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RESUMO

O cancer colorretal (CCR) € uma neoplasia maligna que ocorre no intestino grosso,
mais frequentemente nas regides do colon e do reto. E o terceiro tipo de cancer com
maior incidéncia entre homens e o segundo entre mulheres. O tipo mais comum de
CCR é o adenocarcinoma, responsavel por 96% dos tipos de cancer colorretal. O
adenocarcinoma € geralmente estabelecido a partir de pélipos adenomatosos que
sofrem alteracbes displasicas, resultando em células malignas. Quando se tem
metastase, o progndstico € pior, pois € a principal causa de morte, neste caso a
neoplasia € classificada como estagio 1V, de uma classificacdo que vai de | a IV, de
acordo com as caracteristicas estabelecidas para o diagndstico. Embora a literatura
correlacione fortemente o0 CCR com a inflamacao, ainda é escassa a relagdo do
estresse oxidativo (EO) sistémico desencadeado pelo processo inflamatério crénico
nos pacientes com a doenca, bem como a relacdo com o estagio clinico. Nosso
trabalho tem como objetivo avaliar o perfil de estresse oxidativo e perfil inflamatoério
sistémico de pacientes com cancer colorretal, correlacionando com parametros
clinicos e com o estadiamento da doenc¢a. Foram avaliadas amostras de 36 pacientes
com CCR em fase de quimioterapia e 24 pacientes saudaveis. Para os parametros de
EO foram avaliados antioxidantes enzimaticos como catalase, superéxido dismutase
e nao enzimaticos como glutationa e outros marcadores de EO como malondialdeido,
produto de proteinas oxidadas e lipoperoxidacdo de membrana. Além dos parametros
pré e anti-inflamatorios (IL-2, IL-4, IL-6, IL-10, TNFa e INF-y). Fizemos uma correlacao
entre os parametros inflamatorios e de EO a fim de elucidar melhor a relagdo. Nossos
resultados indicam que com menos agentes de oxidacdo (malondialdeido) e mais
antioxidantes (catalase), além de um aumento na citocina imunossupressora (IL-10),
a carcinogénese colorretal pode estabelecer um ambiente sistémico propicio a sua
progressao e, consequentemente, favorecimento de metastase.

Palavras-chave: cancer colorretal, citocinas pré-inflamatérias, citocinas anti-
inflamatorias, estresse oxidativo sistémico.
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ABSTRACT

Colorectal cancer (CRC) is a malignant neoplasm that occurs in the large intestine,
most often in the colon and rectum regions. It is the third type of cancer with the highest
incidence among men and the second among women. The most common type of CRC
is adenocarcinoma, responsible for 96% of the types of colorectal cancer.
Adenocarcinoma is generally established from adenomatous polyps that undergo
dysplastic changes, resulting in malignant cells. When there is metastasis, the
prognosis is worse, as it is the main cause of death, in this case the neoplasm is
classified as stage IV, from a classification ranging from | to IV, according to the
characteristics established for the diagnosis. Although the literature strongly correlates
CRC with inflammation, the relationship between systemic oxidative stress (OS)
triggered by the chronic inflammatory process in patients with the disease is still
scarce, as well as the relationship with the clinical stage. Our work aims to evaluate
the oxidative stress profile and systemic inflammatory profile of patients with colorectal
cancer, correlating with clinical parameters and disease staging. Samples from 36
patients with CRC undergoing chemotherapy and 24 healthy patients were evaluated.
For OS parameters, enzymatic antioxidants such as catalase, superoxide dismutase
and non-enzymatic antioxidants such as glutathione and other OS markers such as
malondialdehyde, product of oxidized proteins and membrane lipoperoxidation were
evaluated. In addition to the pro and anti-inflammatory parameters (IL-2, IL-4, IL-6, IL-
10, TNFa and INF-y). We made a correlation between inflammatory and OS
parameters in order to better elucidate the relationship. Our results indicate that with
less oxidizing agents (malondialdehyde) and more antioxidants (catalase), in addition
to an increase in immunosuppressive cytokine (IL-10), colorectal carcinogenesis can
establish a systemic environment conducive to its progression and, consequently,
favoring metastasis.

Key words: colorectal cancer, pro-inflammatory cytokines, anti-inflammatory
cytokines, systemic oxidative stress.
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INTRODUGCAO

1.1 Cancer colorretal

O cancer colorretal (CCR) é uma neoplasia maligna que ocorre
no intestino grosso, atingindo com maior frequéncia as regides de colo e reto. No
Brasil para o ano de 2020 sdo estimados mais de 40 mil novos casos de CCR,
sendo este o terceiro tipo de cancer com maior incidéncia entre os homens e o
segundo entre as mulheres (INCA, 2020). Para os Estados Unidos em 2015
foram estimados 1.332.085 casos de CCR (CSF, 2015) além disso, dados
epidemiologicos tém revelado um aumento significativo de casos de CCR em
jovens com menos de 30 anos, podendo estar relacionado com histérico familiar
e fatores alimentares (WOLF et al., 2018; ARAGHI et al., 2019).

Aproximadamente 30% dos tipos de CCR séo de origem familiar,
ou seja, herdados geneticamente (JASPERSON., et al 2010), e cerca de 70-75%
dos casos sao esporadicos (MIGLIORE et al., 2011; JASPERSON., et al 2010).
Para os casos esporadicos os principais fatores de risco para 0s casos
esporadicos de CCR sao: (i) consumo de carne vermelha e alimentos
processados (ALEXANDER et al., 2015); (ii) sobrepeso (JOCHEM et al., 2016);
(iii) alimentagao pobre em fibras (SONG et al., 2015).

O tipo de CCR mais comum € o adenocarcinoma, responsavel
por 96% dos casos (ACS, 2020; SEGEV et al., 2020), o termo adenocarcinoma
denota uma lesdo em que as células epiteliais neoplasicas crescem em padrdes
glandulares. O adenocarcinoma geralmente se estabelece a partir de poélipos
adenomatosos que sofrem alteracBes displasicas dando origem a células
malignas (THRUMURTHY et al., 2016).

A suspeita de CCR ocorre a partir de sinais e sintomas como:
mudanca nos habitos intestinais (constipacao e estreitamento das fezes), além
disso o sangramento retal, fezes com sangue e célicas (ACS, 2020). Para
confirmar a suspeita de CCR pode ser necesséria a realizagdo de mais de um
exame. A colonoscopia é o exame mais frequentemente utilizado (POSTON et
al., 2011). Durante a colonoscopia podem ser obtidas amostras teciduais de

poélipos para a realizacdo da histopatologia, essencial para o diagnéstico e na

12
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classificacdo do tumor. Outros exames utilizados no diagnéstico sdo a
colonografia tomografica computadorizada (CTC) e a sigmoidoscopia
(Mohammad & Mohammad, 2015; HOND & PARK., 2014).

O prognostico depende de inumeros fatores, especialmente pela
presenca de metastases, que pode ser identificada em até 20% dos pacientes e
determinar um pior prognéstico (FLORIANI et al., 2010). Para o prognéstico é
importante levar em consideracdo 0 estagio da doenca com base na
classificacdo TNM (Tabela 1). Para o estagio | e Il ndo se observa a presenca de
metéstases, sendo os mesmos determinados pelo tamanho do tumor em relacéo
a invasao histologica local. O estagio lll € caracterizado pelo escape das células
tumorais para os linfonodos regionais. J4 o0 estagio IV é caracterizado pela
presenca de metastases em outros tecidos (AMERICAN CANCER SOCIETY,
2018).

A identificacdo da presenca de metastase pode reduzir a
sobrevida para aproximadamente 30 meses apos o diagndéstico (CUTSEM et al.,
2016). A metastase pode ser a causa da morte de pacientes com CCR e os locais
mais comuns de implantacdo sdo o figado e o peritdnio (PRETZSCH et al.,
2019). Desta forma o diagnostico precoce, antes gque ocorra a metastase, €
essencial para garantir a sobrevida dos pacientes (WAALS et al., 2018;
AMERICAN CANCER SOCIETY, 2018).

A remocgédo cirurgica do tumor € a forma de tratamento mais
eficaz, podendo ser associada com a quimioterapia e radioterapia. O principal
quimioterapico utilizado € o 5-fluorouracil (5-FU), um antimetabdlito que
interrompe a sintese e o reparo de DNA e RNA, levando a morte celular
(BRADFORD & ZAFAR., 2011). O tratamento dos sintomas e uma readequagéo
alimentar também podem fazer parte do processo terapéutico (WAALS et al.,
2018; AMERICAN CANCER SOCIETY, 2018).

13



Tabela 1: Classificacdo TNM para estadiamento do cancer colorretal.

T N M

Estagio O Tis NO MO
Estagio | TlouT2 NO MO
INMA T3 NO MO
Estégio Il 1B T4a NO MO
INc T4b NO MO
TlouT2 N1/N1lc MO

A
T1 N2a MO
T3 ou T4A N1/N1lc MO
B T20u T3 N2a MO

Estagio Il

TlouT2 N2a MO
T4a N2a MO
1nc T3 ou T4a N2b MO
T4b N1 ou N2 MO
VA Qualquer T Qualquer N Mla
Estagio IV IV B Qualquer T Qualquer N M1b
IvVC Qualquer T Qualquer N Mlc

T =tumor, N = comprometimento de linfonodo e M = presenca de metastase): T. Indica o tamanho
do tumor primério e até qual regi&o ele disseminou na parede do célon ou do reto. N. E a anélise
para dizer se existe dissemina¢éo da doencga para os linfonodos proximo ou se ha evidéncia de

metastases para surgir. M. Indica se existe presenca de metastase em outras partes do corpo.

