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RESUMO 

 

BRAF p.V600E é a mutação mais comum em ameloblastomas convencionais e 
ameloblastomas unicísticos. Sabe-se que os cistos odontogênicos não apresentam 
esta mutação e representam um dos principais diagnósticos diferenciais dos 
ameloblastomas, em especial de sua variante unicística. Muitos casos de 
ameloblastoma unicístico e de alguns cistos odontogênicos, como o cisto dentígero 
e o cisto inflamatório radicular, compartilham semelhanças clínicas e radiográficas, 
podendo exibir características histológicas semelhantes em biópsias incisionais ou 
em tecidos muito inflamados, dificultando o diagnóstico preciso da lesão. As 
diferentes áreas morfológicas encontradas em um ameloblastoma e as 
características moleculares de cada uma destas regiões devem ser investigadas 
com o objetivo de determinar se a avaliação molecular ajudaria a estabelecer o 
diagnóstico correto de ameloblastoma independente de sua apresentação 
microscópica, contribuindo para a escolha do tratamento mais apropriado pelo 
cirurgião bucomaxilofacial. Portanto, o objetivo deste estudo foi verificar o status de 
mutação do gene BRAF em regiões histológicas de ameloblastomas que exibiam 
aspectos microscópicos distintos. Foram analisados cinco casos de ameloblastomas, 
sendo três casos classificados como Ameloblastoma unicístico e dois casos 
classificados como Ameloblastoma (convencionais), porém com grandes áreas de 
degeneração cística. Duas ou três regiões exibindo diferentes características 
microscópicas foram selecionadas de cada caso e enriquecidas por meio de 
microdissecção manual. Reações de qPCR ou de sequenciamento de Sanger foram 
realizadas para determinar a presença da mutação BRAF p.V600E. Observamos 
que quatro casos exibiram a mutação BRAF p.V600E em todas as diferentes áreas 
microscópicas avaliadas, enquanto que o único caso negativo para mutação em 
BRAF também demonstrou negatividade em todas as regiões microscópicas 
avaliadas. Nossos resultados sugerem que o ameloblastoma exibe um perfil 
homogêneo em relação à presença da mutação BRAF p.V600E ao longo de regiões 
histológicas com diferentes características microscópicas. 
 

Palavras-chave: Ameloblastoma. BRAF. BRAF p.V600E. Tumor odontogênico. 
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ABSTRACT 

 
BRAF p.V600E status in epithelial areas of ameloblastoma with different 
histological aspects 
 
 
BRAF p.V600E is the most common mutation in conventional ameloblastomas and 
unicystic ameloblastomas. It is known that odontogenic cysts do not present this 
mutation and that they represent an important differential diagnosis for 
ameloblastomas, especially its unicystic variant. Several unicystic ameloblastoma 
and some odontogenic cysts, such as dentigerous and radicular cysts, share clinical 
and radiographic features, and may exhibit similar histological characteristics in  
incisional biopsies or in severely inflamed tissues, making it difficult to accurately 
diagnose the lesion. Different morphological areas found in ameloblastomas and the 
molecular characteristics of each of these regions should be investigated in order to 
determine whether molecular evaluation would help to establish the correct 
diagnosis, contributing to select the most appropriate treatment by oral surgeons. 
Therefore, the aim of this study was to verify BRAF mutational status in histological 
areas of ameloblastomas presenting different microscopic features. Five cases of 
ameloblastoma were analysed, with three cases classified as unicystic 
ameloblastoma and two cases classified as (conventional) ameloblastoma with large 
areas of cystic degeneration. Two or three regions exhibiting different microscopic 
characteristics were selected from each case and enriched by manual 
microdissection. qPCR or Sanger sequencing were performed to determine BRAF 
p.V600E status. We observed that four cases exhibited BRAF p.V600E in all different 
areas evaluated, while the only negative case for BRAF mutation also demonstrated 
negativity in all microscopic regions analyzed. Our results suggest that 
ameloblastomas appear to exhibit a homogeneous profile regarding BRAF p.V600E 
along histological regions of the tumor presenting different microscopic appearance. 
 

Keywords: Ameloblastoma. BRAF. BRAF p.V600E. Odontogenic tumour. 
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1 CONSIDERAÇÕES INICIAIS 

 

 Tumores odontogênicos representam um grupo de lesões derivadas de restos 

epiteliais associados à odontogênese que afetam predominantemente os ossos 

gnáticos, mas também tecidos moles adjacentes como a gengiva, apresentando 

comportamento clínico e características histopatológicas bastante variáveis 

(MEDEIROS et al., 2018; SILVA et al., 2016). De acordo com a última classificação 

de Neoplasias de Cabeça e Pescoço da Organização Mundial da Saúde (OMS), os 

tumores odontogênicos são classificados em: tumor odontogênico epitelial, quando 

originado do epitélio odontogênico sem a presença de ectomesênquima; tumores 

odontogênicos mesenquimais, quando não há o envolvimento de epitélio 

odontogênico; e tumores odontogênicos mistos, quando epitélio odontogênico e 

ectomesênquima odontogênico estão envolvidos (EL-NAGGAR et al., 2017).  

Dentre os tumores odontogênicos, excetuando-se os odontomas, o 

amelolastoma representa a neoplasia mais comum, correspondendo a cerca de 18% 

de todos os casos diagnosticados (KREPPEL et al., 2018). Geralmente apresenta-se 

como uma lesão de crescimento lento e contínuo, assintomática, localmente 

invasiva, podendo exibir comportamento clínico agressivo. Afeta igualmente homens 

e mulheres, com idade variável de acordo com cada subtipo, porém sendo mais 

comumente diagnosticado em adultos jovens, e com maior frequência na região 

posterior de mandíbula (EFFIOM et al., 2018). De acordo com a OMS (2017) os 

ameloblastomas são classificados em: ameloblastoma (anteriormente denominado 

ameloblastoma sólido convencional ou multicístico), ameloblastoma unicístico e 

ameloblastoma periférico ou extraósseo (EL-NAGGAR et al., 2017).  

Ameloblastomas (convencionais) ocorrem principalmente entre a quarta e 

quinta décadas de vida. Quando em estágios avançados, seu comportamento 

agressivo pode levar ao aparecimento de diversos sinais e sintomas como expansão 

óssea, limitação de abertura da boca, dificuldade de alimentação e assimetria facial 

(EFFIOM et al., 2018). Ao exame radiográfico é possível observar uma imagem 

radiolúcida uni ou multilocular, comumente descrita como bolhas de sabão ou favos 

de mel. Tais lesões apresentam-se microscopicamente como ilhas ou cordões de 

tecido epitelial contendo células basais colunares, semelhantes a pré-ameloblastos, 

exibindo núcleo hipercromático e polarização invertida e vacuolização 

citoplasmática, estando dispostas em paliçada. Nas regiões centrais destas ilhas 
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neoplásicas, as células epiteliais estão organizadas mais frouxamente, semelhante 

ao retículo estrelado do órgão do esmalte (ALMEIDA et al., 2016). 

