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PREFÁCIO 

 

Avaliamos, neste trabalho, as alterações nos níveis de expressão de genes e 

de proteínas envolvidas na resposta imune, bem como em processos celulares, 

como proliferação celular, apoptose, diferenciação, regeneração, metástase e 

angiogênese devido à infecção pela Helicobacter pylori em pacientes com lesões 

gástricas antes e cerca de três meses após a terapia de erradicação da bactéria. 

As amostras foram obtidas a partir da coleta de biópsias gástricas durante 

exame endoscópico dos pacientes. A expressão dos genes TLR2, TLR4, IL-8, 

TGF-β, PLAT, PAI-1, REG3A e IFITM1 foi avaliada pela técnica de PCR em 

tempo real, a expressão das respectivas proteínas, a cinética celular, como índice 

de proliferação e apoptose foram avaliadas por imuno-histoquímica. 

Este estudo resultou em três manuscritos, um deles o artigo de revisão 

“Helicobacter pylori infection: Host immune response, implications on gene 

expression and microRNAs”, publicado em volume especial em comemoração aos 

20 anos do periódico World Journal of Gastroenterology (2014), em colaboração 

com as pós-graduandas Ana Flávia Rossi, Nathália Maciel Maniezzo e a Profª Drª 

Ana Elizabete Silva. São destacados alguns aspectos da infecção pela H. pylori, 

como os fatores de virulência bacterianos e, principalmente, sobre a modulação da 

resposta imune do hospedeiro e alterações no padrão de expressão de genes na 

mucosa gástrica infectada por esta bactéria. Também se destacou o papel da 

erradicação da bactéria para a normalização dos níveis de expressão gênica e o 

recente envolvimento de diferentes microRNAs na regulação da expressão gênica 
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em condições de mucosa gástrica normal, em lesões pré-cancerosas, no 

câncergástrico, e em processos inflamatórios induzidos pela bactéria. 

Parte dos dados da tese, incluindo a expressão gênica e protéica dos receptores 

TLR2 e TLR4 e da cinética celular foi submetida à publicação à revista 

Helicobacter, em março de 2014. O artigo “Helicobacter pylori eradication does 

not change TLR2 and TLR4 expression in chronic gastritis patients” apresenta os 

dados referentes às alterações nos níveis de expressão gênica e protéica de TLR2 e 

TLR4 e também os índices de proliferação celular e apoptose em pacientes 

submetidos à terapia de erradicação da H. pylori. Este artigo mostra que a 

presença da bactéria aumenta os níveis de expressão desses receptores, os quais 

não são reduzidos após a terapia de erradicação. Além disto, evidencia redução do 

índice apoptótico e consequente aumento na taxa de proliferação celular em 

pacientes que erradicaram a bactéria. 

Outro artigo “Effect of H. pylori eradication on expression of the cytokines 

and cellular mediators in patients with gastric lesions”, ainda em sua primeira 

versão, será submetido a uma revista indexada internacional e reúne os resultados 

das alterações na expressão de mediadores celulares, como citocinas e fatores de 

crescimento (IL-8, TGF-β, PLAT, PAI-1, REG3A e IFITM1) em pacientes com 

lesões gástricas após a erradicação da bactéria. 

O conjunto dos resultados obtidos das pesquisas sobre expressão gênica e 

protéica e cinética celular envolvida no processo inflamatório induzido pela H. 

pylori antes e após a terapia de erradicação, evidencia mudanças na expressão de 

mediadores celulares decorrentes da colonização persistente pela H. pylori no 



                                                                                                                       Prefácio xv 

 

epitélio gástrico, e que tendem a ser restaurados após a terapia de erradicação, 

evidenciando a importância do tratamento e contribuindo para o desenvolvimento 

de terapias mais efetivas relacionadas à erradicação desta bactéria.
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RESUMO  

 

 

Helicobacter pylori (H. pylori) é o principal patógeno associado ao câncer, devido 

mudanças inflamatórias e atróficas na mucosa gástrica, que por meio de 

progressão pode culminar no adenocarcinoma gástrico. A erradicação da H. pylori 

é considerada um tratamento de primeira linha para reverter as lesões pré-

neoplásicas e prevenir a progressão maligna. Poucos estudos avaliaram a 

ocorrência de alterações genéticas antes e após a erradicação da bactéria, que 

possam evidenciar mudanças importantes relacionadas à resposta a terapia. 

Portanto, os objetivos deste estudo foram: avaliar a expressão do RNAm de genes 

que atuam na resposta inflamatória e imune e processos biológicos como 

proliferação celular, migração, invasão, apoptose, regeneração e angiogênse 

(TLR2, TLR4, IL-8, TGF-β, REG3A, PLAT, PAI-1 e IFITM1) em pacientes com 

lesões gástricas antes e após a terapia de erradicação da H. pylori; investigar a 

expressão proteica dos respectivos genes; avaliar a influência dos genótipos 

bacterianos CagA e VacA na resposta à erradicação da bactéria e nos níveis de 

expressão gênica, e avaliar a cinética celular, como o índice de proliferação 

celular (PI) e o índice apoptótico (AI). Foram estudadas 38 biópsias gástricas de 

pacientes com gastrite crônica-Hp+ (GC-Hp+) antes do tratamento padrão de 

erradicação da bactéria e, 3 meses após a terapia. Como controle, foram obtidas 

quatro biópsias de mucosa gástrica normal-Hp- (MN-Hp). A quantificação 

relativa (RQ) do RNAm foi avaliada pelo ensaio TaqMan e a expressão proteica, 

proliferação celular e apoptose por imuno-histoquímica.  Antes do tratamento 

foram observados níveis de expressão relativa aumentados do RNAm de TLR2, 

TLR4, IL-8, TGF-β, REG3A e IFITM1 em pacientes GC-Hp+ em relação a MN-

Hp- (p< 0,0001), exceto para PLAT e PAI-1, que apresentaram expressão reduzida 

(p< 0,0001). Os receptores TLR2 e TLR4, assim como TGF-β e IFITM1 

apresentaram expressão aumentada do RNAm tanto antes como após o tratamento 

para erradicação da bactéria (p< 0,05). Os níveis elevados de expressão de IL-8 e 

REG3A detectados antes da terapia (RQ= 20,42 e 7,68, respectivamente) foram 
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reduzidos nos pacientes que erradicaram a bactéria (RQ= 6,51, p= 0,013 e 0,61, 

p< 0,001), mas não nos não-erradicados. PLAT e PAI-1 mostraram hipoexpressão 

antes do tratamento (RQ= 0,64 e 0,15, respectivamente), mas houve um aumento 

do RNAm de PLAT após a terapia de erradicação (RQ= 1,12, p= 0,003), porém os 

níveis de PAI-1 não foram significantemente alterados (RQ= 0,22, p= 0,340). 

Também não se observou diferenças nos níveis de expressão dos genes avaliados 

quanto ao tipo histológico da lesão (gastrite crônica, gastrite atrófica e gastrite 

associada a metaplasia, p> 0,05). Quanto aos genótipos de virulência bacterianos 

CagA e VacA não houve diferenças significantes na taxa de erradicação da 

bactéria, assim como nos níveis de expressão gênica, exceto para PAI-1, em que 

níveis mais reduzidos do RNAm foram encontrados em pacientes erradicados 

portadores do genótipo VacA s1/m1 (p= 0,035). A imunoexpressão das proteínas 

TLR2 e TLR4 foram concordantes com os resultados de expressão gênica, 

enquanto que para as demais proteínas analisadas, verificou-se redução da 

expressão da proteína IFITM1 nas células do estroma em pacientes que 

erradicaram a bactéria (p= 0,0007), embora as demais proteínas analisadas não 

mostraram diferenças significantes após o tratamento (p> 0,05). O índice de 

proliferação celular não foi significantemente alterado após o tratamento da 

bactéria (p> 0,05), porém redução significante do índice apoptótico foi encontrada 

após a terapia de erradicação. Em conclusão, a infecção pela H. pylori desregula 

os níveis de expressão de genes envolvidos em processos biológicos como 

inflamação, proliferação e regeneração tecidual e aumenta a taxa de apoptose. 

Porém, a terapia de erradicação da bactéria não restabelece completamente os 

níveis de expressão gênica nos pacientes erradicados. 

 

Palavras-chave: Helicobacter pylori, inflamação, lesões gástricas, terapia de 

erradicação, expressão gênica, cinética celular. 
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ABSTRACT 

 

 

Helicobacter pylori is the main pathogen associated with cancer due 

inflammatory and atrophic changes in the gastric mucosa, which through of 

progression may result in gastric adenocarcinoma. The eradication of H. pylori is 

considered a first-line treatment to reverse precancerous lesions and prevent 

malignant progression, but a portion of patients has no effective response to 

therapy. Few studies have evaluated the occurrence of genetic changes before and 

after eradication of the bacteria, which can evidence important changes related to 

response to therapy. Therefore, the objectives of this study were to assess the 

mRNA expression of genes that participate in the inflammatory and immune 

response and biological processes such as cell proliferation, migration, invasion, 

apoptosis, regeneration and angiogenesis (TLR2, TLR4, IL-8, TGF-β, REG3A, 

PLAT, PAI-1 and IFITM1) in dyspeptic patients before and after eradication 

therapy of H. pylori; to investigate the protein expression of the respective genes; 

to evaluate the influence of bacterial CagA and VacA genotypes in response to H. 

pylori eradication and levels of gene expression, and assess cell kinetics, as cell 

proliferation index (PI) and apoptotic index (AI). 38 gastric biopsies from patients 

with chronic gastritis-Hp+ (CG-Hp+) before the standard treatment for 

eradication of the bacteria, and 3 months after therapy were studied. As control, 

four biopsies from normal gastric mucosa without infection (NM-Hp-) were 

obtained. Relative quantification (RQ) of mRNA was assessed by TaqMan assay 

and protein expression, cell proliferation and apoptosis by immunohistochemistry. 

Before treatment increased mRNA relative expression levels of TLR2, TLR4, IL-8, 

TGF-β, REG3A and IFITM1 were observed in CG-Hp+ compared to NM-Hp- (p 

<0.0001), except for PLAT and PAI-1, which showed reduced expression (p 

<0.0001). The TLR2 and TLR4 receptors, as well as TGF-β and IFITM1 showed 

increased expression of mRNA both before and after treatment for eradication 

(p< 0.05). High levels of IL-8 and REG3A expression detected before therapy 

(RQ= 20.42 and 7.68, respectively) were reduced in patients who has eradicated 
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bacteria (RQ= 6.51, p= 0.013 and 0.61, p <0.001), but not in non-eradicated. 

PLAT and PAI-1 showed down-regulation before treatment (RQ= 0.64 and 0.15, 

respectively), but there was an increase in PLAT mRNA after eradication therapy 

(RQ= 1.12, p= 0.003), but the PAI-1 levels were not significantly altered (RQ= 

0.22, p= 0.340). Also, no differences were observed in the expression levels of 

genes evaluated according to histological type of the lesion (chronic gastritis, 

atrophic gastritis and metaplastic atrophic gastritis, p> 0.05). With regards to 

CagA and VacA strains there was no significant difference in the bacterial 

eradication rate as well as in the levels of gene expression, except for PAI-1, in 

which lower mRNA levels were found in eradicated patients carriers of VacA 

s1/m1 (p= 0.035). The immunoreactivity of TLR2 and TLR4 proteins were 

concordant with the results of gene expression, while for others proteins analyzed, 

there was reduced expression of IFITM1 protein in stromal cells in eradicated 

patients (p= 0.0007), although the others proteins showed no significant 

differences after treatment (p> 0.05). The cell proliferation rate was not 

significantly changed after treatment (p> 0.05), but a significant reduction in the 

apoptotic index was found after eradication therapy. In conclusion, the H. pylori 

infection deregulates the expression levels of genes involved in biological 

processes such as inflammation, proliferation, and tissue regeneration and 

increases the apoptosis. However, the eradication therapy tends to restore the 

levels of gene expression in eradicated patients, highlighting that the treatment 

plays an important role in the control of inflammation and homeostasis of the 

gastric mucosa, thus may prevent cancer progression. 

 

Key-words: Helicobacter pylori, inflammation, gastric lesions, eradication 

therapy, gene expression, cell kinetics. 
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I. INTRODUÇÃO 

I.1. Inflamação e câncer gástrico 

 A inflamação, em decorrência de alguma lesão na mucosa ou 

presença de agentes infecciosos, tem como objetivo principal restabelecer a 

homeostase do tecido (VAGO et al., 2012). Contudo, quando a resposta 

inflamatória ocorre de maneira descontrolada ou não é resolvida corretamente, 

células inflamatórias permanecem no local injuriado originando a inflamação 

crônica. Esta resposta persistente resulta na produção de grande quantidade de 

espécies reativas de oxigênio (ERO) e nitrogênio (ERN) (BARCELLOS-HOFF; 

LYDEN; WANG, 2013), induzindo alterações genéticas e epigenéticas em vários 

proto-oncogenes e genes supressores tumorais, o que favorece o surgimento de 

diversos tipos de cânceres (CHIBA; MARUSAWA; USHIJIMA, 2012). No 

microambiente tumoral, a ocorrência de células e mediadores inflamatórios 

favorece a transformação celular e a propagação de doenças invasivas 

(FERRONE; DRANOFF, 2010; BALKWILL; MANTOVANI, 2012).  

Agentes infecciosos causadores de inflamação crônica estão 

associados à cerca de 10-15% dos cânceres (CHIBA; MARUSAWA; USHIJIMA, 

2012). Muitas neoplasias surgem a partir de sítios de infecção, irritação crônica e 

inflamação em órgãos como o fígado, pâncreas, estômago, esôfago, cólon e 

próstata, aumentando o risco de câncer, e pesquisas têm demonstrado o papel dos 

componentes importantes da inflamação na carcinogênese (COUSSENS; WERB, 

2002; QUANTE; WANG, 2008).  Neste modelo enquadra-se o câncer gástrico 

como consequência da infecção pela Helicobacter pylori (H. pylori). Esta bactéria 
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produz uma forte resposta inflamatória no seu hospedeiro (AMIEVA; EL-OMAR, 

2008), estimulando a produção de muitos mediadores inflamatórios, além de ERO 

e ERN, o que influencia na carcinogênese de estômago pelo aumento no 

crescimento e na mobilidade celular, angiogênese e inibição da apoptose (CHIBA; 

MARUSAWA; USHIJIMA, 2012). 

O câncer gástrico, cuja taxa de mortalidade permanece alta 

mundialmente, especialmente na Ásia (Japão, Coréia e China) e em vários países 

em desenvolvimento, é o quarto tipo de câncer mais frequente e a segunda causa 

de morte dentre as relacionadas ao câncer (JEMAL et al., 2011; SIEGEL; 

NAISHADHAM; JEMAL, 2012). No Brasil, em 2014 estima-se que ocorram 

20.390 casos novos, representando o terceiro tipo de neoplasia com maior 

incidência no país (INCA, 2014). A maioria dos casos é diagnosticada entre os 50 

ou 70 anos de idade, afetando duas vezes mais homens do que mulheres 

(HATAKEYAMA, 2009).  

A incidência elevada é preocupante, pois o prognóstico da doença é 

pobre e a sobrevida de pacientes afetados após cirurgia e terapia é menor que 40% 

(JANG; KIM, 2011). Esta neoplasia é caracterizada como uma doença 

multifatorial (HERRERA; PARSONNET, 2009; JANG; KIM, 2011), com 

participação de fatores genéticos e ambientais. Dentre os fatores ambientais 

destaca-se o consumo elevado de sal e nitratos (HERRERA; PARSONNET, 2009; 

RESENDE et al., 2011), alimentos defumados, álcool (MILNE; CARNEIRO; 

O’MORAIN, 2009) e fumo (TRAMACERE; LA VECCHIA; NEGRI, 2011), 

sendo a infecção pela H. pylori o principal fator de risco exógeno (SMITH et al., 
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2006).  De modo contrário, a ingestão de frutas e vegetais está relacionada a uma 

diminuição do risco de câncer, pois contém compostos como ácido ascórbico, 

carotenoides, folatos e tocoferois que possuem efeito antioxidante (WU et al., 

2011).   

O adenocarcinoma gástrico correspondente a 95% das neoplasias 

malignas de estômago (INCA, 2014), é uma doença heterogênea (JANG; KIM, 

2011), classificada conforme Lauren (1964) em dois tipos histológicos distintos: 

intestinal e difuso. Estes subtipos tumorais diferem quanto à epidemiologia, 

etiologia e alterações moleculares. O tipo difuso é etiologicamente atribuído com 

maior frequência a fatores genéticos do hospedeiro, sendo que uma pequena 

parcela de carcinomas do tipo difuso é de origem familial, causados por mutações 

no gene E-caderina (GUILFORD et al, 1998). O tipo intestinal apresenta-se bem 

diferenciado, é mais frequente e está associado mais comumente a perturbações 

ambientais e a progressão de lesões gástricas pré-neoplásicas. É composto por 

células malignas que se unem formando estruturas semelhantes a glândulas 

funcionais do trato gastrointestinal (SMITH et al., 2006). Acredita-se que a 

infecção pela H. pylori esteja vinculada ao surgimento dos dois tipos de 

adenocarcinoma (FUENTES-PANANÁ;CAMORLINGA-PONCE; 

MALDONADO-BERNAL, 2009).  

A carcinogênese gástrica do tipo intestinal é decorrente de 

múltiplas etapas, sendo esta cascata iniciada pela gastrite superficial associada à 

infecção pela H. pylori. Esta lesão pode progredir para gastrite atrófica crônica, 

metaplasia intestinal, displasia e, por fim, carcinoma (CORREA, 1988), sendo 
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estes estágios sequenciais e separados por longos períodos de tempo. A gastrite 

crônica é uma lesão pré-maligna (GENTA, 1998) bastante frequente que engloba 

desde inflamação superficial até atrofia do epitélio, sendo caracterizada pela 

presença de linfócitos e plasmócitos (CHELI; GIACOSA, 1983). Cerca de 10% 

dos pacientes com atrofia gástrica desenvolvem adenocarcinoma em um período 

de 15 anos (CHELI; GIACOSA, 1983). Juntamente com a gastrite ou durante a 

cicatrização da mucosa é observada a metaplasia intestinal, caracterizada pela 

transformação das células do epitélio gástrico em células colunares absortivas que 

se intercalam com células caliciformes de morfologias intestinais, sendo também 

associada com infecção pela H. pylori (GUTIERREZ-GONZALEZ et al., 2011). 

