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RESUMO

O ameloblastoma (AME) € um tumor odontogénico benigno, de origem epitelial e
crescimento lento, porém apresenta invasividade local e altas taxas de recorréncia.
Diante da agressividade e recorréncia deste tumor, investigam-se os processos que
contribuem para a invasividade da lesdo, atribuida, em parte, a capacidade de
degradacdo da matriz extracelular (MEC). Estudos sugerem que as protrusdes
dindmicas da membrana plasmatica, denominadas invadopodios, podem estar
fortemente relacionados com a degradagao da MEC, sendo o grupo das proteinas
TKs moléculas chave para a formagéao dos invadopddios. Diante da relevancia desta
neoplasia, sua agressividade e capacidade de invasao local, estudos que busquem
compreender os processos biolégicos deste tumor sdo essenciais para que futuros
tratamentos e melhores prognosticos sejam alcangados. Portanto, o objetivo deste
trabalho foi verificar a participacdo das proteinas TKs4 e TKs5 no processo de
invasao, em linhagem celular de ameloblastoma. Os métodos utilizados foram Cultivo
celular, Silenciamento de RNA (shRNA), Reacdo em Cadeia de Polimerase em
Tempo Real (RT-PCR) e Ensaio de invasao em sistema de camaras bipartites. Os
resultados revelaram a diminui¢gdo da invasividade das células tratadas com shRNA
para TKs4 e TKs5, quando comparadas as células do grupo controle, indicando que
possivelmente essas proteinas tém papel importante na invasividade local do
ameloblastoma.

Palavras chaves: Ameloblastoma, Invadopddio, Invasividade Neoplasica.
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ABSTRACT

Ameloblastoma (AME) is a benign odontogenic tumour, of epithelial origin and slow
growth, but it presents local invasiveness and high recurrence rates. In view of the
aggressiveness and recurrence of this tumour, the processes that contribute to the
invasiveness of the lesion are investigated, attributed, in part, to the degradation
capacity of the extracellular matrix (ECM). Enhanced studies that the dynamic
protrusions of the plasma membrane, called invadopodia, can be strongly related to
the degradation of the ECM, being the group of TKs proteins key molecules for the
formation of invadopodia. In view of the promotion of this neoplasm, its aggressiveness
and capacity for local invasion, studies that seek to understand the biological
processes of this tumour are essential for future treatments and better prognosis to be
achieved. Therefore, the objective of this work was to verify the participation of TKs4
and TKsb5 proteins in the invasion process, in ameloblastoma cell line. The methods
used were Cell culture, RNA silencing (ShRNA), Real-time Polymerase Chain Reaction
(RT-PCR) and Cell invasion assay. The results revealed a decrease in the
invasiveness of cells treated with TKs4 and TKs5 shRNA, when compared to cells in
the control group, indicating that possibly these genes have an important role in local
invasion of ameloblastoma.

Keywords: Ameloblastoma, Invadopodia, Neoplastic Invasiveness.
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1. INTRODUGAO

A atividade migratoria e a capacidade de superar as barreiras dos tecidos sao
componentes-chave para que as células tumorais invadam os tecidos circunvizinhos.
Sabe-se que as células neoplasicas malignas possuem a habilidade de invadir os
tecidos adjacentes e ocasionar metastase local ou a distadncia a partir da sua
capacidade de remodelar e degradar a matriz extracelular (MEC). Sendo assim,
estudos recentes tém voltado seus esfor¢cos para entender melhor a participacao da
expressao génica, fatores de crescimento tumorais e proteinas relacionadas a

apoptose na tumorigénese e invasao local dos tumores [1,2,3,4].

O ameloblastoma (AME) € um tumor benigno que tem origem na proliferagcao
do epitélio odontogénico, possuindo aspecto clinico, radiografico e histopatolégico
variavel. Apesar de possuir crescimento lento, € localmente invasivo, apresentando
altas taxas de recorréncia [5,6,7]. Em razdo da variabilidade de caracteristicas, o
tratamento deste tumor varia de terapia cirurgica conservadora a cirurgia radical [8,9].
Diante da agressividade e recidiva dessa les&o, faz-se necessaria a investigacéo dos
mecanismos que estdo relacionados a sua invasividade, a qual esta atribuida, em

parte, a capacidade de degradacao da MEC [10].

