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1. RESUMO 

Células imunes apresentam plasticidade funcional influenciada por fatores externos 

capazes de se alterar fenotipicamente, favorecendo a progressão do tumor. Os 

neutrófilos possuem um espectro de ativação comumente denominado 

antitumoral/pró-inflamatório (N1) e imunossupressor/pró-tumoral (N2). A presença 

dessas células no microambiente tumoral é essencial para a formação de um sítio 

propício para o desenvolvimento das células tumorais. No Glioblastoma, o nicho 

tumoral formado impacta diretamente na malignidade da doença. Este tipo de tumor 

cerebral é o mais frequente diagnosticado e possui alta mortalidade, com sobrevida 

média de 15 meses após a descoberta da doença. Considerando os fatos 

apresentados, esse estudo visa observar a participação dos neutrófilos na 

progressão dos glioblastomas. Para isso, foram realizados testes experimentais in 

vitro com linhagem celular de glioma humano (U87MG) e neutrófilos de voluntários 

saudáveis, e avaliados a capacidade de ativação das células imunes em diferentes 

condições de cocultivo, bem como a influencia na viabilidade tumoral. Para os 

neutrófilos, a migração é um fator importante e bem descrito na literatura a 

participação da sinalização purinérgica; foi realizada uma revisão de literatura sobre 

o assunto utilizando sobre os estudos com células humanas. De forma geral, foi 

observado mudanças morfológicas importantes entre os fenótipos induzidos e em 

cocultivo, bem como maior ativação imune na presença de células tumorais, 

confirmando a importância da comunicação intercelular.   
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1.1 ABSTRACT 

Immune cells have functional plasticity influenced by external factors capable of 

altering phenotypically itself, favoring tumor progression. Neutrophils have an 

activation spectrum commonly called anti-tumor/pro-inflammatory (N1) and 

immunosuppressive/pro-tumor (N2). The presence of these cells in the tumor 

microenvironment is essential for the formation of a favorable site for the 

development of tumor cells. In Glioblastoma, the tumor niche formed directly impacts 

the malignancy of the disease. This type of brain tumor is the most frequently 

diagnosed and has high mortality, with an average survival of 15 months after the 

discovery of the disease. Considering the facts presented, this study aims to observe 

the participation of neutrophils in the progression of glioblastoma. Thus, 

experimental tests were performed in vitro with human glioma cell line (U87MG) and 

neutrophils from healthy volunteers, and the ability of immune cells to be activated 

in different coculture conditions was evaluated, as well as the influence on tumor 

viability. For neutrophils, migration is an important factor and well described in the 

literature, the participation of purinergic signaling; a literature review on the subject 

was carried out using studies on human cells. In general, important morphological 

changes were observed between the induced and co-cultured phenotypes, as well 

as greater immune activation in the presence of tumor cells, confirming the 

importance of intercellular communication.  
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2. LISTAS 

2.1 Lista de abreviaturas 

AMP: Peptídeo antimicrobiano 

ATP: Trifosfato de adenosina 

BHE: Barreira hemato-encefálica 

C3: Componente 3 do complemento 

CCL3: Ligante 3 da quimiciona 

DAMP: Padroes moleculares 

endógenos 

GBM: Glioblastoma 

ICAM-1:Molécula de adesão 

intercelular 1 

IFN-Y: Interferon gama 

IL-1β: Interleucina 1 beta 

IL-2: Interleucina 2 

IL-6: Interleucina 6 

IL-8: Interleucina 8 

IL-12: Interleucina 12 

IL-23: Interleucina 23 

M1: Macrófago anti tumoral 

M2: Macrófago pró tumoral 

MMP9: metaloprotease 9 

N1: Neutrófilo anti tumoral 

N2: Neutrófilo pró tumoral 

NE: Elastase 

NET: Armadilhas extracelulares dos 

neutrófilos 

OMS: Organização Mundial da 

Saúde 

P1: Receptor purinérgico 

P2: Receptor purinérgico 

PAMP - Padrões Moleculares 

associados a patógenos 

PDGFR: Receptor para fator de 

crescimento derivado de plaquetas 

PI3K: Fosfoinositídeo 3-quinase 

PMN: Leucócitos 

polimorfonucleases – Utilizado como 

sinônimo de Neutrófilo nesse texto 

PPR - receptor de reconhecimento 

de padrão 

ROS: Espécies reativas de oxigênio 

RNS: Espécies reativas de 

nitrogênio 

TAN: Neutrófilo associado ao tumor 

TGF-β: Fator de crescimento 

transformante 

Th17: Linfócito TCD4 “ajudante” 

TNFα: Fator de necrose tumoral alfa 

T-regs: Linfócitos T reguladores 
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VEGF-A: Fator de crescimento 

endotelial vascular 
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3. AMBIENTE TECIDUAL NA SAÚDE E NA DOENÇA 

 

3.1. HOMEOSTASE  

 Para discutirmos sobre doença, primeiro precisamos entender o estado 

fisiológico do corpo. Em todos os organismos existe um mecanismo muito 

importante para a manutenção da vida chamado de homeostase. De maneira geral, 

protege o organismo contra alterações provenientes do ambiente, como a falta ou 

o excesso de suprimentos. Contudo, o corpo promove ações no meio interno para 

manter o equilíbrio fisiológico independente das alterações externas [1,2]. 

 O organismo humano é composto por múltiplos órgãos que agem unificando 

um único sistema. O tecido normal e saudável contém muitos tipos celulares, sinais 

moleculares, e diversos microambientes que trabalham em sintonia [2]. Os sinais 

autócrinos e parácrinos produzidos compõem formas de comunicação intercelular 

essenciais para as vias bioquímicas, resultando na troca de informações capazes 

de promover respostas que permitem a manutenção homeostática [2].      

  Mantendo o raciocínio e considerando a relevância das interações entre 

células, é razoável interpretar o câncer como um microssistema e ressaltar o 

comportamento de células não tumorais na manutenção do microambiente tumoral 

[3-5]. 

3.2  INFLAMAÇÃO 

Usualmente, a inflamação é descrita como um processo fisiológico que responde 

a danos que perturbam a homeostase. Portanto, a finalidade consiste em eliminar 

aquilo que perturba o equilíbrio interno, mesmo que, por consequência, apresente 

alterações fisiológicas momentâneas à essa condição atípica para restaurar a 

funcionalidade e a homeostase [6,7]. Os sinais clássicos da inflamação aguda, 

também conhecidos como cardinais, são a manifestação de dor – por mediadores 

químicos, calor – pelo aumento da velocidade do fluxo sanguíneo, tumor – 

caracterizado por formação de edema e infiltração leucocitária, rubor – decorrência 

da vasodilatação, e comprometimento de função – por fenômenos alternativos 

(degeneração ou necrose), repercussões fisiopatológicas teciduais locais [6-8]. 

Perturbações que perdem a integridade tecidual também são capazes de acionar 

os mecanismos inflamatórios, por exemplo, células necróticas, morte celular, ou 

demais situações com ausência de patógenos, é denominada inflamação estéril [9].  
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A resposta aguda é ativada nos primeiros momentos em que há a perturbação 

do sistema, seja com invasão de patógenos ou dano tecidual, através da liberação 

de mediadores solúveis, primordialmente com citocinas pró-inflamatórias, como o 

fator de necrose tumoral alfa (TNFα) e IL-1β, e quimiocinas, como IL-8 [8]. Em 

resumo, com a liberação desses e outros fatores, as células imunes inatas ativadas 

são atraídas até o local injuriado e iniciam o processo de reconhecimento, 

recrutamento de demais células imunes inatas e adaptativas e recuperação 

tecidual. A ação é montada a fim de zelar o tecido, a resposta imune exacerbada 

acarreta mais dano, contudo, a resolução da inflamação e consequente remoção do 

infiltrado imunológico restabelecem a homeostase [10, 11]. 

Em situações que ocorre remoção das células imunes, sustentando um 

microambiente anormal, o que leva à progressão para um perfil cônico de 

inflamação – a qual é considerada hallmark de diversas doenças, como o câncer 

[12,13]. O perfil inflamatório documentado em microambientes tumorais tem sido 

foco de muitas investigações [14]. Esses estudos indicam que além da presença de 

mutações e/ou deleções de genes que controlam a proliferação e morte celular, o 

perfil imunossupressor caracterizado pela secreção de citocinas através das células 

que compõem o microambiente tumoral, como o fator de crescimento tumoral- β 

(TGF-β), interleucina (IL) -6, IL-10 e prostaglandina E2, é essencial para 

perpetuação tumoral [15].  

3.3  SISTEMA IMUNE INATO 

O sistema imune inato é a primeira linha de defesa que o nosso corpo usa para 

se proteger de invasores e, curiosamente, seus mecanismos são evolutivamente 

conservados. Ao contrário da resposta adaptativa, se baseia em uma reação 

inespecífica, com amplo espectro de eficácia - inespecífica para antígenos, mas não 

para sinais de agressão -, orquestrado por componentes celulares e proteínas do 

sistema complemento [8,16]. 

O sistema complemento e os peptídeos antimicrobiais (AMPs) reconhecem 

estruturas externas presentes na circulação e desencadeiam uma resposta humoral 

[17]. Os AMPs são estruturas conservadas evolutivamente nas quais, em 

mamíferos, estão presentes nos grânulos de neutrófilos e em células epiteliais, 

constituindo cerca de 50 aminoácidos. São originados através de precursor inativo 



15 
 

via quebra proteolítica e liberados de acordo com a demanda, capazes de controlar 

a regulação de sua atividade [18]. Já o sistema complemento é composto por uma 

sequência de proteínas que são ativadas também por quebra proteolítica, nas quais 

apresentam funções de sinalização pró-inflamatórias e ativação de fagócitos [19]. 

Há três vias distintas – clássica, alternativa e lectina-, que convergem na ativação 

da proteína componente C3 e promovem o aumento da resposta imune e fagocítica 

[19, 20].  

A porção celular da resposta inata consiste na presença de células 

hematopoiéticas, nomeadas de células mieloides. Essas células compartilham 

funções através de sensores de reconhecimento de epítopos não-próprios, os 

padrões moleculares associados a patógenos (PAMPs), ou padrões moleculares 

associados a danos endógenos (DAMPs), os quais determinam assinatura de 

potencial dano. Esses receptores são definidos como receptores de 

reconhecimento de padrões (PPRs) e regulam a transcrição e processamento de 

citocinas, apoptose, autofagia e fagocitose [21] (Fig. 1). 

3.3.1 NEUTRÓFILOS 

Dentre os componentes celulares da resposta inata estão os neutrófilos, que 

podem ser metaforicamente comparados com a “infantaria do exército”. A relação 

entre eles é simples: são, literalmente, as primeiras células recrutadas para o local 

de infecção ou injúria tecidual e atuam contra uma grande variedade de patógenos, 

 Figura 1: Exemplo dos componentes resposta inata e adaptativa (Adaptado Abbas, 
2012) 
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incluindo bactérias e fungos [8, 22-29]. Os neutrófilos são conhecidos também como 

leucócitos polimorfonucleares (PMNs), produzidos na medula óssea junto às 

demais células imunes. Tanto neutrófilos quanto monócitos derivam do mesmo 

progenitor, entretanto, os PMNs sofrem um processo de maturação de seus 

grânulos de forma sequencial: grânulos primários (azurofílicos), secundários 

(específicos), terciários (gelatinase) e as vesículas secretórias [30, 31]. Entender o 

processo de maturação de seus grânulos e, por consequência, seus nomes, facilita 

na compreensão do processo de degranulação – função característica dos 

neutrófilos.  

As células já maduras são liberadas para a corrente sanguínea em processo 

mediado pelo receptor CXCR4, o qual é essencial para reter os PMNs na medula 

óssea [32,33]. Os neutrófilos são a maior população de células imunes em 

Figura 2: Visão geral do desenvolvimento e função dos neutrófilos 

A geração e maturação de neutrófilos ocorrem na medula óssea. O fator estimulador de colônias de 

granulócitos (G-CSF) é um regulador crítico desses eventos e contribui para a liberação das células para a 

circulação. Ao detectar estímulos inflamatórios ambientais, os neutrófilos sofrem uma cascata de 

recrutamento especial e, eventualmente, migram para os tecidos. No local da inflamação, os neutrófilos 

exercem suas diferentes funções efetoras, levando à eliminação dos microrganismos invasores. (Adaptado 

Németh, 2020) 
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circulação, com aproximadamente 50-70% do total, mas com sobrevida inferior a 

12h em condições fisiológicas e de 2-3 dias em locais de infecção [34-36] (Fig. 2). 

Nos últimos anos a visão simplista sobre a atuação dos neutrófilos vem sendo 

contestada e o interesse na sua biologia está emergindo. Portanto, novos estudos 

revelaram um papel mais complexo e multifacetado dos PMNs [37-40]. É 

compreendido que os neutrófilos participam da resposta imune através da 

regulação e recrutamento de outras células imunes, como monócitos/macrófagos e 

células dendríticas, por exemplo [32], bem como da interação entre células B e T 

[22]. É imprescindível reconhecer que a comunicação é bidirecional e, dessa forma, 

os neutrófilos recebem sinais moduladores que auxiliam nos processos de iniciação, 

supressão ou regulação da reação imune [41]. 

 A diversidade das funções dessas células tem relação com o conceito de 

heterogeneidade: da mesma forma que outras células imunes, como macrófagos, 

os neutrófilos apresentam diferentes fenótipos programados para exercer ou ser 

mais proficientes em funções mais discretas [42]. Como em M1 e M2, nos 

macrófagos, os PMNs possuem espectro de ativação ainda não elucidado, 

entretanto, podem ser agrupados seguindo a mesma lógica; N1 (polarização pró-

inflamatória) e N2 (polarização anti-inflamatória) [43, 7]. Considerando a 

plasticidade celular recentemente descoberta, não é surpresa que os neutrófilos 

sejam considerados importantes no entendimento de patogenias, como 

autoimunidade, inflamação crônica e câncer [35, 38, 44, 45].  

3.3.1.1 Subpopulações de Neutrófilos 

As subpopulações dos neutrófilos (N1 e N2) são polarizadas em estados de 

ativação diferentes em resposta a sinais e citocinas vindas do microambiente [44, 

46]. O fator de crescimento tumoral-β (TGF-β) é um dos mecanismos avaliados em 

estudos com neutrófilos por caracteristicamente estar bloqueado quando N1 está 

presente. Quimiocinas secretadas elevam o perfil inflamatório no microambiente e 

o neutrófilo age citotoxicamente contra as células tumorais, reduzindo a taxa de 

crescimento do câncer [44]. Esse fenótipo antitumoral aumenta a expressão de 

TNF-α, CCL3, molécula de adesão intercelular 1 (ICAM-1) e reduz a produção de 

arginase-1, inibe a angiogênese e promove resposta antitumoral de linfócitos T [47, 

48]. Em contrapartida, estudos com animais indicam que o fenótipo N2 é adquirido 
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pela presença de TGF-β, favorecendo o infiltrado de neutrófilos com alta expressão 

do receptor de quimiocina CXC tipo 4 (CXCR4), fator de crescimento endotelial 

vascular A (VEGF-A) e metaloprotease 9 (MMP-9) [48]. A supressão da proliferação 

e da atividade das células T, além da produção de interferon-gama (IFN-γ), 

potencialmente resulta no aumento dos níveis de arginase-1 nos grânulos 

neutrofílicos de N2 e ROS [47].  

A produção de espécies reativas de oxigênio (ROS) e nitrogênio (RNS), e 

consequente liberação de radicais livres pelos neutrófilos tem capacidade de dupla 

ação: em tumores bem estabelecidos e desenvolvidos, a ROS pode ter efeito 

antitumoral, com citotoxicidade direta e efeito pró-tumor pela inibição de demais 

células imunes. Além disso, quando associado ao infiltrado de neutrófilos durante a 

carcinogênese podem contribuir para instabilidade genética [44]. Neutrófilos são os 

principais produtores de VEGF-A e liberam altos níveis de MMP-9, o qual libera a 

forma ativa do VEGF-A da matriz extracelular. Porém, N2 é apto a liberar MMP-9 

mesmo na ausência de inibidor de proteases e o aumento dos níveis colabora com 

a angiogênese e a invasão tecidual [48]. Os grânulos também podem favorecer os 

dois perfis anti- e pró-tumorais. A elastase (NE) granular inibe a fosfatidilinositol 3-

quinase (PI3K), a ausência ativa a sinalização do receptor do fator de crescimento 

derivado de plaqueta (PDGFR) favorecendo a proliferação celular do tumor. Não 

obstante, a NE consegue conter a resposta antitumoral em alguns tipos de câncer, 

aumentando a resposta celular para a imunidade adaptativa [46].  

Estudos observaram que o fenótipo N2 favorece o recrutamento de T-regs para 

a área tumoral, expressam TGF-β, IL-6 e IL-23. Sugere-se que essas citocinas em 

conjunto promove o perfil Th17. Apesar do Th17 estar bem consolidado no âmbito 

da inflamação, ainda há pouco conhecimento sobre seu papel no câncer. Já o 

fenótipo N1 expressa altos níveis de IL-12 e TNF-α, as quais são características de 

perfil inflamatório, atraindo linfócitos T, macrófagos e demais quimiocinas. A 

regulação positiva de IFNγR1 em neutrófilos N1, com o aumento de IFNγ pelas T 
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citotóxicas, contribui para a hipótese que o microambiente modula a polarização dos 

neutrófilos [44] (Fig. 3). 