Fonte: Adaptado de American Cancer Society, 2018.

1.2 Carcinogénese colorretal

Para os casos esporadicos de CCR, isto é para casos onde a
pessoa ndo herdou mutacdes e as mesmas ocorrem em células somaticas. Em

cerca de 60% dos casos a carcinogénese obedece ao modelo proposto por

14
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Vogelstein que sugere o acumulo sucessivo de modificagbes genéticas
relacionadas ao controle do ciclo celular levando a uma alteracdo do tecido
normal até o surgimento do cancer (FEARON & VOGELSTEIN., 1990). O
surgimento do CCR ocorre pela combinagcdo de diferentes eventos genéticos,
tais como instabilidade cromossémica, mutagdes génicas, metilacdo aberrante
de genes supressores tumorais e instabilidade de microssatélite. Dentro do
processo de evolucdo da doenca € comum observar a sequéncia adenoma-
carcinoma, quando pélipos de tumor benigno passam a apresentar displasia
(promovida por instabilidade cromossdmica) e progride para um adenoma tardio
e para o adenocarinoma (Figura 1a) (THRUMURTH et al., 2016).

Das alteracdes iniciais, um dos eventos essenciais é a mutacao
em genes da via candnica de sinalizagdo WNT/ B-catenina. Um dos principais
genes mutados é o gene da polipose adenomatosa col6nica (APC) que é um
supressor tumoral (AOKI et al., 2007). A maior parte das mutacdes ocorre em
uma regiao especifica chamada de “regido de agrupamento de mutagdes”,
responsavel pelo reconhecimento da [-catenina para que seja encaminhada
para destruicdo proteassomal (ZHANGE & SHAY., 2017; AOKI et al., 2007). A
perda da capacidade de interagao leva ao acumulo intracelular de B-catenina
permitindo que a mesma chegue até o nucleo da célula e ative fatores de
transcricdo génica como o fator de células T (FCT) e do fator potencializador
linféide (FPL) que irdo se acoplar a genes especificos que dardo inicio ao ciclo
celular (WETERING et al., 2002). As altera¢des no gene APC séo seguidas de
mutacBes no gene KRAS e Tp53 (TARIC & GHIAS 2016; ARMAGHANY et al.,
2012).

Independente da via de sinalizagdo comprometida, o CCR se
origina a partir de células epiteliais do revestimento do coélon e reto
(PANDURANGAN et al., 2018). Este epitélio é altamente sensivel a mutacdes
devido a sua alta taxa de proliferacao celular (MUTO et al., 1975). Isso favorece
0 aparecimento de células anormais no coélon e reto, inicialmente forma-se
alteracdes benignas como podlipos, que sédo caracterizados pela proliferacao
descontrolada das células epiteliais do célon, a proxima etapa desta hiperplasia
é a formacdo de um pdlipo pré cancerigeno que apresenta displasia e

proliferacdo aumentada, lesdo precursora que pode evoluir para

15
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adenocarcinoma (Figura 1b), esta evolugdo conta com diversas mutagdes que

vao se acumulando devido a instabilidade cromossdmica que foi estabelecida e

alteracdes epigenéticas, que resultam em danos no DNA e perda de genes
supressores de tumores (SUBRAMANIAM et al., 2016).

(a)

APC
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(‘°,> )
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/010 ‘%o :
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Displasia severa
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Figura 1: Progresséo do cancer colorretal. (2) Sequéncia adenoma-carcinoma. Adaptado de

ARMAGHANY et al., 2012. (b) Progressédo do cancer colorretal em ordem de eventos. Adaptado

de THRUMURTH et al.,

2016.
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Os fatores de risco para CCR esporadico sdo inUmeros, dentre
eles podemos destacar o consumo excessivo de carne vermelha. Durante o
cozimento da carne pode haver a formacao de compostos mutagénicos a partir
da reacdo da creatinina muscular com aminoacidos e também pode ocorrer a
formacéo de compostos N-nitrosos (PERICLEOUS et al., 2013). O grupamento
heme da mioglobina da carne vermelha também pode se comportar como um
agente oxidante capaz de facilitar o surgimento de compostos carcinogénicos,
gerar espécies reativas de oxigénio (ERO) e promover a inflamacdo da mucosa
intestinal (ASHMORE et al., 2015).

O consumo de alimentos processados também pode ser um
fator importante para o desenvolvimento do CCR (MAGALHAES et al., 2012;
MONTEIRO et al., 2018). Apesar das qualidades como tempo de viabilidade e
sabor, os alimentos processados podem trazer maleficios para o organismo,
uma vez que possuem na maioria das vezes altas concentracdes de gorduras
saturadas, sodio e baixo teor de fibras (LOUZADA et al., 2015). Alguns agentes
carcinogénicos estao presentes em alimentos processados, como a acrilamida
e hidrocarbonetos aromaticos presentes em alimentos processados
termicamente, por exemplo (FIOLET et al., 2018). Além disso, os alimentos
processados também podem receber aditivos autorizados, como o carcinbgeno
nitrito de sddio (FIOLET et al., 2018; OEHHA, 2016).

Como observado, a alimentacdo é o fator mais importante para
o desenvolvimento do CCR, desde a década de 70 pesquisadores ja
relacionavam a neoplasia maligna de colén e reto com fatores alimentares
(BURKITT., 1971) como por exemplo o baixo consumo de fibras (KUNZMANN
et al., 2015). Todos os fatores de risco mencionados tém como parte de sua agao
agressora a ativacado de resposta inflamatoéria local que tem forte correlagédo com
0 CCR (DENG et al., 2016).

1.2 Inflamagéo no cancer colorretal

Pacientes com doencas inflamatorias crénicas como a doenca
inflamatoria intestinal (DII), como a colite ulcerosa e a doenca de Crohn, podem
apresentar maior chance de desenvolver CCR (MUNKHOLM., 2003 GILLEN et

17



~N o o b~ DN P

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32

al., 1994). Atualmente, a inflamacéao € considerada um importante fator envolvido
n&o apenas no surgimento, como na progressdo do CCR (TERZIC et al., 2010).
Durante a inflamacéo a ativacdo de leucocitos que séo recrutados, o que resulta
em aumento da producéo, liberacdo e acumulo de espécies reativas de oxigénio
(ERO) (JANAKIRAM., et al 2014). Em estagios avancados e detectaveis, o CCR
apresenta um aumento expressivo de citocinas pro-inflamatérias no plasma e no
tecido (TERZIC et al., 2010; NAGASAKI et al., 2014; ZENG et al., 2017).

Dentre as citocinas proé-inflamatorias envolvidas com o CCR,
destacam-se a interleucina-6 (IL-6), fator de necrose tumoral do tipo alfa (TNFa)
e interferon gama (IFNy) (MA et al., 2019). A literatura ndo apresenta analise dos
parametros de IL-6 em plasma de pacientes com CCR. Sabe-se que o tecido
tumoral apresenta niveis elevados de IL-6 e essa expresséo é correlacionada ao
estagio TNM do tumor (ZENG et al., 2017). Estudos in vitro com outros tipos de
canceres como o de pancreas demonstraram que IL-6 também esta relacionada
ao aumento de mobilidade celular, diminuicdo da adeséo e proliferacdo no CCR,
0 que favorece a metastase (SANTER at al., 2010). Além disso, NAGAZAKI et
al., 2014 e colaboradores avaliaram amostras de tecido e demonstraram em sua

pesquisa que IL-6 esta presente também no microambiente tumoral.

O TNFa pertence a uma familia de citocinas multifuncionais,
desempenham papéis na proliferacdo, diferenciacdo celular, resposta imune,
hematopoese e tumorigénese (WANG et al., 2009). O TNFa é frequentemente
considerado como um promotor tumoral que estimula proliferacdo, invasao e
metastase de células tumorais. Através da ativacdo de vias de sinalizagcdo como
fator nuclear kB (NF-kB) que € um complexo proteico que desempenha papel
como fator de transcricdo além de ser um importante sinal de sobrevivéncia
celular (anti-apoptoético) (WANG et al., 2015). Através da ativagdo de NF-kB o
TNFa induz a expressdo de genes relacionados a metastase, moléculas de
adeséo e fator de crescimento endotelial (BALKWILL, 2006). Ainda n&o ha um
perfil de TNFa a niveis séricos para pacientes com CCR. Apesar disso, em
pesquisas com outros modelos de cancer como Leucemia Mieléide Aguda, os
pacientes do grupo céancer apresentam niveis elevados de TNFa quando

comparado ao grupo saudavel (FERRAJOLI et al.,2002).

