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RESUMO 

 

 

 

Introdução: Os tumores malignos de glândula salivar (TMGSs) representam aproximadamente 

2% a 6% de todas as neoplasias de cabeça e pescoço, sendo o carcinoma mucoepidermóide 

(CME) a mais frequente delas. Os TMGSs possuem um ruim prognóstico, respondem 

inesperadamente as terapias disponíveis e apresentam altas taxas de recorrência, levando aos 

pacientes portadores dessas lesões a apresentarem uma pobre taxa de sobrevida. A patogênese 

do CME ainda é desconhecida, o que limita a existência de marcadores moleculares de 

prognóstico que proporcione uma melhor abordagem terapêutica, dessa forma, ferramentas 

como a cultura de células são essenciais no processo de estudo do comportamento celular. 

Estudos imunoistoquímicos mostram que o Fator de Crescimento de Hepatócito (HGF, o único 

ligando de c-MET) e c-MET (Tirosina-Proteína Quinase MET) estão presentes em amostras de 

TMGSs humanos. Embora esses marcadores estejam presentes nesses tumores malignos, sua 

contribuição para a patobiologia dos TMGSs é desconhecida. Objetivo: Entender e investigar 

o papel da via de sinalização HGF/c-MET e seus efeitos em linhagens celulares de CME. 

Materiais e Métodos: As linhagens celulares de CME usadas (UM-HMC-1, UM-HMC-3A e 

UM-HMC-3B) foram estabelecidas na Universidade de Michigan. Imunfluorescência e 

citometria de fluxo avaliaram a presença e quantificação, respectivamente, do receptor c-MET 

nas linhagens celulares estudadas. A ativação e sinalização da via foi testada usando HGF e 

Western blot para MET, via PI3K/AKT, via MAPK e histona 3. O impacto biológico da 

ativação da via HGF/c-MET foi avaliada usando ensaio de migração celular, ensaio de invasão 

e avaliação da geração de células-tronco cancerígenas por meio da marcação celular com 

ALDH/CD44. Resultados: A presença e a ativação de c-MET foram detectadas em todas as 

linhagens celulares de CME. A ativação de c-MET, induzida por HGF, promoveu maior 

invasividade e migração celular, além de aumentar a quantidade de células-tronco cancerígenas 

nas linhagens celulares UM-HMC-1 e UM-HMC-3A. Essa ativação também produziu 

mudanças globais na cromatina (acetilação de histona 3). Conclusões: Nossos achados trazem 

evidências de que a via de sinalização HGF/c-MET está ativa no CME e contribui 

principalmente para sua invasão, migração e geração de células-tronco cancerígenas.  

 

Palavras-chave: Câncer oral; Carcinoma mucoepidermoide; Linhagem celular; Células-tronco 

cancerígenas, Receptor HGF. 

 



 

 

 

ABSTRACT 

 

 

Introduction: Malignant salivary gland tumors (MSGTs) account for approximately 2% to 6% 

of all head and neck neoplasms, with mucoepidermoid carcinoma (MEC) being the most 

frequent. MSGTs have a terrible prognosis, respond unexpectedly to the available therapies and 

present high rates of recurrence, leading to patients with these lesions to present a poor survival 

rate. The pathogenesis of MEC is still unknown, which limits the existence of molecular 

markers of prognosis that provides a better therapeutic approach, so tools such as cell culture 

are essential in the process of studying cell behavior. Immunohistochemical studies show that 

the Hepatocyte Growth Factor (HGF, the sole c-MET ligand) and c-MET (Tyrosine Protein 

Kinase MET) are present in human MSGT samples. Although these markers are present in these 

malignant tumors, their contribution to the pathobiology of MSGTs is unknown. Objective: To 

understand and investigate the role of the HGF/c-MET signaling pathway and its effects on 

MEC cell lines. Materials and Methods: The used MEC cell lines (UM-HMC-1, UM-HMC-

3A and UM-HMC-3B) were established at the University of Michigan. Immunofluorescence 

and flow cytometry evaluated the presence and quantification, respectively, of the c-MET 

receptor in the cell lines studied. Pathway activation and signaling was tested using HGF and 

western blot for MET via PI3K/AKT via MAPK and histone 3. The biological impact of the 

activation of the HGF/c-MET pathway was assessed using cell migration assay, invasion assay 

and evaluation of the generation of cancer stem cells through ALDH / CD44 cell labeling. 

Results: The presence and activation of c-MET were detected in all MEC cell lines. The 

activation of c-MET, induced by HGF, promoted more invasiveness and cell migration, besides 

increasing the amount of cancer stem cells in the cell lines UM-HMC-1 and UM-HMC-3A. 

This activation also produced global changes in chromatin (histone acetylation 3). 

Conclusions: Our findings provide evidence that the HGF / c-MET signaling pathway is active 

in MEC and contributes mainly to its invasion, migration and generation of cancer stem cells. 

 

Keywords: Oral cancer; Mucoepidermoid carcinoma; Cell lineage; Cancer stem cells HGF 

receptor. 
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1 INTRODUÇÃO 

 

 

O carcinoma mucoepidermoide (CME) é o tumor maligno de glândula salivar 

mais comum, representando 30% a 40% de todas as malignidades das glândulas salivares 

maiores (MCHUGH; VISSCHER; BARNES, 2009). Clinicamente, apresenta-se como tumor 

de crescimento lento, indolor, com ampla infiltração local (ANDISHEH-TADBIR et al., 2015; 

COCA-PELAZ et al., 2015), acometendo preferencialmente o sexo feminino com pico de 

ocorrência na 5ª década de vida (ELLIS; AUCLAIR, 2008; BRANDWEIN et al., 2001). O 

comportamento do CME é variável, havendo lesões mais indolentes, que se apresentam com 

crescimento lento, e outras localmente agressivas, recidivantes e altamente metastáticas (BYRD 

et al., 2003; ANDISHEH-TADBIR et al., 2015). A patogênese do CME é ainda desconhecida 

(O’NEILL, 2008; ADAMS, WARNER; NOR, 2013; WARNER et al., 2013; LIU et al., 2015), 

o que leva ao desconhecimento de marcadores moleculares que prevejam, com precisão, o 

prognóstico do CME, precise seu diagnóstico e melhore a abordagem terapêutica (OTA et al., 

2010; LIU et al., 2014; SHIGEISHI et al., 2014; LIU et al., 2015) já que, mesmo atualmente, o 

tratamento do tumor se encontra limitado, principalmente, a procedimentos cirúrgicos que 

possuem significativa morbidade e que são bastante mutilantes (ADAMS, WARNER; NOR, 

2013; CLAUDITZ et al., 2013;  SHIGEISHI et al., 2014). Dessa forma, o acesso a certas 

ferramentas de pesquisa, como linhagens celulares, é fundamental para o entendimento da 

biologia do CME (WARNER et al., 2013). 

Recentemente, pesquisadores da Universidade de Michigan, nos Estados 

Unidos, isolaram quatro linhagens celulares de CME (UM-HMC1, UM-HMC2, UM-HMC3A, 

UM-HMC3B), as quais constituem as únicas que podem ser facilmente expandidas em cultura, 

sendo as linhagens UM-HMC-3A e UM-HMC-3B viáveis quando transplantadas em 

camundongos imunodeficientes e capazes de mimetizar a histologia do tumor primário 

(WARNER et al., 2013). O uso dessas células será de importante valia para estudos 

translacionais que possam contribuir para o conhecimento da fisiopatologia desse tumor e de 

seus processos de invasão locorregional e metástase (WARNER et al., 2013). 

Receptores Tirosina Quinase (RTKs) são receptores de superfície celular com 

alta afinidade para citocinas e hormônios. Proteína Tirosina Quinase MET (c-MET) é um 

receptor pertencente a família dos RTKs expresso na superfície do epitélio e das células 

endoteliais, possuindo como único ligante o Fator de Crescimento de Hepatócitos (HGF) 

(GARAJOVÁ et al., 2015). C-MET e seu ligante HGF estão envolvidos em muitos processos 
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biológicos como o desenvolvimento do feto, onde exerce um importante papel na formação do 

fígado, placenta e dos músculos, e o desenvolvimento do sistema nervoso (COMOGLIO; 

GIORDANO; TRUSOLINO, 2008; GARAJOVÁ et al., 2015). No entanto, a via HGF/c-MET 

pode ser reativada nas células cancerígenas, levando a disseminação tumoral. Tanto HGF 

quanto c-MET encontram-se superexpressos em mais de 80% dos Carcinomas de Células 

Escamosas de Cabeça e Pescoço (CCECP), estando presente nos tumores de comportamento 

mais agressivos, uma vez que promove a Transição Epitélio-Mesênquima (EMT), responsável 

pelo desenvolvimento de metástases, atua no mecanismo de resistência tumoral contra 

inibidores do Receptor de Crescimento Epidérmico (EGFR) e promove maior invasão e 

proliferação celular (LAU; CHAN, 2011; ROTHENBERGER; STABILE, 2017). 

Em Tumores Malignos de Glândula Salivar (TMGSs) a via HGF/c-MET é 

estudada principalmente por meio da técnica imunoistoquímica. Tsukinoki et al. (2004) 

encontrou que a imunoexpressão de HGF nas células estromais e c-MET no parênquima de 

TMGSs estavam correlacionados com metátase linfonodal e a distância, bem como com piores 

taxas de sobrevida. Estudo realida por Ach et al. (2013) constatou que neoplasias de glândula 

salivar com perda genômica de PTEN apresentam significativa aberração genômica de MET. 

Vasconcelos et al. (2015) demonstrou que HGF e c-METestavam presentes em TMGSs 

humanos. Esses eventos em conjunto levam a limitadas conjecturas sobre como a ativação da 

via HGF/c-MET influencia no comportamento biológico dos TMGSs.  

Com base no exposto, o objetivo desta tese foi entender e investigar o papel bem 

como os efeitos da ativação da sinalização HGF/c-MET em linhagens celulares de CME.  
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2 REVISÃO DE LITERATURA 

 

 

2.1 Carcinoma Mucoepidermoide 

 

  O sistema de glândulas salivares é formado pelas glândulas salivares 

maiores e menores (ELLIS; AUCLAIR, 2008). Cada glândula salivar contém um parênquima 

com vários ductos que confluem para as unidades secretoras terminais. As células secretoras 

são chamadas de ácinos e podem ser serosas, mucosas ou mistas. As células mioepiteliais 

encontram-se entre as células ductais e a membrana basal dos ácinos (DARDICK et al., 1996). 

Conhecer a histologia das glândulas salivares é de grande importância para o diagnóstico de 

suas neoplasias devido à grande similaridade, em termos histológicos, entre o normal e o 

patológico (DARDICK et al., 1996; ELLIS; AUCLAIR, 2008). 

A neoplasia maligna mais frequente das glândulas salivares é o CME (SPIRO et 

al., 1986; GRÉNMAN et al., 1992; QUEIMADO et al., 1999; TONON et al., 2003; ADAMS; 

WARNER; NOR, 2013; LIU et al., 2014; KATABI et al., 2014; SHIGEISHI et al., 2014; LIU 

et al., 2015), perfazendo cerca de 30% a 35% de todos os tumores malignos de glândula salivar 

(MCHUGH; VISSCHER; BARNES, 2009). 

A etiologia do CME é pouco conhecida, assim como ocorre com outros tumores 

de glândula salivar. No entanto, uma importante translocação cromossômica t(11;19) resultante 

da fusão dos exons do gene CTRC1 (localizado no cromossomo 19p13) com os exons 2-5 do 

gene MAML2 (presente no cromossomo 11q21) gera um novo oncogenes de fusão denominado 

CRTC1-MAML2 em até 80% dos CMEs (WARNER et al., 2013) (Figura 1) . A proteína 

resultante dessa fusão é primariamente encontrada em CME de baixo/intermediário grau e tem 

sido correlacionada com o prognóstico dos pacientes (OKABE et al., 2006). O resultado desta 

fusão leva também a desregulação de vias do ciclo celular e diferenciação (O’Neill, 2009). 

Além disso, os casos de CMEs positivos para translocação t(11;19) parecem apresentar melhor 

prognóstico (OKABE et al., 2006; BEHBOUDI et al., 2006). 
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Figura 1 – Representação esquemática dos genes CRTC1 e MAML2 tipo selvagem e do oncogenes de fusão 

(CRTC1-MAML2) resultado da t(11;19). O domínio de ligação Notch do gene MAML2 é trocado pelo domínio 

de ligação CREB do gene CRTC1, o qual se fusiona aos éxons 2-5 do gene MAML2. Esse oncogenes de fusão 

fica sob o controle do promotor do CRTC1.  

Fonte: Adaptado de O’Neill (2009). 

 

O CME tem como principal sítio primário de acometimento a glândula parótida 

seguida do palato duro e mole, língua e assoalho de boca (NANCE et al., 2008; ALI et al., 2013; 

LIU et al., 2014). Quando subjacente ao palato ou área retromolar, o osso cortical pode ser 

reabsorvido (COCA-PELAZ et al., 2015). Acomete preferencialmente o sexo feminino e 

apresenta o pico de ocorrência na 5ª década de vida (ELLIS; AUCLAIR, 2008; BRANDWEIN 

et al., 2001). Clinicamente, apresenta-se como um tumor de crescimento lento, indolor, com 

ampla infiltração local, podendo ser variavelmente firme, elástico ou mole à palpação 

(ANDISHEH-TADBIR et al., 2015; COCA-PELAZ et al., 2015). 2015). Frequentemente são 

descobertos em um estágio avançado, o que contraindica o tratamento cirúrgico (CROS et al., 

2013). Devido a sua superficial localização, tumores intraorais podem apresentar-se como um 

aumento de volume de coloração azul-avermelhada, simulando um tumor vascular ou uma 

mucocele (COCA-PELAZ et al., 2015). Frequentemente são descobertos em um estágio 

avançado, o que contraindica o tratamento cirúrgico (CROS et al., 2013). 

Histologicamente, o CME é composto por uma variada proporção de células 

epidermoides (de formato poligonal e caracterizadas pela presença de ceratinização e pontes 

intercelulares), mucosas (de tamanho variado e com marcação positiva para mucina) e 

intermediárias (são progenitoras para as células mucosas e epidermoides e possuem 

frequentemente aparência semelhante a células basais) (GRÉNMAN et al., 1992; ADAMS; 

WARNER; NOR, 2013; KATABI et al., 2014). Células oncocíticas, claras, colunares e outros 

tipos celulares incomuns também podem estar presentes ocasionalmente (ADAMS; WARNER; 

NOR, 2013; KATABI et al., 2014). Esses tipos celulares se arranjam em dois padrões distintos: 
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cístico (com formação de estruturas císticas e estruturas glandulares ductais) e sólido (com 

formação de ilhas tumorais) (KATABI et al., 2014). Sua organização histológica lembra o ducto 

excretor das glândulas salivares, ao qual tem sido atribuída sua origem (Figura 2) (DARDICK, 

1996; AZEVEDO et al., 2008; AKRISH et al., 2009).  

 

 
Figura 2 – Representação esquemática de uma glândula salivar indicando áreas putativas de origem do CME.  

Fonte: Adaptado de ADAMS; WARNER; NOR (2013). 

 

Parâmetros clínico-patológicos como idade, sexo, tamanho do tumor, estágio, 

estadiamento TNM, disseminação extracapsular, terapia adjuvante e o status da margem têm 

mostrado valor preditivo na sobrevida de pacientes com CME, embora tenha sido sugerido que 

o mais relevante seja o SGHM e o estágio clínico (BYRD et al., 2013). Este é realizado com 

base no sistema TNM proposto pelo American Joint Commitee on Cancer. Este sistema 

classifica os tumores em 4 estádios de acordo com o tamanho da lesão (T), presença de 

metástases regionais em linfonodos (N) e metástase à distancia (M). Apesar de apresentar 

limitações no seu potencial prognóstico, esse sistema permanece mundialmente reconhecido 

para descrever a extensão do tumor (PATEL; LYDIATT, 2008). Os critérios para o 

estadiamento são os seguintes (EL-NAGGAR et al., 2017): 

• T (tamanho):  

o TX - Tumor primário não pode ser avaliado o T0 - Sem evidências do tumor 

primário. o Tis – Carcinoma in situ o T1 - O tumor tem até 2 cm de diâmetro e 

não invade tecidos adjacentes clinicamente. 

o T2 - O tumor tem mais do que 2 cm e menos do que 4 cm de diâmetro não invade 

tecidos adjacentes clinicamente. 
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o T3 - O tumor tem mais do que 4 cm de diâmetro e está invadindo tecidos moles 

adjacentes. 

o T4a (moderadamente avançado) - O tumor invade estruturas próximas, como o 

osso da mandíbula, pele, canal auditivo ou nervo facial. 

o T4b (muito avançado) – o tumor invade estruturas próximas, como a base do 

crânio ou outros ossos nas proximidades ou que circundam a artéria carótida. 

