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Figura 1-

Lista de figura

Diferenciagdo das células T CD4": Células T CD4" naive depois de ativadas, na
presenca de 1L-12p70, sdo diferenciadas em células Th1l que tém como principal
produto o IFN-y. Essa diferenciagdo é regulada principalmente por STAT4 e T-
bet. IFN-y tem grande importancia na defesa contra patogenos intracelulares. Em
resposta a IL-4, células T CD4" naive se diferenciam em células do tipo Th2
através da ativacdo dos fatores de transcricdo STAT6 e GATAS. IL-4 é a
principal citocina produzida pelas células Th2 e tem papel fundamental na defesa
contra parasitas como os helmintos. A diferenciagio das células T CD4" naive em
células Th17 ocorre pela ativagdo dos fatores de transcricdo STAT3 e RORyt por
diferentes citocinas. IL-17 é uma das principais citocinas produzidas pelas células
Th17 e tem grande importancia na resposta contra bactérias extracelulares. Em
resposta a ativacao dos fatores de transcricdo STAT5 e Foxp3 pelas citocinas IL-
10, TGF-B e IL-2, as células T CD4" naive se diferenciam em células Tyeq. AS
citocinas TGF-$ e IL-10 sdo produtos das células T que tem como principal
funcdo a modulagdo da resposta inflamatdria regulando a resposta inata e
adaptativa

13



Resumo

A infeccdo pelo H. pylori é adquirida na infancia, persiste pela vida do individuo e é
responsavel pelo aparecimento tardio de Ulcera péptica gastrica e duodenal e carcinoma
gastrico distal.

O tipo de resposta imunologica a infeccdo na infancia deve contribuir de maneira
decisiva para a susceptibilidade das criangas em se infectarem e o desfecho em doencas
graves na idade adulta. Portanto, foram estudadas 245 criancas (142 H. pylori-negativas e 103
H. pylori-positivas) e 140 adultos (40 H. pylori-negativos e 100 H. pylori-positivos) quanto ao
grau de gastrite, concentracdo gastrica de citocinas avaliada por ELISA e o nimero de células
Foxp3"* determinado por imuno-histoquimica. O grau de gastrite nas mucosas gastricas antral
e oxintica foi mais intenso nos adultos infectados que nas criancas H. pylori-positivas. As
concentracdes gastricas de todas as citocinas investigadas foi maior nos grupos de adultos e
criancas infectados quando comparados com 0s respectivos grupos H. pylori negativos.
Entretanto, foram observadas diferencas significativas entre as criangas e o0s adultos
infectados. As concentracfes gastricas das citocinas da resposta inata (IL-1a, IL-6, TNF-a)
bem como as associadas as células Try (IL-10, TGF-Bl1) e Th2 (IL-4) foram
significativamente maiores nas criangas que nos adultos. O nimero de células TegFoxp3* foi
também maior na mucosa gastrica das criangas que dos adultos infectados. Por outro lado, a
concentracdo gastrica das citocinas associadas a resposta Thl (IL-2, 1L-12p70 e IFN- y) e
Th17 (IL-1pB, IL-17A e IL-23) foi maior nos adultos que nas criangas. Estratificando os grupos
por idade, observou-se, nas criancas infectadas, aumento progressivo dos niveis gastricos de
IL-2, IFN-y e IL-17A e, nos adultos, diminuicdo das concentragdes de IL-2, IL-12p70 e IFN-
Y, mais intensamente a partir dos 55 anos de idade. Porque a IL-2 participa na diferenciagdo

de células Thl e T, € dados da literatura demonstram a presenca de um polimorfismo no
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gene que codifica a citocina (IL2-330T/G) que poderia ser funcional, investigou-se também
em um grupo de 150 doadores de sangue associacOes entre a presenca do polimorfismo e risco
de infeccdo pelo H.pylori; tendo sido demonstrado que o polimorfismo foi inversamente
associado a infeccdo. Para avaliar o efeito do polimorfismo na concentracdo sérica de IL-2
bem com das citocinas associadas a resposta Thl e Ty, 100 criangas também foram incluidas
no estudo. Os niveis séricos de IL-2 foram maiores nos carreadores dos genotipos TG ou GG
que naqueles com gendtipo selvagem (TT). Os niveis séricos de IL-10 e TGF-B1 foram
maiores nas criangas, mas nao nos adultos H. pylori-positivos carreadores dos genotipos TG
ou GG que nos individuos com o gendtipo selvagem. Entretanto, nos adultos infectados, os
gendtipos TG ou GG se associaram a niveis séricos aumentados de INF-y, o que néo foi visto
nas criancas. Concluindo, os resultados desse estudo demonstram que a resposta imunologica
a infeccdo pelo H. pylori varia de acordo com a idade, o que pode explicar, a0 menos em
parte, as diferencas observadas entre criancas e adultos, como a maior susceptibilidade a
infeccdo na infancia, maior gravidade das lesdes gastricas e prevaléncia das doengas graves

associadas a infeccdo (Ulcera péptica e carcinoma gastrico) nos adultos.
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Abstract

Helicobacter pylori infection is acquired in childhood and may persist lifelong and
causes severe diseases such as peptic ulcer and distal gastric carcinoma in adulthood. The
immune events that occur in childhood may be crucial to determine the susceptibility to the
infection and the outcome to the severe H. pylori-associated diseases in adults. Therefore, we
evaluated the histology, the mean levels of cytokines, assayed by ELISA, and the number of
Foxp3 cells by immunohistochemistry in the gastric mucosa of 245 children (142 H. pylori-
negative and 103 H. pylori-positive) and 140 adults (40 H. pylori-negative and 100 H. pylori-
positive). The degree of mononuclear and polymorphonuclear cells was significantly higher in
the gastric mucosa of infected children and adults than in that of the H. pylori-negative
groups, respectively. Also, the gastric mean levels of all cytokines evaluated were
significantly higher in the H. pylori-positive children and adults than in the non-infected
groups, respectively. Otherwise, significant differences in the gastric levels of the cytokines
were observed between H. pylori-positive the children and the adults. The gastric levels of
cytokine of the innate immune response (IL-1a, IL-6 and TNF-a) as well as of those linked to
Treg (IL-10 and TGF-B) and Th2 (IL-4) cell commitments were significantly higher in
children than in adults. The proportion of gastric Foxp3 cells was also significantly higher in
the children than in the adults. Otherwise, the gastric concentration of cytokines linked to Thl
(IL-2, IL-12p70 e IFN-y) and Th17 (IL-1B, IL17A, and IL-23) cells was higher in adults than
in children. When the H. pylori-positive group was stratified according to the age, the gastric
levels of IL-2, IFN-y and IL17A increased with increasing age in children, whereas in adults
the levels of IL-2, IL-12-p70, and IFN-y decreased with increasing age. The decrease of the
IFN-y levels was more pronounced in patients over 55 years of age. Because IL-2 participates

in the differentiation of Thl and Trq cells and it has been demonstrated that I1L2-330 T/G



Xiil

polymorphism might be functional, we also evaluated the associations between the presence
of the polymorphism and risk of H. pylori infection in a group of 150 blood donors, and
showed an inverse association between the two variables. In order to investigate the effect of
the polymorphism on the serum concentration of IL-2 as well as of cytokines related to Thl
and Tyeg cells, 100 children were also evaluated. The serum levels of IL-2 were significantly
higher in carriers of the TG or GG genotypes than in those harboring the wild genotype (TT).
The serum levels of 1L-10 and TGF-B1 were higher in H. pylori-positive children but not in
adults carrying the polymorphic genotypes than in the carriers of the wild genotype. However,
in the infected adults, the polymorphic genotypes associated with increased levels of IFN-y,
finding not observed in the children. In conclusion, the results of the present study
demonstrated that the immune response to the H. pylori infection varies according to the age,
which may explain, at least in part, differences such as an increased susceptibility to the
infection in childhood, and a more pronounced gastric lesions and an augmented prevalence
of the severe diseases associated to the infection, peptic ulcer and gastric carcinoma, in

adulthood.



Introducéo e Justificativa

O isolamento do Helicobacter pylori a partir de fragmentos de bidpsia gastrica de
pacientes com gastrite e Ulcera duodenal, por dois pesquisadores australianos Barry Marshall
e Robin Warren (Marshall & Warren, 1982), foi considerado um marco na historia da
Medicina. A confirmacdo de que Ulcera péptica € causada pela bactéria melhorou
consideravelmente as possibilidades de tratamento e cura da doenga. Devido a relevancia da
descoberta, no ano de 2005, os dois pesquisadores foram agraciados com o Prémio Nobel de

Fisiologia ou Medicina.

1.1. A infeccéo pelo H. pylori

O H. pylori é, atualmente, aceito como o principal agente de gastrite em seres
humanos e um fator essencial na patogénese de Ulcera péptica, desempenhando, também
papel fundamental na cadeia de eventos que culminam com o desenvolvimento de carcinoma
gastrico e linfoma gastrico do tipo MALT (tecido linfoide associado a mucosa) (Forman et
al., 1991; Parsonet et al., 1991; Marshall, 1994; Cover & Blaser, 1995; Wotherspoon & Path,
1998; Higashi et al., 2002a; Franco et al., 2008). Em 1994, a Agéncia Internacional para
Pesquisa de Cancer da Organizacdo Mundial de Saude considerou a infeccdo pelo H. pylori
carcinogénica do tipo | (IARC, 1994) com base em evidéncias epidemioldgicas e
plausibilidade bioldgica (Correa, 1991; Parsonnet et al., 1994; Blaser, 1995; Correa, 1995;
Tsuji et al., 1997; Fujioka et al., 2000; Suerbaum et al., 2002).

A infeccdo pelo H. pylori € uma das mais frequentes nos seres humanos, com uma
prevaléncia global de aproximadamente 50%. Nos paises em desenvolvimento a maioria da

populagéo encontra-se infectada (60% a 90%) (Blaser, 1993; Cunha et al., 2003; Rodrigues et



al., 2005a), ao contrario dos paises desenvolvidos onde a infeccdo atinge 25% a 50% da
populacdo (Hamilton-Miller, 2003). No Brasil, a prevaléncia gira em torno de 60% nos
estados do sul e sudeste atingindo quase 100% em algumas areas, como no norte de Minas
Gerais e regides norte e nordeste do Brasil (Oliveira et al., 1999; Cunha et al., 2003;
Rodrigues et al., 2005b).

A aquisi¢do do H. pylori ocorre predominantemente na infancia, na idade pré-escolar,
por via oral-oral ou fecal-oral (Lee, 1994; Rocha et al., 2003; Queiroz et al., 2006) e esta
associada a fatores como baixo nivel socioeconémico, maior aglomeracdo familiar, condicdes
de higiene precarias e auséncia ou deficiéncia de saneamento basico (Malaty & Graham,
1994; Goodman et al., 1996; Sarker et al., 1997; Queiroz et al., 2006; Fialho et al., 2007;
Braga et al., 2007). Deve-se ressaltar, ainda, o papel da mée ou irmédos infectados na
transmissdo da infeccdo pelo H. pylori (Rocha et al., 2003; Rodrigues et al., 2004; Konno et
al., 2005; Weyermann et al., 2009).

O H. pylori é capaz de se estabelecer no estbmago humano permanecendo para o resto
da vida dos individuos, j& que casos de cura espontanea sdo raros (llver et al., 1998). A
gastrite induzida pelo H. pylori, na maioria das vezes, ndo leva a consequéncias adversas
(Dunn et al., 1997). Entretanto, 15 a 20% dos individuos H. pylori-positivos irdo desenvolver
doencas graves, 0 que corresponde a aproximadamente 7 milhdes de casos novos de Ulcera
péptica e carcinoma gastrico a cada ano (Parsonnet et al., 1991; Wotherspoon & Path, 1998;
llver et al., 1998; Parkin et al., 2005). No Brasil foram registrados em 2010 cerca de 13.820
casos novos de cancer de estdmago entre os homens e 7.680 casos novos entre as mulheres.
Estes valores correspondem a um risco estimado de 14 casos novos a cada 100 mil homens e
8 casos novos para cada 100 mil mulheres (INCA, 2010). Como a presenga da infeccao

simplesmente ndo e suficiente para explicar porque apenas uma pequena porcentagem dos



individuos infectados ira desenvolver doencas mais graves, a influéncia de fatores do

hospedeiro, ambientais e de viruléncia bacteriana tem sido investigada.

1.2. Caracteristicas do H. pylori

O H. pylori é um micro-organismo Gram-negativo, espiralado, ndo esporulado
(Marshall & Warren, 1983) que coloniza cronicamente a mucosa gastrica de seres humanos.
Quando cultivada em meio sélido, a bactéria assume forma semelhante a bastonete, sendo
menos frequentes as formas espiraladas (Goodwin & Armstrong, 1990). Formas cocdides
podem se tornar predominantes em culturas velhas, tanto em meio sélido como liquido (Dunn
et al., 1997). E movel, apresenta superficie lisa e mede aproximadamente 0,5 um de largura e
2,0 a 3,0 um de comprimento (Goodwin et al., 1985). Apresenta um nimero variavel de 4 a 6
flagelos uni ou bipolares embainhados e com bulbos terminais nas extremidades distais
(Taylor & Parsonnet, 1992). Os flagelos e a morfologia em espiral conferem motilidade a
bactéria, permitindo que penetre na camada viscosa de muco gastrico e se localize junto as
células epiteliais do estdmago (Taylor & Parsonnet, 1992; Covacci et al., 1999; Ferrero,
2005).

E uma bactéria microaer6fila que cresce a 37°C, necessitando de um periodo de
incubacdo de trés a sete dias. Por ser fastidiosa, € necessario para 0 seu crescimento e
isolamento, o uso de meios de cultura enriquecidos, contendo agentes antimicrobianos para
inibir o crescimento de fungos e bactérias contaminantes que podem competir por nutrientes
ou produzir substancias toxicas (Marshall & Warren, 1983; Goodwin et al., 1985a; Queiroz et
al., 1987).

Embora o genoma do H. pylori seja pequeno (1,67 megabases), contendo um

repertério minimo de genes metabdlicos, a diversidade genética do micro-organismo € maior



que a maioria das espécies bacterianas (Tomb et al., 1997). O micro-organismo apresenta
numerosas enzimas pré-formadas como urease, oxidase, catalase, fosfatase alcalina,
superdxido dismutase, aminopeptidase e desoxirribonuclease. Apesar de ser catalase e oxidase
positivo, ndo reduz nitrato a nitrito, ndo fermenta a glicose e nao hidrolisa o hipurato de sodio
(McNulty & Dent, 1987; Goodwin & Armstrong, 1990).

O H. pylori pode ser isolado do antro, do corpo ou do fundo géstricos, embora a maior
densidade bacteriana seja observada no antro (Taylor et al., 1987; Queiroz et al., 1988). O
micro-organismo distribui-se de forma focal, segmentar ou difusa na superficie da mucosa
gastrica (Marshall & Warren, 1983), localizando-se no interior ou abaixo da camada de muco
que recobre o epitélio de superficie e das fovéolas gastricas (Hazell et al., 1986), e parece
proliferar quase que exclusivamente nas células superficiais do epitélio gastrico, nédo

invadindo tecidos (Blaser & Berg, 2001).