Foi observado através da técnica de imuno-histoquímica a presença de infiltrado 

de neutrófilos em pacientes com glioblastoma (GB), tumor cerebral de elevada 

agressividade. Ainda, correlacionaram positivamente a extensão do infiltrado com a 

classe tumoral, e o GB apresentando infiltração significativa. Estudos concluíram 

que há relação entre o aumento da quantidade de neutrófilos circulantes com o grau 

de infiltração tumoral. Curiosamente, apesar do GB apresentar alta vascularização 

e necrose limitada, os neutrófilos foram principalmente encontrados em capilares e 

frequentemente observados em alto número nas áreas necrosadas [38]. Ainda que 

existam evidências da importância do fenótipo N2 no desenvolvimento tumoral, o 

perfil de citocinas liberadas pelo microambiente tumoral e a resposta efetora dos 

neutrófilos ainda não está consolidada. 

3.3.1.2 Papel da Sinalização Purinérgica na Ativação de Neutrófilos 

O infiltrado imune no nicho tumoral é recrutado por diversos atrativos 

liberados pela própria célula tumoral. Os tumores são capazes de induzir e manter 

um ambiente inflamatório favorável rico em fatores solúveis que sustentam a sua 

Figura 3: Neutrófilos associados ao tumor:  

Quimiocinas produzidas pelo tumor auxiliam no recrutamento de neutrófilos. Esses, por sua vez, pode 

promover instabilidade genética (ROS), estimular a formação de novos vasos (MMP9 e VEGF). A 

modulação fenotípica está relacionada com a liberação de TGFβ pelos tumores. Em contrapartida, a inibição 

do TGFβ realiza uma reprogramação para o perfil N1, associado a maior atividade citotóxica, maior 

expressão de TNF e iCAM1, bem como menor expressão de arginase. Na presença de N1, a ativação dos 

linfócitos TCD8+ aumenta e, por consequência, tem melhor atividade antitumoral. (Adaptado Mantovani, 

2011) 
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proliferação [49]. Para isso eles modulam as funções das células inflamatórias 

recrutadas para trabalharem a seu favor [7]. Nesse contexto, o trifosfato de 

adenosina (ATP) possui papel duplo na manutenção do microambiente, 

dependendo não apenas da sua concentração, mas da atividade das 

ectonucleotidases (CD39 e CD73) e das células imunes presentes. O papel do ATP 

extracelular na progressão tumoral é complexo. Baixos níveis de ATP podem 

promover o desenvolvimento tumoral e o perfil imunossupressor, enquanto em 

condições opostas podem ativar células apresentadoras de antígenos, as quais 

contribuem para a atividade antitumoral [50] ou, inversamente, estimular a 

quimiotaxia de células imunes as quais perpetuam o processo inflamatório 

associado ao câncer [91].            

O ATP intracelular é usualmente descrito como fonte principal de energia que 

impulsiona as funções celulares; não obstante, a sua presença no meio extracelular 

é interpretada como sinal de “find me” ou “perigo” que serve como mensageiro 

intracelular ou mediador autócrino [51]. A ativação dos receptores purinérgicos pela 

comunicação parácrina e autócrina, o ATP e seus produtos de hidrólise modulam 

funções importantes nas células [52-54]. Os receptores purinérgicos são divididos 

em dois grandes grupos: P1 e P2, sendo receptores de adenosina e de 

nucleotídeos, respectivamente. A família P2 ainda é subdividida em receptores do 

tipo P2X e P2Y [55]. Embora não totalmente esclarecido, o ATP estimula o 

recrutamento de células imunes inflamatórias definindo o gradiente quimiotático – 

em conjunto com demais fatores [56] (Fig. 4). 

A migração dos neutrófilos depende de um sinal excitatório frontal e um 

inibitório na superfície traseira da célula, apontando o sentido de migração em 

direção ao ATP intracelular. Esse é reconhecido pelos receptores P2 e ativa a 

liberação de ATP intracelular pela via Panexina-1 de estimulação autócrina. De 

mesmo modo, a via fornece os sinais inibitórios, como adenosina, na borda traseira. 

Por fim, a adenosina é reconhecida pelos receptores A2a (tipo P1) bloqueando a 
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sinalização do receptor. Esse ciclo de retroalimentação purinérgica promove o 

movimento dos neutrófilos em direção à lesão [51,57, 58].  

A polarização dos neutrófilos pode ser dependente da sinalização purinérgica. A 

ativação dos neutrófilos e suas funções efetoras, como a degranulação, a formação 

de armadilhas extracelulares (NETs) e a produção de espécies reativas de oxigênio 

mostram-se relacionadas com a ativação purinérgica [49, 51, 56, 59]. Os níveis de 

ATP descritos no microambiente tumoral poderiam resultar em estimulação 

parácrina dessas células [60] e o fenômeno de dessensibilização dos receptores 

P2Y, nesse nicho, conseguiria diminuir a resposta imunológica pela exposição 

prolongada ao nucleotídeo [61], com isso é especulado se a hiporresponsividade do 

neutrófilo não estaria relacionada.   

 

 

 

Figura 4: Componentes da sinalização purinérgica autócrina.  

Desenho esquemático dos principais elementos envolvidos na sinalização purinérgica. Ativação de 
receptor, como a estimulação do receptor formil-peptídeo (FPRs) pelo fMLP promove a abertura dos canais 
de panexina-1 e a liberação de ATP intracelular. O ATP extracelular promove a ativação autócrina dos 
receptores P2. As ectonucleotidases – ENTPDs, CD39 – e ecto-5’-nucleotidase (CD73) promove a hidrólise 
do ATP em adenosina, a qual ativa os receptores P1. A adenosina é neutralizada pela adenosina 
deaminase, que converte em inosina ou recicla pelos transportadores CNTs. A sinalização autócrina dá 
informações quantitativas que definem a resposta qualitativa na percepção de patógenos. (Adaptado 
Junger, 2011) 
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3.4  MICROAMBIENTE TUMORAL 

Apesar de tecidos saudáveis serem robustos contra diversas perturbações [62, 

63], tumores são capazes de interferir na homeostase a ponto de o sistema ser 

incapaz de recuperar o equilíbrio interno [64, 65, 66], promovendo suporte para o 

crescimento de células alteradas e mudanças de microambiente. O nicho tumoral é 

formado por um complexo ambiente constituído de vasos sanguíneos e linfáticos, 

fibroblastos, células endoteliais e imunes, citocinas, matriz extracelular e vesículas 

[67, 68]. Mutações genéticas nas células tumorais vêm sendo descritas por 

explicarem o sucesso na perpetuação do câncer, contudo, as interações célula-

célula dentro do microssistema atuam na seleção e, por consequência, na evolução 

[69]. 

O infiltrado imune é um componente primordial no microambiente tumoral e 

possuem papel importante na sua progressão [68, 70]. Os neutrófilos associados 

ao tumor (TANs) não são os componentes mais abundantes, mas evidências 

comprovam que a sua presença é primordial e pode ter sido subestimada [71], 

reforçando o diálogo entre célula tumoral e imune, modulando fenotipicamente o 

PMN e este, por sua vez, auxiliando na perpetuação da doença [72]. 

A plasticidade fenotípica de células imunes abre espaço para questionamentos 

quanto a suas funções previamente descritas e em que momento elas passam a 

proteger o tumor [7]. Sabe-se que as células inatas e adaptativas do sistema 

imunológico trabalham juntas no monitoramento e defesa do nosso corpo. Em 

estados iniciais de lesões malignas, entende-se que o nosso sistema imune 

consegue manter suas funções de ataque, entretanto, com o desenvolvimento e 

crescimento tumoral, esta passa a dominar o microambiente e se sobrepõe aos 

ataques. Assim, aprimora seus mecanismos de escape tumoral e se torna 

incontrolável [73], ou seja, a modulação das células imunes pelo câncer 

efetivamente converte a ação de ataque em proteção ao tumor [7, 47, 73, 74].  

No âmbito do GB, este promove um nicho pró-angiogênico e um estado de 

inflamação, dessa forma, recruta as células imunes com a liberação de quimiocinas 

pelas próprias células tumorais e aumenta a expressão das moléculas de adesão 

nas células endoteliais e permite o afastamento dessas células tornando a barreira 

hematoencefálica (BHE) altamente permeável [73]. Ademais, neutrófilos ativados 
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liberam sinais químicos capazes de enfraquecer a BHE - os quais atuam 

diretamente no citoesqueleto, glicocálix das células endoteliais, como as espécies 

reativas de oxigênio (ROS), enzimas proteolíticas e citocinas [75].  

3.4.1 GLIOBLASTOMA 

O Glioblastoma (GB) é considerado a forma primária mais comum e mais 

agressiva dentre os tumores cerebrais, representando mais de 40% das neoplasias 

do sistema nervoso [76-78]. É caracterizado pela proliferação celular elevada, 

invasão tecidual e altas taxas de mortalidade [73, 79]. Clinicamente, os gliomas são 

divididos em quatro graus, sendo o I avaliado como benigno, baixa proliferação e 

bom prognóstico pós-remoção cirúrgica [77, 80]; as lesões de grau II são pouco 

mais intensas e capazes de evoluir para os demais graus. Os gliomas mais 

agressivos estão caracterizados nos graus III e IV, pois em ambos há alta taxa de 

proliferação celular, se espalhando rapidamente pelo tecido nervoso. Segundo a 

OMS, o GB é caracterizado como grau IV, ou seja, são tumores altamente 

infiltrativos, com proliferação celular, angiogênese e necrose intensas, com média 

de sobrevida em aproximadamente 15 meses [76, 81] (Fig. 5). O tratamento de 

primeira escolha consiste em remoção cirúrgica combinada com radioterapia e 

quimioterapia utilizando como fármaco o agente alquilante de DNA, a temozolomida 

(TMZ) [79, 81, 82]. Entretanto, a recorrência do tumor é quase sempre observada. 

Uma das principais razões por que os gliomas não são totalmente removidos 

durante o procedimento cirúrgico é a natureza difusa tumoral. A capacidade das 

células GB em infiltrar os tecidos adjacentes associado à variabilidade do tumor 

propriamente dito e a localização das células tumorais dentro do cérebro, resultam 

na incapacidade de ressecar completamente o tumor [83, 84]. As características 

multiformes são observadas tanto na macro quanto na microscopia: apresenta 

regiões de necrose e hemorragia; com necrose em pseudopaliçada, núcleos e 

células pleomórficas e proliferação microvascular; e ainda geneticamente, com 

deleções, amplificações e mutações pontuais [85]. Devido ao alto grau de invasão 

e proliferação, os sintomas podem variar de dores de cabeça, confusão mental, 

déficit neurológico focal à perda de memória, alterações de personalidade e 

convulsões [76, 77].  
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Considerando um prognóstico favorável após o diagnóstico e as limitações 

terapêuticas encontradas, é de extrema importância que estudos sejam 

desenvolvidos. Compreender o microambiente do GB e como as células não-

neoplásicas presentes influenciam na sua progressão pode auxiliar na formulação 

de novas terapias com diferentes alvos terapêuticos.  

 

3.5  MODELO in vitro: cultivo 2D x 3D 

Figure 5: Dados epidemiológicos de câncer cerebral do ano de 2018 

a) Considerando todos os tumores cerebrais, a média de “vida perdida” pela doença em comparação com os demais cânceres. 

O cálculo consiste na soma da diferença em anos entre a idade que o paciente faleceu e a idade provavelmente teria vivido, 

dividido pelo total de mortos. b) Mortalidade permanece alta nos últimos 30 anos independente dos avanços da tecnologia e de 

terapias. c) Sobrevida após diagnóstico para todos os graus de gliomas, pontuando o grau IV (Glioblastoma). (Nature, 2018) 
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Modelo de cultivo celular in vitro é o primeiro passo para entender 

comportamento celular, bem como morfologia, mecanismos, produção de proteínas 

e efeitos que drogas em desenvolvimento ou em uso possuem sobre essas células. 

Usualmente essa estratégia é utilizada em pesquisas pré-clínicas, sendo essencial 

para a compreensão da evolução do câncer [86]. 

Atualmente, o cultivo 3D vem ganhando mais espaço no meio acadêmico em 

estudos voltados a situações mais complexas. Isso deve-se ao fato de que a 

estrutura tridimensional consegue mimetizar as interações celulares, refletindo 

diretamente no comportamento de diferenciação, proliferação e vitalidade celular; 

da mesma forma que expressão gênicas e proteicas dependem diretamente desses 

estímulos [86-89].  

Em cultivo celular de monocamada, as células expandem aderidas ao fundo de 

uma placa ou garrafa. O crescimento uniforme permite ter acesso ilimitado aos 

nutrientes presentes no meio de cultura, da mesma forma com o oxigênio e 

metabólitos moleculares [86]. Ademais, a interação homogênea com o ambiente 

permite que as células em cultivo se encontrem na mesma fase do ciclo celular, o 

que interfere em processos como a apoptose [86-89] (Fig. 6). 

Figura 6: Diagrama esquemático de cultura 
2D e 3D.  

A: Cultura tradicional 2D; B: Cultura 
tridimensional; C: Estrutura da cultura 3D com 
as diferentes zonas de oxigenação, nutrição e 
CO2. (Adaptado de Chaicharoenaudomrun, 
2019) 
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Nas condições encontradas in vivo, as células tumorais não estão nas mesmas 

condições que um cultivo 2D proporciona. Dependendo da localização, a oferta de 

nutrientes pode ser escassa [87]. Com o propósito de reproduzir as circunstâncias 

da doença, modelos 3D foram elaborados (Fig. 7). 

A técnica da gota é relativamente simples de reproduzir, aplicável a vários tipos 

celulares e baixo custo. O esferoide formado tende a ser altamente compactado e 

com pouca diferença de tamanho entre as esferas formadas, além disso, exigem 

relevância pato e fisiológica por produzirem seu próprio meio extracelular [87,89]. A 

técnica se baseia na tendência das células em aderirem umas às outras, facilitada 

pela gravidade [89]. Esse modelo, entretanto, possui algumas desvantagens como 

tamanho limitado da gota, formato da esfera dependente da manipulação e apesar 

de produzirem o seu próprio meio extracelular, não é totalmente fiel ao que acontece 

in vivo [89, 90].  

Figura 7: Modelos de criação cultura 3D (Adaptado de Chaicharoenaudomrun, 2019) 

 

 

 

  

Figura 7:  Diferentes técnicas usadas para a formação de cultura celular 3D.  

A: Sobreposição de Líquido; B: Gota; C: Hidrogel; D: Biorreator; E: Scaffold; F: Impressão 3D. (Adaptado 
Chaicharoenaudomrun, 2019) 
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4. JUSTIFICATIVA 

O GB é considerado a forma primária mais comum e mais agressiva de tumores 

cerebrais. Estudos avaliam a presença de células com perfil inflamatório no 

microambiente tumoral, dentre as principais células encontram-se os neutrófilos. Há 

evidências da presença de neutrófilos com fenótipos N1 e N2, porém não sendo 

bem compreendidos os mecanismos efetores que alteram o comportamento 

funcional do leucócito e seu papel na perpetuação do câncer. Foi observado que o 

fenótipo N2 favorece o recrutamento de T-regs para a área tumoral e expressa TGF-

β, IL-6 e IL-23, sugerindo que essas citocinas em conjunto, promovem o perfil Th17. 

As novas evidências que surgem abrem espaço para novas perguntas. Essas 

incógnitas incluem qual o exato espectro de ativação dos neutrófilos, a base 

molecular para essa plasticidade e não a relevância na ativação, expressão e 

regulação dessas células.  

 Com os achados publicados em cultura in vitro e in vivo, hipotetizamos que o 

glioma humano é capaz de induzir a polarização imunossupressora dos neutrófilos 

e isso pode favorecer a progressão tumoral. 

 

5. OBJETIVOS 

5.1. Geral: 

Avaliar a participação dos neutrófilos na progressão do glioblastoma. 

5.2. Específicos: 

a) Padronizar modelo de cocultivo 2D e 3D com linhagem U87MG de glioma 

e neutrófilos humanos de cultivo primário; 

b) Avaliar o impacto da comunicação entre neutrófilos e células de GB sobre 

aspectos morfológicos e funcionais dos neutrófilos, incluindo potencial 

migratório, de degranulação e formação de NETs;  

c) Investigar a contribuição dos neutrófilos sobre a viabilidade e proliferação 

das células de GB;  

d) Determinar se as células tumorais interferem no life-spam dos neutrófilos; 
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e) Realizar uma pesquisa bibliográfica e escrever um artigo de revisão 

abordando o tema da participação da sinalização purinérgica na 

funcionalidade de neutrófilos associados ao tumor.  
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ABSTRACT 

INTRODUCTION: The permanence of immune cells in the tumor area supports an 

abnormal microenvironment of chronic inflammation, where neutrophils have an 

important role. The modulation into a pro-tumoral phenotype is still unknown. Due to 

the high mortality of glioblastoma and its frequency, we aim to evaluate the 

neutrophil response in the presence of glioma cells and whether cross-

communication has a major influence on these behaviors. 

