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RESUMO

O carcinoma mucoepidermoide (CME) é a neoplasia maligna de glandula salivar mais
prevalente, demonstrando indices relevantes de recorréncia e metastases a distancia, em
virtude da elevada capacidade invasiva de suas células, provavelmente favorecida pela
atuacdo da metalotioneina (MT), uma proteina armazenadora de zinco, responsavel em
fornecer esse elemento para a atuagcdo de proteases e para a ocorréncia da sintese de
proteinas e acidos nucléicos. Dessa forma, objetivou-se caracterizar uma linhagem celular
derivada dessa neoplasia, assim como correlacionar a expressdo de MT com o Fator de
Crescimento Transformador-a (TGF-a), com o Fator de Necrose Tumoral-a (TNF-a) e com as
Metaloproteinases da Matriz (MMPs). O ensaio de imunofluorescéncia indireta foi realizado
para detectar a expressdo de marcadores epiteliais e mesenquimais na linhagem.
Adicionalmente, uma andlise citogenética foi feita para verificar as alterac6es cromossdmicas
celulares. A diminuicdo na expressdao do gene metalotioneina-2A foi alcancada por RNA de
interferéncia, e posteriormente, realizou-se Western Blot para correlacionar o silenciamento da
metalotioneina com a expressao dos fatores de crescimento e MMPs. A linhagem derivada de
CME expressou as citogueratinas 19 e AE1/AE3, fibronectina, vimentina e a-actina-musculo
liso. Avaliagdo citogenética evidenciou diversas alteragdes estruturais e numéricas, dentre as
guais a translocacao t(11;19) (g21;pl13), caracteristica do CME. Apds RNA de interferéncia,
visualizou-se uma expressao diminuida de TGF-a e MMP-9, enquanto que o TNF-a tornou-se
mais expresso e a MMP-2 manteve sua expressao inalterada. Com os resultados, sugerimos
gque a MT apresenta papel relevante na invasdo tumoral do CME, visto que interfere na

expressdo de proteinas envolvidas nesse mecanismo.

Palavras-chave: carcinoma mucoepidermoide; metalotioneina; metaloproteinases da matriz;

matriz extracelular.
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INTRODUCAO

O carcinoma mucoepidermoide (CME) é a neoplasia maligna de glandula salivar mais
prevalente, representando cerca de 30% de todos os tumores malignos que acometem as
glandulas salivares maiores [1]. Clinicamente, apresenta-se frequentemente como um aumento
de volume assintomatico ocorrendo frequentemente na glandula parétida e demonstra indices
relevantes de recorréncia local e metastase a distancia, estando esse comportamento
relacionado ao grau histolégico do tumor, como confirmado em alguns estudos retrospectivos
[2], a diferenciacdo celular, espagos cisticos e atipia celular [3]. Histologicamente, o CME
apresenta trés populacdes celulares: mucosas, intermediarias e epidermoides, estando o
subtipo celular predominante diretamente relacionado com a classificacdo do tumor em baixo,
intermediario ou alto grau de malignidade, e assim, com o seu prognéstico [3].

Células tumorais com atividade invasiva conseguem alcancar tecidos subjacentes e
assim, sdo mais dificeis de serem completamente removidas em tratamentos cirdrgicos,
podendo interferir diretamente no desenvolvimento de recidivas e metastases a distancia do
tumor. A capacidade de invasdo de tumores de glandulas salivares ja foi demonstrada em
alguns estudos e relacionada a eventos de protedlise localizada da matriz extracelular,
migracdo e invasao celular [4]. A atividade proteolitica da matriz, que promove um espaco
fisico para que as células atinjam tecidos mais profundos, tem sido atribuida a uma familia de
enzimas zinco-dependentes denominadas metaloproteinases da matriz (MMPs). O resultado
dessa protedlise localizada possivelmente libera fatores de crescimento (FC) que, por sua vez,
ativam vias de sinalizacdo celular, resultando em maior atividade proliferativa da linhagem.
Ademais, os FC sdo capazes ainda de promover a secre¢cdo de MMPs, formando assim um
ciclo favoravel ao mecanismo de invasdo tumoral [5]. Tais eventos podem ocorrer com a
contribuicdo de uma proteina intracelular de baixo peso molecular denominada metalotioneina
(MT), por funcionar como armazenadora de zinco [6], um elemento necessario para a atuagao
de proteases e também para que ocorra a sintese de proteinas e acidos nucleicos, elevando a
atividade metabdlica e a proliferacdo celular [7], agravando assim, o prognostico do tumor.
Além disso, a superexpressao de metalotioneina tem sido incessantemente relacionada ao
prognostico desfavoravel de tumores oriundos do pulmao, pancreas, préstata, e também, da
cavidade oral [8]. Pacientes com carcinoma de células escamosas que apresentavam
expressdo acentuada de metalotioneina possuiam sobrevida significativamente menor em

relacdo aqueles com menor expressado dessa proteina [9].

A presenca e a relacdo da MT com o progndstico de carcinomas epidermoides ja foi
demonstrada anteriormente [9], mas pouco se sabe sobre a sua participagdo nos processos de
invasividade no carcinoma mucoepidermoide, e haja vista a semelhanca histopatol6gica entre
esses dois tumores, levanta-se a possibilidade de a metalotioneina também estar presente e

participar da tumorigénese do CME. Além disso, essa proteina tem sido associada a protecao
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das células tumorais contra quimioterapia e radioterapia, desenvolvendo uma resisténcia
neoplasica a esses tratamentos [10]. Pesquisas recentes demonstraram que a expresséo de
algumas isoformas dessa proteina, especialmente a metalotioneina-2A (MT-2A), tem
correlagdo com a proliferagdo celular e clinico-patolégica em algumas neoplasias [11, 12].
Adicionalmente, a MT-2A tem sido considerada um importante marcador progndéstico no cancer
de mama, estando sua presencga associada a um comportamento ainda mais agressivo e

invasivo dos tumores [12].

A invasdo tumoral no carcinoma mucoepidermoide possivelmente é um processo
complexo mediado, dentre outros fatores, tanto pela proliferagéo celular quanto pela protedlise
localizada da matriz extracelular. O estimulo para a proliferacdo ocorre através da acado de
fatores de crescimento, como o TGF-a (Fator de Crescimento Transformador-a), pelo fato de
ser biosintetizado em células de carcinomas de glandulas salivares, possivelmente atuando
como um agente pro-mitético para a proliferagéo celular [13]. No entanto, sabe-se que além de
fatores estimulatérios, o crescimento tumoral envolve ainda fatores inibitérios [14], que visam
conter o desenvolvimento neoplasico. Entre esses agentes, destaca-se o Fator de Necrose
Tumoral-a (TNF-a), uma citocina multifuncional envolvida no evento de apoptose celular. Ainda
gue pesquisas ja tenham demonstrado sua baixa expressao em fibroblastos e células tumorais
em razao de atuar contrariamente a progressao do tumor [15], justifica-se o seu estudo no
CME e a investigacdo de sua relacdo com a metalotioneina pelo fato de esta Ultima, além de
atuar como agente pré-mitética, ter ainda acao anti-apoptética em neoplasias [16].

As MMPs, por sua vez, sdo endopeptidases responsaveis pela remodelacdo tecidual,
especialmente pela degradacdo dos componentes da matriz extracelular, incluindo colagenos,
elastina, gelatina e proteoglicanos [17], permitindo assim, o avanco das células tumorais até a
corrente sanguinea. Por essa razdo, sdo consideradas essenciais para a invasdo e metastase
em varias neoplasias. Dentre todas, destacam-se as gelatinases MMPs -2 e -9, por
degradarem o colageno tipo IV, um dos principais componentes da matriz extracelular [4].
Estudos comprovaram que a presenca de MMP-2 e MMP-9 esta relacionada ao

comportamento bioldgico das neoplasias de glandulas salivares [18].

Sendo assim, este trabalho caracterizou uma linhagem celular derivada de carcinoma
mucoepidermoide e correlacionou a expressdo da metalotioneina com fatores de crescimento e
com as metaloproteinases da matriz.

MATERIAL E METODOS

Aspectos Eticos

Este estudo foi aprovado pelo Comité de Etica em Pesquisa do Instituto de Ciéncias da

Saude, Universidade Federal do Para, sob o parecer de nimero 358.227.
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Cultivo Celular

A linhagem celular derivada de CME humano foi cultivada em meio de Eagle
modificado por Dulbecco/ mistura nutriente F12 (DMEM-F12 - Sigma Chemical Co., St. Louis,
MO, USA) suplementado com 10% de soro fetal bovino (Gibco, CA, USA) e 2mM de glutamina
(Sigma®), 3mM de bicarbonato de sodio (Sigma®), 100UI/mL de penicilina (Gibco®),
100ug/mL de estreptomicina (Gibco®) e 2,5ug/mL de anfotericina B (Gibco®). As células foram
mantidas em estufa a temperatura de 37°C e atmosfera imida contendo 5% de COs-.

Imunofluorescéncia Indireta

Células deCME foram cultivadas sobre laminulas de vidro em placas de 24 pocos
fixadas em paraformaldeido a 2% e permeabilizadas com solugéo de Triton X-100 (Sigma®) a
0,05%. Posteriormente forambloqueadas com 10% de soro de cabra e incubadas com
anticorpos primarios em PBS/BSA a 1% (do inglés Phosphate Buffered Saline/ Bovine Serum
Albumin) e anticorpos secundarios conjugados a AlexaFluor 488 ou 588 (Invitrogen Molecular
Probes, Eugene, OR, USA).Os anticorpos primarios utilizados foram: Anti-vimentina,
monoclonal feito em camundongo (1:100, Dako Corp., Glostrup, Denmark),Anti-a actina musculo
liso (1:100, Dako®),Anti-fibronectina (1:100,Dako®),Anti-citoqueratina AE1/AE3 (1:50) e 19
(1:100), monoclonais feitos em camundongo (Dako®). Os nucleos foram marcados com Hoechst
33258 (Sigma®). As células foram analisadas em microscépio de fluorescéncia (Scope.Al,
Zeiss, Oberkochen, Alemanha), equipado com cémera fotogréfica digital (Axiocam MRc,

Zeiss®). Os controles negativos foram realizados com a omissdo do anticorpo primario.

