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RESUMO

Este estudo teve como objetivo avaliar a atividade antitumoral in vivo da fracao
soluvel de polissacarideos extraidos de vinho tinto (SFP) contra o carcinossarcoma
Walker—256. Para isso foram utilizados ratos Wistar machos, que receberam 30 ou 60
mg/kg de SFP ou veiculo por via oral durante 14 dias, ou metotrexato (MTX, controle
positivo) na dose de 5 mg/kg, via intraperitoneal, a cada 5 dias, apds a inoculagdo
subcutanea de 10’ células tumorais no membro pélvico direito. Grupos de ratos sem
tumor receberam as mesmas doses da SFP, para avaliar seus efeitos adversos. O
desenvolvimento do tumor foi acompanhado e, posteriormente, foram realizados
hemograma e bioquimica plasmatica, avaliagdo no tecido tumoral de parametros
inflamatdrios e expressdo génica. A SFP nas doses de 30 e 60 mg/kg reduziu de modo
significativo tanto o peso quanto o volume tumoral. O tratamento interferiu de modo
direto nos parametros leucocitdrios e inflamatdrios, sendo possivel observar uma
imunomodulag¢do importante, com reducdo da contagem relativa de mondcitos e
neutrdfilos no sangue, e reducdo da atividade tumoral de NAG e MPO, provenientes
destas células, respectivamente, associada a diminuicdo dos niveis de NO tumoral.
Contudo, a contagem relativa de linfécitos sanguineos e a dosagem de TNF-a tumoral
apresentaram-se aumentadas. A expressdao de genes relacionados a via apoptodtica
(Bax, Bcl-2, caspase-3 e p53) e a angiogénese (Vegf) no tecido tumoral ndo apresentou
diferencas pelo tratamento, enquanto a expressdao de genes da via de necroptose,
como Ripl e Rip3, elevou-se nos animais tratados com a SFP. Nao foram observados
efeitos adversos durante o tratamento com SFP. Sendo assim, a SFP demonstrou
atividade antitumoral contra o carcinossarcoma Walker—256, com atuacao direta sobre
o sistema imunolégico, controlando o microambiente inflamatdrio do tumor e
estimulando a producdo de TNF-a, ativando assim a via de necroptose, que induz a

morte celular.



ABSTRACT

The aim of this study was to evaluate the in vivo antitumor activity of the
soluble fraction of polysaccharides (SFP) from red wine against the Walker-256
carcinosarcoma. After the subcutaneous inoculation of 10’ tumor cells in the right hind
limb of male Wistar rats, the animals daily received 30 or 60 mg/kg SFP or vehicle, by
gavage, or 5 mg/kg methotrexate (MTX, positive control) intraperitoneally, every 3
days, during 14 days. Other group of rats, without tumor, received the same doses of
SFP for evaluating its adverse effects. The tumor development was accompanied and
further analysis of hematology, plasma biochemistry, and tumor inflammation,
histology and gene expression was performed. SFP in both doses reduced significantly
the tumor volume and weight. The treatment directly interfered in blood leucocytes
and inflammatory parameters. Thus a possible SFP immunomodulation was observed,
evidenced by reduction in relative count of blood monocytes and neutrophils, and
reduction of tumor activity of NAG and MPO, enzymes prevenient of these cells,
respectively, associated with a decreased tumor NO levels. However, the blood count
of relative lymphocytes and the tumor TNF-a level were increased. The expression of
genes related with apoptosis (Bax, Bcl-2, caspase-3 e p53) and angiogenesis (Vegf) in
tumor tissue was not different among the groups. However, the expression of Rip1 and
Rip3, both genes related with necroptosis, was increased by the SFP treatment. Thus,
the SFP demonstrate antitumor activity against the Walker-256 carcinosarcoma and
act directly in the immune system, controlling the inflammation and stimulating the
TNF-a production in the tumor microenvironment, inducing necroptosis, which cause

tumor cell death.
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1 REVISAO BIBLIOGRAFICA

1.1 Cancer: definicdo e incidéncia

Segundo Feitelson et al (2015), o cancer é uma doeng¢a maligna desencadeada
por meio de mutacdo nas células normais do organismo, incorporando caracteristicas
que promovem a sobrevivéncia das células para além do seu periodo de vida, dando
origem a uma proliferacdo desordenada.

O projeto Globocan 2012, da Agéncia Internacional para Pesquisa em Cancer
(IARC, do inglés International Agency for Research on Cancer), da Organizacdo Mundial
da Saude (OMS), estimou um total de 14,1 milhdes de novos casos de cancer, e 8,2
milhGes de 6bitos, em 2012, em nivel mundial. Esses nimeros devem aumentar em
2030, onde sdo esperados 21,4 milhdes de novos casos de cancer e cerca de 13,2
milhGes de mortes por cancer, devido ao crescimento e ao envelhecimento da
populacdo, bem como da reducdo na mortalidade infantil e nas mortes por doencas
infecciosas em paises em desenvolvimento.

Segundo Zaidman et al. (2005), o neoplasia corresponde a uma massa anormal
ou colbnia de células, as quais sdo responsaveis por originar um crescimento diferente
e relativamente autonomo de tecido. Na grande maioria dos casos, ocorre a expansao
clonal de uma unica célula, a qual passou por uma transformacdo neoplasica, ou
estresse celular, que podem ser consequéncias de influéncias externas ou internas,
como hipdxia (MAJMUNDAR et al., 2010), ativacdo de oncogenes (HAIGIS & SWEET-
CORDERO, 2011), estresse oxidativo (BARZILAI et al., 2004 apud PFLAUM et al., 2014;
ROTBLAT et al.,, 2013; GARG et al.,, 2014), agentes cancerigenos como aflatoxina
(BRESSAC et al., 1991; HSUL et al., 1991), fumaca do cigarro (ITOH et al., 2014),
radiacdo ultravioleta (CLYDESDALE et al., 2001; KAMB et al., 1994; ZIEGLER et al., 1994)
e radiacdo ionizante (RILEY et al., 1994 apud PFLAUM et al., 2014), que atuam de modo
indireto ou direto sob o genoma da célula normal, transformando-a em uma célula
neoplasica. As principais caracteristicas destas células se referem a perda de
determinadas funcdes especializadas, associadas a aquisicdo de novas e marcantes
propriedades bioldgicas, como por exemplo, a autossuficiéncia em sinais de
crescimento, a insensibilidade aos sinais de inibicdo do crescimento, evasdo de

apoptose, ilimitado potencial replicativo, angiogénese sustentada, invasao de tecido e,
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por fim, metastase. Essas caracteristicas sdo hereditarias, de modo que as células da
progénie as recebem (ZAIDMAN et al., 2005), e desde modo as células neoplasicas
passam a possuir uma elevada capacidade proliferativa, com perda de diferenciacao
celular, proporcionando malignidade das células nos tecidos (WONGTRAKOONGATE,
2015).

1.2 Carcinogénese e seus moduladores

A carcinogénese é um processo composto por multiplos passos, cujo resultado
sdo alteragbes na arquitetura do tecido em conjunto com a formacdao de nddulos
neoplasicos, que por sua vez, irdo preceder o aparecimento do cancer (FEITELSON et
al., 2015). Além disso, o processo ocorre de modo lento, sendo possivel que demore
anos para que a célula alterada dé origem a um tumor visivel. O processo de formacao
do tumor pode ser dividido em trés estdgios: iniciacdo, promog¢do e progressao.
Durante o primeiro estagio, a iniciacdo, as células entram em contato com agentes
cancerigenos, 0s quais, por sua vez, irdo provocar mutacdes irreversiveis no DNA da
célula, fazendo com que a célula fique "iniciada" para os proximos estagios da
carcinogénese. O segundo estagio envolve mecanismos epigenéticos, assim como a
selecdo e proliferacao de células iniciadas, sendo uma etapa que ocupa a maior parte
do periodo de laténcia, além de geralmente ser irreversivel. E por fim, a progressao,
onde mecanismos genéticos levam a multiplicacdo descontrolada e irreversivel das
células mutadas. Neste Ultimo estdgio, o cancer ja esta instalado, e evolui para o
surgimento dos primeiros sinais clinicos, podendo evoluir para metastases (INCA,
2014; TSAO et al., 2004).

Os processos de mutagdes podem ocorrer em alguns genes-chave, os quais sao
responsaveis por desempenhar um importante papel na carcinogénese, dentre eles os
genes supressores de tumor e proto-oncogenes, responsaveis por codificar proteinas
envolvidas no controle do ciclo celular, na transducdo de sinal e regulacdo de
transcricdo (TSAO et al., 2004). Por exemplo, a proteina p53, um gene supressor de
tumor, é descrita como "guardia do genoma", tendo importante papel de promover
controle do ciclo celular em G2/M e G1, reconhecimento de danos no DNA, inducdo de
apoptose e senescéncia (LEVINE et al., 2009). Caso essa proteina se apresente

alterada, os resultados sdao desregulacdo no controle do ciclo celular associada a
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proliferacdo celular descontrolada de células mutadas. Portanto, a expressao de genes
que controlam proliferacdo celular, apoptose, auto-renovagao e diferenciacdo é de
extrema importancia, e é o ponto chave para o inicio de qualquer processo
carcinogénico, pois estes necessitam sofrer mutagdes epigenéticas ou genéticas, para
que ndo promovam suas fun¢des adequadamente (WONGTRAKOONGATE, 2015). Além
de mutagdes em nivel de genes supressores de tumor, tem-se essencial envolvimento
dos proto-oncogenes, que normalmente codificam proteinas que estimulam a divisdo
celular, inibem diferenciacdo celular e param a morte celular. Mas quando ativados
(mutados) sao denominados oncogenes, que irdo aumentar a producdo das proteinas,
conduzindo a um aumento na divisdo celular, reducdo da diferenciacdo celular, e
inibicdo de morte celular, favorecendo o crescimento do tumor (CHIAL, 2008).

Por apresentar atividade celular desordenada, os pacientes portadores de
cancer frequentemente desenvolvem uma sindrome chamada de caquexia, sendo a
maior causa de morbidade e mortalidade em pacientes com cdncer em estagio
avancado. A caquexia cancerosa € uma sindrome complexa e multifatorial
caracterizada por um intenso consumo generalizado dos tecidos corporais, muscular e
adiposo, com uma perda progressiva e involuntdria de peso, anemia, astenia, balanco
nitrogenado negativo, disfuncdo imune e alteragcdes metabdlicas, geralmente
associadas a anorexia. A anorexia é intensificada pelas alteracdes no metabolismo dos
nutrientes (carboidratos, proteinas e lipidios), alteracdes hormonais, além do aumento
das citocinas circulantes (TNFa, IL-1, IL-6, IFN-y) (SILVA, 2006).

