GG: OR=3.1; CI:1.1-8.2; p=0.018); (GA vs G: OR=2.8; CI:1.1-6.6; p=0.015)].



72

Comparing the intestinal and diffuse tumors, only a tendency of risk was observed

in patients <55 years old for diffuse subtype associated with homozygous polymorphic
genotype and polymorphic allele of APEI 2197 (T>G) [APEI 2197 (GG vs TT: OR=3.9; CI:
0.8-17; p=0.063); (G vs T: OR= 1.83; CI: 0.9-3.5; p=0.074)].

Table 2. Allelic and genotype frequencies for the polymorphisms of APE].

age and intestinal subtype.

MLHI and CDH] considering the

Intestinal <55

Intestinal > 55

Polymorphism Case Control OR P Case Control OR P
APEI (T>G) 37 49 101 159

T/T 17 459% 12 245% 1 - 36 356% 56 352% 1 -

T/G 17 459% 28 57,1%  0.42(0.16-1.0)  0.079 47 46,5% 18 49,1%  0.93(0.53-1.6) 0.818
G/G 3 8,1% 9 18,4%  0.23(0.05-1.0)  0.050* 18 17,8% 25 15,7%  1.12(0.53-2.3) 0.762
T/T+T/G 34 91,9% 40 81,6%  0.6(0.25-1.4)  0.247 83 82,2% 134 84,3%  0.96(0.58-1.5) 0.884
T/G+G/G 20 54,1% 37 75,5%  0.38(0.15-0.9)  0.0037* 65 64,4% 103 64,8%  0.98(0.58-1.6) 0.944
Alelo T 51 68,9% 52 53,1% 1 - 119 58,9% 190 59,7% 1 -
Alelo G 23 31,1% 46 46,9%  0.5(0.27-0.90)  0.035* 83 41,1% 128 40,3%  1.0(0.72-1.4) 0.849
MLH1-93(G>A) 35 49 99 159

G/G 18 51,4% 30 612% 1 - 45 45,5% 80 50,3% 1 -
G/A 15 429% 17 34,7%  1.47(0.59-3.6) 0.404 50 50,5% 71 44,7%  1.25(0.74-2.0) 0.391
A/A 2 5,7% 2 4,1% 1.6(0.21-12) 0.621 4 4,0% 8 5,0% 0.88(0.25-3.1) 0.853
G/G+G/A 33 94,3% 47 95,9%  1.17(0.56-2.4) 0.674 95 96,0% 151 95,0%  1.11(0.71-1.7) 0.622
G/A+A/A 17 48,6% 19 38,8%  1.49(0.62-3.5) 0.371 54 54,5% 79 49,7%  1.21(0.73-2.0) 0.447
Alelo G 51 72,9% 77 78,6% 1 - 140 70,7% 231 72,6% 1 -
Alelo A 19 27,1% 21 21,4%  1.36(0.66-2.7)  0.391 58 29,3% 87 274%  1.1(0.74-1.6) 0.634
CDH1/-160 (C>A) 37 49 100 150

Cc/C 20 54,1% 29 592% 1 - 49 49,0% 76 50,7% 1 -

C/A 11 29,7% 15 30,6%  1.0(0.4-2.7) 41 41,0% 64 42,7%  0.99(0.58-1.69)  0.981
A/A 6 162% 5 10,2%  1.74(0.4-6.4)  0.406 10 10,0% 10 6,7% 1.55(0.60-3.9) 0.361
C/C+C/A 31 83,8% 44 89,8%  1.0(0.49-2.1)  0.954 90 90,0% 140 93,3%  0.99(0.63-1.5) 0.989
C/A+A/A 17 459% 20 40,8%  1.2(0.52-2.9)  0.634 51 51,0% 74 49,3%  1.0(0.64-1.77) 0.796
Alelo C 51 68,9% 73 745% 1 - 139 69,5% 216 72,0% 1 -
Alelo A 23 31,1% 25 25,5%  0.96(0.51-1.8) 0.921 61 30,5% 84 28,0%  1.12(0.76-1.6) 0.546
CDH1/-347 (G>GA) 37 48 100 152

G/G 21 56,8% 26 542% 1 - 68 68,0% 78 513% 1 -
G/GA 13 351% 20 41,7%  0.80(0.32-1.9)  0.637 28 28,0% 66 43,4%  0.48(0.28-0.84)  0.009*
GA/GA 3 8,1% 2 42% 1.85(0.28-12)  0.513 4 4,0% 8 5,3% 0.57(0.16-1.9) 0.375
G/G+G/GA 34 91,9% 46 95,8%  0.91(0.44-1.8) 0.810 96 96,0% 144 94,7%  0.76(0.5-1.1) 0.205
G/GA+GA/GA 16 432% 22 458%  0.90(0.37-2.1) 0.811 32 32,0% 74 48,7%  0.49(0.29-0.84)  0.008*
Alelo G 55 743% 12 75,0% 1 - 164 82,0% 222 73,0% 1 -
Alelo GA 19 25,7% 24 25,0%  1.0(0.51-2.0)  0.920 36 18,0% 82 27,0%  0.59(0.38-0.92)  0.019*
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Table 3. Allelic and genotype frequencies for the polymorphisms of APEI. MLHI and CDH1 considering the
age and diffuse subtype.

< 55 Diffuse > 55 Diffuse

Polymorphism Case Control OR p Case Control OR p
APEl (T>G) 38 % 56 83 127

T/T 13 342% 18 32% 1 - 33 39,8% 43 33,9% 1 -

T/G 16 42,1% 33 59% 0.67(0.26-1.7) 0.400 39 47,0% 66 52,0% 0.77(0.42-1.4) 0.394
G/G 9 237% S 9% 2.4(0.67-9.1) 0.165 11 13,3% 18 14,2% 0.79(0.33-1.9) 0.610
T/T+T/G 29 76,3% 51 91% 0.78(0.33-1.8) 0.579 72 86,7% 106 83,5% 0.88(0.51-1.5) 0.659
T/G+G/G 25 658% 38 68% 0.91(0.38-2.1) 0.834 50 60,2% 84 66,1% 0.77(0.43-1.3) 0.384
Alelo T 42 553% 69 62% 1 - 105 633% 152 59,8% 1 -
Alelo G 34 447% 43 38% 1.29(0.71-2.3) 0.385 61 36,7% 102 40,2% 0.86(0.57-1.2) 0.483
MLH1-93(G>A) 37 56 82 126

G/G 20 54,1% 21 38% 1 - 46 56,1% 63 50,0% 1 -
G/A 13 351% 33 59% 0.41(0.17-1.0) 0.049* 31 37.8% 56 44,4% 0.75(0.42-1.3) 0.349
A/A 4 108% 2 4% 2.1(0.34-12) 0413 5 6,1% 7 5,6%  0.97(0.29-3.2) 0.971
G/G+G/A 33 89,2% 54 96% 0.64(0.30-1.3) 0244 77 939% 119 94,4% 0.88(0.55-1.4) 0.618
G/A+A/A 17 459% 35 63% 0.51(0.21-1.1) 0.115 36 43,9% 63 50,0% 0.78(0.44-1.3) 0.389
Alelo G 53 71,6% 75 67% 1 - 123 75,0% 182 722% 1 -
Alelo A 21 284% 37 33% 0.80(0.42-1.5) 0.502 41 25,0% 70 27,8% 0.86(0.55-1.3) 0.531
CDHI1/-160 CA 38 53 83 124

C/C 19 50,0% 23 434% 1 - 40 482% 53 27% 1 -
C/A 16 42,1% 25 47,2%  0.77(0.32-1.8) 0.566 34 41,0% 60 48,4% 0.75(0.41-1.3) 0.338
A/A 3 79% 5 9,4%  0.72(0.15-3.4) 0.686 9 10,8% 11 8,9%  1.0(0.41-2.8) 0.870
C/C+C/A 35 92,1% 48 90,6%  0.88(0.41-1.8) 0.743 74 89,2% 113 91,1% 0.86(0.52-1.4) 0.581
C/A+A/A 19 50,0% 30 56,6%  0.76(0.33-1.7) 0.533 43 51,8% 71 57,3% 0.80(0.45-1.4) 0.439
Alelo C 54 71,1% 71 67,0% 1 - 114 68,7% 166 66,9% 1 -
Alelo A 22 289% 35 33,0%  0.82(0.43-1.5) 0.559 52 31,3% 82 33,1% 0.92(0.60-1.4) 0.710
CDH1/-347 G/GA 37 53 83 122