Andlise Citogenética Convencional

Os cromossomos metafasicos foram obtidos a partir de células cultivadas em frascos
com area de 25cm?, onde se adicionou 0,1ml de colchicina a uma concentragcdo de 0,0016%
por uma hora. Apos isso, o material foi transferido para tubo de centrifuga e submetido as
etapas de hipotonizacdo com solu¢do de KCI (0,56%) e fixacdo com fixador de Carnoy (3
partes de metanol:1 parte de acido acético glacial). Posteriormente, a suspensado celular foi
gotejada em laminas de vidro, deixando-as secar em temperatura ambiente. As laminas com o
material fixado foram entdo coradas com solucdo de Giemsa (Merck SA, RJ, Brasil) e
submetidas a técnica de bandeamento G [19, 20], com solugcdo de Wright (Sigma®), para a

identificagcdo das alteracdes cromossdmicas huméricas e estruturais.

As laminas processadas foram visualizadas em foto microscopio modelo Axiophot
(Zeiss®) e capturadas usando-se uma camera fotografica digital modelo Axiocam (Zeiss®),
acoplada ao microscopio, com objetiva de imerséo (100x) e ocular de 10x. Para a andlise das

células utilizou-se o sistema de software Bandview (BandView associado ao Case Data
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Manager (CDM) e ao software Karyotyping). Os cromossomos foram montados considerando-
se a morfologia e a ordem decrescente de tamanho.

Analise Transcriptdmica
A andlise dos transcritos RNA mensageiros (RNAm) foi realizada nas seguintes etapas:

Extracdo e captura do RNAmM — Foram utilizadas 5x10* células de cada linhagem, separadas
em tubos diferentes. Cada tubo foi centrifugado a 16000 rpm/10 min e o meio de cultivo
desprezado. Apos lavagem com PBS 1X e nova centrifugacdo, as células foram expostas ao
tampdo de lise (Lyses/Binding Buffer, Life Technologies AS, Oslo) e ao sistema Beads
(Dynabeads® Oligo (dT)zs, Life Technologies AS, Oslo) durante 5 min/25°C em agita¢do suave.
Apo6s a captura inicial, os tubos foram colocados em estante magnética para separacdo por 1
min; foram realizadas purificacdes com tampdes de lavagem A e B (Washing Buffer A e
Washing Buffer B, Life Technologies AS, Oslo), seguindo orientacbes do fabricante. As beads
foram expostas ao tampdo de aluicdo para separacdo destas dos filamentos de RNAmM
(Dynabeads® mRNA DIRECT™ Micro Kit Life). As amostras foram quantificadas (Qubit® RNA
HS Assay Kit e Qubit® 2.0 Fluorometer Kit, Life Technologies) e armazenadas a -80°C.

Amplificacdo PCR — ApdGs a extracdo de RNAm foi realizada a amplificacdo das amostras
através do método PCR. Para isso, os filamentos recém adquiridos precisaram ser
fragmentados em outros menores que viabilizassem a analise transcriptdbmica (100 a 150 pares
de base) em ciclos de alta temperatura e acdo enzimatica. Apos isso, os fragmentos foram
hibridizados e expostos a transcricdo reversa para a formacéo de filamentos complementares
de DNA (cDNA). As amostras foram purificadas a cada etapa, seguindo as normas do
fabricante (lon Total RNA-Seq Kit v2, Life Technologies Austin, USA). A cada filamento cDNA
foi feita a ligag@o enzimatica de adaptadores especificos, imersos em solugdo tampdéo. A partir
disso, Primers de PCR foram utilizados para criar cpias dos filamentos em ciclos de 30 e 40
min sob altas temperaturas (B) lon Total RNA-Seq Primer v2, Life Technologies Austin, USA).
As bibliotecas transcriptdmicas foram purificadas e quantificadas novamente (Qubit® RNA HS
Assay Kit e Qubit® 2.0 Fluorometer Kit, Life Technologies). Para confirmar este processo, as
amostras foram carregadas em gel de Acrilose 1% com brometo e submetidas a eletroforese

100Vv/10 min. Bandas confirmaram o tamanho dos filamentos apds exposicao a luz azul.

Genoma de Referéncia: neste trabalho foi utilizada a referéncia de Homo sapiens, GRCh38.p4,
disponivel no NCBI (http://www.ncbi.nim.nih.gov/). O arquivo genbank de Homo sapiens foi
acessado através do programa Artemis (Rutherford et al., 2000), para se gerar o arquivo fasta,
contendo a sequéncia de nucleoides de todos os cromossomos, e 0 arquivo GFF com a
anotagdo dos cromossomos. Mapeamento das leituras: oprograma  TMAP
(https://github.com/iontorrent/TS/tree/master/Analysiss TMAP) foi utilizado para realizar o

mapeamento das leituras contra a referéncia. Nesta etapa, 0s arquivos fasta de cada
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cromossomo de Homo sapiens foram utilizados como referéncia e assim foi realizado um
mapeamento das leituras de cada condic¢do contra cada cromossomo, utilizando os parametros
padrdes do TMAP. Como resultado, para cada cromossomo e condicdo, foi gerado um arquivo
de mapeamento no formato SAM. Os arquivos sam foram convertidos para o formato bam

ordenado utilizando o programa samtools (http://www.htslib.org/).

Expresséo diferencial de genes: A analise da expresséo diferencial foi realizada pelo programa
Cuffdiff (Trapnell et al., 2012) que utiliza como entrada uma referéncia fasta, uma anotagéo e o
resultado dos alinhamentos, das leituras contra a referéncia, no formato BAM ordenado. Na
identificacdo dos genes diferencialmente expressos foi realizada uma analise individual para
cada um dos cromossomos has condi¢cdes analisadas. Como resultado do programa Cuffdiff,
foi gerada uma lista com as informac6es dos genes caracterizados como diferencialmente
expressos. Estes resultados foram unidos gerando uma lista com todos os genes

diferencialmente expressos para todos os cromossomos das amostras.

Ensaio de migracdo

Para avaliar se a proteina metalotioneina (MT2A) tem influéncia na migracdo das
células CME, empregou-se o sistema de camaras bipartites de 10 pocos (NeuroProbe, Inc,
Gaithersburg, USA) utilizando membrana de policarbonato porosa. Po¢cos da camara inferior
foram preenchidos com DMEM-F12 (Sigma®) e 10% de soro fetal bovino (Gibco®). Células
com a expressdo de metalotioneina reduzida por RNA de interferéncia (10x10* células/pogo), e
ressuspendidas em meio sem soro, foram colocadas na cAmara superior sobre a membrana.
As camaras foram entdo incubadas por 24h a 37°C em atmosfera Umida contendo 5% de CO..
Apos esse periodo, removeu-se a membrana da camara e sua por¢ao superior, sobre a qual as
células foram cultivadas, e delicadamente raspou-se para a remocdo de células que néo
migraram, restando assim somente as células que migraram, localizadas na face inferior da
membrana. Essas células foram fixadas em paraformaldeido a 4% e coradas com soluc¢édo de
cristal violeta a 0,2% em metanol a 20%. A aquisicdo de imagens utilizando maquina digital
(Axiocam MRc, Zeiss) acoplada ao microscopio (aumento final de 500x) permitiu a contagem
das células que migraram. Como controle foram utilizadas: 1) células transfectadas com RNAI
controle com DMEM-F12 contendo 10% de SBF no poco inferior; 2) células ndo transfectadas
com DMEM-F12 contendo 10% de SBF no poco inferior; 3) células ndo transfectadas com
DMEM-F12 sem SFB no poco inferior.

Ensaio de invasao

Para avaliar se a proteina metalotioneina (MT2A) induz fendtipo invasivo nas

células CME, empregou-se o sistema de cémaras bipartites de 10 pocos (NeuroProbe®)
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utilizando membrana de policarbonato porosa coberta por 5uL de matrigel (Trevigen Inc.,
Gaithesburg, MD, USA) na concentracdo de 14ug/mL. Pogos da camara inferior foram
preenchidos com DMEM-F12 (Sigma®) e 10% de soro fetal bovino (Gibco®). Neste
experimento, células com a expressao de metalotioneina reduzida por RNA de interferéncia
(15x10* células/poco), foram ressuspendidas em meio sem soro, e colocadas na camara
superior sobre a membrana coberta por matrigel. Incubou-se entdo a camara por 48 h a 37°C
em atmosfera Umida contendo 5% de COz, para que pudesse ocorrer a digestdo do matrigel e
invasao das células da camara superior para a inferior. Apds esse periodo, a membrana foi
removida e sua porgdo superior delicadamente raspada para a remocao de células que nao
invadiram e dos restos de matrigel. As células localizadas na porg¢éo inferior foram fixadas em
paraformaldeido a 4% em PBS e coradas com solucdo de violeta cristal a 0,2% em metanol a
20%. A aquisicdo de imagens utilizando maquina digital (AxiocamMRc, Zeiss) acoplada ao
microscopio (aumento final de 500x) permitiu a contagem das células que invadiram. Como
controle foram utilizadas: 1) células transfectadas com RNAi controle com DMEM-F12 contendo
10% de SBF no poco inferior; 2) células ndo transfectadas com DMEM-F12 contendo 10% de

SBF no poco inferior; 3) células nado transfectadas com DMEM-F12 sem SFB no poco inferior.

RNA de Interferéncia (SiRNA)

As células derivadas de CME (2x10° foram cultivadas em placas de 6 pocos até
alcancarem 60-80% de confluéncia em meio DMEM-F12 com 10% de SFB sem antibidtico e
antimicotico. A seguir, meio de transfeccdo (Optimen, Invitrogen-Molecular Probes, Carlsbad,
CA, USA), reagente de transfeccéo (Lipofectamina 2000, Invitrogen®) e RNAi para MT-2A (Life
Technologies, New York, USA), na concentracdo de 40 nM (nanomolar), foram misturados e
incubados de acordo com as instru¢des do fabricante. Como controle, outro grupo de células
foi transfectado com 40 nM de siRNA de seqiiéncia “scrambled” (composi¢do de propriedade
da Santa Cruz), que n&o induz degradacé@o de qualquer mensagem celular. A confirmacgéo da

transfeccao foi demonstrada por western blot.

Western Blot

Células de CME transfectadas com siRNA para MT-2A e controle foram lisadas em
tampéo RIPA (150 mM de NaCl, NP-40 a 1%, deoxicolato a 0,5%, SDS a 0,1% e 50 mM de Tris
pH 8,0) contendo inibidores de protease. As amostras foram carregadas em gel de
poliacrilamida a 10%, transferidas para uma membrana de nitrocelulose (Amersham®),
blogueadas com 5% de leite desnatado em 0,05% de Tween-20 em TBS (do inglés “Tris-
buffered saline”) e incubadas com os anticorpos primarios MT 1,2 (Abcam®), TGF-a (Santa
Cruz®), TNF-a (Sigma®), MMPs -2 (Millipore®) e -9 (DBS®) e [-actina (Sigma®).