Estudos sugerem que as protrusbes dindmicas da membrana plasmatica,
denominadas invadopddios, podem estar fortemente relacionadas com a degradacéao
da MEC [11,12]. Essas estruturas surgem na superficie ventral da membrana celular
e sao ricas em F-actina [13,14]. Além disso, possuem uma série de proteinas,
incluindo proteases, proteinas reguladoras de actina e moléculas de sinalizagéo, que
regulam a maquinaria de actina, o processo de formagdo e maturagdo dessas

protrusdes [1,15,16].

O grupo das proteinas substrato tirosina-quinase (TKs), s&o proteinas
adaptadoras e intermediarias (ou andaimes), que atuam como moléculas chave para
a formacao e funcao dos invadopddios, estando presentes, portanto, em varios tecidos
com diferentes papéis, desempenhados em processos fisiolégicos e patoldgicos
[17,18].

A TKs5 é codificada pelo gene SH3PXD2A, enquanto a TKs4 € codificada pelo
gene SH3PXD2B. Ambas possuem dominios de homologia Phox (PX) N-terminal,



13

mas diferem no numero de dominios SH3 (cinco e quatro, respectivamente), locais de
fosforilagao de Src e sequéncias de ligagao [4,18]. A partir disso, estudos sugerem
que essas proteinas apresentam funcgdes distintas, uma vez que a TKs5 é necessaria
para ambos os processos de formacdo e funcdo dos invadopddios, devido ao
recrutamento de cortactina, responsavel principalmente pela formacéo da rede de
actina. Enquanto que a TKs4 desempenha um papel mais proeminente na degradagao
da MEC a partir dessas protrusdes, por meio do recrutamento e/ou ativagcado de

proteases, principalmente a MT1-MMP [12,17,19].

Diante da relevancia dessa neoplasia, sua agressividade e capacidade de
invasdo local, estudos que busquem compreender os processos bioldgicos deste
tumor sdo essenciais para que futuros tratamentos e melhores prognosticos sejam
alcangados. Assim, o objetivo deste trabalho é verificar a participagao das proteinas

TKs4 e TKs5 no processo de invasao, em linhagem celular de ameloblastoma.

2. MATERIAIS E METODOS

2.1. ASPECTOS ETICOS

O projeto foi cadastrado e aprovado pelo Comité de Etica em Pesquisa em
Seres Humanos do Instituto de Ciéncias da Saude da UFPA (CAAE:
80191417.8.0000.0018).

2.2. CULTIVO CELULAR

Para a realizagdo dos experimentos, as ceélulas da linhagem oriunda de
ameloblastoma humano, denominada AME-hTERT, foram descongeladas e mantidas
em frascos de cultivo de 25 cm?, em meio DMEM-F12 (Gibco, Carlsbad, CA, USA),
suplementado com 10% de soro fetal bovino - SFB (Gibco®) 2 mM de glutamina
(Sigma®), 3 mM de bicarbonato de sddio (Sigma®), 100 Ul/mL de penicilina (Gibco®),
100 pg/mL de estreptomicina (Gibco®) e 2,5 ug/mL de anfotericina B (Gibco®).

As células foram mantidas em estufa a temperatura de 37°C e atmosfera umida
contendo 5% de CO2. Todos os procedimentos de cultivo foram executados seguindo
os protocolos para a manutencdo da esterilidade dos instrumentais, materiais,
suplementos e meio de cultura utilizados. Além disso, todas as etapas que envolveram
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a manipulagdo das células foram realizadas em capela de fluxo laminar tipo I,
obedecendo todas as normas de biossegurancga exigidas pela legislagao vigente de
acordo com a CTNBIO (Comissédo Técnica Nacional de Biosseguranga). O
crescimento das células foi monitorado diariamente em microscopio de contraste de
fase (Axiovert 40 C — Carl Zeiss, Oberkochen, DEU) e o meio de cultura foi trocado a

cada 2 ou 3 dias, de acordo com o metabolismo celular.