MATERIALS AND METHODS: Neutrophils were isolated from healthy volunteers’ 

peripheral blood and divided in three groups: inactive (N0), IFNγ stimulated 

neutrophil (N1) and TGFβ stimulated neutrophil (N2). Human U87MG glioma cells 

were cocultured with neutrophils following 1:30, 1:60, 1:120 proportions. Morphology 

was evaluated with panoptic staining and DAPI and phalloidin staining. U87MG 

viability and proliferation was determined after 24, 72 and 120 h of coculture by MTT 

and SRB assays. Neutrophil migration was done by transwell assay and by time 

lapse microscopy. Also, we evaluated NETs formation and neutrophil degranulation. 

Data was analyzed by ANOVA followed by Tukey-Kramer. 

RESULTS: TGFβ stimulated cells had more irregular morphology than the other 

groups, but the average cell area between them had no significant difference. In the 

transwell assay, it showed higher response when glioma cells were seeded in the 

bottom chamber, the same was observed with degranulation and NETs assay. It was 

observed that neutrophils viability cultivated in contact with U87MG had a 

considerable increase after 120 h of culture when compared to the control group. 

CONCLUSION: Cellular crosstalk between tumor and neutrophils has a very 

important role in tumor progression, but more studies are still needed. 

Keywords: Neutrophil, PMN, Neutrophil Plasticity, TAN, Glioblastoma 
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1. Introduction 

The immune system is composed of several innate and adaptive cells, including 

monocytes, neutrophils and lymphocytes. Among the innate ones, under 

physiological conditions, neutrophils are the most abundant circulating leukocytes in 

humans [1]. These cells have a characteristic lobular nucleus that supports and 

facilitates its migration, and, for that reason, they are also called polymorphonuclear 

cells (PMN) [2]. They are produced in the bone marrow and have a short life span, 

depending on constant bone marrow replenishment. They are involved in many 

immune and inflammatory processes [3, 4, 5], evidence suggests that neutrophils 

contribute to the resolving process of infectious diseases. However, its 

hyperresponsive function may help to the perpetuation of chronic diseases, such as 

sepsis and cancer [1, 6]. The response of PMNs is causally related to the stimulus 

received from microenvironment, thus, its modulation is impacted by conditions, for 

instance disease progression, circadian changes, aging and fluctuations in the 

microbiome [7]. 

The permanence of immune cells, especially in the tumor area, supports an 

abnormal microenvironment of chronic inflammation - considered a hallmark of 

cancer [8]. The inflammatory profile documented in tumor microenvironment has 

been the focus of many studies [9]. The excessive activation of neutrophils is a 

situation in which the normal function of these cells is remodeled to a pathogenic 

phenotype and this process of reinstatement is still unknown [10-12]. The neutrophil 

activation spectrum is under the spotlight for a better understanding of the pro-tumor 

(N2) and anti-tumor (N1) effects in different conditions. 

Immune surveillance is constant. In an immunocompetent person, the body can 

eradicate mutated cells and promote the fight against cancer formation [111]. 

However, tumor cells adaptation is something that continues without complete 

understanding. Glioblastoma cells (GB) can prevent the immune response by having 

a limited number of antigens and a high capacity to recruit immunosuppressive cells 

[13]. This type of tumor represents 82% of the total cases of malignant gliomas and 

its histology shows high cellular and mitotic activity, angiogenesis and necrotic 

areas. It is highly invasive and infiltrative; however, it is confined to the central 

nervous system and rarely goes on metastasis. Malignant glioma cells undergo 
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multiple processes involving sequential and cumulative genetic changes, as a result 

of intrinsic and environmental factors [14]. 

The immune infiltrate in the tumor niche has an important role in the tumor 

perpetuation and progression. These cells are recruited by chemokines secreted by 

the tumor cell itself. Thus, cancer can induce and maintain a favorable inflammatory 

environment [15]. Neutrophils are present inside and around solid tumors and, 

together with macrophages and NK cells, constitute up to 80% of the immune 

infiltrate. However, it is not yet clear whether the neutrophils associated with the 

tumor represent an unfavorable factor for the patient [16]. 

The evidence makes room for questions about the exact spectrum of neutrophil 

activation and how it alters the main functions of migration, degranulation and NETs 

formation, and how this modulation affects tumor progression. Hence, our main 

objective was to evaluate the response of neutrophils in the presence of tumor stimuli 

and whether cross-communication has a major influence on these behaviors. 

 

2. Materials and Methods 

2.1. Material 

Chemicals applied in the present study were described in the supplementary Table 

1. All other chemicals and solvents were obtained from standard commercial 

suppliers with analytical grade standard and were used as received. 

2.2. Glioma cell line culture 

Human U87MG glioma cell line obtained from ATCC (American Type Cell Collection; 

Rockville, Maryland, USA) was grown in culture flasks with Dulbecco’s modified 

Eagle’s medium (DMEM) prepared with 8.4 mM HEPES, 23.8 mM sodium 

bicarbonate (NaHCO3), 0.1% fungizone, 100 U/L penicillin/streptomycin 0.5 U/L and 

10% of heat-inactivated Fetal Bovine Serum (FBS), at final pH of 7.4. Cells were 

grown at 37°C with 95% minimum relative humidity and 5% CO2, until reach the 

confluence. 

2.3. Human sample collection and neutrophil isolation 
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Peripheral blood was collected from healthy volunteers into EDTA or heparin blood 

collection tubes, within less than 15 min after the donation, the blood was processed 

as previously described [17]. Briefly, the total blood was diluted with an equal volume 

of 3% Dextran (Sigma-Aldrich) in saline solution and incubated for 20 min at RT. 

This process allows the red blood cells sedimentation in order to collect the upper 

layer with leukocytes. After that, the leukocyte liquid was gently loaded on top of 

Histopaque-1077 (Sigma-Aldrich) with 1:2 volume proportion, and centrifuge at 1103 

g for 30 min, at room temperature, no break. This step is extremely important due to 

the effective separation of low-density leucocytes from high-density ones. The high-

density fraction was further subjected to red blood cell lyses with 0.2% saline solution 

for 25 sec and neutralization with 1.6% saline solution, to remove the lyses product, 

the sample was centrifuged for 809 g, 10 min, at RT. The isolated neutrophil was 

kept in culture with DMEM 10% FBS for 24h, 48h, 72 and 120h. Individuals were 

informed and signed a written consensus for collecting blood samples. All 

experiments were performed in accordance with relevant guidelines and regulations 

(Approval number: CAAE 78664117.0.0000.5345). 

2.4. Neutrophil stimulation  

Isolated neutrophils were seeded in a 6-well plates (5 × 106 cells per well). They 

were further divided into three groups: inactive neutrophils (N0) which were cultured 

in DMEM/10% FBS, 20 ng/mL IFNγ stimulated neutrophils to induce proinflammatory 

phenotype (N1) [18], and 10 ng/mL TGFβ stimulated neutrophils to induce anti-

inflammatory phenotype (N2) [19]. Cells were cultured for 48 h at 37°C with 95% 

minimum relative humidity and 5% CO2. 

2.5. Glioma-neutrophil 2D co-cultures 

U87MG were seeded in 48-well plates (15 × 103 cells/well) and cells were allowed 

to attach during 90 min. Therefore, neutrophils were added following increasing 

glioma:neutrophil ratios (1:30, 1:60, 1:120). Cells were co-cultured in DMEM/ 10% 

FBS for 24, 72 and 120 h. 

2.6. Analysis of neutrophil morphology 

Immediately before any test protocol with neutrophils, each group was fixed on slides 

with panoptic staining [20]. Images were taken in an inverted microscope coupled 
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with a camera (magnification 100× EVOS microscope, Thermofisher Scientific - 

Waltham, Massachusetts, USA) and then analyzed with Fiji ImageJ software 

(Bethesda, Maryland, USA) [109]. Neutrophils were also stained with DAPI 

(1:10,000) and Phalloidin (Alexa 488) (1:500) according to previously described 

[110].  

2.7. MTT assay 

U87MG glioma cells and neutrophils were co-cultured as described above (item 2.5). 

Following 24, 72 and 120 h cell viability was determined by MTT assay [3- (4,5-

dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide] as previously described [21]. 

The absorbance was determined at 560 and 630 nm on the microplate reader 

(SpectraMax® M3-Molecular Devices, Silicon Valley, California, USA). Data were 

expressed as absorbance and calculated by the difference from 560 and 630 nm 

and the cell viability and growth inhibition were considered by 100% and 0%, 

respectively, of the control group (glioma cells cultured in absence of neutrophils). 

2.8. SRB assay 

U87MG glioma cells and neutrophils were co-cultured as described above (item 2.5). 

Following 24, 72 and 120 h cell viability was determined by sulforhodamine B (SRB) 

assay. Cell cultures were fixed with 10% trichloroacetic acid for 1 h and stained with 

SRB solution for 15 min, then the excess dye was completely removed by washing 

repeatedly with 1% acetic acid. The protein-bound dye was dissolved in 10 mM Tris 

base solution. The absorbance was determined at 515 nm using a microplate reader 

(SpectraMax® M3-Molecular Devices, Silicon Valley, California, USA) [22]. Data 

were expressed as percentage considering 100% of the control group (glioma cells 

cultured in absence of neutrophils). 

 

2.9. Trypan-blue assay 

Neutrophil viability was measured after the pre-established period (24, 72 and 120 

h) per group using trypan-blue assay. Cell viability and death was counted in a 

Neubauer chamber as described previously [23]. Data were expressed as the 

percentage of living cells.  

2.10. Neutrophil degranulation assay 
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Immediately after the neutrophil isolation, 4×106 cells were added into a microtube 

with the conditions as mentioned before in a final volume of 250 µL and the following 

the Turbidimetric determination of lysozyme protocol was assessed [24]. Neutrophils 

exposed to HBSS or 0.1% Triton™ X-100 (Sigma-Aldrich, St. Louis, Missouri, USA) 

were applied as negative or positive controls, respectively. Cells were incubated at 

37°C with 95% minimum relative humidity and 5% CO2, for 1 h and the incubation 

was stopped by putting the microtubes in ice. For the assay, it was added 900 µL of 

degranulation buffer and Micrococcus lysodeikticus ATCC® No. 4698™) (0.25 

mg/mL) at a pH 7.0, in a cuvette, after that 100 µL of the supernatant. The 

absorbance was determined at 450 nm at 1 and 4 min after the mixing. Results were 

expressed by % of degranulation, using the Triton 100× value as 100% and 

calculated by the difference between the values at 4 minutes and 1 min.  

2.10.  Sytox Green: NETs assay 

Aliquots of 1×106 neutrophils/mL HBSS/Ca+2 (1 mL was prepared in microtubes 

following the conditions - cell cultured with DMEM 10% FBS and another with 0.5% 

FBS; conditioned media prepared 24h after with U87MG in high confluence also with 

10% and 0.5% FBS). The sytox green reagent (Invitrogen, Waltham, Massachusetts, 

USA) was added to each tube at a final concentration of 0.2 µM. HBSS and 0.1% 

Triton™ X-100 were used as negative and positive controls, respectively. The 

incubation was carried out for 3 h at 37°C with 95% minimum relative humidity and 

5% CO2. Then, it was transferred 200 µL of each condition to a separate well of a 

96-well black plate and the fluorescence was quantified at excitation/emission 

wavelengths of 488/520 nm with a microplate reader with KC4™ Data Analysis 

Software (Winooski, Vermont, USA) [25]. The NETs formation was expressed as 

relative fold change by dividing the average of the experimental condition by the 

average of the untreated condition (negative control). 

2.11. Transwell assay: Neutrophil transmigration 

Neutrophil migration was evaluated using a 24-well transwell chamber 

(Thermofisher, Scientific - Waltham, Massachusetts, USA) according to Chen et al 

[26]. For this, 1×106/mL neutrophils were seeded in the upper chamber of an 3-μm 

pore size insert in HBSS/Ca² and allowed to migrate toward the lower chamber, 

which contained: U87MG cells with DMEM 10% and 0.5% FBS, and conditioned 
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media prepared previously with 10% and 0.5% FBS . Following 3 h of incubation 

37°C with 5% CO2, the cells in the lower chamber were collected, neutrophils were 

counted in a Neubauer’s chamber and the results are expressed as the total amount 

of neutrophils and the percentage per group [26]. 

2.12. Time lapse microscopy of neutrophil migration 

Neutrophil migration in the 2D cultures was tracked for 20 h obtaining serial images 

at 5 min intervals. From these images, the migration paths of individual cells were 

plotted using ImageJ software, and the total distance traveled toward the point 

source of the tumor cell was measured for each neutrophil. From these data we 

obtained migration speed and path deviation for each cell. Some neutrophils were 

pre-treated with 10 µM caffeine (non-selective adenosine receptor antagonist) [27] 

in order to evaluate if the migration is stimulated by the tumor. 

2.13. Statistical analysis 

Data were expressed as mean ± S.D. of at least 3 independent experiments and 

were subjected to one-way analysis of variance (ANOVA) followed by Tukey–Kramer 

post-hoc test (for multiple comparisons) or Bonferroni's test or Student's t-test when 

necessary. Differences between mean values were considered significant when P < 

0.05. 

 

3. Results 

3.1. Neutrophil morphology 

In order to characterize morphology alterations associated to neutrophil polarization, 

PMN cells were exposed to INFγ or TGFβ, N1-proinflammatory and N2-anti-

inflammatory stimulators, respectively, or co-cultured with glioma cells and images 

of panoptic-stained neutrophils were collected from microscope. It was possible to 

comprehend that neutrophils exposed to TGFβ were more irregular and it was 

difficult to identify each nuclei lobule, which are characteristic of neutrophils (Fig. 1, 

panels a, b and c). However, the average cell area between groups had no 

significant difference, the same was visualized with the nuclei scope (Fig. 1, panels 

d, e and f). Although there was no statistical relevance, it is important to discuss the 

wide range of N2-like phenotype. The number of lobules was measured as well, and 
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its morphology contradicts the banana shape that other studies had shown [70-74] 

(Fig. 1 c). By the other hand, the treatment of neutrophils with INFγ did not induce 

significant morphological changes. All treated groups were compared with the 

respective untreated ones, respecting the same culture conditions. Considering the 

neutrophils cocultured with glioma cells, it was not possible to observe great 

difference between conditions, nonetheless there is a significant change in the area 

analysed between 24h and 72h in 1:125 proportion (figure 1 g). It is possible to 

visualize an increase in the nucleus area, confirming the hypothesis that the nucleus 

becomes bigger and might be the reason why it is difficult to identify the lobules. In 

order to exclude any bias, the samples were compared with their own controls. 

3.2. Glioma-neutrophil crosstalk modulates neutrophil responses 

To test whether glioma cells modulate the human neutrophil chemotaxis, the 

transwell apparatus was applied. Neutrophils were placed in the upper chamber and 

allowed to migrate toward to bottom chamber which contained U87MG or U87MG-

conditioned medium (CM) in presence or in reduced-FBS conditions (DMEM/10% 

FBS and DMEM/0.5% FBS, respectively) (Fig. 2). The higher response of neutrophil 

migration is possible to observe when glioma cells were seeded in the bottom 

chamber in an optimal environment containing DMEM/10% FBS (3 times increase 

when compared to control). Glioma cells (DMEM/0.5% FBS) or glioma-CM prepared 

at both conditions (DMEM/10% or 0.5% FBS) did not promoted neutrophil 

chemotaxis when compared to the respective controls (1.4 and 1.5 times higher; and 

1.75 times lower, respectively). In addition, the effect was smaller when compared 

to U87-DMEM/10% FBS group as could be observed in the Figure 2 (panel c) that 

shows the proportion of neutrophils migration in response to different stimulus 

applied. Accordingly, representative images exhibited on Figure 2 (panel d) indicate 

the direct neutrophil-glioma interaction, and neutrophils form a cord-like shape 

structure around glioma cells.  

Next, the dynamic of neutrophil migration in presence of glioma cells was tested 

using time-lapse microscopy. In order to prove that the neutrophil migrates towards 

the tumor cell, we record glioma-neutrophil cocultured for 20 h, the images were 

taken in each 5 min and neutrophil was followed until it touches the glioma. Thus, 

we could evaluate the direction and distance. Caffeine, a non-selective P1 purinergic 
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antagonist was used to impair cell migration so we could compare the migration with 

a deficient one. Notably, it was detectable that the neutrophils could migrate long 

distances and had more accurate direction toward glioma cells, which was impaired 

by caffeine (Fig. 2, panels e and f; Supplementary video 1 and 2). Taken together, 

these data suggest that glioma-neutrophil crosstalk is important to stimuli secretion 

which in turn potentiates neutrophil migration toward cancer cells. 