18



© 00 N OO O b W N P

e e o o =
o 00N W N B O

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Outra citocina frequentemente correlacionada em processos
inflamatorios é o interferon gama (IFN-y), que possui caracteristicas no
microambiente tumoral relacionadas a mecanismos anti-proliferativos, pro-
apoptoticos e antitumorais (CASTRO et al., 2018) apesar destas fungdes, néo
apresenta niveis elevados no plasma de pacientes com CCR (YAMAGUCHI et
al.,, 2019). Algumas citocinas anti-inflamatorias também parecem estar
relacionadas ao CCR, dentre elas, interleucina-4 (IL-4) que pode ser classificada
no grupo das citocinas anti-inflamatorias, Szylberg et al., 2016 mostrou em seu
estudo que os niveis de IL-4 estavam significativamente elevados no tecido
tumoral de adenoma, Sharp et al., 2017 evidenciou as mesmas caracteristicas
em plasma, outra citocina relacionada € a interleucina-10 (IL-10). Sugere-se que
a IL-10 possui o papel de limitar a inflamacéo e a promogéo neoplasica (WANG
et al.,, 2015; SZYLBERG et al.,, 2016; SHARP et al., 2017). S&o poucos 0s
estudos envolvendo a analise de IL-10 a nivel plasméatico, JUNIOR., 2009
demonstrou que pacientes com CCR néo apresentavam elevacdes significativas

de IL-10 no plasma dos pacientes.

No microambiente tumoral, existe uma grande variedade de
citocinas com um importante papel na eliminacéo das células neoplasicas, efeito
pré-tumoral ou ainda um papel ambiguo que é subjetivo para cada tipo de
cancer, no CCR uma citocina que ainda ndo esta clara na literatura quanto ao
seu principal papel, é a IL-2 que desempenha efeito antitumoral e também pro-
tumoral (Figura 2). A interleucina 2 (IL-2) pode apresentar um importante papel
antitumoral (WANG et al., 2016). Estudos in vivo mostraram que a transfeccéo
do gene de IL-2 para células cancerigenas foi capaz de reduzir o tamanho do
tumor (SOBOL et al., 1999) e aumentar a taxa de sobrevivéncia (GUNJI et al.,
1998). Além disso, aumenta a sensibilidade das células tumorais aos linfécitos
NK e TCD8+ (WANG et al., 2016). Apesar do efeito antitumoral, BERGHELLA et
al., 1993 demonstraram que a nivel tecidual ocorre um aumento de IL-2 de
acordo com o avanco do estagio clinico, pacientes em estagio IV de CCR
apresentaram niveis elevados de IL-2 e isso esta relacionado com atividade
proliferativa, o que favorece metastase. Niveis elevados crénicos de IL-2 estédo
associados a uma influéncia predominante na ativacdo de células Treg
(BOYMAN et al., 2012).
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Apesar da literatura correlacionar fortemente o CCR com
inflamacédo, ainda é escassa quanto a relacdo do estresse oxidativo (EO)
desencadeado pelo processo inflamatorio crénico em pacientes com a doenca,

bem como a sua relagdo com o estagio clinico.

Efeito antitumoral Duplafunco Efeita Pra-turmaral

Figura 2: Redes de citocinas na patogénese do cancer colorretal (microambiente).

Adaptado de MAGER et al. 2016.

1.2 Estresse oxidativo e o cancer colorretal

Dentre os fatores relacionados a inflamacéo, tem-se o EO, cuja
situacdo ocorre um desequilibrio entre a geracdo de espécies reativas, 0s
chamados agentes oxidantes, e sua neutralizacdo por mecanismos protetores,
denominados antioxidantes. Este desequilibrio leva ao dano de importantes
biomoléculas e células, com potencial impacto em todo o organismo (REUTER
et al., 2010).
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O grupo de espécies reativas de oxigénio sdo produtos de um
metabolismo celular normal e desempenham papéis vitais na estimulacao a nivel
celular de vias de sinalizacdo, na resposta a mudancas das condicdes intra e
extracelulares, na eliminacdo de patdégenos, por exemplo. A maioria das ERO
sdo geradas em células através da cadeia respiratoria mitocondrial (UNG et al.,
2017). Diversos fatores podem levar a condi¢cao de estresse como mostrado na
Figura 3, como a quimioterapia ou o processo inflamatério (AQUILANI et al.,
2019; REUTER et al., 2010). Nestas situacdes as ERO sao produzidas e podem
causar danos significativos na estrutura e fungdes celulares podendo induzir
mutacBes somaticas e transformacdo neoplasica. De fato, a progressdo do
cancer pode ser associada ao estresse oxidativo pelo aumento das mutacdes no
DNA ou pela indugédo de danos no DNA (PANDURANGAN et al., 2018).

Dentre as condi¢gbes que sucedem na formacao de ERO, temos
a alta producao de radicais livres que sdo espécies quimicas que possuem um
ou mais elétrons ndo emparelhados, sendo um elétron ndo emparelhado aquele
que esta sozinho em um orbital (SHARMA et al., 2018). S&o produzidos em
diversas situacbes, como no exercicio fisico, exposicdo excessiva ao sol,
tabagismo entre outros (ABDOULI et al., 2018).

As ERO podem ser divididas em dois grupos: espécies
radicalares e nao radicalares (BIRBEN et al., 2012). Moléculas que possuam um
ou mais elétrons desemparelhados, possuem reatividade e sdo denominados
radicais livres, um exemplo € o radical superéxido (O,- ). Quando duas moléculas
com radicais livres compartilham seus elétrons desemparelhados, forma-se
espécies nao-radicalares, como por exemplo o perdxido de hidrogénio (H20-)
(KESHARI et al., 2015). Os radicais livres podem desencadear reacbes em
cadeia da peroxidacao lipidica, retirando um atomo de hidrogénio de um
carbono. O radical pode reagir com o oxigénio para produzir o radical peroxil. O
acidos graxos poliinsaturados em hidroperoéxidos lipidicos. Os hidroperdxidos
lipidicos sdo muito instaveis e se decompdem facilmente em produtos
secundarios, como aldeidos (como 4-hidroxi-2,3-nonenal) e malondialdeidos
(MDAs) (KESHARI et al., 2015; SMRITI et al., 2016).
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Para que haja um equilibrio na producdo das ER e sua
eliminacdo, o organismo esta equipado com um sistema antioxidante capaz de
neutralizar espécies altamente deletérias (Figura 3). Os antioxidantes possuem
um papel importante no balang¢o do efeito dos oxidantes e podem ser divididos
em dois grandes grupos, antioxidantes enzimaticos e ndo enzimaticos (GUPTA
et al., 2014). Dos antioxidantes enzimaticos destaca-se a superoxido dismutase
(SOD), enzima capaz de acelerar e dismutar a conversdo do OHs em Oz e H20:2
(COLAK et al., 2017). Uma vez produzido, este H202 precisa ser eliminado, este
€ o papel da catalase, um tetramero composto por quatro monémeros contendo
um grupamento heme, esta enzima € capaz de reduzir o H202 a oxigénio e agua.
Outra enzima capaz de reduzir o peréxido é a glutationa peroxidase (GSH-pxs),
familia de enzimas que contém cisteina que usam de tidis de baixo peso
molecular como GSH para reduzir o H202 (GLORIEUX et al., 2017).

Quimioterapia ! Catalase

Radia¢éo Q Glutationa
I\ Peroxiredoxina

Fatores de E:>
o Tioredoxina
/ redutase

Peroxidase

Citocinas
Hipoéxia

Figura 3. Representacdo esquemadtica de varios ativadores e inibidores da producao de
espécies reativas de oxigénio. Adaptado de REUTER et al., 2010.

O dano oxidativo tem sido relacionado com a patogénese de

diversos tipos de canceres, dentre eles, cancer de mama (DEVI et al., 2014;
PIRES & PANIS et al., 2019), de pulméo (AHMED., 2019), de tireoide (XING.,
22
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2012), entretanto, ainda ndo h4 um marcador especifico que possa correlacionar
0 CCR ao EO. SKRZYDLEWSKA et al., 2005 e colaboradores, correlacionaram
em seu estudo o estresse oxidativo e o estadiamento de pacientes com CCR.
Observaram alguns indicadores de EO como catalase sé@o baixos em pacientes
com CCR e malondialdeido (MDA) tecidual se elevam no tecido de acordo com
0 avanco do estagio clinico da doenca. HENDRICKSE et al., 1994 evidenciaram
o0 aumento de MDA no plasma, porém, sem correlacionar com o estagio clinico
(SKRZYDLEWSKA et al., 2005; HENDRICKSE et al., 1994). MENDONCA et al.,
2014 observou que as concentragBes plasméticas de MDA eram maiores em
pacientes com CCR do que em pacientes saudaveis. Apesar das diversas
pesquisas envolvendo o MDA como marcador de estresse no CCR, 0 seu

envolvimento com a inflamacao néo é claro.

J& é bem estabelecido na literatura a relacdo de EO, CCR e 0s
estagios da doenca em analises teciduais, porém as informacdes sobre os niveis
sistémicos destes marcadores oxidativos ainda € escassa e ndo elucidada,
tornando necessaria a busca por marcadores de EO e citocinas que possam ser
correlacionadas ao estadio do tumor.
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2. JUSTIFICATIVA

O cancer colorretal € uma das neoplasias malignas mais comuns
no mundo todo, a literatura ja é clara quanto a relagdo do cancer colorretal com
a inflamacao, sabendo do envolvimento do estresse oxidativo com esse
ambiente pro-inflamatorio, destaca-se a necessidade de estudos que possam
elucidar melhor a relacdo e interacdo entre citocinas inflamatérias, EO e o
estadiamento do CCR, com a inteng&o de estabelecer um possivel marcador de
prognéstico utilizando amostra de facil obtencdo, como amostras de sangue

periférico.
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3. OBJETIVOS
3.10bjetivo Geral

Avaliar o perfil de estresse oxidativo e perfil inflamatério de
pacientes com cancer colorretal, correlacionando com parametros clinicos e com

o estadiamento da doenca.