2.3. RNA DE INTERFERENCIA (SHORT HAIRPIN RNA — shRNA)

Para a diminuigdo da expressao das proteinas TKs4 e TKs5, utilizou-se RNA
de interferéncia Mission® Lentiviral Transduction Particles (Sigma®), descritos na
Tabela 1. As células AME-hTERT (2x10°) foram cultivadas em placas de 6 pogos até
alcancarem 60-80% de confluéncia em meio DMEM-F12 (Sigma®) com 10% de SFB
(Gibco®) sem antibidtico e antimicético. As particulas virais de shRNA para TKs4 e
TKs5 foram adicionadas em seus respectivos pocos, sendo um poco utilizado como
controle, no qual o shRNA n&o foi adicionado. Apds essa etapa, 2 uL de Puromicina

(Gibco®), antibiotico de selecao, foram adicionados aos pogos com shRNA.

Tabela 1. Sequéncia especifica dos vetores de transfecg¢ao para inibicdo dos genes de TKs4
e TKs5

Gene TRC Number Sequence

TKs4 CCGGCCACAGATCCTGTGTCTAAGACTCGA
(SH3PXD2B) TRCN0000129568 | GTCTTAGACACAGGATCTGTGGTTTTTTG

TKs4 CCGGGTAAGATTCTCTTCAGACGAACTCGAG
(SH3PXD2B) TRCNO0000147775 | TTCGTCTGAAGAGAATCTTACTTTTTTG

TKs5 CCGGGTATATCAGATACCTGGGCAACTCGA
(SH3PXD2A) TRCNO0000136337 | GTTGCCCAGGTATCTGATATACTTTTTTG

TKs5 CCGGGCCTTTGATTTCGGACAGATTCTCGAG
(SH3PXD2A) TRCN0000136512 | AATCTGTCCGAAATCAAAGGCTTTTTTG

2.4. REACAO EM CADEIA DE POLIMERASE EM TEMPO REAL (RT-PCR)
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A extracdo de RNA foi realizada pelo método do Trizol, de acordo com o
protocolo do fabricante. Em microtubo de 1,5 mL, foi acrescentado as células
silenciadas e nao silenciadas para TKs4 e TKs5, 1000 pyL de Trizol (Invitrogen,
Carlsbad, CA, USA) e 200 L de cloroférmio (Merck, Darmstadt, HE, DEU) a cada
tubo. Apds homogeneizacao por 2 minutos em agitador Vortex (Quimis, Sao Paulo,
SP, BR) o conteudo foi centrifugado (Centrifuge 5415R, Eppendorf, Hamburgo, HH,
DEU) a 12.000 rpm por 10 minutos a 6 °C. Apods este periodo, o sobrenadante de cada
tubo foi transferido para outro microtubo de 1,5 mL, contendo 500 uL de isopropanol
(Merck®) e em seguida homogeneizado manualmente. Esse microtubo foi
armazenado em refrigerador a -20 °C para precipitagao por um periodo minimo de 24
horas. Decorrido este periodo, uma nova centrifugacéo a 12.000 rpm, por 20 minutos
a 6 °C, foi realizada. Apés centrifugacéo, o sobrenadante foi retirado, restando o pellet
de RNA no lado e no fundo do tubo, e a esse RNA precipitado foi acrescentado 1000
ML de etanol 70% (Merck®) em agua DEPC (dietil pirocarbonato) onde foi centrifugado
a 12.000 rpm, por 20 minutos a 6 °C, para ser realizada a lavagem do RNA. Apds esta
lavagem, o pellet de RNA foi desidratado por evaporagao a 37 °C, e diluido em 30 uL
de agua DEPC.

ApoOs este procedimento, as amostras foram quantificadas utilizando o
equipamento Invitrogen Qubit® Fluorometer e Q32852 Quant-iT RNA Assay Kit (250

pg/uL-100 ng/uL) para a leitura das amostras, seguindo as instru¢des do fabricante.

2.5. SINTESE DE cDNA

A transcricao reversa das amostras foi realizada para a obtencdo do cDNA a
ser utilizado na reagcdo em cadeia da polimerase em tempo real (RT-PCR). Desse
modo, esse procedimento foi realizado utilizando o kit Superscript Il (Superscript ® IlI
Reverse Transcriptase — Invitrogen®) de acordo com o protocolo do fabricante. Na
reacao foram acrescentados 1 ug da amostra de RNA de cada amostra (previamente
quantificadas), oligo dT 500 pmol/mL e dNTP a 10 mM, com volume final de 13 pL. A
reacao foi incubada a 65 °C por 5 minutos no termociclador (Eppendorf Mastercycler®)
e transferida imediatamente para o gelo. Foram adicionados, entdo, tampao 5x (first
strand buffer), DTT (ditiotreitol, Sigma®) 10 mM, MgCI2 a 50mM e SuperScript Il
(Thermo Fisher Scientific, Waltham, MA, USA) 10.000 U — 200 U/mL, com volume final

de 20 uL, levando-se a reacao a 50 °C por 50 minutos. Depois a enzima foi inativada,
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aquecendo-se a solugao a 85 °C por 5 minutos. Apds o término da reagédo, em cada
amostra, foi acrescentado 10 uL de agua destilada ultrapura (Invitrogen®), totalizando
um volume final de 30 pL.

