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RESUMO

ATP COMO MODULADOR DO SISTEMA PURINERGICO E INFLAMACAO E
STATUS REDOX EM PACIENTES COM MELANOMA

AUTORA: Aline Manica
ORIENTADORA: Margarete Dulce Bagatini
CO-ORIENTADORA: Vera Maria Melchiors Morsch

O melanoma é um tipo de cancer de pele, formado nos melandcitos, células produtoras do pigmento
melanina. Os melandcitos da epiderme s&o os locais mais comuns de origem, porém também podem
se desenvolver em melandcitos do olho, das superficies mucosas, das vias respiratérias, nas
superficies geniturinarias e gastrointestinais. E uma das neoplasias conhecidas mais agressivas, com
elevada capacidade de proliferacédo, estimulo da angiogénese, comprometimento dos sucessivos
niveis da derme e geragédo de metastases, por via linfatica ou hematogénica. A frequéncia de novos
casos aumenta a cada ano e a incidéncia € crescente, especialmente na populagéo jovem da regiao
Sul do Brasil, tornando-se um importante problema de salde publica. Sendo assim, tendo em vista de
que a sinalizagdo purinérgica, resposta inflamatéria e o estresse oxidativo séo importantes vias que
influenciam a iniciag8o, a progressdo e o desenvolvimento de melanomas e considerando que a
regido geogréfica de estudo escolhida tem alta prevaléncia, este estudo teve por objetivo avaliar os
efeitos do ATP no sistema purinérgico, marcadores inflamatérios e status redox in vivo e in vitro para
elucidar as altera¢des do microambiente tumoral e entender a fisiopatologia do melanoma, ao passo
que podem justificar a alta agressividade deste tipo de cancer. Este trabalho consistiu em coleta de
sangue venoso de pacientes com melanoma antes e apés procedimento cirdrgico de retirada do
tumor e um grupo de pacientes controles da pesquisa e prodeceram-se analises in vivo e cultivo das
(células polimorfonucleares do sangue periférico) PBMC destes pacientes. Foram realizadas analises
enzimaticas, quantificagdo de nucleotideos, dosagem de parametros inflamatérios e oxidativos e
cultura PBMC. Foram utilizadas diferentes concentragées de ATP nas analises in vitro: 0,05 a 50 uM
de ATP por 24 e 48 horas. Quanto aos aspectos éticos, o presente estudo foi aprovado pelo comité
de ética da Universidade Federal da Fronteira Sul, sob o parecer nimero 822.782. Os resultados
encontrados demonstraram que os pacientes com melanoma apds remogédo cirirgica apresentaram
uma diminuicdo da hidrélise dos nucleotideos. Em contraste, os pacientes pré cirurgia ou sem
nenhum tratamento tiveram um aumento das hidrélises de ATP, ADP e AMP. Tais alteracbes
estariam promovendo um aumento de ATP extracelular, o qual foi confirmado pela sua quantificagéo
no soro dos pacientes. Além disso, os pacientes com melanoma ap6s remocao cirurgica do tumor
apresentaram um ambiente inflamatério descompensado, evidenciado pelo aumento das interleucinas
IL-2, IL-4, IL-6, TNF, IFN-Y, IL-17A, IL-10 e aumento da atividade da adenosina desaminase (ADA).
Em relacdo aos pardmetros de estresse oxidativo, foi observado uma diminuicdo dos danos
oxidativos e um aumento das defesas antioxidantes apds o processo cirdrgico, confirmando a
efetividade do processo cirlrgico para les6es localizadas. Nossa hipétese principal gera em torno dos
efeitos sinalizadores, imunossupressores e oxidante do ATP extracelular, tanto nas analises in vivo,
quanto in vitro. Concluimos através desta tese que o ATP é uma importante mélecula envolvida no
processo de melanomagénese e progressdo tumoral podendo servir como um marcador progéstico.
Dessa forma, através do controle dos seus niveis nas células, pode-se melhorar o progndstico para
pacientes acometidos por esse cancer de alta letalidade e agressividade.

Palavras chave: Melanoma. Sistema purinérgico. Estresse oxidativo. Inflamacéao.



ABSTRACT

EVALUATION OF THE EFFECTS OF ATP IN VIVO AND IN VITRO ON THE
PURINERGIC SYSTEM, INFLAMMATORY PARAMETERS AND OXIDATIVE
STRESS IN PATIENTS WITH MELANOMA

AUTHOR: Aline Manica
ADVISOR: Margarete Dulce Bagatini
CO-ADVISOR: Vera Maria Melchiors Morsch

Melanoma is a type of skin cancer, formed in melanocytes, cells that produce the pigment melanin.
The melanocytes of the epidermis are the most common places of melanoma’s origin; however, it can
be also developed in melanocytes of the eye, mucous surfaces, respiratory tract, genitourinary and
gastrointestinal tract. It is one of the most aggressive known neoplasms, with high proliferation
capacity, stimulation of angiogenesis, involvement of successive levels of the dermis and generation
of metastases, by lymphatic or hematogenous route. The frequency of new cases increases every
year, especially in the young population of southern Brazil, becoming an important public health
problem. Thus, considering that purinergic signaling, inflammatory response and oxidative stress are
important pathways that influence the initiation, progression and development of melanomas, and that
the geographical region of study chosen has high prevalence of this type of cancer, this study aimed
to evaluate the effects of ATP on the purinergic system, inflammatory markers and oxidative stress in
patients with melanoma to elucidate the changes in the tumor microenvironment and understand the
pathophysiology of melanoma, whereas they may justify the high aggressiveness of this type of
cancer. Our work consisted of collecting venous blood from patients with melanoma before and after
surgical procedure of removing the tumor and a group of control patients of the study. All patients
were selected and monitored by a medical team. Enzymatic analyses, nucleotide quantification,
inflammatory and oxidative parameters and culture of polymorphonuclear cells of peripheral blood
were performed. Regarding ethical aspects, this study was approved by the ethics committee of the
Federal University of the Southern Frontier, under assessment number 822,782. The results found
showed that patients with melanoma after surgical removal presented a reduction in the hydrolysis of
nucleotides. In contrast, pre-surgery or untreated patients had an increase in ATP, ADP and AMP
hydrolysis. Such alterations would be promoting an increase in extracellular ATP, which was
confirmed by its quantification in the patient’s serum. In addition, patients with melanoma after surgical
removal of the tumor presented a decompensated inflammatory environment, evidenced by increased
interleukins IL-2, IL-4, IL-6, TNF, IFN-Y, IL- 17A, IL-10 and increased ADA activity. Regarding the
parameters of oxidative stress, it was observed a reduction in oxidative damage and an increase in
antioxidant defenses after the surgical process, confirming the effectiveness of the surgical process for
localized lesions. Our main hypothesis concerns the signaling, immunosuppressive and oxidizing
effects of extracellular ATP, both in vivo and in vitro analyses. We conclude through this thesis that
ATP is an important molecule involved in the process of melanomagenesis and tumor progression and
may serve as a tool in clinical practice. Thus, by controlling their levels in the cells, one can improve
the prognosis for patients affected by this cancer of high lethality and aggressiveness.

Keywords: Melanoma. Purinergic system. Oxidative stress. Inflammation.
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APRESENTACAO

Esta tese esta organizada da seguinte forma: primeiramente sao
apresentados a introducao, os objetivos e a revisdo bibliografica. A seguir, 0s
resultados e materiais e métodos sao apresentados na forma de dois artigos
publicados e um manuscrito os quais foram apresentados de acordo com as
normas das revistas os quais estao publicados/submetido.

Os itens discusséo e conclusé@o encontrados ao final desta tese, contém
interpretagdo e comentarios gerais referente aos artigos e ao manuscrito. As
referéncias bibliograficas apresentadas ao final referem-se aos itens

introducéo, revisao bibliografica e discussao.
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1. INTRODUCAO

Devido a alta incidéncia e mortalidade, o melanoma é considerado o cancer
de pele de maior importancia médica (FERREIRA; NASCIMENTO, 2016).
Embora as taxas globais de sobrevivéncia tenham melhorado, as estimativas
nao sao promissoras para aqueles que sao diagnosticados nos estagios mais
avancados da doenca. A taxa de sobrevivéncia de 5 anos para individuos com
melanoma detectado nos estégios iniciais é de cerca de 98%, diminuindo para
63,8 e 15% para um tumor diagnosticado em estadios regionais e distantes.
Sendo assim, quase um sexto dos individuos diagnosticados com melanoma
tém uma baixa possibilidade de sobrevivéncia (PADDOCK et al., 2016).

A frequéncia de novos casos aumenta a cada ano e a incidéncia é
crescente, especialmente na populacdo da regido Sul do Brasil, tornando-se
um importante problema de saude publica (CALLAHAN; FLAHERTY;
POSTOW, 2016; OLIVEIRA et al., 2016). Fatores de risco constitucionais e
ambientais estdo associados ao aparecimento dos melanomas, tais como: cor
da pele, olhos e cabelos claros ou muito claros, sensibilidade ao sol, exposicéo
a radiacdo solar desde a infancia, dentre outros. Entretanto, pesquisas
recentes apontam que elementos ainda nao estudados possam estar
contribuindo para o aumento do numero de casos e entre esses fatores,
aponta-se o0 envolvimento do sistema purinérgico (CALLAHAN; FLAHERTY;
POSTOW, 2016; DI VIRGILIO; ADINOLFI, 2017).

Estudos usando trifosfato de adenosina (ATP) e melanomas ainda sao
restritos e pouco explorados, mesmo sabendo que a sinalizacéo purinérgica é
uma das vias que influenciam a iniciacdo, a progressao e o desenvolvimento de
melanomas. Mas, além desse sistema, existem outros fatores que podem estar
implicados no desenvolvimento e na progressdo do melanoma, tais como a
intensa resposta inflamatoria e o estresse oxidativo (CAZES; RONAI, 2016).

Sabe-se que o processo inflamatério desempenha um papel crucial na
melanomagénese, pois muitas das causas e fatores de risco para o cancer
estdo associadas com algum tipo de inflamag&o cronica (GRIVENNIKOV;
GRETEN; KARIN, 2011). A inflamacédo é um dos mais importantes sistemas de
adaptacdo do nosso organismo aos desafios continuos que provém do

ambiente externo e interno (RITEAU et al., 2012). Varios tipos de inflamacéao -
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diferindo por causa, mecanismo e intensidade - podem promover o
desenvolvimento e a progressao de cancer. Pode-se citar a autoimunidade e a
desregulacdo do sistema imune como um tipo de inflamacdo que leva ao
desenvolvimento de melanoma (GRIVENNIKOV; GRETEN; KARIN, 2011).

Além disso, as citocinas inflamatérias favorecem o crescimento e a
progressdo de melanomas. Um aumento na interleucina (IL) - 2 e IL-6 podem
indicar um prognostico desfavoravel em pacientes com estagio IV, bem como
niveis elevados de IL-4, fator de necrose tumoral alfa (TNF-a) e interferon
gama (IFN-Y), que estimulam a proliferagdo, migracdo e angiogénese das
células endoteliais. Sabe-se ainda que no microambiente de tumores primarios
de melanoma sdo encontradas altas concentra¢cdes de IL-1a, IL-1B, IL-6, IL-8,
TNF-a, fator de necrose tumoral alfa beta (TGF-B) (BARRIERS, 2016;
GRIVENNIKOV; GRETEN; KARIN, 2011).

JA o0 estresse oxidativo tem acdo em todas as etapas do
desenvolvimento do melanoma, bem como na modulacdo das vias
intracelulares relacionadas a proliferacdo celular e a morte (SANCHES et al.,
2017). Os altos niveis intracelulares de espécies reativas de oxigénio (EROSs)
podem promover dano oxidativo associado a morte celular através da oxidacdo
de proteinas, DNA e lipidios (PEIRIS-PAGES et al., 2015). O estresse oxidativo
pode afetar o equilibrio homeostatico de melanécitos, devido ao estado pro-
oxidante gerado durante a sintese de melanina, ameacando sua sobrevivéncia
ou induzindo transformacéo maligna (DENAT et al., 2014).

Estudos tem demonstrado que mutacbes em varios genes associados
ao melanoma resultam ou pioram com o desequilibrio do estresse oxidativo
(JENKINS et al.,, 2011; LANDI, 2006), além de que, um nivel elevado de
estresse oxidativo em melanomas aumenta sua agressividade (HAMBRIGHT et
al., 2015). Portanto, considerando que a regido geografica de estudo escolhida
tem alta prevaléncia e que quando diagnosticado em estagio inicial, o
melanoma tem bom progndstico com altas possibilidades de cura, o estudo do
sistema purinérgico, marcadores inflamatorios e estresse oxidativo em
pacientes com melanoma ¢é de fundamental relevancia para melhor
compreensao dessa doenca e assim buscarmos por terapias que reduzam a

morbimortalidade.
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2 OBJETIVOS

» 2.1 Objetivo geral

Avaliar os efeitos do ATP no sistema purinérgico, marcadores

inflamatorios e estresse oxidativo em pacientes com melanoma.

» 2.2 Objetivos especificos

In vivo

e Analisar a atividade e a expressdo de enzimas do sistema purinérgico
em linfocitos e plaquetas de individuos com melanoma (antes e apos
tratamento cirlrgico) e controles;

e Avaliar citocinas pré e anti-inflamatdrias em sangue total de individuos
diagnosticados com melanoma cutaneo e controles;

e Verificar parametros de estresse oxidativo e atividade de enzimas
antioxidantes em soro e plasma de individuos diagnosticados com

melanoma cutaneo e controles;

In vitro

e Verificar a viabilidade e morte celular da cultura de PBMC dos individuos
com melanoma através de microscopia e teste MTT,;

e Avaliar o efeito no sistema purinérgico da adicdo de ATP em diferentes
concentracdes na cultura de leucécitos dos individuos com melanoma e
controles;

e Determinar o estresse oxidativo na cultura dos leucocitos apos adicao de

diferentes concentracdes de ATP.
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3 REVISAO BIBLIOGRAFICA

3.1 EPIDEMIOLOGIA DO MELANOMA

Para o Brasil, estimam-se 85.170 casos novos de cancer de pele entre
homens e 80.410 nas mulheres para cada ano do biénio 2018-2019. Esses
valores correspondem a um risco estimado de 82,53 casos novos a cada 100
mil homens e 75,84 para cada 100 mil mulheres. O céncer de pele é o tipo de
cancer mais incidente em ambos 0s sexos na populacdo brasileira (INCA,
2018).

Considerando-se esse alto niumero de casos de cancer de pele na
regido Sul do Brasil (Figura 1), torna-se de fundamental importancia o seu
estudo, principalmente o melanoma, por ser a forma mais agressiva e letal

dentre esses tipos de canceres.

Figura 1: Estimativa para o ano de 2018/2019 das taxas brutas de incidéncia (cada 100.000
habitantes) estado e capitais e nimero de novos casos de cancer de pele melanoma e néo
melanoma, segundo sexo na regiao sul do Brasil.

Localizagéo Estimativa dos Casos Novos
Primaria _da Homens Mulheres
Neoplasia Estados Capitais Estados Capitais
Maligna Casos Taxa Taxa Casos Taxa Taxa Casos Taxa Taxa Casos Taxa Taxa
Bruta Ajust. Bruta Ajust. Bruta Ajust. Bruta Ajust.

Préstata 14.290 96,85 82,05 1.840 100,60 79,97 - - - - - -
Mama - - - - - - 11.030 73,07 59,13 1.940 94,77 66,69
Feminina
Colo do Utero - - - - - - 2.130 14,07 11,42 300 14,76 10,38
Traqueia, 5.350 36,27 31,78 640 34,92 38,93 3.110 20,59 14,91 530 25,93 16,86
Brénquio e
Pulméo
Coélon e Reto 3.270 22,17 20,03 590 32,35 25,16 3.460 22,92 18,78 700 33,86 20,84
Estdmago 2.520 17,12 14,98 310 16,81 10,95 1.350 8,95 5,96 210 10,28 5,07
Cavidade 2.280 15,40 12,92 290 15,88 14,42 540 3,59 2,51 100 4,48 2,79
Oral
Laringe 1.570 10,57 9,75 160 9,11 8,94 190 1,30 0,96 30 1,06 0,78
Bexiga 1.370 9,23 8,43 210 11,52 10,13 670 4,50 3,52 130 5,93 4,45
Esé6fago 2.520 17,10 13,99 210 11,68 7,69 740 4,94 3,31 80 3,53 1,02
Ovério - - - - - - 1.080 7,12 5,62 200 9,53 6,54
Linfoma de 360 2,47 2,13 50 2,78 2,54 200 1,29 1,16 40 1,65 1,30
Hodgkin
Linfoma nédo 1.080 7,36 6,31 170 9,32 8,72 890 5,96 4,19 170 8,68 5,66
Hodgkin
Glandula 380 2,55 2,15 70 3,57 2,47 740 4,91 4,31 130 6,30 5,17
Tireoide
Sistema 1.500 10,17 8,85 170 9,79 8,97 1.290 8,52 6,73 150 7,78 5,99
Nervoso
Central
Leucemias 1.280 8,67 8,30 160 9,12 9,68 980 6,50 5,53 130 6,22 5,00
C}orpo do - - - - - - 1.070 7,17 5,55 240 11,84 8,07
Utero
Pele 1.040 7,02 571 160 8,44 7,65 960 6,35 4,74 140 6,74 4,98
Melanoma
Outras 10.140 68,70 63,27 1.300 70,45 53,93 8.030 53,21 40,28 1.130 54,95 35,09
Localizac6es
Todas as 48.950 331,88 373,62 6.330 344,78 361,69 38.460 254,80 270,91 6.350 309,71 261,91
Neoplasias,
exceto Pele
né&o
Melanoma
Pele néo 23.610 160,08 - 1.960 106,60 - 14.710 97,46 - 1.560 76,37
Melanoma
Todas as 72.560 491,95 - 8.290 451,54 - 53.170 352,25 - 7.910 385,79
Neoplasias

Fonte: Adaptado de (INCA, 2018).
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Embora a incidéncia de melanoma represente menos de 10% dos
canceres de pele, ele é considerado o responsavel pela maioria das mortes
relacionadas com cancer de pele (PASTUSHENKO et al., 2014). Sua
incidéncia mundial aumentou significativamente nos dltimos 30 anos
(AMERICAN CANCER SOCIETY, 2019). Nos Estados Unidos, por exemplo, o
melanoma é a causa de 65% de todas as mortes atribuiveis a malignidades
cutdneas (PASTUSHENKO et al., 2014; RASTRELLI et al., 2014; WICK, 2016).

No Brasil os maiores indices de melanoma se apresentam na regido Sul,
como demonstrado na Figura 2 (INCA, 2018; MORENO et al., 2012).

Figura 2: Representacdo espacial das taxas ajustadas de incidéncia por 100 mil
homens e mulheres, estimadas para o ano de 2018, segundo Unidade da Federacao.

Homens
Mulheres

B 2285

; 55-2,28

1,24-1,63 . -‘
0,92-1,54

0,78-1,23 "
0,00-0,91

Populagio padrdo mundial (1960}

3,23-6,46

1,64 -3,22

Fonte: Adaptado de (INCA, 2018).

Como o processo de colonizagdo nao foi uniforme, a distribuicdo dos
diversos grupos étnicos variou muito pelo pais (IBGE, 2018). Na regido Sul
acabaram concentrando-se uma maioria de caucasianos, expostos a radiacéo
solar desde a infancia (MORENO; CIOTTA, 2017). Os dados de incidéncia e
prevaléncia de melanoma nesta regido do pais se assemelha muito com o que
€ registrado na Australia, pais onde sao registrados os maiores indices de
prevaléncia e incidéncia de melanoma do planeta (MORENO et al.,, 2012,
2018).
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Além da composicdo da populacdo, pode-se justificar tais indices pela
exposicao a radiacao ultravioleta (RUV). Por sua grande extensao territorial, o
Brasil possui diferentes faixas de clima zonal que pode estar associada a
exposicgoes distintas do ponto de vista ocupacional, recreativa e relacionado ao
indice ultravioleta (WORLD HEALTH STATISTICS, 2014).

A faixa territorial brasileira que compreende os estados de Santa
Catarina e do Rio Grande do Sul esta entre os paralelos 26° e 31° (MENDES,
2014). Entre esses mesmos paralelos, encontra-se a Austrdlia, pais em que o
melanoma € o terceiro cancer mais comum em homens e mulheres, causando
75% das mortes por cancer de pele (EGGERMONT; SPATZ; ROBERT, 2014;
MELANOMA INSTITUTE AUSTRALIA, 2019; MORENO et al., 2012).

Conforme dados apresentados na Figura 2, o INCA estima para
2018/2019, que sejam diagnosticados 6.260 novos casos de cancer de pele
melanoma (2.920 casos novos em homens e 3.340 casos novos em mulheres)
no Brasil. Como a notificacdo compulséria dos casos de cancer ainda ndo é
uma realidade, ocorrendo em apenas 30% do pais, a existéncia de um numero
consideravel de sub registros é possivel e 0 nimero de casos pode ser ainda
maior (INCA, 2018).

3.2  HISTORICO DO MELANOMA

Nas escrituras de HipOcrates encontra--se a primeira descricdo que faz
referéncia ao melanoma, durante o periodo 460 a 375 a.C. Tendo em vista sua
raridade e a elevada incidéncia de outras doencas, principalmente as infecto-
parasitarias, o melanoma so6 foi reconhecido apos o inicio do século XIX,
quando alguns pesquisadores como Eiselt comecaram a estudar o que
designavam na época como “tumores negros fatais com metéstases e fluido
negro no corpo” (1861). Robert Carswell o caracterizou e o denominou como
‘lesbes malignas pigmentadas da pele” (WAINSTEIN; BELFORT, 2004).

