ESCOLA DE MEDICINA
PROGRAMA DE PAOS-GRADUAQAO
EM MEDICINA E CIENCIAS DA SAUDE

ALINE ZAPARTE

INVESTIGAGAO DA ACAO DOS RECEPTORES PURINERGICOS P2Y: E P2Y1> NA PROLIFERACAO
DE CELULAS DE CARCINOMA ESCAMOSO E ADENOCARCINOMA DE ESOFAGO

Porto Alegre
2018

POS-GRADUACGCAO - STRICTO SENSU

~_

)

L'SQVMO
Pontificia Universidade Catolica
do Rio Grande do Sul




ALINE ZAPARTE

INVESTIGACAO DA ACAO DOS RECEPTORES PURINERGICOS P2Y: E P2Y12 NA
PROLIFERACAO DE CELULAS DE CARCINOMA ESCAMOSO E ADENOCARCINOMA
DE ESOFAGO

Tese apresentada como requisito para a
obtencdo do grau de Doutor (a) pelo Programa
de Po6s-Graduagdo em Medicina e Ciéncias da
Saude da Pontificia Universidade Catélica do Rio

Grande do Sul.

Orientadora: Prof2 Dr Fernanda Bueno Morrone

Porto Alegre, 2018



Ficha Catalografica

Z351  Zaparte, Aline

Investigagao da agao dos receptores purinérgicos P2Y2 e P2Y12 na
proliferagao de células de carcinoma escamoso e adenocarcinoma de es6fago
/ Aline Zaparte . — 2018.

147.

Tese (Doutorado) — Programa de P6s-Graduagao em Medicina e Ciéncias da
Saude, PUCRS.

Orientador: Prof. Dr. Fernanda Bueno Morrone.

1. adenocarcinoma. 2. carcinoma de células escamosas. 3. es6fago. 4. receptores
purinérgicos P2Y. 5. nucleotideos. I. Morrone, Fernanda Bueno. II. Titulo.

Elaborada pelo Sistema de Geragao Automatica de Ficha Catalografica da PUCRS
com os dados fornecidos pelo(a) autor(a).
Bibliotecaria responsavel: Salete Maria Sartori CRB-10/1363




Dedico essa tese d minha
mde e aos meus irmdos, que
sempre me apoiaram e ndo
mediram esforcos para eu
ter chegado até aqui



AGRADECIMENTOS

A CAPES pela bolsa de estudos e oportunidade concedida.

Ao Programa de Pds-Graduacgdo de Medicina e Ciéncias da Saude da PUCRS.

A minha orientadora Dra Fernanda Bueno Morrone, por todo aprendizado, incentivo
e por ter acreditado no meu trabalho.

Ao Dr. Henning Ulrich pelo amparo cientifico.

A todos os colaboradores que me auxiliaram a desenvolver essa pesquisa, em
especial a Dra Angélica Regina Cappellari.

Aos meus colegas de laboratério, Fernanda Cruz e Pedro Vargas que tornaram-se
colaboradores e amigos muito importantes ao longo dessa jornada.

Agradeco também meu namorado José Ricardo Barradas, por se fazer presente nos
momentos altos e baixos, pelo auxilio cientifico e sentimental, e pelo amor e
paciéncia que nunca faltaram.

A minha mae Elena Zaparte por ter acreditado em mim e ter provido suporte
financeiro para que eu fizesse de Porto Alegre minha nova casa.

Aos meus amigos, que aqui fiz e aos que deixei em Ijui os quais sempre estiveram

presentes, alegrando a minha vida e também compartilhando minhas dores.



RESUMO
O cancer de esofago, em geral, é diagnosticado em estagio avangado, o que leva a um
prejuizo nas terapias empregadas, resultando em uma alta taxa de mortalidade. E
dividido em dois subtipos: adenocarcinoma e carcinoma de células escamosas; os
dois subtipos diferem quanto a histologia, etiologia e epidemiologia. A sinalizagdo
purinérgica utiliza nucleotideos e nucleosideos no meio extracelular como
moléculas sinalizadoras e ja foi relacionada com diferentes tipos de carcinomas.
Essas moléculas ligam-se a receptores para adenosina acoplados a proteina G,
caracterizados como P1 (A1, Aza, Azp e A3z), a receptores ionotrépicos P2X (P2X1-
P2X7), e ainda a receptores P2Y (P2Y1,2,4,6,11, 12,13 14), acoplados a proteina G. Diante
das evidéncias descritas na literatura e a falta de dados correlacionando a
sinalizagdo purinérgica com cancer de esbéfago, analisamos o papel dos receptores
P2Y2 (P2Y2R) e P2Yi2 (P2Y12R) nos processos de proliferacdo, capacidade de
formacdo de col6nias, migracdo, adesdo e atividade enzimatica das
ectonucleotidases e vias de sinalizacdo envolvidas, apés o estimulo com
nucleotideos. Para isso, utilizamos as células Kyse-30 e Kyse-450, representativas de
carcinoma de células escamosas, e a linhagem OE-33, representativa de
adenocarcinoma. Também, verificamos a expressdo do P2Y;R em bi6psias de
pacientes com carcinoma de células escamosas e adenocarcinoma, comparadas com
tecidos ndo neopldsicos. Observamos que as amostras de bidpsia expressam o
receptor P2Y,, porém em diferentes intensidades de marcacdo. As linhagens
celulares expressam P2Y2 e P2Y12R, possuem diferentes respostas frente ao estimulo
com os nucleotideos ADP, ATP e UTP, porém o bloqueio desses receptores leva a
diminuicdo da proliferacdo, formagao de populagdo policlonal, adesdo e migragao.
Quanto as vias relacionadas a acdo do P2Y2R, verificamos a ativacdo de ERK1/2 e
Akt em diferentes tempos ap6ds o estimulo com ATP e UTP. Os dados apresentados
neste estudo demonstram que a modulacdo de receptores purinérgicos P2Y; e
P2Y12, pode tornar-se uma ferramenta promissora para alcancar eficacia no

tratamento do cancer de es6fago.

Palavras-chave: adenocarcinoma, carcinoma de células escamosas, esofago,

receptores purinérgicos P2Y, nucleotideos.



ABSTRACT

Esophageal cancer, in general, is diagnosed at an advanced stage, which leads to
impairment in the therapies employed, resulting in a high mortality rate. It is
classified into two subtypes: adenocarcinoma and squamous cell carcinoma; both
differ in histology, etiology and epidemiology. Purinergic signaling uses nucleotides
and nucleosides in the extracellular medium as signaling molecules, and has been
linked to different types of carcinomas. These molecules bind to G-protein coupled
adenosine receptors, characterized as P1 (A1, A2A, A2B and A3), to P2X ionotropic
receptors (P2X1-P2X7), and to P2Y receptors (P2Y 1,2, 4,6, 11, 12,13 14), coupled to G
protein. Given the evidence described in the literature and the lack of data
correlating purinergic signaling with esophageal cancer, we analyzed the role of
P2Y2 (P2Y2R) and P2Y12 (P2Y12R) receptors in the processes of proliferation, colony
formation capacity, migration, adhesion, enzymatic activity of the ectonucleotidases
and signaling pathways after the nucleotide stimulation. For this, we used the Kyse-
30 and Kyse-450 cells, representative of squamous cell carcinoma, and the OE-33
line, representative of adenocarcinoma. Also, we verified the expression of P2Y2R in
biopsies of patients with squamous cell carcinoma and adenocarcinoma, compared
to non-neoplastic tissues. We observed that the biopsy specimens express the P2Y>
receptor, but at different labeling intensities. The cell lines expressing P2Y, and
P2Y12R, have different responses to the stimulus with the nucleotides ADP, ATP and
UTP, but the blockade of these receptors leads to a decrease in proliferation,
polyclonal population formation, adhesion and migration. Regarding the pathways
related to the action of P2Y;R, we verified the activation of ERK1 / 2 and Akt at
different times after the stimulation with ATP and UTP. The data presented in this
study demonstrate that the modulation of purinergic receptors P2Y, and P2Y12 may
become a promising tool for achieving efficacy in the treatment of esophageal
cancer.

Keywords: adenocarcinoma, esophagus, squamous cell carcinoma, purinergic

receptors P2Y, nucleotides.
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1. REFERENCIAL TEORICO

1.1 Cancer de esofago

O cancer de es6fago divide-se em dois tipos histoldgicos principais: carcinoma de
células escamosas (ESCC) e adenocarcinoma (EAC), classificados de acordo com a
capacidade de invasao tumoral (submucosa ou intramucosa), a presenca de metastases
em linfonodos regionais e a presenca de metastases distantes (Ajani et al., 2011). O ESCC
desenvolve-se a partir das células escamosas epiteliais que compdem o revestimento
interno do es6fago. Danos quimicos e fisicos recorrentes a mucosa esofagica, favorecem o
aparecimento de lesdes e aumentam o risco de desenvolver ESCC (Napier et al., 2014). O
EAC tem um desenvolvimento mais lento, onde em um primeiro momento o epitélio
escamoso esofagico é substituido por mucosa colunar do tipo intestinal, essa
transformacao ja é caracterizada como uma condicdo pré-neoplasica, e é conhecida como
esofago de Barret (Spechler e Souza, 2014). Esse tipo tumoral surge de um epitélio
colunar e o fator de risco que mais tem influéncia em seu desenvolvimento é o refluxo
gastroesofagico (El-Serag et al., 2002; Hvid-Jensen et al, 2011). A Figura 1 representa a
progressdo das alteragdes que ocorrem no epitélio esofagico até o aparecimento tumoral
(Smyth et al., 2017).

O tipo mais prevalente é o carcinoma de células escamosas, responsavel por 90%
dos casos deste tipo tumoral no mundo, sua maior incidéncia ocorre no Oriente, Africa
Oriental e América do Sul (Zhang, 2013). Porém, nos dltimos quarenta anos, a incidéncia
de EAC aumentou de forma alarmante em paises industrializados ocidentais. O cancer de
esofago possui maior incidéncia em homens (ESCC: 3,3 homens:1 mulher; EAC: 7
homens:1 mulher) (Arnold et al, 2015) e o nimero de casos aumenta com a idade. Dados

obtidos no Reino Unido, por exemplo, em um levantamento feito pelo National



Comprehensive Cancer Network (2016), mostraram que 56% dos casos de cancer de

esofago ocorrem em pacientes com mais de 70 anos.

Squamous Squamous Oesophageal
* Alcohol hyperplasia dysplasia squamous cell
* Tobacco carcinoma
® Thermalinjury
Normal
oesophageal
epithelium
Increased p53, CDKN2A and RB accumulation
Barrett Dysplastic Oesophageal
oesophagus Barrett adenocarcinoma
oesophagus

Bile or
> acid reflux

Mutations
(for example,
SMAD4)

® Chromosomal

* Loss of heterozygosity ~ instability
A>C ygosity
; * Mutations (for e Structural
ransversions example, TP53) variation
¢ Copy-number
changes

Figura 1: Transformacdo do epitélio esofdgico em ESCC e EAC. A exposi¢do cronica da
mucosa esofagica a danos provoca lesdes no epitélio. Por fim ocorre o acumulo de
alteragcdes moleculares que favorecem o aparecimento do fenétipo maligno. CDKN2A,
inibidor de quinase dependente de ciclina 2A; RB, proteina associada a retinoblastoma.
Figura adaptada (Smyth et al,, 2017).

A estimativa do Instituto Nacional do Cancer (INCA) para 2018 é de 10.790 novos
casos, sendo que a incidéncia entre os homens se encontra em sexto lugar no Brasil (INCA,
2018). A Tabela 1 apresenta as principais caracteristicas do ESCC e do EAC. O progndstico,
de maneira geral, ndo é favoravel devido ao fato de a doenca ser diagnosticada, na grande
maioria, ja em estagio avangado e a expectativa de vida para 10 a 20% dos pacientes é em
torno de 5 anos na populagdo ocidental (Siegel et al, 2016). Em 2012, estimou-se que 400
mil pessoas foram a 6bito anualmente devido a essa patologia em todo o mundo (Torre et

al, 2015). Porém, lesdes displasicas precursoras podem ser identificadas por simples
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endoscopia, e quando isto ocorre, o tratamento local é eficiente, ndo havendo necessidade
de resseccdo esofagica extensa nem tratamento oncoldgico intensivo (Lordick et al,

2016).

Tabela 1: Caracteristicas do carcinoma de células escamosas e adenocarcinoma de eséfago.

Fatores de risco Tabagismo, etilismo, injaria Refluxo cronico, es6fago de

térmica, baixa ingesta de Barret, obesidade visceral.
nutrientes, consumo excessivo de

carne vermelha e de carne

processada.

Localizagao anatomica Mais comum no tergo superior e ~ Mais comum no es6fago distal.
médio.

Tosse, rouquidao, dor ao deglutir, Dor epigastrica, dor no peito,

dor no peito, inchaco de nédulos  vomito e soluco.

linfaticos.
Diagnéstico Endoscopia e analise Endoscopia e analise
histopatolodgica. histopatolodgica.
Tratamento Quimio e radioterapia Quimioterapia neoadjuvante,
combinadas, esofagectomia. cirurgia, quimio e radioterapia
combinadas.
Comorbidades associadas Cirrose hepatica, metastases Obesidade, aterosclerose.

(vias aéreas, sistema digestivo),

aterosclerose.

Tabela adaptada (Morita et al., 2010; Verschuur e Siersema, 2010; Qu et al., 2013; Smyth et al., 2017).

O desenvolvimento do cancer de esbéfago é multifatorial, e envolve o acimulo de
alteracdes genéticas e epigenéticas, levando a ativacdo de oncogenes e inativacdo ou
perda de supressores tumorais. Algumas caracteristicas genéticas diferem entre os dois
tipos tumorais, e ainda existem diferencas na frequéncia de genes alterados dentro do
mesmo tipo tumoral. Esse fator esta intimamente ligado com a etnia, individuos negros
possuem diferentes alteracdes histoldgicas do que as presentes em individuos brancos e
apresentam as menores taxas de sobrevivéncia apds a esofagectomia (Greenstein et al.,

2008).
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Habitos culturais de regides especificas como consumo de chimarrio e chas em altas
temperaturas e maior ingestdao de carne vermelha, na regiao Sul do Brasil, Argentina e
Uruguai, mascar quid betel (folha de pimenteira) e alto consumo de carnes processadas no
Sul e Sudeste da Asia, também ja foram relacionados com o aumento do risco para
desenvolver a doenga (Chung et al., 2010; Qu et al., 2013).

A hiperqueratinizacdo do epitélio (Tylosis) é uma alteracdo genética autossOmica
dominante causada por uma mutacdo, caracterizada pela hiperqueratose palmar e
plantar. Essa mutacdo gera um risco acumulado de 90% no desenvolvimento de ESCC
depois dos 70 anos de idade (Blaydon et al, 2012). A expressdo anormal da proteina
tumoral p53 ja foi encontrada em tecidos adjacentes a displasia ou ao ESCC, niveis
aumentados do inibidor de quinase dependente de ciclina 2A (CDKN2A) e da proteina
associada ao retinoblastoma (RB) sdo caracteristicas acentuadas no ESCC. Essas
alteracdes podem ser detectadas até mesmo nas lesdes precursoras e quando esses trés
componentes (p53, CDKN2A, RB) apresentam-se em niveis elevados, pode-se inferir que
estd ocorrendo uma progressao da inflamacao para o ESCC (Fagundes et al., 2005; Muller
etal, 2014; Liu et al, 2017).

A busca por marcadores que possam auxiliar a distinguir alteragdes displasicas de um
tumor ja estabelecido é um desafio para os pesquisadores. No entanto, existem dois genes
candidatos para ocupar essa fun¢do: TNFAIP3 (que codifica a proteina 3 induzida pelo
fator de necrose tumoral) e o CHN (que codifica a quimerina 1) aumentam sua expressao
durante a transicao do tecido normal para displasia e carcinoma (Couch et al., 2016).

Quanto a progressao do es6fago de Barret para o EAC, sugere-se que danos oxidativos
ao DNA tenham forte influéncia nessa transicdo (Vaninetti et al., 2008). Esse tipo tumoral
desenvolve-se em microambiente inflamatério e com baixa diversidade de microbiota

(Fels Elliott et al., 2017). Dois mecanismos genéticos foram descritos por contribuir para
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essa transicdo: 1) Perda gradual de genes supressores de tumor CDKNZ2A e TP53,
mutacdes no SMAD4 e a quebra de enzimas modificadoras da cromatina, tais eventos
ocorrem no inicio da progressao tumoral. 2) Instabilidade cromossémica provocada pela
aneuploidia na regido cromossémica codificante para TP53, que ocasiona a perda na
regulacdo da p53 (Stachler et al., 2015).

A carga de mutagdes pontuais encontradas no EAC invasivo é muito elevada,
ficando atras apenas do cancer de pulmao e melanoma (Weaver et al., 2014). No entanto,
alteragdes estruturais também possuem grande relevancia (amplificagdes e exclusdes) na
pratica clinica. A amplificagdo de maior interesse ocorre em genes que codificam
receptores tirosina quinase, como o HER2 (receptor do fator de crescimento epidérmico
humano 2), reguladores do ciclo celular e fatores de transcri¢cao (Dulak et al., 2012; Dulak
et al, 2013). Essas alteragdes quando acumuladas, estdo associadas a resisténcia as
terapias empregadas (Secrier et al., 2016).

A principal maneira de prevenir o ESCC é evitando o tabagismo, o consumo
excessivo de alcool e de bebidas em temperaturas acima de 70 °C, ja a prevenc¢do do EAC
encontra-se relacionada a adquirir habitos saudaveis de alimentacao (maior consumo de
frutas e vegetais) e a pratica de exercicios para evitar a obesidade (Murphy et al., 2017).

O principal tratamento empregado nos casos de pacientes com tumores em
estadiamento avancado e metastaticos é a resseccdo cirurgica. E quando esta ndo é
possivel, sdo aplicados tratamentos paliativos na tentativa de melhorar a qualidade de
sobrevida dos pacientes, contudo, nessas situa¢des a taxa de sobrevida é menor que um
ano (Verschuur e Siersema, 2010; Backemar et al, 2016). A quimioterapia combinada
com radioterapia tem sido usada tanto como tratamento neoadjuvante quanto adjuvante
e tem se mostrado eficaz no aumento do tempo de sobrevida dos pacientes (Maluf et al,

2002; Van Hagen et al., 2012). A combinacdo dos tratamentos usuais com imunoterapia
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tem levado a uma melhora na sobrevida, no entanto, ndo se mostra suficiente para
alcangar a cura desses pacientes a longo prazo (Goode e Smyth, 2016). Desse modo,
investir em programas de prevencao, diagndstico precoce e a descoberta de novos alvos
terapéuticos e novas terapias sao fundamentais para alcangar o aumento das taxas de

sobrevida dos pacientes acometidos pelo cancer de es6fago.