1.3. Doencas associadas a infeccao pelo H. pylori

H. pylori coloniza a superficie da mucosa gastrica sob a camada de muco, sem invadir
o epitélio de revestimento. O micro-organismo interfere na integridade da mucosa pela
producdo de uma variedade de enzimas e toxinas, incluindo aménia, derivada da degradacéo
de uréia pela urease bacteriana, desencadeando inflamacdo caracterizada por infiltrado de
células mono e polimorfonucleadas, denominada gastrite cronica em atividade (Scheiman &
Cutler, 1999).

A infeccdo por H. pylori inicialmente se estabelece no antro géstrico onde o pH é
menos &cido. Nessa fase, a mucosa do corpo gastrico € parcialmente protegida devido a
producdo elevada de &cido pelas células parietais, ficando a reacdo inflamatoria mais restrita

ao antro gastrico (gastrite antral). Entretanto, a infeccdo pode se estender ao corpo gastrico,



levando a uma reacdo inflamatdria mais generalizada, denominada pangastrite (Cover &
Blaser, 1996; Howden, 1996; Dunn et al., 1997). No primeiro caso a infeccdo pode se
associar a Ulcera péptica duodenal (NHI, 1994; Dunn et al., 1997) e a erradicacao da bactéria
¢ acompanhada de cura da doenca. Quando o corpo gastrico é acometido, a gastrite pode
evoluir para atrofia, lesdo que precede o carcinoma gastrico (EI-Omar, 2001). Estima-se que
10% dos pacientes com gastrite atrofica irdo desenvolver carcinoma gastrico em um periodo

méaximo de 15 anos (Sheiman & Cutler, 1999).

1.4.Fatores de viruléncia do H. pylori

Vaérios fatores de patogenicidade sdo comuns a todas as amostras de H. pylori como a
motilidade e a morfologia em espiral, a producdo da enzima urease e a habilidade para aderir
ao tecido do hospedeiro (Hazel et al., 1986; Bode et al., 1989). Outros sdo identificados
somente em algumas amostras de H. pylori e parecem relacionadas ao surgimento das
doencas graves associadas a infec¢do. Dentre os fatores de viruléncia que ndo sdo expressos
por todas as linhagens de H. pylori devem ser mencionadas a citotoxina vacuolizante (VacA),
0s genes babA, sabA, oipA, dupA e a ilha de patogenicidade (PAI) cag, que contém varios
genes de viruléncia, entre eles o cagA (Tomb et al., 1997; Covacci et al., 1999, Plummer et
al., 2007).

O gene vacA, presente em todas amostras de H. pylori, codifica uma citotoxina
vacuolizante capaz de induzir diretamente a formacdo de vacuolos intracitoplasmaticos, a
destruicdo de mitocondrias, a liberacdo de citocromo ¢ e a morte de células epiteliais por
apoptose, eventos que lesam a mucosa gastrica. Além disso, a toxina aumenta a
permeabilidade epitelial, o que pode facilitar tanto a passagem de substancia toxicas para

dentro do epitélio como a difusdo de nutrientes para a camada mucosa favorecendo a



sobrevivéncia do H. pylori (Covacci et al., 1997; Kuck et al., 2001; Gebert et al, 2003; Basso
& Plebani, 2004; Nakayama et al., 2004). VacA ainda estimula a resposta inflamatoria da
mucosa gastrica por diferentes mecanismos, como por exemplo, pelo aumento da expressao
da enzima ciclooxigenase 2 (COX-2) ndo somente em células T, mas também em neutrdéfilos
e macrofagos (Montecucco & Bernard, 2003). Sun et al. (2006) demonstraram que a
citotoxina € capaz de induzir a expressao de citocinas pro-inflamatérias como IL-1p, IL-8 e
TNF-o em cultura de células epiteliais gastricas. Também, ha fortes evidéncias de que VacA
tenha atividade imunossupressora. Testes realizados in vitro demonstram que a toxina inibe a
proliferacdo de linfocitos T induzidos por ativadores policlonais (Boncristiano et al., 2003;
Gebert et al., 2003). No gene vacA ha duas familias sinalizadoras, denominadas s1 e s2, com
variacdes sla, slb e slc; bem como, duas regiGes médias, ml e m2. Recentemente, foi
descrita uma outra regido polimorfica, denominada regido i, com dois gendtipos distintos; il e
i2 (Rhead et al., 2007). Padrdes distintos estdo associados com amostras produtoras ou ndo da
toxina e diferencas quantitativas de producéo (Atherton et al., 1995). As amostras de H. pylori
tipo sl sdo consideradas mais virulentas que as s2 e sdo mais frequentemente observadas em
pacientes com Ulcera péptica (Atherton et al., 1995; van Doorn et al., 1999; Gusmao et al.,
2000; Erzin et al., 2006) e carcinoma gastrico (Evans et al., 1998; Kidd et al., 1999; van
Doorn et al., 1999; Nogueira et al., 2001; Rhead et al., 2007; Basso et al., 2008) que naqueles
com gastrite.

O gene babA codifica uma adesina que permite a ligacdo especifica da bactéria a
antigenos de Lewis b e H-1, expressos na superficie das células da mucosa gastrica (llver et
al.,1998). A aderéncia do H. pylori ao epitélio gastrico, mediada pela proteina BabA (blood-
group antigen-binding adhesin A), parece desempenhar um papel critico na transferéncia de
fatores de viruléncia bacterianos, que produzem lesdes no tecido do hospedeiro, seja

diretamente ou por meio de reagdo inflamatoria incluindo auto-imunidade. Além disso,



bactérias que se mantém mais aderidas conseguem se proteger melhor da acidez gastrica e da
eliminacdo decorrente dos movimentos peristalticos (llver et al.,1998; Rad et al., 2002; Erzin
et al., 2006).

O gene sabA codifica a proteina SabA (sialic acid-binding adhesin A), uma adesina
que se liga aos residuos glicoconjugados de acido sialico expressos na superficie das células
epiteliais gastricas na vigéncia de processo inflamatdrio ou neoplésico. A expressao de acido
sidlico, rara na mucosa gastrica normal, é induzida pela infeccdo pelo H. pylori, o que
contribui para a cronicidade da infeccdo. A adesina SabA participa da ativacdo de neutrofilos
por mecanismos outros que nao envolvem a opsonizacdo da bactéria (Mahdavi et al., 2002;
Unemo et al., 2005).

O gene oipA (outer inflammatory protein A) que codifica proteinas da membrana
externa do micro-organismo, bem como o gene iceA (inducible by contact with epithelium),
tém sido associados a maior viruléncia das amostras, embora ndo se conhecam as funcdes dos
seus produtos (Figueiredo et al., 2005).

Em 2005 foi descrito um novo possivel fator de viruléncia de H. pylori denominado
dupA (duodenal ulcer promoting gene). O dupA, localizado na regido de plasticidade do
genoma bacteriano é constituido por dois genes homologos ao virB4, jhp0917 e jhp0918 que
formam um gene continuo pela inser¢cao de uma base C ou T na posi¢do 1385 da regido 3’ do
jhp0917. A funcdo do gene é desconhecida, mas de acordo com Lu e colaboradores (2005),
produtos do dupA sdo homdlogos a uma ATPase denominada VirB4 com funcéo de producéo
de energia para a formacdo de um aparato secretor envolvido na transferéncia de DNA. Os
autores mostraram associacao entre infeccdo por amostras dupA-positivas e risco aumentado
de ulcera duodenal, bem como protecdo contra cancer gastrico (Lu et al., 2005).
Recentemente, em um trabalho feito pelo grupo do Laboratorio de Pesquisa em Bacteriologia

da Faculdade de Medicina (LPB-UFMG), os autores demonstraram que uma frequéncia muito



alta de linhagens dupA-positivas foram isoladas da mucosa gastrica de 100% e 92% das
criancas e adultos avaliados e ndo observaram associacdo entre linagens dupA-positivas e
Glcera duodenal (Gomes et al., 2008). A semelhanca do que se verifica com outros
marcadores de viruléncia do micro-organismo, existem grandes diferencas regionais na
distribuicdo de dupA. Entretanto, quando um fragmento do gene foi sequenciado para
confirmar a presenca da insercdo T ou C na posi¢cdo 1385, observou-se, em algumas amostras,
uma delecdo de uma adenina na posicdo 1311 e/ou uma inser¢do de uma adenina na posicao
1426 que criam “stop codon” precoce 0 que pode comprometer a funcdo ou a expressdo da
proteina DupA (Queiroz et al., 2008). Assim, outro trabalho realizado no LPB investigou a
frequéncia dessas mutacGes do dupA e sua associagdo com doengas graves decorrentes da
infeccdo pelo H. pylori (Queiroz et al., 2011). A delecdo de uma adenina na posi¢do 1311 ndo
se associou com Ulcera duodenal, nem com cancer gastrico. Entretanto, a frequencia da
inser¢do de uma adenina na posicdo 1426 foi significativamente maior nas amostras isoladas
de pacientes com cancer gastrico quando comparados com gastrite e com Ulcera duodenal.
Além disso, ndo foi observada diferenca na frequéncia do polimorfismo nas amostras isoladas
de pacientes com ulcera duodenal quando comparados com gastrite. Com base no fato de que
esses polimorfismos criam um stop cdédon prematuro, foram consideradas dupA-positivas,
somente as amostras que ndo apresentavam os polimorfismos (Queiroz et al., 2011). Estudos
subsequentes do grupo mostraram a presenca de outras mutagdes com “stop cddons” e as
analises mostraram que amostras com o dupA intacto estdo associados com ulcera duodenal.
A presenca de dupA intacto também se associou positivamente com infiltrado de células
mononucleadas no antro gastrico e negativamente com atrofia da mucosa oxintica, indicando
que o dupA intacto é um fator de risco para Ulcera duodenal (Avelar, 2011).

O gene cagA é um marcador da cag PAI, um fragmento de DNA de 40Kb e que contém

cerca de 31 genes. O contetdo de G + C (35%) da cag PAI difere do conteudo de G + C do



resto do genoma da bactéria (39%), sugerindo que cag PAIl tenha sido adquirida
horizontalmente e integrada ao cromossomo de H. pylori (Tomb et al., 1997; Covacci et al.,
1999). Alguns genes da ilha codificam proteinas que formam um sistema de secre¢édo do tipo
IV (Censini et al., 1996; Backert et al., 2000; Odenbreit et al., 2000) responsavel pela
translocacédo da proteina CagA para dentro do citoplasma das células epiteliais gastricas.

CagA possui sitios de fosforilagdo denominados de sequéncias EPIYA, regido
constituida de cinco aminoacidos Glu-Pro-lle-Tyr-Ala localizada na porcao carboxi-terminal
da proteina. Depois de CagA ser translocada para o interior das células epiteliais gastricas
pelo SST4, os sitios EPIYA séo fosforilados no aminoacido Tirosina por quinases da familia
Src como s-Src, Fyn, Lyn e Yes ou por quinase Abl das células do hospedeiro (Selbach et al.,
2002; Stein et al., 2002; Tammer et al., 2007; Poppe et al., 2007). Uma vez fosforilada, a
proteina CagA é recrutada na membrana celular onde interage com proteinas da familia
tirosina fosfatase (SHP-2) que apresentam dois dominios SH2. Essa interacdo de CagA com
0s dominios SH2 induz mudancas na conformacdo da fosfatase SHP-2, estimulando sua
atividade (Higashi et al., 2002b) e desencadeando mudancas no citoesqueleto celular que
levam a formacdo de pedestais que permitem maior aderéncia bacteriana, bem como ao
alongamento das células epiteliais que adquirem o fenotipo denominado “hummingbird”
(beija-flor) (Segal et al., 1996; 1999; Backert et al., 2001; Saadat et al., 2007). As alteracfes
do citoesqueleto celular sdo acompanhadas de fendmeno que desregulam o crescimento
celular, o contato célula/célula e a migracao celular, e que se associam com risco aumentado
de mutacdes geneticas pré-cancerosas (Feng et al., 1993; Yu et al., 1998).

Vérios genes da ilha estdo, ainda, envolvidos na estimulacdo da producdo da
quimiocina IL-8 pelas células epiteliais gastricas. A IL-8 é um potente fator quimiotatico e
ativador de leucdcitos polimorfonucleares e macréfagos contribuindo para uma resposta

inflamatdria mais acentuada nos pacientes colonizados por amostras cag PAI positivas.
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Outras atividades associadas a PAI cag incluem a ativacdo da transcricdo do fator AP-1 e
ativacdo da expressdo dos proto-oncogenes c-fos e c-jun, que desempenham papel crucial na
proliferacdo e transformacao celular predispondo também a oncogénese (Crabtree et al., 1994;
Rautelin et al., 1994; Fan et al., 1995; Husson et al., 1995; Torres et al., 2000; Gerhard et al.,
2002; Suerbaum & Michetti, 2002; Basso & Plebani, 2004; Bagnoli et al., 2005). A infeccéo
por amostras cagA-positivas esta associada a gastrite atréfica (Kupiers et al., 1995) e
carcinoma gastrico (Blaser et al., 1995; Queiroz et al., 1995; Queiroz et al., 1998;
Hatakeyama, 2004; Rocha et al., 2005).

A presenca de marcadores de viruléncia; entretanto, ndo é suficiente para predizer se
um paciente ird desenvolver doenca grave ou ndo. Outros fatores, como o ambiente e a

genética do hospedeiro influenciam na evolucgéo da infeccao.

1.5. Fatores do hospedeiro: resposta imunologica inata e adaptativa na
infeccdo pelo H. pylori

1.5.1. Caracteristicas gerais das respostas inata e adaptativa

O sistema imunoldgico inato representa a primeira linha de defesa contra 0s micro-
organismos patogénicos. Na vigéncia de infeccdo, a resposta imunoldgica inata é estimulada
por uma grande variedade de componentes bacterianos denominados padr6es moleculares
associados a patdégenos (PAMPs), que incluem lipopolissacarideos (LPS) de bactérias Gram-
negativas, peptideoglicano (PGN) de bactérias Gram-positivas, acido lipoteitéico e
lipoarabinomananas que compdem a parede celular de micobactérias, lipopeptideos e DNA
bacteriano, dentre outros. O reconhecimento e a resposta a essas moléculas ocorrem
principalmente via receptores do tipo “Toll like” (TLR) e NOD (nucleotide-binding

oligomerization domain). Ao reconhecerem produtos microbianos, esses receptores
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desencadeiam uma cascata de eventos intracelulares compreendendo a ativacdo de NF-xB
(nuclear factor-kappa B) e consequentemente ativacdo de genes relacionados & producdo de
citocinas pro-inflamatérias (Smith et al., 2003; Sénches et al., 2004; Eckmann, 2006).
Enquanto os TLRs estdo associados com a membrana plasmética ou lisossomos e vesiculas
endossomais, os receptores NOD s&o expressos somente no citosol (Strober et al., 2006).
Esses receptores estdo presentes nos macrofagos, neutrofilos, células dendriticas, células
endoteliais e células epiteliais de mucosa. Recentemente receptores TLR-2 foram observados
em linfécitos T naive e de memoria. Embora a imunidade inata seja a primeira linha de defesa
contra 0s micro-organismos, nem sempre 0 agente causador da infecgdo é eliminado, sendo
entdo requerida uma resposta imunoldgica denominada adaptativa, que reconhece estimulos
especificos de um determinado pat6geno.

