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“Por vezes, sentimos que aquilo que fazemos ndo é sendo uma gota de dgua no mar.
Mas o mar seria menor se lhe faltasse uma gota.”
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RESUMO

Martins MR. Anélise da expressdo de microRNAs, receptores OX40 e CD40L, e
do agregado de plaquetas-leucocitos no cancer gastrico. Sao Paulo 2019. [Tese de
Doutorado-Programa de Poés-Graduagdo em Oncologia da Fundagdo Antdnio

Prudente em Parceria com Hospital de Cancer de Pernambuco].

O prognostico dos portadores de cancer gastrico tem melhorado pouco nas Ultimas
décadas e o melhor entendimento das vias moleculares e as interagdes imunes no
microambiente tumoral podem revelar novas possibilidades de tratamento. O
ambiente tumoral ¢ composto por células do sistema imune, que refletem a tentativa
desse sistema em promover uma resposta antitumoral. Complexas interagdes entre
c¢lulas e mediadores imunes no microambiente tecidual regulam o crescimento de
tumores, progressao, metastase e angiogénese. O entendimento das alteracdes da
imunidade na populacdo com cancer gastrico (CG) permitird a intervencao
terapéutica para melhorar a resposta a cirurgia e a quimioterapia. Objetivo: comparar
a expressdo de miRNA em tecidos de pacientes com cincer géstrico e controles
saudaveis para encontrar miRNAs desregulados no cancer gastrico e usar
ferramentas de bioinformética para determinar a possivel influéncia desses miRNAs
no sistema imunoldgico. Avaliar a formacao de agregados plaquetas-leucocitos
circulantes, bem como os niveis de ativacdo plaquetaria (CD62p+, CD40L) desses
conjugados a leucocitos em pacientes com CG. Quantificar a expressao de moléculas
costimulatorias da resposta imune (OX40) em linfocitos T de pacientes com CG.
Metodos: ¢ um estudo do tipo corte transversal, exploratorio e translacional
realizado no Hospital de Cancer de Pernambuco, Laboratério de Pesquisa
Translacional do Instituto de Medicina Integral Prof. Fernando Figueira e Centro
Internacional de Pesquisa (CIPE) do AC Camargo entre 2015 a 2018. Foram
avaliados 83 pacientes com cancer gastrico ¢ 69 controles. Foram determinados os
niveis de expressdo de microRNAs no tecido tumoral gastrico em comparagdo aos da
mucosa gastrica normal por técnica de reagdo em cadeia da polimerase (qPCR -

TagMan). Foram realizadas as andlises dos niveis linfocitos T e B, 0X40, CD40L e



de agregado de plaquetas no sangue periférico por citometria de fluxo. Resultados:
As analises revelaram um miRNA mais expresso (miR-196a-5p) e dois
significativamente menos expressos (miR-374a-5p e miR-375) em comparagdo ao
grupo controle. Pacientes com estddio IV (metastatico) apresentaram uma
diminui¢do significativa na expressdo do miR-374-5p quando comparados aos
pacientes nao metastaticos (p=0.03). Com uso de plataformas de bioinformatica,
foram observadas varias vias que sofrem influéncia dos microRNAs desregulados e
que interagem com genes envolvidos com a resposta imune celular, moléculas de
adesdo celular e migracdo celular. Foram encontrados niveis elevados de expressao
de OX40 em linfocitos T, monocitos e neutrdfilos de pacientes com neoplasia
gastrica (p<0.0001), entretanto, os niveis de OX40 foram reduzidos nos grupos com
neoplasia estadio III/IV quando comparados ao estadio I/II. Observamos niveis
elevados de agregados de plaquetas-linfocitos T e plaquetas-linfécitos B no sangue
de pacientes GC com estagio IV quando comparados com os estagios I, II e III, e
grupo controle (p <0,05). Niveis reduzidos de agregados plaquetas-linfocitos totais
com expressdo de CD40L foram observados no estadio IV da doenca (p<0,05).
Niveis elevados de plaquetas ativadas e agregados de plaquetas-monocitos ativados
(CD62p+) foram observados em pacientes GC quando comparados ao grupo controle
(p<0,05). Conclusdo: Os resultados deste estudo permitem concluir que existem
alteracdes de mecanismos moleculares (miRNA) e celulares envolvidos na regulacao

e ativagdo da resposta imune, sendo associadas a progressao e metastase no GC.

Descritores: Neoplasias gastricas, MicroRNAs, Receptores OX40, Plaquetas,

Ligante de CD40, Leucdcitos, Biologia Computacional.



SUMMARY

Martins MR. [Analysis of the expression of microRNAs, OX40 and CD40L
receptors, and platelets-leukocytes aggregation in gastric cancer]. Sao Paulo
2019. [Tese de Doutorado-Programa de Pos-Graduagdo em Oncologia da Fundacao

Antonio Prudente em Parceria com Hospital de Cancer de Pernambuco].

The prognosis of gastric cancer patients has not been improved in the last decades
and the the understanding of the molecular immune pathways and how immune
interactions happens on tumoral microenvironment, open new possibilities of
treatment. The tumor environment is infiltrated by cells of the immune system,
which reflect an antitumor response. Complex interactions between
microenvironmental cells and mediators regulate tumor growth, progression,
metastasis and angiogenesis. The knowledge of the immunity in the population with
gastric cancer will allow therapeutic intervention to improve the response to surgery
and the chemotherapy. Objective: our primary goal was to compare the miRNA
expression in tissues from primary gastric cancer patients and healthy controls to find
miRNAs dysregulated in gastric cancer and used bioinformatics tools to determine
potential roles of these miRNAs in the immune system. We conducted a secondary
analysis to evaluate the formation of circulating platelet-leucocyte conjugates as well
as the CD40L levels conjugate to leucocytes in GC and finally, samples were
analysed for levels of costimulatory molecules related to the immune response
(OX40) in GC. Methods: A cross-sectional, translational and exploratory study
carried out at the Hospital de Cancer de Pernambuco, Translational Research
Laboratory of the Instituto de Medicina Integral Prof. Fernando Figueira and AC
Camargo International Research Center (CIPE) from 2015 to 2018, involving 83
patients with gastric cancer and 69 controls. Expression levels of microRNAs in
gastric tumor tissue and normal gastric mucosa were determined by polymerase
chain reaction technique (qPCR - TagMan). Analyzes of T and B lymphocytes,
0X40, CD40L and platelet aggregate levels were performed in peripheral blood by
flow cytometry. Results: The results revealed a more express miRNA (miR-196a-5p)



and two significantly less expressed (miR-374a-5p and miR-375) compared to the
control group. Patients with stage IV (metastasis) showed a significant decrease in
miR-374-5p expression when compared to non-metastatic patients (p = 0.03).
Bioinformatics analysis suggested that the pathways regulated by these differentially
expressed miRNAs were related to the immune response, cell adhesion, and cell
migration. High levels of OX40 expression were found in T lymphocytes, monocytes
and neutrophils of patients with gastric neoplasia (p <0.0001); however, OX40 levels
were reduced in groups with stage III / IV neoplasia when compared to stage I / I1.
We observed higher levels of platelet-T lymphocyte aggregate (P-T lymp) and
platelet-B lymphocyte aggregate (P-B lymp) in the peripheral blood (PB) of GC
patients with stage IV when compare with stages I-II-11I, and control group (p<0,05).
Reduced levels of CD40L+ Platelet-total lymphocyte (P-lymp) were observed at
stage IV of the disease (p<0.05). High levels of CD62p+ platelets and CD62p+
platelets-monocyte aggregate were observed GC patients when compare to control
group (p<0.05). Conclusion: The results of this study allow us to conclude that there
are alterations of molecular mechanisms (miRNA) and cellular mechanisms involved
in the regulation and activation of the immune response and associated to the

progression and metastasis in GC

Keywords: Stomach Neoplasm, MicroRNA, OX40 receptors, Platelets, Leucocytes,
Computational Biology



Figura 1

Figura 2

Figura 3

Figura 4

Figura 5

Figura 6

Figura7

Figura 8

Figura 9

LISTA DE FIGURAS

Incidéncia de cancer gastrico por regido geografica e sexo em 2018.. 3

Distribui¢do proporcional dos dez tipos de cancer mais incidentes,

exceto pele ndo melanoma, estimados para 2018, por sexo, na regido

Nordeste do Brasil........cccoeeeiiiiiiiniiienieeeeeeeeeee e 4
Caracterizagao molecular do cancer gastriCo ........cooceevveveereenueereenneenne. 9
A biogénese do MIRNA ..o 11
Papel dos microRNAS na regulagdo do sistema imune....................... 13

MicroRNAs que regulam o desenvolvimento e a fun¢do da resposta

IMUNE AdAPLATIVA ...eeiieiiieiieieeee e 17

MicroRNAs participam na biogénese e progressao do cancer............. 19

Fungdes de varios membros da superfamilia do TNF na inflamacao,

proliferacdo celular, apoptose € morfogeénese..........oevevveereerveeveenen. 22

Visdo geral da acao plaquetaria...........ccceeeeerieecieenieenieeie e 25



Figura 10

Figura 11

Figura 12

Figura 13

Figura 14

Figura 15

As plaquetas e sua relacdo com o0 sistema imune...........cceeveeerueereeennnenn 27

Fluxograma de recrutamento dos pacientes com cancer gastrico

€ COMLIOLES ...ttt 38
Algoritmo de execugdo do programa miRwalk..............ccoeeveriernrnnnn. 46
Visdo geral da imunofenotipagem por citometria de fluxo.................. 48
Figura esquematica da estratégia de analise...........cccccveeeveereeneerneenen. 50

Avaliando e interpretando os agregados plaquetas- leucocitos............ 52



Quadro 1

Quadro 2

Quadro 3

LISTA DE QUADROS

Aspectos epidemiologicos e clinicos dos tumores gastricos segundo

classificacdo de Lauren ...........coovvveeeiecieie e 6

Classificacdo histologica de acordo com a Organizagdo Mundial da



ADP
APC
APRIL
BAFF
CD
CD62p
cDNA
CG
CIN
DAMPs
DC
EBV
EDA
EGF
GS
HCP
IFN
IGF-1
IMIP
INCA
KEGG
LPA
MES
MHC
MiRNAS
MRNAS
MSI
NcRNAS
Nf-KB

LISTA DE SIGLAS E ABREVIATURAS

Adenosina difosfato
C¢élulas apresentadoras de antigenos
do inglés, Proliferation-inducing ligand
do inglés, B-Cell activating factor
do inglés Cluster of differentiation
P-selectina
DNA complementar
Cancer gastrico
Instabilidade cromossomica
do inglés, Damage-associated molecular patterns
Células dendriticas
do inglés, Epstein-Barr Virus
do inglés, Ectodysplasin A
do inglés, Epidermal growth factor
Genotipicamente estaveis
Hospital de Cancer de Pernambuco
Interferon
do inglés, Insulin-like growth fator 1
Instituto de Medicina Integral Prof. Fernando Figueira
Instituto Nacional de Céancer
do inglés Kyoto encyclopedia of genes and genomes
Acido lisofosfatidico
Matriz extracelular subendotelial
Molécula de histocompatibilidade principal
microRNAs
RNA mensageiro
Instabilidade microssatélite
RNAs ndo codificantes

do inglés, Nuclear fator kappa-B



OMS
PBMC
PDGF
RANKL
STAT3
TAM
TCGA
TCLE
TCR
TGF
TGF
TNF
TRAIL
TWEAK
TxA2
VEGF
VEGI

Organiza¢ao Mundial de Saude

Cé¢lulas mononucleres do sangue periférico
do inglés, Platelet-derived growth factor
do inglés, Receptor activator of Nf-KB ligand
Signal transducers and activators of transcription 3
do inglés, Tumor-associated macrophage

do inglés, The Cancer Genome Atlas
Termo de Consentimento Livre e Esclarecido
Receptor de células T
do inglés Transforming growth factor beta
do inglés, Growth transformation factor
Fator de necrose tumoral (Factor necrosis tumor)
do inglés, TNF- Related apoptosis inducing ligand
do inglés, TNF-elated weak inducer of apoptosis
Tromboxano A2
do inglés, Vascular endotelial growth factor

do inglés, Vascular endotelial cell-growth inhibitor



APRESENTACAO

Conforme requerido pelo Programa de Pods-Graduacdo em Oncologia do
A.C.Camargo, na parte textual, esta tese foi dividida em: resumo, summary,
introducdo, objetivos, materiais ¢ métodos, resultados, consideragdes finais,
conclusdes e referéncias bibliograficas. Os resultados foram apresentados na forma
de artigo publicado ¢ de manuscritos submetidos a revistas internacionais. Este
trabalho foi desenvolvido no Hospital de Cancer de Pernambuco (Recife-PE),
A.C.Camargo Cancer Center (Sao Paulo-SP) e no Laboratério de Pesquisa
Translacional do Instituto de Medicina Integral Prof. Fernando Figueira (Recife-PE).
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do Conselho Nacional de Saude do Ministério da Saude.
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INTRODUCAO




1 INTRODUCAO

1.1 CANCER GASTRICO

1.1.1 Epidemiologia

O cancer gastrico (CQG) ¢ a quinta neoplasia mais comum no mundo segundo
estimativas de 2018 (com uma incidéncia estimada de 1.033.701 casos, 5,7% do total
(BRAY et al. 2018), perdendo em incidéncia apenas para as neoplasias de pulmao,
mama, colorretais e prostata. Mais de 70% dos casos (677.000 casos) ocorrem em
paises em desenvolvimento. O cancer de estdmago ¢ a terceira causa de mortalidade
por neoplasia no mundo (FERLAY et al. 2015).

As maiores taxas de incidéncia do CG sio observadas no Leste da Asia
(32,1/100.000 homens e 13,2/100.000 mulheres), principalmente em paises como a
Mongolia, o Japao e a Coréia do Norte. Em seguida, destacam-se o Leste Europeu
(17,1/homens e 7,5/mulheres), a América do Sul (12,7/homens ¢ 6,9/mulheres), o
Oeste Asiatico (11,3/homens e 6,0/mulheres) e o Sudoeste Europeu (10,4/homens e
5,0/mulheres). Por outro lado, outras regides mostram uma incidéncia muito menor,
como a América do Norte (5,6/homens e 2,8/mulheres), a Oceania (6,4/homens ¢
2,9/mulheres) e o norte da Africa, que apresenta a menor incidéncia global
(4,7/homens e 3,0/mulheres) (BRAY et al. 2018). Destaca-se, ainda, que a terceira
maior incidéncia de cancer gastrico ¢ no continente sul-americano, ¢ o Brasil tem

aproximadamente metade da populacdo desse continente (Figura 1).



No Brasil sdao estimados 21.290 novos casos ¢ 14.182 mortes para o ano de
2018, segundo dados do Instituto Nacional do Cancer-INCA (Ministério da Saude
2018). Na regiao Nordeste, a incidéncia de CG foi estimada para o biénio 2018-2019
de 3.140 novos casos em homens (5,3%) e de 2.110 novos casos em mulheres
(3,6%). Apresentando-se como o segundo lugar em incidéncia no sexo masculino e o

sexto no sexo feminino (Figura 2) (Ministério da Satude 2018).
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Figura 1 - Incidéncia de cancer gastrico por regido geografica e sexo em 2018.
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Figura 2 - Distribuigdo proporcional dos dez tipos de cancer mais incidentes, exceto

pele ndo melanoma, estimados para 2018, por sexo, na regido Nordeste do Brasil.

No estado de Pernambuco, a estimativa para o periodo de 2018 e 2019,
excluindo cancer de pele ndo melanoma, foi de 9.690 casos novos de cancer nos
homens, sendo 590 (6%) casos novos de neoplasias de estdmago. Nas mulheres, a
incidéncia estimada serd de 11.020 casos, sendo 420 casos de CG (4%). A estimativa
proposta para a taxa bruta de CG, no estado de Pernambuco, ¢ de 11,88/100.000

entre os homens e de 7,68/100.000 entre as mulheres (Ministério da Satde 2018).

1.1.2 Fatores de risco

Varios fatores estdo associados a incidéncia em CG, tais como 0 Sexo
masculino, a geografia - pois 0 CG ¢ mais comum em paises orientais-, os habitos
alimentares, a etnia, cirurgias gastricas prévias, a anemia perniciosa, bem como a
presenga de microorganismos como Helicobacter pylori (H. pylori) e o virus
Epstein-Barr (American Cancer Society-ACS 2019).

Além do fator ambiental e comportamental, alguns fatores genéticos podem
levar ao desenvolvimento das sindromes de cancer gastrico hereditario, como

exemplo, a sindrome de cancer gastrico hereditario difuso, sindrome de Lynch, a



polipose adenomatosa familial e a sindrome de Li-Fraumeni. A maioria dos pacientes
com cancer gastrico apresenta a forma esporadica, e em cerca de 10% dos casos ¢
observada historia familiar de cancer, sendo de 1 a 3% claramente associada a
sindrome hereditaria de cancer gastrico. Os carcinomas gastricos tém etiologia

multifatorial e diversos mecanismos biologicos distintos (GARATTINI et al. 2017).

1.1.3 Caracteristicas anatomopatoldgicas

Por volta de 95% dos tumores gastricos sdo de origem epitelial e
denominados adenocarcinomas. LAUREN em 1965, descreveu dois tipos
histologicos de CGs, com caracteristicas clinicas e histologicas distintas: o tipo
intestinal e o difuso. O tipo intestinal é mais comum, apresenta melhor prognoéstico e
¢ influenciado por fatores ambientais como infec¢do por H. pylori, obesidade e
fatores relacionados a dieta. O tipo difuso ¢ mais frequente em jovens, indicando
uma possivel susceptibilidade genética (Quadro 1). Existem também os casos de

carcinomas gastricos mistos que possuem componentes do tipo intestinal e do difuso

(MARQUES-LESPIER et al. 2016).



Quadro 1 - Aspectos epidemioldgicos e clinicos dos tumores gastricos segundo
classificacdo de Lauren.

CLASSIFICACAO DE LAUREN
INTESTINAL DIFUSO
IDADE Idosos Jovens
SEXO Masculino Masculino
AREAS
GEOGRAFICAS Areas com alta incidéncia Nao tem associagdo com areas geograficas
Alimentares
FATORES Moo d preparacio dos Fatores de isco pouco definid
AMBIENTAIS preparagao dos atores de risco pouco definidos
alimentos
Tabagismo
H. PYLORI Forte associacdo etiologica -
CLINICA Menos agressivo Mais agressivo
PROGNOSTICO Melhor Pior prognéstico e elevada mortalidade
Perda de expressao do gene CDH1.
BASE Mutagdo nos genes supressores Mutagdes somaticas: 40% até 83%
MOLECULAR de tumor 7P53 e APC - 50% Gene PSCA Prostate Stem Cell Antigen

Fonte: Adaptado de LAUREN (1965); Anonymous 1993; ESLICK et al. (1999); YASUI et al.
(2006); TSUGANE e SASAZUKI (2017).

A Classificacdo da Organizagdao Mundial de Saude (OMS) define os vérios
tipos de tumores gastricos como demonstrado no Quadro 2. Estdo assim distribuidos,
a saber: adenocarcinomas papilifero, tubular, mucinoso, carcinoma com células em
“anel de sinete”, carcinoma com células pouco coesivas (células soltas), carcinoma
misto, carcinoma adenoescamoso, carcinoma de células escamosas (carcinoma
epidermoide), adenocarcinoma hepatoide, carcinoma com estroma linfoide,
coriocarcinoma, carcinossarcoma, carcinoma de células parietais, tumor rabdoide
maligno, carcinoma mucoepidermoide, carcinoma de células de Paneth, carcinoma
indiferenciado, carcinoma adenoneuroendocrino misto, tumor do seio endodérmico,
carcinoma embriondrio, tumor do saco vitelino puro géstrico e adenocarcinoma

oncocitico (BOSMAN et al. 2010).




Quadro 2 - Classifica¢do histologica de acordo com a Organizagdo Mundial da

Satude-OMS

I - TUMORES EPITELIAIS
e Neoplasia
e Adenoma
e Carcinomas
e Adenocarcinoma tipo intestinal e tipo
difuso
e Adenocarcinoma papilifero
¢ Adenocarcinoma tubular
¢ Adenocarcinoma mucinoso
e Carcinoma com células em “anel de
sinete”
¢ Carcinoma adenoescamoso
e Carcinoma de célula escamosa
(epidermoide)
e Carcinoma de células pequenas
¢ Carcinoma indiferenciado
o Neoplasia neuroendécrina bem
diferenciada (tumor carcinoide)

I1 -TUMORES NAO EPITELIAIS

e Leiomioma

¢ Schwanoma

e Tumor de células granulares

e Tumor glémico

e Leiomiossarcoma

e Tumor de estroma
gastrointestinal - GIST

e Sarcoma de Kaposi

e Outros

e Linfomas (linfoma de célula B
de zona marginal tipo MALT,
linfoma do Manto, Linfoma de
grandes células B difuso,
outros)

«  Tumores secundarios

Fonte: BOSMAN et al. (2010).

Os tumores gastricos podem ser classificados em tumores proximais (cardia,
fundo) e distais (antro e piloro). A classificagdo de Borrmann divide os CGs em dois
tipos macroscopicos: avancados e superficiais (precoces). Os CGs avangados sdo
divididos em: tipo I - polipoide; tipo II ulcerado com bordas bem delimitadas; tipo III
- ulcerado e infiltrativo; tipo IV - infiltrativo difuso. Os CGs superficiais sdo
divididos em 3 subtipos: tipo I -poiloide; tipo Ila - superficial elevado; tipo IIb -
superficial plano; tipo Ilc - superficial deprimido; e tipo III - ulcerado (PAN et al.
2013).

Para estadiamento do tumor ¢é utilizado o sistema TNM (fumor, node,
metastasis), que classifica o tumor com base na profundidade microscopica de
invasdo tumoral (T) na parede géastrica, na quantidade de linfonodos regionais com
presenca de tumor (N) e na presenga de metdstases a distancia (M) (EDGE e

COMPTON 2010).



1.1.4 Classificagdo molecular

A carcinogénese gastrica consiste em um processo de vdrias etapas,
iniciando-se na mucosa gastrica com gastrite ¢ desenvolvendo-se até resultar no
cancer gastrico. Por meio de analises das alteracdes moleculares, The Cancer
Genome Atlas-TCGA (2014) caracterizou os subtipos de cancer gastrico baseado nas
alteracdes moleculares encontradas em vias de sinalizac¢ao celular conhecidas.

Existem quatro subtipos moleculares de CG: i) tumores positivos para
Epstein-Barr (EBV), que apresentam mutagdes recorrentes de PIK3CA,
hipermetilacio de DNA e amplificagdo de JAK2, PDLI e PDL?2; ii) tumores com
instabilidade de microssatélites (MSI), que apresentam taxas de mutacdo elevadas,
incluindo mutagdes de genes que codificam proteinas de sinalizagdo oncogénicas
direcionaveis, silenciamento de MLHI; iii) tumores genomicamente estaveis (GS),
que sdo enriquecidos pela variante histologica difusa e mutagcdes de RHOA ou fusdes
envolvendo proteinas ativadoras de GTPase da familia RHO; e iv) tumores com
instabilidade cromossomica (CIN), que mostram uma marcante aneuploidia e
amplificacdo focal dos receptores tirosina-quinase. A identificacdo desses subtipos

fornece um roteiro para a estratificagdo do paciente e ensaios clinicos de terapias-

alvo (BASS et al. 2014; ZHOU et al. 2014).
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CIN
¢ |ntestinal histology
* TP53 mutation
* RTK-RAS activation

EBV
* PIK3CA mutation
* PD-L 1/2 overexpression
* EBV-CIMP
* CDKNZ2A silencing
* Immune cell signalling

MSI
* Hypermutation
¢ Gastric-CIMP
s MLH1 silencing
* Mitotic pathways

GS
» Diffuse histology
e CDH1, RHOA mutations
* CLDN18-ARHGAP fusion
* Cell adhesion

Fonte: Cancer Genome Atlas Research Network (2014).

Figura 3 - Caracterizagdo molecular do cancer gastrico

As andlises de expressdo génica em diversas etapas da carcinogénese gastrica
podem elucidar os mecanismos de escape tumoral e permitir a identificagdo de alvos
terapéuticos (KIM e SVENDSEN 2011). O perfil de expressdo génica no CG foi
associado aos mecanismos de regulacdo da resposta imune, sendo relacionado a

agressividade clinica e resisténcia ao tratamento quimioterapico (UEDA et al. 2010).
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1.2  MICRORNAS (miRNAS)

A descoberta de que pequenos RNAs ndo codificantes (ncRNAs) sdo capazes
de controlar a expressdo génica de uma maneira especifica teve um enorme impacto
na biologia. Entre esses, os miRNAs aparecem como importantes reguladores
citoplasmaticos da expressdo génica. Os miRNAs atuam como reguladores pos-
transcricionais de seus alvos de RNA mensageiro (mRNA) via degradagdo e/ou
repressao traducional (CATALANOTTO et al. 2016).