G/G 24 649% 29 54,7% 1 - 50 60,2% 78 63,9% 1 -
G/GA 10 27,0% 23 43,4%  0.52(0.20-1.3) 0.167 30 36,1% 43 352% 1.0(0.60-1.9) 0.777
GA/GA 3 8,1% 1 1,9%  3.6(0.35-37) 0336 3 36% 1 0,8%  4.6(0.47-46) 0.148
G/G+G/GA 34 91,9% 52 98,1%  0.79(0.39-1.57) 0.504 80 96,4% 121 99,2%  1.03(0.65-1.6) 0.893
G/GA+GA/GA 13 351% 24 45,3%  0.65(0.27-1.5) 0335 33 39.8% 44 36,1% 1.17(0.65-2.0) 0.591
Alelo G 58 784% 81 76,4% 1 - 130 783% 199 81,6% 1 -
Alelo GA 16 21,6% 25 23,6%  0.89(0.43-1.8) 0.757 36 21,7% 45 18,4% 1.2(0.71-2.1) 0.441

Polymorphism and stage of gastric cancer

Among the 264 cases included in this study only in 246 of the cases it was possible
to analyze the distant metastasis and in 261 lymph nodes metastasis. A trends for absence of
distant metastasis (M0) was associated to the APE] 2197 (T>G) polymorphic allele and in the
dominant model analysis (p=0.065; p=0.075, respectively). When a cutoff of 55 years old was
considered, it was found that MLHI -93 (G>A) polymorphic allele was more frequent in

patients without regional lymph nodes metastasis (NO) in a dominant model (p=0.049).

H. pylori tumor analysis

The tumors were analyzed according to the H. pylori strains. More virulent was
considered strains with vac4sl and cag-PAI integrity, or the presence of only one genes or
vacAs2 but with cag- PAI integrity. Low virulence was considered those which were vacAsl
and vacAs2 without cag- PAI genes or vacAs2 with the presence of only one gene.

The distributions of the less and more virulent strain, according to age (according

International Agency for Research on Cancer), of all CG patients and considering the
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histological subtype are showed in figure 1. No difference was observed related to the
frequency of more and less virulent strain according to age groups, accepting for patients with
> 65 years old group in which it was observed an increase of less virulent H. pylori strain
(Figure 1A). It was interesting to observe that only in diffuse tumors the less virulent strains

were found in the all age groups (Figure 1C).

Figure 1. (A) Distributions of the less and more virulent strain according to age. (B) Distributions of the less and
more virulent strain according to age in intestinal subtype. (C). Distributions of the less and more virulent strain
according to age in diffuse subtype.
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Taking in account H. pylori strains and the SNPs studied distributed according to the

histological subtypes (Table 4). In this analysis, the APEI (T>G) polymorphic allele was

statically associated with strains lower virulence group in the intestinal subtype. Considering

the > 65 years old group, in the general sample, it was found that the APEI (T>QG)

polymorphic allele were statically associated with strains lower virulence group [APEI 2197

(TG vs TT: p= 0.008); (GG vs TT: p= 0.012); (TG+GG vs TT: p= 0.005)].

Table 4. H. pylori Genotypes in Association with the DNA repair and CDHI SNPs considering the histological

subtypes.
Intestinal Diffuse

more low p more low p

virulence virulence virulence virulence
APEI 2197 APEI 2197
TT 46 42,6% 5 20,0% 1 TT 36 429% 5 21,7% 1
TG 47 43,5% 15 60,0% 0.046* TG 35 41,7% 12 522%  0.113
GG 15 139% 5 20,0%  0.097 GG 13 15,5% 6 26,1%  0.086
TT+TG 93 86,1% 20 80,0%  0.192 TT+TG 71 84,5% 17 73,9%  0.316
TG+GG 62 57,4% 20 80,0%  0.036* TG+GG 48 57,1% 18 783%  0.064
T 139 644% 25 50,0% 1 T 107 63,7% 22 47,8% 1
G 77 356% 25 50,0%  0.030* G 61 36,3% 24 0.051
MLHI -93 MLHI -93
GG 47 452% 14 56,0% 1 GG 45 54,2% 13 56,5% 1
GA 52 50,0% 11 44,0%  0.446 GA 33 39,8% 8 34,8%  0.727
AA 5 4,8% 0 0,0% 0.575 AA 5 6,0% 2 8,7% 0.657
GG+GA 99 952% 25 100,0% 0.661 GG+GA 78 94,0% 21 91,3%  0.859
GA+AA 57 54,8% 11 44,0% 0331 GA+AA 38 45,8% 10 435%  0.844
G 146 70,2% 39 78,0% 1 G 123 74,1% 34 73,9% 1
A 62 29,8% 11 22,0%  0.271 A 43 25,9% 12 26,1%  0.979
CDHI1 -160 CDHI -160
CcC 58 53,7% 10 40,0% 1 CcC 41 48.2% 10 43,5% 1
CA 37 343% 13 52,0%  0.125 CA 36 42.4% 10 43,5%  0.795
AA 13 12,0% 2 8,0% 1.000 AA 8 9,4% 3 13,0%  0.684
CC+CA 95 88,0% 23 92,0% 0410 CC+CA 77 90,6% 20 87,0%  0.884
CA+AA 50 46,3% 15 60,0% 0.216 CA+AA 44 51,8% 13 56,5%  0.685
C 153 70,8% 33 66,0% 1 C 118 694% 30 65,2% 1
A 63 292% 17 34,0%  0.304 A 52 30,6% 16 348%  0.586
CDH]I-347 CDH1-347
GG 82 64,1% 15 60,0% 1 GG 49 59,8% 13 56,5% 1
GGA 38 29,7% 9  36,0%  0.577 GGA 28 34,1% 9 39,1%  0.697
GAGA 8 6,3% 1 4,0% 1.000 GAGA 5 6,1% 1 4,3% 1.000
GG+GGA 120 93,8% 24 96,0%  0.803 GG+GGA 77 93,9% 22 95,7%  0.851
GGA+GAGA 46 35,9% 10 40,0%  0.699 GGA+GAGA 33 40,2% 10 43,5%  0.780
G 202 78,9% 39 78,0% 1 G 126 76,8% 35 76,1% 1
GA 54 21,1% 11 22,0%  0.886 GA 38 23.2% 11 23.9% 0916
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Discussion

Susceptibility to GC has been associated to SNPs indicating that these genetic
alterations are potential targets for CG risk studies [10,30], however, DNA repair gene SNPs
APEI 2197(T>G) and MLHI -93 (G>A) as well as CDHI -160 (C>A) and CDHI -347
(G>GA) have been poorly studied and with controversial results (15,31,32]. Also most of the
CG risk study do not consider the histological subtype, age and gender.

In this study it was observed that the association with the polymorphism studied
differed accord to subtype, age and gender. In intestinal subtype, one the most important
result found was the protection associated to the polymorphic allele of APEI 2197 (T>G)
associated to female patients aged <55 years old. The association with female aged <55 years
old confirmed when the two ages groups was compared. On the other hand, in patients > 55
years old, the protection was associated to the presence CDHI -347 (G>GA) polymorphic
allele in male with age 55 > years old a protection.

It is known that APE-1 may activate several transcription factors, including NF-kB,
which control different cell biological processes include apoptosis and cell differentiation.
During the oxidative stress APEI active the NF-kB which induce the survival proteins
[33,34]. The polymorphism APE 2197 (T>G) was demonstrated, by Hu ef al., [35] using cell
culture, to decrease the efficiency of this enzyme as transcription factor decreasing the NF-xB
induction and leading to cell dead, justifying the protection found . However the association
with female aged <55 years old has to be explored.