Para a detecgédo dos amplicons foi utilizado o agente fluorescente Sybr Green
(Applied Biosystems, Foster City, CA, USA). Os oligonucleotideos iniciadores
(primers) utilizados para as reagdes de RT-PCR foram primers para TKs4 (F-
AAAGATGAGGCAGAGACCCC; R- CCACCAGCCACTCAAGTTTT) e para TKs5 (F-
CCTCCACCACGCAGAGAAT; R- TTCTCACCGATCTGCACGTA).

A reacdo de RT-PCR foi realizada no StepOne Plus (Real Time PCR Systems
- Applied Biosystems®) com o reagente GoTaq gPCR (Promega Madison, WI, USA).
A partir da reacao de transcrigao reversa, foi utilizado cDNA, GoTaq qPCR pcr master
mix (2x), primers (18 uM) sentido reverso, e agua Milli Q autoclavada qgsp 20 pL. Apds
um periodo de 10 minutos a 50 °C para ativagdo da enzima e desnaturagao de 5
minutos a 95 °C, foram executados 45 ciclos de 95 °C por 30 segundos e 60 °C por 1
minuto. Ao final, foi realizado o protocolo de dissociacdo térmica, para controle da
especificidade da reagéao.

Os resultados foram analisados pelo StepOne TM Software v2.0 (Thermo
Fisher Scientific®).

2.6. ENSAIO DE INVASAO CELULAR

Para avaliar se as proteinas TKs4 e TKs5 induzem fendétipo invasivo nas células
AME-hTERT, foi empregado o sistema de camaras bipartites de 10 pogos
(NeuroProbe, Gaithersburg, MD, USA) utilizando membrana de policarbonato porosa
coberta por 5 yL de matrigel (Trevigen Inc., Gaithesburg, MD, USA) na concentragao
de 14 ug/mL. Pogos da camara inferior foram preenchidos com DMEM-F12 (Sigma®)
e 10% de soro fetal bovino (Gibco®). Nesse experimento, células com a expressao de
TKs4 e TKs5 reduzidas por shRNA e as células n&o silenciadas, utilizadas como
controle (15x10* células/pogo), foram suspendidas em meio sem soro e colocadas na
camara superior sobre a membrana coberta por matrigel. Posteriormente, a camara
foi incubada por 48 h a 37 °C em atmosfera umida contendo 5% de COz, para ocorrer
a digestao do matrigel e invasao das células, da camara superior para a inferior. Apos
esse periodo, a membrana foi removida e sua porcao superior delicadamente raspada

para a remocgao de células que néo invadiram e dos restos de matrigel. As células
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localizadas na porgao inferior foram fixadas em paraformaldeido a 4% em PBS
durante 15 minutos e coradas com solugao de violeta cristal a 0,2% em metanol a
20%, por um periodo de 2 h. Para aquisicdo de imagens, utilizou-se microscopio de
fluorescéncia (AxioScope, A1, Zeiss®), equipado com camera fotografica digital
(AxioCam MRc - Zeiss®), com aumento final de 400x, permitindo a contagem das

células.

2.7. ANALISE ESTATISTICA

Os dados obtidos a partir dos experimentos foram analisados usando o
software Graph Pad Prism 5 (Graph Pad Software Inc., San Diego, CA, USA). Apds a
confirmacéo do silenciamento, o teste ndo-paramétrico de Kruskal-Wallis foi utilizado
para comparar os trés grupos: AME-hTERT néo silenciado; AME-hTERT silenciado
para TKs4 e para TKsb5. Foi utilizando o pos-teste de Dunn para avaliar as diferengas

entre os grupos, com nivel de significancia a= 0,05%.