Microscopicamente, o ameloblastoma (convencional) ainda pode ser categorizado 

em algumas variantes, como os subtipos folicular, plexiforme, acantomatoso, de 

células granulares, desmoplásico e de células basais (EL-NAGGAR et al., 2017) 

Descrito por Robinson e Martinez em 1977, o ameloblastoma unicístico 

representa aproximadamente 5%-22% dos casos de ameloblastoma e é considerado 

uma variante menos agressiva do tumor (AGANI et al., 2016; REICHART et al., 

1995). Ocorre em pacientes mais jovens, geralmente na segunda década de vida. 

Radiograficamente, apresenta-se como uma imagem radiolúcida unilocular e bem 

delimitada que pode assemelhar-se com inúmeros outros tumores e cistos que 

acometem os ossos gnáticos. Além disso, sua frequente associação com a coroa de 

um terceiro molar incluso faz com que a semelhança com os cistos dentígeros seja 

muito forte, tornando este cisto seu principal diagnóstico diferencial. O exame 

histopatológico revela um epitélio ameloblástico como o descrito anteriormente que 

reveste parcial ou totalmente uma única cavidade cística, e apresenta uma cápsula 

fibrosa (PEREIRA et al.,2016).  

Ameloblastomas unicísticos podem ser classificados em: luminal (limitante 

epitelial restrito à superfície luminal); intraluminal (apresentando proliferações 

epiteliais em direção ao lúmen, sem invasão da cápsula fibrosa) e mural (quando 

observamos ilhas de epitélio ameloblástico invadindo a cápsula de tecido 

conjuntivo). Quanto a este último subtipo, existe uma discussão em relação à sua 

natureza realmente unicística e à abordagem terapêutica da lesão, levando em 

consideração seu comportamento clínico mais agressivo que as demais variantes do 

ameloblastoma unicístico, assemelhando-se ao ameloblastoma (convencional) 

(AGANI et al., 2016; DANDRYIAL et al., 2011; JAIN et al.,2017). 

A abordagem terapêutica padrão para o ameloblastoma é a ressecção 

cirúrgica com margem de segurança, devido ao potencial infiltrativo e de 

recorrências locais que ocorrem em cerca de 15% dos casos (KREPPEL et al., 

2018). Entretanto, esse manejo cirúrgico pode resultar em significativa deformidade 

facial e alto grau de morbidade, afetando diretamente a qualidade de vida do 

paciente. A enucleação neoplásica seguida da utilização de solução de Carnoy e/ou 

osteotomia periférica, é uma opção de tratamento menos agressiva, mais utilizada 

no contexto do ameloblastoma unicístico (BROWN et al., 2014; KRUPPA et al., 
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2014; PEREIRA et al., 2016). Casos que recebem esta abordagem estão associados 

a índices mais elevados de recidivas, porém, com menor morbidade (ALMEIDA et 

al., 2016).  

BRAF é um gene da via de sinalização celular das proteínas quinases 

ativadas por mitógeno (MAPKs) que controla diversos processos celulares como 

proliferação, diferenciação e sobrevivência, através de uma cascata de fosforilações. 

Quando ocorre a mutação p.V600E, BRAF é ativado e desencadeia a sinalização 

MEK/ERK da via, resultando em aumento da proliferação e sobrevivência celular 

(BROWN AND BETZ, 2015DHILLON et al., 2007). Atualmente, diversos grupos de 

pesquisa têm desenvolvido estudos relacionados à biologia molecular do 

ameloblastoma a fim de esclarecer sua patogênese. De acordo com estudos 

recentes, a mutação BRAF p.V600E tem sido demonstrada como um evento 

molecular frequente em casos de ameloblastoma (convencional) (BROWN et al., 

2014; FREGNANI et al., 2017; KRUPPA el al., 2014; SWEENEY et al., 2014) e 

unicístico (DINIZ et al., 2015; HEIKINHEIMO et al., 2019; PEREIRA et al., 2016). 

Apesar desta mutação também estar presente em outras neoplasias odontogênicas 

como o carcinoma ameloblástico e o carcinoma odontogênico de células claras, ela 

não parece estar ocorrendo em cistos odontogênicos como o cisto dentígero e o 

cisto inflamatório radicular (BRUNNER et al., 2015; DINIZ et al., 2015). 

Recentemente, inibidores seletivos de BRAF tem sido usados para o 

tratamento de pacientes afetados por outros tipos de neoplasias que também 

apresentam a mutação p.V600E, como o melanoma, o câncer de pulmão e o câncer 

colorretal. Entretanto, apesar do tratamento aumentar a sobrevida de alguns 

pacientes, um grupo de indivíduos acometidos por estas doenças não parece 

responder bem à quimioterapia com inibidores de BRAF e em alguns casos o tumor 

adquire resistência ao tratamento (SANZ-GARCÍA et al., 2017).  

 

Kaye et al. (2015),Tan et al. (2015), Faden et al. (2017) e Fernandes et al. 

(2018) relataram o uso de inibidores de BRAF em casos individuais de 

ameloblastoma que não apresentaram boas respostas clínicas após a realização de 

terapias cirúrgicas convencionais. Os dois primeiros estudos utilizaram dabrafenibe, 

durante 16 semanas e 12 meses, respectivamente; e o terceiro utilizou vemurafenibe 

por 11 meses como tratamento paliativo da paciente. Todos os autores relataram 

diminuição do tamanho da lesão, com resposta contínua à medicação, mesmo após 
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um longo período de tempo. Essa resposta prolongada e satisfatória a um único 

fármaco pode indicar uma característica de homogeneidade molecular do 

ameloblastoma (FADEN et al., 2017; TAN et al., 2015).  

Quando há falha na resposta ao tratamento, dentre outras possíveis causas, 

esta pode estar relacionada à heterogeneidade genética exibida pelo tumor. O 

desenvolvimento de uma neoplasia se dá através de um dano ao DNA de uma única 

célula que durante a replicação repassa a mutação para seus clones. A contínua 

proliferação dessas células resulta em uma diversidade clonal que contribui para a 

heterogeneidade do tumor e consequentemente, possível resistência à terapia 

(CROCKFORD et al., 2014; DAGOGO-JACK & SHAW, 2017; GOMES et al., 2014). 