H& estreita relacdo entre as respostas inata e adaptativa. Células da resposta inata,
como as celulas apresentadoras de antigenos - células dendriticas - estimuladas pelos PAMPs
migram para os linfonodos onde sofrem processo de maturagdo. Uma vez maduras, recrutam e
ativam linfécitos denominados T-helper (Th) responsaveis pela resposta especifica.
Classicamente, a diferenciacdo das células Th depende, além das células apresentadoras de
antigenos, de moléculas co-estimuladoras e/ou citocinas (Murphy, 2002). As citocinas
produzidas na resposta inata ou no inicio da resposta adaptativa influenciam a diferenciacéo
das células Th em linhagens responsaveis por diferentes respostas efetoras denominadas Thi,
Th2, Th17 e T reguladoras (Trg) (Chen & O'Shea, 2008), como mostra a Figura 1.

A IL-12p70 (a forma ativa da IL-12) produzida por macréfagos ativados e células
dendriticas induz a diferenciacdo de células T em células Thl que produzem principalmente
IFN-y (interferon-gamma), bem como IL-2, IL-12p70 e TNF-o (Tumor Necrosis Factor-a)
por uma via dependente de STAT4 (Signal Transducers and Activators of Transcription

factor 4) e do fator de transcricdo T-bet (T-box Transcription Factor) (Chen & O'Shea, 2008).
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As citocinas produzidas pelas células Thl sdo pro-inflamatorias e fundamentais na imunidade
celular, atuando principalmente contra patogenos intracelulares (Zhu et al., 2010).

A IL-4 participa no processo de diferenciacdo em células Th2 que secretam citocinas
anti-inflamatorias como IL-4, IL-5, e IL-13 associadas a imunidade humoral, desempenhando,
também, papel importante nas infeccbes causadas por parasitas como o0s helmintos. Essa
diferenciacédo é dependente de STAT6 e do fator de transcricdo GATA3 (Trans-acting T-cell-
specific transcription factor 3) (Chen & O'Shea, 2008; O'Keeffe & Moran, 2008; Zhu et al.,
2010; Littman et al., 2010).

Recentemente, foi descrita uma nova linhagem de células Th, distinta das células Thl
e Th2, denominada Th17. A diferenciacdo de células Th17 depende dos fatores de transcricdo
STAT3 e RORyt (retinoid orphan nuclear receptor) e das citocinas IL-1p, IL-6, IL-23 e TGF-
B (Volpe et al., 2008; Korn et al., 2009; Littman et al., 2010). Embora haja divergéncia entre
os trabalhos quanto a participacdo da IL-23 na diferenciacdo das células Th1l7 em seres
humanos, ha consenso de que € importante para a manutencao/estabilizacdo da sintese de
citocinas pro-inflamatérias pelas células Thl7 (McGeachy et al., 2007; Awasthi & Kuchroo,
2009). As células Th17 produzem quimiocinas e citocinas pro-inflamatérias como IL-17A,
IL-17F, IL-6 e TNF-a que atuam na resposta imunoldgica contra bactérias extracelulares e
fungos. Ainda, ha evidéncias de que sdo importantes mediadoras inflamatérias nas doencas da
auto-imunidade (Wilson et al., 2007; Hashimoto et al., 2010).

A acdo de citocinas imunomoduladoras como IL-10 e TGF-B sobre células T CD4"
natve pode induzir diferenciacdo para outro grupo de células, denominadas células T
reguladoras (Treg). As células Ty podem ser distinguidas de outras células T CD4" por
apresentarem expressdo de receptores CD25 e do fator de transcricdo Foxp3 (transcription
factor forkhead box P3). Células T CD4'CD25  na presenca de TGF-B e IL-2 se diferenciam

em células reguladoras CD4"CD25"Foxp3* (Chen et al., 2003; Wahl, 2007), capazes de inibir



13

varias células, tanto relacionadas a imunidade inata quanto a adaptativa (Itoh et al., 1999). As
células Tyeg tém papel essencial na manutengao da resposta imunologica, funcionando como
reguladoras de células T efetoras por meio de uma variedade de processos, que incluem: a
producdo de citocinas moduladoras, como a IL-10 e TGF-B, a inducdo de citdlise pela
producdo de granzimas, bem como a interrupcdo do metabolismo das células efetoras
CD4/CD8 (Yamaguchi & Sakaguchi, 2006; O'Keeffe & Moran, 2008; Feuerer et al., 2009).
Celulas Ty participam do controle da resposta imunologica em doengas da auto-imunidade,
alergia, rejeicdo de transplantes de 6rgdos, bem como na supressdo da resposta imunoldgica

ao cancer (Yamaguchi & Sakaguchi, 2006; Sakaguchi et al., 2008).

INF-v
Th1 —_ IL-2 * Resposta a patégenos
STATH IL-12p70 intracelulares.
- T-bet TNF-a
" \;,-\’L‘ﬂ?,
' . Th2 IL-4 * Resposta a parasitas
A\ o STAT6/ — IL-5 ) '
- & - GATA3 IL-13 como helmintos.
4 - N “___,
Células )
T CD4*
H_~6‘ ”_ 21 IL-17A
- qu . ‘
L~23 B i _
TGF = Th17 — ::: ;7': - Resposta a bactérias
o STAT3/ . extracelulares e fungos.
ROR.t IL-22
,_f(~7 ¥
B a /{? TNF-a
- 7@p
Treg — TGF-B * Células reguladoras da
STATS/ IL-10 resposta inata e Th1.

Foxp3

Figura 1: Diferenciacdo das células T CD4": Células T CD4" naive depois de ativadas, na presenca de
IL-12p70, séo diferenciadas em células Thl que tém como principal produto o IFN-y. Essa

diferenciagdo é regulada principalmente por STAT4 e T-bet. IFN-y tem grande importancia na defesa
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contra patdgenos intracelulares. Em resposta a IL-4, células T CD4" naive se diferenciam em células
do tipo Th2 através da ativacdo dos fatores de transcricio STAT6 e GATAS. IL-4 é a principal
citocina produzida pelas células Th2 e tem papel fundamental na defesa contra parasitas como 0s
helmintos. A diferenciacdo das células T CD4" naive em células Th17 ocorre pela ativagdo dos fatores
de transcricdo STAT3 e RORyt por diferentes citocinas. IL-17 é uma das principais citocinas
produzidas pelas células Th17 e tem grande importancia na resposta contra bactérias extracelulares.
Em resposta a ativacao dos fatores de transcricdo STAT5S e Foxp3 pelas citocinas IL-10, TGF-B e IL-2,
as células T CD4" naive se diferenciam em células Ty As citocinas TGF-B e IL-10 sdo produtos das
células T4 que tem como principal fungéo a modulacéo da resposta inflamatoria regulando a resposta

inata e adaptativa.

1.5.2. Resposta imunoldgica inata e adaptativa na infeccdo pelo H.

pylori

Estudos tém demonstrado que a infeccdo pelo H. pylori induz inflamagdo por varios
mecanismos, entre eles o contato direto do micro-organismo com células epiteliais gastricas,
bem como com células especificas da resposta imunologica. Ha evidéncias de que antigenos
da bactéria sdo reconhecidos por receptores TLR 2 e 4 (extra-celulares) e TLR 7, 8 ¢ 9
(intracelulares) (Rad et al., 2009). Embora haja discordancia entre os estudos, ha, também,
evidéncias da participacdo tanto de receptores NOD1 (Viala et al., 2004, Rosenstiel et al.,
2006) como de NOD?2 (Rosenstiel et al., 2006).

A maioria das bactérias intracelulares induz respostas do tipo Th1l. Baseado no fato de
que o H. pylori é um micro-organismo ndo-invasivo e que a infecgdo é acompanhada por uma
exuberante resposta humoral, esperava-se que ndo houvesse predominio de resposta do tipo
Th1. No entanto, a maioria dos clones de células T especificos presentes na mucosa gastrica
infectada pela bactéria produz niveis elevados de IFN-y, principal produto das células Thl
(D’Elios et al., 1997). H. pylori também estimula a producdo in vitro de IL-12p70,

considerada a principal citocina que promove a diferenciacdo de células Thl. Entretanto, essa
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resposta aparentemente nao é efetiva na eliminacdo do micro-organismo resultando em uma

infeccdo crénica acompanhada de gastrite (Bamford et al., 1997).

1.5.2.1. Infeccdo pelo H. pylori e niveis gastricos de citocinas em

adultos

O perfil de citocinas na infeccdo pelo H. pylori tem sido estudado, sobretudo em
adultos. Crabtree et al., (1991), usando ensaio imunoenzimatico, demonstraram niveis
gastricos aumentados de IL-6 e TNF-a em pacientes H. pylori-positivos na Inglaterra. Noach
et al. (1994) observaram niveis de IL-1B ¢ TNF-o significativamente maiores na mucosa
gastrica de pacientes holandeses com a infeccdo pelo H. pylori quando comparados com
aqueles sem a infeccdo. No estudo de Fan et al. (1995), além do aumento na concentracdo de
TNF-0, os autores observaram aumento de IL-8 na vigéncia da infeccdo em pacientes
irlandeses.

Resultados semelhantes foram relatados por Peek et al. (1995b) quando estudaram
uma populacdo americana, avaliando, por ensaio imunoenzimatico, os niveis de IL-8 na
mucosa gastrica de pacientes H. pylori-positivos e negativos. Ainda, os autores observaram
gue os niveis de IL-8 eram significativamente maiores nos pacientes colonizados por amostras
cagA-positivas. No mesmo estudo, embora tenha sido demonstrado aumento de expressao de
MRNA de IL-1a e IL-1p na mucosa gastrica dos individuos infectados pelo H. pylori, ndo
houve diferenca significativa na concentragédo de IL-la entre o grupo infectado e ndo
infectado. Também foi observado aumento da expressdo de mRNA de IL-2 e IL-10 na
mucosa gastrica de pacientes H. pylori-positivos; entretanto, 0s niveis dessas citocinas ndo
foram avaliados. Resta ressaltar que a determinacdo foi feita em um nimero muito pequeno

de individuos (7 H. pylori-negativos e 14 H. pylori-positivos). Entretanto, em outro estudo
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realizado nos Estados Unidos, Karttunen et al. (1997) ndo observaram expressao aumentada
de mRNA de IL-10 em pacientes infectados quando comparados com os ndo infectados. Os
autores, também, ndo observaram expressdo aumentada de mRNA de INF-y nos pacientes
infectados pelo H. pylori.

Em um trabalho realizado na Inglaterra, Hida et al. (1999) demonstraram expressao
mais elevada de mMRNA de IL-10 e IL-12p40 na mucosa gastrica de pacientes infectados pelo
H. pylori que naqueles H. pylori-negativos. Além disso, 0s autores observaram expressao
mais elevada das duas citocinas na mucosa gastrica de pacientes infectados por amostras de
H. pylori cagA-positivas. Ao estudarem pacientes italianos, além do aumento dos niveis
gastricos de IL-12, Pellicano e colaboradores (2007) também observaram niveis gastricos
aumentados de IL-4 e INF-y. Por outro lado, Serrano et al. (2007) ndo observaram diferenca
significativa nos niveis gastricos de I1L-10 e IL-12 entre pacientes mexicanos infectados ou
ndo pela bactéria. Os autores observaram niveis gastricos de IL-4 e INF-y mais elevados nos
pacientes H. pylori-positivos que nos pacientes H. pylori-negativos; entretanto, a diferenca
ndo foi significativa. Vale ressaltar que o estudo conduzido por Serrano et al. (2007) avaliou
um numero pequeno de pacientes (4 H. pylori-negativos e 41 H. pylori-positivos).

Na populacdo asiatica, Yamaoka et al. (1997) observaram que as concentracdes de IL-
1B, IL-6, IL-8 e TNF-0, mas ndo de IL-10, eram significativamente maiores na mucosa
gastrica dos pacientes japoneses infectados que daqueles sem a infeccdo. A semelhanga do
estudo de Peek et al. (1995b), os niveis de IL-1B e IL-8 eram maiores nos pacientes
colonizados por amostras de H. pylori cagA-positivas. Também estudando pacientes
japoneses, Katagiri et al. (1997) observaram que os niveis de TNF-o eram significativamente
maiores nos pacientes infectados quando comparados com aqueles sem infeccao.

Quanto a principal citocina que caracteriza o perfil Thl7, aumento significativo nos

niveis de IL-17A e expressdo elevada de mRNA de IL-17A foram observados na mucosa
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gastrica de pacientes japoneses e italianos H. pylori-positivos, respectivamente (Mizuno et al.,
2005; Caruso et al., 2008). No estudo de Caruso et al. (2008), além do aumento da expressao
de mRNA de IL-17A, os autores observaram aumento de 1L-23 na vigéncia da infeccdo pelo
H. pylori. Entretanto, pouco se conhece sobre a participacdo das células Thl7 na resposta a

infeccdo pela bactéria.

1.5.2.2. Infeccdo pelo H. pylori e niveis gastricos de citocinas em

criancgas

Ha& poucos trabalhos avaliando a participacdo de citocinas na infecgdo por H. pylori
em criangas, poucos pacientes foram avaliados, e os resultados dos estudos séo discordantes.
Deve ainda ser ressaltado que h& grandes variagcbes nos meétodos adotados nos diferentes
estudos e populagdes geneticamente distintas foram incluidas.

Kutukguler et al. (1997) observaram niveis elevados de TNF-a em sobrenadante de
cultura de mucosa gastrica de criancas polonesas H. pylori-positivas. Guiraldes et al. (2001),
em um estudo realizado no Chile, demonstraram que niveis de IL-1f, IL-8 e TNF-a elevados
na mucosa gastrica de criancas associaram-se com a infeccdo pela bactéria. Luzza et al.
(2001), em um estudo realizado na Italia, demonstraram que a expressdao de mMRNA de IL-2,
IL-8 e IL-17 e INF-y era mais elevada em criancas H. pylori-positivas que nas negativas;
entretanto, ndo foi observada diferenca significativa na expresdo de mRNA de IL-4 e I1L-10
entre os grupos. Shimizu et al. (2004) também encontraram um aumento significativo do
nivel de IFN- vy na mucosa gastrica de criangas japonesas positivas em compara¢do com as
negativas. Oderda et al. (2007), em um estudo desenvolvido na Italia, demonstraram

expressdo gastrica aumentada de mRNA INF-y, bem como de IL-10 em criangas H. pylori-
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positivas. A expressdo de I1L-10 foi vista ser foi maior em criancas com idade maior ou igual a

4 anos.