Posteriormente, empregou-se um anticorpo secundario conjugado com peroxidase
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(Amersham®) e um protocolo de quimioluminescéncia (ECL kit, Amersham®) foi utilizado para
revelar a reacdo em filmes radiograficos. Para possibilitar a analise com diferentes anticorpos,
as membranas foram “stripped” com “Restore Western Blot Stripping Buffer” (Thermo®) e

submetidas a novas marcacgdes.

RESULTADOS
Linhagem celular derivada de CME expressa marcadores epiteliais e mesenquimais

No ensaio de imunofluorescéncia indireta as células expressaram as citoqueratinas
AE1/AE3 e 19, ambas com caracteristica puntiforme na regido citoplasmatica das células (Fig.
1A-B). Observou-se ainda que a linhagem apresentou marcacao filamentosa para fibronectina,
vimentina e a-actina musculo liso (Fig. 1C-E).

Anédlise citogenética convencional revela alterag6es numéricas e estruturais

Avaliou-se um total de 38 metafases, onde diversas alteracdes numéricas e
estruturais foram visualizadas nas células derivadas de CME. Dentre as numeéricas,
verificou-se a presenca de nulissomia no cromossomo 15, monossomia nos
cromossomos 1, 2, 3, 5, 6, 7, 13, 15, 16, 17, 19, 21, 22 e X, além de trissomia nos
cromossomos 11, 12, 20 e 21, e ainda, de tetrassomia nos cromossomos 11, 12, 18 e
20, algumas dessas descritas na figura 2A. Alteracdes cromossdmicas estruturais
como delecdo de parte do braco longo de um dos cromossomos do par 4 e a fissédo
céntrica de um dos cromossomos do par 1 também foram visualizadas. A translocacéo
t(11;19)(g21;p13), caracteristica do CME, também estava presente (Figura 2B).

Silenciamento do gene MT2A diminui a expressdo de TGF-a e MMP-9 e aumenta a

expressdo de TNF-a

O ensaio de western blot permitiu constatar a expressao das proteinas de interesse,
assim como verificar a eficacia da técnica que objetivava diminuir a expressdo da proteina
metalotioneina, sendo possivel observar uma reducdo na expressdo desta proteina quando
comparada ao grupo controle na concentracdo de 40nM, por meio do seu peso molecular de
6kDa (Fig. 3A e 4A).

Com o silenciamento do gene para MT-2A, observou-se que o TGF-a teve sua
expressdo reduzida (Fig.3B), enquanto que o TNF-a tornou-se mais expresso (Fig. 3C). O

controle interno de carregamento das amostras foi realizado utilizando B-actina (Fig. 3D e 4D).



18

Em relagdo as proteases estudadas, verificou-se que a MMP-2 manteve sua expressao
inalterada (Fig. 4B), enquanto que a MMP-9, seguindo o silenciamento da MT, teve sua
expressao diminuida (Fig. 4C).

Expressao reduzida de MT-2A diminuiu atividade migratoria da linhagem derivada de
CME

No experimento avaliou-se a atividade migratéria das células silenciadas para o
gene MT-2A e das células transfectadas com a sequéncia “scrambled”, que n&o induz
qualquer tipo de alteracdo nas mensagens celulares (Figuras 5A e 5B,
respectivamente). Como controles do ensaio de migracdo utilizaram-se células nao
submetidas ao RNAi em pocos distintos contendo DMEM + 10%SFB (Controle
positivo) e apenas DMEM (Controle negativo), conforme demonstrado nas figuras 5C e

5D, respectivamente.

A andlise estatistica demonstrou uma diferenca estatisticamente significante
entre o nimero de células migradas no grupo RNAi comparado ao grupo controle do
RNAIi (CRNAI), assim como entre o grupo RNAIi e o controle positivo do experimento
(Figura 6), sugerindo que o silenciamento do gene MT-2A nas células derivadas de
CME reduziu, in vitro, a atividade de migracao da linhagem.

Expressao reduzida de MT-2A diminuiu atividade invasiva da linhagem derivada de CME

Neste experimento avaliou-se a atividade invasiva das células silenciadas para
0 gene MT-2A e das células transfectadas com a sequéncia “scrambled” (Figuras 7A e
7B, respectivamente). O ensaio de invasado diferencia-se do ensaio de migracdo pela
adicdo de matrigel, uma substancia que mimetiza a membrana basal, a primeira
barreira que deve ser degradada pelas células que apresentam fendétipo invasivo, para
gue possam alcancar tecidos mais profundos in vivo. Como controles, utilizaram-se
células ndo submetidas ao RNAi em pocos distintos contendo DMEM + 10%SFB
(Controle positivo) e somente DMEM (Controle negativo), conforme demonstrado nas

figuras 7C e 7D, respectivamente.

Assim como no ensaio de migracdo, a analise estatistica demonstrou uma
diferenca estatisticamente significante entre o grupo RNAi comparado ao grupo
controle do RNAIi (CRNAI), assim como entre o grupo RNAI e o controle positivo do

experimento (Figura 8), sugerindo que o silenciamento do gene MT-2A nas células
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derivadas de CME teve influéncia negativa para a ocorréncia da atividade de invasdo
da linhagem in vitro.

Genes MT-2A e MMP2 séo superexpressos na linhagem CME

A analise transcriptdmica revelou que o gene MT-2A apresentou o numero de
reads mapeadas significativamente superior na linhagem CME (3789) em relacdo a
linhagem HSG (315). Esses dados reforcam a expressdo acentuada de MT-2A em
células tumorais e ainda, funcionando como importante marcador progndstico. O gene
MMP2 apresentou, também, uma quantidade de reads mapeadas estatisticamente
maior no CME (63867) comparado ao HSG (294), denotando uma atuagdo maior da
proteina MMP-2 na linhagem tumoral (Tabela 1).

Genes TNFa e MMP9 séo pouco expressos no CME

O gene TNFa ndo apresentou reads mapeadas no CME. JA& o MMP9
apresentou apenas 2 reads mapeadas nas células derivadas de CME, sugerindo uma

discreta participacdo das proteinas homoénimas codificadas nesses genes (Tabela 1).

DISCUSSAO

O carcinoma mucoepidermoide é uma neoplasia de grande relevéancia, principalmente
pela sua notavel prevaléncia dentre os tumores de glandulas salivares e ainda pelo seu
potencial de desenvolvimento agressivo, apresentando indices significativos de recorréncia e
metastase [1, 2]. Uma maneira amplamente utilizada de tentar compreender o comportamento
biolégico das neoplasias in vitro tem sido por meio do desenvolvimento de linhagens tumorais.
Em nosso trabalho, utilizamos uma linhagem derivada de carcinoma mucoepidermoide
humano, caracterizada pela analise da expresséo de proteinas celulares, marcadores epiteliais
e mesenqguimais em ensaios de imunofluorescéncia indireta, além de estudo citogenético. As
citoqueratinas caracterizam células de origem epitelial e sua expresséo varia de acordo com o
tipo celular, com o seu grau de diferenciacdo e o nivel de desenvolvimento do tecido. Mesmo
apos a transformacéo de células normais em células neoplésicas, os padrdes de citoqueratinas
sdo mantidos, e por isso, elas sdo utilizadas como importantes marcadores tumorais [23]. A
pancitoqueratina AE1/AE3 identifica as citoqueratinas 1, 2, 3, 4, 5, 6, 7, 8, 10, 13, 14, 15, 16 e
19, muitas j4 demonstradas em varios tipos de carcinomas [24, 25]. Segundo Azevedo et al.
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[26], no CME, as citoqueratinas 7, 8, 14 e 19 sdo expressas pelas células escamosas,
enquanto as populagBes celulares intermedidrias € mucosas expressam principalmente a
citoqueratina 7. E, de acordo com os achados da andlise transcriptdomica, a citoqueratina 7 foi a
gque mais apresentou reads mapeadas na linhagem derivada de CME, sugerindo uma
neoplasia com prevaléncia de células intermediarias e mucosas e, portanto, possivelmente
classificada como de grau baixo ao intermediario [3]. Estudos imunohistoquimicos recentes
verificaram a marcacao de CK-19 em células de origem glandular [27], justificando a expressao

dessa citoqueratina na linhagem estudada, derivada de carcinoma mucoepidermoide.

Adicionalmente, a presen¢a de varias moléculas constituintes da matriz extracelular
caracteriza sua participacdo ndo apenas como componente estrutural dos tecidos, mas
também como mediadora na sinalizacdo celular e reguladora nos processos de adesao e
migragdo celular [14]. Neste estudo, verificou-se tanto a imunoexpressdo quanto o
mapeamento de reads para a-actina musculo liso, vimentina e fibronectina na linhagem,
indicando a presenca de células mesenquimais e mioepiteliais. Estudos ja identificaram a
presenca de células mioepiteliais no CME anteriormente [28, 29]. A presenca dessas células na
linhagem é reforgada ainda com expresséo positiva de a-actina musculo liso, considerada uma
excelente ferramenta para a deteccdo desse tipo celular em tumores de glandulas salivares
[30]. J& a vimentina é um filamento intermediario que desempenha importante papel na
regulacdo do citoesqueleto, considerada como marcadora Util de células mesenquimais [31].
Adicionalmente, a vimentina tem sido considerada reguladora da interacdo entre proteinas do
citoesqueleto e moléculas de adeséo celular, tendo participacdo nos processos de adeséo,
migracdo, invasdo e transducdo de sinal em células tumorais [32]. A fibronectina, também
expressa na linhagem, é considerada a maior glicoproteina adesiva mesenquimal da MEC e
responsavel pela adesdo célula-célula e célula-matriz. E por essa razdo, tem importante
influéncia ainda na migracdo celular e diferenciacéo precoce [33], podendo ter essa atuacéo

também no CME.

O processo de invasdo tumoral presente no CME, no que diz respeito a atividade
proliferativa das células neoplésicas, provavelmente recebe a contribuicdo de fatores de
crescimento presentes na linhagem. Nos resultados alcancados, observou-se a uma baixa
guantidade de reads mapeados do gene codificador do TGF-a, ratificado pela sua fraca
expressdo no western blot. A atuacdo desse fator de crescimento no carcinoma
mucoepidermoide tem sido pouco estudada, mesmo ja tendo sido demonstrada sua relevancia
em neoplasias de cabeca e pescoco, inclusive seu papel no desenvolvimento e na progressao
do CME [34]. A presenca de TGF-a verificada neste trabalho ratifica o resultado encontrado por
Gibbons et al. (2001), que demonstraram uma expressao deste fator de crescimento no CME,
de maneira mais acentuada do que em outro tumor de glandulas salivares altamente

prevalente, o carcinoma adenoide cistico (CAC).

