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RESUMO

Introducéo: Cancer géastrico (CG) apresenta altas taxas de incidéncia e mortalidade
no mundo, sendo a infeccao persistente pela bactéria Helicobacter pylori (H. pylori)
um dos seus principais fatores etiolégicos, uma vez que promove inflamacéo cronica
e a expressao de mediadores inflamatoérios, como o fator de necrose tumoral (TNF)-
a. Esta citocina € um mediador chave entre inflamacao e cancer, induzindo maltiplas
respostas celulares por meio de dois receptores: TNFR1 e TNFR2. Ambos os
receptores podem desencadear a sobrevivéncia, mas apenas TNFR1 é capaz de
induzir morte celular. A regulacdo desta via € complexa e pode ser alterada por
microRNAs (miRNAs) podendo favorecer o processo tumorigénico. Objetivos: a)
avaliar a expressao de genes e miRNAs envolvidos na via de sinalizagdo de TNF-a e
suas relacbes em amostras de CG; b) construir uma rede de interacdo miRNAs-
RNAmM; c) avaliar o efeito do silenciamento dos receptores TNFR1 e TNFR2 e do
tratamento com extrato da H. pylori (eHP), na expressdo dos mesmos genes e
mMiRNAs, bem como nos processos celulares de proliferacéo, ciclo celular e apoptose
em linhagem de cancer gastrico. Materiais e Método: Total de 30 amostras
provenientes de individuos com CG foram submetidas a PCR quantitiva (qPCR) com
ensaios TagMan®, para quantificacao relativa (RQ) do RNAmM de genes da via de
sinalizacdo de TNF-a (TNFA, TNFR1, TNFR2, TRADD, TRAF2, CFLIP, NFKB1,
NFKB2, CASP8, CASP3) e de miRNAs que apresentam alguns destes RNAmM como
alvo (miR-19a, miR-34a, miR-103a, miR-130a, miR-181c). Odiagndstico molecular
da H. pylori foi realizado por nested PCR para o gene HSP60. Linhagens de
adenocarcinoma gastrico AGS estaveis contendo os receptores TNFR1 (AGS-shR1)
e TNFR2 (AGS-shR2) silenciados por shRNAs especificos e linhagem AGS néo
silenciada foram tratadas com 30% v/v de eHP por 6 horas. Posteriormente, foi
realizada a quantificacdo dos mesmos RNAmM e miRNAs por gPCR, ensaio MTT para
avaliacdo da proliferagéo celular e citometria de fluxo para analise do ciclo celular e
apoptose. Resultados: Nas amostras de CG houve aumento na expressao de
genes pré-sobrevivéncia (TNF, TNFR2, TRADD, TRAF2, CFLIP e NFKB2), CASP8 e
do miR-34a, enquanto a expressao de mediadores pré-apoptéticos (TNFR1 e
CASP3) estava reduzida. Infeccdo pela H. pylori ndo influenciou a expressao dos
RNAmM e miRNAs nas amostras de CG. A rede de interacdo miRNA:RNAmM mostrou

possiveis interrelagbes entre os mMiIRNAs analisados e 0s genes da via de
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sinalizacdo de TNF-a, destacando os miR-19a e miR-103a que podem regular o
maior numero de genes. Nos experimentos in vitro, AGS-shR1 apresentou reducao
significante na expressdo de genes de sobrevivéncia celular (TNFA, NFKB1 e
NFKB2) e aumento na expressdo de CASP3, embora ndo alterou a expressao de
MiRNAs e nem 0s processos celulares. Por outro lado, silenciamento parcial de
TNFR2 reduziu significantemente a expressdo de TRADD e TRAF2, assim como
aumentou a expressdo de miRNAs, suprimiu a apoptose e desencadeou parada do
ciclo celular na fase G2/M. Tratamento com eHP na linhagem né&o silenciada, além
de aumentar o nimero de células em necrose, aumentou a expressao dos genes
TNFR1, NFKB1, NFKB2 e CFLIP, e reduziu a expressdao de TNFR2, embora
expressao reduzida dos receptores tenha diminuido a intensidade da resposta ao
tratamento. Conclusé&o: Portanto, nossos resultados destacam o importante papel
da via de sinalizacdo de TNF-a mediada tanto por TNFR2 como por TNFR1 em
cancer gastrico. Em amostras de tecido, o efeito pré-tumoral de TNF-a deve-se a
ativacdo da via de sinalizagdo mediada principalmente por TNFR2. Na linhagem
celular, silenciamento parcial de TNFR1 e TNFR2 reduziu a expressao de genes pro-
sobrevivéncia e anti-apoptéticos e afetou processos celulares e expressao de
miRNAs, de modo que silenciamento simultaneo dos receptores pode ter um efeito
anti-tumoral em céancer gastrico. Além disto, a resposta de infeccdo por H. pylori
nesta via de sinalizacdo é mediada principalmente por TNFR1, direcionando para a

via de sobrevivéncia celular.

Palavras-chave: cancer gastrico; via de sinalizagdo de TNF-q; silenciamento de
TNFR1,; silenciamento de TNFR2; miRNAs; Helicobacter pylori
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ABSTRACT

Introduction: Gastric cancer (GC) has high rates of incidence and mortality in the
world and persistent infection by the bacterium Helicobacter pylori (H. pylori) is one of
the main etiological factors since it promotes chronic inflammation and inflammatory
mediators’ expression, such as tumor necrosis factor (TNF)-a. This cytokine is a key
mediator between inflammation and cancer, inducing multiple cellular responses
through two receptors: TNFR1 and TNFR2. Both receptors can trigger survival, but
only TNFR1 is capable of inducing cell death. This pathway’s regulation is complex
and can be altered by microRNAs (miRNAs) which may favor the tumorigenic
process. Objectives: a) to evaluate the expression of genes and miRNAs involved
in TNF-a signaling pathway and their relationships in GC samples; b) to build a
MiRNA:MRNA interaction network; c) to evaluate the effect of TNFR1 and TNFR2
receptors silencing and treatment with H. pylori extract (eHP) on gastric cancer
lineage in the expression of same genes and miRNAs, as well as in the cellular
processes of proliferation, cell cycle and apoptosis. Materials and Method: total 30
samples from GC subjects were submitted to quantitative PCR (qPCR) with
TagMan® assay, for the relative quantification (RQ) of the TNF-a signaling pathway
MRNA (TNFA, TNFR1, TNFR2, TRADD, TRAF2, CFLIP, NFKB1, NFKB2, CASPS,
CASP3) and miRNAs that presented some of these mMRNAs as targets (miR-19a,
miR-34a, miR-103a, miR-130a, miR-181c). Molecular diagnosis of H. pylori was
performed by nested PCR for gene HSP60. Stable AGS gastric adenocarcinoma
lineage containing the TNFR1 (AGS-shR1l) and TNFR2 (AGS-shR2) receptors
downregulated by specific ShRNAs and non-silenced lineage were treate with 30%
v/v eHP for 6 hours. Subsequently, the same mRNA and miRNAs were quantified by
gPCR, MTT assay for cell proliferation evaluation and flow cytometry for cell cycle
analysis and apoptosis. Results: In GC samples, it was verified up-regulation of pro-
survival genes (TNF, TNFR2, TRADD, TRAF2, CFLIP and NFKB2), CASP8 and miR-
34a, whereas proapoptotic mediators’s expression (TNFR1 and CASP3) were down-
regulated. H. pylori infection did not influence the expression of mMRNAs and miRNAs
in GC samples. miRNA:mRNA interaction network showed several possible
relationships between the analyzed miRNAs and the TNF-a signaling pathway
genes, highlighting miR-19a and miR-103a which can regulate the greatest number

of genes. In vitro experiments, AGS-shR1 presented significant decreased in the
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expression of survival genes (TNFA, NFKB1 and NFKB2) and increased CASP3
expression, although no changes in cellular processes and miRNAs expression were
observed. In contrast, TNFR2 downregulation significantly decreased TRADD and
TRAF2 expression, as well as increased the miRNAs expression, supressed
apoptosis and promoted cell-cycle arrest at G2/M. The treatment with eHP in non-
silenced lineage, besides increasing the amount of necrosis cells, increased
expression of genes TNFR1, NFKB1, NFKB2 and CFLIP, and decreased of TNFR2,
however the receptors downregulation decreased treatment response intensity.
Conclusion: Therefore, our results highlight the important role of the TNF-a
signaling pathway mediated by both TNFR2 and TNFRL1 in gastric cancer. In gastric
samples, the pro-tumor effect of TNF-a is mainly due to activation of the TNFR2-
mediated signaling pathway. In AGS cell line, TNFR1 and TNFR2 downregulation
decrease expression of pro-survival and anti-apoptotic genes and affected cellular
processes and miRNA expression, so that simultaneous silencing of both TNFR1 and
TNFR2 may have an antitumor effect on gastric cancer. In addition, H. pylori infection
response in this signaling pathway is mediated mainly by TNFR1, directing to the

cellular survival pathway.

Key-words: Gastric cancer, TNF-a signaling pathway; TNFR1 knockdown; TNFR2

knockdown; miRNAs; Helicobacter pylori
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1 INTRODUCAO

1.1Cancer gastrico

O céancer gastrico (CG) € a quinta neoplasia mais comum e a terceira em
causa de morte relacionada ao céncer em ambos 0s sexos mundialmente
(GLOBOCAN, 2018). A incidéncia varia em diferentes regibes geograficas,
apresentando alta incidéncia na Asia e Europa Oriental, bem como na América
Latina (GLOBOCAN, 2018). No Brasil estima-se 13.540 novos casos deste tipo de
cancer em homens e 7.750 em mulheres em 2019, sendo o quarto em incidéncia
entre os homens e o sexto entre as mulheres (INCA, 2018). Embora a incidéncia e a
mortalidade tenham diminuido ao longo dos anos, a maioria dos casos sé&o
diagnosticados em estagio avancado, o que resulta em pior progndstico com taxa de
sobrevivéncia dos pacientes menor que 40% apds cirurgia e terapia (McLEAN; EL-
OMAR, 2014; LIU; MELTZER, 2017). Portanto, melhorar o conhecimento acerca da
patogénese do céancer gastrico € necessario, a fim de obter o diagndstico em
estagios iniciais e aumentar 0 sucesso terapéutico com estratégias menos téxicas e
mais efetivas (LIU; MELTZER, 2017).

A neoplasia de estbmago € uma doenca heterogénea com diferentes
fendtipos e prognésticos (OUE et al., 2019). Com relacéo a localizacdo anatémica,
um terco de todos os canceres gastricos sdo diagnosticados na céardia, regido
localizada proxima a jungéo gastro- esofagica, e os demais surgem na regido distal
do estbmago (LOTT; CARVAJAL-CARMONA, 2018). Além disto, histologicamente,
CG foi classificado em dois subtipos principais por apresentarem caracteristicas
clinicas distintas: intestinal e difuso (LAUREN,1965) (Figura 1). O tipo intestinal
apresenta semelhanca com a mucosa intestinal devido a formacéo de glandulas com
juncoes intercelulares (LOTT; CARVAJAL-CARMONA, 2018) e desenvolve-se em
um processo multiestagios denominado “Cascata de Correa”, o qual inicia com
inflamacdo promovendo a gastrite cronica, que progride para atrofia gastrica,
metaplasia intestinal, displasia e cancer (CORREA, 1975). Por outro lado, no tipo
difuso, as células perdem a coesédo e formam aglomerados que infiltram no estroma
(LOTT; CARVAJAL-CARMONA, 2018), surgindo a partir da mucosa gastrica normal
(BARBER et al., 2008). Recentemente, sistemas de classificagdo molecular tem sido
propostos, uma vez que as classificacbes anatdmica e histoldgica ndo refletem as

caracteristicas genéticas do cancer gastrico (OUE et al., 2019). Assim, a rede de
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pesquisa do Atlas do Genoma do Céancer (TCGA) classificou esta neoplasia em
quatro subtipos moleculares: CG positivo para o virus Epstein-Barr (tipo EBV), CG
com instabilidade de microssatélite | (tipo MSI), CG genomicamente estavel (tipo GS)
e CG com instabilidade cromossomal (tipo CIN) (Cancer Genome Atlas Research
Network, 2014).

CG é uma neoplasia multifatorial, de modo que durante seu desenvolvimento
h& a participacdo de diferentes fatores genéticos e ambientais (LIU; MELTZER,
2017). De modo geral, as alteracbes genéticas incluem ganho ou perda
cromossbmica, mutacdes em oncogenes e genes supressores de tumor e
polimorfismos genéticos, bem como alteracBes epigenéticas de metilacdo do DNA,
modificacdo de histonas e alteracdo na expressdo de microRNAs (miRNAs), as
quais foram relacionadas a iniciagdo e progressao do CG (LIU; MELTZER, 2017,
NECULA et al., 2019). Por outro lado, os fatores de risco ambientais incluem
tabagismo, etilismo, obesidade, refluxo gastro-esofagico, dietas ricas em nitratos (sal
e comidas defumadas, por exemplo), e principalmente a infeccdo pela bactéria
Helicobacter pylori (H. pylori) (LIU; MELTZER, 2017; RIVAS-ORTIZ et al., 2017;
LOTT; CARVAJAL-CARMONA, 2018).

Os estagios iniciais da carcinogénese do tipo intestinal sdo caracterizados por
instabilidade genética, ativacdo da telomerase, mutacdo/perda de TP53, além de
inativacdo de genes supressores de tumor e miRNAs por metilacdo de ilhas CpG.
Ativacdo de TERT, perda na expressdo do receptor B de &acido retindico,
superexpressao de TP53 e presenca anormal de transcritos CD44 caracterizam a
metaplasia intestinal, enquanto na displasia sdo encontradas mutacfes no gene
APC e instabilidade de microssatélite. Além disto, em adenocarcinoma do tipo
intestinal, observa-se expresséo reduzida de TGFBR1 e completa perda de funcéo
de p27, mutagcbes em genes de receptores tirosina-quinase (EGFR, ERBBZ2,
ERBB3), amplificacdo de VEGFA, PIK3CA e KRAS/NRAS, bem como mutagdes em
genes de remodelagdo da cromatina, como ARID1A, MLL3 e MLL (Figura 1)
(RIQUELME et al., 2015). Diferentemente, as principais mudancas moleculares
observadas no adenocarcinoma do tipo difuso incluem instabilidade de
microssatélites, perda da funcé@o da E-caderina devido a dele¢cdes ou mutacdes em
CDH1, amplificacdo de MDM2, MET e FGFR2F, além de mutacdes em RHOA
(Figura 1) (RIQUELME et al., 2015).
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Figura 1 - Sequéncia morfologica, alteracdes genéticas e epigenéticas na
carcinogénese gastrica multiestdgios. Esta figura sumariza a sequéncia de
eventos moleculares que caracterizam cancer gastrico tipo intestinal e tipo difuso de
acordo com o modelo da cascata de Correa. IMS: instabilidade de microssatélite;
LOH: perda de heterozigosidade (do inglés: loss of heterozygosity); TNF: fator de
necrose tumoral; IL: interleucina; TERT: transcriptase reversa da telomerase; RARRG:
receptor B de acido retindico; TP53: proteina tumoral p53; APC: regulador APC da
via de sinalizacdo de WNT; MLH1: mutL homdlogo 1; BCL2: regulador apoptotico
BCL2; p27: do inglés proteasome 26S subunit, non-ATPase 9; TGFBRL1: receptor 1
do fator de crescimento transformador beta; EGFR: receptor do fator de crescimento
epidermal; ERBB2: receptor do fator de crescimento epidermal humano 2; VEGFA:
fator de crescimento endotelial vascular A; PIK3CA: fosfatidilinositol-3-cinase; KRAS:
homologo do oncogene viral de sarcoma de rato Kirsten; NRAS: proto-onocogene
NRAS; FGFR2F: receptor 2 do fator de crescimento de fibroblastos; MET: receptor
tirosino-cinase; MDM2: proto-oncogene MDM2; RHOA: membro A da familia de
genes homologos de Ras.
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FONTE: Modificada de RIQUELME et al., 2015.
1.2 Inflamacéo: Helicobacter pylori e cancer gastrico

A inflamacdo € uma resposta benéfica ativada para combater agentes
patogénicos e restaurar lesdo tecidual. Entretanto, se a inflamacdo ocorre de
maneira desregulada e torna-se crbnica, pode induzir a transformacdo maligna
celular no tecido adjacente (LANDSKRON et al., 2014). Em céncer gastrointestinal,

foi estabelecido que a resposta inflamatéria possui um papel promotor de tumor
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(ECHIZEN et al., 2018). Na inflamacédo crbnica, células inflamatorias e epiteliais
produzem grande quantidade de espécies reativas de oxigénio (ERO) e nitrogénio
(ERN), além de fornecer moléculas bioativas, como citocinas, fatores de
crescimento, sinais de sobrevivéncia e fatores pro-angiogénicos (LANDSKRON et
al., 2014; MURATA, 2018). ERO e ERN causam alteracdes em acidos nucléicos,
proteinas e lipidios resultando em danos tissulares que favorecem o surgimento de
cancer (MURATA, 2018). A exposicao a radicais livres e citocinas pré-inflamatorias
induz alteracdes genéticas e epigenéticas no genoma, incluindo mutac¢des, aumento
ou reducdo na metilacdo do DNA, além de desregulacdo na expressdo de
microRNAs (MURATA, 2018).

Agentes infecciosos causadores de inflamacéo crbénica estdo associados a
cerca de 10-15% dos canceres (CHIBA; MARUSAWA; USHIJIMA, 2012) como
colorretal, de bexiga, hepatico, pancreéatico, de pulmdo e o cancer gastrico
(NAGANO et al., 2019). Estudos epidemioldgicos relataram que 2-3% dos individuos
infectados por H. pylori desenvolvem CG (WANG et al., 2014), sendo considerado o
principal agente de risco para o desenvolvimento desta neoplasia, o que levou a
Agéncia Internacional de Pesquisa do Cancer (IARC) classifica-la como um
carcindgeno classe | em 1994 e reafirmar esta classificacdo em 2009 (IARC, 2012).

