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RESUMO

O carcinoma renal de células claras (ccRCC) € o mais comum dos
subtipos histolégicos de carcinoma renal. Este carcinoma é
histologicamente caracterizado pela presenca de células com citoplasma
claro e abundante. O processo inicial de metastase pode ser atribuida a
transicao epitélio mesénquima (EMT). Neste estudo, buscou-se identificar
genes diferencialmente expressos em ccRCC, construindo assim um perfil
molecular para este tumor. NOs selecionamos genes descritos na
literatura que apresentam relacdo com EMT, diferenciacao e proliferacao
celular. Analisou-se por PCR quantitativo e imuno-histoquimica a
expressdo dos genes e suas proteinas, respectivamente, e 0s possiveis
mecanismos epigenético que regulam a sua expressao em amostras de
ccRCC e linhagem celular. Os genes OCLN e GAS1 foram encontrados
com baixa expressdo em ccRCC, e nds sugerimos que 0 miR-122 e miR-
34a podem regular sua expressédo, respectivamente, neste tipo de cancer.
Além disso, mostramos, por qPCR e imuno-histoquimica, a alta expressao
de SLC2AL1 foi significantemente alta em ccRCC. O conjunto de genes
identificados neste estudo possibilita a compreensdo das bases

moleculares e de desenvolvimento do ccRCC.

Palavras-chave: Carcinoma renal de células claras. Expressdo génica.

Epigenética.



ABSTRACT

Clear cell renal cell carcinoma (ccRCC) is the most common histological
subtype of kidney cancer. This carcinoma is histologically characterized by
the presence of clear and abundant cytoplasm. The initial process of
ccRCC metastatic tumor formation can be attributed to epithelial-
mesenchymal transition (EMT). In this study, we sought to identify genes
differentially expressed in ccRCC and build a molecular profile of this
cancer. We selected genes described in the literature to be related to
EMT, cellular differentiation and proliferation. We analyzed the gene and
protein expression by quantitative PCR and immunohistochemistry,
respectively, and examined possible epigenetic mechanisms that regulate
their expression in ccRCC samples and cell lines. OCLN and GAS1 genes
were under-expressed in ccRCC, and we report that miR-122 and miR-
34a, respectively, may regulate their expression in this cancer.
Furthermore, we showed by quantitatve PCR (qPCR) and
immunohistochemistry that SLC2A1 was significantly over-expressed in
ccRCC. The set of genes identified in this study furthers our understanding

of the molecular basis and development of ccRCC.

Keywords: Clear cell renal cell carcinoma. Gene expression. Epigenetics
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INTRODUCAO

A tumorigénese é um processo de acumulo de anormalidades genéticas e
epigenéticas que levam a disfuncdo celular. Os tumores apresentam uma grande
heterogeneidade em sua morfologia celular, indice proliferativo, lesdes genéticas e
resposta terapéutica (VISVADER, 2011). No desenvolvimento do céncer, as células
adquirem uma organizacdo atipica, ndo expressando 0 mesmo conjunto de genes que
suas contrapartes normais, sendo tal diferenca a marca do estado canceroso (COOPER,
2000). A formacao de um tumor pode resultar de uma proliferacdo anormal de qualquer
tipo diferente de célula do corpo, possuindo diferentes velocidades de crescimento e
capacidade de invadir outros tecidos e 6rgéos (INCA, 2015; COOPER, 2000).

O tumor formado nas neoplasias benignas é uma massa localizada de células que
se multiplica vagarosamente assemelhando-se ao tecido original (INCA, 2015), e
permanecem confinadas em seu local de origem, ndo invadindo os tecidos normais que
0 rodeiam e nao difundindo para partes distantes do corpo (COOPER, 2000). Isso faz
com esse tipo de tumor represente um pequeno risco, por apresentarem a mesma fungédo
que as células normais. Entretanto os tumores benignos podem tornar-se um problema
sério, quando eles interferem nas fungdes teciduais normais, ou caso eles secretem
quantidades excessivas de substancias biologicamente ativas (LODISH, 2000). Em
contrapartida, as neoplasias malignas apresentam um crescimento desordenado de
células podendo invadir tecidos e 6rgaos. Os diferentes tipos de cancer correspondem
aos diversos tipos de células do corpo, podendo ser distinguidos pela sua velocidade de
multiplicacdo e capacidade de sofrer metastase (INCA, 2016).

O carcinoma de células renais é o décimo segundo tipo de cancer mais comum
no mundo, com aproximadamente 338000 novos casos diagnosticados em 2012
(WCRFI, 2016). As estimativas mais recentes da American Cancer Society para esse
tipo de cancer nos Estados Unidos em 2015 sdo de cerca de 61560 de novos casos
(38270 em homens e 23290 em mulheres) (ACS, 2016). Dados publicados pela
International Agency for Research on Cancer apontam que no Brasil mais de 4000
pessoas recebem o diagnostico de cancer de células renais anualmente, sendo que desta
populacdo 61,7% sdo homens e para cada dois pacientes que sdo diagnosticados, um ja

com diagndstico da doenca vem a falecer (IARC, 2016).
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A determinacdo dos diversos subtipos histolégicos dos carcinomas de células
renais apresenta implicacdo direta na escolha terapéutica a ser utilizada (LOPEZ-
BELTRAN et al., 2006). O tumor renal pode ser classificado em diferentes subtipos
histoldgicos, incluindo carcinoma renal de células claras, papilifero, cromofobo, cistico-
solido, ductos coletores de Bellini, medular, translocagdo Xpll, tubulomucinoso e
células fusiformes, associado a neuroblastoma e ndo classificados (LOPEZ-BELTRAN
et al., 2009). O carcinoma renal de células claras, o papilifero e o cromdfobo
compreendem 90% de todos os carcinomas de células renais (LOPEZ-BELTRAN et al.,
2009). O carcinoma croméfobo tem sido relatado em 5% dos casos de cancer renal,
apresenta células grandes com citoplasma reticulado. Os carcinomas papiliferos
representam cerca de 10% dos carcinomas renais, sao morfologicamente caracterizados
pela presenca de papilas contendo nlcleo com agregados de macrofagos, granulos de
hemossiderina e calcio (NELSON; EVANS; LARA, 2007; LABER, 2006).

O carcinoma renal de células claras (ccRCC) é o subtipo histologico mais
comum de cancer renal em adultos, cerca de 70 — 75% dos casos (SHUCH et al., 2015).
Este carcinoma tem origem no epitéio tubular do néfron proximal e é caracterizado
histologicamente pela presenca de células claras e com citoplasma abundante
(KURODA et al., 2011; LOPEZ-BELTRAN et al., 2006; COHEN et al., 2005).
Aproximadamente 30% dos pacientes em estagios iniciais da doenca desenvolvem
metéstase apos a cirurgia (COHEN et al, 2005). As metastases nos ccRCC
comprometem principalmente pulmao, figado e o0ssos (SANDRASEGARAN et al.,
2010). As caracteristicas agressivas do ccRCC interferem na eficiéncia de abordagens
de tratamento convencionais, tais como quimioteraria e radioterapia (NAGATA et al.,
2012).

Embora a quimioterapia e a radioterapia possam ser utilizadas, o tratamento do
carcinoma renal ocorre principalmente por meio da nefrectomia parcial ou total e a
imunoterapia com interferon-a e interleucina-2, as quais séo modalidades terapéuticas
bem estabelecidas (DRUCKER, 2005). No entanto, 30% dos pacientes tratados
desenvolvem metastases, apresentando uma expectativa de vida de 12 meses
(PETRELLA; BRINCKEHOFF, 2006; DRUCKER, 2005; TAKAHASHI et al., 2001).

Diversos fatores de risco estdo associados com a incidéncia desta doenga, dentre

eles o consumo de tabaco e alcool, obesidade, hipertensdo, fatores hormonais e
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predisposicdo genética (ZBAR et al., 2007; LABER, 2006; BEISLAND et al., 2006;
LABER, 2006; LIPWORTH; TARONE; MCLAUGHLIN, 2006).