No processo de desenvolvimento tumoral existem ainda proteinas com acdes

contrarias ao tumor, atuando de forma a tentar conter o avanco da doenca, podendo estar
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diminuidas ou ausentes na progressao neoplasica. Dentre as quais, verificamos na linhagem
derivada de CME a expressao discreta por western blot e nenhum read mapeado na andlise
transcriptdbmica do Fator de Necrose Tumoral-a (TNF-a), uma citocina com fungao de promover

a apoptose celular, sendo coerente sua pouca expressdo em neoplasias ja instaladas [35].

A ocorréncia de recidivas e até metastases a distancia no CME esta relacionada a
capacidade de invasdo de suas células tumorais até alcancarem tecidos mais profundos,
favorecido tanto pela atuagdo de proteinas que degradam os componentes da matriz
extracelular, como as MMPS, quanto por fatores de crescimento que aumentam a proliferagdo
celular. Assim, dificulta-se a total eliminacdo do tumor e aumenta-se o risco da permanéncia
de células que possam desenvolver a recorréncia da doenca [4]. Ademais, tem sido investigada
a participacdo de mais uma proteina nesse processo, a metalotioneina, a qual esta relacionada
ao fornecimento de ions zinco tanto para a ativacdo de certos fatores de transcricao,
favorecendo o aumento de seu potencial proliferativo, quanto para a atuacdo de proteases
participantes da degradacdo de matriz extracelular [7, 10]. Dessa forma, a expressdo da
metalotioneina sugere sua provavel atuacdo no mecanismo de invasdo tumoral dessa linhagem
in vitro. Uma isoforma especifica desta proteina, a Metalotioneina-2A, tem sido citada em
algumas pesquisas recentes como fator prognostico negativo em algumas neoplasias, estando
sua presenca associada a um comportamento ainda mais agressivo do tumor [12]. A expressao
de MT-2A observada na linhagem, tanto por western blot quanto por andlise transcriptémica,
pode significar suaparticipacdo no comportamento biol6gico do CME in vitro.

Corroborando com nossos resultados, a presenca das MMPs -2 e-9 em neoplasias
de glandulas salivares e no CME ja foi demonstrada anteriormente e associada a maiores
taxas de metastase e recidiva da doenca, j& que a funcdo dessas proteases é promover a
degradacdo de varios constituintes da matriz extracelular [4, 36, 37], aumentando assim, a
capacidade infiltrativa das células tumorais.

A identificacdo de alteracdes cromoss6micas especificas em neoplasias € considerada
outro indicador de importancia clinica, jA que o numero elevado dessas alteracdes esta
relacionado a um grau mais avancado do tumor. Determinadas transloca¢des cromossémicas
podem ser consideradas caracteristicas para algum tipo de céncer se forem detectadas
frequentemente, e no caso do CME, a translocacéo t(11;19)(g21;p13) tem sido demonstrada
como a mais frequente alterac@o visualizada, chegando a ser encontrada em cerca de 60% dos
casos dessa neoplasia [38, 39]. Nos resultados obtidos é possivel especular se alguns genes
localizados nesses cromossomos tém sua expressao alterada e podem ser responsaveis por
alteracbes na funcdo normal dessas células. Constatou-se que a expressdo de TNF-a é
codificada pelo gene homdnimo localizado no cromossomo 6, na regido 6p21.33 [39], e em
nossos resultados, observou-se que este cromossomo apresentou alteragdes numéricas de
monossomia, indicando a falta de uma cépia desse gene, e sugerindo assim, uma participacao
menos ativa do TNF-a na tumorigénese do CME. Tal achado corrobora com a fungdo atribuida

a essa proteina, de promover a morte celular programada, sendo coerente sua expressao
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menos acentuada em um carcinoma estabelecido, ja que uma subatuacdo dessa citocina

facilitaria a evolucdo do tumor.

Ademais, com objetivo de verificar uma possivel correlacdo entre a MT-2A com o0s
FC e MMPs estudados, realizou-se a técnica de siRNA. Observou-se que com o silenciamento
da MT-2A, houve também uma reducéo na expressao do TGF-a, demonstrando uma possivel
relacdo entre essas proteinas, podendo a MT estar envolvida de alguma forma no mecanismo
de ativacdo deste fator de crescimento no CME. O TGF-a, quando ativado, é capaz de
promover diferenciacdo celular, além de ser considerado um agente pré-mitético em
carcinomas de glandulas salivares [13]. Um efeito inverso foi observado quanto ao TNF-q, cuja
expressdo aumentou apos o silenciamento da metalotioneina. Hipoteticamente, a agdo do
TNF-a pode estar localizada em uma etapa da via de sinalizagéo celular anterior a atuagéo da
MT, e a alteracdo causada pelo siRNA pode ter de alguma forma estimulado a sua expressao
para compensar a inibicdo da MT. Além disso, pensa-se ainda que pelo fato de a
metalotioneina ter sido silenciada e apresentar atuacédo diminuida na linhagem tumoral, o TNF-
a, que possui funcdo contraria a MT, tornou-se mais expresso, e assim, provavelmente sua

acao pro-apoptotica prevaleceria nas células neoplasicas.

Os resultados demonstraram ainda que a reducéo na expressdo da MT-2A néo alterou
a expressao de MMP-2, entretanto acarretou a diminuicdo na expressao da MMP-9, indicando
uma possivel correlacdo entre a expressao de MT e essa Ultima protease no CME.O western
blot revelou uma expressdo de MMP-9 inferior a de MMP-2 no grupo controle do SiRNA,
indicando que esta Ultima possa ter maior relevancia neste cancer, embora aparentemente nao
esteja diretamente relacionada a MT-2A. Adicionalmente, observou-se nas células nédo
expostas ao SiRNA uma expressao discreta de TNF-q, ratificando o achado da analise
citogenética, na qual inferiu-se uma menor participacéo dessa proteina pro-apoptotica uma vez
ja instalada a neoplasia. Ademais, a MT atua como reservatério de ions zinco e as MMPs séo
endopeptidases que dependem destes ions para exercer sua fungdo enzimética, portanto a
reducéo na expressdo de MMP-9 pode ser justificada pela diminuicdo da expressdo de MT-2A.
Os achados desse estudo ratificam outros resultados que observaram uma correlacdo positiva
entre a MT-2A e a MMP-9 [12], indicando uma possivel participagdo conjunta dessas proteinas

na invasao tumoral.

CONCLUSAO

Sugerimos, com base nos resultados obtidos, que a MT apresenta papel importante no
mecanismo de invasdo tumoral das células oriundas de carcinoma mucoepidermoide,

provavelmente influenciando a expressédo de proteinas envolvidas diretamente nesse processo.
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LEGENDAS

Figura 1.Imunofluorescéncia indireta na linhagem celular derivada de CME. CK AEL/AE3 (A) e
CK 19 (B) foram visualizadas de maneira puntiforme pelo citoplasma. A expressdo de
Fibronectina (C) foi encontrada como filamentos difusos e dispostos em feixes longos. A
presenca de Vimentina (D) foi encontrada por meio de filamentos organizados com feixes
delgados ao longo de todo o citoplasma, entendendo-se do nicleo até a membrana celular. A
expressdo de a-Actina musculo liso (E) foi observada como filamentos delgados e espessos
pelo citoplasma celular.Os nucleos celulares foram corados com Hoescht 33258. Escala: 20um.

Figura 2. Metafases da linhagem derivada de CME.Cari6tipos G-bandeados evidenciando
varias alteracBes numéricas de monossomia e tetrassomia (A) e a translocacdo caracteristica
do CME, a t(11;19)(g21;p13), indicada pelas setas (B).

Figura 3. Western Blot. O ensaio de siRNA promoveu uma diminuicdo na expressao da
proteina MT quando comparada ao controle (A). Observou-se uma reducdo do TGF-a (B) em
comparacao ao seu controle. Um aumento na expressdo de TNF-a (C) foi observado apés o
silenciamento do gene MT2A. O controle interno com f-actina (D) apresentou bandas de
propor¢cdes semelhantes, demonstrando o adequado carregamento das amostras. CT:
Controle; MW: Molecular Weight (Peso Molecular).

Figura 4. Western Blot. Verificou-se uma reducdo significativa na expressdo de MT (A) em
comparacdo ao controle.N&o houve alteracdo na expressdo de MMP-2 (B) quando comparado
ao seu controle. Observou-se que as bandas correspondentes a MMP-9 (C) inativa e ativa,
com pesos moleculares correspondentes a 92 e 86 kDa respectivamente, apresentaram
expressao reduzida em relagdo aos controles. O tamanho semelhante das bandas de [3-
actina(D) garante o correto carregamento interno de proteinas. CT: Controle; MW: Molecular
Weight (Peso Molecular).

Figura 5. Ensaio de migracgao celular. Avaliou-se a atividade migratéria do grupo silenciado
para MT2A por meio de RNAI (A) e do grupo transfectado com a sequéncia “scrambled” (B).
Como controles positivo (C) e negativo (D) utilizaram-se células ndo submetidas a técnica de
RNAI. Aumento 100X.

Figura 6. Ensaio de migracédo celular. Diferenca estatisticamente significante foi observada
entre os grupos RNAI e o grupo CRNAI, assim como entre o grupo RNAI e o controle positivo
(p<0,05). Teste Estatistico: Mann-Whitney.

Figura 7. Ensaio de invasao celular. Avaliou-se a atividade invasiva do grupo silenciado para
MT2A por meio de RNAI (A) e do grupo transfectado com a sequéncia “scrambled” (B). Como
controles positivo (C) e negativo (D) utilizaram-se células ndo submetidas a técnica de RNA..
Aumento 100X.

Figura 8. Ensaio de invasao celular. Estatisticamente, observou-se diferenga significante
entre os grupos RNAI e o grupo CRNAI, assim como entre o grupo RNAI e o controle positivo
(p<0,05). Teste Estatistico: Mann-Whitney.



TABELA

Tabela 1. Quantificacdo de reads mapeadas dos genes de interesse nas linhagens HSG e
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CME.

