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RESUMO

O cancer colorretal (CCR) é um problema de saude mundial, com alta taxa de
mortalidade quando alcanca o grau metastatico. Quando associado a obesidade o
risco é aumentado, devido a alteracdo imunolégica sofrida pelo organismo. Estudos
indicam que a participacdo de um microambiente inflamatorio, composto por células
imunes e seus produtos de secrecao, € essencial para a progressao tumoral. Dando
énfase a imunidade inata, macréfagos associados ao tumor (TAM) frequentemente
apresentam uma polarizacdo do tipo-M2 (predominantemente imunossupressora), a
gual pode desempenhar importantes funcées de promocdo tumoral. Umas das vias
alteradas nas células imunes durante a modificagdo gerada pelo microambiente
tumoral € o sistema de sinalizacao purinérgico. O objetivo do presente trabalho foi
investigar a participacdo do sistema imune/inflamatdrio na progressdo do cancer
colorretal. Para tanto, primeiro foi realizada uma revisdo da literatura buscando
concentrar os dados sobre sinalizacdo purinérgica no cancer colorretal publicados até
0 momento. Segundo, em experimentos in vitro, as linhagens Caco-2 e HCT116, foram
cultivadas com o soro dos grupos: obesos e ndo-obeso e parametros de viabilidade,
migracao, proliferacéo e adeséao celular. Além disso, a secrecédo das citocinas IL-6, IL-
10 e TNF-a foram analisadas no soro e no sobrenadantes das linhagens celulares.
Em terceiro, foram realizadas culturas primarias de macr6fagos humanos obtidos a
partir da diferenciacdo de mondcitos circulantes. Tais culturas foram co-cultivadas
diretamente com células de linhagem de CCR humano (HCT116) ou tratadas com o
meio condicionado. A avaliagéo dos fenétipos M1/M2 dos macrofagos foi realizada por
citometria de fluxo para os marcadores CD204, CD163 e HLA-DR ou por CBA para
TNF, IL-1B, IL-6, IL-10 e IL-8; espécies reativas de oxigénio e a producédo de oxido
nitrico, assim como morte celular por necrose, proliferacédo e potencial de membrana
também foram avaliados. Em suma, os principais resultados foram: o aumento da
expressdo da enzima CD73 e dos receptores P1 (Al, A2A, A2B) leva a progresséao
tumoral no CCR; os receptores da familia P2 (P2X e P2Y) e os niveis de ATP
apresentaram resultados contraditérios, com efeitos tanto pr6- quanto anti-tumoral.
Citocinas pro-inflamatorias (TNF-a e IL-6) foram mais elevadas no grupo obeso, no
soro e no sobrenadante das linhagens celulares de CCR. Os macrofagos que foram
co-cultivados com células tumorais apresentaram perfil de liberagcdo de citocinas

mesclado, aumento de proliferacdo, diminuicdo de ROS e aumento da expressao de



CD206 e CD163, sinais caracteristicos de um fendtipo pro-tumoral. Como concluséo,
a participacao do sistema purinérgico, o estado de inflamacé&o causado pela obesidade
e a adaptacao dos macréfagos a células tumorais foram elementos auxiliares para o

desenvolvimento/progresséo tumoral.

PALAVRAS-CHAVES: Cancer colorretal, Obesidade, Macro6fagos associados ao

tumor e Sistema purinérgico.



ABSTRACT

Colorectal cancer is a worldwide health problem, with a high mortality rate when it
reaches the metastatic level. When associated with obesity, the risk is increased, due
to the immunological alteration suffered by the body. Studies indicate that the
participation of an inflammatory microenvironment, composed of immune cells and
their secretion products, is essential for tumor progression. Emphasizing innate
immunity, tumor-associated macrophages (TAM) often display an M2-type polarization
(predominantly immunosuppressive), which can play important tumor-promoting
functions. One of the altered pathways in immune cells during the modification
generated by the tumor microenvironment is the purinergic signaling system. The
present work aimed to investigate the participation of the immune/inflammatory system
in the progression of colorectal cancer. To do so, first, a literature review was carried
out, seeking to concentrate the data on purinergic signaling in colorectal cancer
published so far. Second, in a block of experiments, the Caco-2 and HCT116 strains
were cultivated with the serum of the groups: obese and non-obese, evaluated on
viability, migration, proliferation, and adhesion; the cytokines IL-6, IL-10, and TNF-a
were analyzed in serum and cell culture supernatants after exposure to serum. Third,
in another block of experiments, primary cultures of human macrophages obtained
from the differentiation of circulating monocytes were performed. Such cultures were
co-cultured with human CCR lineage cells (HCT116) or cultured with a conditioned
medium of the same lineage. The evaluation of M1/M2 phenotypes of macrophages
was performed by flow cytometry (FACS) for the markers CD204, CD163, and HLA-
DR or by CBA for the markers TNF, IL-1f3, IL-6, IL-10, and IL- 8; reactive oxygen
species and nitric oxide production, as well as cell death by necrosis, proliferation and
membrane potential were also evaluated. In summary, the main results were:
increased expression of the CD73 enzyme and P1 receptors (Al, A2A, A2B) leads to
tumor progression in RCC; P2 family receptors (P2X and P2Y) and ATP levels
presented contradictory results, with both pro- and anti-tumor effects. Pro-inflammatory
cytokines (TNF-a and IL-6) were higher in the obese group, in serum, and the
supernatant of CCR cell lines, after cell exposure, as well as in the group with the
highest cell adhesion. Macrophages that were co-cultured with tumor cells showed a
mixed cytokine release profile, increased proliferation, decreased ROS (promotes
angiogenesis), and increased labeling for CD206 and CD163, characteristic signs of



TAM. In conclusion, the participation of the purinergic system, the state of inflammation
caused by obesity and the adaptation of macrophages to tumor cells were auxiliary

elements for tumor development/progression.

KEYWORDS: Colorectal cancer (CRC). Obesity. Tumor cell lines. Tumor-associated
macrophages (TAM). Purinergic signaling.



LISTA DE ABREVIATURAS
5-FU 5-Fluorouracil
Al Receptor de adenosina 1
A2A Receptor de adenosina 2A
A2B Receptor de adenosina 2B
A3 Receptor de adenosina 3
ADP Adenosina di-fosfato
AMP Adenosina monofosfato
ATP Adenosina tri-fosfato
BRAF Gene humano que produz a proteina B-Raf (Proto-oncogene)
CBA Cytometric Bead Array
CCL1 Ligante 1 de quimiocina (motivo C-C)
CCL16 Ligante 16 de quimiocina (motivo C-C)
CCL18 Ligante 18 de quimiocina (motivo C-C)
CCR Cancer Colorretal
CCR3 Receptor de quimiocina C-C tipo 3 (CD193)
CCR4 Receptor de quimiocina C-C tipo 4 (CD194)
CCRS8 Receptor de quimiocina C-C tipo 8 (CDw198)
CD163 Receptor do complexo hemoglobina-haptoglobina
CD206 Receptor de manose
CD39 Enzima trifosfato de ecto nucleosido difosfo-hidrolase-1
CDA40L Ligante da proteina CD40
CD73 Enzima 5'-nucleotidase (ou ecto-5'-nucleotidase)

CSF1 Fator estimulador de colénia 1



DAMP Padrbes moleculares associados a danos
DNA Acido Desoxirribonucleico

EGFR Receptor do fator de crescimento epidérmico
HLA-DR Receptor de superficie celular MHC classe I
IL-1 Interleucina 1

IL-10 Interleucina 10

IL-12 Interleucina 12

IL-18 Interleucina 1 beta

IL-2 Interleucina 2

IL-4 Interleucina 4

IL-6 Interleucina 6

IL-8 Interleucina 8

IMC indice de Massa Corporal

IFNy Interferon gama

LPS Lipopolissacarideo

M1 Macréfagos 1, com perfil pré-inflamatério

M2 Macrofago 2, com perfil anti-inflamatério

Mo Macrofago

NK Natural Killer

NO Oxido Nitrico

OMS Organizagdo Mundial de Saude

P1 Familia do receptor purinérgico 1

P2 Familia do receptor purinérgico 2

P2X Receptor purinérgico 2X



P2Y Receptor purinérgico 2Y

PAMP PadrBes moleculares associados a patdogenos
PCR Proteina C reativa

RAS RAt Sarcoma virus, ou virus do sarcoma de rato (Oncogene)
RNA Acido Ribonucleico

ROS Espécies reativas de oxigénio

TAM Tumor-associated macrophages

Tcl Célulatipo 1 T citotoxica

TGF- Fator de crescimento transformante-3
TGF-B1 Fator de crescimento transformante-3 1

Thl Célula tipo 1 T helper

Th2 Célula tipo 2 T auxiliar

TME Microambiente tumoral

TNF Fator de necrose tumoral

TNF-a Fator de necrose tumoral alfa

Treg Linfécito T regulatoério

UTP Trifosfato de uridina

VEGF Fator de crescimento endotelial vascular

VEGF-A Fator de crescimento endotelial vascular A
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1 INTRODUCAO

1.1 Cancer colorretal (CCR)

O céancer colorretal (CCR) é caracterizado por tumores que se desenvolvem no
célon, segmento do intestino grosso, e no reto. Geralmente tem inicio com pdlipos,
lesbes benignas que se desenvolvem na parede interna do intestino ou reto, e com o
passar do tempo vao adquirindo caracteristicas de malignidade (Figura 1) (INCA,
2018). Na maioria das vezes, quando detectado em estagio precoce é curavel,
entretanto quando nédo tratado, pode espalhar-se para outros 6rgdos e aumentar o
risco de letalidade (MILLER et al., 2019). A metastase € a agravante no CCR, cerca
de 20% dos pacientes possuem metastase no figado no momento do diagnadstico,
sendo esta, a principal causa de morte para os pacientes (BRASIL. MINISTERIO DA
SAUDE., 2014). Os sintomas geralmente ndo s&o notados até a fase avancada da
doenca. No entanto, as lesdes pré-cancerosas podem ser identificadas pela pesquisa
de sangue oculto nas fezes e colonoscopia (HABR-GAMA, 2005). Entre o
aparecimento do polipo adenomatoso e a transformagdo em tumor estima-se um
periodo superior a 10 anos (BYE et al., 2017; HABR-GAMA, 2005).

Pélipo
com lesdo
pré-maligna

séssil (plano)

Figura 1 - Progresséo das alteragdes no Cancer Colorretal. Fonte: Jacob & Paresoto.

Disponivel em: http://jacobeparesoto.com.br/antigo/cancer-de-colon-e-reto/. Acesso
em 21/09/2021.

Dentre os fatores de risco para o desenvolvimento do CCR estdo a infeccdo
bacteriana, principalmente para individuos acima de 60 anos (MUGHINI-GRAS et al.,


http://jacobeparesoto.com.br/antigo/cancer-de-colon-e-reto/

13

2018); a obesidade (BARDOU; BARKUN; MARTEL, 2013); modificacGes epigenéticas
relacionadas ao tabagismo (LIMSUI et al., 2010) e ingestéo de &lcool (FEDIRKO et al.,
2011). Dados da literatura mostram que o sistema imunolégico participa da
patogénese da doenca. Doencas inflamatdrias intestinais , como a colite ulcerativa , e
a Doenca de Crohn, apresentam maior risco do desenvolvimento do tumor
(BALKWILL, F. R.; MANTOVANI, 2012; GUPTA; MASSAGUE, 2006; ITZKOWITZ;
HARPAZ, 2004; ITZKOWITZ; YIO, 2004; JESS; RUNGOE; PEYRIN-BIROULET,
2012; RUTTER et al., 2004; TRIANTAFILLIDIS; NASIOULAS; KOSMIDIS, 2009)

A carcinogénese colorretal € uma progressao da mucosa hormal ao adenoma,
depois ao carcinoma e, finalmente, a metastase (Figura 2); essa cascata inclui a
proliferacdo de tumor primario, a invasdo e a sobrevivéncia das células tumorais
durante a migracdo no sangue periférico, a transferéncia para os érgaos remotos e,
proliferacdo tumoral, angiogénese e adaptabilidade ao novo ambiente (KRIJGER et
al., 2011).

AJCCstage ; StageO-l |  Stagell

¢ fi

: Stage 0 : \./
Tis (intramucosal :
\ b :[a] ue] [uc]: [wA] [e]

Stage Il Stage IV

[mc] :[iva] [Ve}®[ivc]

Figura 2 - Estagios de desenvolvimento do cancer colorretal. Fonte: adaptado de Shek
et al (2021).

Ao longo da ultima década o resultado clinico para pacientes com CCR
metastatico melhorou, atualmente a sobrevivéncia global média para pacientes com
metastase é de aproximadamente 30 meses quando tratados, mais do que o dobro de
20 anos atras (VAN CUTSEM et al., 2016). Entretanto, 50% dos pacientes que séo
inicialmente diagnosticados com CCR priméario, acabam apresentando doenca
metastatica (ATREYA; YAEGER; CHU, 2017).

A classificacdo normalmente é feita pelo estadiamento TNM para carcinomas
do colon e do reto, essa sigla corresponde a profundidade da invaséo do tumor para
o interior ou extrapolacao das paredes do colon (T), invasdo ou aderéncia a 6rgaos ou
estruturas adjacentes (T), numeros de linfonodos regionais envolvidos (N) e presenca

ou auséncia de metastases (M). Esse sistema de estadiamento clinico/patolégico se
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aplica a todos os carcinomas que surgem no coélon e no reto, a maioria desses
canceres € estagiada apos o exame patologico de um espécime (EDGE; COMPTON,
2010).

Conforme a sétima edicdo do Manual de estadiamento do cancer da American
Joint Committee on Cancer (AJCC), os canceres do célon e do reto sao classificados
por grupos de estagios, sendo eles O, I, 1I, Ill, IVA e IVB, onde em cada um destes
estagios se inserem as caracteristicas de estadiamento TNM (EDGE; COMPTON,

2010), como mostra a Tabela 1.

Tabela 1 - Classificagdo TNM.

Estagio T N M
0 T in situ NO MO
I T1 NO MO
T2 NO MO
A T3 NO MO
1B T4a NO MO
lIC T4b NO MO
A T1-T2 N1/Nlc MO
T1 N2a MO
B T3-T4a N1/N1lc MO
T2-T3 N2a MO
T1-T2 N2b MO
Hc T4a N2a MO
T3-T4a N2b MO
T4b N1-N1 MO




IVA

Qualquer T Qualgquer N Mla

VB

Qualquer T Qualquer N M1b

Fonte: adaptado de Edge & Compton (2010).

A definicdo de TNM esta apresentada na Tabela 2.

Tabela 2 - Definicdo TNM.

Tumor primario (T)
TX Tumor primario ndo pode ser avaliado
T0 Nenhuma evidéncia de tumor primario
T in situ Carcinoma in situ: itraepitelial ou invasdo da lamina
prépria
T1 Tumor invade a submucosa
T2 Tumor invade muscular prépria
T3 Tumor invade através da muscular prépria em tecidos
pericolorretais
T4a Tumor penetra na superficie do peritbnio visceral
T4b Tumor invade diretamente ou é aderente a outros 6rgaos
ou estruturas
Linfonodo Regional (N)
NX Linfonodos regionais ndo podem ser avaliados
NO Sem metastase linfonodal regional
N1 Metastase em 1-3 ganglios linfaticos regionais
Nla Metastase em um linfonodo regional
N1lb Metastase em 2-3 linfonodos regionais

15
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Nlc Depoésito de tumor na subserosa, mesentério ou
tecidos pericOlicos ou perirretais nao peritoneais

sem metastase nodal regional

N2 Metéstase em quatro ou mais linfonodos regionais
N2a Metastase em 4-6 linfonodos regionais
N2b Metastase em sete ou mais linfonodos regionais

Metastase distante (M)

MO Nenhuma metéstase distante

M1 Metéastase a distancia

Mla Metéastase confinada a um 6rgéo ou local

M1b Metastases em mais de um 6rgéao / local ou periténio

Fonte: adaptado de Edge & Compton (2010).

A resseccao cirargica é a terapia primaria para CCR ndo metastéatico (BRASIL.
MINISTERIO DA SAUDE., 2014). J4 o tratamento utilizado para o CCR metastatico
tem sido a quimioterapia sistémica com o 5-fluorouracil (5-FU), um integrante da
familia das fluoropirimidinas. Seu mecanismo de acdo consiste na insercao errbnea
de fluoronucleotideos no DNA e RNA, inibindo a biossintese dos &cidos nucleicos
(CREMOLINI et al., 2015; WEINBERG et al., 2016). O tratamento atual de primeira
linha é a quimioterapia citotoxica combinada usando fluoropirimidina com oxaliplatina
(FOLFOX ou XELOX) ou irinotecano (FOLFIRI ou XELIRI) em combinacdo com o
agente anti-VEGF (bevacizumab) ou agentes anti-EGFR (cetuximab ou panitumumab)
para pacientes com os genes RAS e BRAF do tipo selvagem (ATREYA; YAEGER,;
CHU, 2017).

1.2 Obesidade
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A obesidade é definida pela OMS como indice de massa corporal (Kg/m?) acima
de 30.0 Kg/m? (OBESITY, [s. d.]). Adotada pela Assembleia Mundial da Saude em
2004 e reconhecida novamente em uma declaracdo politica de 2011, A Estratégia
Global de Dieta, Atividade Fisica e Saude, foi elaborada pela OMS com o propésito
de direcionar mudancgas nas politicas publicas que fornecam acesso a alimentos
saudaveis e ambientes seguros para atividade fisica em escolas, locais de trabalho e
comunidades (GLOBAL STRATEGY ON DIET, PHYSICAL ACTIVITY AND HEALTH,
[s. d.]; OBESITY AND OVERWEIGHT, [s. d.]). Entretanto, em 2016, mais de 1,9 bilhdo
de adultos tinham excesso de peso, correspondendo a 39% da populagcdo mundial,
entre esses, mais de 650 milhdes eram obesos (13%) (WHO, Obesity,
2021)(OBESITY, [s. d.]), 0 que mostra que a iniciativa da OMS n&o foi executada

suficientemente para eliminar essa doenca que é prevenivel.

Niveis mais elevados de IMC estéo relacionados com o aumento do risco de
desenvolver CCR, com chances até 60% maiores, em comparacdo com individuos
com peso normal; entretanto, os mecanismos que podem estar envolvidos nesta
associacdo entre excesso de peso e CCR permanecem pouco esclarecidos
(BIANCHINI; KAAKS; VAINIO, 2002; MA et al., 2013) . Uma das possiveis vias seriam
os adipdcitos e pré-adipocitos, presentes na camada interna do intestino, que com o
acumulo de &cidos graxos acabam perdendo a funcado fisiolégica de equilibrio
energético e metabolismo dos lipidios. Essa desordem leva resisténcia a insulina,
responsavel pela diabetes tipo 2, e também por prejudicar a resposta imune
adaptativa, gerando um maior risco de desenvolver diversos tipos de cancer (CALLE
et al., 2003; KUSHI et al., 2006; ROCK et al., 2020).

Entre as alteragcdes causadas no organismo estdo o aumento de hormdnios
peptidicos, como leptina, resistina e insulina, fator de crescimento tumoral alfa (TNF-
a) e dos marcadores de inflamagédo, como proteina C reativa (PCR), ligante da
proteina CD40 (CD40L), e interleucina 1 (IL-1). Além disso ocorre a diminuicdo de
adipocinas (BIANCHINI; KAAKS; VAINIO, 2002; MA et al., 2013; TESAURO et al.,
2007).
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A leptina tem seu nivel sérico intimamente ligado a quantidade de tecido
adiposo, e pode ser responsavel pelo aumento dos niveis de fatores de crescimento

em células de CCR, estimulando a proliferacao destas (AMEMORI et al., 2007).

A adiponectina, secretada pelas células adiposas, possui propriedades anti-
inflamatorias e anti-aterogénicas e, em niveis baixos, pode contribuir para resisténcia

a insulina e um estado pro-inflamatorio (TESAURO et al., 2007).

