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RESUMO

O cancer oral é o tipo mais comum de cancer de cabeca e pescoco e o seu alto indice de
mortalidade e morbidade estd intimamente relacionado com os processos de
angiogénese e metastase. A superexpressao do fator induzivel por hipéxia - HIF1-a -, do
fator de crescimento endotelial vascular — VEGF - e da quinase associada a proteina Rho
- ROCK1 - estao relacionados com prognostico desfavoravel em carcinoma oral. A
melatonina apresenta propriedades oncostéaticas, antiangiogénicas e antimetastaticas em
varios tipos de neoplasias, no entanto, a sua agao no cancer oral € pouco explorada. O
presente trabalho teve por objetivo analisara expressao dos genes nos processos de
angiogénese e metastase em linhagens de carcinoma epidermdéide de lingua, apds
tratamento com melatonina. As linhagens SCC4, SCC9, SCC15 e SCC25 foram testadas,
e as linhagens SCC9 e SCC25 foram selecionadas para este trabalho. A acdo da
melatonina foi verificada em condi¢cdes de normoxia e hipdxia por qRT-PCR quantitativa e
por imunocitoquimica, na expressao génica e proteica de HIF1-a, VEGF e ROCK1. Os
resultados demonstraram que houve diminuicdo da viabilidade celular em ambas as
linhagens apds o tratamento com melatonina. A analise génica mostrou a inibicao da
expressao dos genes proangiogénicos HIF1-a (P < 0,001) e VEGF (P < 0,001) em
condi¢cdes de hipoxia, e do gene prometastatico ROCK1 (P < 0,0001) na linhagem SCC9,
apds tratamento com 1 mM de melatonina. A andlise imunocitoquimica confirmou os
dados de expressao génica, validando os resultados de gRT-PCR quantitativa da
linhagem SCC9. O tratamento com melatonina ndo demonstrou inibicdo da expressao
dos genes HIF-1a, VEGF e ROCK1 na linhagem SCC25, a qual apresenta caracteristicas
moleculares diferenciadas e um grau de malignidade maior quando comparada a
linhagem SCC9. Em conclusdo a melatonina reduziu a viabilidade celular na linhagem
SCC25 e inibe a expressado dos genes HIF1-a, VEGF e ROCK1 na linhagem SCC9. A
potencial agao terapéutica da melatonina nestes subtipos de carcinoma oral podera ser

confirmada em outros estudos.

Palavras-chave: cancer oral, linhagem celular, VEGF, HIF1-a, ROCK1, melatonina



ABSTRACT

Oral cancer is the most common type of cancer of the head and neck and its high
mortality and morbidity is closely related to the processes of angiogenesis and
metastasis. Overexpression of Hypoxia-inducible factor 1-alpha - HIF1 — a -, Vascular
Endothelial Growth Factor — VEGF - and Rho-associated serine-threonine protein
kinase - ROCK1 - are related to poor prognosis in oral carcinoma. Melatonin has
oncostatics, antiangiogenic and antimetastatics properties in several types of cancer,
however, its action in oral cancer is underexplored This study aimed to analyze the
expression of genes in the process of angiogenesis and metastasis in squamous cell
carcinoma cell lines of tongue after treatment with melatonin. The lines SCC4, SCC9,
SCC15 and SCC25 were tested, and the lines SCC9 and SCC25 were selected for this
study. The action of melatonin was observed under conditions of normoxia and hypoxia
by quantitative gRT-PCR and immunocytochemistry in gene and protein expression of
HIF1 - o, VEGF and ROCK1. The results showed that there was a decrease in cell
viability in SCC25 strains after the treatment with melatonin. The analysis showed the
inhibition of gene expression of proangiogenics genes HIF1 - a (P < 0.001) and VEGF
(p <0.001) under hypoxic conditions and prometastatic gene ROCK1 (P < 0.0001) in
the line SCC9 , after treatment with 1 mM melatonin. The immunocytochemistry
analysis confirmed the gene expression data, validating the results of quantitative qRT-
PCR of lineage SCC9. Treatment with melatonin did not show inhibition of the
expression of HIF- 1a , VEGF and ROCKT in the line SCC25, which has different
molecular characteristics and degree of malignancy greater when compared to the line
SCC9. In conclusion melatonin affects cell viability in the strains SCC9 and SCC25 and
inhibits gene expression of HIFT - a, VEGF and ROCK1 in the line SCC9. The potential
therapeutic effect of melatonin in these subtypes of oral cancer can be confirmed in
other studies .

Keywords : oral cancer, cell line , VEGF, HIF1 - a, ROCKT , melatonin.
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Introducdo

1 — INTRODUCAO

O cancer oral é o tipo mais comum de cancer de cabecga e pescogo, com
incidéncia anual de aproximadamente 300.000 novos casos, sendo mais
prevalente em homens (KADEMANI, 2007). Dentre todos os tipos de cancer
oral, o carcinoma epidermoide bucal (CEB) representa 90% a 95% dos casos
(ANIS; GABALLAH, 2013). No Brasil, 14.000 novos casos sdo diagnosticados
todo ano (INCA, 2012).

Os fatores de risco envolvidos em seu desenvolvimento sao
principalmente o consumo de tabaco e/ou alcool (TANG et al., 2013).

Os principais métodos de tratamento do CEB sao a radioterapia e a
quimioterapia, apos tratamento cirargico (HUNG et al., 2013). As lesGes
avangadas geralmente ndo sao dolorosas quando afetam a parte lateral e
ventral da lingua e a regido posterior da orofaringe. Pelo fato das lesdes serem
mais prevalentes nestas areas de dificil visualizacao, o diagnostico escapa da
deteccao precoce, 0 que determina a intervencao cirurgica agressiva, seguida
de quimioterapia e radioterapia para estabelecer o controle local (ZHOU et al.,
2012).

Apesar dos avancos nas abordagens terapéuticas, o indice de sobrevida
de 5 anos do CEB permanece por volta de 50% (CHIN et al., 2006). Pozzi et al.
(2013) relatam que a sobrevida, de forma geral, ndo melhorou de forma
significativa nas ultimas trés décadas e que a elevada mortalidade pelo CEB é
atribuida ao diagnoéstico tardio e a ocorréncia de metastase linfonodal,
desfavorecendo o prognostico de pacientes com este tipo de cancer. As
metastases regionais no CEB sao prevalentes em pelo menos 30% dos casos
(ANIS; GABALLAH, 2013).

A sobrevida de pacientes com CEB apds a terapia cirdrgica tem sido
correlacionada ao tamanho do tumor, a presenca de metastase linfonodal, ao
estagio do tumor e sua diferenciacao celular. Ainda nao existe na literatura uma
posicao definida quanto a sobrevivéncia em pacientes pds-radioterapia e pos-
quimioterapia (TANG et al., 2013).

A recidiva ocorre em 10% a 30% dos pacientes com tumores com
margens cirargicas livres, verificadas por exame histopatolégico. A ocorréncia

de um segundo tumor primario é de 10% a 35%, dependendo da localizacao do
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primeiro tumor primario e da idade dos pacientes com CEB (CANKOVIC et al.,
2013). Os pacientes com neoplasias de cabeca e pescoco podem desenvolver
lesbes multiplas em diferentes sitios anatdmicos, estando esse padrédo
multifocal de acordo com o modelo proposto por Slaughter et. al. (1953)
denominado “cancerizacdo de campo”. Esse modelo baseia-se na exposicao
repetida de um campo aos mesmos fatores de risco, como 0s carcinbgenos
presentes no alcool e no tabaco, levando ao desenvolvimento de lesées

independentes.

1.1. A hipoxia e a expressao génica do HIF-1la e VEGF, a
angiogénese e o progndstico do carcinoma epidermoide oral

O crescimento e progressao tumoral, assim como o desenvolvimento de
metastases, dependem da angiogénese, processo de formacdo de novos
vasos sanguineos a partir da proliferacdo e migracao de células endoteliais
preexistentes (CAO et al., 2005; AL-DISSI et al., 2010; AMBASTA et al., 2011;
FINLEY et al.,, 2013). Os vasos sanguineos sao indispensaveis para o
desenvolvimento de tumores sélidos, ndo s6 para o fornecimento de oxigénio e
nutrientes, mas também para a retirada do gas carbdnico (CO,) e dos residuos
metabdlicos, além de servirem como um importante caminho para as células
malignas migrarem para outros tecidos, possibilitando o desenvolvimento de
um segundo tumor primario (Zhang et al., 2010; Liu et al., 2013).

Na auséncia de oxigénio, glicose e neovasculogénese adequada, os
tumores ndo podem crescer além de uma dimens&o critica e promover a
disseminagao metastatica (CARMELIET; JAIN, 2000). No entanto, uma vez que
o tumor excede alguns milimetros de didmetro, a hipdxia no microambiente
tumoral desencadeia uma cascata de eventos, induzindo a vascularizagao e
crescimento tumoral (LEE et. al., 2007).

A hipdxia é caracterizada pela reducao dos niveis fisiol6gicos normais de
oxigénio nos tecidos, podendo ocorrer durante o desenvolvimento de doenca
vascular aguda ou crdénica, doengas pulmonares e do cancer (HARRIS, 2002).

