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RESUMO

As neoplasias de glandulas salivares representam um grupo raro e heterogéneo de tumores, com
destaque pela sua prevaléncia, para o adenoma pleomorfico (AP), o carcinoma
mucoepidermoide (CME) e o carcinoma adenoide cistico (CAC), cada qual com distintas
caracteristicas histopatoldgicas e comportamentos biologicos. As efrinas e seus receptores t€ém
sido avaliados e relacionados a etiopatogénese tumoral devido a sua participagao na modulagao
de sinalizagdes intracelulares bidirecionais associadas a fendmenos celulares e tumorais
diversos, conhecimento que € escasso em relacdo as neoplasias glandulares salivares. Nesse
contexto, o presente estudo teve como objetivo analisar a imunoexpressao das proteinas efrina-
B2 e Eph-B4 em amostras de AP, CME e CAC em relagdo aos seus parametros
histomorfologicos. Tratou-se de um estudo histomorfoldégico e imunoistoquimico com
anticorpos policlonais anti-Efrina-B2 e anticorpo monoclonal anti-Eph-B4 em 15 AP, 15 CME
e 10 CAC de glandulas salivares maiores e menores. Foram estabelecidos percentuais de
imunoexpressao citoplasmatica e nuclear em cinco campos de maior imunorreatividade (400 x).
Os dados foram analisados por meio dos testes de Mann-Whitney e Kruskal-Wallis, seguido do
pos-teste de comparagdes multiplas de Dwass-Steel- Critchlow-Fligner, e pelo teste de
correlacdo de Spearman, considerando o nivel de significancia de 5% (p < 0,05). As andlises
demonstraram predominio da positividade citoplasmatica de efrina-B2 em toda a amostra, com
variacdo nos percentuais de expressdo entre os tipos tumorais e destaque para os AP. A
expressdao nuclear mostrou-se ausente na maioria dos casos. Nao houve diferencas
estatisticamente significativas entre os tumores (p=0,875), mas observou-se tendéncia de maior
expressdao nos grupos de maior agressividade, como os graus II/IIl no CME (Md= 30,9) e os
padrdes tubular/solido no CAC (Md= 60,5). O Eph-B4 foi citoplasmaticamente expresso em
toda a amostra (p= 0.084), com percentuais moderadamente maiores nos AP, também se
observou tendéncia de maior expressao nos grupos de maior agressividade, como os graus II/I11
no CME (Md= 24,8) e a expressdo nuclear desse receptor foi negativa na maioria da amostra.
Nao houve correlagdo estatisticamente significativa entre as expressoes de efrina-B2 e Eph-B4
nos tumores avaliados (p> 0,05). Os achados sugerem que o eixo efrina-B2/Eph-B4,
principalmente a expressao citoplasmatica, pode estar funcionalmente envolvida na modulacao
de eventos moleculares relacionados a patogenia das neoplasias glandulares salivares avaliadas,
especialmente aqueles associados a proliferacdo e viabilidade celular que garantiriam o
crescimento do AP e a eventos relacionados ao comportamento bioldégico maligno dos CME e

CAC.



Palavras chaves: Adenoma pleomorfico; Carcinoma mucoepidermoide; Carcinoma adenoide

cistico; Efrina- B2; Eph-B4.