 

I.2. Helicobacter pylori 

A H. pylori é uma bactéria Gram-negativa, de forma espiral, 

coloniza a mucosa gástrica e é considerada a infecção bacteriana mais comum no 

mundo todo. Geralmente, é adquirida na infância, podendo persistir no ambiente 

gástrico ao longo da vida se não tratada (EVERHART, 2000; RICCI; ROMANO; 

BOQUET, 2011). A presença persistente da H. pylori no estômago pode causar 

gastrite crônica, permanecendo silenciosa por décadas, devido ao balanço 

sincronizado entre o patógeno e seu hospedeiro, ou pode causar doenças mais 

severas, tais como gastrite atrófica, úlcera péptica, linfoma de tecido linfóide 

associado à mucosa gástrica (linfoma-MALT) e o adenocarcinoma gástrico 

(ZARRILLI; RICCI; ROMANO, 1999; RICCI; ROMANO; BOQUET, 2011). 

Portanto, a infecção por esta bactéria é considerada o fator mais fortemente 
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associado com esta neoplasia, em decorrência do processo inflamatório 

desencadeado na mucosa gástrica, aumentando o risco de câncer gástrico em mais 

de seis vezes comparando-se com indivíduos não infectados (KUIPERS et al., 

1999; SUERBAUM; MICHETTI, 2002). Em consequência desta associação, a H. 

pylori foi classificada, em 1994, pela Agência Internacional de Pesquisa sobre o 

Câncer como um carcinógeno do tipo I (IARC, 1994). 

Mundialmente, a H. pylori é responsável por infectar mais da 

metade da população, porém sua incidência é variável entre as diferentes regiões 

geográficas (VAN DOORN et al., 1999). Sabe-se que a infecção pode permanecer 

assintomática no decorrer da vida em 85% dos indivíduos, enquanto que, apenas 

1% desenvolverá câncer gástrico (EL-OMAR et al., 2001) e 10% úlcera péptica 

(SACHS; SCOTT, 2012). 

De fato, as consequências clínicas da infecção pela H. pylori são 

determinadas por múltiplos fatores, incluindo predisposição do hospedeiro, 

especialmente certos polimorfismos de citocinas e de genes receptores (LI et al., 

2010; OLIVEIRA et al., 2012; de OLIVEIRA et al., 2012; de OLIVEIRA et al., 

2013), regulação gênica e fatores ambientais, e heterogeneidade das linhagens de 

H. pylori (HERRERA; PARSONNET, 2009; RICCI; ROMANO; BOQUET et al., 

2011).  

Na maioria dos casos, a infecção pode persistir ao longo da vida do 

hospedeiro na ausência do uso de antibióticos para erradicação (EVERHART, 

2000; DE FLORA; BONANNI, 2011). Tal persistência é atribuída à capacidade 

desta bactéria adaptar-se ao ambiente inóspito do estômago com variação de pH, 
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devido à atividade da enzima urease e à presença de flagelos que facilitam sua 

penetração na camada de muco, atingindo o epitélio gástrico (HATAKEYAMA, 

2009). A urease hidroliza a ureia, produzindo amônia e dióxido de carbono, 

neutralizando o pH, permitindo assim, a sobrevivência e a proliferação bacteriana 

(HATAKEYAMA, 2009). 

De modo geral, a colonização pela H. pylori causa forte resposta 

imune sistêmica, originando um ambiente cronicamente inflamado com acidez 

reduzida, o que favorece o crescimento de outras bactérias no nicho gástrico, 

mantendo a inflamação e reduzindo, portanto, o nível de vitamina C no suco 

gástrico. A inibição da secreção de ácido gástrico favorece a mudança de uma 

gastrite predominante do antro para uma gastrite na região do corpo do estômago, 

iniciando a atrofia gástrica e metaplasia intestinal, caracterizadas como lesões pré-

cancerosas (KIM; KIM, 2009). 

Além disso, os fatores de virulência bacterianos, como os 

codificados pelos genes do antígeno A associado à citotoxina (cytotoxin-

associated gene A antigen- CagA) e da citotoxina de vacuolização (vacuolating 

cytotoxin- VacA) desempenham papel crucial na patogênese induzida pela H. 

pylori  e outros, como o IceA (induced by contact with epithelium), o BabA (blood 

group antigen-binding adhesion), o SabA (sialic acid-binding adhesion), o DupA 

(duodenal ulcer-promoting gene) e o OipA (outer inflammatory protein), 

garantem também, o sucesso da colonização da mucosa (BACKERT; MEYER, 

2006; AMIEVA; EL-OMAR, 2008). As populações bacterianas são altamente 

heterogêneas com relação aos fatores de virulência CagA e VacA  (WEN , MOSS, 
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2009), e muitas evidências mostram que essas diferenças genéticas são 

importantes nas consequências clínicas da infecção (HERRERA; PARSONNET, 

2009; BAUER; MEYER, 2011). 

O gene cagA produz um dos fatores de virulência mais importantes 

da H. pylori, localiza-se no segmento de DNA conhecido como ilha de 

patogenicidade cag (cagPAI), contém também, genes que originam um sistema de 

secreção bacteriano do tipo IV (T4SS-type-Ⅳsecretion system) (CENSINI et al., 

1996). Este sistema funciona como uma seringa molecular, injetando CagA, 

peptideoglicanos e outros fatores dentro das células epiteliais do hospedeiro 

(BACKERT et al., 2000). Após a entrada na célula, CagA pode ser fosforilada por 

tirosinas quinases, interage com proteínas celulares, atuando nas vias de 

transdução de sinal para o núcleo. Assim, os fatores injetados e os componentes 

de T4SS influenciam a dinâmica da célula, ocasionando mudanças no 

citoesqueleto e o rompimento das junções célula-célula, bem como as respostas 

anti-apoptótica e inflamatória no hospedeiro (ATHERTON; BLASER, 2009; 

POLK; PEEK, 2010; BACKERT; TEGTMEYER; SELBACH, 2010). Por causa 

dos efeitos causados, cepas que portam cagPAI são associadas a altos graus de 

inflamação da mucosa gástrica (HATAKEYAMA, 2009), conferindo maior risco 

para o desenvolvimento de câncer de estômago (TRUONG et al., 2009; BAUER; 

MEYER, 2011). 

O gene vacA, responsável pela expressão da citotoxina indutora de 

vacuolização em células epiteliais (POLK; PEEK, 2010) secreta a proteína VacA 

que estimula a apoptose de células gástricas e exerce efeitos na resposta imune do 
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hospedeiro pela perturbação da apresentação de antígenos, garantindo, assim, a 

evasão da H. pylori da resposta imune adaptativa (AMIEVA;  EL-OMAR,  2008;  

WEN;  MOSS,  2009; POLK; PEEK, 2010). Diferentemente de cag-A, todas as 

linhagens de H. pylori possuem o gene vacA, embora a proteína VacA seja 

expressa em apenas 50% delas. Esta diferença resulta de polimorfismos existentes 

no gene (WEN; MOSS, 2009), sendo a linhagem s1/m1 altamente toxigênica 

(BASSO et al., 2008). Cepas que expressam as formas ativas de VacA são 

associadas com  maior risco à gastrite e  câncer gástrico (PEEK, 2002; POLK; 

PEEK, 2010).  

A ligação da H. pylori as células gástricas epiteliais por meio de 

BabA e outras adesinas permite a introdução de CagA e outras moléculas efetoras, 

dentro das células do hospedeiro ativando a resposta imune com a produção de 

interleucinas, fator de necrose tumoral (TNF), citocinas pró-inflamatórias, 

ativação de NF-kB, AP-1, c-Jun, NH2-quinase terminal e de fatores de 

proliferação celular e sobrevivência. Além disso, as toxinas bacterianas, os níveis 

elevados de superóxidos, radicais, metabólitos de oxigênio reativo, compostos N-

nitroso e óxido nítrico são potentes carcinógenos na mucosa gástrica, que podem 

causar danos no DNA. Também os fatores de virulência CagA e VacA induzem 

hiperproliferação e expressão de oncogenes (KIM; KIM, 2009; BEN-NERIAH; 

KARIN, 2011; KURAISHY; KARIN; GRIVENNIKOV, 2011). Outros estudos 

ainda têm mostrado que a presença da H. pylori na mucosa gástrica pode 

promover alterações epigenéticas induzindo metilação de regiões promotoras com 

ilhas CpG pela ativação da DNA metiltransferase (USHIJIMA; HATTORI, 2012).  
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O fato de a bactéria permanecer no estômago em alta densidade e a inflamação 

persistir por muitos anos suporta a ideia de que a resposta imune do hospedeiro 

seja desregulada e inefetiva (WILSON; CRABTREE, 2007).  

 

I.3. Alterações genéticas e tratamento da Helicobater pylori  

Embora a associação entre inflamação e carcinogênese esteja bem 

estabelecida, os mecanismos envolvidos ainda não estão elucidados. Porém são 

observadas alterações celulares consideradas como fatores carcinogênicos, como 

estresse oxidativo, danos no DNA, mudanças epigenéticas e proliferação celular 

induzida por citocinas. Além disso, a inflamação crônica gastrointestinal parece 

promover apoptose de células normais levando a proliferação compensatória para 

regeneração do tecido (QUANTE; WANG, 2008; CHEN et al., 2012).     

Estudos também evidenciam mudanças na expressão gênica em 

resposta a infecção pela H. pylori, que podem estar associadas com a resposta do 

hospedeiro ao tratamento de erradicação da bactéria. A erradicação da H. pylori é 

considerada um tratamento de primeira linha para reverter as lesões pré-

neoplásicas, prevenir a progressão maligna, assim reduzindo o risco de câncer 

gástrico (TSAI et al., 2006, KABIR, 2009, FUCCIO et al., 2009). Porém, o 

tratamento não é preconizado entre os portadores assintomáticos em países em 

desenvolvimento, devido seu custo elevado (WU et al, 2008). 

Uma das opções de tratamento para esta infecção é a terapia tripla, 

considerada o tratamento padrão de primeira linha que consiste na administração 

de dois ou três antibióticos (claritromicina e amoxicilina) associados a um 
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inibidor de bomba de próton-PPI, durante uma ou duas semanas (RIMBARA et al, 

2011). Contudo, a resistência da bactéria a alguns antibióticos, tem direcionado as 

pesquisas para terapias alternativas, incluindo a extensão da duração do 

tratamento para 14 dias, o uso de um esquema de quatro medicamentos contendo 

bismuto, terapia sequencial ou concomitante, assim como o uso de novos 

antibióticos, como a levofloxacina (VAIRA et al., 2007; JAFRI et al., 2008; 

GREENBERG et al., 2011; MALFERTHEINER et al., 2011), mas nem sempre a 

erradicação é bem sucedida. O sucesso terapêutico depende de vários fatores, 

incluindo a susceptibilidade aos antibióticos e o genótipo do hospedeiro, como 

polimorfismos de CYP2C19, MDR1 e de citocinas pró-inflamatórias (GRAHAM 

et al, 2008; SUGIMOTO et al, 2009), sendo a quimiorresistência o fator mais 

importante (VAKIL; MÉGRAUD, 2007; WU et AL., 2010; SONG et al., 2011). 

Ainda outros fatores, como o tabagismo, submissão do paciente, duração da 

terapia, o esvaziamento gástrico, a inibição insuficiente de ácido gástrico durante 

o tratamento, assim como os fatores de virulência da bactéria podem interferir nas 

taxas de cura (HUNT, 1993; GRAHAM et al, 2008).  

Poucos estudos têm avaliado a ocorrência de alterações genéticas e 

de proteínas no hospedeiro em decorrência da infecção pela H. pylori. A partir da 

construção de uma rede de interações de proteínas em resposta à infecção 

produzida pela H. pylori foi possível constatar a participação de proteínas 

principalmente relacionadas à resposta imune, ativação de vias como JAK/STAT 

acionada pelas interleucinas, ativação de NF-kB e TLR4, dentre outras. As 

proteínas associadas à resposta imune interagem com vias e proteínas relacionadas 
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com o ciclo celular, manutenção e proliferação celular, reguladores de transcrição 

e proteínas zinc finger. Portanto, tais proteínas são potencias alvos para drogas 

contra a inflamação gástrica e câncer (KIM; KIM. 2009). Em outra abordagem 

para caracterizar o perfil de expressão gênica na mucosa gástrica de pacientes 

infectados pela H. pylori foi evidenciado padrão transcricional distinto entre as 

biópsias da região antral e fúndica associado com a densidade bacteriana e aos 

fatores de virulência como CagA, BabA2 e VacA.  Expressão diferencial foi 

observada em classes de transcritos associados com os receptores do tipo toll-like, 

transdução de sinal, resposta imune, apoptose e ciclo celular, como por exemplo, 

TLR2 e TLR4, LY96, ITGB2 (integrin 2), VCAM1, MAPK8, RAC2, SLA, vários 

transcritos de quimiocinas e receptores, IL-8, transcritos das famílias ADAM e 

MMP, PLAT, IFITM1 e PAP, todos com expressão aumentada na mucosa antral, 

exceto PLAT, que apresentou expressão reduzida (HOFFMAN et al., 2007).  

Estes achados nos motivaram a investigar a ocorrência de 

mudanças nos níveis de expressão em genes que participam da resposta imune 

induzida pela H. pylori na mucosa gástrica infectada, assim como avaliar se após 

a erradicação da bactéria há uma normalização na expressão gênica. Portanto, 

foram selecionados os genes TLR2, TLR4, IL-8, TGF-, REG3A, PAI-1, PLAT e 

IFITM1 (Tabela 1) devido ao envolvimento nos processos inflamatório e 

carcinogênico para avaliação em pacientes H. pylori-positivos antes e após o 

tratamento de erradicação da bactéria. 
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Tabela 1. Denominação oficial dos genes avaliados na infecção pela H. pylori, 

localização cromossômica e função. 

http://www.ncbi.nlm.nih.gov/pubmed/ 

 

Gene Nome oficial Localização Função 

TLR2 Toll-like receptor 2 4q32 

Reconhecimento de agentes 

patogênicos e ativação do sistema 

imune inato. 

TLR4 Toll-like receptor 4 9q33.1 

Reconhecimento de agentes 

patogênicos e ativação do sistema 

imune inato. 

IL8 
Chemokine (C-X-C motif) 

ligand 8 
4q13-q21 

Mediador da resposta inflamatória, 

atua como um quimiotáxico e como 

fator angiogênico. 

TGFB1 
Transforming growth 

factor, beta 1 
19q13.1 

Citocina, regulação da proliferação, 

diferenciação, adesão e migração. 

PLAT 
Plasminogen activator, 

tissue 
8p12 

Serina-protease que converte o 

plasminogênio em plasmina, papel na 

migração celular e remodelação do 

tecido. 

PAI-1 

Serpin peptidase inhibitor, 

clade E (nexin, 

plasminogen activator 

inhibitor type 1), member 1 

7q22.1 

Principal inibidor do ativador do 

plasminogênio tecidual (tPA) e 

uroquinase (uPA), regulação de 

processos biológicos como 

coagulação, invasão, metástase e 

angiogênese. 

REG3A 
Regenerating islet-derived 

3 alpha 
2p12 

Proteína de secreção pancreática, atua 

na proliferação e diferenciação celular. 

IFITM1 
Interferon induced 

transmembrane protein 1 
11p15.5 

Transdução de sinais de adesão e 

antiproliferativos em linfócitos, 

inibição da replicação viral, promoção 

da invasão celular e resposta à droga. 
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I.4. Genes envolvidos na inflamação e carcinogênese 

Os genes TLR2 e TLR4 são membros da família dos receptores 

TLRs (toll-like receptors), compreendendo 10 tipos em humanos, TLR1 a TLR10, 

os quais são componentes essenciais da resposta imune inata e adaptativa 

(KANG; LEE, 2011). Eles reconhecem estruturas moleculares de padrões 

moleculares associados à patógenos (PAMPs), como lipopolissacarídeos (LPS), 

lipoproteínas, ácido lipoteicoico, peptideoglicanos, lipoarabinomanano e flagelina 

(TAKEDA; KAISHO; AKIRA, 2003). O LPS da H. pylori e outros componentes 

da parede celular são reconhecidos principalmente por TLR4 e também por TLR2 

(YOKOTA et al., 2007). Os TLRs reconhecem seus ligantes através de LRRs 

(leucine-rich repeats) e os transmitem por meio de proteínas adaptadoras, como 

MyD88 desencadeando uma cascata de eventos de sinalização, como fosforilação 

de IRAK-1 (interleukin-1 receptor-associated kinase 1) e ativação de NF-kB ou 

de IRF3 (interferon regulatory factor 3), resultando na produção de mediadores 

imunes, como a indução de citocinas pró-inflamatórias e de genes induzíveis pelo 

IFN (AKIRA; UEMATSU; TAKEUCHI, 2006). Assim, a associação direta ou 

indireta de um ligante com o seu TLR correspondente atua como um sinalizador 

iniciando a resposta imune. 

A interleucina 8 (IL-8; símbolo oficial CXCL8), uma quimiocina do 

grupo de citocinas pró-inflamatórias, compreende mediadores com habilidade de 

migração e ativação leucocitária, podendo estimular células que liberam enzimas 

proteolíticas, permitindo a digestão da matriz extracelular e providenciando uma 

via para a migração de células inflamatórias, crescimento tumoral e metástase 
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(YUAN et al., 2005). Esta quimiocina é produzida por diferentes tipos celulares, 

como monócitos, macrófagos, neutrófilos, fibroblastos, queratinócitos (DAN et 

al., 2010) e também, pelas células epiteliais gástricas, durante a infecção pela H. 

pylori (SUGIMOTO et al., 2010), onde os  níveis de IL-8 na mucosa gástrica 

correlacionam-se com a severidade histológica em pacientes com gastrite induzida 

pela H. pylori (FAN et al., 1995). A associação entre os altos níveis na expressão 

do RNAm de IL-8 com o risco de câncer gástrico tem sido relatada (YAMADA et 

al., 2013), uma vez que esta citocina apresenta papel crítico na angiogênese e 

progressão tumoral (SPARMANN; BAR-SAGI, 2004; SUGIMOTO et al., 2010) 

por meio da indução de proliferação celular e migração (TAGUCHI et al., 2005).   