3.2 Objetivos Especificos

Caracterizar os pacientes com CCR em diferentes estagios da
doenca com relagdo a habitos alimentares e de vida.

Avaliar pardmetros dos niveis de estresse oxidativo de acordo
com o estadiamento do cancer colorretal.

Avaliar niveis de marcadores de perfil inflamatério em amostras
de soro de acordo com o estadiamento do cancer colorretal.

Comparar os resultados obtidos de pacientes com CCR com 0s
pacientes saudaveis.

Correlacionar os niveis de marcadores de perfil inflamatério e

estresse oxidativo em pacientes com CCR.
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O presente trabalho originou um artigo cientifico que aqui
estd anexo (Pagina 35). Ele foi realizado na Universidade Estadual de
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inflammatory parameters in patients with colorectal cancer at different clinical
stages “.
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5. CONCLUSAO

Os resultados demonstrados no presente estudo apontam para uma
diminuicdo de lipoperoxidagédo de membrana e aumento da enzima catalase de
acordo com o avanco do estagio clinico do cancer colorretal. Para os marcadores
de perfil inflamatdrio, os resultados demonstraram um aumento de IL-10 em
estagios mais avancados do CCR, juntos, estes resultados sugerem um padréo
anti-inflamatorio sistémico e uma defesa antioxidante, ambiente propicio para
que ocorra metéstase. Além disso, foi possivel concluir que alguns marcadores
de estresse oxidativo e inflamagcdo ndo sao bons parametros associados aos

diferentes estagios clinicos CCR.
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Micro Abstract

Colorectal cancer (CRC) is the third type of cancer with the highest incidence in the
world, when diagnosed at an advanced stage, has a high mortality rate. The results of the
present study point to a decrease in oxidative stress according to the advancement of the
clinical stage of colorectal cancer that may occur due to the possible production of anti-
inflammatory cytokines, increased antioxidant defense that leads to a decrease in

oxidative stress.
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ABSTRACT

Colorectal cancer (CRC) is a malignant neoplasm that occurs in the large intestine, most
often in the colon and rectum regions. It is the third type of cancer with the highest
incidence among men and the second among women. The most common type of CRC is
adenocarcinoma, responsible for 96% of the types of colorectal cancer. Adenocarcinoma
is generally established from adenomatous polyps that undergo dysplastic changes,
resulting in malignant cells. When there is metastasis, the prognosis is worse, as it is the
main cause of death, in this case the neoplasm is classified as stage IV, from a
classification ranging from | to 1V, according to the characteristics established for the
diagnosis. Although the literature strongly correlates CRC with inflammation, the
relationship between systemic oxidative stress (OS) triggered by the chronic
inflammatory process in patients with the disease is still scarce, as well as the relationship
with the clinical stage. Our work aims to evaluate the oxidative stress profile and systemic
inflammatory profile of patients with colorectal cancer, correlating with clinical
parameters and disease staging. Samples from 36 patients with CRC undergoing
chemotherapy and 24 healthy patients were evaluated. For OS parameters, enzymatic
antioxidants such as catalase, superoxide dismutase and non-enzymatic antioxidants such
as glutathione and other OS markers such as malondialdehyde, product of oxidized
proteins and membrane lipoperoxidation were evaluated. In addition to the pro and anti-
inflammatory parameters (IL-2, IL-4, IL-6, IL-10, TNFa and INF-y). We made a
correlation between inflammatory and OS parameters in order to better elucidate the
relationship. Our results indicate that with less oxidizing agents (malondialdehyde) and
more antioxidants (catalase), in addition to an increase in immunosuppressive cytokine
(IL-10), colorectal carcinogenesis can establish a systemic environment conducive to its

progression and, consequently, favoring metastasis.

Key words: Colorectal cancer, pro-inflammatory cytokines, anti-inflammatory cytokines,

systemic oxidative stress.
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1. Introducion

Colorectal cancer (CRC) is a malignant neoplasm that occurs in the
large intestine, most often in the colon and rectum regions. In Brazil, about 40,990 new
cases of CRC are estimated for the year of 2020, this being the third type of cancer with
the highest incidence among men and the second among women®. The main risk factors
for sporadic cases of CRC are the consumption of red meat and processed foods?,
overweight® and low fiber diet*. Approximately 30% of the types of CRC are of family
origin, that is, genetically inherited® and about 70-75% of the cases are sporadic>®. The
most common type of CRC is adenocarcinoma, responsible for 96% of the types of
colorectal cancer’®. Adenocarcinoma is usually established from adenomatous polyps

that undergo dysplastic changes resulting in malignant cells®.

The prognosis depends on numerous factors, especially due to the
presence of metastases, which can be identified in up to 20% of patients and determine a
worse prognosis'®. For the prognosis, it is important to consider the stage of the disease
based on the TNM classification. For stages | and 11, no metastases are observed, which
are determined by the size of the tumor in relation to local histological invasion. Stage 11
is characterized by the escape of tumor cells to regional lymph nodes. Stage IV is

characterized by the presence of metastases in other tissues'**2,

For sporadic cases of CRC, this is for cases where the person has not
inherited mutations and they occur in somatic cells. In about 60% of cases, carcinogenesis
follows the model proposed by Vogelstein, which suggests the successive accumulation
of genetic modifications related to the control of the cell cycle leading to an alteration of
normal tissue until the appearance of cancer'®. The appearance of CRC occurs through
the combination of different genetic events, such as chromosomal instability, gene
mutations, aberrant methylation of tumor suppressor genes and microsatellite
instability!4. Within the disease evolution process, it is common to observe the adenoma-
carcinoma sequence, when benign tumor polyps start to present dysplasia (promoted by

chromosomal instability) and progress to a late adenoma and adenocarcinoma®®,

Although the literature strongly correlates CRC with inflammation,
there is still little relationship between systemic OS triggered by the chronic inflammatory
process in patients with CRC, as well as its relationship with the clinical stage®® ¢ 7.

Among the pro-inflammatory cytokines involved with CRC, interleukin-6 (IL-6), tumor
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necrosis factor of the alpha type (TNFa) and gamma interferon (IFNy)'® stand out. In
addition, some anti-inflammatory cytokines also appear to be related to CCR, including
interleukin-4 (1L-4) and interleukin-6 (IL-6)°.

Information on the systemic levels of these oxidative markers is also
not fully understood, making it necessary to search for inflammatory parameters and
oxidative stress that can be correlated with the tumor stage. With this, the present work
aims to evaluate the oxidative stress profile and inflammatory profile of patients with

colorectal cancer, correlating with clinical parameters and disease staging.

2. Methodology
2.1 Experimenal Design

The work was approved by the ethics and research committee of the
Universidade Estadual de Londrina under the number CAAE: 56874216.0.0000.5231.
For the study, 36 patients diagnosed with CRC at Hospital Universitario de Londrina
and Instituto do Cancer de Londrina, Parand, and 24 healthy individuals were selected.
For three groups, volunteers aged 40 years or older were included and individuals with
liver dysfunction, cardiac dysfunction, renal dysfunction and age less than 40 years
were excluded. The volunteers answered a questionnaire to obtain sociodemographic
information, family history of cancer, food history. Subsequently, peripheral blood

samples were obtained from the volunteers.

The patients were divided into three groups, being control (n = 24),
patients diagnosed with colorectal cancer and separated into groups according to the

clinical stage, group I-11 (n = 25) and group I11-1V (n = 11).
2.2 Sample collection

Peripheral blood samples from patients undergoing chemotherapy
were collected for analysis. A 5ml tube with heparin and a 5ml tube without
anticoagulants were collected from each volunteer. The samples were centrifuged to
obtain serum, plasma and a pool of red blood cells. The initial centrifugation was done
at 35009 for 5 minutes to separate serum and plasma from the tubes, then the pool of
red blood cells was washed three times with 0.9% saline also at 3500g for 5 minutes,
then the samples of plasma and serum were stored in a -20°C freezer for up to 6 months
for further analysis and the pool of red blood cells was stored at 4°C for analysis up
to 7 days.
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2.3 Systemic oxidative stress

2.3.1 Analysis of antioxidants

To evaluate oxidative stress parameters, we analyze in the pool of
red blood cells some enzymatic markers such as the antioxidant enzyme catalase, for
this, we used the technique described by AEBI (1984)%, which is based on the
decomposition of hydrogen peroxide directly related to its absorption at 240 nm (UV-
1650 PC® UV-vis spectrophotometer, Shimadzu, Kyoto, Japan). Superoxide (SOD)
activity its determined according to the method of MARKLUND & MARKLUND.,
19742 using different contents of diluted erythrocytes at a ratio of 1:20 in deionized
water. The samples its incubated in 1 M TRIS buffer and 0.15 mM pyrogallol, and
autoxidation inhibition its measur at 420 nm in a UV-1650 PC® UV-vis

spectrophotometer.