Gene Proteina HSG CME
MT2A MT-2A 315 3789
MMP2 MMP-2 294 63687
TNF TNF-a 1 0
MMP9 MMP-9 16 2
KRT7 CK-7 59177 569
KRT8 CK-8 15902

KRT14 CK-14 24

KRT19 CK-19 24699

TGFa TGF-a 882 89
VIM VIMENTINA 1 93082
FN1 FIBRONECTINA 934 563116

ACTA2 a-ACTINA MUSCULO 4526 316029

LISO
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ABSTRACT

The Mucoepidermoid Carcinoma (MEC) is the most common tumor of salivary glands,
presenting considerable rates of recurrence and distant metastasis due to high invasive
capacity of tumor cells, probably favored by metallothionein (MT) actuation, an zinc storage
protein that supply this element to protease activity and synthesis of proteins and nucleic acids.
So, the aim of this paper was to characterize a cell line from MEC and to correlate expression of
MT with the Transforming Growth Factor-a (TGF-a), Tumor Necrosis Factor-a (TNF-a) and
Matrix Metalloproteinases (MMPs). Indirect Immunofluorescence assay was realized to detect
expression to epithelial and mesenchymal markers. Besides, it was realized cytogenetic
analysis to verify cellular chromosomal alterations. The metallothionein2A (MT2A) gene
silencing was obtained by small-interference RNA (siRNA) assay, and then, western blot
technique was performed to correlate the expression of growth factors and MMPs studied with
MT-2A silencing. Indirect immunofluorescence revealed expression to cytokeratines 19 and
AE1/AE3, fibronectin, vimentin anda-smooth muscle actin. Cytogenetic evaluation
demonstrated several structural and numerical alterations, among which the translocation
t(11;19) (g21;p13), characteristic of MEC. After siRNA assay, a decreased expression of TGF-a
and MMP-9 was visualized, while TNF-a became more expressed and MMP-2 kept its
expression unaltered. Our findings suggest that MT presents important role in tumor invasion
mechanism in MEC, because it interferes with expression of proteins directly involved in this

process.
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INTRODUCTION

The Mucoepidermoid Carcinoma (MEC) is the most common tumor of salivary glands,
representing about 30% of all salivary gland malignancies [1]. Its clinical presentation is
frequently seemed as slow growth tumor without pain associated and placed mainly on parotid
gland. MEC presents relevant levels of recurrence and metastasis, being its behavior related to
histological grade of tumor, which have been confirmed in retrospective searches [2] and to
cellular differentiation, cystic spaces and cytologic atypia [3]. Histologically, MEC is composed
of three cell populations: mucous, intermediates and epidermoid. The predominant cellular
subtype is directly linked with gradation of tumor in low, intermediate or high grade of

malignancy [3].

Tumor cells with invasive activity can achieve underlying tissues, and thus, are more
difficult to be completely removed in surgical treatments and may be responsible for the
development of recurrence and metastasis in MEC. The invasiveness mechanism in salivary
gland tumors has already been demonstrated in some studies and related to proteolysis of
extracellular matrix (ECM), migration and cell invasion [4]. The proteolysis activity of matrix,
which promotes physical space for the cells to reach deeper tissues, has been attributed to a
family of zinc-dependent enzymes secreted by some cells and called matrix metalloproteinases
(MMPs). Possibly, the ECM degradation releases growth factors (GF) that activate cell signaling
pathways, resulting in proliferative activity increased of cell line. The GF are also able to
promote the secretion of MMPs and, for this, they close a favorable cycle to tumor invasion
mechanism [5]. These events may happen with contribution of a molecular low-weight and
intracellular protein denominated metallothionein (MT) by its function as zinc store [6], an
element necessary to proteases actuation and to synthesis of protein and nucleic acids,
elevating metabolic activity and cell proliferation [7], getting worse the patients prognosis.
Besides, super expression of MT has been incessantly related to a poor prognosis in tumors of
lung, pancreas, prostate and oral cavity, too [8]. Patients with squamous cell carcinoma with
high expression of metallothionein had significantly shorter survival rates compared to those

with lower expression of this protein [9].

Researches already demonstrated the presence and relationship of MT with prognosis
of epidermoid carcinomas [9], but little is known about its role in invasiveness of MEC.
Considering the histopathological similarities between both tumors, raise the possibility of MT
also be present and participate of tumorigenesis of MEC. Moreover, this protein has been linked
with a protection of tumor cells against chemotherapy and radiation, developing a neoplastic
resistance to these treatments [10]. Recent studies confirmed that the presence of many
isoforms of MT, especially the metallothionein-2A (MT-2A), is correlated to cell proliferation and
clinicopathological behavior in some cancers [11, 12]. Furthermore, MT-2A has been
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considered as relevant prognostic marker in salivary gland tumors, associated to higher

invasive activity of the neoplasms [12].

The invasiveness of MEC probably is a complex process mediated, among other
factors, by both cell proliferation and proteolysis of extracellular matrix. The impulse to
proliferation occurs through the action of GF, as TGF-a (Transforming Growth Factor-a) for it be
biosynthesized in tumor cells of carcinomas of salivary glands, possibly acting as a pro-mitotic
agent for cell proliferation [13]. However, it is known that tumor development involves not only
stimulatory factors, but also inhibitory [14], which aim to contain the neoplastic growth. Among
them, there is the protein TNF-a (Tumor Necrosis Factor-a), a cytokine present in regulation of
cell apoptosis event. Although researches has already demonstrated its low expression in
fibroblast and tumor cells due to act contrary to tumor progression [15], it is important to study
this protein in MEC and its link with MT, since papers have suggested a pro-mitotic and anti-

apoptotic role of MT [16].

The matrix metalloproteinases are proteases responsible for the tissue remodeling,
especially for the degradation of ECM components, including collagens, elastins, gelatin and
proteoglycan [17], thus allowing the advancement of tumor cells into the bloodstream. For this
reason, they are considered essentials to tumor invasion and metastasis in various neoplasms.
Among all, there are the gelatinases MMPs -2 and -9, which have important role for degrade the
type IV collagen, which is one of the principal components of ECM [4]. Studies showed that the
expression of MMPs -2 and -9 are linked with the biological behavior of salivary glands tumors
[18].

In this paper, we characterized a cell line from MEC and correlated the expression of

metallothionein with growth factors and matrix metalloproteinases.

RESULTS

MEC cells express epithelial and mesenchymal markers

Immunofluorescence assays showed that cells expressed cytokeratines AE1/AE3 and
19 (Fig. 1A-B) as a punctuate staining next to nucleus area. A positive staining to a-smooth

muscle actin, vimentin and fibronectin was observed as punctuate form, too (Fig. 1C-E).

Conventional cytogenetic analysis show numerical and structural abnormalities

Total of 38 metaphases were analyzed and various alterations were observed. Among
numerical changes, it was verified nulisomy in chromosome 15, monosomy in chromosomes 1,
2,3,5, 6,7, 13, 15, 16, 17, 19, 21, 22 and X, trisomy in chromosomes 11, 12, 20 and 21 and

tetrasomy in chromosomes 11, 12, 18 and 20, some of them described in figure 2A. Besides,
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structural alterations as deletion of the long arm of one chromosome of par 4 and centric fission
of a chromosome of pair 1 were detected. The translocation t(11;19) (q21;p13), characteristic of
MEC, was also present (Fig. 2B).

MT-2A silencing decrease expression of TGF-a and MMP-9 and increase TNF-a

expression in MEC cells

Western blot assay demonstrated expression of the proteins of interest, as well to verify
the efficacy of MT-2A silencing, which demonstrated that MEC cells treated with 40nM of siRNA
to MT-2A gen decreased expression of this protein in comparison to scrambled group (Fig. 3A
and 4A). Silencing of MT-2A gen promoted a reduction in TGF-a expression (Fig. 3B), while
TNF-a became more expressed (Fig. 3C). And in relation to MMPs, it was found that MMP-2
kept its expression unaltered (Fig. 4B), however MMP-9, similar to MT, presented expression
reduced (Fig. 4C). B-actina internal control was utilized to verify the proportional levels of

proteins loaded between the 40nM of siRNA and scrambled control samples (Fig. 3D and 4D).

MT-2A silencing decrease migratory activity of MEC cells

Migration activity of the silenced cells to the MT2A gene and the cells transfected with
the scrambled sequence, which did not induce any alteration in the cellular messages, were
evaluated (Figures 5A and 5B, respectively). Cells not submitted to siRNA were used in wells
containing DMEM + 10% fetal bovine serum (Control positive) and others containing only

DMEM (Control negative), as shown in Figures 5C and 5D, respectively.

Statistical analysis showed a significant difference in the quantification of migrated cells
between siRNA group and siRNA control group, as well as between siRNA group and positive

control group (Figure 6).

MT-2A silencing decrease invasive activity of MEC cells

We evaluated the invasive activity of silenced cells to the MT2A gene and the cells
transfected with the scrambled sequence (Figures 7A and 7B, respectively. As controls, cells
not submitted to siRNA were used in wells containing DMEM + 10% FBS (positive control) and

others containing only DMEM (negative control), as shown in Figures 7C and 7D, respectively.

Similar to migration assay, statistical analysis demonstrated significant differences

bettween siRNA group compared to siRNA control and positive control groups (Figure 8).
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Genes MT2A and MMP2 are overexpressed in the CME cell line

Transcriptomic analysis revealed that the MT2A gene showed the number of reads
mapped significantly higher in the CME cell line (3789) than the HSG line (315). These results
reinforce the pronounced expression of MT2A in tumor cells as a relevant prognostic marker.
The MMP2 gene also showed a statistically larger number of reads mapped in CME (63687)
compared to HSG (294), (Table 1).

Genes TNFA and MMP9 are poorly expressed in CME

The TNFA gene did not present reads mapped on CME cell line. MMP9 presented only
2 reads mapped on CME, suggesting a discreet participation of the homonymous proteins

encoded by these genes (Table 1).

DISCUSSION

Mucoepidermoid Carcinoma is a relevant disease, mainly because of its notable
prevalence between salivary gland tumors and for its potential of aggressive behavior, with high
rates of recurrence and metastasis [1,2]. The development of tumor cell lines has been
accepted as a way to understand about the biological behavior of many neoplasms in vitro. In
our paper, we used a cell line from a human MEC, characterized by expression of cellular
proteins, epithelial and mesenchymal markers in immunofluorescence assay and by cytogenetic
analysis, too. Cytokeratines (CK) characterize cells of epithelial origin, and its expression varies
with the cell type, differentiation degree and the level of tissue development. Even after the
transformation of normal cells in cancer cells, patterns of cytokeratines are maintained, and
therefore, they are utilized as important tumor markers [23]. The CK-AE1/AE3 identifies
cytokeratins 1, 2, 3, 4, 5, 6, 7, 8, 10, 13, 14, 15, 16 and 19, some of them already demonstrated
in different types of carcinomas [24, 25]. According to Azevedo et al. [26], in MEC, cytokeratins
7, 8, 14 and 19 are expressed by squamous cells, whereas the intermediate and mucosal cell
populations mainly express cytokeratin 7. Our transcriptomic results showed that CK-7
presented more reads mapped in the MEC cell line, suggesting a neoplasia with prevalence of
intermediate and mucous cells, and thus, possibly classified as low to intermediate grade [3].
Recent immunohistochemical studies have found the CK-19 in cells of glandular origin [27],

justifying the expression of this protein in this cell line studied, derived from MEC.