Duas principais condicdes de hipdxia sao conhecidas. A primeira,
denominada hipéxia crbnica ou difusdo-limitada ocorre devido a proliferacao
descontrolada das células e crescimento rapido do tumor resultando em
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distancias longas de difusdo de oxigénio do vaso sanguineo mais proximo
(CARMELIET; JAIN, 2000; HARRIS, 2002; VORDERMARK, 2010), e a
segunda, conhecida como hipdxia aguda, é caracterizada pela estrutura cadtica
dos novos vasos sanguineos formados resultando na perfusao inadequada em
parte do tecido (CARMELIET; JAIN, 2000; HARRIS, 2002; MILANI; HARRIS,
2008).

A hipdxia é tdxica tanto para as células normais quanto para as tumorais
e de acordo com sua gravidade, pode promover apoptose ou pelo contrario,
impedir a morte celular, desencadeando uma série de respostas biolégicas,
levando a proliferacdo das células e ao crescimento do tumor, contribuindo
para um comportamento tumoral mais agressivo (FLAMANT et al, 2010).
Diferente das células normais, para manter a sobrevivéncia em situacoes de
hipdxia, as células tumorais tém como caracteristica comum a capacidade de
promover alteragdes em sua funcionalidade, tornando-se resistentes a
apoptose, sendo capaz de induzir sua propria vascularizagdo iniciando o
processo de angiogénese (LEE et al., 2007).

Além disso, em condicdes de hipdxia, essas células iniciam mecanismos
adaptativos, como alteracdo do metabolismo, a producao e liberagédo de fatores
de crescimento como o fator de crescimento vascular endotelial (VEGF) e a
ativacao de fatores induzidos por hipoxia (HIFs) envolvidos no processo de
angiogénese (KALLERGI et al., 2009; RUAN et al., 2009; HIGASHIMURA et al.,
2011). Dessa forma, a hipdxia desempenha um importante papel na modulacao
da angiogénese tumoral e esta relacionada com o aumento da agressividade
tumoral (MILANI et al., 2008). Do ponto de vista clinico, a hipoxia das células
tumorais € um conhecido fator prognéstico adverso ao tratamento do cancer,
tanto para radioterapia quanto para a quimioterapia (DACHS et al., 2010).

O processo de angiogénese € regulado pelo equilibrio entre inimeros
fatores pré e antiangiogénicos (TANG et al., 2013). Em processos patologicos
como no desenvolvimento do cancer, ocorre um desequilibrio entre esses
fatores, sendo que um dos principais fatores proangiogénicos especificos para
o endotélio vascular e mediador do processo de angiogénese € o VEGF
(SEMENZA, 2002; KIM et al., 2004; SHIN et al., 2013; TANG et al., 2013).

O gene VEGF promove angiogénese através de sua capacidade de

regular a permeabilidade vascular, estimular o crescimento, migracéo e invasao
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das células endoteliais. Esse fator pertence a familia de fatores de crescimento
derivados de plaquetas e foi originalmente referido como fator de
permeabilidade vascular. E uma glicoproteina homodimérica que possui varias
isoformas descritas nos mamiferos, denominadas VEGF-A, VEGF-B, VEGF-C,
VEGF-D e fator de crescimento placentario (PLGF). Entre estes, o VEGF-A é o
mais amplamente estudado e melhor descrito na literatura (SENGER et al.,
1983).

Varios tipos de células, tais como as células endoteliais, células
musculares lisas, fibroblastos e células imunitarias (macréfagos, linfécitos,
neutroéfilos e eosinofilos), podem produzir e liberar o VEGF (AZZI et al., 2013),
que atua tanto de forma autécrina como paracrina. Além disso, no tecido
tumoral, as células do tumor constituem uma fonte importante de VEGF
(FOLKMAN, 2006). A sinalizacao autdcrina e paracrina mediada pelo VEGF e
seus receptores contribuem para o aumento da proliferacdo de células
cancerosas (SYED KHAJA et al., 2013).

O VEGF apresenta sinalizacao intracelular mediada por trés receptores
de tirosina-quinase, denominados VEGF-R1, VEGF-R2 e VEGF-R3, bem como
alguns correceptores, como as neuropilinas. A ligacdo do ligante aos seus
receptores induz a sua dimerizagao, autofosforilagéo, e a transducao do sinal
subsequente (WALTENBERGER et al., 1994).

O VEGF-A se liga a dois receptores especificos, o VEGR-1 e o VEGFR-
2 enquanto o VEGF-B e PLGF sao reconhecidos apenas pelo receptor
VEGFR-1. O VEGF-C e VEGF-D se ligam ao VEGR-2 e também sao
reconhecidos pelo VEGFR-3 (Figura 1) (RAHIMI, 2012). O VEGF-A e o VEGF-
B sédo os mais importantes reguladores do processo de angiogénese, enquanto
o VEGF-C e VEGF-D estao especificamente envolvidos na linfoangiogénese
(MILLANTA et al., 2006; BRITO et al., 2011).
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Figura 1. Esquema da ligacdo entre as isoformas do fator de crescimento endotelial vascular -
VEGF - e seus receptores. Adaptado de RUIZ DE ALMODOVAR et al., 2009.

Apesar do VEGF-A interagir com o VEGF-R1 e VEGF-R2, apenas o
VEGF-R2 esta diretamente envolvido na permeabilidade vascular normal e
patolégica (OLSSON et al., 2006). O gene VEGF-R1 é descrito como um
regulador da sinalizacdo de VEGF-R2, podendo regular indiretamente a
permeabilidade vascular (AZZl et al., 2013). A ligagédo entre o VEGF-A e o
VEGFR-2 esta associada a proliferacdo das células tumorais, sendo a ativacao
do VEGFR-2 considerada o mais importante passo do processo de
angiogénese (REINMUTH et al, 2001; SEMENZA, 2002; BERGERS;
BENJAMIN, 2003; GERHARDT; BETSHOLTZ, 2003; KIM et al., 2004;
PRADEEP, 2005; MILKIEWICZ et al, 2006; MILLANTA et al., 2006;
STEFANINI et al., 2008; RUIZ DE ALMODOVAR et al., 2009; AL-DISSI et al.,
2010; FERRARA, 2010; PARK et al., 2010; ZHANG et al., 2010; BRITO et al.,
2011; CHERESH, 2011; PANDE et al., 2011; HILMI et al., 2012; RAHIMI, 2012;
CAPPELLARI; COSSU, 2013; CLINKARD et al., 2013; FINLEY et al., 2013;
LIU; OUYANG, 2013; WEIS; TANG et al., 2013).

O VEGF é superexpresso no estroma celular de tumores, bem como em
células de cancer renal, cancer de pulmao, cancer de mama e cancer de ovario

(SYED KHAJA et al., 2013). Recentemente, existem diversos estudos sobre a
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expressao de VEGF em células tumorais no carcinoma da cavidade oral ou de
cabeca e pescoco de células escamosas e em outros tumores malignos
(STINGA et al., 2011). Em células tumorais de CEB, o VEGFR1 e VEGFR2
apresentam maior expressao no interior do tumor, e estao correlacionados com
parametros clinico-patolégicos, tais como localizacdo, grau e diferenciagao
celular. Estes dados sugerem que a sinalizacdo de VEGFR1 e VEGFR2 pode
ndao s6 mediar a neovascularizacdo associada com a progressdao do tumor,
mas também contribuir diretamente para a estimulacao e regulacao das células
de carcinoma oral por meio de mecanismos autécrinos e/ou paracrinos
(STINGA et al., 2011).

A expressao do VEGF nas células do cancer esta sob o controle do fator
induzivel por hipéxia - 1 (HIF-1), que é um fator de transcricdo induzido sob
hipoxia e que nestas condicdes, migra do citoplasma para o nucleo das células,
ligando-se a elementos de resposta a hipdxia, conduzindo a expressao de
genes, principalmente o VEGF (KALLERGI et al., 2009; BRITO et al., 2011;
SHIN et al., 2013).

O complexo transcricional HIF-1 é composto por dois polipeptidios: as
subunidades a e B. Enquanto a subunidade 3 é expressa constitutivamente, a
atividade de HIF-1 é regulada de forma pés-transcricional pelas subunidades a,
que sao estabilizadas ou degradadas em condi¢des de baixa ou alta tensao de
oxigénio, respectivamente (ZHOU et al., 2012). Em situagbes normais de
oxigénio, o HIF-1a é reconhecido pela proteina supressora tumoral Von Hippel-
Lindau (pVHL), ubiquitinizado e ao final sofre degradagdo proteossomal. No
entanto, em situacbes de hipdxia, o pVHL se liga ao 6xido nitrico e o HIF-1a
nao é reconhecido. Nesse caso, o HIF-1a é ativado e induz a expressao de
genes de resposta a hipbxia, como o VEGF, que por sua vez estimula o
processo de angiogénese (Figura 2) (SEMENZA et al.,, 2002; MIMEAULT;
BATRA, 2013; LI et al., 2003; TUNG et al., 2013).
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Figura 2. Ativagdo do fator induzivel por hipéxia - HIF-1a - em situagées de hipéxia e em

condi¢des normais de oxigénio (norméxia). Adaptado de RAHIMI, 2012.

Como um fator de transcricdo, o HIF-1a regula genes que estado
envolvidos na formacdo do tumor, no metabolismo, na angiogénese, na
expressdao de oncogenes que regulam a metastase e entre outros fatores
envolvidos na doenga (WEI et al.,, 2013). No entanto, sua relagdo com a
progressao e resposta ao tratamento de tumores em cancer de cabega e
pescoco ainda é pouco compreendida (DOS SANTOS et al., 2012).