• Linfonodo regional (N): 

o  NX - Linfonodo regional não pode ser avaliado.  

o N0 - Ausência de metástase em linfonodo.  

o N1 – Metástase em apenas um linfonodo ipsilateral, medindo até 3cm na sua 

maior extensão. 

o N2a - Metástase em apenas um linfonodo ipsilateral medindo entre 3 e 6 cm de 

diâmetro. 

o N2b - Metástase em múltiplos linfonodos ipsilaterais nenhum medindo mais que 

6 cm de diâmetro. 

o o N2c - Metástase em linfonodos bilaterais ou contralaterais nenhum medindo 

mais que 6 cm de diâmetro. 

o N3 - Metástase em linfonodo medindo mais que 6 cm de diâmetro. 

• Metástase à distância: 

o Ausência de metástase à distância.  

o Metástase à distância. 

Após realizada a análise das características acima citadas (T, N, M) o tumor é 

classificado de acordo com os seguintes critérios: 

• Estágio I - T1, N0, M0.  

• Estágio II - T2, N0, M0.  

• Estágio III - T3, N0, M0; T1 a T3, N1, M0.  

•  Estágio IVA - T4a, N0 ou N1, M0; T1 a T4a, N2, M0.  

• Estágio IVB - T4b, qualquer N, M0; Qualquer T, N3, M0. 
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• Estágio IVC - Qualquer T, qualquer N, M1. 

Para Coca-Pelaz et al. (2015), o SGHM deve ser aliado também a testes 

moleculares. O SGHM mais utilizado na atualidade para gradações de CME é o da AFIP 

(Instituto de Patologia das Forças Armadas) (ELLIS; AUCLAIR, 2008) e o de Brandwein et al. 

(2001), os quais utilizam informações relativas ao padrão de crescimento, infiltração e achados 

citológicos (KATABI et al., 2014; COCA-PELAZ et al., 2015). O sistema de gradação da AFIP 

é baseado em pontos, que têm como parâmetros características histológicas úteis em predizer o 

prognóstico (Tabela 1). Ao fim da análise, os pontos devem ser somados e obtido um escore, 

que corresponderá ao grau de malignidade do tumor. Brandwein et al. (2001) adicionaram 

alguns parâmetros histológicos ao SGHM da AFIP (Tabela 1).  

 

Tabela 1 – SGHM de acordo com AFIP (2008) e Brandwein et al. (2001) para CME 

AFIP BRANDWEIN et al. (2001) 

Componente cístico < 20% = 2 pontos Componente cístico < 25% = 2 pontos 

Invasão neural = 2 pontos Tumor invadindo em pequenos ninhos e ilhas 

= 2 pontos 

Necrose = 3 pontos Atipia nuclear pronunciada = 2 pontos 

≥ 4 mitoses por campo (aumento de 10x) = 

3 pontos 

Invasão linfovascular = 3 pontos 

Anaplasia = 4 pontos  Invasão óssea = 3 pontos 

  >4 mitoses por campo (aumento de 10x) = 3 

pontos 

Invasão perineural = 3 pontos 

Necrose = 3 pontos 

Baixo grau: 0-4 pontos 

Grau intermediário: 5-6 pontos 

Alto grau: 7 a 14 pontos 

Baixo grau: 0 pontos 

Grau intermediário: 2-3 pontos 

Alto grau: ≥ 4 pontos 

Fonte: Adaptado de Ellis e Auclair (2008) e Brandwein et al. (2001). 

 

De acordo com o SGHM, pacientes portadores de CME de baixo grau possuem 

taxa de sobrevida em cinco anos, variando de 92% a 100% e, geralmente, são tratados somente 

com cirurgia. Naqueles portadores de CME de alto grau, a taxa de sobrevida em cinco anos 

varia de 0% a 43%, e o manejo clínico alia cirurgia, esvaziamento ganglionar cervical e 

radioterapia (ELLIS; AUCLAIR, 2008; BARNES, 2009; SEETHALA, 2009). Pacientes 
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portadores de CME de grau intermediário possuem sobrevida de 62% a 92%, e o seu tratamento 

é controverso por refletir o duvidoso SGHM de tumores de glândula salivar (BYRD et al., 2013; 

KATABI et al., 2014). De acordo com vários pesquisadores, não há um SGHM uniformemente 

aceito para CME (BYRD et al., 2013; KATABI et al., 2014; COCA-PELAZ et al., 2015). 

As formas de tratamento para o CME atualmente encontram-se estagnadas e 

dependentes de sistemas de gradações histológicas de malignidade que não possuem uma 

linguagem uniforme. Ainda nos dias atuais, não existe nenhum indicador que possa ser usado 

no diagnóstico preciso ou que preveja o prognóstico não só do CME mas também de outras 

neoplasias malignas de glândula salivar (OTA et al., 2010). O maior obstáculo das pesquisas 

que procuram estudar a efetividade e a segurança de terapias para o tratamento do CME é o 

pobre entendimento da sua fisiopatologia (O’NEILL, 2009; WARNER et al., 2013; 

ANDISHEH-TADBIR et al., 2015; LIU et al., 2015). Os mecanismos envolvidos no processo 

de migração, invasão locorregional e metástase das células do CME são desconhecidos 

(WARNER et al., 2013). Ainda não é conhecido nem mesmo o seu mecanismo molecular de 

desenvolvimento (ANDISHEH-TADBIR et al., 2015). O acesso a certas ferramentas de 

pesquisa como linhagens celulares e modelos de xenoenxertos é fundamental não só para o 

melhor entendimento da biologia do CME como também para o desenvolvimento de terapias 

mais eficazes, isto é, que sejam baseadas no mecanismo da doença (WARNER et al, 2013).  

Escassas linhagens celulares de CME têm sido estabelecidas até o momento 

(WARNER et al., 2013). Grénman et al. (1992) estabeleceram uma linhagem celular 

(denominada de UT-MUC-1) a partir de um CME pobremente diferenciado e constataram 

resistência a radioterapia. Queimado et al. (1999) conseguiram estabelecer e caracterizar 

linhagem de CME (UTSW-MEC-49) por infecção com genes E6 e E7 do HPV 16, o que 

proporcionou maior estabilidade nas células em cultura. Tonon et al. (2003) estabeleceram duas 

linhagens de CME (NCl-H292 e H3118) e constataram translocação recíproca (t 11;19) que 

desfaz a linha de sinalização Notch. 

Células explantadas de tumores de glândula salivar são particularmente difíceis 

de se propagar in vitro (QUEIMADO et al., 1999). Recentemente, a Universidade de Michigan, 

nos Estados Unidos, desenvolveu cinco novas linhagens celulares de CME a partir de um 

mesmo paciente, que apresentou recorrência local da doença bem como metástase linfonodal 

após quatro anos da remoção cirúrgica do tumor primário. Essas linhagens celulares constituem 

as únicas que podem ser expandidas em cultura e que relembram a histologia do tumor primário 

quando transplantadas em camundongos imunodeficientes (WARNER et al., 2013). Utilizar 

essas linhagens celulares como ferramenta de pesquisa a fim de melhor compreender a 
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fisiopatologia da doença levará ao provável desenvolvimento futuro de terapias alvo mais 

racionais, além de contribuir para uma melhor qualidade de vida do paciente (ADAMS; 

WARNER; NOR, 2013; SHIGEISHI et al., 2014).  

 

 

2.2 C-MET e seu ligante HGF 

 

  O proto-oncogene MET é localizado no cromossomo 7q21-31 e codifica 

c-MET. O receptor MET é uma glicoproteína heterodimérica, formada pela subunidade 

extracelular alfa ligada a subunidade transmembrana beta através de uma ponte disulfídeo. A 

porção extracelular inclui os domínios Sema (Semaphorin), PSI (Plexin, Semaphorin and 

Integrin cysteine-rich) e quatro IPT (Immunoglobulin Plexins Transcription). O domínio 

intracelular inclui uma sequência justamembrana, uma região catalítica e um local de 

ancoragem carboxiterminal multifuncional. O domínio justamembrana contém os resíduos 

Ser975 e Tyr1003, que são envolvidos na regulação negativa de MET, a região catalítica é 

responsável por modular a atividade quinase e o local de ancoragem carboxiterminal 

multifuncional é responsável pelo recrutamento de várias moléculas adaptadoras e transdutoras 

de sinal (Figura 3) (OWSU et al., 2017).  

 

Figura 3 – Estrutura esquemática de c-MET.  

Fonte: Adaptado de COMOGLIO; GIORDANO; TRUSOLINO (2008). 

 

O receptor c-MET é expresso na superfície das células epiteliais e endoteliais, 

onde se liga especificamente ao seu único ligante conhecido, o HGF. Este é uma proteína 

pertencente a família das serinas proteases e é produzido pelas células mesenquimais. O HGF 

é secretado como uma cadeia única, na forma biologicamente inativa (pró-HGF), sendo 

necessário passar por um processo de clivagem, catalisado por proteases extracelulares, a fim 



27 

de que se converta na sua forma madura. Sua forma biologicamente ativa consiste em um 

heterodímero ligador por pontes dissulfitos, contendo uma cadeia alfa e outra beta. A cadeia 

alfa contém um loop N-terminal (HL) seguinda por quatro domínios conhecidos como 

Domínios kringle (K) (Figura 4). A cadeia β é homóloga às serinas proteases da cascata de 

coagulação do sangue, mas carece de atividade proteolítica devido a substituições de 

aminoácidos no local catalítico (ORGAN; TSAO, 2011). 

  

 

 

 

 

Figura 4 – Estrutura esquemática de HGF.  

Fonte: Adaptado de COMOGLIO; GIORDANO; TRUSOLINO (2008). 

 

A iniciação da via de sinalização de MET começa com a ligação de HGF a c-

MET na membrana plasmática celular, levando a dimerização e estabilidade do receptor 

(BARROW-MCGEE; KERMORGANT, 2014). A subsequente ativação do seu domínio 

intracellular acontece através da fosforilação dos dois resíduos de tirosina na porção catalítica 

Y1234 e Y1235, seguida pela fosforilação das duas tirosinas de ancoragem Y1349 e Y1356 na 

cauda terminal. Estas duas tirosinas formam o local de ancoragem multifunctional, o qual é 

particular aos membros da subfamília MET e essencial para a sua sinalização (BARROW-

MCGEE; KERMORGANT, 2014). Após a fosforilação desses domínios, c-MET está apto a se 

ligar a múltiplos substratos e ativar uma variedade de vias de sinalização, que ocorrerão através 

da interação direta com esse receptor por meio dos adaptadores GRB2 (Growth Factor 

Receptor-Bound protein 2) e GAB1 (GRB2-Associated Binding protein 1) (BARROW-

MCGEE; KERMORGANT, 2014). Em seguida, ocorre a ativação de diferentes vias de 

sinalização intracelulares (MAPK, cascata PI3K-AKT, STAT and NF-κB) que são responsáveis 

por guiar proliferação, sobrevida celular, migração e invasividade (Figura 5) (BARROW-

MCGEE; KERMORGANT, 2014) 
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Figura 5 – Estrutura esquemática da via de sinalização HGF/c-MET.  

Fonte: Adaptado de COMOGLIO; GIORDANO; TRUSOLINO (2008). 

 

O conjunto das alterações celulares desencadeadas por c-MET (proliferação, 

sobrevida celular, migração e invasividade) é chamado de crescimento invasivo 

(BOCCACCIO; COMOGLIO, 2014). Este está envolvido nos processos morfogenéticos, como 

gastrulação (processo pelo qual as três camadas germinativas, que são precursoras de todos os 

tecidos embrionários, são estabelecidos nos embriões), desenvolvimento dos múculos e durante 

a angiogênese, sendo mediado pela sinalização HGF/c-MET (BOCCACCIO; COMOGLIO, 

2014; MOORE; PERSAUD; TORCHIA, 2016). Na idade adulta, o crescimento invasivo se 

torna quiescente, mas pode ser reativado durante, por exemplo, a cicatrização de feridas em que 

células residuais podem proliferar e migrar a fim de reconstituir a integridade dos tecidos que 

sofreram injúria. Além disso, a via HGF/c-MET é importante na manutenção da homeostasia 

dos tecidos (BARROW-MCGEE; KERMORGANT, 2014). Estudos mostram que os níveis 

plasmáticos de HGF aumentam depois que órgãos como o coração, rim e fígado sofrem algum 

tipo de injúria, mostrando que níveis elevados de HGF e a ativação subsequente de c-MET pode 

ser parte de uma resposta fisiológica protetora.  

Atualmente é comumente aceito que tanto as vias de sinalização quanto os 

programas genéticos que ditam o desenvolvimento embrionário e a morfogênese tecidual são 

reativados nas células cancerígenas e podem levar a disseminação tumoral. Com base nisso, 
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tem sido mostrado que sinais de crescimento invasivo provenientes de c-MET representam um 

achado marcante em tumores altamente agressivos (BOCCACCIO; COMOGLIO, 2014). Em 

câncer, os mecanismos genéticos responsáveis pela sinalização aberrante de MET são lesões 

genéticas específicas (rearranjo cromossômico e mutação), aumento da transcrição e ligante 

exercendo ação autócrina ou parácrina (COMOGLIO; GIORDANO; TRUSOLINO, 2008). 

Mutações de MET podem gerar um tipo de autonomia celular responsável por CUPs (Cancers 

of Unknown Primary Origin), os quais mostram disseminação inicial, exibem um fenótipo 

altamente indiferenciado, não apresentam marcadores moleculares do tecido de origem e 

possuem um fenótipo de célula-tronco (BOCCACCIO; COMOGLIO, 2014). No entanto, as 

alterações genéticas de MET são raras (1% a 3% dos tumores), sendo mais frequente a 

superexpressão do gene selvagem em cânceres (BOCCACCIO; COMOGLIO, 2014). Nesse 

contexto, diversas neoplasias maligas, tais como cânceres de cabeça e pescoço, mama, 

colorretal, gástrico, tireóide e de pulmão tem evidenciado a expressão de c-MET aumentada.  

A biologia do câncer pode ser melhor compreendida pelo modelo da 

Heterogeneidade tumoral, o qual postula que as populações de células neoplásicas tumorais 

compreendem populações heterogêneas, nos quais células com diferentes potenciais 

tumorigênicos habitam dentro do mesmo tumor (MARJANOVIC; WEINBERG; CHAFFER, 

2013). Dessa forma, terapias que visam debelar um único receptor pode facilmente resultar na 

seleção positiva de células que não possuem o receptor alvo da terapia (BOCCACCIO; 

COMOGLIO, 2014). Pesquisa com câncer de pulmão mostrou que as lesões recidivantes após 

a terapia anti-EGFR exibem uma amplificação de novo de c-MET, indicando que o tratamento 

selecionou positivamente uma pequena população tumoral detentora de c-MET amplificado 

(TURKE et al., 2010). Apesar das evidências indicarem que a mesma célula tumoral possui 

concomitantemente múltiplos receptores, a fim de enviar sinais mais robustos para a 

proliferação, a idéia contrária está atualmente em foco, uma vez que o tipo selvagem de MET 

e os receptores da família do EGFR podem ser expressos de maneira mutuamente exclusivas. 

Paulson et al. (2013) mostrou haver expressão de MET ou HER2 (Human Epidermal Growth 

Factor Receptor 2) em câncer de mama. Boccaccio e Comoglio (2013) encontrou que células-

tronco de glioblastomas apresentavam MET e EGFR de forma mutuamente exclusiva.   

No câncer, o vício ao oncogene é caracterizado pela dependência do tumor a um 

ou mais oncogenes, sendo a sinalização mediada por eles necessária para a maioria das células 

tumorais proliferar e sobreviver. Logo, a inibição desses oncogenes é uma terapia altamente 

eficaz (KUMAR et al., 2013). Nos últimos anos se descobriu novas proteínas transmembranas 
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e intracelulares que interagem com c-MET e são fundamentais para sustentar tumores que 

possuem vício nesse oncogene. Dentre esses parceiros destaca-se RON (Receptor Originated 

from Nantes), o mais conhecido deles, que é requerido para desencadear completamente o 

potencial oncogênico de células com amplificação de MET (BENVENUTI et al., 2011) e 

STAT3 (Signal Transducer and Activator of Transcription 3), que antes era conhecido por 

exercer sinais de crescimento invasivo oriundos da ativação fisiológica de c-MET, emerge 

agora como peça fundamental na proliferação celular mediada por tumores que possuem MET 

amplificado (LAI et al., 2016).   