O desenvolvimento do cancer é resultado da selecao de células cujas alteragdes
fornecem sobrevivéncia e vantagens proliferativas. As células clones passam a se
adaptar a um microambiente hostil sempre em mudanca, onde a tensao de oxigénio é
baixa, assim como os niveis de glicose e o pH extracelular se encontram abaixo do
normal, proporcionando instabilidade genética. Em resultado a essas condicdes, os
fatores induziveis por hipdxia, HIF-1 e HIF-2, estdo regulados, sendo os responsaveis
por ativar genes que medeiam proliferacdo tumoral, angiogénese (origem de novos
vasos sanguineos, permitindo a nutricdo tumoral), o metabolismo intermediario
(glicolise) e regulacdo do pH, promovendo assim o desenvolvimento do tumor

(FEITELSON el al., 2015).
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HIF-1a é responsavel por estimular a producdo de fatores de crescimento,
como o fator de crescimento transformante B (TGF-B), o fator de crescimento
semelhante a insulina 2 (IGF-2), a interleucina (IL)-6 e a IL-8, o fator inibidor da
migracao de macroéfagos (MIF), o fator de crescimento e receptores, e ainda, o fator de
crescimento de receptor epidérmico (EGFR), proporcionando assim sinalizacdo para
uma proliferagao continua (FEITELSON et al., 2015).

Na carcinogénese, a arquitetura do tecido encontra-se alterada como resultado
do processo necrético e do desenvolvimento de respostas a hipdxia, que por sua vez,
vao atrair células inflamatdrias (SHAY et al., 2012). Isto inclui normalmente macrdéfagos
associados ao tumor (TAM), responsaveis por estimular a proliferacdo tumoral através
da promocgdo de processo angiogénico; assim como pela progressdao tumoral, por
promover invasdo e metdstase, por meio da secrecdo de citocinas e fatores de
crescimento (QIAN et al., 2010; JEDINAK et al., 2010).

Dentre os fatores supracitados, o microambiente tumoral é constituido de
modo importante por mediadores inflamatérios, sendo que em alguns casos as
doencas inflamatérias precedem e promovem a alteracdo maligna; enquanto em
outros a alteracdo neopldsica induz um ambiente inflamatdrio, resultando no
desenvolvimento tumoral. Portanto, em ambos os casos o ambiente inflamatdrio para
o tumor proporciona a progressao das células malignas, e promove proliferacao,
sobrevivéncia, angiogénese e metdstase (MANTOVANI et al., 2008). Para demonstrar a
influéncia da inflamacdo no desenvolvimento tumoral, Rodrigues Viana et al., (2015)
utilizaram um modelo de tumor mamario de camundongos, onde foram observados
altos niveis de MPO (mieloperoxidase) e NAG (N-acetil-B-D-glucosaminidase) tanto na
inflamacdo aguda quanto na cronica. Este resultado pode ser relacionado com o
crescimento tumoral, ja que os grupos estimulados pelos implantes a desenvolver um
processo inflamatdrio, elevando os parametros inflamatérios, apresentaram um
desenvolvimento tumoral superior do que o grupo portador unicamente do tumor.
Além disso, o grupo portador de tumor com inflamacdo cronica foi mais eficaz para
favorecer a progressdao tumoral do que o exposto a inflamacdo aguda (RODRIGUES
VIANA et al., 2015).

Processos inflamatdrios crénicos associados com infec¢des ou doengas

autoimunes sdo um dos fatores que precedem o desenvolvimento tumoral, a partir da
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mutacdo em oncogenes, promoc¢do de instabilidade gendomica e angiogénese,
resultando em promocgdo tumoral inicial. Além disso, respostas inflamatérias podem
promover processos metastdaticos, levando a imunossupressao. A terapia antitumotal
causa respostas inflamatdrias, podendo levar a trauma, necrose e injuria tecidual, o
gue estimula a reinstalacdo do tumor e resisténcia a terapia. No entanto, em alguns
casos, a terapia inflamatdria, pode levar a apresentacao de antigeno, por exemplo,

promovendo a erradicacdo do tumor (Figura 1) (GRIVENNIKOV et al., 2010).

Terapias que
induzem
inflamagao

Reincidéncia do tumor
Resistencia a terapia

Apresentagdo de antigeno

ambiental e TUMORAL

alimentar

Infl = ;:: g" z § Morte célula tumoral -
nflamacdo < 2 2 Inflamagao
causadapor ¢ & = & cronica
LSO ot DESENVOLVIMENTO =
exposicdo © =2 Infecgoes
S5
g

Autoimunidade

Mutagbes
Instabilidade genémica
Progressao tumoral
Angiogénese

Crescimento tumoral e
sobrevivéncia
Instabilidade genémica
Angiogénese
Imunosupressdo

Morte da célula tumoral

Tumores
associados a
inflamagao

Figura 1- Tipos de inflamagdo e sua influéncia na carcinogénese ou tumor instalado.
Adaptado de : Grivennikov et al., 2010.

A Tabela 1 resume a funcdo essencial dos componentes inflamatérios no

desenvolvimento tumoral, e como podem agir para obter um mecanismo antitumoral.
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Tabela 1 — Papel dos diferentes subtipos de células com atividade imune antitumoral e
inflamacdo promotora de tumor.

Tipo celular

Ac¢do antitumoral

Promogao do Tumor

Macrofagos, células
dendriticas, supressor de

células derivadas mieloides

Apresentacao de antigeno,
Produgdo de citocinas (IL-

12 e IFN tipo |)

Imunossupressao,
Producao de citocinas,

guimiocinas, proteases

Mastadcitos

Producao de citocinas

Células B

Producdo de anticorpos
especificos contra o

tumor?

Producdo de citocinas,
Ativacdo de mastdcitos,

Imunossupressao

Células T CD8"

Lise direta de células
cancerigenas,
Producdo de citocinas

citotoxicas

Producao de citocinas?

Células Th2 CD4"

“Educacao” de
macrofagos,
Producdo de citocinas,

Ativacdo de células B

Células Th1 CD4"

Linfdcitos T help
citotoxicos (CTLs) na

rejeicdo do tumor

Producdo de citocinas

Células Th17 CD4"*

Ativacdo de CTLs

Producdo de citocinas

Células T regulatdrias

Supressado da inflamacao
(citocinas e outros
mecanismos de supressao)

Células Natural Killer

Citotoxicidade direta em
direcdo a célula
cancerigena,

Producdo de citocinas

citotoxicas

Células T Natural Killer

Citotoxicidade direta em

direcdo a célula
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cancerigena,

Producdo de citocinas

citotoxicas

Neutrofilos Direta citotoxicidade, Producao de citocinas,
Regulacdo de resposta a proteases e ROS
CTL

Tabela adaptada de Grivennikov et al., 2010. Legenda: IFN: Interferon; IL-12:

interleucina-12; CTL: Linfécitos T helper citotéxicos; ROS: Espécies reativas de oxigénio.

Estima-se que aproximadamente 20% dos canceres sdo atribuidos a doencas
inflamatdrias, as quais por meio da producdo de citocinas podem induzir a producao
excessiva de espécies reativas de oxigénio (ROS) e espécies intermediarias de
nitrogénio (RNI) (Figura 2). Essa produgdo excessiva resulta em mutagdes no DNA da
célula normal, transformando-a em uma célula neoplasica. Quando o tumor ja esta
instalado, alguns mecanismos podem levar ao estresse oxidativo no paciente com
cancer, como o metabolismo energético alterado, devido a anorexia/caquexia, nauseas
e vomitos, que impedem uma nutricdo normal, promovendo assim, um suprimento
anormal de nutrientes como glicose, proteinas e vitaminas. Além disso, a ativacao
cronica ndo-especifica de citocinas pré-inflamatérias e o wuso de drogas
antineoplasicas, particularmente agentes alquilantes e cisplatina, também s3ao capazes
de produzir ROS em excesso, levando ao estresse oxidativo (MANTOVANI et al., 2002).
Os principais radicais livres encontrados nas células sdo: o superdxido (02-e), o
hidroxil 6 (OHe), o alcoxil (ROe), o peroxil (ROOe¢) e o hidroperoxil (ROOHe) (ROSA &
COIMBRA, 2009).
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Citocinas

Inflamagao

ROS

RNI 35 Mecanismos
Mutagoes . i
Epigenéticos

Iniciagdo tumoral

Figura 2 — Processo de iniciacdo tumoral, demonstrando células inflamatdrias
produzindo espécies reativas de oxigénio (ROS) e espécies intermediarias de nitrogénio
(RNI), levando a mutagdes. Adaptado de: Grivennikov et al., 2010.

A geracdo de radicais livres € um fenémeno celular constante, impossivel de ser
totalmente prevenido. No entanto, existem vdarios mecanismos de controle formados
por antioxidantes fisioldgicos. Essas moléculas sdo capazes de competir com
substratos oxidaveis e, consequentemente, inibem ou atrasam o processo de oxidacao.
Dentro deste aparato de defesa celular, destacam-se algumas enzimas como a
superéxido dismutase (SOD), a catalase (Cat), a glutationa peroxidase (GPx) e a
glutationa redutase (GR), e algumas substancias ndo enzimaticas, como a glutationa, as
vitaminas C e E, os flavondides, o caroteno e o acido lipdico (GATE et al., 1999). Ainda,
a glutationa S-transferase (GST) é o principal grupo de proteinas soltveis do figado,
envolvida na detoxificacdo celular de compostos eletroliticos, pois metaboliza
carcinégenos, poluentes ambientais, e outros xenobidticos. Sua acdo detoxificante é
importante na prote¢do contra estresse oxidativo, cancer e outras doencgas
degenerativas, incluindo aquelas associadas com o envelhecimento (TORRES et al.,

2006).

1.3 Morte celular programa: Apoptose e Necroptose
Associada ao estresse oxidativo estd a apoptose, um evento natural
responsavel por remover células que sofreram mutacdes potencialmente danosas ou

alteracGes de controle do ciclo celular, e que podem originar uma neoplasia (STRASSER
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et al., 2000). A apoptose é reconhecida como a forma mais importante de morte
celular, sendo composta por duas vias centrais, a extrinseca (via morte celular mediada
por receptor) e a intrinseca (via mitocondrial), na qual ocorre a ativacdo de caspases. A
apoptose apresenta um mecanismo de defesa fundamental contra o cancer, o que leva
a morte de células potencialmente prejudiciais. Processos apoptdticos desregulados
tém sido implicados em numerosas doengas. Estes levam a inibicao da morte celular e
a progressao de doengas, incluindo o cancer (ZHAO et al., 2013).

Uma sinalizacdo apoptdtica mostra-se importante para se obter a preservacao
do equilibrio entre a morte celular e sobrevivéncia da célula, mantendo, desta forma a
integridade do genoma (PLATI et al., 2011). Para o desenvolvimento do cancer, as vias
apoptdticas se mostram alteradas geneticamente, ou seja, as células cancerigenas
podem se utilizar de uma série de estratégias para evitar o processo apoptotico
(FULDA, 2010). A familia de genes Bcl-2 pode ser dividida em componentes pro-
apoptéticos e anti-apoptéticos. Os pro-apoptdticos mais conhecidos sdo Bax e Bad, e
os anti-apoptéticos sao Bcl-2 e Bcl-xL. Como um todo, o balango entre a atividade de
ambos os tipos de proteinas definira a viabilidade celular (ZIMMER, 2007). Em células
malignas existe, frequentemente, um desequilibrio entre a expressao de proteinas da
familia Bcl-2 pré- e anti-apoptéticas. Um excesso de Bcl-2 ou Bcl-xL, ambas anti-
apoptoéticas, pode estar presente em mais da metade de tipos de cancer. Por outro
lado, a perda da expressao de membros pré-apoptéticos, como Bax, também pode
ocorrer. Este tipo de desequilibrio é responsavel pela sobrevivéncia dos tumores
frente a grande pressao de selecao que sofrem (JUIN et al., 2004).