Nos Estados Unidos, a primeira descricdo de um caso de melanoma
ocorreu em 1837, por Isaac Parrish. As primeiras cirurgias para a ressecc¢ao do
melanoma foram realizadas na Franca em casos de melanoma na mao, pés e
genitdlia, entre 1829 e 1842, e na Inglaterra por Pemberton em 1858
(WAINSTEIN; BELFORT, 2004; WICK, 2016).
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Em 1840, Samuel Cooper definiu que a melanose - melanoma
disseminado, deveria ser encarada como uma doenca intratavel. Ja no final do
século XIX, Herbert Snow (NEUHAUS; CLARK; THOMAS, 2004) iniciou 0s
esvaziamentos linfonodais. A partir da metade do século XX, importantes
estudos que correlacionaram as dimensfes do tumor primario, com 0 Curso
clinico foram realizados e alguns séo utilizados, pela sua importancia e
significancia, até hoje: Lehman (LEHMAN; CROSS; RICHEY, 1966), Clark
(CLARK et al., 1969) e Breslow (BRESLOW, 1970).

Breslow em 1970 determinou os padrdes de espessura do tumor e logo
foi utilizado como um recurso de progndstico para o melanoma (MERVIC,
2012). Em seu estudo, ele definiu que: pacientes com tumores mais finos do
que 0,76 milimetros (mm) seriam designados de pacientes de baixo risco, pois
raramente vao gerar metastase; pacientes de risco intermediario seriam
agueles nos quais o tumor tivesse a espessura de 0,76 até 1,5 mm; pacientes
de alto risco deveriam apresentar uma espessura de 1,5 até 4,0 mm. Para
pacientes com tumores mais espessos que 4,0 mm o risco de gerar metastase
seria altissimo (MERVIC, 2012).

Ja4 o estudo de Clark (CLARK et al.,, 1969), descreve as alteracdes
histol6gicas que ocorrem na progressao do melanécito normal ao melanoma:

e Inicia-se pelo desenvolvimento de um nevo benigno (composto
por melandcitos névicos);

e Segue com o desenvolvimento de atipia citolégica, que pode
surgir a partir de um nevo pré-existente ou de um novo;

e Ja com a transformacdo maligna presente, observa-se a fase de
crescimento radial, quando a leséo passa a proliferar na epiderme
e crescimento vertical, quando avanca pela derme (LEONARDI et
al., 2018).

3.3 FISIOPATOLOGIA DO MELANOMA

A pele € o maior 6rgao do corpo, considerada uma barreira contra lesdes
e RUV, protege contra o atrito, a perda de agua e evita entrada de agentes
toxicos, dentre outras fungdes. E composta pela epiderme (epitélio estratificado
pavimentoso queratinizado) e pela derme (tecido conjuntivo). Subjacente,
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unindo-a aos 6rgaos, ha a hipoderme (ou fascia subcutdnea) uma mistura de
tecido conjuntivo frouxo e adiposo (JUNQUEIRA; CARNEIRO;
ABRAHAMSOHN, 2017).

A epiderme contém dois tipos de células, as células de Langerhans e os
melandcitos. As células de Langerhans sdo células dendriticas processadoras
de antigenos e o0s melanécitos sdo as células produtoras do pigmento
melanina. O pigmento melanina € sintetizado em organelas especiais dos
melandcitos, chamadas de melanossomas, em uma cascata enzimatica
envolvendo principalmente a tiroquinase e suas proteinas (BANDARCHI et al.,
2010; JUNQUEIRA; CARNEIRO; ABRAHAMSOHN, 2017).

Os melandécitos sdo embriologicamente derivados a partir de uma
populacdo germinativa de melanoblastos originarios de células da crista neural,
pouco tempo apds o fechamento do tubo neural. Na maioria das espécies, 0s
melanoblastos comecam o processo de melanizacdo imediatamente antes ou
logo depois de alcancar seu destino (JUNQUEIRA; CARNEIRO;
ABRAHAMSOHN, 2017). Dois tipos de pigmentos s&do produzidos, o
marrom/preto que exibe caracteristicas fotoprotetoras, e o laranja/amarelo que
tem fraca propriedade fotoprotetora. A melanina fornece uma eficiente protecéo
contra os efeitos prejudiciais da radiacdo ultravioleta, por reduzir o dano
causado ao DNA e a instabilidade gendmica causados pela radiacdo
(BANDARCHI et al., 2010; CALLAHAN; FLAHERTY; POSTOW, 2016).

O melanoma forma-se entdo a partir da transformacdo maligna dos
melandcitos, envolvendo fatores ambientais e genéticos. Os melandcitos da
epiderme sdo os locais mais comuns de origem, porém tumores primarios
também podem ser encontrados revestindo a camada coroidal do olho ou as
superficies mucosas das vias respiratérias, superficies geniturinarias e
gastrointestinais (VALKO-ROKYTOVSKA et al., 2018). O melanoma é uma das
neoplasias cutdneas mais agressivas, com elevada capacidade de proliferagéo,
estimulo da angiogénese, comprometimento dos sucessivos niveis da derme e
geracao de metastases, por via linfatica ou hematogénica (WICK, 2016).

As transformagbes genéticas malignas do melanoma podem ser
advindas de mutagbes chamadas de condutoras ou driver mutations: mutacéo
V600E no gene v-raf murine sarcoma viral oncogene homolog B1 (BRAF) e

mutac&o na regido promotora da enzima telomerase (TERT), responsavel pela
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evolucao de leséo intermediaria benigna para melanoma in situ. Mutagcées no
gene neuroblastoma RAS viral oncogene homolog (NRAS), Cyclin dependent
kinase inhibitor 2A (CDKN2A), Cyclin-dependent kinase 4 (CDK4), BRAF e
Receptor de melanocortina 1 (MC1R) (CALLAHAN; FLAHERTY; POSTOW,
2016; SHAIN et al., 2015) também podem desencadear a evolucdo de lesbes
benignas para malignas (CHENG et al., 2018).

Além das alteracdes genéticas, existem alguns fatores de risco
associados ao desenvolvimento do melanoma: até 65% dos melanomas
malignos estéo relacionadas a exposicao intermitente a RUV; nimero elevado
de nevos melanociticos na pele (>100) — nevos sdo pequenos tumores
cutaneos, geralmente hiperpigmentados, cor da pele/olhos/cabelo, de acordo
com classificacdo de Fitzpatrick (Quadro 1) e historico familiar de cancer e de
gueimaduras solares, principalmente na infancia (BEHRENS et al., 2018).

Essas caracteristicas de cor de pele, olhos e cabelos, estdo diretamente
relacionadas com a capacidade de proteger contra os raios UV, muito
conhecidos por provocar alteracdes no DNA e aumentar o risco de cancer
(BANDARCHI et al.,, 2010; BERTOLOTTO, 2013; MARTINS-COSTA et al.,
2013). Fototipos | e Il de Fitzpatrick, ou seja, individuos que apresentam pele,
cabelos e olhos claros e se queimam facilmente ao invés de se bronzear, tem
alta probabilidade de desenvolver melanoma (Quadro 1). O uso de camas de
bronzeamento, também é um fator de risco importante para 0 seu
desenvolvimento (CALLAHAN; FLAHERTY; POSTOW, 2016; SHAIN et al.,
2015).

Quadro 1: Fototipos de pele, segundo classificacao de Fitzpatrick

Fototipo|  Fototipo  Fototipo Fototipo  Fototipo Fototipo VI

Il 11 v V
Fototipo (pele) Branca Branca Morena Morena Morena Negra
Clara Moderada escura
Sensibilidade Muito Sensivel Normal Normal Pouco Insensivel
ao sol sensivel sensivel
Caracteristicas Queima Queima  Queimae Queima Queima Nunca
com com bronzeia pouco e raramente queima.
facilidade e facilidade moderada- bronzeia e Pele
nunca e mente com bronzeia  totalmente
bronzeia bronzeia facilidade bastante pigmentada

pouco

Fonte: Adaptado de FITZPATRICK, MOSHER (2000).
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Como citado anteriormente, a RUV é considerada um dos principiais
fatores de risco para o desenvolvimento de melanoma. O sol emite 3 tipos de
radiacfes, a ultravioleta A (UVA), ultravioleta B (UVB) e ultravioleta C (UVC).
Todos os tipos estéo relacionados a lesdo do DNA, carcinogénese, inflamacéo
e propriedades imunossupressoras, e contribuem para o desenvolvimento do
melanoma, porém com maior importancia para a UVB (VOLKOVOVA et al.,
2012). E possivel que EROS geradas pela UVA também contribuam para a
transformacdo do melandcito, pois a UVA gera altos niveis de EROS quando
ativa fotossensibilizadores enddgenos (porfirinas, quinonas, riboflavina), que
promovem a oxidacao de guaninas (PFEIFER; BESARATINIA, 2012).

A exposicdo a RUV nao se faz somente pelas fontes naturais, também
ocorre pelas camas de bronzeamento artificial. Essa exposi¢cado € considerada
carcinogénica do Grupo 1 pela Agéncia Internacional de Pesquisa em Cancer e
sua utilizacdo foi banida no Brasil em 2008 (ANVISA, 2012). Estudos
demonstram aumento de duas vezes no risco de desenvolver melanoma de
inicio precoce (abaixo de 40 anos) em individuos com elevada exposi¢cao (mais
de 10 sessdes) (CUST et al., 2011; NIELSEN et al., 2012).

O achado clinico mais importante no diagnostico do melanoma é o de
uma lesdo pigmentada que muda visivelmente durante um periodo de meses a
anos (D’ISCHIA et al., 2015; SAUDE, 2013). Como regra geral, qualquer leséo
que mude de cor, forma, dimensdo ou que apresente elevagdo deve ser
investigada. Melanomas tipicos geralmente se apresentam assimétricos, com
irregularidades da borda, variagdo de cor e diametro superior a 6 mm3. As
lesbes mais avancadas podem apresentar sangramento, prurido, dor e
ulceracdo (CALLAHAN; FLAHERTY; POSTOW, 2016).

Apesar de apresentarem caracteristicas comuns, muitas excecdes e
variagcbes podem ocorrer e alguns critérios podem ser utilizados para
determinar maior probabilidade da lesdo cutanea de fato tratar-se de
melanoma. Sendo assim, foram criados os critérios ABCDE, desenvolvidos a
fim de identificar e tratar lesdes iniciais e potencialmente curaveis (Figura 3)
(VALKO-ROKYTOVSKA et al., 2018):

e A - Assimetria;

e B - Bordas (irregulares);



28

e C — Cor (variacdo ou varios tons na mesma lesao);
e D - Diametro (mais de 6 mm de diametro);

e E - Evolugao.

Figura 3: Critérios ABCDE. Achados reconhecidamente suspeitos quando presentes em lesdes
melanociticas que podem ser detectados nas fases iniciais de desenvolvimento do tumor

Assimetria: Um lado

diferente do outro. Bordas iregulares

Variacao de cores ,
("\ em uma mesma ‘ Mais de 6 mm de

les&o. W diametro

‘ Evolucaoem sinais
e sintomas

Fonte: (Autor, 2019).

3.4  CLASSIFICACAO CLINICA

O melanoma pode ser subdividido, de acordo com suas caracteristicas
clinicas, padrdes microscopicos de crescimento, localizacdo anatémica do
tumor primério e idade do paciente (RASTRELLI et al., 2014).

Melanoma Extensivo Superficial (MES): € o subtipo mais frequente
caracterizado por crescimento radial. Fatores importantes da sua etiologia
variam de exposicdo solar aguda na infancia e exposi¢cao intermitente na vida
adulta. Comumente observado nas pernas em mulheres e no tronco em
homens (BATTISTI et al.,, 2009; EGGERMONT; SPATZ; ROBERT, 2014;
SAUDE, 2013).

Melanoma Lentigo Maligno (MLM): é uma forma de melanoma que
ocorre na pele de idosos em regibes cronicamente expostas ao sol,
principalmente na face, cuja lesdo esta associada a atrofia epidérmica e
elastose solar (CALLAHAN; FLAHERTY; POSTOW, 2016; SAUDE, 2013).

Melanoma Lentiginoso Acral (MLA): & um subtipo de melanoma cutaneo
com caracteristicas histopatolégicas bem distintas e acomete as palmas das

maos, plantas dos pés e regides subungueais. Sua incidéncia é de até 80% na
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populacdo negra, e 77% na populacdo asiatica (CALLAHAN; FLAHERTY;
POSTOW, 2016; SAUDE, 2013).

Melanoma nodular (MN): € o segundo mais comum (15 a 30% dos
casos), ocorre mais frequentemente na quinta e sexta décadas de vida e no
sexo masculino. Apresenta-se como lesdao papulosa ou nodular, elevada, de
cor castanha, negra ou azulada. Sao frequentes a ulceracdo e o sangramento,
porém existe a variante amelandtica, com superficie eritematosa. Apresenta
crescimento vertical com metéstases precoces (GARBE; LEITER, 2009;
SAUDE, 2013).

Além dessas formas classicas de melanoma, existem também formas
mais raras, como 0 melanoma de mucosas, ocular, desmoplasicos, associados
a nevos congénitos, infantil, nevoide, persistente e associado a nevo azul
(EGGERMONT; SPATZ; ROBERT, 2014; O’'SULLIVAN; O’'CONNOR, 2018).
Diferenciar os varios estagios do melanoma, bem como seus tipos tem um
papel fundamental em termos de prognostico (MERVIC, 2012).

Para auxiliar no diagnostico clinico, utiliza-se a dermatoscopia, um
método ndo invasivo baseado em amplificacdo da imagem cutanea, com a
utilizacdo do dermatoscopio, que torna a epiderme translicida e permite a
observacdo de estruturas da epiderme e da derme superficial (SAUDE, 2013;
VESTERGAARD et al., 2008).

Ja o diagndstico histopatolégico, baseia-se em critérios arquiteturais na
epiderme (extensdo da lesdo, simetria das alteracdes, padrdo de distribuicdo
dos melandcitos, circunscricdo, predominio de células isoladas versus ninhos
de células, configuracdo da epiderme), e aspectos citolégicos dos melandcitos
na epiderme e na derme, além de maturacdo celular e atividade mitotica
(MIHM; MULE, 2015; SAUDE, 2013).

Para a determinacdo do prognostico, avalia-se o0 estadiamento do
melanoma, ou seja, a determinacéo da extensao daquele tumor no organismo,
levando em conta aspectos do tumor primario (T), do eventual
comprometimento linfatico regional (N) ou a presenca de metastases (M). Tais
critérios sdo os definidos pela Union International for Cancer Control (UICC) e
pelo American Joint Committee on Cancer (AJCC) (AMERICAN JOINT
COMMITTEE ON CANCER, 2017).
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Uma das suas caracteristicas mais marcantes € a elevada capacidade
de gerar metastases, tanto regionais quanto sistémicas. Para avaliacdo das
metastases regionais € realizada a técnica chamada biépsia do linfonodo
sentinela (LS). Esta técnica foi desenvolvida durante as décadas de 1980 e
1990, com elevada sensibilidade e especificidade, tornando-se o procedimento
padrdo (WONG et al., 2018).

O LS corresponde ao primeiro linfonodo da base linfatica que recebe a
drenagem do local de implantacéo tumoral e permite predizer o estado de toda
essa cadeia linfatica (SAPIENZA, 2018; WONG et al., 2018). Além de ser uma
técnica melhor do que a resseccédo de toda cadeia, a melhoria no estadiamento
e informacfes progndsticas obtidas a partir da deteccdo do LS explicam a
rapida aceitacdo e disseminacdo dessa técnica (DELGADO; ZOMMORODI,
2019; MASOUD et al., 2018).

ApOs o diagnostico de um melanoma, aproximadamente 3% dos
pacientes irdo desenvolver um segundo tumor em um periodo de até trés anos.
O risco pode ser maior em pacientes com histdria familiar, chegando a 33% de
incidéncia de um segundo melanoma num periodo de até cinco anos
(D’'ISCHIA et al., 2015; MANICA et al., 2018). O prognéstico piora quanto mais
profunda a lesdo se estender, devido a maior propensdo a metastase
(BERTOLOTTO, 2013).

Nos ultimos anos, varios tratamentos foram aprovados pela Food and
Drug Administration (FDA) para melanoma, os quais variam em virtude das
caracteristicas do tumor (localizacdo, estagio e perfil genético). Dentre as
opcOes terapéuticas utilizadas podem ser citadas: resseccao cirurgica (diferem
de acordo com as caracteristicas clinico-patoldgicas), quimioterapia,
radioterapia, terapia fotodinamica, imunoterapia (aumento da resposta imune,
estimulando a atuacdo dos linfocitos) ou terapia direcionada. Apesar de
raramente ser indicado para tratamento de tumores primarios, a radioterapia
pode ser Util para o tratamento de metastases cutaneas, 0sseas e cerebrais
(DOMINGUES et al., 2018).

A terapia para melanoma possui limitacdes relevantes: incidéncia de
graves efeitos adversos, reacdes imunes e baixa eficiéncia em virtude da falta
de especifidade para as células tumorais (DOMINGUES et al., 2018). Dessa

forma, a identificacdo de fatores moleculares envolvidos na patogénese da
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transformacdo maligna das células melanociticas, entender o envolvimento de
moléculas sinalizadoras e/ou inflamatérias, bem como seus efeitos no
melanoma € de suma importancia, para um diagnéstico mais precoce e preciso

e consequentemente um prognostico mais favoravel.

35 SISTEMA PURINERGICO

O termo sinalizagdo purinérgica foi designado para descrever um
sistema mensageiro (SHABBIR; BURNSTOCK, 2009) extracelular capaz de
sinalizar uma série de efeitos biologicos (BURNSTOCK, 2007, 2018). Dentre
esses efeitos biologicos, € importante destacar o controle da dor e inflamacéo,
contracdo do musculo liso, neurotransmissao, secrecdo enddcrina e exdcrina,
resposta imune, agregacdo plaquetaria e modulacdo da funcdo cardiaca
(BURNSTOCK, 2016a).

Esses mensageiros extracelulares — ATP, difosfato de adenosina (ADP),
monofosfato de adenosina (AMP) e adenosina (Ade), tiveram as primeiras
descricbes de seus efeitos em 1929 por Drury e Szent-Gyorgyi, que
descreveram suas potentes acées no coracdo dos mamiferos (BURNSTOCK,
2007). Em 1959, Holton sugeriu que o ATP poderia atuar como um mensageiro
neuronal durante uma estimulacdo que induziria a alteragbes no tbnus
vascular. Porém, somente alguns anos mais tarde, Burnstock introduziu o
conceito de transmisséao purinérgica (BURNSTOCK, 2016b).

Dentre as purinas extracelulares, o ATP é a molécula chave que
participa de varios processos fisiolégicos, incluindo resposta imune,
neurotransmissdo, tbnus vascular, sensacdo de dor, proliferacao,
diferenciacdo, desenvolvimento e morte celular (BURNSTOCK, 2016; DI
VIRGILIO; ADINOLFI, 2017).

A atividade anticancerigena do ATP foi primeiramente descrita por
Rapaport em 1983, que descobriu que a injecdo intraperitoneal dessa molécula
em ratos portadores de um tumor resultou em significativa atividade contra o
crescimento de carcinomas mais agressivos (QIAN et al, 2016;
ZIMMERMANN, 2016). A adicdo de ATP exdgeno inibiu o crescimento de
células de cancer de colon e adenocarcinoma pancreatico, por inibir o ciclo
celular na fase S (SPYCHALA, 2000). Para executar tais funcdes, o ATP pode



32

se ligar em dois tipos de receptores: P2X e P2Y (BURNSTOCK, 2016; DI
VIRGILIO; ADINOLFI, 2017).

Sabe-se que as células de melanoma expressam tais receptores e seus
agonistas, tais como ATP produzem uma reducdo no numero de células de
melanoma em cultura (WHITE et al.,, 2009). Esse fato tem fundamental
importancia pois essa doenca maligna tem alto risco de recorréncia apds o
tratamento do tumor primario e quando esta em estagios avancados tem
poucas chances de sobrevivéncia. Os tratamentos com quimioterapia e
imunoterapia podem beneficiar alguns pacientes mas nenhum destes
tratamentos sdo totalmente efetivos (CALLAHAN; FLAHERTY; POSTOW,
2016).

A presenca do ATP no espaco extracelular interfere com o metabolismo
celular do cancer e na imunidade antitumoral. Seu efeito dependera da sua
concentracdo, taxa de degradacédo e expressdo dos receptores pelas células
cancerigenas e pelas células inflamatorias infiltrantes, pois o ATP tem uma
funcdo imunomoduladora no microambiente tumoral (DI VIRGILIO; ADINOLFI,
2017).

O ATP liberado em um meio com células tumorais se acumula em
grandes concentracfes extracelularmente e, além de atuar como sinal de
perigo também pode matar as células tumorais adjacentes via ligacdo aos
receptores P2X7 (Dl VIRGILIO; ADINOLFI, 2017). A liberagdo do ATP
extracelular pelas células tumorais de uma linhagem de melanoma (B16)
contribuiu para o recrutamento e a estimulacdo de células T reguladoras,
resultando em um ambiente imunossupressor (RING; ENK; MAHNKE, 2011).

Os demais nucleotideos e o nucleosideo adenosina possuem efeitos no
cancer. Maldonado e colaboradores (MALDONADO et al., 2012) ao estudarem
o papel do sistema purinérgico em pacientes com cancer de Utero e neoplasia
cervical verificaram sua influéncia nessas neoplasias e em seus diferentes
estagios de desenvolvimento, observando que a hidrélise do ADP e do AMP
foram variaveis frente aos diferentes estagios do cancer enquanto que o ATP
gue teve seus niveis diminuidos em todas as etapas avaliadas nos pacientes
guando comparado com grupo controle. O sistema purinérgico, além dos
tumores ja citados, foi encontrado alterado em outros tipos de tumores, tais

como o cancer de pulmao, mama, colo uterino dentre outros (BATTISTI et al.,
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2013; MALDONADO et al., 2012; MANDAPATHIL, 2016; SHABBIR;
BURNSTOCK, 2009; ZANINI et al., 2012). A Figura 4 ilustra o processo de
hidrolise dos nucleotideos até a formacdo de adenosina e suas respectivas

enzimas.

Fig. 4: Quebra do ATP em Adenosina (ATP: trisfosfato de adenosina; ADP: difosfato de
adenosina; AMP: monofosfato de adenosina; CD39: Ecto-Nucleosideo Trifosfato
Difosfoidrolase/E-NTPDases; CD73: E-5-Nucleotidase; E-NPP: Ecto-Nucleotideo
Pirofosfato/Fosfodiesterase; FAL: Fosfatase alcalina).
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Fonte: Adaptado (BURNSTOCK, 2018).