A expressão de HGF e c-MET tem sido observada em células progenitoras. 

Estudo com células embrionárias de glândula salivar mostrou forte expressão de c-MET no 

tecido glandular e concluiu que essa molécula é envolvida no desenvolvimento das glândulas 

salivares (LORETO et al., 2010). Um recente estudo com epitélio de glândula mamária de 

camundongo revelou que c-MET está expresso especificamente em células luminais 

progenitoras e que HGF é capaz de reter células no estado tronco, prevenindo a sua 

diferenciação (GASTALDI et al., 2013). Dessa forma, c-MET pode guiar o tumor para um 

fenótipo mais tronco e ser um marcador do crescimento numérico das células luminais 

progenitoras, que são impedidas de se diferenciar. Com base no exposto, c-MET possui um 

papel dual no câncer: na sua forma geneticamente alterada é capaz de gerar e manter o fenótipo 

celular transformado, guiando a evolução clonal; já na sua forma selvagem, c-METcontribui 

para manter o fenótipo inerte das células-tronco cancerígenas, conferindo imortalidade 

replicativa ao tumor.   

Portanto, tais aspectos justificam a realização do presente estudo que buscou 

compreender, em parte, a patogênese relacionada ao CME e identificar os marcadores 

biológicos de progressão tumoral, embasando pesquisas futuras sobre terapias alvo reguladas 

por tais vias.  

 

 

 

 

 

 

 

 



31 

3 CAPÍTULOS 

 

 

Esta tese está baseada no Artigo 46 do Regimento Interno do Programa de Pós-

Graduação em Odontologia da Universidade Federal do Ceará, que regulamenta o formato 

alternativo para dissertações de Mestrado e teses de Doutorado e permite a inserção de artigos 

científicos de autoria ou coautoria do candidato e exige certificação de línguas. Assim sendo, 

esta tese é composta de dois capítulos contendo um artigo científico em processo de submissão 

no periódico “Scientific Reports” e “Stem Cell Research & Therapy”, respectivamente, 

conforme descrito abaixo: 

 

AVALIAÇÃO DA SINALIZAÇÃO DE c-MET E SEUS EFEITOS EM LINHAGENS 

CELULARES DE CARCINOMA MUCOEPIDERMOIDE  

Thamara Manoela M Bezerra, DDS, MsC, PhD Student; Liana Preto Webber DDS, MsC, PhD 

Student; Gabriell Bonifácio Borgato DDS, MsC, PhD Student; Rogério Moraes Castilho, DDS, 

MsC, PhD; Cristiane Helena Squarize, DDS, MsC, PhD; Karuza Maria Alves Pereira, DDS, 

MsC, PhD. Scientific Reports. Status: Processo de Submissão iniciado em março de 2018. 

 

HGF PROMOVE O DESENVOLVIMENTO DE CÉLULAS-TRONCO 

CANCERÍGENAS EM LINHAGENS CELULARES DE CARCINOMA 

MUCOEPIDERMOIDE. 

Thamara Manoela M Bezerra, DDS, MsC, PhD Student; Liana Preto Webber DDS, MsC, PhD 

Student; Gabriell Bonifácio Borgato DDS, MsC, PhD Student; Rogério Moraes Castilho, DDS, 

MsC, PhD; Cristiane Helena Squarize, DDS, MsC, PhD; Karuza Maria Alves Pereira, DDS, 

MsC, PhD. Stem Cell Research & Therapy. Status: Processo de Submissão iniciado em março 

de 2018. 
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Abstract 

 

Mucoepidermoid carcinoma (MEC) is an infrequent malignant neoplasm that originates most 

commonly in the salivary glands. Its variable biological behavior is not well understood due to 

lack of studies on its pathobiology. Hepatocyte Growth Factor (HGF, c-MET ligand) and c-

MET are immunoexpressed in human Salivary Gland Malignant Tumors (SGMTs) tissues 

samples using immunohistochemistry. Herein, we sought to understand and investigate the role 

of HGF/c-MET signaling and its effects in MEC cell lines. Our finding shows that the activation 

of PI3K/AKT signaling and MAPK cascade, via HGF/c-MET signaling, is an effective strategy 

used by MEC to promote increased cell migration and invasiveness. We have achieved an 

important step towards a better understanding of MEC pathobiology. 

KEYWORDS: Oral cancer; Mucoepidermoid carcinoma; Cell lineage; HGF receptor. 
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Introduction 

  Malignant Salivary Gland Tumors (MSGTs) are relatively rare but deadly. An average 

of 3300 new cases are diagnosed each year in the USA1. Among the MSGTs, the 

Mucoepidermoid Carcinoma (MEC) is the most frequently reported pathology2,3,4. 

Histologically, these tumors are characterized by the presence of mucous, epidermoid, and 

intermediate cell types1,4. The clinical and pathological behavior of ECM is highly variable, 

since it may be indolent and slow-growing or locally aggressive and highly metastatic5. In order 

to better predict patient survival and the highly variable behavior of these tumors, a variety of 

prognostic factors have been studied, including age, sex, tumor site, stage, TNM status, 

extracapsular spread (ECS), adjuvant therapy, margin status5,2. However, for MEC, the most 

prognostically relevant of these is histological tumor grade2. The Malignant Histologic 

Gradation System (MHGS) has shown strong correlations with the clinical behavior of the 

tumor5. In the present study, the majority of MHGSs were classified as MEC in three tiers: 

MECs of low, intermediate and high degree of malignancy5,1,4. However, these parameters may 

vary according to the MHGS adopted by the pathologist and, despite the strong clinical 

correlations, the lack of consensus and ambiguity of the existing MHGSs for grading MECs is 

a problem because some gradation systems upgrade MEC and other downgrade MEC5,6. Thus, 

research focused on the understanding of the pathobiology of CME may help to clarify the 

highly variable clinicopathological characteristics of this tumor, identify molecular biomarkers 

that will help better predict the clinical outcomes of the disease and improve the survival and 

quality of life of the affected patient by MEC1,7,5,2,4.  

 Among the research tools that can help in the better understanding of the pathobiology 

of the MEC, cell lines and xenograft models stand out. We recently established 5 new 

mucoepidermoid carcinoma cell lines, two of which (UM-HMC-3A and UM-HMC-3B) are 

able to recapitulate the histology of the primary tumor when transplanted into immunodeficient 

mice7. In this study we used three of these cell lines (UM-HMC-1, UM-HMC-3A and UM-

HMC-3B) to better understand the MEC biology through the study of c-MET (Tyrosine-Protein 

Kinase Met). Hepatocyte Growth Factor (HGF, c-MET ligand) and c-MET were present in 

human MSGT tissues samples using immunohistochemistry8. Although these markers were 

present in these malignant tumors, their contribution to the pathobiology of SGMT is unknown. 

 The proto-oncogene MET, located on the long arm of chromosome 7 at position 7q31.2, 

encodes c-MET, the only tyrosine kinase receptor for the HGF (Hepatocyte Growth Factor) 

ligand, also known as Scatter Factor (SF)9.  HGF is a multi-functional cytokine secreted by 

mesenchymal cells as a single-chain, biologically inert precursor, which has a fundamental role 



35 

in organ formation during embryogenesis and in tissue homeostasis in the adult and is converted 

into its bioactive form through extracellular proteases10,9. The initiation of HGF/c-MET 

signaling occurs when HGF binds to the c-MET receptor at the plasma membrane, there being 

the receptor homodimerization and phosphorylation of two tyrosine residues (Y1234 and 

Y1235), located within the catalytic loop of the tyrosine kinase domain, followed by 

phosphorylation of two docking tyrosines (Y1349 and Y1356) in the carboxy-terminal site. 

After phosphorylation, there is recruitment of the adaptor proteins GRB2 (Growth Factor 

Receptor Bound Protein 2), which binds directly to c-MET, and Gab1 (Grb2-Associated Binder 

1), which can bind either directly to c-MET or indirectly, through GRB2. Subsequently, it 

occurs the activation of different intracellular signaling pathways (MAPK, PI3K-AKT 

cascades, STAT and NF-κB signaling pathways) which are responsible for driving the cellular 

activities of proliferation, cell survival, migration and invasiveness10,9,11,12.  

The high-affinity HGF receptor/c-Met system is overexpressed in human cancers.  The 

inappropriate activation of this pathway in Head and Neck Squamous Cell 

Carcinoma (HNSCC) promotes induction of Epithelial-Mesenchymal Transition (EMT), 

lymph node metastasis, poor prognosis, higher tumor staging, local recurrence and EGFR 

resistance12. Although limited, c-MET studies in SGMTs indicate that aberrations of MET are 

associated with EGFR and PTEN signaling13 HGF/c-MET immunoreactivity might be 

associated with poor prognosis in patients with high grade salivary gland carcinomas14 and HGF 

may play differentiation of ductal structures of SGMTs15. 

Taking into consideration the scarce studies on the understanding of the pathobiology 

of MEC, we decided to investigate, for the first time, the presence of c-MET as well as the 

effects of its activation by HGF in three different MEC cell lines, recently established at the 

University of Michigan School of Dentistry. We found that all MEC cell lines have the 

constitutively activated c-MET receptor and that it can be in both the membrane (sometimes 

distributed asymmetrically and punctate) and in the cytoplasm of cells. We have seen that HGF 

stimulation provides increased migration and invasiveness in all lineages examined by the 

activation of PI3K/AKT and ERK1/2 signaling pathways. The metastatic lineage showed to be 

quiescent, requiring a long time of exposure to HGF to promote change to the proliferative and 

migratory cell state.  

 

Materials and Methods 

Cell lines and culture conditions 
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 The cell lines used in this study were firstly described by Warner et al.7. All cell lines 

examined were derived from tumors located in the minor salivary gland (UM-HMC-1 - no 

previous treatment; UM-HMC3A - local recurrence and UM-HMC3B - lymph node metastasis) 

(WAGNER et al., 2016). The cell lines were grown in Dulbecco's Modified Eagle's Medium 

supplement (DMEM/High Glucose, Life Sciences, Utah, USA) with 10% Fetal Bovine Serum 

(FBS) (Sigma-Aldrich Corp., St. Louis, MO, USA), 1% penicillin/streptomycin (Life 

Technologies, Grand Island, NY, USA), 1% L-glutamine (Life Technologies, Grand Island, 

NY, USA), 20 ng/ml Epidermal Growth Factor (PeproTechUS, Rockey Hill, NJ), 400 μg/mL 

hydrocortisone (Sigma-Aldrich Corp., St. Louis, MO, USA), 10 mg/mL insulin (Sigma-Aldrich 

Corp., St. Louis, MO, USA) and maintained in incubators under controlled temperature (37oC), 

humidity and CO2 concentration (5%). Cells were passaged using 0.05% trypsin/EDTA (Life 

Technologies, Grand Island, NY, USA). 

 

 

Immunofluorescence  

Cells were seeded on glass coverslips in 6-well plates. After reaching the ideal 

confluence, non-adherent cells were washed away by Phosphate Buffer Saline (PBS), whereas 

adherent cells were fixed with 4% paraformaldehyde for 20 minutes at room temperature and 

permeabilized with 0.1% Triton for 5 minutes. Blocking was performed with 3% Bovine Serum 

Albumin (BSA) in PBS for 45 minutes at 37oC. After the incubation, cells were rinsed once 

with PBS for 5 minutes and then incubated with c-MET (1:50, R&D Systems, Minneapolis, 

MN, USA) and Pan-keratin (C11) (1:700, Cell Signaling, Danvers, MA, USA). The cells were 

washed three times, incubated with FITC-conjugated secondary antibody and co-stained with 

Hoechst 33342 (Sigma-Aldrich Corp., St. Louis, MO, USA) for visualization of DNA content. 

Images were taken using a QImaging ExiAqua monochrome digital camera attached to a Nikon 

Eclipse 80i Microscope (Nikon, Melville, NY, USA) and visualized with QCapturePro 

software. 

 

Western Blotting  

Cells were starved 18h in serum free medium containing 1M HEPES buffer (pH 7.3) 

and stimulated with 50ng/ml of HGF (PeproTechUS, Rockey Hill, NJ) at 37oC for 10 minutes. 

After the treatment, cells were washed with cold PBS (Sigma-Aldrich CO, St, Louis, MO, 

USA), lysed with cell lysis buffer containing protease inhibitors and briefly sonicated. Total 

protein was separated by electrophoresis on 6% or 18% SDS-polyacrylamide gel and electro-
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transferred to an Immobilon-FL polyvinyl difluoride membrane (Millipore, Billerica, MA, 

USA). Nonspecific binding was blocked in 5% nonfat dry milk (non-phosphorylated 

antibodies) or Bovine Serum Albumin (BSA) (phosphorylated antibodies) both containing 0.1 

M Tris (pH 7.5), 0.9% NaCl and 0.05% Tween-20 for 1 hour at room temperature. The 

membranes were then incubated overnight at 4°C with the following primary antibodies: c-

MET (D1C2) XP(R) (1:500, Cell Signaling, Danvers, MA, USA), phospho-MET 

(Tyr1234/1235) (1:500, Cell Signaling, Danvers, MA, USA), phospho-MET (Tyr1349) 

(1:500, Cell Signaling, Danvers, MA, USA), pan AKT (C67E7) (1:1000, Cell Signaling, 

Danvers, MA, USA), phospho-AKT (Ser473) (1:1000, Cell Signaling, Danvers, MA, USA), 

p44/42 MAPK (Erk1/2) (1:1000, Cell Signaling, Danvers, MA, USA), phospho-p44/42 

MAPK (Erk1/2) (1:1000, Cell Signaling, Danvers, MA, USA), phospho-GAB1 (1:1000, Cell 

Signaling, Danvers, MA, USA),  phospho-S6 (Ser235/336) (1:1000, Cell Signaling, 

Danvers, MA, USA), PTEN (138G6) (1:1000, Cell Signaling, Danvers, MA, USA), histone 

H3 (1:1000, Cell Signaling, Danvers, MA, USA), acetyl-histone H3 (Lys9) (1:10.000, Cell 

Signaling, Danvers, MA, USA) and phosphor-STAT3 (Tyr705) (3E2) (1:1000 1:1000, Cell 

Signaling, Danvers, MA, USA).  GAPDH (1:20.000, Calbiochem, Gibbstown, NJ, USA) 

served as a loading control. The reaction was visualized using ECL reagent (Thermo Scientific, 

Rockford, IL).  

 

Scratch assay 

Cells were seeded into six-well plates to create a confluent monolayer. The plates 

were appropriately incubated for approximately 6h at 37oC, using 10% FBS culture medium. 

After the cell adhesion to the cultivation plate, scratches were made with a P200 pipette tip 

across the diameter of each well. Then, the dishes were washed with PBS two times before 

adding the starving medium (2% FBS) to the control group. HGF (50ng/ml) was added only to 

the test group. Scratch area was photographed every 8 hours for the cell lines UM-HMC-3A 

and UM-HMC-3B and every hour for the cell line UM-HMC-1 using Axiovert 200M 

microscope (Carl Zeiss, Germany) with x40 magnification. The quantification of the evolution 

of the scratch area was analyzed with Imaging Processing and Analysis in Java program 

(ImageJ®, National Institute of Mental Health, Bethesda, Maryland, USA). Results from two 

independent experiments with three replicates per experiment were pooled.  

 

Invasion assay 
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 Invasion assays were carried out 24-well Boyden chambers (Greiner Bio-One, 

Frickenhausen, Germany) containing polycarbonate filter membranes 8µm pores precoated 

with homogeneous thin layer of fibronectin (Haematologic Technologies, Inc). We determined 

that the invasion time and ideal number of cells for each MEC cell line would be 60-70% of 

cells/total area in the bottom of the polycarbonate filter membrane. The upper chamber was 

loaded with the solution of MEC cell lines (UM-HMC-1, 80x102; UM-HMC-3A and UM-

HMC-3B 80x103) and 2% FBS. In the experimental group, the bottom chamber was filled with 

2% FBS and HGF (50ng/ml) as a chemoattractant. The control group was maintained in 

DMEM/High Glucose supplemented with 2% FBS. After planting, the cells were incubated 

according to the ideal invasion time of each cell line (UM-HMC-1, 12h; UM-HMC3A, 48h and 

UM-HMC-3B, 72h) at 37°C in a humidified atmosphere of 5% CO2. At the end of the 

experiment, cells were fixed with methanol for 10 minutes and stained with hematoxylin and 

eosin (H&E). Cells on the upper side of the membrane were then removed using a cotton swab. 