E-cadherin (CDH1) is an adhesion glycoprotein found in epithelial tissues where it
promotes cell—cell unions known as adherens junctions [36]. Loss of function of the CDH1
gene is associated with development of gastric cancer and with tumor cell invasion and
metastasis [37,38]. Polymorphisms at positions —160 C>A and —347 G>GA are related to
reduce the transcriptional activity of CDH1, although their association with high susceptibility
to gastric cancer are controversial [39-43]. Zhang et al., [42], in Chinese patients, found a risk
associated to the homozygous polymorphic genotype while Borges et al., [44], with Brazilian
patients, didn’t find no association. However, neither of these studies considered the different
histological subtypes associated with gender and age. The data of the present study contrast
with both risk study. Based on that mutation in the E-cadherin gene is associated to young
adults and diffuse subtype, it was expected that the polymorphisms in this gene could be
associated to diffuse risk and young patients. In this away, a protection associated to intestinal

and older patients, is not a discordant result.
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Another important result is related to diffuse subtype, where a protection was
associated to MLHI -93 (G>A) heterozygous genotype in patients <55 years old. Among the
many MMR enzymes MLH1 has been shown to be among the most essential in sensitizing
cells to undergo apoptosis thereby protecting against tumor formation [45,46], justifying the
protection in patients <55 years old. There are only two risk studies with gastric cancer and
this polymorphism that disagree with our data [47,48]. However, these studies did not
consider the different histological subtypes , gender and age. In this same age group, it is
interesting to observe that risk was found for males associated to APEI 2197 (T>G)
homozygous polymorphic genotype, differing to the intestinal subtype, which corroborated
that these histological subtype has different carcinogenic pathways and gender is a important
issue. Taken in account the literature, result agreed with the report by Canbay et al., [49], in
Turkish patients, who found a risk for GC associated with APE] 2197 (T>G) polymorphic
allele . Nonetheless, this study didn’t considered the different histological subtypes associated
with gender and age.

Considering the importance of TNM pathological staging to assess the prognosis and
determine the treatment of patients with gastric cancer, this study correlated the staging with
the studied SNPs. The general analyses showed only trends of association between the
polymorphic allele G of APEI 2197 (T>G) and the absence of distant metastasis (MO0). Spite
of this result was not significant it is in accordance with the arguments for intestinal tumors
protection linked to the APEI 2197 (T>G) G allele discussed above. Additionally, absence of
regional lymph nodes metastasis (NO) was more frequent in MLHI -93 (G>A) polymorphic
alelle A patients carries with < 55 years old. This data is in the same direction with the
protection for diffuse tumors associated with the heterozygous genotype of MLHI -93 (G>A)
observed in this study.

Another important aspect to consider in gastric cancer risk studies is H. pylori
infection. For this analyzes the strains were classified as more and less virulent, based in two
important parameters form the literature the cag-PAI integrity and vacA alleles [24,50]. There
are no study considering the H. pylori strain and age. In this study the less virulent strain
increased just in patients with > 65 years old group in the general analysis. However, when
the histological subtype was considered, only in the intestinal tumors had this same
distribution.

Taken in account the SNPs, the APE (T>G) polymorphic allele was associated with
less-virulence strains and intestinal subtype. This was already observed in our previous

studies however with lower number of sample and without the histological subtype
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information [51]. This result shows the importance in intestinal tumors, of the two
associations age, in which is know that there are changes in the immune system, and
polymorphisms. This result associated to the increase of the less virulent strain

The importance of H. pylori in the diffuse subtype is controversial. Some studies
reported that H. pylori infection is strongly related to the development of diffuse subtype in
young patients [52-55]. In this study, besides less virulent strains had the same frequency in
both, intestinal and diffuse subtype, only in diffuse tumors the less virulent strains were
observed in the age early groups. From this data, it seems that in diffuse tumors the frequency
of less virulent H. pylori strain is dependent of frequency of the age group.

In summary, these data indicate that the histological subtype, age, gender the
importance for polymorphisms analysis. In intestinal tumors protection was associated to
APEI 2197 (T>G) polymorphic allele for female patients aged <55 years old and CDH1 -347
(G>GA) polymorphic allele for male aged > 55 years old. In diffuse tumors, in the <55 years
old age group, the polymorphic allele of MLHI -93 (G>A) was associated to protection and
the polymorphic allele of APE] 2197 (T>G) was associated with risk in males in this age
group. Also APEI 2197 (T>G) polymorphic allele was associated with the absence of distant
metastasis and MLHI -93 (G>A) polymorphic allele with absence of regional lymph nodes
metastasis. The distribution the pylori strain according to age group shows difference
between intestinal and diffuse subtypes. In the intestinal subtype, patients carrying the APE]
polymorphic allele were significantly infected by less virulence strains. This data add

information about the susceptibility to CG.
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Artigo 3

Associacio entre genotipos de Helicobacter pylori e os diferentes subtipos de cancer

gastrico em relacio a ilha de patogenicidade e genes de adesao.

RESULTADOS :

Aspectos Clinico-Epidemiologicos

Neste estudo, a mediana da idade dos pacientes com adenocarcinoma gastrico foi de
60 anos, variando de 23 a 92 anos. Uma maior porcentagem 65,26%, 186/285) dos pacientes
era do sexo masculino, independente do subtipo histologico (grafico 1) [(intestinal: p= 0.000;
(difuso: p=0.001)] sendo a relacdio homem/mulher de 1,87: 1. A maioria dos tumores, 71,7%
(203/283) situavam-se nas regides de corpo e antro (regido ndo-cardia) sendo 28,3% (80/283)
na cardia. O subtipo intestinal foi ligeiramente mais frequente do que o difuso, representando

52,63% (150/285) dos casos .

Graficol. Distribui¢do dos casos de adenocarcinoma gastrico em relagdo ao sexo

Género
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Genes de H. pylori

H. pylori esteve presente na maioria dos casos (87,71%; 250/285). O grafico 2
apresenta distribuicdo das frequéncias dos genes de cag-PAI estudados e das variagdes
alélicas de vacA detectados nas amostras dos pacientes incluidos neste estudo. Todos os genes
de cag-PAI apresentaram uma positividade relativamente alta, sendo que cepas positivas para
o gene cagT foram estatisticamente mais frequentes que as cepas negativas (72%; p< 0.01).
Como esperado as associagdes em mosaico vacAsIml foram estatisticamente mais frequente
que as outras variagdes alélicas (66,4%; 166/250) (p< 0.01). Apenas dez amostras com
infeccdo mista foram detectadas neste estudo (infec¢dao por amostras da bactéria apresentando

diferentes gendtipos vacA).

Grafico 2. Frequéncia dos genes de H. pylori em relagdo a ilha e vacA
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Helicobacter pylori considerando os genes cagA e cagE

Considerando a importancia da integridade da ilha e de vacA, especialmente sl (Do
Carmo, 2011) para a patogenicidade da cepa e que, de modo geral, os genes cagA e cagE
sdo relatados bons marcadores de cag-PAl, as cepas de H. pylori foram agrupadas de acordo
com a presenga desses genes. No geral 46,4% (116/250) das amostras possuiam os genes
cagA com cagE concomitantemente e dessas cepas 40,4% eram vacAsl. Quando as amostras
foram separadas de acordo com subtipos histologicos (tabela 1), foi observado que pacientes
infectados com cepas vacAsl cagA (+)cagE (+) foram as mais frequentes, independente dos
subtipos histologicos (intestinal: p=0.000; Difuso: p=0.000). No subtipo intestinal uma alta
frequéncia estatisticamente significativa de cepas vacAslcagE(+) foi observada (p= 0.004),
no entanto a frequéncia dessa cepa ndo diferiu significativamente do subtipo difuso, apesar da
mesma cepa ser menos frequente neste subtipo (tabela 2). Para o alelo s2 ndo houve

frequéncia predominante.

Tabela 1. Gendtipos de Helicobacter pylori considerando os genes cagA e cagE

Intestinal sl P 52 P P
N=136 slvs ref s2vsref slvss2
cagA(+)cagE(+) 56 22,4% 0.000 6 2,4% 0.453 0.088
caA(+)cagE(-) 20 8,0% 0.082 4 1,6% 1.000 0.7655
cagA(-)cagE(+) 28 11,2% 0.004 8 3,2% 0.158 0.189
cagA(-)cagE(-) 11 4,4%  ref 3 1,2% ref 0.453
115 21
Difuso sl P 52 P P
N=114 slvs ref s2vsref slvss2

cagA(+)cagE(+) 45 18,0% 0.000 9 3,6% 0.180 0.646

caA(+)cagE(-) 21 8,4% 0.123 4 1,6% 1.000 0.723

cagA(-)cagE(+) 15  6,0% 0.677 4 1,6% 1.000 0.749

cagA(-)cagE(-) 12 48%  ref 4 1,6% ref 0.490
93 21
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Tabela 2. Comparacao dos subtipos histoldgicos considerando os genes cagA e cagE

Intestinal 136 Difuso 114
s s P
Intestinal vs Difuso

cagA(+)cagE(+) 56 22,4% 45 18,0% 0.964
cagA(+)cagE(-) 20 8,0% 21 8,4% 0.349
cagA(-)cagE(+) 28 11,2% 15 6,0% 0.145
cagA(-)cagE(-) 11 4,4% 12 4,8% 0.445

115 93

52 52
cagA(+)cagE(+) 6 2,4% 9 3,6% 0.334
cagA(+)cagE(-) 4 1,6% 4 1,6% 1.000
cagA(-)cagE(+) 8 3,2% 4 1,6% 0.305
cagA(-)cagE(-) 3 1,2% 4 1,6% 1.000

21 21

Genotipo de Helicobacter pylori de acordo com cag- PAI

Frente a necessidade de melhor identificar a ilha, novos marcadores foram
selecionados para o estudo, sendo eles cagG, cagM, cagT e virB11. A positividade para cepas
de H. pylori com cag-PAl completa para os genes estudados, foi observada em 17,5%
(44/250) dos casos e nenhuma cepa foi encontrada com cag-PAI incompleta. Correlagdes
entre os genes da ilha cag-PAI foram observadas tanto para virbl1 como para cagT com os
genes cagA e cagE [( cagA: p=0,017; p=0.005); (cagE: p=0.000; p= 0.049), respectivamente].