ABSTRACT

Salivary gland neoplasms represent a rare and heterogeneous group of tumors, with
pleomorphic adenoma (AP), mucoepidermoid carcinoma (CME), and adenoid cystic carcinoma
(CAC) standing out due to their prevalence, each presenting distinct histopathological
characteristics and biological behaviors. Ephrins and their receptors have been evaluated and
linked to tumor etiopathogenesis due to their role in modulating bidirectional intracellular
signaling pathways involved in various cellular and tumoral phenomena—a field still scarcely
explored in salivary gland neoplasms. In this context, the present study aimed to analyze the
immunoexpression of ephrin-B2 and Eph-B4 proteins in AP, CME, and CAC samples, in
relation to their histomorphological parameters. This was a histomorphological and
immunohistochemical study employing polyclonal antibodies against ephrin-B2 and a
monoclonal antibody against Eph-B4 in 15 AP, 15 CME, and 10 CAC cases from both major
and minor salivary glands. Percentages of cytoplasmic and nuclear immunoexpression were
assessed in five fields of highest immunoreactivity (400x magnification). Data analysis was
performed using the Mann-Whitney and Kruskal-Wallis tests, followed by the Dwass-Steel-
Critchlow-Fligner multiple comparison post hoc test, and Spearman’s correlation test,
considering a significance level of 5% (p < 0.05). The analyses demonstrated predominant
cytoplasmic positivity for ephrin-B2 across the entire sample, with variation in expression
levels among tumor types, particularly elevated in AP. Nuclear expression was absent in most
cases. Although no statistically significant differences were found between tumor types (p =
0.875), a trend toward higher expression was observed in more aggressive groups, such as grade
[I/IIT CME (Md = 30.9) and the tubular/solid patterns in CAC (Md = 60.5). Eph-B4 was also
cytoplasmically expressed in all samples (p = 0.084), with moderately higher levels in AP. A
similar trend of increased expression was observed in more aggressive CME cases (Md = 24.8),
while nuclear expression of this receptor was negative in the majority of the sample. No
statistically significant correlation was found between ephrin-B2 and Eph-B4 expression in the
evaluated tumors (p > 0.05). The findings suggest that the ephrin-B2/Eph-B4 axis, particularly
in its cytoplasmic expression, may be functionally involved in modulating molecular events
related to the pathogenesis of the evaluated salivary gland neoplasms—especially those
associated with cell proliferation and viability in AP growth and molecular mechanisms

underlying the malignant behavior of CME and CAC.



Keywords: Pleomorphic adenoma; Mucoepidermoid carcinoma; Adenoid cystic carcinoma;

Ephrin-B2; Eph-B4.
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1 CONSIDERACOES INICIAIS

As neoplasias de glandulas salivares constituem um grupo raro de lesdes na regido de
cabeca e pescoco. A 5" edigdo da Classificagdo de Tumores de Cabegca e Pescogo da
Organizacao Mundial da Satide (OMS) reconhece mais de 20 subtipos malignos e 15 benignos
pertencentes a esse grupo de neoplasias (Skalovéa; Hyrcza; Leivo, 2022). Embora sua
patogénese permane¢a indefinida, diversos fatores tém sido associados a etiologia dessas
lesdes, incluindo exposicdo a radia¢do ionizante, infec¢des virais, radiagdo ultravioleta, além
do consumo de alcool e tabaco (Zheng et al., 2022).

Esses tumores podem originar-se nas trés glandulas salivares maiores — parotidas,
submandibulares e sublinguais — ou em qualquer uma das milhares de glandulas salivares
menores distribuidas por toda a mucosa oral. As glandulas salivares maiores diferem em sua
composicdo histologica: a pardtida ¢ composta exclusivamente por 4&cinos serosos, a
submandibular apresenta propor¢des semelhantes de acinos serosos € mucosos, mas com
predominio seroso, enquanto a sublingual ¢ predominantemente mucosa (Szydtowski et al.,
2024). Entre 50% e 80% das neoplasias glandulares salivares tém origem na glandula parétida,
das quais, aproximadamente, 25% sdo malignas. Nas glandulas submandibulares, sublinguais
e menores, contudo, os indices de malignidade sdo mais elevados, atingindo cerca de 45%, 85%
e 75%, respectivamente (Chandrasekaran et al., 2023; Cunha et al., 2023).

Estima-se que essas neoplasias representam aproximadamente 1% de todas as
neoplasias humanas e cerca de 0,3% das malignidades em geral (McKenzie et al.,2023; Ibrahim
et al., 2020). Na regido de cabega e pescoco a incidéncia dessas lesdes varia entre 1 e 13 casos
por 100 mil habitantes, correspondendo a menos de 5% dos tumores da regido em adultos e
cerca de 8% em populagdes pediatricas (Zheng et al., 2022; Chandrasekaran et al., 2023).
Diversos estudos indicam a maior prevaléncia dessas neoplasias em individuos do sexo
feminino, com taxas variando entre 54% e 65% (Silva et al., 2018; Rodrigues et al., 2025).
Pesquisas, como a conduzida por Cunha et al. (2023), apresentam uma distribuicao equitativa
entre os sexos, com propor¢cdo aproximada de 1:1, sugerindo auséncia de predilecao
significativa.