Images de 10 randomly selected fields at 100x magnifications were taken using a QImaging 

ExiAqua monochrome digital camera attached to a Nikon Eclipse 80i Microscope (Nikon, 

Melville, NY, USA) and visualized using QCapturePro software. Each assay was performed in 

triplicate. 

 

Flow Cytometry - cell surface staining for c-MET  

 To quantify c-MET, MEC cell lines were maintained in their standard cell cultivation 

medium. Cells were trypsinized and resuspended in cold FACS buffer (PBS + 0.5% BSA) at a 

density of 4x104 cells/mL. The experimental group was stained with c-MET (1:400, R&D 

Systems, Minneapolis, MN, USA) and incubated for 30 minutes at 4oC under agitation. A 

sample without c-MET was the reaction`s negative control. The cells were resuspended in 

500µL of cold FACS buffer and analyzed using Accuri™ C6 flow cytometer (BD Biosciences, 

USA). The experiment was carried out in quintuplicate. 

 

Statistical Analysis 

All statistical analysis was performed using GraphPad Prism (GraphPad Software, San 

Diego, CA). Statistical analysis of the scratch assay, invasion assay and flow cytometry were 

performed by unpaired t test. Asterisks denote statistical significance (*p < 0.05; **p < 0.01; 

***p < 0.001; ****p < 0.0001; and NS p > 0.05). 

 

Results  
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c-MET is constitutively expressed in MEC cell lines. 

 Under normal physiological conditions, c-MET is crucial in the control of tissue 

homeostasis, embryonic development, organogenesis and wound healing10. However, the 

physiological functions of this signaling pathway are usurped by cancer cells, facilitating 

invasion and metastasis. It has been found to be over activated mainly in solid cancers16, and in 

adenocarcinomas its deregulation is greater when compared than a squamous cell tumor11. In 

CME, very little is known about the presence of c-MET and its effects. Existing studies are 

mainly immunohistochemical assays8,15,17. In addition, the availability of c-MET and phospho-

MET in formalin-fixed, paraffin embedded samples have limited the development of clinical 

trials using archived tumor specimens18. For the first time it was evaluated the presence of c-

MET in three different MEC cell lines recently established at the University of Michigan School 

of Dentistry7 using immunofluorescence (Fig.1A) and Western blotting (Fig. 2) and we found 

that c-MET was present in all cell lines examined. Further, we have explored the localization 

of c-MET in our MEC cell lines. Cell sub-localization of c-MET was evident in plasma 

membrane and cytoplasm of cells, showing different expression patterns between cell lines (Fig 

1A). UM-HMC-1 and UM-HMC-3B showed predominance of c-MET in the cytoplasm. In 

UM-HMC-3A cell line, c-MET was mainly seen on the plasma membrane. Although the 

internalization of c-MET is part of the process of signal attenuation, recently, it has become 

evident that c-MET trafficking within endosomes compartments, under protein kinase C 

control, results in full activation of signaling pathways involved in cell survival, invasion and 

metastasis such as Gab1, ERK1/2, STAT3 and Rac119,20. Flow cytometry assay was performed 

to quantify the expression of c-MET (Fig. 1B), which showed similar for UM-HMC-3A and 

UM-HMC-3B. The UM-HMC-1 cell line showed slightly lower c-MET expression when 

compared to the other cell lines examined. Although c-MET is constitutively expressed in MEC 

cell lines, it is unknown which signaling pathways are activated after its phosphorylation by 

HGF. 

 

HGF activates c-MET and triggers signaling modulators common to many RTKs in MEC cell 

lines 

 In HNSCC, aberrant HGF/c-MET signaling is involved in tumor progression by 

promoting EMT (Epithelial Mesenchymal Transition), cell migration, invasion, proliferation 

and metastasis12,16,21 through the activation of several cell signaling pathways downstream and 

crosstalk between c-MET and other RTKs. However, the molecular signaling triggered by c-
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MET in MEC had never been explored until now. We performed western blotting in order to 

investigate and understand HGF/c-MET pathway signaling in MEC cells. Three MEC cell lines 

underwent 18 hours of starving and we treated only the experimental group with HGF. We 

observed that the treatment of cell lines led to the phosphorylation of c-MET in different motifs 

(p-MET1234/1235 and p-MET1349) in all MEC cell lines (Fig. 2). Interestingly there appears to be 

ligand-independent MET activation, since we observed the phosphorylation of c-MET in the 

control group with consequent activation of downstream proteins, although less intensely when 

compared to the experimental group. The ligand-independent activation of MET signaling 

occurs due to overexpression or amplification of c-MET or due to mutational activation of c-

MET21 and are rare in primary human cancers11,22.  

We observed the activation of different signaling pathways as well as differences in the 

expression patterns of certain proteins between the MEC cell lines (Fig.2). UM-HMC-1 cell 

line showed high levels of p-GAB1, p-ERK1/2, p-AKTSer473 and PS6. Cell line UM-HMC-3A, 

similarly to UM-HMC-1, showed higher levels of p-ERK1/2, p-AKTSer473 and PS6, but similar 

levels of p-GAB1 among the control and experimental groups. These findings led us to believe 

that the presence of p-GAB1 is important to extend the duration of p-AKT and p-ERK1/2 

phosphorylation, which explains the significant expressions of these proteins in UM-HMC-1 

cell line. However, p-GAB1 is not essential to keep AKT and ERK signaling active after c-

MET phosphorylation, since p85 subunit of PI3K binds directly to c-MET and the oncogenic 

Ras/Raf signaling, which can subsequently activate the MAPK, may be activated by the 

phosphorylation of another c-MET-like adapter protein, similar to p-GAB1, termed 

phosphorylated GRB2. We recently demonstrated that cell proliferation and activation of EMT 

during oral carcinogenesis23, as well as the accumulation of CSC in MEC cell lines3 is 

associated with the reduction of H3K9ac. In this study the treatment of cells with HGF led to a 

decrease in histone 3 (Lys9) acetylation levels in both UM-HMC-1 and UM-HMC-3A cell 

lines. However, it promoted increased histone 3 acetylation (Lys9) in UM-HMC3B. Similarly, 

to the HNSCC cells24, MEC cell lines respond differently to environmental stimuli by 

modulating chromatin acetylation.  

After stimulation with HGF, UM-HMC-3B cell line (lymphnode metastasis) showed a 

slight increase in p-GAB1 expression, it did not alter the expression of p-ERK1/2 in relation to 

the control group but, however, decreased levels of p-AKTSer473 and PS6.  The lack of these 

cellular markers denotes cellular dormancy. For Li et al.25metastatic tumor cells usually do not 

present cell proliferation markers, which make them resistant to routine treatments that target 
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actively dividing cells. Recent studies have shown that imbalances in ERK signaling pathways 

activity may determine the fate of cancer cells (tumorigenicity or cellular dormancy)26, 27.  

Because PTEN can interact with c-Met-dependent signaling, we evaluated the 

expression of PTEN and p-PTEN in MEC cell lines treated and not treated with HGF. The 

PTEN tumor suppressor gene was shown to be less expressed in the UM-HMC-1 cell line and 

p-PTEN was present in all MEC cell lines, being more expressive in the metastatic lineage after 

treatment with HGF. In salivary gland cancer PTEN loss is associated with MET aberration and 

amplification17. Thus, the inactivation of PTEN and the activation of c-MET is a molecular 

dysfunction associated with MEC malignancy and contributes to the metastatic signature 

phenotype. 

The biological impact of the activation of these pathways through the HGF/c-MET 

signaling is unknown.  

 

HGF increases the migration and invasion capacity of MEC cell lines 

 The migratory ability and invasiveness of MEC cell lines, after treatment with HGF, 

was evaluated by means of scratch assay and Boyden chamber assay, respectively. We observed 

that the presence of HGF accelerates the migration and invasion of all MEC cell lines into the 

denuded area (Fig. 3A and B). However, the onset of the HGF response as well as the time for 

complete scratch closure ranged between cell lines. The UM-HMC-1 and UM-HMC-3A cell 

lines showed less time for complete closure of the scratch and to promote invasion. We 

attributed this finding to the ERK1/2 signaling pathway activation (known to be involved in the 

migration and invasion process) as can be observed through western blotting (Fig. 2). The 

lineage of metastatic origin (UM-HMC-3B) presented a slower HGF-dependent cell migration 

and invasion (Fig. 3A and B). Metastatic cells are usually present in a quiescent and non-

proliferative state28, which explains why this cell line requires a greater HGF stimulation to 

promote cell state change and thus lead to migration and invasion. The switch between dormant 

and proliferative cells is largely regulated by factors present in cell microenvironment, which 

directly interacts with tumor cells. These factors are able to affect growth, survival, motility 

and angiogenesis of tumor cells25. Thus, HGF appears to be one of these cellular factors 

responsible for inducing a state change in MEC cell lines. 

 

Discussion 

Although MEC represents the most common malignant SGC3,4,29, there has not been 

sufficient scientific advances in the last three decades that would allow a significant 
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improvement in overall survival and in the treatment of SGC patients29. The most important 

prognostic factor currently available for MEC is the histological grade2. The classical 

histopathological diagnosis is still important to evaluate the degree of aggressiveness of the 

tumor, but a molecular diagnosis is needed to understand whether the tumor of a particular 

patient carries some particular genetic alteration that can be used as a target in its treatment10 

The lack of molecular biomarkers in MEC that could help predict the clinical outcomes and 

improve long-term survival of patients is probably due to the lack of research aimed at studying 

the pathogenesis of this lesion2. Using three MEC cell lines, we provided initial evidence on 

the biology of MEC through the presence of c-MET and the molecular response triggered by 

HGF. We have shown that c-MET is constitutively expressed in MEC cell lines and that it may 

be present in both the membrane and the cytoplasm of cells. In the absence of ligand, c-Met is 

predominantly distributed around the plasma membrane. The endocytosis of c-MET was 

considered the mechanism responsible for its inactivation, however, recent studies have pointed 

out that its removal from the plasma membrane may not cause signal attenuation19,20,30,31,32. In 

fact, there is great evidence that the internalization not only of c-MET, but also of other 

receptors allows them to remain active and that signaling related to cell migration, anchorage 

independent growth and tumorigenesis can occur from endosomes20. The presence of active c-

MET in the cytoplasm of cells (intracellular vesicles) was seen in HeLa cells30, NIH3T3 cells32 

and breast cancer33.  

However, this type of study has been performed in few cell lines, and more work is 

needed to evaluate the relevance of these mechanisms in a wide variety of cell lines. 

The identification of active cell pathways in the MEC cell lines showed that HGF / c-

MET pathway promotes the activation of many "Hallmarkers of Cancer", as described by 

Douglas Hanahan and Robert Weinberg34, such as sustaining proliferative signaling and 

activating invasion. We have shown that sustainable proliferative signaling occurs in MEC cell 

lines through the phosphorylation of c-METS even in cells not treated with HGF. This can occur 

through the production of pro-HGF by cancer cells (due to mutations in the HGF promoter or 

expression of oncogenic transcription factors), which activates MET in an autocrine 

manner10,20,22. Normally, pro-HGF is produced by stromal cells, such as fibroblasts, and HGF 

activates MET in a paracrine manner. In general, autocrine production of HGF by cancer cells 

occurs infrequently22. Other ways of activating c-MET, regardless of the presence of its ligand, 

would be through chromosomal rearrangement of MET, overexpression of MET, amplification 

of MET, mutational activation of MET or increased protein expression as a consequence of 

transcriptional upregulation of c-MET in the absence of gene amplification10,20,22, the latter 
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being the most common in human tumors10. Our findings provide important hints for future 

research that seeks genetic identification of MEC as being c-MET addicted tumor. Furthermore, 

even in the absence of genetic alterations, c-MET can act as a "expedient oncogene", when its 

activation occurs secondary in already transformed cells, exacerbating the malignant properties 

of these cells by potentiating the effect of other oncogenes and promoting the tumor 

progression10,31. Inappropriate activation of c-MET, without genetic alterations, resulting in 

expedient oncogenes can occur by upregulation by others oncogenes, hypoxia and substances 

secreted by the tumor reactive stroma such as inflammatory cytokines, proangiogenic factors 

and HGF itself9. We also show that HGF is required for invasion and migration of MEC cells. 

This biological activity is best understood through the identification of active molecular 

pathways. Thus, we show that HGF/c-MET pathway activates the MAPK cascade, the PI3K / 

AKT signaling pathway in nonmetallic cell lines, contributing to its shorter invasion and 

migration times. Although we stimulated all MEC cell lines with HGF for 10 minutes, this time 

was not necessary to effectively PI3K/AKT pathway and MASPK cascade in the metastatic cell 

line. This is shown, for example, quiescent, requiring a large time of presentation of a HGF to 

promote the change to the invasive and migratory state. However, a presence of HGF 

phosphorylates STAT3, which promotes activation of the cell cycle de novo. Thus, combined 

multiple pathway activation is necessary to instruct the complete implementation of MET 

dependent invasive growth in cancer cells31. 

Drugs that target histone deacetylation and suppress cell differentiation lead to stem-

cell phenotype. We have demonstrated that HNSCC have low levels of Ac.H3, which may 

account for the accumulation and maintenance of CSC24. In addition, we showed that 

compacted chromatin in HNSCCs leads to chemoresistance35 and that histone acetylation 

decreases during oral carcinogenesis23. We observed that the stimulation of HGF in non-

metastatic MEC cell lines decreased chromatin accessibility. Based on these facts, we 

hypothesized that histone deacetylation in MEC cell lines selectively activates stem cell-

associated genes. It is interesting to note that in MEC cell line metastatic the stimulation with 

HGF was able to enhance chromatin accessibility. We have demonstrated that HDAC (histone 

deacetylase) inhibitors can promote differentiation of CSC and enhance chromatin accessibility 

in MEC36 and in HNSCC24, besides inducing an EMT phenotype, which corroborates with the 

metastatic phenotype of this study. 

 Overall, we provide initial evidence showing the biological role of c-MET and its unique 

HGF ligand in the MEC pathobiology. 

 



44 

Acknowledgment 

 This work was supported by grants from Coordenação de Aperfeiçoamento de Pessoal 

de Nível Superior (CAPES), Brazil and Robert Wood Johnson Foundation. The authors would 

like to acknowledge Programa de Pós-Graduação em Odontologia da Universidade Federal do 

Ceará, Brazil and University of Michigan. 

 

Author Contributions 

 C.H.S. conceived the idea and guided experiments. T.M.M.B, L.P.W and G.B.B. performed 

the experiments. C.H.S. and R.M.C. analyzed and interpreted the results. T.M.M.B and 

K.M.A.P. wrote the manuscript with inputs from all authors. All authors discussed the results 

and gave final approval of the manuscript. 

 

Additional Information 

Competing Interests: The authors declare that they have no competing interests. 

 

References 

 

1. ADAMS, A. et al. Salivary gland cancer stem cells. Oral Oncology. 49, 845–853 (2013). 

2. LIU, S. et al. Prognostic factors in primary salivary gland mucoepidermoid carcinoma: 

an analysis of 376 cases in an Eastern Chinese population. Int. J. Oral Maxillofac. Surg. 43, 

667–673 (2014). 

3. GUIMARAES, D. M. et al. Sensitizing mucoepidermoid carcinomas to chemotherapy 

by targeted disruption of cancer stem cells. Oncotarget. 7, 42447-60 (2016).  

4. ADAMS, A. et al. ALDH/CD44 identifies uniquely tumorigenic cancer stem cells in 

salivary gland mucoepidermoid carcinomas. Oncotarget. 6, 26633-50 (2015). 

5. BYRD, S. A. Predictors of recurrence and survival for head and neck mucoepidermoid 

carcinoma. Otolaryngol Head Neck Surg. 149, 402-408 (2013). 

6. KATABI, N. et al. Prognostic features in mucoepidermoid carcinoma of major salivary 

glands with emphasis on tumour histologic grading. Histopathology.  65, 793–804 (2014). 

7. WARNER, K. A. et al. Characterization of tumorigenic cell lines from the recurrence 

and lymph node metastasis of a human salivary mucoepidermoid carcinoma. Oral Oncology. 

49, 1059–1066 (2013). 