We further evaluated the impact of glioma cells on neutrophil degranulation and 

NETosis, important functional parameters of these cells [75, 78-80] (Fig. 3). Similarly 

to previous results, glioma cells cultured in DMEM/10% FBS induced 9 and 3.6 times 

of neutrophil degranulation when compared to negative and positive controls (cells 

exposed to HBSS or LPS, respectively) (Fig. 3, panel b). Neutrophils exposed to 

glioma-CM prepared in DMEM/0.5% FBS also exhibited increased degranulation 

(5.5 times) when compared to negative control. The Neutrophil Extracellular Traps 

(NETs) formation was determined only in PMN cells exposed to glioma-CM, as the 

glioma co-culture protocol may affect the efficiency of the method applied (Fig. 3, 

panel c). Glioma-CM (DMEM/0.5% or 10% FBS) impaired the NET formation when 

compared to PMA (positive control), suggesting that soluble factors produced by 

glioma cells induce a immunosuppressive neutrophil polarization.  

3.3 Glioma-neutrophil crosstalk induces tumor cell proliferation and neutrophil 

survival  

Given the results suggesting the impaired anti-tumor functions of glioma-associated 

neutrophils, we further analyze whether neutrophil-glioma crosstalk impacts glioma 

cell proliferation and neutrophil lifespan. Fresh neutrophils were cocultured with 

glioma cells at increasing glioma-neutrophil ratios and their viability were analyzed. 

Based on the data obtained, it was possible to infer that in the first 24 h of coculture, 

neutrophil acts as an attacker, decreasing glioma cell viability (Fig. 4, panel a). In the 

next 72 h it is probably to presume that the viability inhibition is indirectly associated 

with time of exposure and neutrophil amount. Regarding the 120 h of neutrophil-

glioma co-culture, the tumor growth seemed to extrapolate inhibition pattern, which 

represents the potential modulation of neutrophil. Interestingly, the glioma cell 

proliferation was inversely proportional to cell viability inhibition (Fig. 4, panel b) and 

the glioma-neutrophil crosstalk also increased the neutrophil life-span when 
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compared to neutrophils cultured in absence of tumor cells (Fig. 4, panel c). These 

data suggest that glioma cells “educate” neutrophils to assume pro-tumor (or N2-like 

polarization) which in turn favor neutrophil survival.   

4. Discussion 

The main focus of studies in immunotherapy is concentrated on the behavior of T 

cells [30-32], however, there is another line of research that covers the other innate 

immune cells [33-35] and that demonstrate the importance of an effective antitumor 

response [32, 36-39]. Neutrophils, since they are the first to reach the injury site, are 

the main innate cells and, only now, have started to be studied as tumor helpers, 

losing the consolidated certainty of their antitumor role [12]. Notwithstanding, neither 

the factors that influence its modulation, nor how the functions are altered is well 

defined, requiring attentive looks and further studies regarding this ambiguous and 

hidden behavior. 

4.1. Neutrophil Migration 

The neutrophil activation process begins with stimuli that direct this cell from the 

bloodstream to the tissue. The chemotaxis migration of PMNs is very characteristic 

because they respond to a low stimulus concentration, which can be up to 1% over 

the entire length of the cell body. The migratory process requires signal amplification, 

autocrine communication and intracellular signal transduction, in the same way that 

it requires cellular flexibility, provided by the multilobular nucleus shape [26, 40]. 

The first migration step consists in adhesion to epithelial cells, rolling, firmer 

adhesion – which are essential to initiate the pre-activation state known as priming-

and diapedesis. Activation of neutrophils trigger positive feedback loops to maintain 

cell response [41], operating both autocrine and paracrine [26, 41] with pro-

inflammatory stimuli [41, 42].  

For neutrophil effector functions to be carried out, it needs to get to the location. 

Usually, the inflammatory response is due to pathogens [43] and, perhaps because 

of this, the study of neutrophil modulation in cancer has been slow to happen. 

Probably due to the difficulty in characterizing the modulation and finding specific 

human antibodies for analysis. Migration studies using transwell relies on soluble 

factors previously secreted by the cell or pathogen of interest [44-48]. The absence 
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of cells adhered to the lower chamber in these experiments may omit an interesting 

behavior by neutrophils. As we can see in figure 2 a-d, the considerable increase in 

the number of neutrophils that migrated after 3 h of cultivation to the lower chamber 

may indicate the secretion of chemokines and cytokines from both cells, showing 

that crosstalk is relevant when studying cancer, being the best condition for studying 

behavior. 

Tumors, in general, as well as other structural cells that make up the tumor niche, 

produce chemokines which maintain the pro-inflammatory environment. This two-

way contribution provides a favorable situation for the tumor and the neutrophils 

influx [49]. Among the soluble factors are interleukin-8 (IL-8/CXCL8) [50, 51] - most 

effective form , extracellular ATP [52-55] - activation of the purinergic system which 

promotes guided movement, fMLP [56] and activation of CXCR1/2 receivers [57-59], 

for example. Thus, further studies are needed on which soluble factors are present 

in the culture medium and assess whether, in addition to these, there are other 

cytokines that could have this chemotactic role. Gliomas naturally secrete IL-8 [27], 

but the conditioned medium of these cells did not have a significant influence on the 

migration of neutrophils, these cells do not suffer external stimuli to react. The 

reasoning follows the same line when we observe the two conditions with different 

concentrations of FBS but with the adhered cell, it is possible to observe that U87MG 

receives stimuli from neutrophils that were activated in the same way that it activated 

them. The potentiation of the response in a paracrine way mimics, in a certain way, 

cell-cell communication and shouts its importance. Trying to match the conditions in 

vitro to the maximum with the clinics, even in a controlled environment, shows us 

that there are several factors, cytokines, metabolic pathways, which are 

interconnected and active. The complexity of the interaction confirms how little we 

know about the number of variables that should be considered when the purpose is 

to discover a key point in choosing a new therapeutic target. 

Studies have shown the influence of purinergic signaling on neutrophil migration [55]. 

The extracellular adenosine molecule activates P1-type receptors, which are 

involved in the purinergic cascade [55]. In order to prevent the migration of 

neutrophils and evaluate whether the migration felt to the tumor is due to stimuli 

secreted in the medium or if it is random, we previously treated the neutrophils with 

caffeine - a non-selective P1 receptor antagonist - and observed the treated and 
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untreated migration for a period of 20 h. It was noticed that the distance and 

trajectory of untreated neutrophils is longer and more accurate, respectively, when 

compared to the treated ones. Roughly speaking, with the adenosine receptor 

blocked with an antagonist, the neutrophil is lost in the migration direction. Even 

receiving strong stimuli such as IL-8 and extracellular ATP, it is unable to complete 

its push-and-pull movement and, consequently, is bewildered (figure 2 e-f). The 

same behavior was detected in studies that blocked P2 type receptors [60-62], 

confirming it to be one of the important pathways in neutrophil migration and 

requiring further studies for its complete understanding and intracellular signaling. 

4.2. Neutrophil activation and morphology 

The PMN activation process is important for it to perform its functions, it is presented 

in, mainly, three states: inactive, priming and complete activation. Priming, despite 

being a pre-activation state, has direct effects on neutrophil morphology. The cellular 

flexibility, important for diapedesis, and the increase in adhesion proteins already 

indicate that the cell is in the process of activation. The deformability of the cytoplasm 

begins and impacts cell properties and survival [63], so when exposed to 

inflammation mediators, changes in cytoplasmic actin occur, allowing less 

deformability and, consequently, permanence in the injured tissue [64].  

These cytoplasmic changes were observed in the cells of the groups treated with 

IFNγ and TGFβ, that is, after polarization for the N1 and N2 profiles, respectively. 

Deformation is due to the neutrophil activation and the more deformed, the greater 

is the activation. It is possible to evaluate both in panoptic stained slides and in 

cocultured cells, that the number of neutrophils with flower shape is directly 

proportional to the culture time with the glioma cells (figure 1 c/g - 3 a). This 

deformation influences the cytoplasm/nucleus ratio of each phenotype. We found 

the presence of a pattern in the cell and nuclear area in the untreated and IFNγ 

treated groups, however in the TGFβ treated group the cell area is very variable and, 

certainly, because the standard deviation is very large, there is no statistically 

significant difference (figure 1 a-e). It is worth mentioning that morphological 

changes in the immune cells related to their anti or pro-tumor phenotype, can be a 

low-cost resource to predict the patient's prognosis and response to treatment.  
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The segmented nucleus characteristic of PMNs, occupies almost a quarter of the 

total volume. The shape relates to the malleability and flexibility of these cells to leak 

blood vessels and migrate [65, 66]. In healthy humans, the number of lobules varies 

from 3 to 4, which can be changed according to activation [67 68]. It is verified that 

the count of the lobes of the treated and untreated groups varies in a similar way 

(figure 1 f), however in the inactive neutrophils the visualization of the segments and 

lobes is easier, while in the IFNγ treatment both the cell and the nucleus appear 

more rounded and with the nucleus filling more the cytoplasm. Impressively, the 

nucleus of cells modulated to the N2 profile proved to be irregular and the counting 

was difficult (figure 1 b/c). PMNs that were seeded with glioma cells present the 

same irregular morphology and the lobes were also challenging to count. It was 

possible to visualize the existence of lobes however the constrictions were hard to 

find, despite that the average number of lobules were about 2-3 (figure 1 h). 

Therefore, the main hypothesis relies on the fact that the nucleus becomes bigger, 

explaining why it is considered the lack of segmented lobes in neutrophils associated 

with the tumor, but it is not clear the absence of constrictions (figure 1 c/g). Besides, 

it seems that the nucleus volume becomes bigger within time cocultured (figure 1 g). 

The comparative nuclear morphology of type N1 and N2 phenotypes has been 

discussed by many authors [70-74], however there are divergences in the 

conclusions of how neutrophils are physically faced with the modulation suffered by 

conventional or tumor inflammatory stimuli. It is commonly agreed, including our 

data, that there is a difference in the lobular pattern. The not significant difference 

between the morphologies contributes to this mismatched information. Ocular 

analysis depends on training and is bound to interpretation bias. That said, it is 

important to perform computational analysis with a greater number of cells through 

the machine learning technique, improving the fine analysis of these differences and 

establishing an accurate morphological design. 

4.3. Neutrophil degranulation 

The neutrophil degranulation process is a potent mechanism against pathogens, 

being especially harmful if released in an uncontrolled manner. Cell dynamics need 

to be evaluated in the right context so that the complex kinetic response can be 

observed [74]. Soon, mobilization begins with the release of vesicles followed by 
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tertiary granules - composed mainly of gelatinase. These degranulation steps start 

right after priming and this state can be reversed. Subsequently, the secondary 

granules, also called specific granules are overflowed [75]. They are enriched with 

metalloproteinase-9 (MMP-9), important in the tumor environment for providing 

means for angiogenesis [76, 77]. They play an important role in cell biology since 

they are involved with production of superoxide anion, cell adhesion and diapedesis 

[75]. The last granules to be released are the primary ones, or azurophilic, are rich 

in myeloperoxidase (MPO), proteolytic and bactericidal proteins, being directly 

involved with phagocytosis [75, 78]. 

It is important to note that in all granules the presence of lysozyme is constant. For 

this reason, the technique used for screening granulation has appropriated the ability 

of lysozyme to cause the lysis of bacteria (micrococci). The principle of methodology, 

although accurate, is limited. The absorbance is measured in its stabilization (time 1 

minute) and after 4 min, the difference in absorbance is extrapolated to the amount 

of bacterial lysis it had. In this test we can see that the ideal condition for future tests 

is the same in relation to migration (incubation with seeded cells). This confirms, 

once again, that there are greater stimuli in the presence of the tumor cell than only 

its soluble factors (figure 3 b).  

To understand the granules release kinetics in cocultivation, a flow cytometry assay 

would specify the granules involved in this situation [75, 78]. There are few studies 

observing degranulation behavior, mainly in the tumor field, nevertheless, reviews 

have been published relating the granular content to the ability to assist in tumor 

progression and metastasis [75]. Neutrophils have been neglected for a long time 

and now their entire contribution to the development of cancer is being tested. Its 

effector functions act directly, and it is essential that studies focus on understanding 

the behavior of neutrophils when challenged by tumor cells, and then assess which 

metabolic pathways may or may not be involved. 

4.4. Neutrophil Extracellular Traps (NETs) 

NETs are a nuclear network composed of granular proteins such as elastase (NE) 

and MPO [79]. This process is considered a mechanism of cell death different from 

apoptosis and necrosis, since it consists of first disintegrating the nuclear envelope, 

exposing the content in the cytosol. The detriment of the intercellular membrane 
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leads to the loss of organelles and, consequently, the integrity of the plasma 

membrane is impaired [69]. Briefly, the NE translocates to the nucleus and histones 

partially cleaved, providing the de-chromatin deconditioning [80, 81]. 

As observed in our results (figure 3 c), there is a small portion of neutrophils that 

undergo this process after stimulation. This low quantity agrees with other studies 

[82] and the increase in NETosis in the group treated with conditioned medium of 

U87MG corroborates with the physiological stimuli described as NET inducers: 

fMLP, IL-8, LPS [82, 83]. The most favorable situation for the release of the nuclear 

content is in the presence of PMA and Ionomycin, being considered the positive 

controls for this method [25]. 

In the same way that it is necessary to quantify the soluble factors in coculture to 

determine what is altered and influences the activation of neutrophils, this situation 

is no different. Phenotypic modulation by tumoral signals has recently been 

highlighted [12, 84] and, therefore, evaluating the presence of factors such as GM-

CSF, IL-8, ATP, and components of oxidative stress, may contribute to the definition 

of neutrophil functional behavior in different conditions. 

Under tumor conditions, NETs have been linked to the formation of metastases, 

because, theoretically, these bonds capture the circulating tumor cells and facilitate 

the disposition in other tissues [85, 86]. Nevertheless, the quantification of NETs in 

patients diagnosed with cancer remains challenging. The first study in this area, in 

2013, related the presence of NETs in the tumor niche with a worse prognosis [87], 

from this other research indirectly links the NETosis process with greater tumor 

survival [88-90]. 

As can be inferred, IL-8 appears to be closely linked to several neutrophil functions. 

It is interesting to note that it has been described as an adjunct to the formation of 

new vessels, in addition to the innate cell recruitment [88-90]. Inter and intracellular 

communication leads to a pro-inflammatory environment favorable to the tumor by 

calling new circulating neutrophils, which can build a new communication network 

that secretes even more IL-8 into the environment and generates a vicious cycle [16, 

84]. The quantification of IL-8 and its receptors in both cells studied is essential to 

continue the study. Preliminary data from our research group show high rates of IL-

8 in the medium containing macrophages from healthy patients and serum from 
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patients diagnosed with glioma. This strongly suggests the close relationship of this 

interleukin with the formation of the tumor microenvironment.  
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4.5. Neutrophil life-spam 

Neutrophils are formed from the common myeloid precursor in the bone marrow and 

circulate for a limited time, being able to be active for approximately 3 days when 

stimulated [5, 12, 91]. Considering the high rate of neutrophil loss per day, the bone 

marrow can maintain homeostasis and the total number of circulating neutrophils 

remains constant [92]. The aging process of the cell is marked by the phenotypic 

activation triggered by some disturbance [ref]. Thus, fresh cells are those within the 

bone marrow, while circulating cells that are called aged cells [91, 93]. 

In the presence of inflammatory inducers, such as bacterial lipopolysaccharides 

(LPS) and extracellular nucleotides, PMNs perform the function of phagocytosis or 

degranulation to neutralize these pathogens [94]. These innate cells enter in an 

apoptosis process soon after the problem is resolved, however, in chronic situations, 

it is described that neutrophils end up entering the path of cell necrosis [95, 96]. 

Nonetheless, there is evidence that survival changes when there is cellular 

hyperresponsiveness, increasing life span by mechanisms are still under study for 

different chronic inflammatory diseases [97-101].  

A transcriptomic study revealed that the signaling pathways between young and 

aged cells are different both in the activation of effector functions against pathogens 

and in the processes of cell death [102]. It was also observed the high expression of 

activation markers, such as CD11b, causally related to cell adhesion [103]. This 

information allows us to infer that the apoptosis process delay is influenced by 

neutrophils adhesion, primarily in the epithelial tissue, but, considering tumor 

microenvironment, the adhesion in other cells. It was possible to observe, during 

coculture treatment, the difficulty in releasing neutrophils from tumor cells. PMNs are 

cells in suspension and this characteristic was an experimental surprise, allowing 

new questions to arise. To understand the behavior of neutrophils and how they are 

modulated, you need to look at the big picture, all functions and responses to 

activation appear to be linked to proteins and similar pathways. The complexity of 

PMNs is fascinating and intriguing. How can a single cell be able to act in different 

ways using the same mechanisms? We come back to the issue of cell-cell 

communication between neutrophils and glioma cells, one is stimulated by the other 

and this is apparently influencing the entire behavior of the PMN.  
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We observed that the neutrophils viability cultivated in contact with U87MG had a 

considerable increase after five days in relation to the control group. As shown in 

figure 4 c, after 72 h we can notice small differences, but not significant, which 

already indicate the pattern for the next period evaluated (120 hours). It is noticeable 

that neutrophil modulation indicates onset by the third day while the viability of 

U87MG in that same period suggests a break in the immune cell attack process 

against the tumor. In other words, a period of prolonged contact is necessary for the 

neutrophil to effectively assist in tumor growth (figure 4 a/b).  