3. RESULTADOS

3.1. RNA DE INTERFERENCIA e PCR

Para a confirmacdo do silenciamento dos genes SH3PXD2B (TKs4) e
SH3PXD2A (TKs5) na linhagem AME-hTERT, foi realizada a Reagdo em Cadeia de
Polimerase (PCR), a qual verificou a diminuigdo da expressao das proteinas TKs4 e
TKs5, demonstrando o silenciamento dos genes em questéo.

10
1
0.1
= oo
[ B
= 0.001 TR Y PTTTT ey 3 it A
LY et LY i 3 \ '.-'.--
0.0001 LY ) 4 s
Wt r_( ‘-.‘f
0.00001

O.000001

3 1a 12 LE 14 18 5 8 i 12 M 3 ] 40

Figura 1. Gréafico da Reagdo em Cadeia de Polimerase do gene silenciado
SH3PXD2B (TKs4) em células AME-hTERT, demonstrando controle nao silenciado
(a), gene silenciado (b) e controle negativo (c).
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Figura 2. Grafico da Reagdo em Cadeia de Polimerase do gene silenciado
SH3PXD2A (TKs5) em células AME-hTERT, sendo controle nao silenciado (a), gene
silenciado (b) e controle negativo (c).

3.2. ENSAIO DE INVASAO CELULAR

No ensaio de invasao celular, verificou-se que houve maior invasao nos pogos
das células AME-hTERT que ndo foram silenciadas em comparagdo as células
silenciadas para TKs4 (shTKs4) e para TKs5 (shTKs5). Observou-se também que as
células shTKs4 invadiram mais quando comparadas as shTKs5. Houve diferenca
estatistica entre o grupo controle e shTKs4 (p < 0,05%) e entre o grupo controle e
shTKs5 (p < 0,01%). Nao houve diferenga estatistica entre shTKs4 e shTKs5.

Figura 3. Fotomicrografias do ensaio de invasao de células da linhagem AME-hTERT.
Nos controles do silenciamento (A e B), observa-se grande numero de células invadindo
a membrana de matrigel. (C) shTKs4: observa-se algumas células invadindo a membrana
de matrigel. (D) shTKs5: poucas ou nenhuma célula foram observadas invadindo a
membrana de matrigel. Escala: 20 ym.
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Grafico 1: Quantificagdo do ensaio de invasdo em matrigel na linhagem do AME-
hTERT. Houve maior invasao celular nos pogos das células de AME-hTERT controle
em comparagao as células shTKs4 e shTKs5. Houve diferencga estatistica entre os trés
grupos. Nao houve diferenga estatistica entre shTKs4 e shTKs5. * p < 0,05%; ** p <
0.01. Nivel de significancia a= 0,05%.

4. DISCUSSAO

Apesar de ser considerado um tumor odontogénico de origem epitelial de
carater benigno, sabe-se que o ameloblastoma possui altas taxas de morbidade,
recidivas e invasao local, sendo considerado um tumor altamente destrutivo, mesmo
ap6s um procedimento cirurgico radical [6,7]. Os mecanismos associados a invasao
tumoral ainda ndo foram completamente elucidados, no entanto, nota-se em muitas
pesquisas a importancia das proteinas estudadas neste trabalho no processo

invasivo.

A matriz extracelular fornece uma estrutura essencial para a proliferacao,
migracao e diferenciagdo celular [20]. No microambiente tumoral, as células
neoplasicas utilizam mecanismos moleculares para causar a degradacéo da MEC e

subsequente invasao para os tecidos adjacentes [21].

Os invadopddios sao protrusdes da membrana formados por actina, que estao
localizados em regides de contato entre as células tumorais invasivas e a MEC, com

capacidade para a degradagao dessa. Se formam a partir de 3 processos: iniciagao,
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montagem e maturagéo. Na iniciagao ocorre a modificagao estrutural do citoesqueleto,
devido ao inicio da formagao do prolongamento de actina, por meio da interagdo de
receptores de membrana do tipo integrina diretamente com a MEC. Esse processo
envolve diversas proteinas, como a TKs5. A fase de montagem, é caracterizada pelo
alongamento da estrutura dos invadopaodios, pois a TKs5 se liga as proteinas chave
da regulacdo de actina, o que possibilita a associagdo dessas com a cortactina,
permitindo com que a TKs5 realize o recrutamento de cortactina para a polimerizacao
de F-actina. Na fase de maturacdo, ocorre a consolidacado do invadopodio, que cria a
capacidade de recrutar metaloproteinases responsaveis pela degradagao da MEC,
especialmente a MT1-MMP, que apresenta grande significaAncia na invasao tumoral
por possuir um mecanismo chave na regulacdo da atividade proteolitica dos
invadopddios, onde a TKs4 participa de maneira ativa no processo de sua

estabilizagao e secrecgao [16,17,19,22].