Diversos eventos genéticos estdo associados ao inicio da tumorigénese do
ccRCC, dentre eles a perda da heterozigosidade no cromossomo 3p, inativacdo do gene
triade fragil de histidina (FHIT) e principalmente do gene supressor de tumor Von
Hippel-Lindau (VHL) (LI et al., 2011). O gene VHL, quando mutado resulta na
desregulacdo da hipoxia incluindo um aumento na producdo do fator de crescimento
endotelial vascular (VEGF), que por sua vez promove angiogénese, 0 crescimento
tumoral e o desenvolvimento metastatico (FINLEY; PANTUCK; BELLDEGRUN,
2011; PERIER et al., 2011). Além das alteracbes genéticas, mudancas epigenéticas
também podem ocorrer no carcinoma renal de células (ARAI et al., 2012; PAIVA et al.,
2011).

Parte do processo de formacdo do tumor pode ser atribuido a transicao epitélio
mesénquima (TSUJI; IBARAGI; HU, 2009). A Transi¢do Epitélio Mesénquima (EMT)
é definida como um programa chave do desenvolvimento, caracterizado pela reducédo da
adesdo ceélula-célula, das zonulas de oclusdo, da polaridade apical-basolateral, e
marcadores epiteliais, bem como a aquisicdo de mobilidade, células com formato
fusiforme, e marcadores mesenquimais (JANG; BAEK; KIM, 2011; LIU, 2010; TSUJI;
IBARAGI; HU, 2009). A transicdo epitélio mesénquima foi primeiramente reconhecida
no processo de diferenciacdo no inicio da morfogénese no embrido (SHOOK; KELLER,
2003). O processo de EMT € um evento de multiplos estagios, envolvendo um grande
namero de diferentes alteracfes genéticas e epigenéticas que resultam em um alto grau
de mudangas celulares, convertendo células epiteliais completamente diferenciadas em
células mesenquimais pouco diferenciadas, migratorias e invasivas (TIWARI et al.,
2012).

A EMT esta associada aos mecanismos de regeneracdo de tecidos adultos,
cicatrizacdo ap6s uma lesdo e invasdo e metastase de tumores de origem epitelial. A
EMT apresenta trés classificacdes: a EMT tipo 1 refere-se a transformacgdes que
ocorrem nas configuracdes da biologia do desenvolvimento e EMT tipo 2 esta ligada a
reparacao de tecidos adultos e fibroses e, por fim a tipo 3 se refere a difusdo do cancer
(HERTIG; FLIER; KALLURI, 2010).

A EMT tipo 1 controla a modificagdo celular de diversos estagios do

desenvolvimento embrionério, incluindo a gastrulacdo, formagdo da crista neural e a
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dissociacdo dos somitos e fusdo dos tecidos craniofaciais (WALSH; NAWSHAD;
MEDICI, 2011; KIM et al., 2011). O papel da EMT tipo 2 na regeneracdo de tecidos
decorre da constatacdo de que proteinas especificas de fibroblastos sdo expressos pelas
células epiteliais tubulares sob condicdo de estresse (HERTIG; FLIER; KALLURI,
2010).

As células epiteliais neoplasicas sofrem a transicdo epitélio mesénquima tipo 3,
ou seja, perdem sua polaridade e tornam-se células mesenquimais méveis, o que auxilia
no processo de metastase. Os estudos mostram que células de cancer submetidas a EMT
passam a exibir propriedades de células tronco, perdem a senescéncia prematura e
apoptose, 0 que contribui para a imunossupressdo, revelando o papel da EMT na
recorréncia tumoral (KE et al., 2011; WU et al., 2011; BAO et al., 2011; GUTTILLA et
al., 2011). Diversos trabalhos sugerem marcadores de EMT em carcinoma de células
renais, como por exemplo, TGF-B, Claudin-1, HDAC2 e miR-34 (CRAENE; BERX,
2013; CATTO et al.,, 2011; NOH et al., 2009; FRITZSCHE et al., 2008; LIU et al.,
2004).

Alguns estudos ja tém estabelecido relacdo entre EMT e tumores de péancreas,
colorretal, mama, pulméo, prostata e carcinoma renal de células claras (REDOVA;
SVOBODA,; SLABY, 2011; WU et al., 2011; JANG; BAEK; KIM, 2011; BAO et al.,
2011; TUN et al., 2010). Durante o processo de EMT diversas vias moleculares
regulatorias podem agir, incluindo TGF-B, Wnt/B-catenina, receptores tirosina kinase e
fator nuclear kB (JANG; BAEK; KIM, 2011; WU et al., 2011). Muitos fatores de
transcricdo tais como, Snail, Slug, Twist e Zeb podem causar mudangas transcricionais
associadas a EMT em células tumorais (ISHIGAKI, et al., 2011). Tun e colaboradores
(2010), por meio da técnica de microarray, tentaram elucidar 0s mecanismos
moleculares envolvidos na transicdo epitélio mesénquima no carcinoma renal,
identificando diversos genes com expressdo aumentada em carcinoma renal de células
claras (N-caderina, fibronectina, fator transformador de crescimento-#/ e vimentina)
quando comparado ao cértex renal normal.

As alteracdes epigenéticas podem influenciar se uma célula sofre ou ndo EMT e
metastase (BAYLIN, 2005). Os eventos epigenéticos sdo mudancas hereditarias no
padrdo de expressdo génica associada a modificagbes no DNA ou proteinas da
cromatina que ndo sdo acompanhadas por alteraces na sequéncia do DNA (EGGER et
al., 2004; HERMAN; BAYLIN, 2003). Essas modificacGes incluem a acetilagéo,
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metilacdo, fosforilagdo, ubiquinacdo, sumoilagdo, carbonilagdo e a regulagdo por
microRNAs (TANG et al, 2015). As alteragbes epigenéticas ocorrem em alta
frequéncia no genoma, séo reversiveis apds tratamento com agentes farmacoldgicos e
surgem em regides definidas dentro de um gene (BAYLIN; OHM, 2006; FEINBERG;
TYCKO, 2004). Essas caracteristicas tornam a epigenética um campo muito atraente
para a deteccdo do cancer e, diversos estudos tém mostrado maltiplos genes com
diferentes tipos dessas alteracbes no tecido tumoral (SEPULVEDA et al.,, 2016;
TAYLOR et al,, 2016; KHAKPOUR et al., 2015; LI; MANSMANN, 2015; BENARD
et al., 2014).

Os mecanismos epigenéticos classicos, como a metilacdo do DNA e a
modificacdo de histonas, regulam a expressdo atuando na transcricdo de genes e 0s
microRNAs atuam principalmente como um mecanismo pds-transcricional
(SAETROM; SNOVE; ROSSI, 2007).

A metilacdo do DNA ¢ a adicdo de um grupo metil por um doador universal S-
adenosilmetionina (SAM), para o atomo de carbono 5’ da citosina, presente no
dinucleotideo CpG (citosina — fosfato — guanina), resultando na formacdo de uma 5-
metilcitosina (5meC). Esta reacdo é catalisada por uma enzima denominada DNA
metiltransferase que inclui DNMT1, DNMT3A, DNMT3B e DNMT3L (AUWERA et
al. 2009; SULEWSKA et al., 2007). Existem no genoma sequéncias curtas de DNA
ricas em dinucleotideos CpGs, conhecidas como ilhas CpG, frequentemente associadas
ao sitio de inicio da transcricdo dos genes e também pode ser encontradas na regido
intragénica e entre diferentes genes. Mais da metade dos genes do genoma de
vertebrados apresentam essas regides curtas ricas em CpGs (JONES, 2012; JONES;
BAYLIN, 2007; COTRELL, 2004). Essas ilhas sdo encontradas, em sua maioria, na
regido 5’ do gene e normalmente mantém-se ndo metiladas, desempenhando um
importante papel no controle da expressdo génica (RAUCH; PFEIFER, 2005;
USHIJIMA, 2005). A hipermetilacdo da regido promotora é um evento relativamente
comum em diversos tipos de tumores como, cancer de tireoide e carcinoma oral de
células escamosas (WANG et al., 2013; RODRIGUEZ-RODERO et al., 2013; HUANG
et al., 2013).