4.6. Glioma cell viability 

The great importance in studying the tumor microenvironment is to understand the 

crucial role of the interactions that occur there [104, 105]. The tumor niche includes, 

besides tumor and stromal cells, fibroblasts, immune and endothelial cells [9, 106]. 

The immune infiltrate, mainly neutrophils, is a feature of chronic inflammation, 

contributing to tissue damage and this non-resolution of the wound can mediate 

tumor progression [12]. In order to test the hypothesis that the presence of 

neutrophils in direct contact with glioma cells can contribute to the increase in tumor 

viability, we performed the MTT (figure 4 a) and SRB (figure 4 b) assays under 

different conditions of neutrophil quantity and coculture time. It is possible to identify 

that in the first 24 hours, PMNs act as expected: they attack tumor cells and have 

great success in inhibiting the viability of gliomas. This action persists until the next 

hours and in 72 hours it is possible to observe a slight change in this behavior, 

suggesting that from that point on, the action of the tumor cell in the modulation of 

neutrophils seems to have an effect. The neutrophils plasticity happens according to 

the stimuli received and there are indications that time is also an important factor; 

other authors also present evidence to support this theory [12, 91, 107, 108]. In 120 

hours, it is observed that the tumor reacts to the presence of the neutrophil and its 

viability increases. This behavior proves the "contact time" factor is a variable that 

must be considered when studying an immune response in tumor progression.  

 

5. Conclusion and future perspectives 

The neutrophil functional complexity goes far beyond the pathogen’s response, 

it permeates different acute and chronic pathological conditions with causally related 
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activity to the state of the disease. The functional plasticity of these innate cells, 

despite being a very consistent theory, there is still lacking evidence. Solid 

experimental data is needed to confirm the circumstantial indication found. The 

presence of anti and pro-tumoral phenotypes in tumor microenvironment and in 

blood circulation play a fundamental role in the disease. The N2-like profile with its 

immunosuppressive properties acts to assist tumor development, however, how 

these functions work and whether there are changes in the modus operandi is not 

yet elucidated. An important element about its functionality is that there is no 

characterization of specific behavior for each phenotype; and in this study it was 

observed that cell communication, direct contact and time were important study 

factors for neutrophils and tumor cells (Figure 05). To determine the phenotype and 

relate to neutrophil behavior, specific molecular markers are needed, and these are 

still being defined. Neutrophils, once so well understood, have become a lot of 

question marks. The scenario involving modulation of PMNs and contribution to the 

non-resolution of chronic diseases is confusing; it is mysterious; so, this subject is 

growing in academia and studies related to tumors are emerging quickly. The 

immune infiltrate in the tumor microenvironment brings evidence of the importance 

in cancer progression, and, very importantly, the tumor ability to modulate the 

immune response. Cellular crosstalk is the key point to evaluate behaviors and 

consequences. 
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9. List supplementary of tables 

Reagent Composition 
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0.625g HEPES, 2ml antibiotic (penicillin + 

streptomycin), 200ul fungizone (Amphotericin 

B)/200ml milliQ water 

Dextran 3% 3g Dextran/0.9g NaCl/100ml milliQ water 

PBS 1x  100ml 

 milliQ water / 0,8g NaCl, 0,02g KCl, 0,115g Na2HPO4 

e 0,02g KH2PO4  pH 7.4 

0.5% BSA 0.5g BSA/100ml PBS 1x 

Lyse solution NaCl 0,2% 0.2g NaCl / 100ml milliQ water 

Lyse 

 stop solution NaCl 1,6% 

1.6g NaCl / 100ml milliQ water 

Solução de Sulforodamina B (SRB) 

0,4% 

0.04g SRB / 10ml acetic acid 1% 

Acetic 

 acid 1% 

1ml glacial acetic acid / 100ml water 

Tris base 10mmol/L pH 10,5 0.12g Trisma / 100ml distilled water 

Degranulation Buffer 

(phosphate buffer) 

30.5ml K2HPO4 0.1M (1.74g/100ml) + 18.5ml 

KH2PO4 0.1M (1.36g/100ml) 

Micrococcus solution 125mg Micrococcus/5ml phosphate buffer 

 

Table 1: List of reagents prepared in house  
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Video hyperlink 

Neutrophil-glioma migration without caffeine 

Neutrophil-glioma migration with caffeine 

 

Table 2: List of hyperlinks to the migration videos  

 

 

 

10. List of figures 

https://drive.google.com/file/d/1iVYDv42PF_wmQkkbUnVwXstuE7iKshoD/view?usp=sharing
https://drive.google.com/file/d/1P7CcckiqZ3RKJHoZy3VK57kViQbvLGKt/view?usp=sharing
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Figure 1: Neutrophil morphology. a) Inactive neutrophil. Average size of inactive neutrophils and its nucleus. 

Neutrophil image by panoptic coloration. Neutrophils stained with DAPI, phalloidin and both, highlighting the 

nucleus and the cytoskeleton, respectively. Size of each cell compared to its nucleus. b) IFN active neutrophil. 

Average size of IFN g active neutrophils and its nucleus. Neutrophil image by panoptic coloration. Neutrophils 

stained with DAPI, phalloidin and both, highlighting the nucleus and the cytoskeleton, respectively. Size of each 

cell compared to its nucleus. c) TGF active neutrophil. Average size of TGF B active neutrophils and its nucleus. 

Neutrophil image by panoptic coloration. Neutrophils stained with DAPI, phalloidin and both, highlighting the 

nucleus and the cytoskeleton, respectively. Size of each cell compared to its nucleus. d) Neutrophil area. Cell 

and nucleus area of inactive neutrophil, IFNg active neutrophil and TGF B active neutrophil. e) Neutrophil 

morphology. Morphology comparing total area, nucleus and cytoplasm of inactive neutrophil, IFN g active 

neutrophil and TGF B active neutrophil. f) Neutrophil multi-lobulated segmented morphology. Number of lobes 

in the nucleus of inactive neutrophil, IFNg active neutrophil and TGFB active neutrophil. g) Cocultive of U87MG 

and neutrophil: Panoptic coloration of neutrophil in contact with U87MG for 72h in the proportions of 1 (U87MG) 

: 125 (Neutrophil) and 1:62, respectively. Graphics representing the total cell area and its nucleus in 24h and 

72h in the proportion of 1:125 1:62 and 1:31 (* = p<0.05) h) Coculture neutrophil multi-lobulated segmented 

morphology. Number of lobes in the neutrophil nucleus according to time and concentration in the cocultive 

(U87MG and neutrophils).  
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Figure 2: Neutrophil migration. a) total of neutrophil migrated to the bottom chamber using Transwell assay. 
Initial 1,000,000 neutrophils in the upper chamber. b) percentage of neutrophil migration. c) conditions compared 
to visualize the better situation for neutrophil-glioma cells response. d) neutrophil disposed of in the bottom 
chamber after 3h, optical microscope, 40x. e) neutrophil migration towards tumor cells, neutrophil were followed 
through frames after 20h exposure. f) neutrophil pre-treated with caffeine demonstrates irregular migration. (*** 
= p<0.001 **** = p< 0.0001 compared to Cell U87MG 10%FBS) 
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Figure 3: Neutrophil functions. a) cocultured neutrophil and glioma cells (U87MG) after 72h demonstrates 
neutrophil irregular morphology (flower shape). b) neutrophil degranulation observed after 1h incubation. The 
amount of lysozyme release is directly related to bacterial lysis, which means that more bacterial lysis, more 
lysozyme in the media and more neutrophil granules. The total percentage is calculated using Triton 100x as 
100%. (* = p<0.05 *** = p<0.001 **** = p< 0.0001 compared to Cell U87MG 10%FBS) c) NETs formation 
observed after 3h incubation with SytoxGreen reagent. (** = p<0.01 *** = p<0.001 compared to CM U87MG 
10%FBS and ϯ compared to PMA)  
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Figure 4: Tumor progression and neutrophil modulation. a) U87MG inhibition after 1h 30min MTT assay, using 
0% inhibition of the untreated condition, which means U87MG without neutrophils. (* = p<0.05 referred to 
1:62/72h) b) U87MG proliferation using SRB assay, considering 100% proliferation of untreated tumor cells, 
which is U87MG without neutrophils. (* = p< 0.05 compared to 1:31/24h and ϯϯϯ = p< 0.001 compared to 1:31/72h 
c) neutrophil viability in coculture with U87MG and without using Trypan-blue protocol. (*compared to 

inactive/24h and ϯ to inactive/72h; Ω to 1:120/24h/72h; Ϫ 1:62/24h and џ 1:62/72h ф 1:31/24h and ծ 1:31/72h) 

 

 

Figure 5: Neutrophil functions induced by tumor microenvironment 
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11.  Abbreviations 

ATCC: American Type Cell Collection; 

Rockville, Maryland, USA 

ATP: Adenosine triphosphate 

DMEM: Dulbeccos’s modified Eagle’s 

medium 

FBS: Fetal bovine serum 

fMLP: N-formyl-methyonyl-leucyl-

phenylalanine  

GBM: Glioblastoma 

HBSS: Hank’s Balanced Salt Solution 

IL-8: Interleukin 8 

IFNγ: Interferon gamma 

LPS: Lipopolysaccharide 

MMP-9: Metalloproteinase-9 

MPO: Myeloperoxidase 

N0: Inactive neutrophil 

N1: pro-inflammatory neutrophil 

N2: anti-inflammatory neutrophil 

NaHCO 3: Sodium bicarbonate 

NE: Elastase 

NET: Neutrophil extracellular traps 

NK cells: Natural Killers 

P1: Purinergic receptor 1 

P2: Purinergic receptor 2 

PBS: Phosphate-buffered saline 

PMN: Polymorphonuclear cells 

RPM: Revolution per minute 

SRB: Sulforhodamine B 

TGFβ: Transforming growth factor beta 

U87MG: Glioblastoma cel
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Capítulo 2: SINALIZAÇÃO PURINÉRGICA  

 O extravasamento de nucleotídeos usualmente intracelulares, como o ATP, é 

causado por mecanismos de estresse celular. Dano e morte das células promovem a 

liberação em forma de sinal de perigo [ref]. Entretanto, outras situações também levam a 

essa resposta: a estimulação mecânica – alongamento e tensão, hipóxia ou presença de 

patógenos [1]. A presença do ATP e seus produtos de hidrólise (ADP, AMP e ADO),  além 

da presença de pirimidinas como o UTP e seus produtos, desencadeiam a cascata de 

sinalização purinérgica por meio da sensibilização dos purinoceptores, os quais estão 

amplamente distribuídos nas células imunes. A amplitude dos efeitos sinalizados pelos 

agonistas púricos e pirimidínicos é mediada pelas ectonucleotidases, as quais são enzimas 

responsáveis pelo controle do nível extracelular desses sinalizadores. Essa ativação tem 

papel importante na manutenção do microambiente tumoral e na ativação de células 

inflamatórias.  

 

PAPEL NO CÂNCER 

 O ATP é uma moeda energética que apresenta características excitatórias quando 

em ambiente extracelular. Esse nucleotídeo desempenha função dupla no microambiente 

tumoral, dependendo, não somente de sua concentração, mas da expressão combinada da 

CD39 e da CD73 e de propriedades do infiltrado imune. Esse conjunto implica na formação 

de adenosina, a qual é uma molécula que causa imunossupressão [2]. Então, considerando 

que as células tumorais estão sempre desenvolvendo métodos de escape tumoral, a 

inibição da resposta imune pelo excesso de ATP e ADO é um mecanismo muito efetivo [3]. 

O nicho tumoral apresenta pontos de hipóxia causados pela alta taxa de proliferação celular 

não acompanhado pela taxa formação de novos vasos. Como apresentado anteriormente, 

essa condição contribui para o aumento do ATP extracelular e, consequentemente, 

seleciona a população de células imunossupressoras presentes, como, por exemplo, maior 

quantidade de células T regulatórias facilitando o perfil Th17 em oposição aos linfócitos T-

CD4+ efetores [4-6]. A relação direta da sinalização purinérgica tanto na progressão e 

perpetuação do câncer e na ativação dos neutrófilos, instiga a hipótese de que a modulação 

fenotípica N1/N2 poderia ter auxílio dessa via. A regulação purinérgica dos neutrófilos 

chama a atenção, sendo considerada elemento importante, e, com isso, escrevemos uma 

revisão bibliográfica com foco em estudos in vitro com células humanas.  
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Abstract 

The purinergic system is an important signaling pathway, which has called attention to 

cancer studies. Its activation and upregulation on the cell tumor membrane are already being 

discussed and considering that the tumor microenvironment has a close relationship with 

infiltrated immune cells, neutrophil modulation into an anti-inflammatory profile might be 

expected. The N1 and N2 phenotypes are entering the scope of tumor progression 

understanding. The need for more data about that condition opens the hypothesis that the 

modulation could be due to the involvement of the purinergic pathway. Neutrophil migration 

is guided by purinergic receptors activation, mostly because of the excess of extracellular 

ATP as an injury signal. The nucleotide hydrolysis activates P2Y receptors, which are linked 

to metabolic routes, and interacts with many other biochemical paths. The main issue is that 

the data available in the literature refers mainly to the N1 profile, therefore, the purinergic 

response can be extrapolated into the cancer context. Furthermore, most studies evaluate 

conditions in in vivo protocols, and the focus of this review is to analyze the human neutrophil 

response and extrapolate to a cancer point of view. Understanding neutrophil purinergic 

activation under tumor conditions can provide knowledge to create new therapeutic 

strategies with purine targets.      

Introduction 

The normal tissues are composed by different types of cellular, molecular and 

microenvironmental signals that operate in accordance to ensure the usefulness of the 

tissue and, consequently, the homeostasis. This ensures a balance between cell 

proliferation and death, organ structure, and function [1]. In non-physiological conditions, 

like infection, tissue damage, or inflammatory process by innate immune cells, initiating, 

triggering, or recruiting of proinflammatory cells and plasma proteins occur in the sensitized 

site [2]. Although sensitive tissues are resistant to many disorders, the formation of tumor 

mass is capable of damaging the tissue homeostasis to the point of not being restored [1]. 

The origin of cancer is not completely elucidated, however, the functional relationship with 

inflammation is widely discussed [3]. Chronic inflammation is considered to contribute to 

tumor stabilization based on the release of cytokines and chemokines into the 

microenvironment that increases cell proliferation. This growth is only sustained due to the 

presence of immune cells, growth and angiogenesis factors, and DNA damage promoting 

agents [4–6]. Cell proliferation caused by tissue regeneration after disturbance increases 

until tissue repair [7]. In contrast, cell growth, which perpetuates gene mutations, continues 

its development in microenvironments rich in pro-inflammatory factors, establishing 
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irreparable lesions. The power of inflammatory cells in tumor progression is undeniable, 

promoting the neoplastic process and providing an attractive microenvironment [4]. The 

immune system is a regulated and integrated cellular network that preserves and restores 

homeostasis and purinergic signaling help to adjust the functions of immune cells [8]. 

Neutrophils, also known as one of the polymorphonuclear leukocytes, are a major agent 

during the early stages of the inflammatory response. They are the first leukocytes to be 

recruited, migrating within a few hours. Also, they eliminate pathogens through multiple 

mechanisms [9–11]. Tissue tips that initiate neutrophil recruitment to injured sites have 

common mechanisms, such as the involvement of specific chemokines and exogenous 

ligands [12]. However, promoters of early migration of polymorphonuclear cells to distant 

sites are not defined [13]. 

Stressed cells release adenosine triphosphate (ATP) as a danger and ‘find me’ signal, 

guiding the phagocytes' migration, such as neutrophils [14]. The purinergic pathway is a 

transduction system with receptors expressed in manly all tissues and cells and interacts 

with physiological and pathophysiological responses [8]. Extracellular nucleotides and 

nucleosides, such as ATP and adenosine (ADO) are potent signaling molecules that, 

through activation of purinergic receptors (P2 and P1, respectively); modulate proliferation, 

differentiation, cell death and control of inflammatory response events. The P2 receptors are 

further classified as ionotropic P2X (P2X1-7) which is sensitized exclusively by ATP and 

metabotropic P2Y (P2Y1,2,4,6,11-14) which are G-protein coupled-receptors stimulated by 

nucleotides such as ATP, ADP, UTP, UDP and UDP-glucose [15]. The metabotropic P1 

receptors are sensitized by ADO. To date, four P1 receptors have been cloned in humans 

A1, A2A, A2B and A3 which exhibit differential affinities by ADO [16]; A1 and A3 are 

negatively coupled to adenylate cyclase, while A2A  and A2B are positively coupled to 

adenylate cyclase [17] (Table 1). 

In general, ATP is a pro-inflammatory signaling, which is recognized as a DAMP (damage-

associated molecular pattern) while ADO, one of its degradation products, acts by 

counteracting ATP actions, triggering an immunosuppressive and immunomodulatory 

response [18]. An important factor controlling the ATP/ADO-mediated response is their 

extracellular metabolism by ectonucleotidases, such as CD39 and CD73. Such enzymes 

are present on both tumor and immune cells surface, and they act integrated into 

extracellular ATP hydrolysis and ADO generation [19] (Figure 1). 