Do ponto de vista clinico e histopatologico, essas neoplasias apresentam grande
heterogeneidade, o que pode dificultar tanto o diagndstico quanto a defini¢cao do progndstico.

Clinicamente, as manifestagdes variam de nddulos assintomaticos a lesdes dolorosas, podendo
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envolver alteragdes funcionais, como disfagia, além de sintomas neuroldgicos nos casos com
invasdo perineural (Szydtowski et al., 2024; Zheng et al., 2022).

Sob o aspecto histopatoldgico, os tumores de glandulas salivares compreendem uma
ampla diversidade de subtipos, incluindo lesdes benignas, como o adenoma pleomorfico (AP),
e malignas, como o carcinoma mucoepidermoide (CME) e o carcinoma adenoide cistico (CAC),
cada qual com padrdes distintos de crescimento e diferenciacao celular (Brandwein ef al., 2001;
Viana et al., 2013). A aplicagdo de marcadores genéticos como PLAGI, HER2, p63 e p40 tem
contribuido para a caracterizacdo molecular e a compreensdo do comportamento biologico
desses tumores, permitindo abordagens diagnosticas e terapé€uticas mais precisas (Abdelhamid
etal., 2022).

O AP, também denominado tumor misto benigno de glandula salivar, representa a
neoplasia benigna mais comum das glandulas salivares, correspondendo a aproximadamente
60% dos tumores glandulares salivares em adultos e a 80% em criangas (Zoccali ef al., 2023;
Rodrigues et al., 2025). Embora seja mais frequentemente localizado na glandula parotida, o
AP também pode ocorrer em outras glandulas salivares, como as submandibulares e as
glandulas salivares menores (Abdelhamid et al., 2022).

A etiopatogenia do AP envolve uma complexa interagdo entre fatores genéticos e
ambientais. Dentre esses, destaca-se a exposi¢ao prévia a radioterapia, além de alteragdes
genOmicas observadas em aproximadamente 70% dos casos, como as fusdes génicas
envolvendo PLAGI (8q12) e HMGA2 (12q14-15) (Toper; Sarioglu, 2021). Ha ainda relatos na
literatura quanto ao potencial de transforma¢do maligna do AP em carcinoma ex-adenoma
pleomorfico (CXPA) (Khanal, 2019; Baskaradass; Upreti, 2023).

O AP apresenta maior incidéncia em mulheres, com uma razdo homem-mulher de
aproximadamente 8:13, sendo mais frequentemente diagnosticado entre a quarta e sexta
décadas de vida, com idade média de 44 anos. A taxa de incidéncia anual estimada é de 2 a 3
casos por 100.000 habitantes (Almeslet ef al., 2020; Rodrigues et al., 2025).

Clinicamente, manifesta-se como uma massa indolor, de crescimento lento, bem
delimitada e encapsulada, com consisténcia firme ou borrachoide. Em geral, apresenta-se como
uma lesao ndo infiltrativa (Abdelhamid et al., 2022).

Do ponto de vista histopatologico, o AP € caracterizado por um arranjo misto de células
epiteliais e mioepiteliais dispostas em estroma de composi¢cdo variavel, incluindo areas
condroides, 6sseas, mixoides e condromixoides (Yousra; Saliha, 2021). A estrutura tumoral

pode apresentar-se predominantemente solida, com regides de diferenciacdo estromal que
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conferem ao tumor sua classica aparéncia pleomorfica. A presenga de capsula fibrosa bem
definida ¢ um aspecto relevante para o diagnostico e manejo clinico, visto que contribui para
um melhor prognoéstico (Speight; Barrett, 2020).

A classificagdo histopatologica proposta por Seifert ef al. (1976) divide o AP em quatro
subtipos principais: tipo I (classico), com estroma representando 30% a 50% da lesdo; tipo II
(estromal), com mais de 80% do tumor composto por estroma; tipo III (neopléasico), com
predominio de células neoplésicas em cerca de 70% da amostra; e tipo IV (monomorfico),
composto por células uniformemente distribuidas, altamente celularizadas. Embora qtil, essa
classificagdo ¢ considerada subjetiva, podendo resultar em variabilidade interpretativa e
estratificacdo excessiva de amostras, especialmente em estudos com tamanhos amostrais
reduzidos (Viana et al., 2013).