Outro processo de morte celular associado é a necroptose, também
denominado necrose controlada, ou independente da ativacdo de caspases. Este
processo pode ser desencadeado por diversos fatores, dentre eles o TNF-a, o qual
estimula a acdo das proteinas RIP-1 (proteina quinase de interacdo ao receptor 1), RIP-
3 (proteina quinase de interacdo ao receptor 3) e MLKL (proteina quinase de dominio
de linhagem mista), resultando na formacdo do necrossomo (complexo RIP1-RIP3-
MLKL), que por fim, induz a morte celular por diminuicdo da permeabilidade celular,
com influxo de Ca®', reducio de ATP celular, e producdo de espécies reativas de
oxigénio. Esta via de morte celular esta representada na Figura 3. Por ser uma via

independente de caspases, e estar ativa somente em estados de inativacdo da
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caspase-8, esta via tem sido estudada como um novo alvo antitumoral, principalmente

para tumores resistentes a morte por apoptose, sendo deste modo, de suma

importancia para novas terapias (SU et al., 2016).

A ligacdo do TNF-a ao seu receptor transmembrana pode ativar trés diferentes

vias (SU et al., 2016), apresentadas abaixo e ilustradas na Figura 3.

Estimulo de NF-kB: Para que ocorra a ativacdo da sintese de NF-kB (fator

nuclear kappa B), e consequentemente estimulacdo da sintese de
citocinas proé-inflamatdrias, é necessdrio que a proteina RIP1 esteja
ubiquitinada, permanecendo em um formato inativo, e deste modo,
impedindo o estimulo das demais vias.

Apoptose: A via de apoptose é estimulada quando ocorre
deubiquitinagdo da proteina RIP1, fazendo com que a mesma
permaneca inativa por um complexo formado por caspase 8 e FADD
(dominio de morte associado ao Fas), impedindo assim o seu processo
de fosforilagdo, e deste modo, induzindo a célula a entrar em apoptose.
Necroptose: A via de necroptose serd ativada em casos onde a caspase
8 estd incorreta ou inativada, promovendo assim a liberacdo da proteina
RIP-1, a qual passa por um processo de fosforilagao, tornando possivel a
posterior fosforilacdo de RIP-3, e consequentemente de MLKL, as quais

compdem o necrossomo, induzindo assim, morte celular.
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Figura 3 — Sinalizacdo mediada por TNF- a induzindo apoptose ou necroptose. FONTE:

SU et al., 2016.

Legenda: TNFa - fator de necrose tumoral a; NF-kB - fator nuclear kappa B; ERK - quinase de regulagao-
sinalizacdo extracelular; TNFR - receptor da superfamilia de TNF (Fas e DR4/DR5); TLR3 e TLR4 -
Receptores Toll-like; ROS - espécies reativas de oxigénio; clAP1 - ligases inibidoras celulares de apoptose
E3 1, clAP2 - ligases inibidoras celulares de apoptose E3 2; CYLD - cilindromatose deubiquitinase, TRAF2 -
Receptor TNF associado ao fator 2; FADD - Fas- associado ao dominio de morte; Nec-1 — inibidor de
RIP1-quinase; GSK-843/-872 — inibidor de RIP3-quinase; NSA - necrosulfonamide, inibidor MLKL; TNFR1 -
TNF receptor 1; NEMO, IKK-y - NF-kappa-B essential modulator, ou inibidor da subunidade gama do NF-
kB; DR4/5, death receptor 4 ou 5; TLRs - receptores toll-like; TCR — receptor de células T; TAK1 — fator
crescimento transformante B- ativado por quinase 1; TAB2 - TAK1- ligada a proteina 2; TRIF - Toll/IL-1

receptor contendo o dominio de adaptador de inducdo.

De modo similar as células em apoptose, as células tumorais em necroptose
sdo capazes de promover imunidade antitumoral, resultando assim na eliminacdo do
conteldo necroptético por células fagociticas, além de induzir a liberacao de citocinas
pro-inflamatdrias. Deste modo, tem-se um gatilho para regulacdo positiva de
estimulacdo de moléculas e um provavel gatilho para respostas imunoldgicas

adaptativas (MENG et al., 2015).
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E interessante observar que a fase de desintegracdo celular tanto da
necroptose, quanto da necrose e necrose secundaria (apoptose tardia), é caracterizada
pela mesma sequéncia de eventos intracelulares, incluindo principalmente,
hiperpolarizagdo mitocondrial, ‘erup¢ao’ oxidativa e permeabilizacdo da membrana
lisossomal. Esta ultima corresponde ao processo final da morte celular, pois coincide
com a desintegracdo celular (VANDER BERGHE et al., 2010). Além disso, a necroptose
pode ser inibida quimicamente por compostos como a necrostatina-1, inibidor de RIP-
1, GSK-843, GSK-872, GSK- 840, inibidores de RIP3 quinase, e necrosulfanamida, e
inibidores de MLKL (JOUAN-LANHOUET et al., 2014). Contudo, ainda sdo necessarios
muitos estudos sobre essa via, baseados em experimentos in vitro assim como na

verificacao da eficacia in vivo (MENG et al., 2015).

1.4 Tratamentos antineopldsicos

Atualmente existem diferentes formas de tratamentos antineopldsicos, como a
radioterapia, cirurgia, imunoterapia e quimioterapia, usadas isoladamente ou em
combinacdo. A radioterapia é o tratamento onde se faz a utilizagdo de radiacao, a qual
sera responsavel por destruir o tumor e/ou impedir a sua disseminagdo para os demais
tecidos corporais. Ja a cirurgia consiste na remocao do tumor, no entanto, esta técnica
ndo é valida em casos onde o tamanho do tumor excede ao total de tecido possivel de
ser retirado. A imunoterapia consiste na estimulacdo do sistema imunoldgico, através
do uso de substancias modificadoras da resposta bioldgica, podendo esta ser o
resultado da interacdo antigeno-anticorpo, ou até mesmo de mecanismos envolvidos
na imunidade mediada por células. E por fim, a terapia mais convencional em
pacientes com cancer, a quimioterapia, na qual sdo utilizados medicamentos para
combater o desenvolvimento da doenga (INCA, 2014). Os quimioterdpicos podem ser
classificados de acordo com a especificidade de acdo no ciclo celular, sendo
denominados como ciclo-especificos e ciclo inespecificos; ou entdo quanto a sua
estrutura quimica e ao seu mecanismo de acdo, podendo ser agentes alquilantes,
antimetabdlicos, antibidticos antitumorais, alcaloides, agentes multiplos e hormdnios
e antagonistas hormonais. Dentre as drogas quimioterapicas mais utilizadas estdao a

vincristina, metotrexato e cisplatina, que possuem diferentes mecanismos de acdo
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(Tabela 2). Contudo, esses agentes quimioterdpicos apresentam muita resisténcia a
remissao total do tumor, por (a) razGes farmacocinéticas, ou seja, quando a droga nao
atinge a célula cancerosa em concentra¢cdes adequadas; (b) por mecanismos
bioquimicos, quando ha o bloqueio da célula ao transporte do farmaco
quimioterdpico; e (c) pela expressdo de proteinas de multipla resisténcia a drogas.
Com a presenca destes fatores, a concentragdo intracelular do farmaco se reduz e a
sobrevivéncia da célula tumoral e a resisténcia a quimioterapia aumentam (MERCK,
2015). Por estas razOes, novos farmacos antineoplasicos, eficientes e com poucos

efeitos adversos, sdo alvos de estudos.

Tabela 2 - Principais agentes antineopldsicos e seus mecanismos de acao.

Farmacos Mecanismos de agdo
Antimetabdlicos Bloqueiam a produgdo de metabdlitos
Ex: Metotrexato essenciais, como purinas, pirimidinas e acido

folico, os quais sdao fundamentais para as
cadeias de DNA e RNA

Alcaldides Inibidores mitdticos, responsaveis por

Ex: Vincristina bloquear a divisao celular, a metafase, ligando-
se as proteinas dos microtubulos, destruindo-
os e impedindo a polariza¢do dos

Cromossomos
Agentes alquilantes Promovem alteracBes na cadeia de DNA,
Ex: Cisplatina impedindo sua replicagdo

Tabela adaptada de Maia et al., 2010.

1.5 Extrato soluvel de polissacarideos extraido do vinho

Apesar de todos os farmacos disponiveis, ainda se tém uma extensa caréncia de
farmacos antineopldsicos que sejam eficientes no tratamento do tumor, com minimos
efeitos toxicos ao paciente, e que sejam capazes de "burlar" os processos de
resisténcia celular, para obtencdo de alta eficacia antineoplasica.

Desta forma, na tentativa de obter novos compostos com atividade
antitumoral, é que os polissacarideos obtém destaque. Relatos recentes tém
demonstrado atividades antitumorais, antimetastaticas, imunomodulatérias,
antiulcerogénica e antioxidante in vitro e in vivo, de polissacarideos extraidos de algas

marinhas, frutas, peixes e cogumelos (HUANG et al., 2015; INNGJERDINGEN et al.,
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2014; MAU et al., 2001; NASCIMENTO et al., 2013; OOI & LIU, 2010; PARK et al., 2013;
REN, 2012; ROUT et al., 2007; SUO et al., 2015; WASSER, 2002; ZHOU et al., 2008). Os
polissacarideos sdo substancias consideradas modificadoras de resposta bioldgica
(WASSER, 2002 apud Wasser & Weis 1999), ou seja, eles ndo causam nenhum dano
local, proporcionando ao organismo adaptar-se as varias tensGes ambientais e
biolégicas; e exercem acdo ndo-especifica sobre as células, apoiando alguns dos
principais sistemas, incluindo o nervoso, hormonal e imunoldgico (WASSER, 2002 apud
Brekhman, 1980).

Seguindo esta linha de raciocinio é possivel observar que sua extracao pode
ocorrer através de inUmeras substancias encontradas na natureza, dentre elas as
frutas. O vinho é uma bebida alcodlica oriunda da fermentag¢dao da uva, e por essa
razdo contém polissacarideos, como arabinogalactana, rhamnogalacturonana, dentre
outros, os quais, quando extraidos de outros compostos naturais podem ser
responsaveis por importantes efeitos imunomodulatérios (MELLINGER et al., 2008),
antissepticémico (DARTORA et al.,, 2013), protetor gdstrico (CIPRIANI et al., 2006;
INNGJERDINGEN et al., 2014; NASCIMENTO et al., 2013) e antitumoral (MUELLER &
ANDERER, 1990; PARK et al., 2013).