As a non-enzymatic antioxidant, we determined erythrocyte levels
of reduced (GSH) and oxidized (GSSG) glutathione according to LOCATELLI et al.,
2009 which consists of GSH's ability to reduce 5,5'-dithiobis- (2- nitrobenzoic acid)
DTNB for 5-thio-2-nitrobenzoic acid (TNB) forming a yellow color, measured
spectrophotometrically at 412 nm. GSSG was calculated by measuring total
glutathione (GT) followed by the decrease in GSH and the result was divided by two,
respecting the stoichiometry of the reaction, since two GSH molecules are needed to
originate a GSSG. The GT was calculated by adding the reaction in addition to DTNB,
the enzyme glutathione reductase and its cofactor, NADPH.

The stress index was calculated using GSSG divided by the
difference of GT-GSSG, the result was multiplied by 100, and express in percentage.

2.3.2 Determination of membrane lipoperoxidation

Lipoperoxidation was determined according to Gonzalez-Flecha et al.,
1991, based on the oxidation induced by Terti butyl of phospholipids present in the
erythrocyte membrane, the reaction is evaluated in real time by chemiluminescence for
40 minutes. They were analyzed in the luminometer (Berthols Technologies; Lumat 3;
LB 9508) and the results were expressed in unit relative light (URL). Other parameters
were obtained from the chemiluminescence reaction in real time, curve inclination and

area under the curve.
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2.3.3 Determination of malondialdehyde (MDA) levels

The plasma MDA levels (product of lipid peroxidation) were
determined following the technique described by VICTORINO et al. (2012)?? in a high
performance liquid chromatograph (HPLC- Shimadzu 20AT), equipped with an LC20AT
pump and SPDM20A diode-array UV absorbance detector, using a C18 reverse phase
column, without using a pre-column. The readings were taken at 535 nm, during an 11-
minute run, with a flow rate of 0.8 mL / minute, and the results were expressed in nM of
MDA.

2.3.4 Determination of advanced oxidation protein products (AOPP)

To evaluate oxidized protein formation by inflammatory response, the
advanced oxidation protein products (AOPP) levels it is measured. AOPP levels it is
measured as described by Descamps-Latscha et al., 20042 in a microplate reader. Plasma
it is diluted 1:5 in phosphate-buffered saline (PBS). Supernatant samples or chloramine
T standard solutions (200 pL) it is place in the appropriate wells of a 96- well microtiter
plate, 10 uL of 1.16 mol/L KI its add to each well and 20 pL of acetic acid its add 2 min
later. The absorbance of the reaction mixture its immediately read at 340 nm against a
blank containing 200 uL of PBS, 10 pL of KI, and 20 pL of acetic acid. AOPP levels

were calculated using a chloramine-T calibration curve.

2.4 Inflammatory profile

Serum samples were used for the analysis of the inflammatory profile
markers, IL-2, IL-4, IL-6, IL-10, TNF and INF-y were analyzed by flow cytometry, using
the BD™ Cytometric Bead Array assay ( CBA) Human Th1 / Th2 Il cytokine kit. The
cytometer used for the analyzes was the ACCURI C6 BD™.

2.5 Statistical analysis

The normality of data distribution was assessed using Shapiro-Wilk
test, and when the variables were not normally distributed, the natural logarithmic (In) of
continuous data were used. Univariate analyses of continuous data were performed by
ANOVA (one-way or two-way) with Tukey’s post-hoc test and were expressed as mean
+ standard error of mean (SEM), or by Kruskal-Wallis with Dunn’s post-hoc test and
were expressed as median with interquartile range, when appropriate. Pearson's

coefficient was correlated, p <0.05 was considered significant. For analysed two groups
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we used T student test. The results were considered statistically significant when p<0.05.
The statistical analyses were performed using SPSS version 24.0 (SPSS, Chicago, IL,
USA) and GraphPad Prism (version 8; San Diego, CA, USA).

3. Results

Table 1 shows the qualitative analyzes of the study, the classification
and categorization of the participating volunteers, it is possible to notice a difference
between the age of the patients in the search (p = 0.016), we saw that the significant
difference is between the control groups and group II-1V (p = 0.014). Assessing the
gender of the study group, although the literature points to a higher incidence in men than
in women, in our research there was no significant difference for gender (p = 0.551), the

same characteristic is observed for ethnicity, with no statistical difference (p = 0.269).

Still in Table 1, the analysis shows a family characteristic when it comes
to the development of CRC (p = 0.019) where group I1I-1V is different from control and
this family history, apparently, is not specifically related to a degree of kinship (p =
0,233). Table 2 shows the risk factors related to CRC, from the analyzes performed,
alcohol intake is different between the group control and I11-1V (p = 0.018), while other
analyzes carried out, showing that the absence or light and moderate presence of physical
exercise, smoking, hypertension and diabetes, as well as consumption of fiber, red meat

and processed foods not have no significant difference between groups.

Serum concentrations of some inflammatory and anti-inflammatory
cytokines were analyzed by flow cytometry. For this analysis, two ways were compared,
first, only between the control groups and individuals diagnosed with CRC, and between
the control group and patients diagnosed with CRC divided into subgroups by clinical
stage I-11 and I1I-1V. According to Figure 1 (a, b and c), for the measurement of the
cytokines IFN-y, TNF, IL-6, IL-2, IL-10 and IL-4, there was a significant increase (p =
0.0318) of IL-6 in the CRC group. The same result is reflected in Figure 1 (d, e and f),
where the analysis was made from the division between clinical stages, showing a
significant increase in IL-10 (p = 0.0004) where with the pos test it was possible to
observe that the difference is in groups I-11 (p = 0.0024) and I11-1V (p = 0.0001) in relation
to control, it was not possible to evaluate the parameters of IFN-y, TNF and 1L-4 because
the detection limit of the device is 0.005 pg / mL and the results obtained were lower,

making the statistical calculation unfeasible. There was a difference between the groups
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regarding the level of IL-6 (p = 0.0318). There was an increase in IL-6 in group -1V
than in the control group (p = 0.0337). Despite demonstrating a tendency towards
elevation in group I-1l in relation to control and in relation to group I11-1V, there was no

statistical difference.

For the analysis of oxidative stress, the erythrocyte levels of total and
reduced glutathione were measured, as shown in Figure 2, there were no significant
changes in the analyzes between the healthy group and the CRC for GSH (p = 0.5710),
GSSG (p = 0.8934) and stress index (p = 0.7706). There was also no statistically
significant change when we separated the CRC group in clinical stages I-1l and I1I-1V,
resulting in GSH (p = 0.4769), GSSG (p = 0.2277) and stress index (p = 0, 7896). The
activity of the catalase enzyme was also evaluated, as shown in Figure 3 a,b, it was
possible to observe a significant difference between the healthy group and CRC (p =
0.0024), when we seared in clinical stages, it was noted that the statistical difference is
between the control group and I-11 (p = 0.0048) and between group I11-1V and the control
group (p = 0.0188). The activity of the SOD enzyme was also evaluated and shown in
Figure 3 ¢, d, it was possible to observe that there was no statistical difference between
the healthy group and the CRC group (p = 0.1041) and also when it was divided into

clinical stages, observed a difference (p = 0.3927).

We also evaluated the sensitivity of erythrocytes to the induction of
membrane lipoperoxidation from chemiluminescence (Figure 4), obtaining the
parameters of the curve area between the healthy group and the CRC group (p = 0.2309)
and (p = 0,6756) in clinical stages. For the slope of the curve, there was no difference
between the control and CRC groups (p = 0.2099) or between the clinical stages (p =
0.2933).

Significant results were observed for the analysis of malondialdehyde
(MDA) as shown in Figure 5 a,b (p = 0.0016), where a difference was noted between the
healthy group and with CRC (p = 0.0002) and when we divided the CRC group by clinical
stage, it was possible to observe a difference in group I-1l (p = 0.0015) and in group IlI-
IV (p = 0.0248) in relation to the control. For the analysis of protein oxidation products
it was not possible to observe a statistical difference between the groups (p = 0,4325) and
clinical stages (0,3819). To evaluate oxidized protein formation by inflammatory

response, the advanced oxidation protein products (AOPP) levels were measured and no
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significant difference was observed between the control and CRC groups (p = 0.4325)

and between the groups divided into clinical stages (p = 0.3819).

Table 3 shows Pearson's correlation only for results that were
significant, IL-6 x IL-10 (p = 0.001) with correlation coefficient (r = 0.457) and IL-6 X
Catalase (p = 0.001) with correlation coefficient (r = 0.332).

Figure 6 shows a didactic summary of the completed study, in order to
expose the changes found due to the clinical stage.

4. Discussion

Colorectal cancer is the third most common type of cancer in men and
the second in women?, although it is still prevalent in elderly individuals, studies have
shown an increased incidence of this type of cancer in people under 50242, Despite
effective treatment when diagnosed early, in advanced and metastatic stages that occur in
20% of patients'®, CRC can have a worse prognosis and patient survival can be reduced
to approximately 30 months after diagnosis®. For this reason, it is important to understand

the disease profile and all the factors involved in it.

In this study, it was observed that the average age of the CRC group
indicates the diagnostic age range from 50 years old, as already described by JAIN et al.,
20197 and according to the guidelines of American Cancer Society and with other
research in the literature such as Singh et al., 201428 who evaluated more than 200
thousand patients and observed that the incidence is still maintained in individuals over

50 years.