H. pylori € uma bactéria gram-negativa, flagelada e microaeroéfila com grande
habilidade para colonizar o estdémago humano (SALAMA; HARTUNG; MULLER,
2013; DIAZ et al., 2018). Embora a prevaléncia varie com a regido geografica, idade
e nivel socioecondmico, a média global de infeccdo por esta bactéria € cerca de
58% e a maioria dos individuos infectados sdo assintoméaticos (WANG et al., 2014).
Isto se deve as estratégias de sobrevivéncia Unicas da H. pylori e a sua habilidade
de escapar do sistema imune do hospedeiro (ESLAMI et al., 2019). Dentre as
estratégias, destacam-se a presenca da enzima urease capaz de aumentar o pH
gastrico e uma variedade de fatores de viruléncia que podem desregular vias de
sinalizacdo intracelular do hospedeiro e estimular células da imunidade inata,
favorecendo a transformacao neoplasica (WANG et al., 2014; KALALI et al., 2014).
Dentre os fatores bacterianos de risco envolvidos nesses processos estdo as
proteinas CagA e VacA e a adesina BabA (ALFAROUK et al., 2019), sendo que
cepas triplo positivas (VacA*, CagA*, BabA*) exibem maior densidade de
colonizacéo e intensa resposta inflamatoria no tecido gastrico (CHANG; YEH; SHEU,
2018).
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Infecc@o persistente da mucosa gastrica pela H. pylori promove inflamacéo
cronica originando a gastrite, podendo progredir para lesdes pré-neoplasicas (DIAZ
et al., 2018). Apds o reconhecimento da bactéria pelas células epiteliais géstricas,
H. pylori desencadeia uma cascata inflamatoria pela ativacdo de quimiocinas,
recrutamento de macréfagos, células dendriticas e polimorfonucleares, resultando
em liberacdo de mediadores inflamatorios, como Interleucinas (IL)-6, IL-8, IL1-B e
fator de necrose tumoral (TNF)-a, além de fatores de sobrevivéncia e proliferagao
celular (Figura 2) (CADAMURO et al., 2014; YOUSEFI et al., 2019). Em sequéncia,
ocorre ativacdo da sinalizacdo do fator de transcricdo nuclear (NF)- kB, que é um
regulador vital da inflamacéo e resulta em proliferacdo e inibicdo da apoptose,
podendo afetar a transformacgéo neoplasica destas células (YOUSEFI et al., 2019). A
resposta inflamatdria induzida por esta bactéria, como j& descrito, também ocasiona
a liberacdo de compostos mutagénicos, como ERO e ERN, que aumentam o0s niveis
de danos no DNA e desregulacdo epigenética, favorecendo 0 processo
carcinogénico (RIVAS-ORTIZ et al., 2017).

Figura 2 - Patogénese de infec¢cdo pela Helicobacter pylori e resposta imune do
hospedeiro. A: A colonizacdo das células gastricas epiteliais por esta bactéria é
possivel pela presenca da enzima urease que neutraliza o pH. Por meio de BabA e
SabA ocorre a adeséo desta bactéria as células epiteliais o que permite a liberacao
dos fatores de viruléncia CagA e VacA no interior das células do hospedeiro,
causando uma forte resposta imune sistémica e inflamacdo da mucosa gastrica.
Além disto, o LPS bacteriano é reconhecido pelos receptores TLR2 e TLR4 que, em
associacdo com MyD88/IRAK1/IRAK4 leva a ativacéo do fator de transcricdo NF- kB,
ativando vias de sinalizacdo inflamatéria. B: A resposta imune é ativada com o
recrutamento de células inflamatorias para o local da infec¢éo, induzindo a producéo
de varios mediadores pro e anti-inflamatérios. C: Apos a ativacdo de NF- kB ocorre a
rapida expressao de citocinas pro-inflamatérias, como TNF-a e interleucinas, além
da produgcdo de espécies reativas de oxigénio (ERO) e nitrogénio (ERN),
estimulando vias oncogénicas que podem levar ao cancer. D: A expressao de
alguns miRNAs é alterada pela infeccdo, 0 que regula a resposta imune do
hospedeiro.
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Em consequéncia da infeccdo por H. pylori a resposta inflamatéria do
hospedeiro € acompanhada pela desregulacdo da expressdo de genes envolvidos
na resposta imune e inflamatéria, controle da cinética celular e miRNAs, como
observado em nossos estudos prévios (CADAMURO et al., 2014; CADAMURO et
al.,, 2015; ROSSI et al., 2016). Dentre os mediadores inflamatérios que séo
modulados por este patdégeno destaca-se TNF-a, cuja expressao aumentada foi
observada em gastrite cronica (ROSSI et al., 2016), Ulcera péptica (GOLL et al.,
2007) e cancer gastrico (ZHAO et al., 2010) associado a H. pylori. Diversos estudos
mostraram que TNF-a é um mediador chave entre inflamac&o e cancer (SETHI et
al., 2008; BALKWILL, 2009; OSHIMA et al., 2014), agindo como um fator promotor
tumoral e influenciando todas as etapas da tumorigénese, incluindo transformacéao,
proliferacdo, angiogénese, invasdao e metastase (BALKWILL, 2009; HAM et al.,
2016). Isto deve-se as multiplas respostas intracelulares induzidas por esta citocina
gue resulta em processos celulares diversos, como apoptose e sobrevivéncia
celular, caracteristicas tipicamente desreguladas no céncer, tornando TNF-a um

importante alvo de estudo no contexto da carcinogénese gastrica.
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1.3 Via de sinalizacdo do fator de necrose tumoral (TNF)-a: sobrevivéncia ou

morte celular

TNF-a é uma citocina proé-inflamatéria pleiotréfica importante na sinalizagédo
dos sistemas imune inato e adaptativo, inflamacdo e morte celular (BRENNER;
BLASER; MAK, 2015). Esta citocina foi identificada a partir de pacientes com cancer
que entravam em remissao apos apresentarem algum tipo de infec¢éo bacteriana, e
entdo descrita como fator de necrose tumoral pela sua capacidade de induzir a
morte de células tumorais (JOSEPHS et al.,, 2018). Esta citocina € inicialmente
sintetizada como uma proteina transmembrana tipo Il (JONES; STUART; WALKER,
1989), sendo a forma soluvel clivada a partir da forma ligada a membrana (MTNF)
por uma metaloproteinase conhecida como enzima conversora de TNF-a - TACE (ou
ADAML17) - dando origem ao peptideo soluvel extracelular (BLACK et al., 1997). A
expressdo de mTNF ou a liberacédo do peptideo soltuvel (STNF) ocorre em resposta a
diversos estimulos e séo processos rigorosamente regulados (BRENNER; BLASER;
MAK, 2015). Os macréfagos ativados sé@o a principal fonte desta citocina, assim
como linfécitos e células natural killer (NK), embora células ndo-imunes como
fibroblastos, queratindcitos e células tumorais contribuem para a sua producao (WU;
ZHOU, 2010; ZHAO et al., 2010; JOSEPHS et al., 2018). De modo geral, TNF-a
possui papel importante tanto em condicbes fisiolégicas quanto patoldgicas,
regulando diversas respostas celulares como comunicac¢do celular, producdo de
outras citocinas inflamatorias, além de sobrevivéncia, proliferacdo e morte celular
(BRENNER; BLASER; MAK, 2015; YANG et al., 2018a). Em decorréncia de seu
efeito regulatério em processos celulares distintos, alteragbes na sua via de
sinalizacdo estdo relacionadas com doencas autoimunes e céancer (BRENNER;
BLASER; MAK, 2015).

A diversidade de efeitos biolégicos resultante da acdo de TNF-a deve-se a
possibilidade de ativacdo da sua via de sinalizacdo por meio de dois receptores de
membrana distintos: TNFR1 (ou TNFRSF1A) ou TNFR2 (TNFRSF1B) (FAUSTMAN;
DAVIS, 2013). Ambos o0s receptores sao proteinas transmembranas com alta
similaridade na estrutura extracelular de ligacdo de TNF, mas diferem nos seus
dominios intracelulares, visto que apenas TNFR1 apresenta “dominio de morte”
(CABAL-HIERRO et al., 2014; JOSEPHS et al., 2018). TNFR1 é expresso em quase

todas as células de mamifero, assim como células tumorais, e pode ser ativado tanto
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por mTNF quanto por sTNF, enquanto a expressdo de TNFR2 é mais limitada,
restrita principalmente a células do sistema imune, como células T regulatorias
(Treg) e células endoteliais, sendo que sua ativacdo completa € iniciada apenas por
MTNF (JOSEPHS et al.,, 2018; YANG et al., 2018a), atuando na modulacdo do
sistema imune e regeneracdo tecidual. Como consequéncia disto, TNFR1 é
considerado o principal mediador da via de sinalizacao induzida por TNF-a, dirigindo
predominantemente a resposta pro-inflamatéria (NAUDE et al., 2011).

Sinalizacdo de TNF-a desencadeada por ligagdo com TNFR1 é capaz de
induzir duas respostas celulares diferentes: a sobrevivéncia celular e promocéo da
inflamacdo ou a morte celular por apoptose. O balanco entre estas duas vias
depende de muitos fatores, como o tipo celular, microambiente intra e extracelular,
além da concentracdo de mediadores pro e anti-apoptéticos (YANG et al., 2018a).
Apos ligacdo de TNF-a, TNFR1 sofre mudancas conformacionais que resultam no
recrutamento das proteinas TRADD (TNF receptor-associated with a death domain)
e RIP1 (receptor-interacting protein 1). Ambas possuem dominio de morte e sdo
capazes de interagir independentemente com TNFR1 e fortemente entre si, dando
integridade a este complexo. Posteriormente, TRADD, que possui um sitio de
ligacdo especifico, recruta TRAF2 (TNF receptor associated factor) e a este ligam-se
as proteinas inibidoras de apoptose c-IAP1 e 2 (cellular inhibitor of apoptosis
protein). Este complexo de sinalizacdo de TNFR1 associado a membrana é
denominado Complexo | e resulta na ativagdo de NF-kB (nuclear factor- kB) e JNK
(c-Jun N-terminal kinase) (Figuras 3 e 4) (revisdo em BRENNER; BLASER; MAK,
2015; JOSEPHS et al., 2018). De uma maneira dependente de TRAF-2/c-IAP, RIP1
€ ubiquitinado desencadeando ativacao e consequente degradacdo proteossomal do
complexo IKK (IkB kinase), liberando o fator de transcricdo NF-kB, o qual se
transloca para o nucleo e ativa a transcricdo de genes anti-apoptoticos e pro-
sobrevivéncia, como c-IAP1, c-IAP2, cFLIP (CASP8 homolog FLICE-inhibitory
protein), TRAF1 e TRAF2 (revisdo em NAUDE et al., 2011; WAJANT; SCHEURICG,
2010). O complexo I, embora rapidamente montado, é transitorio e, com isto, a
ativagcao de NF-kB mediada por TNFR1 ocorre em poucos minutos e se normaliza
em poucas horas (NAUDE et al., 2011).

O complexo Il forma-se apo0s endocitose de TNFR1 e consequente
dissociacdo de TRADD, deixando o dominio de morte desta proteina adaptadora

disponivel. FADD (Fas-associated death domain) e procaspase-8 séo
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posteriormente recrutadas originando o complexo de sinalizacdo indutor de morte
(DISC) (Figura 3). No entanto, a atividade deste complexo € inibida pela presenca
de c-IAP1 e 2, cFLIP, um potente inibidor da ativacdo de caspase-8, ou pela
presenca de ubiquitinacdo de RIP1 (NAUDE et al., 2011; BRENNER; BLASER;
MAK, 2015). Na auséncia destas condicdes, a procaspase-8 presente no complexo
Il sofre clivagem proteolitica resultando na liberagdo de Caspase-8 ativada e
consequente ativacdo de Caspase-3, uma caspase efetora que cliva diretamente
inUmeras proteinas celulares desencadeando a morte celular por apoptose (revisdo
em LEONARD; JONHSON, 2018). Portanto, a regulacdo da transducéo de sinal
desencadeada por TNF-a/TNFR1 é um constante balango entre as fungdes opostas
de sobrevivéncia e morte celular na intencdo de manter a homeostase, e
desequilibrio nesta balanca devido a alteracdo na expressdo dos receptores, do
ligante e de mediadores pré e anti-apoptéticos podendo favorecer o processo
tumorigénico (BRENNER; BLASER; MAK, 2015).

Uma outra via de morte celular, a necrose ou necroptose, pode ser ativada
pela ligacdo de TNF-o/TNFR1. Quando RIP1 nédo esté ubiquitinado, ele se dissocia
do Complelxo | ligado a membrana para formacdo do Complexo Il, quando sofre
clivagem pelo heterodimero formado por procaspase-8 - cFLIPL (isoforma longa),
levando a morte celular por apoptose devido a sua inativacdo. Entretanto, se RIP1
esta deubiquitinado e as caspases estdo inativas, tal que RIP1 ndo pode ser clivado
e inativado pelo heterodimero, o programa de morte celular muda de apoptose para
necrose. Além disto, expressao elevada de cFLIPs (isoforma curta) também favorece
a necrose, uma vez que o heterodimero formado por procaspase-8 - cFLIPs é
completamente inativo cataliticamente, sendo incapaz de inativar RIP1 (BRENNER;
BLASER; MAK, 2015).

Figura 3 - Modelo da apoptose mediada por TNFR1. Apos a ligacdo de TNF a
TNFR1, rapido recrutamento de TRADD, RIP1 e TRAF2 ocorre, formando o
Complexo |. Posteriormente, TNFR1, TRADD e RIP1 sofrem modificagbes com
consequente dissociagcdo entre TNFR1 e TRADD. O dominio de morte (DD) de
TRADD (e/ou RIP1) livre liga-se ao FADD, resultando em recrutamento de Caspase-
8/10 originando o Complexo Il que pode levar a apoptose. Se a ativacao de NF-kB
desencadeada pelo Complexo | esta ocorrendo, os niveis de cFLIP sdo elevados,
acarretando bloqueio da apoptose e consequente sobrevivéncia celular.
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FONTE: Modificado de MICHEAU; TSCHOPP, 2003.

Ao contrario de TNFR1, TNFR2 é preferencialmente ativado por mTNF e
induz ativacdo de NF-kB de longa duragdo (NAUDE et al., 2011). A sinalizag&o
desencadeada por este receptor € promovida pela sua interacao direta com TRAF2,
sendo esta proteina um mediador chave da ativacdo de NF-kB por esta via de
sinalizacao (Figura 4) (ROTHE et al., 1995). No entanto, ativacdo de TNFR2 resulta
em alteracdo na localizacdo subcelular de TRAF2, o que induz sua degradacao,
inibindo a ativacdo de NF-kB e a consequente diminuicdo de vias anti-apoptoéticas
(NAUDE et al., 2011; QU; ZHAO; LI, 2017). Com isto, a degradacdo de TRAF2
mediada por TNFR2 pode resultar em aumento na citotoxidade desencadeada por
TNFR1 quando ambos os receptores estdo expressos e ativados (RODRIGUEZ et
al., 2011; QU; ZHAO; LI, 2017). Por outro lado, embora as vias desencadeadas por
ambos os receptores compartilham proteinas intracelulares, a cinética da sinalizagéo
de NF-kB difere entre eles, uma vez que TNFR1 ativa este fator de transcrigao
rapidamente e TNFR2 mantém a ativacdo por mais tempo, funcionando como um
mecanismo regulatério para prevenir a apoptose em células coexpressando 0s
receptores (revisdo em NAUDE et al., 2011). Portanto, a comunicacio entre 0s

receptores pode ter tanto efeitos antagonistas quanto agonistas na via de
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sinalizacdo, de modo que a expressdao de TNFR1 e TNFR2, bem como o nivel
relativo destes receptores na superficie celular e o grau de ativacdo, tem um papel
importante na determinacdo do destino da célula (BRENNER; BLASER; MAK, 2015).

Figura 4 - Complexo | de TNFR1 contem RIP1 ubiquitinado e ativa NF-kB e a
sinalizacdo JNK e p38. Apos a ligacdo de TNF a TNFR1, TRADD, RIP1 e TRAF2
(ou TRAF5) formam o Complexo I, ao qual se associam clAP1 e clAP2. TRAF2 (ou
TRAF1) liga-se diretamente a TNFR2 e recrutam clAP1 e clAP2. Estes inibidores
celulares de apoptose sdo responsaveis pela ubiquitinacdo de RIP1 e outros
componentes da via, assim como ao recrutamento de LUBAC, complexo que
também contribui para a ubiquitinacdo. Por diferentes mediadores, as vias de NF-kB,
JNK e p38 sdo ativadas, resultando em sobrevivéncia celular.
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FONTE: Modificada de BRENNER, BLASER, MAK, 2015.

Pelo exposto, a via de sinalizagcdo de TNF-a desencadeada pelos receptores
TNFR1 e TNFR2 controla diversos e distintos processos biologicos, influenciando no
destino celular. Assim, desregulacédo nesta via de modo a causar desequilibrio entre
0S processos de sobrevivéncia e morte celular pode favorecer o processo
tumorigénico. Embora diversos estudos tenham mostrado a influéncia de TNF-a e
seus receptores em condi¢gBes patolégicas, a importancia de cada receptor e sua
influéncia na progressao da doenca parece dependente do tipo de célula, estagio de

desenvolvimento, presenca de patdégenos e microambiente. Em vista de sua
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atividade pro ou antitumoral, terapias baseadas em inibidores de TNF-a e bloqueio
dos receptores sollveis TNFR1 e TNFR2 tem sido propostas para o tratamento do
cancer e doencas autoimunes e inflamatérias, apesar das limitagbes devido sua
toxicidade sistémica (BRENNER; BLASER; MAK, 2015; JOSEPHS et al.,, 2018,
YANG et al., 2018a). Portanto, novas estratégias como as técnicas de silenciamento
génico (siRNA e shRNA) tem sido investigadas na terapia do cancer devido a alta
eficiéncia, baixo custo comparado a outros métodos de terapia génica e alta
especificidade comparado a outros métodos de terapia de cancer como a
quimioterapia, permitindo o desenvolvimento de drogas personalizadas
(MANSOORI; SHOTORBANI; BARADARAN, 2014).

Recente estudo finalizado pelo nosso grupo de pesquisa (ROSSI et al., 2016)
mostrou aumento na expressao génica e proteica de TNF-a na mucosa gastrica de
individuos com gastrite cronica H. pylori positivos com reducdo significante na
expressdo apoés erradicacdo deste patégeno. Em contraste, constatamos que a
expressdo dos miRNAs miR-103a, miR-181c, miR-370 e miR-375 estava reduzida
na presenca da H. pylori e que houve aumento significante apdés a terapia de
erradicacdo. Também mostramos que a expressao de TNFA estava inversamente
relacionada com a expressdo destes miIRNAs, sugerindo que esta citocina é
modulada por miRNAs, podendo participar do processo patoldgico desencadeado
pela H. pylori na mucosa géstrica. Estes resultados nos levaram a avaliar a
influéncia da via de sinalizacdo desencadeada por esta citocina em cancer gastrico e
se miRNAs podem atuar sobre esta via por meio da desregulacdo na expressao de
genes alvos. Além do mais, considerando a funcdo dos receptores TNFR1 e TNFR2
nas respostas celulares desencadeadas por esta citocina e, considerando que 0s
estudos abordando o papel destes receptores nesta neoplasia sao limitados e
inconclusivos, propusemos avaliar o efeito do seu silenciamento génico e as
consequéncias na expressao de genes downstream da via de sinalizacdo de TNF-a

em linhagem de cancer gastrico.