Segundo Liu et al.,, 2016, muitos polissacarideos isolados de plantas tem
apresentado promissoras atividades antitumorais. Chen et al., 2014, demonstraram
gue polissacarideos isolados da Artemisia annua L promovem a elevagao dos niveis de
linfécitos CD4+/ CD8+ no baco de camundongos portadores de hepatoma H22,
proporcionando uma regulagdo imunoldégica em animais tratados com o
polissacarideo. Além disso, animais portadores de cancer géstrico, ao serem tratados
com polissacarideos da familia Portulacaceae demonstraram uma elevacdo na
producdo de citocinas pro-inflamatérias, tais como, TNF-a no soro desses animais (LI et
al.,, 2014). Associada as diferentes intervences de polissacarideos sobre o sistema
imunoldégico, a arabinogalactana da Anoectochilus formosanus, também promove uma
elevagdao na porcentagem de células dendriticas, CD3+, CD8+, linfdcitos T e células
natural killer, possuindo uma potente atividade antitumoral contra cancer de coldén
CT26, por modulacdo imunoldgica (YANG et al., 2014). Por meio de tais relatos, é

possivel observar que o principal mecanismo de agdo dos polissacarideos extraidos de
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plantas é promover modulacdo da resposta imunoldégica (YANG et al., 2014),
essencialmente sobre os linfécitos T e sobre a produgdo de TNF-a.

Segundo Wasser (2002), a acdo imunomodulatéria dos polissacarideos do
cogumelo é especialmente profildtica, principalmente prevenindo metdstases. Ooi e
Liu (1999) relataram que os polissacarideos dos cogumelos ndo ‘atacam’ as células
cancerosas diretamente, mas produzem os seus efeitos antitumorais ativando
diferentes respostas imunes no hospedeiro. Estes autores verificaram perda de efeito
antitumoral de polissacarideos em animais timectomizados neonatos ou ratos filhotes
apo6s a administracdo de anticorpos anti-linfécitos (OOl & LIU, 1999). Sugerindo assim,
gue a acdo antitumoral dos polissacarideos necessidade de células T intactas, e que
essa atividade é mediada por mecanismos imunes dependentes do timo. Associada a
esta informacdo, a atividade antitumoral de lentinano e outros polissacarideos é
perdida com pré-tratamento com agentes anti-macréfagos (como carragenina).

Apesar das informacgdes supracitadas de alguns polissacarideos, ndo ha estudos
sobre os polissacarideos extraidos diretamente do vinho tinto. Considerando que esta
bebida é mundialmente apreciada, seus consumidores ingerem polissacarideos que
podem lhes ser benéficos. Alguns efeitos benéficos do vinho para a saude sdo
atribuidos ao resveratrol, um polifenol presente na casca das uvas com propriedades
antioxidantes, reguladora de lipideos plasmaticos, da atividade cardiaca, e protetora
contra doencas neurodegenerativas e cancer (JANG et al., 1997; SINGH et al., 2015). O
resveratrol vem sendo extensamente estudado, mas outros componentes do vinho,
como os polissacarideos, ainda carecem de investigacdes, sendo objetos de estudo

deste trabalho.

1.6 Tumor Walker-256

O tumor Walker-256 (W256) é um carcinossarcoma de crescimento rdpido,
descoberto na Universidade Johns Hopkins — Pittsburgh, Estados Unidos, no ano 1928,
pelo Dr. George Walker. Em suas primeiras anotacfes sobre o tumor, Dr. Walker o
descreveu como um tumor progenitor do tamanho de um pequeno ovo e
aparentemente originado do tecido mamario. Microscopicamente, sua descri¢do foi de

uma tipica estrutura de um adenocarcinoma: algumas areas de estrutura glandular
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inalteradas, epitélio proliferativo, I6bulos distorcidos e epitélio de massas irregulares
(EARLE, 1934).

As caracteristicas do tumor sdo alteradas de acordo com o local de inoculagao,
como por exemplo, o tecido subcutaneo e intramuscular. Os tumores inoculados no
tecido subcutdneo apresentavam uma caracteristica encapsulada de modo geral,
apesar de algumas vezes essa capsula aparecer incompleta em locais de infiltragdes
teciduais circundantes, especialmente com grandes tumores. Ao contrario, com a
inoculacdo intramuscular, essas infiltracdes sdo mais numerosas, demonstrando um
comportamento mais agressivo do tumor, sendo possivel observar pouco, ou nenhum
sinal de formacdo da cépsula. Além disso, foram observados pontos de metdstase nos
ganglios retroperitoneais e pulmdes. Os pesquisadores ainda identificaram que as
tentativas de inoculacdo interespécies ndo foram bem sucedidas, afirmando desta
forma, que o tumor Walker-256 é um modelo de tumor espécie-especifico, para ratos
(GOLDACRE & SYLVEN, 1962; SCHREK, 1935).

Desde entdo, essa linhagem tumoral tem sido amplamente utilizada em
estudos antineopladsicos e de caquexia induzida pelo tumor, por ser facilmente
transplantado e por possuir uma estabilidade in vitro e in vivo através do tempo. Outro
fator de extrema importancia é que este modelo apresenta fatores clinicos
importantes apresentados em pacientes com cancer, podendo ser utilizado para
estudos de screening de novas drogas antineopldsicas (ACCO et al., 2012).

O procedimento de inoculacdo das células mais indicado é por via subcutadnea,
em ratos pesando entre 230-280 g. A recomendacdo anterior a inoculagao subcutanea
€ a passagem das células por via intraperitoneal, até que as mesmas adquiram
caracteristicas de viabilidade e malignidade adequadas para entdo desenvolverem um
tumor sélido (Figura 4).

Apds sua implantacdo ocorre reducdo no peso do animal, dificuldade de
ingestdo adequada de alimento (anorexia), catabolismo de proteinas, lipideos e
carboidratos. Aos 14 dias apds o implante a massa tumoral pode representar uma
fracdo considerdvel do peso do animal e a morte pode ocorrer apds este periodo
(VICENTINO et al., 2002; ACCO et al., 2012).

Animais portadores do tumor apresentam significativas alteracdes hepdticas no

metabolismo de glicose, ureia e acidos graxos. Isso ocorre porque os tumores sdlidos
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tém uma tendéncia de ter fornecimento deficiente de sangue, o que pode levar a
hipdxia. Como a glicélise anaerdbia é o Unico meio de produgao de ATP na auséncia de
oxigénio, a glicose é o substrato metabdlico predominante para esse tumor. Este
elevado consumo leva a gliconeogenese e reduz a captag¢dao de glicose e a glicdlise,
resultando em uma reducdo de glicose hepatica de aproximadamente 63% (ACCO et
al., 2012). E Devido a varias alteragdes metabdlicas, o tumor Walker-256 é um modelo
tumoral reconhecido por desenvolver a sindrome da caquexia, essencialmente por
elevacdo de NO, PGE, (prostaglandina E 2) e diminuicdo de citocinas pré-inflamatorias,
como IL-6 (REBECA et al., 2008), com desenvolvimento de processos inflamatérios no
tecido tumoral. As células Walker-256 s3ao amplamente utilizadas para investigagdes in
vivo e in vitro, tanto para pesquisas envolvendo dor, atividade enzimadtica,
metabolismo, drogas antineoplasicas, farmacocinética e farmacodinamica de drogas e
metdstases. Além de ser um modelo de tumor sélido adequado para estudos
envolvendo vias metabdlicas, estresse oxidativo e inflamacdo (ACCO et al., 2012). Por
tais razoes, foi o modelo de escolha para este estudo, cuja hipdtese foi que

polissacarideos extraidos do vinho teriam efeito antitumoral.

Figura 4 — Tumor Walker-256 no membro pélvico direito de rato Wistar, 14 dias apds a
inoculacdo de 10’ células. Observa-se o centro tumoral com tecido necrosado. FONTE:
O autor (2016).
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2 OBIJETIVOS
2.1 Objetivo geral

Avaliar a atividade antitumoral, frente ao tumor Walker-256, da fracdo soluvel
de polissacarideos extraidos do vinho (SFP), identificando as principais vias pelas quais

pode agir para produzir tal efeito.

2.2 Objetivos especificos

a) Avaliar o crescimento tumoral em ratos tratados e ndo tratados com a SFP,
assim como acompanhar o peso ponderal;

b) Investigar os possiveis mecanismos de agdao antitumoral da SFP nas vias que
envolvem:
() mediadores inflamatérios, como TNFa e as enzimas mieloperoxidase (MPO) e N-
acetilglucosaminidase (NAG);
(I1) apoptose, através da expressao do RNAm da proteina anti-apoptética Bcl-2, e das
pro-apoptdticas p53 e Bax, assim como do fator angiogénico VEGF;
(lll) necroptose, através da expressdo génica das proteinas RIP1, RIP3 e MLKL.

c) Avaliar a toxicidade de SFP em varios o6rgdos, através de indicadores
bioquimicos plasmaticos;

d) Investigar as acGes da SFP sobre as células do sistema imunoldgico, por meio
de hemograma;

e) ldentificar alteracbes histoldgicas no tecido tumoral e hepatico dos animais

tratados.
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ABSTRACT
Polysaccharides are substances that modify the biological response to several
stressors. The present study investigated the antitumor activity of the soluble fraction
of polysaccharides (SFP), extracted from cabernet franc red wine, in Walker-256
tumor-bearing rats. The monosaccharide composition had a complex mixture,
suggesting the presence of arabinoglactans, mannans, and pectins. Treatment with SFP
(30 and 60 mg/kg, oral) for 14 days significantly reduced the tumor weight and volume
compared with controls. Treatment with 60 mg/kg SFP reduced blood monocytes and
neutrophils, reduced the tumor activity of N-acetylglucosaminidase, myeloperoxidase,
and nitric oxide, increased blood lymphocytes, and increased the levels of tumor
necrosis factor a (TNF-a) in tumor tissue. Treatment with SFP also induced the
expression of the cell necroptosis-related genes Rip1 and Rip3. The antineoplastic
effect of SFP appears to be attributable to its action on the immune system by
controlling the tumor microenvironment and stimulating TNF-a production, which may

trigger the necroptosis pathway.

Key words: Walker-256 tumor, polysaccharide, red wine, cabernet franc, necroptosis,

immunomodulation.

Running title: Red wine polysaccharides: antineoplastic effects

Chemicals

TriZol Reagent, buffered 10% formalin, ethanol, xylol, paraffin, hematoxylin and
eosin (HE), phosphate buffer (pH 6.5), Griess solution (0.1% N-1-naphthyl-tilediamine,
1% sulfanilamide in 5% H3PO,4), saline Triton X-100 0.1%, TMB 18.4 mM,
dimethylformamide 8%, sodium acetate (NaOAc), p-nitrophenyl-N-acetyl-B-D-

glucosamine, N-acetyl-B-D-glucosamine, p-nitrofen, ketamine hydrochloride, xylazine,
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metothrexate, phosphate buffered saline (PBS; 16.5 mM phosphate, 137 mM NacCl,
and 2.7 mM KCI) at pH 7.4, ethylenediaminetetraacetic acid (EDTA) (0.5 M, pH 8.0),
trypan blue 2 M trifluoroacetic acid, trimethylsilyl sodium propionate deuterated

(TMSP-2,2,3,3-d4).