8. VASCONCELOS, A. C. et al. Immunoprofile of c-MET/PI3K signaling in human 

salivary gland tumors. Oral Surg Oral Med Oral Pathol Oral Radiol. 120, 238-47 (2015). 



45 

9. ORGAN, S. L.; TSAO, M. S. An overview of the c-MET signaling pathway. Ther Adv 

Med Oncol. 3, S7-s19 (2011).  

10. COMOGLIO, P. M.; GIORDANO, S.; TRUSOLINO, L. Drug development of MET 

inhibitors: targeting oncogene addiction and expedience. Nat Rev Drug Discov. 7, 504-16 

(2008). 

11. GARAJOVA, I. et al. c-Met as a Target for Personalized Therapy. Transl 

Oncogenomics. 7, 13-31 (2015).  

12. ROTHENBERGER, N. J.; STABILE, L. P. Hepatocyte Growth Factor/c-Met Signaling 

in Head and Neck Cancer and Implications for Treatment. Cancers (Basel). 9 (2017).  

13.       ACH, T. et al. Aberrations of MET are associated with copy number gain of EGFR and 

loss of PTEN and predict poor outcome in patients with salivary gland cancer. Virchows Arch. 

462,65-72 (2013). 

14.      TSUKINOKI, K. et al. Hepatocyte growth factor and c-Met immunoreactivity are 

associated with metastasis in high grade salivary gland carcinoma. Oncol Rep. 12, 1017-21 

(2004).  

15. TSUKINOKI, K. et al. Association of hepatocyte growth factor expression with salivary 

gland tumor differentiation. Pathol Int. 53, 815-22 (2003).  

16. SKEAD, G.; GOVENDER, D. Gene of the month: MET. J Clin Pathol. 68, 405-9 

(2015).  

17. ACH, T. et al. Aberrations of MET are associated with copy number gain of EGFR and 

loss of PTEN and predict poor outcome in patients with salivary gland cancer. Virchows Arch. 

462, 65-72 (2013). 

18. MATSUMOTO, K. et al. Hepatocyte growth factor/MET in cancer progression and 

biomarker discovery. Cancer Sci. 108, 296-307 (2017).  

19. KERMORGANT, S.; ZICHA, D.; PARKER, P. J. Protein kinase C controls 

microtubule-based traffic but not proteasomal degradation of c-Met. J Biol Chem. 278, 28921-

9 (2003).  

20. BARROW-MCGEE, R.; KERMORGANT, S. Met endosomal signalling: in the right 

place, at the right time. Int J Biochem Cell Biol. 49, 69-74 (2014).  

21. MIEKUS, K. The Met tyrosine kinase receptor as a therapeutic target and a potential 

cancer stem cell factor responsible for therapy resistance (Review). Oncol Rep. 37, 647-656 

(2017).  

22. OWUSU, B. Y. et al. Hepatocyte Growth Factor, a Key Tumor-Promoting Factor in the 

Tumor Microenvironment. Cancers (Basel). 9 (2017).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Aberrations+of+MET+are+associated+with+copy+number+gain+of+EGFR+and+loss+of+PTEN+and+predict+poor+outcome+in+patients+with+salivary+gland+cancer


46 

23. WEBBER, L. P. et al. Hypoacetylation of acetyl-histone H3 (H3K9ac) as marker of 

poor prognosis in oral cancer. Histopathology. 71, 278–286 (2017). 

24. GIUDICE, F. S. et al. Inhibition of histone deacetylase impacts cancer stem cells and 

induces epithelial-mesenchyme transition of head and neck cancer. PLoS One. 8, e58672 

(2013).  

25.   LI, J. et al. Dormant Cells: The Original Cause of Tumor Recurrence and Metastasis. 

Cell Biochem Biophys. 72, 317-20 (2015). 

26.  AGUIRRE-GHISO, J. A. et al. Urokinase receptor and fibronectin regulate the 

ERK(MAPK) to p38(MAPK) activity ratios that determine carcinoma cell proliferation 

or dormancy in vivo. Mol Biol Cell. 12, 863-79 (2001). 

27.  RANGANATHAN, A. C.; ADAM, A. P.; AGUIRRE-GHISO, J. A. Opposing roles of 

mitogenic and stress signaling pathways in the induction of cancer dormancy. Cell Cycle. 5, 

1799-807 (2006).  

28.  BALIC, M. et al. Micrometastasis: detection methods and clinical importance. Cancer 

Biomark. 9, 397-419 (2011). 

29.  WAGNER, V. P. et al. Overcoming adaptive resistance in mucoepidermoid carcinoma 

through inhibition of the IKK-beta/IkappaBalpha/NFkappaB axis. Oncotarget. 7, 73032-44 

(2016).  

30.  KERMORGANT, S.; ZICHA, D.; PARKER, P. J. PKC controls HGF-dependent c-Met 

traffic, signalling and cell migration. Embo j. 23, 3721-34 (2004).  

31.  TRUSOLINO, L.; BERTOTTI, A.; COMOGLIO, P. M. MET signalling: principles and 

functions in development, organ regeneration and cancer. Nat Rev Mol Cell Biol. 11, 834-48 

(2010).  

32.  JOFFRE, C. et al. A direct role for Met endocytosis in tumorigenesis. Nat Cell Biol. 13, 

827-37 (2011). 

33.  HO-YEN, C. M.; JONES, J. L.; KERMORGANT, S. The clinical and functional 

significance of c-Met in breast cancer: a review. Breast Cancer Res. 17, 52 (2015). 

34.  HANAHAN, D.; WEINBERG, R. A. Hallmarks of cancer: the next generation. 

Cell.144, 646-74 (2011).  

35.  ALMEIDA, L.O. et al. NFkappaB mediates cisplatin resistance through histone 

modifications in head and neck squamous cell carcinoma (HNSCC). FEBS Open Bio. 4, 96–

104 (2014). 

36.  WAGNER, V. P. et al. Targeting histone deacetylase and NFkappaB signaling as a 

novel therapy for Mucoepidermoid Carcinomas. Sci Rep. 8, 2065 (2018)



47 

FIGURES 

A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Presence of c-MET in MEC Cell Lines (A) Immunofluorescence was performed in order to verify the presence of c-MET in cell lines 

examined. The subcellular distribution of c-MET is show in green, Pan-keratin in red and the degree of overlap in orange. Note that UM-HMC-1 

and UM-HMC-3B have c-MET predominantly in the cytoplasm. (B) Accumulation of c-MET in MEC cell lines was determined using flow 

cytometry assay. The assay was performed in triplicate and the percentage of c-MET + was plotted in the graphs. 
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Figure 2. Effects of HGF on MEC cell lines. The treatment of MEC cell lines with HGF up-

regulation of PI3K / AKT and MAPK cascade in UM-HMC-1 and UM-HMC3A. In the 

metastatic cell line there was a greater accumulation of p-STAT3 and p-PTEN. 
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Figure 3. Migration and invasion of MEC cell lines in vitro is increased under HGF stimulation. (A) Scratch were generated after cell confluence. 

In vitro cell migration and wound closure were assessed every 8 hours for cell lines UM-HMC-3A and UM-HMC-3B and every hour for cell line 

UM-HMC-1. Areas of migration were measured in triplicates wells (* p <0.05; ** p <0.01; *** p <0.001; **** p <0.0001). (B) Boyden chamber 

assay. Medium containing 1μl / ml HGF was added into the lower chamber. Cells that migrated through fibronectin and attached to the under 

surface of the filter were counted. The mean values of triplicate experiments are presented. Compared with control group, treated cells show 

significant invasion after 12h for UM-HMC-1, 48h for UM-HMC-3A and 72h for UM-HMC-3B (**** p <0.0001).
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3.2 Capítulo 02: HGF promove o desenvolvimento de células-tronco cancerígenas em 

linhagens celulares de carcinoma mucoepidermoide. 

 

Tittle Page: HGF promotes the development of cancer stem cells in mucoepidermoid 

carcinoma cell lines 
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Abstract 

 

Background: Salivary gland tumors (TMGSs) account for approximately 2% to 6% of all head 

and neck neoplasms, with mucoepidermoid carcinoma (MEC) being the most frequent. The 

clinicopathological behavior of MEC is largely variable, since the lesions may appear indolent 

and slow growing or highly aggressive and metastatic. The presence of cancer stem cells 

(CSCs) has been linked to the resistant tumor phenotype and the activation of Mesenchymal-

Epithelial Transition Factor (c-MET) has been linked to the renewal of CSCs. Herein, we sought 

to identify the presence of CSCc in MEC tumors and investigated the role of HGF / c-Met 

signaling in CSCs from MEC cell lines. 

Methods: Three MEC cell lines (UM-HMC-1, UM-HMC-3A and UM-HMC-3b) were starved 

for 48h and only the experimental group was treated with 50ng / ml of HGF. CSC analysis was 

performed with Aldefluor kit and CD44 using Accuri ™ C6 flow to detect the action of these 

reagents. 

Results: All cell lines constitutively presented a small amount of CSCs, whereas the UM-HMC-

1 cell line showed a higher amount of CSCs when compared to other cell lines. All cell lines 

presented two distinct populations of CSCs (ALDHHigh CD44High and ALDHLowCD44+), with 

increased cell populations after HGF treatment in the UM-HMC-1 (ALDHLowCD44+) and UM-

HMC-3A (ALDHHighCD44High) cell lines. The metastatic cell line showed no variation in the 

CSC populations after treatment with HGF. 

Conclusions: Our finding shows that all cell lines investigated present a small CSCs 

population. In addition, we have shown that HGF is able to generate stem cells, suggesting this 

to be a possible mechanism used by MEC cells to acquire an invasive behavior and present 

resistance to existing therapies. 

KEYWORDS: Mucoepidermoid carcinoma; Cell lineage; HGF Receptor Cancer Stem Cells. 
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Introduction 

Mucoepidermoid carcinomas represent 30-35% of all salivary gland tumors and 

originate most often from major salivary glands1. The mechanisms underlying the processes of 

salivary mucoepidermoid carcinoma migration and loco-regional invasion, as well as 

mechanisms involved in the homing of these cells to the lungs and bone, are largely unknown2 

which has repercussions on poor long -term survival of patients with MEC. Thus, to understand 

the pathobiology of this cancer, particular mechanisms involved in resistance to therapy, is 

critical to improve the survival and the quality of life of patients affected by this disease3. 

The concept of Cancer Stem Cell (CSC) arose in the scientific milieu through the 

observation that the majority of human leukemia tumor cells failed to engraft and establish 

disease in immunodeficient mice and that only a certain fraction of cells had that capacity 

brought4. Subsequent critical studies identified CSC activities in numerous solid tumors, among 

them Head and Neck Squamous Cell Carcinoma (HNSCC), being mainly related to resistance 

to chemotherapy and radiation therapy5,6. However, it is unclear whether cancer stem cells play 

a functional role in the pathobiology of MEC3. 

c-MET is the tyrosine kinase receptor that possesses Hepatocyte Growth Factor (HGF) as its 

sole binder. Activation of c-MET produces significant biological effects that mediate tumor 

growth7, invasiveness8, metastasis9 and angiogenesis10, thereby exerting central role in 

malignant transformation. During the early phases of embryogenesis, c-MET and HGF were 

co-expressed in stem cells, which generates autocrine circuits in the endoderm and the 

mesoderm11. Interestingly, recent studies have also connected c-MET with the stem cells 

derived from various types of adult normal tissues. The c-MET receptor was considered to be 

a putative stem cell marker in adult mouse pancreas, and about 30% of label-retaining pancreas 

cells around the acini and ducts expressed c-MET12. Urbanek et al.13 also demonstrated that c-

MET cardiac cells possessed stem cell properties and could regenerate the violated myocardium 

and improve ventricular function and long-term survival after activation of HGF systems. In 

addition, as far as CSCs are concerned, c-MET has been identified as the self-renewal marker 

of CSCs in HNSCC patient-derived tumor xenografts14. Consistently, recent studies have 

shown that c-Met is also a biomarker in glioblastoma and pancreatic CSCs15,16. 

Based on above findings, we aimed to investigate the presence of CSCs in MEC cell 

lines as well as the effects of HGF on CSCs. 

 

Materials and Methods 
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Cell lines and culture conditions 

 The cell lines used in this study were described first by Warner et al. (2013). All cell 

lines examined were derived from tumors located in the lower salivary gland (UM-HMC-1 - no 

previous treatment; UM-HMC3A - local recurrence and UM-HMC3B - lymph node 

metastasis)2. The cell lines were grown in Dulbecco's Modified Eagle's Medium supplement 

(DMEM/High Glucose, Life Sciences, Utah, USA) with 10% Fetal Bovine Serum (FBS) 

(Sigma-Aldrich Corp., St. Louis, MO, USA), 1% penicillin/streptomycin (Life Technologies, 

Grand Island, NY, USA), 1% L-glutamine (Life Technologies, Grand Island, NY, USA), 20 

ng/ml Epidermal Growth Factor (PeproTechUS, Rockey Hill, NJ), 400 μg/mL hydrocortisone 

(Sigma-Aldrich Corp., St. Louis, MO, USA), 10 mg/mL insulin (Sigma-Aldrich Corp., St. 

Louis, MO, USA) and maintained in incubators under controlled temperature (37oC), humidity 

and CO2 concentration (5%). Cells were passaged using 0.05% trypsin/EDTA (Life 

Technologies, Grand Island, NY, USA). 

 

Flow Cytometry for CSC 

 For CSC analysis, MEC cells were starved for 48h in a medium containing 2% FBS and 

1M HEPES buffer (pH 7.3). Only the experimental group was stimulated with 50ng/ml of HGF 

(PreproTech). We used Aldefluor kit (StemCell Technologies, Durham, NC, USA) according 

to the manufacturer`s instructions. After the treatment, MEC cell lines were trypsinized and 

resuspended in Aldefluor buffer® at a density of 2x104 cells/mL. Then, the cells were incubated 

with 5 μl Aldefluor® substrate (BAA) in the presence (negative control) or absence (staining 

sample) of diethylaminobenzaldehyde (DEAB), a specific ALDH inhibitor, at 37˚C for 40 

minutes in the dark. Cells were exposed to anti-CD44 (BD Biosciences, Mountain View, CA, 

USA), 30 minutes at 4oC.  Accuri™ C6 flow was used to detect ALDH and CD44 activity. 

Each assay was performed in quintuplicate.  

 

Statistical Analysis 

All statistical analysis was performed using GraphPad Prism (GraphPad Software, San Diego, 

CA). Statistical analysis of the flow cytometry for analysis of constitutive CSCs was performed 

by ANOVA and for CSCs after treatment with HGF were performed by unpaired t test. 

Asterisks denote statistical significance (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001; 

and NS p > 0.05). 

 

Results 
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MEC cell lines have a basal CSC level and HGF is able to efficiently increases CSCs  

 The CSCs of MEC are characterized by displaying high levels of ALDH activity and 

CD44 expression3. We have also demonstrated that MEC cell lines have a small population of 

CSCs exhibiting high levels of ALDH17,18,19. However, the relationship of c-MET with 

ALDH+CD44+ CSCs in MEC and HNSCC still remains unclear. Based on the above, we sought 

to understand the effect of HGF on CSCs from MEC cell lines through ALDH and CD44 levels 

through flow cytometry. We found in the control group that all MEC cell lines have basal levels 

of CSCs (about 1 to 5% of tumor cells) (Fig. 2a, b, c) and that the metastatic cell line presents 

the lower quantity of CSC when compared to other cell lines (Fig.1). In addition, we observed 

two distinct populations of CSC from different phenotypes ALDHhighCD44high and 

ALDHlowCD44+ with different proportions between the cell lines (Fig. 2a, b, c). Interestingly, 

treatment with HGF increased CSC in all cell lines observed (Fig, Fig. 2a, b, c). Our findings 

demonstrate that the HGF/MET axis regulates stem-like phenotype expand the pool of these 

cells.  

 

Discussion 

CSCs represent a small subpopulation of tumor cells that have stem cell-like properties, 

such as self-renewal, clonogenicity, and multipotency, possessing self-sustained protection 

from apoptosis and capacity for maintenance of an undifferentiated phenotype 3,18,20,21. 

Phenotypic and functional heterogeneity among the cancer cells that make up some tumors is 

supported by the CSCs model, which postulates that CSCs comprise a limited number of cells 

that are responsible for driving tumor growth and disease progression and lead to the 

development of metastases21,22. CSCs are found only in some types of cancer3. These cells are 

present in the MEC and make up a small tumor population which is attributed to treatment 

resistance and tumor recurrence3,17,18,19,20. However, CSCs’s role in MEC pathobiology is 

unknown because of lack of adequate research models (such as cell lines, xenograft models) 

and unavailability of markers that enable the identification of sub-populations of cells with 

unique tumorigenic potential3. 