Neutrophil migration depends on a frontal excitatory and a back inhibitory signal on the cell 

surface. ATP release via the Pannexin-1 (PNX-1) pathway intercedes the activation of these 

granulocytes at the front edge by autocrine stimulation of the P2Y2 receptor. At the same 
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time, the pathway provides the necessary inhibitory signals, releasing ATP that will be 

degraded to ADO by CD39 and CD73 coupled activity. After that, ADO is recognized by P1 

type receptors, localized on the neutrophil tail, such as A2A, which blocks chemoattractant 

signaling and, alternatively binds to A3 receptors, which stimulates immune migration. This 

purinergic feedback loop promotes neutrophil movement towards the chemoattractant 

source [8, 14]. The rapid conversion of extracellular ATP into ADO by neutrophils allows the 

binding of ADO to A2A receptors, providing an important counterpoint to stimulation of P2Y2 

and A3 receptors. Suppressive actions of A2A receptors provide a limiting mechanism for 

the main functions of neutrophils [20]. In summary, P2Y2 and A2A receptors mainly provide 

excitatory and inhibitory responses, respectively, producing a push-pull movement, allowing 

neutrophil migration [21]. As neutrophils are recruited to several contexts, including bacterial 

products, complement proteins (C5a), immunocomplexes (ICs), chemokines, and cytokines, 

a phenotypic adaptation to these different microenvironments is inevitable [12, 22]. 

There is evidence of the presence of antitumor (N1) and pro-tumor (N2) phenotypes, but 

investigations are initial, and the effector mechanisms that modulate the leucocyte functional 

behavior, as well as its role in the perpetuation of the disease, are not well understood [5, 

17]. Studies consider the existence of these two opposing N1-proinflammatory and N2-

antiinflammatory neutrophil subpopulations with different activation states, exhibiting an 

activation spectrum similar to which has been proposed to macrophage polarization [7, 12]. 

Although they have unclear distinctive markers, a recent study point to Arginase-1 and LOX-

1 as hallmarks of tumor-associated neutrophils [23]. 

 

In this regard, neutrophil polarization to an inflammatory phenotype may also be dependent 

on purinergic signaling.  CD11b expression, a neutrophil activation marker, bacterial 

elimination, and oxidative burst also depends on the autocrine mechanism described before, 

on the other hand, the extracellular ATP levels of non-self-source, such as 

microenvironment or inflammation site, could result in P2X and P2Y stimulation in a 

paracrine way [20, 24]. Under desensitization conditions, such as prolonged high ATP 

levels, the P2Y2 receptors seem to be useful for maintaining the signaling, due to the lower 

response, it keeps cells viable, which was already demonstrated in macrophages [25]. It is 

speculated that this may contribute to the neutrophil hyporresponsiveness observed in the 

tumor sites [26]. In this review, the focus will rely on studies using human neutrophils to 

highlight the need for further progress in the area. 

The review aimed to evaluate the relationship between the purinergic signaling with 

neutrophil activation and migration. It shows that there are few studies with human cells and 
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there are no reports on patients. The search consisted of using keywords following the 

PICOT methodology, with the coming filters: human; experimental article; up to 10 years; 

English. Duplicated articles and those that, due to the abstract, did not address the subject 

in question were excluded. For those selected, a ranking-questionnaire was applied in order 

to assess the quality of the information obtained in the study. To eliminate bias attributed to 

the high impact journal or author, the articles were blinded and their information extracted 

by another member. In short, the number of final articles was reduced, proving that most 

studies are in vivo and, although the purinergic system already plays an important role in 

migration, few portray its action in PMN functions and associating it with the N2 phenotype. 

 

Driving License: Inflammation and P2Y2 receptors activation response  

P2Y-type receptors have shown to be major influencers of neutrophil activation. Kukulski 

demonstrated in vitro, using transwell apparatus, that P2Y2 receptor agonism is fundamental 

for TLR-4 induced neutrophil migration. In addition, it showed potentiation of neutrophil 

migration with UTP, one of the ligands of this receptor. They discussed the possibility of 

mediation by IL-8 secretion induced by TLR-4 monocytes activation. Cross-communication 

between monocytes and neutrophils is very important for both functional understandings. 

On the one hand, IL-8 secreted by monocytes potentiates P2Y2 receptor activation, on the 

other hand, P2Y2 activation promotes the recruitment of monocytes, macrophages, and 

lymphocytes by increasing vascular cell adhesion molecule-1 (VCAM-1) expression on 

epithelial cells [27] (Figure 2). 

Interestingly, the study published by Gabl in 2015 argues that possibly P2Y2 downregulation 

comes from the neutrophil cytoskeleton. It demonstrates that receptors not occupied by their 

ligands undergo an agonist-induced conformational change, which elevates intracellular 

calcium levels by coupled G-protein signaling. It is proposed that the P2Y2 receptor blockade 

also blocks the NADPH-oxidation signaling pathway [28]. 

In different circumstances, P2Y2 overstimulation is unfavorable for neutrophil migration. A 

study performed by Li and colleagues has shown that increased levels of systemic ATP may 

interfere with endogenous ATP production. This mechanism is essential for maintaining the 

immune response to damage, as the exacerbated response triggers severe associated 

diseases, including autoimmune diseases [21].  

CD39 acts as a regulatory enzyme of the extracellular ATP and ADO levels available for 

purinergic signaling. CD39 hydrolyzes the first nucleotides until AMP, however, it is 

necessary to have a second enzyme to complete the hydrolysis of ATP to ADO, CD73, and 
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regulate the immune function [29]. Hence, both enzymes determine the amount of 

extracellular ADO is feasible. Its production by the sequential activity of CD39/CD73 

presents an immunosuppressive environment completely convenient for cancer cells to 

develop. Meaning that an increase in the expression of both CD39 and CD73 inhibits anti-

tumor response by immune cells [30]. The necessity to keep the harmony between 

inflammatory and anti-inflammatory responses is on behalf of escaping exacerbated 

immunosuppression or uncontrolled inflammation, nonetheless, the CD39/CD73 axis can 

depress the self-tolerance mechanism. On the other hand, the outcome of the activity 

escalation of these enzymes generates elevated levels of extracellular immunosuppressive 

ADO [29, 30].  

Survival of the Dead: neutrophil’s life modulation through purinergic activation  

Regarding the half-life of neutrophils, it is commonly agreed that they become viable in 

circulation for a few days, approximately four, and then undergo apoptosis [12, 31]. 

Understanding the mechanisms that affect the lifespan of these immune cells may help in 

finding new therapeutic targets. Neutrophils have few mitochondria in their cytosol and 

therefore prefer to produce their energy through glycolysis. Thus, mitochondria rarely 

participate in ATP formation by neutrophils [23, 32].  However, for a higher level of 

intracellular ATP production, the cell complements ATP through to the Krebs Cycle probably 

by the activation of the mTOR pathway, an important metabolic pathway that regulates 

biological and physiological processes such as proliferation, growth, cell survival, and 

autophagy. This pathway allows the flow of calcium into the neutrophil mitochondria, related 

to the activation of the P2Y2 purinergic receptor, leading to the production of intracellular 

ATP. The ATP produced is externalized by PNX-1, which acts, in an autocrine way, in the 

P2Y2 receptors, potentiating neutrophil migration [24] (Figure 3). 

One study observed that increased NAD+ levels are directly related to neutrophil aging, 

probably because of increased energy demand. Besides that, intracellular ATP levels are 

not keeping up with expectations. It is argued that there may be an increase in ATP formation 

but also an increase in consumption, and therefore the final balance is smaller [33]. Thus, 

ATP levels are decreased in aged neutrophils compared to their controls and activate 

neutrophils. Considering that intracellular ATP is produced by activating purinergic signaling 

and generated by the few existing mitochondria, the decrease in ATP may be caused by 

increased energy demand or decreased production [33]. 

Another P2Y receptor has been drawing attention for its relationship with neutrophil 

apoptosis inhibition, it is the P2Y6. The study conducted by Nakaoka evaluated the 

interaction between the P2Y6 antagonist (MRS2578) and apoptotic behavior. It was found 
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that in the presence of the antagonist, apoptosis was reactivated. It turns out that P2Y6 

ligand, UDP, induces suppression of programmed cell death when bound to the receptor. 

Besides that, preventing the binding ligand-P2Y6 allows neutrophil apoptosis, suggesting 

that the induction by HNP-1 down-regulates pro-apoptotic action and up-regulates anti-

apoptotic profile by Bcl-xl, which in turn inhibits apoptosis. The mitochondrial membrane 

potential and caspase-3 activity result in decreased pro-apoptotic signals through the P2Y6 

signaling pathway [34] (Figure 4). 

In cancer, increased survival of tumor-associated neutrophils (TAN) has been found, an 

important factor for the development and growth of tumor mass [35]. Unfortunately, there 

are just a few studies in the area and the understanding of the mechanisms involved in TAN 

lifespan in cancer is still unclear. The importance of the purinergic pathway in neutrophil 

activation and migration is known, but a better understanding of the connection between this 

pathway and cellular death may arise new molecular targets for cancer therapeutics. 

 

Suicide squad: extracellular nucleotide levels in inflammatory and cancer diseases 

Injured tissues, whether inflamed or infected, secrete neutrophil-recruitment chemokines 

that inform the attack site to peripheral blood circulating neutrophils. Neutrophils are the first 

immune cells to reach the damaged tissue. So roughly, these cells are the infantry of our 

immune system. Upon arrival at the inflamed site, neutrophils begin the process of receptor-

mediated respiratory burst and degranulation [36]. 

The purinergic signaling pathway consists of the ectonucleotidases expressed at the 

neutrophil membrane and hydrolyzes ATP into ADP, ADP into AMP, and finally ADP into 

ADO. Each of these nucleotides/nucleoside is capable of signaling by distinct purinergic 

receptors. ATP has been reported to bind to P2X1, P2Y1, and P2Y2. ADO amplifies the 

chemotactic signal by binding to A3 receptors. Patel and colleagues observed the 

chemotactic activity of N2-type immunosuppressive neutrophils compared to inactive 

neutrophils and found that there was less chemotactic activity in N2-type, probably due to 

the lack of extracellular ADO, suggesting that ATP hydrolysis might be slow down in this 

situation [13]. 

Cancer can be characterized as a process of chronic inflammation, and by its nature, the 

release of ATP in the tumor microenvironment becomes constant, unlike acute inflammation, 

where the peak release of ATP requires greater neutrophil activity. Consequently, the way 

that ATP is secreted in the extracellular medium is crucial for the P2-mediated responses 

[14]. 



 

71 
 

Studies discuss the need for extracellular ATP for direct migration, as well as its modulation 

for the release of proteolytic enzymes. On one hand, neutrophil recruitment is appropriate 

and necessary for maintaining homeostasis. On the other, neutrophil enzymes lack 

specificity for necrosis cells, damaging adjacent tissues. Although neutrophil recruitment is 

appropriate and necessary to maintain necrotic debris removal, neutrophil enzymes damage 

adjacent tissues due to a lack of specificity for necrotic cells [37, 38]. In cancer, this 

nonspecific behavior may be one of the factors influencing its progression. 

The purinergic cascade produces a very important metabolite in neutrophil activation and 

migration control: ADO. Its signaling occurs by activation of A1 receptors, promoting 

migration and push and pull movement while signaling by A2A receptor activation inhibits 

adhesion [39]. Another study showed that ADO has a unique feature of promoting 

chemotaxis while inhibiting the activation and the consequent release of reactive oxygen 

species (ROS). Hence, neutrophils migrate to the site of infection without damaging healthy 

tissues along their path [40]. 

An ADO feature that deserves attention is its ability to inhibit proinflammatory mediator’s 

production by monocytes and dendritic cells, such as ROS and tumor necrosis factor (TNF), 

besides the immunosuppressive function A2A-mediated in T regulatory cells [38, 39]. Under 

physiological conditions, ADO plays an essential role in regulating inflammation while 

signaling cellular damage [39]. These characteristics may be involved in the maintenance 

of the tumor microenvironment, considering that extracellular ADO has immunosuppressive 

action while recruiting more leukocytes (Figure 5). 

Neutrophil and monocyte modulation may also be related to purinergic signaling itself. In the 

case of N1 profile activation by gram-positive pathogens, it was observed in in vitro studies 

that the presence of extracellular ADO down-regulates trans-endothelial migration; and 

inhibition of CD73, nucleotidase responsible for the conversion of AMP to ADO, increased 

the number of neutrophils at the injured site. That is, in a situation of acute inflammation by 

bacteria, the high amount of extracellular ADO is not interesting for resolution. It was found 

that ADO promoted better basolateral-apical migration by endothelial monolayers but did 

not regulate migration through these layers [41]. Another feature regulated by extracellular 

ADO is the power of neutrophil phagocytosis and degranulation, important mechanisms of 

bactericidal activity. They also showed that the formation of extracellular neutrophil traps 

(NETs) was more efficient against S. pneumoniae when the neutrophil was A2B deficient 

[41]. Therefore, adenosine not only reduces neutrophil migration, but also affects its killing 

weapons. Changes in the amount and time of action of NETs are related to the promotion 

of autoimmunity, the presence of vascular diseases, and thrombosis, besides contributing 



 

72 
 

to tumor progression and metastasis. Studies found a relation between elevated NETs 

production and poor prognosis in both human and mouse tumors. Moreover, these 

neutrophils traps are capable of catching circulating tumor cells and favoring metastatic 

implants formation [38, 42, 43]. 

 

Concluding remarks: 

To summarize, as several studies have shown, the purinergic pathway and 

neutrophils’ features are slightly interconnected. The driving license of neutrophils has a 

P2Y2 stamp. In fact, monocyte IL-8 activates P2Y2 receptors and regulates neutrophil 

migration. In addition, free ligand P2Y2 increases intracellular calcium levels and blocks 

NADPH-oxidation, inducing a conformational change in the cytoskeleton. Nevertheless, very 

high ATP levels and P2Y2 overstimulation can interpose in physiological response [21, 27, 

28]. 

Although neutrophils are not zombies that survive after death, their aging process 

has subtle characteristics. It was found to have higher NAD+ levels and smaller ATP levels, 

due to increased energy demand in aging cells. Meanwhile, neutrophils can act like zombies, 

containing programmed cell death, by P2Y6 pathway stimulation that blocks neutrophil 

apoptosis via mitochondrial membrane potential, caspase-3 activity, and Bcl-xl up-regulation 

[32–35]. 

Above all, neutrophils are the immune suicide squad. In this particular case, a small change 

can impair the immune response and allow tumor progression. As shown before, the 

purinergic system has a crucial role in neutrophil’s actions. For instance, the neutrophil 

phenotype can inflect extracellular ATP hydrolysis and, consequently chemotaxis regulated 

by P1 receptors. ADO receptors also modulate migration, adhesion, and ROS release, 

allowing neutrophils to migrate without shattering other tissues [13, 14, 36, 37, 39, 40]. 

In cancer, the constant and average ATP release induces differential neutrophil responses. 

Also, the lack of specificity in neutrophil enzymes may contribute to cancer progression that 

is especially associated with purinergic pathway activation. ADO is a key molecule that has 

already established its role as an immunosuppressive agent, regulating immune cell 

recruitment, modulating neutrophil killing features, and promoting cancer progression. 

N1 and N2 represent extremes of different molecular phenotypes, which depend upon the 

microenvironment [7]. Considering that purinergic signaling has great influence in 
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neutrophil’s activation and migration, our hypothesis is that the neutrophil activation 

spectrum (N1/N2) is related to activation of purine receptors and its signaling. Few studies 

show the relationship between these phenotypes and the purinergic pathway, with this 

review it was possible to speculate association among them, as shown in Table 2.Therefore, 

it is known that the immune system has a fundamental role in the tumor progression, 

although all the mechanisms are not well elucidated. There is evidence, not well explored, 

about two neutrophil phenotypes: proinflammatory (N1) and anti-inflammatory (N2), having 

extreme importance in the tumor microenvironment. In vivo and in vitro studies have found 

that these polymorphonuclear leukocytes modulate the tumor’s microenvironment [5, 6]. 

This antitumor phenotype enhances the expression of TNF-α, CCL3, ICAM-1, and reduces 

arginase-1 production, inhibits angiogenesis, and promotes antitumor response of T 

lymphocytes [44, 45]. In contrast, it is discussed that the N2 phenotype is acquired by the 

presence of TGF-β, favoring the infiltration of neutrophils with high expression of CXCR4, 

VEGF-A, and metalloprotease 9 (MMP-9) [45].  Neutrophils are the major producers of 

VEGF-A and release high levels of MMP-9, which releases the active form of VEGF-A from 

the extracellular matrix. However, N2 is able to release MMP-9 even in the absence of a 

protease inhibitor and increased levels contribute to angiogenesis and tissue invasion [46] 

(Figure 6). 

Neutrophil chemoattraction involves chemokines, lipids, anaphylatoxins from the 

complement system (C5a-C3a), and platelet activation factor (PAF), but IL-8 promotes a 

more potent binding with CXCR1 and CXCR2. There are also additional mediators that can 

work as recruiters of neutrophils [6]. Thus, the purinergic system has also an important role 

in activating neutrophil’s migration. Besides, this pathway has signaling molecules that 

modulate differentiation, proliferation, and are able to control inflammatory events, which 

might be the main responsible for neutrophil activation.  