Os microRNAs (miRNAs) sdo moléculas pequenas de RNA ndo codificador,
compostas por aproximadamente 18-25 nucleotideos, cuja principal fun¢do ¢ a
regulagdo pos-transcricional da expressdo génica (SHAH et al. 2016). Estas
moléculas estdo envolvidas na maioria dos processos bioldgicos como: regulacio do
ciclo celular, crescimento celular, apoptose, diferencia¢do celular e resposta ao
estresse (IORIO e CROCE 2012).

Os miRNAs regulam os genes através de ligacdo a regido 3'UTR
(Untranslated Region) dos RNAs mensageiros (mRNAs), levando a repressdo da
traducdo ou degradacdo destes miRNAs (SHAH et al. 2016). Apesar de moléculas de
miRNAs terem sido descritas no inicio da década de 1990, os estudos das funcoes
dos miRNAs somente se intensificaram na década passada. Até o momento, mais de
17000 sequéncias de miRNAs em mais de 140 espécies diferentes foram catalogadas
no miRBase (http://www.mirbase.org/), nimero este que tem aumentado
exponencialmente, e nos ultimos trés anos quase triplicou.

Os miRNAs sdo transcritos pela RNA polimerase II no nlicleo onde sdo

formados os pri-miRNAs. Os pri-miRNAs sdo processados pela Drosha e seu cofator
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Pasha para liberacdo dos pre-miRNA precursores. A RAN-GTP e exportina
transportam o pre-miRNA para o citoplasma. Subsequentemente, a RNA polimerase
II Dicer processa o pre-miRNA formando um miRNA transitoério de fita dupla
(miRNA:miRNA duplex). Esse miRNA de fita dupla ¢ carregado até o miRISC,
onde a fita simples de miRNA maduro ¢ retida no complexo. O miRNA maduro se
liga as regides complementares dos seus RNAm alvos para regular negativamente a
expressdo génica em um dos dois caminhos que dependem do grau de
complementariedade entre o0 miRNA e seu alvo. Os microRNAs que se ligam
imperfeitamente aos seus RNAm alvos bloqueiam a expressdo génica a nivel de
traducdo proteica. miRNAs que se ligam aos seus alvos com perfeita

complementariedade induzem a clivagem do RNAm (Figura 4) (LIN e GREGORY

2015).
Pol Il Nucleus \ \ Cytoplasm "j
NTNTTNL = e AGO1-4
NFAFAR , P M -
P miRNA & /'F
3 ~-TRBP duplex —
\ rE
RIllb—TEIX Rilta \
< DICER1 Ty
'_. Pri-miRNA | i ]
= \\__ I,
hm{_ XPOS miRISC
: '\_/;AJ-LN-‘J;—) J
° /k -AAA @ RanGTP —
f mRNA 2
o— (‘m‘m‘——m\/\
Pre-miRNA E GW182 /
Micro- —
procmsor DGCRS8 — X AAA -
~DROSHA /N ’_.f[/“//
P-body b
RIII O"(r ‘ /
b RHI Translational repression
) '—AAA and mRNA decay

Fonte: Adaptado de LIN e GREGORY (2015).
Figura 4 - A biogénese do miRNA
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1.2.1 MicroRNAs e sistema imune

Os microRNAs desempenham papéis importantes na regulacdo negativa das
respostas imunes em muitos tipos de cancer (XU et al. 2017). O reconhecimento
atenuado das células cancerosas pelas células imunes pode ser causado por alteragdes
nos padrdes antigénicos devido a instabilidade genética das células cancerosas. Uma
série de microRNAs contribui para essas alteragdes antigénicas, tanto nas células
tumorais quanto nas células do sistema imune (VESELY et al. 2011).

Nao ¢ surpreendente que varios processos fisiologicos relevantes, como a
produgdo de citocinas pro-inflamatdrias, a morte celular e a apresentacdo de
antigenos, possam ser afetadas pelos microRNAs. Muitos dos microRNAs que foram
encontrados mostraram padrao de expressdo diferente entre pacientes com lipus e
controles saudaveis em células mononucleares do sangue periférico (PBMCs) e
podem estar envolvidos, por exemplo, na regulagdo da via do interferon (IFN) tipo I
(HONARPISHEH et al. 2018). O microambiente tumoral ¢ altamente heterogéneo e
consiste em fibroblastos, células imunes, progenitores de células endoteliais,
componentes da matriz extracelular, vasos sanguineos e linfaticos. Ao todo, esses
diferentes tipos de células contribuem para iniciagdo e progressio do tumor,
regulando um equilibrio entre os sinais anti- e pro-crescimento. Parte desse processo
¢ uma consequéncia de alteracdes de expressdo génica, que sdo dependentes de
mecanismos regulatérios pos-transcri¢do (DUNN et al. 2002).

Os miRNAs desempenham um papel fundamental em diversos processos
bioldgicos, como embriogénese, diferenciacdo, inflamacdo, infecgdes virais e

carcinogénese. A importancia dos miRNAs no desenvolvimento e regulagdo do
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sistema imune, inclue a diferenciagao de células, producao de anticorpos e liberacao

de mediadores inflamatorios (LINDSAY 2008).

Microbial infection,
| Innate immune response I ------- »| inflammatory autoimmue
disease (AID). cancer

Impaired adaptive

//vl Adaptive immune response | ------- > i
Abnormal miRNA
regulation —bl Immune cell development I ------- pl Immune cell cancer
: Dysregulation of antibod
\‘l B cell function I ------- p| DYSrEguat y

production and cancer

Instability of Treg cells.
Loss of suppressor
| T cell function I ------- »| function of Treg cells.
Loss of tolerance.
Development of AID

Fonte: Adaptado de HA (2011).

Figura 5 - Papel dos microRNAS na regulagdo do sistema imune.

1.2.1.1 MicroRNAs na imunidade inata

Um progresso significativo foi feito ao longo da ultima década na
caracterizagdo de miRNAs que controlam a fun¢do dos componentes celulares da
imunidade inata. Dentre os componentes da imunidade inata, destacam-se os
neutrofilos e mondcitos. Os neutrofilos sdo fundamentais na fase inicial do processo
inflamatorio, sendo uma das primeiras células a ser recrutada em grandes nimeros
para o local de infeccdo e lesdo tecidual, atraidos por quimiocinas, como a IL-8

(GUGLIETTA et al. 2016).
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O macrofago € uma célula derivada de um tipo de leucocito, o monoécito, que
¢ formado na medula hematopoiética. Os mondcitos circulantes saem do sangue
atravessando a parede dos vasos sanguineos e se estabelecem no tecido conjuntivo.
No tecido conjuntivo se transformam em macrofagos. Os macréfagos fagocitam
particulas, sejam elas restos celulares, particulas inertes ou microorganismos. Além
da capacidade de fagocitar, o macréfago tem uma enorme importdncia no
desenvolvimento da resposta imune, pois produz varios mediadores da resposta
inflamatoria, como as citocinas ¢ qumiocinas (SQUADRITO et al. 2013).

Alguns estudos ja caracterizaram a regulagdo da fungdo dos neutrofilos e
macrofagos mediada por miRNAs. Demonstrou-se que o miR-146a regula
negativamente a resposta inflamatoria mediada pelos genes TRAF6, IRAKI e IRAK?2
expressos por macrofagos, interferindo na produgdo de IFN tipo I por essas células
(HOU et al. 2009). Também foi observada a participagdo dos microRNAs (miR-155,
miR-125a / b, miR-146a, miR-21 e let-7¢) na ativagdo e diferenciacdo de
macrofagos. Observou-se que a regulacdo desses miRNAs pode promover ou
suprimir a ativacdo dos macrofagos associados ao tumor (TMA; do inglés tumor
associated macrophage) (SQUADRITO et al. 2013). Os miRNAs também podem
restringir a fun¢do de outras células do sistema imune inato, tais como as células
dendriticas (DC), suprimindo diretamente a produ¢do de citocinas pré-inflamatorias

(BRAIN et al. 2013).

1.2.1.2 MicroRNAs na imunidade adaptativa
A resposta imune adaptativa € caracterizada pela ativacdo e subsequente

expansao clonal de linfécitos T e B especificos para o antigeno, levando a respostas
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efetoras citotoxicas e produgdo de citocinas e anticorpos em resposta aos estimulos.
O ambiente tumoral ¢ composto por células do sistema imune, como linfécitos
TCDS8+ citotoxico, Th1/Th17, células NK, neutrofilos, macréfagos, células
dendriticas (DCs) (ZITVOGEL et al. 2011), que refletem a tentativa do sistema
imune de promover uma resposta antitumoral. A ativacdo dos linfocitos T € critica
para a eliminagdo do tumor através de imunovigilancia. Os sinais necessarios para
ativacdo da resposta imune de células T s3o gerados pelo receptor das células T
(TCR), que se liga a antigenos apresentados no contexto de molécula de
histocompatibilidade principal (MHC) de classe I ou II expresso na superficie de
células apresentadoras de antigenos (APCs). Outra forma de ativagdo ¢
proporcionada por interacdo de uma molécula coestimuladora expressa nas células T
com as moléculas presentes na superficie da APCs (CHEN e FLIES 2013).

Além de regular as respostas na imunidade inata, os miRNAs também
desempenham um papel importante no controle das respostas imunes adaptativas.
Varios miRNAs sdo criticos para o desenvolvimento, ativacdo, sobrevivéncia e
proliferacio de células B e T. Por exemplo, miR-150, um miRNA que ¢
predominantemente expresso em células B maduras, demonstrou controlar
populagdes multiplas de células B através da regulagcdo do nivel de expressdo do
fator de transcrigdo c-Myb; e que isso afeta dramaticamente o desenvolvimento ¢ a
resposta dos linfocitos (XIAO et al. 2007).

Em modelo animal, foram demosntrados aumento de expressdo de miR-155
em células T ativadas, ¢ camundongos deficientes de miR-155 apresentaram
deficiéncia de células TCD4+ (RODRIGUEZ et al. 2007). Além disso, a expressao

de miR-23, miRNA-27 E miRNA-24 nas células T estdo envolvidos na regulacao
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dos mecanismos efetores dessas células, evitando respostas imunes exacerbadas
(CHO et al. 2016) (Figura 7).

Os miRNAs sdo importantes reguladores da imunidade inata e adaptativa,
controlando a manuteng¢do e o desenvolvimento de progenitores imunes, bem como a
diferenciagdo e as fungdes das células imunes maduras (DAVIDSON-MONCADA et
al. 2010), e, por isso, ndo ¢ de surpreender que as aberragdes na expressao de
miRNAs sejam relacionadas ao sistema imunologico e possam levar a uma resposta
imune antitumoral alterada e contribuir para o desenvolvimento do cancer (TILI et

al. 2013).
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Fonte: Adaptado de MEHTA e BALTIMORE (2016).

Figura 6 - microRNAs que regulam o desenvolvimento e a fun¢do da resposta imune

adaptativa. a) Esquema que descreve os miRNAs que participam da ontogenia dos linfocitos B; b)
Esquema que descreve os miRNAs que participam da ontogenia dos linfocitos T. DN: double
negative; DP: double positive; LMPP: lymphoid-primed multipotent progenitor; pre-B cell: precursor
B cell; pre-pro-B cell: precursor-progenitor B cell; pro-B cell: progenitor-B cell; SP: single positive;
TH: Thelper, T reg cell: regulatory T cell. TCR: T cells receptor.
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1.3 MICRORNAS, SISTEMA IMUNE E CANCER

Estudos tém demonstrado que existe conexdo entre a funcdo do miRNA e
varias doengas, incluindo o cancer (PIOVAN et al. 2012; PIZZINI et al. 2013).
Acredita-se que essas moléculas tém o papel essencial em muitos tipos de cancer,
atuando na oncogénese ou como supressores tumorais (O’DAY e LAL 2010). Dessa
maneira, a regulacdo génica promovida pelos miRNAs ¢ importante no
estabelecimento e progressdo de diversos tipos de neoplasias em humanos
(VALASTYAN et al. 2009). Os microRNAs estdo envolvidos em muitos aspectos
relacionados ao cancer. Exitem muitos artigos nos quais os microRNAs
desempenham um papel-chave na biogénese e progressao do cincer, como pode ser

visto no Quadro 3.

Quadro 3 - Exemplos de microRNAs envolvidos nos processos neoplasicos

PONTO miRNA | CANCER ALVO FUNCAO | REFERENCIA
Proteina-
Induzindo miR- | cancer tirosina (CHENG et al.
SR L FAK . ~
anglogeénese 135a gastrico quinase nao 2017)
receptora
Ativagao de cancer de Adesao (ZHOU et al
invasdo e miR-9 f g E-CADHERIN ’
. ovario celular 2017)
metastase
. A Sinal
Evasdo imune miR- L cancer B7-HI1 Co- (WANG ctal.
152 gastrico . - 2017)
estimulatdrio
Resisténcia a miR- |l em BCL-2 Suprime a (CIMMINO et al.
morte celular 15a leucemia apoptose 2005)
Reprogra-macao N .
do metabolismo miR-7 L cancer LKBI1 Metabolismo (GU etal. 2017)
" pancreatico celular
energético

Siglas: FAK- Focal adhesion kinase; B7-H1- B7-homolog 1; BCL-2- B-cell lymphoma 2; LKB1-
serine/threonine kinase 11
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Sustaining
proliferative
signal
Evading E.g.: miR-27-3p;
immune miR-545 Evading tumor
destruction suppressors
E.g.: miR-146; E.g.: miR-19a

miR-152

Reprogramming Resistance to

meaeien — MMCFORNA %"

E.g.: miR-7; miR-

1; miR-150 15a; miR-16-1
Activation of ¥ ok
invasion and “Ia_ ltl_18

metastasis repiicative
immortality
E.g.: miR-30a-3p; -
miR-210-3p; miR- 3 E.g.: miR-
885-5p; Inducing 130b~301b
i i cluster; miR-137
miR-9 angiogenesis i
E.g.: miR-135a;
miR-23

Fonte: Adaptado de DETASSIS et al. (2017)

Figura 7 - MicroRNAs participam na biogénese e progressao do cancer

A progressao do cancer para uma doenca avangada ou metastatica geralmente
sugere uma falha da resposta imune. Uma resposta imune efetiva decorre da
colaboragdo harmoniosa entre o sistema imune inato ¢ adaptativo, com o feedback
negativo dos checkpoints imunolégicos e dos mecanismos imunossupressores. Por
outro lado, a resposta imune pode exercer efeitos proé ou anti-tumorigénicos sobre o
microambiente tumoral. Alguns autores mostraram que a imunidade inata e
adaptativa estdo envolvidas na imunovigilancia e elimina¢ao do tumor (DUNN et al.
2002).

Em tumores estabelecidos, o escape da imunovigilancia ocorre através de
diferentes mecanismos, quer pelo tumor (por exemplo, perda de antigeno, tolerancia

imunogénica) ou ao nivel das células imunitarias (por exemplo, inibi¢do da ativagdo
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das células T (WILLIMSKY e BLANKENSTEIN 2005). Os tumores nao so
escapam do reconhecimento imunoldgico, mas também inibem ativamente a
atividade antitumoral mediada por células T, através da modulacdo dos pontos de
checagem imunologicos (checkpoints), tais como o PD-L1 (DONG et al. 2018).
Nesse contexto, demonstrou-se que os microRNAs regulam tanto o recrutamento
quanto a ativagdo de células do sistema imune no microambiente tumoral
(CURTALE 2018). Centenas de miRNAs foram relatados como diferencialmente
expressos em células imunes. Padrdes de assinaturas distintas de miRNA ndo s6
foram encontrados em linhagens de células imunes, mas também podem ser
detectados nos mesmos subconjuntos de células que estdo em diferentes estagios de
desenvolvimento (KUCHEN et al. 2010).

As células tumorais e do sistema imune produzem vdarios fatores de
crescimento, angiogénicos, proteinases, quimiocinas e citocinas, que contribuem para
a remocdo de células tumorais ou para a formag¢do de um microambiente
imunossupressor (WHITESIDE 2008). A ativacdo de fatores de transcrigdo
especificos e a presenga de citocinas inflamatérias representam o elemento-chave da
conexao entre as células imunes e as tumorais (BALKWILL 2009). Dentre os fatores
de transcrigdo, o nuclear factor kappa-B (NF-kB), signal transducers and activators
of transcription 3 (STAT3), fator de necrose tumoral (TNF, do inglés Factor
necrosis tumor) ¢ Transforming growth factor beta (TGF-B) demonstraram mediar a
ativacao de varias vias oncogénicas.

O NF-kB ¢ um importante regulador da inflamagdo e da imunidade inata e
sua expressao aberrante tem sido descrita em muitos tumores (KARIN 2006). Os

efeitos do NF-kB s3o dependentes do tipo celular, consistindo na inducdo da
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expressao de genes relacionada a sinais pré-inflamatorios e de genes antiapoptdticos
em células tumorais, favorecendo o desenvolvimento do tumor (PIKARSKY et al.
2004). Um dos mais importantes ativadores da sinalizagao de NF-kB ¢ o TNF-a, que
se liga ao seu receptor especifico expresso por células do sistema imune ou por
células tumorais (BEZBRADICA e MEDZHITOV 2009).

A superfamilia do fator de necrose tumoral (TNF) sdo proteinas expressas
predominantemente por células imunes e regulam diversas fungdes celulares,
incluindo regulacdo da resposta imune e inflamagdo, mas também proliferagdo,
diferenciagdo, apoptose e embriogénese (AGGARWAL et al. 2012). Os membros da
superfamila sdo TNFa, TNFp, lymphotoxin-B, CD40L, FasL, CD30L, 4-1BBL,
CD27L, OX40L, TNF-related apoptosis-inducing ligand (TRAIL), LIGHT, receptor
activator of NF-xB ligand (RANKL), TNF-related weak inducer of apoptosis
(TWEAK), A proliferation-inducing ligand (APRIL), B-cell activating factor
(BAFF), vascular endothelial cell-growth inhibitor (VEGI), ectodysplasin A (EDA)-
Al, EDA-A2, ¢ GITRL (AGGARWAL et al. 2012).

A sinalizacdo celular para a maioria das citocinas e fatores de crescimento ¢
normalmente mediada pela interacdo entre um ligante solivel e um receptor na
transmembrana. Na superfamilia TNF foram identificados varios ligantes incluindo
FasL, CD27L, CD30L, CD40L, OX40L e 4-1BBL. Todos estes ligantes sdo
principalmente expressos como proteinas na superficie celular e interagem com
células que expressam os receptores correspondentes (Figura 8).

As atividades carcinogénicas do TNFa sdo mediadas por sua capacidade de
ativar o fator de transcricdo pro-inflamatorio NF-kB, que regula positivamente a

expressdo de genes ligados a sobrevivéncia, proliferagdo, invasdo, angiogénese ¢
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metéstase de células tumorais (BALKWILL 2009). Em contraste com o TNF-q,
outros membros da superfamilia do TNF exibem mais a¢do antitumoral em contraste

ao potencial oncogénico (AGGARWAL et al. 2012).

RANKI:‘ N
' : X40L
CDZTL‘I CD40L O

Fonte: Adaptado de AGGARWAL et al. (2012).
Figura 8 - Fun¢des de varios membros da superfamilia do TNF na inflamagéo,

proliferacao celular, apoptose e morfogénese

O nivel de expressao dos receptores pode variar, dependendo da linhagem de
células imunes e seu estado de ativagdo. Por exemplo, o receptor OX40 e seu ligante
(OX40L), que pertencem a familia dos receptores do fator de necrose tumoral

(TNFR), ¢ um receptor localizado na superficie de células TCD4+ ativadas e sua
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ativacdo pode promover sinais coestimuladores para as células que intensificam a sua
proliferacdo e produgdo de citocinas, e prolongam a sobrevivéncia de células T de
memoria efetora (LASRY et al. 2016).

Outro exemplo, o CD40 também ¢ um receptor da superficie celular da
superfamilia do TNF que estd expresso constitutivamente na superficie de células
apresentadoras de antigenos. A sua ativacdo através do ligante especifico promove a
maturagdo funcional, levando a um aumento na apresentacdo de antigenos ¢ na
produgdo de citocinas, além de um subsequente aumento na ativagdo de células T
(MORAN et al. 2013). THOMAS ¢ STOREY (2015) evidenciaram que plaquetas
ativadas expressam o ligante do CD40 (CD40L), que tem uma estrutura semelhante e
efeito semelhante ao TNF-a. A expressdao de CD40L derivado da plaqueta induz a
cascata de coagulagdo extrinseca, afeta células dendriticas, os linfocitos B e
linfocitos T. Tal capacidade sugere que o CD40L derivado da plaqueta proporciona

uma ligacdo de comunicagdo entre a imunidade inata e adaptativa.

1.4  PARTICIPACAO DAS PLAQUETAS NOS MECANISMOS DE

REGULACAO DO SISTEMA IMUNE

As plaquetas humanas sao fragmentos subcelulares de megacariocitos que se
localizam na medula o6ssea. Apesar dessa defini¢do classica, GARRAUD e
COGNASSE (2015) enfatizam que as plaquetas compartilham propriedades muito
semelhantes as de células. A demanda fisiologica, presenca de doenga como o cancer
ou efeitos de drogas podem regular a produ¢do e envio de plaquetas para circulacao

(THOMAS e STOREY 2015).
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A fisiologia plaquetaria ¢ essencial para a hemostasia, a integridade vascular,
angiogénese, inflamagdo e cicatrizagdo de feridas. Esta ¢ certamente a fungdo mais
conhecida das plaquetas. No entanto, a natureza ou a extensdo das respostas dos
mediadores secretados por plaquetas ativadas tém recebido atencdo em diversas
condicdes morbidas, tais como doengas cardiovasculares, infec¢des graves,
desordens autoimunes, doengas autoinflamatorias e cancer (THOMAS e STOREY
2015).

A metastase ¢ a principal causa de mortalidade associada aos canceres e os
mecanismos subjacentes da dissemina¢do tumoral ainda permanecem pouco
compreendidos. Durante a disseminagdo metastatica, as células tumorais invadem a
corrente sanguinea e/ou os vasos linfaticos. Os mecanismos para formacdo das
metastases podem ser divididos em quatro fases: 1) destacamento das células
tumorais e entrada no sistema angiolinfatico; 2) migracao pela corrente sanguinea; 3)
captura em um 6rgao distante e extravasamento das células tumorais; 4) colonizacao
destes tecidos e formagdo de tumores secundéarios (STEGNER et al. 2014) (Figura

9).
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Figura 9 - Visao geral da acdo plaquetaria nos mecanismos de metastases

Trousseau (1873) descreveu a associacdo entre trombose venosa profunda e
neoplasias. Pouco mais de um século apods as observagdes de GASIC et al. (1968)
descreveram a associagdo entre o nlimero total de plaquetas e o potencial metastatico
das neoplasias em modelo experimental. Além disso, a trombocitose ¢ observada
numa populacdo consideravel de pacientes com neoplasias. Alguns autores também
demonstraram uma correlacdo inversa entre a contagem do nimero de plaquetas e
sobrevida, sugerindo a trombocitose como um marcador de mau prognostico. Isso
sugere que as plaquetas possam promover a manutengdo de células tumorais vidveis
circulantes, facilitando seu extravasamento e a colonizacao de novos microambientes

(HONN et al. 1992; IKEDA et al. 2002).
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As plaquetas circulam na corrente sanguinea por cerca de 10 dias e sua
principal funcdo descrita é promover a hemostasia. O contato entre receptores
plaquetarios e seus ligantes, que sdo apresentados por exposicdo da matriz
extracelular subendotelial (MES) ou presentes em algumas células tumorais, conduz
a ativagdo plaquetaria. Esta ativacdo causa uma remodelacdo do citoesqueleto e
alteracdo morfoldgica das células de discoide para esférica e desencadeia a exocitose
de densos granulos, pequenas vesiculas intracelulares as quais sdo encontradas
somente nas plaquetas e em seus progenitores (STEGNER e NIESWANDT 2011).
As plaquetas ativadas podem liberar CD40L solavel e sdo responsaveis por
aproximadamente 95% da sCD40L em circulagdo. O CD40L ¢ uma citocina
essencial que leva a ativagdo de um amplo espectro de células imunes (SETIANTO
et al. 2010)

Na circulagdo sanguinea, os clones tumorais também podem ativar as
plaquetas por contato direto ou através da liberacdo de mediadores agonistas, tais
como adenosina difosfato (ADP), a trombina, tromboxano A2 (TxA2) ou proteinase
associada ao tumor como descrito por ZUCCHELLA em 1989. O agregado
plaquetario tumoral tem a capacidade de disseminar e embolizar para tecidos
pulmonares, conforme descrito em modelos murinos (MALIK 1983). Varios estudos
demonstram a ativacdo plaquetaria aumentada em pacientes com neoplasia
ABBASCIANO et al. (1995) e que essa ativacdo pode estar associada ao risco de
metastases (HONN et al. 1992). A proteina de membrana P-selectina (CD62P) ¢ um
marcador utilizado para mensuragdo da ativacdo plaquetaria. No entanto, alguns
autores t€ém demonstrado uma perda da expressio de CD62P na superficie das

plaquetas apos o inicio da ativagdo, traduzindo-se em aumento dos niveis séricos de
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CD62P (MICHELSON et al. 2001). Porém, estudos demonstram que os agregados

de plaquetas-mondcitos e plaquetas-neutrofilos, cuja formagdo ¢ mediada pela

interagdo entre as moléculas de adesdo na superficie das plaquetas, como CD62P,

podem ser uma alternativa sensivel e confiavel para mensurar a ativacao plaquetaria

(MICHELSON et al. 2001; YIP et al. 2013).
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Fonte: Adaptado de YEAMAN (2014).