A disfuncéo metabdlica gerada pela obesidade promove 0 aumento de citocinas
pro-inflamatoérias que fazem o recrutamento de células mieloides e linfoides para o
tecido adiposo, gerando uma leucocitose no tecido (ANDERSEN; MURPHY;
FERNANDEZ, 2016; GRANT, R. et al., 2014; GRANT, R. W.; DIXIT, 2015). Evidéncias
sugerem que ha um mecanismo bidirecional, imunolégico e metabdlico, responséavel
por controlar o consumo de energia e gerar respostas imune inata e adaptativa de
sucesso. Ao que parece, os receptores de reconhecimento de padrdes que acreditava-
se ser exclusivos para defesa do hospedeiro também respondem ao estresse
metabdlico e contribuem para a patogénese da doenca na obesidade (KANNEGANTI,
DIXIT, 2012) (Figura 3).

Magro com fungio Obeso com leve Obeso com completa
metabolica normal disfungdo metabolica disfungdo metabolica
«» Inflamacdo T Inflamacde 77 Inflamacdo
«» Contrele metabélico - Contrale metabélice ++ Controle metabdlico
«» Funcdo vasculer «» Funcdo vascular ! Funcade vaseular
Adipocito N/
IMacrofago M2 . ) LT CD4+ |TcD8+ necrotico —£—
. Q' ) =) ‘
Adipocito Ir- ) L 0
LAY - 3 QD / s
L". =~ - g P ' N, "o’ T)./,r ’ . '3
A\ [ -
| bo
Vaso sanguineo ; ' | Estrutura em 1
Macrofago M1 forma de coroa
Adipocinas anti-inflamatérias Adipocinas pré-inflamatérias
Adiponectina Leptina IL-6
Resistina IL-18
TNF

Figura 3 - Aumento do infiltrado imune no tecido adiposo de obeso. Fonte:
ASSUMPCAO (2016).

Entdo, a relacédo entre a obesidade e o CCR se daria por uma soma de fatores,

alteracbes no metabolismo hormonal (insulina), proteinas segregadas pelo tecido



19

adiposo (adipocinas) que contribuem para o regulamento de resposta imune (leptina),
e resposta inflamatoéria (TNFa, IL-6), além de outros fatores como vasculatura,
interacdes estromal, angiogénese (fator de crescimento endotelial vascular 1) e
componentes da matriz extracelular (colageno tipo VI) (RAJALA; SCHERER, 2003)
(Figura 4). Nesse contexto, mais estudos sobre a associacdo da obesidade com CCR,
levariam a maior apropriacdo do tema e maiores chances de sucesso nas

intervencoes.

Figure 5: Nutrition, physical activity and the hallmarks of cancer
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Figura 4 - Relacdo da obesidade como as vias de progresséo do cancer. Fonte: World
Cancer Research Fund / American Institute for Cancer Research. Diet, Nutrition,
Physical Activity and Cancer: a Global Perspective, A summary of the Third Expert
Report. 2018. Disponivel em: Diet, Nutrition, Physical Activity and Cancer: a Global

Perpective (wcrf.org). Acesso em: 24/09/2021.

1.3 O processo inflamatério e os macréfagos


https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
https://www.wcrf.org/wp-content/uploads/2021/02/Summary-of-Third-Expert-Report-2018.pdf
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As principais funcbes dos macrofagos, fisiologicamente, sdo fagocitose,
endocitose, secrecao de moléculas imunomoduladoras e protecdo contra patdgenos
invasores. Os macrofagos podem ser células residentes no tecido ou serem
recrutados dos monécitos da circulagcdo sanguinea durante a inflamacédo
(MANTOVANI et al., 2004; MARTINEZ; GORDON, 2014). Quando ativados, possuem
papéis de quimiotaxia, adesao, funcdes tréficas, interagem com linfocitos T e B na
imunidade adaptativa e geram uma resposta mais aprimorada (MARTINEZ,
GORDON, 2014).

Os macrofagos sdo orguestrados por um espectro de ativacdo, onde a
polarizacdo M1/classica (pro-inflamatéria) pode ser induzida por citocinas como o
interferon-y (IFN-y) ou fator de necrose tumoral (TNF), sozinhos ou em conjunto com
produtos microbianos, como lipopolissacarideos (LPS) (MANTOVANI et al., 2004). Tal
populacdo de células é caracterizada por alta capacidade de apresentacdo de
antigeno; producdo elevada de citocinas proé-inflamatoérias, como IL-12, IL-6, IL-8,
TNF, IL-1B e 6xido nitrico (NO) e espécies reativas de oxigénio (ROS) (MANTOVANI
et al., 2004; MARTINEZ; GORDON, 2014; WADWA et al., 2006). Quando polarizados,
0s macrofagos M1 participam do recrutamento de células Thl, Tcl e NK, coordenando
uma resposta imune tipo | ou classica, que tem funcdo de atagque a patdgenos
intracelulares e resisténcia tumoral (LOCATI; MANTOVANI; SICA, 2013).

Por outro lado, a polarizacdo M2/alternativa (anti-inflamatoria) é induzida pela
IL-4, que é produzida pelas células Th2, eosindfilos, basofilos ou os proprios
macrofagos (MARTINEZ; GORDON, 2014). Esse fendtipo é associado com
diminuicdo da fagocitose, aumento da atividade da arginase, aumento da expressao
de receptores de manose (CD204), aumento da liberacdo de citocinas anti-
inflamatérias como IL-10, inibicdo da expresséao de citocinas pro-inflamatorias levando
a regeneracao tecidual e resolucdo da inflamacédo, além disso, promove o
recrutamento de células imunes como eosinofilos, basofilos, células Th2, Tregs e T
virgens, e imunorregulacéo, pela producéo de agonista de CCR3, CCR4, CCRS8 e das
citocinas CCL1, CCL16 e CCL18 (FIORENTINO; BOND; MOSMANN, 1989;
MANTOVANI et al., 2004) (Figuras 5 e 6).
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1.4 Macro6fagos associados ao tumor (TAM)
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Representacdo esquematica das caracteristicas apresentadas pelos

No inicio do processo tumoral, ocorre 0 recrutamento dos macrofagos,

buscando extinguir as células tumorais, entretanto, quando o tumor se estabelece,
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esses macrofagos sao “educados” para terem um comportamento pré-tumoral,
passando a atuar como macréfagos-associados ao tumor (TAM) (BALKWILL, F. R.;
MANTOVANI, 2012; POLLARD, 2004; QIAN; POLLARD, 2010). Os TAM podem
apresentar caracteristicas mistas de polarizacdo M1 e M2, no entanto, com
comportamento predominantemente imunossupressor (QIAN; POLLARD, 2010). A
acidose local no tumor € responsavel por inibir a producdo de citocinas pro-
inflamatérias, como interleucina 2 (IL-2) e interferon gama (INF-y), produzidas pelas
células T, e ainda gerar a morte dessas células a longo prazo, para gerar uma regiao
anti-inflamatéria, tipo Th2 (FISCHER et al., 2007; NOY; POLLARD, 2014).

Atualmente, é evidente que a resposta inflamatéria persistente gera um
ambiente com potencial de iniciar o tumor, como no caso da doenca de Crohn, que
aumenta relativamente o risco do CCR (BALKWILL, F.; CHARLES; MANTOVANI,
2005; GRIVENNIKOV; GRETEN; KARIN, 2010). Essas células também produzem
fatores de crescimento e/ou citocinas que favorecem o crescimento de células
epiteliais, que acabam adquirindo mutacfes associadas a progressao do tumor. Por
consequéncia, o recrutamento de mais células inflamatorias, resultando em um ciclo
vicioso e aumentando a progressao do cancer (BALKWILL, F. R.; MANTOVANI, 2012;
QIAN; POLLARD, 2010).

O ambiente Th2 é caracterizado pela presenca do fator de crescimento
transformador-B1 (TGF-B1) e Arginase 1, assim como um aumento do niumero de
células T CD4 + (DENARDO et al., 2009). Pode-se dizer, portanto, que para o tumor
conseguir se desenvolver é preciso que modificacdes no microambiente favorecam a
polarizacdo dos macrofagos residentes, ou dos mondcitos recrutados, para o fenotipo
pré-tumoral (NOY; POLLARD, 2014).

Acredita-se que os TAMs sejam originados dos mondcitos recrutados da
medula 6ssea. O fator estimulador de coldnia 1 (CSF1) é o principal regulador da
diferenciacdo da maioria das populacbes de macrofagos, e além disso, € um fator
quimiotético (CHITU; STANLEY, 2006; SHAND et al., 2014). Concentracdes elevadas
de CSF1 nos tumores estdo associadas a um pior progndéstico, em contraste, 0
bloqueio de CSF1 leva a perda de caracteristicas pré-tumorais associadas aos TAMs
(MANTOVANI et al., 2017). O VEGF-A também recruta progenitores de macrofagos
gue se diferenciam em TAMs sob influéncia de IL-4, provando que este também € um
estimulador de TAMs (MANTOVANI et al., 2017).
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Os mecanismos pré-tumorais no microambiente ofertado pelos TAM séao a
criacdo de vasos sanguineos que permitam a passagem de oxigénio e nutrientes ao
tumor e a promocédo de invasdo. Tal passo € importante, uma vez que aumenta o
namero de células tumorais circulantes e, portanto, beneficia a formacdo de
metéstases (HANAHAN; WEINBERG, 2011; WYCKOFF et al., 2007). Na sequéncia,
ocorre imunossupressao que é pelo menos em parte mediada por macrofagos ou seus
progenitores, e que também envolve células Treg, bem como a evasédo imune mediada
por células tumorais (COUSSENS; POLLARD, 2011; GAJEWSKI; SCHREIBER; FU,
2013; MOVAHEDI et al.,, 2010). Os TAM expressam IL-10 e TGF-B, citocinas
envolvidas na modulacéo das fun¢des das células T, onde o TGF-B inibe as fungbes
citotdxicas, enquanto a IL-10 inibe as fungBes auxiliares (BROWN; TROWSDALE;
ALLEN, 2004; NG et al., 2013; OH; LI, 2013) (Figura 7).
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Figura 7 - Representacdo esquematica das caracteristicas dos macrofagos
associados ao tumor (TAM), conforme informacdes extraidas de Gonzalez et al, 2018.
Fonte: adaptado de Gonzalez H, Hagerling C, Werb Z (2018).

Porém, no CCR este processo ainda é controverso. Zhang et al demonstra que
os TAM favorecem a resisténcia ao quimioterapico 5-FU (ZHANG et al., 2016), ja
Malesci et al sugere que a alta densidade dos TAM melhora a resposta a quimioterapia
no estagio Il da doenca (MALESCI et al., 2017). Dados que indicam a necessidade

da continuidade da pesquisa com macrofagos e o microambiente no CCR.
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Conjuntamente as funcbes das células imunes no microambiente tumoral
(TME) existem alteracdes no sistema purinérgico. Os nucleotideos e nucleosideos séo
liberados para o TME e modulam o comportamento das células imunes. Neste
contexto, moléculas como ATP e adenosina, em niveis patologicos, favorecem a
anergia do sistema imune no combate a essa patologia levando a progressao tumoral
(BURNSTOCK, Geoffrey; DI VIRGILIO, 2013).

1.5 Sistema Purinérgico

O processo imune/inflamatorio é regulado por uma série de mecanismos, entre
0s quais esté incluido o sistema purinérgico. Acreditava-se anteriormente que o 5'-
trifosfato de adenosina (ATP) liberado pelas células era somente consequéncia de
danos sofridos por essas, entretanto, agora ha um conceito bem estabelecido de que
muitos tipos de células liberam ATP fisiologicamente e que o mesmo atua como
sinalizador via sensibilizagdo de purinoreceptores (BODIN; BURNSTOCK, 2001,
BURNSTOCK, Geoffrey; DI VIRGILIO, 2013). De fato, os nucleotideos e nucleosideos
extracelulares desempenham fun¢des importantes relacionadas a regulacdo do
sistema imune/inflamacdo, neurotransmissdo, proliferacao/diferenciagdo/morte
celular, motilidade, regeneracdo, envelhecimento e cancer (ABBRACCHIO;
BURNSTOCK, 1998; BRAGANHOL et al., 2015).

Os nucleotideos responsaveis pela sinaliza¢do purinérgica, como o ATP e 0 5'-
trifosfato de uridina (UTP), podem ser liberados nos fluidos extracelulares através do
dano celular e morte, onde as células necroticas e apoptéticas liberam ATP
representando "sinais de perigo" ou padrao molecular associado ao dano (DAMP) (DI
VIRGILIO; FERRARI; ADINOLFI, 2009; ELLIOTT et al., 2009; IDZKO et al., 2007).
Além disso, esses nucleotideos também podem ser liberados de maneira ativa em
resposta a varios tipos de estresse, como estimulagdo mecéanica, hipéxia ou em
resposta ao padrdo molecular associado a patégenos (PAMP) (HOMOLYA,
STEINBERG; BOUCHER, 2000; LAZAROWSKI; BOUCHER; HARDEN, 2003;
SEROR et al., 2011).
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Quando se encontra no meio extracelular, o ATP é hidrolisado por uma
familia de enzimas chamadas de ectonucleotidases. As ectonucleosideo trifosfato
difosfoidrolases (ENTPDases), exemplo NTPDasel/CD39), as ecto-pirofosfato-
fosfodiesterases (E-NPP) e fosfatases alcalinas (ALPs) sdo enzimas pertencente a via
adenosinérgica candnica, que degradam o ATP em adenosina 5'-difosfato (ADP) e
posteriormente em adenosina monofosfato (AMP). Enquanto que a CD73/ecto-5'-
nucleotidase converte o AMP em adenosina, e por fim a adenosina desaminase (ADA)
gera inosina (BURNSTOCK, G., 2007). No microambiente intracelular, a adenosina é
fosforilada por ADO quinase (AdoK) e adenilato quinases em ADP (AZAMBUJA et al.,
2019). A adenosina também pode ser gerada pela via adenosinérgica ndo canoénica
por nicotinamida adenina dinucleotideo (NAD +) - glicohidrolase / CD38 que €
subsequentemente metabolizado por CD73 em adenosina, a CD73 representa
ligacdo comum entre as duas vias adenosinérgicas (BAGHERI; SABOURY;
HAERTLE, 2019; FERRETTI et al., 2019).

Os receptores para nucleotideos extracelulares e seus produtos de
degradacéo, como a adenosina, sao caracterizados da seguinte maneira: uma divisdo
dos receptores purinérgicos entre P1 (adenosina) e P2 (nucleosideos di- e trifosfato).
Os subtipos de receptores para purinas e pirimidinas sao diversos, constituindo
atualmente 4 subtipos do receptor P1 (adenosina) (Al, A2A, A2B e A3), 7 subtipos de
receptores de canais de ions P2X (P2X1-P2X7) e 8 subtipos de receptores acoplados
a proteina G P2Y (P2Yi1, P2Y2, P2Ys4, P2Ys, P2Y11, P2Y12, P2Y13 e P2Y14)
(BURNSTOCK, G., 2007) (Figura 8).
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Figura 8 - Componentes da sinalizacdo purinérgica, via adenosinérgica canonica.
Fonte: Junger W (2011).

1.6 Sistema Purinérgico no Cancer

No céancer, novas evidéncias demonstram um papel crucial do sistema
purinérgico alterado, é notavel a expressdo aumentada de CD73, enzima que
cataboliza AMP a adenosina. A adenosina auxilia no inicio e na progressao do cancer
por gerar um microambiente imunossupressor e angiogénico. Além disso também
participa da formacdo de metastases (ALLARD et al., 2014; ALLARD; ALLARD;
STAGG, 2016; ANTONIOLI et al., 2013a, 2013b; YEGUTKIN, 2014). Ja o ATP esta
relacionado ao recrutamento de mondocitos aos sitios alvos e a estimulacdo dos
macroéfagos a produzir mediadores inflamatorios (VENTURA; THOMOPOULOS,
1995) (Figura 8). Os aspectos do sistema purinérgico relacionados a promoc¢ao do

CCR serdo melhores apresentados no capitulo 3 desta dissertacao.



27

.
Normal Tissue Tumor
Radiation-induced Radiation-induced
stress and cell death stress and cell death

Tumor control

Effector CD8+ T cells

=
P \-' S

) recruitment and activation
Immune activation >

ADO ADO
- Tumor promoting
Profibrotic effects effects

©©©8© ©©©

Endothelial cell activity :'::J':I:I'I‘

CDB«r T cell - ..
Treg proliferation Treg prollferatlon inhibition Endothelial cell activity

M2 like macrophage

polarization TAM polanzanon

Figura 8 - Sinalizag&o purinérgica no contexto fisiolégico e tumoral. Fonte: de Leve S,
Wirsdorfer F, Jendrossek V (2019).

Fica claro que, desvendar os mecanismos celulares e moleculares envolvidos
nesse processo complexo que € o cancer e as alteracdes que o cercam, € de extrema
importancia, pois permitira uma intervencao terapéutica mais eficiente, objetivando

melhorar o progndstico dos pacientes.
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2 HIPOTESE DO ESTUDO

Muitas evidéncias conectam CCR, obesidade e inflamacao, por sua vez, o
sistema de sinalizagdo purinérgica tem sido visto como um elemento essencial na
resposta imune/inflamatoria e na progressao tumoral. Apesar disso, a participacdo das
células do sistema imune inato, mais especificamente dos macréfagos, e da
sinalizacao purinérgica no processo de malignidade do CCR ainda é pouco conhecida.
Considerando que as células tumorais moldam o comportamento dos macréfagos a
contribuir para o crescimento tumoral, e que o estado de inflamacao local possui
impacto sobre a disfuncdo imune/inflamatdria, nossa hipétese é que a comunicacéo
entre células tumorais e os macréfagos no microambiente tumoral poderiam ter como
principais consequéncias: 1) a fuga do sistema imune de vigilancia, devido a ativagéo
cronica gerada pelo excesso de tecido adiposo, levando ao inicio do estabelecimento
do tumor, (2) a producdo de adenosina que neutraliza o ataque ao tumor pelos
linfocitos T citotoxicos ou pelas NK (natural killer), resultando em sobrevivéncia
tumoral e (3) a liberacdo desses fatores para a circulagdo modula o fenétipo das
células imunes circulantes, as quais favorecem a formacao do nicho pré-metastatico
no tecido-alvo. Existem mecanismos ainda ndo conhecidos que geram esse ambiente
enriquecido em fatores imunossupressores. A elucidacdo dessas vias pode ser
importante para melhor compreender os mecanismos de progressédo do CCR e, assim,
criar estratégias terapéuticas para contornar o0 manejo clinico desses pacientes. TME
dos obesos no CCR
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3 JUSTIFICATIVA

O presente estudo se justifica pelo grande nimero de casos de cancer de intestino,
no Brasil e no mundo nas ultimas décadas. Os fatores de risco para esse cancer tém
aumentado em muitos paises em desenvolvimento devido ao estilo de vida pouco
saudavel predominantemente adquirido. A obesidade também apresenta nameros
crescentes, e é preocupante por estar associada a muitas doencas. O estudo da
relagdo entre obesidade com o cancer colorretal e as alteragcbes causadas no
organismo ganharam importancia no cenario da saude publica. O sistema imunolégico
possui 0s componentes da sinalizacdo purinérgica, mecanismo capaz de diminuir a
resposta imune ao tumor, aumentando o potencial de malignidade e controlar
diretamente a progressdo tumoral. Nossa motivacdo partiu de trabalhos anteriores
realizados pelo nosso grupo de pesquisa, que avaliaram a liberacdo de citocinas pré
e anti-inflamatérias pelos macrofagos e a expressdo de enzimas e receptores
purinérgicos no glioblastoma. Acreditamos que as células imunes estdo sendo
direcionadas para o fendtipo pro-tumoral, entre outros fatores, pelo sistema
purinérgico. A pesquisa procurou associacdo entre as citocinas pro- e anti-
inflamatorias no estado de obesidade e a alteracdo imune local; a ativacdo dos
macréfagos e a expressao de enzimas e receptores purinérgicos com o CCR.
Esperamos contribuir para a descoberta de novas hip6teses de intervencdes. Além

disso, nossas conclusdes podem ser usadas como bases para outros estudos.
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4 OBJETIVOS

4.1 Objetivo geral

- Investigar a participacéo do sistema imune/inflamatério na progresséo do cancer

colorretal.