No contexto das neoplasias que apresentam a mutação BRAF p.V600E, estudos 

recentes têm demonstrado a presença de uma variabilidade genética em diferentes 

áreas de uma lesão. Yancovitz et al. (2012) demonstraram haver uma 

heterogeneidade na presença de BRAF p.V600E tanto inter quanto intratumoral em 

melanomas primários e metastáticos, apesar de Boursault et al. (2013) e Riveiro-

Falkenbach et al. (2015) observarem em seus estudos que esta mutação ocorreria 

de forma homogênea nos melanomas. Em relação ao câncer de pulmão, a 

heterogeneidade intratumoral no que se refere à presença da mutação em BRAF 

também pôde ser encontrada, como demonstrado em todos os casos investigados 

por Tatematsu et al. (2015).  

A possível relação entre a presença da mutação BRAF p.V600E e a 

apresentação microscópica do ameloblastoma já foi discutida anteriormente na 

literatura. Tan et al. (2015) sugeriram em seu relato de caso que após a utilização 

dos inibidores de BRAF houve uma modificação no aspecto microscópico da lesão 

que se apresentou com mais áreas escamosas. Entretanto, no estudo que 

desenvolvemos avaliando o potencial prognóstico da mutação em uma ampla 

amostra de ameloblastomas, não foi possível identificar associações entre a 

ocorrência de BRAF p.V600E e os subtipos microscópicos da neoplasia (FRAGNANI 

et al., 2016). A possível relação entre a presença da mutação e diferentes aspectos 

microscópicos do ameloblastoma torna-se clinicamente importante ao considerarmos 

que em muitas biópsias incisionais de lesões císticas ou predominantemente 

císticas, não é possível realizar uma diferenciação diagnóstica segura e confiável 

entre ameloblastomas e outros cistos odontogênicos como o cisto dentígero e o cisto 
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inflamatório radicular, comprometendo a escolha terapêutica mais apropriada pela 

equipe de cirurgia buco maxilofacial (DUNSCHE et al., 2003; PEREIRA et al., 2016). 

Portanto, considerando a complexidade biológica do ameloblastoma e suas 

características clínicas de maior agressividade local, ao mesmo tempo que a 

apresentação microscópica do tumor muitas vezes não permite a realização de um 

diagnóstico seguro em biópsias incisionais pequenas e altamente inflamadas, a 

identificação de biomarcadores moleculares como a mutação BRAF p.V600E 

poderia representar uma ferramenta diagnóstica auxiliar nestes casos borderline, 

entendendo, porém, que esta mutação não está presente em 100% dos casos de 

ameloblastoma. Entretanto, é necessário investigar se a presença ou ausência da 

mutação nos ameloblastomas ocorre de forma consistente em toda extensão 

neoplásica, independentemente da existência de áreas microscópicas com aspectos 

histopatológicos distintos, como sugerido por Gomes et al.(2014). Por fim, esta 

discussão também poderá trazer evidências iniciais quanto ao perfil de 

heterogeneidade genética que esta neoplasia odontogênica pode possuir, no 

contexto da mutação BRAF p.V600E. 

 

1.1 Objetivos da pesquisa 

 

1.1.1 Objetivos gerais 

Avaliar o status de mutação do gene BRAF em ameloblastoma (convencional) 

e ameloblastoma unicístico. 

 

1.1.2 Objetivos específicos 

a) Investigar a presença da mutação BRAF p.V600E em áreas tumorais 

exibindo diferentes aspectos microscópicos. 

b) Verificar a utilidade da identificação da mutação BRAF p.V600E para o 

diagnóstico de ameloblastoma independente dos aspectos microscópicos 

exibidos pelo tumor. 

c) Determinar se o ameloblastoma possui evidências de heterogeneidade 

genética quanto à presença da mutação BRAF p.V600E. 
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2 METODOLOGIA EXPANDIDA 

 

2.1 Seleção da amostra 

 

Cinco casos de ameloblastoma fixados em formalina e embebidos em 

parafina (FFPE) foram obtidos dos arquivos do Departamento de Patologia Oral da 

Universidade Federal de Minas Gerais (Belo Horizonte/Brasil) e dos arquivos de 

Patologia Oral da Universidad Autónoma de Nuevo León (Monterrey/México). Todos 

os casos apresentavam dados clínicos, radiográficos, macroscópicos e histológicos 

completos, e os diagnósticos foram confirmados por dois patologistas orais (FPF e 

RSG), seguindo as diretrizes da Organização Mundial de Saúde (OMS) para 

classificação de tumores de cabeça e pescoço (VERED et al., 2017). Os tumores 

consistiam em três ameloblastomas unicísticos e dois ameloblastomas 

(convencionais) exibindo grandes áreas de degeneração cística. Resumidamente, os 

ameloblastomas unicísticos apresentavam macroscopicamente e histologicamente 

uma única cavidade cística envolvida por epitélio ameloblástico. Enquanto que 

ambos os casos de ameloblastoma (convencional) apresentavam pelo menos uma 

área de grande degeneração cística envolvida por epitélio ameloblástico, bem como 

ilhas e ninhos de epitélio ameloblástico no estroma de tecido conjuntivo fibroso 

 

Este estudo foi desenvolvido de acordo com os padrões éticos e foi aprovado 

pelo Comitê de Ética em Pesquisa da Universidade Federal de Minas Gerais (CAAE: 

97428718.5.0000.5149). 

 

2.2 Dissecção manual 

 

Para cada amostra de ameloblastoma unicístico, duas áreas 

microscopicamente distintas foram selecionadas e obtidas por dissecção manual. 

Área 1: epitélio odontogênico neoplásico apresentando características microscópicas 

típicas ou muito sugestivas de ameloblastoma, isto é, presença de células epiteliais 

colunares semelhantes a pré-ameloblastos, dispostas em paliçada com núcleos 

hipercromáticos, e mais superficialmente, células dispostas frouxamente, 

semelhantes ao retículo estrelado do órgão do esmalte. Área 2: epitélio 

odontogênico neoplásico que não apresentava características de epitélio 
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ameloblástico, como por exemplo, áreas de epitélio atrófico, hiperplásico, ausência 

de organização de células em paliçada, dentre outras. 

Para as duas amostras de ameloblastoma (convencional), a Área 1 e a Área 2 

foram selecionadas a partir do revestimento epitelial das grandes degenerações 

císticas seguindo os critérios microscópicos descritos acima. Além disso, a Área 3 

compreendia ilhas ou ninhos de epitélio ameloblástico presentes na cápsula do 

tumor. 

As áreas de interesse foram selecionadas e delimitadas a partir da análise da 

lâmina de H&E sobreposta ao bloco de parafina correspondente de cada amostra. 

Após a seleção, essas áreas foram dissecadas manualmente a 7-10μm usando um 

Micrótomo Rotary 820 Spencer Type (American Optical Company), para posterior 

extração de DNA. 