Moreover, the presence of various constitutive molecules of ECM characterizes its
participation not only as a structural component of tissues, but also as a mediator in cell

signaling and regulator in process of cell adhesion and migration [14]. In MEC cell line we
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visualized both immunoexpression and reads mapped to a-smooth muscle actin, vimentin and
fibronectin, indicating the presence of mesenchymal and myoepithelial cells. Previous studies
had already identified myoepithelial cells in MEC [28, 29]. The presence of these cells is still
enhanced by the expression of a-smooth muscle actin, considered an excellent tool to detect
these cells in salivary gland tumors [30]. Another marker expressed, vimentin, is an intermediate
filament protein that plays an important role in cytoskeleton’s regulation, considered as a useful
marker of mesenchymal cells [31]. Besides, vimentin has been proposed as a regulator agent of
interaction between proteins of cytoskeleton and cell adhesion molecules, participating in the
processes of adhesion, migration, invasion and signal transduction in tumor cells [32]. The
fibronectin, also expressed in cell line, is considered the biggest mesenchymal adhesive
glycoprotein of ECM and responsible for adhesion cell-cell and cell-matrix. And for this reason,

has important influence on cell migration and early differentiation [33].

The proliferative activity of MEC cells probably receives the contribution of the growth
factors presents in the line. In results obtained, we detected a low amount of mapped reads of
the gene coding for TGF-a, confirmed by its weak expression in western blot. Performance of
this growth factor in MEC has been rarely studied, despite its relevance has already been
demonstrated in head and neck cancers, including its role in the development and progression
of MEC [34]. Moreover, presence of TGF-a confirms the results found by Gibbons et al. (2001),
which demonstrated an expression of this growth factor in MEC, more intense than in other
highly prevalent tumor of the salivary glands, the adenoid cystic carcinoma (ACC).

In tumorigenesis mechanism, there are proteins with opposing actions to the tumor,
trying to contain the spread of the disease, being able to be decreased or absent in the
neoplasic progression. Among them, we observed the discreet expression by western blot and
no mapped reads of Tumor Necrosis Factor-a (TNF-a), a coherent result since it is a cytokine

with function of promoting apoptosis in tumors [35].

The recurrence and distant metastasis in MEC is related to the invasive capacity of
tumor cells to achieve underlying tissues, becoming more difficult their total elimination and
increasing the risk of persistence of cells that can develop disease return. It is well elucidated in
literature about the importance of MMPs and GF to make possible mechanism of tumor
invasion. Besides, it has been investigated the participation of metallothionein,which is
correlated to the supply of zinc for activation of certain transcription factors, enabling an
increase in their proliferative potential, and for the action of zinc-dependent proteases
responsible for the ECM degradation [7, 10]. A specific isoform of this protein, metallothionein-
2A, has been widely studied as a poor prognostic factor in salivary gland neoplasms, with its
presence associated with a more aggressive behavior of the tumor [12]. Thus, expression of MT
in MEC cells, viewed by transcriptomic analysis and western blot, suggests the probable action
of this protein in tumor invasiveness of MEC in vitro.
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Corroborating with our findings, presence of MMPs -2 and -9 in salivary gland tumors
and in MEC has been demonstrated previously and correlated with higher rates of metastasis
and disease recurrence, since the function of these proteases is to promote the degradation of

various ECM components [4, 36, 37], thereby increasing the infiltrative capacity of tumor cells.

The identification of specific chromosomal changes in heoplasms is considered another
indicator of clinical importance, since the high number of these alterations is correlated to a
more advanced tumor grade. Certain chromosomal translocations are characteristics for some
type of cancer, and to MEC, the translocation t(11;19)(q21;p13) has been proposed as the most
frequent alteration viewed, found in approximately 60% of cases [38, 39]. In our results, we
speculated that some genes placed at these chromosomes have their expression altered and
may cause changes in normal function of cells. The expression of TNF-a is encoded by the
homonymous gene located on chromosome 6, in region 6p21.33 [40] and it was observed that
this chromosome showed numerical abnormalities of monosomy, indicating a gene copy lost,
and thereby, suggesting a less active participation of TNF-a in tumorigenesis of MEC. These
findings corroborate to the function assigned to this cytokine to promote programmed cell death,
beyond of be consistent with its down expression in a carcinoma established, since it would

facilitate the tumor development.

In order to verify a probable correlation between MT-2A, GF and MMPs studied, a
siRNA assay was performed. We observed that after silencing of MT-2A, a reduction in the
expression of TGF-a occurred, indicating a link between these proteins, possibly because the
MT is involved in the activation process of this GF in MEC. The TGF-a, when activated, can
promote differentiation and cell growth in head and neck cancers, and thus, is considered a pro-
mitotic agent in salivary gland neoplasms [13]. An inverse effect was visualized for TNF-a,
whose expression increased after MT-2A silencing. Hypothetically, the action of TNF-a may be
located, in the cell signaling pathway, on a stage prior to the performance of MT, and the
alteration caused by siRNA may have somehow stimulated its expression to compensate the
inhibition of MT. Moreover, we think that since MT was silenced in cell line, the TNF-a, which
has the opposite function, became more expressed, and so probably its pro-apoptotic action

would prevail in the MEC cells.

The siRNA results still showed that MT2A silencing not altered MMP-2 expression,
however, decreased expression of MMP-9, indicating a possible correlation between MT and
this latter MMP. Western blot revealed a lower MMP-9 expression than MMP-2 in the siRNA
control group, indicating that this latter may be more relevant in MEC, although apparently not
directly related to MT-2A. Additionally, a discreet expression to TNF-a was observed in cell
group not exposed to siRNA, confirming cytogenetic findings, which described a weak
participation of this pro-apoptotic protein once the cancer was already established.MT acts as a
zinc storage protein and MMP-s are zinc-dependent proteases to play their functions, so the
reduction of MMP-9 expression may be explained by MT2A silencing. Our findings also confirm
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another results which observed a positive correlation between MT-2A and MMP-9 [12],

suggesting an associated participation of these proteins in tumor invasion.

So, our results suggest MT presents an important role in invasiveness of cells from
mucoepidermoid carcinoma, probably by influencing the expression of proteins directly involved
in this process.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Ethics Committee of the Institute of Health Sciences,
Federal University of Para (n° 358.227).

Cell Culture

Cell line derived from mucoepidermoid carcinoma were cultured in Dulbecco’s Modified
Eagle’s Medium/ Nutrient Mixture F-12 (DMEM-F12, Sigma Chemical Co., St. Louis, MO, USA)
supplemented by 10% fetal bovine serum (Gibco, CA, USA), 2 mM of glutamine (Sigma®), 3
mM of sodium bicarbonate (Sigma®), glucose (33 mM, Merck AS, RJ, Brasil) and 100 Ul/mL
penicillin (Gibco), 100 pug/mL streptomycin (Gibco®), 2,5 ug/mL fungizon (Gibco®) solution.
Cells were kept in a humidified atmosphere of 5% CO2 at 37° C.

Indirect Immunofluorescence

MEC cells were cultured on glass coverslips in 24-well plates. Fixation was done with
2% paraformaldehyde and permeabilization with 0.05% Triton X-100 (Sigma®). Thus, cells
were blocked with 10% goat serum and incubated with primary antibody in 1% PBS/BSA
(Phosphate Buffered Saline/ Bovine Serum Albumin). Primaries antibodies used were: Anti-
Vimentin (1:100, Dako Corp., Glostrup, Denmark), Anti-a smooth muscle actin (1;100, Dako®),
Anti-fibronectin  (1:100, Dako®),Anti-Cytokeratines AE1/AE3 (1:50, Dako®) and 19 (1:100,
Dako®), AlexaFluor 488 or 588 secondary antibody (Invitrogen Molecular Probes, Eugene, OR,
USA) revealed primary antibody. Hoechst 33258 (Sigma®) marked nucleus. Cells were
analyzed in fluorescence microscope (Scope.Al, Zeiss, Oberkochen, Germany), equipped with
digital photographic camera (Axiocam MRc, Zeiss®). Replacement of primary antibody by non-

immune serum served as negative control.
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Conventional Cytogenetic Analysis

Chromosomes metaphases were obtained from a cell culture of flasks with 25cm? of
area, where added 0,1ml of colchicine at a concentration of 0,0016% during one hour.
Thereafter, the material was transferred to a centrifuge tube and subjected to a hypotonic
process with KCI solution (0,56%) and then, fixed with Carnoy’s fixer (3 parts of methanol : 1
part of glacial acetic acid). Subsequently, cell suspension was dropped onto glass slides
carefully and kept to dry at room temperature. After, slides were stained with Giemsa solution
(Merck SA, RJ, Brazil) and submitted to the G-banding technique [19, 20] with Wright solution
(Sigma®). Finally, processed slides were viewed in photo model Axiophot microscope (Zeiss®)
and images were captured using a digital camera model Axiocam (Zeiss®) coupled to the
miscroscope with immersion objective of 100x and a 10x eyepiece. For the cell analysis was
utilized the BandView software system (BandView associated to with the Case Data Manager
(CDM) and Karyotyping software). Chromosomes, then, were disposed considering the

morphology and order of decreasing size.

Transcriptomics Analysis

Analysis of the transcribed RNA messenger (mMRNA) of two cell line (Human Salivary

Gland — HSG and Mucoepidermoid Carcinoma — CME) was performed in three basic stages:

1. Extraction and mRNA capture:We used 5x10* cells of each line, separated into different
pipes. Each tube was centrifuged at 16.000 rpm / 10 min and the culture medium discarded.
After washing with PBS 1X and further centrifugation, the cells were exposed to lysis buffer
(lyses / Binding Buffer, Life Technologies AS, Oslo) and the system Beads (Dynabeads® Oligo
(dT) 25, Life Technologies AS, Oslo) for 5 min / 25 ° C in gentle agitation. After the initial
capture, the tubes were placed in the magnetic separation rack for 1 min; purifications were
performed with wash buffers A and B (Washing Washing Buffer A and Buffer B, Life
Technologies AS, Oslo) following manufacturer's instructions. The beads were exposed to
another buffer for separation of these strands of mRNA (Dynabeads® mRNA DIRECT ™ Micro
Kit Life). The samples were quantified (Qubit® HS Assay Kit and RNA Qubit® 2.0 Fluorometer
Kit, Life Technologies) and stored at -80°C.