Figura 10 - As plaquetas e sua relagdo com o sistema imune. BCR, B cell receptor;

MHCII, major histocompatibility complex class II; PAMP, pathogen-associated molecular pattern;

PRR, pattern recognition receptor; TCR, T cell receptor; TLRs, Toll-like receptors.
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Além dos agregados de plaquetas e leucocitos, diferentes tipos de células
tumorais também podem induzir a agregagao plaquetaria e, assim, conferir vantagem
de sobrevivéncia na circulagdo. A agregagdo tumor-plaquetas pode proteger a
neoplasia da defesa do sistema imune promovida pelas células NK (PALUMBO et
al. 2005), sendo um mecanismo de escape tumoral. Os agregados plaquetarios sio
cruciais para disseminac¢dao de células tumorais, pois menos de 0,1% das células
tumorais vao conseguir sobreviver na corrente sanguinea de forma livre (FIDLER
1970). Apos escapar do sistema imune, as células aderem aos orgdos distantes e
comecam a extravasar ¢ colonizar nos tecidos-alvo. Para ocorrer o extravasamento,
os clones tumorais precisam aderir ao endotélio para posterior migracao
transendotelial (MILES et al. 2008). Estes processos sdo mediados por diferentes
receptores de adesdo entre o tumor e as células endoteliais, mas sdo facilitados pela
acdo das plaquetas.

As plaquetas sdo reguladoras da permeabilidade vascular. Elas liberam
platelet-derived growth factor (PDGF), growth transformation factor (TGF),
epidermal growth factor (EGF), insulin-like growth factor 1 (1GF-1), vascular
endothelial growth factor (VEGF) e dcido lisofosfatidico (LPA) a partir de seus alfa-
granulos e esta pléiade de substincias influencia a integridade vascular no
microambiente do agregado ligado ao endotélio (SMYTH et al. 2009). O
crescimento de focos metastaticos ¢ altamente dependente da neoangiogénese. Além
de induzir a formacdo de novos vasos, as plaquetas sdo cruciais para a estabilizacao
dos vasos recém-formados (RHEE et al. 2004).

Considerando a elevada incidéncia e a altissima mortalidade do CG, como

também os dados da OMS que alertam que 70% dos casos ocorreram em paises em
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desenvolvimento, desenhamos um estudo que objetiva avaliar alguns mecanismos
bioldgicos que permita influenciar na melhoria dos critérios prognosticos e até servir
de base para estudos futuros que tornem a decisdo terapéutica menos empirica € mais
personalizada. Os miRNA participam dos mecanismos bioldgicos da carcinogé€nese
de varias neoplasias malignas e regulacdo da resposta imune. Além disso, a analise
da expressao de receptores da superfamilia do TNF (OX40 e CD40L), e da
agregacao de plaquetas e leucocitos no sangue de pacientes com CG pode contribuir
para ampliar o conhecimento cientifico sobre os mecanismos da resposta imune

nessa neoplasia.
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2 OBJETIVOS

21 OBJETIVO GERAL

Avaliar a expressdo de microRNAs, dos receptores OX40 ¢ CD40L, e do

agregado de plaquetas e leucocitos no cancer gastrico

2.2 OBJETIVOS ESPECIFICOS

Artigo 1
e Identificar miRNAs diferencialmente expressos no tumor géstrico;
e Associar os miRNAs diferentemente expressos com as variaveis clinicas;
e Identificar genes-alvo associados aos microRNAs desregulados e o potencial

desses genes na regulacdo da resposta imune.

Artigo 2

e Avaliar os niveis de expressio de OX40 em leucocitos no sangue de
pacientes CG e controles;

e Associar os niveis de expressdo de OX40 encontrados nos pacientes com o

estagio clinico da doenga.

Artigo 3
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Avaliar os niveis de agregados de plaquetas e leucocitos no sangue de
pacientes CG e controles;
Avaliar os niveis de ativagdo plaquetaria (CD40L e CD62p) no sangue de
pacientes CG e controles;
Associar os niveis de agregados plaquetas-leucocitos e da ativacao

plaquetéaria (CD40L e CD62p) com o estagio clinico da doenca.



MATERIAIS E METODOS
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3 MATERIAIS E METODOS

3.1 DETALHAMENTO DO ESTUDO

Trata-se de um estudo tranversal, realizado no Hospital de Cancer de
Pernambuco (HCP), Laboratorio de Pesquisa Translacional do IMIP e no
A.C.Camargo Cancer Center. O periodo da coleta dos dados clinicos e das amostras
biologicas foi de setembro de 2015 a agosto de 2018.

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa em Seres
Humanos do Hospital de Cancer de Pernambuco (HCP) sob n’. CAAE
28932814.2.0000.5205 (Anexo 1), seguindo a Resolucdo 466/12 do Conselho
Nacional de Saude do Ministério da Saude. Todos os participantes foram incluidos
no estudo apods assinatura do Termo de Consentimento livre esclarecido (TCLE -

Apéndice 1).

3.2 CRITERIOS DE ELEGIBILIDADE

Os critérios de inclusdo foram:
* pacientes com neoplasia gastrica (adenocarcinomas);
* pacientes que concordarem em participar do estudo;

¢ idade acima de 18 anos.

Os critérios de exclusio foram:

* pacientes com diagnostico prévio de outras doengas oncologicas;
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* pacientes com segundo tumor primario sincronico;
* pacientes submetidos previamente a tratamentos oncologicos com

quimioterapia ou radioterapia.

3.3 POPULACAO DO ESTUDO

O grupo de estudo foi pacientes com diagndstico histologico de
adenocarcinoma do estomago, atendido no HCP com idade acima de 18 anos, de
ambos os sexos. Os pacientes apresentavam-se em diferentes estagios clinicos da
doenca e tiveram seu diagnéstico histopatologico determinado por cirurgia ou

endoscopia digestiva alta.

3.3.1 Artigo 1 (miRNAS)

Para as analises comparativas de expressao dos miRNAs foram selecionadas
25 amostras de tecido tumoral fixado em formol e emblocado em parafina e
tecnicamente adequado para analises moleculares. Como controles, foram
selecionadas 5 amostras de mucosas gastricas histologicamente normais colhidas por
via endoscopica, fixadas em formol tamponado a 10% e emblocadas em parafina

proveniente de pacientes sem qualquer tipo de tumor.

3.3.2 Artigo 2 (Anélise de OX40)
e Pacientes: foram realizadas analises em 24 pacientes, homens ¢ mulheres

(idade acima de 18 anos), com diagndstico de adenocarcinoma gastrico (CG),
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admitidos para tratamento no servigo de cirurgia oncoldgica do Hospital de
Cancer de Pernambuco (HCP).

Controles: Foram realizadas analises em 34 individuos saudaveis (ambos os
sexos) que ndo possuiam histéria pregressa ou familiar de cancer, e
assintomaticos, sendo acompanhantes dos pacientes, e/ou funcionarios do

HCP.

3.3.3 Artigo 3 (Analise de CD40L e agregado plaquetério)

e Pacientes: foram realizadas analises em 34 pacientes, homens e mulheres
(idade acima de 18 anos), com diagndstico de adenocarcinoma gastrico (CG),
admitidos para tratamento no servigo de cirurgia oncoldgica do Hospital de
Cancer de Pernambuco (HCP).

e Controles: foram realizadas analises em 30 individuos saudaveis (ambos os
sexos), idade acima de 18 anos, que nao possuiam histéria pregressa ou
familiar de cancer, e assintomaticos, sendo acompanhantes dos pacientes,

e/ou funcionarios do HCP.

3.4 PROCEDIMENTOS PARA SELECAO DOS SUJEITOS E

COLETA DOS DADOS

Todos os pacientes que fizeram parte deste trabalho assinaram um termo de
consentimento livre e esclarecido no momento do atendimento e responderam a um
questionario padronizado (Apéndice 2). Os dados clinicos foram coletados a partir do

prontudrio e transcritos neste questionario padrao previamente definido.
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O diagnostico histologico foi realizado no laboratério de histologia e
patologia cirtirgica do HCP e, posteriormente, revisado por um segundo patologista.
O diagnodstico seguiu a classificagdo preconizada pela OMS para tumores de
estomago, assim como a classifica¢do histoldgica de Lauren.

Os pacientes foram submetidos a tomografia computadorizada para
confirmagdo do estadiamento do tumor, conforme rotina de estadiamento
normalmente preconizada no HCP. O fluxograma da captacdo e exames realizados

nesta pesquisa estdo demonstrados na Figura 11.
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3.5 TESTES LABORATORIAIS

3.5.1 Classificacao histoldgica e estadiamento

Todos os casos de CG selecionados foram classificados e o estadiamento foi
realizado de acordo com o sistema TNM preconizado pelo American Joint Committe
on Cancer-AJCC (EDGE e COMPTON 2010), e foram utilizadas as classificagdes
histologicas de cancer géstrico de Lauren e do grau histologico tumoral da OMS

(EDGE e COMPTON 2010).

3.5.2 Microdissec¢do manual

Das primeiras 30 amostras selecionadas (mucosa géstrica normal ou tumoral)
foram coletados 20 cortes histologicos de 5 um de espessura da area de interesse a
partir dos blocos de parafina correspondentes. Apds as andlises microscopicas das
laminas coradas com hematoxilina e eosina (H&E) para identificacdo e marcagao da
area tumoral foi possivel a realizacdo da microdisseccdo manual (técnica conhecida
como scrape) das laminas previamente cortadas, garantindo a extragdo do material
genético apenas das células de interesse. As areas tumorais, ou de mucosa géstrica
normal dos cortes histologicos, foram microdissecadas com bisturi cirurgico
descartavel, e o material armazenado em microtubo no freezer a temperatura de

menos 80°C.

3.5.3 Extragdo de RNA
A extracdo de RNA de tecido parafinado foi realizada com o uso do kit

RecoverAll Total Nucleic Acid Isolation for FFPE Samples (Ambion - Applied
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Biosystems, Austin, TX), que possibilita a extragdo de material genético de amostras
parafinadas e previamente fixadas com formaldeido.

Para remover completamente a parafina do tecido tumoral apds a
microdissec¢do manual, foi adicionado 1 ml de xilol 100% (Allkimia, Brasil) e
incubado por 3 min em termobloco a 50°C. Para a formagdo do pellet contendo o
material genético no fundo do tubo, a fim de possibilitar o descarte do xilol
sobrenadante, foi feita a centrifugagdo por 3 min a 14.000 rpm. Com o objetivo de
remover o xilol das amostras e acelerar a secagem do pellet foram realizadas duas
lavagens adicionando 1 ml de alcool 100% (Merck, Brasil) e centrifugando por 3
minutos a 14.000 rpm. Ao final das centrifugagdes o sobrenadante foi descartado.
Para remover o etanol residual foi realizada uma centrifugac¢ao a vacuo por 10 min a
37°C.

Com o pellet livre de residuos foi adicionado 200 pl de Digestion Buffer, 4 pl
de Protease e incubado em termobloco por 15 min a 50°C e 15 min a 80°C. Para
iniciar o processo de isolamento do RNA foi feita uma mistura com 240 pl de
Isolation Aditive e 550 ul de etanol 100%. Os 790 pul dessa mistura foram
adicionados no tubo contendo a amostra de tecido. Todo o volume contendo a
mistura de reagentes e a amostra foi colocado em um tubo com uma coluna de filtro
e centrifugado a 10.000 rpm por 30 segundos. Todo o volume que passou pelo filtro
foi descartado e o filtro reinserido no tubo vazio. A seguir foram realizadas duas
lavagens com 700 ul da solugdo Wash 1 e 500 ul da Wash 2/3, ambas seguidas de
centrifugacdo por 30 segundos a 10.000 rpm e descartando o conteudo do tubo e

mantendo a coluna de filtro.
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Para encerrar a etapa de lavagens, foi realizada uma ultima centrifugacao,
desta vez sem reagentes, para remocdo do fluido residual presente no filtro e
novamente descartando o liquido e mantendo o filtro. Para o tratamento da amostra
com DNAse foi adicionado bem no centro do filtro 60 pl de uma mistura de: 6 pl de
DNAse buffer e 4 ul de DNAse e 50 ul de agua livre de nuclease (Sigma-Aldrich,
EUA), incubando 30 minutos a temperatura ambiente.

Dando prosseguimento ao protocolo, foi adicionado novamente 700 ul de
Wash 1 na coluna de filtro. Apdés um minuto, o tubo foi centrifugado por 30 seg. a
10.000 rpm e descartado o liquido. Foram realizadas mais duas lavagens com 500 pl
de Wash 2/3, novamente centrifugando por 30 seg. a 10.000 rpm. Foi realizada uma
ultima centrifugacdo sem reagente a 10.000 rpm por 1 min. para remover o fluido
residual do filtro. A ultima etapa foi a eluicdo do RNA. Para essa etapa, o filtro foi
transferido para um tubo novo e foi adicionado 20 ul de agua livre de nucleasse.
Ap6s um minuto o tubo foi centrifugado a 14.000 rpm por mais 1 min. Por fim, o
filtro foi descartado e o tubo contendo o RNA eluido foi armazenado a - 80°C.

A concentracdo da solu¢gdo de RNA foi mensurada através do
espectrofotometro NanoDrop ND3.0 (NanoDrop Technologies Inc, Wilmington, DE)
utilizando 1,5 pl de amostra e verificando a absorbancia em 260 nm (Figura 6). A
taxa de absorbancia do RNA A260/A280 funciona como seu indicador de pureza,
sendo que taxas de RNA de boa qualidade ficam entre 1,8-2,1. A taxa de absorbancia
do RNA A260/A280 menor que 1,8 significa que ha contaminagdo da amostra com

fenol, proteina ou outros contaminantes com absorbancia em 280 nm.
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3.5.4 Determinacgédo da expressao dos microRNAs por TagMan

> Sintese de cDNA total

A sintese de DNA complementar (cDNA) total foi realizada de acordo com o
protocolo MegaplexTM Pools for microRNA Expression Analysis (Applied
Biosystems), que possibilita a deteccdo e quantificagdo de 380 miRNAs por amostra.
Seguindo esse protocolo, usamos o Megaplex RT Primers (Pool A), que consiste em
um conjunto predefinido composto por 380 oligonucleotideos stem-looped reverse-
transcription que sdo especificos para a sintese de cDNA a partir de miRNAs

maduros.

> Pré-amplificacdo do cDNA total

Nessa etapa foi realizada a pré-amplificacao especifica do cDNA total a fim

de aprimorar as analises das expressoes de miRNAs realizadas posteriormente.

> Validacdo da expressao dos miRNAs - sintese do cDNA especifico

A reagdo de sintese do cDNA especifico para cada miRNA na etapa de
validagdo foi realizada de acordo com os procedimentos recomendados no manual
TaqMan® MicroRNA Assays (Applied Biosystems). Foi realizada a pipetagem da
quantidade necessaria para 10 ng de RNA para todas as amostras e adicionada agua
q.s.p. 9,16uL. Para o mix de RT os reagentes foram descongelados e submetidos a

centrifugacdo rapida antes de serem adicionados, utilizando-se de capela de fluxo
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laminar. Em seguida, foi adicionado em cada tubo, contendo 9,16 ul das amostras e
agua, 5,84ulL de mix para reagdo RT, incubado por 5 min. No gelo e colocado no
termociclador. As amostras de cDNA obtidas foram armazenadas em freezer -20°C.

Para as reagdoes de qRT-PCR, os c¢DNA foram descongelados,
homogeneizados e colocados no gelo. Para a constituicdo do mix de PCR, os
reagentes também foram descongelados e submetidos a centrifugagdo rapida. Em
seguida, a placa contendo 96 pogos foi montada com a adi¢do de 18,67 pul de master
mix e 1,33uL de cDNA, totalizando 20ul em cada pogo. Apds a selagem e
centrifugacdo da placa, ela foi inserida no aparelho 7900HT fast Real-Time PCR
System (Applied Biosystems).

Os resultados das expressdes dos miRNAs foram analisados utilizando-se o

software RQ Manager 1.2 (Applied Biosystems).

> TagMan® Low Density Array (TLDA)

A reacdo para determinagdo dos perfis de expressdo dos miRNAs foi
realizada com a metodologia TagMan® Human MicroRNA Array. Nessa etapa
ocorreu a amplificagdo do pool de cDNA pré-amplificado através de
oligonucleotideos sequéncia-especificos ¢ das sondas presentes na placa TLDA. As
sondas hibridizam-se especificamente a sua sequéncia complementar, sendo que essa
hibridizacdo fica entre o local de ligacdo dos oligonucleotideos senso e antisenso.
Cada sonda contém dois marcadores: o reporter (marcador fluorescente FAMTM),
ligado na extremidade 5°, e o quencher, ligado na extremidade 3°. Como a sonda esta

intacta, a proximidade com o gquencher faz com que o marcador reporter fique



44

silenciado. Quando a DNA polimerase extende o oligonucleotideo ligado a amostra
de cDNA, ocorre a quebra da sonda hibridizada, separando o quencher do reporter,
aumentando a fluorescéncia do reporter. O conjunto desses sinais fluorescentes
gerados indica o nivel de expressdo dos miRNAs nas reagdes de PCR, detectando a
presenga do alvo em tempo real. Cada array (placa TLDA, Pool A) contém 377
miRNAs (funcionalmente definidos e amplamente expressos) e 7 controles. Os
miRNAs avaliados estdo indexados no Sanger miRBase v14 (disponivel em:
http://www.mirbase.org/).

Os resultados foram analisados pelo software RQ Manager 1.2 (Applied
Biosystems). O nivel de expressdo dos miRNAs foi quantificado relativamente a
expressdo de um miRNA controle e também foi normalizado de acordo com um
snRNA (small nuclear RNA) calibrador. O resultado final (RQ ou fold) foi expresso
como um aumento ou diminui¢do da expressdo de um miRNA em n-vezes quando
comparado ao controle e ao calibrador, da seguinte forma RQ = 2 “AAC onde AACE é
a diferenca entre valor ACt do CG e do tecido gastrico normal - calibrador (AACt =
ACtmiRNA Carcinoma gastrico - ACtsnRNAcalibrador), e o ACt ¢ a diferenca entre
o valor de Ct do CG e do controle (ACt = CtmiRNA - CtmiRNAcontrole). Foi

utilizado como calibrador endégeno o snRNUG6.
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3.5.5 Andlise por ferramentas de bioinformatica

> Banco de dados MirWalk

O miRWalk ¢ um banco de dados abrangente de microRNAs de humanos,
camundongos e ratos (miRNAs), e seus alvos previstos e validados associados a
genes, vias, doengas, 6rgaos, linhagens de células e fatores de transcrigao.

O miRWalk ¢ composto por dois modulos: o moddulo predicdo de alvos
hospeda informagdes de interacdes de alvos de miRNA com a sequéncia completa de
todos os genes conhecidos de humanos, camundongos e ratos. Os resultados da
analise também sdo apresentados juntamente com os resultados de 8 programas de
predicao de alvos miRNA estabelecidos para a comparagdo e com diferentes
algoritmos. O programa fornece também os locais de ligacdo do miRNA associados
a 449 vias bioldgicas humanas. Os méddulos-alvo validados hospedam recursos novos
e exclusivos em informagdes de interacao de miRNA, validadas experimentalmente e
associadas a genes, vias, doengas, 6rgaos e linhagem de células. O miRWalk ¢ o
unico banco de dados que fornece os possiveis locais de ligagdo de miRNAs na
sequéncia completa (promotor, 5 'UTR e 3' UTR) de genes conhecidos e 3 genomas
mitocondriais completos.

O algoritmo miRWalk ¢ baseado em uma abordagem computacional que
identifica a mais longa complementariedade consecutiva entre miRNA e sequéncias
de genes. Com base no complemento de Watson-Crick, ele comeca a andar na
sequéncia genética completa e identifica possiveis sitios de ligacdo de miRNA na
sequéncia completa de todos os genes conhecidos. Entdo, o miRWalk compara seus
locais de ligacdo de miRNA identificados com os resultados de 8 programas de

predicao de miRNA-alvo estabelecidos, ou seja, DIANA-microT, miRanda, miRDB,
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PicTar, PITA, RNA22, RNAhybrid e TargetScan / TargetScanS. Finalmente,
miRWalk incorpora todos os locais de ligacdo de miRNA previstos produzidos pelo
algoritmo miRWalk e os 8 programas estabelecidos em um banco de dados
relacional (miRWalk). Depois disso, faz uma extensa pesquisa no banco de dados
PubMed para recuperar todas as informagdes disponiveis sobre miRNAs humanos,
de ratos e ligados a genes, vias, doengas, orgdos, linhas celulares e proteinas

conhecidas por estarem envolvidas no processamento de miRNA.

miRWalk
l Predicted Target module Validated Target module ]
Known genes of human, miRNAs mature sequence of human, Generation and Curation of dictionaries
mouse and rat mouse and rat (miRBase 12.0) Le.
*Genes
Seed Pairing by miRWalk slgorithm ::'i":m'
*Stored all the longest binding sites in different lists ’ma —k
«Classification of miRNA binding sites g
*Organs
I ] ] ] *Cell lines
4 A A Y
*OMIM disorders
Mitochondrial Promoter | | S5%“UTR cos 3“.UTR +miRNA Processing Proteins (MPP)
genes - L
l Keywords identification using a newly
—o{ p-value caleulation l 8 already established miRNA-target | | developed text-mining search module
prediction programs aganist the downloaded FPubMed
l l articles [only titles and/or abstracts)
Predicted data produced by miRWalk
on the comph 9 of all } [ Predicted binding sites ‘ Processing and giorlng the collected
protein coding and mitochondrial genes l ‘ in i
Predicted data produced by miRWalk & 8

established miRNA programs (both matched &
unmatched putative targets with miRWalk
prediction data) on mRNA 3UTR region

Predicted and Validated data stored in miRWalk database

Fonte: miRWalk - A database on Predicted and Published MicroRNAs (2015).
Figura 12 -Algoritmo de execugdo do programa miRwalk
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> DAVID Functional Annotation Bioinformatics Microarray Analysis

DAVID (um programa acessivel pela internet) fornece um conjunto
abrangente de ferramentas de anotagao funcional para os pesquisadores entenderem o
significado biologico por tras da grande lista de genes. Para qualquer lista de genes,
as ferramentas do DAVID sao capazes de: identificar vias bioldgicas enriquecidas,
descobrir grupos genéticos relacionados a via enriquecida, visualizar genes nos
mapas genéticos BioCarta e KEGG (Kyoto Encyclopedia of Genes and Genomes -

banco de dados online), listar proteinas de interacdo, entre outras funcionalidades.

3.5.6 Técnica de citometria de fluxo

A imunofenotipagem por citometria de fluxo ¢ uma tecnologia avancada e
rapida que permite contar, examinar e classificar células individuais e medir
simultaneamente multiplos parametros. Antes da analise, as células individuais em
suspensdo sao marcadas com anticorpos monoclonais conjugados a fluordforos,
como PE, FITC, PerCP e PECY-7, que diferem um do outro em relagdo a cor que
emitem. Os anticorpos monoclonais tém especificidade para moléculas expressas na
membrana e no interior das células, o que possibilita caracterizar leucocitos humanos
e outras células humanas, bem como analisar suas fun¢des. Essas moléculas sao
identificadas como “clusters of differentiation” (CD).

No citometro de fluxo, o sistema de fluidos canaliza uma amostra de células
em um unico fluxo para que as células passem uma a uma através de um feixe
focalizado de um laser. A medida que cada célula passa através do feixe, as
propriedades de dispersao da luz e a fluorescéncia sao coletadas pelo sistema Optico

e direcionadas para varios detectores. Os sinais recebidos pelos detectores sao entdo
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convertidos em valores numéricos pelo sistema eletronico e analisados em software
especifico.