A citocina multifuncional TGF-β regula vários processos 

biológicos, incluindo crescimento celular, ciclo celular, desenvolvimento precoce, 

diferenciação, formação da matriz extracelular, hematopoese, angiogênese e 

função imune (MASSAGUE et al., 2005), modulando a resposta inflamatória pela 

inibição da proliferação de linfócitos T e B e suprimindo a atividade de 

macrófagos e células NK (KIM; KIM, 1996). TGF-β funciona tanto como um 

supressor quanto um promotor tumoral, inibindo o crescimento de células pré-

malignas e promovendo a indução da apoptose, ao mesmo tempo que, promove 

metástase tumoral pela imunossupressão, indução da transição epitélio-

mesenquimal e aumento da angiogênese (ACHYUT; YANG, 2011). Estudos 

clínicos mostraram correlação positiva entre a expressão de TGF-β com metástase 

de linfonodos e prognóstico ruim em carcinoma gástrico (MAEHARA et al., 

1999; SAITO et al., 2000).  
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REG3A (Regenerating islet-derived 3 alpha, conhecido também 

como PAP), membro da família gênica de regeneração (Reg) foi identificado 

primeiramente no suco pancreático em pancreatite induzida experimentalmente 

em ratos (KEIM et al., 1984). Reg representa um grupo de proteínas secretórias 

essenciais para a regeneração e proliferação celular, além de atuar na formação do 

sistema imune inato (BROEKAERT et al., 2002). Estudos de expressão gênica 

têm mostrado a relação entre a expressão aumentada de transcritos de REG3A e 

atividade proliferativa, como ploidia do DNA (CAO et al., 2009), assim como 

aumento da síntese de DNA, atuando como um fator de crescimento in vivo, 

levando a regeneração do fígado (SIMON et al., 2003). Alguns estudos mostram 

também, a associação desse gene com vários mecanismos de efeito proliferativo, 

antiinflamatório, anti-apoptótico e antibacteriano (CLOSA; MOTOO; 

IOVANNA, 2007). As propriedades anti-apoptóticas e antimicrobianas de REG3A 

foram observadas em estudos in vivo (ZHANG et al., 2004), porém sua função 

biológica no câncer não está muito bem esclarecida.  

O gene PLAT (Plasminogen activator, tissue) codifica o ativador 

do plasminogênio tecidual (t-PA), uma protease serina que converte o 

plasminogênio em plasmina, uma enzima fibrinolítica (SHIM et al., 2005). O 

sistema ativador do plasminogênio (PA) apresenta dois tipos principais de PA, o 

tipo tecido (tPA) e o tipo uroquinase (uPA), os inibidores do ativador do 

plasminogênio (PAI-1, 2 e 3) e o receptor (uPAR), que liga o PA nas células em 

migração (SMITH; MARSHALL, 2010). A resposta excessiva decorrente de um 

quadro inflamatório resultará na destruição do tecido e fibrose. Nesse sentido, 



                                                                                                                Introdução 17 

 

estudos relatam a função de tPA  na regulação da matriz extracelular 

(FREDRIKSSON et al., 2004; HU et al., 2008) e na modulação da resposta 

inflamatória em resposta à lesão do tecido em vários modelos animais (ROELOFS 

et al., 2006; HIGAZI et al., 2008). Além disto, outros estudos demonstraram que 

tPA pode atuar como uma molécula que apresenta dupla função (HU et al., 2008; 

LIN et al., 2010; LIN; WU; HU, 2012). Como uma protease serina, 

desempenhando papel crucial na homeostase da coagulação do sangue/fibrinólise 

e regulação da matriz extracelular (HU et al., 2008) e também, como uma 

citocina, ligando-se aos seus receptores de membrana, e desencadeando eventos 

de sinalização intracelular (HU et al., 2008; SHI et al., 2009; LIN et al., 2010; 

LIN; WU; HU, 2012). Há indicações que o aumento na atividade ou nos níveis de 

expressão de PLAT seja benéfico, provavelmente devido à estimulação da 

produção de plasmina, uma vez que esta enzima induz a degradação da matriz de 

fibrina pró-angiogênica, resultando na inibição da angiogênese (GINGRAS et al., 

2004).  

O inibidor do ativador de plasminogênio-1 (PAI-1; símbolo oficial 

SERPINE1) é codificado pelo gene SERPINE1 e pertence a uma classe de 

proteínas conhecidas como inibidores de serina protease (serpins). A principal 

função da proteína PAI-1 no tecido é inibir a ação do ativador de plasminogênio 

tipo uroquinase (u-PA) e tipo tecido (t-PA), inibindo assim o processo de 

fibrinólise. A proteína PAI-1 é sintetizada por uma variedade de células e 

induzida por fatores de crescimento, citocinas, hormônios e outros estímulos 

(KEATES et al., 2008). Além de sua função na coagulação, o aumento da 
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expressão de PAI-1 está associado com prognóstico ruim em muitos tipos de 

cânceres associados à inflamação (BINDER; MIHALY, 2008), uma vez que pode 

ter sua expressão aumentada por sinais presentes na inflamação crônica, incluindo 

NF-κB (CHEN et al., 2011), hipóxia (UENO et al., 2011) e estresse oxidativo 

(DU et al., 2000).  

A proteína IFITM1, também conhecida como 9-27 ou Leu13, é um 

membro da família de proteínas transmembrana induzidas pelo interferon 

inicialmente conhecido como um antígeno leucocitário envolvido na transdução 

de sinais de adesão e antiproliferativos em linfócitos (MATSUMOTO et al., 1993; 

DEBLANDRE et al., 1995). A família IFITM em humanos consiste de, pelo 

menos, três outros genes funcionais (IFITM1, IFITM2 e IFITM3). IFITM1 tem 

sido estudado pelo seu envolvimento na inibição da replicação viral (BRASS et 

al., 2009), promoção da invasão celular (HATANO et al., 2008) e resposta à droga 

(FUMOTO et al., 2008). Além disto, estudos sugerem uma associação entre 

IFITM1 e vários cânceres, como o câncer de cabeça e pescoço (HATANO et al., 

2008), câncer de ovário (JOHNATTY et al., 2010), leucemia e linfoma (GOMES 

et al., 2010) e carcinoma cervical de células escamosas (PAN et al., 2010), além 

de modular a invasão celular no câncer gástrico (YANG et al., 2005).  

 Como exposto, várias alterações moleculares são desencadeadas 

após infecção pela H. pylori e associadas à carcinogênse do estômago, incluindo 

também a perda da homeostase entre proliferação e morte das células epiteliais 

gástricas. Contudo, poucos estudos têm avaliado tais aspectos antes e após a 

erradicação da bactéria. Por exemplo, a avaliação do perfil de expressão gênica 
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pela técnica de microarray em lesões gástricas pré-neoplásicas após erradicação 

da H. pylori identificou 30 genes cuja expressão foi alterada significantemente um 

ano após o tratamento. A maioria dos genes apresentava expressão reduzida e 

estavam associados com resposta imune e inflamatória, e outros associados com 

adesão celular, receptor de superfície celular, transdução de sinal, progressão e 

diferenciação celular, transcrição, citoesqueleto e metabolismo e transporte de 

lipídeos (TSAI et al., 2006). 

O aumento dos níveis do RNAm de IL-1β e de iNOS e a ocorrência 

de gastrite mais grave foram observados em camundongos infectados pela H. 

pylori. Contudo, após a terapia de erradicação houve melhora na inflamação da 

mucosa gástrica e redução significante na expressão desses genes nos 

camundongos tratados comparados com os controles não tratados (HUANG et al. 

2013). 

Uma vez que o desenvolvimento do câncer ocorre como resultado 

de múltiplas alterações genéticas, a identificação de alterações na expressão de 

genes que codificam proteínas que atuam na resposta inflamatória e imune e 

controle do ciclo celular em lesões pré-neoplásicas, como a gastrite crônica em 

decorrência da infecção da H. pylori, poderá auxiliar na detecção inicial de tais 

mudanças, contribuindo para o diagnóstico precoce do câncer gástrico e 

desenvolvimento de terapias mais efetivas para o tratamento de erradicação da H. 

pylori. 
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II. OBJETIVOS 

O presente projeto teve por objetivos: 

 

1- Avaliar a expressão do RNAm  dos genes TLR2, TLR4, IL-8, TGF-, PAP, 

PAI-1, PLAT e IFITM1 em pacientes com lesões gástricas antes e após a 

terapia de erradicação da H. pylori, pela técnica de PCR em tempo real; 

 

2- Investigar a ocorrência de associação dos níveis de expressão desses genes 

conforme o tipo histológico da lesão gástrica; 

 

3- Avaliar a associação dos genótipos de virulência CagA e VacA da H. pylori 

com a erradicação da bactéria, assim como com os níveis de expressão gênica; 

 

4- Analisar a expressão protéica dos referidos genes por método imuno-

histoquímico; 

 

5- Avaliar a cinética celular, como o índice de proliferação celular (PI) e 

índice apoptótico (AI), antes e após a terapia de erradicação da H. pylori. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Artigos
 



                                                                                                                     Artigos 23 

 

ARTIGOS  

Os resultados referentes aos objetivos desta tese serão apresentados a seguir 

na forma de três artigos científicos, conforme as normas de publicações 

específicas de cada periódico: 

 

Artigo I 

Título: Helicobacter pylori infection: Host immune response, implications on 

gene expression and microRNAs. 

 

Autores: Aline Cristina Targa Cadamuro, Ana Flávia Teixeira Rossi, Nathália 

Maciel Maniezzo e Ana Elizabete Silva. 

Periódico: World Journal of Gastroenterology, 20 (6): 1424-1437, 2014. 

 

Artigo II 

Título: Helicobacter pylori eradication does not change TLR2 and TLR4 

expression in chronic gastritis patients. 

 

Autores: Aline Cristina Targa Cadamuro, Ana Flávia Teixeira Rossi, Joice Matos 

Biselli-Périco, Patrícia Fucuta Pereira, Edla Bedin Polsinelli Mascarin, Ricardo 

Acayaba, Kátia Ramos Moreira Leite, Eny Maria Goloni-Bertollo e Ana Elizabete 

Silva 

Periódico: Helicobacter, submetido em 18/03/2014. 
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Artigo III 

Título: Effect of H. pylori eradication on expression of the cytokines and 

cellular mediators in patients with gastric lesions. 

 

Autores: Aline Cristina Targa Cadamuro, Ana Flávia Teixeira Rossi, Joice Matos 
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Abstract  

Background. Helicobacter pylori is the main cause of gastric cancer and 

precancerous lesions in consequence of persistent chronic inflammation. The 

recognition of the bacteria in gastric epithelial cells is performed by toll-like 

receptors, such as TLR4 and TLR2, which trigger the activation of genes involved 

in the host immune response. Therefore, H. pylori eradication has been one of the 

strategies for the prevention of gastric cancer. The goal of this study was evaluate 

for the first time the mRNA and protein expression of TLR2 and TLR4 in H. 

pylori-infected chronic gastritis patients (CG-Hp+) before and 3 months after 

eradication therapy, as well as the cell kinetics, using cell proliferation (PI) and 

apoptosis (AI) indices. Materials and Methods. 59 gastric biopsies from patients 

with chronic gastritis-Hp+ (CG-Hp+) before the standard treatment for eradication 

of the bacteria, and 3 months after therapy were studied. As control, four biopsies 

from normal gastric mucosa without infection (NM-Hp-) were obtained. Relative 

quantification (RQ) of mRNA was assessed by TaqMan assay and protein 

expression, cell proliferation and apoptosis by immunohistochemistry. Results. 

The relative quantification (RQ) of TLR2 and TLR4 mRNA in CG-Hp+ patients 

(median RQ: TLR2= 1.32 and TLR4=1.26) was not significantly changed after 

successful eradication therapy (median RQ: TLR2=1.47 and TLR4=1.53). 

Moreover, after treatment, both TLR2 and TLR4 were upregulated in comparison 

to an Hp-negative normal gastric mucosa group. In addition, we observed a 

positive correlation between the RQ values of TLR2 and TLR4, both before and 

after treatment. Immunoexpression of the TLR2 and TLR4 proteins confirmed the 
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gene expression results, and regarding cell kinetics, there was no change in PI, 

while AI showed a significant reduction after treatment. Conclusions. In 

conclusion, H. pylori eradication therapy changed the cell kinetics, but did not 

reduced the TLR2 and TLR4 expression levels within a short period of time.  

Key words: H. pylori, eradication therapy, gastric lesions, TLR2, TLR4, gene 

expression, cell kinetics.  
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Introduction 

 

The Helicobacter pylori (H. pylori) bacterium is responsible for 5.5% of 

all infection-associated cancers (1) and is the major cause of gastric cancer in 

consequence of chronic inflammation. Persistent gastric mucosa inflammation 

results in chronic gastritis and progresses through a multistep process to gastric 

atrophy, intestinal metaplasia, dysplasia, and finally to carcinoma (2). The clinical 

consequences of H. pylori infection are determined by bacteria virulence genes as 

well as by host genetic factors such as immune response genes, besides 

environmental factors (3-5). Among the bacterial products, the CagA (cytotoxin-

associated gene A) and VacA (vacuolating cytotoxin) proteins are the major 

virulence factors related to the severity of gastric lesions and cell responses (6,7).    

The gastric epithelium cells provide the first point of contact for H. pylori 

adhesion through interaction with Toll-like receptors (TLRs), responding to the 

infection by activating various signaling pathways (8). TLRs are key regulators of 

both innate and adaptive immune  responses,  recognizing several microbial 

products, such as lipoproteins, peptidoglycans and lipopolysaccharides (LPS) (9). 

The LPS of H. pylori, as a cell wall component, is recognized mainly by TLR4 

(10), but also by TLR2, which recognizes other forms that are structurally 

different from those recognized by TLR4 (11). Both TLR2 and the TLR4 are 

activated, after the bacteria recognition, in cooperation with the adapter molecule 

MyD88, triggering the mitogen-activating protein kinase (MAPK) signaling 

pathway. At this point, there is a subsequent activation of the transcription factor 

NF-kB, which leads to the rapid expression of inducible nitric oxide synthase 
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(iNOS) and proinflammatory cytokines, chemokines and their receptors, and  

interleukins (12,13). When these factors are stimulated, they initiate a marked 

inflammatory response of the mucosa, characterized as chronically active gastritis, 

and may acquire oncogenic potential (14,15). Moreover, TLR2 and TLR4 also 

contribute to the maintenance of the tissue homeostasis, regulating apoptosis and 

tissue regeneration and repair (16,17).  

In addition, H. pylori infection is responsible for  inflammatory and  

atrophic changes in the gastric mucosa, together with increased expression of  

pro-tumorigenic agents such as cyclooxygenase-2 (COX-2) and the anti-apoptotic 

protein (Bcl-2), resulting in uncontrolled cell proliferation with atrophic changes, 

suppression of  apoptosis, and excessive angiogenesis. Consequently, these 

changes may lead to the development of cancer (18,19).  

So far, the strategy for prevention of H. pylori-associated gastric cancer 

has been the eradication of these bacteria, regarded as a first-line therapy to 

reverse the pre-neoplastic lesions and prevent malignant progression (16). 

However, treatment is not adopted for asymptomatic carriers in developing 

countries, due to its high cost (20). H. pylori is susceptible to most antibiotics, 

although resistance has been common, and triple or quadruple therapy consisting 

of two antibiotics, a proton pump inhibitor and bismuth have lately been used to 

eradicate the bacteria (21). Unfortunately, the eradication is not always successful, 

mainly due to chemoresistance (22).  

Studies to evaluate changes in expression levels of genes involved in the 

recognition of the bacteria and the immune response of the host in patients 
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infected by H. pylori are scarce, both before and after eradication treatment. 

Moreover, there are no reports about the expression of TLR2 and TLR4 in gastric 

lesions before and after bacterial clearance. Therefore, the main goal of the 

present study was to evaluate, for the first time, the mRNA and protein expression 

levels of TLR2 and TLR4 in H. pylori-positive chronic gastritis patients. In 

addition, we also evaluated the occurrence of changes in the expression levels of 

these receptors after successful H. pylori eradication therapy and the cell kinetics 

assessed by cell proliferation and apoptosis indices. 

 

Materials and Methods 

Patients 

At first, 59 patients scheduled for upper endoscopy with positive 

histological and molecular diagnosis for H. pylori and not yet submitted to 

eradication therapy were enrolled prospectively between May 2010 and December 

2012 from the Gastro-Hepatology Outpatient Clinic at the Base Hospital and the 

João Paulo Segundo Hospital, both at São José do Rio Preto, SP, Brazil.  

From each patient, gastric biopsies of the antrum region were collected for 

histological analyses, molecular and immunohistochemichal study. None of the 

individuals had taken any antibiotics, nonsteroidal anti-inflammatory drugs, or 

corticosteroids during the two months prior to endoscopy, nor proton-pump 

inhibitors, H2 antagonists in the 10-15 days preceding the procedure. Patients with 

gastric cancer and infectious diseases were excluded from this study. Gastric 

biopsy specimens were examined histologically by a specialized pathologist for 
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the presence of the bacteria and histopathologically classified  as: superficial 

chronic gastritis (n=45; mean  age 44 years; 19 females and 17 males), atrophic 

gastritis (n=8; mean  age 50 years; 3 females and 5 males), and  atrophic gastritis 

with  intestinal metaplasia (n=6; mean  age 50 years; 4 females and  2 males), 

according to the Sydney system (23), constituting the so-called CG-Hp+ group. 

Of the 59 CG-Hp+ patients, only 37 (63%) concluded the treatment, and called 

completed treatment group, and 23/37 (62%) of them had the bacteria eradicated, 

as evidenced by concordant histological and molecular H. pylori-negative 

diagnosis, so-called successful treatment group (Table 1). Four gastric biopsy 

specimens presented histologically normal, H. pylori-negative gastric mucosa 

(normal-Hp- group) and were used as control (mean age 35.6 years; 3 females and 

1 male). Epidemiological data of patients and controls were collected using a 

standard  interviewer-administered  questionnaire, containing questions about 

smoking habits, alcohol intake, previous or ongoing treatment, use of medications, 

previous surgeries and family history of cancer. 

The CG-Hp+ group was submitted to standard triple therapy consisting of 

amoxicillin (1g), clarithromycin (500 mg) and omeprazole (20 mg), all given 

twice daily for seven days. 3 months after treatment, the individuals underwent 

another endoscopy for collection of gastric biopsies of the antrum region. 

Immediately after collection, the biopsy specimens were placed into RNA Later 

solution (Applied Biosystems) and stored at -20ºC until nucleic acid extraction. 
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 The study protocol was approved by the local Research Ethics Committee 

(CEP/IBILCE/UNESP number 030/10), and written informed consent was 

obtained from all participating individuals.    

 

Molecular diagnosis of H. pylori  

DNA/RNA extraction from the gastric biopsies was performed according 

to the protocol accompanying the reagent Trizol (Invitrogen) and the 

concentrations were determined in a NanoDrop
®
 ND1000 spectrophotometer 

(Thermo Scientific). First, multiplex PCR was performed, using 100 ng of DNA in 

a final volume of 25L containing specific primers for H. pylori genes such as 

UreA and tsaA, besides the constitutive human CYP1A1 gene (Table 2). In brief, 

the PCR solution contained 1X buffer, 0.15 µM of each deoxyribonucleotide, 2 

mM MgCl2, 0.6 µM of each genomic DNA primer, and 1.8 U Taq Platinum DNA 

Polymerase (Invitrogen), in a final volume of 25 µL. The reaction consisted of an 

initial denaturation at 94ºC for 3 minutes, followed by 35 cycles at 94ºC for 45 

seconds, 60ºC for 30 seconds and 72ºC for 1 minute, and a final extension step for 

10 minutes at 72ºC. The reaction products were subjected to electrophoresis on 

2% agarose gel stained with ethidium bromide. Molecular diagnosis was 

considered positive when at least one gene (UreA or tsA) had been amplified. 