2. PCR Amplification: after mRNA extraction was performed amplification of the samples by
PCR method. For this, the filaments newly acquired need to be fragmented into smaller ones
that enable the transcriptomic analysis (100-150 base pairs) in high-temperature cycles and
enzymatic action. Thereafter, the fragments were annealed and exposed to reverse
transcription to form complementary strands of DNA (cDNA). The samples were purified at each
stage, following the manufacturer's directions (lon Total RNA Seq v2 Kit, Life Technologies

Austin, USA). Each cDNA strand was taken enzymatic ligation of specific adapters, immersed in
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the buffer solution. From this, PCR primers were used to create copies of the filaments 30 and
40 min cycles at high temperatures (lon Total RNA-Seq Primer v2, Life Technologies Austin,
USA). The transcriptomic libraries were purified and quantified again (Qubit® HS Assay Kit and
RNA Qubit® 2.0 Fluorometer Kit, Life Technologies). To confirm this process, the samples were
loaded on gel Acrilose 1% bromide and subjected to electrophoresis 100V / 10 min. Bands

confirmed the size of the filaments after exposure to blue light.

3. Reference Genome: we used the reference Homo sapiens, assembly GRCh38.p4, available
at NCBI (http://www.ncbi.nim.nih.gov/). The GenBank file was accessed through Homo sapiens
Artemis program (Rutherford et al., 2000) to generate the fasta file containing the nucleoids
sequence of all chromosomes, and GFF annotation file with the chromosomes. Mapping of
readings: The TMAP program (https://github.com/iontorrent/TS/tree/master/Analysis/ TMAP) was
used to perform the mapping of readings against the reference. At this stage the files fasta of
each chromosome of Homo sapiens were used as reference and so we carried out a mapping
of the readings of each condition against each chromosome using the TMAP default
parameters. As a result, for each chromosome and condition, it has generated a mapping file in
SAM format. The sam files were converted to the format bam ordered using the samtools

program (http://www.htslib.org/). Differential expression of genes: analysis of differential

expression was performed by Cuffdiff program (Trapnell et al, 2012.) That uses as input a fasta
reference, a note and the result of the alignments, the readings from the reference in orderly
BAM format. The identification of differentially expressed genes an individual analysis was
performed for each of the conditions chromosomes analyzed. As a result of Cuffdiff program, a
list with the information of genes characterized as differentially expressed it was generated.
These results were united generating a list of all genes differentially expressed for all

chromosomes in samples studied.

Migration Assay

To investigate if metallothionein protein (MT-2A) has influence on the migration of
CME cells, a 10-well bipartite chamber system (NeuroProbe, Inc, Gaithersburg, USA) was used
associated with porous polycarbonate membrane. Lower chamber wells were filled with DMEM-
F12 (Sigma®) and 10% fetal bovine serum (Gibco®). Cells with the expression of
metallothionein reduced by siRNA (10°cells / well) and resuspended in serum-free medium,
were placed in the upper chamber on the membrane. Then, the chambers were incubated for
24h at 37°C in a humid atmosphere containing 5% CO.. After this period, the upper portion of
membrane was removed and carefully scraped for the removal of non-migrated cells, leaving
only the cells that migrated, located on the underside of the membrane. These cells were fixed
in 4% paraformaldehyde and stained with 0.2% crystal violet solution in 20% methanol. The
acquisition of images using a digital machine (Axiocam MRc, Zeiss) coupled to the microscope

(zoom 500x) allowed the counting of the migrated cell. As control were used: 1) cells of
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scrambled sequence group associated to DMEM-F12 containing 10% FBS in the lower well; 2)
cells not transfected associated to DMEM-F12 containing 10% FBS in the lower well; 3) cells
not transfected with FBS-free in DMEM-F12 on the lower well.

Invasion Assay

To evaluate if metallothionein protein (MT2A) induces invasive phenotype in CME
cells, the same 10-well bipartite chamber system (NeuroProbe®) was used associated with
porous polycarbonate membrane covered by 5uL matrigel (Trevigen Inc., Gaithesburg, MD,
USA) at a concentration of 14 ug / mL, a substance which corresponds to basement membrane
in vitro. Lower chamber wells were filled with DMEM-F12 (Sigma®) and 10% fetal bovine serum
(Gibco®). In this experiment, cells with metallothionein expression reduced by siRNA (15x10*
cells / well) were resuspended in serum-free medium and placed in the upper chamber on the
matrigel-covered membrane. The chamber was incubated for 48h at 37°C in a humid
atmosphere containing 5% CO 2, making possible matrigel digestion and invasion of cells from
upper to lower chamber could occur. After this period, the upper portion of membrane was
removed and its delicately scraped for the removal of non-invaded cells and the matrigel
remains. Cells located in the lower portion were fixed in 4% paraformaldehyde in PBS and
stained with 0.2% crystal violet solution in 20% methanol. The acquisition of images using a
digital machine (AxiocamMRc, Zeiss) coupled to the microscope (zoom 500x) allowed the
counting of the invasive cells. As control were used: 1) cells of scrambled sequence group
associatedto DMEM-F12 containing 10% FBS in the lower well; 2) cells not transfected
associated to DMEM-F12 containing 10% FBS in the lower well; 3) cells not transfected with
FBS-free in DMEM-F12 on the lower well.

Small Interfering RNA

MEC cells (2x10°) were cultured in six-well plates in DMEM-F12 with 10% FBS and
without antibiotic—antimycotic solution to 60-80% confluence. Cells were incubated with a
complex formed by transfection medium (Optimen, Invitrogen-Molecular Probes, Carlsbad, CA,
USA), Lipofectamine 2000 transfection reagent (Invitrogen®) and 40 nM siRNA targeting to MT-
2A (Life Technologies, New York, USA) following manufacturer's instructions. A 40 nM siRNA
scrambled sequence (Santa Cruz proprietary target sequence) was used as control.
Transfection confirmation was demonstrated by western blot.
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Western Blot

Cells transfected with siRNA targeting to MT-2A and control were lysed in RIPA buffer
(150 mM NacCl, 1.0% NP-40, 0.5% deoxycholate, 0.1% SDS, 50 mM Tris pH 8.0) with protease
inhibitor cocktail (Sigma®). Samples were electrophoresed in 10% polyacrylamide gradient
gels. Proteins were transferred to a Hybond ECL nitrocellulose membrane (Amersham®) and
blocked in TBS with 0.05% Tween 20 (TBST) with 2.5% non-fat milk. The membrane was
probed with antibodies against MT 1,2 (Abcam®), TGF-a( Santa Cruz®), TNF-a (Sigma®),
MMPs -2 (Millipore®) and -9 (DBS®) and B-actina (Sigma®). Primary antibodies were detected
by HRP conjugated secondary antibodies (1:10.000), and developed using an ECL
chemiluminescent substrate (Amersham®) to reveal the reaction in radiographic films. To probe
different antibodies, membranes were stripped with Restore Western Blot Stripping Buffer
(Thermo®).

ABBREVIATIONS

MEC: Mucoepidermoid Carcinoma
MT: Metallothionein

TGF-a: Transforming Growth Factor-a
TNF-a: Tumor Necrosis Factor-a
MMP: Matrix Metalloproteinases
MT2A: Metallothionein 2A

SiRNA: small-interference RNA

ECM: Extracellular Matrix

GF: Growth Factors

nM: NanoMolar

DMEM: Dulbecco’s Modified Eagle’s Medium
PBS: Phosphate Buffered Saline
BSA: Bovine Serum Albumin

TBS: Tris-Buffered Saline

TBST: Tris-Buffered Saline Tween
ECL: Enhanced chemiluminescence

MRNA: Messenger RNA
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PCR: Polymerase Chain Reaction

cDNA: complementary strands of DNA
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TABLE

Table 2.Reads mapped of HSG and CME cell lines.

Gene Proteina HSG CME
MT2A MT-2A 315 3789
MMP2 MMP-2 294 63687
TNFA TNF-a 1 0
MMP9 MMP-9 16 2
KRT7 CK-7 59177 569
KRT8 CK-8 15902
KRT14 CK-14 24
KRT19 CK-19 24699
TGFa TGF-a 882 89
VIM VIMENTIN 1 93082
EN1 FIBRONECTIN 934 563116
ACTA2 a-SMOOTH 4526 316029

MUSCLE ACTIN
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LEGENDS

Figure 1: Indirect Immunofluorescence in cell line from MEC. Cytokeratine AE1/AE3
(A) was visualized in form of dots placed in cell cytoplasm and cytokeratine 19 (B) was
found as punctuate intracellular staining in MEC cells. Fibronectin (C)
immunoexpression was found as long filaments arranged in bundles. Vimentin (D) and
a-Smooth Muscle Actin (E) were observed as thin and thick filaments throughout the
cytoplasm. Hoechst 33258 marked nucleus. Scale bars: 20 pm.

Figure 2. Metaphases from MEC cell line. G-Banded karyotypes revealing various
numerical abnormalities of monosomy and tetrasomy (A) and the specific translocation
of MEC, the t(11;19)(g21;p13), indicated by arrows (B).

Figure 3: siRNA assay. Experiment promoted decrease in MT expression, when
compared to scramble control (A). Similar to MT, the expression of TGF-a reduced in
comparison with control (B).Increase in TNF-a expression was visualized after MT-2A
gen silencing (C). B-actina internal control presented bands with similar sizes,
indicating correct loading of samples (D).

Figure 4: siRNA assay. Experiment promoted decrease in MT expression, when
compared to scramble control (A). Any alteration in MMP-2 expression was found (B).
Bands of inactive and active MMP-9, with molecular weight about 92 and 86 kDa
respectively, demonstrated expression reduced after siRNA (C).B-actina internal
control presented bands with similar sizes, indicating correct loading of samples (D).

Figure 5. Cell migration assay. Migratory activity of siRNA group (A) and scrambled
group (B) was evaluated. Positive (C) and negative (D) controls were used cells not
submitted to the siRNA technique. Zoom 100X.

Figure 6. Cell migration assay. Statistically significant difference was observed
between the siRNA and the siRNA controlgroup, as well as between the siRNA group
and the positive control (p <0.05). Statistical Testing: Mann-Whitney.

Figure 7. Cell invasion assay. Invasive activity of the silencing cells for MT2A(A) and
the group transfected with the scrambled sequence (B). Positive (C) and negative (D)
controls were performed with not submitted to the siRNA technique. Zoom 100X.