The most incident type of CRC is the sporadic (70-75%) MIGLIORE
etal., 20112?°, among the risk factors involved, the consumption of red meat and processed
foods?, overweight® and low fiber diet* stand out. Our results demonstrate that it is not
possible to observe a difference between the groups evaluated regarding the main risk
factors, however, one of our results suggests that individuals with advanced clinical stage
report a lower consumption of alcohol, despite the fact that there are few studies in the
literature associating the alcohol use and development of CRC such as that of Fedirko et
al., 2011%° which demonstrated in its meta-analysis that there is strong evidence of the
association between alcohol consumption and CRC risk, we believe that our results for

this analysis are not associated with development and clinical stage of the CRC. Our
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results also indicate that there seems to be a predisposition to cancer, either due to family

genetic problems or lifestyle habits in the family environment.

Colorectal cancer is a chronic disease and its development and
progression are related to inflammation®%2, The literature is very clear regarding the
levels of cytokines in the tumor microenvironment and in vitro, however, there are few
reports of plasma levels of inflammatory parameters in CRC, some studies indicate that
advanced stages of CRC significantly increase plasma proinflammatory cytokines®>%, an
important cytokine for colorectal cancer is interleukin 6, it is a cytokine pleiotropic that
exerts biological activity in several types of cells, including neoplastic cells**. Schneider
et al., 2000%°, demonstrated in their in vitro study that IL-6 has the ability to promote the
growth of colon cancer cells and also that it may be related to tumor promotion, since in
their study, it was shown that treatment with IL-6 was able to influence the formation of

colonies of neoplastic cells.

Hsu et al., 2006 also demonstrated the relationship of 1L-6 with CRC,
where it evaluated its role in tumor progression, the study pointed out that the tumor
invasion depends on the concentration of exogenous IL-6, that is, outside the tumor
microenvironment, which is in agreement with our systemic results of 1L-6, where it was
possible to evidence a significant increase in IL-6 in the cancer group, when we divided
the groups by clinical stages (I-11) and (I11-1V), we can notice that the group with the most
advanced clinical stage presented high levels of IL-6 in relation to the control, elevated
levels of 1L-6 in more advanced stages of CRC have also been reported by other studies®”.
Despite the literature reporting changes in serum levels of other cytokines such as TNF®,
IFN-y39, 1L-440, 1L-10%84142 and IL-2%8, when we analyzed the control group and patients

with colorectal cancer it was not possible to observe a significant change.

When the groups were separated by clinical stage, it was possible to
observe a significant increase in IL-10. The cytokine IL-10 is considered an immune
modulating cytokine, has an ambiguous role, presenting pro and anti-tumor
characteristics, despite its importance, the role of IL-10 in cancer is still controversial,
studies associate several types of cancer whit elevated levels of IL-10, both in serum and
in the tumor microenvironment*>#2, Vahl et al., 20174 showed in their study that IL-10
has an anti-inflammatory role in lung cancer, which facilitates tumor promotion, in breast
cancer as described by Hamidullah et al., 2012* IL-10 has action predominantly
inhibiting breast tumor, however, in some cases it may be related to tumor promotion®.
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Abtahi et al., 2017% presented the double action of IL-10 in the CRC, associating the
serum levels of IL-10 in tumor progression, demonstrating that high levels of IL-10 are
associated with the worst prognosis due to immunosuppression, which favors the tumor

progression.

In our study, we observed that serum levels of IL-10 increased
according to the clinical progress of the disease, presenting a greater significance in the
metastatic stage. It is then suggested that in CRC, IL-10 may have a predominantly
immunosuppressive role, which favors the progression of CRC, in addition, it may also

be related to a decrease in patient survival as described by Miteva et al., 20144,

Among the factors related to inflammatory markers, there is oxidative
stress (OS), characterized by the imbalance between the generation of reactive species,
called oxidizing agents, and their neutralization by protective mechanisms, called
antioxidants. This imbalance leads to the damage of important biomolecules and cells,
with a potential impact on the whole organism*’. The redox imbalance has been related
to the pathogenesis of several chronic diseases, including the CRC*8, By evaluating some
OS markers it is possible to better understand this close relationship.

One of the important markers of oxidative stress is MDA, a product of
membrane lipoperoxidation. Hendrickse et al., 1994*° suggest in their study that MDA
levels are elevated in the plasma of patients with CRC, but without evidence of correlation
with the clinical stage, Mendonca et al., 2014 report in their study an increase in MDA
in the plasma of patients with CRC, but also without correlation with the metastatic stage
of the disease. Our results point to a significant decrease in MDA levels in the CRC group,
when we separate these groups into clinical stages, it is possible to show a decrease in
MDA levels according to the clinical evolution of the disease. Some factors may be
associated with results that differ from the literature, such as the techniques employed
and the study group. Low levels of MDA are related to less oxidative stress, since MDA
is one of the end products of lipoperoxidation.

Another marker of oxidative stress is the advanced oxidation proteins
(AOPP), which are proteins damaged by oxidative stress, mainly albumin®. AOPPs are
formed mainly by chlorinated oxidants, including hypochloric acid and chloramines,
which result from the activity of myeloperoxidase, are frequently evaluated in chronic

processes related to OS®L. There are few studies in the literature that correlate the levels
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of oxidized proteins with the CRC, CHANG et al., 2008°2 points to the increase in AOPP
in patients with CRC, however without dividing the patients into clinical stages, despite
the report in the literature, our results did not give significant for AOPP levels.

The relationship between inflammation and the immune system in the
face of carcinogenesis still presents itself as a paradox, which is known, in the early stages
of cancer, stimulation of the immune system due to inflammation may occur, there is the
recognition of tumor antigens through maturation of dendritic cells for the presentation
of antigens® which would lead to the attack of tumor cells by the immune system.
Probably, colorectal cancer behaves differently, since it seems to be silent as it progresses,
a milder picture is noted in the more advanced stages, that is, a lesser amount of MDA,

which indicates less lipid peroxidation, consequently less oxidative stress.

The activity of the antioxidant enzyme catalase was also evaluated.
Catalase is a molecule that has the ability to reduce hydrogen peroxide, which is a reactive
species, in water and oxygen, contributing to the redox balance®*, observed that systemic
levels of catalase are low in patients with CRC, however, the results presented in this
work demonstrate another pattern regarding the quantification of the catalase enzyme,
there is a significant increase in catalase in the CRC group and this increase, when the
groups were separated, it is noted that the increase is characteristic in group I-11, for group
I11-1V, there was no statistical difference. SOD was also evaluated, another enzymatic
marker of OS, an important enzyme that catalyzes the dismutation of superoxide into
oxygen and hydrogen peroxide. For the analysis of the systemic parameters of SOD in
the CRC it was not possible to observe statistical difference between the groups,

demonstrating that for this type of cancer SOD may not be a good marker®®.

Other parameters were evaluated in the study, which is part of the
family of enzymes that contain chemicals that use low molecular weight levels like GSH
to reduce H.0°, reduced and oxidized glutathione and the stress index were analyzed.
In one of the few studies that attempt to assess serum glutathione levels in patients with
CRC, Chang et al., 2008°" points out in their study, reduced levels of glutathione
parameters in patients with CRC, this characteristic was not observed in the present study,
a there was no significant difference between groups. The erythrocyte lipoperoxidation
by chemiluminescence was also evaluated, which are the area of the curve and the speed.
Lauschke et al., 200258 observed that shortly after surgery to remove the tumor, patients
had high systemic levels of serum lipid peroxidation, the acute postoperative stress may
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have influenced these results, however, the results of the analysis of lipid peroxidation

presented in the present study have no statistical difference.

A new data for the literature is the correlation between the significant
results, it was demonstrated that the cytokines IL-6 and IL-10 are negatively correlated,
that is, if IL-6 increases, IL-10 decreases, which makes sense, once that IL-6 has a pro-
inflammatory and anti-inflammatory IL-10 behavior. In addition, there is a positive
correlation between the levels of catalase and IL-6, which can also be understood, since
IL-6 is involved with inflammation and the inflammatory process is related to the
production of reactive species, such as In order to neutralize this, it is suggested that there
IS an increase in the antioxidant defense, in this case, an increase in one of the markers,

the catalase.

5. Conclusion

The results demonstrated in the present study point to a decrease in
membrane lipoperoxidation and an increase in the enzyme catalase according to the
advancement of the clinical stage of colorectal cancer. For the markers of inflammatory
profile, the results demonstrate an increase in IL-10 in more advanced stages of the CRC,
together the results suggest a systemic anti-inflammatory pattern and an antioxidant
defense, a favorable environment for metastasis to occur. In addition, it was possible to
conclude that some markers of oxidative stress and inflammation are not good parameters

associated with different clinical stages of CRC.
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7. Figures and tables

Table 1. Characteristics of participants with colorectal cancer subdivided by clinical stages and control of participants without cancer.