1.2 Sistema Purinérgico

A sinalizacdo purinérgica utiliza nucleotideos de adenina como principais
moléculas sinalizadoras no meio extracelular (Burnstock, 1972). As ectonucleotidases sdo
as enzimas responsaveis por regular os niveis de nucleotideos presentes no meio
extracelular através de sua hidrélise em seus respectivos nucleosideos (Robson et al,
2006). Tanto o difosfato de adenosina (ADP) quanto o monofosfato de adenosina (AMP)
podem resultar da atividade das enzimas CD39 (ecto-nucleosideo trifosfato
difosfohidrolase) que convertem ATP ou ADP em AMP, ou ainda da enzima CD73 (5'-
ectonucleotidase) que converte AMP a adenosina (Zimmermann et al., 2012).

Essas moléculas sdo liberadas e se ligam a receptores purinérgicos. A adenosina ira
ligar-se a receptores metabotrépicos denominados como P1. Outra classe de receptores
sdo os receptores P2, divididos em receptores associados a canais idnicos, conhecidos
como P2X, ou receptores P2Y que sdo acoplados a proteinas G os quais variam seus

ligantes de acordo com o receptor especifico(Burnstock, 2007).

NTPDases

eg CD39
Negpggggs p Ecto-5"-nucleotidase
O ¢ 3 C\\)\CD?SS
/ ADP > (5AMP \

Adenosine

,

Adenosine

Diverse cellular responses 1 4
oftenT[Ca};




Figura 2: Componentes do sistema purinérgico. Representagdo dos receptores purinérgicos P1, P2X e P2.
Acdo das ectonucleotidases (NTPDases) hidrolisando nucleotideos/nucleosideos. Agonistas preferenciais de
cada receptor. Figura adaptada (Menzies et al,, 2017).

Nucleosideos como a adenosina (ADO) e nucleotideos (ATP, ADP, UTP, UDP)
extracelulares estdo envolvidos em inimeros processos celulares. Possuem a capacidade
de estimular ou inibir as células frente a importantes processos como: proliferacgdo,
morte, diferenciacdo, adesdo, migracdo, secrecio de mediadores inflamatérios e de
fatores de crescimento (Bours et al, 2011; Antonioli, Blandizzi, et al., 2013; Idzko et al,
2014).

O ATP é a molécula sinalizadora do sistema purinérgico com a maior capacidade
de se ligar a diferentes receptores P2 (Burnstock, 2004). Uma vez liberado no espacgo
extracelular, o ATP vai atuar como uma molécula sinalizadora primaria controlando
diferentes funcgdes, tanto em um sendrio fisioldgico quanto patologico (Verkhratsky e
Burnstock, 2014). O ATP pode ser liberado no espago extracelular de diferentes maneiras,
as células saudaveis fazem essa liberagdo principalmente através de canais permedaveis ou
por exocitose em forma de vesiculas. Sabe-se que células inflamatérias e tumorais
possuem capacidade de liberar grandes quantidades de ATP (Burnstock, 2006a), e isso
ocorre via canais de panexina ou conexina. Essa liberacdo exagerada ocorre
principalmente em resposta a estresse mecanico, injdria, isquemia e hipdxia (Burnstock,
2017).

Em condi¢des basais, uma célula possui ATP na concentracdo de 3-5mM em seu
espaco intracelular, e quando liberado, uma concentracao mil vezes inferior ja é capaz
ativar seus receptores no meio extracelular. Assim, uma pequena quantidade liberada é

suficiente para desencadear uma resposta celular, sem alteracao significativa no estoque
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intracelular necessario para geragdo de energia. Uma vez liberada, essa molécula possui
meia-vida de poucos segundos antes de ser hidrolisada pelas ectonucleotidases (Fitz,

2007).

1.2.1 Receptores P1

Sao receptores acoplados a proteina G (GPCR) e divididos em quatro subtipos: A1,
Aza, A2g e Az. Apresentam sete dominios transmembrana formados por estruturas em a-
hélice compostas por 21 a 28 aminoacidos hidrofébicos, com a cauda N-terminal voltada
para o meio extracelular e a C-terminal para o meio intracelular. Esse grupo de receptores
utiliza como agonista a adenosina (metabdlito do ATP) (Ralevic e Burnstock, 1998).

Os receptores A1 e Az sdo acoplados a proteinas Gi,, que possuem fungdes
inibitérias sobre a enzima adenilato ciclase, enquanto que os receptores Aza e Az sdo
acoplados a proteina Gs e ativam a producdo de AMPc (adenosina monofosfato ciclico). Os
receptores A e A3z exercem fung¢do sobre a enzima fosfolipase C (PLC), estimulando a
sintese de inositol-3-fosfato (IP3) (Ralevic e Burnstock, 1998; Abbracchio et al.,, 2009). Os
receptores P1 siao amplamente expressos, no entanto, sua afinidade para a molécula de
adenosina varia conforme o subtipo. Os receptores A e Aza tém maior afinidade pelo
nucleosideo (Km < 30nm), ao passo que os receptores Az e Azg apresentam baixa

afinidade (1-20 uM) (Ham e Evans, 2012).

1.2.2 Receptores P2X

Existem sete subtipos de receptores do tipo P2X ja descritos (P2Xi-7) e todos eles
sdo considerados canais catidénicos ndo-seletivos, quando sdo ativados pelo ATP formam
canais na membrana plasmatica das células que permitem a passagem de K*, Na* e Ca2*

(Burnstock, 2004). Esses receptores apresentam duas porgdes transmembrana com uma
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alca extracelular e as caudas N-terminal e C-terminal localizam-se na regido intracelular.
Na al¢ca extracelular localizam-se os sitios de ligacido para ATP, antagonistas e
moduladores destes receptores e a cauda C-terminal apresenta uma importante funcdo
relacionada com a dessensibilizacao (Khakh, B. S. et al., 1999).

Os receptores P2X sdo expressos principalmente no sistema nervoso, células de
musculo liso, ao passo que os receptores P2Y estdo presentes em uma ampla variedade de
tecidos, entre eles o sistema gastrointestinal e epitelial (Dubyak e El-Moatassim, 1993;
Roman e Fitz, 1999). A Tabela 2 mostra os subtipos de receptores P2, seus respectivos

ligantes e o principal mecanismo de transducao de sinal.

1.2.3. Receptores P2Y

Ja foram descritos oito subtipos de receptores da familia P2Y (P2Y1,24,6,11,12,13,14).
Por serem acoplados a proteina G da mesma maneira que os receptores P1, os receptores
P2Y apresentam sete dominios transmembrana, com a cauda N-terminal voltada para o
meio extracelular e a C-terminal voltada para o meio intracelular (Burnstock, 2006b). Os
P2YR podem ativar a fosfolipase C (PLC), o que leva a liberacdo de calcio no meio
intracelular ou ainda afetar a adenilato ciclase ocasionando em alteracao nos niveis de
cAMP (Burnstock, 2004).

Quanto a ligacdo destes receptores a proteina-G, eles sdo subdivididos em dois
grupos: P2Y124611 € P2Y12,13,14. O primeiro grupo apresenta-se acoplado a proteina-
Gq/G11, e regula a atividade da PLC, controlando assim a liberagdo de Ca2* a partir do
reticulo endoplasmatico, mediada por IP3. O segundo grupo modula a a¢do de canais
ionicos e inibe a acdo da enzima adenilato ciclase via proteina-Gi/, (Burnstock, 2006b;
Verkhratsky et al., 2009).

E importante citar que a exposicdo continuada dos GPCRs aos seus agonistas pode
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iniciar um processo de dessensibilizacdo, o que diminui a sua atividade e leva a
internalizacdo ou a endocitose (Erb e Weisman, 2012). Esse receptor pode tornar-se ativo
novamente, e sabe-se que a cinética entre dessensibilizacao e recuperagdo da atividade do
receptor é necessdaria para ativar a expressao de genes relacionados com o crescimento e
desenvolvimento celular (Ng et al., 2012).

A dessensibilizacdo dos GPCRs é geralmente mediada pela familia de quinases
GRK, que vao fosforilar residuos de serina/treonina presentes nos dominios
intracelulares do receptor, e em alguns casos podem promover a ligacdo de -arrestinas.
As B-arrestinas possuem capacidade de regulacdo de fung¢des como a dessensibilizacdo e
endocitose do receptor e ainda podem interagir com MAPKs (quinases ativadas por
mitégenos) e interferir em vias se sinalizacdo intracelular (Shenoy e Lefkowitz, 2011).

Nos ultimos anos, muitos grupos de pesquisa tém voltado sua atenc¢do para a
sinalizagdo purinérgica e seu papel na promogao e progressao tumoral. Pelo fato de serem
expressos em diversos 6rgdos e atuarem de diferentes maneiras em cada localizagdo,

desenvolver terapias utilizando-se desses receptores torna-se um desafio.
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Tabela 2: Agonistas e mecanismo de acdo dos receptores P2.

ATP Canais seletivos: Na*, K+, Ca*2.

ATP Canais seletivos: Na+*, K*, Ca*? e formacdo de

poro permeavel de solutos (até 900 Da).

ADP Gg/11 (aumento de IP3/DAG).
ATP e UTP Ggq/11 (aumento de IP3/DAG).
UTP Gg/11 (aumento de IP3/DAG) e G;j (inibi¢cdo da
sintese de cCAMP ).
UDP Ggq/11 (aumento de IP3/DAG).
ATP Gg/11 (aumento de IP3/DAG) e Gs (aumento de
cAMP).
ADP Gi (inibigdo da sintese de cAMP).
ADP Gi (inibigdo da sintese de cAMP).
UDP-glicose Gi (inibigdo da sintese de cAMP).

IP3: inositol trifosfato; DAG: diacilglicerol; cAMP: adenosina 3',5'-monofosfato ciclico. Tabela adaptada (Di

Virgilio e Adinolfi, 2017).
1.3 Vias de Sinalizacao Relacionadas a Ativacao de P2Yz2R e P2Y12R

As principais vias de sinalizagdo envolvidas com a ativacdo do receptor P2Y> que é
foco deste estudo, sdo através da modulacdo de PLC {3 e IP3 que irdo ocasionar mudangas
na concentracdo de Ca*? intracelular e ativacdo de vias de fosforilacdo de proteinas
quinases ativadas por mitégeno (MAPKs) (Burnstock, 2004; Von Kugelgen e Harden,
2011; Burnstock, 2014).

0 Ca*2presente no reticulo endoplasmatico (RE) atua como segundo mensageiro, e
possui capacidade de regular diferentes func¢des celulares, incluindo a proliferacao,
adesdo, migracdo e sobrevivéncia (Erb e Weisman, 2012; Tsai e Meyer, 2012). Isso ira
acontecer como resposta a estimulos fisicos, quimicos e biolégicos provenientes do meio

(Wei et al., 2012; Melchionda et al., 2016).
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Medidas da concentracdo de Ca*? intracelular realizadas em diferentes tipos
celulares (normais e tumorais), demonstram que os nucleotideos tém capacidade de
aumentar de forma transiente a concentracdo de Ca*? intracelular. Os eventos de
sinalizagdo via liberacdo de Ca*2 vdo impactar em fun¢des mitocondriais através do
estimulo para a producdo de ATP ou através de liberagdo de citocromo c e outros fatores
proapoptoticos que irdo culminar em morte celular (Rong e Distelhorst, 2008). O P2Y2R
quando estimulado por ATP e UTP possui a capacidade de elevacdo dos niveis de Ca*2
intracelular, e como resultado ha fosforilacdo da via ERK1/2 resultando em aumento na
migracao celular (Chen et al.,, 2004; Chadet et al., 2014).

Em hepatdcitos, apenas ATP e o UTP tiveram capacidade de regular o metabolismo
do glicogénio e a proliferacdo celular, através da modulagdo de receptores P2Y com
consequente aumento dos niveis intracelulares de Ca*2 e ativacdo de ERK1/2 (Dixon et al.,
2005). Em células HeLa a ativacdo do P2Y;R leva a proliferacao celular, resultante da
atuacdo conjunta das vias ERK1/2 e PI3K em induzir a expressao da proteina c-Fos a qual
atua como um proto-oncogene (Muscella et al., 2003). A sinalizacdo mediada pelo Ca*?
citosdlico também pode estimular a atividade de AKT, resultando em acimulo nuclear de
B-catenina, a qual pode induzir a tumorigénese (Chai et al., 2015).

A ativacdo do P2Y2R pelo ATP da suporte as células tumorais para a transicdo
epitélio-mesenquimal (EMT), onde as células inicialmente epiteliais mudam de fenétipo
para facilitar a migracao e invasdo para outros tecidos, e as vias ERK1/2 e proteina
quinase C (PKC) ativadas pelo ATP irdo contribuir para esse processo de invasdo tumoral
(Chadet et al., 2014; Eun et al, 2015). Em cancer de préstata os nucleotideos ATP e UTP
foram capazes de ativar o P2Y2R juntamente com o receptor de crescimento epidérmico
(EGFR), esses dois receptores atuaram em conjunto promovendo a proliferagdo, migracao

e invasdo tumoral in vitro e in vivo via ativacao de ERK1/2 (Li et al, 2013; Li et al., 2015).

20



De maneira interessante, o P2Y;R pode interagir tanto com a -arrestinal quanto
com a [3-arrestina2, e isso ird depender de qual nucleotideo esta ativando o receptor. O
ATP possui forte interacdo com a [-arrestinal e fraca interacdo com [(-arrestina2, ao
passo que quando o agonista é o UTP, este tem forte interagdo com ambas (Hoffmann et
al, 2008). Essa diferenca de interagdo com as (-arrestinas, suporta a ideia de que a
quantidade necessaria de ATP para que haja dessensibilizacdo do P2Y2R seja dez vezes
maior do que a de UTP (Velazquez et al., 2000).

Com relagdo ao outro receptor que também é estudado nesta tese, a ativagcdo do
P2Y12Rvai inibir a acdo da adenilato ciclase e a geragcdo de AMP ciclico (Burnstock, 2004;
Von Kugelgen e Harden, 2011; Burnstock, 2014). Lee e colaboradores (2012),
identificaram em células microgliais que o recrutamento de -arrestina é necessario para
que ocorra a ativacdo de ERK1/2 apés o estimulo com ADP no P2Y12R, e os eventos
posteriores a essa ativagao irdo favorecer a adesao celular.

De fato, o mecanismo de sinalizacdo via P2Yi; é amplamente estudado em
plaquetas, e por isso melhor elucidado nestas células (Guidetti et al., 2008; Wu et al.,
2010). A ativacdo do P2Y12R contribui para a estabilizacdo de eventos tromboticos de
forma dependente da fosforilacdo das vias PI3K/Akt (Garcia et al, 2010). Do mesmo
modo, por estar acoplado a proteina G inibitéria, a ativacdo do P2Yi2R leva a uma
regulacao positiva de outras vias de sinalizacao intracelular como a ERK1/2, miosina
quinase de cadeia leve (MLCK) e quinases da familia Src (Leon et al, 2003). A MLCK
encontra-se envolvida com a producdo da for¢a necessaria para que ocorra o movimento
de migracdo, regulando de forma negativa o movimento migratério celular através da
manutencdo da tensdo da membrana (Totsukawa et al., 2004; Chen et al., 2014).

Outros estudos também sugerem que a ativacdo do P2Y12R nas plaquetas através

do ADP, ocorre de maneira independente de PI3K/Akt. Pelo fato da rapamicina inibir a via
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mTORC1 (mammalian target of rapamycin complex-1) e essa inibi¢do resultar em retracdo
do coagulo, estabilidade do trombo e diminuir o espalhamento das plaquetas (Aslan et al.,
2011). Acredita-se que a trombina (presente no interior das plaquetas e nos tecidos) ativa
a via mTORC1 nas plaquetas através da liberacao de ADP que ira ativar P2Y12R mediado
pela ativacdo de PKC (Moore et al., 2014).

Ainda em plaquetas, foi verificado que apds o estimulo do P2Y12R por ADP ha
ativacdo de ERK1/2 induzida por trombina, sendo essencial para a producdo de
tromboxano A2. Porém, isso nao ocorre quando o P2Y1R é ativado pelo ADP (Shankar et
al, 2006). A figura 3 resume as principais vias de sinalizacao elucidadas na literatura apés

a ativacao dos receptores P2Y1, P2Y2, P2Y12.
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Figura 3: Sinalizacao mediada pela ativacao de P2Y:iR, P2Y:R, P2Y2R. Sabe-se que a proteina G é
composta de 3 subunidades (afy), que sdo dissociadas com a sua ativa¢do e irdo desencadear diferentes
respostas. Os receptores P2Y; e P2Y; estdo acoplados a proteina Gq, e por isso compartilham as vias de
sinalizagdo desencadeada pela ligacdo de seus agonistas. O P2Y1;R por estar acoplado a proteina Gi, atua
principalmente através da inibicdo da adenilato ciclase, inibindo cAMP. O mecanismo pelo qual a ERK1/2
exerce suas fung¢des apds a ativacao do P2Y12R ainda ndo estd bem elucidado, mas sabe-se que [3-arrestinas
(B-Arst) quando recrutadas, podem levar a ativacdo de ERK1/2. As vias de sinalizagdo ativadas por esses
receptores vdo desempenhar fun¢des que atribuirdo as células capacidade de proliferacdo, migracao, adesao
e sobrevivéncia. Fonte: ilustracdo original baseada em revisao bibliografica.
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1.4 Sistema Purinérgico e Cancer

0 microambiente tumoral é um sitio de producgdo e liberacao de ATP extracelular e
de conversdo desta molécula em adenosina, essas reagcdes geram um meio rico para
fatores promotores de crescimento e imunomodulatérios (Wilhelm et al, 2010). A
sinalizagdo purinérgica estad envolvida no desenvolvimento de varios tipos de canceres,
entre eles: melanoma, carcinoma epitelial intestinal, mama e gliomas (Morrone et al,
2003; Coutinho-Silva et al.,, 2005; White, Butler, et al., 2005; Gehring et al., 2012; Sarangi
et al, 2013). O ATP é uma molécula abundante presente no microambiente tumoral e
pode agir promovendo o crescimento tumoral ou pode ter funcdo antineoplasica
(Rapaport e Fontaine, 1989; Spychala, 2000). Além disso, ha mais de uma década, sabe-se
que diferentes receptores purinérgicos podem regular fungdes celulares como
proliferacdo, diferenciacdo e apoptose (White, Ryten, et al., 2005).