Considerando a regides de cag-PAI, 24% (60/250) apresentavam todos os genes de
cagl e 48,8% (122/250) os genes de cagll. E interessante observar que para cagll, 40,4%
(101/250) das cepas tinham pelo menos um dos dois marcadores estudados (101/250). Baixa
frequéncia de auséncia de genes em cada regido foi observada tanto para cagl 1,6% (4/250)
como para cagll 8,8% (22/250), mesmo esta Ultima ter sido observada pela presenca de
apenas 2 genes.

No contexto de integridade da ilha, as cepas foram agrupadas tendo como referéncia

os alelos de vacA e o numero de genes da ilha cagl e cagll, distribuidas de acordo com o

subtipo histologico. Tanto nos tumores intestinal como no difuso, cepas vacAsl com cag-
PAI completa foi o gen6tipo mais frequente de H. pylori (Intestinal 16,9% ; Difuso 17,5%).

Considerando cagl e alelos de vacA (tabela 3), ambos os subtipos histologicos nao

diferiram quanto a frequéncia de cepas de vacAsl com todos os genes de cagl estudados .
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Entretanto, nos tumores intestinais , as frequéncias de cepas com ilhas semi-completas:
cagA(+)cagE(+)cagM(-)cagG(+); cepas cagA(+)cagE(-) cagM(+)cagG(-), e cepas cagA
(-)cagE(+)cagM(-)cagG(-) foram estatisticamente mais frequentes que nos difusos. Nesta
mesma linha, uma tendéncia foi observada para cepas cagA(-)cagE(+)cagM(+)cagG(-). Por
outro lado, nos tumores difusos a cepa cagA(-)cagE(-) cagM(+)cagG(+) foi estatisticamente
mais frequente que nos intestinais. Do mesmo modo uma tendéncia foi associada a cepa

cagA(+)cagE(-) cagM(+)cagG(+).

Tabela 3. Frequéncia dos gendtipos de H. pylori considerando o numero dos genes de cagl,
alelo vacAsl, distribuidas de acordo com o subtipo histoldgico.

cagl Intestinal n=136 Difuso n=114
s1(115) s1(93) P

cagA(+)cagE(+)cagM(+)cagG(+) 29 21,3% 28 24,6% 0.543
cagA(+)cagE(+)cagM(+)cagG(-) 9 6,6% 12 10,5% 0.267
cagA(+)cagE(+)cagM(-)cagG(+) 13 9,6% 2 1,8%  0.009*
cagA(+)cagE(+)cagM(-)cagG(-) 4 2,9% 1 0,9% 0.244
cagA(+)cagE(-)cagM(+)cagG(+) 6 4,4% 12 10,5% 0.062
cagA(+)cagE(-)cagM(-)cagG(+) 3 2,2% 3 2,6% 0.571
cagA(+)cagE(-)cagM(+)cagG(-) 6 4,4% 0 0,0% 0.024%*
cagA(+)cagE(-)cagM(-)cagG(-) 5 3,7% 6 5,3% 0.542
cagA(-)cagE(+)cagM(+)cagG(+) 13 9,6% 10 8,8%  0.830
cagA(-)cagE(+)cagM(+)cagG(-) 7 5,1% 1 0,9% 0.056
cagA(-)cagE(+)cagM(-)cagG(+) 2 1,5% 3 2,6% 0.417
cagA(-)cagE(-)cagM(+)cagG(+) 3 2,2% 9 7,9%  0.036*
cagA(-)cagE(+)cagM(-)cagG(-) 5 3,7% 0 0,0% 0.046*
cagA(-)cagE(-)cagM(-)cagG(+) 1 0,7% 2 1,8%  0.433
cagA(-)cagE(-)cagM(+)cagG(-) 5 3,7% 1 0,9% 0.153
cagA(-)cagE(-)cagM(-)cagG(-) 2 1,5% 0 0,0% 0.294

Nesta analise, cepas com variagdo alélica vacAs2 tiveram baixa frequéncia nos dois
subtipos histologicos. E interessante observar que cepas com cagl completa apesar da baixa
frequéncia, foram ligeiramente mais presentes no subtipo difuso do que no intestinal (0% vs
2,6%; p=0.093). Os demais grupos cepas vacA s2 tiveram distribuicdo semelhante em ambos

subtipos histologicos (tabela 4).
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Tabela 4. Frequéncia dos gendtipos de H. pylori considerando o numero dos genes de cagl,
alelo vacAs2, distribuidas de acordo com o subtipo histoldgico.

cagl Intestinal n=136 Difuso n=114 p
52 (21) 52 (21)

cagA(+)cagE(+)cagM(+)cagG(+) 0 0,0% 3 2,6% 0.093
cagA(+)cagE(+)cagM(+)cagG(-) 0 0,0% 0 0,0% -
cagA(+)cagE(+)cagM(-)cagG(+) 2 1,5% 2 1,8% 0.619
cagA(+)cagE(+)cagM(-)cagG(-) 4 2,9% 4 3,5% 0.537
cagA(+)cagE(-)cagM(+)cagG(+) 0 0,0% 0 0,0% -
cagA(+)cagE(-)cagM(-)cagG(+) 1 0,7% 1 0,9% 0.705
cagA(+)cagE(-)cagM(+)cagG(-) 0 0,0% 1 0,9% 0.456
cagA(+)cagE(-)cagM(-)cagG(-) 3 2,2% 2 1,8%  0.582
cagA(-)cagE(+)cagM(+)cagG(+) 0 0,0% 1 0,9% 0.456
cagA(-)cagE(+)cagM(+)cagG(-) 3 2,2% 2 1,8%  0.582
cagA(-)cagE(+)cagM(-)cagG(+) 0 0,0% 0 0,0% -
cagA(-)cagE(+)cagM(-)cagG(-) 5 3,7% 1 0,9% 0.153
cagA(-)cagE(-)cagM(+)cagG(+) 1 0,7% 2 1,8%  0.433
cagA(-)cagE(-)cagM(-)cagG(+) 0 0,0% 1 0,9%  0.456
cagA(-)cagE(-)cagM(+)cagG(-) 1 0,7% 0 0,0% 0.544
cagA(-)cagE(-)cagM(-)cagG(-) 1 0,7% 1 0,9% 0.705

Na analise de combinacdo com trés genes da regido cagl (tabela 5) foi observado que
nos tumores intestinais, as cepas vacA4sl: cagA(+)cagE(+)cagM(-); cagA(+)cagM(-)cagG(+);
cagE(+)cagM(-)cagG(-);cagA(-)cagB(+)cagG(-);  cagA(-)cagM(+)cagG(-);cagE(-)cagM(+)
cagG(-) e cagA(-)cagM(-)cagG(-) foram estatisticamente mais frequentes que nos tumores
difusos. Por outro lado, nos tumores difusos as cepas vacAsl: cagA(+)cagM(+)cagG(+);
cagA(+)cagE(-)cagG(+); cagA(-)cagE(-)cagG(+) e cagE(-)cagM(+)cagG(+) foram
estatisticamente mais frequente que nos intestinais.

Em um segundo momento , foi realizado uma combina¢do considerando apenas 2
genes da ilha cagl nos dois subtipos histoldgicos (tabela 6). E foi observado que no subtipo
intestinal as cepas cagE(+)cagM(-), cagA(-)cagG(-) foram estatisticamente mais frequente
que nos tumores difusos (p=0,004; p=0,0008, respectivamente). Enquanto que as cepas
cagM(+)cagG(+), cagE(-)cagG(+) foram estatisticamente mais frequente nos tumores

difusos do que nos intestinais (p=0,004; p=0,001,respectivamente).
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Tabela 5. Frequéncia das cepas de H. pylori considerando o nimero de 3 genes de cagl, alelos
de vacAsl, distribuidas de acordo com o subtipo histoldgico.