1.4 MicroRNAs: inflamacé&o e cancer

Como destacado, inflamagé&o crénica e infecgéo pela H. pylori podem induzir
alteracbes epigenéticas na mucosa gastrica, dentre as quais destaca-se
desregulacéo na expressao de miRNAs (CADAMURO et al., 2014; MURATA, 2018).
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MiRNAs sdo pequenos RNAs nédo codificantes que possuem cerca de 22
nucleotideos e sdo encontrados em todas as células eucarioticas, regulando quase
todas as vias biologicas (ACUNZO et al.,, 2015). Estes pequenos RNAs sé&o
transcritos principalmente pela RNA polimerase Il a partir de genes evolutivamente
conservados sendo localizados em introns, éxons de genes codificantes de
proteinas ou em regides intergénicas (de RIE et al., 2017). A biogénese de miRNAs
é classificada em vias canoénica (Figura 5) e ndo-candénica (O’'BRIEN et al., 2018). A
via candnica € dominante e nesta, ap0s transcricdo, o transcrito primario obtido
denominado pri-miRNA (LEE et al., 2004) é processado por um complexo nuclear
denominado microprocessador composto pela enzima RNase Il Drosha e a proteina
de ligacdo de RNA fita dupla DGCRS8, produzindo um transcrito precursor (pré-
mMiRNA) (TREIBER; TREIBER; MEISTER, 2019) que dobra-se por pareamento
intramolecular de bases adquirindo uma estrutura em grampo (hairpin) (LEE et al.,
2003; LI; PAN; LIN, 2006). Uma vez gerado, o pré-miRNA é exportado para o
citoplasma pelo complexo Exportina-5/Ran-GTP, onde é clivado pela RNase Il
Dicer, originando um duplex de miRNA maduro com aproximadamente 22
nucleotideos (YI et al., 2003; OKADA et al., 2009; RODEN et al., 2017). Nesta etapa,
o miRNA fita dupla liga-se ao Complexo Silenciador induzido por RNA (RISC),
composto pelas proteinas TRBP (transactivation-responsive RNa-binding protein) e
Argonauta-2 (Ago2), que retém uma fita madura enquanto a fita complementar pode
ser removida e degradada (CHENDRIMADA et al., 2005; DIEDERICHS; HABER,
2007; KOBAYASHI; TOMARI, 2016). Por outro lado, a biogénese nao-candnica pode
ser independente de Drosha/DGCR8 ou de Dicer. Exemplos de pré-miRNAs
produzidos por via independente de Drosha/DGCR8 sao os mirtrons, produzidos a
partir de introns de RNA mensageiro (RNAm) durante o splicing (BARBIARZ et al.,
2008), e pré-miRNAs com adi¢do de 7-metilguanosina na extremidade 5’ (XIE et al.,
2013), os quais sdo exportados diretamente para o citoplasma através da Exportina-
1 (O'BRIEN et al., 2018). Por outro lado, alguns miRNAs s&o processados pela
Drosha, mas ndo apresentam comprimento suficiente para ser substrato da Dicer,
requerendo Ago2 para completar sua maturacao (YANG et al., 2010). O precursor
do miR-451, especifico de eritrocito, € um exemplo de miRNA curto para ser
processado pela Dicer, ligando-se diretamente a Ago2 (TREIBER; TREIBER,;
MEISTER, 2019).
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O silenciamento génico pdés-transcricional resulta da degradacdo do RNAmM
alvo ou repressao da traducéo. Isto deve-se a complementaridade entre sequéncias
do RNAm alvo, denominadas elementos de resposta de miRNAs (JO et al., 2015), e
regido seed do miRNA que corresponde aos nove primeiros nucleotideos da
extremidade 5 (LEWIS; BURGE; BARTEL, 2005; GU et al., 2009). Quando existe
complementaridade completa entre estas sequéncias, o RNAmM é degradado
(ELBASHIR et al., 2001a, 2001b). Por outro lado, quando a complementariedade é
parcial, o miRNA causa repressao da traducdo, sendo este mecanismo o
predominante em animais (BEILHARZ et al., 2009; O’'BRIEN et al., 2018). A maioria
dos dados mostram que miRNAs ligam-se a sequéncias especificas da regido 3’
ndo-traduzida (3’-UTR) de seus RNAm alvos, embora outros sitios de ligagdo foram
detectados, incluindo a regido 5’-UTR, sequéncia codificante e regides promotoras.
Com excecédo da regido promotora que induz a transcricdo, a interacdo de miRNAs
com as regides 3'-UTR, 5’-UTR e sequéncia codificante resulta em silenciamento da
expresséo génica (O'BRIEN et al., 2018). Assim, estima-se que aproximadamente
60% de todos os genes codificantes de proteinas sejam regulados por este
mecanismo epigenético (BARTEL, 2009), sendo que foram encontrados 2654
mMiRNAs maduros em humanos (miRBASE, 2018).
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Figura 5 - Representacdo esquematica da via candnica da biogénese de miRNAs e
atividade do complexo RISC. miRNA: microRNA; RNAmM: RNA mensageiro.
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FONTE: Modificada de MULRANE et al., 2013.

Recentes estudos apontam que o perfil de miRNAs pode distinguir entre
tecido normal e tumoral, identificar a origem de tecidos e discriminar entre diferentes
subtipos do mesmo tipo de céncer, além de indicar resisténcia a terapia (IORIO;
CROCE, 2012; ACUNZO et al., 2015). Além disto, trabalhos apontaram a presenca
de miRNAs circulantes no sangue, 0s quais sao estaveis em diferentes condi¢des de
pH e temperatura, possibilitando sua utilizacdo como biomarcadores de origem
tumoral (ACUNZO et al., 2015) uma vez que sua expressao é tecido especifica (LU

et al., 2005). Em 2013, Pentheroudakis e colaboradores mostraram que um ensaio
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baseado na expressdo de 64 miRNAs é capaz de indicar a origem tumoral com
precisdo de 92% (PENTHEROUDAKIS et al.,, 2013). Além da utilizacdo como
biomarcadores, padrédo de expressdo de miRNAs tem importancia como indicador
progndstico de cancer, destacando neste contexto os miRNAs miR-21 (aumentado
em varios tipos de cancer, como mama, glioblastoma, hepatocelular, pulméo e
colorretal) e let-7 (diminuido em vérios tipos de cancer, como prostata, pulméao,
melanoma, mama - BOYERINAS et al., 2010) como os mais comumente associados
com o resultado da doenca (HAYES; PERUZZI; LAWLER, 2014). Estudos também
apontam a utilizacdo de miRNAs como preditivos da eficacia de drogas e como
potenciais agentes terapéuticos em cancer, podendo ser utilizado diretamente nas
células tumorais ou como coadjuvante em associacdo com outras terapias. Embora
os estudos de terapia baseada em miRNAs estejam ainda em fase inicial, alguns
ensaios clinicos estdo em andamento como, por exemplo, o MRX34 que € um
mimético de miR-34a com resultados satisfatorios em cancer de figado e pulméo
(HAYES; PERUZZI; LAWLER, 2014).

Diversos miRNAs tem sido associados com a regulagdo do processo
inflamatorio devido a infeccdo pela H. pylori (MATSUSHIMA et al., 2011; ROSSI et
al., 2016), como também com lesbes gastricas pré-cancerosas e 0 cancer gastrico
(CADAMURO et al., 2014, ALESSANDRINI et al., 2018). Recentemente observamos
gue aumento na expressao dos miRNAs miR-103a, miR-181c, miR-370 e miR-375
em gastrite crbnica apés erradicacdo da bactéria H. pylori, o que foi associado com
reducdo na expressao das citocinas IL-6 e TNF-a, sugerindo que os miRNAs podem
influenciar a resposta inflamatéria do hospedeiro contra a infeccdo (ROSSI et al.,
2016). Expresséao reduzida dos miRNAs da familia do miR-200, além de miR-103 e
miR-375, também foi correlacionada com aumento no infiltrado de neutréfilos e
células mononucleares e com o0 aumento na expressdo de citocinas pro-
inflamato6rias em amostras de gastrite H. pylori- positivas (ISOMOTO et al., 2012).
Por outro lado, esta bactéria foi relacionada ao aumento na expressao de miR-21 e
miR-223 tanto em gastrite quanto em cancer gastrico (MATSUSHIMA et al., 2011,
ZHANG et al., 2008; YANG et al., 2018b).

Os miRNAs podem atuar como oncogenes ou genes supressores de tumor
em céncer, incluindo CG (POLAKOVICOVA et al., 2018). Wu e colaboradores (2011)
avaliaram a expressédo de 60 miRNAs em tecido de cancer gastrico e em mucosa

normal adjacente e encontraram possivel envolvimento de 38 destes miRNAs com o
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processo de carcinogénese gastrica, sendo que miR-221, miR-15b, miR-181b, miR-
199a-3p e miR-155 apresentaram maior expressdo. Em revisdo de Song e Meltzer
(2012) foi proposto o aumento na expressao de 21 miRNAs (como miR-10a, miR-
103a, miR-135b) e reducéo na expressdo de miR-29c, miR-30a-5p, miR-148a, miR-
375 e miR-638, como um perfil de expressdo comum em cancer gastrico (SONG;
MELTZER, 2012). Em 2016, Ishimoto e colaboradores destacaram distintos
subconjuntos de mMIRNAs supressores de tumor e oncogénicos relacionados a
carcinogénese gastrica associada ou ndo a infeccao pela H. pylori (Figura 6). miR-
19a possui papel oncogénico em cancer gastrico e reducdo na sua expressao
suprime a proliferacdo, migracao e invasao das células tumorais (ZHU et al., 2019).
Por outro lado, expressédo reduzida de miR-34a foi relacionada com metastase de
linfonodo, menor taxa de sobrevivéncia e maior recorréncia apontando para o papel
supressor de tumor deste miRNA (YANG et al., 2016; ZHOU et al., 2018; ZHANG et
al., 2015). Entretanto, para muitos miRNAs, como miR-103a, miR-130a e miR-181c,
os estudos sdo controversos e a definicAdo como pr6 ou antitumoral é ainda
inconclusiva (CUI et al., 2013; LIANG et al., 2015; ZHOU et al., 2017; HU et al.,
2018; WANG et al., 2018a; ZABAGLIA et al., 2018).

Figura 6 - miRNAs envolvidos na carcinogénese gastrica e terapia. A
carcinogénese gastrica pode ser dividida em dois grupos de acordo com a infec¢éo
por patdgeno. Distintos subconjuntos de miRNAs séo implicados em cada processo
carcinogénico. A resposta a agentes quimioterapicos € também regulada por outro
subconjunto de miRNAs.
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Devido a relacdo dos miRNAs miR-19a, miR-34a, miR-103a, miR-130a e miR-
181c com o cancer gastrico, infeccdo pela H. pylori e inflamacéo, estes miRNAs
foram selecionados para analise de expressdo no presente estudo (Tabela 1). Além
disto, pesquisa em bancos de dados publicos (TarBase, miRWalk, miRTarbase,
miRDB, microRNA.org, PITA 0 O ALL, TargetScan, RNA-22, miRmap) indicam que
estes miRNAs apresentam TNF-a e/ou genes da sua via de sinalizagdo como alvos
preditos ou validados, de modo que sua agao na tumorigénese gastrica e inflamacgéao
pode ser resultante da alteracdo na expressdo destes genes e consequente

desregulacéo desta via de sinalizacao.
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Tabela 1. miRNAs com atuacdo na carcinogénese gastrica e via de sinalizacao de

TNF-a.
MIRNA - Alvos o -
. Localizacao Preditos? Associacbes Referéncias
(ID-miRBase?) :
ou validados*
- Oncomir
. TNEA, TNFR1, | - !nfluencia a apoptose Zhao et al.,
hsa-miR-19a-3p . - Expressdo aumentada
(MIMATO0000073) 13g31 TNFR?2 associada com 2017
CASP8? ; ~ . ~ Zhu et al., 2019
proliferagé@o, migragéo e
invasdo em CG
- Supressor tumoral Deng et al.,
hsa-miR-34a-3p 1 TNFA* - Expressdo aumentada 2018
(MIMAT0004557) P suprime a proliferagcéo Wang et al.,
celular e induz apoptose 2018b
- Oncomir ou supressor
tumoral
- Expressdo aumentada
hsa-miR-103a-3p TNFR2, CFLIP* associgda a ?umento Hﬂ;glétiﬁm
(MIMAT0000101) 5934 TNFA, CASPS3, da proliferagcdo em CG 2015 "
TRADD? - Expressao reduzida
acelera a proliferagéo,
migracgéo e invasédo em
células de CG
- Oncomir ou supressor
tumoral
_ em € assocadacom | Vg etal.
hsa-miR-130a-3p 11912 TNFA, TNFR2" menor sobrevivancia 2018a
(MIMAT0000425) CFLIP? ~ Zhou et al.,
-Expressédo aumentada 2017
facilita a invaséo e
migracdo em células de
CG
- Oncomir ou supressor
tumoral
- Expresséo reduzida
em CG Zabaglia et al,
- Aumento de 2018
hsa-miR-181c-5p 5 expressao resulta em Hashimoto et
(MIMAT0000258) 19p13 TNFA reducéo do crescimento al., 2010
e repressédo de Cui et al.,, 2013

oncogenes
- Expresséo reduzida
associada com maior
taxa de sobrevivéncia

! miRBase: http://www.mirbase.org
2" TarBase (VLACHOS et al., 2009), miRWalk (DWEEP; GRETZ, 2015), miRTarbase
(CHOU et al., 2016), miRDB (WONG; WANG, 2015; WANG, 2016), microRNA.org
(BETEL et al., 2008), PITA 0 0 ALL (HENRY et al., 2014), TargetScan (AGARWAL et
al., 2015), RNA-22 (MIRANDA et al., 2006), miRmap (VEJNAR; BLUM; ZDOBNOV,

2013)
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2 OBJETIVOS

Geral

Avaliar a expressao de genes e miRNAs relacionados a via de sinalizacéo de
TNF-a, além de influencia da infeccdo pela H. pylori, em amostras de céancer
gastrico. Também investigar, em linhagem celular de céancer gastrico, o efeito do
silenciamento dos receptores TNFR1 e TNFR2 sobre a expressao de mediadores e
mMiRNAs envolvidos com esta via e em processos celulares como proliferacdo e

apoptose, assim como os efeitos do tratamento com extrato da H. pylori.

Especificos

a - Avaliar a expressao guantitativa do RNAmM de mediadores e receptores
da via de sinalizacdo de TNF-a (TNFA, TNFR1l, TNFR2, TRADD, TRAFZ2,
CFLAR/CFLIP, CASP3, CASP8, NFKB1 e NFKB1) e de miRNAs que alvejam genes
desta via (hsa-miR-19a-3p, hsa-miR-34a-3p, hsa-miR-103a-3p, hsa-miR-130a-3p,
hsa-miR-181c-5p), assim como suas relacées em amostras de cancer gastrico com

e sem infeccédo pela H. pylori.

b - Construir uma rede de interacdo miRNAs-RNAm.

c - Avaliar o efeito do silenciamento dos receptores TNFR1 e TNFR2 e do
tratamento com extrato da H. pylori (eHP) em linhagem de cancer gastrico na
expressdo de genes e miRNAs da via de sinalizacdo de TNF-a, bem como nos

processos celulares de proliferacéo, ciclo celular e apoptose.
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ABSTRACT

BACKGROUND

Gastric carcinogenesis can be induced by chronic inflammation triggered by
Helicobacter pylori (H. pylori) infection. Tumor necrosis factor (TNF)-a and its
receptors (TNFR1 and TNFR2) regulate important cellular processes, such as
apoptosis and cell survival, and the disruption of which can lead to cancer. This
signaling pathway is also modulated by microRNAs (miRNAs), altering gene

expression.

AIM
To evaluate the mRNA and miRNAs expression involved in the TNF-a signaling

pathway in gastric cancer tissues and its relationship.

METHODS

Quantitative polymerase chain reaction (QPCR) by TagMan® assay was used to
quantify the RNA transcript levels of TNF-a signaling pathway (TNF, TNFR1,
TNFR2, TRADD, TRAF2, CFLIP, NFKB1, NFKB2, CASP8, CASP3) and miRNAs that
targets genes from this pathway (miR-19a, miR-34a, miR-103a, miR-130a, miR-
181c) in 30 gastric cancer (GC) fresh tissue samples. Molecular diagnosis of H. pylori
was performed by nested PCR for gene HSP60. A miRNA:mRNA interaction network
was construct using Cytoscape v3.1.1 from the in silico analysis performed using

public databases.

RESULTS

Up-regulation of cellular survival genes as TNF, TNFR2, TRADD, TRAF2, CFLIP,
and NFKB2, besides CASP8 and miR-34a was observed in GC tissues, whereas
mediators of apoptosis such as TNFR1 and CASP3 were down-regulated. When the
samples were stratified by histological type, the expression of miR-103a and miR-
130a was significantly increased in the diffuse-type of GC compared to the intestinal-
type. However, no influence of H. pylori infection was observed on the expression
levels of MRNA and miRNAs analyzed. Moreover, the miRNA:mRNA interaction
network showed several interrelations between the miRNAs and their target genes,

highlighting miR-19a and miR-103a, which has as predicted or validated target a
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large number of genes in the TNF-a pathway, including TNF, TNFR1, TNFR2,
CFLIP, TRADD, CASP3 and CASPS8.

CONCLUSION

Our findings show that cell survival genes mediated by TNF/TNFR2 binding is up-
regulated in gastric cancer favoring its pro-tumoral effect, while pro-apoptotic genes
as CASP3 and TNFR1 are down-regulated, indicating disbalance between apoptosis
and cell proliferation processes in this neoplasm. This process can also be influenced

by an intricate regulatory network of miRNA:mRNA.

Key words: gastric cancer, TNF-a signaling, TNFR1, TNFR2, cellular survival,
MiRNAs

Core tip: We evaluated the expression of mMRNA and miRNAs related to the TNF-a
signaling pathway in gastric cancer (GC) fresh tissues. Our study shows up-
regulation of cell survival genes (TNF, TNFR2, TRADD, TRAF2, CFLIP, NFKBZ2,
CASP8) of this signaling pathway in GC, stimulating cell growth possibly by TNFR2
and negatively controls TNFR1-mediated apoptosis by down-regulation of pro-
apoptotic mediators (TNFR1 and CASP3). Furthermore, interaction network between
miRNAs and mRNA investigated suggests that TNF-a signaling pathway can be
regulated by the action of miRNAs, mainly miR-19a and miR-103a, which may
influence tumor development. Ours findings suggest TNFR2 as a potential

therapeutic target for GC.

Rossi AFT, Contiero JC, Manoel-Caetano FS, Severino FE, Silva AE. Up-regulation
of TNF-a pathway survival genes and of the receptor TNFR2 in gastric cancer
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INTRODUCTION

As the sixth most common cancer and the fifth leading cause of cancer-related death
worldwide, gastric cancer (GC) is currently one of the most relevant neoplasms 121,
Despite the geographical variabilities, it has a high incidence especially in Asia and
Eastern Europe, and also in developing countries of South America 1. In Brazil, it is
estimated 13540 new cases of this cancer in men and 7750 in women in the year
2019, occupying the fourth in incidence among men and the sixth among women [,
Intestinal-type adenocarcinoma is the most common type of GC and is the result of a
multi-step process that begins with chronic gastritis and can progress to atrophic
gastritis, intestinal metaplasia, dysplasia and cancer 8. This process can originate
from chronic inflammation, mainly as a consequence of Helicobacter pylori (H. pylori)
infection [®l. This Gram-negative bacterium promotes oxidative stress that induces
DNA damage and triggers a repair response by stimulating growth and survival
factors as well as regulatory cytokines that can initiate the carcinogenic process 1,

Tumor necrosis factor (TNF)-a is a pleiotropic cytokine important to ensure
tissue homeostasis 9. Deregulation of the TNF-a signaling can affect cellular
responses, causing inflammatory diseases and cancer (19, |t is one of the main pro-
inflammatory mediators produced during the inflammatory response [, causes
diverse cellular responses such as apoptosis, cell survival, angiogenesis, and
metastasis 1112, In cancer, TNF-a can have both pro- and anti-tumoral effects based
on interaction with its receptors TNFR1 and TNFR2 23], Only TNFR1 possesses an
intracellular death domain and thus can induce both apoptotic signaling and
transcription of cell survival genes 4. Although its role is less well understood,
TNFR2 activation largely results in NF-kB stimulation and cell proliferation 151,

In gastric tissues, increased expression of TNF-a has been observed in the
normal mucosa as well as in chronic gastritis, intestinal metaplasia and dysplasia [,
active chronic gastritis 71 and GC [8] this factor plays an important role in
progression of the lesion cascade that leads to GC.