Burnstock (2013), em um apanhado geral de estudos ja publicados, propos que os
receptores P2Y: e P2Y: encontram-se principalmente envolvidos com eventos de
proliferacao celular, através da alteracdo dos niveis intracelulares de cAMP, através da
modulacdo da adenilato cyclase, ou pelo aumento dos niveis intracelulares de calcio via
PLC. O sistema purinérgico exerce uma fun¢ao no crescimento de alguns tipos de tumores,
evidenciado através da inducdo de proliferacdo de gliomas por ATP in vitro (Morrone et
al, 2003), e extremamente baixa atividade das ectoenzimas em gliomas quando
comparadas aos astrécitos (Wink et al., 2003). Estudos in vivo mostraram que a expressao
de ectoenzimas que degradam o ATP altera o crescimento tumoral dependendo do
produto de degradacdo desta molécula (Morrone et al., 2006).

Os P2YR estao amplamente distribuidos pelos tecidos e estao relacionados com a
regulacdo de sistemas como: esquelético, imune, cardiovascular, pulmonar, renal,

digestivo, enddcrino e nervoso (Abbracchio et al, 2009). Muitos estudos tém
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demonstrado que os P2YR estdo superexpressos em tecidos tumorais de diferentes

orgaos (Tabela 3).

Tabela 3: Expressdao dos P2YR em diferentes tipos tumorais.

P2YR relacionado

Melanoma 1,2,4e6
Colorretal 1,2,4,6,12
Esofago 2
2eb6
Prostata 1,2,6e1l
Cérebro lel2
2,12
Ovario 2
Endometrial 2
Tireoide 1,2
Malignidades hematoldgicas 11

Tabela adaptada (Burnstock e Di Virgilio, 2013).

E possivel observar que o P2Y2R é mais frequentemente expresso em diferentes
tipos tumorais. O ATP e UTP sao os ligantes fisiol6gicos que ativam os P2YzR, sendo este o
Unico receptor que aceita tanto adenina quanto uracila como nucleobase no agonista 5’-
trifosfato. No entanto, sob altas concentra¢des podem haver ligacdes cruzadas utilizando-
se de outro nucleotideo, o UDP-glicose como via de ativa¢do, sendo este um agonista total

para P2YzR (Ko et al, 2008).
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2. JUSTIFICATIVA

O carcinoma de es6fago apresenta-se como uma doenca de alta morbidade e
letalidade. Por ndo apresentar sinais iniciais ha um prejuizo no diagnéstico, e a
confirmacdo da doenca acontece ja em estado avancado. Dessa forma, ha um
comprometimento da qualidade de vida e do tratamento desses pacientes e novas
terapias com o intuito de melhorar o progndstico precisam ser desenvolvidas. Além disso,
segundo levantamento feito pelo INCA em 2018, a regiao Sul do Brasil é onde ha maior
incidéncia dessa patologia.

Nucleotideos sdao moléculas importantes que regulam muitas fungdes
patofisiolégicas no espago extracelular, através da ativacao de receptores purinérgicos
(Burnstock 2011). Estudos realizados pelo nosso grupo de pesquisa tém revelado
evidéncias de uma relacdo entre a sinalizacdo purinérgica em diferentes neoplasias
(Morrone et al. 2003; Morrone et al. 2005; Morrone et al. 2006; Stella et al. 2010; Gehring
et al. 2012). Um trabalho recentemente publicado pelo nosso grupo demonstrou o
envolvimento do receptor P2X7 na reducdo da viabilidade mitocondrial e taxa de
migracdo de linhagens celulares de es6fago tratadas com altas concentracdes de ATP.
Essas células também apresentaram elevada atividade da enzima responsavel pela
hidrolise de ATP (Santos, A. A, Jr. et al., 2017).

Desse modo, devido as diferentes formas que os receptores purinérgicos podem
influenciar em uma grande variedade de tumores, e a escassa literatura sobre a atuacdo
do P2YR em um tipo de ciancer com alta taxa de mortalidade como o de es6fago, vimos a
oportunidade de compreender o papel principalmente que o P2Y2R exerce nesta
neoplasia. No entanto, devido ao fato das plaquetas estarem fortemente relacionadas com
a formacdo do microambiente tumoral e na forma¢do de metdastases, o fato do P2Y12R

possuir importante papel na agregacao plaquetdria, e ja existir um fadrmaco disponivel no
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mercado como o bissulfato de clopidogrel (antagonista de P2Y:2R), também
consideramos valida a investigacdo da modulacdo deste receptor nas células de cancer de
esofago.

E de suma importancia que entendamos a relacio entre as vias que levam ao
desenvolvimento deste tipo especifico de cancer para que novas abordagens terapéuticas
possam ser definidas com o intuito de melhorar a expectativa e a qualidade de vida da
populacdao acometida por esta doenca. A partir de uma melhor compreensdao dos
mecanismos e fatores associados também se torna possivel alertar a populacdo em geral

sobre as medidas preventivas que podem ser tomadas, afim de diminuir a incidéncia

desta patologia.
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3. OBJETIVOS

Investigar o papel dos receptores purinérgicos P2Y; e P2Yi2 na proliferacao e

migracdo do carcinoma de células escamosas e adenocarcinoma de es6fago.

3.1 Objetivos especificos

a)

b)

d)

Verificar a expressdao do P2Y2R em bi6psias de pacientes cancer de esofago e em
amostras de pacientes sem a neoplasia.

Identificar a expressdo dos receptores purinérgicos P2Y2 em linhagens celulares
humanas de cancer de es6fago (cancer de células escamosas: Kyse-30 e Kyse-450;
e adenocarcinoma: OE-33).

Determinar o envolvimento dos receptores P2Y, com os eventos de proliferacao,
formacdo de coldnias, migracdo, e adesdo celular, utilizando a modulagido
farmacolégica por meio de antagonistas e agonista especificos.

Investigar as vias de fosforilacdo (Erk/Akt) pelas quais os receptores P2Y:
exercem sua funcao.

Identificar a expressao dos receptores purinérgicos P2Y12 em linhagens celulares
humanas de cancer de esofago (Kyse-30 e Kyse-450).

Determinar o envolvimento dos receptores P2Y12 com os eventos de proliferacao e
autofagia em linhagens celulares humanas de cancer de es6fago, utilizando

modulacdo farmacoldgica de antagonista e agonista especificos.

g) Avaliar a atividade ATPasica e ADPasica em linhagens celulares humanas de cancer

de esofago.
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ABSTRACT

The signaling of nucleotides and nucleosides was widely investigated during the last decades in several conditions
of distinct organs. It is already known that purinergic receptors expression exists in healthy tissues, and in most
cases, there is an increase of the expression in pathological conditions. However, in relation to the esophagus and
its pathologies, the purinergic context is poorly understood. In this review, we compiled information reported so
far regarding the involvement of P2 purinergic receptors in esophageal diseases such as gastroesophageal reflux
disease and esophageal carcinoma. Mainly, we discuss the effects of pharmacological modulation and
characterization of these receptors in different esophageal cell lines and its patterns of expression in esophageal
tissue samples, both in healthy and altered tissues. We propose that the study of the role of P2 purinergic receptors

and their mechanisms of action may help to explore their use as pharmacological targets in the future.

Keywords: P2 Purinergic Receptors; P2XR; P2YR; Extracellular Nucleotides; Gastroesophageal Reflux Disease;

Esophageal Carcinoma; Adenocarcinoma.
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Graphical Abstract

Esophageal iflamed cell
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Esophageal inflamed and esophageal tumor cells express the P2X ion channel coupled receptors and P2Y G-
protein coupled receptors. Extracellular nucleotides may act activating these receptors that are able to trigger
several cellular responses. Cell responses depend on the cell type and the specific receptor activated.
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1. INTRODUCTION

Purinergic signaling was elucidated for de first time in 1972, with identification of membrane receptors
that responds to purine nucleosides and nucleotides (Burnstock, 1972). Later, these receptors were identified as P1
receptors (Ay, Aza, Asg and Aj) (Fredholm, Bertil B ez al., 2001) and P2 receptors(Abbracchio e Burnstock, 1994).
Additionally, P2 receptors were divided in two families: P2X ionotropic receptors (P2X1-7R) and P2Y G protein-
coupled receptors (P2Y246,11,12,13,14R) (Abbracchio e Burnstock, 1994; Burnstock, 2004). Adenosine binds to P1
receptors; ATP activates P2XR, while P2YR differ on ligands preference according to each receptor subtype, with
ATP and its metabolites as natural ligands: ATP (P2Y, and P2Y},), ADP (P2Y,, P2Y, and P2Y3), UDP (P2Y5
and P2Y4), UTP (P2Y, and P2Y,), while UDP-glucose and other nucleotides sugars activate P2Y 14 (Franke et al.,
2012; Jacobson et al., 2015).

The P2XR are considered as non-selective cation channels. When they are activated by ATP they form
channels on the plasma membrane of the cells that allow the passage of K*, Na" and Ca*" (Burnstock, 2004).
Besides presenting two transmembrane portions with an extracellular loop, these receptors have N-terminal and C-
terminal tails located in the intracellular region. In the extracellular loop, the binding sites for ATP, antagonists
and modulators are located, whereas the C-terminal tail has an important function related to receptor
desensitization (Khakh, Baljit S. et al., 1999; Burnstock, 2004).

Unlike the structure of P2XR, P2YR have seven transmembrane domains, with the N-terminal tail facing
the extracellular medium, while the C-terminal towards the intracellular medium. P2YR can activate
phospholipase C (PLC), which leads to the release of calcium in the intracellular environment or even affect
adenylate cyclase causing changes in cAMP levels (Burnstock, 2004; 2006a). As for the coupling of these
receptors to the G-protein, they are subdivided into two groups: P2Y;,46 and P2Y;;314. The first group is
coupled to the Gy, protein, and regulates the activity of the PLC, thus controlling the release of Ca®" from the
endoplasmic reticulum, mediated by inositol. The second group modulates the action of ion channels and inhibits
the action of the adenylate cyclase enzyme via protein Gy, (Burnstock, 2004; 2006b; Verkhratsky ez al., 2009)

(Figure 1).
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Figure. 1: Representation of P2R mechanisms of action. The P2XR are ionotropic receptors that when
activated by ATP allow the transit of cations such as K+, Na+ and Ca2+ between the extra and intracellular media.
The effects promoted by this activation are mediated by the concentration of these ions. The P2YR are activated
by ADP, ATP, UDP and/or UTP, depending on each receptor subtype. They are metabotropic receptors and can be
coupled to different G proteins. P2YR coupled to the Gs protein (P2Y1,,46.11) activate phospholipase C, which
through inositol increases intracellular Ca2+ levels. The P2Y 11 receptor can also couple to the Gq protein, and by
stimulating the activity of the adenylate cyclase enzyme, increases the levels of the second messenger cAMP. In
contrast, receptors coupled to Gi protein (P2Y,,13,4) inhibit the adenylate cyclase enzyme and there is a
consequent decrease in cAMP levels.

The ATP molecule reaches the extracellular space through its release by healthy cells (epithelial cells,
endothelial cells, platelets, mast cells and terminal nerves) and by apoptotic, necrotic and tumor cells (Burnstock e
Di Virgilio, 2013; Cekic e Linden, 2016). This release occurs via pannexin 1 channels, conexins, secretory
granules, ABC transporters, exocytosis (Chekeni et al., 2010; Lazarowski, 2012), and even through a large pore
formed on the plasma membrane by P2X7R (Volonte ef al., 2012). Outside of the cell, ATP becomes a messenger
molecule (Di Virgilio e Adinolfi, 2017), promoting different responses according to their binding to specific
receptors present on the cell surface membrane (Zimmermann, 2016).

ATP and the other nucleotides signaling are controlled by ectoenzymes capable of metabolizing ATP to
adenosine. Initially, CD39 (ectonucleoside triphosphate diphosphohydrolase 1, E-NTPDasel) converts ATP and
ADP into AMP, which is dephosphorylated into adenosine by CD73 (ecto-5’-nucleotidase, Ecto5 NTase)

(Antonioli, Pacher, ef al., 2013; Kanthi, Y. M. et al., 2014). Later, adenosine can be metabolized to inosine by
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adenosine deaminase (ADA); recaptured into the intracellular space by the cell membrane nucleoside transporters
named Equilibrative Nucleoside Transporters (ENTs) and Concentrative Nucleoside Transporters (CNTSs)
(Antonioli, Blandizzi, et al., 2013); or can be phosphorylated into AMP by adenosine kinase (Baldwin et al., 2004;
Gray et al., 2004). Each receptor differs in the amount of agonist required for its activation, for example P2X7R
requires higher levels of ATP for its activation than other receptors that are activated with physiologic
concentrations of natural agonists (Stagg e Smyth, 2010). Healthy and injured tissues differ as to the release of
ATP; in inflamed or tumor microenvironment, the level of ATP is higher than the same tissue in physiological
condition (Pellegatti et al., 2008). Furthermore, tumor cells may be more sensitive to the effects caused by ATP
than normal cells, depending on the expressed P2 receptors on cell surface (Burnstock e Di Virgilio, 2013).
Regarding the inflammatory processes, ATP signaling is important, since its release in response to cell damage can
culminate in the generation of chemotactic signals, immune cells activation, release of inflammatory mediators
and cell death (Jacob et al., 2013). Many authors have demonstrated the interaction of purinergic receptors in
different systems; both in health and in pathological processes the receptors seems to have influence (Burnstock,
2014; Burnstock et al., 2014; Cekic e Linden, 2016; Pedata et al., 2016; Magni et al., 2017). The majority of these
studies show that purinergic receptors have potential to be pharmacological targets. Of note, purinergic signaling
and their receptors have been recently related in several types of cancer and there is mounting interest in the role
of nucleosides and nucleotides in therapeutic potential for cancer treatment (Burnstock e Di Virgilio, 2013).
Burnstock (2013)(Burnstock, 2013) in a wide-ranging review of previous studies, proposed that the activation of
P2Y, and P2Y,receptors are mainly involved with events of cell proliferation, by altering intracellular levels of
cAMP, through modulating adenylate cyclase or by increasing intracellular calcium levels via PLC; while P2X7R
is more related to cytotoxic effects (Wang et al., 2004; Fang et al., 2013).

The esophagus is a muscular tube; in adult humans, it measures around 18-25 cm that connects the
pharynx to the stomach. Its epithelium varies according to the location, the upper part is composed by striated
muscle, the lower part by smooth muscle, and in the middle there is a mixture of striated and smooth muscles
(Staller e Kuo, 2013). Different illnesses can affect the esophagus, such as esophagitis, gastroesophageal reflux
disease (GERD), Barrett’s esophagus (BE), adenocarcinoma and squamous cell carcinoma (di Pietro and
Fitzgerald, 2013). Recently, Burnstock ez al. (2017) (Burnstock et al., 2017) reviewed the role of the purinergic
system in several pathologies affecting the gastrointestinal tract, including some occurring in the esophagus,
nevertheless, there is still few studies linking the interaction of the purinergic receptors with the development of

these diseases.
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In this review, we discuss information reported regarding the involvement of P2 purinergic receptors in

some esophageal diseases such as GERD and esophageal carcinoma.
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2. P2 RECEPTORS AND THE ESOPHAGUS

It has been described that purinergic receptors are broadly distributed in the gastrointestinal tract
(Burnstock et al., 2017), and nucleotides and nucleosides can exert effects on the digestive system; therefore, the
components of the purinergic system could play a role in the regulation of important functions such as in the
salivary and intestinal epithelial secretion, enteric neurotransmission and motility (Lavoie ef al., 2011). In
addition, some authors have demonstrated that there is expression of different purinergic receptors in the
esophagus in both physiological and pathological conditions in vitro, and in human and animal model (Maaser et
al., 2002; Lecea et al., 2011; Ma et al., 2011; Shieh et al., 2014; Santos, A. A. et al., 2017; Wu et al., 2017).

Wu et al. (2015) (Wu et al., 2015) showed that normal epithelial cells of esophagus could release ATP in
extracellular space after stimulation with weak acid. In physiological context, the ATP was recognized as a ciliary
beat stimulating molecule (Levin et al., 1997) and P2Y receptors have an important contribution in the regulation
of esophageal motility (Wan et al., 2016). Wu et al. (2017), demonstrated the role of different purinergic receptors
and their agonists on IL-8 production in normal esophageal epithelial cells. The authors described that UTP and
ATP-y-S are capable of increasing IL-8 concentrations, and the crucial participation of P2Y,R was confirmed
when the P2Y,R was blocked and UTP was unable to modulate IL-8 production. Beyond that, it was also

suggested that the signaling through ERK activation pathway could be important in this process (Wu et al., 2017).

3. GASTROESOPHAGEAL REFLUX DISEASE (GERD)

Acid regurgitation, heartburn and epigastric pain could be considered indicative symptoms of GERD
(Pettit, 2005). It is one of the most common disorders that chronically affects upper gastrointestinal tract, with
prevalence being estimated to be 15-20% globally (Keshteli et al., 2017). This condition is described as a
complication associated with reflux, when the lower esophageal sphincter is ineffective, allowing the scape of
stomach content and chronic exposure of esophageal mucosa, resulting in tissue injury (El-Serag et al., 2002;
Vakil et al., 2006).

It is believed that the development of GERD occurs through the following events: (i) death of superficial
esophageal cells, (ii) generation of an inflammatory response that, starting in the epithelium, progresses to
ulcerations in the submucosa; and (iii) the loss of superficial esophageal cells induce the progenitor cell
hyperplasia in the basal layer of the squamous epithelium, which confers the histological characteristics of the

disease (Souza et al., 2017).
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Multiple risk factors are involved with GERD such as alcohol use, family history, smoking, eating habits
(Keshteli et al., 2017), Helicobacter pylori infection, obesity, and the use of medications that disturbs esophageal
function (Pandolfino et al., 2008). Moreover, in most severe cases, it may progress to BE (Riley et al., 2017),
being a condition developed by about 10% of patients diagnosed with GERD (Huang e Yu, 2016). Due to chronic
damage caused by the reflux, BE is characterized by a metaplasic change of the native squamous epithelial lining
to a columnar epithelium (Tan et al., 2017).