4.2 Objetivos especificos:
- Revisar os estudos sobre sinalizac&o purinérgica e cancer colorretal.

- Investigar o efeito de fatores séricos liberados por individuos obesos sobre a
viabilidade, proliferacéo e migracéo de células de cancer colorretal (Caco-2 e
HCT116) in vitro.

- Avaliar a polarizacéo de cultura primaria de macréfagos humanos co-cultivados

com células tumorais de CCR (linhagem HCT116).

- Efetuar um rastreamento de citocinas e mediadores inflamatorios alterados apds o

cultivo de macréfagos humanos com linhagens de CCR.
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Abstract

Colorectal cancer remains one of the most common cancers and has a high fatality
rate when at an advanced stage. Gut inflammation is related to colorectal cancer, with
immune cells losing physiological role. The cells of the innate and adaptive immune
system, including macrophages, neutrophils, mast cells, and lymphocytes are present
in most solid tumors. The purinergic signaling is a way of communication between
immune cells and tumor microenvironment, and so far it has been seen that it can alter
the immune response to tumor progression. This system is regulated by the availability
of extracellular purines to sensitize purinoceptors (P1 and P2) and tightly controlled by
nucleotidases/phosphatases (E-NPP, CD73/CD39, ADA) and kinases, which interact
with nucleotides and nucleosides to exert their effects. In this review, the objective was
to compile the results exposed on the relationship of the purinergic system with the
progression of colorectal cancer so far. As results, we found that the increased
expression of CD73 leads to blocking the response of the effector immune cells and
tumor progression in CCR. In receptors, Al, A2A and A2B were related with tumor
progression, but A2B also increased apoptosis; and A3 had no association. P2X5,
P2X7,P2Y2, P2Y6, P2Y12 increased main progression factors. ATP at high levels had
greater tumor progression.

Keywords

Colorectal cancer. Purinergic signaling. Immune system. Tumor microenvironment.
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Highlights

CD73 leads to tumor progression in colorectal cancer.

CD39 related with immunosuppressive T cell and poor prognosis.

Receptors P1 and P2 were main associated with poor prognosis to colorectal cancer
patients.

Purinergic enzymes and receptors can be key to stop tumor development.
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1. Introduction

Colorectal cancer (CRC) is the third most common cause of cancer death worldwide
[1]. The CRC is characterized by two main mechanisms of instability genetic: low
mutation rate with a high frequency of DNA somatic copy number alterations that
generate chromosomal instability (84%); and hypermutated CCR with defective
mismatch repair (MMR) that generate microsatellite instability (MSI) (13%) [2]. MSI is
a predictive marker for response to chemotherapy and to immunotherapy [3].

The CRC classification is performed by analyzing tissue biopsy obtained from surgery
following the TNM staging - tumor invasion (T), lymph nodes commitment (N), and
metastasis formation (M) [4]. In the CCR first stage, the treatment is surgical. However,
after the tumor progresses to a more advanced stage (lll and IV), association of
chemol/radiotherapy is required [5, 6]. The first line chemotherapy is 5-fluorouracil, an
agent intercalating of DNA [7, 8]. Some monoclonal antibodies have been tested (anti-
VEGF, anti-EGFR), but the therapeutic decision is personalized for each patient [9,
10].

Despite many efforts to develop new therapeutic strategies, the 5-year relative survival
rate for patients with metastasis is just 14% [11], characterizing the main cause of
death of patients with CRC [12, 13]. Moreover, considering the high CRC
heterogeneity, TNM stage exhibits limitations in the cancer staging, which can
generate over- or undertreatment of patients [14]. Therefore, in addition to considering
exclusively histological factors, it has been proposed to include new cellular and
molecular markers to enable the early diagnosis/prognosis and the follow-up of
patients during the treatment [15, 16].

Diseases related with chronic inflammation, such as Crohn's Disease (CD), ulcerative
colitis (UC) are clearly associated with a higher risk of developing CRC [17, 18].
Immune cells participate of tumor initiation; non-transformed microenvironmental cells
communicate in a dynamic form with the cancer cells, creating an immunosuppressive
environment which favor cancer progression and metastasis [19-21]. In the beginning
of tumor development, NK cells and CD8* lymphocytes perform the recognition of the
immunogenic cancer cells and try to eliminate them. However, those cells less
immunogenic and “cold” persist raising the first tumor site [22]. Therefore, the immune

cell compaosition in the tumor microenvironment (TME) may be a predictor of prognosis
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for patients, and the presence of T cells or macrophages is related to good and bad

prognosis for solid tumors, respectively [22].

However, whether the microbiota regulates the functional state of MPs in the TME and
the signaling pathways involved are unknown. We reveal that microbiota-derived
signals are needed to program mononuclear phagocytes in the TME toward
immunostimulatory monocytes and DCs; absence of these signals shifts the
mononuclear phagocytes repertoire toward tumor-promoting macrophages.
Mechanistically, we demonstrate that microbiota-derived stimulator of interferon genes
(STING) agonists such as c-di-AMP induce type | interferon (IFN-I) production by
intratumoral monocytes, which regulates their skewing and natural killer (NK) cell-DC
crosstalk. This mechanism can be triggered by microbiota manipulation with a high-
fiber diet (FD) to improve the antitumor response. We show that transplantation of fecal
microbiota from responder but not from non-responder individuals is sufficient to trigger

IFN-I and remodel the innate immune TME in melanoma patients [23].

In this scenario, purinergic signaling emerges as a key element of cancer progression,
since it orchestrates the immune/inflammatory responses and tumor
proliferation/migration events as well [24-26]. Extracellular nucleotides and
nucleosides, as ATP and adenosine, via purinorreceptor sensitization regulate
fundamental functions of immune cells, including clonal expansion, migration,
polarization, cytokine production and so on [27, 28]. Purinergic system is characterized
by a signaling cascade mediated by nucleotides and nucleosides in the extracellular
space [29, 30]. One of the players, “the messengers”, are extracellular purines such as
adenosine 5’-triphosphate (ATP), adenosine 5’ diphosphate (ADP), and adenosine or
pyrimidines uridine-5’-triphosphate (UTP) and uridine diphosphate (UDP) which act as
signaling molecules mediating cell communication in physiological or pathological
conditions [31].

Considering that the immune cell dysfunction is related to CRC progression and
probably with metastasis, we hypothesized that alteration in purinergic signaling may
contribute to cancer-associated immune dysfunction. Therefore, here we revised the
potential role of the immune cells in cancer-related inflammation, focusing in the
available data about CRC. Further, purinergic signaling in CRC cells as well as in the

tumor-associated immune cells is discussed, highlighting the main purinergic signaling



43

alterations with diagnostic, prognostic or therapeutic value. A better understanding of
purinergic signaling participation on CRC progression and metastasis will open new

avenues for future therapeutic interventions.

2. Methodology:

M

The electronic databases used were “Pubmed”, “Web of Science”, “ScienceDirect” and
“Scopus”. The function “advanced” was used in the Pubmed and ScienceDirect, in the
Web of Science, sometimes we used the term “in title” and to receptor terms we used
“in topic”, and in the Scopus, quotation marks (“) at the beginning and the end of
expression was used, and the field tag abstract was used. The descriptors used
included: “colorectal cancer and CD73”; “colorectal cancer and CD39”; “colorectal
cancer and NTPDase1”; “colorectal cancer and ecto-5-nuclecotidase”; “colorectal

”, o« ",

cancer and purinergic signaling”; “colorectal cancer and adenosine”; “colorectal cancer
and adenosine triphosphate”; “colorectal cancer and purinergic receptors”; “colorectal
cancer and inflammation and purinergic signaling”; “colorectal cancer and metastasis
and purinergic signaling”; “colorectal cancer and A1 receptor”; “colorectal cancer and
A2A receptor”; “colorectal cancer and A2B receptor”; “colorectal cancer and A3
receptor”; “colorectal cancer and P2X receptor”; “colorectal cancer and P2Y receptor”.
A total of 932 papers were found. After copies were excluded, we had a number of
439. Therefore, the evaluation of the title and abstract of the papers was done, and 91
articles were selected. Thirty-two productions were excluded because they were
abstract, book chapter, reviews, in other languages different from English or with
access not available. Finally, 59 articles were included in this review. Two independent
researchers made the choice of papers that has criteria of eligibility and when there
was conflict, a third researcher made the tiebreaker. Only complete articles written in
English published in the period from 2009 (January) to 2021 (November) were
included. The variables extracted were about the material studied, sample size, target
and main results briefly (see Table 1). A second reviewer then checked details. The
data investigated were related to the purinergic receptors and enzymes, immune cells,

tumor cells, over survival.
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Figure 1. Overview of the paper selection for inclusion in the present review.

3. Immune cell dysfunction associated to cancer progression

The cells of the innate and adaptive immune system, including macrophages,
neutrophils, mast cells, and lymphocytes are present in most solid tumors. These cells
mediating inflammatory responses are necessary both for tumor progression and for
its elimination. Several studies have broadened the concept that inflammation is a
critical component of tumor progression [32]. [33].

First, scientists observed that the mass of solid tumors was composed in large number
by immune cells [34, 35]. The first hypothesis was that these cells would be recruited
into the TME to recognize the transformed cells and initiate an immune response to
eliminate and the tumor helping to slowing down the tumor progression. However, as
we began to understand more about the tumor-immune cells crosstalk, we realized that
the hypothesizes was not accurate.

Immune cells are recruited in to the TME through the secretion of various soluble
factors released by tumor cells, such as cytokines and chemokines. However, after
arriving they are educated by tumor cells through mechanisms that induce anergy and

an immunosuppressive phenotype leading to tumor growth.

3.1. Macrophages and neutrophils
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Macrophages and neutrophils are said to be critical to cancer-related inflammation. In
breast, skin, pancreatic cancer, the presence of extensive immune infiltrate is
correlated with poor prognosis [36—38]. Neutrophils and macrophages are the first
players in an inflammation situation, and are components of the immune innate
response. Neutrophils' role is to promote death by phagocytosis, degranulation and
neutrophil extracellular traps (NET) extravasation that promote immobility of pathogens
to help cell phagocytes. They recruit the phagocytes to operate against pathogens
and/or tissue injury [39].

It has been described that these two cells can be activated in different physiological
phenotypes according to the environment signaling: classical (M1/N1) and alternative
polarization (M2/N2), where M1/N1 profile does the antigen combat, eliminating
altered/immunogenic cells, while M2/N2 profile reduce the inflammation, recomposing
tissue homeostasis [40, 41]. In TME, studies are highlighting the capacity of tumor cells
to induce and “corrupt” TAM and tumor associated-neutrophils (TAN) to a M2-like/N2-
like phenotype, which contribute to tumor progression. TAM produce cytokines that
promote angiogenesis, immunosuppression by T cells inactivation, Treg induction,
dendritic cell activity inhibition, epithelial-mesenchymal transition and, thus, cancer cell
proliferation and chemoresistance [42, 43].

TAMs promote metastasis initiation by tissue remodeling, downregulation of Natural
killer (NK), recruitment of more immunosuppressive macrophages and increasing of
NETs deposit. NETs apparently increase adhesion of tumor cells, concentrating groups
of tumor cells and allowing the degradation of extracellular matrix for tumor spread [22,
44]. TAN induces angiogenesis in tumor sites by MMP9 and VEGF secretion [45].
Other possible tumor-promoting activities of TAN include tumor cell invasion and
growth, T cell immunosuppression, induction of chronic inflammatory environment,
favoring the establishment of pre-metastatic niche [46, 47]. Briefly, TAM and TAN favor
the tumor cells on immune escape and tumor survival. On the other hand, there is
evidence that they can also have an antitumor activity, TAM and TAN are associated

with better response to chemotherapy in CRC patients [48, 49].

3.2. Myeloid-derived suppressor cells

The myeloid-derived suppressor cells (MDSCs) are a group of heterogeneous cells
originating in the bone marrow that was recently described as potent

immunosuppressive agents in cancer and other conditions such as chronic
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inflammation and infections [50, 51]. The main mechanisms of these cells are induction
of other immunosuppressive cells - M2 and regulatory T cells (Treg) - and blockade of

immunoinflammatory response.

3.3. Lymphocytes

The NK cells = are the most cytotoxic cells of innate immune response, which are
responsible for immune surveillance and operate mainly by recognition of major
histocompatibility class | (MHC-1) expression [52, 53]. MHC-I expression is
downregulated in tumor cells, which promotes the failure of NK cells through the lack
of inhibitory signals. However, tumor cells can escape from the immune response via
different mechanisms, such as (1) cleavage of costimulatory ligands and (2) secretion
of immunoregulatory molecules such as adenosine (ADO), TGF-a and prostaglandin
E2 [54-58]. In addition, low NK levels and activity were detected in various types of
solid tumors, including CRC [59-61].

T cells are the main players of adaptive immunity response and are divided in
subpopulations [62]. Effector T cells are divided in CD8", cells with cytotoxic activity
against target cells, and T helper 1-CD4*, which produce inflammatory cytokines that
amplify antitumor response through macrophages and NK activation [63, 64]. Once
finished the inflammatory process, the remaining cells turn into memory T cells [65].
The participation of effector T-cells have been extensively investigated in cancer-
related inflammation and they are associated with better prognostic for cancer patients
including CRC, depending on the immune composition of TME [63, 66]. However,
similarly as observed for TAM and TAN, tumor cells and the TME cells reduce T-
effector cells activity and promote the recruitment of T immunosuppressive T-CD4*
regulatory cells [62]. Treg (CD4*CD25*FOXP3*) are responsible for immunological
self-tolerance and for tissue homeostasis during inflammation, decreasing the number
and the activity of effector immune cells and stimulating tissue repair [67]. Treg
suppress effector cells T-CD8*, ThCD4*, macrophages, NK cells and neutrophils [67,
68] through a variety of mechanisms: (1) via contact with other cells through inhibitory
receptors CTLA4, PD-1, PDL-1 and LAG3 [69, 70] and (2) via production of
immunosuppressive molecules, such as IL-10, TGFa and ADO [71].

Treg infiltration has been associated with tumor progression and patients' worst

prognosis in various types of cancer [72]. However, the association between Treg
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infiltration and prognosis in CRC is not yet understood, considering there are several
studies that concluded both positive and negative correlations [49, 73-76]. The
blockade of PD-1/PDL-1 and CTLA4 using monoclonal antibodies was the first strategy
studied for cancer-based immunotherapy and, even though it has been beneficial to
oncological patients [77-80], targeting immune checkpoints is still a challenge to CRC
therapy. Since a variety of tumors types with different mutations profiles do not respond
[81-83].

Another T cell subpopulation that has been extensively studied in inflammation,
infection and cancer is the exhausted CD8* cells (Tex). After long term stimulation, the
effector T cells fail in turning into memory cells and lose their ability to produce
inflammatory cytokines and proliferate, enabling the immune response and the
senescence of these cells [84—86]. The Tex cells are characterized by the high and
persistent expression of inhibitory receptors such as PD-1 and the exhaustion can be
reversed through the PD-1 blockade, which consists in an important strategy to cancer
therapy [87, 88]. In CRC, Tex are abundant in the TME and it has been proposed as a
potential biomarker and therapeutic target [89-91].

In summary, tumor cells induce escape immune by decrease antigens presentation
human leukocyte antigens (HLA) and by immunosuppression promotion, with Treg,
TAM and TAN recruitment, anti-inflammatory cytokines secretion (IL-10, TGFa),
purinergic signalling alterations and immune modulatory receptor expression (PD-1,
CTLA4). In this context, understanding the mechanisms involved in this complex
relationship is of most importance to build an efficient strategy to beat cancer and re-
educate immune cells. One of the important mechanisms that controls the immune

response and the progression of cancer is the purinergic system.



Reference Type of study Lineage

48

Molecu
| Results Overcome
e

Wen et al, In vitro / In

Decrease of tumor

2019 Vivo CT29/Balb/c ATP Increase of ATP levels in the microenvironment progression by ATP-mediated
Immune response
Yagushi et . ATP-mediated PKC inhibition via P2R Decrease of tumor cell
In vitro Caco-2 ATP : . o . .
al, 2010 stimulation viability and proliferation
Vinette et al, . ATP-mediated MRP2 expression increase via Increase of tumor cell survival
In vitro Caco-2 ATP . ) )
2015 P2R stimulation and chemoresistance
Kim et al, | Tumor ' CRC (stage | ATP sensitivity of patients is directly correlated |
2019 (N=136) 1)} ATP with better response to chemoterapy Improvement of OS and PFS
HT29, ATP
Dillard et al, In vitro HCT116, and ATP induce cell death and have anti- Worst tumor cell development
2021 LS513 and ADO proliferative effects in CRC cells P
LS174T
Liver (but not q .
Tokunaga et limite to) Adenosine SNP (CD73 rs2229523, A2BR
Blood (N=451) . ADO  rs2015353 and CD39 rs2226163) correlated Improvement of OS
al, 2019 metastatic .
with OS
CRC
. CD39 - High CD39 expression In en_dothehum, Increased tumor cell spread
Kunzli et al, . , stromal and mononuclear infiltrating tumor cells . .
In vivo transgenic  CD39 ) T : and liver-mestastasis
2011 - High P2Y2 expression in liver metastatic .
and CD39-/- formation

tumors

Tumor (N=63)
/adjacent CRC stage
tissue (N=13)

Author suggested that lower
Lower expression of CD39 and P2Y2 in tumor  levels of CD39 and P2Y2
tissue of inicial stages of CRC compared to could be associated with
metastatic tumors. longer survival and less
invasive tumors




Lower levels of ATP in transfected mt-PCPH

49

McCarthy et In vivo In situ HCT-116 and CD39L and myc-tagged PCPH cells. However, the Decreased levels of ATP
al, 2013 HCT 15 4 NTPDase intracelular
activity of mt-PCPH was undetectable.
parog eca, JUTOr (020, Renal, o ONEDSORIER ORI OO elated i supresson
2013 ' ' -High molecular density per cell CD8+ Treg activity mediated by CD8+
donor (13) stage (Ill) .
intratumoral. Treg
'Blood (N=64) | | " -Increased MDSCs positively correlated with . -
Zhang etal, and tumor Ic\:/?cc:e(lllsl;rcilr:} CD39 tumor metastasis and TNM In;;nl\ljlgosségpcrgﬁ:?r'gﬁqagg\gy
2013 (N=5) and In -MDSCs CD39high potential to inhibit CD3+ .
: blood . . patients
vitro Tcells proliferation
Tumor/adjace Increased expression of CD39 in boths Possible requlatory role of
Scurr et al, nt tissue, CRC stage |, FOXP3+ and FOXP3- in tumor tissue 9 Y
> CD39 . CD4+ FOXP3- T cells
2014 blood/donor Il (majority), Il compared with blood from healthy donors or intraturmoral
(N=40) CRC patients
| - Higher expression of CD39 in Tregs in blood | -
Blood (N=45) and tumor tissue. CD_39 enzyme activity
Sundstrom, : A contributes to adenosine-
and tumor - CD39 - Adenosine reduced migration of T cells . . .
2016 ~ . : mediated reduction of TEM in
(N=7) through the reduction of monocyte capacity to :
: . CRC patients.
activate the endothelium.
o . i Immunosuppressive effect on |
Limagne et Blood mCRC HIgIt:eseligssgo(cr;legigdpvsithlp;o%?i?ozggig o7 T cells, demonstrated_ by
(25) and CRC stage IV CD39 ) ’ reduced TNFa and Ki67
al, 2016 - FOLFOX plus bevacizumad decreased : .
donor (20) proliferation marker
gMDSC. \
expression
Tumor / . . : .
Ti . : -High Tregs CD39high, IL-17 and IL-1b Phenotype compatible with a
imperi et adjancet : ; : ) L
. CD39 increased in tumor site. strong suppressive activity, a
al, 2016 tissue, blood

(N=34)

- The genotypes at polymorphism (ENPD1

high proliferative potential




50

SNP, rs10748643) were contibute to CD39 and a stable regulatory
expression. program.
- A2A and A2B antagonists blocked effect of
Hu et al, . gama-delta-Treg. Increased adenosine
2017 In vitro SW480 CD39 |, CD39+ gama-delta-Treg inhibited CD3+ T cell extracellular concentration

proliferation.
- CD39high in gama-delta-Treg in tumor,

Immunosuppressive function

Turmor / correlated with high CTLA-4, PD-1, FOXP3 on T cells. hiaher than
adjacent and IL-10, IL-17A, GM-CSF, TGF-b1, TNF-a cls, Nig
. - . conventional T reg CD4+.
tissue (109), production. Correlated with advanced
boold donors - TGF-b1 induced gama-delta-Treg with higher TNM
ADO. stage.