Conforme uma célula passa por um feixe de laser, a luz é espalhada em
diregoes diferentes e dois parametros sdo definidos: tamanho de célula, representado
pela dispersao direta da luz do laser (Forward Scatter - FSC); e complexidade celular
(granularidade), representada por dispersdo lateral da luz do laser (Side Scatter -
SSC). Esta informacao ¢ exibida visualmente em um gréafico de pontos (dot plot), no
qual cada ponto representa uma unica célula, diferenciadas pela forma como
dispersam a luz e pela fluorescéncia, que ¢ proporcionalmente direta a quantidade de
moléculas expressas na célula. A Figura 13 apresenta uma visdo geral da

imunofenotipagem por citometria de fluxo.
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Figura 13 - Visao geral da imunofenotipagem por citometria de fluxo
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> Procedimento de coleta de sangue e imunofenotipagem de células T totais
TCDA4+, TCD8+ e linfocitos B.

O volume de 4 mL de amostra de sangue venoso foi coletado em tubos com
EDTA e mantidas a temperatura ambiente (24 °C). O tempo entre a coleta e o
processamento foi de até 60 minutos. Antes do processamento, o tubo com amostra
de sangue foi colocado no equipamento homogenizador (BD Biosccience) e em
seguida, foram analisadas por citometria de fluxo.

A aliquota de 50 pL de sangue periférico foi adicionada em tubo de
poliestireno de citometria com 2 uL de soro humano AB+, e 2 mL de tampao de lise
de hemacias (FACS® Lysing Buffer, Becton Dickinson, Mountain View, CA) e
incubado por 20 minutos a temperatura ambiente. Em seguida, foram realizadas 2
lavagens consecutivas, adicionando 2 mL de phosphate buffered saline (PBS) 1x
concentrado (pH 7,4) e centrifugando a 300 x g por 5 min a 22°C. Apds a segunda
lavagem, foi descartado o sobrenadante e as células foram marcadas com 5 uL de
anticorpos monoclonais (BD Biosciences, CA) anti-CD45, anti-CD3 (células T),
anti-CD4, anti-CD8 e anti-CD20 (células B) conjugados a fluorocromos diferentes.
Para marcagdo de OX40 em linfocitos, foram adicionados anti-CD134 (0X40)
conjugado ao fluocromo. Apo6s a incubagdo, foi realizada uma ultima etapa de
lavagem, em seguida foi realizada a aquisi¢d@o no citdmetro de fluxo FACSVerse
(BD Biosciences, CA) (Figura 14). Foram adquiridos 20.000 eventos celulares na
regido dos linfocitos. Os dados obtidos analisados com o programa BD FACSuite™
(BD Biosciences, CA) e os resultados percentuais foram comparados entre os

pacientes e controles saudaveis. Linfocitos T totais, TCD4, TCDS8 e linfocitos B
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foram expressos em valores percentuais e os resultados apresentados pelos pacientes

foram comparados aos dos controles saudaveis.

Fonte: BD Biosciences, CA.

Figura 14 - Figura esquematica da estratégia de analise
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> Analise de agregado de plagquetas por citometria de fluxo

Amostras de sangue venoso foram coletadas em tubos com EDTA e mantidas
a4 °C por um tempo méaximo de 1h. Para a preparagdo da amostra, foram realizados
os protocolos descritos por MACEY et al. (2002), HARDING et al. (2007) e
BOURNAZOS et al. (2008).

Foram adicionados 5 uL de anticorpos monoclonais anti-CD45, anti-CD3
para células T, anti-CD20 para células B, anti-CD41a (Gpllb / Illa) para plaquetas,
anti-CD62p (GMP 140) e anti-CD40L para avaliar ativagdo plaquetaria, anti-CD16
para neutrofilos e anti-CD14 para mondcitos (BD, Pharmigen, San Diego, CA, EUA)
e incubados a 20 °C por 20 minutos no escuro, conforme descrito por GRANIJA et al.
(2015). A lavagem das células foi realizada com 2 mL de Solugdo Salina Tamponada
com Fosfato (PBS) [1x] e as células foram entdo centrifugadas a 300 x g durante 5
min a 20 °C. O procedimento de lavagem foi repetido duas vezes. Apods a lavagem,
os sobrenadantes foram descartados, e as células foram analisadas com 250 pL de
solugdo salina no citometro de fluxo (FACSVERSE; Becton Dickinson, Sunnyvale,
CA, EUA). Para a citometria de fluxo, 20.000 eventos celulares foram adquiridos, e
os resultados foram analisados pelo programa FACSuite (Becton Dickinson) (Figura

15).
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Figura 15 - Avaliando e interpretando os agregados de plaquetas-leucoécitos.

3.6 ANALISE ESTATISTICA

> Anélise descritiva e de associa¢do

A estatistica descritiva das variaveis categoricas foi representada em tabelas
com distribui¢do das frequéncias absolutas e relativas, enquanto as variaveis
continuas foram apresentadas como medidas de tendéncia central (mediana, minimo

€ maximo)



53

Para as varidveis quantitativas, foi inicialmente aplicado o teste de
normalidade de Shapiro-Wilk. As variaveis quantitativas com distribuicdo ndo
normal foram apresentadas em valores de mediana e intervalo interquartil (IQR:
25%-75%). Teste nao paramétrico de Mann-Whitney foram utilizados para
comparagdo entre dois grupos. Teste ndo paramétrico de Kruskal-Wallis foram
utilizados para comparagdo entre trés grupos. Para evitar erro estatistico tipo I, as
analises pelo teste Kruskal-Wallis foram seguidas pela correcdo de Dunn para
testagem multipla. Foi adotado o nivel de significancia estatistica de p<0.05. A
analise estatistica foi realizada através do programa graphpad prism v8.0 (Graphpad

software, San Diego, CA).

> Anélise do miRNAs

Para anélise dos microRNAs, considerando como ponto de corte o FDR (teste
T) inferior a 0,05, foi realizada uma andlise de clusterizagdo (agrupamento)
hierdrquica ndo supervisionada de amostras e microRNAs pelo método de Pearson.
Para analise de predigcdo de alvos, os miRNAs foram selecionados de acordo com a
modulacdo (positiva ou negativa) para a busca no banco miRWalk versdo 2.0. As
listas de genes identificados foram submetidas separadamente ao programa DAVID
Bioinformatics Resources 6.8 para identificagdo de vias bioldgicas relacionadas aos

genes-alvo. Nesta analise, foi adotado o nivel de significancia estatistica de p<0.05.
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3.7 ASPECTOSETICOS

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa em Seres
Humanos, do Hospital de Céancer de Pernambuco (HCP), sob n°. CAAE
39976214.9.000.5205 ¢ CAAE 28932814.2.0000.520, seguindo a Resolugdo 466/12
do Conselho Nacional de Saude do Ministério da Satde. Todos os participantes
foram incluidos no estudo apo6s assinatura do Termo de Consentimento Livre

Esclarecido (TCLE - Apéndice 1).
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4 RESULTADOS

Os resultados desta tese foram apresentados na forma de trés artigos. A

formatagao do texto dos artigos foi realizada conforme orientagdes das revistas
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Abstract

Gastric cancer is one of the most common cancers, and an increasing number of studies have
found that microRNAs (miRNAs) play important roles in gastric cancer progression; however, the
roles of specific miRNAs involved in the immune response to this disease remain unclear. We
compared the miRNA expression in tissues from primary gastric cancer patients and healthy
controls to find miRNAs dysregulated in gastric cancer and used bicinformatics tools to determine
potential roles of these miRNAs in the immune system. We evaluated 25 primary gastric cancer
tissues and five healthy gastric tissues. Quantitative real-time polymerase chain reaction was
performed for a set of miRNAs, followed by the prediction of their target genes and functional
enrichment analysis of these targets. Analysis of a microarray dataset showed that the miRNA miR-
196a-5p was significantly upregulated, while miR-374a-5p and miR-375 were downregulated in
gastric cancer patients. In addition, miR-374-5p was significantly downregulated in patients with
metastasis compared with its expression levels in non-metastatic patients (p = 0.03). Bicinformatics
analysis suggested that the pathways regulated by these differentially expressed miRNAs were
related to the immune response, cell adhesion, and cell migration. Most importantly, this study
provides a new insight into the potential use of multiple miRNAs to find distinct pathways of immune

regulation in gastric cancer.

Keywords Gastric cancer; MicroRNA; Microarray analysis; Immune system; Bioinformatics

Introduction

Stomach cancer is a public health problem worldwide, with an estimated 1,000,000 new cases and
783,000 deaths per year, thus accounting for 8 8% of the cancer deaths globally, with 70% of the
new cases and deaths occurring in developing countries [1]. Brazil and, specifically, its Northeast
region are high-incidence areas for this disease [1]. Thus, it is important to better understand the

mechanism of gastric cancer (GC) progression, including proliferation, growth, migration, invasion,
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and apoptosis [2]. Numerous studies have demonstrated that non-coding RNAs play important
roles in the GC initiation and progression [3, 4].

MicroRNAs (miRNAs, miRs) are small non-coding RNAs of 20-22 nucleotides in length,
which are involved in crucial biological processes [5]. miRNAs regulate gene expression through
binding to the 3" untranslated region (UTR) of target mRNAs, thus leading to mRNA cleavage or
suppression of its translation [6]. Abnormal expression levels of miIRNAs are a well-known and
important issue in cancer development [7] and have been shown to be involved in multiple steps in
GC tumorigenesis [8, 9]

Recent evidence has indicated a promising role for miRNAs in the risk assessment,
prevention, early diagnosis, and prognosis of GC [10, 11]. miIRNA expression profiling is becoming
an important tool to reveal different tumor types and gene activity in cancer [12, 13]. Owing to their
involvement in the regulation of expression of many mENAs, miRNAs can modulate various
physiological and pathological responses [14], thus providing important insights into disease
severity and prognosis. Studies of miRNAs have revealed a new layer of the regulation of gene
expression that affects many biological systems, including the immune system [15]. More than 100
different miRNAs are expressed by cells of the immune system and have the potential to influence
molecular pathways that control innate and adaptive immune responses [15, 16].

The aims of the present study were to identify differentially expressed miRNAs in GC,
determine their associations with clinical variables, identify their putative target genes, and to
assess their potential to influence the outcomes of Immune responses, using a series of

bicinformatics methods.

Materials and methods

Patients

The study included patients diagnosed with potentially curable GC at the Hospital do Cancer de
Pernambuco from 2014 to 2017. The inclusion criteria of the study were histologically confirmed
diffuse or intestinal-type gastric carcinoma, and all patients were newly diagnosed. None of the

patients had received chemotherapy, radiotherapy, or immunotherapy before sampling. The
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exclusion criteria were past treatments of neoplasia or autoimmune disease. We prospectively
collected information on clinical characteristics of the patients. Cancer staging was performed
according to the 7th edition of the American Joint Committee on Cancer tumor—node—metastasis
(TNM) criteria [17].

All samples were obtained from surgical specimens of patients with GC, and all patients
provided written informed consent for the use of these tissues for research purposes. We obtained
25 GC tissues and also collected five normal gastric biopsy samples from the antral part of the
stomach of control subjects who were referred for upper gastrointestinal endoscopy due to
symptoms of dyspepsia and had no previous history of malignancy. The study protocol was
reviewed and approved by the Ethics Research Committees of Hospital do Céncer de Pernambuco

(approval number. CAAE 28932814.2.0000.5205).

miRNA expression analysis by TagMan® low-density array

For this analysis, we used 23 gastric tumor tissues and five gasfric normal tissues as controls. Two
patients were excluded because of inadequate samples. miENA expression profiles were
determined using a TagMan low-density array (Applied Biosystems, Foster City, CA, USA)
following the manufacturer's protocol. Cluantitative real-time polymerase chain reaction (PCR) was
performed using a 7900 HT Fast real-time PCR system (Applied Biosystems), and relative miRNA
quantification was performed using the 2724Ct method [18]. Data analyses were performed by
comparing the tumor and control groups. A pool of the normal samples was used for calibration,
and hsa-miR-10b, which showed the most stable expression in the sample set, was used as a
reference. Calculations were performed using the R software (https://cran.r-project.org/}, and only
differentially expressed miRNAs, with a false discovery rate (FDR) = 0.01, were considered for

further analysis.

Differences in miRNA expression according to clinical variables

The most differentially expressed miRMNAs between tumor and normal tissues were selected based
on fold changes (FCs; the ratio of median relative expression in the tumor group to that in the

control group =10.0) and further investigated for their association with clinical variables. A power
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analysis for the study design was conducted using G*Power 3 [19] based on the means and
standard deviations of relative miRNA levels, as reported by Baggish et al. [20]. Power calculations
were also performed on a number of physiological measures from the current study to ensure that
the sample sizes were adequate for detecting between-group differences in these variables. A
sample size of N = 30 was required to detect between-group differences in the mean miRNA levels
by the Mann—Whitney test (power of 80%; a = 0.05). miRNA expression was considered to be
significantly different between the two groups if the FDR-adjusted p-value was less than 0.05 and
FC of expression was greaterthan 10 in either direction. In the patient group, the relative expression
of each miRNA was analyzed according to the histological grade (G1/G2 versus G3), lymph node
involvement (negative versus positive), tumor location {proximal versus distal), metastasis (positive
versus negative), and Lauren classification (diffuse versus intestinal). Considering that vanables
did not show a normal distribution (using the Kolmogorov—Smirnov test), the Mann—Whitney U-test
was performed using GraphPad Prism version 7.00 for Windows (GraphPad Software, La Jolla

California USA). For all statistical tests, p-values were two-tailed, and p was set to 0.05.

Target prediction and functional annotation

Potential mRNA targets of the miRNAs selected for analysis according to clinical variables were
predicted using miRWalk v2 [21, 22], with its own algorithm and three other tools (RNA22,
miRanda, and TargetScan) integrated into the system. We only used 3-UTRs of mRNAs for target
prediction and considered interactions with the miIRNA seed region (nucleotides 2-8). Only targets
predicted with at least three tools were considered for further analysis. Functional annotation was
conducted separately for targets of each selected miRNA differentially regulated in GC. The
Database for Annotation, Visualization, and Integrated Discovery (DAVID) v. 6.8 [23] was used for

pathway enrichment assessment (Kyoto Encyclopedia of Genes and Genomes pathways).

Results

The clinical and pathological characteristics of GC patients are summarized in Table 1.
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miRNA expression in gastric cancer and normal gastric tissues

miRMNA expression patterns significantly differed between GC and normal gastric tissues (Fig. 1
and Table 2). FC filters included the requirements that the miRNA expression was greater than or
equal to two-fold of the contral level for upregulated miRMNAs and less than two-fold of the control
level for downregulated miRNAs.

Using an arbitrary FC cutoff of =10 and a p-value cutoff of <0.01, among the differentially
expressed miRNAs, one (miR-196b-5p) was found to be significantly upregulated and two (miR-
374-5p and miR-375) were found to be significantly downregulated in GC tissues versus normal

gastric tissues (Table 2).

Analysis of miR-196b-5p, miR-374-5p, and miR-375 according to clinical parameters

miRMNA expression analysis according to clinical parameters revealed that miR-374-5p was
significantly downregulated in GC patients with metastasis compared with its expression in no-
metastasis group (p = 0.03). miR-375% was significantly upregulated in the histological G3 group
compared with its expression in G1 and G2 tissues (p = 0.05). No statistical differences were found
in the expression of miR-196b-5p, miR-374-5p, and miR-375 depending on the lymph node
involvement, tumor location, and Lauren classification. In addition, miR-196b-5p was not

associated with metastasis or histological grade parameters (Table 3).

Analysis of miR-196b-5p, miR-374-5p, and miR-375 associations with bioclogical pathways
by functional enrichment

The pathways for miR-375 (Fig. 2a), miR-196b-5p (Fig. 2b), and miR-374-5p (Fig. 2c), identified by
microarray analysis, included the gap junction, mRNA surveillance pathway, gonadotropin-
releasing hormone signaling pathway, proteoglycans in cancer, Ras signaling pathway, pathways
in cancer, pancreatic and colorectal cancer, and tumor necrosis factor (TNF) signaling pathway.
Further details of the pathways associated with miR-196b-5p, miR-374-5p, and miR-375 are shown

in Fig. 2.
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Relation of miRNAs differentially expressed in gastric cancer to cancer hallmarks and

mediators of tumor immune escape

Overall, we found miRNA target genes (TNFRSF1B, TRAF1, and TRAFZ2) in the pathways linked
to the immune system, including hsa04668:TNF signaling pathway, related to aberrant miRNA
expression. The gene PDCDT (PD-1) was identified in several immune-related biological pathways,
linked to the immune system and major cancer hallmarks, including hsa04660:T-cell receptor
signaling pathway and hsa04514:cell adhesion molecules {(CAMs). The gene CD274 (PDL-1) was
identified in a pathway linked to cancer hallmarks, hsa04514:CAMs. The CD40LG (CD40L) gene
was identified in several biological pathways related to tumor-regulated miRNAs (with increased
expression in the tumor relative to the control group). The CD40L-involving biclogical pathways
were found to be linked to the immune system, as well as the hsa04660:T-cell receptor signaling

pathway, hsa04514:CAMs, and hsa04060:Cytokine—cytokine receptor interaction.

Discussion

In the present study, we established a carefully designed procedure to identify a miRNA profile of
GC patients. Aberrant miIRNA expression was reported in various solid tumaors, including breast,
lung, pancreas, and colon cancer [24, 25]. miRNAs can act as tumor suppressors and as
oncogenes [26]. The relationships between miRNAs and tumors have thus become the focus of
cancer studies [27].

Our study revealed that the miR-196b-5p expression was higher in GC tissues than in normal
tissues. To date, there have been a few studies on miR-196b-5p in GC. miIRNAs are abnormally
expressed in tumor tissues and body fluids of GC patients. Because detection of miRNAs in the
plasma, serum, urine, and gastric juice can be used in the diagnosis, several studies have
evaluated the diagnostic performance of miRNAs in body fluids in GC patients, and the results
showed that many miRNAs had certain value for GC diagnosis, recurrence monitoring, and/or
clinical staging. Tsai et al. [28] have reported that the lack of promoter methylation in miR-196b
may explain its overexpression in the majority of GCs, which can be used as a tumor biomarker.

Lee et al. [29] have reported that miR-196b-5p is upregulated in a Korean GC population. However,
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Liu et al. [30] have reported that miR-196b-5p i1s downregulated in a GC cell line. This result
contradicts to our data and those of Lee et al. [29]; however, the study [30] was conducted on a
GC cell line rather than on primary tumaor tissues, which suggests that the tumor microenvironment
and lifestyles may affect the regulation of miR-196b-5p and indicates that in vitro studies, using a
tumoral lineage rather than a primary tumor for mIRNA analysis, may not be adequate.

miR-375 is frequently downregulated in various tumor types, being a tumor suppressor and
inhibiting malignant characteristics of cancer cells, and it is associated with the proliferation,
apoptosis, invasion, and metastasis [31]. Our results showed differences in the expression of miR-
375 between histological types of GC.

In this study, the expression of miR-374a-5p was significantly lower in gastric
adenocarcinoma tissues than in normal tissues. Xie et al. [32] have demonstrated that miR-374a-
5p is involved in tumor metastasis and invasion. Our results suggest that miR-374a-5p could be a
good biomarker for the risk of GC metastasis. Wu et al. [33] have found that miR-374a inhibited the
cell proliferation and invasion of lung adenocarcinoma, at least partially, through the repression of
transforming growth factor alpha (TGFA) gene expression. This newly identified miR-374a-
mediated TGFA gene silencing may lead to better understanding of the molecular mechanisms of
GC progression.

Recently, emerging bioinformatics methods have accelerated the identification of the
mechanisms involved in GC development at the molecular level. miRNAs have been reported to
regulate the activity of ~30% of all protein-coding genes in the human genome [34]. We predicted,
using bioinformatics resources, possible genetic pathways involving the three above-mentioned
miRNAs, among which both miR-196b-5p and miR-374a-5p were associated with the regulation of
cancer pathways. The interactions between dysregulated miRNAs and their potential target genes
are complex and can be influenced by various factors, such as pathology, hypoxia, and infection
[35]

It has also become clear that miRNAs play multiple roles in the negative regulation of
numerous immune checkpoints. A network of miRNAs directly and indirectly controls the

expression of immune checkpoint receptors, and several miRNAs can target multiple checkpoint
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maolecules, mimicking the therapeutic effect of a combined immune checkpoint blockade [36].
Standard treatment options for patients with advanced GC show limited efficacy and are associated
with some toxicity, which necessitates the development of more effective therapies for improving
treatment outcomes. Immunotherapy involving immune checkpoint inhibitors has emerged as a
new treatment option, and in the near future, miRNAs may become important components of
immune checkpoint therapy [37].

We found several target genes, such as TNFRSF1B, TRAF1, TRAF2, PDCD1 (PD-1),
CD274 (FDL-1), and CD40L, which are involved in immunological pathways and are significantly
affected by the miRNA in GC. TNF-o and its receptors, TNFRSF1A and TNFRSF1B, belong to the
TNF/TNFR superfamily (TMNFRSF), and interactions of these genes regulate the inflammation and
increase the invasive capacity and metastatic potential of tumor cells. TNF-a induces a cascade of
other inflammatory cytokines and chemokines and has been considered one of the key mediators
of the immune system. TNF-a plays a therapeutic role in destroying tumor blood vessels and
inducing the apoptosis and necrosis of tumor cells [38]. However, when chronically produced, with
persistent inflammation in the tumor microenvironment, TNF-a can act as a tumor promoter by
promoting DNA damage, enhancing proangiogenic functions, and increasing the expression of
matrix metalloproteinases and endothelial adhesion molecules [39]. Hamano et al. [40] showed
that TNF, in concert with interleukin (IL)-2, preferentially upregulated the mRNA and surface
expression of TNFR2, 4-1BB, and OX40 on regulatory T cells (Tregs) [40]. Thus, TNF amplifies its
stimulatory effect on Tregs by inducing TMFRSF members [40]. Our previous study has
demonstrated a higher expression of OX40 in T cells of GC patients [41]. These findings indicate
that miRNAs may be important regulatory molecules in T cells in GC.

The interaction between PD-1 and PD-L1 has been demonstrated to negatively regulate T-
cell activation and function, leading to the inhibition of the immune response in cancer patients [42].
However, little is known about the operation of the PD-1/PD-L1 pathway in gastric adenocarcinoma
patients. Chiu et al. [43] characterized the PD-1 expression profile in gastric adenocarcinoma

patients and found a significant increase in PD-1 expression in peripheral blood and gastric tissue,
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which could promote the apoptosis of CD3* T cells. Our findings corroborated the results of this
previous study and provided new insights into possible immune targets in GC.

We identified miRNAs with significantly up- or downregulated expression in GC, potentially
influencing CD40L gene expression. These findings indicate that these miRNAs may downregulate
CD40L mRNA and repress its protein translation. CD40L is a pivotal molecule in adaptive immune
function. In its absence, T-dependent humoral immunity is debilitated, and several important T-cell
functions are compromised, including the activation of antigen-presenting cells (APCs) [44]. In vitro
stimulation with CD40L has been demonstrated to enhance the efficiency of dendritic cells (DCs)
as APCs for the antitumoral response [45], and CD40 stimulation can be significantly enhanced by
an additional stimulus.

There are a few limitations to this study, including a relatively small number of patients. Thus,
further large-scale research is required to elucidate the exact roles of miRNAs in GC. However, our
study provides basic data on miRNAs in GC, which should facilitate further research on GC and
elucidate the functional roles and clinical significance of miRNAs.

Collectively, our results can drive new research on the mechanism of immune evasion by
tumors and their ability to attenuate immune responses. Furthermore, our data demonstrated that
miRNAs could make two distinct impacts, on gastric adenocarcinoma cells and on cells of the
immune system, seemingly affecting a crucial part of the antitumor response. The screened genes
and pathways provided new insights into molecular mechanisms underlying GC occurrence and

progression, holding promise to serve as potential therapeutic targets.