 

2.3 Extração de DNA 

 

Fragmentos dissecados de áreas selecionadas foram desparafinizados com 

Solução Desparafinizadora (QIAGEN, Hilden, Alemanha) e digeridos com proteinase 

K (QIAGEN, Hilden, Alemanha) a 56° C overnight. O DNA genômico (gDNA) foi 

isolado da parafina usando o kit QIAamp DNA FFPE Tissue (QIAGEN, Hilden, 

Alemanha) de acordo com as instruções do fabricante. A qualidade do gDNA foi 

analisada por espectrofotometria no equipamento NanoDrop 2000 (Thermo Fisher 

Scientific, Wilmington, DE, EUA) considerando a razão de absorbância. A 

quantificação do DNA foi realizada com o fluorímetro Qubit 4 (Thermo Fisher Scienti 

fi c Inc). O gDNA extraído foi armazenado a -20 ° C. 

 

2.4 Reação em Cadeia de Polimerase Quantitativa (qPCR) 

 

O status de mutação foi avaliado pela reação em cadeia da polimerase 

quantitativa específica do alelo competitivo TaqMan (qPCR), que é um ensaio 

altamente específico e sensível que pode detectar pequenas quantidades de DNA 

mutado. As reações foram realizadas usando sondas TaqMan específicas 

(BRAF_476_mu e BRAF_rf) para detectar a transversão T> A na posição c.1799 

(Applied Biosystems®, Foster City, EUA). As reações foram realizadas através do 

equipamento StepOne Plus (Applied Biosystems) usando o protocolo universal de 
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termociclagem para detecção de mutação (95 ° C por 10 min; 5 ciclos: 92 ° C por 15 

se 58 ° C por 1 min; 40 ciclos: 92 ° C por 15 se 60 ° C por 1 min). 

 

2.5 Detecção da mutação 

 

O status da mutação foi determinado usando o software Taqman Mutation 

Detector ™, versão 2.0 (Life Technologies Corporation, Carlsbad, EUA). O limite 

delta Ct (Ctmutado - Ctselvagem; limiar 0,2) foi 9 (Lang et al., 2011) e os valores de 

Ct acima de 37,0 foram desconsiderados. 

 

2.6 Sequenciamento de Sanger 

 

Em relação à amostra em que qPCR não funcionou, o sequenciamento de 

Sanger foi usado para investigar a presença ou ausência da mutação. A PCR 

convencional foi realizada, seus produtos foram purificados usando o Reagente de 

Limpeza de Produtos ExoSAP-IT ™ PCR (Life Technologies) e o sequenciamento 

do DNA foi realizado usando o Big Dye Terminator v3. 1 Kit de seqüenciamento de 

ciclo (Applied Biosystems) e executado em um analisador de DNA ABI 3730 (Applied 

Biosystems). Foi realizado o sequenciamento unidirecional e os cromatogramas 

foram analisados manualmente no aplicativo Snap Gene® Viewer usando as 

sequências de referência para comparação. 
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3 ARTIGO 

 

Os resultados foram escritos em língua inglesa na forma de artigo científico. 
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ABSTRACT 

 

Background:BRAF p.V600E is present in up to 80% of conventional and unicystic 

ameloblastomas. Meanwhile, it is known that some odontogenic cysts do not present this 

mutation, but are considered important differential diagnoses for ameloblastomas, especially 

for the unicystic variant. Many cases of unicystic ameloblastomas and some odontogenic 

cysts, such as dentigerous and radicular cysts, may share clinical and radiographic features, 

possibly exhibiting similar histological characteristics in incisional biopsies, hampering an 

accurate diagnosis in many cases. Microscopic areas of ameloblastomas presenting different 

histological appearance must be investigated with regards to their molecular characteristics in 

order to determine whether the evaluation of molecular features would reliably help to 

establish the diagnosis independent of the tumour microscopic variability. Therefore, this 

study aimed to verify BRAF mutational status in microscopic regions of ameloblastomas 

presenting different histological aspects. Methods: Five cases of ameloblastoma were 

analysed. Two or three regions exhibiting different microscopic characteristics were selected 

from each case and manually dissected. TaqMan allele-specific qPCR or Sanger sequencing 

were performed to determine BRAF p.V600E status. Results: We observed that four cases 

exhibited BRAF p.V600E in all different areas evaluated, while the only negative case for the 

BRAF mutation also showed negative mutation status in all microscopic regions analysed. 

Conclusion: Results demonstrate that ameloblastomas appear to exhibit a homogeneous 

profile regarding the BRAF p.V600E no matter what histological feature is observed under 

light microscopy, suggesting that this molecular test may contribute to establish the correct 

diagnosis in cases that this odontogenic tumour microscopically resembles other odontogenic 

cysts. 

 

Keywords: ameloblastoma; BRAF; BRAF p.V600E; odontogenic tumour. 
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Introduction 

Odontogenic tumours represent a group of gnathic lesions with variable clinical 

behaviour and histopathological features. Ameloblastoma is the most common odontogenic 

neoplasm, with locally aggressive clinical behaviour associated with frequent recurrences and 

high morbidity rates.1 Although rare, the malignant transformation of ameloblastoma into 

ameloblastic carcinoma may also occur.2 Treatment approaches vary, but surgical resection is 

the standard treatment for ameloblastomas; however, it frequently results in facial deformity 

and functional impairment.3 

 According to the World Health Organization Classification of Head and Neck 

Tumours, ameloblastomas is classified into ameloblastoma (formerly called solid or 

multicystic ameloblastoma), unicystic ameloblastoma and peripheral/extraosseous 

ameloblastoma. Conventional ameloblastoma is the most common subtype, accounting for 

approximately 90% of all cases, while unicystic ameloblastoma represents 5 to 22%. 