Abbreviations
ALT: alanine aminotransferase; ANOVA: Statistical analysis of variance; AST:

aspartate aminotransferase; Bax: Bcl-2-associated X protein; Bcl-2: B-cell lymphoma

2; DNA: Deoxyribonucleic acid; EDTA: ethylenediamine tetraacetic acid; FADD: Fas -
associated death domain; Gapdh: Glyceraldehyde 3-phosphate dehydrogenase; HE:
Hematoxylin and eosin; MIkl: mixed lineage kinase domain-like protein; MPO:
myeloperoxidase; mRNA: Messenger ribonucleic acid; MTX: Metotrexato; NAG: N-
acethyl-B-D-glucosaminidase; NaOAc: Sodium acetate; NF-kB: nuclear factor kappa
B; NO: Oxide nitric; p53: Protein 53; SFP: Soluble fraction of polysaccharide; Rip-1:
receptor-interacting protein kinase 1; Rip-3: receptor-interacting protein kinase 3;
ROS: reactive oxygen species; TMB: tetramethylbenzidine; TNF-a: tumor necrosis

factor-alpha; Vegf: vascular epidermal growth factor.

3.1 INTRODUCTION
Cancer is a group of diseases that are related to mutations in key genes that

confer a selective growth advantage to cancer cells and regulate core cellular
processes, such as cell survival and genome maintenance (Vogelstein et al., 2013). The
most conventional treatment for cancer patients is chemotherapy. Drugs that are
frequently used include vincristine, methotrexate, and alkylating agents, which induce
cell death through different mechanisms of action (e.g., the inhibition of mitosis,
metabolism, and angiogenesis). However, chemotherapy has severe side effects and is
insufficient to induce complete tumor remission. This occurs mainly because of
pharmacokinetics, resulting in lower intracellular drug concentrations, an increase in

cell survival, and tumor cell resistance to chemotherapy (Merck, 2015). Therefore, the


https://en.wikipedia.org/wiki/Bcl-2-associated_X_protein
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search for new substances that are able to circumvent the mechanisms of tumor
resistance and have fewer side effects is important.

Recent studies have reported the antitumor activity and antimetastatic,
immunomodulatory, and antioxidant properties of polysaccharides that are extracted
from seaweed, fruits, fish, and mushrooms (Huang et al., 2015; Inngjerdingen, Thole,
Diallo, Paulsen, & Hensel, 2014; Mau, Chao, & Wu, 2001; Nascimento et al., 2013; Ooi
& Liu, 2000; Park et al., 2013; Ren, Perera, & Hemar, 2012; Rout & Banerjee, 2007; Suo
et al., 2014; Wasser, 2003; Zhou, Hu, Wu, Pan, & Sun, 2008). Polysaccharides are
substances that modify biological responses. The effects of polysaccharides are not
cell-specific and instead regulate major bodily systems, including the nervous,
hormonal, and immune systems (Wasser, 2003).

Fruits, including grapes, are rich sources of polysaccharides. Red wine is an
alcoholic beverage that is derived from the fermentation of grapes, such as cabernet
franc, and has a soluble fraction of polysaccharides (SFP) that are mainly composed of
arabinogalactans and rhamnogalacturonans. Some authors had described important
immunomodulatory, antioxidant, antisepticemic, antineoplastic, and gastroprotective
effects of the polysaccharides arabinogalactan and rhamnogalacturonan (Cipriani et
al., 2006; Dartora et al.,, 2013; Inngjerdingen et al., 2014; Mellinger et al., 2008;
Mueller & Anderer, 1990; Nascimento et al., 2013; Park et al.,, 2013). The “French
paradox” phenomenon is associated with moderate wine drinking, which reduces the
risk of cardiovascular, cerebrovascular, and peripheral vascular diseases and cancer
(Pieszka, Szczurek, Ropka-Molik, Oczkowicz, & Pieszka, 2016). Some beneficial effects
of wine on health have been attributed to resveratrol, a polyphenol that is present in

the skin of grapes. Resveratrol has antioxidant activity, regulates plasma lipids and
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cardiac activity, and has protective effects against neurodegenerative diseases and
several tumors (Jang et al., 1997; Singh, Liu, & Ahmad, 2015). Resveratrol has been
extensively studied, but other components of wine that are present in higher
concentrations, such as polysaccharides, require further investigation.

Thus, the aim of the present study was to evaluate the in vivo antitumor activity
of SFP that was extracted from cabernet franc red wine in Walker-256 tumor-bearing
rats, a model of solid carcinoma. This tumor is species-specific and characterized by
fast growth. It is often used in studies of metabolism, oxidative stress, and
inflammation that are related to cancer (Acco, Bastos-Pereira & Dreifuss, 2012). Our

hypothesis was that SFP modulates tumor development in Walker-256 rats.

3.2 MATERIAL AND METHODS

3.2.1 Polysaccharides preparation

Cabernet franc polysaccharides were extracted from commercial wine bottles
(Vinho Tinto Reserva Salton, Bento Goncalves, RS, Brasil). The liquid was initially
reduced up to 25% of its volume under reduced pressure at 30°C. The supernatants
were combined, followed by the addition of 3 volumes of cold ethanol and incubation
for 24 h at -20°C. The precipitated polysaccharides were washed twice with 70% cold
ethanol and dialyzed against tap water in a membrane with a molecular mass cut-off
(MMCO) of 8 kDa (Bezerra, 2016). The retained fraction that contained
polysaccharides was lyophilized and analyzed by gas chromatography-mass

spectrometry (GC-MS) and nuclear magnetic resonance (NMR).
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3.2.1.1 Monosaccharide composition by NMR and GC-MS
Wine polysaccharides (5 mg) were hydrolyzed with 2 M trifluoroacetic acid (500

ul) at 100°C for 8 h and evaporated to dryness under N, pressure. The residue material
was dissolved in 0.5 ml of D,0. One-dimensional *H-NMR was performed at 600 MHz
with the pulse program zgpr for HDO presaturation (relaxation delay = 5.0 s, number of
time domain points = 65536) to obtain a spectrum width of 10 ppm. The
monosaccharides were identified based on the chemical shifts of a standard mixture of
18 monosaccharides (Sassaki et al., 2014). After NMR analysis, the later was reduced
with NaB?H, for 12 h and evaporated to dryness. Boric acid was removed as trimethyl
borate by co-distillation with MeOH. Acetylation was performed with Ac,0-pyridine
(1:1, v/v; 200 ul) at 100°C for 1 h. Crushed ice-water was added to the solution, and
the resulting 2-O-Me-Fuc, 2-O-Me-Xyl, and alditol acetate derivatives were extracted
with CHCl; and analyzed by GC-MS (Varian-Saturn 4000-3800 mass spectrometer, 30 m
x 0.25 mm VF-5MS column). The column temperature was set as the following: 50°C
for 1 min, increase to 220°C at 40°C/min, then held for 13.0 min. Alditol acetates were
identified based on the m/z of their positive ions, with comparisons to standards. The
results are expressed as a relative percentage of each component (Sassaki, Gorin,
Souza, Czelusniak, & lacomini, 2005).
3.2.1.2 Structural Identification by NMR

Wine polysaccharides (20 mg) were dissolved in 0.5 ml of D,0. The NMR
spectra were obtained using a Bruker Avance Il 600 MHz spectrometer equipped with
an inverse 5-mm probe head (QXI) at 303 K. One-dimensional *H-NMR was performed
at 600 MHz after 90° (p1) pulse calibration. 'H and 3¢ chemical shifts were determined

by HSQC (pulse program hsqcedetgpsisp2.2) using 6993 Hz (*H) and 24900 Hz (**c)
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widths and a recycle delay of 1,080 s. The spectra were recorded for quadrature
detection in the indirect dimension using 16 scans per series of 1024 x 256 data points

with zero filling in F1 (2048) prior to Fourier transformation (Sassaki et al., 2013).

3.2.2 Animal model and Walker-256 tumor inoculation

Male Wistar rats, weighing 180-250 g, were obtained from the vivarium of the
Federal University of Parand (Curitiba, Brazil). The animals remained under controlled
room temperature (22 + 1°C) with a 12 h/12 h light/dark cycle and free access to food
and water. All of the experimental protocols were approved by the institutional Ethical
Committee for Animal Care (CEUA; authorization no. 908) and followed the
international rules for animal experimentation.

The maintenance of Walker-256 cells was performed by weekly passages of
intraperitoneal (i.p.) injections of 1 x 10’ cells/rat. The cells were collected aseptically
in 1 ml of phosphate-buffered saline (PBS; 16.5 mM phosphate, 137 mM NaCl, and 2.7
mM KCI, pH 7.4) and a 0.5 M solution of ethylenediaminetetraacetic acid (pH 8.0) after
four or five passages. Each passage took 4-7 days of cell growth in ascitic form (Martins
et al., 2015; Christiame Vicentino, Constantin, Bracht, & Yamamoto, 2002). After this
period, tumor cell viability was checked by the Trypan blue exclusion method in a
Neubauer chamber. Tumor cells were subcutaneously (s.c.) injected in the right hind

limb at 2 x 10 cells/rat in 400 ul of solution.

3.2.3 Experimental design

The administration of SFP began the day following s.c. Walker-256 cell
inoculation and continued until day 14. The rats received SFP orally, by gavage, at

doses of 30 or 60 mg/kg per day. The 30 mg/kg dose was chosen based on other
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studies that were performed with the polysaccharides rhamnogalacturonan
(Nascimento et al.,, 2013) and arabinogalactan (Cipriani et al., 2006). Both of these
polysaccharides are present in SFP. The dose of 60 mg/kg was chosen as a safety factor
dose (2 x 30 mg/kg).

The treatment groups (n = 7-10) were the following: G1 (naive group; no tumor,
treatment with vehicle [PBS]), G2 (vehicle group; tumor, treatment with vehicle [PBS]),
G3 (SFP30; tumor, treatment with 30 mg/kg SFP), G4 (SFP60; tumor, treatment with 60
mg/kg SFP), G5 (basal group; no tumor, treatment with 30 mg/kg SFP), and G6 (MTX,
positive control group; tumor, treatment with 2.5 mg/kg methotrexate, i.p.). SFP was
dissolved in PBS (vehicle) every day, just prior to administration. Methotrexate was
dissolved in 0.9% saline solution and administered i.p. every 5 days. This protocol was
based on Paula et al. (2007), with minor modifications based on the features of
Walker-256 tumor growth.