Recently, we reported up-regulation of TNF-a mRNA and protein and other
inflammatory mediators in chronic gastritis associated with H. pylori; we also
observed deregulation of miRNAs that interact with genes encoding cytokines.
Interestingly, after bacterial eradication treatment, expression of TNF mRNA was

reduced and that of several miRNAs, such as miR-103a and miR-181c, was
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increased [*9. Considering that TNF-a regulates cellular processes as apoptosis and
cell survival according to binding to its TNFR1 and TNFR2 receptors, we used GC
fresh tissue samples to investigate the mRNA expression of these receptors and
important downstream genes involved in TNF-a signaling pathway [TNF, TNFR1
(TNFRSF1A), TNFR2 (TNFRSF1B), TRADD, TRAF2, CFLIP (CFLAR), NFKB1,
NFKB2, CASP8 and CASP3], and potentially related miRNAs (miR-19a, miR-34a,
miR-103a, miR-130a and miR-181c) chosen from public database search 2029 |n
addition, we evaluated the relationship between miRNA and mRNA via construction
of an interaction network. We observe that TNF-a signaling is deregulated in GC
through up-regulation of TNFR2 and downstream survival genes, which may favor
the cell survival, and conversely, down-regulation of TNFR1 and CASP3 involved in

apoptosis evasion.

MATERIALS AND METHODS

Clinical Samples

This study was approved by local Research Ethics Committee (CEP -
IBILCE/UNESP, number 1.336.892), and written informed consent was obtained from
all individuals in previous studies [39-31],

A total of 30 fresh tissues samples of gastric adenocarcinoma were collected
from gastric biopsies or surgical resection of the 30 patients attended at the Hospital
de Base, S&o José do Rio Preto, SP, Brazil, without previous chemotherapy and
radiotherapy, as previously described [3%31, The samples were diagnosed according
Lauren classification as diffuse and intestinal- type 2. In addition, four fresh tissue
samples were collected from gastric biopsies from individuals with histologically
normal gastric mucosa (H. pylori-negative). These normal tissue samples were used
as a pool for calibration in the reverse transcription (RT)-gPCR analysis. The
demographic and clinical pathological data are presented in Table 1. For this study,
total DNA and RNA stored and extracted using TRIzol® reagent (Invitrogen™,
Carlsbad, Califérnia, United States) in previous works were used 30311,

Molecular diagnosis of H. pylori infection
Molecular diagnosis of H. pylori was performed by nested PCR in DNA samples to
evaluate the presence of the HSP60 gene according to the protocol described by

Singh et al. (2008) 33, A 501-bp fragment was only observed in H. pylori-positive
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samples. Negative controls, without DNA and with H. pylori-negative DNA, were used

in all reactions.

Quantification of MRNA and miRNA expression by RT-gPCR

Complementary DNA (cDNA) was synthesized from mRNA and miRNA using a High
Capacity cDNA Archive Kit (Applied Biosystems, California, USA) and TagMan®
MicroRNA Reverse Transcription Kit (Applied Biosystems, California, USA),
respectively, according to the manufacturer’s protocol.

Quantitative polymerase chain reaction (QPCR) was performed using a
StepOnePlus Real Time PCR System 2.2.3 (Applied Biosystems, California, USA)
with TagMan® for target genes TNF (Hs01113624 gl), TNFR1 (TNFRSF1A)
(Hs01042313 _m1), TNFR2 (TNFRSF1B) (Hs00961749 m1), TRADD
(Hs00182558_m1), TRAF2 (Hs00184192 m1), CFLIP (CFLAR) (Hs00153439_m1),
NFKB1 (Hs 00765730_m1), NFKB2 (Hs01028901 gl1), CASP8 (Hs01116281 m1)
and CASP3 (Hs00234387_m1), and for target miRNAs hsa-miR-19a-3p
(MIMAT0000073; ID 000395), hsa-miR-34a-3p (MIMAT0004557; ID 002316), hsa-
miR-103a-3p (MIMAT0000101; ID 000439), hsa-miR-130a-3p (MIMAT0000425; ID
000454) and hsa-miR-181c-5p (MIMATO0000258; ID 000482) (Applied Biosystems,
California, USA). All reactions were performed in triplicate with a final volume of 10
pL using GoTag® Probe gPCR Master Mix 2X (Promega, Wisconsin, USA). Relative
quantification (RQ) of MRNA and miRNA expression was calculated by the 2(AACY)
method 4 using a pool of normal mucosa samples as a calibrator. Reference genes
ACTB (Catalog#: 4352935E) and GAPDH (Catalog#: 4352934E) and endogenous
RNUG6B (ID 001093) and RNU48 (ID 001006) were adopted for normalization of
MRNA and miRNA quantification, respectively, as validated in our previous studies
[17.28] gPCR experiments followed MIQE guidelines 3%, and RQ values are expressed
as the median of gene and miRNA expression for GC in relation to that of the normal

mucosa pool.

In silico analysis for prediction of miRNA targets and the miRNA-mRNA
interaction network

In silico analysis was performed using public databases for predicted and validated
target genes of the five miRNAs evaluated. The databases used were as follows:
TarBarse 20, miRwalk 2.0 U, miRTarbase [?2, miRDB (MirTar2 v4.0) [23:24]
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microRNA.org %1, PITA 0 0 ALL 26, TargetScan [#7], RNA-22 281 and miRmap [29,
Only target genes predicted by at least three databases were considered.

Data were integrated using bioinformatic methods, and protein annotations
were then used to construct protein:protein interaction networks (PPI). The PPI
networks were generated using Metasearch STRING platform v10.5 B8, Data
visualization and integration between PPl and miRNA:target gene networks were

performed using Cytoscape v3.1.1 7],

Statistical analysis

The D’Agostino and Pearson normality test was used to evaluate the distribution of
the data, which did not present normal distribution, therefore non-parametric tests
were used. Alterations in expression of genes or miRNAs in the GC group in relation
to a pool of normal mucosa were evaluated by the Wilcoxon Signed Rank test [38],
The Mann-Whitney test was employed to investigate associations of H. pylori
infection, adenocarcinoma histological type, gender and age with mRNA and miRNA
expression in GC group. Correlation analysis between mRNA expression and
between mMIRNA/MRNA expression was performed by Spearman's correlation.

Values of p<0.05 were considered statistically significant.

RESULTS

Molecular diagnosis for H. pylori

Among the 30 GC samples diagnosed for H. pylori infection, 50% (15) were positive
for the presence of this bacterium. All four samples of normal gastric mucosa had the
diagnosis confirmed as H. pylori -negative (Table 1).

Expression of TNF-a pathway genes

GC samples showed significantly up-regulated mRNA expression of TNF (RQ=3.78,
p<0.001), TNFR2 (RQ=1.98, p<0.001), TRADD (RQ=2.14, p=0.004), TRAF2
(RQ=3.70, p<0.001), CFLIP (RQ=2.03, p<0.001), NFKB2 (RQ=2.16, p<0.001), and
CASP8 (RQ=2.58, p<0.001) in comparison with normal mucosa, whereas TNFR1
(RQ=0.66, p=0.037) and CASP3 (RQ=0.29, p<0.0001) were down-regulated (Figure

1). No any significant change in NFKB1 mRNA expression was found in GC samples.
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Correlation analysis between the mMRNA expression of genes involved in the
TNF-a pathway showed an intricate network of positive correlations in GC (Table 2).
TNFA correlated with expression of all other genes, with exception of TNFR1, while
this showed a strong correlation only with TNFR2. Conversely, TNFR2 correlated
positively with expression of all other genes. The strongest correlation was observed
between CFLIP and CASP8 (r=0.91; p<0.001) (Table 2).

Expression of miRNASs related to TNF-a pathway

In general, expression of mIRNAs (miR-19a, miR-103a, miR-130a and miR-181c)
were not deregulated in GC (Figure 2), an exception is the significant up-regulation of
miR-34a (RQ=1.39, p=0.017).

No association between miRNA expression was found for gender, age or H.
pylori infection in GC samples. However, association analysis showed that
expression of miR-103a (p=0.035) and miR-130a (p=0.011) was significantly
increased in the diffuse-type of GC (RQ=1.53 and 4.83, respectively) compared to
the intestinal-type (RQ=0.55 and 0.52, respectively). In addition, expression of miR-
103a was down-regulated when comparing only the intestinal- type of GC samples
with normal mucosa (RQ=0.55, p=0.037) (Figure 3). When we evaluated the
influence of these factors on mMRNA expression of TNF-a pathway genes, no

association was found.

MiRNA-mMRNA correlation and interaction networks
A miRNA:mRNA interaction network integrating miRNAs with the proteins encoded
by genes of the TNF-a pathway was constructed based on in silico analysis using
public databases (Figure 4). The obtained protein-protein interaction (PPI) network
reinforced the significant correlation gene:gene found between the genes of the TNF-
a pathway in GC (Table 2) samples. We also performed a correlation analysis
between the transcripts levels of mMiIRNAs:mRNA of TNF-a pathway in GC samples,
but no negative correlation was observed (data not shown). However, the
MIRNA:mMRNA interaction network shows several possible relationships between
MRNA and miRNAs evaluated.

This interaction network generated in this study suggest that all evaluated
mMiRNAs can act on the TNF-a pathway to influence cellular responses with TNF as a

predicted or validated target. Furthermore, it highlights miR-19a and miR-103a, which
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can regulate the greatest number of genes, including TNF, TNFR1, TNFR2, CFLIP,
TRADD, CASP3 and CASPS.

DISCUSSION

This is the first study to investigate the expression of genes that participate in the
TNF-a pathway and its relationship to miRNA expression in gastric cancer. Our
results show that this pathway is deregulated in GC may promote cell survival
through TNF-a/TNFR2/NF-kB and to prevent apoptosis. We observed up-regulation
of TNF, TNFR2 receptor, downstream cell survival genes as TRAF2, TRADD, CFLIP
and NFKB2, beyond CASP8 and miR-34a, and down-regulation of TNFR1 and
CASP3, indicating predominant expression of anti-apoptotic in relation to pro-
apoptotic mediators in GC tissues. In addition, the miRNA:mRNA interaction network
generated indicates that miR-19a, miR-34a, miR-103a, miR-130a and miR-181c may
target genes of the TNF-a signaling, such as TNFA, TNFR1 and TNFR2.

TNF-a pathway genes and their receptors may have opposite effects on
tumorigenesis depending on the developmental stage and tumor type 1. In GC, the
present study showed increased expression of TNFA so that this cytokine has a
promoting effect that is necessary even when such interleukins as IL-13 and IL-6 are
present in the tumor tissue 8. Considering the role of TNFA receptors, Oshima et al
showed that TNFR1-mediated stimulation of TNF-a signaling in bone marrow-derived
cells from knockout mice induces tumor-promoting factors, as Noxol and Gnal4, in
tumor cells 8. In contrast, anti-tumor effects of this receptor were observed in CD4* T
cells isolated from mice, as the absence of TNFR1 signaling promoted angiogenesis
and carcinogenesis 9. Regarding TNFR2, induction of its expression in a colorectal
cancer cell line results in a significant increase in cellular proliferation, promoting
tumor growth via the PI3K/AKT pathway [#9. Similar to the results of the present
study, Al-Lamki et al found a significant increase in TNFR2, but not in TNFR1, in
clear cell renal carcinoma and reported that this increase was correlated with a high
degree of malignancy and activation of NF-kB and VEGFRZ2, causing cell cycle entry
(41 Furthermore, blocking TNFR2 by short hairpin RNA (shRNA) in Lewis lung
carcinoma cell culture leads to increased TNF-mediated apoptosis and decreased

angiogenesis, which may result in tumor regression 2. Therefore, TNFR2 is possibly
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the major receptor related to tumor progression triggered by the TNF-a pathway in
GC.

In the cell proliferation pathway (Figure 5), after binding of TNF-a to TNFR2,
TRAF2 associates with the intracellular portion of the receptor. As the key mediator
of this signaling pathway, TRAF2 promotes the binding of anti-apoptotic proteins
(clAP1 and clAP2) to TNFR2 [43-45 This TNFR2/TRAF2 interaction evokes
transcriptional activation of genes related to cell survival, such as NF-kB 151, which
induces transcription of anti-apoptotic genes including cFLIP, TRAF1 and TRAF2
[46.47] to prevent cell death. In our study, we observed up-regulation of TRAF2, NFKB2
and CFLIP mRNAs in GC. These findings are consistent with the positive correlations
observed between TNFR2 mRNA and anti-apoptotic genes (CFLIP and TRAF2) as
well as activation of cell proliferation (NFKB1 and NFKB2). All these results together
corroborate the predominance of cell survival pathway gene expression mediated by
TNF-a/TNFR2/NF-kB in GC.

However, TNFR1 mRNA was down-regulated in GC samples, indicating that
the apoptosis pathway may be impaired. This result is also consistent with increased
expression of TRADD, TRAF2 and CFLIP and decreased expression of CASP3.
Interaction between TRAF2 and TNFR1, via the TRADD adapter protein %, inhibits
the ability of this receptor to induce apoptosis [*° by impairing formation of the death-
inducing signaling complex (DISC), also called Complex Il (Figure 5). When the
apoptotic pathway is activated, TNFR1 and the adapter proteins TRADD, TRAF2 and
RIP1 associated with it undergo conformational changes that result in TRADD
dissociation from the receptor and release of the death domain. TRADD together with
FADD and pro-caspase-8 form the DISC B35l which activate caspase-8 via
proteolytic cleavage of its precursor, consequently resulting in activation of the
caspase-3 effector and apoptosis [*4. In contrast, cFLIP, which is induced by NF-kB,
inhibits the activity of the DISC due to its homology with caspase-8 [%. cFLIP
interacts directly with pro-caspase-8 to form a heterodimer that suppresses precursor
cleavage and consequent activation of the caspase [*2. Therefore, when NF-kB is
activated, cells are resistant to apoptosis triggered by TNFR1 through promotion of
cFLIP expression and inhibition of pro-caspase-8 binding to FADD %, In the GC
samples evaluated in this study, we found increased expression of CASP8 mRNA,
which may result from factors generated in inflammatory conditions such as nitric

oxide 53 and interferon-Y B4 that are up-regulated in stomach cancer [55 561,
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However, the cFLIP-mediated apoptotic signaling blockade results in low expression
of CASP3 and consequent reduction of cell death.

Deregulation of global gene expression is a key characteristic during
malignant progression, and miRNAs are important regulators of this process,
including in GC 71, Thus, we consulted public databases and selected miRNAs miR-
19a, miR-34a, miR-103a, miR-130a and miR-181c, which target genes of the TNF-a
pathway, as a change in their expression may impact regulation of this pathway. In
general, the expression of miRNAs was not deregulated in GC, though the miR-34a
was up-regulated.

Several studies highlight the tumor-suppressor role of miR-34a, whereby
reduced expression is associated with an advanced clinical stage, lymph node
metastasis 8, a lower survival rate %, and a higher recurrence rate 6% in patients
with gastric cancer. However, our results corroborate an oncogenic action of the miR-
34a because a significant increase in its expression observed in GC 61 and
association with a lower overall survival 2, Nonetheless, as a recent meta-analysis
did not find a significant association between expression of this miRNA and overall
survival 163, further studies are needed to clarify the role of miR-34a in GC.

In our study, expression of the oncogenic miRNAs miR-19a, miR-103a and
miR-130a was not deregulated in GC samples. When we stratified the samples by
histological type, significantly higher expression of both miR-103a and miR-130a was
detected in diffuse-type GC than in the intestinal-type. Furthermore, expression of
miR-103a was down-regulated when considered only the intestinal type of GC in
relation to normal mucosa. Although miR-103a has already been confirmed as a
highly sensitive and specific biomarker of the diffuse type 64, the action of miR-130a
in gastric carcinogenesis remains unsure. All these miRNAs may have both
oncogene and tumor-suppressor roles in different stages of neoplastic development
and tumor type. Up-regulation of these miRNAs has been associated with
metastasis, proliferation and cell invasion in GC 65671, Conversely, some studies
have shown decreased expression of miR-103a and miR-130a, correlating these
findings with GC tumorigenesis, cell migration, invasion and metastasis [68.69],

Regarding miR-181-c, our results showed no alteration of miRNA expression
in gastric cancer samples. However, in our previous study, we observed reduced
expression of this miRNA in biopsies from chronic gastritis patients, but after bacterial

eradication therapy, a significant increase of its expression was observed. Thus,
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suggesting that the inflammatory process induced by H. pylori can regulate its
expression 1%l Few studies have evaluated this miRNA in gastric cancer and the
results are discordant. Recently, Zabaglia et al (2018) ['®! observed lower expression
of miR-181c in gastric cancer patients compared with control and chronic
gastritisgroups. On the other hand, Cui et al. (2013) "4 correlated reduced
expression of this miRNA with a higher survival rate of gastric cancer patients.
Therefore, the role of this miRNA in the gastric carcinogenesis needs to be further
investigated.

H. pylori infection is an important factor associated with gastric lesions, and
GC may result in deregulation of expression of various genes and miRNAs that
function in defense mechanisms, inflammatory and immune responses and cellular
kinetics 19721, Although, in the present study, mRNA and miRNA expression were not
influenced by H. pylori infection, in a previous study [*°l, we observed that H. pylori
infection deregulates miRNA expression in chronic gastritis patients, suggesting that
it may act differently at distinct stages of gastric tumorigenesis, most likely being
more important in the early stages of carcinogenesis.

In addition, we analyzed correlations and the miRNA:mRNA interaction
network involving miR-19a, miR-34a, miR-103a, miR-130a and miR-181c, which can
regulate the TNF-a pathway. Although no negative correlation between miRNA and
MRNA expression was observed in GC, we did identify an intricate network of
relationships between TNF-a pathway genes and miRNAs, especially TNF and
TNFR2, which_are predicted or validated targets of some of these miRNAs in other
types of cancer, highlight miR-19a and miR-103a. Therefore, both miRNAs are strong
candidates for functional studies in gastric cancer cell line.