Estudos tém evidenciado que a superexpressao de HIF-1a (LIU et al.,
2008; ECKERT et al., 2012) e VEGF (NARUSE et al., 2011; ZHAOQO et al., 2013)
correlacionam-se com progressao tumoral e prognéstico desfavoravel em
carcinoma oral. Uma vez que o carcinoma oral € um tumor localmente
agressivo que apresenta grandes areas de necrose, 0s niveis de hipéxia sao
muito altos, o que favorece o desenvolvimento de resisténcia a drogas e a
baixa resposta a quimioterapia (PEREZ-SAYANS et al., 2011). A invaséo local
e metastase em linfonodos cervicais e mais tardiamente para outros 6rgaos
como pulmao, ossos e figado, também sao eventos frequentes no carcinoma

oral e contribuem para o seu prognoéstico ruim (ISLAN et al., 2013).
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No CEB, os altos niveis da subunidade HIF-1a estdo correlacionados
com o pior prognostico, reducao da sobrevida e progressdo tumoral, com
crescimento da lesao primaria e da metastase linfonodal. O HIF-1a também é
abundante na maioria dos pacientes com carcinoma de células epiderméide da
orofaringe e também correlacionado a menor taxa de remissdao, maior
incidéncia de metastases linfaticas, e menor sobrevida (ZHOU et al., 2012).

A angiogénese e a reconfiguracao da vascularizacdo pré-existente séo
essenciais para o crescimento de tumores e metastases. O aumento da
vascularizacdo do tumor pode denotar um pior prognéstico para os pacientes,
em varios tipos de carcinomas (AL-GREENE et al., 2013). O papel dos fatores
proangiogénicos nas neoplasias tem recebido uma atencdo crescente nos
ultimos tempos, uma vez que pode ser utilizada como indicador de progndstico
para a progressdao de tumores e metastases. Também pode ser relacionada
como um segundo alvo para terapia antineoplasica, ao invés da inibicdo da
célula tumoral direta (KAPOOR; DESHMUCK, 2012).

1.2. A expressao génica de ROCK-1, a metastase e o carcinoma
oral epidermdéide

A metastase é um processo de varios estagios e se caracteriza por uma
série de alteragdes fenotipicas e bioquimicas, incluindo a alteragcao da
expressao génica, angiogénese, linfagiogénese, motilidade e alteracbes
morfolégicas celulares (STEEG; THEODORESCU, 2008).

Os passos mais criticos da metastase sdo a migragao e invasao celular
que colaboram com a malignidade do tumor. Células metastaticas sao
altamente migratérias e invasivas por terem um citoesqueleto mal estruturado,
facilitando a organizagao dindmica que permite o movimento celular, além de
pouca adesao ao seu substrato (ORTIZ-LOPEZ et al., 2009). A remodelagéo do
citoesqueleto de actina e todo o processo de movimentacdo celular sao
regulados por pequenas GTPases da familia Rho, principalmente RhoA, RhoC,
Cdc42 e Rac (KOSLA et al., 2013).

As proteinas quinases associadas a Rho 1 e 2 (ROCK-1 e ROCK1-2)
pertencem a uma familia de quinases serina/treonina, efetoras das GTPases
Rho A, B e C. Essas duas isoformas (ROCK-1 e ROCK-2) foram identificadas
na proporcao de 64% e 79% em relagdo a identidade da sequéncia e
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similaridade global, respectivamente. Além disso, possuem 92% de identidade
e 97% de semelhanca nos seus dominios quinase (SHI et al., 2007; PATEL et
al., 2013).

As duas isoformas sao distribuidas de forma diferente nos tecidos
organicos. A ROCK-1 é expressa no pulmao, figado, estbmago, baco, rim e
testiculos, enquanto a ROCK-2 é altamente expressa no cérebro, coracdo e
musculos (PIREDDU et al., 2012). Apesar de pouco ser conhecido sobre suas
diferengas funcionais (PIREDDU et al., 2012), estudos tém demonstrado que
as duas isoformas ROCK tém fungbes distintas (MORGAN-FISHER et al.,,
2013).

A expressdao de ROCK-1 €& necessaria para muitos processos
dependentes do citoesqueleto, incluindo a adeséo celular, motilidade e
fagocitose. Como reguladores de tais processos celulares, ROCK-1 é um
agente importante na contratilidade do musculo liso e no desenvolvimento e
regeneracao neuronal (WANG et al., 2009).

O modelo Rho/ROCK-1 é um dos principais reguladores do
citoesqueleto de actina e sua desregulacédo relaciona-se com o aumento da
motilidade e invasibilidade das células neoplasicas, contribuindo para o
comportamento metastatico de alguns tipos de tumores, como cancer de
pancreas (KANEKO et al., 2002), de bexiga (KAMAI et al., 2003), de mama
(RAVIRAJ et al.,, 2012) e de pulmao (VIGIL et al., 2012). Estudos tém
evidenciado que a superexpressao de proteinas ROCK-1 em tecido tumoral
estd associada com prognostico desfavoravel e redugdo da sobrevida de
pacientes com cancer de mama (LANE et al., 2008; LIU et al., 2009; RAVIRAJ
et al., 2012).

O trabalho de He et al. (2010) mostrou ainda que o gene VEGF pode
aumentar as concentracbes de ROCK-1 no cancer de colo de utero.
Demonstrou-se neste estudo que VEGF-C pode ativar a cascata de ativacao do
RhoA/ROCK1-2 em células de cancer do colo do utero, conduzindo a migracao

e invasao celular.
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1.3. A melatonina

A melatonina  (N-acetil-5-metoxitriptamina), um  neuro-hormdnio
pertencente ao grupo das indolaminas, € uma molécula altamente conservada
evolutivamente, apresentando fungdes decorrentes de sua producdo noturna
em todos 0s grupos de seres vivos, desde organismos unicelulares até o
homem (TAMURA, 2009).

Este hormbnio é produzido na glandula pineal e secretado na corrente
sanguinea (WANG et al., 2012). A glandula pineal é considerada o principal
6rgao produtor de melatonina, mas diversos outros tecidos ou células, incluindo
os macréfagos e mondcitos, possuem a capacidade de produzi-la (WANG et
al., 2012).

A melatonina é sintetizada a partir do aminoacido triptofano que é
capturado da circulacéo e transformado em 5-hidroxitriptofano (5-HTP) através
da acdao da enzima triptofano hidroxilase 1 (TPH1), cuja atividade esta
aumentada em duas vezes na fase escuro. O 5-HTP, dexcarboxilado pela
enzima 5-HTP descarboxilase, gera a serotonina, que € metabolizada durante
a fase de escuro a N-acetilserotonina (NAS) pela agdo da enzima
arilalquilamina N-acetiltransferase (AA-NAT). Posteriormente a NAS é utilizada
como substrato para a enzima hidroxi-indol-O-metiltransferase (HIOMT) dando
como produto final a melatonina (TAMURA, 2009).

Devido ao seu pequeno tamanho e natureza anfifilica, a melatonina nao
€ estocada nos pinealécitos. Imediatamente apds a sua sintese, atravessa os
capilares dos pineal6citos e atinge facilmente todos os compartimentos
celulares e subcelulares (KORF et al., 1998; PARADIES et al., 2010).

A sintese de melatonina é passivel de controle pela luz, sendo
exclusivamente durante a noite e quase nenhuma sintese no periodo diurno
(HISSA et al., 2008; DANIELCZYK; DZIEGIEL, 2009; MUHLBAUER et al.,
2012).

A producéo aumentada de melatonina durante a noite se deve a indugao
da enzima arilalquilamina N-acetiltransferase (AA-NAT). Esta enzima nao €
induzida quando a luz esta presente sobre a retina, portanto, a luz durante a
noite (LAN) atenua a produgao de melatonina (KACZOR, 2010). A sua sintese

€ iniciada por sinais neurais que informam a falta de iluminacdo sobre a retina.
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Um pico de luz leva a degradacdo da AA-NAT pelo proteassoma e inibe a
transcricdo do gene aa-nat (TAMURA, 2009).

Além disso, as concentracbes séricas da melatonina variam
consideravelmente de acordo com a idade. Ela € maxima nos primeiros anos
de vida, caindo imediatamente na puberdade e tornando-se minima com a
idade avangada. Dessa forma, a melatonina tem um importante papel na
determinacdo das modificagdes fisioldgicas associadas ao ciclo de vida
(crescimento, amadurecimento e envelhecimento) (HISSA et al., 2008).

A melatonina exerce alguns dos seus efeitos fisiol6gicos através de
receptores de membrana. Estes receptores sdo encontrados associados a
proteina G e sdo classificados de acordo com suas caracteristicas
farmacolégicas, em Mel1A, Mel1B e Mel1C. Os subtipos Mel1A e Mel1B, agora
denominados MT1 e MT2, respectivamente, foram identificados em humanos.
O subtipo MT3 parece estar relacionado a enzima quinona redutase, embora
sua funcdo permaneca desconhecida (GARCIA-NAVARRO et al., 2007).