' CD3+T cells in the TME were CD4+FoxP3+T | Authors sugest that
with high co-expression of PD-1/CTLA-4 and expression of PD-1, CTLA-4

. Tumor / . :
Khaja et al, . CRC stages PD-1/CD39. CD39 was higher in tumor. . .
2017 tis:l?éa(cl\?ftla (LILITand 1V) CD39 FoxP3+Helios+ and FoxP3+Helios— Treg had aggﬁ?ﬁ%ﬁ?}?g;ﬁ'bl?evsv;\tlg
- high co-espression of PD-1/CTLA-4 and PD- P Subsets of Trgps
1/CD39. g
Initial (stages | CRC advanced stages incresead CD4+CD39+
9 lymphocytes in blood and tumor tissue, Increased CD4+CD39+ T
Blood (42)/ andll') and . : :
, negative correlation with CD3+CD4+ T helpers cells correlated to a
Zhulai et al, donors (30), advanced , .
CD39 and CD3-CD19+ B cells and the imunossupression phenotype
2018 tumor (5)  (stages lll and . | index (CD4 CD8 . t1h IIs in blood and
stage Ill IV) CRC immunoregulatory in ex ( +to + ra_tlo). of the cells in blood an
(OUDS Association between FOXP3 and CD39 in tumor tissue.
group CD4+CD25high T cells.
Tumor / Lower CD39 expression in TIL CD8+
Simoni et al, adiacent Stage I, II, I CD39 bystander than TIL CD8+ tumor specific. Possible TIL CD8+ maker in
2018 J and IV CD39+ was correlated with proliferation and CRC

tissue (N=94) exhaustion asociated genes.




Tumor
Strasser et /adjacent

51

Authors sugest that TME

Higher levels of CD39+Helios+ T cells and pro- induces pro-inflamatory and

al 2019 tissue. gene - CD39 inflammatory IFNy -producing T cells in CRC imunossupressive activity
’ data ’(2998) tissue from T cells and
macrophages.
Gaibar et al Tumor mCRC Variant alele CD39 patients had better SNPs as predictors to
2021 ' (N=57, Stage IV CD39 response to bevacizumab plus chemotherapy, 0 nosisao tratament
paraffin) but no changes to OS or PSF brog
Tumor / Lymphocytes T CD8+ CD39high more
Gallerano et adjacent Stage I, II, Il expressive in tumor, '”'“"?" stage of CRC (I-11), CD39 marker to T cells
. CD39  with high PD-1 expression and lower INF-y .
al, 2020  tissue, blood and IV - : supression
(N=60) production, correlated with T cells exhausted
- and suppressed CD4+ T cell proliferation.
S?J-brggt'at;aelgfjcsl CD39 inhibitor increased CD11b and Ly6C
iniected into expression in M1 TAM and F4/80 in
Park et al Invivo / In y trjle flank macrophages in vitro. CD39 inhibitor promote = CD39 inhibitor increased M1
2021 ' Vitro intra eritonéal CD39 smaller tumor growth, Ly6C and MHC Il in TAM phenotype in colorectal
| ie\'ected F4/80+, increased CD8 T cells in the spleen cancer model
P(y)MJ-l dail CD4 in the blood, and Caspase-3 expression,
for 2 weeksy comparated with control group in vivo.
Tumor / | | MAIT (mucosal-associated invariant T cell)
adjacent infltrating CRC have a terminally exhausted
. tissue (28 . phenotype (F_’D-lhlghT|m-3+CD39+) and MAIT cells express CD39 and
Rodin et al, increased proliferation. The MAIT cells have : . o
male, 19 colon tumors CD39 : . . is associeted with immune
2021 reduced polyfunctionality with decreaased of

female) 10 cm
away from the
tumor

, . escape
anti-tumor efector molecules, and blocking P

antibodies to PD-1 improved activation of
tumor-infltrating MAIT cells in vitro.




Zhao et al,

MC38 and

52

Expression level of CD39 in colorectal tumor

tissues was higher than that in normal tissues.

CD39 was also highly expressed in both

) . High CD39 expression in
human and murine colorectal cancer cell lines

2020 In vitro H2o P39 Mc38 and HT29. CD39 inhibitor inhibited - R cels, CD39 inpibitor
MC38 cell growth at 48 and 72 h. CD39 9 '
inhibitor inhibited cell proliferations in a dose-
dependent manner.
TNM I, 11, 1
and IV. In vitro
;cllj'?coern/t CTZgil_lzne\_/'VO: Left-sided CRC had less CD39+yd Tregs Tumor in right side is most
Zhan etal, . 29ace! frequency that right-sided CRC. The RSCRC = malignant that left side, by
tissue (N=129) Vec/Pla2gda CD39 , , , . .
2021 A had adenosine level, IL-17A—producing imunossupression mediated
/Invivo / In cells . .
, incresed and IFN-y—producing decreased. by CD39 +yd Tregs
vitro transplanted
into the caecal
BALBI/c.
Decrease in purine
Matsuyama In vitro SW48 and CD73 Reduced CD73 expression in highly liver nucleosides, increase in
et al, 2010 SW48LM2 metastasis cell line purine nucleotides
metabolism
Tumor (16 CRC54 -1, . o .
Wu et al, fress, 358 147 -11,124- CD73 High CD73 expression n CRC tissue fresh or Worst overall survival rate
2012 : paraffined
paraffin) I, 30-1Vv
Cushman et Tumor TGER;SSS CD73 Higher levels of CD73 expression predict for Better response to
al, 2014 (N=103) esp PFS benefit from cetuximab chemoterapy
primary tumor
Zhang et al, Tu_mor/ CRC (11 -1, Higher xpression of CD73 in both tumor and CD73high worse outcomes in
adjacent 38-11,40-1I CD73 ! . : L
2015 tissue (N=90) 1-1V) stromal tissue compared to peritumor tissue. = tumor. CD73high in stromal




53

correlated with less advanced
tumours and better outcome.

Wu et al | RKO, SW480, | ' cD73 expressed in all five cells lines of CRC; |
2016 ’ In vitro HCT-15, Lovo CD73 overexpression of CD73 promoved [3- Cell growth ad cell cycle
and KM12 catenin/cyclin D1 and EGFR expression.
CRC human
In vivo wﬂkéz)vggout CD73 increased tumor size and weight CD73 promoted tumor growth
interference
| | High plasma levels of CD73 were predictive of | . -
Hatch et al, B_|00d shorter OS in all patients, although it also Potential predl_ctlve marker of
(N=152), - CD73 o benefit from
2016 _ correlated to PFS benefit in wt KRAS group : .
tumor (N=71) . . cetuximab in mCRC.
treated with cetuximab
HEK293T
cells, SW480, miR-30a has a negative effect in regulating inverse correlations between
Xie et al, . HCT116, expression of CD73 mRNA and protein, with )
In vitro CD73 : . . the levels of miR-30a and
2017 LoVo, CaCo2, decreased proliferation and incresed CD73
HT29, RKO, apoptosis. '
DLD1, HCTS8
. B’.A‘LB./C. nu{nu Decreased in the mean weight of miR-30a
In vivo mice Injection O
of SW480 gruop.
Tumor / Lower expression levels of miR-30a and higher
adjacent - expression levels of CD73 than the
tissue (N=27) corresponding adjacent control tissues.
| | Fasting induced CRC cells
Sun et al, . CT26, RAW CD73 knockdown and A.D O receptors autophagy, downregulated
2017 In vitro 264.7 CD73 antagonist correlated to inhibbited M2

polarization and tumor cell proliferation

ADO by suppressing CD73,
modulated TAM polarization




54

and inhibits
tumor growth.

WT BALB/c

" Mice in dietary restriction had reduced tumor |

In vivo mice growth without body weight reduction, with
reduced M2 polarization
TNM stage= | Higher CD73 expression in CRC patients.
Wang et al, Boold (N=232) 9 Correlation between CD73 expression and :
+11 (110), Il + CD73 - . Worst prognosis
2019 / donors (158) IV (122) several clinicopathological features. Shorter
OS in higher CD73 expression.
CD73 inhibitor decresed body weight loss, N°
Colitis- tumors, longer colon, lower histopathological
Liu et al, In vivo associated  CD73 score and downregulated expression CRC CD73 inhibitor inhibit colitis-
2020 tumorigenesis tumorigenesis-associated genes. ADO associeted tumorigenesis
9 antagonist was opposite, and increased TNF-a
and IL-6
CD73 promoted tumor progression; inactivation
Yu et al, In Vivo CD73null / CD73 antitummor immunity and regression. ADO CD73 expression in CAFs
2020 A2Bnull released in cell death binds to A2B (increases promotes immussupression.
CD73), and A2A (immune suppression)
, EG7.0VA and
In vitro MC38
'Tumor (N=25) | -
Microarray CD73h|_gh associated with more agaressive - poth high CD73 expression in
. CRCm liver, poorer reponse to pre-operative )
Messaoudi CRCm the stroma or in cancer cells
_ CRC stage IV CD73 chemotherapy and mutated KRAS, shorter ) .
et al, 2020 (N=251), . . e were associated with poorer
_ time to recurrence and disease-specific
blood (N=193) survival outcomes.
Kim et al, " Invitro/In CT26 ' CD73 ' NtSe and Entpd1 expressions affect TCR CD73 inhibition is distinct
2021 Vivo implantation in diversity and transcriptional profiles of T cells; from PD-1 inhibition and




Balbc; colitis-
associated
cancer model
mouse by
injection of
azoxymethane
and Dextran
Sulfate
Sodium

55

CD73 inhibitor (AB680) improved the exhibits potential as
anticancer functions of immunosuppressed anticancer immunotherapy for
cells, including Treg and exhausted T cells, CRC, alone or combined with
and caused increased activation of CD8+ T anti-PD-1 therapy.

cells.

'Male C57BL/6

' CD28-/- upregulate CD73 expression in CD8+ |

and P14 TCR T cells, without diference to CD39 expresssion,
Lai et al In vitro / In transgenic, and with increse of adenosine level in culture = CD28 costimulation inhibits
2021 ' vivo Tumor CD28KO, CD73 supernatant. CRC tumor and PBL had CD73 the expression of CD73 in
and blood P14CD28KO upregulation in Cd28-/-Cd8+ T cells. Reduction CD8+ T cells
and CD73KO of cytolytic activity of CD8+ T cells in CD28-/-
mice supernatant tratment
H292 Extracellular vesicles cancer cells lines and
' patients derived are enriched in CD73. The CD73 in extracellular vesicles
Ploeg et al, . OvCAR3, R . . :
In vitro CD73 CD73 inhibition in extracellular vesicles promote immune supression
2021 DLD1, PC-3M : ) . . i
reactivate proliferative and cytotoxic capacity of by T cells attack.
and CHO-K1
T cells.
HCT116,
In vitro SKBr3, CD73 expression was significantly lower
Tero et al human’ CT26.CL25 in tumors of responders vs. nonresponders,  High CD73 expression takes
b (CT26), A549, CD73 lower PFS in CD73high vs. CD73low patients. Immunesupression and poor
2021 samples . A : )
(dataset) PC9, MC38 High CD73 expression is associated with a outcome.
and 4T1.2 poor response to anti-EGFR treatment.
(4T1)

P1




Increased Al expression, suppressed the

56

Lan et al, In vitro HCT116 and Al proliferation, growth inhibition and apoptosis Metformin have anti-tumor
2017 Sw480 induced by metformin in an AMPK-TOR effects
pathway dependent manner.
Tumor / CRC stage I/l Higer A2A expression in tumor than non tumor
Wu et al, adjacent 106) and 11I/V| A2A tissue, correlated with tumor size, depth of Correlated with smaller OS
2019 tissue ( tumor invasion, TNM stage and PD-L1
_ (98) .
(N=204) expression.
. - RNA seq and A2A had Ipwer expression in CRC compared .
Kitsou et al, In silico clinicophatolog| A2A to normal tissue and was not correlated to OS.| A2A not correlated to clinical
2020 (N=453) . In COAD, TIL load positevely correlated to outcome in CRC patients
igal data A2A ex :
pression.
DLD1, SW480,
In vitro HCT-15,
LOVO, Higher A2B expression than A1, A2A, and A3
Ma et al, COLO205 aop | intissues samples and in cell lines that was | A2B with role in proliferation
2010 Tumor increased in hypoxia coditions. Inhibition of of CRC
(N=88)/ A2B decreased cell growth.
adjacent )
tissue (N=62)
Saos-2, A2B is upregulated directly by p53, activated
Long et al, In vitro Pheonix Eco, ADB by cellular stress, induce cell death by A2B promoted cancer cell
2013 U20S, apoptosis. It is seen in hypoxic codition and in death
HCT116 response to chemoterapy.
Molck et al _ DLD1, Sw480, A2B antagonist i_ncrease_d mitochondrial A2B antagpnist chqnge cell
2016 ’ In vitro CPP14, A2B oxygen consumption and intracellular ROS metabolism, but it was
HEK293T levels independ of A2B activation
Balge(:)rlit al, In vitro Hglfol_zgd A3 High A3 expression in HT-29 cells '2‘83”2'22 dei(féﬁ]sslgggbuﬂg
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No difference between the CHO-K1 and HT-
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correctly marked in vitro and

In vivo nt CB17-SCID cells xenografts. in human tissue.
Tumor / [1BFJFE@SUPPY accumulation was higher in
adjacent - CRC than in healthy tissue and corresponded
tissue (N=2) to high expression of A3
Agonist inhibited Caco-2 cells growth and The agonist could act as a
Marucci et In vitro Caco-2, PC3, A3 migration, promoted apoptosis and elevated anticgncer treatment. but
al, 2018 HepG2, CHO ROS levels. However, the A3 knockdown did . :
. indepedent from A3.
not prevent the effect from the agonist.
P2
P2X
- P2X5 expression related with worse prognosis . .
Gao et al, In silico i . \ ) 0 P2X5 like prognostic or
2018 (N=206) P2X5 | and the expression \évrisuglgher in the high risk oreditive maker.
Increased expression of P2X7R upon Treg
Janakiram In vivo Ragl-/- PoX7 transfer and NK depletion, increasing tumor Promote tumor and less
et al, 2015 ApcMin/+ cell proliferation, intestinal tumor formation survival in mice.
and growth.
P2X7 blockade stimulated Treg accumulation, P2X7 block_ade |_ncreased
. S : . CAC proliferation and
Hofman et In vivo Disrupted PoX7 reduced colonic inflammation and increased development. while oromoted
al, 2015 P2X7 gene tumor proliferation, associated with elevated b ’ pror
. an immunossupressive
expression of TGFBL1. , :
microenviroment.
Quian et al Tumor (N=12 | TNM stage | P2X7 up-regulated in tumor tissue and Preditive to worst proanosis in
2017 "| fresh /116 | (31), 11 (36), lll | P2X7 |correlated with higher expression in high-TNM CRC ati(fntsg
paraffin) (44) and IV (5) stage. b
Higher expression of P2X7 in CRC cell lines, | Higher expression of P2X7
Zha;gl(;t al, In vitro ﬁ%“#ffg ' P2X7 | expression higher in the cell line derived from | related to advanced disease

tumor metastasis.

and poorer prognosis.
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SW480,
SW620
P2X7high (N=56) versus P2X7low (N=41).
Tumor / (Isl\;'vhs(t:?g)e ||” Higher expression of P2X7high in tumor
adjacent ( 41’) and I’V tissue, associated advanced disease and
tissue (N=97) shorter survival. P2X7 expression was higher
(20) ,
in MCRC.
P2X7 inhibitor (A438079) inhibits CRC cells
L line proliferation, invasion, migration and
Zhang etal,| In vitro, in HT116, P2X7 promotes apoptosis by Bcl- Inhibitor promote apoptosis
2021 vivo SW620 :
2/caspase9/caspase3d pathway. In vivo P2X7
inhibitor inhibits tumor growth.
Injgfc;es %86“L P2X7R promoted proliferation, migrated,
ability to invade, increased the number of
CT26-Con or L
. tumorspheresof of CRC cells in vitro. P2X7 : .
Yang et al, In vitro / In CT26- o TAM stimulation and tumor
; P2X7 overexpression increase the growth and
2020 Vivo mP2X7R cells : e growth
: weight of tumors, infiltration of macrophages,
into the ) : . . :
TAM recruitment, stimulation of angiogenesis
subserosa of o
in vivo.
the caecum
P2Y
Limami et Ursolic acid induced an increase in
In vitro HT-29 P2Y2 intracellular ATP and in P2Y2 mRNA. p38 Resistence to apoptosis
al, 2012 - L
activation was dependent on P2Y2 activation.
P2Y6R agonist prevented apoptosis.
In vitro HT-29 Stimulation of P2Y6R prior to 5-FU treatment Resistence to apoptosis
Placet et al provided protection.
’ P2Y6 -
2018 Less number and volume of CRC tumors in
. P2Y6 -/- or , L
In vivo P2ry6-/- mice Worst outcome in mice

P2Y6+/+ mice

P2Y6R increased expression of XIAP and




correlated with AKT phosphorylation and
resistance to 5-FU.

59

P2Y6 incresead cell migration, through PKCa

Girard et al, In vitro Caco-2 P2Y6 that Promote migration
2020 - )
stabilizes the actin cytoskeleton
In vitro HT-29 Reduced cells agregation and adhesion. P2Y12 _help tumor ceII_ In
. agregation and adhesion
Wright et al, :
5020 Tumor (N=6) / P2Y12 Higher levels of spontaneous platelet
Donors mCRC aggregation and P-selectin expression in Promote platelet agregation
(N=22) MCRC tissues

Table 1. CRC and Purinergic Signaling: Main results of 46 studies found on CCR and purinergic signaling, separated by focus
molecule (ATP, ADO, CD39, CD73, P1 receptors and P2 receptors (P2X and P2Y).
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4. Purinergic Signaling in Colorectal Cancer

4.1. Ectonucleotidases - General Aspects

Purinergic signaling is regulated by the availability of extracellular purines to
sensitize purinoceptors and tightly controlled by nucleotidases/phosphatases and
kinases [29]. The canonical adenosinergic pathway includes the ecto-nucleoside
triphosphate-diphosphohydrolases (E-NTPDases), [ATP->ADP and ADP->
AMP], the ecto-pyrophosphate-phosphodiesterases (E-NPP), [ADP-> AMP and
of AMP -> ADO, alkaline phosphatases (ALPs), [ATP-> ADP, ADP-> AMP, and
AMP-> ADO] , the ecto-5-nucleotidase/CD73 (CD73) [AMP -> ADO] and
adenosine deaminase (ADA) [ADO -> inosine] [30, 92, 93]. Extracellular ADO
levels are also regulated by nucleoside equilibrative transporters (ENTSs) or
concentrative nucleoside transporters (CNTs), expressed in the cell membrane
and responsible for ADO transport into the cells [25, 94]. In the intracellular
microenvironment, ADO is phosphorylated by ADO kinase (AdoK) and adenylate
kinases into ADP [26].