Immune migration responds mainly to chemokines, the CXCR1 and CXCR2 receptors are 

the main involved in neutrophil recruitment, their activation occurs by CXC chemokines, 

including the most active one IL-8 [31, 47]. The microenvironment chemokine release plays 

an essential role in tumor progression. Considering that in glioblastoma cells, the purinergic 

signaling is active, a study from our group showed that the presence of ATP and ADO 

delivered by tumor cells, increased IL-8 production, acting directly on the neutrophil 

recruitment. The amount of IL-8 at the site regulates the magnitude of immune infiltration 

[48]. Also, the neutrophil expression of NTPDase1, known as CD39, may operate in mold 

the immune response as the eATP take the role of a potent stimulus of IL-8 discharged by 

neutrophil upon NTPDase1 inhibition implying that inactive neutrophils may be unresponsive 



 

74 
 

to stimulus on the grounds that intrinsic NTPDase1 activity [48]. Neutrophil participation in 

tumor progression has been investigated in preclinical studies with animals. However, few 

studies correlate tumors and neutrophils in humans. The scientific literature regarding 

human neutrophils in a cancer context is interfered with by the unclear identification of 

different subsets and with functions that might be misinterpreted. Understanding how the 

purine receptors activation generates intracellular responses might be helpful to focus on 

different potential drug targets. The tumor behavior in the presence of immune cells has 

called attention due to the closest communication between them. To sum up, more studies 

regarding neutrophil purinergic activation in human tumor sites are needed, because 

understanding neutrophil purinergic activation under tumor conditions can provide 

knowledge to create new therapeutic strategies with purine targets.  
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Glossary:  

 

A2: Alpha-2 adrenergic receptor. It is a G protein-coupled receptor. 

 

A2a/A3: P1 purinergic receptors sensitized by adenosine. 

 

ADO: Adenosine. It is a purine nucleoside that participates in the purinergic system as a 

form of extracellular signaling, modulating proliferation, differentiation, cell death, and control 

of inflammatory response events, acting mainly as immunossupressive/immunomodulatory 

molecule via P1 receptors sensitization. 

 

ADP: Adenosine diphosphate. It is an organic compound that also participates in the 

purinergic system as a form of extracellular signaling, inducing platelet aggregation and 

microglial migration via P2Y12 sensitization. 

 

AMP: Adenosine monophosphate. It is a nucleotide formed in the extracellular environment 

mainly via ATP hydrolysis mediated by CD39 enzyme activity. Until now, there is no 

purinoceptor described to be activated by this nucleotide. 

 

ATP: Adenosine triphosphate. It is a purine nucleotide involved in complex signaling 

pathways, including driving energy to the cells, being a precursor to DNA and RNA, and, in 

this case, participating in the purinergic system, a form of extracellular signaling via P2 

receptor agonism. 

 

CD39:  Ectonucleoside triphosphate diphosphohydrolase-1. It is located at the cell surface 

of immune and cancer cells and its enzyme activity hydrolyzes P2 receptor ligands, like ATP, 

ADP, UTP, and UDP to the respective monophosphate-nucleosides. 

 

CD73: Ecto-5′-nucleotidase. An enzyme that converts AMP to ADO and it also acts as cell-

cell and cell-matrix protein, important for cell communication and migration. 

 

HNP-1: A human protein that belongs to the alpha defensin family of antimicrobial peptides. 

 

IL-8: Interleukin/chemokine released by macrophages and other cells of the innate immune 

response. 
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LPS: Lipopolysaccharide. Large molecule made of a lipid and a polysaccharide that occur 

in the membrane of Gram-negative bacteria, acting as triggers for the innate immune 

system. 

 

N1: Antitumor neutrophils that have proinflammatory mechanisms.  

 

N2: Pro-tumor neutrophils that have anti-inflammatory mechanisms. 

 

NAD+: It is a cofactor involved in redox reactions, carrying electrons from one reaction to 

another.  

 

NADH: It is the reduced form of NAD+, cofactor involved in redox reactions. 

 

NADP+: A coenzyme called nicotinamide adenine dinucleotide phosphate, acting as a 

cofactor in anabolic metabolism. 

 

NETs: Extracellular neutrophil traps. It is a defense mechanism, where the neutrophils 

release chromatin to form an extracellular fibril matrix, which binds pathogens. 

 

P1/P2 (P2Y1, P2Y2, P2Y6, P2X1): purinergic receptors that, when activated by purine or 

pyrimidine  allow the purinergic response. 

 

PNX-1: Pannexin-1. It is a large transmembrane channel in the plasmatic membrane, 

allowing the passage of ions and small molecules, such as ATP. 

 

TLR-4: Toll-like receptor 4. Receptor activated by LPS derived from Gram negative bacteria 

or by endogenous ligands, as HMGB1, that function in the innate immune system, being 

located at cell membrane of the immune cells, like macrophages, dendritic cells and 

neutrophils.  

 

UDP-glucose: Uridine diphosphate glucose. Known as a nucleotide sugar involved in 

glycosyltransferase reactions in metabolism. 

 

VCAM-1: Vascular cell adhesion molecule-1. It is a protein that functions as a cell adhesion 

molecule. 
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List of Figures: 

 

Figure 1: NEUTROPHIL MIGRATION THROUGH PURINERGIC PATHWAY ACTIVATION. 

Pannexin-1 (PNX-1) releases ATP (red balls), a sign of danger and “find me”. The increase 

of extracellular ATP potentiates neutrophil migration. ATP is hydrolyzed to ADP (pink balls) 

and ADP to AMP (yellow balls) by the CD39. CD73 hydrolyzes AMP to adenosine (ADO) 

(purple balls). Receptors P2X recognize ATP and receptors P2Y recognize ATP and ADP. 

This recognition increases the calcium flow to the neutrophil interior, helping in its activation. 

Besides, extracellular adenosine binds in two main receptors: 1) A2A, which inhibits the 

immune response, limiting important functions of the neutrophil, and 2) A3, excitatory for 

immune response. These bindings alternate, generating a movement of “push and pull” that 

changes neutrophil phenotype and allows its migration.  
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Figure 2: NEUTROPHIL-MACROPHAGE CROSS-TALK ACTIVATION. When monocyte 

Toll-like receptors are activated, they secrete Interleukin 8 (IL-8) (blue balls). This 

chemokine increases the P2Y2 regulation, recognizing extracellular ATP (red balls) and ADP 

(pink balls) and allowing calcium flow that leads to neutrophil activation. The activation 

causes an increase of adherence receptors iCAM expressed on the surface of blood vessels 

epithelial cells. Thereby, immune cells from the bloodstream adhere and pass, by 

diapedesis, to the referred spot. 
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Figure 3: NEUTROPHIL'S INTRACELLULAR ATP PRODUCTION DURING REST AND 

ACTIVE CONDITIONS. When neutrophil is inactive, the ATP (red balls) production is made 

by glycolysis, due to the few mitochondria in the cytosol. This pathway does not use 

mitochondria and leads to a minimal quantity of ATP. However, when activated, neutrophil 

requires another pathway: the citric acid cycle. Here, NADH produced is oxidized in the 

respiratory chain reaction and synthesizes ATP and returns NAD+ to the chain. Thus, the 

amount of ATP produced in this cycle is bigger than in the glycolysis, attending the 

necessities of activated neutrophil.  
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Figure 4: APOPTOSIS INHIBITION THROUGH P2Y6 ACTIVATION. Apoptosis 

suppression: UDP (red balls), when bound to its receptor, P2Y6, changes the mitochondrial 

membrane potential, activating the proteins BCL-xL, BCL-2, MCL-1, and inhibiting BID. That 

leads to incapacity of cytochrome C release, a molecule involved in the caspase cascade. 

Since Caspase 3 is responsible to activate apoptosis, its inhibition also inhibits apoptosis.  
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Figure 5: Hypothesis of tHE ROLE OF NEUTROPHIL PURINERGIC ACTIVATION IN 

TUMOR PROGRESSION. The release of ATP (red balls) in the microenvironment is 

constant, and its overflow activates the neutrophil purinergic system, causing immune cell 

recruitment, immune hyperresponsiveness, increasing extracellular adenosine, and causing 

cancer cell proliferation. Adenosine (purple balls), on the other hand, is produced due to the 

excess of ATP, increasing CD73 and CD39 activities. Extracellular adenosine overflow 

causes macrophages polarization to M2 (pro-tumor), increases vascular endothelial growth 

factor (VEGF), decreases tumor antigen cross-presentation, decreases proinflammatory 

cytokine release, increases immunosuppressive functions by lymphocytes, decreases ROS 

formation, allows NET’s formation and helps cancer proliferation. 
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Image 6: OVERVIEW OF NEUTROPHIL PURINERGIC ACTIVATION. Purinergic receptors 

acting on human neutrophils: 1) P2Y2: It allows NADPH-oxidation signaling pathway, it is 

affected by Interleukin 8 (IL-8), which has the ability to amplify its activity, and has an 

excitatory response, related to neutrophil activation. Besides, over-stimulation of the 

receptor influences endogenous ATP production; 2) CD73: It has its expression increased 

with high amounts of adenosine and decreased response to trans-endothelial migration. It 

also allows more neutrophils to the injured site; 3) A2A: is capable of decreasing adhesion 

inhibition and decreases toxic oxygen anions; 4) A3: Adenosine amplifies chemotactic 

signal; 5) PANX-1: Promotes autocrine activation mechanism, increases CD11b expression, 

as well as increases bacterial elimination and oxidative burst; 6) P2X: It is the receptor for 

“find me” ATP, activates purinergic signaling, leading to calcium influx to the cell and induces 

citric acid cycle responsible for the production of ATP; 7) CD39: Hydrolyses ATP to ADP 

and ADP to AMP, very quickly. 
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List of tables: 

Table 1 

Purinergic receptors involved in neutrophil’s physiology 

Receptor Agonist Mechanism Action on Human  

Neutrophils 

References 

A1 ADO Gi protein  ↑ Adhesion 

↑ Chemotaxis 

Inhibits neutrophils 

microvascular 

permeability 

Promotes A2 

activation  

 

Dianzani et. al.,1994 

Abbracchio et. al, 2009 

Corriden et. al, 2010  

 

A2a ADO Gs protein  ↓ Chemotaxis 

↓ Adhesion 

↓ ROS production 

↓ Activation  

↓ Degranulation 

Dianzani et al. 1994 

Abbracchio et. al, 2009 

Corriden et. al, 2010 

Mahamed et. al. 2015 

 

 

A3 ADO Gi protein  Inhibits migration Abbracchio et. al, 2009 

Corriden et. al, 2010 

 

P2Y1 ADP Gq protein - 

Stimulation causes 

PLCβ activation and 

calcium mobilization  

 

Undefined role Jin et. al, 1998 

Jacob et. al, 2013 

 

P2Y2 ATP Gq protein - Increase 

cytosolic Ca2+through 

interaction with the 

actin cytoskeleton  

↑ Chemotaxis 

↑ Orientation in 

chemoattractant 

gradients 

↑ Migration 

↑ Superoxide 

production 

Corriden et al., 2010 

Kukulski et. al, 2010 

Önnheim et al. 2014 

Gabl et. al, 2015 

Ivar von Kügelgen, 

2019 
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P2Y6 UDP Gq protein  ↑ Chemotaxis  Jacob et. al, 2013 

Ivar von Kügelgen 2019 

 

 

P2Y11 ATP and 

NAD+  

Gq protein ↑ Apoptosis  Ivar von Kügelgen 2019 

 Vaughan et. al, 2007 

P2X1 ATP Ion channels 

permeable for Na+, K+, 

and Ca2+  

↑ Chemotaxis  Corriden et al., 2010 

Coddou et al., 2011 

 

P2X7 ATP Ion channels 

permeable for Na+, K+, 

and Ca2+  

Undefined role  (Coddou et. al, 2011 

Jacob et. al,2013 

 

Table 2 

Overview of main connections between human neutrophil polarization and purinergic signaling. 

  

Neutrophil 

profile 

Features Experimenta

l model 

Physiological 

condition 

Purinergic 

signaling 

Ref. 

N1 Neutrophil 

migration 

guidance 

In vitro 

 Human 

primary 

culture 

Remove 

extracellular 

ATP by 

apyrase 

P2Y2 and 

A2A-

mediated 

autocrine 

signaling 

Li et al., 2017 

N1 Neutrophil 

migration 

guidance 

In vitro 

 

Human 

primary 

culture 

TLR-4 

stimulation 

by LPS 

or 

IL-8 secreted 

by 

monocytes 

P2Y2-

mediated 

action 

Kukulski et 

al., 2010 
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N1 Chemotaxis 

and bacterial 

clearance 

impairment 

In vitro 

 

Human 

primary 

culture 

High levels of 

systemic ATP 

(ATP 1–10 

μM) 

P2Y2 

overstimulati

on on 

neutrophils 

Li et al., 2017 

N1 Neutrophil 

migration 

increase at 

the injured 

site 

In vitro 

 

Cell line 

Extracellular 

ADO 

decrease 

Inhibition of 

CD73 by α,β 

methylene 

ADP on the 

neutrophil 

surface 

Bou Ghanem 

et al., 2015 

N0 Neutrophilic 

aging 

In vitro  

 

Human 

primary 

culture 

Increase 

intracellular 

NAD+ levels 

and 

Increase ATP 

consumption 

in aged 

neutrophils 

ATP 

produced by 

neutrophils  

via  purinergi

c signaling 

activity 

Richer et al., 

2018 

N2 Neutrophil 

apoptosis 

inhibition 

In vitro  

 

Human 

primary 

culture 

Extracellular 

UDP (300 

μM), or HNP-

1 (5, 10, 20 

and 40 

μg/ml) 

P2Y6-

mediated 

effect 

Nagaoka et 

al., 2010 

N2 Low 

chemotactic 

activity 

In vitro  

 

Human 

primary 

culture 

from healthy 

donors and 

patients with 

cancer 

Lack of 

extracellular 

ADO 

Impairment 

of 

extracellular 

ATP 

metabolism 

through ADO 

Patel et al., 

2018 

N2 Improvemen

t of tumor 

progression 

and 

metastasis 

 Altered 

release of 

(NETs) 

A high 

amount of 

ADO 

Amulic et al., 

2018 

Sorvillo et 

al., 2019 
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Capítulo 3: COCULTURA 3D COMO FERRAMENTA DE ANÁLISE DA 

PROGRESSÃO TUMORAL NA PRESENÇA DE NEUTRÓFILOS (resultados 

preliminares) 

D.S. Rubenich1, P.O. de Souza1, N. Omizzollo1, G.S. Moraes1, M.R. Wink1, E. 

Braganhol1* 

1Programa de Pós-Graduação em Biociências, Universidade Federal de Ciências 

da Saúde de Porto Alegre (UFCSPA), Porto Alegre, RS, Brazil. 

1. Introdução 

O tumor é um conjunto de células que estão em crescimento anormal, 

frequentemente associado à presença de mutações nos casos malignos. O 

ambiente em que essas células se encontram é composto por demais células não 

tumorais que influenciam diretamente no desenvolvimento e permanência do câncer 

[27-33]. Com isso, um olhar mais focado em compreender o microambiente tumoral 

e formas de manipular as células não-transformadas associadas ao tumor está em 

ascendência para o desenvolvimento de novas terapias antitumorais [34-35]. 

Estudos sobre as interações do infiltrado imune presente no microambiente tumoral 

emerge sob o conceito de comportamento ambíguo das células imunes, 

principalmente macrófagos e neutrófilos associados ao tumor [28-36]. A modulação 

fenotípica permite a estabilização de um ambiente imunossupressor, ao mesmo 

tempo que promove um processo de inflamação crônica, dando subsídio suficiente 

para a progressão tumoral [31].  

Os neutrófilos possuem um espectro de ativação ainda pouco conhecido: podem 

assumir um perfil pró-inflamatório, conhecido como N1, ou anti-inflamatório, N2 [40]. 

Essa ativação é dependente do meio em que essa célula se encontra, visto que sua 

modulação ocorre por fatores do ambiente, como sinais e citocinas. No 

microambiente tumoral, por exemplo, há evidência dessas duas subpopulações, 

sendo que o perfil N1 é adquirido com o bloqueio de fator de crescimento tumoral 

(TGF-B), liberando citocinas que atuarão contra o tumor, como fator de necrose 

tumoral (TNF-α) e molécula de adesão intercelular 1 (ICAM-1), reduzindo a 

expressão de arginase-1, diminuindo a angiogênese e recrutando linfócitos T [40-
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43]. Já o fenótipo N2 é visto com a presença de TGF-β, favorecendo a progressão 

tumoral através da liberação de fator de crescimento endotelial vascular (VEGF-A), 

metalopeptidase-9 (MMP-9), inibição do recrutamento de células T e outros [40-43]. 

Dessa forma, é importante ressaltar a possibilidade de o tumor ter a capacidade de 

induzir um perfil imunossupressor, alterando as ações neutrofílicas e podendo 

favorecer a progressão tumoral [35, 40-43]. 