A liberacdo e a concentracdo extracelular dos nucleotideos séo
influenciadas por varios fatores, tais como: secre¢do ou lise celular,
permeabilidade seletiva da membrana plasmatica, exocitose de vesiculas
secretoras (corpos densos plaquetarios) e acéo catalitica de enzimas
(ROBSON; SEVIGNY; ZIMMERMANN, 2006; ZIMMERMANN, 2016).

3.6 ECTOENZIMAS

A concentracdo dos nucleotideos extracelulares pode ser modulada por
um conjunto de enzimas denominadas de ectonucleotidases (ALLARD et al.,
2017; ANTONIOLI et al., 2013; BONNEFOY et al., 2015). Nesse processo,

diferentes familias de ectonucleotidases trabalham de forma organizada, dentre
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as quais estdo incluidas: Ecto-Nucleotideo Pirofosfato/Fosfodiesterase (E-
NPP), Ecto-Nucleosideo Trifosfato Difosfoidrolase (E-NTPDases/CD39), E-5'-
Nucleotidase (CD73), e a Fosfatase alcalina (FAL) (ZIMMERMANN, 2001).

As E-NPPs sdo glicoproteinas transmembrana tipo Il, capazes de
hidrolisar 3’-5’-monofosfato de adenosina ciclico (5’-AMPc) a AMP; ATP a AMP
e difosfato inorganico (PPi); ADP a AMP e fosfato inorganico (Pi); nicotinamida
adenina dinucleotideo oxidado (NAD*) a AMP e nicotinamida mononucleotideo.
Embora essa familia de enzimas seja composta por 7 membros, apenas a E-
NPP 1, 2 e 3 sdo capazes de hidrolisar nucleotideos (BATTISTI et al., 2013;
ZIMMERMANN, 2001).

As E-NTPDases s&o enzimas muito eficientes e controlam a
biodisponibilidade de ATP (CARDOSO et al., 2015; ROBSON; SEVIGNY;
ZIMMERMANN, 2006). Essa familia de enzimas € constituida por oito
membros — E-NTPDases 1 — 8 que diferem entre si quanto a especificidade de
substrato, distribuicdo tecidual e localizacdo tecidual. Os membros 1, 2, 3 e 8
sdo as principais enzimas responsaveis pela hidrélise de nucleotideos tri e
difosfatos na superficie da célula sob condi¢fes fisioldgicas. As E-NTPDases 4,
5, 6 e 7 estdo principalmente associadas com organelas intracelulares (Quadro
2).

Quadro 2: Nomenclatura e preferéncia por substrato dos membros da familia
NTPDase.

Nome da proteina Nomes adicionais Preferéncia por
substrato
NTPDasel CD39, ATPDase, ecto-| ATP > ADP (1:1)
apirase
NTPDase2 CD39L1, ecto-ATPase ATP-> > ADP (30:1)
NTPDase3 CD39L3, HB6 ATP > ADP (3:1)
NTPDase4 UDPase, LALP70 UDP - GDP
NTPDase5 CD39L4, ER-UDPase, UDP->GDP/ UDP->ADP
PCPH
NTPDase6 CD39L2 GDP - IDP - UDP
NTPDase7 LALP1 GDP > IDP - UDP
NTPDase8 Ecto-ATPase, hATPDase | ATP->ADP

ADP > AMP
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Fonte: Adaptado (ROBSON; SEVIGNY; ZIMMERMANN, 2006).

Essa classe de ectoenzimas apresenta uma distribuicdo tecidual
diferenciada, podendo ser expressa simultaneamente por um mesmo tipo
celular. Se ancoram a membrana plasmatica via dominios hidrofébicos com um
duplo sitio ativo voltado para o meio extracelular (ROBSON; SEVIGNY;
ZIMMERMANN, 2006; YEGUTKIN, 2008).

A familia das E-5'-Nucleotidase tem sete membros, seis citosolicos e
uma ectoenzima, a 5'-Nucleotidase, que também esta ancorada a membrana
plasmética. Na maioria dos tecidos, sua atividade € o passo limitante da
formacao de adenosina a partir do AMP (ANTONIOLI et al., 2013; MONTEIRO
et al., 2018).

As FALs em condi¢des alcalinas removem o Pi de uma ampla gama de
substratos, incluindo os nucleotideos (ATP, ADP e AMP). Uma Unica enzima
pode assim catalisar toda a cadeia de hidrélise a partir de um ATP para o
respectivo nucleosideo - adenosina. A FAL é ancorada a membrana similar as
outras ectoenzimas (ZIMMERMANN, 2001)

A ADA catalisa a desaminacdo de adenosina e desoxiadenosina em
inosina e desoxi inosina. Apesar de grande parte desta enzima estar presente
no meio intracelular, ela também esta localizada na superficie celular. E
encontrada alterada em diversas situacdes patoldgicas, inclusive na presenca
de certos tumores (SPYCHALA, 2000). Essa importante enzima se divide em
duas isoformas: ADA1l e ADA2. A primeira é encontrada predominantemente
nos tecidos, enquanto a ADA2 é o principal componente do soro. Ambas
apresentam diferencgas estruturais e cinéticas (ANTONIOLI et al., 2012).

Em conjunto, as enzimas descritas acima sao capazes de regular a
concentracdo extracelular do ATP e seus metabdlitos, os quais apresentam
importante relagdo com o desenvolvimento e a alta agressividade do

melanoma.

3.7 RECEPTORES PURINERGICOS
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Os nucleotideos e o nucleosideo de adenina interagem com receptores
purinérgicos especificos mediando eventos de resposta imune, inflamacéo,
agregacdo plaquetaria dentre outros (DI VIRGILIO; ADINOLFI, 2017). Os
receptores do sistema purinérgico podem ser divididos em dois grupos
principais: os receptores de adenosina, também chamados receptores P1 e os
receptores P2, que reconhecem ATP, ADP, Uridina-5'-trifosfato (UTP), e
Uridina difosfato (UDP) (BURNSTOCK, 2014).

Os receptores P1 apresentam quatro subtipos de acordo com suas
caracteristicas: A1, Aza, Az e As. Baseado em diferencas de estrutura
molecular e mecanismos de transducédo de sinal, os receptores P2 também
foram subdivididos em duas classes: canais idnicos e acoplados a proteina G.
Os receptores P2 foram entdo denominados de receptores P2X e P2Y (sete
receptores P2X — ligados a canais i6nicos: P2X1 - 7, e oito receptores P2Y — a
qual pertencem purinoreceptores metabotrépicos acoplados a proteina G:
P2Y1, P2Y2, P2Ys, P2Ys, P2Y11, P2Y12, P2Y13 e P2Y14) (KRUGEL, 2016;
WOODS et al., 2016).

O ATP exerce seus efeitos através da ligacdo e ativacao aos receptores
P2. Sendo assim, alguns subtipos de receptores de P2 (P2Y1, P2Y2, P2Y1s,
P2Xs e o P2X7 tém sido implicados com envolvimento com o céancer:
modulacdo da proliferacéo de células (receptores P2Y1 e P2Y?2) estimulacéo da
diferenciagcdo com a subsequente inibicdo da proliferacéo - receptores P2Xs e
P2Y11 - ou inducdo da morte celular (apoptose) - receptores P2Xz
(BURNSTOCK, 2007).

A funcéo dos receptores P2Y em melanomas é regular a proliferacao
celular. Receptores P2Y:1 ativados causam uma diminuigdo no numero de
células, enquanto os receptores P2Y: ativados causam um aumento no namero
de células. Receptores P2Ys também estdo presentes no melanoma, mas foi
demonstrado néo ter um efeito sobre o numero de células, sugerindo-se entéo
que eles podem estar desempenhando outro papel na regulacédo celular
(WHITE et al., 2009; ZIMMERMANN, 2016). Através da ligacdo com seus
receptores, o ATP pode mediar eventos que levam a uma imunossupressao e

quadros inflamatorios, favorecendo assim a progressao tumoral.
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4 INFLAMACAO X ESTRESSE OXIDATIVO X MELANOMA

A sobrevivéncia de todos os organismos requer a eliminacao de invasores
estranhos, como agentes infecciosos e tecidos lesados. Essas funcdes séo
mediadas por uma resposta complexa do hospedeiro chamada inflamacgé&o. A
inflamacdo € considerada uma resposta protetora que envolve células,
mediadores, vasos sanguineos, dentre outros, destinada a eliminar a causa
inicial da lesdo celular e iniciar o processo de reparo (KUMAR; ABBAS,
ASTER, 2013).

Lesdes cutaneas iniciam processo inflamatdrio que ocorre em trés estagios:
dilatacdo dos capilares para aumentar o fluxo sanguineo local, alteracdes
estruturais microvasculares a fim de extravasar proteinas da circulagdo
sanguinea para o local da inflamacao e transmigracao leucocitaria através do
endotélio vascular, acumulando-se no local do dano. Além disso as células
inflamatorias atuam como fonte importante na liberacédo de citocinas e fatores
de crescimento, que sao necessarios para o recrutamento celular, ativacao e
proliferacdo (SHALAPOUR; KARIN, 2015).

Esse processo inflamatério no tecido cutaneo associado ao dano tecidual
tem forte ligacdo com o desenvolvimento de cancer. A associacdo entre o
desenvolvimento tumoral e inflamacédo ja vem sendo estudada desde 1863,
quando Rudolf Virchow notou a presenca de leucocitos em tecidos neoplasicos,
sugerindo a origem de células tumorais em locais de inflamagcdo crénica
(SHALAPOUR; KARIN, 2015). Estudos recentes demonstram que a inflamacéao
€ um componente critico na progressao e desenvolvimento tumoral
(GRIVENNIKOV; GRETEN; KARIN, 2011; LANDSKRON et al., 2014; MANICA
et al., 2018).

No melanoma, a correlacdo entre a inflamacdo, mediadores, células
imunossupressoras e desfecho clinico do paciente ainda é uma questdo de
intensa pesquisa. No entanto, as evidéncias sugerem cada vez mais que a
inflamacdo também pode estar associada a um prognoéstico clinico
desfavoravel nesses pacientes (DUNN; ELLIS; FUJITA, 2012; HOLZEL;
TUTING, 2016; RIBATTI et al., 2001).

Estudos sobre polimorfismos genéticos no melanoma, especialmente

polimorfismos de nucleotideo Unico, tém demonstrado que gendtipos de
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citocinas como IL-6, TNF-a, IFN-y, IL-10 e fator de transformacdo do
crescimento beta 1 (TGF-B1) podem desempenhar um papel na progressao do
melanoma por facilitar o escape da vigilancia imunolégica (SHALAPOUR,;
KARIN, 2015; NEAGU et al., 2015).

Na pele as citocinas sdo produzidas pelos queratindcitos, células de
Langerhans, melanécitos, mastécitos, macrofagos, mas também por células
inflamatdrias recrutadas: neutréfilos, eosindfilos e linfocitos. Quando ha um
estimulo inflamatdrio prolongado, a producdo de citocinas € excessiva e, além
de ter um efeito deletério no tecido inflamado, pode afetar células distantes do
local da inflamacao inicial (MANICA et al., 2018; NEAGU et al., 2015).

As proprias células de melanoma produzem citocinas que sdo conhecidas
por estarem associadas com invasividade e agressividade, as quais incluem IL-
6, IL-8, quimiocina CXC L-13 (CXCL 13), quimiocina CCL-5 (CCL5) e proteina
quimiotatica de mondcitos-1 (MCP-1, também conhecida como CCL2)
(HOWELL et al., 2003). O ambiente inflamatorio criado tanto pelo melanoma,
quanto pelo microambiente o qual estd instalado, favorece a plasticidade do
melanoma. Essa interacao entre a inflamacéo e a plasticidade das células do
melanoma surgiu como um determinante critico da progressdo metastatica
(HOLZEL; TUTING, 2016).

Importante ressaltar que o tipo de inflamacao e subtipos de células imunes
presentes sao importantes, uma vez que 0S melanomas primarios com
infiltrados de células T tém menor risco de desenvolver metastases a distancia
(BALD et al., 2014). Tecidos que apresentam ambientes inflamatérios fornecem
um microambiente rico em EROs, resultando em estresse oxidativo.

O estresse causado por agentes como RUV e inflamagdo é um importante
fator de risco para o desenvolvimento de tumores de pele, incluindo o
melanoma (BISEVAC et al., 2018). No entanto poucos estudos foram feitos até
0 momento para entender essa conexao.

A instalacdo do processo de estresse oxidativo decorre da existéncia de um
desequilibrio entre compostos oxidantes e antioxidantes, em favor da geracéo
excessiva de espécies reativas ou pela deficiéncia na sua remocdo. Esse
estado conduz a oxidacdo de biomoléculas com consequente perda de suas

funcdes biolégicas com dano contra células e tecidos (BARBOSA et al., 2010).
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Sabe-se que o0 estresse oxidativo est4d envolvido no processo de
carcinogénese através de varios mecanismos: metabolismo energético
alterado, que pode ser atribuido a sintomas como caquexia, nausea e vomito,
0S quais impedem uma nutricdo normal e, portanto, um suprimento normal de
nutrientes, como vitaminas antioxidantes, que levam a um desequilibrio entre
antioxidantes e oxidantes; ativacdo crénica inespecifica do sistema imune com
uma producdo excessiva de citocinas pro-inflamatorias, o que, por sua vez,
podem aumentar a producao de EROs ou pelo efeito de medicamentos usados
no tratamento do cancer (CANNAVO et al., 2019).

Vérios parametros bioquimicos (peroxidacdo lipidica, niveis de glutationa,
atividade da superoxido dismutase e da catalase) e perfil lipidico plasmético
(lipidios totais, colesterol total, triglicerideos totais, lipoproteinas de alta
densidade (HDL) e lipoproteinas de baixa densidade (LDL)) podem ser
avaliados para estabelecer niveis de estresse oxidativo ou atividade
antioxidante (PISOSCHI; POP, 2015). Além desses, uma caracteristica
bioguimica Unica do melandcito é que a geracdo de melanina produz peroxido
de hidrogénio e consumo de glutationa reduzida (GSH), uma importante defesa
antioxidante (OBRADOR et al., 2019).

O sistema de defesa antioxidante tem a funcdo de inibir e/ou reduzir os
danos causados pela acdo deletéria dos radicais livres ou das espécies
reativas de oxigénio (EROs). Usualmente, esse sistema é dividido em
enzimatico e ndo-enzimético. Os antioxidantes sdo definidos como qualquer
substancia que, presente em menores concentracdes que as do substrato
oxidavel, seja capaz de atrasar ou inibir a oxidacdo deste de maneira eficaz
(VISSERS; DAS, 2018).

Na figura 5 é possivel observar alguns fatores que desencadeiam a
producdo de EROs/estresse oxidativo e alguns tipos de defesas antioxidantes
disponiveis. Uma falha no sistema antioxidante, com acumulo de EROs, pode
contribuir para a capacidade de células de melanoma ficarem mais agressivas,
autorenovar-se, inibir antiproteases, invadir tecidos locais e, portanto, promover
metastases (OBRADOR et al., 2019).

Fig. 5. Substancias antioxidantes versus fatores que favorecem o aumento da producdo de
Espécies Reativas de Oxigénio (EROSs).



40

ESTRESSE

Cu: cobre; Zn: zinco; Mn: manganés; Se: selénio; SOD: superédxido dismutase; PSH: tidis
proteicos; NPSH: tidios ndo proteicos; CAT: catalase; GPx: glutationa peroxidase, GSH:
glutationa dismutase. Fonte: (PISOSCHI; POP, 2015).

Sabendo que o0 estresse oxidativo esta elevado em pacientes com
melanoma, e pode estar associado aos diferentes estagios de melanoma, além
disso, como a inflamacéo geralmente esta associada ao estresse oxidativo e
gque o sistema purinérgico esta intimamente relacionado com quadros de
inflamacéo, essa tese demonstra resultados inéditos da associacdo desses trés

fatores no cancer de pele do tipo melanoma.
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1| INTRODUCTION

The incidence of cancer, mainly skin cancer, has been
globally alarming, representing a serious public health
problem, and it is expected that incidence of this cancer
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Abstract

Skin cancer represents a serious public health problem and melanoma is considered
the most significant due to its high metastasis capacity. Evasion mechanisms are the
main characteristic of these tumor cells to escape of immune response. Extracellular
nucleotides and nucleosides play an important role in inflammatory and immune
responses. In this study, we analyzed the expression and activity of purinergic system
enzymes in platelets and lymphocytes, ATP levels quantification, as well the level of
pro and anti-inflammatory interleukins in the serum of 23 patients with surgical
melanoma removal (CM group) and 23 control subjects (CT group). Results showed a
decrease in ATP, ADP, and AMP hydrolysis and an increase in ATP levels
quantification in CM group. The pro-inflammatory cytokines were elevated in CM
group when compared to CT group. These results suggest an inflammatory process,
even after surgical removal, due to elevated extracellular ATP levels. Besides, CM
group displayed an increase in IL-10 levels and an increased in ADA activity in
platelets and lymphocytes. Once adenosine and IL-10 are anti-inflammatory
molecules, these results indicate a down-regulation of immune system front to
malignant process. The alteration in nucleotide and nucleoside hydrolysis reinforces
the purinergic systems role in this cancer. Therefore, even after surgical removal, the
purinergic system can develop a chronic inflammatory micro-environment that can

influence directly on relapse or metastasis.
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increases in the coming decades and reaches the general
population. Cutaneous Melanoma (CM), a type of skin
cancer, accounts for only 4% of malignant skin cancers, but is
considered the most serious due to its high metastasis
capacity.'
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CM is a highly aggressive solid tumor, and its aggressive
behavior is characterized by uncontrolled cell proliferation
through suppression signals, escape of the immune response,
induction of inflammation, angiogenesis, genomic instability,
mutations, and resistance to cell death, invasion, and
metastasis. However, suppression of anti-tumor immunity
and the escape of the immune response is a pivotal step in
tumor progression and recurrences.’

Intracellular purines are being important participants in
metabolic processes such inflammatory and immune re-
sponses by the extracellular release of adenosine triphosphate
(ATP), adenosine diphosphate (ADP), adenosine mono-
phosphate (AMP), and adenosine. In the extracellular space,
ATP is converted to ADP and AMP by enzymes called
ectonucleotidases: alkaline phosphatases, ectonucleoside
triphosphate  diphosphohydrolases (E-NTPDases, CD39,
NTPDase 1), and ectonucleotide pyrophosphatases/phospho-
diesterases (E-NPPs). Extracellular AMP is primarily con-
verted to adenosine by E-5'Nucleotidase (CD73). Adenosine
hydrolysis is terminated by the activity of adenosine
deaminase (ADA), which converts adenosine to inosine.
These ectoenzymes, nucleotides, and nucleosides are crucial
for the functions exerted by the nucleotides in all irrigated
tissues, including the skin, where melanocytes are present.>~

ATP is mainly associated to proinflammatory response
but adenosine has opposite effects limiting the inflammation
by suppressing the actions of immune cells,®® reinforcing the
important participation of ectonucleotidases in inflammatory
processes.”™" Our research group has focused investigations
on the interrelation between the purinergic system and
homeostasis alterations, and their potential involvement in
cancer: breast cancer,'? lung cancer'? cervical intraepithelial
neoplasia and uterine czmcer,“l and bladder tumor.'® Cited
works clearly demonstrate the role of the purinergic system in
cancer development and progression.

Considering, that the enzymatic chain responsible for
ATP hydrolysis and adenosine production, present in all
immune and vascular cells, has an important role in the
control or promotion of inflammation in tumors, the aim of
this work is to analyze and clarify the role of adenine
nucleotides and adenosine as well as the role of interleukins in
the pathophysiology of CM and a possible mechanism of
recurrence and metastasis.

2 | MATERIALS AND METHODS

2.1 | Chemical and equipment

The substrates adenosine 5’-triphosphate disodium salt,
adenosine 5’diphosphate sodium salt, 5’-monophosphate
sodium salt, adenosine, bovine serum albumin, Trizma
base, HEPES, Ficoll-Histopaque (Lymphoprep), and Coo-
massie Brilliant Blue G were obtained from Sigma-Aldrich

(St. Louis, MO). The antibodies used for flow cytometry
analyses, Cytometric Bead Array (CBA) Human Th1/Th2
Cytokine Kit and BD Citofix®/Citoperm® was obtained
from BD Bioscienses (Becton, Dickinson and Company,
Franklin Lakes, NJ) and the equipment used was BD Accuri
C6. The centrifuge used was Sigma 3k-16® refrigerated and
the rotors was changed depending the samples. All other
reagents used in the experiment were of analytical grade and
high purity.

2.2 | Patients and samples

The samples consisted of 23 patients with CM and 23 healthy
subjects as a CT group selected according to the character-
istics, age, and gender of the CM group. The CM group had
previous surgical excision of the melanoma, but now they
did not have in pharmacology treatment. Ten milliliters of
blood was obtained from each patient and used for platelet and
lymphocytes separation, flow cytometry and biochemical
analyzes. The same procedure was carried out for the control

group.

2.3 | Experimental design

Patients with CM were selected after diagnosis according to
the International Classification of Diseases (ICD) and
surgical removal of the tumor by an oncologist. Only patients
with Breslow thickness T3/T4 (>2 mm)'® were selected for
analysis. Control patients in the study were those who had no
acute or chronic pathology or CM history, in addition to
having normal blood pressure and not undergoing any drug
therapy. Patients’ characteristics are shown in Table 1. All
subjects gave written informed consent to participate in the
study. The Human Ethics Committee of Federal University
Frontier South, Brazil, approved the protocol under number
822.782. All analysis was developed in triplicates to ensure
reliability of results.

2.4 | Platelet and lymphocytes separation

Platelet-rich plasma was prepared by the method of Pilla
et al'” modified by Lunkes et al.'® Total blood was collected
with sodium citrate as anticoagulant and centrifuged at
1500 rpm for 10 min. After, the platelet-rich plasma was
centrifuged at 5000 rpm for 30 min and washed with 3.5 mM
HEPES buffer, pH 7.0 at least twice. The platelet pellets were
suspended in HEPES buffer and protein was adjusted to
0.4-0.6 mg/mL.