However, ADO can also be generated by the non-canonical adenosinergic
pathway by nicotinamide adenine dinucleotide (NAD*)-glycohydrolase/CD38
(NAD* -> ADP-ribose (ADPR)) and NPP1/CD203a (PC-1) (ADPR -> AMP) that is
subsequently metabolized by CD73 to ADO. CD73 represents the common link
between the two adenosinergic pathways [95].

In the end of this cascade, we have the enzyme responsible for ADO remotion
and INO production. ADA is present in virtually all human tissues, but the highest
levels are found in the lymphoid system such as lymph nodes, spleen, and
thymus [96]. Furthermore, ADA is reported to bind to the cell surface through an
ADA binding protein (CD26) [97].
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Figure 2. Purinergic signaling cascade: Intracellular ATP is externalized by PNX1
channel and sensitizes P2 receptors. P2R are divided in two major categories:
P2X1-7 and P2Y1.2.46.11-14. ATP is hydrolyzed by E-NTPDasel/CD39 to ADP,
which also binds to P2YR and is further hydrolyzed by CD39 to AMP. AMP is also
formed through an alternative pathway that involves the enzymes NAD®-
glycohydrolase/CD38, which hydrolyzes NAD*in ADP-ribose and NPP1/CD203a,
which hydrolyzes ADP-ribose in AMP. Once AMP is formed by the canonical
and/or the non-canonical pathway, it is hydrolyzed by ecto-5’-nucleotidase/CD73
to ADO, thus connecting both adenosinergic pathways. ADO binds to the P1
receptors, which are divided in Al, A2A, A2B and A3, each one with different
affinities to its ligand. ADO is internalized in the cell through ENTs or CNTs and/or
it is deaminated to INO by ADA.

Abbreviations: ATP (adenosine triphosphate); ADP (adenosine diphosphate);
AMP (adenosine monophosphate); ADO (adenosine), INO (inosine); NAD+
(nicotinamide adenine dinucleotide); PNX1, P2X (ionotropic purinergic
receptors), P2Y (metabotropic purinergic receptors), P1 (adenosine metabotropic
receptors), E-NTPDasel/CD39 (ecto-nucleoside triphosphate
diphosphohydrolase 1), ENTs (nucleoside equilibrative transporters); CNTs

(concentrative nucleoside transporters); ADA (adenosine deaminase).
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4.1.1. Ectonucleotidases - the CD39 role in CRC progression

Several studies have been investigating Treg in CRC TME, aiming to characterize
its subpopulations and its potency of immunosuppression. Abundant evidence
with different methodologies highlights CD39*FOXP3*- as the major regulatory T
cells present in tumor tissue and also elevated in peripheral blood from patients
compared to healthy donors [98-104]. Furthermore, the levels of CD39*Tregs in
peripheral blood from CRC patients correlated to TNM staging and
clinicopathological features, since the expression of this protein gradually
increase from the initial to the advanced stages [98, 101, 105]. Like FoxP3, Helios
is a Treg marker that confers immunosuppression function [106] and Helios co-
expression with CD39 was found in some studies [100, 104]. In addition, Treg co-
expressed CD39, CTLA-4 and PD-1 in CRC tumor and peripheral blood,
suggesting a potent immunosuppressive activity [98—100]. Khaja et al even
highlight the simultaneous blockade of the two molecules - CD39 and PD-1 - as
a new modality of treatment for CRC patients.

Besides the levels of these cells in CRC TME, the immunosuppressive activity of
CD39* Treg was investigated in few studies. In vitro, CD39* ydTreg (a subtype of
T cells, mainly present on gastrointestinal tract) from CRC tissues inhibited CD3*
effector T cells proliferation and function with more potency than all other T cells
subsets extracted from the same tissues [98]. Furthermore, the investigation of
the mechanism by which CD39* y&Treg exhibits the immunosuppressive effect
showed few influences of IL-10, TGF-, CTLA-4 and PD-1, while the blockade of
ADO receptors drastically reduced the function of these cells. Hu et al also
suggest that tumor cells expression of TGF-B1 induces differentiation of tumor-
infiltrating CD39* y&Treg in an ADO-dependent manner. Already Zhan et al,
found that right side CRC had worst results compareted with left side CRC, about:
more frequency of CD39* ydTreg, high production of IL-17A and low of IFN-y,
increase of adenosine level, higher inhibited both CD4+/CD8+ T cell proliferation,
lower expression IFN-y by CD4+ T cells. Furthermore, the results indicated that
this CD39+yd Treg are derived from intestinal tissue-resident y® T cells. The
PLA2G4A gene had induced CD39 expression in yd-TILs in vitro and in vivo, and
increased on growth of tumor, metastasis and invasion in vivo. In tumor sample,
in the right side, the low expression was better outcome and left side the low

expression had poor outcome [107].



63

Another investigation positively correlated the high frequency of CD39* Treg and
their immunosuppressive activity, which was drastically reduced by its
knockdown using siRNA [101].

In addition, the Treg CD39"9" expression derived from CRC patients were tested
in vitro on their capacity to reduce T cells transendothelial migration (TEM). Treg
from cancer patients reduced TEM compared to cells from healthy volunteers.
The enzyme activity contributes to ADO-mediated reduction of T cell migration,
since the addition of ADO reduced TEM while the CD39 and ADO receptors
blockade enhanced it. The mechanism was then investigated, and results
showed that ADO-induced reduction of TEM is mediated through monocytes,
which decrease the capacity to activate the endothelium and promote ICAM-1
expression. In the same study, the CD73 expression on Treg was analyzed, but
no difference was observed between tumor or healthy tissue samples [99].
Although more studies to investigate the effect of CD39 expression on regulatory
T cells in CRC are needed, these data showed different perspectives of the
immunosuppressive activity of these cells, indicating their majority in TME and
potent ability to reduce T effector cell proliferation, function and migration into the
tumor.

The CD39 expression was also observed in non-regulatory cells derived from
CRC patients. Two different subtypes of TCD8* cells were identified in CRC
tumors, one referred as bystander, which are specific for unrelated antigens in an
antigen-specific response, and in tumor-specific tumor-infiltrating lymphocytes
(TIL) CD8*. Marked lack of CD39 was found CD8* bystanders, while high
expression was found in TIL CD8*. The TIL-CD39* had a high expression of
genes related to proliferation and exhaustion, characteristic of chronic stimulation
of T cells, referring to an exhausted cell population, while TIL-CD39- was referred
as TIL-CD8" bystander. Furthermore, TILCD8*CD39* cells had expression genes
related to pathways of antigen presentation and processing. The authors suggest
CD39 as a biomarker for TCD8" cells, which could identify and isolate T cells with
a bystander role [108]. Others authors find lymphocytes T CD8+ CD39"d" were
more expressive in tumor than non-tumor sample, present in initial stage of CRC
(I-11), and with high PD-1 expression and lower INF-y production, correlated with
T cells exhausted and suppressed CD4+ T cell proliferation [109]. Already Rodin

et al, studied an specific mucosal-associated invariant T cell (MAIT), that
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recognizing microbial metabolites, with effector functions that are relevant for
tumor immunity. Theses MAIT cells had a terminally exhausted phenotype (PD-
1highTim-3+CD39+) and increased proliferation, the participation of CD39
activity as source of immunossupressive adenosine in the TME remains to be
investigated in this scenario. The exhausted MAIT cells have reduced
polyfunctionality with regard to production of important anti-tumor effector
molecules, and blocking antibodies to PD-1 partly improved activation of tumor-
infltrating MAIT cells in vitro [110].

The T cells are the most cells studied in TME and specially for the CD39
expression, considering it has been proposed as a marker for more suppressive
Treg. However, other immune cells are present in the tumor as discussed before
and importantly interact with the microenvironment. Accumulation of both Treg
and MDSCs were found and the role and of MDSCs were analyzed through the
course of treatment in peripheral blood from mCRC patients in advanced stage
receiving FOLFOX plus bevacizumab. A higher level of these cells was observed
in untreated mMCRC, especially granulocytic MDSCs (gMDSCs) and it was
associated with decreased overall survival (OS) and progression-free survival
(PFS). Meanwhile, the FOLFOX plus bevacizumab reduced gMDSCs and
increased OS and PFS. Then, the study investigated the expression of PDL-1,
CD39 and CD73 in MDSCs and the gMDSCs of mCRC patients expressed the
highest levels of the three markers. Furthermore, MDSCs potently inhibited T cell
proliferation and activity, which was restored by the blockade of CD39-CD73 and
PD1-PDL-1 axis, suggesting the potent immunosuppressive activity of these cells
in CRC in an ADO-pathway and PD1/PDL-1 dependent manner [111].

In accordance with other authors, the paper suggests the use of
ectonucleotidases and PD-1/PDL-1 inhibitors as potential therapy in association
with FOLFOX-bevacizumab. Another investigation aimed to characterize MDCSs
and had similar results. Indeed, the number of Lin/®“HLA-DR-CD11b*CD33*
(MDSCs) in peripheral blood was markedly increased in CRC patients compared
with healthy donors. The MDSCs levels were correlated with tumor metastasis
and, among other findings, these cells had high CD39 expression. In vitro tests
also showed the immunosuppressive activity and the potential to inhibit CD3*T

cells proliferation of MDSCs from two stage IV CRC patients [112].



65

In order to determine the expression and role of CD39 in CRC progression and
metastasis, an investigation analyzed it in stromal and epithelial cells in vivo and
in tumor tissue and the results were surprisingly different from the others. All mice
CD39 null died precociously and, in terms of tumor size, the primary tumor model
mice did not have any differences among wild-type, heterozygous CD39 and
human transgenic CD39 mice. In the metastatic model, the metastasis of htCD39
livers had significantly more growth associated with higher liver injury markers,
which suggests that the overexpression of the human enzyme in mice promotes
tumor progression and metastasis. Furthermore, tumor cells of the primary CRC
model expressed P2Y2, P2X7 and NTPDase2 (CD39L1). On the other hand,
metastasis had high CD39 expression in tumor infiltrates in the three groups of
mice in epithelial cells, macrophages and in stromal cells. Both primary and
metastasis had high CD39 expression in the tumor border. About macrophages
polarization, CD39 inhibitor increased CD11b and Ly6C expression in M1 TAM
and F4/80 in macrophages in vitro. And CD39 inhibitor promote smaller tumor
growth, Ly6C and MHC Il in F4/80+, increased CD8 T cells in the spleen, CD4 in
the blood, and Caspase-3 expression, comparated with control group in vivo. In
the tumor tissue from CRC patients the results showed lower CD39 levels when
compared to non-neoplastic tissue and, mainly in early stages, CD39 expression
was less than normal borden, while medium stage (T3N+M1) expressed levels
comparable to normal borden. Opposed to the in vivo experiment, P2Y2 and
P2X7 expression were markedly decreased in tumor tissue than normal borders
[113]. However, different of these found, higher CD39 expression in tumor tissue
vs. normal tissue was observed in other study, where CD39 inhibition in vitro
decreased tumor cells proliferation [114].

In or hand, the presence of variant allele CD39 in mCRC patients samples was
favorable to chemotherapy response plus bevacizumab these patients, suggest
single nucleotide polymorphisms (SNPs) as predictors to prognosis [115].
Another finding that is distinct from the others is the investigation of the
NTPDase5 (ENTPD5/PCPH or CD39L4), which is the only member of the
NDPDase family that was described as a proto-oncoprotein and its gene is known
as mt-PCPH. The ATP levels in HCT-116 and HCT-15 cells after transfection with
myc-tagged mt-PCPH were significantly lower, but in vitro and in situ tests

showed lack of PCPH activity, indicating that it might act through protein-protein



66

interactions [116]. The studies, therefore, evidence that the CD39 expression is
extensively associated with a more immunosuppressive profile of the immune
cells, mainly Treg but also MDSCs. Nevertheless, the mechanisms of the CD39
mediated suppression and its correlation with tumor progression and prognosis
in CRC patients could be deeper investigated. In addition, the levels and impact
of the enzyme might vary according to the cells expressing it, considering Kunzli
et. all results and more studies are needed to determine CD39 in tumor, stromal

and epithelial cells within the tumor and the tumor borders [113].

4.1.2. Ectonucleotidases - CD73 participation in CRC progression

CD73 is also an enzyme anchored to the plasma membrane in the C-terminal
portion by a residue of glycosyl-phosphatidylinositol (GPI) and can also be found
in the form soluble in the cytosol or in the extracellular medium [94, 117].
Physiologically, CD73 is widely distributed in different tissues, being expressed
in the colon, kidney, brain, liver, heart, lung, vascular endothelium, spleen, lymph
nodes and bone marrow [118]. In the immune system, CD73 is found on the
surface of Treg lymphocytes, neutrophils, MDSCs, DC, NK cells and
macrophages [26]. Pathologically, CD73 is overexpressed in several types of
tumors, including CRC [119-124].

CD73 expression was reduced under normoxia and hypoxia conditions in a highly
liver-metastatic human colorectal cancer cell subline (SW48LM2 cells) when
compared with less malignant tumor cells. In addition, mCRC cells exhibited a
decrease of extracellular nucleoside levels (ADO, guanosine and INO) and a
parallel increase of nucleotides (AMP, GMP and IMP), which indicate that loss of
CD73 expression and the changes in purine metabolism as beneficial for tumor
progression [125]. By the other hand, the gene expression analyzed from tumor
tissue that received cetuximab treatment or FOLFIRI/FOLFOX, or the
combination of both, correlated low CD73 expression with better progression free
survival (PFS) [126, 127]. When KRAS status was analyzed, in the wild type
group, CD73 levels were predictive of PFS benefit from cetuximab and OS benefit
from cetuximab, while no predictive effects for CD73 were observed in KRAS
mutated patients. Also, CD73 exhibited no correlation between plasma protein

levels and tumor mRNA expression levels [127].
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In contrast, higher expression of CD73 in CRC cells was observed in several
studies [128-132]. CD73 overexpression was associated with high malignant
potential, increased cell proliferation, increased the cell cycle protein D1, its
transcription regulation molecule p-catenin and epidermal growth factor receptor
(EGFR) [130], familiar historicity of cancer, lymph nodes metastasis, nerve
invasion, distant metastasis and advance tumor staging [131]. In liver metastasis,
the CD73 expression also was associated with worse pathological features and
poorer response to preoperative therapy [132]. About the prognosis, OS was
lower in patients with CD73M" tumor expression when compared to those
CD73°% [128, 129, 131-133]. Furthermore, the CD73 expression was
significantly lower in of chemotherapy responders patients, the RAS-MAPK-
inhibition induces CD73 upregulation and immunosuppressive response in TME
[133]. For this reason, some authors suggest CD73 as a biomarker for poor
prognosis [129, 130]. Besides that, the inhibition of CD73 in a mouse model of
colitis-associated tumorigenesis reduced histological damage of the colon, and it
was significantly increased with ADO receptor agonist (NECA), with increased
TNF-a and IL-6 [134]. Furthermore, using the same model, the CD73 inhibitor
(AB680) generated unlock of anticancer immune response, increased CD8+T
cells activation and improved Treg and exhausted T cells [135]. In a study with a
microRNA (miR30a) that inhibits cell proliferation and promotes apoptosis of
tumor cells was downregulated in CRC, in vitro, in vivo and tumor tissue, the
authors suggest that microRNA acts through the downregulation of CD73
expression [136]. The CD28 coexpression was also evaluated, and knockdown
reduce CD73 expression in CD8+ T cells in vitro [137].

Cancer associated fibroblasts (CAFs) expressed high levels of CD73 in colorectal
cancer and were strongly correlated with poor prognosis. The results describe
the CD73 immune checkpoint as a feedforward circuit, which is enhanced by
ADO release in tumor cell death. ADO binds to A2B receptors, increasing CD73
expression and A2A receptors, inducing the immune suppression in the tumor.
Targeting this circuit significantly improved antitumor immunity in CAF-rich
tissues [21]. The CD73 expression was evaluated also in tumor and stromal
tissue and was overexpressed in both, the increased CD73 in the stromal
compartment was correlated with less advanced tumors and better outcome.

These findings suggest that different cells can overexpress CD73 and its function
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and correlated outcome can variate according to the localization, the cell type
and the interaction involved [129].

The extracellular vesicles also evaluated and presented enriched CD73 level, in
vitro the CD73 inhibition caused reactive of proliferative and cytotoxic capacity of
T cells [138].

A study showed that CD73 expression was decreased under fasting protocol
induction, followed by a decrease of in vitro and in vivo CRC growth, decreased
adenosine levels and M2-TAM polarization. In addition, the fasting protocol
promoted in vitro autophagia which was CD73 suppression-dependent in CT26
cells, and the impairment of M2-TAM polarization was associated to inactivation
of JAK1/STAT3 pathway, suggesting that antitumor immunity induced by fasting
is mediated by ADO signaling blockage [139].

In summary, there is more evidence that CD73 expression is favorable to CRC
growth and metastasis. However, the effect of CD73 on tumor promotion is
dependent on tumor stage and on its expression in a specific tumor/non-tumor
cell that compose TME. Finally, considering that the majority of the investigations
were focused in lymphocytes, additional studies to determine the CD73
expression and function in innate immune cells present in the TME of CRC is also
needed.

4.2. Purinoceptors - General Aspects

Purinergic signaling is initiated by the release of nucleotides and nucleosides into
the extracellular space. ATP under normal conditions is at the millimolar range in
the cytoplasm (3—10 mM) and at the nanomolar range in the extracellular side
[140]. However, ATP can be released through the plasma membrane by lytic (cell
death) and nonlytic mechanisms (vesicles and membrane channels formed by
the pannexin-1l/connexins) [141, 142]. Following their release into the
extracellular space, the nucleotides and nucleosides exert their effects through
interactions with specific membrane receptors called purinergic receptors or
purinoceptors [143]. These receptors are responsible for message transmission.
Purinoceptors are divided into two groups, the P1R, which has the main
endogenous agonist, ADO, and the P2R, which are sensitive to multiple di- and
triphosphate nucleosides, such as ATP, ADP, UTP, and UDP [144]. P1R are
receptors coupled to G protein divided into four subtypes, A1R, A2AR, A2BR,
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and A3R distributed among various cell types [144]. When P1 receptors are
stimulated they control events related to cell proliferation, angiogenesis,
immunomodulation, cell migration and chemoresistance [145]. These receptors
comprise a conserved and complex communication system present in various
tissues and cells. P1R are expressed in heart, lung, liver, testis, muscle, spinal
cord, spleen, intestine, immune system and brain in different levels and ratios
[146-148]. However, in certain conditions, for example an establishment of a
pathological situation like a tumor development or an persistent exacerbated
inflammation, the cells may answer by adjusting the expression of these
receptors [149, 150].

42.1. ATP and ADO as agonists of purinorreceptor-mediated protumor

actions

The role of extracellular ATP is still not well consolidated in CRC, since conflict
data are found in the literature and it might be due to different functions depending
on the receptor and the type of cell involved. Studies have shown that the high
concentration of ATP and P2R agonists reduced cell viability and the proliferation
at the S phase of cell cycle through the inhibition of protein kinase C (PKC) in
CRC cells line [151, 152]. In contrast, in vitro investigation indicated that the
Caco-2 exposition to ATP increased multidrug resistance-associated protein 2
(MRP2) expression, which conferred resistance to etoposide, cisplatin and
doxorubicin and enhanced survival of the cells [153]. The study also suggests
that the mechanism is mediated by P2Y receptors, but further investigation is
needed to elucidate which receptor might be involved [154].

Indeed, the ATP-based chemotherapy response assay is a method used to
measure tumor response to therapy, since the tumor cells quickly deplete ATP
levels. Peripheral blood samples from advanced CRC patients in adjuvant
chemotherapy with FOLFOX or Mayo clinic regimen were tested for ATP levels.
The responsive groups (>40% ATP reduction) for both treatments positively
correlated to OS and PFS, showing the ATP as an important marker and a key
to individualized chemotherapy [155]. However, in vivo tests with a therapy based
on inducing immunogenic cell death (ICD) resulted in enhanced ATP secretion,
as other molecules, like dangerous signals by the tumor, which correlated to

tumor reduction and increased immune response of CD8* T cells [153].
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The ATP levels can be used for many objectives it can be leaked out of the cell
by membrane channels, by damage in the cell membrane or death cell, which
explains the variance in results observed. The studies in vitro showed the
opposite role of ATP, it can be desfavorable for tumor progression at the same
time that it can be favorable for chemotherapy resistance, the last one was also
shown in tumor samples. The increase of ATP secretion in in vivo studies was
caused by cell damage induced by the treatment, with increased immunogenicity
and improved immune system response. Keeping open the question of the
benefit or harm of ATP for this type of tumor.