Elevated levels of Aldehyde Dehydrogenase (ALDH)23 have also been proposed as a 

method to identify CSCs. However, ALDH does not appear to be a single marker for CSC in 

all tumor types24. Other researchers have used a variety of cell surface markers to define CSCs 

from primary tumors and cell lines in different types of cancers, most notably CD133, CD44, 

CD24, and CD16625,26. Importantly, none of these studies have clearly defined CSCs as a single 



55 

 

universal entity, suggesting that the CSC phenotype may vary substantially across different 

tumors27. We previously demonstrated that MEC cell lines constitutively possess a small 

population of CSC characterized by high ALDH activity and CD44 expression3. In this study, 

using three MEC cell lines, we showed the presence of CSC in all cell lines observed and, 

interestingly, with the formation of two different CSC populations (Fig. 1). We call the cell 

population superior to the ALDHHighCD44High graph and that cell population located lower than 

ALDHLowCD44+. These findings show that it is not possible to define CSCs as a single entity. 

Recent research shows that it is possible to coexist various phenotypes of CSCs within the 

tumor22,28. The heterogeneity of CSCs is reported in a study by Dieter et al. 29 in an animal 

model of colon cancer, where at least 3 different phenotypes of CSCs were observed. In this 

study, a population of CSCs was identified as Tumor Transient Amplifying Cells (T-TACs) 

which had limited self-renewal capacity but did form tumors in primary transplants. A second 

population of CSCs exhibiting extensive self-renewing Long-Term Tumor Initiating Cells (LT-

TICs) was able to generate tumors in serial xenotransplants. A third population described as 

rare Delayed Contributing TICs (DC-TICs) was exclusively active in secondary or tertiary 

mice. Interestingly, the marrow could serve as a major source of LT-TICs, however metastasis 

formation was predominantly driven by self-renewing LT-TICs. Em MEC cell lines a a full 

understanding of CSC characteristics within a given tumor remains elusive. Based on this, a 

better understanding of the regulatory mechanisms that control the population of CSCs are 

essential to the development of more efficient therapeutic strategies against HNSCC21. 

It is interesting to observe that the metastatic cell line of MEC constitutively presented 

lower number of CSCs when compared to the other cell lines examined. Many hypotheses relate 

to CSCs with the development of metastases, however the theory that seems to better justify 

this finding is that non-stem-like cancer cells are released as Circulating Tumor Cells (CTCs), 

lodging in distant tissues and making CSCs by de-differentiation27. Thus, the pool of CSCs 

actually becomes smaller than that of the primary tumor not only because the tumor size is 

smaller at metastatic sites, but also because of the way the metastatic tumor mass is generated. 

This finding is supported by both the theory that involves CSCs and metastasis as well as the 

plastic cancer stem cell theory that describes a third and evolving model in which bidirectional 

conversions exist between non-CSCs and CSCs22. 

The role of c-MET in the development of salivary glands is described in a study with 

human embryos30. However, only recently, c-MET has emerged as an essential factor for the 

functional CSC phenotype20,31. For Boccaccio and Comoglio32 c-MET plays a dual role in 

oncogenesis: maintenance and generation of the transformed cell phenotype, boosting clonal 
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evolution, as well as maintaining progenitor-parent phenotype in the stem cell of the cancer, 

conferring replicative immortality on the malignant cell. However, c-MET has also been found 

to be expressed in stem cells of adult tissues of various types14,20. Gastaldi et al33, using mouse 

model, found that c-MET is preferentially expressed in breast luminal progenitor cells and that 

HGF retains progenitor cells, preventing differentiation toward the mature luminal phenotype. 

In salivary gland HGF may play a role in luminal cell differentiation associated with preserving 

the ductal structures34. Interestingly, this may have a pathogenic implication in those malignant 

salivary gland neoplasms originating from luminal cells, such as MEC. Using three MEC cell 

lines we show that the HGF stimulation promotes the increase of different populations of CSCs 

between the UM-HMC-1 and UM-HMC-3A cell lines (Fig 2 and 3). Based on these facts, we 

have shown that HGF is able to promote cell plasticity by inducing the emergence of more CSC 

in MEC cell lines. Evidence supports a new model of tumorigenicity, in which non-CSCs can 

reacquire CSC phenotype, denoting cell plasticity22. MET activation also promotes the CSC 

phenotype in several other types of cancer, including head and neck35, gliomas36, prostate 

cancer37 and pancreatic cancer38. In HNSCC patient-derived tumor xenografts c-MET has been 

a self-renewal marker of CSCs14. These observations, coupled with our findings, prompted us 

to define that c-MET signaling axis may comprise an effective target used by CSCs for their 

maintenance and generation.    

It is interesting to note that, unlike the UM-HMC-1 and UM-HMC-3A cell lines, HGF 

stimulation in the metastatic cell line was not able to promote a larger pool of any CSC 

population. Thus, what appears to be a pleiotropic effect of HGF on MEC is actually the action 

on different populations of epithelial cells that make up MEC cell lines, since we have 

previously demonstrated that these MEC cell lines are heterogeneous and are in distinct stages 

of cellular differentiation17,19. In addition, the CSC population itself may comprise a group of 

heterogeneous and functionally distinct subpopulations among the cell lines examined22. It is 

interesting to note that although UM-HMC-3B is a metastasis from UM-HMC-3A2, the 

stimulation with HGF promotes opposing effects on generation of CSC. This reinforces the 

theory that tumor cells that gain metastatic signature can generate CSCs that will give rise to 

the new tumor mass of phenotype different from that of the corresponding primary tumor22. 

 

Conclusions 

Our data suggest that all MEC cell lines had a small amount of stem cell, independent 

of the HGF stimulus. In addition, in CMEs, HGF is able to promote a more stemness cell 
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phenotype, which may be a possible mechanism used by MEC cells to acquire an invasive 

behavior and present resistance to existing therapies. 
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Figure 1. Even without the HGF stimulus, all MEC cell lines have a small CSC population.  The UM-HMC-1 cell line exhibits more CSCs than 

UM-HMC-3B and UM-HMC-3A have more CSCs than the UM-HMC-3B lineage. Therefore, the metastatic cell line is the one with the lowest 

amount of CSCs. **p < 0.01. 
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Figure 2. (a,b). HGF increases the population of CSC cell line in UM-HMC-1 and UM-HMC-3A. Cells were stimulated with HGF for 48h in 

culture medium containing 2% FBS and 1% HEPES. Cells were collected and processed for ALDH enzymatic activity and anti-CD44 using flow 

cytometry. (c). Note that even in the presence of HGF there were no statistically significant differences with respect to CSC in the metastatic cell 

line. *p < 0.05; **p < 0.01 and NS p > 0.05. 
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5 CONCLUSÃO GERAL 

 

O principal objetivo dessa tese foi estudar a patobiologia do CME por meio de 

suas linhagens celulares através da sinalização HGF/c-MET. Os estudos que abordam essa via 

em TMGSs são escassos e possuem limitações acerca do enfoque das consequências celulares 

de sua ativação. Dessa forma, esta tese preenche essa lacuna existente na literatura científica 

atual. Nós encontramos que c-MET está constitutivamente ativo em linhagens celulares de 

CME e que sua localização citoplasmática, anteriormente acreditada ser um sinal de 

ubiquitinização de c-MET, está ligada com a ativação da via HGF/c-MET. Nós observamos 

que CME permite a ativação da via PI3K/AKT e principalmente de proteínas envolvidas na 

cascata MAPK para promover maior invasividade e migração celular. A ativação da cascata 

MAPK é a principal responsável pela migração e invasão das células tumorais. 

Em todas as linhagens celulares estudadas de MEC apresentavam uma pequena 

quantidade de célula-tronco (ALDH+CD44+), independente do estímulo com HGF. Além disso, 

em CMEs, HGF é capaz de promover um fenótipo celular mais stemness, o que apoia a teoria 

da plasticidade das células-tronco cancerígenas, onde uma célula maligna com fenótipo não 

tronco pode retroceder hierarquicamente no seu processo de diferenciação, adquirindo perfil 

semelhante a célula-tronco. 
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be appropriate to combine sections. Figure legends are limited to 350 words. As a guideline 

references should be limited to 60 (this is not strictly enforced). Footnotes should not be 

used. 

We suggest that Articles contain no more than 8 display items (figures and/or tables). In 

addition, a limited number of uncaptioned molecular structure graphics and numbered 

mathematical equations may be included if necessary. To enable typesetting of papers, the 

number of display items should be commensurate with the word length — we suggest that 

for Articles with less than 2,000 words, no more than 4 figures/tables should be included. 

Please note that schemes are not used and should be presented as figures. 

Authors must provide a competing interests statement within the manuscript file.  

Submissions should include a cover letter, a manuscript text file, individual figure files and 

optional supplementary information files. For first submissions (i.e. not revised 

manuscripts), authors may incorporate the manuscript text and figures into a single file up 

to 3 MB in size; the figures may be inserted in the text at the appropriate positions, or grouped 

at the end. Supplementary information should be combined and supplied as a single separate 

file, preferably in PDF format. 

https://www.nature.com/srep/publish/guidelines#general-figure
https://www.nature.com/srep/publish/guidelines#tables


75 

 

The following file types can be uploaded for Article text: 

• txt, doc, docx, tex, (pdf [first submissions only])* 

*We are unable to accept PDF files for article text for revised manuscripts.  

A submission template is available in the Overleaf template gallery to help you prepare a 

LaTeX manuscript within the Scientific Reports formatting criteria. 

Scientific Reports is read by scientists from diverse backgrounds. In addition, many are not 

native English speakers. Authors should, therefore, give careful thought to how their findings 

may be communicated clearly. Although a shared basic knowledge of science may be 

assumed, please bear in mind that the language and concepts that are standard in one field 

may be unfamiliar to non-specialists. Thus, technical jargon should be avoided and clearly 

explained where its use is unavoidable. 

Abbreviations, particularly those that are not standard, should also be kept to a minimum. 

Where unavoidable, abbreviations should be defined in the text or legends at their first 

occurrence, and abbreviations should be used thereafter. The background, rationale and main 

conclusions of the study should be clearly explained. Titles and abstracts in particular should 

be written in language that will be readily intelligible to any scientist. We strongly 

recommend that authors ask a colleague with different expertise to review the manuscript 

before submission, in order to identify concepts and terminology that may present difficulties 

to non-specialist readers. 

The format requirements of Scientific Reports are described below. 

Scientific Reports uses UK English spelling. 

Cover letter 

Authors should provide a cover letter that includes the affiliation and contact information 

for the corresponding author. Authors should briefly explain why the work is considered 

appropriate for Scientific Reports. Authors are asked to suggest the names and contact 

information for scientific reviewers and they may request the exclusion of certain referees. 

Please ensure that your cover letter also includes suggestions for Editorial Board 

Members who would be able to handle your submission. Finally, authors should indicate 

whether they have had any prior discussions with a Scientific Reports Editorial Board 

Member about the work described in the manuscript. 

Format of manuscripts 

In most cases we do not impose strict limits on word counts and page numbers, but we 

encourage authors to write concisely and suggest authors adhere to the guidelines below. For 

a definitive list of which limits are mandatory please visit the submission checklist page. 

Articles should be no more than 11 typeset pages in length. As a guide, the main text (not 

including Abstract, Methods, References and figure legends) should be no more than 4,500 

https://www.overleaf.com/latex/templates/template-for-submissions-to-scientific-reports/xyrztqvdccns#.VNzKqC7HTlM
https://www.overleaf.com/
https://www.nature.com/srep/about/editorial-board
https://www.nature.com/srep/about/editorial-board
https://www.nature.com/srep/publish/checklist
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words. The maximum title length is 20 words. The Abstract (without heading) - which must 

be no more than 200 words long and contain no references - should serve both as a general 

introduction to the topic and as a brief, non-technical summary of the main results and their 

implications. 

The manuscript text file should include the following parts, in order: a title page with author 

affiliations and contact information (the corresponding author should be identified with an 

asterisk). The main text of an Article can be organised in different ways and according to the 

authors' preferences, it may be appropriate to combine sections. 

As a guideline, we recommend that sections include an Introduction of referenced text that 

expands on the background of the work. Some overlap with the Abstract is acceptable. This 

may then be followed by sections headed Results (with subheadings), Discussion (without 

subheadings) and Methods. 

The main body of text must be followed by References, Acknowledgements (optional), 

Author Contributions (names must be given as initials), Additional Information (including a 

Competing Interests Statement), Figure Legends (these are limited to 350 words per figure) 

and Tables (maximum size of one page). Footnotes are not used. 

For first submissions (i.e. not revised manuscripts), authors may choose to incorporate the 

manuscript text and figures into a single file up to 3 MB in size in either a Microsoft Word, 

LaTeX, or PDF format - the figures may be inserted within the text at the appropriate 

positions, or grouped at the end.  

For revised manuscripts authors should provide all textual content in a single file, prepared 

using either Microsoft Word or LaTeX. We do not accept PDF files for article text for revised 

manuscripts. Figures should be provided as individual files. 

Supplementary Information should be combined and supplied as a separate file, preferably 

in PDF format. The first page of the Supplementary Information file should include the title 

of the manuscript and the author list. 

Authors who do not incorporate the manuscript text and figures into a single file should 

adhere to the following: all textual content should be provided in a single file, prepared using 

either Microsoft Word or LaTeX; figures should be provided as individual files.  

The manuscript file should be formatted as single-column text without justification. Pages 

should be numbered using an Arabic numeral in the footer of each page. Standard fonts are 

recommended and the 'symbols' font should be used for representing Greek characters.  

TeX/LaTeX - Authors submitting LaTeX files may use the standard ‘article’ document class 

(or similar) or may use the wlscirep.cls file and template provided by Overleaf. Non-standard 

fonts should be avoided; please use the default Computer Modern fonts. For the inclusion of 

graphics, we recommend graphicx.sty. Please use numerical references only for citations. 

Our system cannot accept .bib files. If references are prepared using BibTeX (which is 

https://www.overleaf.com/latex/templates/template-for-submissions-to-scientific-reports/xyrztqvdccns
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optional), please include the .bbl file with your submission (as a ‘related manuscript file’) in 

order for it to be processed correctly; this file is included automatically in the zip file 

generated by Overleaf for submissions. Please see this help article on Overleaf for more 

details. Alternatively ensure that the references (source code) are included within the 

manuscript file itself. As a final precaution, authors should ensure that the complete .tex file 

compiles successfully on their own system with no errors or warnings, before submission.  

Manuscripts published in Scientific Reports are not subject to in-depth copy editing as part 

of the production process. Authors are responsible for procuring copy editing or language 

editing services for their manuscripts, either before submission, or at the revision stage, 

should they feel it would benefit their manuscript. Such services include those provided by 

our affiliates Nature Research Editing Service and American Journal Experts. Scientific 

Reports authors are entitled to a 10% discount on their first submission to either of these 

services. To claim 10% off English editing from Nature Research Editing Service, click here. 

To claim 10% off American Journal Experts, click here. Please note that the use of an editing 

service is at the author's own expense, and in no way implies that the article will be selected 

for peer-review or accepted for publication. 

Methods 

Where appropriate, we recommend that authors limit their Methods section to 1,500 words. 

Authors must ensure that their Methods section includes adequate experimental and 

characterization data necessary for others in the field to reproduce their work. Descriptions 

of standard protocols and experimental procedures should be given. Commercial suppliers 

of reagents or instrumentation should be identified only when the source is critical to the 

outcome of the experiments. Sources for kits should be identified. Experimental protocols 

that describe the synthesis of new compounds should be included. The systematic name of 

the compound and its bold Arabic numeral are used as the heading for the experimental 

protocol. Thereafter, the compound is represented by its assigned bold numeral. Authors 

should describe the experimental protocol in detail, referring to amounts of reagents in 

parentheses, when possible (eg 1.03 g, 0.100 mmol). Standard abbreviations for reagents and 

solvents are encouraged. Safety hazards posed by reagents or protocols should be identified 

clearly. Isolated mass and percent yields should be reported at the end of each protocol.  

References 

References will not be copy edited by Scientific Reports. References will be linked 

electronically to external databases where possible, making correct formatting of the 

references essential. 