Moreover, ameloblastomas commonly demonstrate different architectural histological 

patterns in one single case.4  

Although ameloblastoma microscopic diagnosis is usually a straightforward approach 

in routine pathology workflow, small biopsies of unicystic ameloblastomas and those with 

severe inflammatory infiltrate may cause significant difficulties because they may resemble 

other odontogenic lesions like dentigerous and inflammatory cysts. Therefore, in this scenario 

a reliable microscopic diagnosis may be very difficult to be obtained, potentially leading to 

incorrect clinical managements. The search for new tools that may contribute to a more 

reliable diagnosis in these challenge circumstances remains desirable.5,6  

Recently, BRAF p.V600E was shown to be present in approximately up to 80% of 

conventional ameloblastomas7-10 and unicystic ameloblastomas, 6,11,12 whereas other 

odontogenic cysts like keratocysts, dentigerous cyst and inflammatory cyst were shown to be 
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devoid of this molecular alteration.6,13 BRAF is a gene of the mitogen-activated protein kinase 

(MAPKs) cell signaling pathway that controls various cellular processes such as cell 

proliferation, differentiation and survival. When the p.V600E mutation occurs, BRAF is 

constitutively activated and triggers MEK/ERK signalling pathway, resulting in increased cell 

proliferation and survival, and consequent neoplastic transformation.14 

Selective BRAF inhibitors, such as vemurafenib and dabrafenib, have been approved 

for the treatment of mutation-positive cancers, like melanoma and colorectal carcinoma15,16 

and have already been used in recurrent BRAF p.V600E positive ameloblastomas non-

responsive to primary surgical approaches.17-20 However, although the use of these drugs is 

associated with increased survival for some patients affected by melanoma, other groups of 

patients does not seem to benefit from this therapy.21 Still, colorectal cancer has a more 

complex and heterogeneous biology, leading to resistance to targeted treatment.16 This failure 

in treatment response is partly attributed to genetic heterogeneity of tumours, which may 

demonstrate different patterns of gene expression in one same tumour.22 

Although BRAF p.V600E has already been investigated in conventional and unicystic 

ameloblastomas during the last years, there was no attempt to determine whether tumour areas 

with different microscopic appearance in the same neoplasm would present distinct 

mutational status, as proposed by Gomes et al. (2014),23 which may significantly impact the 

diagnostic reliability of this mutated gene in scenarios where microscopic appearance of 

ameloblastic epithelium is not representative of the tumour and resemble other odontogenic 

lesions. Therefore, the aim of this study is to investigate the BRAF p.V600E status in 

microscopic areas of ameloblastomas presenting different histological aspects under light 

microscopy. 
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Materials and Methods 

Ethical issues 

This study was developed in accordance with ethical standards and was approved by 

the institutional review board and the Ethics Committee of the Universidade Federal de Minas 

Gerais (CAAE: 97428718.5.0000.5149). 

Sample selection  

 Five formalin-fixed, paraffin-embedded (FFPE) ameloblastomas were retrieved from 

the Oral Pathology files of the Universidade Federal de Minas Gerais (Belo Horizonte/Brazil) 

and from the Oral Pathology files of the Universidad Autónoma de Nuevo León 

(Monterrey/Mexico). All cases contained full clinical, radiographic (Figure 1) and pathologic 

data available, and the diagnoses were confirmed by two oral pathologists (FPF and RSG) 

following the latest World Health Organization (WHO) classification of Head and Neck 

Tumours guidelines. The tumours consisted of three unicystic ameloblastomas and two 

conventional ameloblastomas. Areas of ameloblastic epithelium and neoplastic odontogenic 

epithelium that did not present ameloblastomatous features were observed in all samples. 

Briefly, unicystic ameloblastomas presented one single cystic cavity surrounded by 

ameloblastic epithelium, while both cases of conventional ameloblastoma presented at least 

one large cystic degeneration surrounded by ameloblastic epithelium as well as neoplastic 

cells in the tumour capsule. Gross surgical specimens were available for all tumours to 

support our diagnoses. 

 

Tumor tissue selection and manual dissection  

For each unicystic ameloblastoma sample, two different areas were selected according 

to histopathological characteristics and obtained using manual dissection. Area 1: neoplastic 
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epithelium presenting microscopic features typical or very suggestive of ameloblastoma, i.e., 

presence of basal columnar pre-ameloblast-like epithelial cells, arranged in palisade with 

hypercromatic nuclei and overlying loosely arranged cells. Area 2: neoplastic odontogenic 

epithelium that did not present ameloblastomatous features. For conventional ameloblastoma 

samples, Area 1 and Area 2 were selected from the epithelial lining of the large cystic 

degenerations following the microscopic criteria described above. Additionally, Area 3 

comprised ameloblastic islands present in the tumour capsule (Figures 2 and 3).  

The areas of interest were delimited and selected using H&E slide superimposed to its 

corresponding paraffin block for each sample. After selection, these areas were manually 

dissected at 7-10μm using a Microtome Rotary 820 Spencer Type (American Optical 

Company) for posterior DNA extraction. 

 

DNA extraction 

Dissected fragments from selected areas were deparaffinized with Deparaffinization 

Solution (QIAGEN, Hilden, Germany), and digested with proteinase K (QIAGEN, Hilden, 

Germany) at 56°C overnight. Genomic DNA (gDNA) was isolated from FFPE sections using 

QIAamp DNA FFPE Tissue kit (QIAGEN, Hilden, Germany) according to the 

manufacturer’s instructions. The gDNA quality was analyzed by spectrophotometry 

NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, USA) considering the 

absorbance ratio. gDNA quantification was performed with Qubit 4 Fluorometer (Thermo 

Fisher Scientific Inc). The extracted gDNA was stored at -20°C, until it was used. 

BRAF p.V600E assessment by TaqMan allele-specific qPCR 

The BRAF p.V600E mutation status was assessed by TaqMan allele-specific 

quantitative polymerase chain reaction (qPCR), which is a highly specific and sensitive assay 

that can detect rare amounts of mutated DNA in a background of wild-type DNA. The 
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reactions were performed using specific TaqMan probes (BRAF_476_mu and BRAF_rf) to 

detect the T>A transversion at position c.1799 (Applied Biosystems®, Foster City, USA). 

The reactions were run on a StepOne Plus instrument (Applied Biosystems) using the 

universal mutation detection thermocycling protocol.The mutation status was determined 

using Taqman Mutation Detector™ Software, version 2.0 (Life Technologies Corporation, 

Carlsbad, USA). Following the manufacturer’s recommendation. 

 

Sanger Sequencing 

  For one case in which the allele-specific qPCR reaction was not considered 

technically satisfactory, Sanger sequencing was applied to investigate whether mutated BRAF 

was present or not in the tumour regions selected. Conventional PCR was performed and its 

products were purified using ExoSAP-IT™ PCR Product Cleanup Reagent (Life 

Technologies). DNA sequencing was performed using Big Dye Terminator v3. 1 Cycle 

Sequencing Kit (Applied Biosystems) and run on an ABI 3730 DNA Analyzer (Applied 

Biosystems). Chromatograms were manually inspected in the Snap Gene® Viewer app using 

the reference sequence for comparison. 
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Results 

  The mean age of individuals in the selected cases was 22 years (range from 14 to 29 

years-old), most of them males (3 males:2 females). All lesions were primary tumours located 

in the mandible, mainly in posterior region. All patients were treated with surgical excision. 

Areas of characteristic ameloblastic epithelium and neoplastic odontogenic epithelium that 

did not present ameloblastomatous features were observed in the histopathologic analyses of 

all samples.  