A estrutura da cromatina também contribui na determinagdo da transcri¢do

génica. As DNMTs podem regular o silenciamento génico por meio da metilagdo do
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DNA e recrutando desacetilases de histonas (HDACSs) e outras proteinas de ligacdo a
cromatina promovendo a modificacdo de histonas (BAYLIN, 2005).

As modificagBes em proteinas histonas sdo consideradas mudancas dindmicas
com ocorréncia de diferentes alteracfes dependendo do contexto celular (DAWSON;
KOUZARIDES, 2012). A metilacdo e acetilagdo ocorrem na cauda N-terminal da
histona e funciona de duas maneiras: primeiro por meio de alteracdo direta na estrutura
da cromatina e segundo como um marcador molecular no recrutamento de complexos
de modificacdo da cromatina (EZPONDA; LICHT, 2014; MOSASHVILLI et al., 2010).
O estado de modificacdo de histonas influencia a conformagdo da cromatina e afeta a
acessibilidade dos fatores de transcricdo e outras proteinas o DNA, modificando assim a
expressdo do gene (VERVERIS et al, 2013). As alteragdes nas histonas como
H3K27me3 e H3K4me3 sdo importantes no processo de desenvolvimento, e genes com
essas modificagdes ja foram revelados como contribuintes para a tumorigénese
(DAWSON; KOUZARIDES, 2012). Diversos estudos ja& mostraram a importancia da
modificacdo de histonas em carcinoma de células renais (ROGENHOFER et al., 2012;
ELLINGER et al., 2010; SELIGSON et al. 2009). Seligson e colaboradores (2009)
revelaram que alteracbes do tipo H3K4me2, H3K18Ac e H3K9me2 estdo
correlacionadas com um pior prognéstico e com uma baixa probabilidade de
sobrevivéncia em carcinoma de células renais. Um trabalho em larga escala com
amostras de ccRCC revelou os niveis de metilacio de H3K4 estdo inversamente
relacionados com o estagio avancado, grau e metastase nesta doenca (ELLINGER et al.,
2010).

Os microRNAs sdo moléculas de RNA com 19-24 nucleotideos que se ligam em
sequéncias complementares na regido 3’ ndo traduzidas de seu RNA mensageiro alvo
induzindo-o a degradacdo. Os transcritos de microRNAs sdo derivados de regides
intergénicas do genoma e foram conservados durante a evolugdo em muitos organismos,
dentre eles, leveduras, moscas, plantas e seres humanos (LIU; MAO; ZHU, 2007;
MALLORY et al, 2004).

A biogénese dos microRNAs € composta de multiplos processos. Inicialmente,
no nucleo celular ocorre a transcricdo de um microRNA primario (Pri-miR), composto
de dois segmentos de regides de RNA pareados formando alcas circulares. O Pri-miR é
clivado por um complexo que inclui a enzima Drosha e uma proteina de ligacdo de
RNA gerando um pequeno microRNA precursor (Pre-miR) (GREGORY et al., 2004;
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LEE et al.,, 2003). O Pre-miR é entdo exportado para o citoplasma por meio da
exportina-5, onde ocorre sua clivagem, pela acdo da enzima Dicer, e consequente
transformagdo em sua forma madura ainda composta por um RNA dupla fita (DU;
ZAMORE, 2005). Este duplex de RNA é incorporado ao complexo de silenciamento
induzido por RNA (RISC), no qual as duas fitas do microRNA sdo separadas. Uma das
fitas permanece associada ao RISC e constitui 0 miRNA maduro funcional, ao passo
que a fita complementar sofre degradacédo (FILIPOWICZ, 2005). O microRNA maduro
induz o complexo RISC a ligagdo na regido 3’ nao traduzida (3 UTR) do RNA
mensageiro alvo, resultando em silenciamento génico pos-transcricional pela
degradacdo do mRNA ou por inibicdo da traducdo (ZHANG; DAHLBERG; TAM,
2007).

Esses RNAs formam uma complexa rede de regulacdo génica, pois um Unico
microRNA pode ligar-se e regular diferentes alvos ou, diferentes microRNAs podem
ligar-se de forma cooperativa para controlar um unico mRNA alvo (KIM, 2005). Os
microRNAs estdo envolvidos em diversas vias regulatorias incluindo o controle de
desenvolvimento, diferenciacdo e proliferacdo celular e apoptose (CALIN; CROCE,
2006).

Alteracdes na expressao de microRNAs vém sendo relacionadas a diversos tipos
de tumores, podendo funcionar como oncogenes ou gene supressores tumorais. Tais
alteracdes ja foram observadas em leucemia, glioblastoma, cancer de pulmédo, mama,
figado, tiredide e pancreas e cancer colorretal (ZHI et al.,2015; WANG et al., 2015;
ZHANG et al., 2015; SIM et al., 2015; WANG et al., 2015; ZHOU et al., 2015; ZHAO;
WANG, 2015)..

Os microRNAs podem atuar diretamente na EMT, como € o caso do miR-203 e
miR-200 regulando SNAI1 e ZEB, respectivamente, contribuindo para a plasticidade
das células epiteliais durante a diferenciacdo e a progressao do cancer (MOES et al.,
2012). Em céancer de prostata o miR-29b pode suprimir o desenvolvimento de
metéastases pela regulacdo de sinalizagcbes da EMT (RU et al., 2012). Em células de
hepatoma, 0 miR-148a regula negativamente o alvo SNAIL, evitando a EMT e
metéastases (ZHANG et al., 2014).

Na tentativa de entender a biologia do carcinoma renal e identificar genes com
expressdo diferencial associados a EMT, neste trabalho analisamos diversos genes e

selecionamos dois, OCLN e GAS1, e buscamos 0 seu mecanismo de regulagdo por meio
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da atuacdo dos microRNAs, miR-122 e miR-34a, respectivamente. Além disso,
verificou-se também a expressao diferencial do gene e da proteina SLC2AL.

O gene OCLN, responsavel pela producdo da proteina ocludina, é conhecido por
estar presente em todas as jungdes tight (TJ). O gene OCLN esta altamente expresso em
TJ de células epiteliais de colon normal, j& em adenocarcinoma de célon esta com baixa
expressao. (KARAGIANNIS et. al.,, 2013). A TJ é uma estrutura importante que
determina a polaridade de células epiteliais e durante o processo de EMT ocorre a
dissolucéo dessas juncdes (HARTEN et al., 2009). Em conjunto com juncgdes aderentes
e desmossomos, as TJs constituem um complexo juncional epitelial, estando
localizados na parte apical da célula (IKENOUCHI et al., 2003). Nas TJs estéo
presentes as proteinas transmembranas ocludina e as claudinas, que ligadas ao
citoesqueleto por meio de uma rede de proteinas, compdem as z6nulas de ocluséo 1
(THIERY; SLEEMAN, 2006; HOLLANDE et. al., 2002).

A ocludina esta estruturalmente ligada ao receptor TGFpB, que também esta
localizado nas TJs. O fator TGFB pode induzir sinalizacdo patoldgicas nas células
epiteliais diferenciadas e levar a mudangas fundamentais no fendtipo celular via EMT.
Este processo pode estar no centro das principais causa de doencas potencialmente
fatais do rim (PIERUCCI-ALVES et. al., 2011). Além disso, a auséncia da proteina
ocludina é caracteristica de EMT em tumores derivados de células epiteliais simples
(ISERI et al., 2011; AIJAZ; BALDA; MATTER, 2006). A baixa expressdao do gene
OCLN pode resultar em uma diminuicdo da adeséao celular, reducdo da susceptibilidade
a apoptose e alteracdo da diferenciacdo epidermal em carcinoma de células escamosas
(RACHOW et al., 2013).