Conclusions

Our study revealed, via analysis of a microarray dataset, that three miRNAs (miR-196a-5p, miR-
374a-5p, and miR-375) were significantly up- or downregulated in GC patients. Further studies,
involving larger cohorts, are needed fo validate the clinical application of these miRNAs. Most
significantly, this study provides a new insight into the potential use of multiple miRNAs to find
distinct pathways of immune regulation in GC. Further understanding of the immunopathogenesis

of gastric adenocarcinoma will be critically important for the development of effective therapeutic
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strategies against the disease. Our future research will focus on exploring immune checkpoint

receptors in various populations of cells of the immune system and their relation to GC.
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Table 1 Clinical and pathological characteristics of gastric cancer patients

74

Variables N=25
Age (years), median (IQR 25H_75") 64 (34-85)
Sex

Male 16 (60%)
Female 10 (40%)
Lymph node involvement

Negative 7 (35%)
Positive 13 (65%)
Distant metastasis

Negative 20 (80%)
Fositive 5 (20%)
TNM=

I/l 8 (32%)
v 17 (68%)
Grade

Differentiated (G1/G2) 7 (28%)
Undifferentiated (G3) 18 (72%)
Lauren’s criteria

Intestinal 7 (28%)
Diffuse 14 (56%)
Indeterminate 4 (16%)

Values are presented as absolute numbers and percentages or median (ICIR)
2Classification according to the American Joint Committee on Cancer, 7th edition [17]

IOR, interquartile range; TNM, tumor—node—metastasis
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Table 2 MicroRNAs with altered expression in gastric cancer tissues (FDR = 0.01)

miRNA kit Expression fold FDR t.test miRNA name
change
(tumor/caontral)
hsa-miR-374-000563 -16.83 0.010592087 hsa-miR-374a-5p
hsa-miR-375-000564 —-14.39 0.010179736 hsa-miR-375
hsa-miR-203-000507 —-7.05 0.004724326 hsa-miR-203a-3p
hsa-miR-30b-000602 -5.74 0.012233919 hsa-miR-30b-5p
hsa-miR-31-002279 —4.45 0.004128206 hsa-miR-31-5p
hsa-miR-642-001592 —4.23 0.004724326 hsa-miR-642a-5p
hsa-miR-25-000403 —-3.86 0.004128206 hsa-miR-25-3p
hsa-miR-130a-000454 -3.14 0.014106465 hsa-miR-130a-5p,
hsa-miR-130a-3p
hsa-miR-532-3p-002355 -2.97 0.010665846 hsa-miR-532-3p
hsa-miR-19%9a-3p-002304 242 0.004724326 hsa-miR-19%9a-3p
hsa-miR-539-001286 272 0.012233919 hsa-miR-538-5p
hsa-miR-345-002186 274 0.004128206 hsa-miR-345-5p
hsa-miR-29a-002112 3.03 0.004128206 hsa-miR-29a-3p
hsa-miR-143-002249 3.23 0.004897369 hsa-miR-143-3p
hsa-miR-155-002623 3.39 0.004128206 hsa-miR-155-5p
mmu-miR-134-001186 367 0.004897369 hsa-miR-134-5p
hsa-miR-146b-001097 412 0.004897369 hsa-miR-146b-5p
hsa-miR-185-002271 4.28 0.004128206 hsa-miR-185-5p
hsa-miR-886-5p-002193 4.69 0.01164442 Vault RNA
hsa-miR-146b-3p-002361 6.60 0.004128206 hsa-miR-146b-3p
hsa-miR-517b-001152 7.23 0.004128206 hsa-miR-517b-3p
hsa-miR-196b-002215 184 .65 0.014802397 hsa-miR-196b-5p
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Table 3. Carrelation between microRNA expression and clinical characteristics of gastric cancer

patients
Vanables miR-196b-5p miR-374-5p miR-375
Mean fold  p-Value Meanfold p-Value Mean fold p-Value
change change change
Histological grade
Differentiated (G1/G2) 5555 0.10 0.39
. . 0.40 073 0.05*

Undifferentiated (G3) 1842 0.16 0.66
Lymph node involvement
Negative 256.6 0.14 0.07

023 0.64 013
Positive 541 0.15 0.41
Metastasis
Negative 156.4 0.16 0.25

0.70 0.03* 072
Positive 366 0.03 0.09
Lauren’s criteria
Intestinal 4932 0.09 0.46

0.64 0.38 0.09
Diffuse 3131 017 0.12

*p=0.05
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Figure legends

Fig. 1. Heatmap summarizing the expression patterns of 21 miRNA loci that were differentially

expressed in gastric cancer

Fig. 2 Analysis of genes related to miRNAs identified through microarray analysis: (a) miR-375

(b) miR-196-5p, and (¢) miR-374a-5p.
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1| INTRODUCTION

Background and Objectives: OX40, a membrane-bound molecule of the tumor-
necrosis-factor-receptor superfamily, is a critical costimulatory receptor during the
immune response, especially to T cells, but studies described their presence of OX-40
on neutrophils and monocytes, suggesting a potential role in the activation of immune
response. Our aim was to characterize costimulatory receptors OX40 expression on
circulating leukocytes in gastric cancer to identify novel targets for immunotherapy.
Methods: Peripheral blood mononuclear cells were isolated from 24 gastric cancer
patients and 34 healthy controls and the expression of costimulatory (OX40) receptors
were analyzed on T cells, neutrophil and monocyte using monoclonal antibodies by
flow cytometry.

Results: We found that the higher levels of OX40 + T cells. monocytes/OX40+ and
neutrophils/OX40+ from gastric cancer patients when compared to controls
(P <0.0001). and also higher levels of OX40+ T cells when compared to stages Il
and IV (P = 0.02). Percentage levels of total T cells were similar between patients and
controls.

Conclusions: OX40 as a therapeutic agent has been investigated in many preclinical
tumor models. Our findings suggest that of levels of costimulatory in T cells in GC will
direct future studies on the role that costimulatory receptors play in the failure of T cell-
mediated immunity.

KEYWORDS

immunotherapy. neoplasm, receptor OX40 (CD134), stomach

response, especially T lymphocytes, play an important role in
controlling the development of tumors.®

The inddence of gastric cancer (GC) has decreased over the past three
decades, although it was still the third leading cancer-related cause of
death worldwide in 2012.% Nowadays, surgical resection is considered
the best procedure in the treatment of GC patients with early-stage
disease. However, the control of GC at advanced-stage disease
remains difficult.” Many studies focusing on the role of host immune

Neoplasm may elicit antitumor immune responses because of
tumor specific antigens, which interact with the immune system of the
patient. Indeed, tumor antigen specific T cells are frequently identified
in patients with cancer, however, they often fail to control tumor
progression.® Understanding the reasons underlying this failure can
open new possibilities of T cell immunotherapy in gastric cancer,

840 | © 2018 Wiy Periodicals, Inc.
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The survival and activation of T cells following antigen encounter
depends on the balance between costimulatory and coinhibitory
receptors.” OX40 is a potent costimulatory receptor that can
potentiate T-cell receptor signaling on the surface of T lymphocytes,
leading to their activation by a specifically recognized antigen.® Early
studies of OX40 expression on T cells demonstrated that T-cell
activation was required for its expression.” Neither naive T cells nor
resting memory T cells express OX40. Initial work suggested that
OX40 expression was limited to CD4+ T cells, but subsequent studies
demonstrated that OX40 was also expressed on activated CD8+ T
cells® OX40 engagement by ligands present on dendritic cells
dramatically increases the proliferation, effectors function, and
survival of T cells. Other cells types example,neutrophils and natural
killer cells also express OX40.

Our aim was to characterize the expression of costimulatory
(OX40) receptors on T cell, neutrophils and monocytes of the
peripheral blood in GC. Our findings could validate OX40 as a potent

immune-stimulating target for treatment in patients with GC.

2 | MATERIALS AND METHODS

Samples fresh of peripheral blood were obtained from patients with
gastric cancer who were evaluated at the Hospital de Cancer de
Pernambuco (HCP) and Instituto de Medicina Integral Fernando
Figueira (IMIP). Peripheral blood from 24 gastric cancer patients was
enrolled (Table 1). None of the patients performed radiotherapy or
chemotherapy before peripheral blood collection. Individuals with
autoimmune disease, infectious diseases and multiprimary cancer
were excluded. Peripheral blood from 34 healthy donors was used as
controls. The clinical stages of tumors were determined according to
the TNM classification system of International Union Against Cancer
(Edition 7th). The study was approved by the Ethics Committee of the
Hospital Cancer Pernambuco. Written informed consent was obtained

from each subject. Table 1.

2.1 | Flow cytometric analysis

Blood samples were in EDTA tubes at study inclusion and were kepton
ice until being processed within 60 min of collection. Immunopheno-
typing of peripheral blood was performed by flow cytometry on a BD
FACSVerse™ (BD Biosciences, San Jose, CA). The following monoclo-
nal antibodies were used: anti-CD3 PE and anti-CD134 FITC (BD
Biosciences). The cells were analyzed with the most appropriate
lymphocytes gate, granulocytes (neutrophils) gate, and monocytes
gate using the combination of forward and side scatters and the
obtained data were analyzed using BD FACSuite™ software (BD

Biosciences). The analyzes were presented in percentage values (%).

2.2 | Statistical analysis

Categorical data are expressed as numbers, percentages and mean

(#SD). Continuous variables are shown as median values and

WiLEY- S

TABLE 1 Clinical and pathological characteristics in gastric cancer

Clinical and pathological parameters N (%)

Sex N=24
Male 18 (75,0)
Female 6 (25,0)

Age
Mean (+SD) 53 (£16,3)

Distant metastasis

Negative 13 (54,1)

Positive 8 (33,3)

Unknown 3(12,5)
TNM stage®

171 7 (29,2)

/v 16 (66,6)

Unknown 2(83)
Histologic grade

Differentiated 8 (33.3)

Undifferentiated 15 (62,5)

Unknown 1(4.2)

TNM, tumor node metastasis.

Values are presented as absolute numbers and percentage (%) or mean
(£SD).

AClassification according to the American Joint Committee on Cancer 7th
edition.

interquartile range (IQR 25-75th). Therefore, a non parametric test
was used to compare the two groups (Mann-Whitney U-test). Statistical
significance was defined as P < 0.05. Data analysis was performed using

GraphPadPrism v6.0 (GraphPad Software, San Diego, CA).

3 | RESULTS

3.1 | High levels of the costimulatory receptors
0OX40 in circulating leucocytes in gastric cancer

0OX40 is not constitutively expressed on naive T cells, but is expressed
after its activation. In this study we have explored the expression of
alternative costimulatory receptors on T cells in patients with gastric
cancer. Most patients have gastric cancer in advanced stage (66.6%).
GC patients had higher percentages of OX40+T cells (median: 1.5%)
and monocytes/OX40+ (median: 1.3%) and neutrophils/OX40+ cells
{median: 0.3%) when compared to controls (median: 0.3% and 0.1%
and 0.1%; P < 0.0001). Percentage levels of total T cells were similar
between patients and controls (median: 62.6% and 68.7%, respec-
tively), as shown the Figure 1A-D.

GC patients in stage | and Il had higher percentages of OX40+ T
(median: 3.0%) when compared to stages Ill and IV (median: 1.4%;
P=0.02) and no statistic difference in neutrophils/OX40+ and
monocytes/OX40+ between patients and controls (Figure 2A-C).
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FIGURE 1 Percent values of (A) total T cells, (B) T cells/OX40+, (C) neutrophils/OX40+, and (D) monocytes/OX40+ in the peripheral blood
of gastric cancer patients (n = 24) and healthy donors (n = 34). The graphs are represented in medians and interquartile range (IQR 25-75th).
Mann Whitney test was performed for median analysis between groups. *P < 0.05. NS, No significant

4 | DISCUSSION

The relationship between immunity, inflammation, and cancer has been
extensively studied in preclinical and clinical animal models. In general,
quantitative reductions of leukocytes in the blood represent defects in
the immune response, as well as, neutrophil represents a systemic
response to infection or neoplasm. The proven association between the
lymphocyte and neutrophil ratio and the prognosis of cancer clearly
confirms the relationship between immunity and cancer; and has been
the object of researcher's interest in order to allow modulation of this
response for the purpose of control and even cure for neoplasm.

Immunity is not established simply with the quantity of cells of the
immune system, but mostly cellular activation and expression of
costimulators on the cell surface. Thus, to understand the immune
response in GC, it is necessary to evaluate costimulators associated
with T lymphocytes, as well as other cellular elements of immunity. It is
crucial to know the role of costimulators, given the growth of
treatment with action on the immune response, such as immunother-
apy for the treatment of GC.

Inthis sense, OX-40 signaling was considered especially important
for the survival, expansion, and effector differentiation, function and
memory generation, especially for CD4" T cells.? OX40 and its ligand
(OX40L) can be expressed in several cell types as well as on effector
regulatory CD4" T cells Natural Killer T (NKT), Natural Killer (NK), and

neutrophils, and monocytes.® In liver, in particular, invariant NKT cells

constitutively express the receptor OX40 and that OX40 stimulation
results in massive pyroptotic death of iINKT cells, characterized by the
release of potent proinflammatory cytokines that induce liver ‘mjury_n

The OX40 ligand is expressed on antigen-expressing cells, as B
cells, dendritic cells (DCs), and macrophages as well as airway smooth
muscle cells.** %5 OX40L expressing DCs can enhance Th2 cell
diferentiation from naive T-cells and promote Th2 responses and
0X40/0X40 ligand interactions is crucial in T-cell regulation and
asthma.’®"'® Tregs recruit mast cells to different sites through
secretion of IL-9, while the OX40L (expressed on mast cell) and
OX40 on T cell interaction inhibits the extent of the mast cell
degranulationin asthma. In cancer, increase the expression of OX40 by
T lymphocytes in the colorectal tumor infiltrate after treatment with
radiotherapy, promoting a better activation of the anti-tumor immune
response_19'21

In this study, we show that T cells in gastric cancer present
important alterations in the expression of some costimulatory
receptors that are essential for optimal function of T cells. As expect,
thereis a higher level of T cell activated in patients with gastric cancer.
However, we show that T cells in gastric cancer have decreased levels
of the costimulatory receptors OX40 that hecome more pronounced
with stages Il and IV.

In 2000, Weinberg et al?? reported that injection of agonist
antibody anti-OX40 into tumor in mice cured 20-80% of the animals.

The mice that were cured following anti-OX40 were resistant to re-
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FIGURE 2 Percent values of (A) T cells/OX40+, (B) monocytes/OX40+, and (C) neutrophils/OX40 +in the peripheral blood of gastric
cancer patients with stages I-1l and IlI-1V. T cells from GC patients with stages | and Il have increased levels of OX40 costimulatory receptors
when compared with stages Ill and IV. The graphs are represented in medians and interquartile range (IQR 25-75th). Mann Whitney test was
performed for median analysis between groups. *P < 0.05. NS, No significant

challenge with the same tumor. These authors performed analyze on
OX40+ cells within resected tumors from patients with primary breast
cancer.?> OX40+ T cells were found in other tumor types such as
melanoma and head and neck cancers,2* which increased the possibility
of using anti-OX40 therapy.

Addition of OX40 expression on T cells, it's also present in platelets,
neutrophils and monocytes, among others. Its ligand (OX40L) is found in
antigen presenting cells such as B cells, dendritic cells, and macro-
phages.25 In 2014, Baumann et al?® showed that activation of
neutrophils/OX40+ by soluble OX40L resulted in delayed caspase-3
activation with in delayed neutrophil apoptosis in vitro, regulating
neutrophil survival. However, this study showed for the first time OX40
expression on monocytes of peripheral blood of patients with gastric
cancer. Possibly, the OX40 expressed on monocytes is responsible for
maintaining the survival of these cells, in the same way as for
neutrophils. Elevated levels of monocytes/OX40+ and neutrophils/
OX40+ in gastric cancer may be associated with increase in the
activation and migration of these cells for the tumor microenvironment.

Surgery, chemotherapy, and radiation therapy remain the
hallmark of primary treatment for patients with gastric cancer, but
little is known about the effect of these therapies on antigen
presentation and immunity.2” During cancer surgery, particular care
is to avoid disruption of the tumor and minimize release of cancer
cells; therefore, tumor antigen release during surgery may be

minimal.?” Most likely, surgery creates a valuable temporal window

where antigen is present in the draining lymph node and the
suppressive effects of the tumor have been removed.

Gough et al?® to understand the effect of surgical resection on anti-
immunity, developed a surgical model (sarcomas) that resulted in a local
recurrence rate of 50% following complete resection. Mice that remained
tumor-free following surgery were immune to inoculation with tumor.
They also demonstrated that if CD8 T-cells were depleted just prior to
surgery then the recurrence rate increased to 100%, showing immune-
mediated tumor control. If the mice were injected with anti-OX40 on the
same day as surgical resection, then all the mice remained tumor-free
after surgery.?® The data resulting from those experimental studies
suggest that microscopic tumor deposits present after surgical resection
may be controlled via tumor specific T cell responses and this immune
response was greatly enhanced by anti-OX 40 administrations.?®

Although the results are promising, however, our study has
limitations, including no evaluation of OX40 expression on T cells and
phagocytes in tumor microenvironment and in blood peripheral before
and after surgery. Another limitation is that the number of patients

enrolled was relatively small.
5 | CONCLUSIONS

Despite some limitations such as small number of patients, our original
findings suggest that of levels of costimulatory in T cells in patients

with GC will direct future studies on the role that costimulatory
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receptors play in the failure of T cell-mediated immunity. This is a very
preliminary report and that further confirmation of results with larger

patient cohorts is essential before definite conclusions can be drawn.
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Abstract:

Background and objectives: By modulating the immune system, platelets regulate several aspects
of cancer-associated pathology and activated platelets could influence the mechanisms linking the
CD40/CD40L system with neoplasia. Thus, the present study evaluated the activation level of
circulating platelets in gastric cancer (GC), the formation of circulating platelet-leucocyte conjugates
as well as the CD40L levels conjugate to leucocytes in GC patients Methods: Peripheral blood was
taken before surgical treatment from 34 patients with gastric cancer and 30 healthy controls.
Measurement of circulating platelet-leukocyte aggregates (PLAs) were performance by flow
cytometry using monoclonal anti-CD41a for label platelet and CD62p and CD40L to measure of
platelet activation. Results: We observed higher levels of platelet- T lymphocyte aggregate (P-T
lymp) and platelet-B lymphocyte aggregate (P-B lymp) in the peripheral blood (PB) of GC patients
with stage IV (metastatic) when compare with stages I-II, and control group (p<0,05). Reduced
levels of CD40L+ Platelet—total lymphocyte (P-lvmp) were observed at stage IV of the disease
(p=<0.05). High levels of CD62p+ platelets and CD62p+ platelets-monocyte aggregate were observed
GC patients (Stages I-IV) when compare to control group (p<0.05). Conclusion: The results of this
study allow us to conclude that quantitative alterations of platelet-lymphocytes aggregates (PLYS)
and CD40L+ on PLYS were associated to progression and metastasis in GC.

Keywords: platelet, CD40L, platelets-leucocyte aggregate; gastric cancer; flow cytometry.
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1. Introduction

Gastric cancer (GC) is responsible for 9% of cancer deaths worldwide. Over 950,000 new cases
are diagnosed each vear, and about 90% of them are in advanced stage, requiring some systemic
treatment [1][2]. Thus, it was valuable to explore the mechanism of gastric cancer progression such
as proliferation, migration and immune escape [3]. It is now becoming clear that the tumors
microenvironment, which is largely coordinate by inflammatory cells, is an indispensable participant
in the oncologic process [4]

There is growing evidence demonstrating an intimate relationship between platelets and cancer,
and the abundance of activated platelets in the microenvironment of a range of tumeors[5][6] The
interaction of platelets and tumor cells has been shown experimentally to influence metastasis as a
result of both physical asseciation and bidirectional activation [7].

Platelets modulate innate and adaptive immune responses with crucial roles in immune
surveillance, inflammation and host defense. An important pre-requisite for platelet-mediated
changes of immune functions involves direct engagement with different types of leukocyte [8] Under
hemostatic conditions, platelets generally do not bind to leukocytes. However, when activated,
platelets adhere to neutrophils and monocytes, and interactions with lymphocytes have also been
identified [9]. Binding between platelets and other cell types is primarily mediated by P-selectin (also
known as CD62p)[10]. P-selectin wvia its ligand, P-selectin glycoprotein ligand-1 (PSGL-1), has a
central role in the interactions between platelets, monocytes, neutrophils and endothelial cells. P-
selectin cross-links platelets and leukocytes and is a major mediator of platelet-leukocyte aggregate
formation [11].

Activated platelets also express CD40L (also known as CD154). The role of CD40/CD40L in
carcinogenesis is widely examined. The mechanisms linking the CD40/CD40L system and the soluble
form of CD40 ligand (sCD40L) with neoplasia are nowadays a topic of intensive research [12].
Platelets expression of CD40L has been shown to affect dendritic cells as well as B and T lymphocytes,
suggesting that it provides a communicative link between innate and adaptive immunity[13][11][9]
Studies on CD40L have exposed that it enhances antineoplastic immune response, inhibits tumer
growth, and induces apoptosis of cancer cells [14] [15]. Subsequent reports have suggested that in
many tumors, CD40 activation by its ligand results in a completely contrary situation, i.e.,
enhancement of tumor growth and progression [16] [17].

The study of platelet function in cancer patients has many challenges. Activated platelets and
aggregates seem to be crucially involved in cancer immunity and understand how it works in gastric
cancer could open new possibilities of biomarkers and treatment, moreover, several pro-tumorigenic
and cancer immunological relevant mechanisms can be addressed as well. The aim of the study was
the evaluation of circulating platelet-leukocyte aggregates (PLAs) and platelet activation in patients
with gastric cancer and compare PLAs levels regarding clinical stage.

2. Results
2.1 High PLAs levels of metastatic gastric cancer patients

The interaction between platelets and leukocytes, and endothelium can occur in various ways.
PLAs have been detected in the blood of humans with a variety of diseases and are now considered
as one of the most sensitive markers related to platelet activation.

This study, we observed reduced levels of T lyvmphocytes (T-Lymp) (Figure 1A) and increased
levels of Platelet— T lymphocytes (P-T lymp) and Platelet — B lymphocytes (P-B lymp) in peripheral
blood of gastric peripheral blood of gastric cancer patients with stages stage IV (metastatic) when
compare to stages I-III (no metastatic) and control groups (p<0,05*) (Figure 1B and D). No significant
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differences were observed in the levels of B lymphocytes (B-Lymp) between CG patients and controls
groups (Figure 1C).
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Figure 1. Percentage levels of: A) T lymphocytes (T-Lymp), B) Platelet — T lvmphocytes (P-T lymp);
C) B lvmphocytes (B-Lymp) and D) Platelet — B lymphocytes (P-B lymp) in peripheral blood of gastric
cancer patients with stages I-III (n=27), stage IV (n=7) and control group (n=30). Kruskal-Wallis test
was performed. *p<0.05. NS: No significant.

2.2 Analyses of the levels P-Lymp, P-neutrophils and P-monocytes with CD40L expression in
peripheral blood of CG patients

We observed high levels of platelet - total lymphocytes aggregates (P-Lymp) and reduced levels
of CD40+ P-lymp in blood of CG patients with stage IV compared to stages I-IIT and controls groups
(p=<0,05; Figure 2A and B). No significant differences were observed in the levels of Platelets-
neutrophils aggregate (P-neutrophils), CD40L+ P-neutrophils, Platelets-monocytes aggregate (P-
monocytes) and CD40L+ P-monocytes between CG patients and controls groups (Figure 2C-F).
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Figure 2. Percentage levels of: A) Platelet - Total lymphocytes aggregates (P-Lymp) B) CD40+ P-lymp;
C) Platelets-neutrophils aggregate (P-neutrophils); D) CD40L+ P-neutrophils; E) Platelets-monocytes
aggregate (P-monocytes); and E) CD40L+ P-monocytes in the peripheral blood of gastric cancer
patients with stages I-III (n=27), stage IV (n=7) and control group (n=30). Kruskal-Wallis test was
performed. *p=<0.05. NS: No significant.
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2.3 Analyses of the levels CD62p+ CD41a+, CD62p+ P-neutrophils and CD62p+ P-monocytes in blood
of GC patients

We observed high levels of activated platelets (CD62p+ CD4la+) and activated platelets-
monocytes aggregate (CD62p+ P-monocytes) in GC patients with stages I-III and stage IV when
compared to controls (p<0,05) (Figure 3A and 3C). No significant difference between in the levels of
CD6&2p+ P-neutrophils between CG patients and controls groups (Figure 3B).
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Figure 3. Percentage lewvels of: A) activated platelets (CDe2p+ CD4la+); B) activated platelets-
neutrophils aggregate (CD62p+ P-neutrophils) C) activated platelets-monocytes aggregate (CD62p+
P-monocytes) in peripheral blood of gastric cancer patients with stages I-III (n=27), stage IV (n=7) and
control group (n=30). Kruskal-Wallis test was performed. *p<0.05. NS: No significant.

3. Discussion

Flatelets, besides their specialized role in hemostasis and atherothrombosis, actively
modulate innate and adaptive immune responses with crucial roles in immune surveillance,
inflammation and host defense. An important pre-requisite for platelet-mediated changes of
immune functions invelves direct engagement with different types of leukocytes [8]. Flatelet
activation and concomitant degranulation enables platelets to engage with leukocytes via soluble
factors and physical interaction facdilitated by a variety of receptors [18]. Most importantly receptors
involved in direct interactions include platelet P-selectin (CD62p) and CD40 ligand (CD40L), as well
as PSGL-1, CD40 and Mac-1 (integrin aMp2, CD11b/CD18) on leukocytes [19].
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To the best of our knowledge, our study is the first to investigate the assodations between
parameters of platelet activation (CD62p+ and CD40L) as well as the associations of these biomarkers
with PLAS formation and GC. We observed a close correlation between the plasma levels of P-T lymp
and P-B lvmp and disease, espedially metastatic GC. Activated platelets play multiple roles in the
progression of tumor metastasis, including facilitation of tumor cell epithelial-mesenchymal
transition (EMT), degradation of surrounding extracellular matrix (ECM), increasing vascular
permeability, and aiding in the establishment of malignancies in distant tissues [20]. Besides that, we
find out the same levels of B-lymphocytes among the CG and control group and a reduction in T
lymphocyte levels in stage IV patients of the disease. Flatelet-released platelet factor 4 (FF4) that
inhibits T cell proliferation and regulates the functional activities of T cells via binding to
glycosaminoglycan and that could justify the results [21-26].