After 14 days of treatment, the animals were fasted for 12 h, with free access
to water, and anesthetized by an i.p. injection of ketamine hydrochloride (100 mg/kg)
and xylazine (10 mg/kg) for biological material collection. Blood was collected from the
inferior cava vein with anticoagulant EDTA (ethylenediamine tetraacetic acid) and used
for hematological and plasma biochemical analyses. The liver and tumor were
subsequently harvested, weighed, fragmented for histological analysis, and partially
frozen (-80°C) for further analyses of inflammatory parameters and gene expression.
The spleen, lungs, and kidneys were also harvested and weighed. Euthanasia was
performed under anesthesia by puncturing the diaphragm.

Tumor volume was assessed daily with a pachymeter and calculated according

to Mizuno et al. (1999) using the following formula:
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V(cm;) = (4n/3a’x (b/2)
a is the smallest tumor diameter, and b is the largest tumor diameter (in
centimeters). The tumor weight was also recorded at the end of treatment. During the
experiment, the animals’ body weight was recorded every 3 days.

3.2.4 Biochemical and hematological assays

Biochemical and hematological analyses were performed to identify possible
toxic effects of the treatment on target organs and blood cells. Blood samples were
centrifuged at 4,000 rotations per minute (rpm) for 5 min. The plasma was then stored
at -20°C. The levels of alanine transaminase (ALT), aspartate transaminase (AST),
glucose, amylase, and creatinine were assessed using commercial kits (Kovalent, Sao
Gongalo, Brazil) with an automated device (Mindray BS-200, Shenzhen, China). Based
on the number of hematological cells, the peripheral neutrophil-monocyte/lymphocyte

ratio (NMLR) was calculated according to Liao et al. (2016).

3.2.5 Evaluation of inflammatory parameters in tumor tissue

3.2.5.1 Determination of the enzymatic activity of myeloperoxidase (MPO) and N-
acetylglucosaminidase (NAG)

Samples of tumor tissue were weighed and homogenized in 0.1% Triton X-100
saline to determine the enzymatic activity of myeloperoxidase (MPO) and N-
acetylglucosaminidase (NAG), indicating neutrophil and macrophage (mononuclear
cell) migration, respectively. The homogenates were centrifuged at 10,000 rpm at 4°C
for 10 min, and the supernatants were used to determine MPO and NAG activity.

The reading of MPO absorbance was performed at 620 nm as described by
Bradley et al. (1982). The reaction began by adding 18.4 mM tetramethylbenzidine

(TMB) diluted in 8% dimethylformamide in water, followed by incubation for 3 min at

37°C. The reaction was stopped by adding sodium acetate (NaOAc) immersed in ice.
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The NAG assay was based on Sanchez & Moreno (1999). NAG activity was
measured at 405 nm as the hydrolysis of p-nitrophenyl-N-acetyl-B-D-glucosamine

(substrate) in N-acetyl-B-D-glucosamine, which releases p-nitrophenyl.

3.2.5.2 Determination of nitrite levels in tumor tissue
Nitric oxide (NO) is involved in many physiological processes, including

inflammation, immune reactions, and defense mechanisms against organisms and
tumors (COSTA, FABENI, APTEKMANN, & MACHADO, 2003). The tumor samples were
homogenized in phosphate buffer (pH 6.5; 1:10 dilution), and the homogenate was
centrifuged at 10,000 rpm for 20 min at 4°C. The supernatant was used to measure
nitrite levels at 540 nm according to Green et al. (1982) using Griess solution (0.1% N-
1-naphthyl-tilediamine and 1% sulfanilamide in 5% H3PO,) as the reactive medium. The
amount of nitrite in the incubation medium was calculated by using sodium nitrite

(Sigma) as the standard.

3.2.5.3 Quantification of TNF-alfa
The determination of tumor necrosis factor o (TNF-a) concentrations in the

tumor samples was performed using an enzyme-linked immunosorbent assay kit
according to the manufacturer's instructions (R&D Kit Systems, Minneapolis, MN,
USA). The homogenate was the same as the one that was used to determine nitrite

levels.

3.2.6 Histopathology

Fragments of tumor and liver tissue were fixed in buffered 10% formalin at
room temperature. After fixation, the samples were dehydrated in ethanol and xylol

and then embedded in paraffin. Afterward, 4 um sections were processed for
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histology. The slices were stained with hematoxylin/eosin and analyzed under an
optical microscope in a blinded fashion.

The histological parameters in tumor slices included coagulative and
suppurative necrosis, apoptosis, lymphocytic infiltration, vascularization, vacuolization,
and cytological features. For liver slices, the analysis included lymphocytic infiltration,
the degree of necrosis and apoptosis, tumefaction, and steatosis. In both organs, the
histological changes were quantified according to the frequency at which they
appeared (Huvos, Rosen, & Marcove, 1977). The panels of histology were obtained
with a slices scanner (Zeiss, Oberkochen, Germany).

3.2.7 Gene expression by gPCR (quantitative PCR analysis)

The expression of target genes for apoptosis, necroptosis, and angiogenesis
was assessed in tumor samples. RNA was isolated using TriZol reagent (Invitrogen) in 1
cm x 1 cm tumor samples. Complementary DNA (cDNA) was synthesized from 1 ug of
this RNA using High Capacity Ill enzyme (Qiagen) according to the manufacture’s
protocol. For quantitative polymerase chain reaction, we used 6 pl of SYBR Green
MasterMix (Applied Biosystems), 800 nM of specific primers after standardization, and
1 pl of cDNA (1:5 dilution) using StepOne Plus (Applied Biosystems). The analyses were
performed in triplicate. mRNA levels were determined for the pro-apoptotic proteins
p53 (p53) (5’-CCCCTGAAGACTGGATAACTG-3’ Forward Primer; 5-
ATTAGGTGACCCTGTCGCTG-3’ Reverse Primer), Bcl-2-associated protein (Bax) (5'-
AAACTGGTGCTCAAGGCCC-3’ Forward Primer; 5- GGGTCCCGAAGTAGGAAAGG-3’
Reverse Primer), and caspase-3 (5'-GGTATTGAGACAGACAGTGG-3' Forward Primer; 5'-
CATGGGATCTGTTTCTTTGC-3' Reverse Primer), the antiapoptotic protein B cell

lymphoma 2 (Bcl-2) (5- GACTGAGTACCTGAACCGGC-3’ Forward Primer; 5'-
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AGTTCCACAAAGGCATCCCAG — 3’ Reverse Primer), the angiogenic factor vascular
endothelial growth factor (Vegf) (5- AGA AAG CG? ATG AAG TGG TG -3’ Forward
Primer; 5- ACTCCAGGGCTTCATCATTG -3’ Reverse Primer), and the necroptotic
proteins  Rip-1  (5'-AGGTACAGGAGTTTGGTATGGGC-3' Forward Primer; 5'-
GGTGGTGCCAAGGAG ATGTATG-3' Reverse Primer), Rip-3 (5'-
TAGTTTATGAAATGCTGGACCGC-3' Forward Primer; 5'-GCCAAGGTGTCAGATGATGTCC-3'
Reverse Primer), and Mikl (5 -CCCGAGTTGTTGCAGGAGAT-3' Forward Primer; 5’ -
TCTCCAAGATTCCATCCGCAG-3’ Reverse Primer). In all of the analyses, glyceraldehyde
3-phosphate dehydrogenase (Gapdh) (5’- AACGACCCCTTCATTGAC -3’ Forward Primer;
5’- TCCACGACATACTCAGCAC-3’ Reverse Primer), was used as the housekeeper gene
control. The specific primers and sequences for the rat genes were prepared by
Invitrogen (Breda, The Netherlands; Sao Paulo, Brazil). Gene expression is reported as

the relative expression of mRNA.

3.2.8 Statistical analysis

The statistical analysis was performed using GraphPad Prism 6.0 software. The
data were analyzed using analysis of variance (ANOVA) and Tukey’s post hoc test. The
criterion for statistical significance was p < 0.05. The results are expressed as mean *

standard error of the mean (SEM).

3.3 RESULTS

3.3.1 Isolation and chemical analysis of the polysaccharide fraction

Wine polysaccharides from commercial bottles were concentrated and
precipitated with excess ethanol. The sediment was centrifuged, dialyzed against tap

water, and freeze-dried, giving the SFP (1.5 g/bottle). The monosaccharide
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composition of SFP was performed using NMR and GC-MS because of the presence of
uronic sugars and rare 2-O-Me-Fuc and 2-O-Me-Xyl (Table 1). 2-O-methyl substitution
was confirmed by electron ionization mass spectrometry, which identified key
fragments at m/z 117, 127, 159, 174, 234, and 261 (2-O-Me-Xyl) and m/z 117, 129,

160, 173, and 231 (2-O-Me-Fuc).

Table 1 - Monosaccharide composition of the red wine polysaccharides.

Fraction Method ?Monosaccharide %

Gal Ara Rha Man Glc 20MeXyl 20MeFuc GalA

SFP GC-MS 39.7 131 9.2 19.2 101 0.4 0.3 8.0*
NMR 38.0 145 93 163 111 nd Nd 9.0

®GC-MS analysis of alditol acetates. *GC-MS and Filisetti-Cozzi & Carpita (1991)
determination of uronic acids. Gal: galactose; Ara: arabinose; Rha: rhamnose; Man:

mannose; Glc: glucose; 20MeXyl: methylxylose; 20meFuc: methylfucose; Nd: Not detected.

3.3.1.1 NMRdata
The *H/™C HSQC spectrum of SFP (Fig. 1) showed a very complex anomeric

region, suggesting a complex mixture of polysaccharides in SFP. The glycosyl units of
SFP had typical signals of (1—3)-linked a-L-Araf units at 6 109.02/5.25 (C-1/H-1) and &
103.17/4.47, 102.7/4.51 (C-1/H-1), which were attributable to linked —3,6)-B-D-Galp-
(1—, —3)-B-D-Galp-(1—, and —3,6)-B-d-Galp-(1—, which corroborates substituted
units at 6 80.02/3.73 (C-3/H-3) and 69.17/3.93 (C-6/H6. (Cipriani et al., 2006, 2009a,
2009b; Dartora et al., 2013; Delgobo et al., 1998, 1999; Renard et al., 1997).

The signals at 6 99.77/5.12 (C-1/H-1), 16.29/1.26 (C-6/H-6), and 76.6/3.91 (C-
2/H-2) were consistent with (1—2)-linked a-L-Rhap units. The C-1/H-1 correlation at &
98.06/5.10 was identified as oa-D-GalpA (1—4)-linked and typical (C-3/H-3) at &

68.35/3.91. Methyl esters of galacturonic acid were detected at & 52.9/3.81,
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suggesting the presence of CO,CHs units (Ovodova et al., 2009; Popov et al., 2011;
Renard et al., 1997). The signals at 6 99.14/4.89, 99.22/5.09, and 99.09/5.06 are typical
of —2,6)-a-D-Manp-(1— C-1/H-1. Correlations at & 100.13/5.28, 101.87/5.04, and
101.87/5.13 are attributable to the non-reducing terminal of a-D-Manp-(1—2)
(Kobayashi et al., 1995; Vinogradov, Petersen, & Bock, 1998)(Vinogradov et al., 1998).
The signals at 8 99.46/5.38 and 95.9/4.55 were attributable to —4)-a-b-Glcp-(1— and

glucopyranosyl reducing ends, respectively.
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Figure 1 - ("H/™3C) HSQC spectrum in D,0. Chemical shifts expressed in ppm at 30°C. Glycosyl
units were labeled as follows: A (a-L-Araf); B (B-D-Galp); C (a-L-Rhap); D (a-D-GalpA); E (a-D-
Manp); F (a-D-Glcp).