GERD is a risk factor for several diseases which are not directly attached to the esophageal tract whereby
laryngitis, reflux asthma syndrome, interstitial lung disease, and otitis media (Wijarnpreecha et al., 2017).
However, more importantly, GERD and BE are one of the major risk factors for esophageal adenocarcinoma
(EAC) (Rajendra e Sharma, 2017).

Although is well known the intimate role of purinergic signaling in inflammation and cancer (Burnstock
et al., 2017) to date, there are no studies investigating any direct form of relation between the purinergic system
and BE and EAC. It has been previously described that inflammation caused by esophageal reflux is closely linked
to the release of inflammatory cytokines, demonstrating the major involvement of HIF-2a and the participation of
Interleukine-8 (Souza et al., 2017). Likewise, different studies suggested that chronic mucosal inflammation
associated with GERD is characterized by increase of IL-8 expression, and authors recognized an important
function of this cytokine in pathogenesis of GERD (Isomoto et al., 2003).

Using HET-1A cell line, representative of normal human esophageal tissue, it was previously
demonstrated that the exposure to pH 5 triggers the release of ATP by these cells (Ma ef al., 2011). Ma et al.
(2012) (Ma et al., 2012) proposed that the ATP released by the cells induce the upregulation of inflammatory
mediators, among them IL-8. In addition, by treatment with suramin (P2R antagonist) and ATP-y-S (P2R agonist),
it is possible to infer the involvement of P2R in this inflammatory process and consequent tissue injury.

Purinergic receptors expression were characterized in biopsies samples of patients with GERD, and
P2X3R and P2X7R genes expression were significantly elevated in this condition when compared with
asymptomatic patients and healthy controls (Shieh ez al., 2014). On the other hand, it was reported in the same
study, that purinergic receptors P2Y 61, had similar gene expression among patients with GERD, asymptomatic
and healthy ones; so the authors suggest a potential involvement of P2X3R and P2X7R in inflammatory
sensitization of human esophagus (Shieh ez al., 2014). In this context, it is possible to infer that ATP signaling via
P2X receptors may contribute to the inflammatory condition induced by the release of cytokines. It would be of

great importance further studies that elucidate the effects of specific agonists and antagonists for those P2X
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receptors subtypes on the esophageal cells inflammatory response.

4. ESOPHAGEAL CARCINOMA

Recently, it was estimated that are diagnosed 456,000 new cases of esophageal cancer and that 400,000
deaths occur annually worldwide (Ferlay et al., 2015; Dong e Thrift, 2017). Differing according to their risk
factors and demographic distributions, the two main types of esophageal cancer are EAC and esophageal
squamous cell carcinoma (ESCC) (Ma et al., 2012; Torre et al., 2015). ESCC occurs in the upper third of
esophagus and develops from squamous epithelial cells (Zhang ef al., 2012). Although its incidence is decreasing
in the same time EAC is rising, the globally incidence of ESCC still higher than EAC (Smyth et al., 2017). It
corresponds to more than 90% of esophageal cancer diagnoses and the overall incidence increase with age (Zhang,
2013; Napier et al., 2014). ESCC is a very aggressive illness and the survival rates are low, only 10-20% of
patients reach 5-year of survival (Lagergren et al., 2017). The main risk factors comprise alcohol use, tobacco
smoking, low consumption of fruit and vegetables and high consumption of hot beverages and red meat (Morita et
al., 2010; Napier et al., 2014)(Morita et al., 2010; Napier ef al., 2014).

To date, ESCC is the only type of esophageal cancer that has, although few, studies characterizing
purinergic receptors role in this tumor progression processes, such as proliferation and cell death. Maaser et al.
(2002), using a human oesophageal squamous carcinoma cell line (Kyse-140), demonstrated that ATP and the
hydrolysis resistant ATP derivative (ATP-y-S) treatments can decline cell proliferation in dose-dependent manner
and trigger cell cycle arrest in S-phase; equally after 48 h with ATP treatment induced a intensification of caspase-
3 activity as well as apoptosis through labeling specific DNA strand breaks, thereby the authors suggest that cell
death occurs via P2Y,R activation.

Likewise, using the TE-13 cell line of human esophageal squamous carcinoma cells, Wang et al. (2005)
found a inhibitory effect of ATP on cell proliferation after 48 h of treatment, cell cycle delay in S-phase and an
increase in apoptosis rate in a dose-dependent manner, then authors propose that final metabolite of ATP
degradation, adenosine can also contribute to these results. Furthermore, a recent study revealed that three
different human ESCC cell lines (Kyse-30, Kyse-450 and OE-21) displayed P2X3R, P2X4R, P2X5R, P2X6R,
P2X7R expression, while P2X 1R is expressed by Kyse-30 and Kyse-450 and P2X2 was expressed only by Kyse-
450. Biopsies of esophagus reveal positive nuclear staining for P2X7R and staining is higher in ESCC than
esophagitis sample. Authors also found that cell lines of ESCC displayed an increase of enzymatic degradation of

ATP than ADP similarly the AMP hydrolysis is elevated in Kyse-450 cell line. The treatment with high ATP
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concentrations had toxic effects and reduced cell number, viability, migration and clonogenic capacity, suggesting
that occurred through activation of the P2X7 receptor (Santos et al., 2017).
Table 1 summarizes the effect of in vifro experiments with pharmacologic modulation of P2R in

esophageal cells.

Table 1: Effect of P2R pharmacologic modulation in esophageal cells in vitro.

Cell lineage  Cell type P2R Agonists Effect Mechanism Reference
involved

Kyse-140 ESCC P2Y, ATP Growth inhibition; DNA strand (Maaser et
ATP-y-S cell cycle arrest and breaks; Increase  al., 2002)
induction of Caspase 3

apoptosis

Kyse-30, ESCC P2X7 ATP Reduction of cell Not shown (Santos, A.
Kyse-450, number, viability, A.etal,
OE-21 migration and 2017)

clonogenic capacity
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CONCLUSION

There is a growing interest in researching new pharmacological targets through the modulation of
components of the purinergic system for different illnesses (Burnstock, 2017). Purinergic signaling has been
extensively studied in several inflammatory comorbidities and in different types of cancer, including the ones that
affect the esophageal tract, showing an important role in those conditions. It has been shown by distinct research
groups that there is expression of different P2 receptors in esophagus and their activation by nucleotides, mainly
by ATP, exert effects in both physiological and pathological settings. In this context, esophageal squamous cell
carcinoma is the more elucidated disorder studied, and in all cases different doses of ATP have an important
inhibitory effect upon cell cycle, proliferation and migration. Furthermore, regarding inflammatory esophageal
diseases, such as GERD, the involvement of P2R in the release of inflammatory cytokines has also been
demonstrated. However, important pathologies, which are raising in Western industrialized countries during the
last decades, like Barrett’s esophagus and adenocarcinoma (Smyth ef al.,, 2017) need to be explored in the
purinergic context. Of note, it is essential to elucidate the mechanisms of action by which the activation or
blockade of purinergic receptors can exert their effects. It is important to note that researchers cited here used
different lineages with different origins for the same pathology, which may explain why the cells respond in a
similar way using different concentrations of nucleotides. In this review, we present for the first time, a
compilation of a wealth of information relating esophageal diseases and the role of P2 purinergic receptors.
Although it is a field with lack of information, it is favored the possibility of new studies of these receptors as a

possible pharmacological target in the treatment of these diseases in the future.
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List of Abbreviations

ATP = Adenosine Triphosphate

ADP = Adenosine Diphosphate

UDP = Uridine Diphosphate

UDP-glucose = Uridine Diphosphate glucose
UTP = Uridine Triphosphate

PLC = Phospholipase C

cAMP = Cyclic adenosine 3’,5’-monophosphate

ADA = Adenosine deaminase

ENTSs = Equilibrative nucleoside transporters
CNTs = Concentrative nucleoside transporters
AMP = Adenosine monophosphate

GERD = Gastroesophageal reflux disease
IL-8 = Interleukine 8

ATP-y-S = Adenosine 5'-O-3-thiotriphosphate
ERK = Extracellular signal-regulated kinase
BE = Barrett’s esophagus

EAC = Esophageal adenocarcinoma

HIF-2a = Hypoxia-inducible factor 2 alpha
ESCC = Esophageal squamous cell carcinoma

HEECs = Human esophageal epithelial cells
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Abstract
Background: Esophageal cancer is a worldwide prominent illness; that is divided in two main
subtypes, squamous cell carcinoma and adenocarcinoma. Mortality rates are alarming, and the
understanding of the mechanisms involved and possible therapeutic targets for this disease
becomes essential. Purinergic signaling is involved in many diseases, and cancer research has
demonstrated the participation of this system in several types of tumors. Here we focused in the
purinergic receptor P2Y; expression in patient’s biopsies samples and compared this influence
in human esophageal squamous cell carcinoma with adenocarcinoma cell lines. Methods: 16
paraffin embedded blocks of ESCC and 7 of EAC were used to verify the P2Y, receptor
expression. Three human esophageal cancer cell lines Kyse-30 and Kyse-450 (ESCC) and OE-
33 (EAC) were used to perform in vitro analysis of cell proliferation, signaling pathways
involved in P2Y,R activation, cell migration and adhesion. Results: we observe the P2Y;
receptor dependence to survival that occurs via ERK1/2 and Akt activation. Nucleotides stimuli
lead to an increase in cell proliferation and the P2Y, blockage can lead cells to death.
Conclusion: Pharmacological modulation of P2Y, receptor showed a singular profile in
different cell lines. Briefly, P2Y;R has important roles in the maintenance of living cells and is
related to proliferation in esophageal cancer cells, moreover ATP and UTP are able to activate
signaling pathways related with cell survival, proliferation and invasion. Our data also showed
that pharmacological blocked of P2Y,R impair the capacity of proliferation in esophageal

cancer cells and decreased in intracellular calcium levels.

Keywords: Esophagus; Purinergic Signaling; Nucleotides; Proliferation; Carcinoma.

49



Introduction

Esophageal cancer (EC) is a very aggressive illness that affects 450 000 patients worldwide,

and ranks the 8th most common incident cancer in the world, and 6th in mortality in men
(Pennathur et al., 2013; Zhang, 2013). The high mortality rates are mainly due to poor
diagnosis and 15%-25% of patients reaches five years of survival when they are diagnosed in
early stages of disease (Pennathur ef al., 2013). There are two main subtypes of EC; esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) (Kamangar et al.,
2009). ESCC is the most incident type of esophagus cancer worldwide, however, cases of EAC
have increased significantly over the years (Napier et al., 2014). Beyond the cell type involved,
epidemiological features, anatomic localization, risk factors and molecular characteristics differ
between the subtypes (Lin et al., 2016; The Cancer Genome Atlas Research, 2017).

Purinergic signaling (Burnstock, 2004) and their receptors have been related in several types of
cancer and there is mounting interest in the role of nucleosides and nucleotides in therapeutic
potential for cancer treatment (Burnstock e Di Virgilio, 2013). The purinergic receptors are
classified in two major classes, P1 receptors that are G-protein coupled and divided in four
subtypes (A1, AxA, A;B and Aj;) (Fredholm, Bertil B ef al, 2001), and P2-receptors
distinguished in P2X or ionotropic receptors (P2XR) which are ligand-gated. P2XR contain an
intrinsic ion channel with seven members described (P2X1-7) and P2Y or metabotropic
receptors (P2YR) belonging to G-protein coupled receptors superfamily with eight members
described in humans (P2Y1246.11.12.13,14) (Burnstock, 1978; Abbracchio e Burnstock, 1994).
Purine and pyrimidine stimulates these receptors in extracellular space, here we focused in the
P2YR that can be activated by different nucleotides according to its affinity for each receptor
subtypes (Franke et al., 2012). P2Y,R acts by altering intracellular levels of cAMP, modulating
adenylate cyclase or increasing intracellular levels of calcium via PLC, and their main agonists

are ATP and UTP (Burnstock, 2004).
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Different P2YR subtypes are widely distributed in the body and they play an important role in
physiological and pathological processes (Abbracchio ef al., 2006). Previous data showed that
ATP is released in larger amounts by a higher metastatic cancer cell line when compared to a
less aggressive or normal cell (Jin ef al., 2014). Maaser et al., (2002) demonstrated that the
activation of P2Y,;R by ATP at high concentrations leads to apoptosis and cell cycle arrest in
esophageal squamous carcinoma cell line (Kyse-140). However, P2Y;R has also been related
with tumor growth, invasion and metastasis in other types of cancer, for example, breast (Jin et
al., 2014), prostate (Li et al., 2013) and hepatocellular (Xie et al., 2014). Recently, the P2Y,R
has become visible as a potential pharmacological target, promising results in cancer research
field both through its blockage and when activated (Nylund et al., 2007; Buzzi et al., 2010;
Schumacher et al., 2013).

However, there is a scarce literature focusing on the purinergic system in esophageal
pathologies such as esophagitis, Barrett's esophagus and carcinoma. Then, to provide a
comprehensive assessment of the actions of P2Y,R in esophageal cancer, we analyzed by
immunohistochemistry the P2Y,R expression in human biopsies of ESCC and EAC. Likewise,
we explored if pharmacological modulation of P2Y;R with agonists and antagonist can affect
tumor progression in human esophageal cancer cell lines of squamous cell carcinoma and
adenocarcinoma. In addition, this study shows for the first time the relationship among the
activation of P2Y,;R and the proliferation, migration, and signaling pathways in esophageal

cancer cells.
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Materials and Methods

Agonists, Antagonist and Antibodies

The nucleotides (ATP and UTP) were purchased from Santa Cruz Biotechnology (CA, USA).
The P2Y2R antagonist (AR-C 118925XX) was obtained from Tocris Bioscience (MO, USA),
ERK inhibitor (PD98059) was obtained from Cayman Chemical (MI, USA) and PI3K inhibitor
(LY294002) was obtained from Sigma Aldrich (MO, EUA). Anti-P2Y, Receptor was
purchased from Alomone Labs (JRS, Israel). For pERK1/2 and pAkt cytometry was used

Phosflow Kit from BD Biosciences (CA, USA).

Human Sample Characterization

This study was retrospective, from 2012 until 2017; we revised clinical data of thirty-four
patients of both sexes, attended by the Oncology Service of Sdo Lucas Hospital, Porto Alegre —
Brazil. The paraffin blocks of esophageal biopsies were used to P2Y,R quantification by
immunohistochemistry. The local Ethical Committee approved the study (number: 1.645.764).
Patients were divided in three groups according to clinical data collection: healthy control (HC)
group (17 cases), squamous cell carcinoma (60 cases) and adenocarcinoma (10 cases). The
inclusion criteria for control group was (1) men and women aged 30 to 80 (2) report of
pathological examination negative for malignancy. The exclusion criteria was defined as
follows: (1) diagnosis of esophagitis, (2) diagnosis of Barret’s esophagus (3) inadequate/absent
biopsy sample. The inclusion criteria for cancer patients was: (1) men and women aged 30 to
80, (2) diagnosis of esophageal adenocarcinoma or squamous cell carcinoma, (3) esophagus as
a primary site, (4) paraffin blocks available. The exclusion criteria was defined as follows: (1)

clinical data incomplete, (2) inadequate/absent biopsy sample (3) tumor classified as
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undifferentiated. When the inclusion and exclusion criteria were applied, the final number of

participants was 10 cases of HC, 7 cases of EAC and 16 cases of ESCC.

Immunohistochemistry

As previously described, human histological samples of normal esophagus, ESCC and EAC
were collected to verify the P2Y ;R expression. The final number of biopsy samples collected to
immunohistochemistry was, HC = 10 cases ESCC = 16 cases and EAC = 7 cases. Formalin-
fixed, paraffin-embedded tumor blocks were used to obtain 2 pum thick sections, after the
sectioned slides were deparaffinized in xylene and dehydrated in serial ethanol dilutions. The
next steps were performed according to Braganhol et al., (2009), sections were incubated
overnight at 4 °C with the rabbit polyclonal P2Y;R antibody (1:100), then sections were washed
in PBS and incubated with secondary anti-rabbit IgG antibody at room temperature for 2 hours.
Lastly, samples were incubated with 3,3’-diaminobenzidine (DAB) (Novolink chromogen) for

5 minutes, followed by haematoxylin counterstaining.

Cell Culture

Esophageal cancer cell lines, Kyse-30, Kyse-450 and OE-33, were kindly donated from Dr.
Luis Felipe Ribeiro Pinto. Cells were maintained in RPMI medium supplemented with 10%
fetal bovine serum (FBS) (both purchased from Gibco, NY, USA), 50 units of penicillin/mL,
50 mg streptomycin/mL, and fungizone 250 ug/mL purchased from Sigma Aldrich (MO, EUA)

at controlled cell incubator (37 °C, 5% CO2, and 95% humidity).

RNA Isolation and Real-time gPCR
The gene expression of purinergic receptor P2Y family (P2Y,, P2Y,, P2Y4, P2Ys, P2Y,
P2Y,, P2Y4) was determined by RT-qPCR. The total RNA was isolated from esophageal

cancer cell lines (Kyse-30, Kyse-450, and OE-33) with TRIzol® Reagent (Life Technologies) in
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accordance with the manufacturer’s instructions. RNA purity (Abs 260/280nm ~2.0) and
concentration were determined by Nanodrop® Lite and after treated with Deoxyribonuclease I
(Sigma-Aldrich) to eliminate genomic DNA contamination in accordance with the
manufacturer’s instructions. The cDNA was synthesized with ImProm-II™ Reverse
Transcription System (Promega, WI, USA) from 1 ug of the total RNA, following the
manufacturer’s instruction. Quantitative PCR was performed using SYBR® Green I
(Invitrogen) to detect double-strand cDNA synthesis on the 7500 Real-time PCR System
(Applied Biosystems, CA, EUA). The PCR cycling conditions were: an initial polymerase
activation step for 5 min at 95 °C, 40 cycles of 15 s at 95 °C for denaturation, 35 s at 60 °C for
annealing and 15 s at 72°C for elongation. At the end of cycling protocol, a melting-curve
analysis was included, and fluorescence measured from 60 to 99 °C to confirm the specificity
of primers and absence of primer-dimers and showed in all cases one single peak. All real time
assays were carried out in quadruplicate and, in all cases, substituting the templates for
DNase/RNase-free distilled water in each PCR reaction included a reverse transcriptase
negative control. Gapdh, B2M and 18S were used as reference genes for normalization. The
sequences of reverse and forward primers are in Table 1. The efficiency per sample was
calculated using LinRegPCR 2016.1 Software (http://LinRegPCR.nl) and the stability of the
references genes, and the optimal number of reference genes according to the pairwise variation
(V) was analyzed by GeNorm 3.5 Software (http://medgen.ugent.be/genorm/). Relative mRNA

expression levels were determined using the 2**“method (Bustin ef al., 2013).