1.5.2.3. Comparacao entre 0s niveis gastricos de citocinas em criancas

e adultos

H4&, até o momento, apenas um estudo compararando a expressdo de citocinas entre
criancas e adultos com infeccdo pelo H. pylori. Além de os autores confirmarem que o grau
de gastrite € mais moderado nas criancas infectadas pela bactéria que nos adultos, observaram
um numero maior de células Tg, bem como concentragdo mais aumentada dos seus dois
principais produtos, IL-10 e TGF-B1, na mucosa gastrica de criangas quando comparadas

com os adultos H. pylori-positivos (Harris et al. 2008).

1.5.2.4. Polimorfismo no gene que codifica IL-2: comparacao entre

adultos e criancgas

A IL-2 tem funcgdes distintas na resposta adaptativa. Por um lado, tem uma funcao
redundante envolvida na reposta pro-inflamatéria Thl participando no aumento da producgédo
de INF-y. Participa também de maneira nfo redundante na diferenciagio de células T CD4"
naive em TegFOXp3”.

E importante salientar que estudos realizados “in vitro” demonstraram que o
polimorfimo do gene IL2 na posi¢do -330 (substituicdo de T— G) aumenta a expressao de IL-
2 (Hoffmann et al., 2001).

Portanto, varios pontos merecem ser investigados, visto que a infecgdo é adquirida na
infancia, o polimorfismo de IL2 aumenta a producdo da citocina e IL-2 pode atuar

positivamente na diferenciacdo tanto de uma resposta pro-inflamatdria Thl quanto de uma
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resposta moduladora, Trg, 0 que pode repercutir na aquisi¢do ou resisténcia a infeccédo na

dependéncia da polarizagéo.
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2. Objetivos

1- Avaliar as concentracdes de citocinas associadas a resposta imunoldgica inata e adaptativa
(Thl, Th2, Th1l7 e T.g) Na mucosa gastrica de criancas e adultos H. pylori-negativos e

-positivos;

2- Comparar os resultados observados nas criangas com aqueles obtidos nos adultos;

3- Avaliar, por imunohistoguimica, a expressdo de Foxp3 nos linfocitos da mucosa gastrica de

criancas e adultos infectados ou ndo pela bactéria, comparando 0s grupos;

4- Investigar se a presenca do polimorfismo no gene que codifica IL-2 na posi¢do -330 T/G

esta associada a susceptibilidade a infeccao pelo H. pylori.

5- Avaliar se o polimorfismo IL2-330T/G ¢ funcional, pelo efeito na concentracdo sérica de

IL-2, IL-10, INF-y e TFG-B1 em criancas e adultos H. pylori-positivos e -negativos.



3. Trabalhos cientificos

3.1. Trabalho 1
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Abstract

Th17 cells seem to have an important role in the efficacy of vaccines against
Helicobacter pylori. Because children are a target group for human vaccination and
Th17/Twqy cells have intrinsically linked and antagonic commitments, we compared
the gastric levels of Th17- and T.eg-associated cytokines of children and adults. IL-6,
IL-10 and TGF-B1 levels and Foxp3" cell numbers were higher, but IL-1B, IL-17A and
IL-23 were lower in infected-children than in infected-adults. In conclusion Teg

instead of Th17 cell response to H. pylori-infection predominates in children.

Keywords: Helicobacter pylori; Th17; Teq; Children; Adults.
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1. Introduction

Helicobacter pylori is a well recognized gastric pathogen that infects more than
50% of the world’s population. The infection is acquired predominantly in childhood,
persists throughout life and predisposes to severe diseases such as peptic ulcer or
gastric carcinoma in adulthood [1]. Most infected children do not develop
complication; but, the immunological events that take place in the child gastric
mucosa might be decisive in the immune response and might determine the final
infection’s outcome in adulthood.

The exposure to bacterial antigens induces in the host the innate immune
response that strongly participates in the development of the adaptive immunity by
activating T lymphocytes to differentiate into T helper (Th) effector cells categorized
mainly by the cytokines they produce. The Thl cell subset protects the host against
intracellular bacteria and the recently discovered proinflammatory Thl7 cells are
involved in the protection against extracellular bacteria [2]. The Thl cell response to
H. pylori infection has been largely studied [3-6]; but, although H. pylori is an
extracellular pathogen, there are few studies evaluating the Th17 cell response to the
infection [6-8]. It has also to be emphasized that in mouse models Th17 cells have
been considered to have a more important role in the efficacy of vaccines_[9-11],
which indicates that Th17 cell subset needs to be better investigated, especially in
children, who are the target group for vaccination. The development of Th17 cells in
human beings depends on a cytokine milieu rich in IL-1B3, IL-6 and TGF-B that
initiates the differentiation process and IL-23 that participates in the expansion and
maintenance of the Thl7 cells [12-13]. Although apparently paradoxical, TGF-$
participates in both Th17 and T.q cell differentiation. In the former by activating the

transcription factor RORyt (retinoid-related orphan receptor y) or RORc, the human
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homologue of RORyt, and in the later, by activating the Foxp3 (forkhead box 3/
winged helix) transcription factor [14-16]. Because Tq limits bacterium elimination
and Trg/Th17 cell commitments are intrinsically linked, we aimed to determine the
gastric levels of the proinflammatory Th17 cell signature cytokine, IL-17A, and the
cytokines associated with Th17 and T.eg cell differentiation in children comparing the

results with those obtained in adults.

2. Materials and methods

This study was approved by the Ethics Committee of the Universidade Federal
de Minas Gerais, Belo Horizonte, Brazil. Signed informed consent to participate was
obtained from the adults as well as from the children (whenever possible) and their

parents.

2.1. Study population

We studied prospectively 245 children [142 H. pylori-negative (62 female, 9.5
*+ 3.4 years, range 1 - 18 years)] and 103 H. pylori-positive (43 female, 10.6 + 3.4
years, range 2 - 18 years)] and 140 adults [40 H. pylori-negative (20 female, 42.2 +
15.1 years, range 19 - 69 years) and 100 H. pylori-positive (63 female, 52.3 + 16.2
years, range 19 - 87 years)] who underwent endoscopy to clarify the origin of
symptoms referable to the upper gastrointestinal tract. Patients with peptic ulcer,
gastric cancer and other complications and those who received antimicrobial drugs,
anti-cholinergic and anti-inflammatory agents or proton pump inhibitors for at least 30
days before endoscopy were not included. All patients were natives of the Minas

Gerais state with the same genetic background, approximately 33% of Portuguese,
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33% of Amerindian and 33% of African ancestry, homogenously present in each
subject [17]. Biopsy specimens were obtained from the antral and oxyntic gastric
mucosa of all patients for evaluation of the H. pylori status and histological
parameters and from the antral mucosa for the cytokine concentration determination

and TegFoxp3* immunohistochemistry.

2.2. H. pylori status

H. pylori status was evaluated by culture, preformed urease test,
carbolfuchsin-stained smear, polymerase chain reaction (PCR) for ureA, and *3C-
urea breath test as previously described [18]. Patients were considered H. pylori-
positive when culture was positive or at least two of the other tests were positive and

H. pylori-negative when the results of all tests were negative.

2.3. DNA extraction

Tissue and bacterial culture DNA was extracted with QlAamp® DNA mini kit
(Quiagen GmbH, Hilden, Germany) according to the manufacturer’s
recommendations. The presence of the ureA H. pylori specific gene was evaluated,

according to Clayton et al. [19].

2.4. Histology

Fragments from the antral and oxyntic mucosa were fixed in 10% formalin and
embedded in paraffin wax, and 4-um-thick histological sections were stained with
hematoxylin and eosin. The sections were analyzed according to the revised Sydney

System [20]. Mononuclear and polymorphonuclear cell infiltrations as well as
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intestinal metaplasia and atrophy were graded as none (0), mild (1), moderate (2), or

marked (3).

2.5. Determination of the gastric cytokine levels

Two antral biopsy fragments were immediately placed into cryotubes, frozen in
liquid nitrogen and stored at -80°C until used. Aliquots of homogenate supernatant in
1.5 mL PBS, pH 7.4 containing 2 pug/mL aprotinin were obtained by centrifugation
(10,000 g for 10 minutes). The total protein concentration was measured by
Bradford’s method. The gastric levels of the cytokines involved in the Th17 and T g
cell commitment, IL-18, IL-6, IL-10, IL-17A, IL-23, and TGF-B1 (after activation), were
assayed in duplicate by ELISA (Biosource, Camarillo, CA). The cytokine mucosal
levels were expressed as picogram of cytokine per milligram of protein (pg/mg
protein). IL-13 and IL-6 levels were evaluated by ultra sensitive kits. The minimum
detectable levels of the cytokines are 0.06 pg/mL (IL-18), 104 fentogram per millilitre
-fg/mL (IL-6), 0.2 pg/mL (IL-10), 2.0 pg/mL (IL-17A), 4.0 pg/mL (IL-23) and 15.6
pg/mL (TGF-B1). All values below the detection levels were regard as undetectable

and were ascribed the value zero.

2.6. TiegFOXp3+ cell number

The TegFoxp3 cell number was assessed in formalin-fixed paraffin-embedded
sections of antral mucosa of 50 children and 50 adults, who were randomly selected,
by conventional immunohistochemistry using as first antibody 1:35 diluted mouse
anti-human Foxp3 IgG (mAbcam 22509, Abcam, Cambridge, UK) with modifications

including incubation with Novocastra Post Primary Block for 30 minutes and with
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NovoLink polymer for 30 minutes (Novocastra Laboratories Ltd, Sdo Paulo, Brazil).
Sections were counterstained with Meyer's hematoxycillin and then mounted.
Fragments of inflamed ileum from patients with active Crohn’s disease were included
as positive control and slides containing tissue sections without addition of primary
antibody, as negative control. The mononuclear cells with the nucleus stained in
brown were considered positive for Foxp3. The number of Foxp3-positive cells
(proportional to the number of all lymphocytes) was evaluated in 20 representative

visual fields at a magnification of 1,000x in an Olympus CX41RF microscope.

2.7. Statistical analysis

Data were analysed with SPSS (SPSS Inc., Chicago, IL) statistical software
package version 17.0. In addition to the visual examination of the histograms and box
plots, the Kolmogorov-Smirnov goodness-of-fit was used to assess the normality of
the data. When significant departures from normality were detected the data were log
transformed. The two-tailed Student’s t test was used to compare the sub groups of
patients. The score of mononuclear and polymorphonuclear cells in the antral and
corpus mucosa, as well as the number of Foxp3 positive cells was compared by the

Mann Whitney U test. The level of significance was set at p < 0.05.

3. Results

3.1. Population
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No difference in the sex frequency was observed between infected and
uninfected children (p = 0.65) and adults (p = 0.28); but, the mean age was higher in
H. pylori-positive children (p = 0.002) and adults (p = 0.005) than in the -negative
groups.

The score of the antral and corpus mononuclear and polymorphonuclear cells
was higher in H. pylori-positive than in H. pylori-negative children and adults. The
degree of mononuclear cells in the antrum and the corpus as well as of
polymorphonuclear cells in the antrum and the corpus were significantly higher in
infected-adults than in infected-children (Table 1). Also, atrophy and intestinal

metaplasia were observed only in the gastric mucosa of adults

3.2. Cytokine levels in the gastric mucosa of children and adults

3.2.1. H. pylori-negative group

In the H. pylori-negative group, IL-1p, IL-6, IL-10, IL-17A, IL-23 and TGF-p1
were naturally expressed in the gastric mucosa of 44.4%, 3.5%, 52.8%, 86.6%,
12.7% and 59.2% of the children and in the gastric mucosa of 97.5%, 82.5%, 42.5%,
100%, 22.5% and 100% of the adults, respectively. When children and adults were
compared, the mean gastric levels (pg/mg of protein) of IL-1B (19.2 £ 56.9 vs. 227.5
+112.4, p < 0.001), IL-6 (2.8 + 15.3 vs. 21.0 + 14.5, p < 0.001), IL-17A (152.8 + 98.2
vs. 192.9 + 124.5, p = 0.03), IL-23 (26.2 + 73.6 vs. 34.7 + 67.0, p = 0.05) and TGF-B1
(1101.7 £ 1194.3 vs. 3742.1 £ 1601.3, p < 0.001) were significantly lower, but IL-10
levels (34.5 + 43.9 vs. 18.0 = 24.3, p < 0.001) were higher in the children than in the

adults.
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3.2.2. H. pylori-positive group

All cytokines, but IL-23 (detected in 86.4% of children and 82.0% of adults),
were detected in the gastric mucosa of all H. pylori-positive children and adults.

The gastric levels of IL-6 (p < 0.001), IL-10 (p < 0.001) and TGF-1 (p = 0.04)
were significantly higher in the gastric mucosa of children than in adults. Otherwise,

IL-18 (p < 0.001), IL-17A (p < 0.001) and IL-23 (p = 0.001) gastric levels were

significantly higher in adults than in children (Fig. 1).

3.3. Comparison of the gastric cytokine levels between H. pylori-positive and
-negative patients

The gastric concentrations of all cytokines were significantly higher in infected
than in non-infected children (p < 0.001 for all) (Fig. 2A) and adults (p = 0.004 for IL-
1B and p < 0.001 for the other cytokines) (Fig. 2B).

An 11.5-, 307.1-, 20.6-, 3.2-, 15.8- and 7.1-fold increased gastric levels of IL-
1, IL-6, IL-10, IL-17A, IL-23 and TGF-p1, respectively, was observed in infected
children when compared with non-infected ones.

The concentration of IL-18, IL-6, IL-10, IL-17A, IL-23 and TGF-B1 were 1.3-,

18.6-, 6.3-, 4.2-, 17.5- and 1.8-fold increased, respectively, in the gastric mucosa of

H. pylori-positive adults when compared with the bacterium-negative ones.

3.4. Foxp3 cells

The proportion of Foxp3™ stained/mononuclear cells was significantly higher in
the H. pylori-positive children (median: 0.30; range: 0.15-0.75; p = 0.001) and adults
(0.14; 0.05-0.23; p = 0.02) than in the H. pylori-negative groups (median: 0.02, range

0.01-0.03; 0.015, 0.00-0.05; respectively).
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The proportion of Foxp3 stained/mononuclear cells was significantly higher (p
= 0.009) in the antral mucosa of H. pylori-positive children (median: 0.30; range:

0.15-0.75) than in that of adults (0.14; 0.05-0.23) (Fig.3).

4. Discussion

Because H. pylori infection is usually acquired in early childhood, events that
take place in this age might influence or even determine susceptibility to the infection
and might also contribute to the clinical outcomes in adulthood. Therefore, a better
understanding of the child’s immune response to H. pylori infection is the first step in
the development of an effective vaccine to target children. It has been recently
demonstrated that the efficacy of a vaccine against H. pylori in mouse models relies
more on Th17 than on Thl cell response [9-11]. However, to date, we are aware of
only one study evaluating IL-17 cell response to H. pylori in children [6]. Luzza et al.
demonstrated an increased IL-17A mRNA gastric expression in H. pylori-positive
children; but, other cytokines linked to the Thl7 cell commitment were not
investigated by the authors. In adults, higher levels of IL-17A and expression of IL-
17A mRNA were observed in the gastric mucosa of H. pylori-positive than in that of
H. pylori-negative Japanese [7] and Italian [8] patients. In the later, increased levels
of IL-23 was also observed in the gastric mucosa of H. pylori-positive adults and the
authors also demonstrated the role of IL-23 in increasing the production of IL-17 by
gastric mononuclear cells “in vitro”.