Os invadopddios ja foram identificados em varias linhagens de células
cancerigenas, incluindo melanoma maligno, cancer de mama, pancreatico, glioma e
cancer de cabeca e pescoco [1,4,14,23,24], o que sugere que a maioria dos canceres

tem uma tendéncia a adotar invadopodios para realizar invasao e metastase [3,4].

Ja €& bem descrito na literatura que a cortactina e a MT1-MMP sao
superexpressas em canceres humanos, correlacionando-se com o potencial
metastatico, devido a importancia dessas na formacao e fungédo dos invadopddios,
principalmente pela atuagdo das metaloproteinases (MMPs) para a degradacéo da
MEC e posterior invasao celular [2,6,14,25]. A expressao de cortactina e MT1-MMP
em ameloblastoma foram observadas in vivo por Pinheiro et al. (2011), que
demonstraram maior expressdo dessas proteinas em tecido de ameloblastoma
quando comparado ao tecido de tumor odontogénico calcificante cistico, considerado

uma lesao nao-invasiva.

Além disso, a importancia dessas proteinas é reforcada pela alta expressao de
seus indutores, TKs5 e TKs4 [17]. Stylli et al. (2012) ja haviam mostrado que a
formacéao do invadopddio desempenha papel importante na invasido do melanoma de
camundongo através da via Src-Tks5 em células com superexpressao de TKs5 ativo.
Dessa forma, acreditamos que ao realizar o silenciamento das proteinas TKs,
consideradas proteinas intermediarias, sdo acarretadas consequéncias na formagao

dos invadopddios e redugao da capacidade invasiva do ameloblastoma.
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Buschman et al. (2009), notaram em seu estudo in vitro que ao silenciar TKs4
em embrido de camundongo ocorreu formagao incompleta de invadopddios e inibigao
da degradagédo da MEC. No entanto, ao ocasionarem a superexpressao de TKs5 para
a reposicao dos fenotipos somente a formacgao foi recuperada, enquanto que ao ser
realizada a reintroducdo de TKs4 as duas caracteristicas foram recuperadas,

demonstrando a interdependéncia dessas duas proteinas.

Na pesquisa de Chen et al. (2018), investigou-se a relevancia de TKs5 em
células de cancer pancreatico, a partir do silenciamento in vitro, comparando a
formacgao e atividade de invadopddios dessas células com um grupo controle. Em
seus achados, notaram que os niveis reduzidos de TKs5 diminuiram a capacidade
das células tumorais pancreaticas de formar invadopddios e digerir uma gelatina
fluorescente, semelhante a matriz extracelular. Esses dados indicam que a TKs5 é
necessaria para formar invadopoédios funcionais, em células de cancer pancreatico, e
sugerem que a expressao dessa proteina em tumores pancreaticos estd amplamente

associada a remodelacéo e degradacgao ativa da matriz extracelular.

Nossos resultados revelaram, por meio de PCR, que houve o silenciamento
dos genes SH3PXD2B (TKs4) e SH3PXD2A (TKs5) diminuindo, consequentemente,
a expressao das proteinas TKs4 e TKs5. O ensaio de invasao celular evidenciou que
a invasado e a degradacdo do matrigel foram maiores no grupo controle quando
comparadas aos grupos shTKs4 e shTKs5. Possivelmente, esses resultados sugerem
a participacdo dos invadopddios na invasividade local do ameloblastoma e no seu
comportamento agressivo. Portanto, silenciando essas proteinas, a invasividade

celular poderia ser diminuida.

Pesquisas fazem referéncia a esses achados em outras neoplasias. Blouw et
al. (2008) em seu estudo in vivo, concluiram que fibroblastos src-transformados com
reducao de expressdao de TKs5 possuem menor proliferagdo quando implantados
subcutaneamente, provavelmente como resultado do aumento da apoptose e redugao

da vascularizagao do tumor [26].