Intestinal Difuso

vacA S1 =113 vacA S1 =90 p
cagA+cagE+cagM+ = 38; 33.62%  cagA+cagE+cagM+=39; 43.33% 0.156
cagA+cagE+cagG+=42;37.16%  cagA+cagE+cagG+=29; 2.22% 0.462
cagA+cagE+cagM- =17; 15.04% cagA+cagE+cagM-=3; 3.33% 0.007*
cagA+cagE+cagG-=13; 11.50% cagA+cagE+cagG-=13; 14.44% 0.533
cagA+cagM+cagG+=35; 30.97%  cagA+cagM+cagG+=40;44.44% 0.048*
cagA+cagM+cagG-=15; 13.27%  cagA+cagM+cagG-=12;13.33% 0.990
cagAt+cagM-cagG+=16; 14.15%  cagA+cagM-cagG+=5; 5.55% 0.045*
cagA+cagE-cagM+=12; 10.61% cagA+cagE-cagM+=13; 14.44% 0.410
cagA+cagE-cagG+ =9; 7.96% cagA+cagE-cagG+=16; 17.77% 0.034*
cagA+cagE-cagM- = 8; 7.079% cagA+cagE-cagM- =9; 10% 0.455
cagA+cagE-cagG- =11; 9.73% cagA+cagE-cagG- = 6; 6.66% 0.433
cagA+cagM-cagG- =9; 7.9646% cagA+cagM-cagG-="7; 7.77% 0.960
cagE+cagM+cagG+ =42;37.16%  cagE+cagM+cagG+=37; 41.11 0.567
cagE+cagM+cagG- = 16; 14.15% cagE+cagM+cagG-=13; 14.44% 0.954
cagE+cagM-cagG+=15; 13.27% cagE+cagM-cagG+=5; 5.55% 0.095
cagE+cagM-cagG- =9; 7.96% cagE+cagM-cagG-=1; 1.11 0.045*
cagA-cagE+cagM+ = 20; 17.69% cagA-cagE+cagM+=11; 12.22 0.281
cagA-cagE+cagG+ = 15; 13.27% cagA-cagE+cagG+=13; 14.44% 0.810
cagA-cagE+cagM- =7; 6.194% cagA-cagE+cagM-= 3; 3.33% 0.517
cagA-cagE+cagG- =12; 10.61% cagA-cagE+cagG-=1;1.11% 0.0072*
cagA-cagE-cagM+ = 8; 7.079% cagA-cagE-cagM+=10; 11.11% 0.315
cagA-cagE-cagG+ = 4; 3.539% cagA-cagE-cagG+=11; 12.22% 0.028*
cagA-cagM+cagG+=16; 14.15%  cagA-cagM+cagG+=19;21.11% 0.192
cagA-cagM+cagG-=12; 10.619% cagA-cagM+cagG-=2; 2.22% 0.024*
cagA-cagM-cagG+= 3; 2.6548% cagA-cagM-cagG+=5; 5.55% 0.470
cagE-cagM+cagG+=9; 7.96% cagE-cagM+cagG+=22; 24.4% 0.001*
cagE-cagM+cagG- =11; 9.73% cagE-cagM+cagG-=1; 1.11% 0.013*
cagE-cagM-cagG+ =4; 3.53% cagE-cagM-cagG+=5; 5.55% 0.513
cagA-cagE-cagM- = 3; 2.654% cagA-cagE-cagM- =2; 2.22% 1.000
cagA-cagE-cagG-=17; 6.194% cagA-cagE-cagG-=1; 1.11% 0.078
cagA-cagM-cagG- =7; 6.194% cagA-cagM-cagG- =0; 0% 0.018*
cagE-cagM-cagG- =7; 6.19% cagE-cagM-cagG- = 6; 6.6% 0.891
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Novas andlises foram adicionadas para os genes de H.pylori usando arvores de
classificagdo. O objetivo de uma arvore de classificacdo ¢ separar o melhor possivel, as
observagdes que pertencem a uma classe daquelas que pertencem a outra classe através de
uma sequéncia de separagdes bindrias dos dados (Bastos J et., 2010).

A primeira arvore foi gerada usando os dados vacAsl e vacAs2 e os subtipos
intestinal e difuso (imagem 1). A 4rvore classificou o cancer em intestinal ou difuso
considerando o valor dos 6 genes de cag-PAl incluidos nesse estudo. Nessa andlise, os genes
cagG e cagE foram considerados os mais importantes para definir o subtipo histologico nas
cepas vacAsl. O subtipo intestinal foi definido por cepas cagG(-) e cagG(+)cagE(+), enquanto
que os tumores difusos foram definidos pela cepa cagG(+)cagE(-). J4 nas cepas vacAs2 o
mesmo nao pode ser observado, talvez porque o nimero de cepas seja menor.

Na segunda andlise foram adicionados aos 6 genes, a possibilidade da arvore usar
também as combinagdes cagA(-)cagG(-) e cagM(+)cagG(+). Essas combinagdes foram
escolhidas , pois apresentaram significancia estatistica, na analise citada acima. Nessa analise
a arvore escolheu a combinagdo cagM(+)cagG(+) como fator mais importante nas cepas
vacAsl(imagem 2). O subtipo intestinal foi definido pela cepa cagM(+)cagG(+)cagE(+) e os
tumores difusos pela cepa cagM(+)cagG(+)cagE(-). O mesmo ndo pode ser observado nas
cepas vacAs2. Apesar de cagE aparecer como possivel separador entre tumor intestinal e

difuso a amostra ¢ muito pequena.

Imagem 1. Arvore de classificagdo utilizando os dados vacdsl, os subtipos intestinal e difuso
e os 6 genes de H.pylori

Difuso (39/13.0)
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Imagem 2. Arvore de classificacio utilizando os dados vacAsl e vacAs2, os subtipos
intestinal e difuso e os 6 genes de H.pylori adicionados das combinagdes cagA(-)cagG(-) e
cagM(+)cagG(+).

~ cagM+cagG+ Lelivy

Difuso (30/9.0)

Considerando genes de cagll , ndo foi encontrada nenhuma associacdo com os
diferentes subtipos histologicos . No entanto quando foi feito uma analise dos genes de cagll
em relagdo aos genes de cagl foi observado que no subtipo intestinal a cepa vacAsl
cagM(+)cagT(+)virB11(+) foi estatisticamente mais frequente que no difuso (p=0,0218). Por
outro lado, nos tumores difusos a cepa cagG(+)cagT(-) virB11(-) foi estatisticamente mais

frequente que nos intestinais (p=0,0253).

Distribuicio dos genes de adesao de H. pylori considerando os genes cagA, cagE e alelos
de vacA

O gréfico 4 mostra a distribui¢do dos genes de adesdo estudados. O gene oipA foi
observado na maioria das amostras, sendo este estatisticamente mais frequente (p< 0.01),

seguido por hopQI e hopQII (p< 0.01).
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Grafico 4. Frequéncia dos genes de H. pylori em relagdo a adesinas
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Nas analises de associacdo dos genes de adesina com os genes de patogenecidade de
H. pylori, em um primeiro momento os genes oipA e hopQ foram agrupados individualmente
de acordo com a presenca dos genes cagA, cagE e alelos de vacA em ambos subtipos
histologicos (tabela 6). Nesta analise foi observado que os genes oipA e hopQl foram
estatisticamente mais frequentes associados a cepas vacAsl cagA(+)cagE(+) em ambos
subtipos considerando como referéncia a contrapartida negativa. No subtipo intestinal ambos,
0ipA e hopQI foram também associados a cepas com a presenca de cagE ou cagA. No
entanto, no subtipo difuso houve apenas uma tendéncia de oipA com cepas cagA positivas.
Por outro lado para cepas com o gene 4opQIl houve apenas um tendéncia associada as cepas
cagA(+)cagE(+) no subtipo intestinal.