TNF-a is a validated target of miR-19a-3p [3], miR-34a-3p "4 and miR-130a-
3p ™ in esophageal squamous cell carcinoma, macrophages and cervical cancer,
respectively. Moreover, a negative feedback between TNF and miR-130a exists. In
cervical cancer lines treated with TNF-a, an increase in the nuclear level of the p50
subunit of NF-kB occurs, which results in increased expression of miR-130a and
consequently reduced expression of TNF [, TNF-a is also a predicted target of miR-
103a-3p and miR-181c-5p (Figure 4) and is inversely correlated in H. pylori-positive
chronic gastritis patients, both before and after eradication treatment 1191, Absence of
a negative correlation between miRNA and mRNA expression in GC samples does

not invalidate the relationship shown in our MmiIRNA:mRNA interaction network
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building from bioinformatics data, since the regulation of gene expression by miRNAs
can be influenced by several factors, as infectious agents [*°, DNA methylation [7¢]
and probably by distinct stages of carcinogenesis.

As observed in our interaction network (Figure 4), TNF-a is not the only gene
targeted by miRNAs. TNFR2 can be regulated by miR-19a, miR-103a and miR-130a,
whereas miR-19a also regulates TNFR1. Other downstream genes are also
predicted targets of these miRNAs, including TRADD, CFLIP, CASP8 and CASPS3,
highlighting that miR-19a and miR-103a target the largest number of genes of the
TNF-a pathway. Therefore, deregulated expression of these miRNAs may influence

several genes and disrupt cell processes such as survival and apoptosis.

CONCLUSIONS

Our study shows up-regulated expression of important genes of the TNF-a signaling
pathway related to cell survival in gastric cancer mediated by TNFR2 receptor, and
down-regulation of pro-apoptotic CASP3 gene and the TNFR1 receptor. This
predominant expression of anti-apoptotic in relation to pro-apoptotic mediators may
favor cell survival and apoptosis evasion, highlighting the pro-tumor effect of TNF-a
on gastric cancer. Furthermore, this signaling pathway can be regulated by the action
of miRNASs, as shown by our interaction network, may influence the development and
tumoral progression. However, further studies blocking TNFR2 should be conducted

for negatively influence the expression of cell survival genes.

ARTICLE HIGHLIGHTS

Research background

TNF-a is a proinflammatory cytokine with opposite effects according activation of its
TNFR1 and TNFR2 receptors, can provide signals for activation, differentiation,
survival cell, invasion and propagation of cancer cells or induce apoptosis. This way,
TNF-a signaling pathway perform several biological functions, as well as modulate
the immune response and inflammation, so deregulation of this pathway has been
implicated with inflammatory diseases and cancer. Therefore, studies are needed to
better understand the relationships of this signaling network and the protumorigenic
or antitumorigenic effects, as well as the tumor development and progression in

different types of neoplasms.
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Research motivation

We previously evaluated the effect of eradication therapy of H. pylori on expression
levels of cytokines genes and the expression of miRNAs involved with regulation of
inflammatory process. We observed up-regulation of TNF-a mRNA and protein and
other inflammatory mediators in samples of chronic gastritis patients infected by H.
pylori. Moreover, we also observed deregulation of miRNAs that interact with genes
encoding cytokines. Interestingly, after bacterial eradication treatment, the
expression levels of TNF mRNA were reduced and that of several miRNAs, such as
miR-103a and miR-181c, were increased. Considering that TNF-a can have both pro-
and anti-tumoral effects activating processes as apoptosis and cell survival
depending on the interaction with its TNFR1 and TNFR2 receptors, we proposed the
present study. Therefore, we decided to quantify the transcript levels of the TNF-a
signaling pathway genes and of TNFR1 and TNFR2 receptors, as well as the
involvement of miRNAs that may participate in the regulation of this signaling
pathway, in fresh tissues of gastric cancer patients.

Research objectives

Considering that while the TNF-a/TNFR1 binding promotes the activation of the
apoptosis cascade and the TNF-a/TNFR2 leads to activation of the cell survival
pathway, the main objective of this study was to investigate which of the two
receptors are most expressed in gastric cancer, and downstream genes of TNF-a
signaling pathway, thus favoring the cell survival or apoptosis processes. A
secondary objective was to evaluate the relationship between miRNA and mRNA via
construction of an interaction network. The results may highlight important genes that
regulate cell proliferation and possible molecular targets that act on gastric
carcinogenesis.

Research methods

Sensitive and validated techniques were employed for RNA quantification of the
genes and miRNAs in normal and tumor tissues. For this purpose, we used TagMan
gene and miRNA expression assays (Applied Biosystems, Foster City, CA, USA)
with specific probes for each gene and miRNA for relative quantification. The
reactions were analyzed using the StepOnePlus real-time PCR System (Applied
Biosystems, Foster City, CA, USA). Molecular diagnosis of H. pylori was performed

by nested PCR for gene HSP60. In addition, we also used a bioinformatic tool
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‘miRNA Data Integration Portal’ (http://ophid.utoronto.ca/mirDIP/) to build an
MiRNA:mMRNA interaction network by using Cytoscape software (version 3.1.1).
Research results

Ours results showed up-regulation of TNFR2 receptor and its ligand TNF, as well as
downstream genes of cellular survival as TRADD, TRAF2, CFLIP, and NFKBZ2,
besides CASP8 and miR-34a in gastric cancer tissues, whereas mediators of
apoptosis such as TNFR1 and CASP3 were down-regulated. Although we did not
observe changes in the expression of most miRNAs, the miRNA:mRNA interactions
network suggests a mechanism of regulation mainly by miR-19a and miR-103a,
which targets a greater number of genes of the TNF-a pathway.

Research conclusions

Our findings highlight the TNFR2 receptor as up-regulated in gastric cancer tissue,
as well as its TNFA ligand, favoring the pro-tumoral effect of this cytokine and
transcription of cell survival genes via TNFA/TNFR2 /NF-kB, and down-regulation of
TNFR1 and CASP3 related to apoptosis evasion. Moreover, this pathway can be
modulated by an intricate regulatory network of miRNA:mRNA.

Research perspectives

The antitumor effect of TNF-a has been investigated as a form of cancer therapy
associated or not with chemotherapeutic agents; however, its toxicity and adverse
effects have limited its application. Another strategy for cancer therapy is to block the
TNF receptors, so may increase the effectiveness of the TNF-a treatment and
decrease its systemic toxicity. Therefore, in vitro functional studies may better

elucidate the role of these receptors in gastric carcinogenesis.
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Figure 1: Relative expression of TNF-a pathway genes in gastric cancer. Data
are presented as the relative quantification (RQ) median with interquartile range. The
line represents the RQ median of normal mucosa. Statistically significant difference,
according to the Wilcoxon signed rank test: 2p<0.05; ?p<0.01; °p<0.001 in relation to

normal mucosa and reference genes (ACTB and GAPDH).
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Figure 2: Relative expression of miRNAs miR-19a, miR-34a, miR-103a, miR-
130a and miR-181c in gastric cancer. Data are presented as the relative
guantification (RQ) median with interquartile range. The line represents the RQ
median of normal mucosa. Statistically significant difference, according to the
Wilcoxon signed rank test: 2p<0.05 in relation to normal mucosa and endogenous
RNUs (RNU6B and RNU48).
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Figure 3: Relative expression of miRNAs miR-19a, miR-34a, miR-103a, miR-
130a and miR-181c in intestinal and diffuse types of gastric cancer. Data are
presented as the relative quantification (RQ) median with interquartile range.
Statistically significant difference, according to the Mann-Whitney test: 2p<0.05

comparing the histological types.
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Figure 4: Interaction network showing miRNAs and their predicted and
validated targets. The protein interaction network (light gray lines) shows the
interaction between proteins (ellipses) encoded by TNF-a pathway genes. Green
triangles and solid gray lines represent miRNAs and validated target genes,
respectively; red triangles and dotted gray lines represent predicted relationship

between miRNA and target genes, respectively.
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Figure 5: TNF-a signaling in gastric cancer. Up-regulation of TNFR2 and anti-
apoptotic mediators results in predominance of cell survival pathway gene
expression. After TNF/TNFR2 interaction, TRAF2, TRAF1 and cellular inhibitor of
apoptosis (clAP) bind to the receptor, which results in NF-kB activation and
consequent transcription of anti-apoptotic genes, such as cFLIP. Down-regulation of
TNFR1 and CASP3 indicate impairment of the apoptotic pathway. Interaction of
TRAF2 with TNFR1 through TRADD disturbs formation of the death-inducing
signaling complex (DISC) or also called Complex II, which cleaves and activates
caspase-8 and caspase-3. In addition, cFLIP induced by NF-kB inhibits activity of the
DISC, rendering cells resistant to apoptosis. mMiRNAs regulate several genes of this
pathway by interfering with cellular processes that contribute to gastric

carcinogenesis.
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TABLES

Table 1 - Characterization of individuals with normal mucosa (NM) and gastric cancer

(GC).

. NM GC
Variable N (%) N (%)
Gender
Female 3 (75.0) 6 (20.0)

Male 1 (25.0) 24 (80.0)
Total 4 30
Age (years)
Mean + SD 30+£125 65+ 13.8
<30 3(75) <65 16 (53.3)
>30 1(25) >65 14 (46.7)
Total 4 30
Smoking
Yes 0 (0) 18 (64.3)
No 4 (100) 10 (35.7)
Total 4 28*
Drinking
Yes 0 (0) 14 (50.0)
No 4 (100) 14 (50.0)
Total 4 28*
H. pylori
Positive 0 (0) 15 (50.0)
Negative 4 (100) 15 (50.0)
Total 4 30
Histological Type
Intestinal - 26 (86.7)
Diffuse - 4 (13.3)
Total - 30

N=number of samples; SD=standard deviation; * parameter not available for some

individuals
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Table 2 - Correlation analysis between mRNA expression and TNF-a pathway genes

in gastric cancer.

TNF  TNFR1 TNFR2 TRADD TRAF2 CFLIP CASP8 CASP3 NFKB1
TNFR1 0,116

Data are presented as the Spearman correlation coefficient, with significant
correlations being highlighted with colors: yellow - p<0.05; orange - p<0.01; red -
p<0.001
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Abstract

Chronic inflammation due Helicobacter pylori (H. pylori) infection favor gastric
carcinogenesis. The cytokine tumor necrosis factor (TNF)-a is consider a key
mediator of inflammation and induces cellular responses, as cell survival and
apoptosis, through binding to two receptors: TNFR1 and TNFR2. The regulation of
this pathway is accurate and imbalance benefits tumorigenesis process. Here, we
investigated the effect of TNFR1 and TNFR2 silencing and treatment with H. pylori
extract (eHP) in AGS cell line on proliferation, cell cycle, apoptosis and on the
expression of MRNA of TNF-a signaling pathway genes and microRNAs (miRNAS)
that targeting these mediators. TNFR1 downregulation significantly decreased
expression of pro-survival genes and increased expression of apoptotic genes,
although no change in cellular process and miRNAs expression was observed. In
contrast, TNFR2 downregulation decreased TRADD and TRAF2 expression, both
important downstream mediators of TNFR1-mediated pathway, reducing initial
apoptosis, besides increasing miRNAs expression and cell-cycle arrest at G2/M.
Moreover, eHP increased cell survival and anti-apoptotic genes expression mediated
mainly by TNFR1. Taken all together, our findings highlight the important role of both
TNFR1 and TNFR2 receptors and H. pylori in TNF-a signaling pathway in gastric
cancer. Inhibition of both receptors simultaneously may have anti-tumor effect,

suggesting possible targets for future therapeutic approach studies in gastric cancer.
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Introduction

Gastric cancer (GC) is a major impact neoplasm due to high incidence and mortality
in the world mainly in Eastern Asia, Eastern Europe and Latin Americal. In Brazil, it is
the fourth most common in men and the sixth in women?2. Persistent infection by
Helicobacter pylori (H. pylori) bacterium is the main risk factor of gastric cancer, since
it is responsible for chronic inflammation in the gastric mucosa3®. Consequently, it
stimulates the host's immune response, which leads to changes in expression of
genes related to inflammation, cell kinetics control and microRNAs (miRNAs)*>8.
Among the genes that stands out after infection by this pathogen is the tumor
necrosis factor (TNF)-a, considered a key mediator between inflammation and
cancer’s,

TNF-a is a pleiotropic cytokine that induces multiple intracellular responses
and regulates diverse cellular processes such as cell communication, production of
other inflammatory cytokines, besides cell survival, proliferation and apoptosis®. This
is due to its possibility of binding to two different receptors: TNFR1 (also called
TNFRSF1A) or TNFR2 (also called TNFRSF1B)¥. Both receptors are
transmembrane proteins with high similarity in extracellular structure but differ in their
intracellular domains, since only TNFR1 presents death domain (DD)*!. Therefore,
TNF-a signaling triggered by TNFR1 is able to induce both cell survival and
apoptosis, while TNFR2 results only in cell survival!®!l. The signaling cascade after
TNF-a/TNFR1 binding resulting in cell survival is mediated by activation of nuclear
factor (NF)—kB and transcription of pro-survival and anti-apoptosis genes, as clAP
(cellular inhibitor of apoptosis proteins), TRAF2 (TNF receptor associated factor) and
cFLIP (CASP8 homolog FLICE-inhibitory protein), and inflammatory cytokines.
However, this signal complex is temporary and rapidly dissociates from TNFR1,
mediating the binding of the Fas-associated death domain protein (FADD) to form
another signal complex, which coordinates downstream signaling of the caspase
cascade and apoptosis. In contrast, TNFR2 does not possess a death domain, it
induces a long-lasting NF-kB activation by recruit existing cytoplasmic TRAF-2—clAP-
1-clAP-2 complexes that can inhibit pro-apoptotic factors, maintain cell survival and
proliferation®11,

Regulation of signal transduction triggered by TNF-a is a constant balance

between the opposite function of cellular survival and death, in order to maintain
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homeostasis. Thus, imbalance of these processes due changes in expression of
receptors, downstream genes, ligand and pro/anti-apoptotic mediators may favor the
tumorigenic process'?. Recent study of our research group showed dysregulation in
TNF-a signaling pathway in gastric cancer samples with up-regulation of genes
related to cell survival, as well as the TNFR2 receptor, suggesting a prominent pro-
tumoral role by TNA-a/TNFR2 binding in gastric neoplasia'®. Furthermore, we show
through a miIRNA:mRNA interaction network that this signaling pathway can be
regulated by miRNAs. In addition, H. pylori infection was also associated with
increased expression of TNF-a mRNA and protein and dysregulated miRNA
expression in chronic gastritis patients, and the expression pattern of these
genes/miRNAs was normalized after bacterial eradication treatment, indicating that
this bacterium influences in the host’s inflammatory response in part by its action on
mMiRNASS,

Based on these results, we decided to investigate the effect of TNFR1 and
TNFR2 receptors silencing and of treatment with extract of H. pylori (eHP) in AGS
gastric cell line on MRNA expression of TNF-a and downstream genes related to its
signaling pathway [TRADD, TRAF2, CFLIP (CFLAR), NFKB1, NFKB2, CASP8 and
CASP3], as well as the same miRNAs previously investigated (miR-19a, miR-34a,
miR-103a, miR-130a and miR-181c)*3, beyond the influence on proliferation, cell
cycle and apoptosis. Overall, our results highlight the prominent role of both TNFR1
and TNFR2 receptors in the TNF-a signaling in AGS cell line. While treatment with H.
pylori extract induces pro-survival gene expression evidencing its pro-tumor action,
knockdown of these receptors decreased the expression of important mediators of

the TNF-a-mediated cellular survival pathway.

Methods

Cell culture

AGS gastric cancer cells from the Cells Bank of Rio de Janeiro, Brazil (BCRJ code
0311) were incubated at 37 °C and 5% CO2 with HAM-F10 medium (Cultilab, SP,
Brazil) supplemented with 10% fetal bovine serum (FBS) and 1X antibiotic
/antimycotic (Gibco, Invitrogen Life Technologies, Carlsbad, CA, USA). Culture
medium was replaced every two to three days. The HGC-27 gastric cancer cell line

provided by Dr. Marcelo Lima Ribeiro (Sado Francisco University - USF, SP, Brazil)
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was also used in early experiments to choose the lineage for follow-up, and 293T
cells of human embryonic kidney, was provided by Dra. Luisa Lina Villa (University of
Séao Paulo — USP, SP, Brazil), for transfection experiments. They were maintained
under the same conditions as the AGS cell line except for the culture medium that
was Dulbecco’s modified Eagle medium (DMEM) (Gibco, Invitrogen Life
Technologies, Carlsbad, CA, USA).

Treatment with H. pylori extract (eHP)

H. pylori extract (eHP) was prepared from clinical isolate of strain cagA+ and vacA
s1m1l using density of 5x108 bacteria, according to the protocol described by Li et al.
(2007)14. Several times (4, 6 and 24 hours) and eHP volume (50, 100, 150 and 200
uL) were tested to verify the best experimental condition. Then 2x10° non-silenced
AGS, silenced AGS for TNFR1 (AGS-shR1) and for TNFR2 (AGS-shR2) cells were
seeded in 12-wells plates and. After 48 hours, the medium was replaced by 500 pL of
HAM-F10 containing 30% v/v eHP or the same proportion of water (control). Cells
remained incubated with eHP for 6 hours in an oven at 37°C. For all the experiments,

three independent events were done.

Transfection with short hairpin RNA (shRNA)

MISSION® Lentiviral Transduction Particles (Cat. SHCLNV, Sigma-Aldrich, St. Louis,
MO, USA) were used to integrate shRNA into genome to knockdown TNFR1 and
TNFR2 expression in AGS cell line. Sequence verified viral vectors were purchased
from Sigma-Aldrich and the standard manufacturer’s protocol was used to generate
the cell line. Stable transfected clones were selected by growing the cells in presence
of puromycin or G418 selection pressure (for TNFR1: 1 pg/mL of puromycin , and for
TNFR2: 400 pug/mL of G418). Different plasmids containing shRNA were used to
generate different clones, of which the one showing most efficiency was used for all
the experiments. The sequence of the construct was
CTTGAAGGAACTACTACTAAG for TNFR1 gene and
GCCGGCTCAGAGAATACTATG for TNFR2 genes. TNFR1 and TNFR2 levels were
probed by quantitatve PCR and western blotting to verify the knockdown.
Similar transfections were carried out with empty vector (Sigma-Aldrich, St. Louis,

MO, USA), which served as transfection control.