3.3.2 SFP treatment reduced the tumor development

The tumor was visible on day 5 after Walker-256 cell inoculation. Therefore,
tumor volume measurements began at this time point. All of the SFP-treated groups

exhibited a reduction of tumor volume compared with the control group (Fig. 2A). This
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difference was statistically significant beginning on day 11 of treatment (p = 0.0033 for
SFP30, p = 0.0002 for SFP60) until the last experimental day (day 14). Both treatments
with SFP reduced tumor weight compared with the vehicle group (Fig. 2B). Tumors in
the MTX group grew significantly less (p = 0.0001) than the other tumor groups, mainly

because only two of seven animals developed a tumor mass during MTX treatment.
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Figure 2 - Tumor volume (A) and weight (B) of Walker-256 tumor bearing-rats treated with SFP
30 mg/kg (SFP30), SFP 60 mg/kg (SFP60), MTX (methotrexate) or Vehicle (Veh) during 14 days.
Each bar represents the mean * S.E.M. of 7-10 rats. In (A) every treatment is different
statistically of Vehicle group (p < 0.05) after the 11" day, analyzed by two-way ANOVA
followed by Tukey’s multiple comparisons test. In (B) the analysis was performed with one-way
ANOVA followed by Tukey’s multiple comparison teste. Symbols: * p < 0.05, ** p < 0.01, ****
p< 0.001 as compared to the Vehicle group.
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3.3.3 Plasma biochemistry

Several parameters were evaluated in plasma to determine the effects of SFP in
different organs. The results are shown in Table 2. Glycemia decreased by 65% in the
vehicle group, 54% in the SFP30 group, and 46% in the SFP60 group compared with the
naive group. Similar reductions were observed compared with the basal group. The
MTX group was the only one that exhibited recovery of glycemia, reaching values that
were similar to the naive group. The SFP30 and SFP60 groups also presented significant
differences compared with the MTX group.

Creatinine levels did not exceed reference values for the species and were
reduced only in the basal group. The plasma levels of AST in the vehicle group were
higher than in the other groups. Treatment with SFP partially recovered this change,
whereas the MTX group presented lower levels of AST. Plasma ALT levels were not
significantly different among groups.

The plasma level of amylase in the vehicle group was 54% lower than in the
naive group. Treatment with SFP partially recovered amylase levels, with reductions of
40% and 41% in the SFP30 and SFP60 groups, respectively. The lowest amylase level,

with a reduction of only 26%, was observed in the MTX group.

Table 2 - Plasmatic parameters evaluated in healthy and tumor-bearing rats.

Parameters Experimental Groups
Tumor
Naive Basal Veh SFP30 SFP60 MTX
Glucose 114.3+10.5 126.5+12.6 39.9 £ 4.5%# 52.9+6.4*%#x  62.0£10.1*#x 117.3+10.3°
(mg.dL?)
Creatinine 0.9 £0.02 0.5+0.1* 0.8 £0.02# 0.9+0.04 # 0.7 £ 0.05# 0.8+0.04 #

(mg.dL?)
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AST 103.9+6.2  128.8+419.7  296.7+1.5%# 197.9+20.7*  158.8+21.4° 101.9+10.2°
(u.Lh

ALT 60.3+6.8 56.4+2.2 39.2+4.0 40.7 +3.04 41.7+2.6 48.9+2.38
(uh

Amylase 866.2+33.6 767.3%31.1 398.2+49.5%# 516.3+31.8*# 508.1+65.8*"  633.5+36.5*

(u.Lh

Animals without tumor were treated with vehicle (Naive) or SFP 30 mg/kg (Basal); animals with tumor
were treated with vehicle (Veh), SFP 30 mg/kg or 60 mg/kg (SFP30 and SFP60, respectively), or MTX (2.5
mg/kg). The treatment lasted for 14 days, orally, once a day, for the groups Naive, Basal, Vehicle, SFP30
and SFP60, and intraperitoneally every 5 days for the group MTX. Values are expressed as mean + S.E.M
(n=5-9). Statistical comparison was performed using one-way ANOVA followed by Tukey’s test. Symbols:
p < 0.05, * when compared with Naive; when compared with Vehicle; # when compared with Basal; and

x when compared with tumor MTX group.

3.3.4 Hematological assays

Hematologic parameters were evaluated to verify the immunological activity of
SFP. The absolute lymphocyte count was reduced in tumor-bearing animals compared
with naive animals. The vehicle group exhibited an increase in granulocytes compared
with the naive group. The SFP60 and MTX groups had normal granulocytes compared
with the vehicle group. The monocyte count significantly increased in the vehicle group
and decreased in the SFP60 and MTX groups. These data are presented in Table 3, and
the relative cell values (%) are shown in Fig. 3 B, Cand D.

The NMLR reflects the relationship between hematological cells and the risk of
recurrence or survival in cancer patients. The optimal cut-off index is 1.2. Values > 1.2
represent high risk, and values < 1.2 represent low risk (Liao et al., 2016). An elevated
NMLR was observed in the vehicle group. The SFP60 and MTX groups had lower ratios
(Table 3). The other hematological parameters were not significantly different (data

not shown).
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Table 3 - Hematological parameters evaluated in healthy and tumor-bearing rats.

Parameters Experimental Groups
Tumor

Naive Basal Veh SFP30 SFP60 MTX
WBC 13.910.3 143+1.7 15.0+0.6 14.2£0.6 13.0£0.8 11.5+1.7°
(X 10°/pL)
Lymph# 10.3+0.3 9.0+£1.0 6.1+ 0.6* 8.8+0.5 9.2+0.8 87+1.0
X 10° /uL
Mon# 0.4+0.03 0.5+0.1 0.6+0.05* 0.4+0.03 0.3+0.03° 03+0.1°
X 10° /uL
Gran# 3.2+0.2 4.4+0.6 7.4 £0.8% 47+0.5 3.4+04° 3.3+09°
x10° /uL
NMLR 0.8 1.5° 4.3% 1.7° 1.2° 0.9°

Animals without tumor were treated with vehicle (Naive) or SFP 30 mg/kg (Basal); animals with tumor
were treated with vehicle (Veh), SFP 30 mg/kg or 60 mg/kg (SFP30 and SFP60, respectively), or MTX (2.5
mg/kg). The treatment lasted for 14 days, orally, once a day, for the groups Naive, Basal, Vehicle, SFP30
and SFP60, and intraperitoneally every 5 days, for the group MTX. WBC: total leukocyte count; Lymph#:
absolute lymphocyte; Mon#: absolute monocyte; Gran#: absolute granulocyte numbers; NMLR:
peripheral neutrophil-monocyte/lymphocyte ratio. Values are expressed as mean * S.E.M (n=5-9).
Statistical comparison was performed using one-way ANOVA followed by Tukey’s test. Symbols: p <
0.05, * when compared with Naive; when compared with Vehicle; # when compared with Basal; and x

when compared with tumor MTX group.

3.3.5 Inflammatory parameters in tumor tissue

Significant alterations in the blood lymphocyte count were observed. We then
evaluated other inflammatory parameters. The inflammatory parameters were
generally reduced in the treated groups compared with the vehicle group. The tumor
levels of NO significantly decreased in both the SFP30 and SFP60 groups compared
with the vehicle group (Fig. 3A). The enzymatic activity of MPO decreased by 37% in
the SFP60 group compared with the vehicle group (Fig. 3B). The activity of NAG also
decreased in both groups (39% in the SPF30 group and 44% in the SFP60 group)
compared with the vehicle group (Fig. 3C). Both treatments increased the tumor levels

of TNF-a compared with the vehicle group, reaching statistical significance in the
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SFP60 group (Fig. 3D). The relative lymphocyte count significantly increased in the
SFP60 group compared with the vehicle group (Fig. 3D). Specific inflammatory
parameters in the tumors were correlated with peripheral blood cells. The relative
blood granulocyte and monocyte counts decreased with SFP treatment in proportion
to the reduction of tumor levels of MPO and NAG. The lymphocyte count similarly

increased in proportion to the tumor levels of TNF-a (Fig. 3B-D, respectively).
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Figure 3 - Inflammatory parameters evaluated in tumor tissue of rats treated for 14 days with
Vehicle (Veh), SFP 30 mg/kg (SFP30) or SFP 60 mg/kg (SFP60): Nitrite (A), MPO (B), NAG (C) and
TNF- a (D). Values are expressed as mean = S.E.M (n = 5-7). The blood relative count (%) of
lymphocyte (D), granulocyte (B) and monocyte (C) are represented in %, since these cells are
responsible for the respective inflammatory mediators’ production. Statistical comparison was
performed using one-way ANOVA followed by Tukey’s test, and differences between groups
were considered when p < 0.05. Symbols: * when compared with Tumor Vehicle group.

3.3.6 Histological analysis of tumor and liver

Treatment with 30 and 60 mg/kg SFP induced a significant degree of tumor cell

death (67% and 85%, respectively) compared with the vehicle (37.5%). The higher dose
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of SFP (60 mg/kg) induced more coagulative necrosis (58%) than the vehicle (40%) in
tumor tissue. Interestingly, a lower number of cells that were undergoing apoptosis
and less lymphocytic infiltration were observed in tumor tissue in SFP-treated rats. We
did not observe suppurative necrosis, inflammatory infiltration, vascular plaques, or
vacuolization. Representative slices of tumor tissue are shown in Fig. 4. No significant

alterations were observed in liver tissue among groups (data not shown).
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Figure 4 — Histology of tumor tissue after 14 days of treatment with vehicle (A, D, G), SFP 30
mg/Kg (B,E, H) or SFP60 mg/Kg (C, F, 1), stained by HE. White area circled indicate viable tumor
cells, black area circled indicate areas of necrosis, in which empty spaces indicate areas of

death cells.

3.3.7 Gene expression in tumor

In agreement with the histological observations, no differences were observed
among groups in the expression of apoptosis-related genes, including Bcl-2, Bax, p53,
and Caspase-3, or the expression of Vegf (Supplementary Fig. S1). Significant

elevations of the mRNA expression of Rip1 and Rip3 were observed in tumor tissue in
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the SFP60 group (Fig. 5). Mikl expression was also upregulated but not significantly.
These results suggest that SFP stimulated tumor cells to undergo cell death by

necroptosis.
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Figure 5 — Gene expression of Rip1 (A), Rip3 (B) and MIkl (C) in tumor tissue of rats treated with vehicle
(Veh), SFP 30 mg/kg (SFP30) or SFP 60 mg/kg (SFP60) during 14 days. Values are expressed as mean +
S.E.M (n=5). Statistical comparison was performed using one-way ANOVA followed by Tukey's test, and
differences between groups were considered significant with p < 0.05. Symbols: * when compared with

Vehicle group.