All five ameloblastoma cases showed homogeneous BRAF mutational status in distinct 

epithelial areas within the same tumour (Table 1). When tested by allele-specific qPCR, four 

samples were BRAF p.V600E positive. In only one case (UA1) the BRAF mutational status 

could not be determined by the allele-specific qPCR assay and therefore, Sanger sequencing 

was carried out. This case showed homogenous BRAF p.V600E negativity, since the mutation 

was not identified in any analysed areas (Figure 4). 
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Discussion 

Ameloblastoma pathogenesis remains to be better understood, but a series of studies 

has recently demonstrated the importance of BRAF mutation for the development of this 

neoplasm.7,8,9 Although BRAF p.V600E is mostly present in ameloblastomas, some other 

odontogenic tumours with ameloblastomatous component also harbour this molecular 

event.6,11,24 According to the literature, over than 46% of ameloblastomas are positive for 

BRAF p. V600E, including the unicystic variant.6,11,12,25 Notably, Heikinheimo et al. (2019)12 

found that 94% of mandibular unicystic ameloblastomas were BRAF p.V600E positive. 

The importance of BRAF mutation for ameloblastoma clinical behaviour is still 

unclear and very difficult to be determined given the lack of standardized parameters to 

determine ameloblastoma aggressiveness. A small number of studies suggested an association 

between the presence of BRAF p.V600E and a more aggressive behaviour in 

ameloblastomas,10  whereas others did not find an association between the presence of the 

mutation and clinicopathological features.25 Despite the paucity of association between BRAF 

p.V600E and clinicopathological parameters in many studies, the high frequency of this 

mutation in ameloblastomas suggests that it could be eligible for targeted therapy with the 

currently available BRAF inhibitors already approved for clinical management of melanomas 

and colon cancer.23,26 

Previously, different research groups reported single cases of recurrent 

ameloblastomas treated with the BRAF inhibitors dabrafenib and trametinib combined;17 

vemurafenib20 and dabrafenib only,18,19 describing positive therapeutic effects, including 

resolution of previous associated symptoms and reduction of the lesion size, even after a long 

period of follow-up. Replacing radical surgery by targeted therapy for patients affected by 

ameloblastomas would significantly decrease morbidity and improve their quality of life.  

However, these drugs have significant side effects such as nausea, skin toxicity, arthralgia, 
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cutaneous squamous cell carcinoma and hepatic abnormalities, that must be considered in 

order to choose the best therapy for each patient individually.27 

Recent studies have demonstrated the occurrence of an important genetic variability 

regarding the presence of BRAF p.V600E, both in one single case and among different cases 

in human cancers that frequently exhibit this mutation such as melanoma, colorectal cancer 

and lung cancer.28,29  In the present study we also attempted to investigate if there would be 

any genetic heterogeneity in terms of the presence or absence of BRAF p.V600E in 

histological regions of ameloblastomas exhibiting different microscopic aspects. This possible 

genotype-phenotype correlation in the context of BRAF mutation and ameloblastoma was 

briefly discussed by Tan et al. (2016)18 that described a morphological change in their 

ameloblastoma case when the patient was submitted to a BRAF p.V600E inhibitor therapy, 

although several studies failed to identify any association between this mutation and 

ameloblastoma microscopic subtypes.10 We observed that 4 out of 5 cases (80%) investigated 

in our research were positive for BRAF p.V600E, corroborating the frequency of occurrence 

of the mutation observed by previous.7,12,25  

Moreover, the four cases positive for the mutation also demonstrated its presence in all 

morphological regions investigated. In the only case where qPCR reaction was not 

satisfactory, we performed Sanger sequencing that demonstrated the absence of BRAF 

p.V600E in all different areas investigated. The latter result should be seen with caution, as 

long as direct sequencing is a less sensitive technique that might not identify mutations in a 

low percentage frequency.30 Our findings support that BRAF p.V600E expression in 

ameloblastoma is homogeneous in the different areas from the same tumor.  

Unicystic ameloblastoma may share clinical and radiographic similarities with other 

odontogenic lesions like dentigerous and inflammatory radicular cysts. Moreover, unicystic 

and (conventional) ameloblastomas with large cystic degenerations may display microscopic 
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features that may strongly resemble both cysts, which is a special concern in small incisional 

biopsies and in cases with severe inflammatory infiltrate.5,6 Therefore, although BRAF 

p.V600E is not present in all cases of ameloblastomas, its molecular assessment could be 

helpful to determine the correct diagnosis in some challenging cases (approximately 80% in 

some series as described above), which is supported by our previous results demonstrating 

that these dentigerous and inflammatory cysts do not harbour BRAF mutation.6 However, the 

occurrence of the mutation in all regions of the neoplastic epithelium, including in those areas 

that do not resemble ameloblastoma and that may cause some insecurity in terms of its 

reliable microscopic representativeness, would be mandatory for using the molecular 

approach as a diagnostic auxiliary, which was demonstrated in our study. Performing this 

differential diagnosis is very important to determine patients’ treatment, since dentigerous and 

inflammatory cysts demand a more conservative management, not being associated with 

recurrences or significant local morbidity, whereas ameloblastomas, even its less aggressive 

unicystic variant, require larger surgical approaches and the potential for local recurrences 

must be kept in mind by surgeons and clinicians .3  

In conclusion, our study contributes to the molecular characterization of 

ameloblastomas by showing that they harbour BRAF p.V600E in microscopic areas 

demonstrating different histological aspects in one same neoplasm. Therefore, molecular 

detection of BRAF p.V600E may be supportive in the differential diagnosis of 

ameloblastomas with other odontogenic cysts in microscopic challenging cases, making 

molecular tests a possible complementary approach to clinical, radiographic and 

histopathological examination.  
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Figure legends 

Figure 1. Radiographic images. A) Panoramic radiography of case UA1 exhibits a 

radiolucent image in the right posterior region of the mandible, involving an impacted third 

molar. B) Radiolucent area affecting the posterior region of the mandible, left side. 

Correspondent to case UA3. C) AM4 radiographic image showing a well-defined radiolucent 

area, involving an impacted third molar. 

Figure 2. Macroscopic and histopathological aspects of selected UAs. A; D; G) Gross aspect 

of the specimens after surgical removal, exhibiting a single cavity. B; E; H) Selected areas 

which shows characteristics of an ameloblastic epithelium, such as ameloblast-like cells with 

hyperchromatic nuclei, arranged in palisade with overlaying loosely arranged cells (H&E; 

200X). C; F; I) Appearance of neoplastic epithelium that does not resemble ameloblastoma, 

due to lack of ameloblastic features (H&E; 200X). 