Characteristics Control (n=24) CRC (n=36) p value Clinical Stages p value
I-11 (n=25) -1V (n=11)

Age

Median (25%-75%) 53.25° 60.45" 0.019* 61.36% 59.55° 0.016*

Gender 0.598 0.551

Male 11 (18.3%) 20 (33.3%) 15 (25%) 5 (8.3%)

Female 13 (21.7%) 16 (26.7%) 10 (16.7) 6 (10%)

Ethnicity 0.298 0.269

Caucasian 19 (31.7%) 28 (36%) 18 (30%) 10 (6%)

Black 5 (8.3%) 5 (8.4%) 4 (6.7%) 1(1.7%)

Brown 0 (0.0%) 3 (5.0%) 3 (5.0%) 0 (0.0%)

Family History Cancer 0.018* 0.019*

Yes 10 (16.7%)? 26 (32.7%)" 16 (26.7%)® 10 (6.0%)"

No 14 (23.3%)? 10 (16.70%)* 9 (15.0%) 1 (1.7%%)P

Degree of kinship 0.015* 0.233

rather, Mother 5 (8.3%)" 21 (56.7%)" 13 (21.7%) 8 (35%)

Cousins 4 (6.7%)? 2 (5.0%)° 1 (1.7%) 1 (3.3%)

Grandparents 1(1.7%)2 3 (6.6%)? 2(3.3) 1(3.3%)
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Qualitative data were evaluated by using a chi-square and z test for proportion comparison, and quantitative data were evaluated by using Kruskal-
Wallis test with Dunn’s post-hoc test. Different letters and symbol were considered statistically different between groups and p < 0.05 was
considered significant.

Table 2. Risk factors for the development of colorectal cancer.

Factors Control (n=24) CRC (n=36) p value Clinical Stages p value
I-11 (n=25) -1V (n=11)

Physical exercise 0.067 0.075
No 4 (6.7%) 18 (30.0%) 12 (20.0%) 6 (10.0%)
Light 10 (16.7%) 6 (10.0%) 5 (8.3%) 1(1.7%)
Moderate 10 (16.6%) 12 (20.0%) 8 (13.3%) 4 (6.7%)
Alcohol intake 0.108 0.018*
No 10 (16.7%)? 13 (21.6%) 11 (18.3%)? 2 (3.3%)?
Rarely 0 (0.0%)? 6 (10.0%) 2 (3.3%)? 4 (6.7%)"
Consumes 14 (23.3%)? 17 (28.3%) 12 (20.0%)? 5 (8.3%)?
Smoking 0.105 0.101
Yes 3 (5.0%) 11 (18.3%) 6 (10.0%) 5 (8.3%)
No 21 (35.0%) 25 (41.7%) 19 (31.7%) 6 (10.0%)
Hypertension 0.325 0.560
Yes 7 (11.7%) 15 (25.0%) 11 (18.3%) 4 (6.7%)
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No 17 (28.3%) 21 (35.0%) 14 (23.3%) 7 (11.7%)
Diabetes 0.999 0.822

Yes 6 (10.0%) 9 (15.0%) 7 (11.7%) 2 (3.3%)

No 18 (30.0%) 27 (45.0%) 18 (30.0%) 9 (15.0%)
Fib_er 0.204 0.511

consumption/week

No 2 (3.3%) 1 (1.7%) 0 (0.00%) 1 (1.7%)

1-3 times 4 (6.7%) 6 (10.0%) 4 (6.7%) 2 (3.3%)

4-7 times 18 (30.0%) 29 (48.3%) 21 (35.0%) 8 (13.3%)
Red meat 0.498 0.406

No 1(1.7%) 0 (0.00%) 0 (0.00%) 0 (0.0%)

1-3 times 10 (16.7%) 12 (20.0%) 10 (16.7%) 2 (3.3%)

4-7 times 13 (21.7%) 24 (35.0%) 15 (25.0%) 9 (15.0%)
Processed food 0.722 0.480

No 10 (16.7%) 12 (20.0%) 9 (15.0%) 3 (5.0%)

1-3 times 11 (18.3%) 18 (30.0%) 12 (20.0%) 6 (10.0%)

4-7 times 3 (5.0%) 6 (10.0%) 4 (6.7%) 2 (3.3%)

Qualitative data were evaluated by using a chi-square and z test for proportion comparison. Different letters and symbol were considered statistically
different between groups and p < 0.05 was considered significant.
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Table 3. Correlation between oxidative and inflammatory parameters.

Parameters r value p value
IL-6 x IL-10 0.457 0.001
CAT x IL-6 0.332 0.001

Pearson's correlation coefficient, CAT: Catalase; MDA: Malondialdehyde; p < 0.05 was
considered significant.
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Figure 1. Analysis of the cytokine profile in healthy patients and patients with CRC
and analysis of the cytokine profile in patients divided by clinical stage of the disease.
Control: Control group; CRC: Colorectal cancer group; A - IL-2 concentration (pg / ml)
p=0,2646. B - IL-6 concentration (pg / ml) p=0,0318. C - IL-10 concentration (pg / ml)
p= 0,4139; I-1I: group with patients diagnosed with CRC in the clinical stage from I to
I1; 111-1V: group with patients diagnosed with CRC in the clinical stage Il to IVV. D - IL-
2 concentration (pg/ml). E- IL-6 concentration (pg/ml) p = 0.028 and *p=0,0337. F - IL-
10 concentration (pg/ml) p = 0.0004 and **p=0,0024, ***p=0,0001. Data are expressed
as mean =* standard error of mean. Student t test and One-way ANOVA was used for
analyze. p<0.05 was considered significant. Kit detection limit: <0.005 pg/mL. The
Kruskal-Wallis post-hoc and Mann-Whitney tests were used.
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Figure 2. Analysis of reduced, oxidized glutathione and stress index. Control: control
group; CRC: Colorectal cancer group; I-1l: group with patients diagnosed with CRC in
the clinical stage from I to II; I11-1V: group with patients diagnosed with CRC in the
clinical stage Il to IV. (a,d) GSH — reduced glutathione (uM/g protein). (b,e) GSSG
oxidized glutathione (uM/g protein). (c,f) Stress Index (%).Data are expressed as mean +
standard error of mean. T test and One-way ANOVA was used for the analysis and p
value less than or equal to 0.05 was considered.
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Figure 3. Analysis of catalase activity and SOD activity. Control: control group; CRC:
Colorectal cancer group; I-11: group with patients diagnosed with CRC in the clinical
stage from I to I1; 111-1V: group with patients diagnosed with CRC in the clinical stage 111
to IV. Analysis of catalase activity (Abs/min/mg protein) and SOD (USOD/g protein). A
- Comparation between healthy group and group with CRC (p = 0.0024), B - Comparation
between healthy group and group with CRC divided into clinical stages, the difference is
between group I-11 and the control group (p = 0.0048) and between group I11-1V and the
control group (p =0.0188); C - Comparation between healthy group and group with CRC
for SOD (p = 0,1041); D - Comparation between healthy group and group with CRC
divided into clinical stages (p = 0,3927). T-test and One-way ANOVA was used for the
analysis and Tukey’s post hoc, p value less than or equal to 0.05 was considered.
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Figure 4. Analysis of membrane lipoperoxidation. Test tert-butyl hydroperoxide-
induced chemiluminescence. Control: control group; CRC: Colorectal cancer group I-11:
group with patients diagnosed with CRC in the clinical stage from | to II; I11-1V: group
with patients diagnosed with CRC in the clinical stage 11l to IV. A — curve area (p =
0,2309); B — curve area in clinical stages (p = 0,6756); C - curve inclination (p = 0,2099);
D — curve inclination in clinical stages (p = 0,2933). Data are expressed as mean *
standard error of mean. Student t test and One-way ANOVA was used for analyze. p<0.05
was considered significant.
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Figure 5. Analysis of malondialdehyde and protein oxidation products. Control:
control group; CRC: Colorectal cancer group I-1l: group with patients diagnosed with
CRC in the clinical stage from I to II; I1I-1V: group with patients diagnosed with CRC in
the clinical stage 111 to IV. Analysis of malondialdehyde (nM/MDA) and analysis AOPP
(uM of chloramine-T/L) A - Comparation between healthy group and group with CRC (p
= 0.0016), B - Comparation between healthy group and group with CRC divided into
clinical stages (p = 0.0002). C - Comparation AOPP between healthy group and group
with CRC (p = 0,4325). D - Comparation between healthy group and group with CRC
divided into clinical stages (p = 0,3819). One-way ANOVA was used for the analysis and
Tukey’s post hoc, p value less than or equal to 0.05 was considered.
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Figure 6. Systemic markers of OS and inflammation in the different stages of CRC
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Termo de Consentimento Livre e Esclarecido

“AVALIACAO SISTEMICA DE ESTRESSE OXIDATIVO E PERFIL
INFLAMATORIO EM PACIENTES COM CANCER COLORRETAL”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (a) para participar da pesquisa “AVALIACAO
SISTEMICA DE ESTRESSE OXIDATIVO E PERFIL INFLAMATORIO EM
PACIENTES COM CANCER COLORRETAL”, a ser realizada no Hospital
Universitario de Londrina. O objetivo da pesquisa é avaliar o perfil de estresse
oxidativo e o perfil inflamatorio em amostras de sangue periférico de pacientes
com cancer colorretal antes do inicio do tratamento e correlacionar estes
marcadores com o estadiamento. Sua participacdo € muito importante e ela se
daria da seguinte forma: Responder um questionario simples, sobre consumo de
alcool, tabagismo e exercicio fisico. Ceder duas amostras de sangue (apenas
dois tubos com aproximadamente 5ml), ndo se preocupe, 0 sangue sera coletado

por um profissional capacitado.