The mononuclear leukocytes were isolated from human
blood collected with EDTA and separated on Ficoll-
Histopaque density gradients as described by Boyum.'’
Due to the fact that the methodology described above is
employed for separating mononuclear cells, the study
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TABLE 1 Clinical characteristic

CT
23) CM (23) P-value

Age 47+13 48+125 0.8695
Tumor location

Lower extremities - 9

Upper extremities - 6

Trunk - 5

Head/neak - 3
Subtypes

Superficial spreading - 16

melanoma

Nodular melanoma - 5

Lentigo maligno melanoma - 2

Acral lentiginous melanoma - -
Time after surgery

<1 year - 3

1-2 years - 20
Sun exposure (%) 24 30
Fitzpatrick skin classification

/1T (%) 94 96

MI/IV/IV (%) 6 4
History of sunburn (%) 70 89

The data were obtained through a documented interview with each participant. CT,
control; CM, cutaneous melanoma.

performed by Jaques et al*® demonstrated that there is a high
incidence of lymphocytes (95%) in these samples and the
amount of monocytes is practically insignificant. For this
reason, we treat the samples as containing only
lymphocytes.

2.5 | Protein determination

Protein was measured by the method of Bradford®' using
bovine serum albumin as standard. This assay is based on the
binding of the dye Coomassie Blue G-250 to protein, and this
binding is accompanied by measuring the absorbance
maximum of the solution at 595 nm.

2.6 | E-NTPDase and E-5'-nucleotidase assays

A total of 20 pL of the platelet-rich plasma preparation
(0.4-0.6 mg/mL protein) was added to the reaction mixture
of E-NTPDase or E-5'nucleotidase and preincubated for
10 min at 37°C, to a final volume of 200 pL. E-NTPDase
activity was determined by the method of Lunkes et al.'®
The reaction was started by the addition of ATP or
ADP as substrate at a final concentration of 1.0 mM.

E-5'-nucleotidase was determined by the method of
Heyman et al.??> Phosphate released by ATP, ADP, and
AMP hydrolysis was measured using KH,PO, as standard.
Controls were prepared to correct for nonenzymatic
hydrolysis and all samples were analyzed in triplicate.
Enzyme specific activities are reported as nmol Pi
released/min/mg of protein.

2.7 | Flow cytometry analysis for CD39 and
CD73

The enzymes E-NTPDase (CD39) and E-5'-nucleotidase
(CD73) expression analysis were performed from human
blood collected with EDTA by flow cytometry using
monoclonal antibodies anti-CD61 (FITC), anti-CD45 (mono-
clonal antibody), anti-CD39 (FITC), and anti-CD73 (PE) for
marking platelet, lymphocytes, E-NTPDase, and E-5’
nucleotidase, respectively. A total of 200 pL of whole blood
were incubated with 2 mL of lysis solution for 15 min in the
dark and then centrifuged 1000 rpm for 5 min.

The lysis solution is an ammonium chloride-based lysing
reagent that lysis red blood cells following monoclonal
antibody staining. The lysing solution results in good light
scatter separation of lymphocytes and red blood cell debris
when analyzed by flow cytometry and does not contain a
fixative agent, so leukocytes remain viable after red blood cell
lysis. The procedure is only applied to human whole blood red
blood cell lysis.

The cells were incubated with specific antibodies for
25 min. After, twice centrifugation 1000 rpm for 5 min and
discarding the supernatant by adding 1 mL of PBS. For fixing,
250 puL of BD Citofix® was added until analysis.

2.8 | Quantitative ATP determination

The quantitative ATP determination was developed using
commercial kit by bioluminescence assay with recombinant
firefly luciferase and its substrate D-luciferin in serum of CM
and CT group. The assay is based on luciferase’s requirement
for ATP in producing light—emission maximum ~560 nm
at pH 7.8.% This assay is extremely sensitive.

We combined the components of the reaction as follows to
make a standard reaction solution and adjust the volumes
according to particular requirements. Each reaction contained
1.25 pg/mL of firefly luciferase, 50 uM D-luciferin, and
I mM DTT in 1X Reaction Buffer. After a 15 min incubation,
luminescence was measured.

2.9 | Flow cytometry analysis for cytokines

The BD™ CBA Human Th1/Th2 Cytokine Kit II (Catalog
No. 551809) was used to quantitatively measure Interleukin-2



Rl W11 E'Y

a4

MANICA ET AL.

(IL-2), Interleukin-4 (IL-4), Interleukin-6 (IL-6), Interleukin-
10 (IL-10), Tumor Necrosis Factor (TNF), Interleukin-17A
(IL-17A), and Interferon-y (IFN-y) protein levels in a single
sample. BD CBA assays provide a method of capturing a
soluble analyte or set of analytes with beads of known size
and fluorescence, making it possible to detect analytes using
flow cytometry.

Each capture bead was conjugated with a specific
antibody. The detection reagent provided in the kit is a
mixture of phycoerythrin (PE)-conjugated antibodies, which
provides a fluorescent signal in proportion to the amount of
bound analyte. When the capture beads and detector reagent
are incubated with an unknown sample containing recognized
analytes, sandwich complexes (capture bead + analyte +
detection reagent) are formed. These complexes was
measured using flow cytometry for identify particles with
fluorescence characteristics of both the bead and the detector.

2.10 | Adenosine deaminase (ADA)
determination

ADA activity from platelets and lymphocytes was determined
according to Giusti and Galanti>* based on the direct
measurement of ammonia produced when adenosine deami-
nase acts in excess of adenosine. Briefly, 50 uL of cells
reacted with 21 mmol/L of adenosine, pH 6.5 was incubated
at 37°C for 60 min. Afterward the reaction was stopped by
adding a solution of 106.2 mM phenol and 167.8 mM sodium
nitroprussiate and a hypochlorite solution. The amount of
ammonia produced was measure at 620 nm and the results
were express in units per liter (U/L).

2.11 | Statistical analysis

Statistical analyses were performed with GraphPad Prism 7.
Normality was tested by the Shapiro-Wilk test. The differ-
ences between the groups, in relation to the variables of the
study, were evaluated through analysis unpaired 7 test. The
results were presented as mean and standard deviation. The
differences in the probability of rejection of the null
hypothesis as being less than 5% (P < 0.05) were considered
statistically significant.

3 | RESULTS

3.1 | Clinical characteristics

The data were obtained through a documented interview with
each participant. The characteristics of our study groups are
summarized in Table 1.

The average age was similar between control and CM
group (47 and 48 years old). The most affected body areas
were: lower extremities (39.1%), upper extremities (26%),

trunk (21.7%), and head/neck (13%). Differences in the forms
of sun exposure, awareness, prevention measures, and
medical care were considered as probable reasons for the
higher incidence of injuries to the trunk, head, and neck.

The Superficial Spreading Melanoma had greater inci-
dence in the study group (69.5%). Nodular Melanoma and
Lentigo Malignant Melanoma had low incidence in this group
(21.7% and 8.6%), while the Acral Lentiginous Melanoma
subtype was not present. The majority of patients in CM
group had the surgical removal between 1 and 2 years
following surgery (86.9%) and only 13% less than 1 year
following surgery.

Regarding risk factors for CM development, sun exposure
was higher in CM group (30%) than in control group (24%),
and both showed elevated percentage for Fitzpatrick Photo-
type /Il (96% and 94%). The main risk factors for the
development of CM result from the combination of
constitutional/genetic and environmental factors: skin types
I/I1 Fitzpatrick classification, presence of multiple melano-
cytic nevi, presence of atypical or dysplastic nevi, history of
melanoma or other skin cancer, and mutations in genes. One
of main risk factor for melanoma development is the history
of sunburn. In both groups this factor was elevated (CT and
CM group—70% and 89%, respectively) during the life.

3.2 | Purinergic enzymes activity and
expression by flow cytometry

To elucidate the importance of purinergic enzymes in
melanoma, we first analyzed the hydrolysis of nucleotides
ATP, ADP in lymphocytes and platelets, and AMP hydrolysis
in platelets of CT and CM group (Figure 1). The
E-5'-Nucleotidase activity in lymphocytes is very small;
then our technique was not sensitive for its analysis.

As can be observed in Figure 1, nucleotides hydrolysis
(ATP, ADP, and AMP) was decreased in CM patients when
compared to CT group. These results suggest that CM patients
have lower E-NTPDase and E-5'-Nucleotidase activities.

To confirm the enzymatic activity inhibition and ATP
accumulation in extracellular medium, extracellular
ATP concentration was measured using luciferase/
luciferin reagent. The concentration of extracellular ATP
increased in CM group when compare to control group
(Figure 2).

In order, to confirm the decrease on purinergic enzymes
activity, was performed the expression of E-NTPDase
(CD39-converted ATP to ADP and AMP) and
E-5'-Nucleotidase (CD73-converted AMP to adenosine) by
flow cytometry. Differently of activity, the expression of
CD39 and CD73 positive cells in platelets and lymphocytes
was not statistically different between the groups indicating
that these enzymes are being expressed normally in both
groups (Figure 3).
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Data are presented as means + SEM. ***Indicates a significant difference from the control group (Student's 7 test, P < 0.0001, n =23);
**Indicates a significant difference from the control group (Student's ¢ test, P < 0.001, n=23)

3.3 | Inflammatory alterations

To demonstrate the inflammatory profile and to determine the
effect of the ATP extracellular release, we examined the
quantification of proinflammatory cytokines (IL-2, IL-4,
IL-6, TNF, IFN-Y, and IL-17A) (Figure 4) and an anti-
inflammatory interleukin (IL-10) (Figure 4C). ADA activity
was also performed (Figures 4A and 4B).

As can be observed in Figure 4, cytokines IL-2, IL-4, IL-6,
and TNF are significantly increased in CM when compared to
CT group. On the other hand, no difference was observed in
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the groups for IFN-Y and IL-17A (Figures 4E and 4F). These
results show that these cytokines remained increased after the
surgery.

Based on the pro-inflammatory profile found, we
evaluated some anti-inflammatory parameters, such as IL
10 and adenosine hydrolysis as shown in Figure 5. IL 10, an
anti-inflammatory interleukin, showed a significant increase
in CM group when compared to control (Figure 5C). In
relation to ADA activity, an increase was observed in this
enzyme in CM patients when compared to control group in
platelets and lymphocytes.
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FIGURE 2 Quantitative ATP determination. Extracellular ATP was determined as production of bioluminescence using a luciferin-luciferase
reaction system (emission maximum ~560 nm at pH 7.8) through a commercial kit (Invitrogen®). The assay was followed as described in
materials. Data are presented as means + SEM. *Indicates a significant difference from the control group (Student's 7 test, P < 0.05, n=23)
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FIGURE 3 Expression of E-NTPDase1/CD39 and E-5'-
Nucleotidase/CD73 protein in platelets and lymphocytes of control
group (CT) and melanoma group (CM). The analysis were performed
from human blood by flow cytometry using monoclonal antibodies
anti-CD61 (FITC), anti-CD45 (monoclonal antibody), anti-CD39
(FITC), and anti-CD73 (PE) for marking platelet, lymphocytes,
E-NTPDase and E-5'-Nucleotidase, respectively. Data are presented
as means + SEM. No differences was observed between the groups

4 | DISCUSSION

Our results show for the first time, that the inhibition of
extracellular ATP hydrolysis, evidenced by significantly
decrease on purinergic enzyme activities, lead to accumula-
tion of ATP extracellular. The presence of high ATP levels in
the post-surgery CM micro-environment is suggested to be
the cause of deleterious changes, which are evidenced by the

uncompensated inflammatory profile. Patients with CM are
treatment with surgical excision, but recurrences and
metastases are common with a relapse rate between 50%
and 80%, mainly in Breslow thickness T3/T4 tumor. These
recurrences and metastases can be the result of changes in the
tumor micro-environment that remain even after its removal.

A deregulation in the metabolism of nucleotides,
evidenced by the decrease of ATP and ADP hydrolysis in
platelets and lymphocytes (Figures 1A, 1B, 1D, and 1E), and
AMP hydrolysis in platelets (Figure 1C), was observed.
However, the expression of CD39 and CD73 remained the
same in both groups (Figure 2), suggesting that E-NTPDase/
CD39 are inhibited and extracellular ATP is accumulated.
Although we do not know the reason why this enzyme is
inhibited, the explanation for the decrease in ADP and AMP
hydrolysis is the reduced activity of CD39, the first enzyme of
the cascade, whose consequence is the decrease of ADP as
well as AMP production and breakdown.

A study with uterine cervical neoplasia showed that ATP,
ADP, and AMP hydrolysis was also decreased in patients treated
with conization surgery or radiotherapy, which corroborates
with our findings,'* but in another cancer types the results are
varied. In lung cancer, for example, the ATP hydrolysis was not
altered while the ADP hydrolysis was decreased and an increase
in E-5"-Nucleotidase activity was observed."? In addition, other
types of cancer were studied with different profiles of activities
of the purinergic enzymes'>'*'® that reinforce the close
relationship between the neoplastic diseases and activity of
enzymes that hydrolyze adenine nucleotides.

It is interesting to note that even in treated patients, we
observed a disruption of ectonucleotidases activity. This is
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FIGURE 4 A, Interleukin-2 (IL-2), (B) Interleukin-4 (IL-4), (C) Interleukin-6 (IL-6), (D) Tumor Necrosis Factor (TNF), (E) Interferon-y
(IFN-y) (F) Interleukin-17A (IL-17A), protein levels. They was measured by BD™ CBA Human Th1/Th2 Cytokine Kit II in serum of control
(CT) and melanoma (CM) groups. The assay was followed as described in materials. Data are presented as means + SEM. **Indicates a

significant difference from the control group (Student's 7 test, P < 0.001, n = 23). *Indicates a significant difference from the control group

(Student's 7 test, P < 0.05, n =23)
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FIGURE 5 ADA activity and Interleukin-10 (IL-10) protein levels. A, ADA (Adenosine desaminase—hydrolyzing adenosine) in platelets
and (B) ADA (Adenosine desaminase—hydrolyzing adenosine) in lymphocytes of control (CT) and melanoma (CM) groups. The assay is based

on the direct measurement of ammonia produced when adenosine deaminase acts in excess of adenosine. Results were expressed in units per liter

(U/L). One unit (1 U) of ADA is defined as the amount of enzyme required to release 1 mmol the ammonia per minute from adenosine at

standard assay conditions. Data are presented as means + SEM. *Indicates a significant difference from the control group (Student's 7 test,
P <0.05, n=23). C, Interleukin-10 (IL-10) protein levels measured by BD™ CBA Human Th1/Th2 Cytokine Kit II in serum of control (CT)
and melanoma (CM) groups. *Indicates a significant difference from the control group (Student's # test, P < 0.01, n =23)

due to chronic phase of purinergic signaling, which lasts days
to months (or longer). This process leads to extracellular ATP
accumulation for extended periods*> and contributes to tissue
damage and inflammation. According our findings, Feng
et al*® showed that extracellular ATP released by tumor cells
of some types of cancer, accumulates in high concentrations
and may remain elevated for extended periods. However, in
CM post-surgery, this is the first work.

High levels of extracellular ATP act as a danger signal
molecule initiating an innate immune response through
macrophages induction to release a repertory of proinflam-
matory cytokines by activating transmembrane P2 and P1
receptors.'! The pro-inflammatory status initiated by elevated
ATP levels can be evidenced by the high levels of pro-
inflammatory cytokines observed in CM group when
compared to the CT group (Figure 4).

It is known that some inflammatory cytokines in the
tumor micro-environment may favor melanoma growth and
tumor progression.”® Among these cytokines, we verified
high levels of IL-2, IL-4, IL-6, TNF-a, and IFN-y in CM
patients (Figure 4). Increased levels of IL-2 and IL-6 can
indicate a poor prognosis in patients with stage IV, and
other cytokines (IL-4, TNF-a, and IFN-y) stimulate
endothelial cell proliferation, migration, and angiogenesis,
which are important for melanoma growth and metastasis.?’
Corroborating our data,”® revised by*® have shown that in

the micro-environment of melanoma tumors high concen-
trations of IL-la, IL-1f, IL-6, IL-8, TNF-«, and TGF-p
are found. The main point showed by our study is: the
increased inflammatory process by extracellular ATP lead
an immunosuppressive profile even after melanoma
withdrawal.

Although what can be first seen is an installed
inflammatory process, we observed high levels of IL-10
(Figure 5C) as well as an augment of ADA activity in platelets
and lymphocytes (Figures SA and 5B) in CM group when
compared to CT group. The increase in ADA activity suggests
that high adenosine levels are being released. Since adenosine
and IL-10 are anti-inflammatory molecules, we can infer that
these molecules are mediating an immunosuppressive
response to protect adjacent tissues of inflammation.® This
nucleoside has been reported to mediate cell proliferation,
angiogenesis, and acts in tumor progression, an immunosup-
pressive agent.”!

Interestingly, besides having alternative routes, the local
production of adenosine may occur as a product of
cooperation between different cell types present at any given
area, but more specifically, in areas of inflammation.
Furthermore, it has recently been demonstrated, both in
mice and in humans, that B-cells express CD39 and CD73 that
produce adenosine and inhibit T-cell proliferation.*> Know-
ing that immune suppression is closely related to the
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development of lymphatic metastases in melanoma patients,
the increase in ADA activity can be related to malignant
processes even after surgical removal of the tumor.

It is important to emphasize that IL-10 production by
melanoma cells increases as melanomas progress, together
with the development of metastasis. This alteration in the
capacity to generate and secrete IL-10 is associated with
the increasing prognostic implications of transition from the
radial phase to vertical growth and the developing risk of
regional and visceral metastases. The findings of this study
corroborate with the hypothesis that IL-10, acting with other
cytokines, induces immune down-regulation that may render
the development of metastases.*>

In summary, despite human study limitations, the whole
of results suggests that even after surgical CM removal, the
purinergic system can develop a chronic inflammatory micro-
environment and this can influence directly on relapse or
metastasis. This effect involves the deregulation of nucleotide
and nucleoside levels in peripheral blood with potential
application in CM prevention or treatment.

5 | CONCLUSION

In conclusion, we showed that purinergic system enzymes
have altered activity in Breslow thickness T3/T4 tumor
even after surgical excision causing an increase in
extracellular ATP levels. The modifications observed in
this study may reflect the CM micro-environment alter-
ations, whereas after removal of the tumor, they can
represent high CM aggressiveness. The regulation of
extracellular nucleotides and nucleosides released repre-
sent an important aspect of CM. Besides this understand-
ing, the interaction between tumor cells and the immune
suppression of anti-tumor immunity will help provide
insights that will allow the introduction of future novel
therapeutic approaches for the management of patients
with melanoma.
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Melanoma is a type of skin cancer originated by the malignant transformation of melanocytes. Increasing in-
cidence and mortality require efforts focused on studies and research about this cancer. Its microenvironment is
rich in extracellular ATP, but there are no studies evaluating the ectonucleotidases and ATP effects on tumor-
derived melanoma cells with known amounts of ATP. This way, the objective of this work was to evaluate the
purinergic signaling in the pathophysiology of in vivo melanoma and the in vitro effects of ATP signaling. We
found increased and effective extracellular ATP hydrolysis in platelets and a significant decrease of extracellular
ATP levels and adenosine hydrolysis. In addition, we cultured PBMCs of melanoma patients and used ATP salt
with specific concentrations to evaluate its signaling effects. The enzymatic activity analysis revealed that even
with higher ATP doses cells metabolize adenine nucleotides less efficiently, and present low ATP, ADP and AMP
hydrolytic activity in CM compared to CT cells. In summary, we showed for the first time important data about
the purinergic signaling in the pathophysiology of mel 1a and ATP si exercising immunosuppressive
effects. Therefore, as already shown for other tumors, the purinergic signaling should be considered a potential

target for melanoma management and treatment and could offer novel therapeutic prospects.

1. Introduction

Cutaneous melanoma (CM) or only melanoma is a neoplasm gen-
erated through the malignant transformation of epidermal melanocytes,
characterized by insidious and fast progression, heterogenic evolution
among patients, and significant resistance to diverse therapeutic stra-
tegies. Its incidence has been rising worldwide in the last 30 years and
although it represents only 4-7% of skin cancers, this type of skin
cancer causes approximately 80% of cancer deaths [1].

In recent years, there has been a growing interest in the potential of
purinergic signaling for cancer because it plays an important role
modulating the inflammatory and immune responses by extracellular
biomolecules such as adenine nucleotides (adenosine triphosphate
(ATP), adenosine diphosphate (ADP), and adenosine monophosphate
(AMP) and their derived nucleoside adenosine [2-4]. Their effects de-
pend on nucleotide concentration, expression pattern of purinergic re-
ceptors and enzymes, and general dynamics of their synthesis and de-
gradation [5,6].

Levels of extracellular nucleotides and nucleosides are controlled by
ecto-enzymes such as ecto-nucleoside triphosphate diphosphohydrolase
(E-NTPDase; CD39; EC 3.6.1.5) and ecto-adenosine deaminase (E-ADA;
EC 3.5.4.4), which are anchored in the cellular surface with their active
site facing the extracellular environment [7]. Together, these enzymes
constitute a system for the regulation of nucleotide-mediated signaling
by controlling the rate, degradation, and formation of nucleosides [8].
In this context, due to this important physiological role, ectonucleoti-
dases have been studied in different pathological and experimental
conditions by our research group [9-15].

Among the extracellular purines, ATP is a key extracellular sig-
naling molecule that participates in several physiological processes
such as immune response, neurotransmission, vascular tonus, pain
sensation, cell proliferation, differentiation, development, and death
[10,16-20]. The tumor microenvironment is rich in extracellular ATP
[21-23] and its effect depends on both ATP concentration and rate of
degradation to adenosine by ecto-nucleotidases. Accumulation of this
nucleotide can reflect an active signaling process with relevant
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pathophysiological implications [24].