Esse horménio influencia o ritmo de varios processos fisiolégicos
durante a noite: a digestdo torna-se mais lenta, a temperatura corporal cai, 0
ritmo cardiaco e a pressao sanguinea diminuem e o sistema imunolégico é
estimulado (MAGANHIN et al., 2008). Sabe-se que a alteracdo do ritmo
circadiano da melatonina em profissionais que realizam turnos noturnos
aumenta a incidéncia de alguns tipos de tumores (SCHERNHAMMER,;
HANKINSON, 2009).

Dessa forma, o potencial terapéutico da melatonina ultrapassa o
tratamento de distarbios do sono, e exibe propriedades neuroprotetoras e
antitumorais em muitas condigdes experimentais (RODRIGUEZ et al., 2013). A
melatonina também foi relatada como eficaz nos casos de doenca de
Alzheimer (PANDI-PERUMAL et al., 2013), obesidade (PRUNET-MARCASSUS
et al., 2003), doencas cardiovasculares (DOMINGUEZ-RODRIGUEZ et al.,
2012) e doengas ésseas (SANCHEZ-BARCELO et al., 2010), isoladamente ou
em combinac¢do com outras drogas.

No tratamento do cancer, a melatonina parece ser um agente promissor
(REITER et al.,, 2007) e tem sido demonstrado seu potencial na inibicdo
tumoral, tanto em estudos in vitro como em estudos in vivo (GARCIA-SANTOS
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et al., 2006; MARTIN et al., 2006; MILLER et al., 2006; LUCHETTI et al., 2010;
CUTANDO et al., 2012).

Recentemente, estudos tém demonstrado que esse horménio exerce
atividade oncostatica por meio de varios mecanismos incluindo acodes
antiproliferativas, estimulacdo da imunidade anticAncer, modulacdo da
expressao de oncogenes, efeitos anti-inflamatérios, antioxidantes,
antiangiogénicos e antimetastaticos (DI BELLA et al., 2013). Além disso,
sugere-se que a melatonina pode ser administrada com sucesso em oncologia
médica no tratamento de doentes com cancer avancado e para a prevencao
dos efeitos secundarios da quimioterapia (CENGIZ et al., 2012).

As primeiras correlagdes entre a glandula pineal e o combate ao cancer
datam do final do século XIX, quando alguns médicos ja ofereciam extratos de
pineal a seus pacientes oncoldgicos (NETO; SCALDAFERRI, 2005). A partir de
1981, surgiram os primeiros indicios de que a melatonina poderia ser util no
tratamento oncoldgico através de estudos com o cancer de mama (NETO;
SCALDAFERRI, 2005).

A partir dessa constatacao, diversos mecanismos de acdo dos efeitos
oncostaticos e oncoprotetores da melatonina tém sido propostos nao sé no
cancer de mama como também no cancer de prostata, de pele, de figado, de
rim, entre outros (VIJAYALAXMI et al., 2002; JUNG; AHMAD, 2006; MARTIN et
al., 2006; OPREA-ILIES et al., 2013). Entretanto, 0 mecanismo oncostatico da
melatonina ndo é totalmente esclarecido (DONG et al., 2012).

Tem sido demonstrado que a melatonina exerce uma atividade
antiangiogénica, reduzindo a secrecdo do VEGF e consequentemente o
crescimento tumoral (DAI et al., 2008) Além disso, a melatonina inibe a
expressao de HIF-1a em células de cancer de prostata (PARK et al., 2009) e
de glioblastoma (ZHANG et al., 2012), como também a expressao de VEGF em
células de cancer de mama (ALVAREZ-GARCIA et al., 2012), de pancreas (LV
et al., 2012), de figado (CARBAJO-PESCADOR et al., 2013) e de glioblastoma
(ZHANG et al., 2013). Mais recentemente, descobriu-se que a melatonina
possui propriedades modulatérias do citoesqueleto capazes de inibir a
invasividade de células cancerosas (ORTIZ-LOPEZ et al., 2009). Alguns
trabalhos tém demonstrado que a melatonina inibe o processo de migragcao e

invasao em linhagem tumoral de rim canina e em células de cancer de mama
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via proteina ROCK-1 (RAMIREZ-RODRIGUEZ et al., 2007; ORTIZ-LOPEZ et
al., 2009).

Em relacdo a concentragcdo da dose eficaz de melatonina algumas
células tumorais, como as células do cancer da préstata independentes de
androgénio e células do glioma, sdo insensiveis a concentragdes nanomolares
de melatonina, respondendo a concentragdes milimolares (SAINZ et al., 2005;
MARTIN et al., 2006).

Quanto a cavidade oral, a melatonina parece exercer um papel protetor
com relacao a danos teciduais causados por estresse oxidativo. Sabe-se que a
melatonina é considerada um detoxificador de espécies reativas de oxigénio,
bem como um antioxidante de largo espectro, estimulando varias enzimas
antioxidantes (REITER, 2004; RAVINDRA et al., 2006). Dessa forma, estudos
evidenciam que esse horménio tem um efeito benéfico em certas patologias
orais incluindo periodontites, infeccdo pelo virus da herpes, céandida,
xerostomia, Ulceras orais e lesdes pré-neoplasicas (GOMEZ-MORENO et al.,
2010).

Em relacdo ao cancer oral, tem-se estudado que a restauracao exdgena
da expressao do receptor 1 A (MTNR1A) de melatonina inibe o crescimento de
células de carcinoma epidermoide oral (CHAIYARIT et al., 2005). Em conjunto
com as fung¢des conhecidas de supressao tumoral da melatonina e a presenga
do receptor MTNR1A em varios tumores, & provavel que um alvo de
silenciamento epigenético de MTNR1A no locus 4935 possa desempenhar um
papel negativo durante a carcinogénese oral (NAKAMURA et al., 2008).

Uma vez que o carcinoma oral apresenta alto indice de mortalidade e
morbidade, é crescente o interesse pela identificacdo de novos agentes
terapéuticos que possam interagir com marcadores moleculares especificos,
principalmente relacionados com angiogénese e metastase, inibindo a
progressao do tumor. Além disso, ndo ha trabalhos na literatura internacional
que correlacionem a ac¢do da melatonina com expressao de HIF-1a, VEGF e
ROCK-1 em céancer bucal.
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2 — Objetivos

O objetivo geral deste estudo foi avaliar o efeito da melatonina na
expressao de genes relacionados ao desenvolvimento de angiogénese e de
metastase em linhagens de carcinoma epiderméide bucal.

Como objetivos especificos, pretendeu-se:

- avaliar a expressao génica e proteica de HIF-1a e VEGF em linhagens
de carcinoma epidermdide bucal, com e sem tratamento com melatonina,
induzidos ou nao a hipoxia, por meio de PCR em tempo real e
Imunocitoquimica;

- avaliar a expressao génica e proteica de ROCK-1 em linhagens de
carcinoma epidermdide bucal, com e sem tratamento com melatonina, por meio

de PCR em tempo real e Imunocitoquimica.
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3 — Material e Métodos

3.1. Cultura Celular

Para o desenvolvimento deste estudo foram utilizadas as linhagens
imortalizadas de carcinoma epiderméide SCC4, SCC9, SCC15 e SCC25
gentiimente cedidas pelo Prof. Dr. Décio dos Santos Pinto Junior do
Departamento de Estomatologia/Patologia da Faculdade de Odontologia da
USP, Sao Paulo-SP, Brasil, sendo as mesmas procedentes da ATCC
(American Type Culture Collection). Essas linhagens s@o provenientes de
carcinoma epiderméide de lingua de individuos adultos do sexo masculino com
idades de 55, 25, 55 e 70 anos, respectivamente (RHEINWALD; BECKETT,
1981).

As linhagens foram incubadas a 37°C em 5% de CO, em meio DMEM-
HAM F12 (Cultilab, Campinas, SP, Brasil), suplementado com 10% de soro
fetal bovino (Cultilab, Campinas, SP, Brasil), 1% penicilina/estreptomicina
(Sigma-Aldrich, Sao Paulo, SP, Brasil) e 400 um hidrocortisona (Sigma-Aldrich,
Sao Paulo, SP, Brasil).

A Figura 3 mostra as células SCC9 e SCC25 em cultivo. As células da
linhagem SCC4 e SCC15 apresentaram um cultivo celular abaixo do esperado
e dessa forma, ndo foi possivel a sua utilizagdo nos demais experimentos para
avaliacao da viabilidade celular e expressdao génica e proteica. Com isso, 0s

experimentos se seguiram com as linhagens SCC9 e SCC25.
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Figura 3. Linhagens de carcinoma epidermdide oral selecionadas para o estudo: SCC9 e
SCC25.
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3.2. Tratamento de células in vitro

Para a avaliacdo dos genes HIF-1a e VEGF, as células foram
plaqueadas em placas de 96 pocos (EasyPath) contendo 0,05x10°
células/pocgo, e divididos em:

e Grupo | - Controle (ndo tratado)

e Grupo Il - Hipoxia (100 uM de CoCly)

e Grupo Ill - Hipéxia + tratamento com melatonina em diferentes
concentracodes (0,5, 1, 2, 5 mM)

e Grupo IV - tratado apenas com diferentes concentracbes de
melatonina (0,5, 1, 2, 5 mM) durante 24 h (DAI et al., 2008).