Figure 8. Cell invasion assay. Statistically, a significant difference was observed
between the siRNA groups and the siRNA control group, as well as between the siRNA
group and the positive control (p <0.05). Statistical Testing: Mann-Whitney.
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Tables

Tabular material should not duplicate data already presented in detail in the text, nor should
tables be only lists. A table should compare values. If you are putting data in a table, summarize
the data in the text and provide a citation for it. Unnecessary columns of data that can easily be
derived from other data in the table should not be included. Large groups of individual values
should be avoided; instead, these should be averaged and an appropriate designation of the
dispersion, such as standard deviation or standard error, should be included. Tables should not
be included as part of a figure. Legends should be short and to the point and should generally
not include references. Authors are discouraged from submitting tables that have been
previously published, even with permission.

Authors are obligated to indicate the significance of their observations by appropriate statistical
analysis.

Every table must have a descriptive title and enough explanatory information so the reader can
understand the data without reference to the text. Each column must carry an appropriate
heading and, if measurements are given, the units should be given with the column heading.
Number tables using Arabic numerals; table footnotes should be indicated with lower-case
alphabetical letters: a, b, c, etc. Include a note after the footnotes in which all abbreviations
used in the table that have not been used in the text are explained. Complex or large tables
should be uploaded as Supplementary Data.

Figures

Types of figures include line drawings, graphs, and halftone illustrations, such as photographs,
photomicrographs, or electrophoretic patterns. Figures should be used when salient points need
illustration for better comprehension by the reader. Figures must be cited and numbered in the
order in which they appear in the text. Figures should be original. Authors are discouraged from
submitting figures that have been previously published, even with permission. If use of a
previously published figure is necessary, the author must apply for written permission from the
copyright holder and supply confirmation of the permission grant before publication.

Please note that figures should be submitted in their final format. If you do not intend for your
figure(s) to appear in color in the journal should your manuscript be accepted for publication,
please ensure that you submit a black and white version. This makes it possible for the editors
and reviewers to make an informed evaluation of your work.

All figures must have legends that briefly describe the data shown; details given in the text of
the manuscript should not be repeated. Legends should be short and to the point and should
generally not include references. Please note that all figure legends should be listed together in
one section (Figure Legends) directly preceding the appearance of the figures in the
manuscript. Ensure that both legends and figures are numbered and match up appropriately.
Stains and original magnifications should be listed where applicable. Each legend should
adequately identify all parts, symbols, abbreviations, mathematical expressions, abscissas,
ordinates, units, and reference points on the figure. Abbreviations explained in the text of the
article need not be redefined in the figure legend.

When graphs are reduced to the size of a single column (7.9375 cm / 3.125 in), the text in the
graph must be no smaller than 6 point type and no larger than 12 point type, and all symbols
must be discernible. Avoid use of very thin, broken, or dotted lines.

Figure symbols should be defined in the legend. Only those common symbols for which the
printer has type should be used. Lines connecting the symbols should not extend beyond the
data points. In the published form, the minimum thickness of lines (rules) used to present drawn
art is 0.5 point. If a drawn image will be reduced in size for publication, the lines used to draw
the original art must be thick enough to be reduced and still meet the minimum requirement.
Lines thinner than 0.5 point thickness may be completely lost if an image is reduced in size.
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Graphs should be ruled off close to the area occupied by the curve, and abscissas and
ordinates should be clearly marked with appropriate units. Explanations of the coordinates
should not extend beyond the respective lines. Do not box-in graphs with top and right-hand
frame lines unless these are essential for reference. Titles printed outside the confines of the
drawing waste space; all of this information should be included in the legend. Also, to conserve
space those curves that may appropriately appear together should be included in a single
graph.

Halftones that must appear together for comparison should be grouped under one figure
number with each section given sequential letters (A, B, C) in the upper left-hand corner on the
face of the illustration. Composite figures may be mounted on a plate, with the sections abutted
together and tooling (thin lines) placed between the parts of the figure. For optimal reproduction,
the contrast among photographs on a plate should be consistent. The overall dimensions of
photographs on a plate should not exceed 18.41 cm x 22.86 cm / 7.25in x 9 in.

Symbols, arrows, or letters used in photomicrographs should contrast with the background so
as to be clearly visible. Internal scale markers should be included on the photographs
themselves or the original magnification should be given in the legend because it may be
necessary to reduce the figures.

Supplementary data

General guidelines

Supplementary data should provide additional substantive material, but the article must stand
on its own merits and be complete and self-explanatory without them. Additional text, including
results or discussions related to the article, is not acceptable; these should be included in the
article itself.

Supplementary data should fall within the conceptual scope of the main paper but not extend
beyond it. Preliminary data that simply extend the scope of the study and unnecessary control
data should not be included.

Supplementary data are not essential to understanding the conclusions of the paper but are
additional or complementary and directly relevant to the article content.

Supplementary material should not repeat material that is already included in the main article.
Data that have been previously published are not acceptable.

Supplementary material may also be that which cannot be included in the main version of the
paper due to space constraints (e.g., limits placed on the number of figures and tables allowed
in an article) or format restrictions.

Within the above guidelines, supplementary files may include the following:

e Figures (TIFF (preferable), JPG, or PNG format)

e More detailed materials and methods than can be included in the body of the article, but
the main text should contain sufficient methodology for an experienced investigator to
replicate the experiments

Tables (editable Word or Excel format)

Electronic multimedia files (e.g., animations, videos, audios)

Database information

Three-dimensional structures/images, sequence alignments, and data sets that are very
large, such as those obtained with microarray hybridization experiments
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Apresentagao do Projeto:

O carcinoma mucoepidermoide (CME) é a neoplasia maligna de glandula salivar mais prevalente, chegando
a representar cerca de 10% de todos os tumores que acometem as glandulas salivares maiores.
Clinicamente, apresenta-se como um aumento de volume assintomatico ocorrendo frequentemente na
glandula parétida ou palato, em individuos de diferentes faixas etarias, desde a segunda até a sétima
década de vida. Estudos ja

demonstraram a presenga e a relag@o da proteina Metalotioneina (MT) com o progndstico dos carcinomas
epidermoides, mas pouco se sabe sobre a sua participag@o nos processos e de invasividade no carcinoma
mucoepidermoide. A presenga de caracteristicas histopatolégicas semelhantes nestas duas lesoes levanta a
possibilidade de a MT também estar presente e participar na via de sinalizagdo do CME. A invasao tumoral
inerente ao CME é um processo complexo mediado, dentre outros fatores, pela proliferagéo celular e pela
protedlise localizada da matriz extracelular, realizada principalmente por enzimas denominadas
metaloproteinases da matriz (MMPs). Dentre estas proteases, as MMP-2 e -9 possuem destacado papel na
invasividade de tumores, uma vez que degradam diversos componentes da matriz, como o colageno.
Sabidamente, as MMPs sao endopeptidases que dependem de zinco para exercer sua fungao
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enzimatica. Desse modo, os fendmenos relacionados as MMPs podem ocorrer com o auxilio da
metalotioneina, proteina que funciona como reservatoério intracelular de ions zinco. Baseando-se nestes
dados espera-se determinar, através de um estudo com uma linhagem de CME, se a MT participa do
processo de proliferagdo e invasdo tumoral, e se tem influéncia sobre a expressdo das metaloproteinases -2
e -9. Para isto seréo realizados experimentos com RNA de interferéncia para bloquear a atividade da

MT e assim determinar se a sua inatividade interfere no comportamento celular do CME. Verificaremos se
fatores de crescimento como EGF, TGF-;e TNF- possuem influéncia na expressao da MT. Adicionalmente,
realizaremos a caracterizagdo da linhagem celular oriunda de carcinoma mucoepiderméide humano por
analise transcriptdmica. Essa analise se constitui uma das principais ferramentas para isolar e caracterizar
genes,assim como estudar as interagdes entre eles. Nesse contexto, a andlise transcriptémica permitira um
melhor esclarecimento dos mecanismos envolvidos na expressao e interagao dos genes, assim como a
compreensao das redes funcionais estabelecidas pelas proteinas no CME.

Objetivo da Pesquisa:

Objetivo Primario:

Analisar a correlagdo da expressa@o de metalotioneina (MT) e o comportamento biolégico do carcinoma
mucoepidermoide (CME) em uma linhagem celular derivada dessa neoplasia.

Objetivo Secundario:

Estabelecer e caracterizar uma linhagem celular derivada de CME, incluindo analise
transcriptémica;¢ Analisar a expressdo da MT em linhagem celular de CME;Analisar a expressao da MT in
vivo utilizando imunohistoquimica;Analisar a expressao de metaloproteinases da matriz (MMPs);Analisar a
expressao de fatores de crescimento (FCs);Correlacionar a expressao de MT com MMPs;Correlacionar a
expressao de MT com

FCs;Correlacionar a expressdo de MT e proliferagdo celular;Correlacionar a expressao de MT com a
invasdo celular.

Avaliagao dos Riscos e Beneficios:

Riscos:

N&o existem riscos ou desconfortos relacionados aos procedimentos experimentais. Os riscos e
desconfortos relacionados aos procedimentos corriqueiros, no caso bidpsia e remogéo tumoral, séo os
decorrentes de uma cirurgia, tais como alergia a substancias utilizadas durante o
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procedimento cirtrgico (o que pode ser evitado obtendo informagées do paciente durante a anamnese) e o
desconforto pés-operatdrio que pode ser mitigado com a prescrigdo de analgésicos.

Beneficios:

Nao ha beneficio direto para o paciente, pois, trata-se de um estudo experimental no qual espera-se
bloquear a proteina metalotioneina nas células em cultura e com isto observar quais alteragdes ocorrerao
em outras proteinas que também participam do processo de invaséo e proliferagéo celular desta neoplasia.
Somente no final do estudo, ou até mesmo a longo prazo, poderemos concluir a presenga de algum
beneficio para o paciente.

Comentarios e Consideragdes sobre a Pesquisa:
O projeto apresentado, nesta 2* versao, contem metodologia e critérios definidos em acordo com a
Resolugdo 466/12 do CNS/MS.

Consideracdes sobre os Termos de apresentagdo obrigatéria:
Os termos apresentados contemplam as resolugdes pertinentes.

Recomendacgdes:
Conclusdes ou Pendéncias e Lista de Inadequacdes:
Diante do exposto, somos pela aprovagao do projeto. Este é nosso parecer, SMJ.

Situagédo do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:
Nao

Consideragoes Finais a critério do CEP:
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