The only investigation of ADO as the main purinergic molecule found in this
research was a adenosine-related single nucleotide polymorphism (SNP)
analysis from a cohort with 451 mCRC patients. Indeed, three SNPs were
positively associated with OS in the group treated with FOLFIRI plus
bevacizumab (CD39 rs11188513, CD73 rs2229523, and A2BR rs2015353). This
data suggests the adenosine pathway is not only prognostic but also predictive

for bevacizumab-based chemotherapy [156].

4.2.2. The P1 receptors (Al, A2A, A2B, A3) and its relationship with CRC

progression
P1R differ in their affinity for the agonist. A1R, A2AR and A3R are receptors of

high affinity and A2BR low affinity for ADO [148]. Accordingly, under physiological
concentrations adenosine is present at low levels in both the intracellular and
extracellular space (nanomolar range) and mediate effects via A2AR, A1R, and
A3R. When adenosine concentrations reach elevated levels in the micromolar
range such as in the inflammatory situation or in the tumor microenvironment,
A2B assumes the role of being the principal receptor mediating adenosine
signaling [157].

A1R and A3R are coupled to the Gi or Go proteins, and their activation leads to
a decrease in intracellular cyclic AMP (CAMP) levels, whereas A2AR and A2BR
are coupled to Gs protein, resulting in increased levels of intracellular cAMP. The
stimulation of AIR and A3R can also trigger the release of Ca?* ions from
intracellular stores, as well as A2B receptor stimulation can also activate
phospholipase C [144, 157]. Of note, all the P1R are coupled to MAPK/ERK
signaling pathways [158].
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Studies have shown that P1R is differentially expressed in CRC cell lines and in
CRC tissues as well [159, 160]. Interestingly, the A2B receptor seems to exhibit
a dual role in CRC progression. Indeed, A2B receptor expression was
considerably higher than Al, A2A and A3 in CRC tissues and in five CRC cell
lines (DLD1, SW480, HCT-15, LOVO, and COLO205), while no significant
difference was detected for the other P1 receptors. Furthermore, A2B was
overexpressed under hypoxia conditions, and no difference was detected in Al,
A2A or A3 expression in normoxic or hypoxic conditions. It is possible that the
overexpression of A2B in hypoxia contributes to cancer cell growth and
angiogenesis probably by stimulating HIF-lalpha [150]. In contrast, the
expression of A2B was associated with Saos-2, Phoenix Eco, U20S, and
HCT116 cell death. The activation of p53 in response to cell stresses in TetOn-
p53-WT Saos-2 directly stimulates the A2B gene expression which in turn
contributes to p53-induced apoptosis. Moreover, A2B receptor is involved in
hypoxia and chemotherapy-induced cell death in Saos-2 by regulating Bcl-2
family - a group of factors that mediates intrinsic cell death [161].

Finally, the PBS-603, an A2B receptor antagonist, induced acute increase of
ROS, and mitochondrial oxygen consumption, which changed the cell
metabolism and increased the in vitro sensitivity to chemotherapeutic agents.
However, the cytotoxic activity was independent of A2B activation, as its
knockdown in cancer cells did not confirm the effects triggered by PBS-603 [162].
These data evidentiate the controversial effect of the A2B in CRC, which was
related to both proliferation and apoptosis. The results show different
perspectives of the association of A2B expression and hypoxia conditions and
further analysis are needed to properly elucidate its role and also its selective
agonists/antagonists.

On the other hand, other analysis found high A2A expression and associated
worst tumor features and prognosis and the presence of TILs [160, 163]. In 204
tumor specimens from CRC patients, both PDL-1 and A2A expressions were
higher in tumor than in adjacent non-tumor tissue. PD-L1 expression was
correlated with lymph node metastasis and tumor TNM stage, while A2A levels
were correlated with tumor size, tumor invasion, and TNM stage. Also, the high
expressions of PD-L1 and A2A were inversely correlated with OS, showing the

independent prognostic predictor value of both immunosuppressive markers in
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CRC [160]. In RNA-seq and whole exome seq data investigated from 453 colon
adeno-carcinomas (COAD) and rectal adenocarcinomas (READ), the results
showed association between tumor associated lymphocytes (TILs) and the co-
inhibitory immune checkpoints involved in the inactivation of the TILs was
investigated. Among the 9 signatures of immune checkpoints analyzed, the TIL
load positively correlated with the expression of adenosine A2A receptor in
COAD, in accordance with the potential role of this receptor to favor the tumor
[163].

The Al receptor was investigated in one study involving metformin - an anti-
diabetic drug- treatment. Upregulation of Al expression at mMRNA and protein
levels was observed in HCT116 and SW480 cells treated with metformin and
related to induction of apoptosis. The effect was dependent on mTOR-
inactivation, a key player of cell survival and proliferation pathways of cancer
cells, which results in AMPK activation, leading to cell cycle arrest and apoptosis
[159].

Using [1BFJFE@SUPPY as a PET-tracer for A3, higher expression of the receptor
was found in HT-29 cells and in human CRC tissue compared to normal adjacent
mucosa, but lower expression was detected in vivo with HT-29 xenograft, due to
the inefficacy of the tracer in this model [164]. On the other hand, a A3 receptor
agonist  (N6-(2,2-diphenylethyl)-2-hexynyladenosine) caused proliferation
inhibition in dose and time dependent manner in Caco-2 cells, and the study
suggests that it can be a novel anti-cancer agent. But the observed - cell death
in an apoptotic or autophagy-dependent manner, cell growth inhibition, migration
inhibition and induction of higher ROS level - was A3 receptor independent effect,
as the A3 knockdown did not reverse/prevent the effect induced by A3 agonist
[165]. The role of A3 receptors, therefore, is still not comprehended in CRC, since
the effect of the agonist tested wasn't due to the receptor mechanism. Although
the first study evidentiated the high expression of A3 in cells and tumors, the

authors had a different objective other than investigating the receptor effects.

4.2.3. The P2 receptors - P2X participation on CRC development

P2Rs comprise two major categories of receptors, P2X1-7, ionotropic receptors
that are sensitized by extracellular ATP, and P2Y1246,11-14, metabotropic
receptors stimulated by ATP, ADP, UTP, UDP, and UDP-glucose) [144].
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P2XR receptors have intracellular N- and C-subunits that bind to protein kinases
and also have two transmembrane regions, involved in the channel activation and
ionic pore coats. P2XR subtypes differ in their rates of desensitization; ion
conductivity; and sensitivity to agonists, antagonists, and allosteric modulators
[143, 166].

P2X1 receptor is widely expressed in smooth muscle and mediates the
neurotransmitter actions of ATP and Ca?* influx in platelet aggregation [167, 168].
P2X2 receptors are widely expressed in central and peripheral neurons and have
been implicated in neurotransmission [169-171]. P2X3 receptors are expressed
in sensory neurons [172—174]. The receptors P2X4 and P2X6 are expressed in
the central nervous system, endothelial cells and thymus [141, 175-177]. P2X7
receptor is expressed in immune cells, pancreas, skin, and microglia and
mediates a response against high concentrations of ATP leading to cell death
[166, 178-184]. P2XR cell signaling is mediated by gating primarily Na™ K*, and
Ca?* and, occasionally CI~ [185, 186].

P2X7 expression analysis in human tumor tissues and adjacent tissue it was seen
that this receptor expression was higher in tumors, mainly in highly malignant
tumors, which was identified as an independent variable of worse prognostic,
correlationated with tumor size, lymph node metastasis, and TNM stage. In
addition, it was verified that the activation of Akt and NF-kB by a P2X7 agonist
accelerated CRC proliferation [187]. Zhang et al, found that both low and high
expressions were found in CRC tissue compared with normal tissue, but, similar
to previous study, the higher expression of P2X7 correlated to shorter survival
[188]. Furthermore, P2X7 is more expressed in mCRC tissues than in primary
tumors, suggesting the association with metastasis. The higher expression of the
receptor was also found in CRC cell lines compared with normal colon cell lines
and in metastatic-derived CRC cell lines compared with primary tumor-derived
[188]. Both authors suggest P2X7 as a target to CRC treatment [187, 188]. Using
the P2X7 inhibitor (A438079) or P2X7 suppression the results were: inhibits
proliferation, invasion, migration, promotes apoptosis, increase the number of
tumor spheres in vitro. The inhibitor also inhibits tumor growth in vivo [189] and
P2X7 overexpression increase the growth and weight of tumor by increase of
proliferation, angiogenesis and CSCs properties, increased macrophages

infiltration, TAM recruitment hypoxic site, HIF-1a and HIF-13, and reduced
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apoptosis rates in vivo [190]. It was shown that NK depletion or Treg transfer
promoted high P2X7 expression in mice with T cell down regulated and
spontaneous bowel tumor, besides that, the mice had increased tumor growth,
multiplicities of colon tumor and intestinal polyp formation, correlated with less
survival [191]. In contrast, the P2X7 blockade in a colitis-associated cancer model
in vivo promoted Treg infiltration, increased neutrophils, epithelial cell growth and
protection against apoptosis, suggesting a protective factor of P2X7 [192].

The construction of a prognostic risk prediction model for CRC, by analysis of
colon cancer tissue and normal colon tissue from three independent datasets
(GEO and TCGA), found P2X5 between the four more important high risk genes.
The differentially expressed genes found are mainly involved in protein transport,
apoptotic and neurotrophin signaling pathways [193].

Briefly, just two receptors (P2X7 and P2X5) had papers included, showing the
lack of information about P2X receptors in CRC. So far, P2X7 was seen mainly

as a bad factor to CRC progression, with large studies showing it robustly.

4.2.4. The P2 receptors - P2Y participation on CRC development
P2Y1, P2Y12, and P2Y13 are activated by ATP and ADP, P2Y2 and P2Y4 are
activated also by UTP , P2Ys is activated by UDP and P2Y14 receptor is activated
by UDP-glucose [170]. Activation of the protein Gq mediated by P2YR leads to

the stimulation of phospholipase C, production of inositol-(1,4,5)-trisphosphate
and diacylglycerol, increases intracellular Ca?* levels and diacylglycerol
stimulates protein kinase C and may inhibit adenylate cyclase [194]. P2YR are
expressed in a variety of tissues and organs: lung, kidney, pancreas, adrenal
gland, heart, vascular endothelium, skin, muscles and brain.

The purinergic receptors are much more complicated to investigate considering
the methodologic limitations and the complexity of the subtypes and their
activation and mechanisms of action according to the cell expressing it. Few
studies of the P2YR were found and only included P2Y2, P2Ys and P2Y12. The
P2Y2 was investigated in one in vitro study, which analyzed the resistance to
apoptosis mediated by the treatment with ursolic acid in HT-29 cells. The results
showed the treatment induced ATP production, which is probably released and

binds to P2Y2 receptors. The receptor then activates tyrosine kinase Src and
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leads to p38 phosphorylation. The p38 pathway induces the expression of COX-
2 and results in chemoresistance [195].

The P2Ys receptor was analyzed in two articles, one in vitro and one both in vitro
and in vivo. The role of P2Ys receptors in cell migration were investigated in lung
and colon cancer cell lines and stimulation of Caco-2 cells monolayer with a P2Ys
selective agonist (MRS2693) induced the filling in the plague of the cells and focal
adhesions and filopodia. The addiction of P2Ys antagonist (MRS2578) had the
opposite effect, showing a potential role of this receptor in the tumor growth [196].
Meanwhile, the treatment of HT-29 cells with the P2Ys agonist prevented the
apoptotic effect of TNF-a, and an increase of X-linked inhibitor of apoptosis
protein (XIAP) expression was shown, correlated with AKT phosphorylation [197].
In vivo experiments with P2Ys** and P2Ys’- mice showed, in knockout animals,
the number and size of colorectal tumors was significantly reduced. Besides that,
P2Ye” group had a significantly less dysplastic score and reduced
vascularization when compared to P2Ys**, which indicates the role of these
receptors in tumorigenesis. The expression of the transcriptional factor related to
various types of cancers B-catenin was investigated to further understand the
effect of P2Ys downregulation. B-catenin was observed in plasma membranes of
P2Ys” derived cells, while in plasma membrane, cytosolic, perinuclear and
nuclear staining of P2Yes**. Furthermore, the presence of B-catenin in the nucleo
correlated with the abnormal expression of proto-oncogene c-MYC. These data
indicate the expression of P2Ys is associated with the localization of B-catenin
related to proliferative and invasive phenotypes and poor outcomes in CRC
patients [197]. However, the authors indicate the cautious interpretation of their
results, since the number of samples was small and further investigations are
needed.

The P2Y12 receptor in platelets is well known for its role in arterial thrombosis and
its antagonists are used for the prevention and treatment in cardiovascular
diseases. The efficacy of one of P2Y12 antagonist (ticagrelor) therapy for breast
and CRC was tested, since the platelets participate in cancer-associated
thrombosis and in metastasis. Ticagrelor significantly inhibited formation of tumor
cell-induced platelet aggregation in vitro and, in the patients, the treatment also

reduced its aggregation and activation. These findings suggest the role of P2Y12
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in the platelets aggregation in cancer and its inhibition as a potential therapy for

patients with high risk of cancer-associated thrombosis [198].

5. Concluding remarks

The increased expression of CD73 on immune cells or resident cells, together or
not with the increased expression of CD39, leads to blocking the response of the
effector immune cells and tumor progression in CCR. When CD73 was expressed
by the tumor cell, it was related to tumor progression and decreased survival,
while achieving a better response to chemotherapy; while the decreased
expression of this enzyme was associated with lower ADO levels, decreased
macrophage M2 polarization, increased autophagy, increased levels of AMP, IL-
6 and TNFa. egarding the P1 family receptors, Al expression was related to less
tumor regression; A2A with tumor progression, lower survival and increased PDL-
1 expression; A2B with increased proliferation but also increased apoptosis; and
A3 had no association. The P2X and P2Y families: P2X5 had a lower prognosis;
P2X7 decreased survival, increased tumor progression and possible protective
factor. P2Y2 increased apoptosis but increased resistance to chemotherapy;
P2Y6 increased migration and increased resistance to chemotherapy; P2Y12
increased platelet aggregation. ATP at high levels had greater tumor progression
and chemoresistance, and decreased survival, while showing less proliferation.
The Figure 3 summarizes the main findings of the current study.

Bias of this work is only in English language papers and published after 2009
were included. Is possible that important papers in different idioms and older than
2009 were lost. Furthermore, one article chosen cannot be found, which forced

us to exclude it.
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Figure 3. Hallmarks of purinergic signaling in colorectal cancer progression.
ATP AMP
monophosphate); ADO (adenosine); IL-6 (interleukin-6), IL-10 (interleukin-10),

Abbreviations: (adenosine  triphosphate); (adenosine
TNFa (tumor necrosis factor alpha), TGFB (Transforming growth factor beta),
Treg (T regulatory lymphocyte), Teff (T effector lymphocyte), MDSC (myeloid-
derived suppressor cell), FOLFOX (5-FU e leucovorina com oxaliplatina, PD-1,
CTLA-4); Al, A2A, A2B, A3 (P1 purinergic receptor sensitized by adenosine)

P2X5, P2X7 (P2 purinergic receptor sensitized by ATP); P2Y2, P2Y6, P2Y12 (P2
purinergic receptor selective for ATP/UTP, UDP, and ADP as agonist,
respectively); ADP (adenosine diphosphate); INO (inosine); NAD+ (nicotinamide
adenine dinucleotide); PNX1, P2X (ionotropic purinergic receptors), P2Y
(metabotropic purinergic receptors), P1 (adenosine metabotropic receptors), E-
NTPDasel/CD39 (ecto-nucleoside triphosphate diphosphohydrolase 1), ENTs
(nucleoside equilibrative nucleoside

transporters); CNTs (concentrative

transporters); ADA (adenosine deaminase).

Open Questions
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- There are a large number of studies investigating the participation of T
cells on CRC progression. However, little is known about the role of other
cells, mainly the innate immune cells such as macrophages, neutrophils
and MDSCs. The macrophages have been studied for its importance in
the TME and it has been robustly correlated with purine signaling, yet is
still neglected in CRC.

- In addition, another immune parameter that could be more studied is the
correlation between cell exhaustion and the purinergic signaling, since
their presence and role is well established in cancer and these cells are
targets for immunotherapies.

- Considering that the TME is fundamental to tumor progression and the site
of CRC is not sterile, the microbiome presence certainly impacts the tumor
development as well as the response to chemo-radio-immunotherapy.
Although there is interest in the role of microorganisms, we did not find
studies about microbiome correlated with the purinergic system in CRC. It
is needed to better know how the microenvironment affects enzymes and
receptors purine to discover possible targets.

- Considering the TNM system presents flaws in the staging of CRC
patients, the purine molecules and enzymes can be used as potential
additional biomarkers for a better understanding of the tumor progression
and the response to chemo-radio-immunotherapy.

- Regarding the studies that analyzed ectonucleotidases expression, the
majority did not show the localization of the enzymes: tumor cell, stroma
cell, immune cell. This focus is necessary because the specific cell
expression profile may correlate with better or worse prognosis for
patients.

- Due to the difficulty in analyzing the function of the receptors, many studies
have failed to prove that the effects shown were mediated by

purinoceptors.
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INTRODUCTION

Weight gain is a worldwide problem, with obesity taxes increasing year after year [1].
Obesity is defined by accumulation of fat on the body, commonly measured by height
and weight, using Body Mass Index (BMI) [2]. Unfortunately this condition is associated
with a variety of pathologies, including resistance to insulin, arterial hypertension and
heart diseases, as a consequence of fat accumulation and further impairment of the
biological systems [3]. A hallmark of obesity is the establishment of a chronic
inflammatory process, which has been associated with a microenvironment favorable

to colorectal cancer (CRC) progression [4—6].

CRC is the third most common type of cancer in the world, characterized by genomic
instability, with mutations on genes how KRAS and BRAF and by the presence of
microsatellite instability, that are important to therapy directionament [7-9]. The CRC
usually begins as polyps in the colon and rectun which progressively undergo
malignant transformation and the cancer establishment in a process that takes
approximately ten years [10]. CRC incidence is higher in the developed countries,
being associated with unhealthy diet, sedentary lifestyle, overweight and obesity [11].
In addition, chronic inflammatory diseases, such as Crohn's Disease and ulcerative

colitis contribute to the increased incidence of CRC [6, 12, 13].

Tumor microenvironment is composed of infiltrated immune cells. Macrophages have
a main role in innate immunity. When in presence of tumor cells mediators lose the
antitumor potential. leading to an anti-inflammatory profile (type-M2 phenotype),
decreasing Thl response and increasing Th2 [14—17]. This fact is established in many

tumors, but in CRC it remains inconclusive [18-22].