Para a avaliacdo do gene ROCKT, as células foram plagqueadas em placas de

96 pocos (EasyPath) contendo 0,05x10° células/poco, e divididos em:

e Grupo | - Controle (nao tratado)
e Grupo Il - tratado apenas com diferentes concentracdes de
melatonina (0,5, 1, 2, 5 mM) durante 24 h (DAl et al., 2008).

3.3. Teste de viabilidade celular pelo Ensaio MTT (3 - (4,5-

dimetiltiazol-2-il) -2,5-difeniltetrazélio)

Inicialmente, o meio de cultura e os tratamentos foram descartados e
100 pL de meio de cultura foram adicionados em cada pogo.
Subsequentemente, 10 pL de solucdo MTT a 12 mM de Vibrant MTT Cell
Proliferation Assay Kit (Invitrogen Life Technologies) foi adicionado a cada poco
e a placa foi incubada durante 4 h a 37°C. O meio de cultura foi rejeitado e os
cristais de formazan dissolvido em 50 pL de dimetilsulféxido (DMSO) (Sigma-
Aldrich, Sdo Paulo, SP, Brasil).

A placa foi novamente incubada a 37°C durante 10 min e as amostras
foram misturadas antes da leitura da absorvancia medida pelo leitor ELISA
(Thermo Plate) sob comprimento de onda de 540 nm. A viabilidade celular (%)
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de todos os grupos foi calculada a partir dos valores médios de absorvancia em
triplicata, o grupo controle sendo tomado como 100%. Nos grupos tratados, o
resultado foi calculado a partir da diferenga em relagéo ao grupo de controle.

3.4. qRT-PCR quantitativa (qPCR)

O RNA total foi extraido a partir da cultura de células pelo método
TRIZOL (Invitrogen Life Technologies® - Sao Paulo, Brasil), e a fita de cDNA
foi sintetizada utilizando o Kit High Capacity cDNA (Applied Biosystems®,
Foster City, CA, EUA) em um volume total de 20 uL das misturas da reacao na
concentragao final de 100 ng/pL.

A expressao quantitativa foi realizada por meio de gRT-PCR em triplicata
utilizando o Sistema Step one Plus (Applied Biosystems®, Foster City, CA,
EUA) e um controle negativo foi incluido em cada reacdo. As reagdes de PCR
continham 100 ng de cDNA, 10 mL TagMan Universal Master Mix, 8 mL de
solucdo de agua DEPC, 1 mL TagMan Gene Expression para VEGF, HIF-1a,
HPRT1 e RPLPO, que foram submetidos ao seguinte esquema de
amplificagdo: 50 ° C durante 2 min, 95 ¢ C durante 10 min, seguido por 40
ciclos de 95 ¢ C durante 15 s e 60 ¢ C durante 1 min.

Cada nivel de transcricao foi normalizado pelos genes HPRT1 e
RPLPO usados como controle interno de expressao. Para a andlise da
expressdo dos genes, foram utilizados os ensaios TagMan (Applied
Biosystems®): HIF-1a (Hs00153153_m1), VEGF (Hs00900055 m1), ROCK-1
(Hs01127699_m1), HPRT1 (Hs01003267_m1) e RPLPO (Hs04189669_m1).

A expressao relativa dos genes de interesse foi determinada pelo
método comparativo AACt, que relaciona a média da expressdo dos genes
normalizadores utilizados como controle enddégeno e a média da expressao dos
genes de interesse em cada amostra (LIVAK & SCHMITTGEN, 2008).

O valor de RQ (quantificacao relativa) do grupo controle (utilizado como
referéncia) foi estabelecido como unidade para a analise da expressao dos
genes HIF-1a, VEGF e ROCK-1.
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3.5. Analise imunocitoquimica

As células em cultivo foram transferidas para uma lamina com garrafa
acoplada (Thermo Fisher Scientific, NY, EUA), incubado em estufa a 37°C por
24 horas. Apoés retirou-se o meio de cultura e realizou a lavagem das células
com PBS, a garrafa foi incubada com 1 mL de formaldeido 4% por 20 min.,
logo em seguida as garrafas foram desacopladas da laminas e incubadas com
10% de perdxido de hidrogénio por 30 min. para o bloqueio da peroxidase
enddgena. A recuperagdo antigénica foi feita em uma panela de presséao
(ARNO, Sao Paulo, SP, Brasil) a 95°C com tampao citrato (pH 6) por 30 min.
Apos o resfriamento, as laminas foram cobertas com uma solugdo de
albumina bovina (BSA) durante 30 min. e incubou-se a 4°C durante a noite
com os anticorpos descritos anteriormente. Posteriormente, foram lavadas
com solugdo salina tamponada com fosfato (PBS) durante 15 min. e
incubadas com o Starr TREK Universal HRP Kit de Deteccao (Médico Biocare,
Concord, CA, EUA), que consistiu do anticorpo secundario biotinilado antirato,
CEBIho e imunoglobulinas de cabra durante 20 min. e complexo
estreptoavidina-peroxidase durante 10 min., seguido por lavagem com PBS
durante 15 min. Foram aplicados 0,5% tetracloridrato de 3,3-diaminobenzidina
(DAB ® Signet Laboratories, Dedham, MA, EUA) para as laminas de 2-5 min.
a 20-22 - C. As laminas foram contra-coradas com hematoxilina de Harris por
40 s.

Foram realizadas tomadas fotograficas de 3 campos em cada lamina. As
laminas foram fotografadas e as proteinas quantificadas pelo software ImageJ
na lente objetiva 40 x de microscépio Nikon Eclipse E200. Para cada lamina
foram tiradas 3 fotos, marcando 20 pontos em cada, totalizando 60 pontos para
o calculo da média da intensidade relativa da imunorreatividade. Os valores
foram obtidos como unidades arbitrarias (UA) e a densidade O6ptica média
(DOM) revelou a intensidade da coloracdo nas areas especificamente

imunorreativos.

As linhagens foram separadas em grupos de acordo com os tratamentos
realizados (grupo | - controle, grupo Il - hipdxia, grupo Il - hipdxia+melatonina e

34



Material e Métodos

grupo IV - melatonina para os genes VEGF e HIF-1 a, e grupo | - controle,

grupo Il — melatonina para o gene ROCK1).

3.6. Analise Estatistica

Primeiramente, os resultados foram submetidos a analise de distribuicao
normal usando Column statistics and Gaussian distribution test. Em seguida, as
médias da andlise densitométrica e o valor de RQ referente a expressao dos
genes VEGF e HIF-1a foram comparadas nos diferentes grupos utilizando o
teste ANOVA, seguido de Bonferroni. Para avaliacdo da expressdo do gene
ROCKT1, foi utilizado o teste t. Para a ténica de PCR em Tempo Real, o valor de
RQ (quantificacao relativa) do grupo controle (utilizado como referéncia) foi
estabelecido como unidade para a analise da expressdo dos genes HIF-1a,
VEGF e ROCK-1.

Todos os valores foram expressos como a média * desvio padrao (SD).
Valor de P < 0,05 foi considerado estatisticamente significativo. Todas as
analises foram realizadas utilizando o software GraphPad PRISM4 (GraphPad
Software, Inc., La Jolla, CA).
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ABSTRACT

Background

Oral cancer is the most common type of head and neck cancer and its high rate
of mortality and morbidity is closely related to the processes of angiogenesis
and tumor metastasis. The overexpression of pro-angiogenic genes, HIF-1a
and VEGF, and pro-metastatic gene, ROCK-1, are associated with unfavorable
prognosis in oral carcinoma. Melatonin has oncostatic, antiangiogenic and
antimetastatic properties in several types of neoplasms; its relationship with oral
cancer is little explored, though. This study aims to analyze the expression of
genes HIF-1a, VEGF and ROCK-1 in lines of squamous cell carcinoma of
tongue, after treatment with melatonin.

Methods

SCC9 and SCC25 cells were cultured and cell viability was assessed by MTT
assay, after treatment with 100uM of CoCl; for induction of hypoxia and with
melatonin at different concentrations. The analysis of quantitative RT-PCR and
the immunocytochemical analysis were performed to verify the action of
melatonin under conditions of normoxia and hypoxia, on gene and protein
expression of HIF-1a, VEGF and ROCK-1.

Results

The MTT assay evidenced a decrease in cell viability in both cell lines, after the
treatment with melatonin. The analysis of quantitative RT-PCR evidenced an
inhibition of the expression of pro-angiogenic genes HIF-1a (P < 0.001) and
VEGF (P < 0.001) under conditions of hypoxia, and of pro-metastatic gene
ROCK-1 (P < 0.0001) in the cell line SCC9, after treatment with 1 mM of
melatonin. The immunocytochemical analysis evidenced a positive correlation
with gene expression data, validating the results of quantitative RT-PCR of line
SCC9. Treatment with melatonin did not demonstrate inhibition of the
expression of genes HIF-1a, VEGF and ROCK-1 in line SCC25, which has
different molecular characteristics and greater degree of malignancy when
compared to the line SCC9.

Conclusion

Melatonin affects cell viability in the lines SCC9 and SCC25 and inhibits the
expression of genes HIF-1a, VEGF and ROCK-1 in line SCC9. Additional
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studies may confirm the potential therapeutic effect of melatonin in some
subtypes of oral carcinoma.
KEYWORD: oral cancer, cell lines, VEGF, HIF-1a, ROCK-1, melatonin.