In agreement with the above cited studies, higher IL-17A gastric levels were
observed in infected than in uninfected children and adults.

Th17 cell commitment pathway is well known in mice. The cell originates from

naive CD4 T cells stimulated by IL-6 and TGF- and IL-23 seems to be essential for
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cell stabilization/amplification [21]. There are evidences that IL-1B, IL-6, TGF-B and
IL-23 are all also essential for human Th17 differentiation and maintenance [2,12], as
our results in adults suggest. However, in children, the picture is a quite little
different. Of note, IL-6 was not naturally detected in the gastric mucosa of most non-
infected children, but the infection induced a huge cytokine expression. IL-6 is
produced by different cells, including those of the innate immune system, which
might explain the results we observed in children because H. pylori infection is mainly
acquired in childhood. However, other cells of the adaptive immunity are also
important source of IL-6 such as Th17 cells. In turn, there are consistent evidences
that IL-6 participates in the human Th17 cell commitment. IL-6 is extremely potent in
suppressing TGF-B-driven induction of Foxp3 resulting in strong induction of Th17
[2]. Thus, the current consensus is that IL-6 induces Th17 differentiation together
with TGF-B. TGF-B is required not only for Th17, but also for Ty differentiation, by
inducing both key transcription factors, RORyt/RORc and Foxp3, respectively [18-20].
However, in the absence of IL-6, an exclusive Teq differentiation occurs as Foxp3 is
able to associate with and to inhibit RORyt. Otherwise, in the presence of IL-6, this
inhibition is abrogated allowing Th17 differentiation [22].

Unexpectedly, the IL-6 rich gastric milieu of H. pylori-infected children did not
substantially inhibit the T,eg commitment as it is confirmed by the increased number
of Foxp3™ cells and high gastric concentration of IL-10 and TGF-B induced by the
infection as also observed by Harris et al. in Chilean children [23]. One might
hypothesize; however, that the disturbance is due to the lower gastric levels of I1L-23
in children when compared with adults, which prevents the amplification/stabilization
of the shifted Th-17 cells. Another possibility is the high concentration of TGF- in the

gastric milieu of infected children. At low concentrations, TGF-$ synergizes with IL-6
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to promote IL-23 receptor (IL-23r) expression, favouring Th17 cell commitment. High
concentrations of TGF-B; however, repress IL-23r expression and favor Foxp3™ Teq
cell differentiation [24]. Finally, a recent study has demonstrated that IL-6
overproduction in vivo by an IL-6 transgenic mouse does not affect the development
and function of natural Teq [25].

The predominant T4 instead of Th17 cell differentiation in H. pylori-infected
children might account to the susceptibility of children to the infection as well to the
bacterium persistence. It may also explain the lower degree of gastritis observed in
infected children than in infected adults, especially in respect to the number of
polymorphonuclear cells that depends on the recruitment and activation induced by
IL-17A. It has to be highlighted that polymorphonuclears cells are considered
relevant to the clearance of the infection. In mice, the IL-17 production and the
associated neutrophil infiltration seem to be essential in the H. pylori clearance
induced by the vaccine [10-11].

Finally, all the results we observed could be attributed to infection by a more
virulent H. pylori strain because neither difference in the prevalence of the infection
by a CagA-positive strains between adults and children nor to association between
CagA status and cytokine concentration (data not shown) was observed.

In conclusion Ty instead of Thl1l7 cell response to H. pylori-infection

predominates in children.
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Legend for figures

Figure 1 - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive children (n = 103) and
adults (n = 100). The upper and lower limits of the boxes represent the 75" and 25"
percentiles, respectively. The horizontal bar across the box indicates the median and
the capped bars indicate the minimum and maximum data values. The data were

analyzed by the two-tailed Student’s t. * P < 0.001, ** P = 0.001 and *** P = 0.04.

Figure 2A - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive children (n = 103) with
children without H. pylori infection (n = 142). The upper and lower limits of the boxes
represent the 75" and 25™ percentiles, respectively. The horizontal bar across the
box indicates the median and the capped bars indicate the minimum and maximum
data values. The data were analyzed by the two-tailed Student’s t test. * P < 0.001.
2B - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive (n = 100) and —negative
(n = 40) adults. The upper and lower limits of the boxes represent the 75" and 25™
percentiles, respectively. The horizontal bar across the box indicates the median and
the capped bars indicate the minimum and maximum data values. The data were

analyzed by the two-tailed Student’s t. * P < 0.001, **P = 0.004.

Figure 3 - Immunohistochemistry for T,g Foxp3+ cell in the gastric mucosa of a H.

pylori-negative child (A); H. pylori-positive child (B); H. pylori-positive adult (C); brown
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staining indicates positive cells whereas negative cells are counterstained with

hematoxylin. Magnification: 1,000x.
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Figure 3:
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Abstract

We aimed to investigate to compare children and adults in respect to the effect
of H. pylori infection on the gastric levels of cytokines linked to the innate immune
response and to the adaptive Th1/Th2 response. We studied 245 children (142 H.
pylori-negative and 103 H. pylori-positive) and 140 adults (40 H. pylori-negative and
100 H. pylori-positive). The cytokines representative of the innate compartment (IL-
1a, IL-1p, IL-6, IL-12p70 and TNF-a), Th1 (IL-2, IFN-y) and Th2 (IL-4) responses
were higher in the H. pylori-positive than in the -negative children and adults. By
comparing children and adults the mean levels of the Th2 cell (IL-4, p < 0.001) and
the immune innate compartment (IL-1a, p < 0.001; IL-6, p < 0.001 and TNF-q, p <
0.001) cytokines were significantly higher in the H. pylori-positive children than in the
infected adults. However, the gastric levels of the cytokines linked to the Thl cell
response (IL-2, p = 0.005; IL-12p70, p < 0.001 and IFN-y, p < 0.001), and also IL-13
(p < 0.001), were significantly higher in adults than in children. In the children, the
gastric concentration of IL-18 and IL-2 increased with the increasing age (p = 0.003
for both). The IFN-y gastric concentration also increased in children older than 14
years of age (p = 0.05). Otherwise, in adults, the mean levels of Thl linked cylokines,

IFN-y, IL-2 (p = 0.01 for both) and IL-12p70 (p = 0.005), decreased in elderly age.

Key words: Helicobacter pylori, cytokines, children, adults, innate immune response,

adaptive immune response.
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1. Introduction

Helicobacter pylori causes one of the most common chronic infections in
human beings, being present in the gastric mucosa of more than 50% of the world’s
population. The infection is predominantly acquired in childhood and persists for life
unless treated [1]. In most persons, the natural history of the infection is without
complications, but peptic ulcer disease, distal gastric carcinoma, or mucosa-
associated lymphoid gastric lymphoma may occur in a percentage of the infected
individuals [2-3].

Although the infection is acquired early in life, the associated diseases will
develop mainly in adulthood. Probably, the nature of the immune response and the
amount of the diverse inflammatory mediators present in the gastric mucosa in
childhood are determinant factors for the final infection’s outcome in adulthood.

Immune response against H. pylori includes acute/innate [4-6] and
chronic/adaptive components [7-8] The infection leads to gastric inflammation with
increased number  of inflammatory  cells, such as neutrophils,
monocytes/macrophages and plasma cells and increased production of mucosal
inflammatory cytokines [9-14].

Several studies provided evidences that in adults, Thl, and more recently,
Th17 cell responses contribute to the gastric inflammation during the infection [15-
19]. However, although the early phases of the infection occur in childhood there are
few studies evaluating the child immune response to the infection that may have a
crucial role in modulating the adaptive response and ultimately in the development of

the associated diseases in adulthood. Recently, we have demonstrated increased
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levels of IL-17 cell-associated cytokines in infected children. However, the Th17 cell
response was significantly higher in infected adults than in infected children [19].
Therefore, in this study, we aimed to investigate differences between children
and adults in respect to the effect of H. pylori infection on the gastric levels of the
representative cytokines of the innate response compartment as well as those

associated with the adaptive Th1/Th2 response.

2. Patients and Methods

This study was approved by the Ethics Committee of the Universidade Federal
de Minas Gerais, Belo Horizonte, Brazil. Signed informed consent to participate was
obtained from the adults as well as from the children (whenever possible) and their

parents.

2.1. Study population

We studied prospectively 245 children (142 H. pylori-negative and 103 H.
pylori-positive) and 140 adults (40 H. pylori-negative and 100 H. pylori-positive) who
underwent endoscopy to clarify the origin of symptoms referable to the upper
gastrointestinal tract. Patients with peptic ulcer, gastric cancer, coagulation disorders
and complications such as gastric perforation or haemorrhage, anatomical obstacle
to endoscopy, or esophageal varices and patients who had already undergone
gastric surgery were not included in the study. None of the patients had received
antimicrobial drugs, anti-cholinergic and anti-inflammatory agents, proton pump
inhibitors, or Hj-receptor antagonists for at least 30 days before endoscopy. All

included patients were natives of the Minas Gerais state with the same genetic
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background, approximately 33% of Portuguese, 33% of Amerindian and 33% of
African ancestry, homogenously present in each subject [20].

Biopsy specimens were obtained from the antral and oxyntic gastric mucosa of
all patients for evaluation of the H. pylori status and histological parameters and from

the antral mucosa for the cytokine concentration determination.

2.2. H. pylori status

H. pylori status was evaluated by culture, preformed urease test,
carbolfuchsin-stained smear, polymerase chain reaction (PCR) for ureA, and *3C-
urea breath test as previously described [21]. Patients were considered H. pylori-
positive when culture was positive or at least two of the other tests were positive and

H. pylori-negative when the results of all tests were negative.

2.3. DNA extraction

Tissue and bacterial culture DNA was extracted with QlAamp® DNA mini kit
(Qiagen GmbH, Hilden, Germany) according to the manufacturer's recommendations
with minor modifications (ref). The presence of the ureA H. pylori specific gene was
evaluated, according to Clayton et al. [22] in all isolated strains to confirm H. pylori
identification, as well as in gastric fragments of the patients in order to exclude false-

negative results.
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2.4.Determination of the gastric cytokine levels

Cytokines of the innate immune response (IL-1a, IL-1p, IL-6, IL-12p70 and
TNF-a,) and those representative of the Th1 (IL-2, IFN-y) and Th2 (IL-4) cell
response were investigated. To determine the cytokine concentrations in the antral
biopsy, the specimens were immediately placed into cryotubes, frozen in liquid
nitrogen and stored at — 80°C until used. Samples were homogenized using
homogenizer tissue. Aliquots of homogenate supernatant in 1.5 mL PBS, pH 7.4
containing 2 pg/mL aprotinin were obtained by centrifugation (10,000 g for 10
minutes). The total protein concentration was measured by Bradford’s method.
Cytokine levels in the supernatant fluid were assayed in duplicate by enzyme-linked
immunosorbent assay (Biosource, Camarillo, CA). For quantification of IL-4 and TNF-
a levels, ultra sensitive kits were used. The mucosal levels of cytokines were
expressed as picogram of cytokine per milligram of biopsy protein (pg/mg protein).
The minimum detectable levels are 1.0 pg/mL (IL-1a), 4.0 pg/mL (IL-2), 0.27 pg/mL
(IL-4), 4.0 pg/mL (IL-8), 0.2 pg/mL (IL12p70), 4 pg/mL (IFN-y), and 0.09 pg/mL (TNF-
a). All values below the detection levels were regard as undetectable and were

ascribed the value zero.

2.5. Statistical analysis

Data were analysed with SPSS (SPSS Inc., Chicago, IL) statistical software
package version 17.0. In addition to the visual examination of the histograms and box
plots, the Kolmogorov-Smirnov goodness-of-fit was used to assess the normality of

the data. When significant departures from normality were detected the data were log



53

transformed. The two-tailed Student’s t test was used to compare the sub groups of

patients. The level of significance was set at p < 0.05.

3. Results

3.1. Population

The mean age of H. pylori-positive children (p = 0.002) and adults (p = 0.005)
was higher than that of the -negative children and adults, but no difference in respect
to the gender was observed among the bacterium positive and negative patients (p =

0.28).

3.2 Cytokine levels in the gastric mucosa of children and adults

In the H. pylori-negative group, IL-1q, IL-6, IL-12p70 and TNF-a were naturally
expressed in the gastric mucosa of few numbers of children and IL-1B in 44% of
them. When children were compared with adults, the gastric levels of all cytokines,
but not IL-12p70, were higher in the latter (figure 1). Similar results for IL-2 and IL-4
were observed in children and adults; but IFN-y was neither detected in the gastric
mucosa of children nor in that of adults.

In the H. pylori-positive group, almost all children and adults expressed all
cytokines in the gastric mucosa; but IL-4 was detected only in 28.5% and 63.1% of
the gastric mucosa of children and adults, respectively. When compared with the
negative groups, significantly higher concentrations of all cytokines were observed in

both H. pylori-positive children and adults (figure 2A and 2B).
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By comparing the H. pylori-positive and -negative patients, the fold increase in
the mean levels of all cytokines, but not IFN-y, were higher in the children than in the
adults (table 1).

The cytokine gastric mean levels of the Th2 cell response (IL-4, p < 0.001) and
also the immune innate compartment (IL-1a, p < 0.001; IL-6, p < 0.001 and TNF-q, p
< 0.001) were significantly higher, while IL-1B8 (p < 0.001) was lower in the H. pylori-
positive children than in the infected adults. However, the gastric levels of the
cytokines linked to the Thl cell response (IL-2, p = 0.005; IL-12p70, p < 0.001 and
IFN-y, p < 0.001) were significantly higher in adults than in children (figure 2).

Therefore, next, the H. pylori-positive children and adults were
stratified by age in order to identify more precisely when the changes
occur. In the children, the gastric concentration of IL-18 increased
with the increasing age from 186.88 pg/mg at ages 1 - 8 (n = 26), to
208.34 pg/mg, 9 - 13 (n = 59) and to 344.56 pg/mg, 14 - 18 (n = 18) (p
= 0.003). The concentration of IL-2 also increased with increasing age
from 591.85 pg/mg at ages 1-8, to 741.49 pg/mg, 9 - 13 and to 1159.95 pg/mg, 14 -
18 (p = 0.003). The IFN-y gastric levels was similar (p = 0.44) between the two sub
groups of young children (mean levels of 772.82 pg/mg in children at ages 1 — 8 and
883.80 pg/mg, at 9 — 13 years). However, the IFN-y levels were significantly higher (p
= 0.05) in children at ages equal or older than 14 years (1.191.37 pg/mg). No other
significant difference among the groups was observed.