 

TaqMan quantitative real-time PCR (qPCR) for TLR2 and TLR4 mRNA 

Reverse transcription (RT) of total RNA was performed using a High 

Capacity cDNA Archive Kit (Applied Biosystems), in a total volume of 25 μl, 
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according to the manufacturer’s protocol. Then, qPCR was carried out in a 

StepOnePlus Real Time PCR System 2.2.2 (Applied Biosystems), using specific 

TaqMan probes for target genes TLR2 (assay ID Hs00610101_m1, Applied 

Biosystems) and TLR4 (assay ID Hs01060206_m1, Applied Biosystems), and two 

reference genes, ACTB (part number: 4352935E, Applied Biosystems) and 

GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) (part number: 4352934E, 

Applied Biosystems), used as endogenous controls according to the manufacturer’s 

instructions. All reactions were performed in triplicate in a final volume of 20 µl, 

using 100 ng/µl cDNA and a blank to ensure the absence of contamination. 

Relative quantification (RQ) of TLR2 and TLR4 mRNA was obtained according to 

the model proposed by Livak & Schmittgen (24) and normalized to the ACTB and 

GAPDH reference genes and a pool of normal Hp- samples. The RQ was 

expressed as median (range) and considered upregulated for values of RQ > 2.  

 

Immunohistochemical assay for TLR2, TLR4, Ki-67 antigen and TUNEL 

apoptosis  

Immunohistochemical analysis was performed in 14 samples from the CG-

Hp+ group before and after bacteria eradication and four samples from the normal 

Hp- group. Consecutive 4 µm-thick sections were cut from each trimmed paraffin 

block. Deparaffinized tissue slides were then submitted to antigen retrieval, using 

a high-temperature antigen-unmasking technique. The sections were incubated 

with specific primary antibodies overnight: rabbit polyclonal antibody anti-TLR2 

(06-1119, 1:50 dilution; Millipore), mouse monoclonal anti-TLR4 (76B357.1, 
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1:200 dilution; Abcam), and polyclonal antibody for antigen Ki-67 (SP6, 1:100; 

Cell Marque). Then the slides were incubated with biotinylated secondary 

antibody (Picture Max Polymer Detection Kit, Invitrogen) for 30 minutes, 

following the manufacturer’s protocol. Immunostaining was done with 

3,3’diaminobenzidine tetrahydrochloride (DAB) containing 0.005% H2O2, 

counterstained with hematoxylin. Placenta mucosa and appendix tissue were used, 

respectively, as positive controls for the TLR2 and TLR4 proteins. The 

immunostaining was evaluated in the cytoplasm of the epithelial cells by 

densitometric analysis with an arbitrary scale going from 0 to 255, performed with 

Axio Vision software under a Zeiss-Axioskop II light microscope. Sixty equally 

distributed points were scored in each one of the regions, and the results were 

expressed as mean±SE.  

For Ki-67, only nuclear, strong staining was considered positive. Five 

hundred epithelial cells were counted for each sample, and the percentage of 

positive cells defined the proliferating index (PI) (25). Apoptosis was detected by 

Terminal Uridine Deoxynucleotidyl Nick end-Labeling (TUNEL) using a 

FragEL
TM

 DNA Fragmentation Detection Kit, Colorimetric –TdT Enzyme 

(Calbiochem), according to the manufacturer's protocol.  Sections of human 

tonsils were used as positive controls. The apoptotic index (AI) was calculated as 

the percentage of TUNEL-positive cells (nuclear staining) in about 500 epithelial 

cells counted for each sample. All analyses were performed under a light 

microscope (x400 magnification). The proliferation rate was determined by 

dividing the proliferation index (PI) by the apoptotic index (AI). 
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Statistical analysis  

Data analysis was performed using the computer software GraphPad Prism 

5 version 5.01. The distribution of continuous data was evaluated using the 

D'Agostino & Pearson omnibus normality test or Shapiro-Wilk normality test. 

Data are presented as median and range, as mean ± standard deviation (SD), or  as 

frequencies, according to the data distribution. Student’s t-test for paired and 

unpaired data or correspondent nonparametric tests, such as the Mann-Whitney 

test and the Wilcoxon signed rank test, were used for comparisons between 

groups. To evaluate the association between relative gene expression and risk 

factors such as age, gender, smoking and drinking, the Mann-Whitney test was 

performed. The correlation between TLRs gene expression before and after 

eradication therapy was analyzed using Pearson’s or Spearman’s Correlation, as 

appropriate. For protein expression, the means obtained from the densitometry 

analysis were compared before and after treatment and with the normal Hp- group 

using ANOVA followed by the Bonferroni test. The level of significance was set 

at p≤ 0.05. 

 

Results 

The relative expression of TLR2 and TLR4 mRNA is not altered after 

successful eradication therapy 

Table 3 shows the data regarding the relative expression levels of TLR2 

and TLR4 mRNA of 37 CG-Hp+ patients who concluded the treatment 
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(completed treatment group) and 23 CG-Hp+ patients in which the bacteria were 

eradicated (successful treatment group), allowing paired analysis before and after 

eradication therapy. The relative expression levels of TLR2 and TLR4 mRNA after 

normalization with the ACTB and GAPDH reference genes and comparison with 

normal mucosa H. pylori-negative in both completed and successful treatment, 

either before or after treatment were increased significantly (data not shown). In 

the completed treatment group, no significant reduction was found after treatment 

in the relative expression levels of either TLR2 or TLR4 mRNA (TLR2 RQ 

median= 1.55; and TLR4 RQ median= 1.64) with, respectively, 38% and 46% of 

the cases being upregulated in comparison to the cases before the treatment (TLR2 

RQ median= 1.31, p= 0.291 and TLR4 RQ median= 1.45, p= 0.084) and with, 

respectively, 32% and 40% of the cases showing upregulation. Therefore, for both 

genes, no significant differences were found before and after the treatment (p= 

0.291 and p= 0.084, respectively).  

In the successful treatment group, heterogeneity of relative expression 

levels for both TLR2 and TLR4 mRNAs can be observed before and after the 

treatment (Fig. 1A and B). The TLR2 and TLR4 relative expression levels in this 

group were slightly lower after treatment (TLR2 RQ median= 1.47; and TLR4 RQ 

median= 1.53) than in the completed treatment group, but the differences were not 

statistically significant. When we compared  the relative expression levels for both 

the TLR2 and TLR4 mRNAs before and after  the treatment in the group in which 

H. pylori was eradicated (successful treatment group), no significant differences 

were either observed for both genes (p= 0.533 and p= 0.094 for TLR2 and TLR4, 
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respectively) (Fig. 1C and D). Furthermore, a positive correlation between the RQ 

values of TLR2 and TLR4 mRNA before and after in the successful treatment 

group (before: r
2
= 0.85, p<0.0001; after: r

2
= 0.554, p= 0.006) were found. 

 In another analysis, we evaluated the association between relative 

expression levels of TLR2 and TLR4 mRNA and the risk factors as age, gender, 

smoking and drinking (Table 4). A significant, about 3-fold increase in the median 

RQ of the TLR4 mRNA was observed in males compared to females (p= 0.043) 

after the H. pylori eradication therapy. None of the other factors investigated 

showed significant differences, as well as no significant difference was observed 

in the levels of gene expression according to histological type of lesion (CG, AG 

and MAG (data not shown). 

 

TLR2 and TLR4 protein and mRNA relative expressions are concordant 

In normal mucosa, the TLR2 and TLR4 protein expression was weak or 

absent, mainly in the foveolar epithelium (Fig. 2A and B). Nevertheless, the CG-

Hp+ samples collected before the treatment showed a cytoplasmatic, perinuclear 

and focal immunostaining pattern, mostly in the basal area of the foveolar 

epithelium. A strong expression in the inflammatory cells was also observed (Fig. 

2C and D). After the eradication of H. pylori, an immunostaining pattern similar 

to the one observed before the treatment was found for both the TLR2 and TLR4 

proteins (Fig. 2E and F).  

The mean optical densitometry values observed in the normal Hp- group 

for TLR2 and TLR4 were 105.6 ± 2.7 and 101.4 ± 6.5, respectively. While the 
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CG-Hp+ group before treatment presented significantly increased mean values for 

both TLR2 (151.7 ± 6.1) and TLR4 (132.2 ± 4.7) in comparison with the normal 

Hp- group (p= 0.020 and p= 0.007, respectively). After eradication of the bacteria, 

both the TLR2 and TLR4 proteins showed a slight reduction in their mean optical 

densitometry values (136.1 ± 6.1 and 122.8 ± 5.8, respectively), but without 

significant differences (p= 0.064 and p= 0.198, respectively) (Fig. 2G and H), 

confirming the findings regarding the mRNA relative expression.  

 

Eradication therapy leads to an increase in cell proliferation rate, measured 

by Ki-67 antigen and TUNEL assay. 

The cell proliferation index measured before and after treatment by antigen 

Ki-67 in the normal Hp- group and in the CG-Hp+ group showed positive brown 

immunostaining in the nuclei of the foveolar epithelial cells and in the crypt 

glands (Fig. 3A, C and E).  

In the normal Hp- group, the PI mean was 17.40 ± 2.86, in which 50% of 

the samples showed PI>20% (Table 5). In the CG-Hp+ successful treatment group 

the PI mean of 18.23 ± 2.85 was observed before treatment, however, after 

treatment (PI= 19.92 ± 2.0) there was no significant difference (p=0.379). The 

apoptotic nuclei detected by the TUNEL assay were evaluated in the same 

samples for Ki-67 and were mainly observed in the foveolar epithelium (Fig.  3B, 

D and F). The AI mean in the normal Hp- group was 1.00 ± 0.24 , while in the 

CG-Hp+ group before the treatment it was increased to 2.02 ± 0.34, decreasing 

significantly after the eradication therapy (0.88 ± 0.15; p=0.013) (Table 5). As a 
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consequence, the cell proliferation rate calculated by dividing PI by AI showed a 

significant increase after the treatment (p=0.027).  

 

Discussion  

In this study we investigated for the first time the occurrence of alterations 

in the TLR2 and TLR4 mRNA and protein expression in H. pylori-infected 

patients with chronic gastritis, before and after successful bacteria eradication 

treatment, besides evaluating the cell kinetics. Our results did not reveal 

significant changes in the relative expression levels of either TLR2 or TLR4 

mRNA after treatment, which was confirmed by immunohistochemistry. 

Moreover, the mRNA expression of both receptors remained increased after 

eradication therapy compared to the normal Hp- group, showing that the 

eradication of the bacteria did not normalize the expression of these receptors, at 

least under the conditions evaluated. Additionally, we also observed a positive 

correlation between the mRNA expression values of TLR2 and TLR4, both before 

and after treatment, and found after H. pylori eradication an increase in 

proliferation rate in consequence of reduction of apoptosis.   

TLRs are transmembrane proteins that play a critical role in the 

recognition of pathogen components (26). LPS of Gram-negative bacteria are 

recognized mainly by TLR4 and also TLR2 activating signaling pathways that 

culminate in an inflammatory response (27). It is believed that the interaction 

between bacterial virulence and a genetically susceptible host is associated with 

more severe chronic inflammation, which may, in the long run, lead to cancer 
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(28). Under normal physiological conditions, the expression of these receptors in 

the mucosa of the gastrointestinal tract is low, due to the action of their 

antagonists, such as TOLLIP (Toll-interacting protein) and PPARγ (Peroxisome 

proliferator-activated receptor) that show higher levels, in order to prevent 

inappropriate activation of nonpathogenic antigens (29-31). 

In our study, we observed a significantly increased expression for both 

TLR2 and TLR4 in CG-Hp+ patients even after successful H. pylori eradication 

compared to the noninfected normal mucosa samples. In children infected by H. 

pylori, Lagunes-Servin et al. (32) found an increase in the expression of the 

TLR2, TLR4, TLR5, and TLR9 in the gastric epithelium comparing with 

noninfected children, and also an association with pro- and anti-inflammatory 

cytokines (IL-8, TNF-α and IL-10). These findings confirm that H. pylori has the 

ability of to increase the in vivo expression of TLRs by gastric epithelial cells 

early during infection in children, starting a chronic and balanced inflammatory 

process that will continue for decades, and so may contribute to the development 

of H. pylori-associated diseases later in adulthood. Pimentel-Nunes et al. (33) 

observed that, considering the different TLRs of normal H. pylori-negative 

mucosa, the mRNA of TLR5 was the most expressed, followed by those of TLR2 

and TLR4. Furthermore, these authors found TLR2 and TLR4 overexpression in 

intestinal metaplasia, independently of the H. pylori status, and in the 

dysplasia/cancer sequence. Moreover, upregulation of TLR2 and TLR4 mRNA 

was also observed in H. pylori-associated normal mucosa. These results were 

confirmed by immunohistochemical analyses, which found an increase in protein 
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expression in H. pylori-infected normal mucosa, further increasing in intestinal 

metaplasia and dysplasia/carcinoma. These findings suggest that progressive 

activation of these receptors, initially by H. pylori, but also by other PAMPs 

(pathogen-associated molecular patterns) or DAMPs (damage-associated 

molecular patterns), at later stages, may play an important role in gastric 

carcinogenesis and tumor progression (33). 

Several groups of researchers have demonstrated TLRs, mainly TLR4 and 

TLR2, as pattern recognition receptors for H. pylori. Upregulation of TLR4 

expression responsiveness to LPS and H. pylori in gastric cell lines has been 

reported (34,35). H. pylori infection induced both TLR4 mRNA and protein 

expression in AGS cells that were dependent on bacterial load and infection 

duration. However, the transfection of AGS cells with TLR4 siRNA followed by 

the bacterial infection suppressed the expression of this receptor (34). Moreover, 

LPS of H. pylori upregulate TLR4 expression via TLR2 signaling in MKN28 

gastric cell lines by the MEK1/2-ERK1/2 MAP kinase pathway (36), leading also 

to an increase in cell proliferation. Conversely, previous studies (37-39) did not 

observe any relevant role of TLR4 in the cellular recognition of H. pylori in AGC 

cells. These controversial results may be due to differences in the lipid A 

structures produced by distinct H. pylori strains (40-42). Therefore, the interaction 

of the bacteria with TLR2 should also be considered, mainly after the first contact 

with the gastric mucosa, triggering immunologic responses (43) such as induction 

of IL-8 and subsequent activation of NF-kB (11).   
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Our study revealed no reduction of the transcript levels of TLR2 and TLR4 

or their proteins 2 to 3 months after treatment, showing that the successful 

eradication of H. pylori does not change the expression of these receptors within a 

short period after the treatment. Similarly, Garza-Gonzales et al. (44) found no 

quantitative differences in the TLR4 and TLR5 mRNA levels either, regardless of 

the presence or absence of H. pylori in gastric epithelial cells biopsies and AGS 

cells, suggesting that the mRNA levels of both receptors may not be influenced by 

the infection process, or at least not at the time points selected for analysis. 

However, in our study, we observed higher levels of both TLR2 and TLR4 mRNA 

and proteins in H. pylori-infected mucosa compared to non-infected normal 

mucosa. It should however be taken into consideration that the post-treatment 

time elapsed until biopsy collection may not have been sufficient for mucosal 

renovation and transcription level normalization.  

Generally, the imbalance between proliferation and apoptosis is associated 

with the development of cancer (45). One of the pathways by which H. pylori is 

associated to gastric carcinogenesis may involve the disruption of cell kinetics, 

with activation of cell proliferation and induction of apoptosis as a response to the 

H. pylori-induced mucosal damage (46). However, the effect of the eradication 

therapy on these processes remains unclear.  

Our results demonstrated that, after eradication of H. pylori, the 

proliferation index of the gastric epithelial cells no showed significant changes in 

the chronic gastritis patients, while the apoptotic index was reduced. Similar 

results were reported by Sougioultzis et al. (46) who observed a significant 
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reduction of apoptosis, but not of the proliferation index, in gastric epithelial cells 

after eradication of H. pylori, as well as in multifocal atrophic gastritis patients 

one year after treatment (47), suggesting that the continuous cell proliferation can 

provide genetic transformations and could eventually lead to histopathologic 

events, such as atrophy, metaplasia, or dysplasia. The authors also observed a 

decrease in the apoptosis of inflammatory cells that may reduce inflammatory 

triggers, although, one year after treatment, no significant reduction of B 

lymphocytes and macrophages had occurred. 

In contrast, in patients with H. pylori-infected gastric cancer (49) and in 

patients with gastritis-associated intestinal metaplasia (50), a reduction in the 

proliferation index was reported after treatment, but the apoptotic index remained 

unchanged. While a significant reduction of both Ki-67 labeling and the apoptotic 

index in the gastric mucosa after H. pylori eradication in patients with gastritis 

was shown by Ohkura et al. (45).  

In gastric cancer patients, Watari et al. (50) reported higher cellular 

proliferation rates compared to chronic gastritis patients before H. pylori 

eradication, whereas the apoptotic index presented no significant changes. 

However, after H. pylori eradication, there were no significant changes in the 

proliferation index between groups, but the apoptotic index increased in both 

groups after treatment. These divergent results may be related to a variety of 

factors, such as the histological type of the gastric lesion, bacterial virulence 

factors, and the use of different markers to evaluate cell proliferation and 

apoptosis, as well as the time elapsed after the eradication of the bacteria. In 
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general, it is expected that, after H pylori eradication, patients with precancerous 

gastric lesions show improvements in their lesions, accompanied by suppression 

of cell proliferation and induction of cell apoptosis, as reported by Zhang et al. 

(19).  

When we compared the expression levels of TLR2 and TLR4 mRNA with 

risk factors, we did not find any association, except for a positive association 

between an about 3-fold upregulated expression of TLR4 mRNA in males after 

successful treatment of H pylori. We did not find any explanation for the 

influence of gender on the TLR receptor expression or response to treatment for H 

pylori. However, this association may be due to hormonal differences, such as the 

interference of sex hormones with the secretion of IL-8 and mRNA levels (52), as 

well as other inflammatory mediators, such as annexin-A1 (53).  

Despite the importance of this study, some limitations, also observed in 

other studies of this kind (54,55) should be considered, such as the number of 

patients who completed the treatment and had the bacteria successfully eradicated; 

the effect of inflammatory cells on gene expression levels in gastric mucosa, 

although this can be differentiated by immunohistochemical analysis; and also the 

follow-up time to obtaining biopsies after treatment. Moreover, alterations in 

mRNA expression levels after H. pylori infection eradication therapy have been 

demonstrated, involving genes associated with cell damage, inflammation, 

proliferation, apoptosis and intestinal differentiation (55,56).  