BACKGROUND

Oral cancer is the most common type of cancer of head and neck cancer,
with a global annual incidence of approximately 300,000 new cases, and is
more prevalent in men [1]. The use of tobacco and/or alcohol are the main risk
factors involved in its development. Other factors include poor oral hygiene,
nutritional deficiencies and infections caused by human papillomavirus (HPV),
particularly HPV of types 16 and 18 [2,3].

Despite the advances in therapeutic approaches, the survival rate of 5
years of oral squamous cell carcinoma, also called epidermoid oral carcinoma,
remains around 50% [4]. The oral carcinoma is a locally aggressive tumor which
features large areas of necrosis in which hypoxia levels are too high, leading to
development of drug resistance and poor response to chemotherapy [5].

Hypoxia is a common characteristic of the tumor microenvironment and
regulates a variety of transcriptional factors with emphasis on the factor induced
by hypoxia (HIF1-a). The overexpression of HIF1-a increases tumor
angiogenesis by inducing the overexpression of Vascular Endothelial Growth
Factor (VEGF) and other angiogenic factors which lead to a more aggressive
tumor phenotype and resistance to radiotherapy and chemotherapy [6]. Thus,
studies have shown that the overexpression of HIF-1a [7,8] and VEGF [9,10] is
related to tumor progression and unfavorable prognosis in oral carcinoma.

The local invasion and metastasis in cervical lymph nodes and, later, to
other organs, such as lung, bones and liver, are also frequent events in oral
carcinoma and contribute to its poor prognosis [11]. The kinase proteins
associated with Rho 1 and 2 (ROCK-1 and ROCK-2) belong to a family of
serine/threonine kinases, which are effectors of Rho GTPases A, B and C
[12,13]. The model Rho/ROCK-1 is one of main regulators of the actin
cytoskeleton and its deregulation is associated with an increase in invasibility
and motility of neoplasic cells, contributing to the metastatic behavior of some
types of tumors and pancreatic cancer [14], bladder cancer [15], breast cancer
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[16] and lung cancer [17]. Studies have evidenced that overexpression of
protein ROCK in tumor tissue is associated with poor prognosis and reduction
of patients’ survival with breast cancer [18,19].

Once the oral carcinoma presents a high rate of mortality and morbidity,
there is a growing interest in the identification of new therapeutic agents which
can interact with specific molecular markers, mainly related to angiogenesis and
metastasis, inhibiting tumor progression.

Melatonin, a hormone which is naturally produced and secreted in the
pineal gland, has shown effective to tumor inhibition, both in vivo studies and in
vitro studies [20,21]. This hormone has oncostatic activity through a variety of
mechanisms including antiproliferative actions, anticancer immunity stimulation,
modulation of expression of oncogenes, antiinflammatory, antioxidant,
antiangiogenic and antimetastatic effects [22].

In vitro studies have observed that melatonin inhibits the expression of
HIF-1a in cancer cells of prostate [23], of glioblastoma [24], as well as VEGF
expression in cancer cells of breast [25], of pancreas [26], of liver [27] and of
glioblastoma [28]. In addition, some studies have demonstrated that melatonin
inhibits the migration process and invasion in lines of canine kidney and in
breast cancer cells via ROCK-1 protein [28,29].

In relation to oral cavity, melatonin seems to play a protective role with
respect to tissue damage caused by oxidative stress. Studies have shown that
this hormone has a beneficial effect in certain oral diseases including
periodontitis, infection by herpes virus, candidiasis, xerostomia, oral ulcers and
precancerous lesions [30]. However, there are no studies which correlate the
action of melatonin with expression of HIF-1a, VEGF and ROCK-1 in oral
cancer.

Since angiogenesis and metastasis are two fundamental processes in
tumor progression and are related to patients’ prognosis and survival, this study
aimed to evaluate the expression of pro-angiogenic genes HIF-1a and VEGF
and of pro-metastatic gene ROCK-1 in lines of oral squamous cell carcinoma,

after treatment with melatonin.
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METHODS

Cell Culture

In order to develop this study, the lines of squamous cell carcinoma of
tongue SCC25 and SCC9 were used, which were kindly provided by Professor.
Dr. Decio Santos Pinto Junior from Department of Stomatology/ Pathology),
College of Dentistry, USP, Sao Paulo (SP), Brazil), and came from ATCC
(American Type Culture Collection). The immortalized lines of SCC9 and
SCC25 were derived from squamous cell carcinoma of the tongue of adult
males with ages of 25 and 70 years old, respectively [31].

The lines were incubated at 37°C in 5% of CO, in DMEM-HAM F12
(Cultilab, Campinas, SP, Brazil), supplemented with 10% of fetal bovine serum
(Cultilab, Campinas, SP, Brazil), 1% penicillin/streptomycin (Sigma-Aldrich, Sao
Paulo, SP, Brazil) and 400 uL of hydrocortisone (Sigma-Aldrich, Sado Paulo, SP,
Brazil).

Treatment of cells in vitro

Cells were plated in plates of 96 wells (EasyPath) containing 0.05x10°
cells/well and were divided into: control group (untreated), hypoxia group (100
UM of CoCI2), hypoxia group + treatment with melatonin at different
concentrations (0.5, 1, 2, 5 mM) and group treated with different concentrations
of melatonin (0.5, 1, 2, 5 mM) for 24 h [32].

Test of cell viability by MTT Assay (3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyltetrazoliumbromide)

After the period of treatment with cobalt chloride and melatonin, the
culture medium was discarded and 100 pL of fresh medium was added to each
well. Subsequently, 10 uL of MTT solution at 12 mM of Vibrant MTT Cell
Proliferation Assay Kit (Invitrogen Life Technologies) was added to each well
and the plate was incubated for 4 hours at 37°C. The culture medium was
discarded and the formazan crystals were dissolved in 50 pL of dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, Sao Paulo, SP, Brazil).
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The plate was incubated at 37°C for 10 minutes and the samples were
homogenized before reading of absorbance measured by ELISA reader
(Thermo Plate) under the a wavelength of 540 nm. Cell viability (%) of all
groups was calculated from the average values of absorbance in triplicate,
when the control group was taken as 100%. In the treated groups, the result
was calculated from the difference compared to the control group.

Quantitative RT-PCR (qPCR)

Total RNA was extracted from the cell culture through the method
TRIZOL (Invitrogen Life Technologies® - Sao Paulo, Brazil), and the tape of
cDNA was synthesized using the High Capacity cDNA Kit (Applied
Biosystems®, Foster City, CA, USA) in a total volume of 20 pL of reaction
mixtures at final concentration of 100 ng/uL.

The quantitative expression was performed through RT-PCR in triplicate,
using the Step One Plus System (Applied Biosystems®, Foster City, CA, USA),
and a negative control was included in each reaction. PCR reactions contained
100 ng of cDNA, 10 mL of TagMan Universal Master Mix, 8 mL of DEPC
solution of water, 1 mL of TagMan Gene Expression for HIF-1a, VEGF, ROCK1,
HPRT1 and RPLPO, which were submitted to the following scheme
amplification: 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 203°F
(95°C) for 15 s and 60°C for 1 min.

The levels of transcription of genes of interest, HIF-1a, VEGF, ROCK1,
were normalized by HPRT1 and RPLPO genes, used as internal control of
expression. For the analysis of gene expression, the TagMan assays (Applied
Biosystems ®) were used: HIF-ia  (Hs00153153_m1), VEGF
(Hs00900055_m1), ROCK-1 (Hs01127699_m1), HPRT1 (Hs01003267_m1)
and RPLPO genes (Hs04189669 m1).

The relative expression of the genes of interest was determined by the
comparative method AACt, which relates the average of expression of
normalizer genes used as endogenous control and the average of expression of
genes of interest in each sample (Livak; Schmittgen, 2008).

The value of RQ (Relative Quantification) of the control group (used as
reference) was established as the unit for analysis of the expression of HIF-1a,
VEGF and ROCK-1 genes.
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Immunocytochemistry

For immunocytochemistry technique, 0.5 x 10° cells in culture were
transferred to a slide with coupled bottle (Thermo FisherScientific, NY, USA)
and incubated at 37°C for 24 hours. After this period, the culture medium was
removed and washing the cells with PBS was performed. For fixing the cells,
the bottle was incubated with 1 mL of 4% formaldehyde for 20 minutes.

Soon afterwards, the bottles were decoupled from the slides and
incubated with 10% of hydrogen peroxide for 30 minutes to block endogenous
peroxidase. Antigen retrieval was performed in a pressure cooker (ARNO, Sao
Paulo, SP, Brazil) at 95°C with citrate buffer (pH 6) for 30 minutes. After
cooling, the slides were covered with a solution of bovine albumin (BSA) and
incubated for 30 minutes at (4° C) overnight with antibodies for HIF-1a, VEGF
and ROCK1 proteins. Subsequently, they were washed with buffered saline
solution (PBS) with phosphate for 15 minutes and incubated for with the Starr
TREK Universal HRP Detection Kit (Medical Biocare, Concord, CA, USA),
which consisted of biotinylated secondary antibody anti-mouse, anti-rabbit and
anti-goat immunoglobulins for 20 min and streptavidin-peroxidase complex for
10 minutes, followed by washing with PBS for 15 min. 0.5% tetracloridrate of
3,3-diaminobenzidine (DAB ® Signet Laboratories, Dedham, MA, USA) was
applied for 2-5 min slides at 68-71.6° F (20-22° C). The slides were contrasted
with Harris hematoxylin for 40 s.