Na andlise das combinacdes do gene oipA com as variagdes alélicas de hopQ foi
observado que a presenga do gene oipA foi estatisticamente associado a hopQI comparado
com a associagdo com hopQIl (62,1% vs 27,7%; p > 0.01). Considerando os subtipos
histopatologico e alelos de vacA, essa associacdo se manteve nas cepas vacAsl nos dois
subtipos histoldgicos. Por outro lado, nas cepas oipA negativas foi observado no tumores
difuso uma frequéncia estatisticamente significativa de 7opQl nas amostras vacAsl e hopQII
nas amostras vacAs2. No intestinal, apesar de ndo ser significativo houve essa mesma

tendéncia (graficos 5 e 6).
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Tabela 6. Distribui¢do do gene oipA e variagdes de hopQ considerando os genes cagA e
cagE, alelos de vacA em ambos subtipos histologicos

Intestinal 0ipA
Grupos s P s2 P P
slvs ref s2 vs ref sl vs s2
cagA(+)cagE(+) 50 48,5% 0.000 5 26,32% 0.692 0.073
cagA(-)cagE(+) 23 22,3% 0.013 7 36,84% 0.269 0.177
cagA(+)cagE(-) 20 19,4% 0.048 4 21,05% 1.000 0.869
cagA(-)cagE(-) 10 9,7% ref 3 15,79% ref 0.424
103 19
Difuso 0ipA
Grupos s P s2 P P
slvs ref s2 vs ref sl vs s2
cagA(+)cagE(+) 38 47,5% 0.000 6 33,3% 0.711 0.274
cagA(-)cagE(+) 13 16,3% 0.499 4 22,2% 1.000 0.508
cagA(+)cagE(-) 19 23,8% 0.064 4 22,2% 1.000 1.00
cagA(-)cagE(-) 10 12,5% ref 4 22,2% ref 0.281
80 18
Intestinal hopQ1
Grupos sl P s2 P P
slvs ref s2 vs ref sl vss2
cagA(+)cagE(+) 42 53,2%  0.000 2 28,6% 1.000 0.260
cagA(-)cagE(+) 19 24.1%  0.003 3 42,9%  0.559 0.365
cagA(+)cagE(-) 13 16,5% 0.045 1 14,3% 1.000 1.000
cagA(-)cagE(-) 5 6,3%  ref 1 14,3%  ref 0.408
79 7
Difuso hopQ1
Grupos sl P s2 P P
slvs ref s2 vs ref sl vss2
cagA(+)cagE(+) 37 52,1% 0.000 4  40,0% 1.000 0.518
cagA(-)cagE(+) 12 169% 0478 2 20,0% 1.000 0.681
cagA(+)cagE(-) 13 18,3% 0.353 1 10,0% 0.582 1.000
cagA(-)cagE(-) 9 12,7% ref 3 30,0%  ref 0.163
71 10
Intestinal hopOI1
Grupos sl P s2 P P
slvs ref s2 vs ref sl vss2
cagA(+)cagE(+) 13 382% 0.058 4  28,6% 0.648 0.741
cagA(-)cagE(+) 8 23,5% 0.548 5 35, 7% 0.384 0.387
cagA(+)cagE(-) 7 20,6% 0.757 3 21,4%  1.000 1.000
cagA(-)cagE(-) 6 17,6% ref 2 143%  ref 1.000
34 14
Difuso hopQI11
Grupos sl P s2 P P
slvs ref s2 vs ref sl vss2
cagA(+)cagE(+) 6 31,6% 0.447 5 45,5% 0.148 0.447
cagA(-)cagE(+) 2 10,5% 1.000 2 18,2%  1.000 0.611
cagA(+)cagE(-) 8 42,1% 0.151 3 27,3% 0.586 0.466
cagA(-)cagE(-) 3 158% ref 1 9,1%  ref 1.000
9 1




Grafico 5. Distribuido dos gen6tipos de H. pylori considerando a combinagao dos genes de
adesdo e alelos de vacA no subtipo intestinal.
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Grafico 6. Distribuido dos gen6tipos de H. pylori considerando a combinagao dos genes de
adesdo e alelos de vacA no subtipo difuso.
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Em resumo, estes dados indicam que estudos sobre a viruléncia da bactéria
Helicobacter pylori devem ser associados com os diferentes subtipos histologicos de cancer
gastrico. Nesse estudo, alguns genes como cagG e cagE (em cepas vacAsl) se mostraram
fundamentais na separagdo dos subtipos histoldgicos de cancer géstrico. A presenca dos genes
cagG e cagE concomitantemente, ou auséncia de cagG nessa bacteria parece classificar o
tumor em intestinal. Enquanto que a presenga do gene cagG associado a auséncia de cagE
classifica os tumores em difusos. Interessante que o gendtipo cagM (+)cagG(+) também fez
essa separagdo dos tumores. Sua associacdo com a presenc¢a do gene cagE classifica o tumor
em intestinal , ja na sua auséncia tumores difusos. Apesar da complexidade de explicar quais
sdo os fatores que contribuem para a separacao das cepas nos subtipos intestinal e difuso, ¢
notorio que existem vias diferentes associadas a essas cepas. E que estes genes podem ser

potenciais marcadores de diferentes subtipos histoldgicos.
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APENDICE A - Protocolo de Coleta no Centro ciriirgico

Durante todo o procedimento utilizar mascara e luvas estéreis.

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

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

3- Ap0s a retirada da pega, coloca-la em cuba estéril e lava-la com soro fisiologico estéril (se
necessario). Secéa-la com compressa estéril;

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

5- Com o auxilio de pinga e bisturi estéreis, coletar primeiramente quatro espécimes da
mucosa normal (o 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 acondicioné-los imediatamente em recipiente com gelo;

6- Tirar uma foto da pega pds-coleta com flash e sem régua;

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

8- Transportar imediatamente os tubos para armazenagem em nitrogénio liquido.
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APENDICE B — Parecer do Comité de Etica

Universidade Federal do Ceara
Comité de Etica em Pesquisa

Of, N° 220/12 Fortaleza, 05 de julho de 2012.
erotocolo COMEPE n°® 326/11

Pesquisador responsavel: Silvia Helena Barem Rabenhorst.

Titulo do Projeto: "Estudo de suscetibilidade genética, caracterizagéo de
fatores etiologicos e identificagdo de marcadores com aplicabilidade para
prevencao e prognostico”.

{ evamos ao conhecimento de V.S% que O Comité de Etica em
Pesquisa da Universidade Federal do Ceara — COMEPE, dentro das
rormas que reguiamentam a pesquisa em seres humanos, do Conselho
Nacional de Saude - Ministério da Saude, Resolucdo n° 196 de 10 de
~Sutubro de 1996 e complementares, aprovou © protocolo e o TCLE do
piojeto supracitado na reunido do dia 04 de julho de 2012.

Outrossim, informamos. que o pesquisador devera se comprometer
a enviar o relatorio parcial e final do referido projeto.

Atenciosamente,
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GOVERNO no

S -
ESTADO no CE A s m‘go
Hemme = CTnaay i o 2

COMITE DE ETICA EM PESQUISA — CEP/HGF
Fortaleza, 24 de abril de 2013.

llma. Sra. comunicamos-lhe o parecer do CEP

Pesquisadora: Silvia Helena Barem Rabenhorst

Projeto Intitulado:Polimorfismo de interleucinas e enzimas do sistema de
reparo ao estresse oxidativo no cancer gastrico: associado com
helicobacter pylori

Protocolo do CEP: 071002/10 -

Parecer:

O CEP-HGF aprovou a Emenda do projeto acima citado pois o mesmo ja havia
sido aprovado neste CEP em 07/10/10, porém o pesquisador ndo conseguiu
amostra suficiente e com isto solicitou uma extensao do prazo para coleta de
dados feito apenas um Ad-referendum.

Lembramos ao pesquisador o cumprimento da referida Resolugéo na condugao
cientifica do seu projeto e ainda, o encaminhamento ao CEP do relatério final
da pesquisa bem como a devolugéo dos resultados a comunidade

Atenciosamente,

L\Efw\/& L /D

Dré. IIvana lea Verde Gomes
Coordenadora do Comité de Etica em Pesquisa — CEP/HGF
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APENDICE C — Termo de Consentimento Livre e Esclarecido

Vocé estd sendo convidado pela Profa. Dra. Silvia Helena Barem Rabenhorst a
participar como voluntario de uma pesquisa. Voc€ ndo deve participar contra a sua vontade.
Leia atentamente as informacgdes abaixo e faga qualquer pergunta que desejar, para que todos
as etapas desta pesquisa sejam devidamente esclarecidas.