In conclusion, we report here an increase in TLR2 and TLR4 mRNA and 

protein expression in CG-Hp+ patients before eradication therapy and the 
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maintaining of this expression pattern even after treatment, suggesting that these 

receptors remain expressed in the gastric mucosa even after eradication of the 

bacteria, at least for the period evaluated. In addition, the alteration in cellular 

kinetics resulting from the infection by the pathogen may be a response to damage 

caused by the bacteria to the gastric mucosa. So, the next step is to evaluate other 

genes related with the inflammatory cascade induced by H. pylori, such as those 

encoding cytokines, malignant transformation processes, as well as the 

involvement of microRNAs. Therefore, considering the higher risk of malignant 

progression in patients infected by H. pylori for a long time, further investigations 

are needed to clarify the changes in gene expression occurred in response to the 

eradication treatment.  
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Legend of Figures 

 

Figure 1 Relative expression levels of TLR2 and TLR4 RNAm in patients with 

chronic gastritis before and after H. pylori eradication therapy of the successful 

treatment group. Gene expression levels (Log2RQ) of (A) TLR2 and (B) TLR4 per 

individual evaluated; RQ median of (C) TLR2 and (D) TLR4 mRNA before and 

after H. pylori eradication. Data are presented as median and range for 

experiments performed in triplicate. Statistical significance was determined using 

Wilcoxon’s signed rank test. 

 

Figure 2 Immunohistochemistry images of Toll-like receptors (TLRs) in normal 

gastric mucosa (NM) and chronic gastritis (CG). Normal mucosa (A – TLR2; B – 

TLR4) – normal glands with no staining or low expression intensity; H. pylori-

positive chronic gastritis (C – TLR2; D – TLR4) - foveolar epithelial cells and 

glands (arrows) and inflammatory cells (arrowhead) before treatment, presenting 

moderate to strong TLR expression compared to normal mucosa; (E – TLR2; F – 

TLR4) - foveolar epithelial cells and glands and inflammatory cells after treatment 

(no significant reduction of protein expression was detected). Counterstain: 

Hematoxylin. Bars: 50 µm. (G-H) Densitometry analyses (Mean±SE). *: p<0.05. 

a.u.= arbitrary unit. 

 

Figure 3 Evaluation of cell proliferation and apoptosis. (A, C and E) Ki-67 

immunohistochemistry images of normal gastric mucosa and H. pylori-positive 

chronic gastritis. (A) Normal mucosa (NM) - immunostaining of nuclei 

(arrowhead) was detected in crypt glands; (C) H. pylori-positive chronic gastritis 

before treatment, and (E) after treatment showing immunostaining of nuclei 

(arrowhead) in the crypt glands. Note the presence of labeled nuclei in the basal 

area glands of the crypt. Counterstain: Hematoxylin. Bars: 50 µm. G) Statistical 

analysis (paired t-test) no showed significant difference in the mean of 

proliferative activity in the successful treatment group (p=0.379). (B, D and F) 
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Detection of apoptotic cells by TUNEL assay. Normal mucosa (B); H. pylori-

positive chronic gastritis [D: detail of the apoptotic nucleus (arrowhead)] – 

epithelial cells and crypt glands showed significantly increased apoptotic index 

before compared to after eradication therapy (F). Counterstain: Methyl Green. 

Bars: 50 µm. (H) Reduction of apoptotic nuclei in gastric lesions after successful 

H. pylori eradication therapy. (I) Increased cell proliferation rate observed in 

chronic gastritis after successful H. pylori eradication therapy. *:p< 0.05.  
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N: number of individuals.  

 

 

 

Table 1. Demographic and clinicopathological data of H. pylori-positive 

patients with chronic gastritis. 

  

Patients Total N= 59 

Age, mean (SD), years 

Range                                                                                                         

48.0 ± 15.9 

21 – 82 

Gender 

Male 

Female  

 

26 (44%) 

33 (56%) 

Drinking  

Yes 19 (32%) 

No 36 (61%) 

Not available 4 (7%) 

Smoking 

Yes 

No 

Not available 

 

21 (36%) 

36 (61%) 

2 (3%) 

Histological Diagnosis  

  Chronic gastritis  45 (76%) 

  Atrophic gastritis  8 (14%) 

  Atrophic gastritis-associated intestinal metaplasia  6 (10%) 

Eradication therapy  

Completed treatment  37 (63%) 

Successful treatment  23 (62%) 
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Table 2: Primer sequences and size of the fragments generated to determine H. 

pylori infection. 

Gene Position GenBank* 

Access 

Sequence 

5’- 3’ 

Fragment 

size (bp) 

UreA 
754333 

754648 
CP006610.1 

 

F: TTCCTGATGGGACCAAACTC 

R: TTACCGCCAATGTCAATCAA 

 

316 

tsaA 
37 

449 
AY762757.1 

 

F: CCTGCCGTTTTAGGAAACAA 

R: TCCGCATTCCTACCTAATGG 

 

413 

*http://www.ncbi.nlm.nih.gov/genbank/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                  Artigo II 75 
 

 

Table 3. Comparison of TLR2 and TLR4 mRNA relative expression levels before 

and after H. pylori eradication therapy. 

N: number of individuals; p: probability; RQ: relative quantification; Statistical 

analysis by Wilcoxon signed rank test. 

 

 

 Before treatment                            After treatment 

TLR2 N N 

Completed Treatment 37 37 

Upregulated 

Median RQ  

Range 

12 (32%) 

1.31 

0.37 – 23.05 

14 (38%) 

1.55 

0.34 – 43.12 

P value 0.291
 

Successful Treatment 23 23 

Upregulated 8 (35%) 9 (39%) 

Median RQ 

Range 

1.32 

0.37 – 12.63 

1.47 

0.34 – 43.12 

P value 0.533 

  

TLR4   

Completed Treatment 37 37 

Upregulated 15 (40%) 17 (46%) 

Median RQ 1.45 1.64 

Range 0.50 – 11.09 0.56 – 28.07 

P value 0.084 

Successful Treatment 23 23 

Upregulated 8 (35%) 10 (43%) 

RQ Median  

Range 

1.26 

0.50 – 7.17 

1.53 

0.64 – 28.07 

P value 0.094 
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Table 4. Comparison of TLR2 and TLR4 mRNA relative expression levels 

according to variables age, gender, drinking and smoking, before and after H. 

pylori treatment. 

Variables 
TLR2   TLR4  

Before   After  Before   After 

Age (years)      

< 46 9 (37%) 9 (39%)  9 (37%) 9 (37%) 

 

(median; range) 
1.33 (0.44 - 3.02) 0.83 (0.50- 3.97) 

 
1.53 (0.65 – 3.26) 1.42 (090 – 4.11) 

≥ 46 15 (63%) 14 (61%)  15 (63%) 15 (63%) 

 

(median; range) 
1.31 (0.37 - 12.63) 2.17 (0.34- 43.12) 

 
1.19 (0.50 – 7.17) 1.62 (0.64 – 28.07) 

P 0.952 0.361  0.676 0.720 

 

Gender 
  

 
  

Female 

(median; range) 

13 (54%) 

1.18 (0.44 – 3.02) 

12 (52%) 

1.24 (0.34– 4.75) 

 13 (54%) 

1.08 (0.50 – 3.23) 

13 (54%) 

0.98 (0.72 – 4.11) 

Male 

(median; range) 

11 (46%) 

1.32 (0.37 – 12.63) 

11 (48%) 

2.46 (0.50– 43.12) 

 11 (46%) 

1.49 (0.85 – 7.17) 

11 (46%) 

3.10 (0.64 – 28.07) 

P 0.385 0.735  0.247 0.043 

 

Drinking 
  

 
  

Yes 

(median; range) 

8 (35%) 

1.89 (0.37 – 12.63) 

8 (36%) 

0.74 (0.50 – 43.12) 

 8 (35%) 

1.84 (0.86 – 7.17) 

8 (35%) 

1.52 (0.64 – 28.07) 

No 

(median; range) 

15 (65%) 

1.07 (0.44 – 3.02) 

14 (64%) 

1.51 (0.34 – 7.95) 

 15 (65%) 

1.19 (0.50 – 3.22) 

15 (65%) 

1.46 (0.72 - 4.49) 

P 0.208 0.609  0.186 0.641 

 

Smoking 
  

 
  

Yes 

(median; range) 

9 (39%) 

2.30 (0.37 – 12.63) 

9 (41%) 

2.46 (0.34 – 43.12) 

 9 (39%) 

2.19 (0.50 – 7.17) 

9 (39%) 

1.62 (0.64 – 28.07) 

No 

(median; range) 

14 (61%) 

1.19 (0.54 – 2.70) 

13 (59%) 

1.01 (0.50 – 7.95) 

 14 (61%) 

1.18 (0.52 – 3.26) 

14 (61%) 

1.44 (0.72 – 4.49) 

P 0.508 0.423  0.361 0.359 

p: probability (statistical analysis by Mann-Whitney test and Wilcoxon’s signed 

rank test) 
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Table 5. Distributions of proliferation index determined by antigen Ki-67 and 

apoptotic index by TUNEL assay in normal H. pylori-negative (normal Hp-) 

gastric mucosa and in H. pylori-positive (CG-Hp+) chronic gastritis, before and 

after H. pylori eradication therapy. 

 

Groups 

 

N 

                 Ki-67 

                  (PI)                           Mean 

TUNEL 

(AI) 

 

Proliferation 

Rate 

 

  10-20% > 20%  Mean       (PI/AI) Mean  

 

Normal 

Hp-  

 

4 2 (50%) 2 (50%) 

 

17.40 ± 2.86 

 

 

1.00 ± 0.24 

 

 

22.33 ± 7.01 

 

CG-Hp+        

Before 14 3 (21%) 11 (79%) 

 

18.23 ± 2.85 

 

 

2.02 ± 0.34 

 

 

14.28 ± 4.41  

 

After 14 1 (7%) 13 (93%) 

 

19.92 ± 2.07 

 

 

0.88 ± 0.15 

 

 

34.35 ± 11.16 

 

P value                                                                      0.379            0.013 0.027 

N: number of individuals; PI: proliferation index; AI: apoptotic index; p: 

probability; statistical analysis using t-test and Wilcoxon signed rank test. 
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Figure 1. Relative expression levels of TLR2 and TLR4 RNAm in patients with 

chronic gastritis before and after H. pylori eradication therapy of the successful 

treatment group. Gene expression levels (Log2RQ) of (A) TLR2 and (B) TLR4 per 

individual evaluated; RQ median of (C) TLR2 and (D) TLR4 mRNA before and 

after H. pylori eradication. Data are presented as median and range for 

D 

A 

TLR2 

B 

TLR4 

C 
D 

C 
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experiments performed in triplicate. Statistical significance was determined using 

Wilcoxon’s signed rank test.  
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(G)                                                   (H) 
 

 

 

 

 

 

 

Figure 2. Immunohistochemistry images of Toll-like receptors (TLRs) in normal 

gastric mucosa (NM) and chronic gastritis (CG). Normal mucosa (A – TLR2; B – 

TLR4) – normal glands with no staining or low expression intensity; H. pylori-
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positive chronic gastritis (C – TLR2; D – TLR4) - foveolar epithelial cells and 

glands (arrows) and inflammatory cells (arrowhead) before treatment, presenting 

moderate to strong TLR expression compared to normal mucosa; (E – TLR2; F – 

TLR4) - foveolar epithelial cells and glands and inflammatory cells after treatment 

(no significant reduction of protein expression was detected). Counterstain: 

Hematoxylin. Bars: 50 µm. (G-H) Densitometry analyses (Mean±SE). *: p<0.05. 

a.u.= arbitrary unit.  
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Figure 3. Evaluation of cell proliferation and apoptosis. (A, C and E) Ki-67 

immunohistochemistry images of normal gastric mucosa and H. pylori-positive 

chronic gastritis. (A) Normal mucosa (NM) - immunostaining of nuclei 

(G) (H) (I) 
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(arrowhead) was detected in crypt glands; (C) H. pylori-positive chronic gastritis 

before treatment, and (E) after treatment showing immunostaining of nuclei 

(arrowhead) in the crypt glands. Note the presence of labeled nuclei in the basal 

area glands of the crypt. Counterstain: Hematoxylin. Bars: 50 µm. G) Statistical 

analysis (paired t-test) no showed significant difference in the mean of 

proliferative activity in the successful treatment group (p=0.379). (B, D and F) 

Detection of apoptotic cells by TUNEL assay. Normal mucosa (B); H. pylori-

positive chronic gastritis [D: detail of the apoptotic nucleus (arrowhead)] – 

epithelial cells and crypt glands showed significantly increased apoptotic index 

before compared to after eradication therapy (F). Counterstain: Methyl Green. 

Bars: 50 µm. (H) Reduction of mean of apoptotic nuclei in gastric lesions after 

successful H. pylori eradication therapy. (I) Increased cell proliferation rate 

observed in chronic gastritis after successful H. pylori eradication therapy. *:p< 

0.05.  
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Abstract 

Helicobacter pylori (H. pylori) infection is the main causative agent of gastric 

malignancies through the chronic inflammation induced by the host immune 

response. H. pylori and its CagA and VacA virulence factors trigger the induction 

of cytokines, may deregulate gene expression, and activate multiple intracellular 

pathways, so starting the inflammatory and carcinogenic processes. Once that H. 

pylori eradication can prevent the progression of premalignant lesions, the goal of 

this study was investigate whether H. pylori eradication interferes on the mRNA 

and protein expression of genes involved with inflammatory and immune 

response, cell proliferation and regeneration, and apoptosis. Thus, we evaluated 

the mRNA and protein expression of IL-8, TGF-β, REG3A, PLAT, PAI-1 and 

IFITM1 genes in patients with H. pylori-infected chronic gastric (CG-Hp+), both 

before and 3 months after bacterial eradication therapy. Moreover, the influence 

of CagA and VacA strains on the bacteria eradication and gene expression levels 

was also investigated. Relative quantification (RQ) of mRNA was performed by 

qPCR-real time (TaqMan assay), while proteins expression was assessed by 

immunohistochemical.   Before treatment, higher mRNA levels of these genes 

were observed in CG-Hp+ patients than normal gastric mucosa Hp- (p< 0.0001), 

while PLAT and PAI-1 were down-regulated (p< 0.0001). After treatment, only 

IL-8 and REG3A mRNA were significantly reduced in eradicated patients (p< 

0.05), but not in non-eradicated patients (p> 0.05). Unlike, PLAT and PAI-1 

mRNA levels were increased in eradicated patients (p< 0.05) compared to non-

eradicated, while TGF-β and IFITM1 did not show differences before and after 
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treatment. The CagA and VacA genotypes not influenced the bacteria eradication 

rate nor the gene expression levels, but lower levels of PAI-1 mRNA was 

observed after treatment in eradicated carriers of VacA s1/m1 strain. 

Immunoexpression of proteins occurred mainly in the cytoplasm of epithelial cells 

of the gastric glands of the CG-Hp+ patients, however not found an absolute 

agreement between the results of gene and protein expression before and after 

eradication therapy. In conclusion, our results show deregulation in the gene 

expression due H. pylori infection, highlighting that there is a trend towards 

normalization of IL-8, REG3A and PLAT genes after bacteria eradication, which 

play important roles in biological processes for gastric mucosa homeostasis. 

 

Key-words: H. pylori infection, inflammatory response, cell regeneration, cell 

proliferation, eradication therapy, gastric lesions. 
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Introduction 

Helicobacter pylori (H. pylori) causes a wide range of gastric malignancies 

including chronic gastritis, gastric and peptic ulcer disease and gastric cancer 

(PEEK; CRABTREE, 2006; BRONTE-TINKEW; TEREBIZNIK; FRANCO, 

2009) through the chronic inflammation induced by the host immune response 

(ADAMU et al., 2010). During early stages of infection, bacterial virulence 

factors triggers the induction of cytokines by inflammatory infiltrate and gastric 

epithelial cells, such as IL-8, IL-6, IFN-γ, TNF-α, NF-kB, IL-1β, and IL-4, 

reactive oxygen species (ROS) and reactive nitrogen species (RNS) (BASSO et 

al., 2010). These inflammatory mediators exert important effects on cancer 

development through various mechanisms as cell growth and mobility, induction 

of angiogenesis, and inhibition of apoptosis.  

Among H. pylori virulence factors, the product of the cytotoxin-associated 

gene A (CagA) and the vacuolating cytotoxin A (VacA) are the major pathogenic 

factors may induce a more potent inflammatory response (GEBERT et al., 2003; 

YAMAOKA, 2012). In addition, the H. pylori and its virulence factors may 

activate multiple intracellular pathways in epithelial cells such as Ras-ERK-

MAPK, NF-kB, Wnt/-catenin, Akt/PI3K, signal transducers and transcription 

activators, such as STAT3 (TABASSAM; GRAHAM; YAMAOKA, 2009; 

BRONTE-TINKEW; TEREBIZNIK; FRANCO, 2009; LIU et al., 2012), genetic 

alterations as oncogenes activation and tumor suppressor inactivation (HAYASHI 

et al., 2013), epigenetic changes as aberrant DNA methylation profiles (QU; 

DANG; HOU, 2013) and deregulation of the microRNA expression  (THORNS et 
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al., 2012), so may alter cellular function and triggers inflammatory and 

carcinogenic processes. Consequently, H. pylori strains expressing CagA and 

VacA s1/m1 are associated with higher risk for gastric cancer development (Rhead 

et al., 2007). 

  The eradication therapy of H. pylori is recommended in symptomatic 

patients and in those at risk for gastric cancer, may reverse precancerous lesions 

and prevent malignant progression (KABIR, 2009; FUCCIO et al., 2009; FORD 

et al., 2014). The standard triple therapy includes the use of antibiotics amoxicillin 

and clarithromycin associated with a proton-pump PPI inhibitor for 7-14 days 

(RIMBARA et al, 2011). While the quadruple therapy containing a PPI, bismuth 

salt, tetracycline and metronidazole is recommended as a first-line therapy in 

regions where clarithromycin resistance is high (MALFERTHEINER et al., 

2012). However, therapeutic success depends on several factors as the poor 

compliance due to complicated treatment regimens and antimicrobial resistance 

(GRAHAM, LEE, WU, 2014; SMITH et al., 2014), besides polymorphisms of 

CYP2C19, MDR1 and pro-inflammatory cytokines (Graham et al, 2008; 

SUGIMOTO et al, 2009), chemoresistance (WU et aL, 2010; SONG et al, 2011), 

as well as bacterial virulence factors (GRAHAM et al, 2008). 