References should be numbered sequentially, first throughout the text, then in tables, 

followed by figures; that is, references that only appear in tables or figures should be last in 

the reference list. Only one publication is given for each number. Only papers or datasets 

that have been published or accepted by a named publication, recognized preprint server or 

data repository should be in the numbered list; preprints of accepted papers in the reference 

list should be submitted with the manuscript. Published conference abstracts and numbered 

patents may be included in the reference list. Grant details and acknowledgements are not 

permitted as numbered references. Footnotes are not used. 

https://www.overleaf.com/help/207
http://authorservices.springernature.com/language-editing/?utm_source=natureGuideToAuthors&utm_medium=referral&utm_campaign=natureGuideToAuthors
http://www.aje.com/
http://secure.authorservices.springernature.com/c/10NR/?utm_source=nroasLetters&utm_medium=email&utm_campaign=scirepsletters
http://www.aje.com/go/natureresearch/?utm_source=nroasLetters&utm_medium=email&utm_campaign=scirepsletters
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BibTeX (.bib) bibliography files cannot be accepted. LaTeX submission must either contain 

all references within the manuscript .tex file itself, or (for authors using the Overleaf 

template) can include the .bbl file generated during the compilation process as a ‘related 

manuscript file’ (see the "Format of manuscripts" section for more details).  

Scientific Reports uses standard Nature referencing style. All authors should be included in 

reference lists unless there are six or more, in which case only the first author should be 

given, followed by 'et al.'. Authors should be listed last name first, followed by a comma and 

initials (followed by full stops) of given names. Article and dataset titles should be in Roman 

text, only the first word of the title should have an initial capital and the title should be 

written exactly as it appears in the work cited, ending with a full stop. Book titles should be 

given in italics and all words in the title should have initial capitals. Journal and data 

repository names are italicized and abbreviated (with full stops) according to common usage. 

Volume numbers and the subsequent comma appear in bold. The full page range should be 

given (or article number), where appropriate. 

Published papers: 

Printed journals 

Schott, D. H., Collins, R. N. & Bretscher, A. Secretory vesicle transport velocity in living 

cells depends on the myosin V lever arm length. J. Cell Biol. 156, 35-39 (2002). 

Online only 

Bellin, D. L. et al. Electrochemical camera chip for simultaneous imaging of multiple 

metabolites in biofilms. Nat. Commun. 7, 10535; 10.1038/ncomms10535 (2016). 

For papers with more than five authors include only the first author’s name followed by ‘et 

al.’. 

Books: 

Smith, J. Syntax of referencing in How to reference books (ed. Smith, S.) 180-181 

(Macmillan, 2013). 

Online material: 

Babichev, S. A., Ries, J. & Lvovsky, A. I. Quantum scissors: teleportation of single-mode 

optical states by means of a nonlocal single photon. Preprint at https://arxiv.org/abs/quant-

ph/0208066 (2002). 

Manaster, J. Sloth squeak. Scientific American Blog 

Network http://blogs.scientificamerican.com/psi-vid/2014/04/09/sloth-squeak (2014). 

Hao, Z., AghaKouchak, A., Nakhjiri, N. & Farahmand, A. Global integrated drought 

monitoring and prediction system (GIDMaPS) data 

sets. figshare https://doi.org/10.6084/m9.figshare.853801 (2014). 

http://www.nature.com/articles/ncomms10535
http://arxiv.org/abs/quant-ph/0208066
http://arxiv.org/abs/quant-ph/0208066
http://blogs.scientificamerican.com/psi-vid/2014/04/09/sloth-squeak
http://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
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deposition in a public repository (see 'Availability of materials and data' for more 

information). Any data necessary to evaluation of the claims of the paper that are not 

available via a public depository should be provided as Supplementary Information. 

Supplementary Information is not edited, typeset or proofed, so authors should ensure that it 

is clearly and succinctly presented at initial submission, and that the style and terminology 

conform to the rest of the paper. Authors should include the title of the manuscript and full 

author list on the first page. 

The guidelines below detail the creation, citation and submission of Supplementary 

Information - publication may be delayed if these are not followed correctly. Please note that 

modification of Supplementary Information after the paper is published requires a formal 

correction, so authors are encouraged to check their Supplementary Information carefully 

before submitting the final version. 

1. Multiple pieces of Supplementary Information can be combined and supplied as a 

single file, or supplied separately (e.g. supplementary videos, spreadsheets [.csv or 

.xlsx] or data files). 

2. Designate each item as Supplementary Table, Figure, Video, Audio, Note, Data, 

Discussion, Equations or Methods, as appropriate. Number Supplementary Tables 

and Figures as, for example, "Supplementary Table S1". This numbering should be 

separate from that used in tables and figures appearing in the main article. 

Supplementary Note or Methods should not be numbered; titles for these are optional. 
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3. Refer to each piece of supplementary material at the appropriate point(s) in the main 

article. Be sure to include the word "Supplementary" each time one is mentioned. 

Please do not refer to individual panels of supplementary figures. 

4. Use the following examples as a guide (note: abbreviate "Figure" as "Fig." when in 

the middle of a sentence): "Table 1 provides a selected subset of the most active 

compounds. The entire list of 96 compounds can be found as Supplementary Table 

S1 online." "The biosynthetic pathway of L-ascorbic acid in animals involves 

intermediates of the D-glucuronic acid pathway (see Supplementary Fig. S2 online). 

Figure 2 shows..." 

5. Remember to include a brief title and legend (incorporated into the file to appear near 

the image) as part of every figure submitted, and a title as part of every table.  

6. File sizes should be as small as possible, with a maximum size of 50 MB, so that they 

can be downloaded quickly. 

Further queries about submission and preparation of Supplementary Information should be 

directed to email: scirep.admin@nature.com. 

Figure legends 

Figure legends begin with a brief title sentence for the whole figure and continue with a short 

description of what is shown in each panel in sequence and the symbols used; methodological 

details should be minimised as much as possible. Each legend must total no more than 350 

words. Text for figure legends should be provided in numerical order after the references. 

Tables 

Please submit tables in your main article document in an editable format (Word or 

TeX/LaTeX, as appropriate), and not as images. Tables that include statistical analysis of 

data should describe their standards of error analysis and ranges in a table legend. 

Equations 

Equations and mathematical expressions should be provided in the main text of the paper. 

Equations that are referred to in the text are identified by parenthetical numbers, such as (1), 

and are referred to in the manuscript as "equation (1)". 

For submissions in a .doc or .docx format please ensure that all equations are provided in an 

editable Word format. These can be produced with the equation editor included in Microsoft 

Word. 

General figure guidelines 

Authors are responsible for obtaining permission to publish any figures or illustrations that 

are protected by copyright, including figures published elsewhere and pictures taken by 

professional photographers. The journal cannot publish images downloaded from the internet 

without appropriate permission. 

Figures should be numbered separately with Arabic numerals in the order of occurrence in 

the text of the manuscript. When appropriate, figures should include error bars. A description 

of the statistical treatment of error analysis should be included in the figure legend. Please 

note that schemes are not used; sequences of chemical reactions or experimental procedures 

mailto:scientificreports@nature.com
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should be submitted as figures, with appropriate captions. A limited number of uncaptioned 

graphics depicting chemical structures - each labelled with their name, by a defined 

abbreviation, or by the bold Arabic numeral - may be included in a manuscript. 

Figure lettering should be in a clear, sans-serif typeface (for example, Helvetica); the same 

typeface in the same font size should be used for all figures in a paper. Use 'symbols' font 

for Greek letters. All display items should be on a white background, and should avoid 

excessive boxing, unnecessary colour, spurious decorative effects (such as three-

dimensional 'skyscraper' histograms) and highly pixelated computer drawings. The vertical 

axis of histograms should not be truncated to exaggerate small differences. Labelling must 

be of sufficient size and contrast to be readable, even after appropriate reduction. The 

thinnest lines in the final figure should be no smaller than one point wide. Authors will see 

a proof that will include figures. 

Figures divided into parts should be labelled with a lower-case bold a, b, and so on, in the 

same type size as used elsewhere in the figure. Lettering in figures should be in lower-case 

type, with only the first letter of each label capitalized. Units should have a single space 

between the number and the unit, and follow SI nomenclature (for example, ms rather than 

msec) or the nomenclature common to a particular field. Thousands should be separated by 

commas (1,000). Unusual units or abbreviations should be spelled out in full or defined in 

the legend. Scale bars should be used rather than magnification factors, with the length of 

the bar defined on the bar itself rather than in the legend. In legends, please use visual cues 

rather than verbal explanations such as "open red triangles". 

Unnecessary figures should be avoided: data presented in small tables or histograms, for 

instance, can generally be stated briefly in the text instead. Figures should not contain more 

than one panel unless the parts are logically connected; each panel of a multipart figure 

should be sized so that the whole figure can be reduced by the same amount and reproduced 

at the smallest size at which essential details are visible. 

Figures for peer review 

At the initial submission stage authors may choose to upload separate figure files or to 

incorporate figures into the main article file, ensuring that any inserted figures are of 

sufficient quality to be clearly legible. 

When submitting a revised manuscript all figures must be uploaded as separate figure files 

ensuring that the image quality and formatting conforms to the specifications below. 

Figures for publication 

Each complete figure must be supplied as a separate file upload. Multi-part/panel figures 

must be prepared and arranged as a single image file (including all sub-parts; a, b, c, etc.). 

Please do not upload each panel individually. 

Please read the digital images integrity and standards section of our Editorial and Publishing 

Policies. When possible, we prefer to use original digital figures to ensure the highest-quality 

reproduction in the journal. For optimal results, prepare figures to fit A4 page-width. When 

https://www.nature.com/srep/journal-policies/editorial-policies/#digital-image
https://www.nature.com/srep/journal-policies/editorial-policies/
https://www.nature.com/srep/journal-policies/editorial-policies/
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creating and submitting digital files, please follow the guidelines below. Failure to do so, or 

to adhere to the following guidelines, can significantly delay publication of your work.  

Authors are responsible for obtaining permission to publish any figures or illustrations that 

are protected by copyright, including figures published elsewhere and pictures taken by 

professional photographers. The journal cannot publish images downloaded from the internet 

without appropriate permission. 

Springer Nature remains neutral with regard to jurisdictional claims in published maps and 

institutional affiliations. 

1. Line art, graphs, charts and schematics 

For optimal results, all line art, graphs, charts and schematics should be supplied in vector 

format, such as EPS or AI, and should be saved or exported as such directly from the 

application in which they were made. Please ensure that data points and axis labels are 

clearly legible. 

2. Photographic and bitmap images 

All photographic and bitmap images should be supplied in a bitmap image format such as 

tiff, jpg, or psd. If saving tiff files, please ensure that the compression option is selected to 

avoid very large file sizes. 

Please do not supply Word or Powerpoint files with placed images. Images can be supplied 

as RGB or CMYK (note: we will not convert image colour modes). 

Figures that do not meet these standards will not reproduce well and may delay publication 

until we receive high-resolution images. 

3. Chemical structures 

Chemical structures should be produced using ChemDraw or a similar program. All chemical  

compounds must be assigned a bold, Arabic numeral in the order in which the compounds 

are presented in the manuscript text. Structures should then be exported into a 300 dpi RGB 

tiff file before being submitted. 

4. Stereo images 

Stereo diagrams should be presented for divergent 'wall-eyed' viewing, with the two panels 

separated by 5.5 cm. In the final accepted version of the manuscript, the stereo images should 

be submitted at their final page size. 

Statistical guidelines 

Every article that contains statistical testing should state the name of the statistical test, the 

n value for each statistical analysis, the comparisons of interest, a justification for the use of 

that test (including, for example, a discussion of the normality of the data when the test i s 

appropriate only for normal data), the alpha level for all tests, whether the tests were one-

tailed or two-tailed, and the actual P value for each test (not merely "significant" or "P < 

0.05"). It should be clear what statistical test was used to generate every P value. Use of the 
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word "significant" should always be accompanied by a P value; otherwise, use "substantial," 

"considerable," etc. 

Data sets should be summarized with descriptive statistics, which should include the n value 

for each data set, a clearly labelled measure of centre (such as the mean or the median), and 

a clearly labelled measure of variability (such as standard deviation or range). Ranges are 

more appropriate than standard deviations or standard errors for small data sets. Graphs 

should include clearly labelled error bars. Authors must state whether a number that follows 

the ± sign is a standard error (s.e.m.) or a standard deviation (s.d.).  

Authors must justify the use of a particular test and explain whether their data conform to 

the assumptions of the tests. Three errors are particularly common: 

• Multiple comparisons: When making multiple statistical comparisons on a single data 

set, authors should explain how they adjusted the alpha level to avoid an inflated 

Type I error rate, or they should select statistical tests appropriate for multiple groups 

(such as ANOVA rather than a series of t-tests). 

• Normal distribution: Many statistical tests require that the data be approximately 

normally distributed; when using these tests, authors should explain how they tested 

their data for normality. If the data do not meet the assumptions of the test, then a 

non-parametric alternative should be used instead. 

• Small sample size: When the sample size is small (less than about 10), authors should 

use tests appropriate to small samples or justify their use of large-sample tests. 

There is a checklist available to help authors minimize the chance of statistical errors. 

Chemical and biological nomenclature and abbreviations 

Molecular structures are identified by bold, Arabic numerals assigned in order of 

presentation in the text. Once identified in the main text or a figure, compounds may be 

referred to by their name, by a defined abbreviation, or by the bold Arabic numeral (as long 

as the compound is referred to consistently as one of these three).  

When possible, authors should refer to chemical compounds and biomolecules using 

systematic nomenclature, preferably using IUPAC. Standard chemical and biological 

abbreviations should be used. Unconventional or specialist abbreviations should be defined 

at their first occurrence in the text. 

Gene nomenclature 

Authors should use approved nomenclature for gene symbols, and use symbols rather than 

italicized full names (for example Ttn, not titin). Please consult the appropriate nomenclature 

databases for correct gene names and symbols. A useful resource is LocusLink.  

Approved human gene symbols are provided by HUGO Gene Nomenclature Committee 

(HGNC), e-mail: hgnc@genenames.org; see also www.genenames.org. Approved mouse 

symbols are provided by The Jackson Laboratory, e-mail: nomen@informatics.jax.org; see 

also www.informatics.jax.org/mgihome/nomen. 

http://www.dropbox.com/s/cslz4xd05vszrr0/checklist_of_statistical_adequacy.doc?dl=0
http://www.chem.qmul.ac.uk/iupac/
mailto:hgnc@genenames.org
http://www.genenames.org/
mailto:nomen@informatics.jax.org
http://www.informatics.jax.org/mgihome/nomen
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For proposed gene names that are not already approved, please submit the gene symbols to 

the appropriate nomenclature committees as soon as possible, as these must be deposited and 

approved before publication of an article. 

Avoid listing multiple names of genes (or proteins) separated by a slash, as in 'Oct4/Pou5f1', 

as this is ambiguous (it could mean a ratio, a complex, alternative names or different 

subunits). Use one name throughout and include the other at first mention: 'Oct4 (also known 

as Pou5f1)'. 

Characterization of chemical and biomolecular materials 

Scientific Reports is committed to publishing technically sound research. Manuscripts 

submitted to the journal will be held to rigorous standards with respect to experimental 

methods and characterization of new compounds. Authors must provide adequate data to 

support their assignment of identity and purity for each new compound described in the 

manuscript. Authors should provide a statement confirming the source, identity and purity 

of known compounds that are central to the scientific study, even if they are purchased or 

resynthesized using published methods. 

1. Chemical identity 

Chemical identity for organic and organometallic compounds should be established through 

spectroscopic analysis. Standard peak listings (see formatting guidelines below) for 1H NMR 

and proton-decoupled 13C NMR should be provided for all new compounds. Other NMR 

data should be reported (31P NMR, 19F NMR, etc.) when appropriate. For new materials, 

authors should also provide mass spectral data to support molecular weight identity. High-

resolution mass spectral (HRMS) data are preferred. UV or IR spectral data may be reported 

for the identification of characteristic functional groups, when appropriate. Melting-point 

ranges should be provided for crystalline materials. Specific rotations may be reported for 

chiral compounds. Authors should provide references, rather than detailed procedures, for 

known compounds, unless their protocols represent a departure from or improvement on 

published methods. 

2. Combinational compound libraries 

Authors describing the preparation of combinatorial libraries should include standard 

characterization data for a diverse panel of library components.  

3. Biomolecular identity 

For new biopolymeric materials (oligosaccharides, peptides, nucleic acids, etc.), direct 

structural analysis by NMR spectroscopic methods may not be possible. In these cases, 

authors must provide evidence of identity based on sequence (when appropriate) and mass 

spectral characterization. 