Cell Counting
Cells were seeded at density of 2 x 10* per well in 24-well plates. To perform these
experiments, the tree cell lines are induced to G1-phase though FBS starvation by reducing its

concentration of 10% to 5% and finally 0.5% for 24 hours. After that, cells were divided in six
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treatment groups as follows: (1) Control group: received RPMI medium (0.5% SFB), (2) ATP
(100 uM), (3) UTP: (100 uM), (4) AR-C 118925XX: at concentration of 20 uM, (5) AR-C
118925XX (20 uM) plus ATP (100 uM), (6) AR-C 118925XX (20 uM) plus UTP (100 uM).
After 24 h of treatment, the medium was removed, the cells were washed with calcium and
magnesium-free medium (CMF) and 100 pL of 0.23% trypsin/EDTA solution was used to
detach cells. Absolut cell number was acquired by Countess FL cell counter (Life

Technologies, CA, USA). This experiment was performed in triplicate for 3 times at least.

Clonogenic Assay

This experiment was performed according to Rafehi et al. (2011). Briefly, Kyse-30 and Kyse-
450 (100 cells) and OE-33 (300 cells) were seeded in 24-well plates. Since it is a long-term
experiment, we chose to use RPMI medium with 5% of FBS supplementation. After 24 hours,
cells are treated with ATP (100 uM), UTP (50 and 100 pM) alone or in combination with AR-
C 118925XX (20 uM), cells of control group received RPMI 5% FBS only. Every two days the
medium was replaced, and the wells that received nucleotides initially, get a nucleotide pulse
together with new medium. On the 7" day, cells were washed twice with PBS and fixed with
formalin 4% for 10 minutes; colonies were stained with 200 pL of crystal violet for 10 minutes,
and then washed with PBS. Colonies with 50 cells or more were considered and counting was
performed using the Image] software. This assay was performed in quadruplicate in two

independent experiments.

Wound Healing Assay
To determine the cell capacity of migration, wound healing assay was performed according to
previously studies (Valster et al., 2005; Garay et al., 2013). Kyse-30 (110 x 10%), Kyse-450

(150 x 10%)and OE-33 (150 x 10%) cells were seeded on 24-well plates in RPMI 10% FBS for
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24 hours at 37°C under 5% de CO2. After, cells were starved (5% FBS) for 24 hours and
subsequently Kyse-30 and Kyse-450 were starved in 0.5% FBS for 24 hours; OE-33 cells do
not resist FBS starvation to 0.5% for long periods, so with cell line the experiment was carried
out with 5% FBS. Using a p200 pipette tip a line was scrapped into the well to simulate an
injury. Cells were washed three times with PBS to remove the debris/serum and treated with
ATP (100 uM), UTP (100 uM), AR-C 118925XX (20 uM), AR-C 118925XX (20 uM) plus
ATP (100 uM), AR-C 118925XX (20 uM) plus UTP (100 uM), and controls received only
media FBS 0.5% or 5% (OE-33). Kyse-450 and OE-33 were photographed at time point zero,
24 hours and 48 hours. Since the proliferation rate of the Kyse-30 lineage is higher than the
other cell lines used in this study, we established different time points as follows: zero, 12
hours and 24 hours. All images were obtained via an inverted optical microscope (10 x
objective) with a capturing digital image system (Olympus [X71), always in the same field. The
images obtained were analyzed by using Adobe® Photoshop® CSS5. This assay was conducted

in duplicate in three independent experiments.

Adhesion Assay

To evaluate cell adhesion, Kyse-30, Kyse-450 and OE-33 were seeded (5 x 10* cells) in 96-
well plates. For this experiment, the cells were treated together with plating and incubated for 2
hours at 37°C. Treatment: (1) Control group: received RPMI medium (10% FBS), (2) ATP (50
and 100 uM), (3) UTP (50 and 100 uM), (4) AR-C 118925XX (20 uM), (5) AR-C 118925XX
(20 uM) plus ATP (50 and 100 uM), (6) AR-C 118925XX (20 uM) plus UTP (50 and 100 uM).
Passed the incubation time, cells were washed three times with PBS to remove non-adherent
cells. Adherent cells were fixed with formalin for 10 minutes and stained with crystal violet
(0.5%) diluted in methanol (20%). Then, cells were cleaned three times with Milli-Q™ water,

and 100 pul of 10% acetic acid (v/v) was added in each well for elution. Lastly, the cell
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adhesion was evaluated by measuring optical density (OD) at 570 nm in a plate reader
(Spectra Max M2e, Molecular Devices) (Wang et al., 2008). This experiment was conducted in

triplicate in two independent experiments.

Determination of Signaling Pathways Phospho-AKT and Phospho-ERK1/2

In order to analyze whether nucleotide treatment activates intracellular signaling pathways, we
will use the expression markers for phospho-ERK and phospho-AKT and measurements was
executed using the BD Phosflow (BD Bioscience) protocol for adherent cells. Cells were plated
(30 x 10%) in 12-well plates and SFB was reduced to 0.5% for 24 hours. The cells were treated
for 5, 15, 30 or 60 minutes with ATP and UTP at 100 uM concentration, the positive control
received RPMI 10% SFB, and RPMI control 0.5% SFB, and maintained in incubation at 37°C.
After treatment the cells will be trypsinized, and fixed with Phosflow Buffer for 10 minutes at
37°C. After, the cells were washed with PBS and permeabilized with Phosflow Perm Buffer for
30 minutes, conditioned on ice. After permeabilization the cells were washed twice and labeled
with FITC anti-pERK 1/2 and anti-pAKT PE antibodies for 30 minutes conditioned on ice.
Data were obtained using cytometer FACSCantoll (Beckton Dickinson) and BD FACSDiva

software, subsequently analyzed using Flowjo v10. Flow cytometry was conducted in triplicate.

Enzymatic Activity

In order to analyze the ectonucleotidases activities we used the protocol described by
Wink et al., (2003). 4 x 10* cells of Kyse-30, Kyse-450 and OE-33 were trypsinized and
included to solution containing 50 mM Tris—-HCl (pH 8.0) and 5 mM CaCly (for

Ectonucleotidase activities) or 50 mM Tris—HCI (pH 7.2) and 5 mM MgCly (CD73 activity) in

a final volume of 200 uL. Samples were preincubated for 10 min at 37 °C be- fore starting the

reaction with the addition of substrate (ATP, ADP or UTP) to a final concentration of 100 uM.
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The reaction was stopped after 30 min with the addition of 200 uL of trichloroacetic acid at a
final concentration of 5%. Samples were incubated on ice for 10 min and was added 1mL of a
colorimetric solution containing 2.3% polyvinyl alcohol, 5.7% ammonium molybdate, and
0.08% malachite green was added in order to determine the inorganic phosphate released (P1).
The quantification of Pi released was reached using a spectrophotometer at 630 nm (Spectra
Max M2e, Molecular Devices). This assay was conducted in triplicate in three independent

experiments and results were expressed as nmol Pi released/min/mg of protein.

Free intracellular calcium concentration analysis

This experiment was conducted according to Pillat et al. (2016). Kyse-30, Kyse-450 and OE-33
cells were plated (1 x 10* cells per well) in 96-well plates; the plates were black and had a flat
bottom. Twenty-four hours after seeding cells were washed with PBS 1X and treated with AR-
C 118925XX (20 uM) or medium alone (serum free), each well also received SuM Fluo-3AM
(Molecular Probes) in 0.5% Me2SO and 0.06% non-ionic pluronic acid surfactant F-127
(Sigma Aldrich) for 30 minutes at 37 ° C. Subsequently, the medium was removed and
extracellular buffer (140 mM NaCl, 3 mM KCI, 1 mM MgCl 2, 2 mM CaCl 2, 10 mM Hepes
and 10 mM glucose, pH 7.4) was added immediately prior to the Ca **. At the time of analysis,
the cells were stimulated with nucleotides ATP or UTP (100 uM) in wells with P2Y, antagonist
and in wells with medium only. The images were obtained through ECLIPSE-TiS Inverted
Microscope (Nikon, Melville, NY) equipped with a 14-bit, high resolution, CoolSNAP HQ2
CCD camera (Photometrics, Tucson, AZ) and analyzed with NIS-Element software (Nikon). A
xenon lamp at 488 nm excited fluo-3AM probe and fluorescence emission was detected using a
band pass filter (515-530 nm) and we get images every second. Thirty cells were analyzed for
each well, and each condition was performed in duplicate in three independent experiments.

Time kinetics of free intracellular calcium ([Ca®™i) variations were composed from 300 images
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acquired in 1-s intervals. The fluorescence intensities (F) were calibrated in a solution
containing 5 mM ionophore (Fmax) and 10 uM BAPTA-AM (Fmin) to stipulate an assessment
of the absolute variation in the intracellular calcium fluorescence using the subsequent equation

AF/Fmin.

Statistical analysis

Data were analyzed by Student’s t-test, one-way analysis of variance (one-way ANOVA),
followed by Tukey or Dunnett’s post hoc test or two-way analysis of variance (two-way
ANOVA) followed by Bonferroni post-test for multiple comparisons, using GraphPad Software
6.0 (San Diego, CA, U.S.A.). Data are presented as mean + SEM; p values <0.05 indicate

statistical significance.

Results

P2Y,R immunostainig and clinical data of patients

Human samples of esophageal biopsies of normal esophagus, squamous cell carcinoma and
adenocarcinoma were analyzed regarding P2Y,R expression by immunohistochemistry.
Representative images of P2Y,;R immunostainig in human biopsies demonstrated an area of
normal appearing esophageal mucosa showing positivity for P2Y,R (Fig.1A), whereas
immunoreactive receptors were markedly increased in ESCC (Fig. 1B). Figure 1C depicts EAC
cells showing membrane-augmented positivity for P2Y;,R. Socio-demographic and clinical data

of patients are expressed in supplementary Table 1.

Esophageal cancer cell lines express P2Y,receptors
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Since patients with esophageal cancer display relevant expression of P2Y, receptor in ESCC
and EAC biopsies, we decided to investigate the expression of this receptor in different
subtypes of esophageal cancer human cell lines. In order to evaluate the P2YR expression in
Kyse-30, Kyse-450 and OE-33, we performed the RT-qPCR technique for eight receptor
subtypes already described in humans (supplementary Table 2).

The results obtained demonstrate that the EAC OE-33 cell line has a higher expression of
P2Y,R compared with Kyse-450 (p<0.001), although the p-value is not significant, we could
observe a difference in mean of expression between the OE-33 (mean = 1.123) and Kyse-30
(mean = 0.9710) (p= 0.178). Kyse-30 showed higher expression than Kyse-450 (p<0.05)

(Fig.1D).

Pharmacological blockage of P2Y:R decreases esophageal cancer cell number

In order to verify cell proliferation we performed cell-counting experiment, cells were treated
with extracellular nucleotides and with the specific P2Y,;R antagonist. Kyse-30 showed no
significant difference in the cell number when treated with ATP or UTP (100 uM) (Fig.2D). In
contrast, in Kyse-450 (Fig.2E) and OE-33 cells (Fig.2F) a significant increase was observed in
cell number when compared to control (p<0.05). Moreover, the three cell lines responded in a
similar way when received the P2Y,R antagonist AR-C 118925XX (20 uM), presenting a
significant decrease in number of cells (p<0.05). And this effect was partially reversed by the

subsequent addition of the P2Y, agonists ATP and UTP (100 uM).

UTP induces colony formation in Kyse-450 and OE-33 cell lines
Regarding to the formation of colonies, Kyse-30 (Fig.3A) cell line did not present significant
changes in any of the treatments for 7 days. Conversely, the lineages Kyse-450 (Fig.3B) and

OE-33 (Fig.3C) presented a similar behavior, showing a significant increase in the number of
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colonies formation when treated with UTP (100 uM) alone or with AR-C 118925XX plus UTP
(100 uM) in comparison the control (p<0.01). Furthermore, UTP treatment exerted a significant
higher effect than ATP (p<0.05) in Kyse-450 cells. Also, treatment with AR-C 118925XX plus
UTP induced a significant increase in colony number when compared with the group treated

with AR-C 118925XX plus ATP in Kyse-450 (p<0.01) and OE-33 (p<0.05).

Extracellular nucleotides did not induce cell migration in tumor esophageal cells

We further investigated if the activation of P2Y,R with ATP or UTP was able to favor cell
migration through wound-healing method. The nucleotides alone were not able to induce a
significant difference in the cell migration of ESCC or EAC cell lines. When Kyse-30 and
Kyse-450 cells were treated with P2Y,R antagonist there was a decrease in cell migration after
24h of treatment in comparison with the control (p<0.001) (Fig.5A). In the same way, Kyse-
450 cells when treated with AR-C 118925XX showed a decrease in cellular migration capacity
when compared to the control group at 24 hours (p<0.05), and this effect was maintained even
with the subsequent addition of ATP (p<0.05) (Fig.5B). Regarding to OE-33 cell line, no
significant difference was observed in cell migration in any treatments used (Fig.5C). Figure

5D shows representative images of the three cell lines studied at 0 and 24 hours after treatment.

Cell adhesion is impaired with P2Y, antagonism

We also evaluated the role of P2Y,R in cell adhesion capacity. The results demonstrated that
UTP (100 uM) treatment lead to a significant increase of Kyse-30 cell adhesion when
compared to control (p<0.05). In addition, treatments with AR-C 118925XX lead to a
significant decrease in adherent cells when compared to control (p<0.001) (Fig.6A). The tested
treatments did not alter Kyse-450 cell adhesion (Fig.6B). Furthermore, OE-33 lineage showed

a significant decrease in cell adhesion when treated with the antagonist AR-C 118925XX, AR-
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C 118925XX plus ATP, or with AR-C 118925XX plus UTP in both concentrations used were

when compared to control group (p<0.001) (Fig.6C).

ATP and UTP promote activation of pERK1/2 and pAkt signaling pathways

In order to evaluate the signaling pathways involved in regulation of P2Y; receptor activities,
we evaluated if these pathways are activated after ATP and UTP (100 uM) treatment in ESCC
and EAC cells at different time-points. Kyse-30 treated with ATP at 3, 15, 30 and 60 minutes
showed an increase in the expression of pAkt in comparison with control (p<0.01, p<0.05,
p<0.01, p<0.05, respectively). Regarding pERK1/2, we observed a significant increase in its
expression after 30 and 60 minutes with ATP treatment when compared to control (both
p<0.01). When Kyse-30 received UTP pAkt expression was increased in relation to control in
all time-points analyzed (p<0.01); whereas pERK1/2 expression was increased in time-points
15 and 30 minutes after UTP treatment in comparison with control (p<0.01) (Fig.4A).
Conversely, Kyse-450 exhibited higher expression in pAkt after ATP treatment in 30 minutes
(p<0.05), and pERK1/2 expression was increased in 30 and 60 minutes in comparison with
control (p<0.05 and p<0.01, respectively) after ATP treatment. When Kyse-450 was treated
with UTP, no significant difference was observed in pAkt pathway, nevertheless pERK1/2
expression presented an elevated expression after 3, 15 and 30 when compared to control
(p<0.01) (Fig.4B). Once we stimulated the EAC OE-33 cell line with ATP, there was no
significant difference in pAkt expression in any time-point tested. Instead, pERK1/2 expression
was significantly elevated at 3, 15, 30, 60 minutes after ATP stimulus when compared with
control (p<0.01, p<0.01, p<0.01, p<0.05, respectively). When we stimulated the cells with
UTP, pAkt expression was elevated in 30 minutes in relation to control (p<0.05), and pERK1/2

expression was higher than control at 3, 15 and 30 minutes (p<0.01) (Fig.4C).
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Cell lines of esophageal cancer present distinct profile of nucleotide hydrolysis

In order to understand how the nucleotide degradation occurs in three cell lines used in this
study, we thus performed an evaluation of enzymatic capacity. Regarding to ATP hydrolysis to
ADP realized by ectonucleotidases (CD39), adenocarcinoma cell line shown higher ATP
hydrolysis compared to squamous cell carcinoma cell lines Kyse-30 (P<0.05) and Kyse-450
(p<0.001)(Fig. 7A). Regarding to ADP hydrolysis, Kyse-450 has lower capacity in hydrolyzes
ADP to AMP than Kyse-30 (p<0.001) and OE-33 (p<0.001) (Fig. 7B). OE-33 also presents
higher UTPase activity in comparison with Kyse-30 and Kyse-450 cells (both p<0.05) (Fig.

70).

P2Y, response is dependent of intracellular calcium signaling

Taking into account the important role of calcium in cell signaling, we decided to measure the
calcium free concentration after ATP or UTP stimuli. Non-stimulated cells were imaged for
acquiring basal fluorescence values, prior to ATP or UTP (100 uM final concentration) stimuli.
In Kyse-30 cells, after ATP or UTP stimuli, it was observed an elevation of intracellular
calcium. Cells treated with P2Y,R antagonist showed a lower calcium concentration when
compared to ATP or to AR-C 118925XX plus ATP (p<0.05), and to UTP or to AR-C
118925XX plus UTP (P<0.05) (Fig.8A). Concerning to Kyse-450 cell line, we did not observe
significant differences between the treated groups (Fig.8B). OE-33 cell line did not respond to

intracellular calcium measurements.

Discussion
The relationship between purinergic signaling and several types of cancer is broadly studied.
Considering the high signaling potential of ATP and UTP as intra and extracellular messengers,

and the large amounts of ATP existing in the tumor microenvironment (Burnstock, 2006a), the
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understanding of signaling triggered by these molecules in esophageal cancer can explain how
different mechanisms are involved in both, cell proliferation and death.

In this study, we showed, for the first time, the comparison among cells from two different
histological types, human ESCC (Kyse-30 and Kyse-450) and EAC (OE-33), considering the
role of P2Y; R in numerous cell processes that occur in cancer. First, we evaluated the gene
expression of eight members of the P2Y receptors family. Taking into account the expression
of P2Y;,R, focus of this study, EAC cell line OE-33 displays higher gene expression than ESCC
cell lines, Kyse-30 and Kyse-450. Previous studies have described the association of P2Y
receptors (specifically P2Y;) in non-pathological functions related to muscle control
(contraction and relaxation) and neurotransmission (Wan et al., 2016). Also, P2Y;,R, expressed
in primary human esophageal epithelial cells, are involved in pro-inflammatory responses when
activated (Wu et al., 2017).