Estudos in vitro são frequentemente utilizados para examinar como ocorre a 

comunicação célula-célula, bem como para avaliar a influência de fatores pontuais 

[10,23,31]. É importante considerar os três tipos de interação intercelular, além da 

sinalização entre células vizinhas, observar célula-microambiente e sinalização 

parácrina por fatores solúveis [10]. Contudo, culturas 2D não são capazes de 

fornecer todas essas respostas. A estrutura de monocamada é válida para muitos 

outros aspectos, entretanto, é necessário utilizar ferramentas mais complexas para 

investigar um formato in vitro 3D semelhante ao clínico (Tabela 1) [7, 10, 16, 22]. 

Conforme mostra a tabela 1, existem evidências suficientes sobre a utilização de 

esferas por agregado celular para mimetizar condições in vivo. Pensando dessa 

forma, desenvolveu-se um protocolo de cocultivo de células tumorais de diferentes 

linhagens (U87MG – glioma humano ou HCT-116 câncer colorretal humano) com 

neutrófilos extraídos de indivíduos saudáveis. O estudo visa compreender a 

formação do infiltrado imune, a localização dos neutrófilos na esfera 3D e a 

influência na viabilidade celular do tumor.  
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Tabela 1: Comparação entre cultura 2D e 3D 

 

Aspectos Cultura-2D Cultura-3D Ref 

Formação de 
cultura 

Minutos a horas; para alta confluência 
pode levar dias 

1 a 4 semanas dependendo da linhagem 
celular 

[2] [4]  
[13] 
[10] 

Qualidade 
Alta performance e reprodutibilidade, 
pode ser mantida por longo período, 

fácil de interpretar 

Difícil reprodutibilidade, necessita 
treinamento, interpretação complexa e 
não pode ser mantida por muito tempo 

[7] [20] 
[22] 

Morfologia 
Achatada e esticada, células em 

monocamada 

Forma esfera por crescimento agregado 
natural, gerando a forma tridimensional 

natural 

[8] [9] 
[11] 

Característica
s 

Baixa resposta a estímulos mecânicos, o 
perfil genético e proteico diferente das 

condições in vivo, células 
moderadamente diferenciadas 

Propensa a estímulos mecânicos, 
expressão genética e proteica similar às 

condições in vivo e células bem 
diferenciadas 

[14] 
[21] 
[17] 

[3][18] 

Interação Limitada a borda das células ao lado 
Formação de nichos e interações mais 

complexas 
[24] 
[25] 

Imitação In 
vivo 

Estrutura não compatível às observadas 
in vivo 

As estruturas in vivo são naturalmente 
tridimensionais, consequentemente 
esse modelo apresenta propriedades 
mecânicas e biológicas semelhantes  

[6] [23] 
[20] 

[19] [4] 
[22] 

Acesso a 
componentes 

essenciais 
Ilimitado 

Variável, dependendo da localização da 
célula na esfera 

[16] 
[15] 
[11] 

Viabilidade 
Proliferam mais rapidamente do que 

observado in vivo 

Células proliferam conforme acesso aos 
nutrientes e interações intercelulares, 
podendo ser mais rápido ou devagar 

[5] [20] 

Custo Baixo custo 
Dependendo da técnica pode ter custo 

elevado 

[1] [12] 
[20] 
[13] 
[11] 
[26] 

 

2. Materiais e métodos 

 

2.1 Cocultura 3D linhagem tumoral-neutrófilo 

Esferoide tridimensional gerado através da técnica de gota suspensa [26]. Após a 

dissociação enzimática da cultura celular de U87MG ou HCT116, a suspensão 

celular foi diluída com DMEM/10% SFB até a concentração final de 25×103 células 

tumorais (grupo controle) e 25×103 células tumorais associadas a 5×103 neutrófilos 
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(grupo de cocultura ) em 30 µL. Cada gota foi colocada dentro da tampa de uma 

placa de 48 poços previamente tratada com agarose a 1,5% e preenchida com 300 

µL de PBS- para evitar o ressecamento [37]. As situações em que foram observadas 

rolagem e/ou queda de gotas foram consideradas como falha no procedimento. As 

placas foram mantidas imóveis em incubadoras a 37°C e 5% CO2 por 4 dias até o 

estabelecimento do agregado celular. Depois disso, cada poço foi preenchido em 

seu volume máximo com DMEM 10% SFB com o objetivo de fazer com que a esfera 

caísse suavemente no poço. Foram mantidos assim por 2 dias a 37°C e 5% CO2. 

2.2 Ensaio de infiltrado neutrofílico 

O ensaio de infiltrado de neutrófilos teve como objetivo imitar a invasão de 

neutrófilos no microambiente tumoral. O procedimento consiste na aplicação de 

uma “piscina” de neutrófilos no ambiente da esfera. Após a retirada do meio de 

cultura do agregado celular formado, adicionou-se 7,5×105/500 µL de neutrófilos 

para cada esferóide tumoral. As esferas foram incubadas por 24h e 72h a 37°C e 

5% CO2.   

2.3 Patologia 

As esferas foram fixadas com paraformaldeído 4% por 18h e deixadas mergulhadas 

em PBS até o processamento histológico. O protocolo adaptado do bloco de 

agarose foi utilizado como molde de agarose a 2% contendo micropoços para cada 

esfera [38]. O molde foi inserido no cassete histológico para processamento no 

aparelho histotécnico do OMA pv.85 (Instrumental OMA Ldta, São Paulo, Brasil). 

Foi realizada a desidratação do material com uma série de soluções alcoólicas com 

concentrações crescentes (banho de 50%, 70%, 90% de metanol e 4 banhos em 

100% de metanol, 1 hora cada), seguido pelo processo de clarificação de 3 banhos 

de xileno (1 hora cada) e impregnação com parafina líquida (2 banhos de 2 horas 

cada). Os cortes das lâminas de 4 μm foram realizadas no micrótomo Leica RM2255 

(Leica Microsystems, Inc., Wetzlar, Alemanha). O material obtido foi coletado com 

lâminas de vidro de microscopia carregada positivamente e corado com 

hematoxilina e eosina ou utilizado para o ensaio imuno-histoquímico. 

2.3.1 Coloração de Hematoxilina e Eosina 
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As lâminas foram  desparafinadas com 3 banhos de xilol (5 min cada) e reidratadas 

em escala descendente de banhos de etanol (1 min cada). A coloração foi realizada 

com hematoxilina monohidratada (Merck KGaA, Darmstadt, Alemanha) e Eosina 

amarelada (Synth, Diadema, Brasil). 

2.3.2 Imunohistoquímica 

As lâminas foram submetidas ao processo de recuperação de antígenos, utilizando 

uma solução composta de citrato de sódio 10 mM (pH 6,0) para Ki-67 e CD45. As 

amostras foram incubadas com as respectivas soluções de recuperação a 98°C por 

30 min. Foi realizado o bloqueio da atividade endógena da peroxidase com solução 

de peróxido de hidrogênio a 5% (Merck KGaA, Darmstadt, Alemanha), e o bloqueio 

da ligação não específica com BSA a 1% (Sigma-Aldrich, St. Louis, Missouri, EUA). 

Os anticorpos anti-KI-67 (1: 100, Dako, cat. M7240) e anti-CD45 foram incubados 

por 12h a 4°C. O kit de detecção Reveal (Spring Bioscience Corporation, 

Pleasanton, EUA) foi utilizado de acordo com as recomendações do fabricante. 

 

3. Resultados preliminares e Perspectivas para continuidade 

 

Os marcadores escolhidos são importantes para visualizar a proliferação celular 

(Ki67) e a presença de neutrófilos (CD45). Usualmente a marcação por Ki67 é 

indicador de prognóstico e preditivo [39], dessa forma, fornece informações 

relevantes para a avaliação da progressão tumoral em contato com neutrófilos. A 

padronização do cocultivo avaliou o contato em 24h, 72h e 120h. Observou-se que 

o tempo máximo de incubação ótima é de 72h, após este período o agregado se 

desfaz. Foram testadas 3 linhagens tumorais: U87MG, HCT116 e A375 – glioma, 

câncer colorretal e melanoma, respectivamente -, somente a linhagem A375 não 

formou uma esfera passível de manipulação. O estudo prevê a padronização 

dessas condições com outras culturas celulares de diferentes tipos tumorais.  

Nessas condições, espera-se que haja alteração na quantidade de células tumorais 

em divisão celular naquelas mergulhadas nos neutrófilos. Observou-se nas esferas 

de glioma, que após 3h de incubação, as células imunes formam um halo ao redor 

da esfera e aproximadamente 60-65% dos neutrófilos infiltram a esfera (figura 1 a). 
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Assim, acredita-se que os neutrófilos que permaneceram no meio de cultura não 

são modulados ao fenótipo pró-tumoral como os que entram e, por isso, haveria 

maior viabilidade celular no centro da esfera e menor na borda (figura 1 b) enquanto 

a esfera sem tratamento teria uma homogeneidade na proliferação celular (figura 1 

c). Não foi possível realizar a coloração com o anticorpo para CD45 e confirmar a 

hipótese. 

Para as esferas já formadas com neutrófilos, será realizado protocolo de citometria 

de fluxo para comparar os marcadores (CD66b, CD15 - N0; HLA-DR - N1; CD10, 

CD16, LOX-1 - N2) deste com os neutrófilos tratados com TGFβ ou IFNγ, os em 

cocultivo com as linhagens tumorais respectivas e com os de pacientes. O principal 

objetivo é avaliar a eficiência da modulação dos neutrófilos pelos tumores. 

 

Figura 1: Resultados prévios de cocultura 3D de glioma e neutrófilo 
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6. CONCLUSÕES E PERSPECTIVAS 

 

Acredita-se que o objetivo dessa pesquisa foi cumprido ao respondermos em 

parte às perguntas referentes à relação entre os neutrófilos e as células tumorais 

de glioma humano. Nesta dissertação foram demonstradas técnicas de 

manipulação e cocutlivo 2D e 3D de neutrófilos humanos e da linhagem celular de 

GB humano (U87MG) para a observação da conversa cruzada entre essas duas 

células. Para o desenvolvimento do trabalho, as técnicas de isolamento e de cultivos 

foram padronizadas a fim de que se obtivesse o melhor resultado.  

A descrição do comportamento funcional da célula imune, apresentada no 

capítulo 1, permitiu o estabelecimento das melhores condições de tratamento 

celular, revelando a importância da comunicação célula-célula utilizando um 

protocolo experimental que teve como objetivo mimetizar o microambiente tumoral, 

bem como a influência direta da célula tumoral na modulação dos neutrófilos. 

Deixou-se de considerar, nesta pesquisa, demais células imunes e constitutivas do 

microambiente tumoral devido ao aumento de variáveis as quais impediriam o 

controle e entendimento dos acontecimentos in vitro. Dentre as contribuições deste 

estudo, está a definição morfológica dos diferentes fenótipos avaliados, que 

preenche um nicho de estudos em bioinformática sobre caracterização morfológica 

aplicada à clínica, a qual abre portas para desenvolver softwares que facilitem a 

caracterização do neutrófilo e auxiliem no prognóstico dos pacientes. Além disso, 

mostrou-se a relevância dos estudos envolvendo microambiente tumoral e 

modulação do sistema imune como armas para a progressão do câncer. Por 

consequência, torna-se conveniente abordar as funções de migração, degranulação 

e formação de NETs de neutrófilos pela possível relação com o câncer. 

Este estudo apresenta limitações, como o nível amostral que foi voluntário, 

com maior número de amostras femininas em relação às masculinas. Considerando 

a biologia única de cada amostra, alguns neutrófilos mostraram-se mais reativos 

que outros – para reduzir essa variável ao máximo, foram inseridas amostras de 

voluntários com ausência de sintomas gripais ou outras doenças inflamatórias 

agudas ou crônicas. A idade da amostra se concentra em jovens adultos e adultos, 

não contemplando idosos ou crianças, o que é interessante avaliar se a modulação 

de um número maior de neutrófilos estaria ou não relacionada à idade, uma vez que 
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média dos pacientes ao fazer o diagnóstico de GB é de 50-65 anos. Outro ponto 

importante é a escassez de abrangência demográfica, já que o perfil dos voluntários 

foi majoritariamente de origem europeia. Idealmente, torna-se interessante 

desenhar um estudo com esses objetivos de esclarecer o perfil para cada origem e 

faixa etária com o intuito de avaliar quaisquer alterações. Entretanto, para dar 

sequência com esse foco, primeiro a caracterização morfológica, bioquímica e 

fenotípica deve estar bem consolidada e, por isso, apesar da limitação amostral, 

essa pesquisa contribui de forma substancial aos estudos imunológicos 

relacionados ao câncer.  

Como perspectivas futuras, protocolos de citometria de fluxo auxiliarão na 

caracterização celular de cada fenótipo, bem como a cinética de liberação de 

grânulos e do conteúdo intracelular na degranulação (CD63 - primário; 

CD66b/CD15 - secundário; CD35 - terciário) e nos NETs. A atribuição de um 

fenótipo específico favorece na tomada de decisões clínicas em conjunto com 

demais parâmetros. De todas as formas, a comunicação entre os neutrófilos e as 

células tumorais mostrou-se relevante no processo de ativação e modulação 

fenotípica, bem como o desenvolvimento e nicho propício do tumor. A 

imunohistoquímica das esferas de U87MG e PMN poderá fornecer dados mais 

sólidos sobre a viabilidade e proliferação do GB e corroborar com os dados deste 

estudo.  

No capítulo 2, observa-se a importância do sistema purinérgico em relação à 

ativação de neutrófilos. As ectonoclueotidases CD39 e CD73 hidrolisam ATP e 

geram ADO, importantes sinalizadores que são capazes de modular proliferação, 

diferenciação, morte celular e inflamação. Essas enzimas estão presentes tanto em 

células imunes quanto em tumorais. Com isso, a modulação do neutrófilo pode estar 

relacionada com o sistema purinérgico: a célula apresenta diferentes respostas 

frente à liberação de ATP, interferindo em sua migração e ativação. Surge a 

hipótese, desse modo, que os fenótipos anti- (N1) e pró-tumorais (N2) tenham uma 

relação com os receptores purinérgicos, podendo estar ligados com a progressão 

tumoral. 

A revisão sobre a relação do sistema purinérgico na ativação e migração dos 

neutrófilos mostra que há poucos estudos com células humanas e não se encontram 

relatórios sobre pacientes. Em suma, a quantidade de artigos final foi reduzida, pois 
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a maioria dos estudos publicados são in vivo e, apesar do sistema purinérgico já ter 

papel importante na migração, poucos retratam a sua ação nas demais funções e 

associando ao fenótipo N2.  

Em GB, o sistema purinérgico é amplamente estudado e atribuiu-se a 

adenosina extracelular como fator solúvel importante na imunossupressão do 

microambiente tumoral. A resposta imune está intimamente associada ao infiltrado 

inflamatório mantido pelo tumor. A sinalização purinérgica tem papel importante na 

modulação da resposta imune através de ATP e adenosina, principalmente. O 

primeiro apresenta-se como fator desencadeante da ativação e migração de 

neutrófilos ao mesmo tempo em que a adenosina auxilia na movimentação. 

Contudo, os seus excessos promovem hiperativação e morte celular e 

imunossupressão, respectivamente. A via purinérgica pode ser uma opção 

interessante para alvos farmacológicos, uma vez que está ativa tanto nas células 

tumorais quanto nas imunes. Esse artigo serve de base para os próximos 

experimentos focando na participação dos receptores purinérgicos na ativação de 

neutrófilos e, interferência na modulação deste.  

Por fim, mais estudos são necessários nessa mesma linha de pesquisa para 

que se compreenda o potencial do neutrófilo frente à progressão do GB, bem como 

a sua influência na fisiopatologia tumoral de acordo com o seu fenótipo.  
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TCLE / Termos de
Assentimento /
Justificativa de
Ausência

TCLE_ISCMPA.pdf 11/12/2018
11:46:30

Elizandra Braganhol Aceito

Projeto Detalhado /
Brochura
Investigador

Projeto_GBMCEP_ISCM.pdf 11/12/2018
11:46:03

Elizandra Braganhol Aceito

Outros anuenciaHDP.pdf 10/03/2018
05:58:46

Elizandra Braganhol Aceito

Outros CartaCEPR2.pdf 10/03/2018
05:57:10

Elizandra Braganhol Aceito

TCLE / Termos de
Assentimento /
Justificativa de
Ausência

TCLEreadequadoR2.pdf 10/03/2018
05:56:35

Elizandra Braganhol Aceito

Projeto Detalhado /
Brochura
Investigador

ProjGBMCEPR2.pdf 10/03/2018
05:54:16

Elizandra Braganhol Aceito

Outros CartaanuenciaGliomasPF.pdf 02/01/2018
02:26:09

Elizandra Braganhol Aceito

Outros Termo_entrega_relatorio.pdf 09/10/2017
17:08:24

Elizandra Braganhol Aceito

Folha de Rosto folha_rosto_assinada.pdf 16/06/2017
14:45:59

Elizandra Braganhol Aceito
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