Despite the increase in levels of P- lymp found in CG patients with metastases (stage IV),
reduced levels of CD40L + P-lymp were observed at this stage of the disease, whereas patients
without distant metastases had higher levels of CD40L + P-lymp. Our results demonstrate that CD40L
immune responses at stage IV GC are involved in the progression and metastasis. Platelets are an
abundant and systemic source of CD40L. When platelets were reported to express functional CD40L,
itbecame intriguing to hypothesize that platelets could somehow participate in or influence adaptive
immune responses [27]. Platelets can directly stimulate proliferation and antibody production of B
cells in vitro via CD40L-mediated cell-cell contact. CD40L is identical in terms of structure and
physiological function to membrane bound CD40L expressed in activated T-lymphocytes and other
cells [28]. It can notably generate signals for the recruitment and extravasation of leukocytes. It
induces, through the engagement of CD40, the secretion of chemokines and the expression of
adhesion receptors in endothelial cells. It provides a powerful link between platelets and the immune
system: CD40L expressed on activated platelets induces dendritic cell maturation, B-cell isotype
switching, and augments CDB8+ T-cell responses in both in vitro and in vivo models [29][27][30][31].
The CD40 — CD40L interaction is very important for the host defense against cancer.

In this paper, we did not observe quantitative changes in P-monocytes, P-neutrophils, CD40L +
P-monocytes and CD40L + P-neutrophils in CG patients when compared to controls. On the other
hand, there was an increase in activated platelet levels (CD41a + CD62p +) and CD62p + P-monocytes
in CG patients (figure 3), with or without distant metastasis. The platelet-monocyte aggregates have
longer persistence in peripheral blood and were shown to be more sensitive markers of in vivo
platelet activation than other platelet surface markers. Platelets can induce production of pro-
inflammatory factors from other cells in the tumor microenvironment and in this way indirectly
promote recruitment of leukocytes to primary and metastatic tumors. For example, platelets have
been shown to induce CCL2 expression in tumor cells, and CCL2 can recruit monocytes that promote
metastatic seeding at distant sites [32-34].

The role of platelets in the progression of malignant tumors has gained attention, moreover, the
complex interactions among tumor cells, leukocytes, and platelets induced a specific expression
profile in microvascular endothelial cells, characterized by the up-regulation of several molecules
previously associated with metastasis including CCL5 [35]. The (RANTES)/CCRS pathway is
important for mediating physiological processes required for tumor invasion and progression [36].
Flatelets, together with leukocytes and tumor cells, induced CCL5 secretion from endothelial cells in
an experimental model of colorectal cancer, which enhanced metastatic seeding due to recruitment
of monocytes [37]. Metastasis is the major cause of cancer-associated meortality and therapeutic
options are limited since the underlying mechanisms remain incompletely understood. Cur studies
provide new insights into the molecular pathways that mediate progression of GC.

One of the most interesting results found in this study was the reduced level of T-lymphocytes
associated with metastatic stage of GC (figure 1). The decline in T-lyvmphocytes observed in gastric
cancer patients may reflect both reduced proliferation and clonal expansion, or exhaustion of T cells
with increased apoptosis these cells. Some immune checkpoints may be involved as well. Rolfes et al
2018 showed an increase of programmed death-ligand 1 (PD-L1) expression in crculating blood
platelets in head and neck squamous cell carcinoma (HNSCC)(33). PDLL binds to the immune
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checkpoint protein programmed cell death protein 1 (PD-1) expressed on antigen-specific CD8(+) T
cells, induce the exhaustion of T cells and increased apoptosis these cells. These authors also extended
to other cancer types and found increased FD-L1 expression on platelets from patients with lung
cancer [38]. What mechanism(s) might underlie the decline in T-lymphocytes upon the development
of GC? Thus, GC can lead to the long-term impairment of lymphoid homeostasis, a condition that
may need to be addressed for immunotherapy.

Although the results are promising, the number of patients enrolled was relatively small.
Prospective studies on larger cohorts of patients are needed to confirm the results aclueved and
further studies need to elucidate and confirm meore precisely the roles and mechanisms for CD40L
during the gastric cancer development. Since CD40L and CD40 molecules are strong immune
stimulators, they are considered useful in anticancer therapy [39]. However, understanding the
balance between the benefits and risks are crucial to the best approached.

4. Materials and Methods
4.1 Study and subjects

This is a cross-sectional study performed in CG patients undergoing treatment for potentially
curable in Hospital Cancer Pernambuco between 2017 to 2018. Laboratory analysis was in the
Translational Research Laboratory of the Instituto de Medicina Integral Prof. Fernando Figueira.
(IMIP) The inclusion criteria in this study was histologically confirmed adenocarcinoma of the
stomach and all patients were newly diagnosed cases and none of patients had received
chemotherapy, radiotherapy or immunotherapy before sampling. We collected information on
clinical characteristics of the patients prospectively. Cancer Staging was performed according to the
7th edition of the American Joint Committee on Cancer TINM criteria [40]. The study protocol was
reviewed and approved by the Hospital de Cancer de Pernambuco Ethics Research Committees
(CAAE: 66228917.5.0000.5203).

Peripheral blood was taken before surgical treatment from 34 patients with gastric cancer (10
women and 24 men, aged 31-89 years), In all the gastric cancer patients adenocarcinoma in I (14,8%),
I (32,35%), I (32,35%) and IV (20,5%) stages according to UICC/TNM classification was found.
Histopathological gastric cancer classification according to Lauren revealed intestinal type cancer in
28% of the patients, diffuse cancer in 56 %, and no determinate in 16% of the cases. Lymph node
involvement were detected in 63% of the cases, and distant metastases in 20,5% of the patients. In
72% of the patients was determined as G3, and in 28% - G1/G2 (Table 1). None of the patients
performed radiotherapy or chemotherapy before peripheral blood collection. Individuals with
autoimmune disease, infectious diseases and primary cancer were excluded. The basic patient
demographic characteristics are summarized in table 1.

Control group were 30 healthy persons (10 women and 20 men), aged 30 — 85 years (median 53
vears). These volunteer donors had not been on any medication including aspirin or non-steroid anti-
inflammatory drugs during the previous two weeks. Controls subjects who were referred had no
previous history of malignancy or auto-immune disease.
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Table 1. Basic characteristics of CG patients (n=34)

PATIENTS CHARACTERISTICS N=34 (%)
AGE

Median (range) 51(31-89)
SEX

Male 24 (70,5)

Female 10 (29,5)

LYMPH NODE INVOLVEMENT

Negative 10 (37)

Positive 17 (63)
DISTANT METASTASIS

No 27 (79,5)

Yes 7(20,5)
TNM STAGE*

I 5(14,8)

I 11 (32,35)

1} 11 (32,35)

v 7 (68)

HISTOLOGIC GRADE

Differentiated (G1/G2) 10 (28)

Undifferentiated (G3) 24 (72)
LAUREN CLASSIFICATION

Intestinal 9(28)

Diffuse 19 (56)

No determinated 5(186)

Values are presented as number (%) or median (range). *Classification according to the American
Joint Committee on Cancer 7th edition.

4.2 Sample Preparation

Venous Blood samples were collected in EDTA tubes and maintained at 4 oC until being
processed within 60 minutes of collection. Immunophenotyping of peripheral blood was performed
by flow cytometry on a BD FACSVerse™ (BD Biosciences). For sample preparation, we performed
the protocols described by Harding, et al (2007), Bournazos et al (2008) and Macey et al 2002 [41-43].

4.3 Measurement of circulating platelet-leukocyte aggregates (PLAs) by flow Cytometry

Two milliliters of red blood cell lysis buffer (FACS Lysing Buffer; Becton Dickinson, Mountain
View, CA, USA) was added to a 50-¢L aliquot of peripheral blood, incubated for 20 min at room
temperature, and protected from light. Next, 2 mL concentrated 1» phosphate-buffered saline (PBS)
was added to wash the cells, and samples were centrifuged at 300 x g for 5 min at 20°C. Was added
five microliters of monoclonal anti-CD3 for label T Cells, anti-CD20 for label B cells [44] anti-CD41a
(GpIIb/Illa) for label platelets, anti-CD62p (GMF 140) and anti-CD40L for label platelets activation,
anti-CD16 for label neutrophils [45] and anti-CD14 for label monocytes [46] (BD, Pharmigen, San
Diego, CA, USA) and incubated at 20 oC for 20 min in the dark, as described by Granja T, et al. 2015)
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[47][48]. Washing of cells was performed with 2 mL Phosphate Buffered Saline (PBS) (1x), and cells
were then centrifuged at 300 » g for 5 min at 20°C. The flushing procedure was repeated twice. After
washing, the supernatants were discarded, and the cells were analyzed with 250uL saline on a flow
cytometer (FACSVERSE; Becton Dickinson, Sunnyvale, CA, USA). For flow cytometry, 20,000 cellular
events were acquired, and the results were analyzed by FACSuite program (Becton Dickinson).

The CD4la antibodies were used for platelet labeling and CD62p to measure percentages of
platelet activation. Platelet - Total lvmnphocytes aggregates (P-Lymp and CD40+ P-lymp) was
performed using anti-CD41a and anti-CD40L on total lymphocytes gate. Platelet — T lymphocytes (P-
T lymp) was performed using the monoclonal anti-CD3/anti-CD41a; Flatelet — B lymphocytes (P-B
lymp) was performed using the monoclonal anti-CD20/anti-CD41a; platelet-monocyte aggregates (P-
monocytes and CD40+ P-monocytes) were analyzed by labeling with monoclonal antibodies anti-
CD41a, anti-CD14 and anti-CD40L in monocytes gate, Platelet-neutrophil aggregates (P-Neutrophils
and CD40L+ P-neutrophils) with monoclonal antibodies anti-CD41a, anti-CD16 and anti-CD40L in
granulocytes gate. For T and B cell immunophenotyping, were used monoclonal antibodies anti-CD3
(T Lvmp) and anti-CD20 antibodies (B-Lymp), respectively. Analyzes were expressed as percentages
(%e)-

4.4 Statistical analysis

Statistical analvsis was performed using GraphFad® Prism 7 (GraphPad Software Inc., USA).
All variables were analyzed in terms of normality using Shapiro-Wilk normality tests. Kruskall-wallis
U-test were used to analyze quantitative variables. Quantitative data are expressed as median and
interquartile interval (IQR 25-75). Categorical wvariables are expressed as number (N) and as
percentage (%). A value of p<0.05 was considered significant.

5. Conclusions

In conclusion, understanding the platelet activation pathways and potential biomarkers could
promise new diagnostic and therapeutic possibilities in monitoring the disease activities and
responses to treatment. Because platelet-tumor cell interactions induce platelet activation and
aggregation, it is reasonable to interfere with this process as a therapeutic intervention. Therefore,
platelets are a promising therapeutic target for the attenuation of metastatic events in GC. We have
dissected some mechanisms (CD40L) governing the interplay between T lymphocytes cells and the
immunosuppressive microenvironment. Most significantly, we have found distinct way of immune
regulation in gastric cancer that can be exogenously manipulated to cancer immunotherapy.
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5  CONSIDERACOES FINAIS

Este trabalho proporcionou o conhecimento dos parametros epigenéticos e da
resposta imune dos pacientes com neoplasia gastrica atendidos no Servico de
Cirurgia Oncologica do HCP/PE.

Nos ultimos anos, houve um numero crescente de estudos funcionais de
miRNAs usando tecnologias experimentais e ferramentas de bioinformatica que
produziram uma grande quantidade de dados de alta qualidade em relacao aos genes-
alvo de miRNA e suas interagdes. Esses ricos conjuntos de informagdes permitiram a
criacdo de redes abrangentes ligando miRNAs a vérias entidades biologicamente
importantes para esclarecer suas fungdes coletivas e mecanismos regulatorios.

Para conhecer mais sobre o papel dos miRNAs estudados em nossa amostra,
foi realizada uma analise de vias bioldgicas relacionadas aos genes- alvo destas
moléculas, entretanto, foram considerados separadamente os alvos de miRNAs
reprimidos em cancer gastrico € o induzido na doenca. Foram descritas varias vias
enriquecidas para os alvos de miRNAs sub- e superexpressos, respectivamente,
sendo algumas delas comuns aos dois grupos, como Gap junction, mRNA
surveillance pathway, GnRH signaling pathway, proteoglycans in cancer, Ras
signaling pathway, pathways in cancer, pancreatic and colorrectal cancer ¢ TNF
signaling pathway, sendo a maioria relacionada a sinalizagdo celular. Isso mostra
que, possivelmente, diferentes genes codificantes de proteinas de uma mesma via
biologica apresentam uma expressao reduzida ou aumentada, e, dependendo de sua

funcdo, podem estar contribuindo para um desequilibrio nos processos celulares
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normais caracteristicos da linhagem de células T, por exemplo, além de colaborar
com a desregulagdo de redes de interacdo entre varias vias do sistema imune.

Além disso, muitas vias e genes-alvo dos microRNAs diferentemente
expressos mostraram-se efetivamente afetadas, tais como a via do TNF. Os
resultados de alteracdes de expressao de proteinas OX40 e CD40L (familia do TNF)
nas células do sistema imune ratificam os resultados das analises prévias.

Os microRNAs estdo emergindo como reguladores cruciais das respostas
imunes (HOU et al. 2009), e sua expressdo e/ou fun¢do anormal no sistema
imunolégico tem sido associada a multiplos canceres. Assim, se a maioria dos
canceres ¢ caracterizada por uma desregulacdo da expressio miRNA e da resposta
imune, ¢ se ha uma correlacdo entre essas alteragdes, serd que a restauracdo do
miRNome global pode ser uma abordagem atraente na terapia do cancer? Em
conclusdo, uma melhor compreensido da funcdo dos miRNAs tem fornecido novos
insights sobre as bases moleculares da neoplasia gastrica e permitindo o
desenvolvimento de novas possibilidades de tratamento. Novos avangos no campo
experimental trardo melhorias no campo computacional, que, por sua vez,
proporcionarao adicionais progressos aos métodos laboratoriais, num ciclo promissor
que produzird nos proximos anos um crescimento significativo no conhecimento de
diversas atividades celulares importantes que ainda necessitam de elucidagao.

Outro ponto interessante foi a identificacdo do aumento de expressdo de
CD62p+ das plaquetas e agregados plaquetarios nos pacientes com neoplasia
gastrica, especialmente no contexto metastatico. Os agregados monocitos-plaquetas
foram detectados no sangue de humanos com uma variedade de doengas (YIP et al.

2013; STEGNER et al. 2014) e agora sdao considerados como um dos marcadores
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mais sensiveis e promissores relacionados a ativagdo plaquetaria. Os agregados
plaquetarios ativados poderiam ser utilizados como biomarcadores de atividade
tumoral na neoplasia gastrica? Abre-se mais uma nova perspectiva para futuras
pesquisas.

Estudos prévios ja haviam descrito a participacdo das plaquetas nos
mecanismos de metastase tumoral (ABBASCIANO et al. 1995; STEGNER et al
2014). Entretanto, pela primeira vez, foi revelada uma possivel interface da ativagao
plaquetaria e mecanismos de regulacdo de células imunes na neoplasia gastrica, o
que poderia justificar alguns mecanismos de escape. O papel das plaquetas na
resposta imune inata tem sido reconhecido ha varias décadas. Entretanto, o papel das
plaquetas na resposta imune adaptativa estd emergindo e nao foi claramente
elucidado.

Viarios estudos sugerem que as plaquetas e seus produtos influenciam a
imunidade adaptativa e desempenham papéis significativos na formacao da resposta
imune (ELZEY et al. 2005; RAMADAN e PACZESNY 2015). Por exemplo, foi
demonstrado que as plaquetas expressam (CD40L), uma molécula critica para a
modulacdo da resposta imune adaptativa. A ligagdo de CD40L de células T a CD40
em células dendriticas (DC) promove a ativagdo destas ultimas, com a consequente
melhor apresentacdo de antigenos. A auséncia ou diminuicdo de expressdo de
CD40L afeta tanto as respostas imunes humorais quanto as mediadas por células
(ELZEY et al. 2011). Nossos resultados sugerem falhas nesses mecanismos
imunoldgicos, especialmente nos pacientes metastiticos, e abrem novas

possibilidades de intervencdes terapéuticas.
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Por sua vez, o objeto de estudo deste projeto ¢ de grande interesse para a
oncologia pela necessidade da descoberta de biomarcadores e pela utilizacdo
crescente de tratamentos visando respostas imunes mais efetivas. A imunoterapia foi
considerada, em 2016, pela Sociedade Americana de Oncologia Clinica (ASCO),
como 0 avango mais promissor contra o cancer, e a presente tese abre varias novas

perspectivas de pesquisas em diferentes pontos da regulagdo do sistema imune.
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CONCLUSOES

Com o presente estudo, conclui-se:

Existem microRNAs diferentemente expressos (miR-196b-5p, miR-374-5p ¢
miR-375) no tumor gastrico, estando envolvidos com a expressdo de
genes/proteinas associados a importantes vias de sinalizacdo da resposta

imune;

A expressao de OX40 nos linfocitos T mostrou estar associada a progressao

tumoral no CG;

As alteracdes dos niveis de agregados de plaquetas-linfocitos T e plaquetas-
linfocitos B, e de expressdo de CD40L foram associadas a progressdao e

metastase no GC;

Os pacientes com metastases a distdncia apresentaram alteragdes dos
mecanismos moleculares (miRNA) e celulares avaliados neste estudo,
estando esses mecanismos envolvidos na regulagdo e ativagdo da resposta

imune.
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Apéndice 1 - Termo de Consentimento Livre ¢ Esclarecido-TCLE

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto de Pesquisa “PERFIL DE AGREGADO PLAQUETARIO CIRCULANTE E
DA EXPRESSAO DE MEDIADORES INFLAMATORIOS NO CANCER
GASTRICO”

Convido o senhor (a) a participar deste estudo:

Nome do participante:

O trabalho tem por finalidade avaliar o perfil de agregado plaquetario circulante e da
expressao de mediadores inflamatérios em pacientes com neoplasia gastrica, visando
substancias com potencial terapéutico (de tratamento). Por isso estd sendo
convidado a participar de um projeto que envolve a de uma pequena aliquota
(amostra) de sangue periférico. Para que vocé possa decidir se quer participar ou nao
deste projeto, precisa conhecer seus beneficios, riscos € consequéncias. Apos receber
todas as informacgdes abaixo vocé poderd fornecer seu consentimento por escrito,
caso queira participar.

PROPOSITO E OBJETIVO DO PROJETO

Este projeto ¢ um esforco conjunto entre pesquisadores para utilizar os recentes
avancos na medicina na tentativa de diagnosticar precocemente casos de cancer de
estdbmago, como também buscar solugdes que facilitem o tratamento dos pacientes
com cancer gastrico.

PROCEDIMENTOS DO ESTUDO

Se concordar participar deste estudo serd necessario coletar amostras do sangue da
veia, totalizando um volume de 10ml, aproximadamente uma colher de sopa de
sangue. Vocé nao precisara ser submetido a nenhum procedimento a mais para
participar desta pesquisa ja que poderemos aproveitar o mesmo tecido que sera
utilizado para fazer o seu diagnostico. Este material serd armazenado em
“congeladores” no Laboratorio de Pesquisa do IMIP até o momento de ser utilizado
na nossa pesquisa. Além disto, serdo pesquisadas informagdes no seu prontuario,
como por exemplo: idade, tipo do tumor e estagio do tumor ap6s a cirurgia.

PARTICIPACAO VOLUNTARIA



Caso voce nao deseje participar deste projeto de pesquisa, basta que vocé€ nao assine
este Termo de Consentimento e nenhuma amostra serd utilizada nem os seus
registros médicos serdo consultados. O seu tratamento serd exatamente o mesmo
caso vocé participe ou nao deste estudo. Nao havera risco adicional para a obtencao
de amostras para o presente estudo. Durante o projeto vocé terd o acompanhamento
normal junto ao seu médico do HCP que ¢ responsavel pela sua assisténcia.
BENEF{CIOS

Nao haverd beneficios imediatos a vocé, porém a sua participagdo neste estudo
podera contribuir para o entendimento de casos como o seu no futuro. Este estudo
podera, no entanto, resultar em beneficios para outros pacientes que terdo o
diagnostico de cancer de estdmago e que irdo fazer o tratamento.

RISCOS

Ao participar dessa pesquisa dessa pesquisa o risco e desconforto serdo minimos. O
desconforto podera ser sentido durante a pun¢do venosa para coleta do sangue. Os
riscos, se ocorrerem serdo minimos por se tratar de uma pungao venosa no antebraco.
Reagdes locais poderdo ocorrer, tais como: hematomas e muito raramente inflamagao
na veia puncionada. Nestes casos, os voluntarios da pesquisa serdo devidamente
orientados por profissionais qualificados da Institui¢do tanto no ambulatério de
cirurgia oncologica ou no Servigo de emergéncia do HCP em caso de necessidade.
CARATER CONFIDENCIAL DOS REGISTROS

Além da equipe de saude que cuidara de vocé, seus registros médicos poderdo ser
consultados pelo Comité de Etica do Hospital do HCP e equipe de pesquisadores
envolvidos. As amostras de tecido serdo processadas de tal forma que sua
privacidade e identidade sejam preservadas. Seu nome nao sera revelado ainda que
as informagoes de seu registro médico sejam utilizadas para propositos educativos ou
de publicagdo, que ocorrerdo independentemente dos resultados obtidos. Os
pacientes poderao ser informados dos resultados obtidos nos testes laboratoriais.
TRATAMENTO MEDICO EM CASO DE DANOS

Caso haja a necessidade de atendimento médico, durante ou apds este estudo, este
ficara a cargo da instituicdo. Seu tratamento e acompanhamento médico independem
de sua participacdo neste estudo.

CUSTOS



Vocé nao tera qualquer custo ou forma de pagamento pela participacao no projeto de
pesquisa. A participagdo no projeto € voluntaria e vocé ndo sofrera nenhuma
penalidade caso ndo autorize a sua participagdo. Todo o seu tratamento e
acompanhamento médico serdo os mesmos, independente de sua decisdo de autorizar
ou ndo a participagdo no projeto. Os pacientes ndo terdo nenhum custo pessoal
durante a realizagdo do trabalho, incluindo exames ¢ consultas. Nao havera
compensagdo financeira para os pacientes. Em caso de dano fisico, diretamente
causado pela coleta de sangue, o participante tem direito a tratamento médico no
Hospital do Cancer de Pernambuco.

BASES DA PARTICIPACAO

E importante que vocé saiba que a sua participagdo neste estudo é completamente
voluntaria e que vocé pode recusar-se a participar ou interromper sua participagdo a
qualquer momento sem penalidades ou perda de beneficios aos quais vocé tem
direito. Em caso de desisténcia, a equipe assistente deve ser comunicada e a coleta de
amostras para os exames relativos ao estudo serd imediatamente interrompida. Este
TCLE seré assinado em duas vias, sendo uma retida pelo pesquisador responsavel e
outra com o participante da pesquisa, conforme resolu¢do CNS 466 de 2012.

O médico responsavel por sua internacdo pode interromper sua participacdo no
estudo a qualquer momento, mesmo sem a sua autorizagao.

GARANTIA DE ESCLARECIMENTOS

Nos estimulamos a vocé ou seus familiares a fazer perguntas a qualquer momento do
estudo. Neste caso, por favor, ligue para o Dr. Mario Rino Martins no telefone (81)
96077665. Se voceé tiver perguntas com relagdo a seus direitos como participante do
estudo clinico, também pode contar com uma terceira pessoa imparcial, o Comité de
Etica em Pesquisa do HCP ou se vocé tiver alguma consideracio ou divida sobre a
ética da pesquisa, entre em contato com o comité de Etica em Pesquisa do HCP na
Avenida Cruz

Cabuga 1597, Santo Amaro, Recife - PE (Telefone: 81 32178005). Horario: segunda
a sexta, das 8h as 12h e das 14h as 16h.Avenida Cruz Cabugéd S/N, telefones (81)
32178005. Email: cep@hcp.org.br.

CONSENTIMENTO



Acredito ter sido suficientemente informado a respeito das informagdes que li ou que
foram lidas para mim, descrevendo o objetivo e os testes laboratoriais que serdo
realizados neste trabalho.