Além disso, Leong et al. (2014), apontaram que em metastase pulmonar de
camundongo in vivo, o silenciamento de TKs4 e TKs5 resultou em diminui¢des
significativas no extravasamento celular em comparagdo com o controle. Os dados

revelaram que os invadopoddios sdo necessarios para a invasdo e colonizacao
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metastatica de locais distantes, sugerindo que a inibigdo de invadopddios tem efeitos

anti-invasivos que levam a uma redugao na capacidade de metastase.

Apesar deste ser o primeiro estudo que realizou o silenciamento e ensaio de
invasao celular de TKs4 e TKs5 em ameloblastoma, as evidéncias fornecidas por
estudos in vivo e in vitro em outros tumores, mostra a importancia de ambas as

proteinas para a formacgao do invadopddio.

5. CONCLUSAO

Com base nos resultados dos experimentos realizados, concluimos que o
silenciamento das proteinas de TKs4 e TKs5 reduziu a invasao celular na linhagem
AME-hTERT. Diante do papel crucial desempenhado pelos invadopddios, essas
proteinas representam um potencial alvo terapéutico para estratégias de acéo contra

a invasao celular para tecidos adjacentes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaa]. It is not necessary to include
detailed descriptions on the program or type of grants and awards. When funding is from
a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding. If
no funding has been provided for the research, please include the following sentence: This
research did not receive any specific grant from funding agencies in the public, commercial,
or

not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors build footnotes into the text, and this feature may be used. Should
this not be the case,indicate the position of footnotes in the text and present the footnotes
themselves separately at the end of the article.

Artwork
Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, this journal is applying the following
policy: no specific feature within an image may be enhanced, obscured, moved, removed,
or introduced. Adjustments of brightness, contrast, or color balance are acceptable if and
as long as they do not obscure or eliminate any information present in the original.
Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in the figure
legend.

Electronic artwork
General points

e Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.
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e For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate
source files. A detailed guide on electronic artwork is available. You are urged to visit this
site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save
as' or convert the images to one of the following formats (note the resolution requirements
for line drawings, halftones, and line/halftone combinations given below): EPS (or PDF):
Vector drawings. Embed the font or save the text as 'graphics'. TIFF (or JPG): Color or
grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF (or JPG):
Bitmapped line drawings: use a minimum of 1000 dpi. TIFF (or JPG): Combinations
bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

Please do not:

¢ Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution
is too low.

e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF) or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color online (e.g., ScienceDirect and other sites) in addition
to color reproduction in print. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

References

Citation in text Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the reference
list, but may be mentioned in the text. If these references are included in the reference
list they should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results' or 'Personal
communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
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(e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley. Using citation plug-ins from these products,
authors only need to select the appropriate journal template when preparing their article,
after which citations and bibliographies will be automatically formatted in the journal's
style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management
software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference
management software. Users of Mendeley Desktop can easily install the reference style for
this journal by clicking the following link: http://open.mendeley.com/use-citation-
style/experimental-cell-research. When preparing your manuscript, you will then be able
to select this style using the Mendeley plugins for Microsoft Word or LibreOffice.

References

There are no strict requirements on reference formatting at submission. References can be
in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article
by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for
the author to correct. If you do wish to format the references yourself they should be
arranged according to the following examples:

For reference style 1 numbered: [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka,
Mortality data for Japanese oak wilt disease and surrounding forest compositions, Mendeley
Data, v1, 2015. http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 1la numbered without article and chapter titles: [5] M. Oguro, S.
Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease and


http://open.mendeley.com/use-citation-style/experimental-cell-research
http://open.mendeley.com/use-citation-style/experimental-cell-research
http://dx.doi.org/10.17632/xwj98nb39r.1
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surrounding forest compositions, Mendeley Data, vl, 2015.
http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 2 Harvard Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015.
Mortality data for Japanese oak wilt disease and surrounding forest compositions. Mendeley
Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 3 Vancouver Numbered: [5] Oguro M, Imahiro S, Saito S, Nakashizuka
T. Mortality data for Japanese oak wilt disease and surrounding forest compositions,
Mendeley Data, v1; 2015. http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 4 Vancouver Name and Year: Oguro M, Imahiro S, Saito S, Nakashizuka
T. Mortality data for Japanese oak wilt disease and surrounding forest compositions,
Mendeley Data, v1; 2015. http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 5 APA: Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015).
Mortality data for Japanese oak wilt disease and surrounding forest compositions. Mendeley
Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1.