Studies have shown deregulation on gene expression profiling in response 

to H. pylori infection. The gastric mucosa of H. pylori-infected compared to non-

infected patients presents up-regulation in receptors and co-receptors involved in 

bacterial recognition such as TLR2, TLR4, LY96, ITGB2, VCAM1, MAPK8, RAC2, 

SLA, ADAM, MMP, IFITM1 and PAP, signal transduction, inflammation and 
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immune response, proteolysis, apoptosis and cell proliferation (HOFFMAN et al., 

2007). In addition, genes related to protein metabolism, gene transcription and 

trace element metabolism has been reported to be changed (YANG et al., 2012).  

Although is well known that infection by H. pylori is responsible for many 

molecular alterations associated with gastric carcinogenesis few studies have 

evaluated changes in the gene and protein expression pattern in patients after 

eradication therapy. Considering that H. pylori eradication can prevent the 

progression of premalignant lesions and reduce the risk of gastric cancer 

development, the goal of this study was investigate whether H. pylori eradication 

interfere on the mRNA and protein expression of genes involved with 

inflammatory and immune response, cell proliferation, apoptosis and cell 

regeneration. Thus, we evaluated the gene and protein expression of IL-8, TGFB, 

REG3A, PLAT, PAI-1 and IFITM1 genes in patients with precancerous gastric 

lesions, both before and after bacterial eradication therapy. Moreover, the 

influence of CagA and VacA bacterial virulence genotypes on the bacteria 

eradication and gene expression levels was also investigated.  

 

 

Materials and Methods 

 

Patients 

A total of 38 patients undergoing routine upper gastrointestinal endoscopy 

with positive histological and molecular diagnosis for H. pylori and not yet 

submitted to eradication therapy were enrolled prospectively between May 2010 

and December 2012 from the Gastro-Hepatology Outpatient Clinic at the Base 
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Hospital and the State Hospital João Paulo II, both at São José do Rio Preto, SP, 

Brazil. None of the individuals had taken any antibiotics, nonsteroidal anti-

inflammatory drugs, or corticosteroids during the two months prior to endoscopy, 

nor proton-pump inhibitors, H2 antagonists in the 10-15 days preceding the 

procedure. Patients with gastric cancer and infectious diseases were excluded 

from this study. The study protocol was approved by the local Research Ethics 

Committee (CEP/IBILCE/UNESP number 030/10), and written informed consent 

was obtained from all participating individuals. 

From each patient, gastric biopsies of the antrum region were collected for 

histological, molecular and immunohistochemichal analyses. Gastric biopsy 

specimens were examined histologically by a specialized pathologist for the 

presence of the bacteria and histopathologically classified as: superficial chronic 

gastritis (n= 24), atrophic gastritis (n= 8), and metaplastic atrophic gastritis (n= 6), 

according to the Sydney system (DIXON et al., 1994), constituting the so-called 

CG-Hp+ group (mean age 48±15.9 years; 24 females and 14 males). Four gastric 

biopsy specimens presented histologically normal, H. pylori-negative normal 

mucosa (NM-Hp- group) and were used as control (mean age 29.5±12.5 years; 3 

females and 1 male).  

The CG-Hp+ group was submitted to standard triple therapy consisting of 

amoxicillin (1g), clarithromycin (500 mg) and omeprazole (20 mg), all given 

twice daily for seven days. 3 months after treatment, the individuals underwent 

another endoscopy for collection of gastric biopsies of the antrum region. 
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Immediately after collection, the biopsy specimens were placed into RNA Later 

solution (Applied Biosystems) and stored at -20ºC until nucleic acid extraction. 

 

Molecular diagnosis of H. pylori and CagA and VacA virulence factors 

DNA/RNA extraction from the gastric biopsies was performed according 

to the protocol accompanying the Trizol reagent (Invitrogen) and the 

concentrations were determined in a NanoDrop
®
 ND1000 spectrophotometer 

(Thermo Scientific). First, multiplex PCR was performed, using 100 ng of DNA in 

a final volume of 25L containing specific primers for H. pylori genes such as 

UreA and tsaA, besides the constitutive human CYP1A1 gene, according our 

protocol described in previous study (Rossi et al., 2014) Molecular diagnosis was 

considered positive when at least one gene (UreA or tsaA) had been amplified. 

The H. pylori-positive samples were then subjected to a second PCR run, to 

investigate the virulence genotype cagA (Rossi et al, 2014), and after also for 

vacA s/m regions as previously described (Gatti et al., 2005). Primers amplify s1 

fragment of 176 bp or s2 fragment of 203 bp, while primers for “m” alleles 

amplify m1 fragment of 400 bp or m2 fragment of 475 bp. Positive and negative 

controls were used in all experiments.  

 

Quantitative real-time PCR (qPCR) for quantification of mRNA expression 

Reverse transcription (RT) of total RNA was performed using a High 

Capacity cDNA Archive Kit (Applied Biosystems), in a total volume of 25 μl, 

according to the manufacturer’s protocol. Then, qPCR was carried out in a 
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StepOnePlus Real Time PCR System 2.2.2 (Applied Biosystems), using specific 

TaqMan probes for target genes IL-8 (assay ID Hs00174103_m1, Applied 

Biosystems), TGF-β (assay ID Hs00998133_m1, Applied Biosystems), PLAT 

(assay ID Hs00263492_m1, Applied Biosystems), PAI-1  (assay ID 

Hs01126607_g1, Applied Biosystems), REG3A (assay ID Hs01055563_gH, 

Applied Biosystems), IFITM1 (assay ID Hs00705137_s1, Applied Biosystems) and 

two reference genes, ACTB (part number: 4352935E, Applied Biosystems) and 

GAPDH (part number: 4352934E, Applied Biosystems), used as reference genes 

according to the manufacturer’s instructions. All reactions were performed in 

triplicate in a final volume of 20 µl, using 100 ng/µl cDNA and a negative control 

without cDNA to ensure the absence of contamination. Relative quantification 

(RQ) of IL-8, TGF-β, PLAT, PAI-1, REG3A and IFITM1 mRNA was obtained 

according to the model proposed by Livak & Schmittgen (2001) and normalized 

to the ACTB and GAPDH reference genes and a pool of normal mucosa Hp- 

samples. The RQ was expressed as median (range).  

 

 

Immunohistochemical evaluation of IL-8, TGF beta 1, PLAT, PAI-1, Reg3A 

and IFITM1 

Immunohistochemical analysis was performed in 24 samples from the CG-

Hp+ group before and after bacteria eradication and in the four samples from NM-

Hp-. Consecutive 4 µm-thick sections were cut from each trimmed paraffin block. 

Deparaffinized tissue slides were then submitted to antigen retrieval, using a high-

temperature antigen-unmasking technique. The sections were incubated with 
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specific primary antibodies overnight: rabbit polyclonal IL-8 antibody (NBP1-

19757, 1:200 dilution; Novus Biologicals), mouse monoclonal TGF beta 1 

antibody (NB110-59988, 1:50 dilution; Novus Biologicals), rabbit polyclonal 

Tissue Plasminogen Activator antibody (PLAT) (NBP2-20648, 1:100 dilution; 

Novus Biologicals), goat polyclonal PAI-1/Serpine 1 antibody (NB100-1498, 

1:200 dilution, Novus Biologicals), rabbit polyclonal Reg3A (ab134309, 1:100 

dilution; Abcam) and rabbit polyclonal IFITM1 antibody (NBP2-16922, 1:500; 

Novus Biologicals). Then the slides were incubated with biotinylated secondary 

antibody (Picture Max Polymer Detection Kit, Invitrogen) for 30 minutes, 

following the manufacturer’s protocol. Immunostaining was done with 

3,3’diaminobenzidine tetrahydrochloride (DAB) containing 0.005% H2O2, 

counterstained with hematoxylin. Human lung was used as positive control for IL-

8, colon was used for TGF-B1, PLAT and REG3A, placenta was used for PAI-1 

and tonsil was used for IFITM1 proteins. The immunostaining was evaluated in 

the epithelial cytoplasm and also in the stroma for PLAT and IFITM1 proteins, by 

densitometric analysis with an arbitrary scale going from 0 to 255, performed with 

Axio Vision software under a Zeiss-Axioskop II light microscope. Sixty equally 

distributed points were scored in each one of the regions, and the results were 

expressed as median and range.  

 

Statistical Analysis  

The data were analyzed using the box-plot graphic method for outliers 

detection (Moroco, 2003) and the outliers were removed from the subsequent 
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analyses. Data analysis was performed using the computer software GraphPad 

Prism 5 version 5.01. The distribution of continuous data was evaluated using the 

D'Agostino & Pearson omnibus normality test. Data are presented as median and 

range, mean±standard deviation (SD), or frequencies, according to the data 

distribution. Student’s t-test for paired and unpaired data or correspondent 

nonparametric tests, such as the Mann-Whitney test and the Wilcoxon signed rank 

test, were used for comparisons between groups. The comparisons of gene 

expression levels CG-Hp+ before treatment, eradicated and non-eradicated 

patients with histological types of lesion were evaluated by Kruskal-Wallis test. 

To evaluate the association between CagA and VacA genotypes with eradication 

rate it was employed Fisher Exact test, and the comparisons of RQ median values 

and influence of these genotypes was performed using Mann Whitney test. For 

protein expression, the medians obtained from the densitometry analysis were 

compared before vs normal Hp- group, before vs after eradicated, and after 

eradicated vs after non- eradicated using Mann-Whitney test. The level of 

significance was set at p≤ 0.05. 

 

Results 

mRNA expression of IL-8, TGF-β, PLAT, PAI-1, REG3A and IFITM1 before 

and after eradication therapy  

At first, the relative gene expression levels of IL-8, TGF-β, PLAT, PAI-1, 

REG3A and IFITM1 mRNA of the CG-Hp+ patients before treatment were 

compared with pool of samples of the NM-Hp-. We found that the expression 
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levels of these genes were significantly higher in CG-Hp+ group than in non-

infected mucosa pool (p<0.0001), except for PLAT and PAI-1, whose expression 

levels were lower than NM-Hp- (p< 0.0001).  

The Table 1 presents the data regarding the relative gene expression levels 

of IL-8, TGF-β, PLAT, PAI-1, REG3A and IFITM1 mRNA in CG-Hp+ group 

before and after treatment, which was stratified in those that bacteria was 

eradicated  (Hp-) and non-eradicated (Hp+).  

The mRNA expression levels of IL-8 and REG3A were significantly 

increased before therapy (RQ median= 20.42 and 7.68, respectively), and were 

significantly reduced after treatment in the patients that eradicated the bacteria 

(RQ median= 6.51, p= 0.013, and 0.61, p< 0.001). However, in the non-eradicated 

patients the mRNA levels of these genes remained high (Figure 1A and E). 

TGF-β and IFITM1 mRNA that had slightly high expression before 

treatment (RQ median= 1.58 and 1.38) maintained high expression after treatment 

in both eradicated (RQ median= 2.74 and 1.36), and non-eradicated patients (RQ 

median= 3.01 and 1.24), thus no significant differences were observed (Figure 1B 

and F).  

On contrary, PLAT and PAI-1 mRNA were down-regulated before 

treatment (RQ median= 0.64, and 0.15, respectively). After therapy, while PLAT 

mRNA was significantly increased in the eradicated patients (RQ median= 1.12, 

p= 0.003), the PAI-1 expression levels were not significantly increased (RQ 

median= 0.22, p= 0.340) (Figure 1C and D).  
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The paired analysis of patients before and after therapy considering only 

the patients in which the bacteria was eradicated confirmed the results of the gene 

expression presented in Table 1, except for TGF-β that for this analysis showed 

significant increased expression after bacteria eradication (before treatment: RQ 

median= 1.47; after eradication: RQ median= 2.37,  p= 0.010) (data not shown).   

When we compared the mRNA relative expression levels after treatment 

between eradicated and non-eradicated patients, while REG3A mRNA was 

significantly up-regulated in non-eradicated patients (RQ median= 4.59) 

compared to eradicated (RQ median= 0.61, p= 0.009), PAI-1 mRNA showed 

down-regulation in non-eradicated patients (RQ median= 0.12) relative to 

eradicated (RQ median= 0.22, p= 0.017) with RQ median similar to before 

treatment. However, no significant differences were observed for other genes 

analyzed (p> 0.05).  

 

mRNA expression levels according histological classification and CagA and 

VacA genotypes of H. pylori  

In the Table 2 are presented the comparisons of relative gene expression 

levels stratified by histological type of lesion, as normal mucosa (NM), chronic 

gastritis (CG), atrophic gastritis (AG), and metaplastic atrophic gastritis (MAG). 

No significant difference was observed for the analyzed genes, although higher 

expression levels of IL-8 and REG3A mRNA were observed in MAG before 

treatment. Moreover, after treatment, eradicated patients with AG showed higher 

expression for IL-8 and PLAT mRNA.   
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 Considering that gastric lesions may regress after bacteria eradication, it 

was observed regression of the lesion in 10/38 (26.3%) of samples analyzed 

according histopathological report, which 37.5% (3/8) of patients with previous 

histological diagnosis of AG were diagnosed after therapy as CG, 83.3% (5/6) 

with previous histological diagnosis of MAG, were posteriorly diagnosed as AG 

or CG, and 8.3% (2/24) with previous histological diagnosis of CG showed NM 

after H. pylori eradication. Although, there was no significant reduction of the 

gene expression levels.  

 Table 3 presents the frequencies for the CagA and VacA virulence 

genotypes of H. pylori in the CG-Hp+ patients and its influence on bacteria 

eradication after treatment. The polymorphic genotypes for VacA were grouped as 

s1/m1 and others (s1/m2, s2/m2, and s2/m1) due the low frequency of others 

polymorphisms. The CagA-positive genotype was detected in about 50% of both 

patients that eradicated and non-eradicated the bacteria, so there was no 

significant difference (p= 1.000). Although VacA s1/m1 genotype was detected in 

50% (7/14) of eradicated patients and in only 25% (3/12) those that non-

eradicated the bacteria after treatment, no significant difference was observed 

between the groups (p= 0.247). 

In another investigative approach, the influence of CagA and VacA 

genotypes on the gene expression levels, both before and after treatment was 

evaluated (Tables 4 and 5). In general, CagA did not influence the gene 

expression in patients analyzed both before and after treatment, thus no significant 

difference was observed between cagA+ and cagA- genotypes (p>0.05) for all 
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analyzed genes. Regarding VacA s/m genotype, it was verified lower levels of 

PAI-1 mRNA after treatment in patients that eradicated the bacteria carriers of 

vacA s1/m1 genotype than carriers vacA others genotypes (RQ median= 0.13 

versus 0.29, p= 0.035), while for others genes no change was observed (p> 0.05).  

 

Protein expression and densitometry analysis  

 

Qualitative and quantitative analyses of the expression of IL-8, TGF-β, 

PLAT, PAI-1, Reg3A and IFITM1 proteins were assessed by 

immunohistochemistry, both before and after H. pylori eradication therapy. 

Various dilutions for PAI-1 antibody were tested (1:100, 1:200 and 1:500), 

however, it was not possible to analyze the results due to problems in detecting 

the antibody, which show no adequate standard of staining.  

In normal mucosa, the IL-8 protein expression was weak or absent, mainly 

in the epithelial cells in gastric glands, in foveolar epithelium and inflammatory 

cells (Figure 2A). The CG-Hp+ patients before treatment showed a cytoplasmatic 

immunostaining pattern, in the epithelial cells in gastric glands, in foveolar 

epithelium and, a strong expression in the inflammatory cells was also observed 

(Figure 2B). After eradication of bacterium a similar immunostaining pattern 

those before treatment was observed (Figure 2C).  

For TGF-β, in normal mucosa the protein expression was absent in 

epithelial cells of gastric glands, foveolar epithelium and inflammatory cells 

(Figure 2E). However, it was expressed in cytoplasm of gastric epithelial cells of 

the CG-Hp+ patients before treatment (Figure 2F). Eradicated patients showed no 
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reduction in the TGF-β expression with similar immunostaining pattern those 

observed before treatment (Figure 2G).  

In the normal mucosa, IFITM1 protein showed weak or absent staining 

(Figure 2I), while those CG-Hp+ patients presented positive cytoplasm 

immunostainig in epithelial cells of glands and inflammatory cells of lamina 

propria (Figure 2J) in majority of samples analyzed. After treatment, 

immunopositive pattern was reduced in the eradicated patients (Figure 2K).  

Immunohistochemical for PLAT in normal mucosa showed expression 

only in epithelial cells in the glands (Figure 3A). In CG-Hp+ patients the 

immunoreactivity occurred predominantly in epithelial cells in the glands, 

including parietal cells besides inflammatory infiltrated of the stroma (Figure 3B). 

The majority of H. pylori infected samples showed positive PLAT expression, 

which remained immunopositive after eradication therapy (Figure 3 C).  

Reg3A protein displayed low or no immunoreactivity in the normal 

mucosa (Fig. 3E), while in CG-Hp+ patients before eradication therapy was 

predominantly immunostained in the cytoplasm of the epithelial cells in the 

glands and foveolar portion. In addition, it was verified perinuclear positivity in 

the bottom of the crypt cells, suggesting a labeling of replacement cells (Fig 3F). 

However, the majority of patients presenting negative immunostaining both 

before and after treatment (Fig 3G).  

The densitometry analysis of the cytoplasm of gastric epithelial cells showed 

no significant difference of median optical densitometry values of the proteins 

evaluated in patients CG-Hp+ before treatment compared to normal gastric mucosa 
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Hp-, as well as between eradicated and non-eradicated patients (p> 0.05) (Fig 2D, H, 

L; and  3D,H). The PLAT and IFITM1 proteins showed a positive immunostaining 

also of the stromal cells, but only IFITM1 protein presented significant difference 

between CG-Hp+ patients before treatment compared to eradicated patients (p= 

0.0007), due a reduction of median optical densitometry values in the eradicated 

patients (data not shown). 