Previous studies demonstrated that even after surgical excision,
melanoma patients showed an increase in extracellular ATP levels [10].
In this case, ATP signaling increases tumor cells and immune cells in-
teraction, causing an immune suppression. ATP effects can justify some
of CM aggressiveness mechanisms. While these data indicate that the
purinergic system is a strong pivot of melanomagenesis, the under-
standing of its effects on the pathophysiology of melanoma needs to be
better elucidated, mainly in patients not undergoing treatment. Fur-
thermore, increased ATP levels in the tumor microenvironment con-
tribute to cellular and biochemical composition in different ways. Thus,
in this work we demonstrated the involvement of signaling effects of
ATP in the pathophysiology of melanoma patients (before any treat-
ment intervention) and in cell culture.

2. Materials and methods
2.1. Chemicals and equipment

Chemicals were of the highest available purity and purchased from
Sigma (St Louis, MO, USA) or Merck (Darmstadt, Germany) unless
otherwise stated. Aqueous solutions were prepared using deionized,
filtered water. The centrifuge used was the refrigerated Sigma 3 k-16®
and the rotors were changed depending on the samples.

2.2. Patients and samples

Samples consisted of 20 patients with CM and 20 healthy subjects as
the control (CT) group. All participants in the CT group were volun-
teers, free from pathologies that could compromise the research data,
with similar gender and age to the CM patients. Patients with decom-
pensated or ischemic heart disease, renal or hepatic impairment, de-
compensated diabetes, HIV-positive patients, patients with auto-
immune diseases, pregnant women and drug users were excluded from
the study. Ten milliliters of blood were obtained from each patient at
the time of initial diagnosis and used for separation of platelets and
lymphocytes, cell culture and biochemical analyses. The same proce-
dure was carried out for the control group.

2.3. Experimental design

Patients with CM were selected according to the International
Classification of Diseases (ICD) before surgical removal or any treat-
ment. Control patients in the study were those who had no acute or
chronic pathology or CM history in addition to having normal blood
pressure and not undergoing any drug therapy. All subjects gave
written informed consent to participate in the study. The Human Ethics
Committee of Universidade Federal da Fronteira-Sul, Brazil, approved
the protocol number 822.782. All analyses were developed in triplicates
to ensure reliability of results.

2.4. Platelets and lymphocytes separation

Platelet-rich plasma was prepared by the method of Pilla and col.
[25] modified by Lunkes and col. [26]. Total blood was collected with
sodium citrate as anticoagulant and centrifuged at 1500 rpm for 10 min.
After, the platelet-rich plasma was centrifuged at 5000 rpm for 30 min
and washed with 3.5mM HEPES buffer, pH7.0 at least twice. The
platelet pellets were suspended in HEPES buffer and protein was ad-
justed to 0.4-0.6 mg/mL.

The mononuclear leukocytes were isolated from human blood col-
lected with EDTA and separated on Ficoll-Histopaque density gradients
as described by Bo'yum [27]. Due to the fact that the methodology
described above is employed for separating mononuclear cells, the
study performed by Jaques et al. [28] demonstrated a high incidence of
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lymphocytes (95%) in these samples and a practically insignificant
amount of monocytes. For this reason, we treat the samples as con-
taining only lymphocytes.

2.5. Protein determination

Protein was measured by the method of Bradford [29] using bovine
serum albumin as standard. This assay is based on the binding of the
dye Coomassie Blue G-250 to protein, and this binding is accompanied
by measuring the maximum absorbance of the solution at 595 nm.

2.6. E-NTPDase and E-5’-nucleotidase assays

Twenty microliters of platelet-rich plasma preparation (0.4-0.6 mg/
mL protein) were added to the reaction mixture of E-NTPDase or E-
5’'nucleotidase and preincubated for 10 min at 37 °C, to a final volume
of 200 pL. E-NTPDase activity was determined by the method of Lunkes
and col. [26]. The reaction was started by the addition of ATP or ADP as
substrate at a final concentration of 1.0 mM. E-5’-nucleotidase, de-
termined by the method of Heymann and col. [30]. Phosphate released
by ATP, ADP and AMP hydrolysis was measured using KH,PO, as
standard. Controls were prepared to correct for nonenzymatic hydro-
lysis, and all samples were analyzed in triplicate. Specific enzyme ac-
tivities are reported as nmol Pi released/min/mg of protein.

2.7. Quantitative ATP determination

The quantitative ATP determination was developed using a com-
mercial kit for bioluminescence assay with recombinant firefly luci-
ferase and its substrate D-luciferin. The assay is based on luciferase’s
requirement for ATP in producing light — emission maximum ~560 nm
at pH 7.8 [31]. This assay is extremely sensitive.

We combined the components of the reaction as follows in order to
make a standard reaction solution and adjust the volumes according to
particular requirements. Each reaction contained 1.25 pug/mL of firefly
luciferase, 50 uM D-luciferin and 1 mM DTT in 1Xx Reaction Buffer.
After a 15-min incubation, luminescence was measured. For determi-
nation of ATP levels in PBMCs, ATP concentration was normalized to
cell number.

2.8. Adenosine deaminase (ADA) determination

ADA activity from platelets and lymphocytes was determined ac-
cording to Giusti and Galanti [32] based on the direct measurement of
ammonia produced when adenosine deaminase acts in excess of ade-
nosine. Briefly, 50 uL of cells reacted with 21 mmol/L of adenosine,
pH 6.5 was incubated at 37 °C for 60 min. Afterwards, the reaction was
stopped by adding a solution of 106.2mM phenol and 167.8 mM so-
dium nitroprusside as well as a hypochlorite solution. The amount of
ammonia produced was measured at 620 nm and the results were ex-
pressed in units per liter (U/L).

2.9. Isolation of peripheral blood mononuclear cells (PBMCs)

Peripheral blood mononuclear cells were isolated from fresh blood
from healthy participants and melanoma patients within 1-2h after
collection using density medium centrifugation and Ficoll-Paque PLUS
(GE Healthcare Bio-Science, Darmstadt, Germany). Blood samples were
collected in EDTA medium. Briefly, blood was diluted 1:1 with phos-
phate buffered saline (PBS), carefully layered onto Ficoll-Paque PLUS,
and centrifuged at 400 g for 40 min.

Isolated PBMCs were carefully collected (2-4 mL), resuspended in
15mL PBS, and centrifuged at 500 g for 15 min. The supernatant was
removed, and the pellet was resuspended in 15 mL PBS and centrifuged
at 500 g for 10 min [GE Healthcare info]. The supernatant was removed,
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and the pellet was resuspended in 1 mL RPMI medium (11.1 mM glu-
cose, supplemented with 3% FBS, 50 units/ml penicillin, 50 g/mL
streptomycin) [1].

PBMCs were cultured in RPMI-1640 (Biochrom AG, Berlin,
Germany), supplemented with 100 U/mL penicillin (Gibco, USA) and
10% fetal bovine serum (FBS) (Biochrom, Berlin, Germany). Cells were
adjusted to a concentration of 500.000 cells/mL/well on a 24-well
plate. After settling for a few hours, different concentrations of ATP
(0.05, 0.5, 5, 10 and 50 uM) were made in culture medium, added to
the PBMCs for 24 and 48 h. All cell cultures were incubated at 37 °Cin a
water jacketed incubator and all cultures and analysis were developed
in triplicates. We consider the maximum of 48h a time for safe and
reliable PBMC culture. This way, we analyzed our culture in 24 h (half
the time) and in 48 h (maximum time).

2.10. MTT assay

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-
mide) is a water- soluble tetrazolium salt, which is converted to an
insoluble purple formazan. Formazan crystals are impermeable to the
cell membranes and therefore they accumulate in viable cells.

Cell viability was determined after 24 and 48h by MTT 3-(4, 5-
dimethy thiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay. Briefly,
cells were cultured in 96-well plates, and stained for 1 h at 37 °C with
MTT reagent (10% concentration) and 5 mg/mL in phosphate-buffered
saline (PBS, adjusted pH). Finally, mitochondrial dehydrogenases me-
tabolized MTT to a purple formazan salt that was solubilized by the
addition of 100 uL of dimethyl sulfoxide (DMSO), and the absorbance
was measured at 560 nm [33,34].

2.11. Statistical analysis

Statistical analyses were performed with GraphPad Prism 7 (Prism
7.03, GraphPad Software, San Diego, CA, USA). Values are presented as
the means * standard error of the mean (SEM), unless otherwise stated.
Normality was tested by the Shapiro-Wilk test. The differences between
the groups in relation to the studied variables were evaluated through
the analysis of unpaired t-test and one-way ANOVA. The results were
presented as mean and standard deviation. The differences in the
probability of rejection of the null hypothesis as being < 5% (p < .05)
were considered statistically significant. Statistical significance was
defined for p values of *p < .05, **p < .01 and ****p < .001.

3. Results
3.1. Clinical characteristics

We evaluated the clinical characteristics of the studied groups
through a documented interview with each participant. The char-
acteristics of our study groups are summarized in Table 1. In relation to
gender, an increased incidence of CM was observed in men (55%) more
than women (45%). The average age was similar between CT and CM
groups (46,7 + 16,6 and 56,1 + 12,8 years old).

For our CM group, some body areas were more affected: lower ex-
tremities (35%), upper extremities (25%), trunk (15%) and head/neck
(25%). Regarding risk factors for CM development, sun exposure was
higher in CM group (60%) than in control group (55%), and both
groups showed elevated percentage for Fitzpatrick Phototype I/II
(100% for CM and 95% for CT). The main risk factors for the devel-
opment of CM result from the combination of constitutional/genetic
and environmental factors: skin types I/Il Fitzpatrick classification,
presence of multiple melanocytic nevi, presence of atypical or dys-
plastic nevi, history of melanoma or other skin cancer and mutations in
genes.
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Table 1
Clinical characteristics of studied CT and CM patients. The data were obtained
through a documented interview with each participant.

CT (n = 20) CM (n = 20)
Age 46,7 (£ 16,6) 56,1 (+12,8)
Male (%) 55 65
Female (%) 45 35
Tumor location
Lower extremities - 7
Upper extremities - 5
Trunk - 3
Head/neck - 5
Sun exposure (%) 55 60
Fitzpatrick skin classification:
1711 (%) 95 100
o1/ v/ v (%) 5 0

CT: Control; CM: Cutaneous Melanoma.

3.2. Alteration on purinergic enzymes activity

To evaluate the purinergic enzymes alterations in melanoma, we
first analyzed the hydrolysis of nucleotides ATP and ADP in lympho-
cytes, and ATP, ADP and AMP in platelets of CM and CT groups (Fig. 1).

The hydrolysis of ATP, ADP and AMP in platelets was significantly
increased in CM patients when compared to CT group. As for the hy-
drolysis of ATP and ADP in lymphocytes, no significant differences were
shown between the evaluated groups. These results suggest that pla-
telets of CM patients are activated and represent a key factor about
cancer cell extravasation.

3.3. Quantitative ATP determination in serum

In order to confirm the increase of purinergic enzymes activity and
ATP consumption in extracellular medium, the extracellular ATP con-
centration was measured in the serum of CM and CT patients using
luciferase/ luciferin reagent. The concentration of extracellular ATP
was significantly decreased in CM group when compared to control
group (Fig. 2) as expected.

3.4. Adenosine deaminase (ADA) activity

High hydrolysis of extracellular nucleotides causes a formation of
large amounts of adenosine. Therefore, we evaluated ADA activity in
platelets and lymphocytes of CM and CT groups (Fig. 3). As can be
observed, ADA activity in platelets was significantly decreased in CM
when compared to CT, but different results were observed in lympho-
cytes. ADA activity in lymphocytes was significantly increased in CM
when compared to CT. These results indicate that (possibly activated)
adenosine hydrolysis was inhibited in platelets, possibly promoting
immunosuppression, because of its pro-cancer roles. Adenosine hydro-
lysis was increased in lymphocytes, probably due to its being a defense
mechanism against high adenosine concentrations.

3.5. PBMCs culture

Given that high ATP levels and its accumulation can lead to an
active signaling process with relevant pathophysiological implications
on melanoma development and complications, and based on previous
results with patients' analyses [10], we cultured the peripheral blood
mononuclear cells of CM and CT patients. We used five doses of ade-
nosine 5’-triphosphate disodium salt hydrate (ATP - 0.05, 0.5, 5, 10 and
50 uM) to treat cells for 24 and 48 h. We used increasing doses of ATP
salt to evaluate the time and dose-dependent signaling effects. Fig. 4
shows ATP, ADP and AMP hydrolysis in CM and CT cells after 24 h of
treatment with ATP.
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Fig. 1. ATP, ADP and AMP hydrolysis in platelets and lymphocytes in controls (CT) and melanoma patients (CM). E-NTPDase - hydrolyzing ATP and AMP and E-5-
Nucleotidase -hydrolyzing AMP. The assays were followed as described in materials. Data are presented as means + SEM. ***Indicates a significant difference from

the control group (Student’s t test, p < 0.0001, n = 20).
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Fig. 2. Quantitative ATP determination in control (CT) and melanoma patients
(CM). Extracellular ATP was determined as production of bioluminescence
using a luciferin-luciferase reaction system (emission maximum ~560 nm at
pH 7.8) through a commercial kit (Invitrogen®). The assay was followed as
described in materials. Data are presented as means *+ SEM. *Indicates a sig-
nificant difference from the control group (Student’s t test, p < 0.05, n = 20).

As can be observed in relation to ATP hydrolysis, when the cells
were exposed to 0.05 pM of ATP, hydrolysis decreased only in CM cells
when compared to CT cells. In ADP hydrolysis, no statistical difference
was observed between groups. As for AMP hydrolysis, similarly to ATP,
when the cells were exposed to 10 uM of ATP for 24 h, hydrolysis de-
creased significantly in CM cells when compared to CT cells.

Cells were similarly treated with ATP for 48 h (Fig. 5). ATP hy-
drolysis presented a significant decrease in CM group compared to CT
group when cells were treated with 0.05 and 5 pM. In relation to ADP
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hydrolysis, no statistical difference was observed between the groups
again, but AMP hydrolysis increased in CM when compared to CT cells
when they were exposed to 10 uM of ATP.

Fig. 6 shows the extracellular ATP concentration in PBMCs culture.
Similar to what was found in serum, the extracellular ATP concentra-
tion in PBMCs was significantly decreased on melanoma cells when
compared to CT (both 24 and 48 h). The same occurred when CM cells
were stimulated with 0,05 uM of ATP (for 24 and 48 h). Interestingly, in
5pM and 50 pM concentrations of ATP treatment, the extracellular ATP
concentration significantly increased in CM cells after 48h of treat-
ment.

In relation to ADA activity (Fig. 7), the results showed different
changes in 24 and 48h after ATP treatment. Fig. 7A shows the ADA
activity after 24 h of treatment: we observed a significant decrease in
CM cells in 0.5puM, 5uM, 10 uM and 50 pM groups when compared to
CT cells. Interestingly, a similar result of ADA activity in platelets
(Fig. 3) was observed: a decrease in ADA activity at different con-
centrations of ATP treatment.

Different responses to treatment with ATP during 48h were ob-
served in ADA activity (Fig. 7B). Although the activity in 0.05, 0.5 and
5uM was significantly decreased in CM cells when compared to CT
cells, higher doses of ATP (10 and 50 uM) showed increased ADA ac-
tivity when compared to other groups.

3.6. Cellular viability assay

In order to demonstrate that the five doses of ATP (0.05, 0.5, 5, 10
and 50 pM) did not exert toxic effects in the cells, we performed the
MTT assay to determine cell viability. In summary, ATP treatment did
not alter cell viability.



A. Manica, et al.

ADA activity - Platelets
250+

200

150 -

100+

504

54

Cellular Signalling 59 (2019) 122-130

ADA activity - Lymphocytes

400+ *
[ 1]
300+
S 2004
100
0 T T
0« (}x\

Fig. 3. ADA (Adenosine desaminase — hydrolyzing adenosine) in platelets and in lymphocytes of control (CT) and melanoma (CM) groups. The assay is based on the
direct measurement of ammonia produced when adenosine deaminase acts in excess of adenosine. Results were expressed in units per liter (U/L). One unit (1 U) of
ADA is defined as the amount of enzyme required to release 1 mmol the ammonia per minute from adenosine at standard assay conditions. Data are presented as
means + SEM.*Indicates a significant difference from the control group (Student’s t test, p < 0.05, n = 20). ***Indicates a significant difference from the control

group (Student’s t test, p < 0.0001, n = 20).

4. Discussion

This study clarifies the effects of ATP as an immunosuppressive
signaling molecule in melanoma skin cancer. The extracellular ATP acts
actively in tumor environments through its concentration and/or de-
gradation rate for molecules with two or one phosphate - ADP and AMP
[24]. By binding to their specific receptors, the purinergic signaling
promotes regulatory T cell proliferation and immunosuppression
[6,13,35,36].

We evaluated the activity of the purinergic system enzymes in
platelets and an increased and effective extracellular ATP hydrolysis

ATP hydrolysis
60 =
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was observed, evidenced by a significant decrease on extracellular ATP
levels and adenosine hydrolysis. To better understand this finding, for
the first time we cultured the PBMCs of these patients and used ATP salt
in these cells, given that previous studies demonstrated it is the cause of
deleterious changes in melanoma, evidenced by the uncompensated
inflammatory profile that it signals. [10,37-39]. The main and novel
discovery of this study is that extracellular ATP as well as the ectonu-
cleotidases activities have an important role in signaling the melanoma
pathophysiology, with promising therapeutic prospects.

The increase of nucleotide hydrolysis in platelets (Fig. 1) and lower
ATP levels in serum (Fig. 2) found in melanoma patients can be a
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Fig. 4. Effects on ATP, ADP and AMP hydrolysis after treatment with Adenosine Triphosphate (ATP) in different concentrations: 0,05, 0,5, 5, 10 and 50 uM for 24
hours, in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and melanoma patients. The assay was followed as described in materials. Data are
presented as means + SEM. *Indicates a significant difference from the control group (One-Way ANOVA, p < 0.05, n = 20).
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Fig. 5. Effects on ATP, ADP and AMP hydrolysis after treatment with Adenosine Triphosphate (ATP) in different concentrations: 0,05, 0,5, 5, 10 and 50 uM for 48
hours, in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and melanoma patients. The assay was followed as described in materials. Data are
presented as means + SEM. *Indicates a significant difference from the control group (One-Way ANOVA, p < 0.05, n = 20).
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Fig. 6. ATP quantification in control (CT) and melanoma (CM) PBMCs cells
after treatment with Adenosine Triphosphate (ATP) with 0,05, 0,5, 5, 10 and 50
uM) for 24 and 48 hours. The assay was followed as described in commercial kit
(Invitrogen®). Data are presented as means = SEM. *Indicates a significant
difference from the control group (One-Way ANOVA, p < 0.05, n = 20).
**Indicates a significant difference from the control group (One-Way ANOVA,
p < 0.001, n = 20). ***Indicates a significant difference from the control group
(One-Way ANOVA, p < 0.0001, n = 20).

possible mechanism of immunosuppression: high ATP hydrolysis could
lead to the formation of large amounts of adenosine, therefore devel-
oping immunosuppression [24]. Interestingly, previous studies of our
group with patients who underwent the surgical removal of melanoma
showed a decrease of ATP and ADP hydrolysis in platelets and lym-
phocytes, as well as a decrease of AMP hydrolysis in platelets [10]. This
difference between pre and post-treatment of melanoma patients can be
a result of a chronic phase of purinergic signaling that can occur from
days to months after treatment and lead to an extracellular ATP
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accumulation for extended periods [14,40], contributing to tissue da-
mage and inflammation.

A study with breast cancer patients clearly demonstrated that hy-
drolysis of nucleotides by platelets is changed, with significant increase
in NTPDasel activity [41]. In lung cancer, an increase in E-5-Nucleo-
tidase activity was observed [9], and patients with thyroid cancer de-
monstrated a post-thyroidectomy increase in all purinergic system en-
zyme activities [42]. Furthermore, other types of cancer were studied
[23,24,43-45] and displayed altered purinergic enzymes activity, what
reinforces the importance of studying the mechanisms related to the
purinergic system as well as diseases. Besides its immunosuppressive
signaling effects, the increase in ATP hydrolysis can rise extracellular
concentrations of adenosine, which is linked to tumor progression,
chemotaxis, migration, invasion, and metastasis formation - one of the
strongest immunosuppressive molecules [45]. Our results showed that
in platelets, cells known for promoting metastasis dissemination [24],
adenosine hydrolysis was decreased in CM patients, but in lymphocytes,
known for immune functions [46], an increase in ADA activity was
observed (Fig. 3). The high ADA activity seen in lymphocytes could be
explained by the high concentrations of adenosine generated by the
increased hydrolysis of ATP, ADP and AMP by platelets. Although the
enzyme behavior is different in other diseases such as prostate cancer
[24], the same augment in ADA lymphocytes was found in melanoma
patients after surgical removal of the tumor, as well as sickle cell an-
emia and toxoplasmosis [47,48]. Therefore, we can suggest a stronger
evidence of a possible immunosuppression caused by ATP signaling.

While immunosuppression caused by differences in ATP and ade-
nosine levels acts in tumor progression [24,49], pharmacological
modulation of nucleotide and nucleoside degrading enzymes in the
tumor microenvironment can provide efficient means to revert this
condition [49]. Thus, based on previous works [22,50-53], we cultured
PBMCs from melanoma patients as well as control group and treated
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Fig. 7. Effects on ADA (Adenosine desaminase — hydrolyzing adenosine) activity after treatment with Adenosine Triphosphate (ATP) in different concentrations:
0,05, 0,5, 5, 10 and 50 uM for (A) 24 hours and (B) 48 hours, in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and melanoma patients (CM).
The assay was followed as described in materials. Data are presented as means + SEM. *Indicates a significant difference from the control group (One-Way ANOVA,
p < 0.05, n = 20). **Indicates a significant difference from the control group (One-Way ANOVA, p < 0.001, n = 20). ***Indicates a significant difference from the
control group (One-Way ANOVA, p < 0.0001, n = 20); #Indicates a significant difference from the control melanoma group (One-Way ANOVA, p < 0.05, n = 20).
oolndicates a significant difference from the 0,05 CM group (One-Way ANOVA, p < 0.001, n = 20). ?Indicates a significant difference from the control group (One-

Way ANOVA, p < 0.0001, n = 20).

with different concentrations of ATP, in order to elucidate the possible
signaling mechanism of this molecule through time and dose-dependent
alterations in the purinergic system.