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/virus-vector
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/puromycin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/transfection
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Western blot analysis

Protein extraction was performed by the lysis of non-silenced AGS and AGS
containing shRNA or empty vector with CelLytic™ MT Cell Lysis Reagent (Sigma-
Aldrich, St. Louis, MO, USA) and centrifugation at 12,000 g for 10 min after a 15
minutes incubation. The protein concentration was determined using Pierce™ BCA
Protein Assay kit (Thermo Scientific, Massachusetts, USA) according to the
manufacturer's protocol. 30 pug of protein were separated in 8-12% sodium dodecyl
sulfate-polyacrylamide gel by electrophoresis (120 minutes) and transferred to PVDF
or nitrocellulose membranes (MilliPore Corporation, Burlington, Massachusetts, EUA)
in Electrotransfer TE7O0XP (Hoefer) for 80 minutes. Membranes were blocked with
5% non-fat dry milk for 60 minutes and then incubated overnight at 4°C with primary
antibodies anti-TNFR1 (dilution 1:500) (Cell Signaling, Massachusetts, USA), anti-
TNFR2 (dilution 1:5,000) (Abcam Cambridge, UK) and anti-GAPDH (dilution
1:30,000) (Abcam, Cambridge, UK). Posteriorly, after washing, membranes were
incubated at room temperature and under stirring with horseradish peroxidase-
conjugated goat anti-rabbit (dilution 1:2,000) secondary antibodies (Abcam,
Cambridge, UK). Bands were revealed by enhanced chemiluminescence (ECL),
visualized in ChemiDoc™ Imaging System (BioRad, Hercules, California, USA) and

quantified using Image Lab 6.0 Software (BioRad, Hercules, California, USA).

Quantification of MRNA and miRNA expression by RT-gPCR

After 6 hours of incubation, medium containing eHP or water was removed and total
RNA of AGS cells were extracted with miRNeasy Micro Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer's protocol. Complementary DNA (cDNA) for
MRNA and miRNA were synthesized using High Capacity cDNA Archive Kit (Applied
Biosystems, Foster City, CA, USA) and TagMan® MicroRNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA, USA), respectively. Quantitative PCR
(gPCR) was performed with TagMan® assays (Applied Biosystems, California, USA)
for genes TNFA, TNFR1 (TNFRSF1A), TNFR2 (TNFRSF1B), TRADD, TRAF2,
CFLIP (CFLAR), NFKB1, NFKB2, CASP8 and CASP3 and for target miRNAs hsa-
miR-19a-3p (MIMAT0000073), hsa-miR-34a-3p (MIMAT0004557), hsa-miR-103a-3p
(MIMATO0000101), hsa-miR-130a-3p (MIMATO0000425) and hsa-miR-181c-5p
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(MIMAT0000258), as described in our previous study!3. ACTB and GAPDH genes
were used for normalization of MRNA quantification, while for miRNAs were adopted
the endogenous RNU6B and RNU48. Relative quantification (RQ) of mRNA and
miRNA expression was calculated by the 2(*4¢) method'® using non-silenced AGS

without eHP treatment as a calibrator (AGS-C).

Cell proliferation and viability assay

MTT ([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]) assay (Sigma-
Aldrich, St. Louis, MO, USA) was employed to evaluated cell proliferation after
treatment with eHP in silenced and non-silenced AGS cell lines. Briefly, culture
medium was removed and 300 pL fresh medium containing 1 mg/mL of MTT reagent
were added into each well. After 30 minutes of incubation at 37°C, medium with MTT
reagent was replaced by the same volume of dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, St. Louis, MO, USA). The absorbance at 540 nm was measured using
spectrophotometer FLUOstar Omega (BMG Labtech, Ortenberg, Germany) and the

percentage of metabolically active cells calculated in relation to non-silenced AGS.

Cell cycle analysis

Cells distribution at different phases of cell cycle was estimated by measuring the
cellular DNA content using flow cytometry. Finished the incubation time with eHP or
water, non-silenced AGS, AGS-shR1 and AGS-shR2 cell lines were harvested with
trypsin and fixed in 70% ethanol at 4°C for at least 24 hours. Subsequently, cells
were washed, centrifuged and then incubated with 200 pyL of Guava® Cell Cycle
Reagent (Merck Millipore, Burlington, Massachusetts, USA) for 30 minutes in the
dark. Cell-cycle distribution was measured by Guava® EasyCyte Flow Cytometer
and analyzed with Guava® InCyte software (Merck Millipore, Burlington,
Massachusetts, USA).

Apoptosis analysis

Apoptotic cell death was also measured by flow cytometry using FITC Annexin V

Apoptosis Detection Kit (BD Pharmingen™; BD Biosciences, Franklin Lakes, NJ,
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USA). After treatment, cells were harvest with Accutase® (Sigma-Aldrich, St. Louis,
MO, USA) and washed with cold phosphate-buffered saline (PBS). After
centrifugation, cells were resuspended in binding buffer 1X and stained with 5 pl
Annexin V-fluorescein isothiocyanate (FITC) and 5 ul propidium iodide (PI, 50 pug/ml)
for 15 minutes at room temperature and in the dark. The marking of cells was
evaluated using flow cytometer and analyzed with Guava® InCyte software. From the
scatter diagram and quadrant plotting, the results were presented as: living cells
(FITC-/PI-) located in the lower left quadrant, early apoptotic cells (FITC+/PI-) in the
lower right, late apoptotic cells (FITC+/PI+) in the upper right and necrotic cells
(FITC-/PI+) in upper left.

Statistical analysis

Data statistical analysis was performed in GraphPad Prism Software version 6.01
using two-tailed unpaired Student’s t-test. Results were expressed as the mean *
standard deviation from experiments conducted in triplicate. A P-value < 0.05 was

considered statistically significant.

Results
TNFA and its TNFR1 and TNFR2 receptors are expressed in AGS cell line
Initially both AGS and HGC-27 cell lines were cultured to evaluate the mRNA
expression levels of TNFA and TNFR1 and TNFR2 receptors by gPCR. The analyses
showed that both cell lines expressed TNFA and TNFR1, but TNFR2 presented very
low expression in the HGC-27 compared to AGS (Figure S1 — supplementary
material). In this way, the AGS cell line was chosen to additional experiments, since it
was not reliable to use the HGC-27 in the silencing experiments of TNFR2 receptor.
To standardize treatment conditions, several volumes of eHP (50, 100, 150
and 200 uL) were tested at different incubation times (4, 6 and 24 hours) in the AGS
cell line to establish the best conditions to induce expression of TNFA without
reducing cell viability. The best results were obtained in eHP concentration of 30%
v/v (150 uL) for 6 hours of incubation (Figures S2 and S3 - supplementary material).
Under these conditions there was an increase in TNFA expression (RQ=3.59) without
affecting cell viability (98.9%).
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Downregulation of TNFR1 and TNFR2: effect on TNF-a signaling downstream
genes expression

The effect of TNF-a receptors downregulation on gastric cancer cells were evaluated
after transfection of AGS cell line with two specific ShRNA for the genes TNFR1
(called AGS-shR1) and TNFR2 (called AGS-shR2), followed by antibiotic selection.
RT-gPCR and Western blot were used to evaluate the efficiency of silencing.
Selected shRNA led to a reduction of 59% for TNFR1 and 56% for TNFR2 in the
protein expression (Figure 1).

When we evaluated the expression of TNF-a signaling pathway genes in the
AGS stable cell lines with reduced expression of TNFR1 (AGS-shR1-C) and of
TNFR2 (AGS-shR2-C) without treatment with eHP in comparison with non-silenced
AGS (AGS-C), in general, there was a reduction in expression of genes with anti-
apoptotic and/or cellular survival functions (Figure 2). Significantly down-regulated
MRNA expression of TNFA (RQ = 0.54; p= 0.006), TNFR1 (RQ = 0.61; p < 0.001),
NFKB1 (RQ = 0.72; p= 0.013) and NFKB2 (RQ = 0.66; p= 0.003) was observed in
AGS-shR1-C related to AGS-C (Figure 2a, b, i and j), while CASP3 mRNA (RQ =
1.15; p= 0.014) was up-regulated (Figure 2h). For AGS-shR2-C, TNFR2 (RQ = 0.50;
p < 0.001), TRADD (RQ = 0.35; p= 0.001) and TRAF2 (RQ = 0.65; p= 0.023) were
reduced when compared to AGS-C, as well as TNFR2 and TRADD in comparison
with AGS-shR1-C (Figure 2c, d and e).

In contrast, treatment with eHP in non-silenced AGS (AGS-eHP) showed
significantly up-regulated mRNA expression of TNFR1 receptor (Figure 2b), anti-
apoptotic and cell proliferation genes, such as CFLIP, NFKB1 and NFKB2 (Figure 2f,
i and j), while TNFR2 receptor showed reduced expression (RQ = 0.82; p= 0.005-
Figure 2c). Likewise, eHP treatment increased the expression of the CFLIP and
NFKB2 in both TNFR1 (AGS-shR1-eHP) and TNFR2 (AGS-shR2-eHP)
downregulation cell lines, as also NFKB1 in AGS-shR1-eHP when compared to the
respective untreated lineages (AGS-shR1-C or AGS-shR2-C). However, the
expression of these genes is generally smaller in relation to the AGS-eHP, indicating
that the reduced expression of TNFR1 and TNFR2 receptors impaired the effect of
treatment with eHP in the mRNA expression of these genes (Figures 2f and j).
Furthermore, significant decrease was observed in expression of TNFR2 (RQ = 0.27;
p=0.001) and CASP8 (RQ = 0.74; p= 0.032) in AGS-shR2-eHP and AGS-shR1-eHP,

respectively, compared to the respective untreated lineages (Figure 2c and g).
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TNFR2 downregulation up-regulate miR-19a and miR-34a expression

Expression of miRNAs miR-19a, miR-34a, miR-103a, miR-130a e miR-181c were
evaluated in the AGS, AGS-shR1 and AGS-shR2 cell lines with and without eHP
treatment. No any significant change of these miRNAs expression was found in AGS
and AGS-shR1 regardless of eHP treatment. However, TNFR2 receptor
downregulation resulted in a significant increase in the expression of miR-19a and
miR-34a in AGS-shR2-C (RQ = 3.17 and 2.64, respectively) compared with AGS-C
(p = 0.029 and 0.035, respectively) and AGS-shR2-eHP (RQ = 3.89 and 1.93,
respectively) in relation to AGS-eHP (p = 0.022 and 0.040, respectively) (Figure 3a
and b). Increased expression of miR-34a was also observed in AGS-shR2-C when
compared to AGS-shR1-C.

TNFR2 downregulation induce cell-cycle arrest at G2/M

Effect of TNFR1 and TNFR2 downregulation after eHP treatment on cell-cycle
progression was evaluated by flow cytometry. Overall, both eHP treatment and
TNFR1 downregulation did not affect the cellular distribution between the GO/G1, S
and G2/M phases. However, TNFR2 downregulation significantly reduced the
amount of cells in GO/G1 phase regardless of eHP treatment and lead to an increase
of cells in the G2/M phase in AGS-shR2-C compared to AGS-C (Figure 4a and b). In
addition, the MTT assay did not show significant difference in the cell proliferation for
the AGS cell line independent of receptor expression or eHP treatment (Figure 4c).
Therefore, increase in the percentage of cells in G2/M without significant change on

proliferation suggested cell-cycle arrest in consequence of TNFR2 downregulation.

Dowregulation of TNFR2 suppress apoptosis and eHP treatment promote
necrosis

We also investigated whether the partial inhibition of TNFR1 and TNFR2 and the
eHP treatment interfere with the occurrence of apoptosis, which was evaluated
through Annexin-V and PI double staining by flow cytometry (Figure 5). Although
AGS-shR1(C and eHP) showed no change in apoptosis, percentage of early
apoptosis cells was significantly lower in AGS-shR2-C (14.6%) than in AGS-C
(27.9%) and AGS-shR1-C (27.0%). No change was observed in the percentage of
late apoptosis cells. Furthermore, treatment with eHP in the non-silenced AGS and

AGS-shR1 lineages resulted in significant increase of necrosis cells.
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Discussion

TNF-a signaling pathway can trigger distinct cellular processes, as cell survival,
apoptosis and necrosis, through TNFR1 and TNFR2 receptors, indicating the
occurrence of complex regulation after TNF/TNFR binding'®. To the best of our
knowledge, this is the first study to investigate the effect of TNFR1 and TNFR2
downregulation on gastric cancer cell line. Our results showed that TNFR1
downregulation significantly decreased expression of pro-survival genes and
increased of apoptotic genes, although no changes in cellular processes and
MiRNAs expression were observed. In contrast, reduction in TNFR2 expression
significantly decreased TRADD and TRAF2, which may impair the TNFR1-mediated
TNF-a signaling, as well as increased the expression of miRNAs, promoting a
decrease in apoptosis and cell-cycle arrest at G2/M. Additionally, treatment with H.
pylori extract increased cell survival and anti-apoptotic genes expression, however
the receptors silencing decreased its response intensity.

TNFR1 downregulation resulted in a significant decreased in the expression
of TNFA, NFKB1 and NFKB2 mRNA, and increased expression of CASP3, so may
favor the cell death pathway in contrast to the cell survival pathway, although no
alteration was observed in apoptosis and cell cycle assays. These findings are in
disagreement with the observed in esophageal carcinoma after silencing of TNFR1
that demonstrated promotion of cell proliferation and reduction in apoptosis rate!’,
probably by direct to the TNFR2-mediated TNF-a signaling. Our results showed that
reduction in TNFR1 expression negatively influenced the TNF-a expression, which
was reduced by about 46% (RQ = 0.54). Zhang and Xiao (2017)*8 also showed more
extent inhibition in TNF-a autocrine expression in TNFR1-silenced fibroblast-like
synoviocytes compared with TNFR2-silenced. These findings are due to broader role
of TNFR1 in NF-kB activation that of TNFR2, since TNF-a expression is regulated by
a positive autocrine feedback mechanism triggered mainly by TNFR1%°2°, Thus,
TNFR1 downregulation reduces the expression of NFKB1 and NFKB2 mRNAs, which
negatively affect the TNFA expression and impairs the activation of this signaling
pathway.

In contrast, when we reduce the TNFR2 expression significantly decreased
the expression of two important mediators for the TNFR1-mediated signaling

pathway, TRAF2 and TRADD, as well as reduction of initial apoptosis and cell-cycle
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arrest at G2/M. TRADD is an essential adapter protein in TNFR1-mediated apoptotic
signaling under physiological conditions?:. However, dependence of this mediator
seens to be cell type-specific??2, once TRADD knockout mice were resistant to TNF-a-
induced in a model of hepatitis?3, but this pathway was not impaired completely in
macrophages deprived of TRADD?2. On the other hand, reduced expression of this
mediator did not affect NFKB1 and NFKB2 expression in AGS-shR2 indicating that
NF-kB activation can occur independently of TRADD through the binding of RIP1
directly to the TNFR12*25. Therefore, ours results showed that TNFR2
downregulation decrease of apoptosis in AGS cell line partially through the reduction
of TRADD expression, which does not to influence the activating TNFR1-mediated
pro-survival signaling.

Furthermore, AGS-shR2 also presented reduced expression of TRAF2. This
protein has an essential role in signal transduction triggered by both TNFR1 and
TNFR2 receptors, evidencing the existence of cross-talk between them?. Loss of
TNFR2 expression led to resistance to TNF-a-mediated cytotoxicity through TRAF2
so that this protein is involved in the apoptosis occurrence stimulated by receptors
cooperation?62’, Thus, decrease of both TRADD and TRAF2 expression impaired the
occurrence of TNFR1-mediated apoptosis after TNFR2 downregulation.

Moreover, we find that TNFR2 downregulation also increased significantly
the amount of cells in the G2/M phase and reduced in GO/G1 phase, while no change
on cell proliferation was observed, suggesting cell-cycle arrest at G2/M. It could be
related to DNA damage response?®. Recent studies showed increased expression of
genes related to response to DNA damage and repair such as APE1l, H2AX and
PARP-1 in gastric cancer samples possibly influencing the survival of tumor cells2%:20,
Yang et al (2017)3! demonstrated that TNFR2 enhancing DNA damage repair
through regulation of PARP expression in breast cancer cells. Furthermore, they
showed that TNFR2 silencing led to pH2AX increase, marker for presence of DNA
damage. In the present study, cell-cycle arrest after TNFR2 downregulation suggests
decrease in DNA damage repair can be an important anti-tumor mechanism.

Overall, our results highlight the prominent role of TNFR2-mediated TNF-a
signaling in gastric cancer. This fact was also observed in samples of patients with
gastric cancer in which increased TNFR2 expression and reduction of TNFR1
occurred simultaneously to predominance in the expression of anti-apoptotic (TNFA,
TRAF2, CFLIP and NFKB2) in relation to pro-apoptotic (CASP3) mediators!s.
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Furthermore, although TNFR1 downregulation in AGS cell line did not change
cellular processes, it led to decreased expression of cell survival genes (TNFA,
NFKB1 and NFKB2) and increase of pro-apoptotic gene, such as CASP3, which may
have an anti-tumor effect, since inhibition of NF-kB is able to promote cell death and
block proliferation®?. Recent study showed that NFKB1- knockdown in GC cell lines
and in vivo tumorigenicity model resulted in suppression of cell proliferation after 6
days, inhibited cell invasion and induced early apoptosis®:. Therefore, based on
function of each receptor and on the existence of cross-talk between them, the
inhibition of both TNFR1 and TNFR2 may together have an anti-tumor effect on
gastric cancer. However, should be considered that TNF-a and their receptors
besides being expressed by tumor cells are also expressed by cells present in tumor
microenvironment, as immune cells?°. Oshima et al (2014)® demonstrated that the
stimulation of TNFR1-mediated TNF-a signaling in tumor microenvironment cells
promotes gastric tumorigenesis through the induction of tumor-promoting factors,
Noxol and Gnal4, in tumor epithelial cells, highlighting the importance of the tumor
microenvironment and the need for in vivo studies.

Additionally, considering the important role of miRNAs for the development of
cancer, we also evaluated the expression of miRNAs miR-19a, miR-34a, miR-103a,
miR-130a and miR-181c chosen after consulting in public databases
34,35,36,37,38,39,40.41,42.43 gnd also for interacting with TNF-a pathway genes as observed
in our recent study'®. TNFR1 downregulation and eHP treatment not deregulated
mMiRNAs expression. However, reduced expression of TNFR2 caused up-regulation
of mMiRNAs miR-19a and miR-34a.

Although, the most studies pointed to the tumor-suppressor role of miR-
34a%44546 e recently observed overexpression of this miRNA in gastric cancer
samples!3, indicating an oncogenic action. Up-regulation of this miRNA in AGS-shR2
suggestes that miR-34a expression can be modulated by TNFR2-mediated TNF-a
signaling genes. In contrast, miR-19a has oncogenic function and TNFA, TNFR1 and
TNFR2 are your validates targets33547. As well as for miR-34a, TNFR2
downregulation resulted in increase of miR-19a expression in AGS cell line,
indicating that miR-19a and TNFR2 relate to each other also in gastric cancer.
Furthermore, this miRNA negatively influences apoptosis*®, so that it up-regulation

may also contribute to reduction of the apoptotic rate in AGS-shR2. For both



Capitulo II 86

mMiRNAs, functional studies are needed to assess by what targets they related to
TNF-a signaling in gastric cancer.

The other miRNAs evaluated (miR-103a, miR-130a and miR-181c) were not
deregulated in AGS cell line. Although recent studies have suggested participation of
these MiRNAs on gastric cancer4®°051.525354  their pro or anti-tumor roles is still
controversial. This is due to the influence of several factors in regulation of gene
expression, as stage of tumor development and presence or absence of infectious
agents®.