Figure 3. Macroscopic and histopathological aspects of selected AMs. A; E) Conventional 

ameloblastomas showing large cystic degenerations. B; F) Selected areas which shows 

characteristics of an ameloblastic epithelium, such as ameloblast-like cells with 

hyperchromatic nuclei, arranged in palisade with overlaying loosely arranged cells (H&E; 

200X). C; G) Appearance of neoplastic epithelium that does not resemble ameloblastoma, 

due to lack of ameloblastic features (H&E; 200X). D; H) Microscopic regions that represent 

the solid area of the lesions, exhibiting a follicular pattern. 

Figure 4.  A) Amplification plot obtained from allele-specific qPCR assay showing the 

mutation detection. The yellow and red colored curves correspond to amplification of 

reference gene and mutant allele, respectively.  B) Sanger Sequencing result. Screen shot of 

the chromatogram showing the wild type sequence for BRAF codon 600. 
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Table 1. Clinical features and BRAF p.V600E status in each selected area of ameloblastoma cases 

 

 

 

 

 

 

 

UA, unicystic 

ameloblastoma; AM, conventional ameloblastoma; F, female; M, male; NE, not evaluated. 

*Results obtained by Sanger Sequencing 

 

 

 

 

 

 

 

 

 

 

Case number Clinical data BRAF status 

 
Age 

(years) 
Sex Location 

Representative 

area 

Non representative 

area  
Solid area 

UA 1 14 F Mandible Wild type* Wild type* NE 

UA 2 22 M Mandible Mutant  Mutant  NE 

UA 3 21 M Mandible Mutant  Mutant  NE 

AM 4 24 M Mandible Mutant Mutant Mutant 

AM 5 29 F Mandible Mutant Mutant  Mutant 
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Figure 1. Radiographic images. A) Panoramic radiography of case UA1, exhibits a radiolucent 

image in the right posterior region of the mandible, involving an impacted third molar. B) 

Radiolucent area affecting the posterior region of the mandible, left side. Correspondent to case UA3. 

C) AM4 radiographic image showing a well-defined radiolucent area, involving an impacted third 

molar. 
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Figure 2. Macroscopic and histopathological aspects of selected UAs. A; D; G) Gross aspect 

of the specimens after surgical removal, exhibiting a single cavity. B; E; H) Selected areas 

which shows characteristics of an ameloblastic epithelium, such as ameloblast-like cells with 

hyperchromatic nuclei, arranged in palisade with overlaying loosely arranged cells (H&E; 

200X). C; F; I) Appearance of neoplastic epithelium that does not resemble ameloblastoma, 

due to the lack of ameloblastic features (H&E; 200X). 
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Figure 3. Macroscopic and histopathological aspects of selected AMs. A; E) Conventional 

ameloblastomas showing large cystic degenerations. B; F) Selected areas which show 

characteristics of an ameloblastic epithelium, such as ameloblast-like cells with 

hyperchromatic nuclei, arranged in palisade with overlaying loosely arranged cells (H&E; 

200X). C; G) Appearance of neoplastic epithelium that does not resemble ameloblastoma, 

due to the lack of ameloblastic features (H&E; 200X). D; H) Microscopic regions that 

represent the solid area of the lesions, exhibiting a follicular pattern. 
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Figure 4.  A) Amplification plot obtained from allele-specific qPCR assay showing the 

mutation detection. The yellow and red colored curves correspond to amplification of 

reference gene and mutant allele, respectively.  B) Sanger Sequencing result. Screen shot of 

the chromatogram showing the wild type sequence for BRAF codon 600. 
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4 CONSIDERAÇÕES FINAIS 

 

O presente estudo contribui com informações relacionadas à biologia molecular 

dos ameloblastomas. Observou-se a presença da mutação BRAF p.V600E nas 

diferentes áreas histológicas analisadas, tanto no ameloblastoma (convencional) 

quanto no ameloblastoma unicístico. A presença da mutação em áreas 

microscópicas não representativas do tumor indica que a análise do status de 

mutação do gene BRAF pode ser utilizada de forma confiável como auxiliar no 

diagnóstico da lesão em casos cujo diagnóstico microscópico não é claramente 

evidente, o que ocorre com maior frequência em biópsias incisionais pequenas ou 

muito inflamadas. No entanto, a detecção da mutação deve ser analisada em 

conjunto com as características clínicas, radiográficas e histológicas, porque BRAF 

p.V600E não está presente em 100% dos casos de ameloblastoma. Além disso, a 

presença da mutação em todas as áreas das amostras analisadas reforça a ideia de 

que o ameloblastoma seja uma lesão com perfil genético homogêneo, o que poderia 

facilitar o desenvolvimento e implementação de terapias utilizando inibidores de 

BRAF. 
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 US authors should cite compliance with the US National Research Council's Guide for the 
Care and Use of Laboratory Animals, the US Public Health Service's Policy on Humane 
Care and Use of Laboratory Animals, and Guide for the Care and Use of Laboratory 
Animals. 

 UK authors should conform to UK legislation under the Animals (Scientific Procedures) 
Act 1986 Amendment Regulations (SI 2012/3039). 

 European authors outside the UK should conform to Directive 2010/63/EU. 

 
Suppliers 

Suppliers of materials should be named and their location (town, state/county, country) included. 

 
Clinical Trial Registration 

The journal requires that clinical trials are prospectively registered in a publicly accessible 
database and clinical trial registration numbers should be included in all papers that report their 
results. Authors are asked to include the name of the trial register and the clinical trial registration 
number at the end of the abstract. If the trial is not registered, or was registered retrospectively, 
the reasons for this should be explained. 

 
Research Reporting Guidelines 

Accurate and complete reporting enables readers to fully appraise research, replicate it, and use 
it. Authors are encouraged to adhere to recognised research reporting standards. The EQUATOR 
Network collects more than 370 reporting guidelines for many study types, including for: 

 Randomised trials : CONSORT  
Clinical trials should be reported using the CONSORT guidelines available 
at www.consort-statement.org. A CONSORT checklist should also be included in the 
submission material. 

 Observational studies : STROBE  
 Systematic reviews : PRISMA or PROSPERO 

Systematic reviews must be registered in the PROSPERO (International Prospective 
Register of Systematic Reviews) database and the registration number provided in the 
text. 