ATP concentrations were selected based on studies on cell lines and
mice [10,22,23,51]. In general, it was observed that PBMCs had a si-
milar behavior to the one found in platelets for both 24 (Fig. 4) and 48 h
(Fig. 5). However, the enzymatic activity analysis revealed that even
with higher ATP doses, cells metabolized adenine nucleotides less ef-
ficiently and presented low ATP, ADP and AMP hydrolytic activity in
CM compared to CT cells. In human cervical cancer, lower ATP and
ADP hydrolysis were observed in cell lines [54]. In this case, the sig-
naling of ATP in these rates could not have any effects on the purinergic
system enzymes activity.

It was possible to note that the ATP concentrations used caused
diverse effects on cells, not often following a pattern. Therefore, we
propose that PBMCs comprise a heterogeneous population that re-
sponds differently to extracellular ATP according to the level of P2X7
receptor present in the cell membrane and according the time of ex-
posure [55]. Thus, we shed light on how melanoma cells respond to
different extracellular ATP signaling effects.

Knowing that alterations on ATP concentrations lead to increased
tumor growth and increased invasiveness of malignancies [56], we
analyzed the extracellular ATP levels in cell culture (Fig. 6), and ob-
served higher ATP metabolization in CM cells than CT cells. However,
when adding ATP as a signaling molecule, there was an increase in ATP
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levels in melanoma cells (which can be observed at concentrations of 5
and 50 uM). This effect of high ATP levels in cancer cells was confirmed
by a study with ATP infusion in patients with advanced non-small-cell
lung cancer, where this molecule could reduce weight loss, increase
muscle strength and improve the overall quality of life. These ob-
servations were confirmed by the incubation of whole human blood
with low/medium ATP (100-500 mM), impairing LPS-stimulated IL-12
and IFNg secretion [57,58].

Studies with other cancer models tried to explain the signaling ef-
fects of this molecule. For example, when using breast cancer cells and
bone migration of breast cancer cells [59]. However, in nasopharyngeal
carcinoma cells the increase of extracellular ATP inhibited the growth
and migration of this cell line [39]. This way, ATP released into the
tumor microenvironment is considered a biochemical hallmark and
could offer novel therapeutic prospects [24] through its signaling me-
chanism.

To understand the complete purinergic pathways, we performed the
ADA activity of PBMCs culture for 24 and 48h (Fig. 7) to investigate
whether hydrolysis of extracellular adenosine formed by ATP de-
gradation was altered after ATP stimuli. We found a different pattern of
this enzyme activity depending on the dose and the time of exposure.
We were able to note that ADA activity was decreased in cells of mel-
anoma patients even in the control group (without ATP treatment).
Except when the treatment dose was 10uM for 48 h, all other CM
groups showed lower ADA activity. These results are in accordance with
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Fig. 8. Cell viability determined after 24 hours (A) and 48 hours (B) by MTT assay in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and
melanoma patients (CM). The assay was followed as described in materials. Data are presented as means + SEM. *Indicates a significant difference from the control
group (One-Way ANOVA, p < 0.05, n = 20). **Indicates a significant difference from the control group (One-Way ANOVA, p < 0.001, n = 20). ***Indicates a

significant difference from the control group (One-Way ANOVA, p < 0.0001, n

20).
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the data obtained from the platelets of these patients, where an intense
decrease of adenosine hydrolysis in the CM group was also observed in
the CT group.

“The difference between time points means observed by different
ATP concentrations in PBMCs could be explained by their P2 receptors
binding and activation. Some reports on P2 receptors in cancer cells
indicate that ATP in high concentrations might enhance cancer growth
and contribute to malignancy [60]. Thus, our results showed that ATP
presented different levels of activation of these receptors when cells to
different salt concentrations.

Another possible explanation is that extracellular ATP is rapidly
degraded to ADP, AMP and adenosine by ectonucleotidases, and these
metabolites also modulate the cancer microenvironment by activation
of purinergic or adenosinergic signaling. The enzymatic activity ana-
lysis revealed that our PBMCs metabolized adenine nucleotides ac-
cording to different patterns when exposed to different concentrations
of ATP and when compared to other tumoral cells [43,61-63]. In ad-
dition to all these effects, MTT assays showed that ATP treatment did
not alter cell viability, so it was not toxic and did not kill the cells Fig. 8.

5. Conclusion

In summary, we showed for the first time important data about the
purinergic signaling in the pathophysiology of in vivo melanoma and
the effects of in vitro ATP signaling. Such understanding allows us to
infer that ATP signaling exerts immunosuppressive effects and may
modulate the purinergic signaling cascade in an upstream manner,
thereby offering new avenues for drug therapies.
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ABSTRACT

Melanoma is characterized by insidious and rapid progression, causing approximately 80% of skin cancer
deaths. It is associated with oxidative stress (OS) and release of inflammatory mediators such as
extracellular adenosine 5°-triphosphate (ATP). Despite the fact that ATP shows a stronger
immunosuppressive effect in melanoma skin cancer, its involvement in OS microenvironment is not well
understood. Therefore, the aim of present study was to determine the oxidative stress parameters in
response to various concentrations of ATP in vitro as well as to evaluate stress conditions in vivo. Forty
patients with CM before and after treatment (20 individuals before - CMa and 20 individuals after - CMb)
and 20 healthy subjects (the control - CT group) were included. We performed assays for thiobarbituric
acid reactive substances and myeloperoxidase activity to evaluate oxidative parameters and measurements
of non-protein thiols, protein thiols, glutathione oxidase and ascorbic acid to describe the antioxidant
profile. We observed decreased oxidative parameters in melanoma patients treated with surgery and
increases in some antioxidant parameters. In cell culture, ATP did not reverse OS or inhibit antioxidant
defenses. In summary, for the first time. we showed that ATP possibly as activity involving OS in the
peripheral blood mononuclear cells and the oxidative profiles of melanoma patients. Our data suggest that
control of ATP levels may reduce cellular damage in melanoma patients.

Keywords: Oxidative profile; Skin cancer; Melanoma; Purinergic system.
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1. Introduction

Cutaneous melanoma is a neoplasm that develops from malignant transformation of epidermal
melanocytes: it is characterized by insidious and rapid progression, with heterogenic evolution among
patients. and significant resistance to various therapeutic strategies [1]. The incidence of melanoma has
been rising for the last 30 years worldwide: despite the fact that it represents only 4%—7% of skin cancers,
melanoma causes approximately 80% of skin cancer deaths [2].

Malignant melanocyte transformation has been associated with oxidative stress (OS) [3]. OS is
defined as an unbalance between increased exposure to oxidants and decreased antioxidant capacity: it
plays an important role in the pathogenesis and progression of melanoma [4.5]. Oxidative injury of
biomolecules (DNA. proteins and lipids) disrupts cells signaling, and depletes alternative sources of
cellular energy. often culminating in cell death [6,7]. The intense formation of reactive oxygen species
(ROS) that overwhelms enzymatic and non-enzymatic antioxidant protection in melanoma patients can
trigger release of mediators such as extracellular adenosine 5°-triphosphate (ATP).

ATP is an extracellular signaling molecule that participates in several physiological processes
[8-11]. Tumor microenvironments are rich in extracellular ATP [12-14] and its effects depends on both
ATP concentration and the rate of ATP degradation to adenosine by ectonucleotidases. Substantial
accumulation of this nucleotide reflects active signaling processes and triggers disease development [15]

We recently reported the effects of ATP in melanoma patients and in cell culture [10.16]. We
found increased ATP concentrations even after surgical removal. In cell culture. we observed altered ATP
signaling that exerted immunosuppressive effects and modulated the purinergic-signaling cascade. Based
on these findings as well as based on the possible relationship between ATP and OS in melanoma
development, we aimed in the present study to determine the effect of ATP in Peripheral blood

mononuclear cells (PBMC) and to define the parameters of oxidative stress in melanoma patients.
2. Materials and methods
Chemical and equipment

Chemicals of the highest available purity were purchased from Sigma (St Louis, MO, USA) or
Merck (Darmstadt, Germany) unless otherwise stated. Aqueous solutions were prepared using deionized.
filtered water. The centrifuge was a Sigma 3k-16® refrigerated unit and the rotors were changed
depending on the samples used.
Patients and samples

The subjects consisted of 40 patients with CM before and after treatment (20 individuals before -

CMa and 20 individuals after - CMb) and 20 healthy subjects as the CT group: the CT was selected

according to characteristics, age and gender of the CM group. Ten milliliters of blood were obtained from
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each patient and were used for cell culture and biochemical analyses. The same procedure was carried out

for the control group.

Experimental design

Patients with CM were selected according to the International Classification of Discases (ICD)
and were divided into two studied groups: before surgical removal or treatment (CMa) and after surgical
removal (CMb) of the tumor. Control patients were those who had no acute or chronic pathology or CM
history. in addition to having normal blood pressure and not undergoing any drug therapy. All subjects
gave written informed consent. The Human Ethics Committee of the Federal University of the Southern
Frontier approved the protocol under number 822.782. All analyses was performed in triplicate to ensure
reliability.

Serum and PBMC separation

Blood samples were collected in tubes containing sodium citrate as anticoagulant for the
preparation of plasma. The blood samples for the preparation of serum were collected in the absence of
anticoagulant. Plasma and serum samples were obtained by separating supernatants with centrifugation at
2.500 g for 15 minutes. Mononuclear leukocytes were isolated from human blood collected with EDTA

and separated on Ficoll-Histopaque density gradients as described by Béyum [17].

Protein determination

Protein levels were measured using the method of Bradford [19] with bovine serum albumin as
the standard. This assay is based on the binding of the dye Coomassic Blue G-250 to protein and

measuring the absorbance maxima at 595 nm.

Isolation of peripheral blood mononuclear cells (PBMCs)

PBMC were isolated from fresh blood from healthy participants and those with melanoma within
1-2 h after collection using density medium centrifugation and Ficoll-Paque PLUS (GE Healthcare Bio-
Science. Darmstadt, Germany). Blood samples were collected in EDTA medium. Briefly. blood was
diluted 1:1 with phosphate buffered saline (PBS). carefully layered onto Ficoll-Paque PLUS. and
centrifuged at 400 g for 40 min.

Separated PBMCs were carefully collected (2—4 ml). resuspended in 15 ml PBS, and centrifuged
at 500 g for 15 min. The supernatants were removed, and the pellets were resuspended in 15 ml PBS and
centrifuged at 500 g for 10 min [GE Healthcare info]. The supernatants were removed, and the pellets
were resuspended in 1 ml RPMI medium (11.1 mM glucose, supplemented with 3% FBS. 50 units/ml

penicillin. 50 g/ml streptomycin) [2].
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PBMCs were cultured in RPMI-1640 (Biochrom AG, Berlin, Germany) supplemented with 100
U/ml penicillin (Gibco, USA) and 10% fetal bovine serum (FBS) (Biochrom, Berlin, Germany). Cells
were adjusted to 500.000 cells/mL/well on 24-well plates. After settling for a few hours. various
concentrations of ATP (0.05. 0.5. 5. 10 and 50 pM) were prepared in culture medium and were added to
the PBMC:s for 24 and 48 h. All cell cultures were incubated at 37 °C in a water jacketed incubator and all
cultures and analyses were performed in triplicates. We considered the maximum of 48 h to be safe and
reliable for PBMC culture. We analyzed our cultures at 24 h (half maximum) and at 48 h (maximum

time).

Oxidative profile

Lipid peroxidation was measured as thiobarbituric acid reactive substances (TBARS). according
to Wachowicz and collaborators [20] with some modifications. The supernatants (0.2 mL) were added to
reaction mixtures containing trichloroacetic acid 28% (v/v): alkaline solution of thiobarbituric acid (TBA)
(0.1 mol/L) followed by heating at 95 °C. After cooling, readings were performed at 532 nm. The results
were expressed as nmol MDA/mL.

The plasma activity of the pro-inflammatory enzyme myeloperoxidase (MPO) was measured
spectrophotometrically — according to Suzuki and collaborators [21]. In the assay, we used 3’-
dimethoxybenzidine (DMB) as substrate as well as H-O.. The results were expressed as pM
quinoneimine.

The quantification of thiol groupings, the classical biomarker of oxidative stress. was made
according to Ellman [22] with adaptations. Results were expressed as pmol/NPSH/mL and
pmol/PSH/mL.

GSH levels were determined using the technique described by Ellman [22]. with potassium
phosphate buffer (TFK) IM at pH 7.4 and 5.5'-dithiobis acid (2-nitrobenzoic acid) (DTNB). The
procedure was performed in an ice bath and readings made in a visible spectrophotometer at 412 nm. The
results were expressed as mM GSH/mL plasma.

The determination of ascorbic acid serum status was performed using the direct method, with
photometric analysis [23]. The method identifies the generation of an orange chromogen produced via the
reaction of vitamin C with dinitrophenylhydrazine at 37 © C, measured spectrophotometrically at 520 nm.

The results were expressed as pwmol/L ascorbic acid.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7 (Prism 7.03, GraphPad Software.
San Diego, CA. USA). Values are expressed as means + standard error of the mean (SEM) unless
otherwise stated. Normality was tested using the Shapiro-Wilk test. Differences between groups, in
relation to the variables of the study. were evaluated using one-way ANOVA. The results were expressed

as mean and standard deviation. Differences in the probability of rejection of the null hypothesis being

4
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less than 5% (p <0.05) were considered statistically significant. Statistical significance was defined as p-

values of p < 0.05.

3 Results

Clinical characteristics

The characteristics of our study groups are summarized in Table 1. We evaluated the clinical
characteristics of the studied groups using a documented interview with each participant. The average age
was similar between groups: CT: 46.7 + 16.6 years: CMb: 56.1 £ 12.8 years old: and CMa: 48 +12.5
years.

We observed a higher incidence of CM in men (65% and 60%) than in women (35% and 30%). The
most common location for melanoma was in the lower and upper extremities. Less affected areas
included the trunk and head/neck (35% of cases).

Patients with fair skin were at higher risk of melanoma than were those with darker skin. The
Fitzpatrick skin typing system was created in 1975 to predict skin reactivity: it has been used worldwide
to estimate the risk of skin cancer [24]. We found a high percentage of skin types I/Il according to the

Fitzpatrick classification — higher than 98% in both groups.

TABLE 1 HERE

Antioxidant and oxidative profiles

Because malignant melanocyte transformation is associated with OS and high ATP levels, and
because its accumulation triggers an active signaling process with relevant pathophysiological
implications for melanoma development and complications [4.10,16]. we determined the oxidant and
antioxidant profiles in melanoma patients; we also cultured PBMC cells from melanoma and CT patients
before and after tumor removal. We used five doses of adenosine 5'-triphosphate disodium salt hydrate
(ATP - 0.05, 0.5. 5, 10 and 50 pM) to treat or expose the cells for 24 and 48 hours.

The Fig. la shows MDA production using the TBARS assay. We analyzed serum of CT
(controls), melanoma patients before treatment (CMb) and melanoma patients after surgery (CMa). We
observed significantly lower MDA levels in CMa than in the other groups (p = 0.0016). In cell culture,
we evaluated the effects of ATP on MDA production after exposure at different concentrations (0.05, 0.5,
5. 10 and 50 uM) for 24 hours (Fig. 1b) and 48 hours (Fig. 1c). in control (CT) and melanoma cells. For

these parameters, no differences were observed.

FIGURE 1 HERE

We measured myeloperoxidase activity in vivo and in vitro. We found significantly lower

myeloperoxidase activity in the CMa group than in the other groups (p = 0.0145) (Fig. 2a). In terms of

5
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myeloperoxidase activity after treatment with ATP at various concentrations (0.05, 0.5, 5. 10 and 50 pM)

for 24 hours (Fig. 2b) and 48 hours (Fig. 2¢). there were no differences between groups.

FIGURE 2 HERE

In terms of antioxidant parameters. the results were notable. Quantified in vivo, we found higher
levels of NPSH (Fig. 3a) and PSH (Fig. 4a) in CMa than in CT (p = 0.0004 and p <0.0001, respectively).

FIGURE 3 HERE

With respect to the effects of ATP at various concentrations (0.05. 0.5, 5, 10 and 50 pM) for 24
hours (Fig 3b/Fig. 4b) and 48 hours (Fig 3c/Fig. 4c) in PBMCs of control (CT) and melanoma patients,

no significant difference was observed between the groups.

FIGURE 4 HERE

There were no significant differences in levels of GSH in CT, CMb and CMa patients (Fig. 5a).
Similar to the in vivo results, GSH determination after treatment with ATP (Fig. 5b and 5c) also showed

no significant differences between the groups.

FIGURE 5 HERE

We measured ascorbic acid levels in serum and in PBMC cells. We found higher levels of
ascorbic acid in the CMb group than in the CT and CMa groups (p = 0.0035). Over 25 hours of treatment
(Fig. 6b). no significate alterations were observed. Interestingly. ascorbic acid levels after treatment with
ATP showed differences over 48 hours of treatment at 5, 10 and 50 uM. At these concentrations of ATP.

ascorbic acid levels were significantly lower in melanoma patients than in CT (Fig. 6¢).

FIGURE 6 HERE

4. Discussion

We recently reported that ATP was an immunosuppressive signaling molecule in melanoma
[10]. We demonstrated alterations of ATP signaling in vifro by purinergic system. altering the evolution
and aggressiveness of melanoma. In the present study. we investigated the oxidative stress parameters of
ATP at various concentrations in vitro as well as evaluating stress condition /n vivo. To the best of our

knowledge. this type of experiment has not yet been reported.
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We selected ATP because of its extracellular role during melanoma development. We previously
reported [10] that, on the one hand, ATP showed stronger immunosuppressive effects in melanoma;
however, its involvement in OS microenvironment was not well understood. The present study was
motivated by the notion that melanoma is characterized by oxidant/antioxidant imbalance, leading to OS
[4].

OS and ROS play crucial roles in melanoma pathophysiology [25.26]. The effects of OS may be
mediated by peroxidation of membrane lipids. or by interaction of ROS with functional thiol/disulfide
groups [5.27]. On the basis of this reasoning, we measured peroxidation of membrane lipids in melanoma
patients before and after treatment and controls and we found lower MDA levels in treated patients (Fig.
1a), but no differences when PBMC cells were incubated with ATP at various concentrations (Fig. 1b and
1c).

Our results suggest that treatment may decrease the peroxidation of membrane lipids and that
ATP in the concentrations we used did not alter this status. Confirming that treatment decreased MDA
production, th Sander et al. [28] reported significantly elevated MDA levels in malignant tissues of
melanoma patients. They were the first group to identify a correlation between melanoma and MDA in
human skin in vivo. Similar to our findings, Gadjeva et al. [29] documented significant increases in
plasma MDA in melanoma patients: however, they also showed that plasma MDA levels decreased after
surgery (removal of melanoma tissues) suggesting that melanoma tissue is a significant ROS producer.

Having noted these important data, we measured activity of myeloperoxidase (MPO), another
oxidant parameter, and we observed similar results to those of TBARS: decreased quinoneimine levels in
treated patients (Fig. 2a). but no differences when the PBMC cells were incubated with ATP at various
concentrations (Fig. 2b and 2c). Liu et al. [30] reported increased MPO activity in BI6F10 tumor cells. In
their study, MPO-expressing myeloid-derived cells functioned as anti-tumor components of the cellular
innate immune response during early melanoma progression in a NF-kB-dependent manner.

TBARS and MPO values were higher in the retinas of eyes with choroidal melanoma, but
declined significantly with increasing distance from the tumor [31]. We therefore hypothesized that
oxidative stress would decrease in melanoma patients after surgical treatment and that ATP would not
have stressor or protective action in these cells.

In addition to evaluating OS, we also performed non-enzymatic antioxidant analyses. including
quantification of thiol groupings. measurement GSH levels and determination of ascorbic acid. Notably,
NPSH (Fig. 3a) and PSH (Fig. 4a) levels were significantly higher in CMa than in CMb and CT;
however, cell culture showed that ATP did not have stressor or protective action, as expected.

This result was also reported by Bernardes et al. [32]. They evaluated the relationship between
systemic OS and Breslow thickness in 43 patients with cutaneous melanomas and showed that thiol levels
were higher in patient samples than in controls. Other studies in humans demonstrated the presence of
clevated levels of antioxidant molecules in melanoma cells [28.33]. This was confirmed by studies
conducted in animals or cell lines [32.34-36], suggesting that moderate ROS levels have a pro-
tumorigenic role [4].

Despite the fact that ROS react with most biomolecules. their major targets are unsaturated lipids

and intracellular thiols. Oxidation results in alterations in protein structure and function, representing a

7
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versatile and robust defense system against biochemical perturbations caused by OS [37]. Because of high
inter-individual variation, possibly caused by a varying genetic backgrounds of the subjects. GSH activity
did not show any variation between the groups, and still less by the addition of ATP in PBMCs (Fig. 5).

This is an important result, because GSH is a natural protective mechanism for prevention of
oxidative damage and promotion of cell survival [4]. One explanation for this result could be the possible
low expression of glutamate-l-cysteine ligase catalytic subunit (GCLC), a key factor of GSH synthesis in
these patients. Another study [38] investigated this relationship in malignant melanoma cell lines and
concluded that GCLC levels correlated with better 5-year overall survival.

Another important natural protective molecule in prevention of oxidative damage is ascorbic
acid [39]. We demonstrated that, in CMb, ascorbic acid levels higher than those of other groups. This
confirmed our hypothesis that OS decreases in melanoma patients after surgical treatment, because prior
to treatment, cancer causes high OS levels.

Ascorbic acid is an essential vitamin in humans [39]. Its antitumor activity has been studied
extensively in numerous in vitro and in vivo studies with both human and animal tumors. Correlations
were found between tumor ascorbic acid levels and longer disease-free survival [40]. In agreement with
the results of our study. Wagner et al. [41] recommended using intravenous ascorbic acid levels as an
adjuvant to IL-2 treatment of melanoma.