 

I. DISCUSSION 

Previous studies have shown that H. pylori and its virulence factors can 

promote changes in the expression of genes associated with inflammatory and 

immune responses and other cellular processes. Nevertheless there is little 

information about the effect of bacteria eradication on the restoration of gene 

expression in the gastric mucosa. In this context, we analyzed the mRNA and 

protein expression of IL-8, TGF-β, PLAT, PAI-1, REG3A and IFITM1 in patients 

with precancerous gastric lesions infected by H. pylori before and after 

eradication therapy, and also the influence of CagA and VacA virulence genotypes 

on the gene expression and H. pylori eradication rates. Before treatment, we 

observed significantly higher mRNA levels of these genes in CG-Hp+ patients 

relative to the normal gastric mucosa Hp-, except for PLAT and PAI-1, which 

were down-regulated.  Two to three months after treatment, only IL-8 and REG3A 

mRNA were significantly reduced in those patients who eradicated the bacteria, 

but not in non-eradicated patients, while for PLAT, the mRNA levels were 

statistically increased only in eradicated patients. Despite PAI-1 mRNA was 

down-regulated before treatment, in the eradicated patients there was a significant 



                                                                                                               Artigo III 102 

 

increase in gene expression compared to non-eradicated patients. With respect to 

CagA and VacA bacterial virulence factors  we found that they did not influence 

the bacteria  eradication rate nor the gene expression levels,  except for PAI-1, 

which lower levels of mRNA was observed after treatment in eradicated carriers 

of VacA s1/m1. Regarding the protein expression we have not found an absolute 

agreement with the results of gene expression, since the densitometry analysis 

revealed no significant differences for evaluated proteins before and after 

eradication therapy of H. pylori. 

Some studies have demonstrated an association of gastrointestinal cancers 

with chronic inflammation, accompanied by abnormal cellular changes such as 

oxidative stresses, mutations, epigenetic alterations and activation of 

inflammatory cytokines (Lippitz, 2013). The gastric carcinogenesis as a result of 

H. pylori infection can occur in two distinct pathways. One way is by activation a 

chronic inflammatory response, causing several molecular and morphological 

changes in the inflamed epithelium, leading to mucosa atrophy, metaplasia, 

dysplasia and eventually gastric cancer. The other one, the bacteria may modify 

the epithelial cell function by interfering in genes that regulate cellular processes 

such as apoptosis, cell cycle control, tumor suppression and cell-to-cell contact, 

thereby promoting carcinogenesis (Mueller; Falkow; Amieva, 2005).  

In this respect, IL-8 is an important pro-inflammatory cytokine, acting as 

major inflammatory mediator involved in the induction of H. pylori-associated 

gastritis. Our results showed higher levels of IL-8 mRNA in CG-Hp+ patients 

than normal gastric mucosa non-infected, while that after treatment, it was 
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observed  decreased in the eradicated patients, but remained high in non- 

eradicated patients.  Therefore, our results indicate that up-regulation of IL-8 

expression levels reflect increased inflammatory responses of gastric mucosa in 

infected patients. These results are supported by strong immunoexpression of this 

protein by inflammatory cells and epithelial cells in gastric glands before 

treatment, which showed also a similar immunostaining pattern after eradication 

of bacteria, indicating that IL-8 cytokine keeps expressed for a period after 

eradication of the bacteria due the infiltrated of inflammatory cells.  

 Up-regulation of IL-8 due H. pylori infection has been reported in some 

studies (Goll et al., 2007a; Lu et al., 2012; Eftang et al., 2012; Cook et al., 2013). 

Goll et al. (2007a) found increased IL-8 levels and other cytokines in peptic ulcer 

associated with H. pylori. In Hp+ AGS cells or co-incubated to H. pylori high 

levels of IL-8 have been reported (Lu et al., 2012; Eftang et al., 2012), as well as 

deregulation of apoptosis, tumor suppressor genes and oncogenes in the first 24h 

of H. pylori infection, which may represent early signs of gastric tumorigenesis 

(Eftang et al., 2012). High IL-8 levels in Treg cells were detected in the mucosal 

response to H. pylori (Cook et al., 2013). Given that Tregs reduce inflammation to 

avoid excess damage to the host, the authors believe that looking at Treg migrant 

might help to identify patients at risk of developing more extensive disease. In 

contrast, reduction in the IL-8 levels after bacteria eradication has also been 

reported (Resnick et al., 2006; Goll et al., 2007b), evidencing a chronic low-grade 

inflammation with reduced Th1, prolonged Th2 and disappearance of the T-

regulatory response (Goll et al., 2007b). 
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TGF-β is a multifunctional cytokine with critical roles in many cellular 

pathways including cellular growth, apoptosis, differentiation, and immune 

reactions (Guasch et al., 2007; Yang et al., 2010; Lee et al., 2013). Under normal 

conditions, it acts as an anti-inflammatory cytokine with suppressive effect of 

carcinogenesis inhibiting abnormal cell growth. However, TGF-β production by 

tumor cells results in suppression of anti-tumor immune response creating a local 

environment of immune tolerance (Lippitz, 2013). 

In the current study, increased levels of TGF-β mRNA was found in CG-

Hp+ patients compared to Hp- normal mucosa, showing a slight increase after 

treatment in both eradicated and non-eradicated patients, although no significant 

difference has been observed. TGF-β protein was immunoexpressed in cytoplasm 

of gastric epithelial cells and infiltrated inflammatory cells of the CG-Hp+ 

patients both before and after treatment, whose the eradicated patients showed 

similar immunostaining pattern those observed before treatment.  

In contrast, Nakachi et al. (2000) showed that infection by the bacteria 

does not increased levels of TGF-β mRNA in human gastric epithelial cells. 

Similarly to our results higher TGF-β mRNA levels in H. pylori-infected patients 

were demonstrated by Rahimian et al. (2014) that correlated positively with VacA 

bacterial genotype, types of disease and grade of inflammation, indicating that 

vacA secretion by H. pylori may induce the mucosa TGF-β mRNA and contribute 

to persistent infection by inhibiting the proliferation and immune response of T 

cells. In H. pylori-associated duodenal ulcer patients TGF-β immunostaining was 

detected mainly in infiltrated inflammatory cells and lymphoid follicles. After 
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pathogen eradication immunoexpression of TGF-β was markedly increased in 

gastric surface epithelial cells and glandular mucosa and could be still seen in the 

remaining inflammatory cells, whereas the degree of inflammation was 

significantly decreased (Jo et al., 2010). In addition, the authors observed TGF-β 

levels decreased in gastric antral tissues of patients with H. pylori-associated 

gastritis compared to both normal mucosa and H.pylori-negative gastritis. Thus, 

these results suggest that the attenuated levels of gastric antral mucosal TGF-β 

associated with H. pylori infection could be an important determinant for the 

degree of inflammation provoked by H. pylori and the associated clinical 

outcomes.  

TGF-β seems do play a paradoxical role, during H. pylori infection, its 

induction may be a mechanism by which the bacteria manipulates host response to 

enhance its own survival, enhancing bacterial colonization and attachment to host 

cells, while attenuation of TGF-β expression could be the host defense reaction to 

avoid the attachment of H. pylori and to prevent subsequent injuries including 

apoptosis or inflammation. Even though the suppression of this cytokine promotes 

increased gastric inflammation (Jo et al., 2010).  

Studies evaluating the expression of members of plasminogen activator 

system in gastric lesions associated with H. pylori infection are scarce. Therefore, 

to address this issue, we analyzed the expression of PLAT and PAI-1. mRNA 

expression of both genes  was lower in gastric tissue infected by the bacteria than 

in the Hp- normal gastric mucosa. However, after treatment, up-regulation of both 

PLAT and PAI-1 mRNA levels were observed in eradicated patients. 
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Immunohistochemical assay evidenced positive PLAT expression in both 

cytoplasm of epithelial cells and stroma for the majority of H. pylori infected 

samples, remaining immunopositive after eradication therapy. 

In agreement with previous studies, PLAT protein levels were significantly 

decreased in the extracts of gastric antrum from H. pylori+ patients (COLUCCI et 

al., 2005). Analysis of the expression of genes responsible for invasive phenotype 

of primary cultured hepatocellular carcinoma cells showed differential expression 

of several groups of genes, among them PLAT (Lin; Chuang, 2012). Indeed, some 

studies confirmed that up-regulation of PLAT gene promote proliferation, 

migration, invasion and angiogenesis in cancer cells (Roda et al., 2009; Sharma et 

al., 2010).  

PAI-1, a serine protease belonging to the family of serine protease 

inhibitors, is synthesized by many cells and can be induced by growth factors, 

cytokines, hormones and other stimuli. High levels of PAI-1 were detected in 

patients with acute or chronic inflammatory conditions. The PAI-1 has inhibitory 

action on urokinase-type plasminogen activator (u-PA), a serine protease involved 

in tissue remodeling and cell migration in tissue, interacting with integrins and 

extracellular matrix components. Therefore, PAI-1 is considered one of the key 

regulators of tumor invasion and metastasis, as well as cancer-related 

angiogenesis (Chorostowska-Wynimko; Skrzypczak-Jankun; Jankun, 2004). 

PAI-1 overexpression in H. pylori-infected gastric epithelial cells has been 

shown in some studies (Keates et al., 2008; Kenny et al., 2008). Keates et al. 

(2008) observed an increase in both PAI-1 mRNA and protein expression in 
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patients with H. pylori-associated gastritis. Furthermore, the authors confirmed 

increased PAI-1 mRNA expression and the secretion of protein after infection of 

AGS cells with H. pylori, suggesting that the up-regulation of PAI-1 may 

contribute to the carcinogenic process (Keates et al., 2008). In contrast, the PAI-1 

potential effect on wound healing process and gastric mucosal protection has been 

studied. Kenny et al. (2013) found elevated PAI-1 mRNA levels in patients taking 

aspirin or NSAIDs (Nonsteroidal anti-inflammatory drugs) and a protective effect 

of this inhibitor was confirmed in two experimental models of gastric mucosa 

damage (Kenny et al., 2008; Norsett et al., 2011). This findings show that PAI-1 

prevents fibrinolysis by mucosa injury and its increase in the gastric epithelial 

might therefore be therapeutically useful in preventing ulcerogenesis. However, 

our results demonstrated down-regulation of PAI-1 mRNA in patients with H. 

pylori-infected gastritis regarding to non-infected normal gastric mucosa, and 

lower PAI-1 mRNA levels were detected in non-eradicated patients than 

eradicated patients. It is noteworthy that were excluded from our study patients 

under treatment with anti-inflammatory drugs. 

We also found that H. pylori infection induces REG3A mRNA expression 

in chronic gastritis, and was significantly reduced after bacteria eradication. 

Moreover, we verified that levels of REG3A mRNA remained increased in non-

eradicated patients. In contrast, the most of patients presenting negative 

immunostaining for Reg3A protein both before and after treatment, and 

densitometry analysis also showed no significant difference in relation to 

treatment. As H. pylori colonizes mainly on gastric surface epithelium (Ishihara et 
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al., 2001) and the Reg3A -producing cells are located in the deeper part of gastric 

fundic glands, it is suggested that infection by H. pylori may indirectly stimulate 

the expression of this protein in the stomach. The majority of studies have been 

mainly conducted in animal models, and little is known regarding the link 

between Reg3A protein expression and H. pylori infection. Reg3A is a potent 

growth factor up-regulated in H. pylori-infected gastric mucosa and it may play an 

important role in promoting epithelial proliferation in the stomach and lead to the 

development of H. pylori-associated gastric cancer (Kinoshita et al., 2004). 

Besides the proliferative activity and cell regeneration, it also exerts anti-

inflammatory, antibacterial and anti-apoptotic function (Lee et al., 2012; van 

Beelen et al., 2013; Murano et al., 2014). 

Similarly to our findings Yoshino et al. (2005) showed that Reg3A protein 

production was significantly higher in gastric biopsies H. pylori+ than H. pylori- 

and was up-regulated by the pro-inflammatory cytokine IL-8 in ECC10 cells. In 

our study, although no correlation between expression levels of IL-8 and REG3A 

has been evaluated, both showed increased expression levels in infected patients 

before treatment and in those non-eradicated patients. These results should be 

consequence of gastric mucosa injury and inflammation, which was reduced in 

patients who eradicate the bacteria indicating the restoration of the mucosa. 

Studies in experimental models evaluated the effect of acute inflammation on 

gastric mucosa and reported increase in Reg3A protein expression during the 

healing process of damaged rat gastric mucosa induced by water-immersion stress 
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(WRS) or administration of indomethacin (Fukui et al., 1998; Kazumori et al., 

2000) evidencing the anti-inflammatory effect of this protein.  

Our results demonstrated moderate expression of IFITM1 transcripts in 

Hp+ chronic gastritis patients and no significant change was observed after 

eradication therapy. However, IFITM1 protein showed positive immunostaining 

in inflammatory cells in majority of infected patients, and the densitometry 

analysis showed reduction of its expression after treatment in both eradicated and 

non-eradicated patients. 

IFITM1, (interferon-induced transmembrane protein 1) has important 

functions in regulating cell proliferation and differentiation, and the interferons 

(IFNs) induced IFITM1 expression is considered important in cell adhesion, 

proliferation, tumor immunity and antiviral activity (Yang et al., 2005; Brass et 

al., 2009), and in the antiproliferative activity (Yang et al., 2007). It has been 

considered as a novel candidate gene for invasion in some studies. Hatano et al. 

(2008) demonstrated that IFITM1 overexpression promoted the invasion and 

migration of HNSCC (squamous cell carcinoma of the head and neck) cells in 

vitro. The authors suggested that IFITM1 may be involved in the initial step of 

invasion, such as the degradation of the basement membrane and the interstitial 

extracellular matrix, which results in cellular infiltration into the adjacent tissue. 

In contrast, Yang et al. (2007) had observed that overexpression of IFITM1 

inhibited cell proliferation in hepatoma cells, while suppression of IFITM1 

accelerated cell growth, and conferred tumorigenicity to normal liver cells in nude 

mice. Despite these contradictory results on the role of IFITM1 in the 
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carcinogenic process, our findings show that the treatment of H. pylori reduces the 

production of this protein by inflammatory infiltrated cells. 

Even though H. pylori is completely eradicated, the gastric inflammation 

may remain, thus it seems that improvement of gastric inflammation itself seems 

to be far more essential in achieving cancer prevention than the eradication of the 

pathogen (Hong et al., 2010). Although we did not evaluate the degree of 

inflammation of gastritis before and after eradication therapy, this is an important 

factor that may have contributed to the changes of gene expression evaluated. 

We found no complete agreement between mRNA expression evaluated 

by real time qPCR and protein expression assessed by immunohistochemistry. 

While for IL-8, PLAT, PAI-1 and REG3A transcripts showed statistically 

significant differences before and after eradication therapy of H. pylori, only the 

IFITM1 protein showed a significant reduction in the immunostaining of the 

stromal cells in patients after treatment. This discrepancy has been reported in 

various studies (Guo et al., 2008; Kordek et al. 2010), which can be due the 

mRNA expression originate from different cell types, heterogeneity of the tissue, 

since immunohistochemistry is not exactly the same sample which is examined by 

real time q-PCR. Others factors such as transcriptional and post-transcriptional 

splicing, translational modifications and regulation, protein complex formation, 

and also the degradation rates of mRNA and protein might affect the relative 

quantities of these molecules. In addition, the post-transcriptional gene silencing 

performed by miRNAs, causing degradation or repression of mRNA translation 
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might affect its correlations with protein levels (Guo et al., 2008), thus the relative 

expression level of mRNA not always directly reflects protein expression.  

The studies that assess the effects of CagA and VacA virulence factors on 

the gene and protein expression are controversial. Ours results evidenced that 

CagA and VacA genotypes no influenced on the eradication rate of bacteria nor in 

mRNA expression levels of these genes evaluated, except for PAI-1 that showed 

down-regulation in eradicated patients harbor VacA s1/m1.  In general, VacA 

s1/m1/CagA
+ 

strains have been associated with deregulation of gene expression, 

as MAPK8 (JNK) (HOFFMAN et al., 2007) and TGF-β (RAHIMIAN et al., 

2014). Similarly, the bacteria eradication rate can be affected by many factors, as 

infection by CagA strain and absence of organisms with coccoid morphology 

(HUANG et al, 2005; ZHAO et al, 2007; SUGIMOTO; YAMAOKA, 2009; 

FIGURA et al., 2012). The strains carrying the CagA genotype increase cytokine 

production in gastric mucosa, resulting in suppression of acid secretion (FURUTA 

et al, 2002), so increasing the effectiveness of treatment (SUGIMOTO et al, 

2007). In this context, we must consider some limitations of our study, due to the 

reduction of the number of patients in the subgroup stratification after treatment, 

which may have contributed during the statistical analysis of CagA and VacA 

genotypes. 

In conclusion, ours results show changes in the mRNA expression of IL-8, 

TGF-β, REG3A, PLAT, PAI-1 and IFITM1 genes due H. pylori infection in 

patients with chronic gastritis independent of CagA and VacA status. However, H. 

pylori eradication not completely restores the expression of these gene that play 
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important roles in biological processes such as inflammatory and  immune 

response, cell proliferation, regeneration, differentiation, migration and invasion, 

suggesting that inflammation of the mucosa, beyond the presence of the pathogen 

contribute to deregulation of gene expression. More importantly, should be 

highlighted that a trend towards normalization of IL-8, REG3A and PLAT genes 

after treatment was observed.  Thus emphasizing that H. pylori eradication 

therapy is a relevant strategy for homeostasis of the gastric mucosa and possibly 

prevents malignant progression. 
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Table 1. Comparisons of IL-8, TGF-β, PLAT, PAI-1, REG3A and IFITM1 mRNA 

relative expression levels in patients with gastric lesions before and after H. pylori 

eradication therapy. 

RQ: relative quantification; P-value= Mann Whitney test; p< 0.05. 

Genes 
Before treatment 

(Hp+) 

After treatment 

Eradicated 

(Hp-) 

Non-eradicated 

(Hp+) 

IL-8    

Samples (n) 29 17 12 

Median RQ 20.42 6.51 15.02 

Range 0.65 - 236.60 0.91 - 18.44 0.61 - 49.03 

P-value  0.013 0.076  

    

TGF-β    

Samples (n) 32 19 13 

Median RQ 1.58 2.74 3.01 

Range  0.71 - 7.04 0.10 - 8.56 0.56 - 20.88 

P-value  0.106 0.497  

    

PLAT    

Samples (n) 38 24 14 

Median RQ 0.64 1.12 0.60 

Range 0.27 - 1.75 0.45 - 6.28 0.05 - 2.18 

P-value  0.003 0.119  

    

PAI-1    

Samples (n) 38 24 14 

Median RQ 0.15 0.22 0.12 

Range 0.05 - 0.50 0.04 - 1.23 0.00 - 0.21 

P-value  0.340 0.017  

    

REG3-A    

Samples (n) 38 24 14 

Median RQ 7.68 0.61 4.59 

Range 0.13 - 110.80 0.09 - 7.33  0.01 - 45.89 

P-value  0.0001 0.009  

    

IFTM1    

Samples (n) 37 23 14 

Median RQ 1.38 1.361 1.24 

Range 0.47 - 2.44 0.39 - 2.29 0.00 - 2.89 

P-value  1.000 0.991  
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Figure 1. Relative expression levels of IL-8, TGF-β, PLAT, PAI-1, REG3A and 

IFITM1 RNAm in patients infected with H. pylori before treatment (Hp+) 
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compared to eradicated patients (Hp-) and non-eradicated patients (Hp+) after 

eradication therapy. (A) IL-8, (C) PLAT-1 and (E) REG3A mRNA levels are 

statistically different between CG-Hp+ patients before treatment and eradicated 

patients after treatment. For REG3A mRNA expression was detected reduction in 

eradicated patients relative to non-eradicated. (D) PAI-1 mRNA levels was higher 

in eradicated patients than non-eradicated.  (B) TGF-β and (F) IFITM1 mRNA 

showed no change in gene expression levels before and after treatment. Data are 

presented as median and range for experiments performed in triplicate. Levels are 

normalized to GAPDH and β-actin reference genes. P values <0.05 was 

considered statistically significant using the Mann Whitney test.  
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Table 2. Comparisons of relative gene expression levels stratified by histological type of lesion, as normal mucosa (NM), chronic 

gastritis (CG), atrophic gastritis (AG), and metaplastic atrophic gastritis (MAG). 