Ficaram claros para mim quais sdo os objetivos do estudo, os testes laboratoriais que
serdo realizados, seus desconfortos e riscos, as garantias de confidencialidade e de
esclarecimentos permanentes. Ficou claro também estou isenta de despesas e que
terei a garantia do acesso a tratamento hospitalar quando necessario. Concordo
voluntariamente em participar deste estudo e poderei retirar 0 meu consentimento a
qualquer momento, antes ou durante o mesmo, sem penalidades ou prejuizos ou
perda de qualquer beneficio que eu possa ter adquirido ou no meu atendimento neste
Servigo.

Declaro estarem claros para mim quais s3o os objetivos desta atividade, como
participarei, que terei garantia de confidencialidade e a certeza de que obterei
esclarecimentos a qualquer momento, bem como retirada deste consentimento a
qualquer momento. Estou ciente que minha participagdo ¢ isenta de despesas ou

ganhos financeiros e que isto nao ira interferir no meu tratamento.

(nome e contato do familiar ou representante legal)

o
Nome e assinatura do paciente Data

/-
Assinatura do Responsavel Legal/Testemunha Imparcial Data
Recife, / /

Dr. Mario Rino Martins

Pesquisador Responsével



Apendice 1 - Questionario de pesquisa

QUESTIONARIO DE PESQUISA -
ADENOCARCINOMA GASTRICO

CRITERIOS DE ELEGIBILIDADE

Responsavel pela coleta dos dados: Data da coleta:
/ /

Nome do paciente:

Hospital de origem: (1) IMIP  (2) Hospital do Cancer Data da matricula:
/ /

Data de Nascimento: / /

Verificagdo dos critérios de elegibilidade:

Idade [] 18 anos (1) Sim (2) Nao

Diagnostico confirmado de adenocarcinoma de estomago (1) Sim (2) Nao

Auséncia de historia pessoal de cancer prévio (1) Sim (2) Nao

Auséncia de historia pessoal de segundo tumor primario sincronico (1) Sim (2) Nao

Auséncia tipo tratamento oncoldgico prévio (1) Sim (2) Nao

Nas questdes anteriores, respondeu SIM a todos: (1) Sim (INCLUSAO) (2) Nao

(EXCLUSAO) A

Assinou o Termo de Consentimento Livre e Esclarecido: (1) Sim (INCLUSAO) (2) Néo

(EXCLUSAOQ)

ENTREVISTA NO INICIO DO ESTUDO

Responsavel pela coleta dos dados: Data da coleta:
/ /

N° do Prontuério:

Residéncia (cidade e estado): Naturalidade:

Sexo (1) Masculino (2) Feminino

Qual foi a data aproximada do primeiro sintoma relativo ao cancer? / /

COLETA DE DADOS NO PRONTUARIO

Informacdes Clinicas

Data da confirmacao diagnostica de cancer (BPO): / /

Data da primeira consulta no servico: / /

Classificacdo de Lauren: (1) Tipo intestinal, (2) tipo difuso (3) misto

Localizagéo do tumor: (1) JEG (jungdo esdfago gastrica)  (2) Fundo gastrico  (3)Corpo géstrico
(4) piloro

Data do inicio do tratamento: / /

Estadiamento cirudrgico:

Estadiamento patologico: (DI QIA 3)IB @AIIA (5)IIB  (6)IIIC NIV
(8) Sem Informagéo

Presenca de metastases: (0)MO0 (1)M1  Local:

INFORMACOES DO TRATAMENTO

Indicacéo do tratamento inicial: (1) Curativo  (2) Paliativo (9) Sem
Informagéo
Margens Livres: (1)Nao (2)Sim (9) Sem
Informagéo
NUmero de linfonodos comprometidos (9) Sem
Informagéo

Tipo de cirurgia: (1) Gastrectomia total (2) Gastrectomia parcial ~ (3) paliativa
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Abstract

CGastric cancer (GC) is the second most
common cause of cancer-related deaths in
the world. This study aims to investigate the
differential tissue cxpression of pplalM Ac-
T15 and to evaluate its possible association
with clinical-pathological pamametes and
outcome of gastric  adenocarcinoma
patients. For these 70 patients were evaluat-
cd the expression by immunch i o chemistry
to pplaalMNACc-T1S. Our results showod that
33 {47.1%) patients were pplalMNAc-TI5+
positive and 37 {52.9%) negative. Positive
staining for pplalMNAc-T15 was signifi-
cantly present in patients older than 60
years {P= 0.0306) and submitted to total
gastrecomy (P=0U0ET). Also, some results
romained at the limit of significance as sur-
gical standing (P = 0.0562) and histological
grade (P=0.0549). Themefore, the
ppGalMAc-T15 immunoreactivity can bhe
usefil to understand the prognogis of
patients with gastric cancer.

Introduction

Ciastrie cancer {(#7) is a heterogenoous
discase and the endpoint of a long multistep
process largely influcnced by Helicobacrar
pwlor infection, genetic susceptibility, and
envimnments] factors, Despite the docrease
in incidence, avoidance of gasiric camcer
remaing a priorty.'? Gastric camcinoma
demonsiraies markod heterogencity at both
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amchitectural  and  oytologic  lewel™*
Acconding i the World Health Organization
guidelines, GC can be classified in four
major histologic patems of gasiric cancers:
tubular, papillary, mucinous, poorly cohesive
and others uncommaon histologic variants.*

Many secretory and cell surface pmo-
teins are modified through the addition of
carbohydraie portion formed by mucin-type
-linked olignsacchande structures, present
in organs that have seemetory characteristics
like the stomach? The biosynthesis of
mucin-type O-linked oligosaccharides is
catalyzed by UDP-GalMAc: polypeptide M-
acetylgalaciosaminy transferases {ppdialMAc-
Ts), an enzyme family responsible for rans-
forring GalMAc from UDP-GalMAc to a
serine or threonine residue on the polypep-
tide acceptor.” A total of 20 human (GalN Ac-
T gene entrics are available, in which 17
have been chamcterized.® Several isoforms
am expressed in various tissucs and cat-
alyze a broad spectrum of substmtes
{pplEalMAC-T1, T2), whereas the other so-
forms are mone restricted in oxpression
and'or in substrate preference {pplralMAc-
T3, T4, T7, T%, T11 and T13)*

ppGalMNAc-T1S is mainly detected in
Golgi apparatus where the ensyme cat-
alyzes its reaction but, also can be founded
on endoplasmatic reticu im., Your transcript
iz bmadly cxpressed in various tissues,
manly in small intestine, nervous and
fiema le re poodu ctive system s ' This encyme
has a homologous sequence to pplalM Ac-
T2, however it exhibits different substraie
specificities and diverges in the number of
(alMN Aes they incomporate into the accepior
peptide.” In addition, there is little informa-
tion about pplalMNAc-T15 importance on
maintenance and development of normsal
and nooplastic cells. The dinical relevance
of immunoreactivity of pp-GalNAc-TI1S in
gastric cancer and nomal tisswes was eval-
uated in this study.

Materials and Methods

Samples

Seventy patients sample of primary gas-
tric adenocarcinoma, diagnosed heotween
2013 and 2016, were selocted from the
Service Registry of the Pemambuco Cancer
Hospital. All samples obtained from this
service were approved by the Certificate of
Presentation  for  Ethical Assessment
{CAAE: 39976214, 90000.5205). Following
vanables were collected in medical chans:
age, se, extension of the surgery per-
formeed, thempeutic modality, surgical stag-
ing, lymph node involvement, histological
grade, submizzion to chemothermpy and
radiation therapy, and recurence.

[European Journal of Histochemistry 2018; 62:2931]
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Immunohistochemistry

Biopsy slices {4 pm) wem
deparaffinized with xylol and rehydrated in
graded ethanol (100%, 95%, 80% and
TG, Antigen retricval was done using 100
mM citrate buffer, pH 6.0, Endog enous per-
oxidase blocker was porformod with hy dmo-
gen peroxide followed by blocking the non-
specific binding  {phos phate-buffered
zaline-1% bovine serum albumin PRS-
BSA). Incubation of samples was per-
formed with polyclonal primary antibody
anti-ppalNAc-TIS (CUSABIO) 1:100
with 1% FBS-BSA for 18 hat4°Cor 2hat
37°C. The amplification system | Easylink
On, ImmPRESS ™ and DAKO
EnVision™) was applied. Reaction was
visualized with diaminobenzidine (DAB-
H.(L) and tisswes weore counterstained with
hematox ylin, Positive control was used fol-
lowing the antibody manufacturer’s desig-
nation and the negative controls were extab-
lished by replacing the primary antibody
with anti-human Igl (Dako) antibody
{Supplementary Figure 1),

Image analysis

Histomaorphological analysis was per-
formed with an inicgrated image system
{BIOPTICA B20) microscope coupled to a
CMOS camera {2584 x 1936 pixels resolu-
tion) with [SCapture image capture sofi-
ware and objectives 20w and 40n for image
acquisition. Semi-guantitative analysis of
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the stained cells was done using immumdaone-
active score (IRS) classification' by ana-
Iyzing 5 random fields in each slide. The
score evaluation was done by two inde-
pendent evaluators through the analysis of
images at 200x magnification, and the
results expressed as negative, weak, inter-
madiate and sirong staining | supplementary
Tahle 17.

Statistical analysis

Smtistical analysis we camied out con-
sidering the resuls pozitive for pplalMac-
T15 when the staining was weak, niermedi-
ate or strong. Fisher's exact test was per-
formed in GraphPad Prism version 6.0,
P05 was considerad significant. Analysis
of outcome was evahiated through log-rank
meethod and Kaplan-Meyer survival curves.

Results

(astric cancer patients included in this
shudy had a mean age of 3942129 (range =
30-B9) years and 4 7 {66.1%) were male and
24 {33.9%) were female, Evaluation of
prEalNAC-T1S uwsing immunchisiochem-
iiry in paraffin sections of a series of 7O
in 33 {47.14%) cases and in 37 (32.B6%) ik
ahsence. Among these samples 12 had weak
staining, 16 intermed iate and 5 strong.

The four hisiological lesions of gastric
cancer wene found in this study (Figure 1 A-
). These lesion types wene present in indi-
vidual samples and simultaneously in the
same sample. [mmunochistochemical analy-
sis showed that (23/70) 32.86% of the sam-
ples had a cytoplasmic staining patbern
while { 100700 14,29% presented a combina-
tiom of cytoplasm ic, nuclear and perimeclear
staining {Figure 2). Thiny-four patients
{48.6%) exhibit samples with normal gas-
tric glands areas. This non-cancerous gas-
tric tissue showed expression in 24 cases
with cytoplasmic staining restricted to hasal
portion {Figure 3 C,D). When comparing
enzyme staining between tumor and its
adjacent normal arca the patterns ane well
heterog eneous {Supp lementary Tahle 2).

Smtistics analysis revealed significant
association between the pplalNAc-TI1S
immunorcactivity and the parameters age
(P= 0.0306) and extension of the surgery
performed (P<005). Association with sur-
gical staging (P=0.0562) and histological
grade {P=0.0549) was close to significance.
Of analyzed samples 32 (31.42% ) were pos-
itive for ppEalNAc-T15 and belonged to
patients older than 60 years, while 23
(32.E5%) were ppGalMAc-T15  and
younger than 60 years, In relation to the
extension of surgery peorformed, 235

OPEM a ACCESE
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{35.71%) samples  that expressed
prialMAc-T15 was obtained from a total
gastrectomy, while 21 {30%) =samples
prialMAc-T 15 negative came from partial
gastreciomy {Table 1). In the paired analy-
sis of total positive cases, tumor shining
with adjacent normal tissue showed mark-
ing concordance in 17 cases (51 51%), and
the remaining 16 (48.48%) cases wore dis-
cordant. Associations with owverall patient
survival 496 days for the negative group
and 414 days for the positive group
{P=00667 2) and relapse-free time 11 months
for the negative group and 12 months for
the positive group {P=06195) do not show

statistics
Figure 2).

significance  (supplementary

Discussion

Changes in the glycosylation patterns
occuron cell surface and secreted glycopmm-
teins during cancer fumdrigenesis and pro-
gression. Modificatons in glycos ylrans-
ferase andfor glycosidase expression, activ-
ity, and structure play a key mole in the onset
and progression of cancer, epithelial-mes-
enchymal  transition  (EMT),  and
metastasis.?

Table 1. Association analysis of ppGalMAc-T15 expression with clinicopathological fea-

tures of gastric cancer patients.

Clhnicopathological ppBallie-T15) ppGalMAcTI5H P value

features n (%) n (%)

Age (years)
=Gl 22 (31.42) 13 (185T) 006"
=il 121714} T3 (32E5)

Sax
Female 10/ {14:28) 14 (20) [
Male 24 (M4:28) 314D

Surgery
Tital gastroctomy 25 (3571) 15 (2142) 0.00ET*
Partial gastrectomy §{12.85) KN

Neoadpnant treatment
1 32 (450T) e TR TN 1.0000*
L1 2 (185) 3(438)

Surgical staging (THM})
{land I) 5{7.4) 13 (185T) 0.6
{1l and IV} 20 (41.42) 3 (3285)

Lymph node imolement
Yes 24 (3428) FINE )] D:3260*
Mo 10 (14.28) 15 (2142)

Positvefretrieved (Noderatic)  4R18.45 4918104 (.5238

(028) (034

Lymphedenectomy
m 16 (22.86) 15 (2143) 0GET
0z 18 (25113 19 (27.14)
I 0 1(155)

Lauren classification
Intestnal 18 (2647} 16 (2353) (4664
Diffuse 14 (20.50) KUy

Histodogical grade
Gl + Gl | 13 (1857) D4
Gl 13{1 13 (32 85)

Chemotherapy
Yes 19 (27.14) ) (285T) 1.0000*
No 15 (21.42) 16 (22.85)

Radictherapy
Yes 12{17.14) 10 (14-28) .60Ee*
No 22 (31.42) 6 (3T 14)

Recurrence
Yes 710} 9(1285) 0.Tmes.
Ne 27 (385T) IT(RET)

*Fisher's exact test.

[European Journal of Histochemistry 2018; 62:2931] [page 173]
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(mlNAc transferases (GALNTs) are
crucial (-glycosyltransferases that initiate
the fomation of mucin-type O-glycan are
differentially expressed in various tissues.
This enzyme transfers GalNAc from UDP-
GalNAc to a serine or threonine residue on
the polypeptide acceptor mucin-type O-gly-

cosylation processing, forming the T anti-
gen” Thie glycoconjugate is an immature
structure that is modified or elongated to
produce O-glycans like mucin. In some
tumor ¢ells, O-glyeosylation iz d mmatically
altered, resulting in expression of incom-
plete O-glycans, as represented by the Tn

o

and STn antigens'™ These structures ane
markers for poorly differentiated adenocar-
advanced cancer, invaszive and highly pro-
liferative twmors, metastasie and a poor
clinical owtcome. ' Here, we show that the

1. Histological dassification of pastric cancer evidenced
ﬁhw-w&wwmhwdrwmhb: and

Scale bars: A-E) 200 pmy F) 100 pm.

T15
delimited mucine region ().

areas of
gastric glands.

[page 1T4]
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ppialMAc-T1S expression was present in
approcimately half of the GO samples, pre-
senting a gencral cytoplasmic pattern, and
in smaller percentages, nuclear, perinuclear
and membrane staining. Ohservation of
NON-CAncenlus gastric tissue revealed the
same cytoplasmic profile but resricted to
haszal and productive portion of gastric
glands, Besides, pplaMNAc-T15 immumo-
reactivity was associated with the following
clinical parameters: age, exiension of the
surgery perfomeed, surgical staging and his-
ological grade. Age was a factor analyzed
in our study. (astric cancer patients with
prialMAc-T1S expression were relatively
older than those without pplzalNAc-TI1S
cxpression. Some protein biomarkers are
important in regulating metabolism, stress
mesistance and aging. It is likely that
ppialMAc-T15 may be an important ele-
ment in the aging process through regula-
tion of metabolism by reducing stress-nelat-
od cell damage. This hy pothesis, however,
noeds further eoperiments to elucidate the
detailed mechanizm.

pplalMAc-T15 staining profile in gas-
ric cancer samples was mostly cytoplas-
mic. Similarly, a study in 2016 reported the
same pattern for pplalNAc-T27 Nomal
gastric tissue had a higher ppGalMAc-T2
cxpression than the gastric cancer samples
and was present to hasal portion of gastric

Brief Report

glands. This is likely due © the homology
hetween the two enzymes, which has been
described by a previous study.”

It was observed that the expression of
several pplalNACTs is increased in colon
and other carcinomas.™ Shibao er al™
reported that GalMAC-T3 expression was
naot associated with age, gender, tumar size,
tumor locaton, or discase stage bt was
related to histologic differentiation and
depth of invasion. Moreover, they showad
that enzyme expression was related to
enhance the likelihood of survival and as an
ind ependent prognostic factor. Acconding to
Brockhmsen, ™ the armangement of biosyn-
thetic enzymes i the cis-Golgi is an impaor-
tant factor controlling (O-glycan hiosynthe-
sis and can vary between cell fypes.
However, in cancer cells ppGalMNAcTs
could be present in medial Golgi and trans-
Giolgi comparments. Therefore, the alterad
Giolgi localization of enzymes in cancer
celk contribute to a disturbance in the
assembly line and to the synthesis of trun-
caied or sherrant glycans. Howewer, the
nuclear and membrane localization remains
unkmow,

It has been reported” that Sre protein,
after stimulation with EGF (Epidermal
Growth Factor) and PDGF  (Platelet
Derivate Growth Factor), regulates -gly-
cosylation through redistribution of the

Fipure 2. PpGalNACc-T15 subcellular staining in gastric cancer. a, cytoplasmic staining

b, perinuclear staining. Scale bar: 40 pm.

CPEN a ACCESE
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(alM Ac-Ts from the Golgi apparats o the
ER indicating that Src activates a COP-I-
dependent trafficking event. This change
increases the GalMAc addition on poalypep-
tide acceptor and produces higher density of
Tn antigen. Therefore, GalMAc-T reloca-
tion could favor shorter glycan chain
lengths., This mechanism could affect
mucin-type prokein synthesis, Alteration of
mucin expression is a hallmark of numerous
cpithelial cancers and has ofien been corme-
lated to bad prognosis of the tumaor, Muc2
cxprossed by goblet celk & the most abun-
dant secreted gastrointestinal mucin, the
protein component of the viscous-elastic
mucus that protects this epithelium against
mechanical and chemical ag gressions. Yang
et all ' demonstrated that Muc? deficiency
results in the spon@neows development of
tumairs along the entine gastro niestinal tract
through an inflammation related pathway.
According to a previous study,™ chronic
inflammatory status of the stomach play an
important role in the initation and prognes-
sion of gasiric cancer.

The expression of ppiEalMAc-T1S in
gastric lesions was identified an association
between an enzyme staining with relatvely
clderly people and the type of surgical pro-
codure. These conclusions may indicate that
decreasing metabolism with age may alter
pplaMNAc-T1S5 expression. The type of sur-
gery to be performed on a gastric cancer
patient is always a challenge to the surgeon
and biomarkers that help in this decision are
always welcome. This result indicates that
ppl@MNAc-T15 has relevant characteristics
fior these patients. However, further studies
are meeded to uncover the role of
pplaMNAC-T1S in gastric cancer.

References

—

Bitarz R, Skierucha M, Mielko I,
Offerhaus  GIJA, Macicjewski R,
Polkowski WP, (Gastric cancer opi-
demiology, prevention, classification,
and treatment. Cancer Manag Res
2018 10: 23948,

2. Karimi P, [slami F, Anandasabapathy 5,
Freedman WD, Kamangar F. Gastric
cancer: descriptive epidemiology, risk
factors, screening, and prevention.
Cancer Epidemiol Biomarkers Prev
2014;23:700-13.

3. Hwang SW, Lee DH, Loe SH, Park YS,
Hwang JH, Kim JW, ¢t al Preoperative
staging of gastric cancer by endoscopic
ulirasonography and multidetector-row
compuied tomography, J Gastroentenol
Hepatol 2010:25:512-8.

4. Mansure 17, Nassim R, Kassouf W

Perooisome proliferator-activated

[page 175]



[page 176]

Brief Repor

receptor gamma in bladder cancer a
promizing therapeutic target Cancer
Biol Ther 20089 E:6-15.

5. Hamilton SR, Aalkonen LA. Pathology

and genetics of umours of the digestive
system. LARC Press; Lyon; 2000; 48 p.

6. Duarte HO, Freitas 0, Gomes C,

Gomes J, Magalhfies A, Reis CA.
Mucin-type O-glycosylation in gastric
carcinogencsis. Biomolecules 2016;
633,

7. Liu 5%, Shun C-T, Hung K-¥, Juan H-

F, Hsu C-L, Huang M-C, et al. Mucin
glycosylating enzyme GALNTZ sup-
presses malignancy in gastric adenocar-
cinoma by roducing MET phosphoryla-
tion. Onootarget 20016;11251-62.

& Bennett EF, Mandel U, Clasen H,

Gierken TA, Fritz TA, Tahak LA.
Control of mucin-type O-glycosylation:
A classification of the polypeptide
GialMN Ac-transferase  gene  family.
Gilycobiology 2012;736-56.

9 Cheng L, Tachibana K, Pwasaki H,
Kameyama A, Fhang ¥, Kubota T, etal.
Chamcterization of a nowel human

14.

. Friedrichs K,

UDP-GalM Ac transferase, ppaalNAc-
T15. FEBS Lett 2004; 566:17-24.

. Human Protein Atlas, Available from:

www, proizinatas org ENSGODMI131
JEGGALNTIS/cell

Gluba 5, Eidtmann
H, Jonat W, Overexpression of p53 and
prognosis in breast cancer. Cancer
1993, 72:3641 -7 .

. Silva-Filho AF, Scna WLE, Lima LRA,

Carvalho LVM, Percim MC, Santos
LGS, et al. Glycobiology modifications
in intratumeoral hypoxia: The breathless
side of glycans interaction. Cell Physiol
Biochem 2017;41: 180 1-1829.

.Ju T, Wang Y, Aryal RF, Lehoux 5D,

Ding X, Kudelka MR, et al. Tnand sia-
lyl-Tn antigens, aberrant O-glycomics
as human disease markers. Proteomics
Clin Appl 20013;7:61 8-31.

Itzkowitz 8H, Bloom EJ, Kokal Wa,
Modin 4G, Hakomor 5, Kim Y5,
Sialosyl-Tn. A nowvel mucin antigen
associated with prognosis n colorectal
cancer patients. Cancer 1990;66: 1960-
6.

[European Journal of Histochemistry 2018; 62:2031]

s FAl L

. Brockhmsen I Mucin-type O-glycans

in human colon and breast cancer: gly-
codynamics and functions. EMBO Rep
2006, 7 599- 504,

. Shitao K, Iz7umi H, Nakayama Y, Ohta

R, Magata N, Momoto M et al
Expression of UDP-N-acetyl-alpha-D-
galactosamine-polypeptide GalNAc N-
acetylgalactozaminyl tansferase-3 in
relation o differentiation and prognosis
in patients with colorectal carcinoma
Cancer 2002;94: 1939446,

. Gill DF, Chia I, Senewiratne J, Bard F.

Regulation of O-glycosylation through
Golgi-to-ER relocation of initiation
enzymes, J Cell Biol 2001 0; 189:843- 58,

.Yang K, Popova NV, Yang WC,

Lozonschi [, Tadesse 5, Kent 8§, et al.
Interaction of Muc2 and Apc on Wt
signaling and in intestinal tumorigene-
zis: poiential role of chronic inflamma-
tion. Cancer Res, 2008,68:7313-22.

. Chung HW, Lim JB. Role of the tumsor

micrenvironment in the pathogenesis
of gastnic carcinoma Word I
Grastroenterol 200 4; 20: 1667-80.

oPeEM ahﬂ:l!ﬂ



Pancreas = Volume 47, Number 9, October 2018

Letters to the Editor

may also suppress PC eell growth through
inhibiting inflammatory signaling® or
downregulatmg the expression of proto-
mwgmcs." Pancreatic cancer cells overex-
press enzymes involved in fatty acid and
cholesterol synthesis,'” and metformin may
affect de novo fatty acid synthesis via down-
mgulaton of speaficity protein tansop-
tion factors."”

This study avoided selection bias by
using a nationwide database covening more
than 99% of the Tamwan's population. Po-
tential bias related to self-reporting was
much reduced by using medical records.
Detection bias due to different socioeco-
nomic status was less likely in the present
study because the drug cost-sharmg is low
mn the MNational Health Insurance health
care system and can always be waived in
patients with low income, in veterans, and
m those who reeeived prescnption refills
for chronic diseases.

Prevalent user bias, ndication bias, and
mmmortal tme bias are major methodologi-
cal limitations in pharmacoepidemiological
studies, but these have been carcfully ad-
dressed as discussed previously,™”

There are some hmitations. First, the
present study could not completely con-
sider the effect of some mportant nsk fac-
tors. For example, 5% to 10% of the cases
may have familial aggregation, but we did
not have mformation of family history or
genetic markers for analyses. Second, be-
ciuse of the lack of actual measuranent
data of some confounders such as anthropo-
metric factors, smoking, alcohol drinking,
lifestyle, nutritional status, fat consumption,
and fiber mtake, it 1s also not possible to ex-
clude therr residual mmpacts.