Esclarecemos que sua participacdo é totalmente voluntaria, podendo o (a)
senhor (a): recusar-se a participar, ou mesmo desistir a qualqguer momento, sem
que isto acarrete qualquer 6nus ou prejuizo a sua pessoa. Esclarecemos,
também, que suas informacfes serdo utilizadas somente para os fins desta
pesquisa e serdo tratadas com o mais absoluto sigilo e confidencialidade, de
modo a preservar a sua identidade. Cerca de 20% da amostra coletada sera
armazenada para posterior analise em caso de repeticdo do experimento,
lembrando que o acesso é restrito e confidencial.

Esclarecemos ainda, que o(a) senhor(a) ndo pagara e nem sera remunerado(a)
por sua participacdo. Garantimos, no entanto, que todas as despesas
decorrentes da pesquisa serdo ressarcidas, quando devidas e decorrentes

especificamente de sua participacéo.
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Os beneficios esperados sao: correlacionar um maior nivel de estresse oxidativo
com os diferentes estadios do cancer colorretal, esperamos também que haja

uma alteracéo do perfil inflamatoério nestes pacientes.
Quanto aos riscos, pode-se haver a formagcao de hematomas na regido da coleta.

Caso o(a) senhor(a) tenha davidas ou necessite de maiores esclarecimentos
poderd nos contatar no telefone (43) 996864065, Thiago Nascimento, ou
procurar o Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina, situado junto ao LABESC — Laboratério

Escola, no Campus Universitario, telefone 3371-5455, e-mail: cep268@uel.br.

Este termo devera ser preenchido em duas vias de igual teor, sendo uma delas

devidamente preenchida, assinada e entregue ao (&) senhor(a).

Londrina, de de 20 .

Pesquisador Responsavel

RG:

, tendo sido devidamente

esclarecido sobre os procedimentos da pesquisa, concordo em participar

voluntariamente da pesquisa descrita acima.

Assinatura (ou impressao dactiloscépica):

Data:

65



mailto:cep268@uel.br

UNIVERSIDADE ESTADUAL DE
LONDRINA - UEL

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: AVALIACAO DO PERFIL DE ESTRESSE OXIDATIVO EM PACIENTES COM
CANCER COLORRETAL

Pesquisador: RODRIGO CABRAL LUIZ
Area Tematica:

Versdo: 1

CAAE: 56874216.0.0000.5231

Instituicdo Proponente: Programa de Pés Graduagéo em Patologia Experimental
Patrocinador Principal: Financiamento Proéprio

DADOS DA NOTIFICAGAO

Tipo de Notificagdo: Outros
Detalhe: Solicitagdo de adequagéo do parecer consubstanciado

Justificativa: Durante o preenchimento dos formularios, foi mantido o uso do termo "amostras em
Data do Envio: 15/06/2016

Situagao da Notificagdo: Parecer Consubstanciado Emitido

DADOS DO PARECER

Nimero do Parecer: 1.611.383

Apresentagao da Notificagao:

Trata-se de solicitagao, por parte da Instituigdo Co-participante, de correcao de termos textuais utilizados no

paragrafo 2 desta apresentacéo e no ultimo paragrafo do item referenteaos Riscos e ben

eficios, logo abaixo.
Sendo assim, o texto ser4:

Este projeto de pesquisa que pretende estudar a correlagé@o entre estresse oxidativ
CCR). Sera realizado em 2 etapas independentes, necessitando aprovagao de fo
Araucéria / edital PPSyS. yma etapa envolve a identificagéo de pacientes com CCR
a cirurgia no Hospita| 4o Céncer de Londrina. Seréo excluidos aqueles que fazem u
pem como Portadores ge doengas crénicas renais, cardiacas ou hepaticas. Antes

0 e cancer colorretal
mento pela fundagzo
que serdo submetidos
S0 de alcool ou tabaco,

da cirurgia, tendo s
; 0\sido
apresentado 0 TCLE sors coletado sangue desses
e A N ——
| Enderego: LABESC. gy, 4, A S
Bairro: CaMPUS Univergjya i CEP: 86.057-970 1
UF: PR

Municipio: |
(4313371 54ge LONDRINA

elefone: ‘
T E-mail: cep268@iiat k.
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Continuagéo do Parecer: 1.611.383

pacientes (n= 120) para dosagens de vérios marcadores de estresse oxidativo. Essa coleta sera feita pelo
anestesista, no momento da pung&o venosa para realizagdo da anestesia, ndo havendo, portanto, risco
aumentado para o participante.

Os dados de estresse oxidativo serao correlacionados com variaveis como sexo, idade, estadiamento da
neoplasia, entre outros.

A segunda etapa utilizara dados secundarios, ou seja, sem contato direto com os participantes do estudo e
envolvera:

- amostras de tecido neoplasico de CCR emblocado em parafina (30 a 50 amostras);

- dados dos prontuarios, coletados restropectivamente, de forma anénima , junto ao setor de Patologia
Clinica do Hospital do Cancer de Londrina.

Serao utilizados marcadores para o nivel de nitrosagédo de proteinas (Nitrotirosina), para as enzimas
responsaveis pela produgédo do 6xido nitrico (cNOS,eNOS, iNOS) e angiogénese (VEGF).

Objetivo da Notificagao:

Sem alterag@o:

Avaliar o perfil de estresse oxidativo de pacientes com cancer colorretal, correlacionando com diversos
parametros clinicos.

Avaliagdo dos Riscos e Beneficios:

Riscos:

Para o sangue periférico sera obtida uma pequena amostra de no maximo 11ml. Esta coleta sera realizada
pelo médico anestesista sob a supervisdo do médico colaborador da pesquisa Dr. Jorge Mali Jr. durante o
procedimento pré-anestésico da cirurgia. Como o médico anestesista fara o acesso venoso para aplicar a
anestesia, ja coletara o sangue, ndo sendo necessario fazer pungio somente para a coleta de sangue. O
Gnico risco inerente é surgimento de pequena mancha roxa no local da Pung&o. Para os demais dados
secundarios a serem utilizados, o risco previsto seria a identificagio dos Participantes da pesquisa por
terceiros, © Que ndo ocorrera por meio da garantia do anomimato de todos os dados relativos aos mesmos.
BeneﬁcioSZ

Nao ha beneficios imediatos para os pacientes, mas a contribuigao

envolvimento do estresse oxidativo no CCR é de importancia para
tratamento de paciente no futuro.

para o conhecimento sobre o

0 diagnéstico, prognéstico e ate mesmo o

Enéere‘im LABESC-Sala14 ————
gairro:  CaMPUs Universitario

t CEP: 86.057.970
uF: PR Municipio: LONDRINA
Tetefone: (43133715455

o i B ) E-mail: 7cep268@uel.br
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FORMULARIO PARA COLETA DE DADOS .

Paciente n°®
Némero do prontuirio:

1. Idade (no dingndstico):
2. Sexo:( )FEM ( )MASC
3. H4 histérico de céincer na familia?
( )SIM ( )NAO
Qual tipo de cincer? Qual o grau de parentesco?

4. Exercicio fisico ao longo da vida:
AUSENTE( ) LEVE( ) MODERADO( )

INTENSO ( )
Leve: cuminhadas por até 30min
Moderado: cuminhadas por até 60min. esporte
Intenso: cormdas, treinos para esporte. musculagio
Freq.: X/semana

5. Ocupagiio:
Entra em contato com substiincia quimica? ( )S( )N
Qual (is)?: s

6. Tabagismo: ( )SIM ( )INAO
Média cigarro/dia:

Desde de que idade?: :
7. Aleoolismo: ( )SIM ( )NAO ( )CONSOME

BEBIDA ALCOOLICA COM POUCA FREQUENCIA
8. E hipertenso?( )SIM ( )NAO
9, K diabético? ( )SIM ( )NAO
10. Faz uso de medicamento de uso didrio?

( )SIM ( )NAO

Medicamentos de uso didrio:

11. Hibitos alimentares
( ) Consumo de fibras (legumes. vegelais, cercais)
Freq.: x/semana

( ) Carne vermelha
Freg.: xfsemana

() Embutidos
Freq.: x/semana

() Bebida com cafefna (Café. chd. refrigerantes tipo cola)
Freq.: x/semana

Quantidade didria aproximada:

12. Histérico do trinsito intestinal (antes do diagndstico)
( )Regular () lrregular

Freq.: __X/dia x/semana
13. Historico do sistema imunol6gico
Facilidade em ficar gripado ou com virose: | e
Facilidade de ter infecgdes:
Facilidade de ter verrugas:
Transplante/Imunossupressor: ____ R A N S

Outras observagdes relatadas:

DADOS OBSERVACIONAIS:

Etnia:
Obesidade: (  )SIM ( )NAO

DADO DO PRONTUARIO:
Tipo de CA colorretal: L
Estadiamento: - T

Resp. pela coleta de dados:
dawe___/_J

Observagiio: O formuldrio deverd ser aplicado somente se o paciente
aceitar participar da pesquisa, apos a assinatwa do TCLE, Utilize o
verso di folha. caso necessirio.
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