In adults, the mean levels of IFN-y and IL-12p70 decreased with increasing
age: IFN-y from 2681.11 pg/mg; to 2248.93 pg/mg; to 1976.40 pg/mg and to 893.78

pg/mg (p = 0.01) and IL-12p70 from 90.86 pg/mg; to 88.85 pg/mg; to 54.87 pg/mg
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and to 53.50 pg/mg (p = 0.05) at ages 19 - 30, 40 - 54, 55 — 67 and > 68,

respectively. No other difference was observed.

4. Discussion

H. pylori infection is acquired usually in childhood and its prevalence varies in
different regions of the world, showing predominance in the populations of
developing countries.

The infection is characterized by mucosal infiltration of inflammatory cells,
such as mononuclear and polymorphonuclear cells. The migration and activation of
these cells into the mucosa depend on the expression of different cytokines [23]. The
degree of gastric inflammation is lower in infected children than in infected adults [19,
24], suggesting that the immune/inflammatory response of the host to the H. pylori
infection is linked to the age.

The comparative analyses of the effects of the infection on the gastric mucosa
of children and adults can provide subsidies for the compression of the natural
history of the infection as well as to elucidate the progression into severe diseases
such as peptic ulcer or gastric carcinoma. Thus, we evaluated the cytokine gastric
environment of children and adults infected by H. pylori in order to better understand
the differences in the degree of gastritis according to age that we and others have
previously demonstrated [19, 24].

Here, confirming previous studies [15-17], we observed increased levels of
Thl signature cytokine, IFN-y, and of IL-12p70, a key inducer of Thl-associated
response, in the gastric mucosa of infected adults and children. However, the levels

of both cytokines were lower in infected children than in infected adults. Of note, the
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IFN-y levels increased with increasing age in childhood, but decreased in the elderly.
Otherwise, the IL-4 gastric mean levels were higher in infected children than in
adults. Furthermore, in a previous study, we also have demonstrated that the number
of TregFOXxp3+ cells and the levels of IL-10 and TGF-B were higher in the gastric
mucosa of infected children than those of adults. Considering all data together, we
might speculate that the differences according to the age observed in this study
might explain the differences between children and adults in respect to the gastric
inflammation and to the development of the severe infection outcomes. Thus, it
seems that the young child low IFN-y gastric concentration might facilitate the
bacterium colonization and the infection establishment in childhood; the
young/meddle age adult increased IFN-y gastric production increases the gastric
inflammation, that is the background for the development of gastric cancer; and the
decreased IFN-y gastric levels in the elderly adults might also contribute to gastric
carcinogenesis, because IFN-y is considered one of the most important molecules
with antitumor activity.

Finally, we also evaluated the gastric content of the innate pro-inflammatory
cytokines that were increased in the infected patients, but more significantly in
children, which might contribute to the induction of the gastric inflammation induced
by the infection in childhood even in a Ty immune regulated gastric milieu. These
cytokines participate in the antimicrobial activity by inducing the release of the acute
phase reactants, by promoting inflammation and enhancing antimicrobial functions of

macrophages and other effectors cells [25].
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Legend for figures

Figure 1 - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive children (n = 103) and
adults (n = 100). The upper and lower limits of the boxes represent the 75" and 25"
percentiles, respectively. The horizontal bar across the box indicates the median and
the capped bars indicate the minimum and maximum data values. The data were

analyzed by the two-tailed Student’s t. * P < 0.001, ** P = 0.001.

Figure 2A - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive children (n = 103) with
children without H. pylori infection (n = 142). The upper and lower limits of the boxes
represent the 75" and 25" percentiles, respectively. The horizontal bar across the
box indicates the median and the capped bars indicate the minimum and maximum
data values. The data were analyzed by the two-tailed Student’s t test. * P < 0.001.
2B - Box plots representing the comparison of the antral gastric cytokine
concentrations (pg/mg of protein) between H. pylori-positive (n = 100) and —negative
(n = 40) adults. The upper and lower limits of the boxes represent the 75" and 25™
percentiles, respectively. The horizontal bar across the box indicates the median and
the capped bars indicate the minimum and maximum data values. The data were

analyzed by the two-tailed Student’s t. * P < 0.001.
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112-330G polymorphic allele is associated with decreased risk of
Helicobacter pylori infection in adulthood
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Ablstract

Ve svalaead whather polymompbisms i genes coding moleaoles lnked o dhe mnate and adaptive immome Esporse e associvied with
sowceptbility i Heleobarser pylord infcton. [LIB-511C — T, ILIB3I T —C, JLIRN allde 2, 2330 T — G, THFA-30T G— A,
TLR2ArgSTTTrp, TIRZArgT53(En, TLRAA IS, and TLRF® ST oohmonphisms weare datermined in 541 blood donors. JL2330 T — G
allele mmies had a deaeased H. pylon infection risk (OR = 0L43, 95% J = 045%—09%) after adpsment for demographic and emvinonmental
faciom. Hence, we ivestig@ied whedher e polymaorphiem & fonctonal by evalmatng -2 sesom conceentmton o 150 blood donors and 100
childen. TL-2 pro-mflammaiory and ant infammatory properties were indirectly imvestigaied by determining sexom TPN-y and TL- 16T GF-
f levels. The polymorphizm was associvied with mcrmsed mean TL-2 kevel m A pylon positive adolis (265 pgfml ve. 778 pgfmL) and
childen (4.19pgfmL vs 20% ppfmL) Increseed TL-2 was ssocizted with podinflmmatory actvity in aduolis (TPN-y= 1861 pgéml vs
2571 pgfmL}, and with anti-mflanmasory actvity in dhildren (TL-10 = 6599 vs. 1417 pg/ml, TGF-f = 45588 v 9544 pgfmL) (p < 107 for
alli. In condusion, in the context of M. plond infecton, [L2-330 T — G pal ymomphism is fonctonal and is assodated with decmased dsk of
infection in adols.

& 2009 Elevier Masson SAS. All righes resarved.

Espacrrds: i Beabracter prod; 11.2-330T0G, TPN-y, IL-10; TGFEJ

1. Imiroshose G |6]. The presence of'a pody maorphic ks in the gene thal codes the

[F-y receplir 1 wes seen io be ssmocised with inoressed

Helivobacter pylori miection & mamly sogquned m chikl-
hawsel [ 1], @nad i folloswed by & lilekmg peradent ookmoza b
ol the gadnc mucoss. In approcmstely 10—15% of the
imfected asdulls, i causes severe diesmes such &= peplic uloer
|2}, dmtEl gednc carcinoma [3] and oo oss-sssocsed
lymphand tissee (MALT) lymphoma [4).

There are stmng avidences ol genetic inlluence onithe aEoep-
bty 1o M. pvlor infection, 2 demons rated mithe Malaty's twan
uly | 5); hamwever, omly one genetic msk fackr has been aden el

* Copespoaling mte TelfMx +55 31 327 17467
E-madl addrers: dipeioe e & nfeg be (DMM._ Quesos)

IBEATTHE - s Fonl sumer & 7000 Ehevey Magoa SAS AN sSghis meval

don: 1 00 D01 &% sssad 20068 07 00E

suscepliti ity 1o the miecton n an Alncan populaton. Alhough
the suthaors did m evaluste functonal imphication of the paly-
meaphsmes, they arpual in fzvor of loss ol fmobon

Therelore, lunctional pol ymaophsnmes in genes lmked o the
mnale and sdsplive mmme responss maEy oonmbule o
mehividuz] differences in the susceptbality 1o @nd pesidence
al M. pelori miecion. Among the polymorphisms in genes
encadmg cylokmes, m addition to thase of TLIE 7], ILTRN
| 78], =] THFA [Y) that &re recognized &= nsk facors bor AL
lori-anocsled geEne cancinoma, one thal can be omplicaied
n M. pyler infection = well is the [L2-330T — O poly-
mn phism, comsiderad o moresse the prodoecton of [L-2 [10.
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[L-2 i5 comsidersd 1o be an impontand odolane thel plays
2 cemiral rode in orchedraimg the T lymphacyile regum=e. 11
has & broad prolife=ting ellect an T cells including the Thi
subsel. [FN-p & 2 major prcduct of Thl cells amd lurther
skews the immune reguuee owerd = Thl phenolype the
domminzies i the mmume reguase ke ML pvlerd miection [ 11).
Furthenmore, 2 mare specilie, nonredundam [L-2 Nnction was
recenlly demommbaied, thal & 2 repul=lory ommme ellec
medizted by an enhamcement of Treg lymphooyes [12).
Which phenalype & more relevam in vivo amd inlluences the
climical comequences of the inlecton desrves o be
e tra el

In zlditxm to cyiodanes, the loll-like receplors | TLRs ) may
he relevant in the comtext of M. plord indection due to their
prperties i medul=ting the tmmme reguase by increaang
mimspecilic inllammetkm and mggenng the xlaptve immu
nily. TLRs kead o 2 tramslocation of NF-KB kr the cell nuclews,
wilh subsequen! expressim ol THF-a Linking inmsle o
adaplive immumnty, sclivaied TLRs uprepulse MHC anmd oo
stimulsliary malecules in dendntic cells, thal ahseguenly
i gz 1 draming lymph meedes znd stimulste T cells apam=
specilic amigens. The dexribed polymaorplizms m the gpenes
encicling TLRs have been omsidersd do lead & tuncated
prodeine amd kss ol Tuncion 1 hes been demonsirzied tha the
H. pvlori neutophil-actvating protein (HP-MNAP) 13 2 TLR-2
apamisd zhle o moduce 2 stong Thl response |13, However,
the ellect ol the two knewn polymomphims TLR2 Areh T Trp
amel TLRZ Arg? 530 am the M. et inlectiom has ml heen
evaluzted yel. Ala, the pol ymerphism 325 TOP in TLRS the
recogmies ]l [ 14), the subamit ol ke pellumn, deserves lo
he evaluzled a5 2 lactor inked 1o ascepivility 1o the 1z
l=ted bacterium N, pyvlen. Although there are commversies
wilh regard & the relevance of TLR-4 m the immune respuase
1o M. plori, the TLRY Asp2494901y mutation has been recemly
Imled & an incremsed ssceplibilily b gEsine camoer in
Caucasim paprulations [15].

Therelure, we investgded whether the ILIE-5110 — T,
ILIB-31 T — O, ILIRN alkele 2, H2-330T — 0, THWFA
RGO — A, TLA2 And!TTm, TLAD Arg?53(0n, TLRY
A2uily, and TIRS S polymomphisms influence the
swoeplibdlily o or the peradence ol M. ot inlecton by
evalumlng = ympkimstic adub blood donors adjestng lor envi
mmmentzl znd demoeraphic lackrs. Sulsequently, we zimed &
lesl whether sigmlicanl mocizions abeeryed in the T anzl yses
wiomkl show Tunctiomz] relevance i enms ol serum kevels ol
lampel oylokmes., Since ilis well knewn that M. prfordinlecixm is
minly acquired m childhaooad zmel perass thoughout life umless
Irezied, serum cokime levels were ako mezaired ina group ol
H. porrpeilive chiklren o sklres the ellect of the paly
mEiphiim an o i Teren pheses ol the indsction

2. Patients and meLhaals
2.0, Seleevion of aibjecty and gathering of specimens

The Ethics Commiliees o Hoguil das Climceas, Umn
verddade FPederal de Mimnes Ceras, and ol FundegEo

Hemuanmas, Belo Homamie, Mmas Geras, Braal, sppooved
this study.

Five humndred amad oty -one comecutive voluntary sy mp
vt adult Wood donors Imom the Fundacie Hemommnes
amel MHF M. pylon-pusitive chikdren (500 garls amad S hays)
ramcknmly selecled ameomg those moluded m a previows study ol
aur grag evaluing cylkine amd TIA gene poly morphiams
|18] were included. Wrtlen mlirmed om=em wes obhlained
I 2ll acdult blood domors, all parents of children zmd ol
chilcren  whenever pamsible. In the proup ol adull o
commams, demographic dela, onmvding index, sockecomamic
kevel, educatimmal level, dyspeplic symphums and  personez]
hatats =uch = aleoho] = lobaoor we wene obamed by
a questomaire thel was valklated scomding 1o Stolley and
Schlesselman [17). BExclwin onlena melwled hdory or
evious dizmmass of peplic ueer disesse, previowns restment
liw M. pvferi and wie of prodon-pump inhibikors or antibadics
m the = momth. Parzatc inleciine, severe disemes or ay
mmmumirkgica]l and inlectow disoders were a2ko enclusion
crilenia. Serz lor M. pyvlsn dimgnesis and cdoline determmna
barn, amed bull cost lir DINA edractm were skored =1 —Rik "0
helore pocessng. DNA was exbacled with 2 (lAzmp DNA
Mmi Kn (QIAGEN Ine. Valenoia, CA&), sccondmg 1o the
o s lurer s s bon s

M. pvlori d=tius in the groug ol Blood donars was eval s iexd
by BELISA |15]). The senztivily and specilicity of the st were
evimusly delenmined in endoscoped pEtiends by companing
the ELLS & resulls with these oblained by cullure, urese tesi,
hidokyy =nd carbolluwchan-d=ined anezr. The semitvity
aml specilicity ol the st were 95 4% and 1FE, regrectively,
liw the Braslian adull populstion | 18], These resulls deman
Arale thai the accurzcy of the led lor A pylon dizgnosis m
=l is very high The =me eds wed i the validetion of
the ELISA in =lubs s 70 -ures tresth ted were used i the
chzpmoaas of M. plord mlection in children. A patenl wes
omsklersd & be M. pylon metive when the cullime wes
esilive ar bwa ol the other lesds were postive.

2.2, Pobmmorphism gencivmng

The ILIB-31 T — C[19) amxl the J2-330T — 0 [204 poly
meaprhians were gnolyped by PCR-CTPP {polymer=se cham
rezcton with combonting two-par rmers). The PCR-RFLP
{rednctim Ir=mnment engh polymophean) method was wed ko
penalype the TLIB-5110 — T [21), TAFA-3IRN G — A |21),
TIRZ2 Arpdid T, TIRZAre? 5300An [22), =l TIRAAp2990 1y
melymeaphic alleles. The ILIRN pentz-zllelic vamahle number
emcdem repeats (VNTR) was penotyped sccordmg 1o bl lekl
elzl. |21 ). For sathical amslysis and doe ote mnky ol zlkeles 3,
4 zmil 5, this paod yrmorprhizan wes irezted =5 b -allelic by ol ying
the alleles in shor (zllele 2) amd ling (zlkeles 1, 3, 4 amd 5)
calegiries. The TERS T mlymerphizan was penolyped by
allele-specilic-PCR. Prmers hindmg either 1o the wildiiype
suence hepmmg with O st pesikm 1174 (57 TTACA
GACCTTOGOATTTOC-3) ar do the mulanl sequence hegmmng
with T &t the poaton 11704 (5 TTACAGADCTTOOGATUTCT
) were designed. The polymorphizme-specilic primers wene
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wed  wopether with a  cmserved  reverse  prmer {5
CAaGaslC TGGAGATGAGGTADCOG-3") and 1nermal conbol
primers. Standad PCR eyeling condition wi wsed, wath an
annealing emperalue of &5 °C. Alklespeciic PCR producis
wene separaled on a 2% apanose gel.