O miR-122 apresenta aproximadamente 22 nucleotideos e regula a expressdo de
um grande nimero de mRNA alvo envolvidos nas mais diversas funcdes, como
diferenciacdo celular e inducdo de apoptose (HSU; GHOSHAL, 2013; SZABO et al.,
2013; JOPLING, 2012; HSU et al., 2012; TSAI et al., 2012) e tem como um dos alvos o
gene OCLN (SENDI et al., 2015; YE et al., 2011). O papel do miR-122, envolvido na
regulacdo do metabolismo lipidico, pode estar quando circulante em altos niveis
relacionado com metastase em cancer de mama (WU et al., 2012; GIRARD et al,,
2008). Além disso, no tecido hepatico o miR-122 pode provocar um aumento e
deslocamento nuclear, o que contribui para a interacdo entre 0 miR-122 e os membros

da familia Bcl, atuando com um regulador de apoptose endégena (JIN et a., 2014). Em
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linhagem celular de adenocarcinoma colorretal, pode-se observar que a regulacdo do
gene OCLN é realizada pelo miR-122, o que auxilia no aumento da permeabilidade do
intestino (YE et al., 2011). Em 15 casos diagnosticados com carcinoma de células renais
com caracteristica de células claras e papilar o0 miR-122 foi encontrado com alta
expresséo (MUNARI et al, 2014). White e colaboradores (2011) e Zhou e
colaboradores (2010) revelaram a alta expressdo do miR-122 em 80 amostras de
ccRCC. Foi demonstrado também que em cancer de mama a transferéncia de miR-122
para as células normais no nicho pré-metastatico pode contribuir para reprogramacao
sistémica do metabolismo de energia, facilitando a progressao da doenga (FONG et al.,
2015).

O gene de parada especifica de crescimento 1 (GAS1) codifica uma proteina que
se associa a porcdo externa membrana plamatica celular por um fosfatidilinositol
glicosideo. Sabe-se que GAS1 pode levar a parada do crescimento de células tumorais e
induzir a apoptose, desse modo, a investigacdo do seu comportamento no tecido tumoral
se faz necessario (ZARCO et al., 2012). O gene GAS1 pode potencializar os sinais da
via de sinalizagdo Hedgehog, induzindo diversos fatores, como Notch e TGFp,
contribuindo indiretamente para a EMT (KATOH; KATOH, 2008). Jiang e
colaboradores (2011) detectaram sua baixa expressdao em pacientes com carcinoma
colorretal que apresentaram recorréncia tumoral.

A expressdo de GAS1 inibe a sintese de DNA e reduz a proliferacdo em
linhagens de cancer de bexiga, pulméo e fibrosarcoma. Além disso, GAS1 induz a
apoptose em células de gliomas e neuroblastoma por meio da ativacdo da caspase-3 e 9
(ZARCO et al., 2012; DOMINGUEZ-MONZON et al., 2009; STEBEL et al., 2000;
EVDOKIOU; COWLED, 1998). Pacientes com cancer gastrico e com baixa expressdo
do gene GAS1 apresentam menor tempo de sobrevida quando comparados a outros
pacientes com expressdo normal desse gene (WANG et al., 2012).

O miR-34a, membro da familia dos miR-34, € um alvo transcricional do gene
p53, atuando em diversos tipos de canceres e apresentando um papel fundamental em
processos bioldgicos como diferenciacdo celular, proliferacdo e sobrevivéncia (LEWIS;
BURGE; BARTEL, 2005). O miR-34a € capaz de regular negativamente a proteina Bcl-
2 em células de céncer de pulmédo e induzir apoptose pela ativacdo da proteina
apoptotica caspase-3 em células de cancer de pancreas (BANDI; VASSELLA, 2011;
NALLS et al, 2011). A alta expressdo do miR-34a ja foi associada a 15 casos
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diagnosticados com carcinoma renal (MUNARI et al., 2014). O miR-34a em carcinoma
de células renais apresenta um papel de supressor tumoral por meio da regulacdo do
gene YY1 (WENG et al., 2013). Um trabalho realizado por Ma, Qin e Cui (2013)
demonstrou que a regulagdo do gene GAS1 em carcinoma papilar de tireoide ocorre por
meio do miR-34a, levando a proliferacdo celular e suprimindo da apoptose. A regulacéo
de GAS1 pelo miR-34a contribui também para proliferacdo mesangial e hipertrofia
glomerular em diabete nefropatica (ZHANG et al., 2014). Em gliomas a alta expressdo
do miR-34a contribui para a malignidade do tumor (RATHOD et al., 2014).

O perfil de expressio dos microRNAs pode fornecer informacbes para
prognéstico clinico e uma terapia mais efetiva (GARZON; MARCUCCI, 2012; CHO,
2010; ZENG, 2006).

O gene SLC2A1 codifica uma proteina denominada transportador de glicose tipo
1, fundamental para as vias de metabolismo celular energético. Esta proteina é capaz de
desenvolver um fluxo bidirecional de glicose de acordo com o gradiente do substrato.
SLC2AL1 esta com alta expressdo em diferentes tipos de carcinomas, incluido hepatico,
pulmdo, endométrio, oral e cancer de mama (KRZESLAK et al., 2012; AMANN et al.,
2009; WACHI; YONEDA; WU, 2005; NOGUCHI et al., 2000; KAWAMURA et al.,
2001). Estas observacbes sugerem que este gene pode contribuir para o
desenvolvimento de diversos tumores (YAN et al., 2015).

Foi mostrado que osteossarcoma e suas metastases apresentam a hiperexpressao
do gene SLC2A1, o que contribui para o processo de proliferacdo das células tumorais
(CIFUENTES, et al., 2011). A proteina SLC2A1 esta dentro de uma variedade de
marcadores para a deteccdo dos diferentes tipos de cancer de mama, sendo que sua
expressdo detectada por imuno-histoquimica, é mais frequente em carcinoma ductal in
situ do que em cancer de mama invasivo (VERMEULEN et al., 2013; VERMEULEN et
al., 2012).

O progresso observado na andlise de amostra de tumores por analise da
expressdo génica e seus mecanismos de regulacdo tem mostrado grande eficiéncia no
fornecimento de novas informacGes sobre a ativacdo de vias de sinalizacdo de varios

processos, tais como evasdo de apoptose, angiogénese e potencial metastatico.
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OBJETIVOS

Tendo em vista o0 exposto, 0 objetivo geral deste projeto foi analisar a expresséo
de genes e proteinas relacionados ao processo de EMT, além de analisar o possivel
mecanismo de regulacdo de genes com baixa expressao em carcinoma renal de células
claras e linhagem celular de carcinoma renal. Para isso, foram utilizadas metodologias

moleculares, procurando atender os seguintes objetivos especificos:

1. Selecionar genes envolvidos na transicdo epitélio mesenquima, diferenciacdo e
proliferacdo celular em amostras de carcinoma renal de células claras e em linhagem

celular de carcinoma renal;

2. Avaliar a expressdo proteica dos genes hiperexpressos em carcinoma renal de

células claras e em linhagem celular de carcinoma renal;

3. Analisar se o perfil de metilacio do DNA, as modificaces de histonas e 0s
microRNAs estdo regulando a expressdo dos genes hipoexpressos em amostras de

carcinoma renal de células claras e em linhagen celular de carcinoma renal.
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Abstract

Clear cell renal cell carcinoma (ccRCC) is the most common histological subtype of
kidney cancer. This carcinoma is histologically characterized by the presence of clear
and abundant cytoplasm. The initial process of ccRCC metastatic tumor formation can
be attributed to epithelial-mesenchymal transition (EMT). In this study, we sought to
identify genes differentially expressed in ccRCC and build a molecular profile of this
cancer. We selected genes described in the literature to be related to EMT, cellular
differentiation and proliferation. We analyzed the gene and protein expression by
quantitative PCR and immunohistochemistry, respectively, and examined possible
epigenetic mechanisms that regulate their expression in ccRCC samples and cell lines.
OCLN and GASL1 genes were under-expressed in ccRCC, and we report that miR-122
and miR-34a, respectively, may regulate their expression in this cancer. Furthermore,
we showed by quantitative PCR (qPCR) and immunohistochemistry that SLC2A1 was
significantly over-expressed in ccRCC. The set of genes identified in this study furthers
our understanding of the molecular basis and development of ccRCC.