We demonstrated that ATP at concentrations of 5, 10 and 50 uM decreased ascorbic acid levels
in melanoma PBMC cells at 48 hours of treatment. This suggests that ATP, in addition to exerting
immunosuppressive effects [10] also has a damage effect, decreasing antioxidant levels that might
contribute to oxidative stress.

Similar to our study, other studies showed the deleterious effects of ATP in vitro. For example,
ATP appeared to prime neutrophils for functional responses to various inflammatory mediators, as
indicated by increased production of ROS [8.42]. Extracellular nucleotides have also been shown to
stimulate ROS generation and were shown to enhance LPS-induced NO production in mouse

macrophages. probably via P2X7 receptor activation [43—45].

5. Conclusion

ATP promotes oxidative damage in PBMC cells of melanoma patients by inhibiting antioxidant
defenses. There is reduced oxidative stress in melanoma patients after surgical removal. This suggests
that ATP levels in melanoma patients could increase oxidative stress. Taken together, our results suggest

that ATP levels are controlled, cellular oxidative damage in melanoma could be reduced.

6. Conflicts of interest: none

67



(11

2]

[3]

[4]

[5]

[6]

[7]

[8]

191

[10]

[11]

[12]

[13]

[14]

68

REFERENCES

M.K. Callahan, C.R. Flaherty, M.A. Postow. Melanoma, Springer International Publishing,
Cham, 2016. doi:10.1007/978-3-319-22539-5.

A.L. Milac. G. Negroiu. The Multiple Roles of Tyrosinase-Related Protein-2/L- Dopachrome
Tautomerase in Melanoma: Biomarker, Therapeutic Target, and Molecular Driver in Tumor
Progression, in: Hum. Ski. Cancers - Pathways., Mech. Targets Treat., InTech, 2018.
doi:10.5772/intechopen.70513.

J.P. Bisevac. M. Djukic, I. Stanojevic. I. Stevanovic, Z. Mijuskovic. A. Djuric, B. Gobeljic, T.
Banovic, D. Vojvodic, Association Between Oxidative Stress and Melanoma Progression. J. Med.
Biochem. 37 (2018) 12-20. doi:10.1515/jomb-2017-0040.

S.P. Cannavo. A. Tonacci, L. Bertino. M. Casciaro, F. Borgia, S. Gangemi, The role of oxidative
stress in the biology of melanoma: A systematic review. Pathol. - Res. Pract. 215 (2019) 21-28.
doi:10.1016/j.prp.2018.11.020.

E. Obrador, F. Liu-Smith, R.W. Dellinger, R. Salvador. F.L. Meyskens, J.M. Estrela, Oxidative
stress and antioxidants in the pathophysiology of malignant melanoma, Biol. Chem. 400 (2019)
589-612. doi:10.1515/hsz-2018-0327.

B. Halliwell, J.M.C. Gutteridge, Free radicals in biology and medicine. 4th ed., Oxford University
Press, Oxford : New York. 2007.

S. Meierjohann, Oxidative stress in melanocyte senescence and melanoma transformation, Eur. J.
Cell Biol. 93 (2014) 36—41. doi:10.1016/j.jcb.2013.11.005.

Y. Zhang, J. Palmblad, B.B. Fredholm, Biphasic effect of ATP on neutrophil functions mediated
by P<inf>2U</inf>and Adenosine A<inf>2A</inf>receptors, Biochem. Pharmacol. 51 (1996)
957-965. doi:10.1016/0006-2952(95)02403-4.

C.M. Cruz, A. Rinna, H.J. Forman, A.L.M. Ventura, P.M. Persechini, D.M. Ojcius, ATP activates
a reactive oxygen species-dependent oxidative stress response and secretion of proinflammatory
cytokines in macrophages. J. Biol. Chem. 282 (2007) 2871-2879. doi:10.1074/jbc.M608083200.
A. Manica, B. da Silva Rosa Bonadiman, A.M. Cardoso, A. Paiz, C. Siepko, J.V.G. de Souza, M.
Moreno. A. Moreno, M.R.C. Schetinger, V.M. Morsch. M.D. Bagatini, The signaling effects of
ATP on melanoma-like skin cancer, Cell. Signal. 59 (2019) 122-130.
doi:10.1016/J.CELLSIG.2019.03.021.

M.M. Faas. T. Séez, P. de Vos, Extracellular ATP and adenosine: The Yin and Yang in immune
responses?, Mol. Aspects Med. 55 (2017) 9-19. doi:10.1016/j.mam.2017.01.002.

P. Pellegatti, L. Raffaghello, G. Bianchi, F. Piccardi, V. Pistoia, F. Di Virgilio. Increased Level of
Extracellular ATP at Tumor Sites: In Vivo Imaging with Plasma Membrane Luciferase, PLoS
One. 3 (2008) ¢2599. doi:10.1371/journal.pone.0002599.

N. White. G.E. Knight. P.E.M. Butler, G. Burnstock. An in vivo model of melanoma: Treatment
with ATP. Purinergic Signal. 5 (2009) 327-333. doi:10.1007/s11302-009-9156-0.

Y. Zhang, L. hua Gong, H. quan Zhang. Q. Du. J. feng You, X. xia Tian, W. gang Fang,

Extracellular ATP enhances in vitro invasion of prostate cancer cells by activating Rho GTPase



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

69

and upregulating MMPs expression, Cancer Lett. 293 (2010) 189-197.
doi:10.1016/j.canlet.2010.01.010.

F. Di Virgilio, A.C. Sarti, S. Falzoni. E. De Marchi. E. Adinolfi. Extracellular ATP and P2
purinergic signalling in the tumour microenvironment, Nat. Rev. Cancer. (2018) 1-18.
doi:10.1038/s41568-018-0037-0.

A. Manica. A.M. Da Silva, AM. Cardoso. M. Moreno, D.B. Leal. A. Dutra Da Silva, M.R.C.
Schetinger. V.M.M. Morsch. M.D. Bagatini. High levels of extracellular ATP lead to chronic
inflammatory response in melanoma patients, J. Cell. Biochem. 119 (2018) 3980-3988.
doi:10.1002/jcb.26551.

B. A.. Isolation of mononuclear cells and granulocytes from human blood. Isolation of monuclear
cells by one centrifugation, and of granulocytes by combining centrifugation and sedimentation at
1 g, Scand J Clin Lab Invest Suppl. 97 (1968) 77-89.

J.AD.S. Jaques, J.F. Peres Rezer. J.B. Ruchel, J. Gutierres, A.V. Bairros, I.L. Gomes Farias, S.C.
Almeida da Luz, C. De Mello Bertoncheli, M.R. Chitolina Schetinger, V.M. Morsch, D.B.R.
Leal, A method for isolation of rat lymphocyte-rich mononuclear cells from lung tissue useful for
determination of nucleoside triphosphate diphosphohydrolase activity. Anal. Biochem. 410
(2011) 34-39. doi:10.1016/j.ab.2010.10.039.

M.M. Bradford, A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding, Anal. Biochem. 72 (1976) 248-254.
doi:10.1016/0003-2697(76)90527-3.

B. Wachowicz. B. Olas, H.M. Zbikowska, A. Buczynski. Generation of reactive oxygen species
in blood platelets, Platelets. 13 (2002) 175-182. doi:10.1080/09533710022149395.

K. Suzuki, H. Ota, S. Sasagawa, T. Sakatani, T. Fujikura, Assay method for myeloperoxidase in
human polymorphonuclear leukocytes. Anal. Biochem. 132 (1983) 345-352. doi:10.1016/0003-
2697(83)90019-2.

G.L. Ellman, Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82 (1959) 70-77.
doi:10.1016/0003-9861(59)90090-6.

O.A. LOWRY, O.H., LOPEZ, J.A., BESSEY, The determination of ascorbic acid in small
amounts of blood serum, J. Biol. Chem. 160 (1945) 609-615.

T.B. Fitzpatrick, The validity and practicality of sun-reactive skin types I through VI, Arch.
Dermatol. 124 (1988) 869-871. doi:10.1001/archderm.124.6.869.

J. Zhang, X. Wang, V. Vikash, Q. Ye, D. Wu, Y. Liu, W. Dong, ROS and ROS-Mediated
Cellular Signaling, Oxid. Med. Cell. Longev. 2016 (2016) 1-18. doi:10.1155/2016/4350965.

X. Li, J. Wu, X. Zhang, W. Chen, Glutathione reductase-mediated thiol oxidative stress
suppresses metastasis of murine melanoma cells, Free Radic. Biol. Med. 129 (2018) 256-267.
doi:10.1016/j.freeradbiomed.2018.07.025.

M. Peiris-Pages. U.E. Martinez-Outschoorn, F. Sotgia, M.P. Lisanti. Metastasis and Oxidative
Stress: Are Antioxidants a Metabolic Driver of Progression?, Cell Metab. 22 (2015) 956-958.
doi:10.1016/j.cmet.2015.11.008.

C.S. Sander, F. Hamm, P. Elsner, J.J. Thiele, Oxidative stress in malignant melanoma and non-

10



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

70

melanoma skin cancer, Br. J. Dermatol. 148 (2003) 913-922. doi:10.1046/j.1365-
2133.2003.05303.x.

V. Gadjeva, A. Dimov, N. Georgieva, Influence of therapy on the antioxidant status in patients
with melanoma, J. Clin. Pharm. Ther. 33 (2008) 179-185. doi:10.1111/j.1365-
2710.2008.00909.x.

T.W. Liu, S.T. Gammon, P. Yang, D.T. Fuentes, D. Piwnica-Worms. Myeloid cell derived
myeloperoxidase links cellular innate immunity to inhibition of NF-kB signaling in melanoma
tumor cells, in: Immunology, American Association for Cancer Research, 2019: pp. 1514-1514.
doi:10.1158/1538-7445.SABCS18-1514.

A.J. Augustin, T. Boker, W. Breipohl, Increased lipid peroxides and inflammatory, (1994) 130—
132.

S.S. Bernardes, F.P. de Souza-Neto, L.N.Z. Ramalho, D.R. Derossi, F.A. Guarnier, C.F.N. da
Silva, G.P. Melo. AN.C. Simao, R. Cecchini, A.L. Cecchini, Systemic oxidative profile after
tumor removal and the tumor microenvironment in melanoma patients, Cancer Lett. 361 (2015)
226-232. doi:10.1016/j.canlet.2015.03.007.

E. Piskounova, M. Agathocleous. M.M. Murphy. Z. Hu. S.E. Huddlestun, Z. Zhao. A.M. Leitch.
T.M. Johnson, R.J. DeBerardinis, S.J. Morrison. Oxidative stress inhibits distant metastasis by
human melanoma cells, Nature. 527 (2015) 186—191. doi:10.1038/nature 15726.

L. Pieri, Redox modulation of protein kinase/phosphatase balance in melanoma cells: the role of
endogenous and y-glutamyltransferase-dependent H2O2 production, Biochim. Biophys. Acta -
Gen. Subj. 1621 (2003) 76-83. doi:10.1016/S0304-4165(03)00048-5.

C. Giommarelli, A. Corti, R. Supino. E. Favini, A. Paolicchi, A. Pompella, F. Zunino, Cellular
response to oxidative stress and ascorbic acid in melanoma cells overexpressing y-
glutamyltransferase, Eur. J. Cancer. 44 (2008) 750-759. doi:10.1016/j.ejca.2008.02.010.

J.Li, L. Peng, L. Wu, Y. Kuang, J. Su, M. Yi. X. Hu, D. Li, H. Xie, T. Kanckura, X. Chen,
Depletion of CD147 sensitizes human malignant melanoma cells to hydrogen peroxide-induced
oxidative stress, J. Dermatol. Sci. 58 (2010) 204-210. doi:10.1016/j.jdermsci.2010.03.022.

S.P. Baba, A. Bhatnagar, Role of thiols in oxidative stress, Curr. Opin. Toxicol. 7 (2018) 133—
139. doi:10.1016/j.cotox.2018.03.005.

D. Mougiakakos. R. Okita, T. Ando, C. Diirr, J. Gadiot, J. Ichikawa. R. Zeiser, C. Blank. C.C.
Johansson, R. Kiessling, High expression of GCLC is associated with malignant melanoma of
low oxidative phenotype and predicts a better prognosis, J. Mol. Med. 90 (2012) 935-944.
doi:10.1007/s00109-012-0857-4.

K. Wang, H. Jiang, W. Li, M. Qiang, T. Dong, H. Li, Role of Vitamin C in Skin Diseases, Front.
Physiol. 9 (2018) 1-9. doi:10.3389/fphys.2018.00819.

C. Kuiper, G.U. Dachs, D. Munn, M.J. Currie, B.A. Robinson, J.F. Pearson, M.C.M. Vissers.
Increased Tumor Ascorbate is Associated with Extended Disease-Free Survival and Decreased
Hypoxia-Inducible Factor-1 Activation in Human Colorectal Cancer, Front. Oncol. 4 (2014) 1-
10. doi:10.3389/fonc.2014.00010.

S.C. Wagner. B. Markosian, N. Ajili, B.R. Dolan, A.J. Kim, D.T. Alexandrescu, C.A. Dasanu, B.

11



[42]

[43]

[44]

[45]

Minev, J. Koropatnick, F.M. Marincola, N.H. Riordan, Intravenous ascorbic acid as an adjuvant
to interleukin-2 immunotherapy, J. Transl. Med. 12 (2014) 1-9. doi:10.1186/1479-5876-12-127.
L.K. Parvathenani, S. Tertyshnikova, C.R. Greco. S.B. Roberts, B. Robertson, R. Posmantur, P2X
7 Mediates Superoxide Production in Primary Microglia and Is Up-regulated in a Transgenic
Mouse Model of Alzheimer’s Disease. J. Biol. Chem. 278 (2003) 13309-13317.
doi:10.1074/jbc.M209478200.

S. Schmid. M. Kiibler, C. Korcan Ayata. Z. Lazar, B. Haager. M. Hoffeld. A. Meyer. S. Cicko.
M. Elze, S. Wiesemann, G. Zissel. B. Passlick, M. Idzko. Altered purinergic signaling in the
tumor associated immunologic microenvironment in metastasized non-small-cell lung cancer,
Lung Cancer. 90 (2015) 516-521. doi:10.1016/j.lungcan.2015.10.005.

B. Sperlagh. G. Hasko. Z. Németh, E.S. Vizi, ATP released by LPS increases nitric oxide
production in raw 264.7 macrophage cell line via P2Z/P2X7 receptors., Neurochem. Int. 33
(1998) 209-15. http://www.ncbi.nlm.nih.gov/pubmed/9759915.

AN. Guerra, P.L. Fisette, Z.A. Pfeiffer, B.H. Quinchia-Rios. U. Prabhu, M. Aga. L.C. Denlinger,
A.G. Guadarrama, S. Abozeid, J.A. Sommer, R.A. Proctor, P.J. Bertics, Purinergic receptor
regulation of LPS-induced signaling and pathophysiology. J. Endotoxin Res. 9 (2003) 256-263.
doi:10.1179/096805103225001468.

12

71



Table 1: Clinical characteristic of CT and CM patients before and after treatment.

CT CMb CMa
(n=20) (n=20) (n=20)
Age 46.7 (£16.6) 56.1 (£12.8) 48 (£12.5)
Male (%) 55 65 60
Female (%) 45 35 30
Tumor location
Lower extremities Not applicable i 11
Upper extremities Not applicable 5 8
Trunk Not applicable 3 4
Head/neck | Not applicable 5 2
Fitzpatrick skin classification:
I/11 (%) 95 100 98
MI/IV/V (%) 5 0 2

CT: Control; CMb: Cutaneous Melanoma before treatment; CMa: Cutancous Melanoma after treatment.
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Fig.1: MDA levels by TBARS assay. MDA production in CT (controls), melanoma patients before
treatment (CMb) and melanoma patients after treatment (CMa) (a). Effects MDA levels after treatment
with adenosine triphosphate (ATP) at various concentrations (0.05, 0.5, 5, 10 and 50 uM) for 24 hours (b)
and 48 hours (c), in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and
melanoma patients. The assays were performed as described in methods. Data are presented as means *
SEM. **Indicates a significant difference from the CT and CMb group (a: one-way ANOVA; b and c:
two-way ANOVA, p <0.05, n = 20).
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Fig. 2. Myeloperoxidase activity in vivo and in vitro. Myeloperoxidase activity in CT (controls),
melanoma patients before treatment (CMb) and melanoma patients after treatment (CMa) (a).
Myeloperoxidase activity after treatment with adenosine triphosphate (ATP) at various concentrations
(0.05, 0.5, 5, 10 and 50 uM) for 24 hours (b) and 48 hours (c), in mononuclear cells of human peripheral
blood (PBMCs) of control (CT) and melanoma patients. The assays were performed as described in
methods. Data are presented as means + SEM. **Indicates a significant difference from the CT and CMb
group (a: one-way ANOVA; b and c: two-way ANOVA, p <0.05, n = 20).
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Fig. 3: Non-protein thiols (NPSH) quantitation in vivo and in vitro. NPSH in CT (controls), melanoma
patients before treatment (CMb) and melanoma patients after treatment (CMa) (a). NPSH after treatment
with adenosine triphosphate (ATP) at various concentrations (0.05, 0.5, 5, 10 and 50 uM) for 24 hours (b)
and 48 hours (c), in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and
melanoma patients. The assays were performed as described in methods. Data are presented as means *

SEM. ***|ndicates a significant difference from the CT and CMb group (a: one-way ANOVA,; b and c:
two-way ANOVA, p <0.001, n = 20).
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Fig. 4: Protein thiols (PSH) quantitation in vivo and in vitro. PSH in CT (controls), melanoma patients
before treatment (CMb) and melanoma patients after treatment (CMa) (a). PSH after treatment with
adenosine triphosphate (ATP) at various concentrations (0.05, 0.5, 5, 10 and 50 puM) for 24 hours (b) and
48 hours (c), in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and melanoma
patients. The assays were performed as described in methods. Data are presented as means = SEM.

****Indicates a significant difference from the CT (a: one-way ANOVA,; b and c: two-way ANOVA, p
<0.001, n = 20).
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Fig. 5: GSH determination. Quantitation of GSH in CT (controls), melanoma patients before treatment
(CMb) and melanoma patients after treatment (CMa) (a). GSH determination after treatment with
adenosine triphosphate (ATP) at various concentrations (0.05, 0.5, 5, 10 and 50 uM) for 24 hours (b) and
48 hours (c), in mononuclear cells of human peripheral blood (PBMCs) of control (CT) and melanoma
patients. The assays were performed as described in methods. Data are presented as means + SEM. a:
one-way ANOVA,; b and c: two-way ANOVA, p <0.001, n = 20.
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Fig. 6: Ascorbic acid assay in serum and PBMC cells. Quantitation in CT (controls), melanoma patients
before treatment (CMb) and melanoma patients after treatment (CMa) (a). Ascorbic acid levels after
treatment with adenosine triphosphate (ATP) at various concentrations (0.05, 0.5, 5, 10 and 50 puM) for
24 hours (b) and 48 hours (c), in mononuclear cells of human peripheral blood (PBMCs) of control (CT)
and melanoma patients. The assays were performed as described in methods. Data are presented as means
+ SEM. *Indicates a significant difference from the CT group (a: one-way ANOVA; b and c: two-way
ANOVA, p <0.05, n = 20).



76

5. DISCUSSAO

Os dados apresentados nesta tese demonstram que o ATP possui
efeitos imunomodulares no cancer de pele do tipo melanoma, podendo acelerar
0 curso da doenca dependendo da sua concentracdo e taxa de degradacao. As
modificacbes observadas neste estudo podem refletir as alteracdes do
microambiente tumoral, ao passo que podem justificar a alta agressividade
deste tipo de cancer.

No contexto mundial, cerca de 20% dos individuos com melanoma
(qualguer subtipo) desenvolvem metastases e, para os diagnosticados com
doenca metastatica, o prognéstico € desfavoravel, com uma sobrevida média
de apenas 6 a 9 meses (DA ROCHA DIAS et al., 2013). No Brasil os maiores
indices de incidéncia de melanoma estao na regido Sul (MORENO, MARCELO
et al., 2017; MORENO; CONTE; MENEGAT, 2015), mais especificamente na
regido oeste do estado de Santa Catarina, razdo pela qual escolhemos essa
area geogréfica para estudo.

Em nossos estudos (MANICA et al., 2018; MANICA et al., 2019)
encontramos dados epidemioldgicos que merecem destague. A média de idade
dos pacientes com melanoma foi de 51,4 anos com predominio no sexo
masculino em relagdo ao sexo feminino. Nossos resultados validam o que é
encontrado na literatura (BATTISTI et al., 2009; MORENO; CONTE;
MENEGAT, 2015), e que consagra adultos jovens como 0s mais susceptiveis
para o melanoma. Ainda ndo se sabe ao certo o motivo pelo qual o melanoma
mostra a tendéncia de aumento das taxas de diagndstico na meia-idade, pois
seria de se esperar uma maior ocorréncia em faixas etarias mais avancadas,
em virtude do efeito cumulativo da radiacdo solar e deterioracdo do sistema
imune.

Em relacdo as regides anatdmicas onde o melanoma apresentou maior
incidéncia no grupo estudado, pode-se observar que as mais afetadas foram as
que ficavam cronicamente expostas ao sol: membros inferiores, membros
superiores e tronco. Isso pode ser justificado pelo aumento da exposicéo solar
nestes locais e falta de conscientizacdo e/ou medidas de prevencédo. Em
concordancia com esses dados, outros estudos realizados na regido oeste do
estado de Santa Catarina (MORENO et al., 2012; MORENO; CONTE;
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MENEGAT, 2015) mostraram uma maior incidéncia de melanoma nos
membros superiores e inferiores nas mulheres e no tronco, cabeca e pescoco
dos homens.

No que se refere a classificagdo do tumor, a grande maioria dos casos
foram classificados como melanoma extensivo superficial, seguido do
melanoma nodular e menos incidente, mas ndo menos importante o lentigo
maligno. O melanoma extensivo superficial € mais comum em individuos
caracterizados como fototipos | e Il (pessoas de pele e olhos claros e com
muitos nevos) ou que tenham casos de melanoma na familia, caracteristicas
frequentes na populacdo estudada (INCA, 2018).