Al e mesulis of PCR-RFLP wene cmfinmed by
sequencing. To confinn the  presence of specific poly-
i s when tee olher methods were waed, represedanve
samples. were sequenced. The samples wene sequenced by
cyck sequencing {ABL Pram Biglye Tenninakr Cywele
Sequencing Beady Reacton Kis) and analyzed on an ABI
Provom 310 Awomated DHA Sequencer | Applied Biosystems,
Foster City, CA).

23, Dhetemminedion of evieline concentiriivn
in e erum

Simce [E2330T — G polymosplian wa olsemved 1o be
aaociated with H. plen infection, we decided o e valuate e
serwm eoncentations of [L-2, [FM-v e denamre cyikine
prosduced by Thi cells induwced by [L-2), and [L-10 and TGE-
B odregulatry cyokines produced by Treg oells stimulated by
[L-23 The sevum cyiekine cmoentatons (pefml) wene
adayed in duplcake wsng sandwich-fipe ELLSA kis | Bio-
Sowrce Inemational, Camanlle, CA) acconding to the man-
wfscmrer's ingructions. The minmmum deteciable keveb for
[L-2, [L- 10, TFMN-% and TGOERP are <40 pefml., = 0.2 pedml.,
A0 peinl and 156 peinl., respectively, according 1o e
BraoSouroe s protoonl bookdet, Al values below the detecton
levels wene reganded as umdetectble and wene monbed e
value zere. The cytolane levek were evalusied i the semm
fronm W6 H. pyderi-posinye {50 femabkes and 500males) and 50
H. pyleremegaive (25 femaks and 25 maks) abjecs
randoinly % kected anong the adull blodd donors and froan e
H. polor-poadtve culdmen (50 gk and 50 boys ).

24, Reriincal anedyiiv

[ncreasing age wias caleponzed acoordmg 1o 10 e ar prouge
The cyikine vanables were calepomzed acconding 1o e
presence of none of al leasl one polymosphic alkle, in each
locus, Foraly, we eva liaed the assocatims bemvesn the cova-
mates and H. pylerd semopostivity sing univanale gatiics., n
thes sep, age, gender, orowding index, inoone, education
aleoho] and wbaceo we, ABD and Bh blosd grous, 18-
SN0 = T, HIB-31 T — O, JLFRN allele X H2-330°T — 0,
TWFAT G A, TER Are 75300, TIRYA2900y, and
Tt pelymorphisans were included BEvery oovanae
ithat yiebded a p-valwe of 025 or less was selecied for incluson
i e full el of gsne regression. O and 95% oonfidence
imkerval (95% CI) wene wsed a5 an atmate of te sk, The
Hosmer —Lemesdhow goodness-of-f e was wed 10 evalwe
the fin of dee maode] [23).

In additon & viswal examnation of hotoerans and box
rlots, the Kaobnogrov —Smomoy goodness-of-M e was used
Loy asdessd e nosmnality of e data No sagnifcan deparunes
from  nonnaliy wen: deecsd for de serun cyokine

concentratons, with the exceptom of [FN-v that did nm
digtnbaie nommally in children, even afler lop-ransfommalion.
There fome, w12 ked Sudent's 1 test and Mann—=Whitney £
tesl {only for [FN-% serwn levels in chikdren) wene wed 10
detect diferences bemween the subegoups. Momparameiric
stliatics (y° or Foher's exast ed) were wed Lo comyane
groags Fommed by mdiaduals in whoam the cyiokmes wene nol
detected with those in whom e cylokmne level wene abwove
thee detese ton Binal with negand o B, polord stanis and presence
absence of [L2-330 T — G polymarpusm, Comelalions wene
evaluated by Pearson's comelalon test The level of signifi-
cance was sel al < 0006,

Dt wene analyped with SPSS (5PSS e, Clucago, [L)
stlntcal softwane package versaon 1000, Hardy—"Wemnbem equi-
libriwm of allekes s individual ko was seesed by 1~ gansnes,

3. Bealis
A4, Popukeieen chorack asbes

The demographic dat and dsmbaion of e alleles ane
shimeen in Table 1. All polymorphtins wene in Handy <Wein-
berg equilibriuwm i the group of adult Mood donors. [L7B-
S11C = T and MIB-31T - C were m abnoa conplee
linkage disequilibrium { g < 107, this we restrcted Futher
analyses W [LITB-31. The otler loci sepregakesd independendy.

Takle 1
T et o e Enboeoed] oo clukiesn
HP- Edoacad HF & Bdoscad HPF: chulden
e o = 10}
= 1T} & =370}
Mean age (513 AT IO} 347 &E) 234
Ml geader (| N2 S0 29 (TEE} 50 (S0E]
a3l T 3 10 -
TaC m it -
A a0 Tz -
TLIEN WNTR M 3 I3 -
13 g il ) -
sz ] 11 -
TMEA 30T Uil jir3] . <3 -
(it 4F 21 -
AlA T 2] -
H2.330 T -+ | .y 3 A0
TG = 1= 45
L z ik B
TLET A TR e Wi a5 .- -
WA 3 T -
LY At | [} L] -
TLE Aap ol gy W W -] EE -
Wi jial -] -
LA ALY | [} 1] -
1. g T W Wl EET] -
Wi m i3 -
LY At | 1 2 -

Y OHP- M gl megae.

BOHP G, B ot posiive.

© The x for e blood domors for e TAVFA KOS W 339 duE o g
ety OO IRtV T Mg cmn.

AW wkd e allele

WL e Ml davaseansd) ol hede
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Mo mdividual harbored the TER2 Arp& T Tp  polymor phac
pennlype in o saimple.

A2, Risk frerery avsecialed with H. pylon infection

Univanate and regression analyes wlang semgposd Uvily ke
H. pylenn s the dependen variable ane dwwn in Table 2. Sinee
e level of income and educaton wene highly oomelaed
{Pearsm comelation = 534, g < 10770, we limited the amlysis
e the foneer. The M2-330T — G polynophism was
mversely associated with seropostivity o M. gelers { p =002,
OF =063, 95% Cl=043-093), afier convolling for the
allver factors in te full model of logisne regresaion.

A3, The concentration of -2 and wsoculed cytoline s
wedenrding ke the H. pylond dobes

In the H. pylerenegative group, the ¢ yiokne oonceniranoas
wiere very low, being deected only i 14.0% {IL-2), 460%
{IFN-% ) and 2.0% {TGF-f) and 36.0% { [L-10) of the ind-
viduals, Omherwiie [FM-v, TGE-f and [L-10 wene deected n
the senwm of all B, pelerepositve suljecs. Wit respect 1o [L-
2 the sevun kewe bl wene abawe the et detecton hmol m
0% of H. peleripositve blood donors. By usng a mom-
paramelncal siatsties, the B polar podtive and negative
amips differed sgnificantly wath regand o the nonber of
albjects with deecable conoensations of [L-10, [FM-v and
TGF-Fip < 10 and [L-2 {p= 1077,

When te mean concentratioms of [L-2, [L-10, [FN-v and
TOF-B between H. pleri-paiiauve (mean: 4.2% pedml., S0
2R pefmls mean A26pgiml, S50k Qb poiml; imean
N8R i, SD: BB2 pednl and mean: 2984 peinl, S50k
100 pofml, respecuvely) and H. peberi-negative |mean
L18 pefmls SIx 142 pe'ml; mean: 0029 pe'ml, SD: 058 pef
ml; mean: 059 pefml, S0 0A% pefml and mean: 557 pf
ml., 5[ 1321 pedml, mespectvely) abjects wene companed,
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the values were significantly bigher (< 107 for all)in the
H. pylori-poritive adult blood domnoes.

A -2 fevely aevarding fe the L2330 T 0
el v fuisme

Aareeng the 50 H. pelond-negative blood donors, 28 wens
[L2- 330 T/ T camers and 22 were camiers of the [L2-330T -
G opolymorphic alkele. In the B, pyleri-positive adult Ilood
dosmrs, &8 were camers of e homozy gous wild penotype and
32 of an leasn one polymaorpde allele. Fifty ehildren had the
F2-330TT penotype and 50 camied the H2-330T -G
ol ymmoaphoc allele.

[n the H. pylori-negative adult bloosd dondrs, thene was o
chfference in e mean s [L-2 levels between 2330 TIT
and G camier aubygects {p =086, mean vahie =043 peinl,
SDr=120pemlL for T w. mean vale =037 peinl,
S0 =116 pednl for O cares).

In the H. pyleri-poduve adull blood donors, a marked
meredie in [L-2 mean levels was staociated with the ff2-
HOT = G allele {p< 107, mean value= 285 pednl,
S =119 pednl for TFT va, 708 pediml., S0=210pe/mlL
for G camers ). The [L-2 levels were abowve the deection b
of the testin oady 14 {290% ) of 68 wald H2-330 T camers
un Comtrzsd b e SE2-330°T < G polyimdasplac camiens | W)
{Fisher s exact tesy g = 10770

The serum levels of [L-2 wene simifbcanty moreased
among H. pvleripositive childeen with &t st one H2-
0T = G allele compared with thise habonng e wikd
H2-330 TT genotype {p< 1077, mean value =419 peinl,
S0 =255 pefml for T . mean valie =803 pednl,
S =355 pefml for G camers). Again, the mumber of wikl
FE2-330TT peadype camers with detectable senim [L-2
concentration {3 of 50, 52 1%) was significantdy lower than
thal olserved mnothe goup of H2-330T - G allele camers
{10%) | Fisher's exact tesy g < 105,

A3, Conce ragion of 1- 10, IFN-y and TOGF-3 in ke
H pylon-pesaine greagpes

Since we found that individuals camying the ff2-330 T — G
pelymorphoc allele exhited inoeased serum levels of [L-2
the esnoe of H. puloen infection, and consadermg thar [L-2
Ias booad and ooorgelex dmmune effects such & W ginolae
e puarsdon of di fenent cell poguilations that produce ether poo-
uflamunatory {IFN-) o megulatory ([L-10 and TGE- B ey
kanes, we measnned the leve b of these cyiokinesin the s mm of
children and adulis mepresening the iniial and the chonic
phise of the infectim, respectively.

All the determinations wene above e detection b of the
teats, The mvean beveb of IL-100 < 107", 690 + 22 pein L Tor
TT wa 1417 £3 W mbml for G camers) aml TGR
B < 107 4588 + 172 pednl for T/ va. 0344 + 55 85 po/
b for G carmers ), but not of [FN-y (p =045, 943 £ 435 po/
ml. for TV v, 10036 £ 857 pfml for G camers) wene sgmfi-
cantly mncreased in the chadeen harbsnng the polymoaplac [F2-
0T — G allele than m thode lerbormg due IL2-330 T/ wikd
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alle ke, The opporite was olserved in the group of adub bloed  incresed in e camersof te 22330 T — G polymonphicallele
donors, TFM-y mean levelsd e 1077 1861 £ 857 pefml for T/ (Fig. 10

T va 257 £ 736 mfml for G carners) wene sgmbcandy
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carriers of the [E2-330 TrTwald genetype. However, netther [L-10 [FN—y in the H. pylori-pesiive groaps
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vi. MOBH £ 10090 pedml. for O camies) mean levels wene [L-2 with thase of [L-10, TGFf and [FMN-v. The [L-2
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concenlrabons Arongly comelated with the levels of 1010
{(r=059, p= Il?.'_ifl and TGE-f {r =063, p< Ifr‘] in edhl-
dren and with ITFN-y levels (r =057, p < 10~ in adudn blaood
donors. e wie, the [L-2 kevels did nol cormelate with the
kevels of [FN-y (r=-0058, p =058) in cluldnen & well a3
wath TL-10 (r=00031, p=076) and TGF-f (r=024
po=0620 levels in adule {Fg 2.

4 DM uwssdon

H. pelard infeck clronically tee hunan stomach and the
mfection 15 damc@ied with severe climeal ailommes, such as
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e infection are poorly baowen and dif feewlt o e evaluated
popalatons under Lo exposure Lo e Daclen
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Iymyphaograliferation depended eselusively on [L-2 was chal-
lenged wath e realis of stuwlies showing masave in vivo
Dy eyl i feranaon in FE2 bavochoouit or JE2 mece por Jonoe kol
mice. Furher charactenzaton fmally reconciled both olser-
vanens in 3 madel i whieh [L-2 dwows both anu-infamma-
tory  and  peo-mflammatory actions.  [L-2 has  podent
Iymphopraliferative effects and may ad & an inflammatory
cylokdne, Also, 1018 an dmportant ¢yiekme in e developmen
of Treg cell, this plyang an ant-inflarmatory, downrneg-
latory rode in te dmunune mesponse [12)0 We  provided
evidences lat camers of L2-330T = G polymonphian
might have amplfied spocifie lymphocye meponses indueed
by M. pylord infecdon thal vanes acoonding 1o age. In chaldren,
the increased [L-2 kvels observed in the [L-2 polymongphian
carmers seein 10 actvak e expansion of Treg cells tha
produice ineneading amounts of regulatory ¢@okmes, IL-100and
TGE-R, in agreement with 3 Qudy dhovwang ineneased nwimbser
of Fospd Treg cell and inoreased levels of [L-10 and TGF-
Boin the gmane mucosa of N pulori-infected children
companed with adults [24). The more dowsne gulated irunne
prodile observed in cluldren may aocount for the fact than the
infection 13 predominantly soquinsd m chaldhood [1] and e
gastne inflammation in response B the infection 15 much less
marked in children tan in oadulis [25) Oiherwise, e
ancreased -2 evels observed in the H. puloari-pasitive adul
camers of H2-330T — G polymorpusm probably induced
a s expamsdon of Thi oells that led g an inereased nelease
of [FN-v, the signature cylokine of Thl celly consadered
a melevant modecule mothe effecuve urimune pesponse 1o
several pathogens, including H. pwlen. Ths mesull & odn
agreement with and complement the finding observed by
Thyeetal. [&], who idenufied a polymonphic kcus inthe gene
ooding the wquence of clam 1 of te [FN-y meceplor asoo-
dled with increased swoepibiity o H. pwlen infecion in an
Afncan population. Although the authors did mo evalwe
functiomal podyimosplasin inpheatons, they arpued that i
lesaads ve o oof Tunction with ¢onsequent impainment of [FN-y
sdgmalling pathway.

In emelusson, we demonsraked that the 2330 T = §
polymorplizm & asociated with incresed [L-2 and [FN-y
lewels tle v gl pocde clagamat B gekars infection naduihoosd
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4. Discussao

A aquisicdo da infeccdo pelo H. pylori ocorre predominantemente na infancia;
entretanto, 0 aparecimento das doencas graves associadas a infec¢éo se da principalmente na
vida adulta dos individuos infectados pela bactéria. Provavelmente, a natureza da resposta
imunologica a infeccdo na infancia € determinante para o surgimento das doencas associadas
a infeccdo na idade adulta.

O H. pylori induz na mucosa gastrica uma resposta imunologica/inflamatoria
complexa, caracterizada pela presenca de componentes da imunidade inata e adaptativa.
Entretanto, essa resposta ndo é capaz de levar a erradicacdo da bactéria, podendo,
paradoxalmente, contribuir para a patogénese das doencas associadas a infeccdo como ulcera
péptica e carcinoma gastrico.