4. Biological constructs 

Authors should provide sequencing or functional data that validates the identity of their 

biological constructs (plasmids, fusion proteins, site-directed mutants, etc.) either in the 

manuscript text or the Methods section, as appropriate. 
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5. Sample purity 

Evidence of sample purity is requested for each new compound. Methods for purity analysis 

depend on the compound class. For most organic and organometallic compounds, purity may 

be demonstrated by high-field 1H NMR or 13C NMR data, although elemental analysis 

(±0.4%) is encouraged for small molecules. Quantitative analytical methods including 

chromatographic (GC, HPLC, etc.) or electrophoretic analyses may be used to demonstrate 

purity for small molecules and polymeric materials. 

6. Spectral data 

Detailed spectral data for new compounds should be provided in list form (see below) in the 

Methods section. Figures containing spectra generally will not be published as a manuscript 

figure unless the data are directly relevant to the central conclusions of the paper. Authors 

are encouraged to include high-quality images of spectral data for key compounds in the 

Supplementary Information. Specific NMR assignments should be listed after integration 

values only if they were unambiguously determined by multidimensional NMR or 

decoupling experiments. Authors should provide information about how assignments were 

made in a general Methods section. 

Example format for compound characterization data. mp: 100-102 °C (lit.ref 99-101 °C); 

TLC (CHCl3:MeOH, 98:2 v/v): Rf= 0.23; [α]D = -21.5 (0.1 M in n-hexane); 1H NMR (400 

MHz, CDCl3): δ 9.30 (s, 1H), 7.55-7.41 (m, 6H), 5.61 (d, J = 5.5 Hz, 1H), 5.40 (d, J = 5.5 

Hz, 1H), 4.93 (m, 1H), 4.20 (q, J = 8.5 Hz, 2H), 2.11 (s, 3H), 1.25 (t, J = 8.5 Hz, 3H);  13C 

NMR (125 MHz, CDCl3): δ 165.4, 165.0, 140.5, 138.7, 131.5, 129.2, 118.6, 84.2, 75.8, 66.7, 

37.9, 20.1; IR (Nujol): 1765 cm-1; UV/Vis: λmax 267 nm; HRMS (m/z): [M]+ calcd. for 

C20H15Cl2NO5, 420.0406; found, 420.0412; analysis (calcd., found for C20H15Cl2NO5): C 

(57.16, 57.22), H (3.60, 3.61), Cl (16.87, 16.88), N (3.33, 3.33), O (19.04, 19.09). 

7. Crystallographic data for small molecules 

Manuscripts reporting new three-dimensional structures of small molecules from 

crystallographic analysis should include a .cif file and a structural figure with probability 

ellipsoids for publication as Supplementary Information. These must have been checked 

using the IUCR's CheckCIF routine, and a PDF copy of the output must be included with the 

submission, together with a justification for any alerts reported. Crystallographic data for 

small molecules should be submitted to the Cambridge Structural Database and the 

deposition number referenced appropriately in the manuscript. Full access must be provided 

on publication. 

8. Macromolecular structural data 

Manuscripts reporting new structures should contain a table summarizing structural and 

refinement statistics. Templates are available for such tables describing NMR and X-ray 

crystallography data. To facilitate assessment of the quality of the structural data, a stereo  

image of a portion of the electron density map (for crystallography papers) or of the 

superimposed lowest energy structures (≳10; for NMR papers) should be provided with the 

submitted manuscript. If the reported structure represents a novel overall fold, a stereo image 

of the entire structure (as a backbone trace) should also be provided.  

 

http://checkcif.iucr.org/
http://www.ccdc.cam.ac.uk/
http://www.dropbox.com/s/0qoca9tdusof217/tables_nmr_f.pdf?dl=0
http://www.dropbox.com/s/eg6yz85szjto36c/tables_xray_f.pdf?dl=0
http://www.dropbox.com/s/eg6yz85szjto36c/tables_xray_f.pdf?dl=0
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ANEXO D - Stem Cell Research & Therapy submission guidelines  

 

General information for preparing manuscripts 

 

Format of articles: Research 

Criteria: Research articles should report on original primary research. 

Stem Cell Research & Therapy strongly encourages that all datasets on which the conclusions 

of the paper rely should be available to readers. We encourage authors to ensure that their 

datasets are either deposited in publicly available repositories (where available and 

appropriate) or presented in the main manuscript or additional supporting files whenever 

possible. Please see Springer Nature's information on recommended repositories. Where a 

widely established research community expectation for data archiving in public repositories 

exists, submission to a community-endorsed, public repository is mandatory. A list of data 

where deposition is required, with the appropriate repositories, can be found on the Editorial 

Policies Page. 

Preparing your manuscript 

The information below details the section headings that you should include in your 

manuscript and what information should be within each section. 

Please note that your manuscript must include a 'Declarations' section including all of the 

subheadings (please see below for more information). 

Title page 

The title page should: 

• present a title that includes, if appropriate, the study design e.g.: 

o "A versus B in the treatment of C: a randomized controlled trial", "X is a risk 

factor for Y: a case control study", "What is the impact of factor X on subject 

Y: A systematic review" 

o or for non-clinical or non-research studies a description of what the article 

reports 

• list the full names, institutional addresses and email addresses for all authors 

o if a collaboration group should be listed as an author, please list the Group 

name as an author. If you would like the names of the individual members of 

the Group to be searchable through their individual PubMed records, please 

include this information in the “Acknowledgements” section in accordance 

with the instructions below 

• indicate the corresponding author 

Abstract 

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do 

not cite references in the abstract. Reports of randomized controlled trials should follow 

the CONSORT extension for abstracts. The abstract must include the following separate 

sections: 

http://www.springernature.com/gp/group/data-policy/repositories
http://www.biomedcentral.com/getpublished/editorial-policies#availability+of+data+and+materials
http://www.biomedcentral.com/getpublished/editorial-policies#availability+of+data+and+materials
http://www.consort-statement.org/
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• Background: the context and purpose of the study 

• Methods: how the study was performed and statistical tests used 

• Results: the main findings 

• Conclusions: brief summary and potential implications 

• Trial registration: If your article reports the results of a health care intervention on 

human participants, it must be registered in an appropriate registry and the registration 

number and date of registration should be in stated in this section. If it was not 

registered prospectively (before enrollment of the first participant), you should include 

the words 'retrospectively registered'. See our editorial policies for more information 

on trial registration 

Keywords 

Three to ten keywords representing the main content of the article. 

Background 

The Background section should explain the background to the study, its aims, a summary of 

the existing literature and why this study was necessary or its contribution to the field. 

Methods 

The methods section should include: 

• the aim, design and setting of the study 

• the characteristics of participants or description of materials 

• a clear description of all processes, interventions and comparisons. Generic drug 

names should generally be used. When proprietary brands are used in research, 

include the brand names in parentheses 

• the type of statistical analysis used, including a power calculation if appropriate 

Results 

This should include the findings of the study including, if appropriate, results of statistical 

analysis which must be included either in the text or as tables and figures. 

Discussion 

This section should discuss the implications of the findings in context of existing research and 

highlight limitations of the study. 

Conclusions 

This should state clearly the main conclusions and provide an explanation of the importance 

and relevance of the study reported. 

List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 

abbreviations should be provided. 

https://www.biomedcentral.com/getpublished/editorial-policies
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Declarations 

All manuscripts must contain the following sections under the heading 'Declarations': 

• Ethics approval and consent to participate 

• Consent for publication 

• Availability of data and material 

• Competing interests 

• Funding 

• Authors' contributions 

• Acknowledgements 

• Authors' information (optional) 

Please see below for details on the information to be included in these sections. 

If any of the sections are not relevant to your manuscript, please include the heading and write 

'Not applicable' for that section. 

Ethics approval and consent to participate 

Manuscripts reporting studies involving human participants, human data or human tissue 

must: 

• include a statement on ethics approval and consent (even where the need for approval 

was waived) 

• include the name of the ethics committee that approved the study and the committee’s 

reference number if appropriate 

Studies involving animals must include a statement on ethics approval. 

See our editorial policies for more information. 

If your manuscript does not report on or involve the use of any animal or human data or 

tissue, please state “Not applicable” in this section. 

Consent for publication 

If your manuscript contains any individual person’s data in any form (including individual 

details, images or videos), consent for publication must be obtained from that person, or in the 

case of children, their parent or legal guardian. All presentations of case reports must have 

consent for publication. 

You can use your institutional consent form or our consent form if you prefer. You should not 

send the form to us on submission, but we may request to see a copy at any stage (including 

after publication). 

See our editorial policies for more information on consent for publication. 

http://www.biomedcentral.com/about/editorialpolicies#Ethics
http://resource-cms.springer.com/springer-cms/rest/v1/content/6621850/data/v1/Consent-Form-PDF
http://www.biomedcentral.com/submissions/editorial-policies#consent+for+publication
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If your manuscript does not contain data from any individual person, please state “Not 

applicable” in this section. 

Availability of data and materials 

All manuscripts must include an ‘Availability of data and materials’ statement. Data 

availability statements should include information on where data supporting the results 

reported in the article can be found including, where applicable, hyperlinks to publicly 

archived datasets analysed or generated during the study. By data we mean the minimal 

dataset that would be necessary to interpret, replicate and build upon the findings reported in 

the article. We recognise it is not always possible to share research data publicly, for instance 

when individual privacy could be compromised, and in such instances data availability should 

still be stated in the manuscript along with any conditions for access. 

Data availability statements can take one of the following forms (or a combination of more 

than one if required for multiple datasets): 

• The datasets generated and/or analysed during the current study are available in the 

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS] 

• The datasets used and/or analysed during the current study are available from the 

corresponding author on reasonable request. 

• All data generated or analysed during this study are included in this published article 

[and its supplementary information files]. 

• The datasets generated and/or analysed during the current study are not publicly 

available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the 

corresponding author on reasonable request. 

• Data sharing is not applicable to this article as no datasets were generated or analysed 

during the current study. 

• The data that support the findings of this study are available from [third party name] 

but restrictions apply to the availability of these data, which were used under license 

for the current study, and so are not publicly available. Data are however available 

from the authors upon reasonable request and with permission of [third party name]. 

• Not applicable. If your manuscript does not contain any data, please state 'Not 

applicable' in this section. 

More examples of template data availability statements, which include examples of openly 

available and restricted access datasets, are available here. 

BioMed Central also requires that authors cite any publicly available data on which the 

conclusions of the paper rely in the manuscript. Data citations should include a persistent 

identifier (such as a DOI) and should ideally be included in the reference list. Citations of 

datasets, when they appear in the reference list, should include the minimum information 

recommended by DataCite and follow journal style. Dataset identifiers including DOIs should 

be expressed as full URLs. For example: 

 

Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and 

http://www.springernature.com/gp/group/data-policy/data-availability-statements
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prediction system (GIDMaPS) data sets. figshare. 

2014. http://dx.doi.org/10.6084/m9.figshare.853801 

With the corresponding text in the Availability of data and materials statement: 

The datasets generated during and/or analysed during the current study are available in the 

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS].[Reference number] 

Competing interests 

All financial and non-financial competing interests must be declared in this section. 

See our editorial policies for a full explanation of competing interests. If you are unsure 

whether you or any of your co-authors have a competing interest please contact the editorial 

office. 

Please use the authors initials to refer to each author's competing interests in this section. 

If you do not have any competing interests, please state "The authors declare that they have 

no competing interests" in this section. 

Funding 

All sources of funding for the research reported should be declared. The role of the funding 

body in the design of the study and collection, analysis, and interpretation of data and in 

writing the manuscript should be declared. 

Authors' contributions 

The individual contributions of authors to the manuscript should be specified in this section. 

Guidance and criteria for authorship can be found in our editorial policies. 

Please use initials to refer to each author's contribution in this section, for example: "FC 

analyzed and interpreted the patient data regarding the hematological disease and the 

transplant. RH performed the histological examination of the kidney, and was a major 

contributor in writing the manuscript. All authors read and approved the final manuscript." 

Acknowledgements 

Please acknowledge anyone who contributed towards the article who does not meet the 

criteria for authorship including anyone who provided professional writing services or 

materials. 

Authors should obtain permission to acknowledge from all those mentioned in the 

Acknowledgements section. 

See our editorial policies for a full explanation of acknowledgements and authorship criteria. 

https://figshare.com/collections/Global_Integrated_Drought_Monitoring_and_Prediction_System_GIDMaPS_Data_Sets/853801
http://www.biomedcentral.com/about/editorialpolicies#CompetingInterests
http://www.biomedcentral.com/about/editorialpolicies#Authorship
http://www.biomedcentral.com/about/editorialpolicies#Authorship
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If you do not have anyone to acknowledge, please write "Not applicable" in this section. 

Group authorship (for manuscripts involving a collaboration group): if you would like the 

names of the individual members of a collaboration Group to be searchable through their 

individual PubMed records, please ensure that the title of the collaboration Group is included 

on the title page and in the submission system and also include collaborating author names as 

the last paragraph of the “Acknowledgements” section. Please add authors in the format First 

Name, Middle initial(s) (optional), Last Name. You can add institution or country information 

for each author if you wish, but this should be consistent across all authors. 

Please note that individual names may not be present in the PubMed record at the time a 

published article is initially included in PubMed as it takes PubMed additional time to code 

this information. 

Authors' information 

This section is optional. 

You may choose to use this section to include any relevant information about the author(s) 

that may aid the reader's interpretation of the article, and understand the standpoint of the 

author(s). This may include details about the authors' qualifications, current positions they 

hold at institutions or societies, or any other relevant background information. Please refer to 

authors using their initials. Note this section should not be used to describe any competing 

interests. 

Endnotes 

Endnotes should be designated within the text using a superscript lowercase letter and all 

notes (along with their corresponding letter) should be included in the Endnotes section. 

Please format this section in a paragraph rather than a list. 

References 

All references, including URLs, must be numbered consecutively, in square brackets, in the 

order in which they are cited in the text, followed by any in tables or legends. The reference 

numbers must be finalized and the reference list fully formatted before submission. 

Examples of the BioMed Central reference style are shown below. Please ensure that the 

reference style is followed precisely. 

See our editorial policies for author guidance on good citation practice. 

Web links and URLs: All web links and URLs, including links to the authors' own websites, 

should be given a reference number and included in the reference list rather than within the 

text of the manuscript. They should be provided in full, including both the title of the site and 

the URL, as well as the date the site was accessed, in the following format: The Mouse Tumor 

Biology Database. http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. 

If an author or group of authors can clearly be associated with a web link (e.g. for blogs) they 

should be included in the reference. 
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Example reference style: 

Article within a journal 

Smith JJ. The world of science. Am J Sci. 1999;36:234-5. 

Article within a journal (no page numbers) 

Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R, Tjønneland A, 

et al. Meat consumption and mortality - results from the European Prospective Investigation 

into Cancer and Nutrition. BMC Med. 2013;11:63. 

Article within a journal by DOI 

Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. Dig J Mol 

Med. 2000; doi:10.1007/s801090000086. 

Article within a journal supplement 

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic activity 

by bone marrow scan. Blood 1979;59 Suppl 1:26-32. 

Book chapter, or an article within a book 

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH, 

Danielli JF, Jeon KW, editors. International review of cytology. London: Academic; 1980. p. 

251-306. 

OnlineFirst chapter in a series (without a volume designation but with a DOI) 

Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess and 

chiral symmetry breaking. Top Curr Chem. 2007. doi:10.1007/128_2006_108. 

Complete book, authored 

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of common 

illness. 3rd ed. Oxford: Blackwell Science; 1998. 

Online document 

Doe J. Title of subordinate document. In: The dictionary of substances and their effects. Royal 

Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate document. Accessed 

15 Jan 1999. 

Online database 

Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998. http://www.healthwise.org. 

Accessed 21 Sept 1998. 

Supplementary material/private homepage 

Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com. Accessed 22 

Feb 2000. 

University site 

Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999). Accessed 25 Dec 

1999. 
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FTP site 

Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999). Accessed 12 

Nov 1999. 

Organization site 

ISSN International Centre: The ISSN register. http://www.issn.org (2006). Accessed 20 Feb 

2007. 

Dataset with persistent identifier 

Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data from sweet and 

grain sorghum (Sorghum bicolor). GigaScience Database. 2011. 

http://dx.doi.org/10.5524/100012. 

Figures, tables additional files 

See General formatting guidelines for information on how to format figures, tables and 

additional files.  

 

https://stemcellres.biomedcentral.com/submission-guidelines/preparing-your-manuscript