 Case reports : CARE  
 Qualitative research : SRQR  
 Diagnostic / prognostic studies : STARD  
 Quality improvement studies : SQUIRE  
 Economic evaluations : CHEERS  
 Animal pre-clinical studies : ARRIVE  
 Study protocols : SPIRIT  
 Clinical practice guidelines : AGREE 

 
We also encourage authors to refer to and follow guidelines from: 

 Future of Research Communications and e-Scholarship (FORCE11)  
 National Research Council's Institute for Laboratory Animal Research guidelines  
 The Gold Standard Publication Checklist from Hooijmans and colleagues  
 Minimum Information Guidelines from Diverse Bioscience Communities (MIBBI) website  
 FAIRsharing website 
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objectivity is considered a potential source of conflict of interest. These must be disclosed when 
directly relevant or directly related to the work that the authors describe in their manuscript. 
Potential sources of conflict of interest include, but are not limited to: patent or stock ownership, 
membership of a company board of directors, membership of an advisory board or committee for 
a company, and consultancy for or receipt of speaker's fees from a company. The existence of a 
conflict of interest does not preclude publication. If the authors have no conflict of interest to 
declare, they must also state this at submission. It is the responsibility of the corresponding 
author to review this policy with all authors and collectively to disclose with the submission ALL 
pertinent commercial and other relationships. 

The above policies are in accordance with the Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals produced by the International Committee of Medical Journal Editors 
(http://www.icmje.org/). It is the responsibility of the corresponding author to have all authors of 
a manuscript fill out a conflict of interest disclosure form, and to upload all forms together with the 
manuscript on submission. The disclosure statement should be included under 
Acknowledgements. Please find the form below: 
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with "Please wait...", we recommend that you download the file to your computer. Saving a local 
copy on your computer should allow the form to work properly. 
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Authors should list all funding sources in the Acknowledgments section. Authors are responsible 
for the accuracy of their funder designation. If in doubt, please check the Open Funder Registry 
for the correct nomenclature: https://www.crossref.org/services/funder-registry/ 

 
Authorship 

The list of authors should accurately illustrate who contributed to the work and how. All those 
listed as authors should qualify for authorship according to the following criteria: 

1. Have made substantial contributions to conception and design, or acquisition of data, or 
analysis and interpretation of data; and 

2. Been involved in drafting the manuscript or revising it critically for important intellectual 
content; and 

3. Given final approval of the version to be published. Each author should have participated 
sufficiently in the work to take public responsibility for appropriate portions of the content; 
and 

4. Agreed to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved. 

Contributions from anyone who does not meet the criteria for authorship should be listed, with 
permission from the contributor, in an Acknowledgments section (for example, to recognize 
contributions from people who provided technical help, collation of data, writing assistance, 
acquisition of funding, or a department chairperson who provided general support). Prior to 
submitting the article all authors should agree on the order in which their names will be listed in 
the manuscript. 

 
Additional Authorship Options. Joint first or senior authorship: In the case of joint first 
authorship, a footnote should be added to the author listing, e.g. ‘X and Y should be considered 
joint first author’ or ‘X and Y should be considered joint senior author.’ 
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Please review Wiley’s policy here. This journal encourages and peer review data sharing. 
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The journal encourages authors to share the data and other artefacts supporting the results in the 
paper by archiving it in an appropriate public repository. Authors should include a data 
accessibility statement, including a link to the repository they have used, in order that this 
statement can be published alongside their paper. 

All accepted manuscripts may elect to publish a data availability statement to confirm the 
presence or absence of shared data. If you have shared data, this statement will describe how 
the data can be accessed, and include a persistent identifier (e.g., a DOI for the data, or an 
accession number) from the repository where you shared the data. Sample statements are 
available here. If published, statements will be placed in the heading of your manuscript. 

Publication Ethics 

This journal is a member of the Committee on Publication Ethics (COPE). Note this journal 
uses iThenticate’s CrossCheck software to detect instances of overlapping and similar text in 
submitted manuscripts. Read Wiley'sTop 10 Publishing Ethics Tips for Authors here. Wiley’s 
Publication Ethics Guidelines can be found here. 

 
ORCID 

As part of the journal’s commitment to supporting authors at every step of the publishing process, 
the journal requires the submitting author (only) to provide an ORCID iD when submitting a 
manuscript. This takes around 2 minutes to complete. Find more information here. 

 
6. AUTHOR LICENSING 

 
If your paper is accepted, the author identified as the formal corresponding author will receive an 
email prompting them to log in to Author Services, where via the Wiley Author Licensing Service 
(WALS) they will be required to complete a copyright license agreement on behalf of all authors 
of the paper. 

Authors may choose to publish under the terms of the journal’s standard copyright agreement, 
or OnlineOpen under the terms of a Creative Commons License. 

General information regarding licensing and copyright is available here. To review the Creative 
Commons License options offered under OnlineOpen, please click here. (Note that certain 
funders mandate that a particular type of CC license has to be used; to check this please 
click here.) 

 
Self-Archiving definitions and policies. Note that the journal’s standard copyright agreement 
allows for self-archiving of different versions of the article under specific conditions. Please click 
here for more detailed information about self-archiving definitions and policies. 

 
Open Access fees: If you choose to publish using OnlineOpen you will be charged a fee. A list of 
Article Publication Charges for Wiley journals is available here. 

 
Funder Open Access: Please click here for more information on Wiley’s compliance with 
specific Funder Open Access Policies. 

 
7. PUBLICATION PROCESS AFTER ACCEPTANCE 
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The journal offers Wiley’s Accepted Articles service for all manuscripts. This service ensures that 
accepted ‘in press’ manuscripts are published online shortly after acceptance, prior to copy-
editing or typesetting. Accepted Articles are published online a few days after final acceptance 
and appear in PDF format only. They are given a Digital Object Identifier (DOI), which allows 
them to be cited and tracked and are indexed by PubMed. After the final version article is 
published (the article of record), the DOI remains valid and can still be used to cite and access 
the article. 

Accepted Articles will be indexed by PubMed; submitting authors should therefore carefully check 
the names and affiliations of all authors provided in the cover page of the manuscript so it is 
accurate for indexing. Subsequently, the final copyedited and proofed articles will appear in an 
issue on Wiley Online Library; the link to the article in PubMed will update automatically.  

 
Proofs 

Once the paper is typeset, the author will receive an email notification with full instructions on how 
to provide proof corrections. 

Please note that the author is responsible for all statements made in their work, including 
changes made during the editorial process – authors should check proofs carefully. Note that 
proofs should be returned within 48 hours from receipt of first proof.  
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Page Charges. Articles exceeding 8 published pages are subject to a charge of USD 163 per 
additional page. One published page amounts approximately to 5,500 characters. In case an 
article exceeds 8 pages including references the author will be invoiced after publication.   

 
Early View 

The journal offers rapid speed to publication via Wiley’s Early View service. Early View (Online 
Version of Record) articles are published on Wiley Online Library before inclusion in an issue. 
Note there may be a delay after corrections are received before the article appears online, as 
Editors also need to review proofs. Once the article is published on Early View, no further 
changes to the article are possible. The Early View article is fully citable and carries an online 
publication date and DOI for citations. 
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publication alert and free online access to the article. 
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