Evaluation of immunocytochemical staining by optical densitometry
Various fields were examined on each slide, especially the areas
delimited with brown staining. The slides were photographed, and proteins were
quantified by Imaged software in the objective lens 40 x of Nikon Eclipse E200
microscope. For each slide, 3 photos were taken, scoring 20 points in each,
totaling 60 points for the calculation of the average relative intensity of
immunoreactivity. The values were obtained as Arbitrary Units (AU), and the
Mean Optical Density (MOD) revealed the intensity of staining in specifically

immunoreactive areas.

Statistical Analysis
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The lines were separated into groups, according to the treatments
performed (group | — control; group Il — hypoxia; group Il — hypoxia +
melatonin; and group IV — melatonin). First, the results were submitted to
analysis of normal distribution using Column statistics and Gaussian distribution
test. The averages of optical densitometric analysis and RQ value related to the
expression of VEGF and HIF-1a genes were compared in different groups,
using ANOVA test, followed by Bonferroni test. For the analysis of ROCK, was
used the test t. For the technique of quantitative RT-PCR, the value of RQ
(Relative Quantification) of control group (used as reference) was established
as a unit for the analysis of expression of HIF-1a, VEGF and ROCK-1 genes.

All values were expressed as the average + Standard Deviation (SD).
The value of P<0.05 was considered statistically significant. All analyzes were
performed using GraphPad PRISM4 software (GraphPad Software, Inc., La
Jolla, CA).

RESULTS

Test of cell viability by MTT assay

The number of viable cells was estimated by MTT assay, after treatment
with CoCl, (100 uM) and/or melatonin (0.5, 1, 2, 5 mM) for 24 h. For cells of line
SCC9, the results showed that, for all groups, there was a reduction in cell
viability, when compared to the control group; however, there was no
statistically significant difference (P > 0.05) (Figure 1A).

For cells of line SCC25, the fact that the induction of hypoxia by CoCl,
significantly reduced cell viability, when compared to the control group, was
observed; (P < 0.001) and the same was observed for the groups treated with
different concentrations of melatonin in both hypoxic conditions as in normal

conditions of oxygen (P < 0.001; Figure 1B).
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Figure 1. Analysis of cell viability by MTT assay in lines of oral carcinoma after treatment with
CoCl, (100 puM) for induction of hypoxia and/or melatonin (0.5, 1, 2, 5mM). Data are expressed
as the percentage of the control group. (A) Analysis of cell viability in the line SCC9. (B)
Analysis of cell viability in the line SCC25.

* P < 0.05 statistically significant difference when compared to control

Quantitative RT-PCR (qPCR)

Line SCC9

For the analysis of gene expression of HIF-1a, VEGF and ROCK-1 in the
line SCC9, the concentration of 100 uM of CoCl, for induction of hypoxia and 1
mM melatonin was used. This concentration of melatonin was chosen not only
because it was the dose used in cell viability assays [32], but also because,
among the concentrations tested for line SCC9, it was the one that caused the
most significant reduction in cell viability, when compared to control group,
although it was not statistically significant.

As expected, the cells under the hypoxia presented overexpression of
HIF-1a compared to control cells (P < 0.001); the same occurred with cells in
normoxia treated with melatonin (P < 0.01). However, cells treated with
melatonin under the hypoxia showed subexpression of HIF-1a gene, when
compared to cells under hypoxia (P < 0.001) (Figure 2A).

The VEGF gene was overexpressed in cells under the hypoxia, when
compared to control (P < 0.001). The results also showed that treatment with
melatonin did not significantly alter the expression of VEGF in this line, when
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compared to the control group. However, just as observed for HIF-1a gene,
cells under the hypoxia treated with melatonin presented subexpression of
VEGF gene, when compared to untreated cells under hypoxia (P < 0.001)
(Figure 2B).

For evaluation of ROCK-1 gene, the cells were not submitted to 100 pM
of CoCly, since its expression is not dependent on conditions of hypoxia. Thus,
ROCK-1 gene was presented subexpressed in cells treated with melatonin,
when compared to the control group (P < 0.0001) (Figure 2C).
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Figure 2. Analysis of gene expression of (A) HIF-1a, (B), VEGF and (C) ROCK-1 in the line
SCC9, after treatment with CoCl, (100 uM) for induction of hypoxia and/or melatonin (1 mM).
Data are expressed as the percentage of the control group.

* P < 0.05 statistically significant difference when compared to control

# P < 0.05 statistically significant difference between cells treated with CoCl, for induction of

hypoxia and cells treated with CoCl, and melatonin

Line SCC25

For the analysis of gene expression of HIF-1a, VEGF and ROCK-1 in line
SCC25, the concentration of 100 puM of CoClI2 for induction of hypoxia and 0.5
mM of melatonin, selected to represent the lowest concentration of melatonin
which caused a significant decrease in cell viability, was used.

The HIF-1a gene was not differentially expressed in treated groups,
when compared to the control group (P > 0.05) (Figure 3A).

The VEGF gene was overexpressed in the group — under the hypoxia —
treated with melatonin, when compared to the control group (P < 0.05).

Additionally, there was an increase of expression in cells under the hypoxia
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treated with melatonin, when compared to untreated cells under hypoxia (P <
0.05) (Figure 3B).

The ROCK-1 gene was overexpressed in cells treated with melatonin,
when compared to the control group. (P < 0.0001) (Figure 3C).

HIF-1a VEGF

ROCK-1

Figure 3. Analysis of gene expression of (A) HIF-1a, (B) and VEGF (C) ROCK-1 in the line
SCC25, after treatment with CoCl, (100 pM) for induction of hypoxia and/or melatonin (1 mM).
Data are expressed as the percentage of the control group.

* P < 0.05 statistically significant difference when compared to control

# P < 0.05 statistically significant difference between cells treated with CoCl, for induction of
hypoxia and cells treated with CoCl, and melatonin

H+M = hypoxia and melatonin, M = melatonin

Immunocytochemistry

Since there was a decrease in gene expression HIF-1a, VEGF and
ROCK-1 in response to treatment with melatonin in the line SCC9, the protein
expression was assessed by immunocytochemistry, in order to validate the
results obtained by the technique of quantitative RT-PCR.

Line SCC9

For detection of the protein of VEGF, HIF-1la and ROCK-1,
immunocytochemistry followed by quantification of immunostaining by optical
densitometry was performed. The results were obtained in Arbitrary Units (AU)
and demonstrated the value of the Mean Optical Density (MOD) + standard

error.

49



Resultados e Discussdo

In cells of line SCC9, there was an increase in immunostaining of HIF-1a
in cells under hypoxia, when compared to the control group (P < 0.001). In cells
under hypoxia treated with melatonin, there was a decrease in immunostaining
of HIF-1a, when compared to the control group (P < 0.001). Moreover, the
immunostaining of HIF-1a was also lower in cells treated under hypoxia with
melatonin, when compared to cells only under hypoxia (P < 0.001) (Figure 4A-
E).
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Figure 4. Immunocytochemistry of the protein HIF-1a, showing SCC9 cells (40 x of magnitude)
after 24 hours of treatment with CoCI2 (100 uM) for induction of hypoxia and/or melatonin (1
mM). (A) Untreated Cells — control group. (B) Cells under hypoxia. (C) Cells under hypoxia
treated with melatonin. (D) Cells only treated with melatonin. (E) Statistical analysis of protein
expression of HIF-1a in the study groups. Data are shown as average + Standard Deviation.

* P < 0.05 statistically significant difference when compared to control group

# P < 0.05 a statistically significant difference between cells treated with CoCl, for induction of
hypoxia and cells treated with CoCl, and melatonin

H + M = hypoxia and melatonin, M = melatonin M

As far as immunostaining of VEGF is concerned, there was a statistically
significant increase in the group under hypoxia (P < 0.001) and in the group
treated with melatonin (P < 0.001), when compared to control group. Just as
observed for the protein HIF-1a, there was a statistically significant reduction of
immunostaining of VEGF in cells under hypoxia treated with melatonin, when

compared to cells only under hypoxia (P < 0.001) (Figure 5A-E).
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Figure 5. Immunocytochemistry of the protein VEGF, showing SCC9 cells (40 x of magnitude)
after 24 hours of treatment with CoCl, (100 uM) for induction of hypoxia and/or melatonin (1
mM). (A) Untreated Cells — control group. (B) Cells under hypoxia. (C) Cells under hypoxia
treated with melatonin. (D) Cells only treated with melatonin. (E) Statistical analysis of protein
expression of VEGF in the study groups. Data are shown as average + Standard Deviation.

* P < 0,05 statistically significant difference when compared to control group

# P <0.05 a statistically significant difference between cells treated with CoCl, for induction of
hypoxia and cells treated with CoCl, and melatonin

H + M = hypoxia and melatonin, M = melatonin M

The immunostaining of ROCK-1 demonstrated a statistically significant
decrease in cells treated with melatonin, when compared to control group (P

<0.001) (Figure 6A-C).
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Figure 6. Immunocytochemistry of the protein ROCK-1, showing SCC9 cells (40 x of

magnitude) after 24 hours of treatment with melatonin (1 mM). (A) Untreated Cells — control
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group. (B) Cells treated with melatonin (C) Statistical analysis of protein expression of ROCK1
in the study groups. Data are shown as average * Standard Deviation.