For reference style 6 AMA: 5. Oguro, M, Imahiro, S, Saito, S, Nakashizuka, T. Mortality
data for Japanese oak wilt disease and surrounding forest compositions, Mendeley Data,
v1; 2015. http://dx.doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should
be properly labeled so that they directly relate to the video file's content. In order to ensure
that your video or animation material is directly usable, please provide the file in one of
our recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in
total. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages. Note:
since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that
refer to this content.

Virtual Microscope: The journal encourages authors to supplement in-article slide images
with corresponding high resolution whole slide scans for use with the Virtual Microscope
viewer. The Virtual Microscope is a web based slide viewer that enables users to view slide


http://dx.doi.org/10.17632/xwj98nb39r.1
http://dx.doi.org/10.17632/xwj98nb39r.1
http://dx.doi.org/10.17632/xwj98nb39r.1
http://dx.doi.org/10.17632/xwj98nb39r.1
http://dx.doi.org/10.17632/xwj98nb39r.1
http://dx.doi.org/10.17632/xwj98nb39r.1
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images at the highest level of detail and provides features such as zoom and pan. This
feature for the first time gives authors the opportunity to share high resolution versions of
slides with their readers. More information and examples are available at
https://www.elsevier.com/about/contentinnovation/virtual-microscope. Authors of this
journal will receive an invitation e-mail to create slide scans for use with the Virtual
Microscope when their manuscript is first reviewed and contains conventional slide images.

Data visualization

Include interactive data visualizations in your publication and let your readersinteract and
engage more closely with your research. Follow the instructions here to find out about
available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit your
material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an
updated file. Do not annotate any corrections on a previous version. Please switch off the
'"Track Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods and
other useful materials related to the project. Below are a number of ways in which you can
associate data with your article or make a statement about the availability of your data
when submitting your manuscript. If you are sharing data in one of these ways, you are
encouraged to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit
the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles
on ScienceDirect with relevant repositories, giving readers access to underlying data that
gives them a better understanding of the research described. There are different ways to
link your datasets to your article. When available, you can directly link your dataset to your
article by providing the relevant information in the submission system. For more
information, visit the database linking page. For supported data repositories a repository
banner will automatically appear next to your published article on ScienceDirect. In
addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data
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This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to
upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published
article online. For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple data articles, a new kind of article that houses and describes your
data. Data articles ensure that your data is actively reviewed, curated, formatted, indexed,
given a DOI and publicly available to all upon publication.

You are encouraged to submit vyour article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research
article is accepted, your data article will automatically be transferred over to Data in Brief
where it will be editorially reviewed and published in the open access data journal, Data in
Brief. Please note an open access fee of 600 USD is payable for publication in Data in Brief.
Full details can be found on the Data in Brief website. Please use this template to write
your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple
MethodsX articles, a new kind of article that describes the details of customized research
methods. Many researchers spend a significant amount of time on developing methods to
fit their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it
searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit
their MethodsX article as an additional item directly alongside the revised version of their
manuscript. If your research article is accepted, your methods article will automatically be
transferred over to MethodsX where it will be editorially reviewed. Please note an open
access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For
more information, visit the Data Statement page.

AFTER ACCEPTANCE
Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with
their proof corrections within two days. Corresponding authors will receive an e-mail with
a link to our online proofing system, allowing annotation and correction of proofs online.
The environment is similar to MS Word: in addition to editing text, you can also comment
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on figures/tables and answer questions from the Copy Editor. Web-based proofing provides
a faster and less error-prone process by allowing you to directly type your corrections,
eliminating the potential introduction of errors. If preferred, you can still choose to
annotate and upload your edits on the PDF version. All instructions for proofing will be
given in the e-mail we send to authors, including alternative methods to the online version
and PDF. We will do everything possible to get your article published quickly and
accurately. Please use this proof only for checking the typesetting, editing, completeness
and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50
days free access to the final published version of the article on ScienceDirect. The Share
Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint order
form which is sent once the article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's Author Services. Corresponding
authors who have published their article gold open access do not receive a Share Link as
their final published version of the article is available open access on ScienceDirect and
can be shared through the article DOI link.