Keywords: Clear cell renal cell carcinoma, gene expression, epigenetics
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Introduction

Clear cell renal cell carcinoma (ccRCC) is the most common histological
subtype of kidney cancer in adults (70 — 75% of cases) [1]. Approximately 30% of early
stage patients develop metastases after surgery for localized disease [2]. This carcinoma
is histologically characterized by the presence of clear and abundant cytoplasm [2, 3].
The aggressive characteristics of renal clear cell carcinoma interfere in the efficiency of
conventional treatment approaches, such as chemotherapy and radiotherapy [4].

Part of the tumor formation process can be attributed to epithelial-mesenchymal
transition (EMT) [5]. During EMT, epithelial cells lose their junctions (tight junctions,
adherens junctions, desmosomes and gap junctions) and apical-basal polarity, undergo a
change in the cell shape signaling programs, reprogram gene expression, increase
cellular motility and develop an invasive phenotype [6, 7]. Recent work identified
various EMT markers in renal carcinoma, such as TGF-, Claudin-1, HDAC2 and miR-
34 [8-11].

Mutations or deletions associated with tumor suppressor genes may cause the
loss or inactivation of these negative regulators. However, the loss of function may be
caused by epigenetic changes [12], including acetylation, methylation, phosphorylation,
ubiquitinylation, sumoylation, carbonylation, and regulation of microRNAs [13].
Epigenetic alterations occur at a high frequency, are reversible upon treatment with
pharmacological agents and arise at defined regions within a gene [14, 15]. These
features make epigenetics a very attractive field for cancer detection and several studies
have shown multiple genes with different types of epigenetic alterations in tumor tissue
[16-18].

Analyzing gene expression and regulatory mechanisms in tumor samples has
shown great efficiency in providing new information on signaling pathway activation of
several processes, such as evasion of apoptosis, angiogenesis and metastatic potential.

In the present study, we selected genes described in the literature as having a
relationship with epithelial-mesenchymal transition, cellular differentiation and
proliferation. We analyzed their expression by quantitative PCR and
immunohistochemistry, and examined the possible epigenetic mechanisms that regulate
genes in ccRCC samples and cell line. OCLN and GAS1 were under-expressed in

ccRCC and miR-122, and miR-34a may regulate their expression in this cancer.
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Furthermore, we showed by gPCR and immunohistochemistry that SLC2Al was
significantly overexpressed in ccRCC samples. These genes may be involved in the
molecular biology and development of the disease and analysis of them may contribute
to insights for new prognoses, treatments and understanding this tumor type.

Material and Methods

Clear cell renal cell carcinoma samples

The samples were collected from 101 patients diagnosed with clear cell renal
cell carcinoma, including 45 fresh samples of ccRCC, 56 paraffin-embedded samples of
ccRCC, 2 fresh-frozen, histologically normal renal tissue samples and 24 paraffin-
embedded samples of histologically normal renal tissues, all of which were confirmed
by pathologists. The samples were obtained from the Hospital de Base at Faculdade de
Medicina de S&o José do Rio Preto, Sao Paulo, Brazil. The use of patient-derived
material was approved by the Research Ethics Committee of the IBILCE-UNESP and
FAMERP, Sao Paulo, Brazil, and written consent was obtained from all patients.
Tissues were obtained from patients undergoing tumor resection surgery, and a
diagnosis of clear cell renal cell carcinoma was verified post-operatively using
histopathology. The samples were classified according to the criteria provided by the

International Union against Cancer [19].

Cell lines and Treatments

The 786-O (primary clear cell adenocarcinoma) cell line was obtained from the
American Type Culture Collection (ATCC, Manassas, VA, USA) and HaCaT (an
immortal human keratinocyte cell line) was Kindly provided by Luisa Lina Villa
(Department of Radiology, Center on Translational Oncology Investigation, Sdo Paulo
State Cancer Institute, Universidade de Séo Paulo, Brazil). 786-0 cells were cultured in
RPMI1640 medium (Gibco by Life Technologies, Grand Island, NY, USA), and HaCaT
cells were cultured in DMEM medium (Gibco by Life Technologies, Grand Island, NY,
USA). The media were supplemented with 10% fetal bovine serum (Cultilab, SP,
Brazil), 100 U/mL of penicillin (Invitrogen, Grand Island, NY, USA) and 100 pg/mL of
streptomycin (Invitrogen, Grand Island, NY, USA). Cell cultures were grown in a 37°C

and 5% CO, atmosphere. 786-O cells were plated in 6-well plates, cultured for 24
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hours, and treated for 72 h with fresh 5 uM, 2 uM or 1 uM of 5-Aza-dC (Sigma, St
Louis, MO, USA) dissolved in phosphate buffered saline. Due to its chemical
instability, fresh medium with 5-Aza-dC was added every 24 h. For the Trichostatin A
(TSA) experiments, the cells were seeded in 6-well plates, cultured for 24 hours, and
treated for 24 hours with fresh 1,000 nM, 500 nM, 300 nM, 200 nM or 100 nM of TSA
(Sigma, St Louis, MO, USA) dissolved in DMSO. To assess the combined effect of
both drugs, we performed the co-treatment of cells with 5 uM of 5-Aza-dC and 1,000
nM of TSA using the following protocol: 5-Aza-dC was added for 72 h, after which it
was removed and TSA was added for an additional 24 h. All experiments were
performed in triplicate.

Cytotoxicity assay

786-0 cells were seeded into 96-well plates at a density of 10° cells for 5-Aza-
dC treatment, 10* cells for TSA and 5 x 10° cells for co-treatment. After the 5-Aza-dC
and TSA treatments, 1 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) (Sigma Aldrich, St Louis, MO, USA) was added to each well and
incubated for 30 min at 37°C. Then, the MTT was removed and 100 uL of 100% DMSO
(Sigma Aldrich, St Louis, MO, USA) was added to each well and the absorbance was
measured at 562 nm. Each experiment was performed in triplicate and in two

independent assays.

RNA and DNA Extraction

Genomic DNA and total RNA extraction were performed with TR1zol® Reagent
(Life Technologies, Grand Island, NY, USA) using both cell lines, the 45 fresh samples
of ccRCC and 2 fresh-frozen, histologically normal renal tissue samples, following the
manufacturer’s instructions. The DNA and RNA quality was verified by electrophoresis
through an agarose gel and stained with ethidium bromide. For quantitative real-time
PCR, 5 ng of total RNA from each sample were used to synthesize cDNA with a high-
capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA, USA), according to
the manufacturer’s instructions. The cDNA quality was checked by PCR of the
housekeeping gene p-ACTIN. The PCR products were analyzed by electrophoresis on a

1% agarose gel and stained with ethidium bromide.
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Selection of Genes

We analyzed the differential expression of the following genes by qPCR: E-
Cadherin (CDH1), N-Cadherin (CDH2), Claudin 1 (CLDN1), Cathepsin B (CTSB),
Platelet-activating factor acetylhydrolase 2 (PAFAH2), Growth arrest-specific 1
(GAS1), Hypoxia inducible factor la (HIFIa), Hypoxia inducible factor 2o (HIF2a,),
Laminin p1 (LAMPI), Occludin (OCLN), Phosphoglycerate dehydrogenase (PHGDH),
Solute carrier family 2 member 1 (SLC2A1), Transforming growth factor 1 (TGFpI),
Tight junction protein 1 (TJP1) and Vimentin (VIM). The genes were selected according
to their role in the EMT process, cellular differentiation and proliferation. The primers
sequences are provided in Table S1.

Quantitative Real-time Polymerase Chain Reaction

The gPCR amplification was performed with Power SYBR Green and an ABI
7300 Real-time PCR System (Applied Biosystems, Warrington, UK). In brief, the
reaction mixture (20 uL of total volume) contained 25 ng of cDNA, gene-specific
forward and reverse primers and 10 pL of 2x Quantitative SYBR Green PCR Master
Mix. The samples were tested in triplicate. The relative expression of each specific gene
was calculated using the following previously published [20] formula:
R = (E target)ACt tareet (control -sample) ; F endogenous)®Ct endegenous (control = sample) - A 5_o]q
change was set as the cutoff. Gene expression was analyzed in forty-five ccRCC
samples and in the 786-O cells after treatment and HaCaT. Two normal renal fresh-
frozen tissue samples were used as the normal reference (control group). Non-treated
cell lines were used as reference samples, and GAPDH was selected as the endogenous

control gene.