Moreover, another cell line, Kyse-140, representative of human ESCC, expressed several
purine receptors, including the P2Y,R, and the activation of this receptor was related to
activation of cell death mechanisms (Maaser ef al., 2002). In human hepatocellular carcinoma
cells, the expression of P2Y,R was higher than normal hepatocytes (Xie et al., 2014),
evidencing that this receptor develops important function in the tumor microenvironment.
Reports demonstrate that P2Y,R activation by ATP and UTP causes cell migration and
proliferation in MDA-MB-231and MCF-7 breast cancer cells, and also it is linked to pro-
inflammatory cascade activation (Wagstaff et al., 2000; Jin et al., 2014). And in A-549 human
lung cancer cells, ATP and UTP also supports cancer cells growth (Schafer ef al., 2003).

In cell counting concerning nucleotide stimulus, the cell lines utilized in this study responded in
different ways. Kyse-30 did not shown significant response, meanwhile the Kyse-450 and OE-
33 showed an increase in cell number after ATP and UTP stimulus. When ESCC and EAC

cells were treated with P2Y,R antagonist the same effect was observed, a significant decrease
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in cell number, which was not reversed by posterior addition of nucleotides. This result allows
us to postulate that P2Y,R has an important role in maintenance of living cells and is related to
proliferation in cell lines here analyzed. It is already been seen that ATP and UTP treatment
after 24 and 48h were able to induce proliferation in different glioma cell lines (Morrone et al.,
2003).

The P2Y; receptor is mostly related to tumor growth, extravasation and invasion maintenance
and metastasis promotion, in several types of cancer (Di Virgilio e Adinolfi, 2017). Xie et al.
(2014) reported the involvement of P2Y,R and its activation through ATP in hepatocellular
carcinoma cells, they also concluded that when P2Y,R is antagonized, ATP is unable to
promote cell proliferation. Recently, our group demonstrated the involvement of P2X7 receptor
in colony formation of ESCC treated with different concentrations of ATP (1-5 mM). The
results obtained indicated that high concentrations of ATP, for long periods, are able to cause
cell death (Santos, A. A., Jr. et al., 2017).

Similarly, we aimed to investigate the role of P2Y,R in cell ability to form colonies. With the
objective of evaluating how long lasts the effect of pharmacological blockade of P2Y;,R, the
cells received the P2Y,R antagonist only on the first day of treatment; the cells received
nucleotides every two days, and the experiment was finished on the 7 day. Kyse-450 showed
an increase in cell colonies number when stimulated with UTP, and OE-33 had an increase in
the number of cell colonies after treated with both, ATP and UTP. Nonetheless, cells that
received the P2Y,;R antagonist did not show an inhibition effect; supporting an idea that
pharmacological blockade of P2Y,;R was lost over 7 days. Interestingly, the colonies formed
into wells that received UTP were more consistent, which means that they were formed by a
higher number of cells, than those that received ATP.

Cell migration is an important mechanism utilized by cancer cells to spread and generates

metastasis, and studies have focused in the participation of P2Y,R in cell invasion and
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migration. Li et al., (2015) proposed the involvement of P2Y,R activated by ATP/UTP in
invasion and migration in different human prostate cancer cell lines, and these nucleotides
activate epidermal growth factor receptor (EGFR) and ERK1/2. In human breast cancer cells,
ATP and UTP also are able to stimulate cell migration mainly via ERK1/2, and when the
P2Y,R is silenced this effect is lost (Chadet ef al., 2014). Here, although nucleotides have
activated pathways related to cell migration (ERK1/2 and Akt), we did not observe significant
increase in cell migration when nucleotides were utilized as treatment, on the other hand the
P2Y,R antagonist lead to a decrease in cell migration in Kyse-30 and Kyse-450.

Here we observed that UTP increased cell adhesion in Kyse-30, furthermore the P2Y,R
antagonism lead to a lower cell adhesion, this impairment might occur due to cell death
occasioned by P2Y,R blockage. In MB-MDA-231 breast cancer cells, the activation of P2Y,R
by ATP or UTP was capable to upregulate the expression of intercellular adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), and this expression was inhibited
in cells transfected with P2Y,R shRNA (Jin et al., 2014). Also, in MB-MDA-231 the
overexpression of CD73 was related to support cell adhesion, migration and invasion by
producing large amounts of adenosine (Wang ef al., 2008).

Next, we assessed through cytometry the expression of ERK1/2 and pAkt signaling pathways
after ATP and UTP (100 uM) stimulus. Our results showed that nucleotides exert activation in
both signaling pathways, and Kyse-30 was more responsive to activation of Akt than another
cell lines and its activation remained expressed for a longer period. Both nucleotides are able to
induce the activation of ERK1/2, but ATP promotes more prolonged activation than UTP, this
finding is in accordance with study carried out by Hoffmann et al., (2008), which elucidated
that ATP and UTP nucleotides have different profiles of ERK activation.

Activation of signaling pathways such as ERK1/2 provide cell proliferation, differentiation and

survival (Samatar e Poulikakos, 2014), and PI3K (Akt is main effector located downstream of
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PI3K) are involved with cell survival, migration capacity, inflammation and cancer progression
(Burgering e Coffer, 1995; Vanhaesebroeck et al., 2010). Several studies have been
demonstrated the nucleotide capacity in activates signaling pathways in different tumors. In
MCEF-7 cells UTP activates the phosphorylation of ERK1/2, but this did not occur when
ERK1/2 was inhibited by PD98059 (Chadet et al., 2014). In HeLa cells ATP and UTP evoked
the activation of P2Y;and lead to ERK1/2 and PI3K phosphorylation (Muscella et al., 2003).
Jaques-Silva et al., (2004) when using ATP to treat glioma cells, observed increased cell
proliferation that occurred via ERK and Akt after the purinergic receptors activation.

The expression and activity of the ectonucleotidases have been related to different stages of the
tumor establishment such as proliferation, adhesion and invasion (Wang et al., 2008). The
purine metabolism focused here occurs through the enzymatic activity developed by the CD39
ectonucleotidase, that converts ATP to ADP, ADP to AMP and UTP to UDP (Zimmermann et
al., 2012). The ESCC representative cell line Kyse-450 was the lineage that exhibited lower
capacity to hydrolyze the three extracellular nucleotides tested. This data suggested that P2Y,R
agonists ATP and UTP are available for longer periods in extracellular space in these cells, and
are capable of modulate the proliferation induction seen in this study.

Lastly, we evaluate the transient calcium concentration, Kyse-30 cell line exhibited a
significant increase of intracellular calcium concentration after stimulation with ATP and UTP
and the pharmacological inhibition of P2Y;,R resulted in a decrease in calcium concentration.
Elevation of intracellular calcium levels mediated by activation of the P2Y, receptor may result
in phosphorylation of ERK1/2 and PI3K, important for cell proliferation, migration and
survival (Muscella et al., 2003; Chen et al., 2004; Chadet et al., 2014). In lung cancer cells,
calcium signaling activated by ATP have ability in control proapoptotic and antiapoptitic

proteins ratio and support cell survival (Song et al., 2016).
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Most of the studies are focused on ESCC, due to the fact that it is the type of higher incidence,
however, we must also pay attention to esophageal adenocarcinoma, which has seen a
considerable increase in the number of cases in the last years (Lagergren et al, 2017).
Considering the high rates of mortality in esophageal cancer, understanding the mechanisms
that induce cell proliferation and death become fundamental in the search for new therapeutic
targets. Taking together, our data indicates that P2Y;R plays distinct function in each cell line
studied here. In Kyse-30 the purinergic receptor P2Y; is related with cell survivor maintenance,
Akt signaling pathway shows important role for this maintenance. Nucleotides alone were not
able to induce cell migration, but UTP treatment increase cell adhesion. P2Y,R also showed
influence in calcium signaling when stimulated with ATP and UTP. Kyse-450 demonstrates an
increase in cell number when received ATP and UTP, the main signaling pathway related is
ERK1/2. These results allow us to postulate that P2Y,;R blockage in human esophageal cancer

cells could interfere in cell proliferation and as a consequence control tumor growth.
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Table 1

Table 1. Primer sequences for RT-qPCR experiments included in the study

Gene Forward primer
188 5'-GTAACCCGTTGAACCCCATT-3'
B2M 5'-ACTGAATTCACCCCCACTGA-3'
Gapdh 5'-TGCACCACCAACTGCTTA-3'
P2Y, 5’-AGGGGTGTGGACGTCGTGGT-3’
P2Y, 5’-GGGGAGCGAGACTTCCGGGGT-3’
P2Y, 5’-CATTGGCACCTGCCTTACTA-3’
P2Y, 5’-AGCTTCCTGCCTTTTCACAT-3’
P2Yy, 5’-CATGGCAGCCAACGTCTCGG-3’
P2Y,; 5’-GCCTGGATCCGTTCATCTAT-3’
P2Yy; 5’—~ GACTGCCGCCATAAGAAGAC-3’
P2Y;y 5-TCACAGATGAAGGCCTAGACGCA-3’

Reverse primer

5'-CCATCCAATCGGTAGTAGCG-3'

5'-CCTCCATGATGCTGCTTACA-3'

5-GGATGCAGGGATGATGTTC-3'

5’-CCCAGCAGGCACCTCTTTGGA-3’

5’-TCCACCACCTTGGGGGACCA-3’

5’-CCAGGGCATATTTCAGT-3’

5’-AAAGGCCTCCAATACAGTGC-3’

5’-GGGCCACAGGAAGTCCCCCT-3’

5’-GGGACAGAGATGTTGCAGAA-3’

5~ CAGATCTGTTGAAGCCTTGC-3’

5’-TGCCCAGTGAGCGTTTGTCGT-3’

Reference

Rho et al.,
2010
Rho et al.,
2010
Rho et al.,
2010
Designed by
authors
Designed by
authors
Designed by
authors
Designed by
authors
Designed by
authors
Designed by
authors
Designed by
authors
Designed by

authors
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Paper Figure Legends

Fig.1 Representative images of human biopsies, healthy control (A), ESCC (B) and EAC (C)
Brown staining indicates P2Y,;R presence (All 200x). Expression of P2Y,;R in human ESSC
and EAC cell lines (D). One-Way ANOVA followed by Tukey post-test was used to calculate
statistical difference between cell lines. Data showed as £ SEM ***p<(.001 and *p<0.05.

Fig.2 Effects of agonists and antagonists of P2Y,R in cell number performed with Kyse-30,
Kyse-450 and OE-33 cell lines. Cell counting with Kyse-30 (A), Kyse-450 (B) and OE-33 (C)
executed 24h after treatments with: ATP or UTP (100 uM), AR-C 118925XX (20 uM) alone
and in combination with ATP or UTP (100 uM). One-Way ANOVA followed Tukey post-test
calculates statistical differences between treatments; all data are present as = SEM ***p<(.001
and *p<0.05.

Fig.3 Colony formation capacity after treatment with antagonist and agonists of P2YR.
Quantification of colony number after 7 days of treatment with ATP or UTP (100 uM), AR-C
118925XX (20 uM) (ARC in the graph) alone and in combination with ATP or UTP (100 uM),
in Kyse-30 (A), Kyse-450 (B) OE-33 (C) and (D) Representative images of colony formation
on tree cell lines. One-Way ANOVA followed Tukey post-test calculates statistical differences
between treatments; all data are present as = SEM ***p<0.001 and *p<0.05.

Fig.4 Hound-healing assay. Kyse-30 at 6, 12 and 24h after treatment (A), Kyse-450 (B) and
OE-33 (C) at 24 after treatment as follows ATP or UTP (100 uM), AR-C 118925XX (ARC in
the graph) (20 uM) alone or in combination with ATP or UTP (100 uM), and representative
images of cell migration in Kyse-30 (D), Kyse-450 (E) and OE-33 (F). One-way ANOVA
followed by Tukey post-test calculates statistical differences between time-points, which bar

was compared to control, all data are present as £ SEM ***p<(.001 and *p<0.05.
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Fig.5 Evaluation of cell adhesion. Kyse-30 (A), Kyse-450 (B) and OE-33 (C) after treated with
ATP or UTP (50 and 100 uM), P2Y; antagonist AR-C 118925XX (ARC in the graph) (20 uM)
alone or in combination with ATP or UTP (50 and 100 uM). One-Way ANOVA followed by
Tukey post-test were carried out to calculate changes between the groups, *p<0.05. All data are
present as = SEM.

Fig.6 Involvement of P2Y,in ERK1/2 and Akt cell signaling pathways. Activation on signaling
pathways expression after stimulus with agonists of P2Y,R ATP and UTP (100 uM), flow
cytometry was performed at 3, 15, 30 and 60 minutes after nucleotide stimulation in Kyse-30
(A), Kyse-450 (B), and OE-33 (C). Two-Way ANOVA followed by Bonferroni post-test
calculates statistical differences between time-points, which bar was compared to control, data
are present as + SEM ***p<(0.001 and *p<0.05. data are present as + SEM

Fig. 7 Basal enzymatic capacity in adenocarcinoma and squamous cell carcinoma cell lines.
(A) ATPase capacity (B) ADPase capacity and (C) UTPase capacity. Samples were
preincubated for 10 min at 37 °C be- fore starting the reaction with the addition of substrate
(ATP, ADP or UTP) to a final concentration of 100 uM. The quantification of Pi released was
reached using a spectrophotometer at 630 nm. One-Way ANOVA followed by Tukey post-test
were carried out to calculate changes between the groups, data are present as + SEM *p<0.05.
Fig. 8 Evaluation of intracellular calcium. Kyse-30 (A) and Kyse-450 (B) cells were pre-treated
with only medium without FBS or AR-C 118925XX (ARC in the graph) (20 uM), during
Calcium imaging cells were stimulated with ATP or UTP (100 uM). Transient [Ca2+]; was
achieved by the change in fluorescence (AF/Fj). EAC cell OE-33 did not shows basal dye
fluorescence, making it impossible to carry out the experiment. One-Way ANOVA followed by
Tukey post-test were used to assess differences between the groups, data are present as =+ SEM

**%p<0.001 and *p<0.05.
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Figure 4
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Figure 5
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Figure 6
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Figure 8
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Supplementary Material

Table 1. Clinical data of esophageal cancer patients

Clinical data of patients Adenocarcinoma Squamous cell carcinoma
(n= 60) (n=10) (n=50)
Histology 16,1% 83,9%
Age 75 (+/- 10,55) 63,65 (+/- 9,39)
Sex

Men 60% 77,5%
Women 40% 22.5%
Dysphagia/odynophagia 50% 84%
Weight loss 30% 60%
Surgery 20%
Lymphadenectomy Absent data 2%
Esophagectomy 1% 18%
Radiotherapy 40% 62%
Chemotherapy 40% 65%
Tobacco use 30% 60%
Alcohol use Absent data 36%
Death 10% 83,7%

Data shown as n (%) or mean (SD).

Table 2. P2Y gene expression in esophageal cancer cell lines

Receptor Kyse-30 Kyse-450 OE-33
P2Y1 +++ +++ +
PZY2 + + ++
PZY4 ++ + ++
P2Y, ++ ++ absent
P2Yll ++ + +
P2Y12 + + +
P2Y13 absent absent absent
P2Y absent + absent

14

+ Low expression, ++ Moderate expression ++ High expression. The quantitative criteria as follows: >1= low
expression, 1< and <3 = moderate expression, 3> = high expression.
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ABSTRACT
Introduction: esophageal cancer is a prominent disease with high mortality rates due to late
diagnosis and absence of specific symptoms. It is divided in esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma (EAC); these subtypes diverge in
histological cell type affected, risk factors and outcome. Furthermore, the incidence changes
according to geographic location, ESCC had higher prevalence in North China, Asia, Iran and
South America, including the south of Brazil. Purinergic signaling is widely associated with
several cancers, and different purinergic receptors are expressed in tumor tissues. The P2Y,
purinergic receptor (P2Y,R) is activated by ADP and broadly elucidated in platelets; these
cells also had influence in tumor microenvironment mainly by promoting cancer cell metastasis
and favors tumor growth. In this context, researches have suggested the P2Y ;R blockade with
different antagonists in cancer prevention and treatment. Here we used in vitro experiments to
investigate the role of P2Y ;R in ESCC cells proliferation after treatment with ADP and
P2Y ;R antagonist clopidogrel. Our results demonstrated that cells express the target receptors
to ADP (P2Y R and P2Y,R). Moreover, ADP stimulus was capable of inducing direct cell
proliferation in ESCC cells and the P2Y ;R antagonist, clopidogrel, was able to decrease this
capacity in different concentrations. In addition, we observe that clopidogrel treatment leads to

an increase in cells with acridine orange dots, an indicative of cell autophagy.

Keywords: purinergic signaling, ADP, esophagus, proliferation, clopidogrel, squamous cell

carcinoma.
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Introduction

Esophageal cancer comprises two histological main types; esophageal squamous cell
carcinoma (ESCC) that rises from epithelial cells and oesophageal adenocarcinoma (EAC) that
emerge from glandular cells (Zhang, 2013). They have divergent risk factors and genetic
predisposition. ESCC is the most common type in the world, but over the decades its incidence
has been reduced and in contrast, the EAC rates have grown in well-developed countries in the
past four decades (Napier et al., 2014).

In Brazil, 96% of cases of esophagus are ESCC, and the southern region of the country
has the highest incidence. In the southern of Brazil, the incidence of ESCC is higher than in the
rest of the country, occupying the sixth most incident cancer in men and the fifteenth among
women (Instituto Nacional Do Cancer, 2018). Dysplastic originator injuries can be discovered
for both ESCC and EAC using endoscopy and noninvasive screening approaches, but routine
screening is not currently praised in low risk areas or for low risk individuals (Van Laethem et
al., 2016).

Local ablative treatment of these dysplastic injuries results in outstanding long-term
results, without the necessity for broad esophageal resection or severe oncological treatment,
and some early cancers may also be treated successfully with endoscopic resection (Lordick et
al., 2016). Because there are no specific symptoms, and because there are no prevention and
screening programs, esophageal cancer is commonly found at an advanced stage, which
compromises treatment efficacy and decreases survival rates (Arnold ef al., 2015; Backemar et
al., 2016).