In order to potentiate the expression of TNF-a signaling genes in the AGS
cell lines we treated the cell cultures with eHP. Ours results showed a significant
increase in expression of the cell survival and anti-apoptotic genes in non-silenced
AGS as TNFR1, NFKB1, NFKB2 and CFLIP besides a reduction in TNFR2
expression after eHP treatment. Likewise, both AGS-shR1 and AGS-shR2 lineages
exhibited increased expression of CFLIP, NFKB2 and/or NFKB1 after treatment with
eHP, although this increase was significantly lower than in the non-silenced AGS. It
is also important highlight that eHP significantly decreased CASP8 expression in
AGS-shR1.

H. pylori recognition by gastric epithelial cells in a persistent infection
activates the innate and adaptive immune system of the host*. Recent study showed
increased TNFA mRNA levels and other proinflammatory mediators, such as IL-13
and IL-8, in AGS cell line after infection by H. pylori®>. Our results demonstrated high
TNFR1 expression and low of TNFR2 after eHP treatment in non-silenced AGS,
suggesting that H. pylori infection promote activation of the TNFR1-mediated TNF-a
signaling pathway in the AGS cell line directing signal transduction to the cell survival
pathway due to the increase expression of NFKB1, NFKB2 and CFLIP. In agreement
studies showed that H. pylori activates NF-kB in a manner dependent on the
bacterial cells number®® due to significant IkB-a degradation®’ resulting in the
induction of anti-apoptotic genes transcription, such as CFLIP%8, Therefore, our
results indicate that H. pylori induce cell survival and inflammation also due to
TNFR1-mediated TNF-a signaling, which leads to NF-kB activation and consequent
production of anti-apoptotic mediators, as cFLIP, regardless of TNFR1 and TNFR2
receptors downregulation that only reduced the response intensity.

In general, regarding the effect of eHP treatment on cellular processes, we did

not find alteration in the cell cycle and apoptosis rates in both non-silenced and
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silenced AGS cell lines. Wan et al. (2016)>° showed that AGS cell co-culture with H.
pylori inhibit apoptosis and increase the viability through upregulation of TRAF1
triggered by NF- kB activation. However, the peak of TRAF1 expression occurs after
12 hours of infection and its effect on cell viability started only after 24 hours.
Therefore, the treatment time of cultures and eHP concentration should be an
important factor, since with 6 hours of treatment, as used in our study, there were no
significant changes in apoptosis and cell cycle. However, we observed that the eHP
treatment in non-silenced AGS and AGS-shR1 cells led to a significant increase of
necrosis cells. Although the role of necrosis in cancer cells is still much debated®6?,
it is a consensus that TNF-a signaling may induce necrosis mediated by high levels
of cFLIP and inhibition of caspase-8%°, what was observed after eHP treatment
However, necrosis influence on gastric cancer cells and tumor microenvironment
requires further studies.

In conclusion, based on our results, shRNA-mediated downregulation of
TNFR1 and TNFR2 receptors in AGS cell line was able to reduced expression of pro-
survival and anti-apoptotic genes, besides affecting cellular processes and miRNAs
expression, so that inhibition of both receptors simultaneously may have anti-tumor
effect in gastric cancer. Furthermore, H. pylori extract increased expression of pro-
survival genes regardless receptors expression, mainly through TNFR1-mediated
TNF-a signaling, emphasizing the role of bacterial infection favoring gastric cancer
progression.
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Figure 1. Downregulation of TNFR1 (a) and TNFR2 receptors (b) in AGS cell
line. Silencing efficiency was evaluated by RT-gPCR and Western blot, which
confirmed the reduction in the expression of TNFR1 and TNFR2 receptors for ShRNA
2 and 4, respectively. AGS = non-silencing cell line; C = control transfected with
empty vector; 1 and 2 = different shRNA clones for TNFR1; 3 and 4 = different
shRNA clones for TNFR2.
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Figure 2. Relative expression of TNF-a signaling pathway genes: TNFA (a),
TNFR1 (b), TNFR2 (c), TRADD (d), TRAF2 (e), CFLIP (f), CASP8 (g), CASP3 (h),
NFKB1 (i) and NFKB2 (j) in non-silenced AGS, downregulated for TNFR1 (AGS-
shR1), downregulated for TNFR2 (AGS-shR2) without treatment (C) and treated with
SD of the three independent
events. Dotted line represents RQ mean of AGS-C. Statistically significant difference,
according to the t-test: *p<0.05; **p<0.01; ***p<0.00.
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Figure 3. Relative expression of miRNAs related to TNF-a pathway: miR-19a (a),
miR-34a (b), miR-103a (c), miR-130a (d) and miR-181c (e) in non-silenced AGS,
downregulated for TNFR1 (AGS-shR1), downregulated for TNFR2 (AGS-shR2)
without treatment (C) and treated with extract of H. pylori (eHP). Bars represent
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AGS-C. Statistically significant difference, according to the t-test: *p<0.05.
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Figure 4. TNFR2 downregulation leads to cell-cycle arrest at G2/M phase. a:
Graphs present the amount of cells in the different phases of cell cycle in non-
silenced AGS, downregulated for TNFR1 (AGS-shR1), downregulated for TNFR2
(AGS-shR2) without treatment (C) and treated with extract of H. pylori (eHP). b: Bars
represent mean + SD of the three independent events. Statistically significant
difference, according to the t-test: *p<0.05; **p<0.01; ***p<0.00. c: Percentage of
cells in proliferation by MTT assay.
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Figure 5. Apoptosis analysis in non-silenced AGS, downregulated for TNFR1
(AGS-shR1), downregulated for TNFR2 (AGS-shR2) without treatment (C) and
treated with extract of H. pylori (eHP). a: Representative images of the cells
distribution in the different quadrants indicating viable cells (Annexin V -/ PI -) in the
lower left, early apoptotic cells (Annexin V + / Pl -) in the lower right, late apoptotic
cells (Annexin V + / Pl +) in the upper right and necrotic cells (Annexin V -/ Pl +) in
upper left. b: Bars represents mean + SD of the three independent events.
Statistically significant difference, according to the t-test: *p<0.05; **p<0.01.
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Figure S1: Relative expression of TNFA, TNFR1 and TNFR2 genes in AGS and
HGC-27 gastric cancer cell lines. The graph shows that both lines express TNFA
and TNFR1 mRNA, whereas TNFR2 expression was very low in the HGC-27 (RQ =

0.0001) relative to AGS cell line (RQ = 1.0). ACTB and GAPDH were used for
normalization of mMRNA guantification.
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Figure S2: Relative gene expression of TNFA in the AGS cell line after
treatment with H. pylori extract (eHP) at the incubation time of 4, 6 and 24
hours and in the eHP volumes of 50 and 100 pL. As shown in the figure, TNFA
expression was higher for the eHP volume of 100 pyL after 6 hours incubation (RQ =
9.56). In 24 hours treatment, TNFA expression was less than one. From these data,
the incubation time of 6 hours was chosen. ACTB and GAPDH were used for
normalization of mRNA quantification. Control was AGS cell line maintained with
complete culture medium added with water in the same volume used in eHP.
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Figure S3: Relative gene expression of TNFA in the AGS cell line after
treatment with H. pylori extract (eHP) volumes of 100, 150 and 200 pL for 6
hours. Data show a progressive increase in TNFA expression in the eHP volumes of
100 (RQ = 2.04) and 150 pL (RQ = 3.59) compared to control. Reduced expression
of TNFA was observed in the treatment with 200 pL of eHP (RQ = 1.42). ACTB and
GAPDH were used for normalization of mRNA quantification. Control was AGS cell
line maintained with complete culture medium added with water in the same volume
used in eHP.
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5 DISCUSSAO

O presente estudo foi o primeiro a investigar a expressado de varios genes
envolvidos na via de TNF-a em amostras de cancer gastrico e se o silenciamento
dos receptores TNFR1 e TNFR2 em linhagem celular AGS afeta a expresséo destes
genes e, consequentemente, 0s processos celulares de proliferacédo, ciclo celular e
apoptose. Além disto, avaliamos se a infeccdo pela H. pylori e miRNAs podem
influenciar na desregulagéo desta via de sinalizagéo, afetando o destino celular. De
modo geral, nossos resultados mostraram que a via de sinalizacdo de TNF-a esta
desregulada em cancer gastrico favorecendo a expressao de genes anti-apoptoticos
e de sobrevivéncia celular. Nas amostras de pacientes, observamos aumento na
expressao de TNFA, do receptor TNFR2, de genes relacionados a transducéo de
sinal intracelular, como TRAF2 e TRADD, genes envolvidos com sobrevivéncia
celular, como NFKB2 e CFLIP, além de CASP8 e do miRNA miR-34a. Por outro
lado, TNFR1 e CASP3 apresentaram expressao reduzida. Estes resultados indicam
um predominio da expressdo de mediadores de proliferacédo celular em relacao aos
pré-apoptéticos, indicando que esta via esta promovendo a sobrevivéncia celular por
meio de TNF-a/TNFR2/NF-kB em detrimento da apoptose nas amostras de cancer
gastrico. Contudo a infeccdo pela H. pylori ndo influenciou na expressao dos genes
analisados, mas a rede de interacdo miRNA:RNAmM mostrou uma relacdo importante
dos miRNAs na regulacdo da expressao dos genes dessa via. Em linhagem celular
de cancer gastrico, o silenciamento parcial de TNFR1 significantemente reduziu a
expressdo dos genes TNFA, NFKB1 e NFKB2, relacionados a sobrevivéncia celular,
e aumentou a expressdo de CASP3, caspase efetora da apoptose, embora nao
tenha ocorrido mudancas nos processos celulares e nem na expressao de miRNAs.
Por outro lado, silenciamento de TNFR2 reduziu a expressdo de TRADD e TRAF2 e
aumentou a expressao dos miRNAs miR-19a e miR-34a, o que levou a diminui¢cao
na taxa de apoptose e parada do ciclo celular na fase G2/M. Quando as linhagens
foram tratadas com extrato de H. pylori constatamos, independentemente da
expressdo dos receptores, aumento na expressdao de TNFR1, dos genes pro-
sobrevivéncia CFLIP, NFKB1 e NFKB2, além de reducdo do receptor TNFR2.
Portanto, nossos resultados destacam a importancia da via de TNF-a em cancer
gastrico, que parece ser mediada principalmente por TNFR2 no tecido tumoral,
promovendo a sobrevivéncia e proliferacdo celular, enquanto em linhagem celular

AGS, a via de sobrevivéncia celular e pré-inflamatéria € mediada principalmente pelo
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receptor TNFR1 em condi¢cédo de inflamacéo induzida pelo extrato da H. pylori, a qual
€ acentuada também pelo receptor TNFR2, evidenciando uma atuacédo conjunta de
ambos receptores.

Como j& destacado, TNFR1 e TNFR2 diferem nos seus dominios
intracelulares e na expressao celular (YANG et al., 2018a) e, assim, a influencia de
cada receptor na via de sinalizacdo desencadeada por TNF-a varia em diferentes
condic¢des patoldégicas (HAUWERMEIREN; VANDERNBROUCKE; LEBERT., 2011),
com predominio de TNFR1 no favorecimento de falha cardiaca (YU et al., 2017) e
artrite reumatoide (ZHANG; XIAO, 2017), e de TNFR2 em céancer colorretal (ZHAO;
LI; LIU, 2017), carcinoma renal de células claras (AL-LAMKI et al., 2010) e
carcinoma hepatocelular (JING et al., 2018). Nosso estudo demonstra, pela primeira
vez, a importancia desta via de sinalizacdo mediada por TNFR2/TNFR1 também no
favorecimento do cancer gastrico.

Aumento na expressdo de TNFA, TNFR2, TRAF2, NFKB2 e CFLIP nas
amostras de cancer gastrico (Figura 5 em ROSSI et al., 2019) indica que a via de
sobrevivéncia celular resultante da ligacdo TNF-a/TNFR2 esta ativada, uma vez que,
a partir do recrutamento de TRAF2, TNFR2 ativa o fator de transcricdo nuclear NF-
kKB, o qual induz a transcricao de genes anti-apoptoticos, como CFLIP e TRAF2
(WANG et al., 1998; MICHEAU et al., 2001). Por outro lado, a expresséao reduzida de
TNFR1 e CASP3 indica um prejuizo da via apoptotica. Apdés ligacdo TNF-a/TNFR1,
TRADD recruta TRAF2/clAP-1 e -2 permitindo a ativacdo de NF-kB, de modo que a
interacdo entre TRAF2 e TNFRL1 inibe a habilidade deste receptor induzir a apoptose
(FOTIN-MLECZEK et al, 2002). Portanto, aumento na expressdao de TRAF2
corrobora o prejuizo na via apoptoética. Além disto, o complexo de sinalizag¢éo indutor
de morte (DISC ou complexo IlI) formado a partir da dissociacdo entre TNFR1 e
TRADD, com posterior recrutamento de FADD e procaspase-8 (MICHEAU,
TSCHOPP, 2003; HEHLGANS; PFEFFER, 2005), tem sua atividade inibida por
cFLIP (MICHEAU; TSCHOPP, 2003; IRMLER et al., 1997). Nas amostras de cancer
gastrico, a expressao aumentada de CFLIP indica prejuizo na ativacdo da caspase-
8, que embora apresentasse expressao elevada, ndo era convertida para a forma
ativa, dessa forma bloqueando a sinalizagdo apoptética, em adicdo a expressao
reduzida da caspase-3 efetora (CASP3).

A patrtir destes resultados, o efeito da reducdo na expressao dos receptores

TNFR1 e TNFR2 em linhagem AGS de cancer gastrico foi avaliado. ApOs
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silenciamento parcial de TNFR1, constatamos expressao significantemente reduzida
de TNFA, NFKB1 e NFKB2 e aumento de CASP3 em relacdo a linhagem néo
silenciada, embora néo foi observada alteragdo na taxa de células apoptéticas e no
ciclo celular. Esses achados mostram que a reducédo de cerca de 60% na expressao
de TNFR1 foi capaz de reduzir a expressdo de genes da via de sobrevivéncia
celular, assim como aumentar a expressao do gene pro-apoptético CASP3.
Contudo, nao foi suficiente para resultar em aumento da apoptose, provavelmente,
devido também a reducdo na expressdo do ligante (TNF-a), o que prejudica a
ativacdo da via de sinalizacdo tanto mediada por TNFR1 como TNFR2. Estudos
apontam que TNFR1 ativa mais eficientemente o fator de transcricdo NF-kB que
TNFR2, e este fator regula a expressao de TNFA por um mecanismo de feedback
positivo autécrino (COWARD et al., 2002, VERMA et al., 2009; WU; ZHOU, 2010).
Portanto, a reducdo na expressdao de ambos NFKB1l e NFKB2 observada na
linhagem AGS-shR1 influenciou negativamente a expressdao do ligante. Em
sinoviocitos semelhantes a fibroblastos, pesquisadores (ZHANG; XIAO, 2017)
observaram maior inibicdo na expressao de TNF-a apds silenciamento de TNFR1
comparado com silenciamento de TNFR2, assim como observado em nosso estudo.
Conforme resultados obtidos nas amostras de cancer gastrico, esperavamos
gue reducdo na expressado de TNFR2 e consequente predominio da via mediada por
TNFR1 resultaria em aumento na apoptose e reducao na proliferacdo celular. No
entanto, silenciamento parcial de TNFR2 reduziu significantemente a expressao de
TRAF2 e TRADD, mediadores importantes para a formacdo do complexo DISC de
morte celular, assim resultando em reducdo na apoptose inicial e parada do ciclo
celular na fase G2/M. Em um modelo de hepatite induzida, ratos knockout para
TRADD foram resistentes a toxicidade induzida por TNFR1, demonstrando que este
mediador € fundamental para a sinalizacdo resultante da ligagdo TNF-a/TNFR1
(ERMOLAEVA et al.,, 2008). Por outro lado, esta via ndo foi completamente
prejudicada em macrofagos desprovidos de TRADD, indicando que a dependéncia
da proteina adaptadora TRADD na transducao de sinal intracelular desencadeada
por TNFR1 parece depender do tipo celular (POBEZINSKAYA et al., 2008;
POBEZINSKAYA; LIU, 2012). Nossos resultados reforcam a participacdo de TRADD
para desencadear o processo de apoptose mediada por TNF-a.
Por outro lado, embora necessario para ativacdo da apoptose, reducédo na

expressdo de TRADD parece nao influenciar a ativagdo de NF-kB, uma vez que
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silenciamento parcial de TNFR2 n&o afetou a expressdo de NFKB1 e NFKB2, que
pode ter sido conduzida pela via de TNFR1 independente de TRADD. Em geral,
apos a ligacdo com TNFR1, TRADD recruta RIP1 e TRAF2 para formar o complexo |
e ativar NF-kB (Figura 5 em ROSSI et al., 2019). Ligacdo TNFR1/TRAF2 é perdida
na auséncia de TRADD, enquanto RIP1 é capaz de se conectar diretamente com o
receptor (CHEN et al.,, 2008). Uma vez poliubiquitinado, RIP1 pode ativar NF-kB
(NAUDE et al., 2011) e, com isto, a sinalizagdo pro-sobrevivéncia mediada por
TNFR1 independente de TRADD, como observado na linhagem celular AGS-shR2.

Silenciamento parcial de TNFR2 também resultou em reducdo na expressao
de TRAF2, um mediador que possui papel essencial na transducdo de sinal
desencadeada por TNF-a, sendo recrutado tanto por TNFR1 quanto por TNFR2
(WAJANT; HENKLER; SCHEURICH, 2001). Além deste, os receptores também
compartilham outras proteinas de sinalizacao intracelular mostrando a existéncia de
uma “relacdo cruzada” entre eles na ativacdo das vias de sobrevivéncia e morte
celular (NAUDE et al., 2011). Alguns estudos demonstraram que perda da
expressdo de TNFR2 leva a resisténcia a citotoxicidade mediada por TNF-a por
influenciar na expressao de TRAF2, uma vez que esta proteina esta envolvida na
ocorréncia de apoptose estimulada pela cooperacéo entre os receptores (MEAGER
et al.,, 1993; DECLERCQ et al., 1998). Portanto, nossos resultados sugerem que
silenciamento parcial de TNFR2 reduz significantemente as taxas de apoptose inicial
na linhagem AGS-shR2 pela reducdo na expresséo de TRADD e TRAF2,
prejudicando a via de apoptose mediada por TNFR1.

Outra consequéncia do silenciamento de TNFR2 foi o aumento significante
de células bloqueadas na fase G2/M do ciclo celular e reducdo em GO/GL.
Considerando que ndo houve alteragdo significativa na proliferacdo celular pelo
ensaio MTT, estes dados sugerem parada do ciclo celular na fase G2/M, o que pode
estar relacionado com danos no DNA (DIPAOLA, 2002). Recentes estudos (AFZAL
et al., 2019; MANOEL-CAETANO et al., 2019) mostraram aumento na expresséo de
genes relacionados a resposta ao dano no DNA e reparo, como APE1l, H2AX e
PARP-1 em amostras de cancer gastrico como um mecanismo de sobrevivéncia de
células tumorais (MANOEL-CAETANO et al., 2019). Yang e colaboradores (2017)
demonstraram que TNFR2 aumenta o reparo de danos no DNA por meio da
regulacdo da expressdo de PARP em células de cancer de mama. Além disto,

mostraram que o silenciamento de TNFR2 levou a aumento em pH2AX, um
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marcador de presenca de quebras duplas no DNA. No presente estudo, bloqueio na
fase G2/M do ciclo celular apds o silenciamento de TNFR2 sugere uma diminuicédo
nos mecanismos de reparo de danos no DNA, o que pode ser um importante
mecanismo antitumoral.