* P < 0.05 statistically significant difference when compared to control group

DISCUSSION

Oral cancer is a locally aggressive tumor and its morbidity and mortality
remains high, in spite of the employed therapeutic approaches. Thus, new
treatment strategies are needed [33]. Several studies have shown that
melatonin has antineoplasic properties in some cancers, such as breast cancer
[34], liver cancer [27], pancreas cancer [35] and colon cancer [36], emerging as
a new therapeutic option. However, the relationship of melatonin with oral
cancer is still poorly explored [37].

Our main purpose was to evaluate the effects of treatment with melatonin
on the expression of genes related to angiogenesis and metastasis in oral
carcinoma cell lines, since these two processes are closely related to
progression and prognosis. The immortalized lines of SCC9 and SCC25 were
chosen because some studies have indicated that they have different degrees
of malignancy [38,39]. Thus, carrying out studies that aim to check their
different responses to the action of new drugs is particularly interesting.

In this work, the fact that melatonin decreased cell viability in lines SCC9
and SCC25 was observed; however, this reduction was more pronounced in the
line SCC25. The inhibition of cell proliferation after treatment with melatonin has
also been observed in other studies, using line of hepatocarcinoma [40], breast
cancer [41] and gastric adenocarcinoma [42].

However, the exact mechanism through which melatonin inhibits cell
growth in culture and in animal models is not fully understood, although some
mechanisms have been proposed. These include induction of apoptosis,
changes in the lipidic metabolism and an increase directly from the activity of
natural killer cells, as well as stimulation of production of cytokines, such as
interleukins IL-2, IL-6, IL-12 and IFN interfereron [43,44].

Thus, the action of melatonin in the line SCC25 may happen through a
different mechanism that was not detected in this study, since our results
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demonstrated that treatment with melatonin inhibited the gene expression of
HIF-1a, VEGF and ROCK only in the line SCC9.

Some studies also have shown the antiangiogenic action of melatonin,
through the decreasing of expression of HIF-1a in colon cancer cells [45], in
liver cancer cells [27] and glioma [24], as well as the decreasing of expression
of VEGF in breast cancer cells [25], pancreas cancer cells [26] and liver cancer
cells [27]. Lissoni et al. [46] have shown that treatment with melatonin
(20mg/day) in patients with various types of metastatic cancer reduced the
plasma concentration of VEGF in patients who did not have tumor progression
after two months of treatment, concluding that melatonin can be considered an
antioangiogenic molecule.

Our results showed that, in the line SCC9, melatonin treatment in
normoxic conditions did not inhibit the expression of pro-angiogenic genes HIF-
1a and VEGF, when compared with the control group. However, the expression
of HIF-1a and VEGF was statistically lower in cells under hypoxia treated with
melatonin, when compared with cells under hypoxia which were not treated with
melatonin. Carbajo-Pescador et al. [27] and Park et al. [45] observed similar
results in line of hepatocarcinoma and colon cancer, respectively,
demonstrating that the effects of melatonin treatment on the expression of HIF-
1a and VEGF are mainly seen in conditions of hypoxia. It is important to note
that data of immunocytochemistry corroborated the quantitative analysis of RT-
PCR, showing a decrease in the expression of HIF-1a protein and VEGF, in
cells under hypoxia treated with melatonin, when compared to cells only under
hypoxia.

This is probably due to the fact that cell normoxia leads to ubiquitination
of HIF-1a and subsequent proteasomal degradation. Nevertheless, under
conditions of hypoxia, HIF-1a is stabilized, being able to translocate to the
nucleus and induce the expression of multiple genes, such as VEGF. In
addition, although VEGF expression can be directed by growth factors and
interleukins, hypoxia and, consequently, the expression of HIF-1a seem to be
the principal regulator of its production [47]. Thus, our results suggest that
melatonin has anti-angiogenic activity by inhibiting the stabilization of HIF-1a

under hypoxic conditions.
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The decrease in the expression of HIF-1a and VEGF genes by melatonin
in hypoxic conditions, observed in this study in the line SCC9, is of particular
interest, since the oral carcinoma is characterized by very high levels of
hypoxia, which contributes for its low response to chemotherapy [5]. In addition,
high expression of HIF-1a [7,8] and of VEGF [9,10] is related to unfavorable
prognostic features, such as larger tumor size and reduced survival in patients
with oral cancer.

Regarding the ROCK-1 gene, a decrease of its expression in cells
treated with melatonin in the line SCC9 was observed, when compared to
untreated cells. The Rho/ROCK-1 signaling model is a key regulator of cell
motility, and the ability of neoplasic cells to invade and migrate is a prerequisite
for tumor metastasis [13]. The overexpression of ROCK-1 proteins in tumor
tissue is associated with metastasis, poor prognosis and reduced survival in
patients with cancer, especially breast cancer [7,18]. On the other hand,
inhibitors of the Rho/ROCK-1 model appear to reduce cell motility and,
consequently, the development of metastasis [48,49].

Thus, the Rho/ROCK-1 model has been target for new therapeutic
approaches in prostate cancer [50], glioma [51], melanoma [48], osteosarcoma
[52] and lung cancer [53] with positive results in vitro models. Saito et al. [54]
evidenced that the negative regulation of ROCK-1 by micro RNA is associated
with the growth inhibition and with survival of cell lines of oral cancer.

However, few studies have studied the relationship of melatonina with
Rho/ROCK-1 model in cancer. A study performed by Ortiz-Lopez et al. [29]
demonstrated that melatonin enhances cell adhesion and presents an inhibitory
effect on the activity of ROCK-1, directly interfering in migration capacity of
breast neoplasic cells.

Until now, there are no studies that have investigated this relationship in
oral carcinoma, and this is the first study that demonstrated a positive effect of
melatonin in the reduction of the expressions of the gene ROCK-1 in the line
SCC9. Furthermore, as observed for HIF-1a and VEGF genes, the
immunocytochemical technique corroborated the analysis of quantitative RT-
PCR, which confirms the decrease of gene and proteic expression of ROCK-1

on cells SCC9 treated with melatonin.
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Unlike observed in the line SCCY9, inhibitory action of melatonin in the
expression of genes HIF-1a, VEGF and ROCK-1 in line SCC25 was not
observed. This adverse effect may be due to the fact that line SCC25
presenting a more aggressive behavior, when compared to the line SCC9.
According to Agostini et al. [38], the line SCC25 has a proliferative and mitotic
rate greater than other lines of oral carcinoma, such as SCC4, SCC15 and
SCC9. Furthermore, the authors observed a higher expression of EGF protein
in line SCC25, when compared to the others, suggesting an autocrine induction
of cell growth. Lopez de Cicco et al. [39], in turn, noted that the line SCC9,
which is derived from well differentiated oral carcinoma, presents a degree of
malignancy smaller, when compared to SCC15 and SCC71 lines, and,
according to these authors, the degree of malignancy is positively correlated
with the ability of VEGF production.

It is worth highlighting that there is evidence that the antineoplasic effects
of melatonin are dependent on its receptor (MTNR1A), suggesting that it
mediates effects on gene expression and on growth inhibition induced by this
hormone [55]. The expression. of MTNRT1 is observed in cell lines derived from
normal oral cells, but could be silenced in oral carcinoma cell lines [37]. A study
by Nakamura et al. [56] showed that the MTNR1A gene is often deleted in oral
carcinoma cells or presents hypermethylation of the promoter region. The study
also showed that the absence of immunoreactivity of MTNR1A was significantly
associated with larger tumor size and shorter patients’ survival.

The authors still found that the restoration of the exogenous of MTNR1A
inhibited the growth of oral carcinoma cells where their expression was absent
(Nakamura et al., 2008). Similarly, in a study conducted by Jabloska et al. [57]
about breast cancer, the fact that high expression of MTNR1A gene was
correlated with a higher rate of patients’ survival was observed. Thus, another
hypothesis for the adverse response of line SCC25, after treatment with
melatonin, is that the degree of malignancy of the line is negatively correlated
with receptor expression MTNR1A, as observed in clinical samples of oral
cancer and breast cancer [56,57].

In conclusion, our study demonstrates that melatonin treatment is
capable of inhibiting the expression of pro-angiogenic genes HIF-1a and VEGF

under hypoxic conditions, as well as gene expression of pro-metastatic gene
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ROCK-1 in the line SCC9. However, the same was not observed in line SCC25,
possibly due to its more aggressive character. Studies using primary culture of
oral carcinoma with different degrees of malignancy could corroborate
melatonin as a therapeutic option for some subtypes of oral cancer, especially
the less aggressive ones.
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5 - Conclusoes

Com base nos resultados do presente estudo apresentamos as
seguintes conclusoes:

v' O tratamento com melatonina diminui a viabilidade celular na
linhagem SCC25.

v' O tratamento com melatonina é capaz de inibir a expressado dos
genes proangiogénicos HIF-1a e VEGF em condi¢des de hipdxia,
assim como a expressdao do gene prometastatico ROCK-1 na
linhagem SCC9.

v A melatonina ndo é capaz de inibir a expressdao dos genes
estudados na linhagem SCC25.

v" A melatonina confirmou efeito antiangiogénico e antimetastatico
na linhagem SCCS9.
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