Obesity promotes a systemic and chronic inflammatory process, which is related to
increased incidence of cancer. However, little is known about the contribution of blood
circulating factors on CRC progression. We hypothesize that the chronic inflammatory
process promoted by obesity induces a systemic increase of serum cytokine levels,
which in turn favor tumor malignity. Therefore, in the current study we investigated the
impact of the exposition of serum from healthy and obese individuals on human CRC

cell lines growth.
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MATERIAL AND METHODS

SUBJECTS. The Ethic Committee of the UFCSPA (2.034.065) approved this study. All
participants, 22 Caucasian men, were informed about the study and signed the
informed consent. Participants were healthy, no smokers, age ranging from 18 to 30
years and free of illness and injury. The body mass index (BMI) was used to
determinate the assigned to two experimental groups: obese (OB; BMI = 30 Kg/m?)
and non-obese (NOB; BMI < 29,9 Kg/m?) [2]. Qualified professional performed all
anthropometric evaluations, and all tests were performed three times and the average
was used for analysis. Body mass (Kg) and height (meters) were determined by a semi-
analytical scale (Welmy, Santa BarbaraD’Oeste, Brazil), with capacity for 200 Kg and
a stadiometer attached (Welmy, Santa Barbara D’Oeste, Brazil) with accuracy of 0.1
Kg and 0.005 cm, respectively. BMI (Kg/m?) was defined as body mass (Kg) divided
by the square of height (m?). Blood samples (approximately 10 mL) were collected from
the antecubital vein into serum separator tubes (Becton—Dickinson, BD, Juiz de Fora,
MG, Brazil), centrifuged for 10 min at 1048 g, and the obtained serum was frozen at -
80°C and reserved for cytokine determination, biochemical parameters analysis, and

for cell culture experiments.

BIOCHEMICAL DETERMINATIONS. To assess the biochemical profile, blood
samples were collected from OB and NOB groups of individuals, glucose, cholesterol,
triglycerides, HDL, LDL (Labtest, Brazil, ref 133, 76, 87, 13) , and leptin levels
(Quantikine ELISA; R&D Systems, Inc., MN, USA) were determined as described by
the manufacturers.; Data were expressed as mg/dL (glucose, cholesterol, triglycerides,
HDL, LDL) or ng/mL (leptin) and were determined in a microplate reader (SpectraMax®

M3 Molecular Devices).

CELL CULTURE PROCEDURES. Human colorectal cancer HCT116 and Caco-2 cell
lines were obtained from ATCC (American Type Cell Collection; Rockville, Maryland,
USA). The cell lines were grown in high glucose Dulbecco’s modified Eagle’s medium
(DMEM; HCT116) and RPMI-1640 Medium (Caco-2) (Gibco BRL, Gaithersburg,
Maryland, USA, 31600-034 and 12657-029) respectively, containing 8.4 mM HEPES
(pH 7.4) (Sigma Chemical Co., St. Louis, MO, USA-7365-45-9), 23.8 mM NaHCOs -
(Sigma Chemical Co., St. Louis, MO), 0.1% fungizone (Gibco BRL, Gaithersburg,
Maryland, USA - 15290- 018), 100 U/L penicillin/streptomycin (Gibco BRL,
Gaithersburg, Maryland, USA - 15140-122). Supplemented with 10% or 20% (v/v) fetal
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bovine serum (FBS) for HCT116 and Caco-2 cell lines, respectively (Gibco BRL,
Gaithersburg, Maryland, USA -12657-029). The cell lines were cultured at 37°C, a
minimum relative humidity of 95%, and a 5% CO2 atmosphere. For the experiments
the cell lines were seeded in culture plates and exposed to OB or NOB serum (10%
viv) for 2, 24, 48 or 72 h, as described below. Cells cultured at standard condition
(DMEM/10% FBS or RPMI-1640/20% FBS) were considered controls.

MTT ASSAY. HCT116 and Caco-2 were seeded in 96 well plates (10x1032 cells/well to
HCT116 and 8x10° cells/well to Caco-2) in DMEM/10% FBS and RPMI-1640/20%
FBS, respectively. The cells were exposed to OB or NOB serum, as described above.
Following 48 h of treatment, the cell viability was assessed by 3(4,5-dimethyl)-
2,5diphenyltetrazolium bromide (MTT) assay (Sigma Chemical Co., St. Louis, MO,
USA - M2128). The absorbance was determined at 492 nm on a microplate reader

(SpectraMax® M3 Molecular Devices). Data were expressed as percentage of control.

SRB ASSAY. HCT116 and Caco-2 cell lines were seeded in 96 well plates (10x103
cells/well HCT116, 8x102 cells/well Caco-2) in DMEM/10% FBS and RPMI-1640/20%
FBS, respectively. The cells were exposed to OB or NOB serum, as described above.
The cell proliferation was determined after 48 h of treatment by Sulforhodamine B
(SRB) assay (Sigma Chemical Co., St. Louis, MO, USA - 230162). The absorbance
was determined at 530 nm on a microplate reader (SpectraMax® M3 Molecular

Devices). Data were expressed as as percentage of control.

ADHESION ASSAY. Caco-2 were seeded in 96 well plates (2x10* cells/well) in RPMI-
1640/10% FBS. The cells were exposed to OB or NOB serum, as described above.
After 2 h, the cells were fixed with 4% paraformaldehyde (Sigma Chemical Co., St.
Louis, MO, USA - P6148), and the number of adherent cells was measured using 0.5%
(w/v) violet crystal staining (Sigma Chemical Co., St. Louis, MO, USA - V5265). The
absorbance was determined at 590 nm on a microplate reader (SpectraMax® M3

Molecular Devices). Data were expressed as percentage of control.

PROPIDIUM IODIDE ASSAY. Cell damage was assessed by fluorescent image
analysis of Pl uptake. Caco-2 cells were seeded in 24 well plates (8x102 cells/well) and
they were exposed to OB or NOB serum, as described above. At the end of treatment,
CRC cells were incubated with PI (7.5 yM) for 30 min. PI fluorescence was excited at

515-560 nm using an inverted microscope (Olympus ,Tokyo, Japan) fitted with a
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standard rhodamine filter. Images were captured using a digital camera connected to

the microscope (20x magnification).

CELL MIGRATION ASSAY. HCT116 cell line was seeded in 12-well plates (5x103
cells/well). Following 72 h, cell monolayer wound was performed with a P200 pipette
tip in SFB reduced conditions (DMEM/0.5% FBS).Than, DMEM/0.5% SFB medium
was replaced by a fresh one in presence of treatments (OB and NOB serum -10%).
Control cells were exposed to DMEM/0.5% FBS. Following 0O, 6, 18, 24 and 48 h of
scratch, images were captured using an inverted microscope (40x magnification)
connected to a digital camera (Olympus BX-50 with optical lens, Japan).Cell migration
was determined by measuring the width of the wound divided by two and by subtracting
this value from the initial half-width distance of the wound. Data were expressed as the
percentage of migration compared to DMEM/0.5% FBS.

ELISA ASSAY. The cytokines IL-6 (ref. 900-K16), IL-10 (ref. 900-K21), TNFa (300-
01A) were determined by Enzyme-Linked Immunosorbent Assay (ELISA) using

commercial reagents (Peprotech Inc., NJ, USA).

STATISTICAL ANALYSIS. Statistics were performed using software Graphpad Prism
8 and data were expressed as mean * standard error (SEM) and were subjected to
one-way analysis of variance (ANOVA) followed by Tukey-Kramer post-hoc test (for
multiple comparisons) or Test t student when appropriate. Differences were considered

significant for a p-value of p<0.05 (Prism GraphPad Software, San Diego, USA).

RESULTS AND DISCUSSION

To determine the impact of obesity in parameters of CRC cell malignancy, OB and
NOB subjects were recruited to participate in the study. The experimental design
applied is detailed in material and methods and in Figure 1. Figure 2 shows the main
characteristics of the participants. The OB and NOB groups were composed by male
individuals, the age ranged from 20 to 30 years old, the height and weight ranged from
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1.62 to 1.82 m and 62.5 Kg to 139.5 Kg, respectively (Fig. 2A). The BMI ranged from
21.48 to 29.65 and 30.17 to 46.61 for NOB and OB groups, respectively. The NOB
group was composed by eutrophic and overweight individuals, while the OB group
exhibited individuals with increasing obesity grades (I, Il, and Ill), as indicated in the
heatmap (Fig. 2B). As expected, the biochemical parameters including serum
triglycerides, cholesterol, HDL, LDL, glucose, and leptin levels were altered in OB, and
those subjects exhibited higher triglycerides (TRI 96-253 versus 84-180 mg/dL),
cholesterol (CHO 130-281 versus 102-255 mg/dL), leptin (LEP 38-84 versus 11-49
ng/mL), and glucose (GLU 63-165 versus 79-135 mg/dL) levels when compared to the
NOB group, respectively. Taken together, the biochemical parameters exhibited by OB
groups are according to the high prevalence of diabetes type 2 and cardiovascular
diseases as already described in the literature [23].

Next, the circulating cytokines levels in OB and NOB groups were determined. As
shown in Figure 3 (panels A-C), TNFa and IL-6 levels were 1.9 and 1.3 times higher
while the IL-10 levels were 1.5 decreased when compared to NOB (p<0.0001,
p=0.0328, and p=0.0061, respectively). Of note, TNFa and IL-6 are proinflammatory
cytokines, and their increased levels have been described in OB individuals as a result
of the chronic inflammatory process associated to high-fat tissue accumulation [24]. In
addition, the 1.5 times decrease of the antiinflammatory IL-10 levels and the 2.8 times
increase of TNFa/IL-10 ratio in OB group perpetuate the chronic inflammatory condition
associated with obesity (Fig. 3, panel C and G, respectively) [5]. Indeed, the chronic
inflammatory condition established in OB individuals is related to the increased risk to
develop a variety of diseases, including cancer [3, 25, 26]. Therefore, the impact of OB
and NOB serum exposition on cytokine release by CRC cell culture was further
investigated. Interestingly, TNFa levels were 42% higher in Caco-2 when compared to
HCT-116 cell cultures (Fig. 3D). The exposition of cell cultures to the serum of OB and
NOB serum did not promote a differential effect on TNFa, IL-6 or IL-10 secretion by
cancer cells (Fig. 3 D-F). However, the proinflammatory TNFa and anti-inflammatory
IL-10 ratio was 34% higher in HCT-116 exposed to OB when compared to NOB serum
(Fig. 3 I, p=0.0052), suggesting the prevalence of an inflammatory condition, which is
can be beneficial for tumor progression. Finally, the genetic characteristics of Caco-2
(p53 mutated and KRAS wild type) and HCT-116 (p53 wild type and KRAS mutated),

certainly contribute to the differential cytokine release exhibited by these cells.
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In line with the relationship among obesity, chronic inflammatory conditions and
cancer, we determined whether the exposition of CRC cell lines to OB and NOB serum
may impact biological parameters related to tumor development, including cell
adhesion, migration and viability. As shown in Figure 4 (panel A), the OB serum
induced a ~29% increase of Caco-2 adhesion when compared to control (p=0.01).
However, no significant difference on cell migration was observed on HCT-116-treated
cultures for 48 h of analysis (Fig. 4B and C). Similarly, nor cell viability and proliferation,
neither cell death parameters were altered in Caco-2 and HCT-116 cells exposed to
OB or NOB serum, as assessed by MTT, SRB, and PI staining assays (Fig. 5A-E).

Taken together, these data indicate that the OB serum exposition alters the TNFa and
IL-10 release and modulates the cell adhesion properties of CRC cells. Nonetheless,
no alterations were observed in cell viability, proliferation, migration and cell death
parameters at the experimental conditions tested. Additional experiments are required
to conclude whether the soluble factors present in the serum from OB individuals are
able to directly impact tumor progregression.

ACKNOWLEDGEMENTS

This study was supported by the Brazilian agencies: Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq - Processo 312187/2018-1),
Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES; Processo
001), Fundacéo de Amparo a Pesquisa do Estado do Rio Grande do Sul (FAPERGS
- Processo 21/2551-0000078-3); G.G. Roliano and V.B. Toniazzo were recipients of
CAPES or CNPq fellowships.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
REFERENCES:

1. Global Burden of Disease Study 2015 (GBD 2015) Obesity and Overweight
Prevalence 1980-2015 | GHDx. http://ghdx.healthdata.org/record/ihme-data/gbd-
2015-obesity-and-overweight-prevalence-1980-2015. Accessed 28 Sep 2021.

2. Obesity. https://www.who.int/health-topics/obesity#tab=tab 1. Accessed 25 Sep



106

2021.

3.MaY, Yang Y, Wang F, Zhang P, Shi C, Zou Y, et al. Obesity and risk of colorectal
cancer: a systematic review of prospective studies. PLoS One. 2013;8.
doi:10.1371/JOURNAL.PONE.0053916.

4. Wang M, Zhao J, Zhang L, Wei F, Lian Y, Wu Y, et al. Role of tumor
microenvironment in tumorigenesis. J Cancer. 2017;8:761-73.
doi:10.7150/JCA.17648.

5. Andersen CJ, Murphy KE, Fernandez ML. Impact of Obesity and Metabolic
Syndrome on Immunity. Adv Nutr. 2016;7:66. doi:10.3945/AN.115.010207.

6. Balkwill FR, Mantovani A. Cancer-related inflammation: Common themes and
therapeutic opportunities. Semin Cancer Biol. 2012;22:33-40.
doi:10.1016/j.semcancer.2011.12.005.

7. Cancer. https://www.who.int/news-room/fact-sheets/detail/cancer. Accessed 25
Sep 2021.

8. Atreya CE, Yaeger R, Chu E. Systemic Therapy for Metastatic Colorectal Cancer:
From Current Standards to Future Molecular Targeted Approaches. Am Soc Clin
Oncol Educ B. 2017;37:246-56.

9. Marmol I, Sdnchez-de-Diego C, Dieste AP, Cerrada E, Yoldi MJR. Colorectal
carcinoma: A general overview and future perspectives in colorectal cancer. Int J Mol
Sci. 2017;18.

10. Bye WA, Nguyen TM, Parker CE, Jairath V, East JE. Strategies for detecting
colon cancer in patients with inflammatory bowel disease. Cochrane Database Syst
Rev. 2017;2017. doi:10.1002/14651858.CD000279.PUBA4.

11. Obesity and overweight. https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight. Accessed 25 Sep 2021.

12. Grivennikov SlI, Greten FR, Karin M. Immunity, Inflammation, and Cancer. Cell.
2010;140:883-99. doi:10.1016/j.cell.2010.01.025.

13. Balkwill F, Charles KA, Mantovani A. Smoldering and polarized inflammation in
the initiation and promotion of malignant disease. Cancer Cell. 2005;7:211-7.
doi:10.1016/j.ccr.2005.02.013.

14. Qian BZ, Pollard JW. Macrophage Diversity Enhances Tumor Progression and
Metastasis. Cell. 2010;141:39-51.

15. Oh SA, Li MO. TGF- : Guardian of T Cell Function. J Immunol. 2013;191:3973-9.
doi:10.4049/jimmunol.1301843.

16. Ng THS, Britton GJ, Hill E V., Verhagen J, Burton BR, Wraith DC. Regulation of
adaptive immunity; the role of interleukin-10. Front Immunol. 2013;4 MAY:1-13.

17. Noy R, Pollard JW. Tumor-Associated Macrophages: From Mechanisms to



107

Therapy. Immunity. 2014;41:49-61. doi:10.1016/j.immuni.2014.06.010.

18. Yang Z, Zhang M, Peng R, Liu J, Wang F, Li Y, et al. The prognostic and
clinicopathological value of tumor-associated macrophages in patients with colorectal
cancer: a systematic review and meta-analysis. Int J Colorectal Dis. 2020;35:1651—
61. doi:10.1007/S00384-020-03686-9.

19. Zhang X, Chen Y, Hao L, Hou A, Chen X, Li Y, et al. Macrophages induce
resistance to 5-fluorouracil chemotherapy in colorectal cancer through the release of
putrescine. Cancer Lett. 2016;381:305-13. doi:10.1016/J.CANLET.2016.08.004.

20. Malesci A, Bianchi P, Celesti G, Basso G, Marchesi F, Grizzi F, et al. Tumor-
associated macrophages and response to 5-fluorouracil adjuvant therapy in stage Il
colorectal cancer. Oncoimmunology. 2017;6. doi:10.1080/2162402X.2017.1342918.

21. Larionova |, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N,
Pavlov V, et al. Tumor-Associated Macrophages in Human Breast, Colorectal, Lung,
Ovarian and Prostate Cancers. Front Oncol. 2020;10.
doi:10.3389/FONC.2020.566511.

22. Wang H, Tian T, Zhang J. Tumor-Associated Macrophages (TAMs) in Colorectal
Cancer (CRC): From Mechanism to Therapy and Prognosis. Int J Mol Sci. 2021;22.
doi:10.3390/1IMS22168470.

23. Kushi LH, Byers T, Doyle C, Bandera E V., McCullough ML, McTiernan A, et al.
American Cancer Society Guidelines on Nutrition and Physical Activity for cancer
prevention: reducing the risk of cancer with healthy food choices and physical
activity. CA Cancer J Clin. 2006;56:254—81. d0i:10.3322/CANJCLIN.56.5.254.

24. Rock CL, Thomson C, Gansler T, Gapstur SM, McCullough ML, Patel A V., et al.
American Cancer Society guideline for diet and physical activity for cancer
prevention. CA Cancer J Clin. 2020;70:245-71. doi:10.3322/CAAC.21591.

25. Rajala MW, Scherer PE. Minireview: The adipocyte--at the crossroads of energy
homeostasis, inflammation, and atherosclerosis. Endocrinology. 2003;144:3765-73.
doi:10.1210/EN.2003-0580.

26. Grant RW, Dixit VD. Adipose tissue as an immunological organ. Obesity (Silver
Spring). 2015;23:512. doi:10.1002/0BY.21003.



108

LEGEND TO FIGURES:

Timeline
@ Cell seeding @ Cell exposition
HCT116 .| NOOBBsSeI'um
@ NOB Group Caco-2 ' erum
BMI 3
18.5- 29.9kg/m? | | i
S OB Group —
BMI MTT, SRB, PI, Violet
=30kg/m? Crystal, Scratch
Sample Cell culture Analyses of biological
Recruitment experiment parameters
Sample x Ana_l)gse of
characterization immune/inflammatory
parameters

1 - Biochemical determinations

(TRI, CHO, HDL, LDL, GLU LEP) Cytoking dosage in

supernatant
2 - Cytokine dosage (TNFa, IL-6, IL10)

(TNFa, IL-6, IL10)
Figure 1. Design of experimental protocol. First, the blood samples from the male
participants were collected and further characterized as OB and NOB according to data
of weight, height; biochemical profile was performed; and circulating cytokine levels
were determined by ELISA. Afterwards, human Caco-2 and HCT116 colorectal cancer
cell lines were cultured and exposed to serum from OB and NOB participants and the
following parameters were analysed: TNFa, IL-10 and IL-6 levels (ELISA); cell viability
(MTT), proliferation (SRB), migration (scratch wound), adhesion (crystal violet
staining), and cell death (PI staining). Abbreviations: MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide); SRB (sulforhodamine B); PI (propidium iodide); OB
(obese); NOB (non-obese); BMI (Body mass index); TRI (triglycerides); CHO

(cholesterol); HDL (high density lipoprotein); LDL (low density lipoprotein); GLU
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(glucose); LEP (leptin); ELISA (Enzyme Linked Immuno Sorbent Assay); TNFa (tumor

necrosis factor alpha); IL-6 (interleukin 6); IL-10 (interleukin 10).
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Figure 2. Description of sample characteristics. (A) Table of subjects data.
Subjects were grouped according to BMI stage as obese (OB; BMI = 30; N=11) and
non-obese (NOB; BMI < 29.9; N=11) and they were indetifed by letters (as indicated);
(B) heatmap representation of biochemical profile (GLU, TRI, CHO, HDL, LDL, LEP
levels) as indicated. Abbreviations: BMI (body mass index); OB (obese); NOB (non-
obese); GLU (glucose); TRI (triglycerides); CHO (cholesterol); HDL (high density

lipoprotein); LDL (low density lipoprotein); LEP (leptin).
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Figure 3. Analysis of cytokine levels in the circulation of the subjects and in the

supernatant of colorectal cell cultures exposed to the OB and NOB serum. (A) TNFq,

(B) IL-6, (C) IL-10 circulating levels in the subjects (N=11 per group); (D) TNFa, (E) IL-

6, (F) IL-10 levels in the supernatant of control or cell cultures exposed to OB or NOB

serum, as indicated. (G, H, I) TNFa/IL-10 ratio in serum of subjects. Data represent the

average = standard error of at least two experiments performed in duplicate, analyzed

by Student's t-test (graphs A, B, C, G, H and |) or ANOVA followed by Tukey's post-

hoc (graphs D, E and F). *, ** *** and ***Significantly different among experimental

groups, as indicated (p=0.0328, p=0.0061, p=0.0010 and p<0.0001, respectively).