In summary, this study supports a
lower nsk of PC associated with metformmn
use i Taiwanese patients with type 2 dia-
betes mellitus, especially when it has been
used for more than 4 years. The potential
wsefulness of metformm on the prevention
of PC m either the diabetes patients or in
nondiabetes individuals s worthy of more
extensive study.

The author declares no conflict of

interest.

Chin-Hsiao Tseng, MD, PhD
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Mational Taiwan University College of Medicine
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Patients With Pancreatic
Ductal Adenocarcinoma
Have High Serum
Galectin-9 Levels
A Sweet Molecule to Keep
an Eye On

To the Editor:
rognosis for pancreatic adenocarcinoma
{PADC) tends to be poor because of its
delayed diagnosis and aggressive behavior!
Whereas some solid tumors such as breast
cancer have surival rates of 90%, PADC
has rsing rates of mortality and a 5-year
survival rate approximately 9%. Therefore,
diagnosmg PADC early 15 the most impor-
tant factor of improving its prognosis.~
As part of the lectin family, galectins
perform their primary biological functions

2008 Wolters Kluwer Health, Tnc. Al rights reserved.

by interacting with [3-galactosides carbohy-
drate structures in proteins, peptides, and
Iipid.l-::.3 Galectn-9 (Gal-9) is a tandem-
repeat type galectin with two carbolry drate-
recognition domams Studies have revealed
that Gal9 modulates vanous biological
functions, including tumor cell apoptosis,
aggregation, and adhesion, and participates
in the progression of different tumors. By
extension, altered galectin expression has
diagnostic or prognostic value in different
types of cancer, including gastne and colon
cancers.”

In this article, we present an evalua-
tion of Gal-9 expression in the serum and
tissue of patients diagnosed with PADC.

MATERIALS AND METHODS

After the approval of the ethics commit-
tee, blood samples were collected from
34 patients with confirmed diagnoses of
PDAC. Galectin-9 serum levels were quan-
tified by enzyme-linked imrmunosorbent
assay sandwich followmg the supplier's in-
structions (R & D Systems, Minneapolis,
Minn). None of the patients had recaved
any anticancer therapy before sample col-
lection. Formalm-freed pamaffm-embedded
PADC speamens were also retrieved from
the archives of the Department of Pathology
at the Hospital of Cancer m Pernambuco,
Brazil

Tissue Gal-9 expression was evaluated
by immunochistochemistry. Deparaffinized
sections were incubated wath primary ant-
body (rabbit polyclonal) ant-Gal-9 (1:50)
for 2 hours. Gastnic tissue was used as a pos-
itive control, and in the negative control, the
primary antibody was replaced with nonspe-
afic IgG m a PBS-BSA 1% solution. Each
section mage was captured using an Eclipse
Ts2 microscope (Nikon, Melville, NY).

RESULTS

Patients with PADC (n = 34) and healthy
controls (n = 66) were pared by sex
(P =0.11130) and age (P = 0.1205). Fe-
males represented 71% of the PADC group
and 81% of control group. The median age
of the control group and PDAC group were
62 and 64 years, respectively. All 34 serum
samples from patients with PADC were
Gal-9 positive and present a significantly
higher level (medin, 6862 [mterquartile
range, 4457-8647] pg/'mL) than that of con-
tols (median, 46.88 [mioquartle nmge,
46.85—46.88] pg/mL), as shown m Figure |
(left panel). To mvestigate possible sources
of Gal9 pmduction, we pedomed an immu-
nostaming reaction using formalin-fixed
pam ffin-anbedded samples of PADC. His-
tologically, Gal-9 sammg was positive m all
cases amalyzed except one. Neoplastic cells

wWw.pancreasjournal.com | e59
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FIGURE 1. Left panel, Serum Gal-9 levels of healthy controls and patients diagnosed wi
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th pancreatic ductal adenocardnoma (***P< 0.0001).

CT indicates control sera of healthy controls; PC, sera of patients with pancreatic cancer. Right panel, Immunchistochemical evaluation of
Cal? in PDAC samples. A, Gastric tissue as a positive control (B) negative control. Gal9 staining was observed mainly in cytoplasm but in
membrane too (C, D). Gal-? was alkso found in the stroma (E, F).

and the tumor showed a positive stroma.
Gal-9 was present in endothelial strue-
tures, blood wvessels, and mflammatory
cells (Fig. 1, nght panel).

DISCUSSION

To our knowledge, our evaluation of Gal-9
serum levels in PDAC patientsis the first of
its kind. According to our data, Gal-9 pre-
sents a remarkable expression in both se-
rum and tssue. To date, the ole of Gal-9
in PDAC remams meompletely understood,
and literature has reported dual functions.
In PDAC, Gal9 overexpression 15 associ-
ated with a capadty to promote a tolerogenic
macrophage that programs adaptive
immume uppression and binding to declin-1
receplors in tumor macrophages® However,
Gal9 s also assoaated with anttumor effects
by suppressing cell proliferation and nducing
intringic apoptosis through caspase-dependent
and caspase-independent pathways.®

CONCLUSIONS
We have detected a high expression of
Gal-9 in PDAC serum and tissue analyses
suggest that Gal-9 overexpression in PDAC
derives from different sources in tumor
TICTOCnY ronment.
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Stabilized Incidence of
Pediatric Acute Pancreatitis

To the Editor:
he nse in acute pancreatitis (AP) in the
pediamc populaton has drawn atten-
tion in recent decades. Numerous studies
of adults have shown that the incidence of
AP rose steadily over the last 30 w 40 years
in the United States and Europe.'~ The first
report of an increasing number of AP cases
in children came from a single institution,
the Children's Medical Center of Dallas, m
the 19905 The incidence of first diagnosed
AP cases at the Children's Hospital of
Pittsburgh Medical Center mereased from
about 2/100,000 in 1993 to 13/100,000 in
2004.% At the Royal Children's Hospital in
Melboume, Australia, there was an menease
in the number of new cases and the est-
mated incidence of AP rose from about
2/100,000 to 3.5100,000 between 1993 and
20027 Overall, it 1s uncler whether the dse
n diagnosed cases was a wsult of mereasng
incidence or more awareness and testing.
Little is known about the meidence and ep-
idemiological trends of pediatric AP in the
last decade. The am of our study was to ¢s-
timate madence and prevalence mtes of
AP in children between 2010 and 2015,
We examined data from electronic
medical records of patents admitted to
Cincinnati Children's Hospital Medical
Center (CCHMC) between January 2010
and December 2015, All cases with AP as
either primary or secondary diagnoses were

02018 Wolters Kluwer Health, Inc. All righis reserved.
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PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: CARCINOMA GASTRICO: AVALIAGAO DA EXPRESSAQ DE MICRORNAS
CIRCULANTES COMO POSSIVEIS BIOMARCADORES DE DIAGNOSTICO
PRECOCE E TERAPEUTICA

Pesquisador: MARIO RINO MARTINS

Area Temitica:

Versdo: 3

CAAE: 39976214.9.0000.5205

Instituigio Proponanta: SOCIEDADE PERNAMBUCANA DE COMBATE AO CANCER -SPCC
Patrocinador Principal: MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAD

DADOS DO PARECER

Namero do Parecer: 972,109
Data da Relatoria: 10/03/2015

Apresentacdo do Projeto:

O cancer géstrico (CG) & o gquarto cancer mais comum no mundo, com um total de 989,600 novos casos @
738 mil mortes estimadas em 2008. No Brasil sdo estimados 20.390 novos casos e 13.328 mortes para o
anc de 2014. Ainda hoje, permanece comoe desafio a caracterizagio de biomarcadores sensiveis,
especificos e pouco invasivos que possam detectar o cdncer de estdmage em estagios iniciais, avaliar o
progndstico e auxiliar no monitoramento da respesta ao tratamento. Os micro-RNAs (miRNAs) sdo
moléculas pequenas de RNA cuja principal fungio é a regulagdo pds-transcricional da expressao génica.
Estas moléculas estao envolvidas na maioria dos processos biologicos como: regulagio do ciclo

celular, crescimento celular, apoptose, diferenciagdo celular. No contexto de cancer gastrico (CG), o nimero
de publicagies que investigam a relagdo entre miBNAs & CG vem aumentando a cada ano, Alguns autores
relataram diferentes expressdes de MiRNAs em tecido tumaral e circulante em portadores de neoplasia
gastrica, destacando o potencial de miRMNAs para o diagndstico da doenga. Além disso, existe também uma
relagio da expressao de miRNAs e a progressio da neoplasia, além das metastases no CG, sugerindo gue
alguns miRMAs podem ser utilizados como ferramentas de prognéstico e de monitorizagdo. A detecgdo de
miRNA no sangue periférico pode ser uma nova ferramenta para monitorar as
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Cantinuagio do Parecer: 72109

células tumorais circulantes em pacientes com tumores gastricos. Além disso, o miRMNA circulantes podem
ser um marcador promissor, pouco invasivo, para rastreamento patoldgico, marcador de progresséo do CG,
predizer o progndstico e acompanhamento dos efeitos terapéuticos dos tratamentos sistémicos em cancer
gastrico. Portanto, a identificagio de novos biomarcadores para o diagndstico precoce do CG & um grande
desafio @ motivo de investigagdo em diversos centros de pesguisa. Os miRNAs podem servir de
biomarcadores, tante para diagndstico precoce guante como praditor de evolugdo clinica & de resposta aos
tratamentos. Portanto, o projeto em questdo tem como objetive principal, a investigagdo da expressao de
miRNA @ da expresséo de TLRE nos tecidos tumorais @ de miRNA no sangue periférico de pacientes com
GC.

Objetivo da Pesquisa:

Objetive Priméario:

Avaliar a expressao de microRMAs em pacientes com adenocarcinomas gastricos

Objetivo Secundario:

Em pacientes com adenocarcinoma gastrico: « Descrever caracteristicas demograficas, clinicas e
terapéulicas; + Determinar a expressao de MIRNA (MIR-375, MiR-421, MIR-10a, MiR-221, MiR-212, MiR-
195, MiR-335, MiR-196a, MiR-146a, MiR-204, MiR-21, MiR-29a, MiR-15b, MiR-18, MiR-106 MiR-378) e
circulantes @ no tecide tumoral; - Realizar a marcagio dos receptores de TLR8 nas células do
microambiente tumoral ; -+ Descrever os MiRNAs mais frequentes no céncer gastrico; - Correlacionar a
gxprassdo dos microRMNAS com a classificacdo histoldgica de Lauren, com o estadiamento clinico radioldgico
(THNMUICC) e histopatoldgico cirdrgico, @ com o desfeche clinico (resposta a tratamenta).

Avaliagdo dos Riscos e Beneficios:

Riscos:

0Os riscos para os sujeitos sdo inerantes ao tipo de tratamento @ ndo a pesguisa em questido, embora os
baneficios diretos para os sujeitos sejam inexistentes, ha preocupagio em informa-los acerca destas
limitagBes. Os riscos para a comunidade 530 minimos.

Beneficios:

O potencial beneficio advindo das informagdes geradas na pesquisa pode contribuir para o manejo de casos
semalhantes no futuro.

Comentérios e Consideragbes sobre a Pesquisa:

A pesquisa tem um objetivo valido e atual
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Consideragbes sobre os Termos de apresentagio obrigatéria:
sugerimos retirar do TCLE do paciente controle:

- "Responsavel Legal” ja gue a pesquisa seri realizada em adultos;
- "Coleta de sangue em pacients com cancer gastrico”

Recomendagbes:

Sugerimos refirar do TCLE do paciente controle:

- "Responsavel Legal” ja gue a pesguisa serd realizada em adultos;
- "Coleta de sangue em paciente com cancer gastrico"
Conclusdes ou Pendéncias e Lista de Inadequacdes:

todas as recomendagfes sugeridas acima foram realizadas
Situagdo do Parecer:

Aprovado

Necessita Apreciagio da CONEP:

Néo

Considerag@es Finais a critério do CEP:

RECIFE, 04 de Margo de 2015
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ISABEL CRISTINA LEAL
(Coordenador)
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Pasquisador: MARIO RINO MARTINS

Area Tematica:

Versdo: 3
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Instituigiio Proponente: SOCIEDADE PERNAMBUCANA DE COMBATE AQ CANCER -SPCC
Patrocinador Principal: FUNDACAQ DE AMFARO A CIENGIA E TECNOLOGIA - FACEPE

DADOS DO PARECER

Nimero do Parecer: 2.126.881

Apresentagio do Projeto:

O progndstico dos portadores de céincer gasririco tem melhorade pouco nas ditimas décadas & o melhor
entendimanto das interagdes imunes no microambiente tumaoral podem revelar novas possibilidades de
tratamento. O ambiente tumoral & compaosto por células do sistema imune, que refletem a tentativa desse
sistema em promover uma resposta antitumoral. Complexas interagdes entre células & mediadores imunes
no microambigante tecidual regulam o crescimento de tumores, progressao, metastase e angiogénese. O
entendimento das alterag@es da imunidade na populaglo com cdncer gastrico permitird a intervengio
terapéutica para melhorar a resposta a cirurgia e guimioterapia. Objetive: avaliar o perfil de agregado
plaguetirio circulante e da expressdo de OX40, CD40L e 4-1BB em pacientes com neoplasia gastrica.
Métodos: Sera realizade um estudo de coorte transversal, translacional e prospective com grupo de
comparagao interna, envolvendo 60 portadores de céncer gastrico & 30 saudaveis.Sera realizada a andlise
dos valores parcentuais de linféciios T e B, de agregade de plaguetas ativadas aos linfocitos, mondcitos e
neutréfilos no sangue periférico. Niveis percentuais de expressio de OX40 em células T, B, neutrdfile e
plaguetas por citometria de fluxo e a dosagem no plasma de s4-188 e sCD40L através de ELISA. Para
analise estatistica, sera utilizado o teste de Mann Withney através do programa Graphpad v6,0.
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Objetivo da Pesquisa:
Avaliar o perfil de agregado plaguetério circulante 8 da express@o de mediadores inflamatérios com cincer
géstrico.

Avaliagic dos Riscos e Beneficios:

Segundeo o Pesquisador;

Riscos

Ao participar dessa pesqguisa os riscos dos voluntarios seréio minimos. O desconforio podera ser sentido
durante a pungio vencsa para coleta do sangue. Os riscos, Se ocorreram serio minimos por se tratar de
uma pungio venosa no antebrago. Reagbes locais poderdo ocorrer, tais como: hematomas e muito
raramente inflamagio na vela puncionada. Nestes casos, os voluntarios da pesquisa serdo devidamente
orientados por profissionais qualificados da Instituigo tante ne ambulatério de cirurgia encoldégica ou no
Servigo de emergéncia do HCP em caso de necessidade.

Beneficios

Verifica-se a importdncia de investigar a associacdo entre as caracteristicas de resposta imune e os padrées
de resposta clinica em pacientes com neoplasia gastrica. Isto permitird o desenvolvimento de ferramentas
prognosticas & possiveis vias de tratamento para neoplasia gastrica.

Comentérios e Consideragdes sobre a Pesquisa:

Trata-se de pesquisa que visa avaliar o perfil de agregado plaguetario circulante e da expressao de
mediadoras inflamatérios com cdncer gastrico.

Populagdo do estudo

O estudo compreendera um total de 60 pacientes, entre 18 e 80 anos de idade, com diagndstico clinico,
laboratorial e estadiamento para carcinoma gastrico (CG), admitidos para tratamento no servigo de cirurgia
oncoldgica do Hospital de Cincer de Pernambuco (HCP).

Controles saudaveis (grupo de comparagio): Os individuos controles serdo 30 adulios saudaveis (de 18 a
80 anos de vida) sem passado de neoplasia, sem comorbidades.

O estudo sera realizado com os pacientes atendidos no ambulatorio de cirurgia oncolégica do Hospital do
Céncar de Pernambuco (HCP).

O periodo de estudo serd de Junho de 2017 a Dezembro de 2018. Neste periodo serfo realizados: coleta
de sangue periférico, testes laboratoriais com andlises dos dados, analise estatistica e elaboragéo dos
manuscritos para publicagio cientifica.

Endereco: Ay Crur Cabuga, 1587
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Consideragtes sobre os Termos de apresentagio obrigatdria:
Foram analisados os seguintes documentos de apresentagio obrigatoria:

Platoformo

1) Folha de Rosto para pesquisa envolvendo seres humanos: documento devidamente preenchido datado e

assinado

2) Projeto de Pesquisa - adequado

3) Orgamento financeiro e fonte de financiamento: adeguado

4) Termos de consentimento livre e esclarecido - adequado

5) carta de anuéncia; documento devidamente preenchido datado & assinado

) Termo de autorizagdo do setor: documento devidamente preenchide datado e assinado

7) Termo de confidencialidade: adequado
8) Instrumento de coleta de dados, questionario, formulario, etc: adequado

Recomendacgdes:
NEMHUMA

Coneclusdes ou Pendéncias e Lista de Inadequagbes:
NENHUMA

Consideragdes Finais a critério do CEP:
PROJETO APROVADO - APOS ANALISE de PENDENCIA PELOS RELATORES

As exigéncias foram atendidas e o protocolo estd APROVADOQ, sendo liberado
para o inicio da coleta de dados, Informamos que a APROVAGAD DEFINITIVA do
projeto 6 serd dada apds o envio do Relatario Final da pesquisa. O

pesquisador devera fazer o download do modele de Relatdrio Final para

envia-lo via "Motificagdo”, pela Plataforma Brasil,

Apts apreciagio desse relatorio, o CEP emitird novo Parecer Consubstanciado
definitive pelo sistema Plataforma Brasil.

Informamos, ainda, que o pesquisador deve desenvolver a pesquisa
conforme delineada neste protocolo aprovado, exceto quando percaber risco ou
dano ndo previsto ac voluntario participante (item V.3., da Resolugas CNS/MS
N® 466/12).

Endereco: Av. Cruz Cabuga, 1557

Bairre: Santo Amaro CEP: 50.040-000
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Telefone: (81)3217-RB005 Fax: (81}3217-8005 E-mail: cep@hep org.or
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Eventuais modificagtes nesta pesquisa devem ser solicitadas através de
EMENDA ao projeto, identificando a parte do protocolo a ser modificada e
suas justificativas.

Para projetos com mais de um ano de execugdo, & obrigatério gue o
pesquisador responsavel palo Prolocolo de Pesquisa apresente a este Comité
de Etica relatérios parcials das atividades desenvolvidas no periodo de 12
meses a contar da data de sua aprovagao (item X.1.3.b., da Resolugdo CNS/MS
M® 466/12),

O CEP/HCP deve ser informado de todos os efeitos adversos ou fatos
relevantes que alterem o curso normal do estudo (item V.5., da Resclugdo
CNS/MS N° 466/12). E papel do pesquisador assegurar todas as medidas
imediatas e adequadas frente a evento adverso grave ocomrido (mesmo gue
tenha side em outro centro) e ainda, enviar notificagio 4 ANVISA — Agéncia
Macional de Vigilancia Sanitaria, junto com sau posicionameanto.

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Argquive Postagam Autor Situagao
Informagdes Basicas FB_INFDHMAG&ES_E#SICAS_DD_F 23/05/2017 Aceito
do Projeto ROJETO_B86273.pdf 19:00:40
Orgamento ORCAMENTOmaio2017. pdf 23/05/2017 | MARIO RING Acaito
18:58:08 | MARTINS

Qutros CEPcorrecoesmaio20l Fearta, pdf 23/05/2017 | MARIO RINO Aceito
18:57:02 | MARTING

TCLE /Termos de | TCLEpacienteprojetoagregadoplaguetari| 23/05/2017 | MARIO RIND Aceito

Assantimento / omaio2017 . pdf 18:55:14 | MARTING

Justificativa de

Auséneia

Projeto Detalhado / | AVALIAcaODOAGREGADOPLAQUETa| 23/05/2017 | MARIO RINO Aceito

Brochura RIONOCaMCERGaSTRICOrevisaomaio 18:53:07 |MARTING

igador | 2017.pdf

Qutros Cartaderespostaaspendenciasabril, 26/04/2017 | MARIO RIND Aceito

Endereca: Ay Cruz Cabuga, 1557

Bairro: Santo Amaro CEP: s0.040-000

UF: PE Municipio: REGIFE
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Outros pdf 18:12:52 |MARTING Aceito
TCLE f Termos de | TCLECONTROLE_plaguetasrevisacabril] 26/04/2017 | MARIO RINO Aceito
Assentimento / pdf 15:08:29 |MARTINS
Justificativa de
Auséncia
TCLE f Termos de | TERMOREGISTROCAMCERassinadoii. | 21/03/2017 | MARIO RINO Aceito
Assentimento / pdf 23:41:34 | MARTINS
Justificativa de
Auséncia
TCLE f Termos de | TERMODOSAMEassinadoll.pdf 21/03/2017 |MARIO RIND Aceito
Assentimento / 234111 |MARTINS
Justificativa de
Auséncia
Qutros cartaanuenciajoacalberto. pdf 21032017 | MARIO RIND Aceito
23:38:42 MARTING
Outros cartadrpaixoto. pdf 21/03/2017 | MARIO RINO Acaito
23:38:00 | MARTING
Folha de Rosto Folhaderostocomassinaturas. pdf 210032017 | MARIO RINO Aceito
23:35:21 | MARTING
Qutros termodeconfidencialidadeversaolV. pdf 20/03/2017 | MARIO RIND Aceito
18:09:48 MARTING
Cronograma Cronograma.pdf 20/03/2017 |MARIO RINO Aceito
17:39:21  |MARTINS
Outros QUESTIONARIODEPESQUIS A pdf 20/03/2017 |MARIO RINOD Aceito
17:26:54 | MARTING
Declaragao do Termodeoutorgapesquisafacepe.pdf 20/03/2017 | MARIO RINOD Aceito
Patrocinador 17:21:34 | MARTINS
Outros TermoAutorizacao_Draleuridan. pdf 20/03/2017 | MARIO RINO Acaito
17:17:48 | MARTING
Oulros TermodoServicoassinado. pdf 05/03/2017 | MARIO RINO Aceito
11:47:57  |MARTINS
Declaragao de cartadeanuencialeuridan. pdf 05/03/2017 [MARIO RINO Aceito
Pesquisadoras 11:20:30 | MARTINS
Declaragio de Carta_de_anuencia_Joao_alberto.docx | 05032017 | MARIO RINO Acaito
Institulgdo e 11:19:48 | MARTING
Infrasstrutura
Situacio do Parecer:
Aprovado
Mecessita Apreclagio da CONEP:
Nao
Endereco: Av. Cruz Cabuga, 15587

Bairre: Santo Amaro
UF: PE
Telelona:

CEP: 50.040-000

Municipio; REGIFE
{A1)3217-8B005

Fax: (81}3217-8005 E-rmail:

cep@nep org. or
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RECIFE, 20 de Junho de 2017

Assinado por:
ISABEL CRISTINA LEAL
(Coordenador)
Endereco:  Av Crur Cabuga, 1557
Bairro: Santo Amaro CEP: s0.040-000
UF: PE Municipio: RECIFE
Telefone: (81)3217-R005 Fax: (81)3217-8005 E-mail: cep@hcp orgor

Plsging 06 du 08



Anexo 2 - Declaragdo de revisao de Lingua Portuguesa

e Oficina

/ 56 Portugués

DECLARACAO DE REVISAO

Declaro. para os devidos fins. que foi1 realizada a revisdo de Lingua Portuguesa na tese “Andlise da
expressdo de microRNA e candidatos a alvo terapéutico em carcinomas gastricos”. de autoria «

Mario Rino.

Por ser verdade, finno a presente.

Belo Horizonte, 14 de maiode 2019,

ﬁl"f'i_.ﬂnm,.w",} ':L*“_uu | ' s ]'-’I’J,'\h'{).
Oficina S6 Portugués - Mariana Clark Peres Rabello

CNPJ 22.157.201/0001-30
CEP 30310-480 - BH - MG.
(31)2511-9910/9 9208-8391 / 9 9619-0099
OficinaSoPortugues@gmail.com - Www oficinasoportugues.com br



Anexo 3 - Certificado de revisao de Lingua Inglesa (artigo 1).

CERTIFICATE OF ENGLISH EDITING

This document certifies that the paper listed below has been edited to ensure that the
language is clear and free of errors. The logical presentation of ideas and the structure of the
paper were also checked during the editing process. The edit was performed by professional
editors at Editage, a division of Cactus Communications. The intent of the author's message
was not altered in any way during the editing process. The quality of the edit has been
guaranteed, with the assumption that our suggested changes have been accepted and have
not been further altered without the knowledge of our editors.

TitLE OF THE PAPER
MicroRNA expression profiling provides novel insights into immune-related pathways
involved in gastric cancer

AUTHORS
Mario Rino Martins
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