Bisulfite Sequencing

Genomic DNA was subjected to a sodium bisulfite treatment to modify
unmethylated cytosine to uracil, as described by Calmon et al. [21]. Bisulfite-treated
DNA was amplified by PCR, using primers designed to amplify CpG-rich regions
located at the 5” region of OCLN (-438 to +1232, relative to the transcription start site
(TSS) and encompassing 164 CpG dinucleotides) and GAS1 (-485 to +1518, relative to
the TSS and encompassing 269 CpG dinucleotides). Primer sequences are provided in

Table S1. The amplified products were cloned using a CloneJet PCR Cloning Kit
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(Thermo Scientific, Carlsbad, CA, USA). Five positive clones from the 786-O cell line
before and after treatment with 5-Aza-dC, one ccRCC sample and one normal renal
sample were sequenced using a Big Dye Terminator v3.1 Cycle Sequencing kit and an
ABI3130XL sequencer, according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA, USA). The methylation percentage for each sample was
calculated as the proportion of unconverted CpG dinucleotides among all of the CpG
dinucleotides analyzed from the five positive clones.

Chromatin immunoprecipitation (ChIP)

ChIP was performed using a ChIP-IT® High Sensitivity Kit, as described by the
manufacturer (Active Motif, Carlsbad, CA, USA). The 786-O and HaCaT cells were
cross-linked with 1% formaldehyde for 10 min at room temperature and nuclei were
isolated. Isolated nuclei were sonicated on ice to break the chromatin into
approximately 200-1200 bp fragments. Soluble chromatin was used in
immunoprecipitation with H3K4me3, H3K27me3, H3K4me2, and H3K9ac antibodies
(Thermo Scientific, Rockford, IL, USA). IgG was used as a negative control (abcam,
Cambridge, MA, USA) and immune complexes were absorbed with protein G magnetic
beads. After reversing the cross-linking and treating with proteinase K, the
immunoprecipitated DNA was analyzed on a gene-specific basis using quantitative PCR
(primers sequences in table 2). The quality control ChIP was performed using a ChIP-
IT® gPCR Analysis Kit (Active Motif, Carlsbad, CA, USA) with Human Negative
Control Primer Set 1 and Human Positive Control Primer Set GAPDH-2, as described

by the manufacturer.

MicroRNA Analysis

Two microRNA databases, miRBase (www.mirbase.org) and TargetScanHuman
(www.targetscan.org), were used to select microRNAs that target the OCLN and GAS1
MRNA. For microRNA expression analysis, total RNA was reverse transcribed into
cDNA using miR-34a, miR-122 and U48 specific steam-loop primers (the primer
sequences are listed in Table S2). Expression of mature miR-34a and miR-122 was
quantified as described in the gPCR methods. The microRNA expression was analyzed

in 30 clear cell renal cell carcinoma samples and in the cell lines 786-O and HaCaT.
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Two normal renal fresh-frozen tissue samples were used as a normal reference. Each

sample was run in triplicate, and the miRNA expression levels were normalized to U48.

Tissue array construction and immunohistochemistry

Tissue microarrays were constructed using a tissue microarrayer (Beecher
Instruments, Silver Spring, MD, USA). Briefly, the slides were reviewed by a
pathologist, and areas containing each category were annotated on the H&E slides.
Fifty-six 1.0 mm in diameter cylindrical tissue cores from the ccRCC tumor samples
and twenty-four from the tumor margins were taken from the corresponding regions of
the paraffin blocks and transplanted into a recipient paraffin block.

For immunohistochemical staining, all of the paraffin-embedded sections were
cut to 4 um in thickness and the endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 30 min. Antigen retrieval was performed using sodium citrate
buffer (pH 6,0) for 20 minutes at 96°C in a steam pan. The sections were then incubated
with SLC2A1 polyclonal primary antibody (1:200) (Abcam, Cambridge, MA, USA)
diluted in 1% BSA at 4°C overnight. After incubation with primary antibody, the
sections were incubated with a biotinylated secondary antibody (Santa Cruz
Biotechnology, Paso Robles, CA, USA) and then exposed to streptavidin complex
(HRP ready-to-use, DakoCytomation, Carpinteria, CA, USA). Positive staining was
identified using DAB substrate color detection (Dako, Cambridge, UK). The sections
were counterstained with Hematoxylin.

The SLC2A1 densitometric analyses were conducted with an Axioskop Il
microscope (Zeiss, Oberkochen, Germany) using the Axiovision™ software (Zeiss).
For these analyses, 20 different points were analyzed from three different fields of each
tumor fragment and the average immunoreactivity intensity (arbitrary units, AU) was

recorded.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 5 Software
(GraphPad Software Inc., San Diego, CA, USA). The relative expression levels detected
by gPCR in ccRCC were transformed into natural logarithms. The Wilcoxon signed-

rank test was applied to compare the gene expression levels in tumor tissues and normal
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tissues. The Mann-Whitney U Test and Wilcoxon signed-ranks test were used to

compare the protein expression levels detected by immunohistochemistry.

Results

Identification of differentially expressed genes in ccRCC

To identify genes differentially expressed in ccRCC samples and the 786-O cell
line, we performed gPCR for the following target genes: CDH1, CDH2, CLDN1, CTSB,
PAFAH2, GAS], HIFla, HIF2a, LAMp1, OCLN, PHGDH, SLC2A41, TGFp1, TJPI and
VIM.

CDH2, CTSB, GAS1, HIFla, LAMfSI, OCLN, PHGDH, PAFAH2 and TJP1
were significantly downregulated in the ccRCC samples when compared to the
reference samples. SLC2A1 was significantly overexpressed in tumor tissues when
compared to normal renal tissues. CDH1, TGFf1, VIM, CLDN1 and HIF2o were not
differentially expressed (Figure 1A).

CDH1, CTSB, GAS1 and OCLN were significantly downregulated in 786-O
cells. SLC2A1 and VIM were significantly overexpressed in 786-O cells. CDH2,
CLDN1, HIFla, HIF2a, LAMpBI, PAFAH2, PHGDH, TGFpI and TJP1 were not
differentially expressed (Figure 1B).

OCLN and GAS1 were chosen for epigenetic analysis due to the presence of
CpG islands in their promoter regions and the observed downregulation in both the
ccRCC samples and 786-O cells. SLC2A1 was selected for immunohistochemical

analysis because it was overexpressed in both the ccRCC samples and 786-0 cells.

DNA methylation and histone acetylation analysis

The methylation status of CpG islands at the 5” region of the OCLN and GAS1
genes was investigated by bisulfite sequencing in ccRCC samples, normal renal tissue
and 786-O cells before and after 5-Aza-dC treatment. The bisulfite sequencing was
performed in the -438 to +1232 region of OCLN and the -485 to +1518 region of GASL.

The methylation levels of OCLN and GAS1 were not significantly reduction in
786-0 cells before and after 5 pM of 5-Aza-dC treatment (24.39% to 22.19% for OCLN
and 22.5% to 22.23% for GAS1). The methylation level of the genes compared between
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the ccRCC samples and normal renal samples did not differ significantly, 4% to 1% for
OCLN and 1.8% to 0% for GAS1 (Figure 2).

An MTT assay was performed to detect possible effects of 5-Aza-dC and TSA
treatment on 786-0 cell viability. All of the drug concentrations tested showed viability
greater than 75%, including co-treatment (Figure 3).

The cell growth was inhibited in a dose-dependent manner by 5-Aza-dC
treatment in 786-O cells. The expression of OCLN mRNA was higher in the cells
treated with 5 pM and 2 uM of 5-Aza-dC than in the untreated cells (Figure 4A). There
was no difference in the GAS1 mRNA expression after treatment with any 5-Aza-dC
concentration (Figure 4A).