Abbreviations: OB (obese); NOB (non-obese).
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Figure 4. Determination of cell adhesion and migration in colorectal cancer cell lines
exposed to OB and NOB serum. (A) Caco-2 cell adhesion was evaluated following 2 h
of cell seed in presence of OB or NOB serum. (B) HCT16 cell migration was
determined by scratch-wound assay in cultures exposed to OB or NOB serum (as
indicated) for 48 h; (C) Representative images from migration assay; images were
captured in an optical microscope coupled to a digital camera (magnification 40x) .

Data represent the average * standard error of one representative experiment
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performed in triplicate and analyzed by Student's t-test (graph A; p=0.01) or one-way
ANOVA followed by Tukey's post-hoc (graph B; non-statistical difference was

observed). Abbreviations: OB (obese); NOB (non-obese).
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Figure 5. Evaluation of cell viability, proliferation and necrosis cell death in colorectal
cancer cell lines exposed to OB and NOB serum. (A, C) Caco-2 and HCT116 cell
viability, respectively, was evaluated following 48 h of exposition to OB or NOB serum
by MTT assay. (B, D) Caco-2 and HCT116 cell proliferation, respectively, was
evaluated following 48 h of exposition to OB or NOB serum by SRB assay. (E) Caco-
2 cells were exposed to OB or NOB serum for 72 h and further incubated with PI, as
described in material and methods. Representative images were captured in an optical
microscope (standard rhodamine filter, 515-560nm fluorescence) coupled to a digital
camera (magnification 20x). Data represent the average + standard error of at least 3
experiments performed in triplicate and analyzed by Student's t-test (non-statistical
difference was observed). Abbreviations: OB (obese); NOB (non-obese); MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide); SRB (sulforhodamine B); PI
(propidium iodide).
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INTRODUCTION

Colorectal cancer (CRC) is the fifth (colon) and eighth (rectum) cancer in news cases
and new death by cancer in the world [1]. It is a cancer that can be prevented by
diagnosing colonoscopy and removing polyps in the intestine (early stage of cell
change) [2], the treatment is cirurgical remove and chemotherapy with fluoropyrimidine
(5-fluorouracil) plus oxaliplatin or irinotecan [3]. Several risk factors can lead to the
development of this cancer, and inflammatory bowel diseases are one of them [4], it is
known, that the immune/inflammatory system plays a role in tumor initiation process
[5—-9]. CRC can progress to metastasis, which is the main cause of death for patients

[10, 11], the tumor microenvironment is a key molecular step in this process [12].

Macrophages have the physiological function of destroying pathogens or altered cells
[13, 14]. They have an important ability to switch through a spectrum of activation
states depending on stimulus, to proinflammatory (M1/classical) or anti-inflammatory
(M2/alternative) phenotypes [14-16]. The M1 polarization is induced by interferon-y
(IFN-y), tumor necrosis factor (TNF), or lipopolysaccharide (LPS) [13]. M1 macrophage
participate in the recruitment of Thl, Tcl and NK cells, creating an immune response
against tumor cells mediated by higher production of pro-inflammatory cytokines such
as interleukin-12 (IL-12), IL-6, IL-8, TNF, IL-18 and nitric oxide (NO) and reactive
oxygen species (ROS) and higher antigen-presenting capacity [13, 14]. In turn, the M2
macrophage profile is related to anti-inflammatory cytokine production, as IL-10,
arginase activity and mannose receptors expression (CD204, CD206) [14, 17]. This
phenotype is induced by IL-4, which is produced by Th2 cells, eosinophils, basophils

or macrophages themselves [14].

The term “tumor-associated macrophages” (TAM) is relative to macrophages that end
up being corrupted by tumor cells and start to play in favor of the tumor progression [5,
18, 19]. TAMs are predominantly immunosuppressive in nature and share several
similarities with M2 macrophages, particularly those related to IL-10 release, cell

proliferation induction, and tissue repair signaling activation [19].

Despite the evidence connecting cancer and inflammation, the participation of the
innate immune cells, more specifically macrophages, in CRC progression is still poorly
understood. Considering that tumor cells shape the behavior of macrophages to

contribute to tumor growth, there are possibly unknown mechanisms that generate this
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environment enriched in immunosuppressive factors. The elucidation of these
pathways may be important to better understand the mechanisms of CRC progression,

thus, create therapeutic strategies for the clinical management of patients.
MATERIAL AND METHODS
MATERIALS

The chemical components used in this study can be found in the supplementary Table
1. Other chemicals and kits were purchased from standard commercial suppliers with

analytical grade and used as per manufacturer's instructions.

CELL CULTURE

CELL LINE

Human colorectal cancer (HCT116) cell line was obtained from ATCC (American Type
Cell Collection; Rockville, Maryland, USA). The cell line was grown in high glucose
Dulbecco’s modified Eagle’s medium (DMEM) containing 8.4 mM HEPES, 23.8 mM
NaHCOs (pH 7.4), 0.1% fungizone, 100 U/L penicillin/streptomycin 0.5 U/mL, and
supplemented with 10% (v/v) fetal bovine serum (FBS). The cell line was incubated at
37°C in a humidified incubator with 5% CO..

PRODUCTION OF HCT116 CONDITIONED MEDIUM (CM)

To prepare HCT116 conditioned medium (CM), cells were seeded at high density in
75 cm? culture flasks. Once the sub-confluence stage was achieved, cell medium was
replaced by fresh high glucose DMEM/10% FBS, and cells were cultured for an
additional 24 h. The CM was collected, centrifuged (1,000 g — 5 min) and stored at -
80°C until use.

PRIMARY HUMAN MACROPHAGE CULTURES

Primary human macrophages were obtained from differentiation of circulating
monocytes as previously described [20] with minor modifications. Briefly, monocytes
were isolated from total blood of umbilical cord using Histopaque®-1077 density

gradient; cells were seeded in 6 multi-well plates (7x10° cells/well) and differentiated
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into macrophages by stimulation with GM-CSF (50 ng/mL) for 7 days. Subsequently,
mature human macrophages (M) were exposed to HCT116-CM or directly co-
cultured with HCT116 (7x102 cells/well). The analyses were performed 24 or 48 h
following exposure. HCT116 cancer cells and human macrophages cultured in
DMEM/10% FBS and RPMI/10% FBS, respectively, under the same conditions were
considered controls. All procedures used in the present study were approved by the
Ethic Committee of the HCPA (2.476.898). Cord blood bags were acquired by the
Umbilical Cord Blood Bank of the HCPA, when considered waste materials were used

for monocyte isolation.

BRDU ASSAY. M@ and HCT116 were co-cultured as described above. For DNA
synthesis analysis, the culture medium (RPMI/10% FBS) was replaced by fresh
RPMI/0.5% FBS. After 22 h of starvation, cells were exposed to 10 uM
bromodeoxyuridine (BrdU) for 2 h incubation in RPMI/10% FBS. Cells were then
incubated with anti-BrdU-PE antibody (1:50 dilution; BD Biosciences) and the
percentage of BrdU-incorporating cells was determined by flow cytometry (FACSCanto

Il Flow Cytometer; BD Biosciences).

CYTOKINE PRODUCTION. Mg and HCT116 were co-cultured as described above.
Cytokines (TNF, IL-10, IL-6, IL-1p and IL-8) were determined in the supernatant of cell
cultures using Cytometric Bead Array (CBA). All analyses were performed by flow
cytometry (FACSCanto Il Flow Cytometer; BD Biosciences) following the

manufacturer's instructions.

DCFH-DA assay. Intracellular formation of reactive oxygen species (ROS) was
determined by the dichlorofluorescein diacetate (DCFH-DA) assay according to
previous study (Ali et al.,1992). M@ and HCT116 were co-cultured as described above.
Then the culture medium was removed, and cells were incubated with 1 uM DCFH-DA
in serum-free DMEM. After 30 min incubation at 37°C, cells were washed with PBS
and images were captured using a digital camera connected to a microscope (Olympus
IX71, Japan, 485/520 nm). Fluorescence was quantified in ImageJ (version 1.52a,

National Institutes of Health, USA). The results were expressed as arbitrary units.

PROPIDIUM IODIDE ASSAY. Cell death by necrosis was evaluated using fluorescent

image analysis obtained from a propidium iodide (PI) incorporation assay. Mg and
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HCT116 were co-cultured as described above. Following the exposure, the medium
was removed, and PI (7.5 uM, final concentration) was added. Cells were then
incubated for 60 min, and phase contrast and fluorescence microphotographs were
captured using a digital camera connected to an inverted microscope (Olympus IX71,
JP) fitted with a standard Rhodamine filter excited at 515 and 560 nm.

NO Determination. Nitric oxide (NO) production was evaluated by measuring nitrite
levels in the supernatant of cell culture, using a colorimetric reaction with Griess
reagent according to Stuehr and Nathan [21]. Following the treatments, 5%
sulfanilamide (w/v) in phosphoric acid was added to cell-culture supernatants (1:1 ratio)
and then mixed. After 10 min of incubation at RT (25£1°C), samples were mixed with
Griess reagent 0.1% (w/v) (N-[1-naphthyl] ethyl-enediamine dihydrochloride) (1:1:1
ratio). Following an additional 10 min in the dark at RT, the absorbance was measured
in a spectrophotometer SpectraMax® M2 (Molecular Devices, US) at 540 nm. Results
were expressed in uM NO/mg protein and were obtained by comparing the results with

a standard curve of known concentrations of sodium nitrate.

MACROPHAGE POLARIZATION ANALYSIS. M¢ and HCT116 were co-cultured as
described above. Cells were washed with PBS and carefully detached with cold EDTA
solution (2.5 pM) using a cell scraper. The cell viability of detached cells was
determined by cell counting using trypan-blue staining. Samples were then incubated
with HLA-DR (PE Mouse Anti-Human HLA-DR; 555812, dilution 1:5BD
Pharmingen™), CD206 (FITC Mouse Anti-Human CD206,551135, dilution 1:5, BD
Pharmingen™) and CD163 (BV461 Mouse Anti-human CD163, 562643, dilution 1:20
BD Horizon™) (Grugan et al, 2012). The expression of membrane markers was
determined by flow cytometry (FACS Canto II, BD Biosciences); 10,000 events were
collected per sample and the data obtained were evaluated using the FlowJo_vX.0.7

software.

RHODAMINE-123 ASSAY. Cells were washed with PBS and carefully detached with
cold EDTA solution (2.5 uM) using a cell scraper. Cells (2 x 10° cells/mL) were
incubated with rhodamine 123 (5 pg/mL) prepared in DMEM 10%FBS according to the
manufacturer's instructions for 30 min at RT. Subsequently cells were washed once
with DMEM/10%FBS and analyzed by flow cytometry (FACSCanto Il, BD Biosciences).

Mitochondrial fluorescence was generated by excitation from the primary laser that
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emitted at 488 nm and collection at the FL1 position after passing through a DF530/30

filter.

STATISTICAL ANALYSIS

Data were expressed as mean + S.D. and were subjected to one-way analysis of
variance (ANOVA) followed by either Tukey—Kramer post-hoc test (for multiple
comparisons), Bonferroni test, or Student's t-test as appropriate (GraphPad Prism 5

Software). Difference between mean values were considered significant when P<0.05.

RESULTS AND DISCUSSION

To determine the impact of tumor cells in macrophage polarization we develop a
primary culture of human macrophages and we add a colorectal cancer cell line
(HCT116) in this culture. Control macrophages showed expected morphology cell
morphology (Fig. 1A), but in co-culture with tumor cell had more stretched
characteristics, remembering a “fried egg”, and had tropism to HCT116, circling the cell
(Fig. 1C), indicating that somehow the macrophage answered to tumor cell presence.

Morphology of HCT116 when shown in low density (Fig. 1B).

To evaluate the presence of cell death by necrosis in the macrophages exposed to
HCT116-CM or co-cultured with tumor cells, Pl assay was performed. The
incorporation of propidium iodide was not different in the groups (Fig. 2A), indicating
that neither the HCT116-CM nor HCT116 induce necrosis in macrophages after 24h of
exposure. Taken together, this dataset shows macrophages and tumor cells can
cohabit the same environment without causing death and that tumor cells release

signals that attract macrophages and modify their morphology.

Then, we perform a proliferation assay with BrdU (Fig. 2B), and when co-cultured with
macrophages in DMEM/0.5% FBS, the HCT116 cells tend to increase by 5 times the
cell proliferation. This means that macrophages induce cell proliferation in tumor cells,

however, this data represents a single experiment that needs to be repeated.

Next, as the initial results indicated that macrophages were promoting in vitro tumor

cell progression, we decided to evaluate parameters of oxidative stress. Reactive



120

oxygen species (ROS) levels in macrophage culture were analyzed by the DCFH-DA
assay. In the representative images it can be observed that, when co-cultured with
tumor cells, macrophage reduces the intensity of fluorescence (Fig. 3A), basically
being seen as the fluorescence of the tumor cell. The intensity of fluorescence tended
to increase in the HCT116 group, and decreased when the macrophage was present
(Fig. 3C). The decrease of ROS observed in macrophages co-cultured with HCT116
could be associated with immunosuppressive macrophage polarization, a
characteristic of TAM [22, 23]. The macrophage morphology, the increase of tumor
proliferation induced by macrophages and the decreased ROS production may
converge to tumor survival. Therefore, additional experiments were performed in order

to better understand the impact of macrophages on CRC progression.

The potential of the mitochondrial membrane of macrophages exposed to HCT-CM
was assessed by Rhol23 assay. The HCT116-CM tend to decrease the median
fluorescence intensity of macrophages when compared to control (M@ DMEM/0.5%
FBS) (Fig. 3C and 3D). The level of NO was further determined (Fig. 4A). The nitrites
production was the same in 24h to all groups (macrophage, HCT116, conditioned
medium and macrophage-HCT166 co-culture), but in 48h, nitrites levels increased
significate in the co-culture group, when compared to macrophage alone (p<0.0001).
NO is a strong inductor of angiogenesis and may be related to cancer progression [24].
To evaluate the cytokine release profile exhibited by macrophage in the presence or
absence of HCT116 tumor cells, we performed flow cytometry using CBA Kit.
Interestingly, macrophages co-cultured with HCT116 tumor cells exhibited an increase
of 2,7, 1,9, 1,8 and 2,6 times of TNF, IL10, IL6, IL1[, respectively, while the level of IL-
8 was decreased by 2,7 times, when compared to control (macrophages cultured
alone) (Fig. 5). Considering the protumor role of the cytokines TNF, IL10, and IL6,
these results suggest that CRC cells induce a M2-like macrophage polarization, which
is known to TAM.

Finally, the expression of macrophage polarization markers was determined by flow
cytometry. In line with the TAM phenotype, macrophages co-cultured with HCT116
exhibited increased expression of CD206 and CD163 (p=0.026 and 0.034,
respectively) when compared to control (M@ cultured alone), while the expression of

HLA-DR was not different among the groups (Fig. 6A-C).
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In summary, these data suggest that CRC cells induce a M2-like macrophage
polarization, which promotes tumor progression. However, additional experiments and
an increase of experimental “N” are needed to better understand the CRC cells-
macrophage crosstalk and the further impact in the cancer cell proliferation as well as

stimulus to metastasis.
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Md + HCT116

Figure 1: Representative images of human macrophages (A), cell line HCT116 (B) and
both in co-culture (C). The black arrows indicate macrophages and yellow arrows
indicate tumoral cell HCT116. In co-culture the macrophages appear to be activated
by a morphology more stretched (similar to fried egg), while alone this aspect was less
observed.
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Figure 2: Representative images of Propidium lodide assay (A), the controls
macrophages, with 10%FBS or 0.5%FBS, respectively (higher) had similar results that
experimental groups, HCT116 10%FBS, Conditioned medium-HCT116 0.5%FBS and

macrophages-HCT116 co-culture, respectively (bottom). Without any significant
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difference between them (data not shown). Proliferation BRDU assay (B), the HCT116
10%FBS (first graphic) had 20% of positive cells, HCT116 0.5%FBS (second graphic)
had 1.15%, the macrophages-HCT116 0.5%FBS co-culture had 7.25% (fourth graphic)
and macrophages-HCT116 10%FBS co-culture had 19.2 and 12.1% (duplicate — fifth
and last graphic). The thirty graphic is the percentage of positives cells bar

representation.
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Figure 3: Representative images (A) and Intensity Units graph (B) of reactive oxygen
species (ROS). Apparently macrophages alone produce less ROS, and when co-
culture with HCT116 the ROS levels increase, nonetheless are not significant statistics.
The membrane potential was analyzed by rhodaminel23 assay (C and D), with no
difference between the controls (macrophages 10%FBS and 0.5%FBS) and
experimental group (CM 0.5%FBS).
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Figure 4: Nitric Oxide determination was performed in two times (24h and 48h) and in
the following conditions: macrophage with 10% and 0.5%FBS, macrophage with
conditioned medium 0.5%FBS; HCT116 with 10% and 0.5%FBS; macrophage co-
cultured with HCT116 (A). The only significant difference was in time 48h, increased
NO in co-culture compared with macrophage alone (p<0.0001). The proliferation assay
was performed with BrdU assay, HCT116 10%FBS and co-culture macrophages and
HCT116 10%FBS presented increased marcation to BrdU. While, as expected,
macrophages 0.5%FBS, HCT116 0.5%FBS and macrophage-HCT116 0.5%FBS didn't
have a proliferation market.
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Figure 5: To analysis of cytokines production of cultures, the cytometry with CBA kit
was performed, tumoral cell HCT116 expressed little or none cytokine investigated,
while macrophages biased to express less pro-inflammatory cytokines (A,C and D) and
more anti-inflammatory cytokine (E). On the contrary of macrophage alone, co-culture
with HCT116 is biased to express more pro-inflammatory and less anti-inflammatory

cytokine.
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Figure 6: To analyze macrophage polarization in contact with tumor cell HCT116, M1
(HLA-DR(C)) and M2 (CD206 (A) and CD163 (B)) markers were used. In median

fluorescence intensity analyze, CD206 and CD163 had increased in co-culture group

(p=0.026 and 0.034), and CD206 had decreased in positive cell marker in co-culture

group, HLA-DR not had changes (D).
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9 CONCLUSAO

Ao final desse trabalho, foi possivel identificar que ao reunir os estudos sobre a
sinalizacdo purinérgica, seus receptores, enzimas e produtos (ATP, ADO), alguns
conceitos ja estdo bastante fortalecidos, como o papel da enzima CD73 que gera o
bloqueio da resposta imune e leva a progressao do CCR, assim como 0s receptores
da familia P1. Enquanto que os receptores P2Y e P2X apresentaram dualidade.
Notamos a necessidade de mais estudos para ampliar o conhecimento sobre a funcéo
do sistema purinérgico no CCR. Quanto aos resultados experimentais, os individuos
obesos apresentaram maiores alteracdes, nas andlises bioquimicas, assim como
aumento nos niveis séricos de TNF-a, IL-6 (pré-inflamatérios) e reducao de IL-10 (anti-
inflamatorio), exibindo caracteristicas de inflamacao associada a obesidade. Quando
as células tumorais foram expostas aos soros de ambos 0S Qrupos, e 0s
sobrenadantes foram analisados, as duas linhagens responderam de forma diferente
na liberacdo de mediadores sollveis e alguns parametros celulares. Mais
experimentos sdo necessarios para testar a hipotese de que o soro de individuos
obeso é capaz de impactar na progressao tumoral, mas possivelmente as células
respondem diferentemente por possuirem caracteristicas moleculares distintas. Os
experimentos de co-cultivo com macréfagos humanos apresentaram vantagens para
progressdo das células tumorais, exibindo fenétipo misto caracteristico de TAM, no
qgual mais experimentos sdo necessarios para melhor compreender a funcdo dos

macréfagos na alteracdo do microambiente tumoral do cancer colorretal.