Ndo existem, até o momento, vacinas eficazes para prevenir a infeccdo pelo
microrganismo, disponivel para o uso em seres humanos. Resultados de estudos em
camundongos avaliando a participacdo das células Thl e Th2 na efetividade de vacinas anti-
H. pylori sdo inconclusivos e controversos (Del Giudice et al., 2001; Lucas et al., 2001;
Garhart et al., 2003a; Garhart et al 2003b; Panthel et al., 2003; Akhiani et al., 2004). Estudos
mais recentes, em modelo animal, demonstram que as células Thl7 tém papel central na
eficacia da vacinacdo contra o H. pylori (Delyria et al., 2009; Velin et al., 2009; Flach et al.,
2011). Foi observado que nos camundongos imunizados quando comparados com animais
ndo imunizados havia diminuicdo da carga bacteriana e expressdo gastrica aumentada de IL-
17. Vale ressaltar que os niveis da citocina e de quimiocinas induzidas por células Th17
permaneceram elevados durante toda a fase de erradicacdo da bactéria, indicando que os
mecanismos efetores das células Th17 podem desempenhar papel critico na obtencdo de

protecdo efetiva.
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Apenas um estudo avaliou a expressdo gastrica de IL-17 em criancas infectadas pelo
H. pylori. Luzza et al. (2001), estudando criancas italianas, demonstraram a expressdo de
MRNA IL-17 mais elevada no grupo H. pylori-positivo que no grupo -negativo. Vale
ressaltar que outras citocinas relacionadas a diferenciacdo das células Th1l7 ndo foram
avaliadas no estudo de Luzza et al. (2001).

Em adultos, aumento nos niveis de IL-17A e expressao elevada de mRNA de IL-17A
foram observados na mucosa gastrica de pacientes H. pylori-positivos japoneses e italianos,
respectivamente (Mizuno et al., 2005; Caruso et al., 2008). No estudo de Caruso et al. (2008),
além do aumento da expressdo de mRNA de IL-17A, os autores observaram aumento das
concentragdes gastricas de 1L-23 na vigéncia da infeccdo pelo H. pylori.

Os resultados do nosso primeiro estudo confirmam os escassos dados da literatura
guanto ao aumento de IL-17 na infeccdo humana pelo H. pylori. Acrescentam dados relativos
as citocinas envolvidades na diferenciacdo das células Th17. Demonstramos in vivo o
aumento da concentracdo gastrica de IL-1B, IL-6, IL-23 e TGF-B, citocinas consideradas
essenciais na diferenciacdo e atividade das células Th17, em estudos in vitro (Volpe et al.,
2008; Korn et al., 2009). Tem sido proposto que para que ocorra a diferenciacdo de células
Th17 é necessario um ambiente rico em IL-1p, IL-6 e TGF-B, que iniciam 0 processo, e em
IL-23, que participa na expansdo e estabilidade das células Th17 ja diferenciadas (Volpe et
al., 2008; Awasthi et al., 2009; Korn et al., 2009). Além de estar envolvido na diferenciacao
das células Th17 em seres humanos, TGF- também participa do processo de diferenciacao
das células Trg. Para a diferenciacédo das células Th1l7, TGF-B ativa o fator de transcri¢do
RORc (retinoid-related orphan receptor c), e para a diferenciagéo das células Ty ativa o fator
de transcricdo Foxp3 (forkhead Box 3/winged helix) (Chen et al., 2003; lvanov et al., 2006;

Veldhoen et al., 2006).
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Vale ressaltar, que foram observadas diferencas no perfil de expressao de citocinas
entre criancas e adultos infectados pelo H. pylori. Os niveis de IL-6 foram significativamente
maiores na mucosa gastrica de criancas que de adultos. A IL-6 é uma citocina produzida
principalmente por células da resposta imunolégica inata, o que poderia explicar, pelo menos
em partes, esses resultados, uma vez que a infeccdo pelo H. pylori é adquirida
predominantemente na infancia. Entretanto, outras células, como as Th17, também séo fonte
de IL-6; e, como ja mencionado, a citocina tem importancia crucial na diferenciacdo das
células Th17, por mecanismos que incluem a inibicdo da ativacdo do fator de transcricdo
Foxp3 por TGF-B (Korn et al., 2009), o que, consequentemente, resulta na inducdo e
diferenciacdo de células Th17. Na auséncia de IL-6, TGF-p é capaz de ativar o fator de
transcricdo Foxp3, induzindo a diferenciacéo de células Trg. Por outro lado, na presenga de
IL-6, essa ativacdo ndo ocorre, permitindo, assim, uma diferenciacdo de células Th17
(Weaver et al., 2007). Por mecanismos ainda ndo compreendidos, 0 ambiente gastrico rico em
IL-6, como aqui observado nas criangas infectadas, néo foi capaz de inibir a diferenciacdo de
células Trg, nem da expressdo gastrica de IL-10 e TGB. Um numero aumentado de células
Foxp3+, bem como aumento da concentracdo gastrica dos principais produtos das células
Treg, IL-10 e TGF-B, foram observados tanto nos adultos como nas criangas infectadas.
Entretanto, como previamente demonstrado por Harris et al. (2008) em pacientes Chilenos,
esses valores foram significativamente maiores na mucosa gastrica de criancas que dos
adultos. Uma provavel explicacdo para esse fendmeno seria a menor habilidade das criancas
produzirem IL-23, o que limitaria a expansdo e atividade das células Th17 que parecem
depender da IL-23. Também, o aumento de TGF-p observado na mucosa gastrica das criangas
infectadas poderia suprimir a expressdao do receptor da I1L-23, como sugerido no estudo de

Zhou et al. (2008), o que favoreceria a diferenciagdo de células Ty Ainda, ha um estudo
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recente demonstrando que producdo aumentada de IL-6 in vivo ndo afeta a atividade de
células Tyeg Naturais em camundongos transgénicos (Fujimoto et al., 2011).

Na infancia uma resposta a infecgéo caracterizada por predominio de células Tq em
detrimento de células Th17 poderia explicar, pelo menos em parte, a susceptibilidade das
criancas a infeccdo, bem como o grau da inflamacéo gastrica decorrente da infecgdo que é
menos intenso nas criangas que nos adultos. De fato, nesse estudo, observou-se que 0
infiltrado de células mono e polimorfonucleares foi mais intenso na mucosa gastrica de
adultos infectados que nas criangcas H. pylori-positivas. Lesdes mais graves como atrofia e
metaplasia intestinal foram observadas somente na mucosa géastrica de adultos.

Estudos comparativos entre criancas e adultos, como ja mencionado, podem ajudar na
compreensdo da histdéria natural da infeccdo pelo H. pylori nos seres humanos, como a
progressdo para doencas graves, como Ulcera péptica e carcinoma gastrico. Assim, no
segundo trabalho, avaliou-se a expressdo de citocinas da resposta imunoldgica inata, bem
como de citocinas associadas aos perfis Thl e Th2 na mucosa gastrica de criancas e adultos
infectados ou ndo pela bactéria. Demonstramos que 0s niveis gastricos de todas as citocinas
avaliadas estavam aumentados nos pacientes infectados quando comparados com os H.
pylori-negativos. Entretanto, a semelhanca do observado no primeiro estudo, foram vistas
diferengas significativas entre criangas e adultos.

Confirmando estudos prévios (Luzza et al., 2001; Shimizu et al., 2004; Oderda et al.,
2007; Pellicano et al., 2007), observamos niveis aumentados de IFN-y e IL-12p70 na mucosa
gastrica de criancas e adultos infectados pelo H. pylori. Entretanto, os niveis gastricos dessas
citocinas foram maiores nos adultos do que nas criangas. Por outro lado, as concentracdes de
IL-4 foram maiores na mucosa gastrica de criancas que na de adultos infectados.
Demonstramos também no primeiro estudo um aumento de células Tyeg, bem como de IL-10 e

TGF-B, na mucosa gastrica das criancas que na de adultos infectados pela bactéria. As
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diferencas observadas em relacdo a idade podem explicar as diferencas entre adultos e
criancas relacionadas a inflamacdo gastrica e ao desenvolvimento das doencas graves
associadas a infeccdo. Assim, a baixa concentracdo de IFN-y na mucosa gastrica na primeira
infancia poderia facilitar a colonizacdo pela bactéria, bem como o estabelecimento da
infeccdo; o aumento dos niveis IFN-y em adolescentes ¢ adultos de meia idade poderia
contribuir para uma inflamacdo gastrica acentuada, condicdo predisponente para o
desenvolvimento do cancer gastrico; e os niveis reduzidos de IFN-y em adultos mais velhos
poderiam contribuir também para a carcinogénese gastrica, uma vez que o IFN-y ¢é
considerado uma das mais importantes moléculas com atividade antitumoral.

Demonstramos, também, que a infeccdo € acompanhada por aumento nas
concentracdes de citocinas pro-inflamatdrias da resposta imunoldgica inata em criangas e
adultos. Entretanto, o aumento foi mais acentuado nas criancas. E provéavel que essas
citocinas desempenhem papel importante na inflamacdo gastrica induzida pela infeccdo na
infancia, visto que tanto as respostas pré-inflamatdrias adaptativas Thl quanto Th17 sdo
menos acentuadas nas criangas.

O fato de as criancas apresentarem uma resposta imunoldgica mais regulada com
aumento de IL-4, IL-10, TGF-B e do nimero de células Trq pode estar na dependéncia da
dicotomia funcional da IL-2. Os niveis de IL-2 aumentam na infeccdo e a citocina tem
funcOes distintas na resposta adaptativa. Por um lado, tem uma funcdo redundante envolvida
na reposta pro-inflamatéria Thl, participando no aumento da producdo de IFN-y. Participa,
também, de maneira ndo redundante, na diferenciagdo de células T CD4" naive em
TregFoXxp3™. Compativel com o perfil de citocinas observado nas criangas e adultos infectados,
no terceiro trabalho dessa tese demonstramos que 0s niveis séricos de IL-2 se correlacionaram
positivamente com os niveis séricos de IL-10 e TGF-B nas criangas, mas nao nos adultos. Por

outro lado, nos adultos infectados, 0s niveis de IL-2 se correlacionaram positivamente com 0s
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niveis de IFN-y. No mesmo estudo, foi também demonstrado que a presenga do alelo
polimofico 1L2-330G do gene que codifica a IL-2 associou-se negativamente a infeccdo pelo
H. pylori e positivamente com concentracdo sérica de IL-2. Quando um grupo de adultos foi
estudado, a presenca do polimorfismo foi vista estar também associada a niveis aumentados
de IFN-y. Nas criangas; entretanto, o polimorfismo Se associou a aumento dos niveis de 1L-10
e TGF-B.

O fato de a resposta imunologica das criangas a infec¢ao ser mais “regulada” que a dos
adultos pode explicar a susceptibilidade das criancas a infeccdo (Rocha et al., 2003), pela
incapacidade de montarem uma resposta imunoldgica mais eficiente para impedir a
colonizacdo persistente da bactéria. Explicaria também o grau de gastrite menos intenso e
consequentemente a raridade de complicacGes associadas a infeccdo nessa faixa etaria
(Queiroz et al., 1991; Harris et al., 2008). Por outro lado, a concentracdo aumentada de IFN-y
observada na mucosa gastrica dos adultos indica a maior habilidade de os adultos montarem
uma resposta Th1l, que é considerada essencial contra a infeccdo pelo H. pylori, o que poderia
explicar porque a infeccdo é raramente adquirida na idade adulta. Como os adultos infectados,
embora em menor intensidade que as criangas, também respondem com producao de 1L-10 e
TGF-B, a infecgdo estabelecida na infancia se mantém para o resto da vida do hospedeiro.

Concluindo, os nossos resultados em conjunto fornecem dados que apontam que a
resposta imunoldgica a infeccdo pelo H. pylori varia de acordo com a idade, o que pode
explicar, a0 menos em parte, as diferencas observadas entre criangas e adultos infectados,
como a susceptibilidade a infeccdo, o grau de lesGes gastricas e a evolucdo para doencas

graves como Ulcera péptica e carcinoma gastrico.
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5. Conclusoes

- A infeccéo pelo H. pylori é acompanhada de aumento da concentragdo gastrica de citocinas
associadas as respostas Thl, Th2, Th17 e T tanto em adultos quanto em criangas;

- Nas criancas infectadas pelo microrganismo a resposta imunologica € caracterizada
principalmente por um aumento das citocinas associadas a imunidade inata, bem como as
células Treg € Th2, em detrimento das respostas adaptativas pro-inflamatorias Thl e Thl7, o
que as protege dos efeitos deletérios da inflamacdo excessiva, mas contribui para a aquisicdo e
persisténcia da infec¢do;

- Por outro lado, nos adultos a infeccdo cursa com concentracfes elevadas das citocinas
representativas das respostas pro-inflamatdrias Thl e Th17, criando condicdes favoraveis para
o0 desenvolvimento de doencas graves como 0 carcinoma gastrico;

- A concentracdo gastrica de citocinas associadas a resposta Thl aumenta com a idade na
infancia, mas diminuem depois dos 55 anos, o que também pode contribuir na carcinogénese
géstrica dada a acdo antitumoral do IFN-y;

- O polimorfismo IL2-330G protege contra a infeccdo pelo H. pylori e é funcional, visto que
os carreadores dos alelos polimérficos produzem concentracbes aumentadas de IL-2 e de
citocinas associadas como IL-10 e TGF-B1 nos casos das criangas e IFN-y no caso dos

adultos.
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Table 1: Histological comparison of the gastric mucosa of Helicobacter pylori-positive

childrem (n=103) and adults (n=100)

Inflamation Absent Mild Moderate Marked D
n (%) n (%) n (%) n (%)

Antrum MN cells

Children 5(4.9) 30 (29.1) 63 (61.1) 5(4.9)

Adults 1(1.0) 16 (16.0) 67 (67.0) 16 (16.0) < 0.001
Antrum PMN cells

Children 14 (13.6) 53 (51.5) 34 (33.0) 2 (1.9)

Adults 5 (5.0) 53 (53.0) 36 (33.0) 6 (6.0) <0.01
Corpus MN cells

Children 5 (4.8) 72 (69.9) 22 (21.4) 4 (3.9)

Adults 3(3.0) 47 (47.0) 41 (41.0) 9 (9.0) < 0.001
Corpus PMN cells

Children 28 (27.2) 62 (60.2) 9(8.7) 4 (3.9)

Adults 18 (18.0) 57 (57.0) 19 (19.0) 6 (6.0) < 0.001

n, number; MN, mononuclear; PMN, polymorphonuclear



Trabalho 2

Table 01- Fold increase in the mean levels of the cytokines

102

Innate immune response hi Th2
IL-
IL-to IL-1B IL-6 12p70 e gL Ny L4
Children 15.1 11.5 307.1 213.1 197.9 5.4 927.1 130.7
Adults 14 1.3 18.6 161.8 5.0 15 1,595.7 1.8