The purinergic system (Burnstock, 1972) and its receptors have been characterized over
the years. The purinergic receptors are divided into G-coupled protein P1 receptors (Aj, AzA,
A,B and Aj), activated by adenosine (Fredholm, B. B. et al., 2001). Ionotropic P2X (1-7)

receptors are activated by ATP (Burnstock, 2004; Abbracchio et al, 2009). And, P2Y

88



(1,2.4,6,11,12,13,14) that can be activated by ADP, ATP, UDP or UTP, depending on the type of
receptor stimulated (Burnstock, 2004). In the extracellular space, there are enzymes responsible
for the degradation of the nucleotides in their respective nucleosides, named as
ectonucleotidases. The CD39 (ectonucleoside triphosphate diphosphohydrolase 1, E-
NTPDasel) hydrolyzes ATP and ADP into AMP, while CD73 (ecto-5’-nucleotidase,
Ecto5'NTase) dephosphorylates AMP into adenosine (Antonioli, Pacher, et al., 2013; Kanthi,
Yogendra M. et al., 2014).

A large number of studies have shown the relationship of the purinergic system in cancer
scenery (Burnstock e Di Virgilio, 2013), participating in both pro-tumor and anti-tumor
mechanisms in a wide-range of tumor types like colon cancer cells proliferation-induced by
ATP (Buzzi et al., 2010) or proliferation suppressed by ATP (Yaguchi et al., 2010), in breast
cancer P2Y,R supports cell migration (Chadet et al., 2014) the P2Y ;R inhibition lead a
decrease metastasis (Gebremeskel et al., 2015).

ADP stimulates the P2Y 3R, a Gi-coupled receptor that acts by modulation of adenylate
cyclase leading in cAMP decrease and also activates P2Y1R, a Gg-coupled receptor that
activates phospholipase  (PLC B) resulting in intracellular calcium increase (Burnstock, 2004).
P2Y R and P2Y ;R were related with main functions performed by platelets, such as shape
changes, aggregation, clot retraction and granule secretion (Kahner et al., 2006; Hechler e
Gachet, 2011; Jin et al., 2014).

Taking into account the platelets participation in metastasis dissemination (Camerer et
al., 2004), researches have been considering P2Y ;R role in several types of tumors like
ovarian, breast, lung, tongue and pancreas (Sarangi et al., 2013; Gebremeskel et al., 2015;
Tamagawa et al., 2016; Cho et al., 2017; Elaskalani et al., 2017). Although the P2Y, have
been well characterized in platelets and in different tumors, there are no studies addressing the

function of this receptor in esophageal cancer.
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Here we used two different cell lines representative of human ESCC (Kyse-30 and Kyse-
450) to accesses ADP role in human esophageal cancer. The P2Y ;R and P2Y R expression
was accessed by RT-qPCR, and we evaluated cell viability and proliferation, clonogenic
capacity, and autophagy after pharmacological modulation with ADP and with the P2Y ;R

antagonist (clopidogrel).

Material and Methods

Reagents

The ADP was purchased from Santa Cruz Biotechnology (CA, USA) and the Clopidogrel
Bisulfate was obtained from (Pharma Nostra, NED, EU) and was used as P2Y ;R antagonist.
Both were weighed and diluted in sterile water for injectable. Acridine orange was purchased

from Sigma Aldrich (MO, EUA).

Cell Culture

Human ESCC (Kyse-30 and Kyse-450) cell lines were maintained in RPMI medium
supplemented with 10% fetal bovine serum (FBS) (both purchased from Gibco, NY, USA), 50
units of penicillin/mL, 50 mg streptomycin/mL, and fungizone 250 pg/mL purchased from
Sigma Aldrich (MO, EUA) and incubated as standard conditions (37 °C, 5% CO2, and 95%

humidity).

RNA Isolation and Real-time gPCR

The total RNA was isolated from esophageal cancer cell lines (Kyse-30 and Kyse-450) with
TRIzol® Reagent (Life Technologies) in accordance with the manufacturer’s instructions. Gene
expressions of P2Y ;R and P2Y;; R were determined by RT-qgPCR. RNA purity (Abs

260/280nm ~2.0) and concentration were determined by Nanodrop® Lite. The
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Deoxyribonuclease I (Sigma-Aldrich) was used to eliminate genomic DNA contamination in
accordance with the manufacturer’s instructions. The cDNA was synthesized with ImProm-1I™
Reverse Transcription System (Promega, WI, USA) from 1 pg of the total RNA, following the
manufacturer’s instruction. Quantitative PCR was performed using SYBR® Green I
(Invitrogen) to detect double-strand cDNA synthesis on the 7500 Real-time PCR System
(Applied Biosystems, CA, EUA). The PCR cycling conditions were: an initial polymerase
activation step for 5 min at 95 °C, 40 cycles of 15 s at 95 °C for denaturation, 35 s at 60 °C for
annealing and 15 s at 72°C for elongation. Finally, a melting-curve analysis was included, and
fluorescence measured from 60 to 99 °C to confirm the specificity of primers and absence of
primer-dimers and exhibited in all cases one single peak. All experiments were carried out in
quadruplicate and reverse transcriptase negative control was used by substituting the templates
for DNase/RNase-free distilled water and included in each PCR reaction. Gapdh, B2M and 18S
were used as reference genes for normalization. The sequences of reverse and forward primers
are in Table 1. The efficiency per sample was calculated using LinRegPCR 2016.1 Software
(http://LinRegPCR.nl) and the stability of the references genes, and the optimal number of
reference genes according to the pairwise variation (V) was analyzed by GeNorm 3.5 Software
(http://medgen.ugent.be/genorm/). Relative mRNA expression levels were determined using

the 2"**“Ymethod (Bustin ez al., 2013).

Cell viability

Cell mitochondrial viability was evaluated by MTT method (Mosmann, 1983).
Esophageal cancer cells were seeded at 5x10° cells per well in 96-well plates. The cells were
treated with clopidogrel bisulfate (50, 100, 150, 200, 300, 500 uM) or 100 uM ADP only and
clopidogrel bisulfate (50, 100, 150, 200, 300, 500 uM) for 20 minutes plus 100 uM ADP, in the

control group the cells received only RPMI media. The experiment was carried out for 24, 48,
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and 72 h. After the medium was removed, the cells were washed with calcium magnesium-free
medium (CMF) and 100 pl of MTT solution (MTT 5 mg/ml in PBS in 90 % RPMI/10 % FBS)
was added to the cells and incubated for 3 h. The media was removed, and formazan crystals
were dissolved with 100 pL of dimethyl sulfoxide (DMSO). The absorbance was quantified at
540 nm (Spectra Max M2e, Molecular Devices). This assay was conducted in quadruplicate in

four independent experiments, and results are expressed in percentage in relation to control.

Cell counting

Kyse-30 and Kyse-450 were seeded at density 2x10* in 24-wells plate. Twenty-four
hours after plating, cells were treated with 100 uM ADP, clopidogrel bisulfate (150, 300 and
500 uM) and clopidogrel bisulfate (150, 300 and 500 uM) plus 100 uM ADP, the control group
received only RPMI medium. After 24 h of incubation the cells were washed with 200ul of
PBS, trypsinized and counted in Cell Coutess II equipment (Life Technologies®). Cell
counting was carried out in triplicate in three independent experiments and results were
expressed in absolute cell number of living cells.
Clonogenic Assay

This assay allows the evaluation of polyclonal cells ability and it was conducted
according to Rafehi ez al., (2011) (Rafehi ez al., 2011). Kyse-30 and Kyse-450 (2 x 10%) cells
were seeded in a 24-wells plate. After 24 hours, the cells were treated with ADP (100 uM),
clopidogrel bisulfate (150 and 300 uM) and clopidogrel bisulfate (150 and 300 uM) plus ADP
(100 uM). The control group received only RPMI medium. The experiment was conducted for
7 days; during this time the cells received a pulse of ADP (100 uM) along with the medium
exchange every 48 hours. After 7 days the cells were washed with PBS, fixed with 4% formalin
for 20 minutes and stained with violet crystal for 10 minutes, washed twice with PBS and kept

at room temperature for drying. The colony quantification was achieved by Image J software
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and expressed as absolute number. This assay was carried out in triplicate.

Identification of Autophagic Cells

With the objective of evaluating whether P2Y ;R blockage induces cell autophagy, we
used cell staining with Acridine Orange (AO). This compound is permeable, and it is fixed in
acidic vesicular organelles such as autolysosomes that are increased in autophagy process. AO
is a green fluorophore and shifts to red fluorescence when trapped in autolysosomes, so this
fluorescence can be quantified, and it allows us to estimate the cells that are in late step of
autophagy (Thome e al., 2016). Kyse-30 and Kyse-450 cells were plate at 4 x 10* density in
12-wells plate and treated with clopidogrel (150 and 300 uM), and the control group received
only RPMI medium for 24 hours. Later, the treatment was drawn and a solution with 1 ug of
AO per mL of RPMI medium (pH 7.4) was added in each well. Cells were incubated for 20
minutes in the dark at standard incubator. The pictures were captured via an inverted optical
fluorescence microscope (20x objective) (Olympus 1X71), the excitation/emission wavelength
for green fluorescence (blue filter) was 480-500nm/509-543 and for red fluorescence (green
filter) was (542.5-567.5)/ (579/631) excitation/emission, respectively. Pictures for each well
were captured in the same field with blue and green filter. The images obtained were

overlapped and orange and red dots were quantified, both with Image J software.

Statistical analysis
Data were analyzed by Student’s T-test or one-way analysis of variance (one-way
ANOVA) followed by Tukey post hoc test, using GraphPad Software 6.0 (San Diego, CA,

U.S.A.). Data are presented as mean + SEM; p values <0.05 indicate statistical significance.

Results
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Esophageal cell lines express P2Y; and P2Y;;

To evaluate if the ESCC cells express the P2Y receptors activated by ADP, we verified
the expression of P2Y R and P2Y;R. The results of RT-qPCR showed that both cell lines
express P2Y1 and P2Y 12 receptors. The P2Y R expression was significantly higher in Kyse-30
when compared to Kyse-450 cells (p<0.05) (Fig.1A). Regarding to P2Y;R, there was no
significant difference in the expression levels of this receptors between the cells studied

(Fig.1B).

P2Y ;3R blockage inhibited esophageal cancer cell proliferation

Since both ESCC cell lines studied express ADP binding receptors P2Y, and P2Y,
receptors, and that these cells are able to hydrolyze ATP to ADP, we accessed the effects of
ADP treatment and the antagonist in the cell mitochondrial viability. Kyse-30 and Kyse-450
cells were treated with P2Y ;R agonist (ADP 100 uM) and with the antagonist (clopidogrel
bisulfate) for 24, 48 and 72h and MTT assay was performed. In Kyse-30, at 24h, we observed
that ADP alone increased cell viability. On the other hand, clopidogrel alone (100, 150, 200,
300 uM) decreased significantly cell viability when compared to control (p<0.05), and with
clopidogrel 500 uM the cell viability was even lower (p<0.001). Interestingly, treatment with
clopidogrel (100, 150, 200, 300, 500 uM) plus ADP also decreased cell viability in relation to
control (p<0.05) (Fig.2A). After 48h all clopidogrel concentrations, except 50 uM alone or plus
ADP, lead to a significant decrease in cell viability when compared to control (p<0.001)
(Fig.2B). When cells were treated for 72h, clopidogrel at 100, 150, 200 uM (p<0.05) and 500
uM (p<0.001) or clopidogrel 50 uM plus ADP (p<0.05), 150, 200, 300 and 500 uM plus ADP
(p<0.001) decreased in a significant manner cell viability in comparison with the control
(Fig.2C). In Kyse-450 cells, after 24h of treatment, ADP induced an increase of viable cells,

and only clopidogrel at 500 uM decreased significantly cell viability in comparison to control
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(p<0.001) (Fig.2D). After 48h, clopidogrel 100 uM (p<0.05) and 500 uM (p<0.001) induced a
significant decrease in cell viability in relation to control, and treatment with clopidogrel (100,
150, 200, 300, 500 uM) plus ADP also induced a significant reduction in the viable cells
(Fig.2E). Finally, after 72h of treatment, clopidogrel (200, 300 uM; p<0.05) and 500 puM
(p<0.001) alone or clopidogreal 100-500 uM of clopidogrel in combination with ADP
(p<0.05), diminished the viability of the cells (Fig.2F).

The cell counting was conducted with ESCC (Kyse-30 and Kyse-450) cell lines after
24h treatment with ADP 100 puM, clopidogrel (150, 300 and 500 uM) or clopidogrel in
combination with ADP (100 uM). Kyse-30 cells treated with clopidogrel (150, 300 and 500
uM) displayed a significant decrease in cell number when compared to control (p<0.001) alone
or with clopidogrel (300 and 500 uM) plus ADP (p<0.001) (Fig.3A). Kyse-450 showed a
decrease in cell number when treated with clopidogrel 150 uM (p<0.05), 300 and 500 uM
(p<0.001) compared to control. Interestingly ADP alone lead a significant increase in number
of cell in comparison with the control (p<0.05), and this effect was abolished when the cells
received clopidogrel (150, 300 and 500 uM) plus ADP (p<0.05; p<0.001; p<0.001,

respectively) (Fig.3B).

ADP induces colony formation in ESCC cell lines

The capacity of ESCC cells to generate progeny was established after 7 days of
treatment with ADP 100 uM, clopidogrel 150 and 300 uM alone or in combination with ADP.
The cells received P2Y ;R antagonist (clopidogrel) only in the first day of treatment. After,
they received or not a pulse with ADP 100 uM every 48 hours together with the medium
exchange, and control group received only medium. The experiment was conducted in this way
in order to evaluate the duration of the receptor pharmacological blockade. Both cells

responded in a similar manner; ADP lead an increase in colony formation (p<0.05), and
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P2Y ;R blockage caused a decrease in colony number (p<0.05) in comparison to control (Fig.
4A and 4B). The treatments with clopidogrel 300 uM alone or clopidogrel plus ADP caused
abolition in the formation of colonies. The Fig.4C was a representative image of the results in

Kyse-30 and Kyse-450.

Treatment with P2Y, antagonist increases acridine orange staining

In order to confirm ADP-P2Y |, effects in ESCC growth, cells were treated with the
antagonist clopidogrel at 150 and 300 uM for 24 hours. Kyse-30 cell line treated with
clopidogrel (150 and 300 uM) showed a significant increase in cells containing orange dots
when compared to control (p<0.05) (Fig.5A). Although Kyse-450 had displayed high staining
in the control group, the treatment with clopidogrel (150 and 300 uM) showed a significant
increase in AO staining when compared to control (p<0.001) (Fig.5B). However, only this
experiment does not allow us to support the idea that the cells shift to autophagy with the

P2Y ;R antagonism.

Discussion

Most of the available studies demonstrate the indirect action of P2Y 2R on tumor cells
through their modulation in platelets (Gay e Felding-Habermann, 2011). Previous studies
using in vivo models of ovarian cancer have shown that platelets play pro-tumor functions and
the number of platelets present is closely related to tumor growth and aggressiveness,
resulting in poor prognosis and low responsiveness to treatment (Stone et al., 2012; Bottsford-
Miller et al., 2015). Platelets are able to communicate with tumor cells to and from there,
favor the spread of metastases and support the formation of a pre-metastatic niche (Labelle et
al., 2014). Moreover, activated platelets can secrete ATP granules that bind in others

purinergic receptors and have influence in several cancers (Wagstaff et al., 2000; Schafer et
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al.,2003; Yaguchi et al., 2010; Qian et al., 2014).

Taking into account that esophageal cancer remain a worldwide health problem with
high mortalities rates and high impact in patient’s quality life and new therapies was needed
(Lagergren et al., 2017), we showed here, for the first time, the influence of P2Y ;R
activiation via ADP in esophageal squamous cancer cells proliferation. ESCC cells utilized in
this study express both receptors (P2Y;R and P2Y;R) that are activated by the nucleotide
ADP. Furthermore, both cell lines presented ATPase and ADPase activities. Interstingly,
Kyse-30 cells presented higher enzymatic capacity in hydrolyzing ATP than Kyse-450 cells,
indicating that ADP remains longer in the extracellular medium, and that this nucleotide could
be capable of activating P2Y receptors. Still, we observed that the pharmacological
modulation of P2Y ;R with its antagonist (clopidogrel) was able to decrease in cell viability
and proliferation at different concentrations.

Previously data showed that P2Y ;R expression is essential to maintaining ovarian
cancer cell number, and its blockade increase apoptosis and decrease cell proliferation in
vitro, and P2Y 2R knockout mice had a decline in ovarian tumor growth (Cho et al., 2017). In
addition, P2Y ;R pharmacological blockade with ticagrelor and clopidogrel (both platelet
aggregation inhibitors) resulted in lower lung metastasis in animal model of melanoma and
breast cancer and increase animal survival (Gebremeskel et al., 2015).

Besides favoring the mesenchymal-epithelial transition, platelets can also inhibit the
function of natural killer cells in struggling tumor cells (Nieswandt et al., 1999; Palumbo et
al., 2005; Miyashita et al., 2015). All these functions have been linked to the activation of
P2Y ;R present in platelets by ADP (Ballerini et al., 2018). Our data showed that ADP acts in
human esophageal cancer cells, occasioning in increased cell proliferation. On the other hand,
the P2Y ;R blockade was able in inhibit cell proliferation. Confirming these data, the P2Y ;R

activation by ADP also leads to an increase in cell capacity of generating polyclones and its
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inhibition with clopidogrel impaired this capacity.

Autophagy is the cell ability in recycling its components in tightly regulated lysosomal
digestion manner. This process usually occurs under cellular stress conditions such as
oxidative stress, growth factors and nutrients deprivation and hypoxia (Boya et al., 2013).
Studies have demonstrated that autophagy can protect malignant cells and acts in favor of the
tumor or can control tumor progression and may participate in chemoresistance (Qu et al.,
2003; Takamura et al., 2011; Wei et al., 2013). Our results demonstrated that P2Y ;R
blockade with the antagonist clopidogrel displayed more cells presenting acidic vesicular
organelles stained by AO staining than the control group. These results could suggest that
cells treated with clopidogrel can be entering in autophagy condition, but supplementary
experiments are needed to confirm that.

Collectively, our data showed an important involvement of ADP-P2YR for esophageal
cancer cells maintenance, by participating in fundamental proliferation processes. We
concluded that P2Y ;R stimulated by ADP acts as pro-tumor mechanism, but this effect on
tumor growth needs to be better investigated, as well the mechanisms of cell death or

autophagy.
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Table 1. Primer sequences used in RT-qPCR.