3.4 DISCUSSION
The present study investigated the biological effects of SFP red wine independently
of polyphenols (i.e., its most studied compounds). Our results demonstrated an in vivo

antitumor effect of SFP from cabernet franc red wine. The structural characterization
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of SFP was performed based on GC-MS, two-dimensional NMR analysis, and data from
the literature on red wine polysaccharides (Doco, Quellec, Moutounet, & Pellerin,
1999; Doco, Williams, & Cheynier, 2007; Guadalupe & Ayestaran, 2007; P. Pellerin,
Vidal, Williams, & Brillouet, 1995; Patrice Pellerin et al., 1996). The monosaccharide
composition analysis revealed a complex mixture of polysaccharides, suggesting the
presence of arabinoglactans, mannans, and pectins, which could be composed of
rhamnogalacturonans | and Il because of the presence of the rare sugars 2-O-Me-Xyl
and 2-O-Me-Fuc. We also detected glucose, which could belong to a glucan, suggesting
a possible dextrin through the fermentation process by yeast. The interpretation of the
NMR data together with the monosaccharide composition was very accurate in the
HsQC (*H/*C) experiment, in which many superimposed peaks on one-dimensional
NMR of *H and C spectra were resolved by this technique. The 'H/%C HSQC of SFP
showed key NMR crosspeaks that were fingerprints for type Il arabinogalactans,
indicated by signals at 8 109.02/5.25 (1—3)-linked a-L-Araf units and at 6 103.17/4.47
and 102.7/4.51 for —3,6)-B-D-Galp, which was confirmed by O-substitution at &
80.02/3.73 (C-3/H-3) and & 69.17/3.93 (C-6/H6). The same analysis was performed to
detect type | rhamnogalacturonan, which showed key crosspeaks at 6 99.77/5.12 and
76.6/3.91 (C-2/H-2) of (1—>2)-linked a-L-Rhap units and a-D-GalpA (1—4) linkages at &
98.06/5.10, which could also be esterified due to the signal at & 52.9/3.81. The
presence of mannans was expected because yeasts are involved in wine production.
Therefore, we looked for classic yeast —2,6)-a-mannans-(1— units at 6 99.14/4.89,
99.22/5.09, and 99.09/5.06 and for terminal a-b-Manp-(1—2 units at 6 100.13/5.28,
101.87/5.04, and 101.87/5.13. The signal at 6 99.46/5.38 was attributable to —4)-a-D-

Glcp-(1— linkages, suggesting a glycogen-like glucan, which may also be produced by
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yeast as previously reported (Bittencourt et al., 2006; Burjack et al., 2014; Doco et al.,
1999, 2007; Guadalupe & Ayestaran, 2007; P. Pellerin et al., 1995; Patrice Pellerin et
al., 1996).

Interestingly, the findings regarding the red wine polysaccharide composition were
different from those that were obtained directly from grapes. Thus, the biological
effects of SFP were evaluated in vivo to investigate antineoplastic and systemic
activity. Walker-256 tumor-bearing rats (vehicle) presented significant reductions of
plasma amylase and glucose (54% and 65%, respectively) compared with the naive
group. The high demand for glucose by the tumor, a feature of cachexia syndrome
(Acco, Bastos-Pereira, & Dreifuss, 2012), is the reason for such a reduction of glycemia.
Despite the SFP had not reversed completely the hypoglycemia, it demonstrated a
tendency to increase these parameters modified by the presence of solid tumor.
However, glycemia levels in SFP-treated animals were lower than the reference values
for Sprague-Dawley rats (90-201 mg/dl; (Petterino & Argentino-Storino, 2006). The
MTX-treated animals (positive control) presented biochemical parameters that were
similar to naive rats. These results were not surprising for two reasons. First, only two
animals in the MTX group developed tumors. Second, treatment was given for only 14
days. The toxicity of MTX is known to occur after 30 days of treatment (Moghadam et
al., 2015), manifested by increases in the levels of ALT, AST, ALP, and bilirubin and
decreases in albumin and antioxidant defenses in hepatocytes, leading to
hepatotoxicity.

Walker-256 cell tumors induce hepatic and metabolic alterations (Acco, Da Rocha
Alves Da Silva, Batista, Yamamoto, & Bracht, 2007; Vicentino, Constantin, Aparecido

Stecanella, Bracht, & Yamamoto, 2002). We evaluated biomarkers of liver function in
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the presence of SFP treatment. The activity of plasma AST was elevated 2.8-fold in
tumor-bearing rats compared with naive rats, and treatment with 60 mg/kg SFP
normalized this alteration. The enzyme AST is present in hepatic mitochondria in high
concentrations and also in skeletal and cardiac muscles (Montanha, Fredianelli,
Wagner, & Sacco, 2014). Elevations of plasma AST levels can occur for several reasons.
The lower levels of AST in SFP-treated animals could be related to less damage in those
tissues. No differences in ALT levels were observed among groups. Our data
corroborate Galuppo et al. (2015). These authors also found elevations of plasma AST
but not of ALT in Walker-256 tumor-bearing rats.

In addition to the alterations in plasma parameters, SFP also impacted the
tumor microenvironment. SFP significantly reduced the enzymatic activity of MPO and
NAG, biomarkers of the presence of neutrophil-granulocytes and monocytes,
respectively. In fact, our histological analysis did not reveal the presence of
inflammatory cells in the tumor. Interestingly, the reductions of both MPO and NAG
correlated with reductions of blood granulocytes and monocytes in SFP-treated
animals. The influence of inflammation on tumor development was previously
reported in mice with mammary tumors associated with a subcutaneous implant of
polyether-polyurethane to stimulate the inflammatory process (Rodrigues Viana et al.,
2015). In this previous study, the activity of MPO and NAG was higher in tumors from
mice that were stimulated with the implant, accompanied by an increase in the rate of
tumor growth. Our data corroborate previous findings (Mantovani et al., 2008;
Rodrigues Viana et al., 2015). We observed fewer inflammatory cells, such as activated
macrophages and neutrophils, in the tumor microenvironment, with less activity of

MPO and NAG and a slower rate of tumor growth.
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Another inflammatory parameter that was modified by both doses of SFP was NO
in tumor tissue. Low concentrations of NO are involved in physiological process. An
increase in NO production has been implicated in pathological conditions (Costa et al.,
2003). The production of NO is linked to the activation of macrophages and
monocytes. Thus, it is present in inflammatory and infectious diseases (MacMicking,
Xie, & Nathan, 1997; Nathan & Hibbs, 1991). In the present study, the reduction of NO
coincided with reductions of inflammatory cells in tumor tissue and blood in SFP-
treated animals. In contrast, blood lymphocytes were increased by SFP treatment,
which may be an effect of rhamnogalacturonan Il that is present in SFP.
Rhamnogalacturonan Il or arabinogactan can induce lymphocyte proliferation (Park et
al., 2013; Yang, Hsieh, Lu, & Lin, 2014). The overall results concerning inflammatory
cells and mediators indicate that SFP has important immunomodulatory activity that
may initiate the necroptosis pathway and result in tumor cell death. The tumor levels
of TNF-a increased 3-fold with treatment with the higher dose of SFP. SFP may have
stimulated the production of this cytokine by Walker-256 cells. The production of TNF-
o and other cytokines has previously been demonstrated in these cells (De Almeida
Salles Perroud et al., 2006). Another possibility is that higher TNF-a levels can originate
from lymphocytes, the number of which was elevated in blood in animals that received
polysaccharide treatment in a previous study (Park et al., 2013).

TNF-a is a factor that can trigger the necroptosis pathway, in addition to T cell
receptors, interferons, Toll-like receptors, and antineoplastic agents (Pasparakis &
Vandenabeele, 2015; Su, Yang, Xu, Chen, & Yu, 2015). Necroptotic signaling involves
the activation of RIP-1, RIP-3, and MLKL (i.e., three factors that form the so-called

necrosome, which is active when caspases are inactive or inhibited; Liu et al., 2016).
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The necrosome, together with other factors, migrates to the cellular membrane to
cause its rupture and leakage, leading to cell death (Liu et al., 2016). In addition to the
elevation of TNF-a, SFP increased the mRNA expression of Rip-1, Rip-3, and MIkl in
tumor tissue, whereas the expression of Caspase-3 did not change. These results
suggest that apoptosis was not the main cause of cell death. The histopathological
analysis of tumor tissue from animals that received SFP treatment showed a high
degree of necrosis. The tumors that presented intense necrosis also had higher
expression of Rip-1, Rip-3, and MIkl, suggesting that the antineoplastic effect of SFP
may be attributable to activation of the necroptosis pathway. Necroptosis has been
considered an important therapeutic strategy against cancer, mainly for tumor cells
that are resistant to apoptosis (Su, Yang, Xie, Dewitt, & Chen, 2016).

In conclusion, the present study demonstrated the antineoplastic effect of SFP
from cabernet franc red wine. Our data corroborate previous reports that suggested
antitumor effects of isolated polysaccharides that are present in SFP, such as
rhamnogalacturonan (Mueller & Anderer, 1990; Park et al., 2013) and arabinogalactan
(Shah et al., 2014). The mechanism of cell death appears to involve immune and
inflammatory modulation, an increase in TNF-a production, and activation of the
necroptosis pathway. Thus, SFP may be a potential therapy for cancers that are
modulated by immune/inflammatory processes. Future studies that employ different
protocols and evaluating possible associations between SPF and other

chemotherapeutic agents are encouraged.
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Supplementary figure 1 - Gene expression of p53 (A), Bax (B), Bcl-2 (C), Caspase-3 (D) and
Vegf (E) in tumor tissue of rats treated with vehicle (Veh), SFP 30 mg/kg (SFP30) or SFP 60
mg/kg (SFP60) during 14 days. Values are expressed as mean + S.E.M (n=5). Statistical
comparison was performed using one-way ANOVA followed by Tukey's test, and differences
between groups were considered significant with p < 0.05. No statistic differences were

observed.
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4 CONSIDERAGOES FINAIS

O presente estudo demonstrou o efeito antitumoral, frente ao carcinossarcoma
Walker-256, da fracdo soluvel de polissacarideos de vinho tinto, composta
principalmente por  arabinogalactanas, mananas e pectinas, = como
raminogalacturonanas tipo | e Il. A SFP induziu a expressiva redu¢do do volume e do
peso tumoral. O efeito encontrado é, pelo menos em parte, devido a modulacao
inflamatdria no microambiente tumoral, associada a estimulagdo de morte celular por
necroptose, uma morte celular programada independente de caspases, e ativada por
proteinas RIP1 e RIP3. A SPF quando administrada nas doses de 30 e 60 mg/kg a ratos
higidos (sem tumor) ndo induziu altera¢Ges significativas, demonstrando auséncia de
toxicidade.

Assim, a SFP parece promissora como terapia antitumoral, sem induzir
toxicidade sistémica. Novos estudos devem ser encorajados para avaliar seu efeito em
longo prazo, em outros modelos de tumor, e sua eficdcia quando associada a outros

agentes anticancerigenos.
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