Similar to the 5-Aza-dC treatment, TSA treatment showed a better response at
the highest concentration (1,000 nM). The OCLN gene was upregulated in the 786-O
cells after 1,000 nM TSA treatment when compared to untreated cells (Figure 4B).
Other TSA concentrations were not able to significantly upregulate OCLN expression.
The GAS1 expression levels were unchanged after TSA treatment in 786-0O cells when
compared to untreated cells (Figure 4B).

The 5-Aza-dC (5 uM) and TSA (1000 nM) co-treatment efficiently upregulated
OCLN expression in 786-0O cells. However, GAS1 gene expression was not altered after

co-treatment (Figure 4C).

ChlP

Because we could not observe any difference in the promoter region methylation
levels of the genes after 5-Aza-dC treatment, we investigated whether the loss of OCLN
and GAS1 expression in 786-0O cells could be due to histone modifications. For this, we
performed ChIP analyses for H3K4me3, H3K27me3, H3K4me2 and H3K9ac marks at
the OCLN and GAS1 promoters in the 786-O and HaCaT cell lines.

In both cell lines, ChIP followed by qPCR analysis showed that all of the histone
modifications were reduced or absent in the promoter regions of OCLN and GAS1. It
was not possible to differentiate the relative occupancy of the marks studied between
the normal and tumor cell lines. The Human Negative Control Primer Set 1 and Human
Positive Control Primer Set GAPDH-2 served as negative and positive controls,

respectively (Figure 5).
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microRNA analysis

We performed stem loop reverse transcription PCR (RT-gPCR) to quantify miR-
122 and miR-34a expression in the 786-O and HaCaT cell lines. The relative expression
of miR-122 and miR-34a in 786-O cells was higher than in HaCaT cells (Figure 6).
Both microRNAs were significantly overexpressed in tumor tissues when compared to
normal renal tissues. These results suggest that upregulation of miR-122 and miR-34a
might be, at least in part, involved in the downregulation of OCLN and GAS1 in ccRCC.

Immunohistochemistry

The SLC2A1 protein expression was investigated on ccRCC tissue array by
immunohistochemistry.

The ccRCC tissues showed higher expression of SLC2AL1 protein (p<0.0001)
relative to normal tissues. Figure 7 shows the SLC2Al immunoreactivity and the
densitometric data.

Discussion

Clear cell renal cell carcinoma (ccRCC) accounts for the majority of renal
carcinoma related deaths [2]. Some patients who develop metastases present resistance
to systemic chemotherapy and radiation therapy, contributing to the development of
therapies that target the molecular basis of the cancer [22, 23].

Several prognostic models are used to predict the survival of ccRCC patients,
including clinicopathologic parameters and protein, genetic and epigenetic biomarkers
[24-26]. In the present study, we investigated the epigenetic regulatory mechanisms of
OCLN and GAS1, genes that may contribute to epithelial-mesenchymal transition,
cellular differentiation and proliferation in renal cell carcinoma.

The OCLN gene is responsible for producing the occludin protein, which is
present in all of the tight junctions. Occludin has been implicated in tight junction
permeability and, in particular, to the regulation of size-selective diffusion [27-29]. The
transmembrane proteins occludin and claudin are present in the tight junctions, which
are connected to the cytoskeleton via a network of proteins, such as zonula occludens-1
[30]. This epithelial junctional complex, together with adherens junctions and

desmosomes, is located at the most apical part of the complex [31]. The tight junctions
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determine epithelial cell polarity and undergo dissolution during cancer progression that
is accompanied by cytoskeletal changes [6].

Downregulation of OCLN was observed in liver tumors, breast cancer,
endometrial and lung carcinomas [32-35]. A study of human cutaneous squamous cell
carcinoma observed the loss of OCLN and related this loss to cell-cell adhesion,
apoptosis and proliferation [36]. OCLN was found to be partially methylated in the
promoter and endogenous region of a breast cancer cell line, and treatment with 5-Aza-
dC and TSA could induce re-expression of this gene [37]. In our study, we observed
hypermethylation in approximately 20% of the endogenous region, although, treatment
with 5-Aza-dC did not change the global methylation profile of the OCLN gene in the
ccRCC cell line. However, we demonstrated that the effect of 5-Aza-dC treatment and
synergistic effect of 5-Aza-dC and TSA treatment in 786-O cells was effective in
reactivating OCLN gene expression. Thus, 786-O cells showed a methylation profile in
the OCLN promoter, despite the suggestion of alternate modes of reactivation base upon
OCLN expression. To further investigate whether increased OCLN expression in 786-O
cells could be due to chromatin modifications, we performed ChIP for H3K27me3,
H3K4me3, H3K4me2 and H3K9ac marks in the OCLN promoter in 786-O cells. ChIP
analysis did not show any differences between H3K27me3 silencing marks or changes
in H3K4me3, H3K4me2 and H3K9ac activation marks in the OCLN gene promoter
region. H3K4mel, H3K4me2 and H3K4me3 marks inform potential prognosis because
their increase was inversely correlated with lymph node involvement and distant
metastasis in patients with renal cell carcinoma [38].

Another potential regulatory mechanism that may influence OCLN expression is
microRNAs. miR-122 has been reported to regulate OCLN expression in intestinal
tissue, which contributes to increased intestinal permeability [39]. In this study, miR-
122 expression levels were higher in the ccRCC cell line and tumor samples, suggesting
that the increase in microRNA expression may contribute to the downregulation of the
OCLN gene. miR-122 expression was upregulated in 15 cases of clear cell papillary
renal cell carcinoma and in 80 samples of ccRCC [40-42]. In breast cancer, high miR-
122 levels have been associated with metastasis, likely by increasing nutrient
availability in the pre-metastatic niche [43].

GASL is a membrane-associated protein; it is tethered to the membrane through

a glycosyl-phosphatidylinositol anchor [44, 45]. GAS1 contributes to inhibitory signal
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transduction and interferes with cell proliferation due to the inhibition of DNA synthesis
during GO to S [44, 46]. The Hedgehog pathway is an essential regulator of
carcinogenesis, and GAS1 protein participates in the Hedgehog signaling pathway
through binding to Hedgehog ligands and enhancing the signaling, thus indirectly
inducing EMT [47-49].

Reduced GAS1 expression was positively associated with the survival time in
gastric cancer cells [50]. The downregulation of the GAS1 gene has been described in
colorectal cancer, melanoma and prostate cancer metastasis [51-53].

In this present study, the global methylation profile of GAS1 in ccRCC cells was
unchanged before and after 5-Aza-dC treatment. Similarly, there were no gene
expression modifications after treatment with TSA or co-treatment with TSA and 5-
Aza-dC. Sacilotto et al. (2011) [54] suggested that GAS1 gene transcription is
modulated by chromatin remodeling and histone modifying complex recruitment to the
GAS1 promoter in hepatic cells. However, our chromatin immunoprecipitation assays
did not show a difference in the H3K27me3 silencing mark, nor were there differences
in the H3K4me3, H3K4me2 and H3K9ac activation marks in the GAS1 gene promoter
region in ccRCC cells. It is possible that other regulatory mechanisms are altering the
expression of GAS1 in ccRCC, such as microRNAs.

GASL1 gene regulation in papillary thyroid carcinoma occurs through miR-34a,
leading to cell proliferation and apoptotic suppression [55]. miR-34a regulates
mesangial proliferation and glomerular hypertrophy by directly inhibiting GASL in early
diabetic nephropathies [56]. In this study, we measured miR-34a expression levels,
which target the GAS1 gene, in ccRCC cell lines and tumor samples and suggest that the
increase in this microRNA may contribute to the downregulation of GAS1. miR-34a
was upregulated in eight ccRCC samples and renal carcinoma cell lines, establishing an
association between this miR and multiple targets [57, 58]. miR-34a overexpression
supports cell proliferation in the majority of cancers, suggesting an unexpected link
between cancer and neuronal and endocrine cell metabolism [59].