 
Before treatment (Hp+) 

 After treatment 

  Eradicated (Hp-)  Non-eradicated (Hp+) 

 CG AG MAG  NM CG AG  CG AG MAG 

IL-8            

Samples (%) 19/28 4/28 5/28  2/16 13/16 1/16  7/12 4/12 1/12 

Median RQ 16.67 3.84 45.21  1.10 6.51 14.87  15.31 21.78 1.43 

Range 0.65-236.6 2.88-140.7 8.17-138.3  1.09-1.10 0.91-12.05 -  5.76-49.03 0.61-48.59 - 

P value 0.613  0.188  0.350 

            

TGF-β            

Samples (%) 19/32 7/32 6/32  2/19 13/19 4/19  8/13 4/13 1/13 

Median RQ 1.51 1.35 1.99  3.04 2.74 2.36  4.83 2.68 1.16 

Range 0.71-7.04 0.85-1.71 0.88-2.88  1.75-4.34 0.10-7.63 0.66-8.56  0.82-20.88 0.56-4.82 - 

P value 0.618  0.950  0.291 

            

PLAT            

Samples (%) 24/38 8/38 6/38  2/24 18/24 4/24  9/14 4/14 1/14 

Median RQ 0.83 0.59 0.67  1.41 0.97 5.21  1.24 0.49 0.53 

Range 0.27-1.75 0.44-0.77 0.34-1.09  1.37-1.45 0.45-3.99 0.60-6.28  0.05-2.18 0.35-1.52 - 

P value 0.537  0.911  0.396 

            

PAI-1            

Samples (%) 24/38 8/38 6/38  2/24 18/24 4/24  9/14 4/14 1/14 

Median RQ 0.16 0.15 0.15  0.15 0.27 0.17  0.15 0.10 0.14 

Range 0.07-0.50 0.09-0.48 0.05-0.21  0.07-0.23 0.04-1.23 0.09-0.75  0.00-0.21 0.07-0.12 - 
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P value 0.829  0.628  0.680 

            

REG3-A            

Samples (%) 24/38 8/38 6/38  4/24 18/24 2/24  9/14 4/14 1/14 

Median RQ 6.78 7.15 27.14  0.68 0.71 0.39  2.79 5.29 11.98 

Range 0.13-110.8 0.24-100.2 6.78-65.14  0.30-2.10 0.10-7.33 0.38-0.39  0.01-45.89 2.85-30.61 - 

P value 0.501  0.875  0.595 

            

IFITM1            

Samples (%) 23/37 8/37 6/37  2/23 17/23 4/23  9/14 4/14 1/14 

Median RQ 1.30 1.38 1.52  1.81 1.28 0.93  1.61 1.14 0.93 

Range 0.47-2.44 0.74-1.82 0.70-2.11  1.74-1.88 0.47-2.29 0.39-1.76  0.01-2.89 0.86-2.28 - 

P value 0.63  0.278  0.799 

Hp+: H. pylori infection; Hp-: uninfected patients; RQ: relative quantification; P-value= Kruskal-Wallis test. 
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Table 3. Frequencies of the CagA and VacA virulence genotypes of H. pylori and 

evaluation of its influence on bacteria eradication after treatment.  

 

 

Genotype 
Eradicated 

N (%)  

Non-Eradicated 

N (%)  

CagA   

Positive 6  (46,1%)  6 (54,5%)   

Negative 7 (53,9%)  5 (45,5%)  

Total 13 11 

P-value 

 

VacA 

1.000 

s1/m1 7 (50%)  3 (25%)  

others 7 (50%)  9 (75%) 

Total 14 12 

P-value 0.247 

 P-value = Fisher’s exact test; p<0.05 
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Table 4. Relative gene expression levels according CagA genotype of H. pylori in 

infected patients before and after bacteria eradication treatment. 

 

Genes 

Before treatment (Hp+) After treatment 

cagA+ cagA- 

Eradicated (Hp-) Non-Eradicated (Hp+) 

cagA+ cagA- cagA+ cagA- 

IL-8       

Samples (%) 10/19 (52.6) 9/19 (47.4) 4/9 (44.4) 5/9 (55.6) 6/10 (60) 4/10 (40) 

RQ  Median 21.98 45.09 1.05 7.58 28.10 3.59 

Range 0.70-141.5 3.84-236.6 0.92-5.44 1.27-7.87 2.10-49.03 0.61-17.69 

P-value 0.762 0.143 0.114 

 

TGF-β 

      

Samples (%) 10/21 (47.6) 11/21 (52.4) 4/10 (40) 6/10 (60) 6/11 (54.5) 5/11 (45.5) 

RQ  Median 1.55 1.71 1.16 4.00 5.73 2.11 

Range 0.72-4.00 0.95-7.04 0.66-2.30 0.10-4.97 0.56-20.88 1.16-17.12 

P-value 0.424 0.191 0.329 

 

PLAT 

      

Samples (%) 12/24 (50) 12/24 (50) 6/13 (46.2) 7/13  (53.8) 6/11 (54.5) 5/11 (45.5) 

RQ  Median 0.54 0.69 0.96 1.90 0.94 0.60 

Range 0.34-1.70 0.27-1.45 0.60-3.99 0.45-3.40 0.05-2.18 0.53-1.16 

P-value 0.325 0.937 1.000 

 

PAI-1 

      

Samples (%) 12/24 (50) 12/24 (50) 6/13 (46.2) 7/13 (53.8) 6/11 (54.5) 5/11 (45.5) 

RQ  Median 0.15 0.12 0.13 0.23 0.10 0.07 

Range 0.08-0.32 0.05-0.50 0.04-1.15 0.15-1.23 0.00-0.15 0.04-0.19 

P-value 0.793 0.180 0.931 

 

REG3A 

      

Samples (%) 12/24 (50) 12/24 (50) 7/13 (46.2) 6/13 (53.8) 6/11 (54.5) 5/11 (45.5) 

RQ  Median 30.84 14.90 0.34 3.01 5.29 4.60 

Range 1.37-83.77 3.65-100.2 0.09-4.35 0.13-7.33 0.01-45.89 0.59-11.98 

P-value 0.325 0.937 1.000 

 

IFITM1 

      

Samples (%) 12/24 (50) 12/24 (50) 7/13 (46.2) 6/13 (53.8) 6/11 (54.5) 5/11 (45.5) 

RQ  Median 1.35 1.54 1.59 1.66 1.24 0.96 

Range 0.70-1.82 0.94-6.91 0.51-2.07 0.47-2.13 0.00-2.28 0.78-1.89 

P-value 0.312 0.836 0.931 

P-value = Mann Whitney test; p< 0.05 
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Table 5. Relative gene expression levels according VacA genotype of H. pylori in 

infected patients before and after bacteria eradication treatment. 

Genes 

Before treatment (Hp+) After treatment 

vacA s1/m1 vacA others 

Eradicated (Hp-) Non-Eradicated (Hp+) 

vacA 

s1/m1 vacA others vacA s1/m1 vacA others 

IL-8       

Samples (%) 8/20 (60) 12/20 (40) 5/10 (50) 5/10 (50) 3/10 (30) 7/10 (70) 

RQ  Median 27.52 34.26 6.652 1.729 48.59 6.728 

Range 0.70-141.5 3.84-236.6 1.05-10.44 0.91-7.82 1.43-49.03 0.61-41.47 

P-valeu 0.482 0.413 0.383 

 

TGF-β 

      

Samples (%) 8/22 (36.4) 14/22 (63.6) 5/11 (45.5) 6/11 (54.5) 3/11 (27.3) 8/11 (72.7) 

RQ  Median 3.22 1.66 1.60 4.00 4.82 3.21 

Range 0.72-258.8 0.95-48.41 0.10-3.11 0.72-4.97 1.16-20.88 0.56-17.12 

P-value 0.433 0.095 0.776 

 

PLAT 

      

Samples (%) 10/26 (38.5) 15/26 (61.5) 7 /14 (50) 7/14 (50) 3/12 (25) 9/12 (75) 

RQ  Median 0.69 0.64 0.62 1.90 0.53 0.88 

Range 0.34-1.75 0.27-1.45 0.49-3.99 0.45-3.40 0.37-2.11 0.05-2.18 

P-value 0.905 0.628 0.921 

 

PAI-1 

      

Samples (%) 10/26 (38.5) 16/26 (61.5) 7/14 (50) 7/14 (50) 3/12 (25) 9/12 (75) 

RQ  Median 0.21 0.13 0.13 0.29 0.12 0.08 

Range 0.05-0.48 0.09-0.50 0.04-1.15 0.15-1.23 0.08-0.14 0.00-0.20 

P-value 0.340 0.035* 0.600 

 

REG3A 

      

Samples (%) 10/26 (38.5) 16/26 (61.5) 7/14 (50) 7/14 (50) 3/12 (25) 9/12 (75) 

RQ  Median 14.81 27.38 0.34 0.80 11.98 4.40 

Range 1.36-110.8 3.65-100.2 0.09-4.35 0.13-7.33 6.19-45.89 0.01-30.61 

P-value 0.515 0.181 0.145 

 

IFITM1 

      

Samples (%) 10/26 (38.5) 16/26 (61.5) 7/14 (50) 7/14 (50) 3/12 (25) 9/12 (75) 

RQ  Median 1.39 1.51 1.00 1.66 1.16 1.31 

Range 0.70-2.44 0.94-1.82 0.51-2.07 0.47-2.13 0.93-2.28 0.00-2.89 

P-value 0.978 0.383 0.864 

P-value = Mann Whitney test; p< 0.05 
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Figure 2. Immunohistochemical staining of IL-8, TGF-β1 and IFITM1 proteins in 

normal gastric mucosa (A, E, I) and H. pylori-associated chronic gastritis (CG-

Hp+) before treatment (B, F, J) in comparison to eradicated patients after 

treatment (C, G, K). In the normal mucosa the proteins IL-8, TGF-β and IFITM1 

(A, E, I, respectively) showed no staining or low expression intensity in the 
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epithelial cells of gastric glands and foveolar epithelium. Before treatment, these 

proteins (B: IL-8; F: TGF-β; J: IFITM1) in the CG-Hp+ patients presented 

cytoplasmic immunostaining pattern in the epithelial cells in gastric glands 

(arrows), in foveolar epithelium (arrows), and also in the inflammatory cells 

(arrowhead). After treatment (C: IL-8; G: TGF-β) a similar immunostaining 

pattern those before treatment was observed for most samples, while for IFITM1 

(K) was reduced mainly in the inflammatory infiltrate. Densitometry analysis of 

cytoplasmic immunostaining (D, H, L) showed no significant change of protein 

expression between the patients before treatment and eradicated and non-

eradicated patients. Counterstain: Hematoxylin. Bars: 50 µm. Densitometry 

analysis (Median; range); a.u.= arbitrary unit. 
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Figure 3. Immunohistochemical staining of PLAT and Reg3A in normal gastric 

mucosa (A, E) and H. pylori-associated chronic gastritis (CG-Hp+) before 

treatment (B, F) in comparison to eradicated patients after treatment (C, G). In the 

normal mucosa PLAT protein (A) showed positive immunoexpression in 

epithelial cells of gastric glands (arrow), while Reg3A (E) presented no staining 

or low expression intensity. CG-Hp+ patients before treatment (B: PLAT; F: 

Reg3A) cytoplasmic immunostaining pattern in the epithelial cells in gastric 

glands (arrows), in foveolar epithelium (arrows) and also in the inflammatory 

cells for PLAT protein was observed. After treatment, PLAT protein (C) 

remained immunopositive, while for Reg3A protein (G) negative immunostaining 

was detected for most of patients. Densitometry analysis of cytoplasmic staining 

(D, H) showed no significant difference of protein expression between the 

patients before treatment and eradicated and non-eradicated patients. 

Counterstain: Hematoxylin. Bars: 50 µm. Densitometry analysis (Median; range); 

a.u.= arbitrary unit. 
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IV. CONCLUSÕES 

 

No presente estudo, considerando-se o grupo de indivíduos com lesões 

gástricas pré-cancerosas com infecção pela H. pylori avaliados antes e após o 

tratamento para erradicação da bactéria e as técnicas empregadas, é possível 

obter-se as seguintes conclusões: 

1. Pacientes com gastrite crônica infectados pela H. pylori apresentam níveis 

aumentados da expressão relativa do RNAm de TLR2, TLR4, IL-8, TGF-β, 

REG3A e IFITM1 e reduzidos de PLAT e PAI-1 em comparação com a 

mucosa gástrica normal não infectada, assim evidenciando desregulação 

gênica decorrente da colonização pela bactéria. Após a erradicação da 

bactéria, apenas IL-8, REG3A e PLAT mostram mudanças para 

normalização nos níveis dos transcritos na mucosa gástrica; 

 

 

2. Os níveis de expressão do RNAm dos genes avaliados não diferem 

conforme os tipos das lesões gástricas dos pacientes estudados (gastrite 

crônica, gastrite atrófica e gastrite atrófica associada à metaplasia 

intestinal); 

 

3. Não há evidências de associação entre os genótipos de virulência 

bacteriano CagA e VacA com os níveis de expressão dos genes analisados, 

nem com a taxa de erradicação da bactéria, exceto PAI-1 em que 
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indivíduos portadores do genótipo VacA s1/m1 apresentam menores níveis 

de expressão desse gene.  

 

4. Em geral, observa-se imunoexpressão das proteínas TLR2, TLR4, IL-8, 

TGF-β, PLAT e IFITM1 nas células epiteliais das glândulas gástricas e 

também em células do infiltrado inflamatório do estroma para as proteínas 

PLAT e IFTM1, mas em geral, não é observada concordância absoluta da 

expressão dessas proteínas com os níveis de expressão do RNAm, exceto 

para os receptores  TLR2 e TLR4.   

 

5. A infecção pela H. pylori aumenta o índice apoptótico das células 

epiteliais gástricas, os quais são reduzidos após a terapia de erradicação da 

bactéria, mas não altera significantemente o índice de proliferação celular 

após o tratamento, sugerindo que a bactéria induz danos na mucosa 

gástrica, estimulando a morte celular. 
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Apêndice 1. Questionário do projeto: Expressão gênica e cinética celular no 

processo inflamatório induzido pela Helicobacter pylori antes e após terapia de 

erradicação.  

Responsáveis: Doutoranda Aline Cristina Targa Cadamuro, Profa. Dra. Ana Elizabete Silva 

(Departamento de Biologia IBILCE-UNESP, São José do Rio Preto-SP) 

Colaboradores: Profa. Dra. Eny Maria Goloni Bertollo (FAMERP), Dr. Fausto Nasser (Hospital de 

Base, São José do Rio Preto, SP) 

I. IDENTIFICAÇÃO 

Nome:...............................................................................................Prontuário:.................... 

Data de nascimento:........../............/............                          Sexo:     (   ) F           (    ) M 

Grupo étnico:               (    ) caucasóide                   (    ) negróide                        (    ) 

asiático 

Endereço:..................................................................................................Fone:.................... 

Cidade:.......................................................................................................Estado:................ 

Profissão atual:..........................................................................tempo de 

tuação:........................... 

Profissão anterior:.....................................................................tempo de 

atuação:........................... 

II. DADOS PESSOAIS E FAMILIAIS 

- Consumo de bebida alcoólica:   (    ) sim           (    ) não          (    ) ex-etilista 

Há quantos anos:..................................................Tipo de 

bebida.............................dose/dia........ 

- Consumo de cigarro:   (    ) sim          (    ) não         (    ) ex-fumante 

Há quanto anos:..................................................................Quantidade 

(un/dia):............................. 

- Doenças anteriores ou presentes: 

(    ) úlcera             (    ) gastrite           (    ) câncer  

(tipo:.........................................................) 

(    ) outras 

(tipo:......................................................................................................................) 

- Tratamentos anteriores ou em andamento:     (    ) sim, período:.................       (     ) não 

Tipo:....................................................................................................................................... 

- Uso de medicamentos:       (    ) sim, período........................        (    ) não 

Tipo:.................................................................................................................. 
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- Cirurgias anteriores:          (    ) sim        (    ) não 

Tipo:............................................................................................................ 

História de câncer ou outras doenças na família (grau de parentesco) 

(    ) câncer (tipo:.........................................)      (    ) úlcera      (    ) gastrite 

(    ) outras (tipo:............................................................................................... 
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Apêndice 2. Características demográficas dos pacientes com infecção pela H. 

pylori incluídos neste estudo e submetidos à terapia de erradicação. 

 

Pacientes Total n= 38 

Idade (anos), média ± SD 

Variação                                                                                                          

48 ± 15,9 

21 - 82 

Gênero 

Masculino 

Feminino  

 

14 (37%) 

24 (63%) 

Etilistas  

Sim 10 (26%) 

Não 27 (71%) 

Não avaliados 1 (3%) 

Fumantes 

Sim 

Não 

 

13 (34%) 

25 (66%) 

Diagnóstico Histológico   

 Gastrite Crônica (GC) 6 (16%) 

 Gastrite Atrófica (GA) 8 (21%) 

 Gastrite Atrófica Metaplásica (GAM) 24 (63%) 

Terapia de Erradicação  

Erradicados       24 (63%) 

Não-Erradicados 

Genótipos de virulência (H. pylori) 

 CagA-positivo 

14 (37%) 

 

12 (50%) 

CagA-negativo 12 (50%) 

VacA-s1/m1 10 (39%) 

VacA-(s1/m2, s2/m2, s2/m1) 16 (61%) 
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Anexo 1. Parecer consubstanciado do Comitê de Ética em Pesquisa Institucional. 
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Anexo 2. Parecer consubstanciado do Comitê de Ética Ambiental 
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Anexo 3. Comprovante de submissão do artigo “Helicobacter pylori eradication 

does not change TLR2 and TLR4 expression in chronic gastritis patients” à revista 

Helicobacter 