Gene

Forward and Reverse primers

Reference

18§

B2M

Gapdh

P2YR

P2Y ;R

F-5'GTAACCCGTTGAACCCCATT-3'

R-5'-CCATCCAATCGGTAGTAGCG-3'

F-5'-ACTGAATTCACCCCCACTGA-3'

R-5'-CCTCCATGATGCTGCTTACA-3'

F-5'-TGCACCACCAACTGCTTA-3'

R-5-GGATGCAGGGATGATGTTC-3'

F-5’-AGGGGTGTGGACGTCGTGGT-3"

R-5’-CCCAGCAGGCACCTCTTTGGA-

39

F-5’-GCCTGGATCCGTTCATCTAT-3’

R-5’-GGGACAGAGATGTTGCAGAA-

39

(Rho et al., 2010)

(Rho et al., 2010)

(Rho et al., 2010)

Designed by authors

Designed by authors
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Paper Figure Legends

Fig.1 ESCC cells express P2Y R and P2Y;R. A P2Y R expression was higher in Kyse-30 than
Kyse-450 (p<0.05). B P2Y ;R expression, there was no significant difference between ESCC
cells. One-way ANOVA followed by Tukey post-hoc test was used in statistical analysis. Error

bars represent =SEM. * p <0.05, *** p <0.001.

Fig.2 ESCC cell viability accessed by MTT assay. The cells were treated with Clopidogrel at
50, 100, 150, 200, 300, 500 uM alone or plus 100 uM ADP and 100 uM ADP, control group
received RPMI 10% FBS. Kyse-30 after 24 (A), 48 (B) and 72 h (C). Kyse-450 after 24 (D), 48
(E) and 72 h (F). Results are expressed as percentage relative to the untreated control. One-way
ANOVA followed by Tukey post-hoc test was used in statistical analysis. Error bars represent

+SEM. * p <0.05, *** p <0.001.

Fig.3 Cell counting was carried out in ESCC cell lines after 24h of treatment with clopidogrel
150, 300 and 500 uM alone or plus 100 uM ADP and 100 uM ADP, control group received
RPMI 10% FBS. A Kyse-30; B Kyse-450. One-way ANOVA followed by Tukey post-hoc test
was used in statistical analysis. Error bars represent £SEM. * p <0.05, *** p <0.001, # increase

in relation to control (p<0.001).

Fig.4 Colony formation capacity in ESCC cells performed after 7-days treatment. Cells were
treated with clopidogrel 150, 300 uM alone or plus 100 uM ADP and 100 uM ADP, control
group received RPMI 10% FBS. Only colonies with 50 cells or more were considering
counting. A Kyse-30 and B Kyse-450 cells. One-way ANOVA followed by Tukey post-hoc
test was used in statistical analysis. Error bars represent £SEM. * p <0.05, # increase in relation

to control (p<0.05). C representative images of clonogenic assay.
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Fig.5 Acridine Orange staining in ESCC cells after 24h of treatment with clopidogrel 150, 300
uM. Cells containing orange dots were counted and expressed in percentage of total cell
number. A Kyse-30 and B Kyse-450 cells. C representative images of Acridine Orange staining
in ESCC cells. T-test was performed to access significant differences. Error bars represent

+SEM. * p <0.05, *** p <0.001.
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Paper Figures

Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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5 CONSIDERACOES FINAIS

O desenvolvimento do cancer de es6fago é multifatorial, sendo dividido em dois
tipos histolégicos principais: carcinoma de células escamosas (ESCC) e adenocarcinoma
(EAC). As contribuicdes das alteracdes genéticas e epigenéticas para o cancer de esofago
sdo muito heterogéneas, ou seja, dentro do mesmo tipo tumoral pode haver diferengas de
mutac¢des, na ativacdo ou supressdo de genes (Gonzaga et al, 2017). Esses fatores terdo
influéncia direta na eficacia ou resisténcia ao tratamento empregado (Lagergren et al,
2017).

O tratamento mais empregado para essa patologia é a quimio e a radioterapia, a
qual ira gerar danos nas células e promover a liberacdo de nucleotideos, como o ATP e o
UTP para o meio extracelular. Esses nucleotideos irdo atuar nos receptores P2 das células,
exercendo fungdes inflamatorias e pré-metastaticas, podendo estimular a quimiotaxia em
células tumorais (Ratajczak et al, 2013; Gunjal et al, 2015). Além disso, o conteddo
intracelular de ATP também pode aumentar devido a internalizacdo dessa molécula pelas
células tumorais através de macropinocitose, e evento ja foi relacionado com o aumento
da resisténcia a farmacos (Qian et al., 2014).

Ja foi verificada a expressdao de P2Y2R em células tumorais de diferentes 6rgaos,
tais como: canceres hepaticos (promovendo o metabolismo celular, proliferacdo e
migracdo) (Espelt et al, 2013; Xie et al, 2014) e cancer pancreatico (promovendo
proliferacao) (Choi et al., 2013). No cancer colorretal a fungdo do P2Y2R varia conforme o
tipo celular estudado, podendo estar envolvido com metabolismo celular, inducao de
apoptose e outros eventos antiproliferativos (células HT-29) (Hopfner et al, 2001;
Coutinho-Silva et al, 2005) ou envolvido com a indug¢do da proliferagdo (células Caco2)

(Buzzi et al, 2009; Buzzi et al, 2010). Apesar dos receptores purinérgicos serem
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expressos por diversas células ao longo do sistema gastrointestinal (Burnstock, 2014), ha
escassez de estudos que relacionem o sistema purinérgico, especialmente os receptores
P2Y com cancer de esbéfago.

A primeira parte deste estudo foi de carater retrospectivo, utilizando dados
obtidos por meio da revisao de prontudrios e analise de material proveniente de bidpsias
de pacientes com cancer esofagico do tipo escamoso e adenocarcinoma. Com a analise dos
prontudrios foi possivel observar que os pacientes sdo diagnosticados quando o tumor
apresenta-se em estadio avanc¢ado. Isso se deve ao fato da doenca ndo apresentar
sintomas especificos, o que resulta em prejuizos no tratamento e altas taxas de
mortalidade (Crew e Neugut, 2006; Zhang, 2013; Backemar et al., 2016).

Um estudo prévio realizado por Maaser e colaboradores (2002) identificou a
presenca de receptores P2 (P2X4, P2X5, P2Y; e P2Y4) no tecido tumoral esofagico e a acao
da modulacdo farmacoldgica destes receptores in vitro, levou a eventos relacionados com
a diminuicdo da proliferacao e morte celular. Na andlise imunohistoquimica das biépsias
em nosso estudo, observamos de forma qualitativa que ha expressao do receptor P2Y; em
tecidos neoplasicos (ESCC) e (EAC), mas também nos tecidos normais. E necessario
quantificarmos a expressado para identificarmos se ha diferenca nos padrdes de expressao
do P2Y2R nos tecidos tumorais e ndo neoplasicos. Recentemente, foi elucidado que a
expressao dos receptores P2Y; e P2Y4 é maior em células representativas de tumor de
estdbmago em comparagdo com a expressao encontrada em células epiteliais gastricas
normais (Wan et al.,, 2017).

Devido a auséncia de achados cientificos que abordem o ESCC e o EAC e sua
relacdo com o sistema purinérgico, decidimos utilizar trés linhagens celulares humanas
de tumores esofagicos, a Kyse-30 e a Kyse-450 que sdo representativas de ESCC e a OE-33

de EAC. Na segunda parte deste estudo foi avaliada a expressao do P2Y2R nas linhagens
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celulares de cancer de es6fago. Nossos achados demonstraram que as linhagens utilizadas
apresentam expressao dos receptores P2Y, de modo particular os P2Y2R e P2Y12R, os
quais foram o foco deste estudo. De modo interessante, observou-se que a linhagem
celular de EAC (OE-33) apresentou uma maior expressao do P2Y2R do que as linhagens
ESCC, Kyse-30 e Kyse-450. Posteriormente, buscou-se avaliar a acao dos receptores P2Y>
na proliferacdo, migracdo e adesao das células, bem como estudar as vias de sinaliza¢do
envolvidas.

O receptor P2Y; encontra-se amplamente envolvido nos processos de proliferacao,
angiogénese e migracdo em diversos tipos tumorais (Burnstock e Di Virgilio, 2013;
Burnstock, 2014; Di Virgilio e Adinolfi, 2017). Nossos achados sugerem que o P2Y2R
possui papel importante na proliferagdo e sobrevivéncia celular, pois quando foi utilizado
o0 antagonista seletivo para P2Y:R, as células tiveram a proliferacdo inibida. Além disso, os
dados deste estudo mostraram que o UTP apresentou maior capacidade de induzir a
formacdo de colonias pelas células Kyse-450 e OE-33, e a inibicdo do P2Y2R levou a
diminuicdo dessa capacidade. Esses resultados sugerem que a atividade do P2Y2R sofre
variagOes entre as células estudadas.

Estudos prévios evidenciam a fun¢ao de nucleotideos extracelulares na regulacao
da proliferacao de varias linhagens de células cancerigenas via P2Y,R (Wagstaff et al,
2000; Schafer et al, 2003). Schumacher e colaboradores (2013) reportaram que a
formacdo de metdastases envolve a ativacao purinérgica endotelial dos P2Y;R pelo ATP,
através da secrecdo de granulos de nucleotideos de adenina pelas plaquetas no
microambiente tumoral.

O trabalho realizado por Jin et al. (2014), comparou uma linhagem pouco
metastatica de cancer de mama (MCF-7) com uma linhagem altamente metastatica (MDA-

MB-231), essas células ndo apresentaram diferenca na expressio do P2Y2R, mas
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mostraram respostas diferentes quando estimuladas com ATP e UTP. A linhagem MDA-
MB-231 apresentou resposta imediata e mais rdpida no aumento dos niveis de calcio do
que e também apresentou maiores quantidades de ATP liberado no meio extracelular. O
mesmo trabalho ainda mostrou que a ativagdo do P2Y2R foi capaz de induzir proliferacao,
migracdo e aumento da expressdo de moléculas de adesao nas células MDA-MB-231 (Jin
etal. (2014).

Ainda em cadncer de mama, a ativacdo do P2Y2R pelo ATP liberado das células
MDA-MB-231 foi capaz de gerar a formacdo de um nicho pré-metastatico, através do
aumento da expressao do fator induzido por hipoéxia 1a (HIF-1a), da secre¢do de lisil
oxidase e aumento de cross-linking de colageno (fator contribuinte para o enrijecimento
de matriz que favorece estabelecimento do tumor), o ATP também exerceu uma funcao
pro-inflamatoria por ativar o P2Y2R presente nos mondcitos (Joo et al., 2014).

Nossos resultados mostram que o tratamento com UTP (100 uM) aumentou a
adesdo celular na linhagem Kyse-30 e a inibicdo do P2Y2R pelo antagonista seletivo
resultou em menor adesdo celular. Em um estudo conduzido por Qiu et al., (2018), foi
evidenciado que a expressdao do P2Y;R é abundante na borda invasiva tumoral, no
infiltrado de células tumorais, nédulos linfaticos e no tecido adiposo de mama em
comparacao ao centro do tumor. Esses achados indicam que a ativagdao do P2Y2R promove
a migracdo e invasdo tumoral através da regulacdo dos genes relacionados com a EMT
como a E-caderina e Snail (Qiu et al., (2018).

A fim de explicar as a¢cdes desempenhadas pelo receptor P2Y>, as células tumorais
foram estimuladas com os nucleotideos (ATP e UTP) que levaram a ativacdo da
fosforilacdo de ERK1/2 e Akt. A ativacdo de vias de sinalizacdo como ERK1/2 podem
induzir a proliferacdo celular, diferenciagcdo, invasdo e sobrevivéncia (Muscella et al,

2003; Chen et al, 2004; Czajkowski et al, 2004; Eun et al, 2015). Varios estudos
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demonstraram a capacidade dos nucleotideos em ativar varias vias de sinalizacdo celular
em diferentes tumores. Em células MCF-7 o UTP ativa a fosforilacdo de ERK1/2 (Chadet et
al, 2014). Nas células HeLa o ATP e UTP promovem a ativacdo de P2Y: levando a
fosforilacdo de ERK1/2 e PI3K (Muscella et al., 2003)

Adicionalmente, nossos dados demonstraram que a linhagem Kyse-30 exibiu a
participacdo do receptor P2Y; na sinalizacio mediada por calcio, sendo que os
nucleotideos ATP e UTP foram capazes de aumentar a concentragao de calcio intracelular.
Esse efeito foi em parte suprimido quando houve o bloqueio farmacolégico do P2Y2R com
0 antagonista seletivo.

Na terceira parte deste estudo avaliou-se a agdo do receptor P2Y12 na proliferacdo
das células. Observamos que o ADP foi capaz de induzir proliferacdo na linhagem Kyse-
450, da mesma forma quando estimulamos P2Yi2R houve aumento da capacidade das
células em formar coldnias.

Outro dado interessante refere-se ao fato de que as linhagens apresentaram
diferentes perfis de atividade das ectonucleotidases, e esse resultado tem relacdo direta
de como as células irdo se comportar na presenca de nucleotideos. De fato, a linhagem
Kyse-30 degrada o ATP mais lentamente do que o ADP, com isso podemos inferir que o
ATP ficard mais tempo em contato com as células, ativando os receptores. A Kyse-450
apresenta uma atividade muito inferior, porém o perfil semelhante de hidroélise é
semelhante ao da Kyse-30.

Ja esta bem descrito que plaquetas expressam os receptores P2Y: e P2Y12 em sua
superficie, tendo importante fungdo na mudanga de forma nas plaquetas e na agregacao.
As plaquetas sdo ativadas quando o ADP se liga a esses receptores, e através deste e de
outros sinais levam o recrutamento das plaquetas para o local de dano (Jackson et al,

2003; Kunapuli et al., 2003). O P2Y12R tornou-se um alvo farmacolégico, pois ao ser
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antagonizado possui importante efeito terapéutico na prevencao da formacdo de trombos
e seus eventos relacionados como isquemia do miocardio e cerebral (Dorsam e Kunapuli,
2004). Além disso, a expressao do P2Y12R tem sido observada em diferentes linhagens
celulares de tumores, como de gliomas, astrocitomas, renal, pulmao, mama e c6lon (White
e Burnstock, 2006; Sarangi et al., 2013; Schneider et al., 2015).

Camundongos fémeas com tumor de ovario e knockout para P2Y1;2R tratadas com
aspirina, tiveram reducdo significativa no tamanho tumoral em compara¢do com
camundongos selvagens que receberam o mesmo tratamento (Cho et al, 2017). Em
células de cancer pancreatico, o bloqueio farmacolégico do P2Y12R através do inibidor
tricagrelor inibiu a sobrevivéncia das células apds o estimulo com ADP, e os resultados
também demostraram que as plaquetas atribuem resisténcia a quimioterapia com

gemcitabina (Elaskalani et al., 2017) .

Nossos dados mostraram que o tratamento das células com o antagonista
clopidogrel foi capaz de diminuir a viabilidade celular, e a concentracao que mais induziu
esse resultado foi a de 500 uM. Para melhor avaliar o papel do P2Y12R, escolhemos
concentragcdes menos téxicas para as células, porém até mesmo a concentracdo de 300
uM ndo permitiu que as células tivessem capacidade de formar coldnias. Quanto a
avaliacdo da possibilidade dessas células entrarem em autofagia, percebemos que apos
tratamento com clopidogrel um maior ndmero células marcadas com laranja de acridina
foram observadas, sugerindo que essas células podem tornar-se autofagicas mediante o
bloqueio do P2Y12R.

Em ensaios clinicos, a modulacao farmacolégica do P2Y12R com antagonistas, como
o clopidogrel ja foi relacionada com o aumento da citotoxicidade da cisplatina, mostrando

um efeito sinérgico entre o bloqueio desse receptor e o tratamento quimioterapico
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(Sarangi et al., 2013). Bem como ja foram observados resultados favoraveis do bloqueio
do P2Y12R em pacientes com cancer de prostata durante o tratamento com radioterapia
(Choe etal, 2010).

Frente aos obstaculos impostos pelo cancer de es6fago, a pesquisa por novos alvos
farmacolégicos, incluindo a modulagdo de receptores purinérgicos P2Y; e P2Y12, torna-se
uma ferramenta promissora para alcancar eficdcia no tratamento. Em suma, os achados
deste estudo demonstram que o P2Y2R quando ativado por ATP e UTP, tem importante
contribuicdo nos eventos de proliferacdo, ativando vias de sinalizacdo especificas para
cada tipo celular. Em contrapartida, o bloqueio do P2Y2R leva a prejuizos na capacidade
proliferativa das células, menor adesdo, menor migracao e reducao na liberacdo de calcio
intracelular apés o estimulo com nucleotideos.

Do mesmo modo, sugere-se que o P2Y12R desenvolve uma importante acao na
proliferacao e o seu bloqueio pelo clopidogrel leva a prejuizos na capacidade proliferativa
das células de cancer de es6fago, bem como o aumento de um indicador da etapa final de
autofagia, mecanismo este que precisa ser melhor investigado.

Em decorréncia diagnostico tardio, o cancer de es6fago torna-se uma doenca com
baixa taxa de responsividade ao tratamento e alta taxa de mortalidade. Com a
identificacdo de novos alvos farmacolégicos, entre eles a os receptores purinérgicos surge
a possibilidade de ampliar as estratégias de tratamento. Nesse contexto, o presente
trabalho sugere que os receptores P2Y2 e P2Y12 sdo importantes para a proliferacdo e a
manutencdo da sobrevivéncia da células de cancer de es6fago. Dessa forma, o bloqueio
farmacolégico desses receptores pode constituir uma importante ferramenta que

corrobora com diminuicao dos eventos que conferem malignidade ao tumor.
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6. PERSPECTIVAS

1- Quantificar a expressdo nas amostras ja marcadas com imunohistoquimica para P2YzR.
2- Quantificar a expressao dos receptores P2Y1, P2Y; e P2Y12 por Western Blot nas
linhagens de es6fago.

3- Verificar a se ha ativacdo das vias de sinalizacdo intracelular ERK1/2 e Akt apés o
estimulo com ADP nas células tumorais de eséfago.

4- Realizar a marca¢do com Ki67 para verificar a proliferacdo induzida pelo tratamento
com nucleotideos.

5- Analisar se o bloqueio dos receptores P2Y; e P2Y12 sdo capazes de induzir morte
celular e quais os mecanismos relacionados.

6- Realizar a modulagdo farmacolégica do P2Y1 com antagonista seletivo e especifico, e a

partir disso verificar sua interferéncia na proliferacdo, migracdo e adesao celular.
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