The SLC2A1 gene is over-expressed in different types of cancer, including lung,
liver and breast cancers [60-62]. SLC2A1 facilitates glucose transport and is present in
the epithelium and endothelium, contributing to proliferation [60, 63, 64]. In this study,
SLC2A1 was upregulated by both gPCR and immunohistochemistry in ccRCC samples
and 786-0O cells. Cifuentes et al. [65] identified that SLC2AL1 and glucose transport are
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regulated by insulin and therefore may be an important target for conventional
pharmaceutical therapy and gene therapy in the treatment of osteosarcoma. The
SLC2A1 protein belongs to a class of markers that can detect breast cancer by
molecular imaging with more common immunoreactivity in ductal carcinoma in situ
than in invasive breast cancer [66, 67].

In summary, the silencing of OCLN and GAS1 may contribute to tumor
progression because of a possible relationship between these genes and cell-cell
adhesion, apoptosis, proliferation and EMT. We suggest that the increase in miR-122
and miR-34a expression may contribute to the downregulation of the OCLN and GAS1
genes, respectively. Overexpression of the SLC2A1 gene was higher in ccRCC than in
the non-neoplastic samples. The expression of these genes may be involved in EMT in
addition to other cellular processes that contribute to tumor development. Once these
genes have been characterized in ccRCC, molecular genetic tools may be used to
explore the biological process involved, thus improving diagnosis, treatment, and
patient outcomes. Further studies are required to evaluate whether the identified genes

are specifically altered in ccRCC or if they might be deregulated in other tumors.
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Figure 1. Gene expression profile in ccRCC. mRNA expression of the selected genes
using gPCR in ccRCC samples (A) and in 786-0 cell line (B). The results are shown as
the fold change in expression relative to normal sample (*p < 0.001, Wilcoxon Signed
Rank Test).
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Figure 2. Methylation level in OCLN and GAS1 gene promoters. The transcription initiation site is represented by +1. Expanded view shows

the position of CpG islands and region analyzed by bisulfite sequencing. Each row represents one sequenced clone, and open filled circles
represent unmethylated CpG dinucleotides, respectively. (A) Bisulfite sequencing of OCLN and GAS1 before and after 5-Aza-dC treatment, (B)

Bisulfite sequencing of OCLN and GAS1 in normal and tumor sample.

¢S



Cell Viability (%)

53

120
100 -
80 -
60 -
40
20 -
0 - : ;
é%@ 6"9 S’Q & 65_.,9 »’o Qbo ‘}o @,9
SN SN ~ woowo
& & & & & & & ¢ &
N » ~ & 8 > D S 8
N WY x
O
v*’b
&
4

Figure 3. 786-0 cell viability after 5-Aza-dC and TSA treatment. Cell viability of
786-0 cells after 5-Aza-dC, TSA and co-treatment with 5-Aza-dC and TSA.
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Figure 4. OCLN and GAS1 expression level after 5-Aza-dC and TSA treatment. (A)
MRNA expression of OCLN and GAS1 gene in 786-O cell line after 5-Aza-dC
treatment. (B) mRNA expression of OCLN and GAS1 gene in 786-0 cell line after TSA
treatment, (C) mRNA expression of OCLN and GAS1 in 786-O cell line after co-
treatment with 5-Aza-dC and TSA. (*p < 0.001, Wilcoxon Signed Rank Test)
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Table S1. Primers sequences used in the quantitative real-time polymerase chain
reaction and bisulfite sequencing.

Gene Primer Forward Primer Reverse
GAPDH ACCCACTCCTCCACCTTTGA CTGTTGCTGTAGCAAATTCGT
CTSB GGAGTGTACCAACACGTCACC CATTGTCACCCCAGTCAGTG
CLDN1 GGTGCAGAAGATGAGGATGG CATTGACTGGGGTCATAGGG
GAS1 GAAGGGATGGTTGGGGATAC GGGAGGAGGTCCAAGAAGTC
SLC2A1 GTCTGGCATCAACGCTGTC AGCGACACGACAGTGAAGG
HIF2A TGGTAGCCCTCTCCAACAAG ACCCCTGAGGTTCTTCATCC
PHGDH TTGCTGTTCAGTTCGTGGAC TGTGTGGAGAGAAGGCACTG
TGFpI ATTGAGGGCTTTCGCCTTAG GTAGTGAACCCGTTGATGTCC
TJP1 AGGTGAAACACTGCTGAGTCC AGTGTGGTAAGCGCAGCTC
PAFAH2 AGTTCAGCTCCGGCAAGTC AAGCTCCCCTGGAGATTCTG
LAMB1 AGTGGAAGGAATGGTTCACG TTTTACAGGCGTTGCTGTTTC
CDH2 ATATGGCCTTTCAAACACAGC CGTCATGGCAGTAAACTCTGG
OCLN CCCGTTTGGATAAAGAATTGG CTGCAGATCCCTTCACTTGC
VIM GAAATTGCAGGAGGAGATGC ATTCCACTTTGCGTTCAAGG
CDH1 GAACGCATTGCCACATACAC ATTCGGGCTTGTTGTCATTC
OCLN - Seq.1 CCTCTCTCATCAGACACCCC CTCCTTTCCCTCCTCCCTACAAC
OCLN —Seq.2 GTTGTAGGGAGGAGGGAAAGGAG TATCCAAAGGGGTGGGGTGG
OCLN —Seq.3 CCACCCCACCCCTTTGG ACACTGACTGGCCTGGAAAGC
GAS1 - Seq.1 AACAGGCAGGACCAATAGCATCT GCTCCTTCCTCCTGGGCTCA
GAS1 - Seq.2 TGAGCCCAGGAGGAAGGAGC GCTCCCCCTGGCACTGCA
GAS1 - Seq.3 GCAGTGCCAGGGGGAGC CCTTGGGCATAGCCAGCAT
GAS1 - Seq.4 TCATTGAGGACATGCTGGCTATG CCCTTCTATCTGTCCCAAGCCAC
GAS1 - Reg.A GGACCAGATCTCGACAGCTG TTCATAAATCCATGCGCGCC
GAS1 - Reg.B CAAACAGCTGCCCCTAAGC GCTCACATTCAGGCATTCAG
GAS1 - Reg.C CGAGAAGGCAGAGGTTTCC TGTCGAGCAATTACCACCTG
OCLN - Reg.A TTGGAAGCTAAAGGGCATTG ATCAGGCCTGTAAGGAGGTG
OCLN - Reg.B CACCATGCTCCCACTTCAC TAGACCAGGAGAGCCTGTGG
OCLN - Reg.C ATGGAGGGTCGTTTTGAGG GTGTGAGGCAACAATGAAGG
OCLN - Reg.D GCGACTATGTTAGGGGAGGTG CTCTCTGGTTCCCACGAGTC




Table S2. Primers sequences used in quantitative real time polymerase chain reaction for microRNAs.

microRNA Target Gene

Primer Sequences (5’- 3°)

miR-34a

miR-122

u48

GAS1

OCLN

F—- ACACTCCAGCTGGGTGGCAGTGTCTTAGCTGG

R-TGGTGTCGTGGAGTCG

RT - CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAACCAG

F—- ACACTCCAGCTGGGTGGAGTGTGACAATGGTGTTTG
R—-CTCAACTGGTGTCGTGGA

RT - CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAACAC
F-TCTGAGTGTCTTCGCTGACG

R - GAGGTATTCGCACCAGAGGA

RT - GTCTCCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGGAGACGGTCAG
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CONCLUSOES

O presente trabalho permitiu as seguintes conclusdes:

1. Os genes OCLN e GAS1 apresentam uma reducdo de expressdo significativa em
amostras de ccRCC e em linhagem celular de carcinoma renal, quando comparada com a

amostra renal normal;

2. Tanto a metilacdo do DNA quanto as modificagdes de histonas analisadas ndo atuam no
processo de regulacdo dos genes OCLN e GAS1;

3. Os microRNAs miR-122 e miR-34a apresentam um aumento de expresséo significativa
em amostras de ccRCC e em linhagem celular de carcinoma renal, quando comparada com a
amostra renal normal e, possivelmente estdo regulando a expressdo dos genes OCLN e GASI,

respectivamente;

4. O gene e a proteina SLC2A1 apresentam um aumento de expressao significativa em
amostras de ccRCC e em linhagem celular de carcinoma renal, quando comparada com a

amostra renal normal.
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