A pesquisa intitulada Estudo de suscetibilidade genética, caracterizacdo de fatores
etiologicos e identificacio de marcadores com aplicabilidade para e prevencio e
prognostico esta sendo realizada pelo Departamento de Patologia e Medicina Legal da
Universidade Federal do Ceara. O estudo em questdo pretende analisar caracteristicas
genéticas do paciente e alguns habitos que podem levar ao desenvolvimento do céancer
gastrico, nos ajudando a identificar os fatores de risco, tais como a presenca de uma bactéria
chamada H.pylori e de um virus chamado EBV. Estes microorganismos serdo identificados
por meio da presenca do material genético destes agentes infectantes no tumor. Serdo também
observadas as alteracdes genéticas das células tumorais. Essas alteracdes serdo vistas pela
expressdo de proteinas ou pela analise do DNA/RNA do tumor.

Participardo deste estudo 200 pacientes atendidos no Hospital Universitdrio Walter
Cantideo. Portanto, concordando em participar, vocé serd um dos pacientes participantes que
permitem a coleta do material tumoral do estomago além de uma amostra de sangue
necessarios para o estudo. Esta coleta ndo ird afetar o diagndstico da sua doenga ou o
tratamento. Paralelamente, serdo anotadas algumas questdes referentes a seus dados pessoais,
como data de nascimento, habitos de vida e em relacdo a sua doenca. Estas informacdes serdo
retiradas do seu prontuario ou na auséncia delas, serdo perguntadas pessoalmente a vocé.

Sua participagcdo ndo terd beneficio direto imediato, em principio, mas que podera
contribuir para que se entenda melhor os fatores de risco e alteracdes que propiciem o
aparecimento do cancer gastrico. A identificacdo dos fatores de risco para o cancer gastrico
servira para direcionar medidas preventivas. Por outro lado, as alteragdes genéticas
encontradas no material coletado auxiliardo no diagndstico, na avaliacdo da gravidade da
doenga e também podem dar informacdes para novos tratamentos que estdo sendo
desenvolvidos.

Todos os dados da sua participagdo neste estudo serdo documentados e mantidos em
sigilo, sendo disponiveis apenas para as autoridades de saude e profissionais envolvidos neste
estudo, os quais, quando necessario, terdo acesso ao seu prontuario.

Como sua participacdo ¢ voluntaria, vocé podera abandonar o estudo a qualquer
momento, sem que isso resulte em qualquer penalidade ou perda de seus direitos onde vocé
recebe atendimento médico.

Endereco da responsavel pela pesquisa:

Nome: Dra. Silvia Helena Barem Rabenhorst Institui¢do: Universidade federal do
Ceara
Endereco: Rua: Marcos Macedo, 1301, Apto 802. Telefone: 3366-8639/9994-5689

ATENCAO: Se vocé tiver alguma consideracio ou duvida sobre a sua participagio na
pesquisa entre em contato com o Comité de ética em pesquisa da UFC - Rua Coronel Nunes
de Melo, 1127 Rodolfo Teoéfilo 3366-8344.

Eu, , anos, RG:
, declaro que ¢ de livre e espontianea vontade que estéd participando como
voluntério da pesquisa. Eu declaro que li cuidadosamente este Termo de Consentimento Livre
e Esclarecido e que apos sua leitura tive a oportunidade de fazer perguntas sobre o seu
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conteudo, como também sobre a pesquisa e recebi explicagdes que responderam por completo
minhas davidas. Declaro ainda estar recendo uma cdpia assinado deste termo.

Fortaleza, / /

Nome do Voluntério Data / /
Assinatura

Nome do Pesquisador Data / /
Assinatura

Nome da testemunha Data / / Assinatura

(se o voluntério nao souber ler)

Nome do profissional Data / /
Assinatura
que aplicou o TCLE
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APENDICE D — Cadastro de Pacientes Submetidos a Coleta de Tecido de
Peca Cirurgica

N° Prontuério Data de admissdo no servico hospitalar _ / /
Depto Responsavel Hospital
Nome Sexo F[ M ]
Enderego
Contato Naturalidade Procedéncia

Idade Nasc / / Cor ABO

Grau de instrucao Profissao

Historia familiar:

[ TAVO [ JAvOo [ ]Mae [ ]Pai [ ]Irmdo(d) [ ]Tio(a) [ ]Filho(a) Outros

Habitos: [ ]Sal [ ]Frutas [ ]Verduras [ ]Churrasco [ ]Carne seca|[ ]geladeira

[ ]Tabagista Tipo Freqiiéncia Fum. passivo [ ]
[ ]Alcool Tipo Freqiiéncia

Dados relativos a neoplasia.

Data do primeiro diagndstico / / Exam

H. pylori| |

Sitio anatdomico Est. Clinico T N M

Aspecto morfologico Bormann

Exame anatomopatologico N°:
Tratamento: [ ]Radioterapia [ ][Quimioterapia [ ]JHormonioterapia [ [Imunoterapia
Protocolo

Cirurgia: realizada em / / Cirurgido
Responsavel pela Coleta
Tempo de ressec¢do da coleta: [ |<lh [ Jlh [ ]2h[ ]3h [ ]<ou=4h[ ] Outras

Observacoes

N° de amostra Tumoral congelada [ ] N° de amostra Normal [ ]
Local Armazenamento:
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ANEXOS — PULICACOES ORIGINADA A PARTIR DO TRABALHO

Association of the polymorphism in DNA Repair
Enzymes and E-Cadherin Gene with Gastric
Carcinoma Risk in population from Brazil

ELIANE DOS SANTOS PEREIRA
Department of Pathology and Forensic Medicine,
Federal University of Ceara, Brazil;

ISABELLE JOYCE DE LIMA SILVA-FERNANDES

Department of Pathology and Forensic Medicine
Federal University of Ceara, Brazil

DEBORA MENEZES DA COSTA
Department of Pathology and Forensic Medicine
Federal University of Ceara, Brazil

ROMMEL MARIO RODRIGUEZ BURBANO

Human Cytogenetics Laboratory,
Institute of Biological Sciences, Federal University of Para,
Belém, Brazil

SILVIA HELENA BAREM RABENHORST
Department of Pathology and Forensic Medicine
Federal University of Ceara, Brazil

Abstract:
SNPs have been associated with gastric cancer susceptibility.

Thus, we evaluated the influence of SNPs in DNA repair genes APE1
2197(T>G) and MLH1 -93(G>A), as well as in CDH1 at positions -160
(C>A) and -347 (G>GA) in gastric cancer risk. Analyses were
performed on 264 GC patients and 391 healthy controls matched by
age and sex from two regions in Brazil, Ceara and Para. In the general
analysis, a protective was found for the GGA of the CDH1-347 (G>GA).
Considering the GC subtypes, the polymorphic allele of both CDH1
SNPs was associated with protection to intestinal subtype. In this
subtype, the MLH1 (G>A) allele A was associated with risk, contrast
with protection to diffuse subtype. In females, a risk was associated
with AA genotype of MLH1 (G>A) and a protection with APE1 (T>G)
and CDHI -347 (G>GA) polymorphic alleles. Considering H. pylori ,
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Abstract

Helicobacter pylori (H. pylori) infection is present in
more than half the world’s population and has been

associated with several gastric disorders, such as
gastritis, peptic ulceration, and gastric adenocarcinoma.
The dinical outcome of this infection depends on host
and bacterial factors where 4. pylori virulence genes
seem to play a relevant role, Studies of cagA and vacA
genes established that they were determining factors in
gastric pathogenesis. However, there are gastric cancer
cases that are cagA-negative. Several other virulence
genes have been searched for, but these genes remain
less well known that cagA and vacA. Thus, this review
aimed to establish which genes have been suggested
as potentially relevant virulence factors for H. pylori-
associated gastrointestinal diseases. We focusad on
the cag-pathogenicity island, genes with adherence
and motility functions, and iceA based on the relevance
shown in several studies in the literature,

Key words: Helicobacter pylori; Virulence genes; Cag-
PAI; Motility genes; Adhesion genes

® The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights ressrved.

Core tip: Helicobacter pylori (H. pylori) infection is
present in more than half the world’s population and
has been associated with several gastric disorders. The
clinical outcome of this infection depends on host and
bacterial factors. Studies have established that cagA
and vacA H. pylori genes are determining factors in
gastric pathogenesis. This review aimed to examine
which genes have been suggested as potentially
relevant virulence factors for A, pyilori, focusing on the
cag-pathogenicity island, adherence and motility genes,
and iceA based on the relevance shown in several
studies.
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Abstract

Background Gastric cancer results from a multifactorial
process and is one of the most common causes of death
worldwide. These tumors can arise in the distal stomach
(non-cardia) and in the cardia region, presenting different
characteristics and frequency of occurrence worldwide.
Aims To search for differences between tumors of dif-
ferent locations that could explain the presence of cardia
tumors, considering Helicobacter pylori strains and genetic
polymorphisms.