Os estudos apresentados nesta tese confirmam o envolvimento do ATP
extracelular na fisiopatologia do melanoma, através de experimentos in vivo e
in vitro, em comparagdo com um grupo controle pareado por sexo, idade,
caracteristicas fenotipicas e historia de exposicao solar.

Nosso grupo de pesquisa vem demonstrando as alteragcdes no sistema
purinérgico, principalmente nas ectoenzimas, em diversas doengas e no cancer
(BAGATINI et al., 2018; BALDISSARELLI et al., 2018; BATTISTI et al., 2013;
CARDOSO et al., 2015; DO CARMO ARAUJO et al., 2005; LUNKES et al.,
2003; SCHETINGER et al., 2007; ZANINI et al., 2012). Contudo, a relacdo do
ATP extracelular como uma molécula chave neste processo de recaida,
mestastases ou até mesmo no desenvolvimento primario de um melanoma,
ainda nao tinha sido explorada.

A liberacdo extracelular de ATP e sua consequente hidrolise para ADP,
AMP e adenosina, tem sido relatada como fator determinante para progressao
de cénceres, pois tais moléculas desempenham um papel fundamental na
regulacéo da inflamacéo e da homeostase nos tecidos através da ativacdo dos
receptores purinérgicos (BASTID et al., 2015). Verificamos em nossa pesquisa
gue nos pacientes com melanoma, as enzimas do sistema purinérgico
apresentaram uma modificagdo da sua atividade mesmo apds a excisédo
cirurgica do tumor, provocando um aumento dos niveis de ATP extracelular.

A literatura aponta que o ATP extracelular desempenha um papel
preponderante na inflamagcéo da pele, atuando como um amplificador da
resposta imune através da geracdo de outros mediadores inflamatorios que

recrutam leucocitos para o local da lesédo (ANTONIOLI et al., 2018). Sendo
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assim, evidenciamos um perfil inflamatério descompensado nestes pacientes,
podendo ser a causa de alteracdes deletérias mesmo apds a remocao cirdrgica
do melanoma.

Em relacao ao perfil inflamatério, encontramos um aumento de IL-2, IL-4, IL-
6, TNF-a e IFN-y nos pacientes com melanoma apds a remoc¢ao cirurgica do
tumor, o0 que pode indicar um prognoéstico desfavoravel, pois tais citocinas
estimulam a proliferacdo de células endoteliais, migracdo e angiogénese, que
sdo importantes fatores para o0 crescimento e metastases de melanomas
(YURKOVETSKY et al., 2007).

Ademais, observamos que 0s pacientes com melanoma apresentaram um
aumento nos niveis de IL-10 bem como um aumento da atividade ADA em
plaguetas e linfécitos. Como a adenosina e a IL-10 sdo moléculas anti-
inflamatdrias, podemos inferir que estas moléculas estdo mediando uma
resposta imunossupressora com o0 objetivo de proteger os tecidos da
inflamacé&o instalada.

Aliados a estes dados, realizamos uma investigagdo em pacientes com
melanoma antes de qualquer tratamento ou da remocé&o cirdrgica do tumor.
Observamos um aumento da hidrélise dos nucleotideos ATP, ADP e AMP nas
plaguetas dos pacientes com melanoma e uma menor quantificacdo do ATP
extracelular nestes pacientes, ou seja, a alta hidrélise deste nucleotideo pode
levar a formacao de grandes quantidades de adenosina, desenvolvendo assim
imunossupressao (STAGG; SMYTH, 2010).

Nesse sentido para clarear os efeitos do ATP como molécula
imunossupressora e sinalizadora, cultivamos as PBMCs desses pacientes e
usamos ATP em diferentes concentracfes nessas células. No geral, a analise
da atividade enzimatica revelou que as PBMCs dos pacientes com melanoma
metabolizaram os nucleotideos de adenina diferentemente quando expostos as
concentracdes de ATP, ou seja, encontramos diferentes atividades enziméaticas
dependendo da concentracdo de ATP que estavam expostas e dependendo do
tempo de exposicao (24 ou 48 horas).

Em outros estudos realizados com diferentes células tumorais, também foi
possivel observar que o ATP possui atividade sinalizadora de acordo com sua
liberacdo para o tecido extracelular e sua concentracao (BASTID et al., 2015;

RITEAU et al., 2012). Seu papel como mediador pro-inflamatério o caracteriza
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como potencial agente que favorece a interagdo tumor-hospedeiro (FANG;
TIAN, 2017). Sendo assim, a partir deste experimento, concluimos que o ATP
exerceu efeitos imunossupressores no melanoma através da modulacdo da
cascata de sinalizagdo purinérgica e sabendo que a inflamacdo geralmente
esti associada ao estresse oxidativo, nosso Ultimo estudo buscou entender a
relacdo do ATP no perfil oxidativo de PBMCs dos pacientes com melanoma.

Como mencionado, a atividade do ATP extracelular nas concentracfes de
0,05 a 50 pM apresentou efeito imunossupressor nas células dos pacientes
com melanoma e também demonstrou favorecer a geracdo de estresse
oxidativo. Este ambiente imunossupressor e rico em EROS favorece o
desenvolvimento de mestastases rapidamente, carateristica muito comum nos
melanomas (CALLAHAN; FLAHERTY; POSTOW, 2016).

Nosso estudo mostrou que o ATP possivelmente exerce agbes de dano
oxidativo em pacientes com melanoma através da reducdo de defesas
antioxidantes, pois observamos uma diminuicdo dos niveis de vitamina C na
cultura de PBMC exposta ao ATP. Tal fato é de suma importancia, pois sabe-
se que um nivel elevado de estresse oxidativo em melanomas aumenta sua
agressividade (HAMBRIGHT et al., 2015).

Também demonstramos que ha uma diminuicdo de alguns marcadores de
estresse oxidativo em pacientes com melanoma ap6s a remocao cirtrgica do
tumor, sendo um bom indicativo da efetividade do processo cirurgico.

Por meio da nossa investigacao, verificamos que altas concentragcoes de
ATP no microambiente tumoral podem favorecer a agressividade do
melanoma. Aliado a isso, Fang e Tian (2017) concluiram que o ATP tem a
capacidade de estimular a invasdao de diferentes linhagens de céanceres
humanos em testes in vitro. (FANG; TIAN, 2017)

Diante do exposto, nota-se que o melanoma tem efeitos profundos nos
pacientes acometidos e esta tese nos mostra que o ATP extracelular pode ser
uma molécula chave nesse processo de desenvolvimento, recaidas ou
metastases. Pode-se perceber a estreita relacdo entre processos inflamatérios
e danos oxidativos na fisiopatologia do cancer de pele tipo melanoma. A
analise destes resultados apresenta grande relevancia para o contexto médico,

visto que, a incidéncia e a mortalidade crescente exigem um esfor¢co centrado
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na prevencao primaria, bem como nos estudos e pesquisas acerca deste

cancer.
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6 CONCLUSAO

o Observamos uma diminuicdo da hidrélise dos nucleotideos nos
pacientes com melanoma apés a remocéo cirargica do tumor em contraste de
aumento quando foram avaliados pacientes com melanoma antes da retirada
cirurgica. As enzimas demonstraram expressdo similar em pacientes com
melanoma e controles.

o Tais achados nos levaram a concluir que as modificagdes observadas na
atividade das enzimas promoveram um aumento de ATP extracelular,
confirmado pela sua quantificacdo podendo servir como papel chave no estudo
do estadiamento de melanomas.

o Os pacientes com melanoma apdés remocao cirurgica do tumor
apresentaram um ambiente inflamatério descompensado, evidenciado pelo
aumento das interleucinas IL-2, IL-4, IL-6, TNF, IFN-Y, IL-17A, IL-10 e aumento
da atividade da ADA.

o Em relacdo aos parametros de estresse oxidativo em pacientes antes e
apos tratamento cirdrgico, foi observado uma diminuicdo dos danos oxidativos
e um aumento das defesas antioxidantes apOGs a cirurgia, confirmando a
efetividade deste tipo de intervencéo para lesdes localizadas.

o O ATP extracelular pode estar exercendo efeitos sinalizadores,
imunossupressores e oxidante na cultura de PBMCs dos pacientes com
melanoma.

Em conjunto, esses resultados nos permitem inferir que o ATP é uma
importante molecula envolvida no processo de melanomagénese e progressao
tumoral. As alteracOes evidenciadas neste trabalho podem ajudar a elucidar
mecanismos desconhecidos envolvidos na fisiopatologia do melanoma, bem
como, ser uma ferramenta na pratica clinica para monitoramento e através do
controle dos seus niveis, melhorar o progndéstico para pacientes acometidos

por esse cancer de alta letalidade e agressividade.
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APENDICE

Apéndice 1: TERMO DE CONSENTIMENTO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Curso de Enfermagem da Universidade Federal da Fronteira Sul, esta
desenvolvendo um projeto de pesquisa intitulado: Avaliacdo de Enzimas que
Degradam Nucleotideos e Nucleosideos de Adenina em Pacientes com
Melanoma Cutaneo, através da mestranda Aline Méanica - Universidade Federal
da Fronteira Sul - Rua General Osoério, 413D, CEP: 89802-210. Bairro Jardim
Itadlia, Chapecé SC, que tem por objetivo estudar dosagens bioquimicas em
algumas enzimas de pacientes da cidade de Chapecé — SC, que tiveram
diagnostico de melanona cutadneo. O projeto de pesquisa justifica-se pelos
elevados fatores de risco presentes, visto que os habitos de vida da populacao,
a exposicdo solar intermitente sem a devida protecdo e as caracteristicas
étnicas, sdo também desfavoraveis: uma maioria de habitantes de pele clara
expostos a radiacdo solar varios meses por ano.

Os voluntérios participantes da pesquisa permitirdo uma coleta de
sangue. Todo o material utilizado para a coleta sera descartado
adequadamente. Em caso de acidente de coleta, os pacientes poderéao
desenvolver leve inflamacgéo local ou pequena/discreta hemorragia, neste caso
serdo atendidos e receberdo os cuidados necessarios no local. As amostras
serdo tratadas de acordo com os protocolos experimentais estabelecidos.

A participagéo neste estudo € livre e voluntaria, sendo que n&o havera
nenhuma forma de compensacéo financeira ou custos para o participante. No
entanto, a participagédo no estudo garante a realizagcédo de exames laboratoriais,
como forma de devolutiva a participacdo no projeto de pesquisa como:
hemograma, perfil lipidico e glicidico e parametros inflamatorios. Esses exames
serdo realizados e entregue gratuitamente para os voluntarios com orientacdes
em caso de alguma alteracdo patoldgica, sendo estes encaminhados para
atendimento especializado.

A recusa na participacao nao leva a nenhum prejuizo ou comprometimento dos

cuidados de saude aos pacientes. A qualqguer momento durante a realizacao da
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pesquisa e apoés finalizacdo da mesma os participantes poderdo esclarecer
qualquer duvida através dos contatos disponibilizados abaixo.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que
estou de acordo em participar deste projeto de pesquisa, livre de qualquer
constrangimento, pois fui informado de forma clara e detalhada dos objetivos e
dos procedimentos que serdo realizados. Fui igualmente informado da garantia
de receber respostas a qualquer davida que ainda puder ter sobre assuntos
relacionados com a pesquisa por meio do contato com o pesquisador e/ou E-
mail, (vide enderegco abaixo), e da liberdade de retirar meu consentimento a
gualqguer momento, sem que haja prejuizo de qualquer ordem.

Os dados coletados ficardo sob-responsabilidade do pesquisador e os
mesmos serdo utilizados apenas para fins cientificos, garantindo o anonimato
dos sujeitos durante todas as fases da pesquisa e mesmo apds finalizacao da
mesma.

Ciente e de acordo com o que foi anteriormente exposto, eu

estou de acordo em

participar nesta pesquisa, rubricando a primeira pagina e assinando a segunda
pagina deste consentimento. Uma via ficara de posse do pesquisador e a outra

com o participante.

Chapecd/ SC, de 201 .

Assinatura

Aline Manica/Pesquisadora/(49) 9166-1637 ou (55) 9990 — 2460
Rua Marechal J. Bormann, 61 E. Centro, Chapecé SC CEP: 89.802-200
Universidade Federal da Fronteira Sul. Rua General Osorio, 413D, CEP: 89802-210. Bairro Jardim lItalia, Chapec6 SC

Margarete Dulce Bagatini/Coordenadora (49) 9911-4126
Comité de Etica em Pesquisa (CEP) da Universidade Federal da Fronteira Sul
Avenida General Osoério, 413-D, Jardim Italia, Ed. Mantelli, 3° andar.
CEP: 89.802-210 - Chapec6-SC.
Fone: (49) 2049-1478
E-mail: cep.uffs@uffs.edu.br
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Apéndice 2: Fichas de coleta para pacientes com melanoma e controles

)) UFFS
T

FRONTEIRA SUL

FICHA DE COLETA: PACIENTES COM
MELANOMA CUTANEO

Nome:
RG:
Data de nascimento: _ /| [
Telefone:

Sexo: () F ()M
Endereco:

Ha quanto tempo foi diagnosticado o
melanoma?

Qual o tipo e localizacdo do melanoma:

Toma medicamentos? Sim () Nao ( )
Se sim, quais
séo?

J& fez transfus@o de sangue? Sim ( ) Nao ( )
Vocé fuma? Sim ( ) Nao ( )

Ingere bebidas alcodlicas frequentemente?
Sim () Nao ()

Tem ou teve alguma das doencgas abaixo?

- Problemas cardiacos? Sim ( ) Nao ( )

- Presséo alta? Sim ( ) Nao ( )

- Anemia? Sim ( ) Nao ( )

-Hepatite? Sim ( ) Nao ( )

- Diabetes? Sim ( ) Nao ()

- Depressdo? Sim ( ) Nao ( )

-HIV? Sim ( ) Nao ()

-Outras?

Tem exposicao solar freqiiente?
Sim ( ) Nao ()

Cor da pele:

( )Branca ( )Morena ( )Negra

Profissao:

Data coleta: [

UFFS
)) FEDERAL DA

FRONTEIRA SUL

FICHA DE COLETA: PACIENTES
SAUDAVEIS - CONTROLES

Nome:

RG:

Data de nascimento: _ / [/
Sexo: () F ()M
Telefone:

Endereco:

Toma medicamentos? Sim () Nao ( )

Se sim, quais sao?

Ja fez transfusdo de sangue? Sim ( ) Nao ()
Vocé fuma? Sim ( ) Nao ()

Ingere bebidas alcoodlicas frequentemente?
Sim ( ) Nao ()

Tem ou teve alguma das doencgas abaixo?

- Problemas cardiacos? Sim ( ) N&o ( )

- Presséao alta? Sim ( ) Nao ( )

- Anemia? Sim ( ) Nao ( )

-Hepatite? Sim ( ) Nao ( )

- Diabetes? Sim ( ) Nao ( )

- Depresséo? Sim ( ) Nao ( )

-HIV? Sim ( ) N&o ()

Outras?

Tem exposicao solar freqiiente?
Sim ( ) Nao ()

Cor da pele:

( )Branca ( )Morena ( )Negra

Profissao:

Data coleta: [
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ANEXO: APROVACAO COMITE DE ETICA

)) UNIVERSIDADE FEDERAL DA Plataforma
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliacdo de Enzimas que Degradam Nucleotideos e Nucleosideos de Adenina em
Pacientes com Melanoma Cutéaneo.

Pesquisador: Margarete Dulce Bagatini

Area Tematica:

Versao: 3

CAAE: 33702814.5.0000.5564

Instituicdo Proponente: UNIVERSIDADE FEDERAL DA FRONTEIRA SUL - UFFS
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 822.782
Data da Relatoria: 19/10/2014

Apresentacao do Projeto:

TRANSCRIGAO DO RESUMO:

O Melanoma Cutaneo (MC) é a neoplasia maligna com maior crescimento na ultima década, tornando-se
um problema de salde publica. No Brasil, as maiores taxas de incidéncia estdo na regiéo sul, devido aos
habitos e as caracteristicas da populagdo. Varios fatores podem estar envolvidos neste tipo de cancer
inclusive o sistema purinérgico. O objetivo deste estudo sera avaliar as enzimas que degradam nucleotideos
e nucleosideos de adenina em plaquetas e linfécitos de pacientes com MC. Serédo selecionados 60
pacientes, com diagnostico de MC, com idade entre 30 e 60 anos e 60 individuos saudaveis do mesmo sexo
e na mesma faixa etaria. Sera realizada uma coleta de sangue, através de pungéo venosa para
determinagao dos parametros enzimaticos e da agregacéo plaquetaria. O estudo do MC é de fundamental
importancia para diminuir a mortalidade e reduzir os gastos publicos, ja que a frequéncia de novos casos
esta dobrando a cada década e os indices aumentando em pessoas jovens.

Objetivo da Pesquisa:
TRANSCRIGCAO DOS OBJETIVOS PRIMARIO E SECUNDARIO:
Objetivo Primario:

Enderego: Avenida General Osério, 413d - Ed. Mantelli da UFFS

Bairro: CENTRO CEP: 89.802-265
UF: SC Municipio: CHAPECO
Telefone: (49)2049-1478 E-mail: joseane@uffs.edu.br
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Avaliar os marcadores do sistema purinérgico e enzimas que degradam nucleotideos e nucleosideos de
adenina em plaquetas e linfocitos de pacientes com Melanoma Cuténeo (MC).

Objetivo Secundario:

» Analisar a atividade das enzimas E-NTPDase, E-NPP, E-5’-Nucleotidase e ADA em plaquetas e linfécitos
de pacientes com MC e em pacientes controles. « Verificar a expressdo das enzimas E-NTPDase e E-5'-
Nucleotidase em plaquetas e linfécitos da populagdo estudada. « Quantificar o nivel soroldgico dos
nucleotideos ATP, ADP e AMP, e do nucleosideo adenosina em ambos 0s grupos.

Avaliagdo dos Riscos e Beneficios:

Os riscos estavam adequadamente descritos no TCLE. Foi solicitado que a informacgéo fosse escrita no
campo "Riscos e Beneficios" da plataforma brasil. Atendido.

Riscos e beneficios: de acordo.

Comentarios e Consideragdes sobre a Pesquisa:

A pesquisadora atendeu as solicitacdes do CEP e o trabalho apresenta elevada relevancia social e
cientifica.

Consideracdes sobre os Termos de apresentacao obrigatoria:
De acordo. Ver parecer consubstanciado do CEP nimero 816.552.
Recomendacodes:

Sem recomendagoes.

Conclusdes ou Pendéncias e Lista de Inadequacgbes:

A pesquisadora atendeu as solicitacdes do CEP.

Situagao do Parecer:

Aprovado

Necessita Apreciacao da CONEP:

Nao

Consideragoes Finais a critério do CEP:

Prezado (a) Pesquisador(a)

A partir desse momento o CEP passa a ser corresponsavel, em termos éticos, do seu projeto de

pesquisa — vide artigo X.3.9. da Resolugdo 466 de 12/12/2012.
Fique atento(a) para as suas obrigagdes junto a este CEP ao longo da realizagdo da sua

Enderegco: Avenida General Osério, 413d - Ed. Mantelli da UFFS

Bairro: CENTRO CEP: 89.802-265
UF: SC Municipio: CHAPECO
Telefone: (49)2049-1478 E-mail: joseane@uffs.edu.br
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pesquisa. Tenha em mente a Resolugdo 466 de 12/12/2012 principalmente, os artigos XI.1 e XI.2 itens c¢)
ao h), a Normativa 001/2013 e o Capitulo Il da Resolugéo 251/1997.

A pégina do CEP-UFFS apresenta alguns pontos no documento “Deveres do Pesquisador” acessivel no
Link http://www .uffs.edu.br/images/proppg/Deveres_do_pesquisador_CEP.pdf

Atente:
1) No prazo maximo de 6 meses, a contar da emissdo deste parecer consubstanciado, obedecidos os 20
dias antes da reunido do CEP do més correspondente aos 6 meses, devera ser enviado um relatério parcial
a este CEP (via Plataforma Brasil) referindo em que fase do projeto a pesquisa se encontra (exceto se a
pesquisa estiver totalmente finalizada, pois, neste caso, devera ser enviado o relatério final). Veja modelo
na pagina do CEP, no item “6) Documentos a serem anexados a Plataforma Brasil” no subitem “ 6.1)
Obrigatérios “. A cada 6 meses novo relatorio parcial devera ser enviado até que seja enviado o relatério
final.
2) Qualquer alteracdo que ocorra no decorrer da execu¢do do seu projeto e que néo tenha sido prevista
deve ser imediatamente comunicada ao CEP para que possa ser avaliada e as medidas adequadas possam
ser tomadas. O ndo cumprimento desta determinagao acarretara na suspenséo ética do seu projeto. Apos
um projeto ter sido aprovado, alteragdes devem ser solicitadas na forma de EMENDA.
3) Além do relatério semestral, a qualquer momento o CEP podera solicitar esclarecimentos sobre a sua
pesquisa — vide artigos X.1.3.b), X.3.6 e X|.2.e)
4) Ao final da pesquisa devera ser encaminhado o relatério final.
OBS: Os relatérios deveréo ser enviados utilizando-se da opgéo "enviar notificagao”, na "Plataforma Brasil".
Em caso de duavida: (1) contate este CEP pelo telefone 20491478, das 8:00 as 12:00 e das 14:00 as 17:00
(2) contate a Plataforma Brasil pelo telefone 136, opcéo 8 e opgéo 9, solicitar ao atendente suporte
Plataforma Brasil das 08h as 20h, de segunda a sexta, (3) Contate a “central de suporte “da plataforma
Brasil no canto superior direito da plataforma e cujo atendimento é online.

Boa pesquisa!

Enderegco: Avenida General Osério, 413d - Ed. Mantelli da UFFS

Bairro: CENTRO CEP: 89.802-265
UF: SC Municipio: CHAPECO
Telefone: (49)2049-1478 E-mail: joseane@uffs.edu.br
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