Em conjunto, nossos resultados destacam o importante papel da via de
sinalizacdo de TNF-a mediada tanto por TNFR2 (ROSSI et al., 2019) como por
TNFR1 em céncer gastrico. No tecido tumoral, aumento na expressado de TNFR2 e
reducdo de TNFR1 ocorreu simultaneamente com o predominio da expressao de
mediadores pré-sobrevivéncia em relacdo aos pro-apoptoticos. Na linhagem celular
AGS, silenciamento parcial de TNFR1 reduziu a expressao de importantes genes da
via de sobrevivéncia celular, afetando também a expressdo de TNF-a, apesar de
nao terem sido observadas mudancas nos processos celulares, enquanto inibicao de
TNFR2 prejudicou a transducéo de sinal intracelular mediada por TNFR1 devido a
regulacdo negativa de TRADD e TRAF2, o que levou a diminuicdo na apoptose e
favorecimento da sobrevivéncia celular, dessa forma ressaltando a existéncia de
uma “relacéo cruzada” entre estes receptores. Além disto, parada do ciclo celular em
G2/M apdbs reducdo na expressdao de TNFR2 indica um mecanismo antitumoral.
Entretanto, deve-se considerar que TNF-a e seus receptores sao expressos também
por células presentes no ambiente tumoral, como as células imunes (WU; ZHOU,
2010). Oshima e colaboradores (2014) demonstraram que a estimulagcdo da
sinalizacdo de TNF-a mediada por TNFR1 em células do microambiente tumoral
promove a tumorigénese gastrica por meio da inducdo dos fatores promotores de
tumor Noxol e Gnal4 em células epiteliais tumorais, descatando a importancia do
microambiente tumoral e a necessidade de mais estudos.

Considerando a importancia dos miRNAs para o desenvolvimento de
doencas inflamatorias e cancer, a partir de pesquisa em bancos de dados publicos
selecionamos os MiRNAs miR-19a, miR-34a, miR-103a, miR-130a e miR-191c, que
apresentam como alvos preditos ou validados genes da via de sinalizacdo de TNF-a.
De modo geral, com excecdo do miR-34a que apresentou expressao elevada, 0s
miRNAs avaliados ndo estavam desregulados nas amostras de céncer gastrico.
Interessantemente, nos estudos in vitro em linhagem AGS, reducao na expresséao de
TNFR2 causou aumento na expressédo do miR-34a e também do miR-19a, enquanto
silenciamento parcial de TNFR1 ndo afetou a expressdo desses miRNAs. Além

destas analises, utilizamos dados de bioinformatica e analise in silico para construir
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uma rede de interacdo miRNA:RNAm, demonstrando inUmeras relacdes entre esses
MiRNAs e genes da via de sinalizacdo de TNF-a (Figura 4 em ROSSI et al., 2019).

Varios estudos destacaram o papel supressor-tumoral do miR-34a, pois
expressdo reduzida foi associada com estagio clinico avancado, metéstase de
linfonodo (YANG et al., 2016), menor taxa de sobrevida (ZHOU et al., 2018) e maior
taxa de recorréncia (ZHANG et al., 2015) em pacientes com cancer gastrico.
Entretanto, nossos resultados nas amostras de cancer gastrico demonstram uma
acao oncogénica deste miRNA, corroborando estudos que apontam um aumento
significante na sua expressao associado com menor sobrevivéncia global no cancer
gastrico (OSAWA et al., 2011). Além disto, nosso estudo indica que a expresséo do
miR-34a € influenciada pela via de sinalizacdo de TNF-a mediada por TNFR2, uma
vez que reducao de cerca de 60% na expressao de TNFR2 aumentou em quase trés
vezes a expressao deste miRNA. Portanto, destaca o seu envolvimento no cancer
gastrico, o que merece mais estudos para compreender o papel deste miRNA e sua
relacdo na sinalizagao de TNF-a.

De modo contrario, o0 miR-19a possui funcdo principalmente oncogénica e
reducdo na sua expressao resulta em supresséo da proliferacdo, migracao e invasao
em cancer gastrico (ZHU et al., 2019). Embora néo tenha apresentado alteracdo na
expressao em amostras de cancer gastrico, silenciamento parcial de TNFR2 resultou
em aumento na expressdo do miR-19a na linhagem AGS. A rede de interacao
apresentada na Figura 4 (ROSSI et al., 2019) mostra que o miR-19a-3p tem como
alvos validados os RNAmM de TNFA, TNFR1 e TNFR2. Nossos resultados reforcam
TNFR2 como alvo de miR-19a em cancer gastrico, mas estudos de validacao ainda
precisam ser realizados. Além disto, miR-19a influencia negativamente a apoptose
(ZHAO et al., 2017) e, assim, aumento na expressao deste miRNA pode também ter
contribuido para a reducdo na taxa de apoptose inicial observada na linhagem
silenciada para TNFR2.

Os outros miRNAs avaliados (miR-103a, miR-130a e miR-181c) ndo foram
desregulados nem no tecido tumoral, nem nos experimentos com linhagem celular
de céncer gastrico. Embora recentes estudos sugerem acdo destes miRNAs nesta
neoplasia (CUI et al.; 2013, LIANG et al., 2015; ZHOU et al., 2017; HU et al., 2018;
WANG et al., 2018a; ZABAGLIA et al., 2018), seus papéeis como pro ou antitumoral
sdo ainda controversos. Isto pode ser devido a influéncia de varios fatores na

regulacdo da expressdo de genes por miRNAs como, por exemplo, agentes
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infecciosos (ROSSI et al., 2016), metilacdo do DNA (WANG; WU; CLARET, 2017),
além de distintos estagios da carcinogénese e subtipo tumoral. Quando
estratificamos as amostras de cancer gastrico por tipo histoldgico, expressao
significantemente aumentada dos miR-103a e miR-130a foi observada no tipo difuso
em relacdo ao tipo intestinal. Embora esta relacdo ainda néo tivesse sido
demonstrada para o miR-130a, o miR-103a ja foi descrito como um biomarcador de
alta sensibilidade e especificidade para o tipo difuso (ROTKRUA et al., 2013). Em
estudo anterior do nosso grupo de pesquisa (ROSSI et al., 2016), miR-103a e miR-
181c apresentaram expressao aumentada em amostras de gastrite crbnica apos
tratamento de erradicacdo da bactéria H. pylori, e foram inversamente
correlacionados com a expressao de TNF-a, sugerindo que estes miRNAs podem
influenciar etapas iniciais da carcinogénese gastrica no contexto de infeccao pela H.
pylori.

Outro fator importante na carcinogénese gastrica é a infeccéo pela H. pylori,
bactéria capaz de desregular a expressao de varios genes e miRNAs conforme
investigado previamente por nosso grupo de pesquisa (CADAMURO et al., 2015;
ROSSI et al.,, 2016). Embora a expressdo dos genes e miRNAs avaliados no
presente estudo ndo apresentou associacdo com a infeccdo pela H. pylori nas
amostras de cancer gastrico, tratamento da linhagem AGS né&o silenciada com
extrato da H. pylori resultou em aumento na expressdo de genes da via pro-
sobrevivéncia e inflamatéria como TNFR1, NFKB1, NFKB2 e CFLIP, e redugdo na
expressdo de TNFR2. Ambas as linhagens silenciadas AGS-shR1 e AGS-shR2,
também exibiram aumento na expressao de CFLIP, NFKB2 e/ou NFKB1 apds
tratamento com eHP, embora este aumento foi mais acentuado na linhagem néo
silenciada. Além disto, tratamento com eHP na linhagem silenciada para TNFR1
resultou em significante redugcao na expressao de CASP8. A falta de associagéo da
infeccdo pela H. pylori nas amostras de cancer géastrico, que apresentaram um
predominio da via de sinalizacdo de TNF-a mediada por TNFR2, juntamente com os
resultados obtidos nos experimentos in vitro com linhagem AGS, sugere que a
resposta da infecgcdo por esta bactéria nesta via de sinalizacdo é mediada
principalmente por TNFR1 em céncer géstrico direcionando a transducédo de sinal
para a via de sobrevivéncia celular e pro-inflamatéria, devido a aumento na
expressdo de NFKB1, NFKB2 e CFLIP. Em concordancia, Maeda e colaboradores

(2000) demonstraram que a ativacdo de NF-kB pela H. pylori depende do nimero de
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células bacterianas e resulta na inducédo da transcricdo de genes anti-apoptoticos
(MICHEAU et al. 2001). Estes resultados séo reforcados pelo nosso estudo prévio
em pacientes com gastrite cronica com infecgéo pela H. pylori, em que observamos
expressdo elevada de mediadores de inflamagdo como TNF-a, IL6, IL12A and IL2
(ROSSI et al., 2016), além dos receptores TLR2 e TLR4 (CADAMURO et al., 2015),
IL-8, TGF-B, REG3A e IFITM1 (dados ainda ndo publicados — CADAMURO, 2014),
cujos niveis de expressdo, de modo geral, foram reduzidos apos tratamento de
erradicacao da bactéria.

Adicionalmente, investigamos o efeito do tratamento com extrato da H. pylori
nas linhagens AGS silenciadas e ndo silenciada em processos celulares, e
observamos que o tratamento aumentou a taxa de necrose tanto na linhagem nao
silenciada como na linhagem com silenciamento de TNFR1. Wan e colaboradores
(2016) mostraram que a co-cultura da linhagem AGS com H. pylori inibe a apoptose
e aumenta a viabilidade por causar aumento na expressdo de TRAF1 desencadeado
pela ativagdo de NF-kB. Entretanto, o pico maximo da expressédo de TRAF1 ocorreu
apo6s 12 horas da infeccdo e seu efeito na viabilidade celular iniciou apenas apés 24
horas. Portanto, o tempo de tratamento da cultura e a concentracdo de eHP devem
ser fatores importantes, uma vez que em 6 horas de tratamento e concentracao de
30% v/v, como usado no presente estudo, ndo houve alteracdo no ciclo celular e
apoptose na linhagem AGS néo silenciada. Contudo, tratamento com eHP nas
linhagens n&o silenciada e silenciada para TNFR1 promoveu um aumento
significante da porcentagem de células em necrose. Embora o papel da necrose em
cancer € ainda muito discutido (MENG et al., 2016; PHILIPP; SOSNA; ADAM, 2016;
NAJAFOV; CHEN; YUAN, 2017), é consenso que a sinalizacdo de TNF-a pode
induzir necrose ativada pelos niveis elevados de cFLIP (BRENNER; BLASER; MAK,
2015) e por deplecdo de Caspase-8 (MENG et al., 2016), condi¢cdes observadas no
presente estudo apds tratamento com eHP. No entanto, a influéncia da necrose em
células de cancer gastrico e no microambiente tumoral deve ser investigado.

Portanto, o presente estudo mostrou que a via de sinalizacdo de TNF-a esta
desregulada em amostras de cancer gastrico e que o silenciamento dos receptores
TNFR1 e TNFR2 foi capaz de reduzir a expressdo de genes pro-sobrevivéncia e
anti-apoptoéticos, assim como afetar a apoptose, a distribuicdo de células no ciclo

celular e a expressdo de miRNAs. Com isto, a inibicdo conjunta dos dois receptores
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pode ter um efeito antitumoral em cancer gastrico, sendo necessaria a realizacao de

estudos in vivo.
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6 CONCLUSOES

Os resultados obtidos em amostras de tecido e células tumorais gastricas

AGS, nas condi¢Oes propostas, permitem concluir que:

a — Cancer gastrico associa-se com predominio na expressao de genes pro-
sobrevivéncia e do miRNA hsa-miR-34a-3p em relagdo aos genes pro-apoptoticos,
resultante da ativacéo da via de sinalizagédo de TNF-a mediada por TNFR2.

b — Ha vérias interrelacées entre os miRNAs avaliados e genes da via de
sinalizacdo de TNF-qa, destacando os miRNAs hsa-miR-19a-3p e hsa-miR-103a-3p e
os TNFA, TNFR1, TNFR2, CFLIP, TRADD, CASP3 e CASPS.

¢ — Silenciamento parcial do receptor TNFR1 reduz a expressdo de genes
proé-sobrevivéncia e aumenta a expressao do gene pro-apoptético CASP3, mas nao

afeta processos celulares.

d — Silencimento parcial do receptor TNFR2 reduz a apoptote por prejudicar a
via de sinalizacdo apoptética mediada por TNFR1 por meio de TRADD e TRAF2,
além de promover parada na fase G2/M do ciclo celular.

d — A expressao dos miRNAs hsa-miR-19a-3p e hsa-miR-34a-3p relacionam-
se com genes da via de sinalizacdo de TNF-a influenciados pela expressao de
TNFR2.

e — H. pylori associa-se com aumento da expressao de TNFR1, NFKB1,
NFKB2 e CFLIP e redugcdo de TNFR2. Portanto, esta bactéria deve ativar a via de
sobrevivéncia celular de TNF-a mediada principalmente por TNFR1.
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ANEXO

ANEXO A: Parecer consubstanciado do Comité de Etica em Pesquisa Institucional.

INSTITUTO DE BIOCIENCIAS
LETRASE CIENCIAS  “QRgIvarorme
EXATAS/CAMPUS DE SAO

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagao de mediadores da via de sinalizacao do fator de necrose tumoral-alfa e de
microRNAS na carcinogénese gastrica associada a Helicobacter pylori

Pesquisador: Ana Flavia Teixeira Rossi

Area Tematica:

Versao: 1

CAAE: 49559715.0.0000.5466

Instituigdo Proponente: Instituto de Biociéncias Letras e Ciéncias Exatas/ Campus de Sao José do
Patrocinador Principal: MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAO

DADOS DO PARECER

Numero do Parecer: 1.336.892

Apresentagao do Projeto:

Trata-se de projeto de doutorado, cujas responsaveis sao a propria aluna e sua orientadora e sera
desenvolvido no Laboratorio de Citogenética e Biologia Molecular Humana - IBILCE/UNESP, Campus de
Séo José do Rio Preto.

Na submissdo do projeto, a pesquisadora solicita dispensa do TCLE, umas vez que utilizara amostras de
DNA e RNA armazenadas no laboratério em decorréncia de

estudos prévios (Pareceres CEP IBILCE/UNESP n° 117/08 e 030/10), em que foi obtido TCLE de todos os
participantes. Nestes projetos anteriores ja estava prevista a utilizagao do material excedente em pesquisas
futuras.

Objetivo da Pesquisa:

O projeto pretende auxiliar no esclarecimento de vias moleculares que participam do processo inflamatério
em conseqiiéncia da infecgao pela bactéria H. pylori e atuagao em processos de regulacao da proliferagao e
morte celular.

Para isto sera investigado se a via de sinalizacao da apoptose mediada pelo gene TNF- ¢ influenciada pela
H. pylori e por alguns de seus fatores de viruléncia em lesées que participam da cascata de progressao do
cancer gastrico e se este processo encontra-se regulado por miRNAs. Além disto, também sera realizada
uma avaliagdo in vitro, em linhagem celular de adenocarcinoma
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gastrico apds indugdo com imundgeno, para verificar a participagao dos receptores TNFR1 e TNFR2 e a
ocorréncia de alteracdes nos mesmos genes e miRNAs envolvidos na via de apoptose mediada por TNF- &

em processos celulares.

Avaliagdo dos Riscos e Beneficios:

O risco & minimo, uma vez gue serdo ulilizadas amostras ja coletadas em projetos anteriores e aprovados
por este CEP em 2008 e 2010. Desta forma, ndo estio previstas novas coletas de amostras biologicas nos
sujeitos de pesquisa, nem gualguer tipo de intervengdo direta. A pesquisadora salienta também gue as
amostras serdo referidas com codigos para ndo identificagio dos individuos.

MN&o ha beneficios diretos aos sujeitos de pesguisa. Mas indiretamente traz beneficios para o tratamento e
prognostico do cancer gastrico, pois o estudo auxiliara no esclarecimento de vias moleculares gue
participam do processo inflamatdrio em conseqléncia da infecgéo pela bactéria H. pylori & atuagéo em
processos de regulagio da proliferagdo e morte celular.

Comentarios e Consideragdes sobre a Pesquisa:

O projeto esta bem elaborado com introdugio bem fundamentada e justificativas claras, objetivos bem
definidos e metodologia explicitada. Sera desenvolvido no Laboratdrio de Citogenética e Biologia Molecular
Humana - IBILCE/UNESP, contando com a orientagao de Professora e Pesquisadera com larga experiéncia
na linha de pesquisa do projeto. O cronograma encontra-se adequado ao desenvolvimento do estudo.

A pesquisadora solicita dispensa do TCLE uma vez que as amostras que serdo utilizadas ja se encontram
armazenadas no laboratdrio onde sera realizada a pesquisa. Salienta ainda que estas amostras
armazenadas foram obtidas em projetos anteriores aprovados por este CEP (Pareceres CEP
IBILCE/UNESP n* 117/08 e 030/10), quando foram obtidos os TCLEs de todos os participantes. Nestes
projetos também estava previsto o armazenamento das amostras para utilizagio em projetos futuros.

Consideragoes sobre os Termos de apresentagac obrigatoria:
Todos os termos foram apresentados adeguadamente.
A solitagdo de dispensa de TCLE esta bem justificada.

Recomendagdes:
Diante do exposto, recomento a aprovagdo do projeto, bem como a dispensa do TCLE, considerando
validas as justificativas apresentadas.
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Conclusdes ou Pendéncias e Lista de Inadequagdes:

Projeto aprovado.

Consideragoes Finais a critério do CEP:

O Comité de Etica em Pesqguisa do IBILCE, em reunifio de 16 de novemnbro de 2015, deliberou, com 12
(doze) votos favoraveis e com 01 (uma) abstengdo, pela aprovacéo do presente projeto de pesquisa. Os
relatdrios parciais deverdo ser encaminhados semestralmente, contando a partir desta data,

Este parecer foi elaboradeo baseado nos documentos abaixe relacionados:

Tipe Documento Arquivo Postagem Autor Situacdo
Informagdes Basicas| PB_INFORMAGOES_BASICAS_DO_P | 25/09/2015 Aceito
do Projeto ROJETO 574184.pdf 14:47:02
Projeto Detalhado / | Projeto CEP_final. pdf 25/09/2015 |Ana Flavia Teixeira Aceito
Brochura 14:37:46 |Rossi
Investigador
Folha de Rosto Folha_de_rosto.pdf 25/09/2015 |Ana Flavia Teixeira Aceito

14:35:54 | Rossi

Situagao do Parecer:
Aprovado

Necessita Apreciagio da CONEP:
Mo

SA0 JOSE DO RIO PRETOQ, 25 de Novembro de 2015

Assinado por:
Monica Abrantes Galindo de Oliveira
(Coordenadar)
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