Materials and Methods DNA was extracted from gastric
adenocarcinoma tissue of 127 patients. Helicobacter pylori
genes were detected by PCR, and polymorphisms by PCR-
RFLP.

Results  Most of the tumors were located in non-cardia.
The genotype 28152GA of XRCCI showed an increase in
risk of cardia tumors. In analysis performed considering
gender, women carrying TNF-308GA genotype showed a
decreased risk of non-cardia tumors, while in men the
decreased risk of non-cardia tumors was associated with
TNF-308GG genotype. Genotypes combinations showed
that the SNPs RADSJ 135G>C, XRCC3 18067C>T, and

Electronic supplementary material The online version of this
article (doi:10.1007/510620-015-3666-0) contains supplementary
material, which is available to authorized users.

B4 Débora Menezes da Costa
debora_mcosta@ hotmail.com

Silvia Helena Barem Rabenhorst
srabenhorst@ yahoo.com.br

' Molecular Genetics Laboratory, Department of Pathology
and Forensic Medicine, School of Medicine, Federal
University of Ceard, Street Coronel Nunes de Melo,

1315 - Rodolfo Teéfilo, Fortaleza, Ceard 60430-270, Brazil

XRCC1 28152G>A had some combinations more frequent
in cardia tumors, with an increased risk. Patients infected
by cagE-positive strains presented a positive correlation
with non-cardia tumors.

Conclusion The results showed some susceptibility dif-
ferences between tumors of different locations. There was
an increased risk relationship between three repair enzyme
SNPs and cardia tumors, and the G allele of the cytokine
gene TNF negatively influenced the development of non-
cardia tumors. Helicobacter pylori strains seemed to be
different in the cardia region, where they were less virulent
than those located in the distal region of the stomach.

Keywords Cardia tumors - Helicobacter pylori « Repair
enzymes -+ Interleukins

Introduction

Gastric cancer is one of the most common causes of death
worldwide. The prognosis of this disease is poor, par-
ticularly in Brazil, with a 5-year survival rate of 20-30 %,
since most cases are diagnosed with advanced stage [1].
While Helicobacter pylori infection is a well-established
cause of gastric cancer, different environmental and ge-
netic factors (e.g., H. pylori virulence genes and single
nucleotide polymorphisms (SNPs) in the host’s genes) are
involved in different stages of the cancer process [2].
Gastric tumors can arise in the distal stomach (non-cardia)
and in the cardia region, and in the last four decades, there
has been an increase in cases of cardia cancer, mainly in
developed countries with remarkable geographic aggrega-
tion [3, 4]. These tumors seem to be different in some
characteristics, and they are now recognized as two dif-
ferent clinical entities. However, what predisposes the

106



Special Article - Stomach Cancer

107

Low Virulence of Helicobacter Pylori and Gastric Cancer:
the Contribution of Polymorphisms of iNOS and DNA

Repair Enzymes

Isabelle Joyce de Lima Silva-Fernandes, Igor
Costa Menezes, AnaPaula Santos do Carmo,
Débora Menczes daCosta, Emanuele Silva de
Oliveira, Elianedos Santos Percira and Silvia
Helena BaremRabenhorst*

Department of Pathalogy and Forensic Medicine, Federal
University of Ceard, Brazil

*Corresponding author: Rabenhoest SHE,
Department of Pathology and Forensic Medicine, School
of Medicine, Federal University of Ceard, Coronel Nunes
de Melo, 1315, Rodolfo Tesfilo, Fortaleza, CE CEP
60430-270, Brazil, Tel: +55 85 9994 5689 Fax: +55 85
32673840; Email: srabenborst @yaboocom.be

Received: August 06, 2014: Accepted: September 08,
2014; Published: September 10, 2014

Abstract

This study aimed to investigate the ineraction between the INOS C >T
polymorphism, the of H. pylor strains and polymorphisms in DNA
repair genes (OGG-1, APE-1 and PARP-T) in a s&t of gastric cancer patients.
In our methods, polymorphism was assessad by polymerase chain reaction
(PCR)=restriction fagment length polymorphism (RFLP) and H. pylori delecson/
genotyping by PCR. A sigrificant result shows this iNOS polymoerphism more
frequent among young gastric cancer patients than older patients (p= 0.020).
Host genetic features, such as DNA repair erzymes (0GG-1, APE-1, PARP-
1), are also important in prevensing the malignancy process. Polymorphisms
present in these erzymes associated with INOS activity could lead to gastric
cancer even in the presence of low virulent M. pyfor strains. Within our results,
iINOS homozygeus wildtype (CC) genotype and APE-1 polymorphic allele
(TG+GG) group were more infected by H. pylori lowvirulent strains (p=0.021).
In Condusion, cur study indicales the importance of M. pyfori and host DNA
repair enzymes genolypes in gasiric carcinogenesis in inlerection with this
specific INOS polymoarphism.

Keywords: Gaslric cancer, Helicobacter pylori, PARP-1; APE-1; 0GG-1

Introduction

Gastric cancer is the fifth most common cancer and the second
leading cause of cancer-related mortality in the world [1). In Brazil,
it is an important cause of cancer-related death in patients, with a
high prevalence in the Northeast region [2). According to Lauren's
classification, the histological subtypes, intestinal and diffuse, show
distinct histological and epidemiological features, as well as a different
prognosis [3,4]. Furthermore, this tumor can be located in the proximal
stomach (cardia), or distal (antrum, non-cardia). Differences between
tumors located in the cardia or non-cardia region, as well as intestinal
or diffuse subtypes, suggests that they represent distinct diseases with
different etiologies. Gastric carcinogenesis is a multifactorial process,
and Helicobacter pylori is the main initiator of inflammation and
atrophic changes in the gastric mucosa [5]. The association between
chronic H. pylori infection and the development of gastric cancer is
well established [6]. It is known that both bacterial virulence and host
genetic susceptibility are associated with cancer risk (7).

H. pylori has a great genetic diversity, and virulence factors
play important roles in mucosal injury, especially the genes cagA
(cytotoxin associated geme A) and wacA, (vacuolating cytotoxin A),
more specifically vacAslml. cagA is involved in many host cell
alterations and tightly associated with gastric cancer risk [8,9]. The
vacA gene is present in essentially all H. pylori strains. VacA is a
potent toxin, where it induces the formation of vacuoles in host cells.
Additionally, the cagE and virB11 genes have been found at a relevant
frequency in gastric cancer patients [10). The chronic inflammatory
process in the presence of H. pylori increases the expression of INOS
and can generate large amounts of reactive oxygen species (ROS),

which could lead to cell injury, with large amounts of NO kading
to DNA lesions [11,12). The DNA damage caused by ROS can lead
to gene alterations and, therefore, requires continuous DNA repair.

Polymorphism in the INOS gene that keads to increased expression
or altered function of the enzyme could affect the level of the DNA
lesions and therefore increase DNA damage. In this context, Daff et
al. [13), using a bacterial culture, found a deletion located six amino
acids from the currently studied C>T palymorphism in exon 16. The
proximity between this deletion and C>T polymorphism has been
suggested by Jing Shen et al. [14] and Jesper Johannesen et al. [15]
to account for the increase in iNOS activity. The increased activity
is associated with several types of diseases, such as bladder cancer
[16,17], and diabetes [18), besides gastric cancer [14].

Recently, host genetic susceptibility to cancer related to
polymorphisms in DNA repair enzymes has been investigated
[19.20). In gastric cancer, our team observed and reported before
[21] that palymorphisms in some enzymes of the base excision repair
(BER) system, respoasible for recognizing and removing the damaged
base, should be investigated such as the following: OGG-1 Ser326Cys
[22,23), associated with reduced DNA repair capacity [24]; APE-1
Asn148Glu [25,26], associated with increased sensitivity to jonizing
radiation in homozygosis [26); and PARP-1 Val762Ak, associated
with gastric cancer risk besides cagA(+) H. pylori infection [27).

Therefore, this study aimed to investigate the interaction between
the iNOS C >T polymorphism, the genotype of H. pylori strains and
polymorphisms in DNA repair genes (OGG-1, APE-] and PARP-1) in
a set of gastric cancer patients.