Visando minimizar tais limitagdes, Viana et al. (2013) propuseram uma classificacio
dicotomica, que agrupa os AP em dois grandes grupos com base no componente estromal: o
Grupo A, correspondente aos tipos I e II (ricos em estroma), e o Grupo B, englobando os tipos
[T e IV (ricos em células ou pobres em estroma). Essa abordagem reduz a subjetividade da
classificagdo de Seifert ef al. (1976), promove maior uniformidade na analise histopatologica e
melhora a robustez estatistica em estudos com niimero limitado de casos.

O CME ¢ uma neoplasia maligna de origem epitelial que acomete as glandulas salivares,
sendo considerado o tumor maligno mais prevalente nesse grupo (Cunha et al., 2023). A
literatura indica maior incidéncia em mulheres, com pico etario entre a terceira e a sexta décadas
de vida. As localizagdes mais comuns incluem, em ordem decrescente de frequéncia, a glandula
pardtida, o palato, a regido retromolar e a mucosa jugal (Gill et al., 2018).

Embora a origem do CME ainda nao esteja completamente elucidada, evidéncias
sugerem que sua etiopatogenia pode estar associada a exposi¢do a radiagdo ionizante e a
alteracdes genéticas especificas, como a translocacdo t(11;19)(ql4-21;p12-13), resultando na
fusdo dos genes CRTC1 e MAML?2 (Chen et al.,2014). Essa alteragdo esté relacionada a biologia
tumoral e ao comportamento clinico da neoplasia, sendo particularmente importante na
progressao de lesdes de baixo grau para formas de alto grau, impactando diretamente o
prognostico (Sama; Jomiya; Guddati, 2022).

Do ponto de vista clinico, o CME pode se manifestar como aumento de volume local,
geralmente indolor, em regido de glandula salivar, principalmente na pardtida. Tumores de
baixo grau costumam apresentar crescimento lento e limites bem definidos, ao passo que os de

alto grau tendem a ser mais agressivos, com rapido crescimento, infiltracdo de tecidos
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adjacentes e dor associada (Silva et al., 2018). Em estagios mais avancados, pode haver
comprometimento funcional da glandula ou paralisia facial, o que torna o diagndstico clinico
desafiador (Devaraju et al., 2014).

Histologicamente, o CME ¢é composto por uma mistura de células epidermoides,
mucosas ¢ intermediarias. Estruturas cisticas podem ser revestidas por células mucosas,
intermediarias ou, em menor propor¢ao, por células epidermdides poligonais, geralmente nao
ceratinizadas. As células epidermdides sdo grandes, poligonais e frequentemente apresentam
pontes intercelulares. As células intermedidrias s3o menores, com citoplasma eosinofilico, e
podem ter morfologia ovalada ou oncocitica. As células mucosas, embora em menor namero,
sdo geralmente grandes, com citoplasma claro e nucleos deslocados perifericamente. O estroma
¢ composto por tecido conjuntivo fibroso, podendo conter infiltrado inflamatorio linfocitario na
periferia, por vezes com centros germinativos, simulando invasdo linfonodal (Brandwein et al.,
2001; Devaraju et al., 2014; Gill et al., 2018).

A classificagdo do grau histopatologico do CME ¢ fundamental para estabelecer o
prognostico e orientar a conduta terapéutica. Auclair et al. (1992) propuseram critérios baseados
na presenc¢a de menos de 20% de componente intracistico, invasdo neural, necrose, quatro ou
mais mitoses por 10 campos de grande aumento e anaplasia. A partir da pontuacdo desses
critérios, os tumores sao classificados como de baixo, intermediario ou alto grau.

Tumores de baixo grau apresentam predominio de estruturas cisticas e células mucosas,
enquanto os de alto grau caracterizam-se por crescimento solido, maior propor¢do de células
epidermoides e intermedidrias, atipia acentuada, atividade mitdtica elevada, além de frequente
invasdo vascular e perineural e presenca de necrose (Devaraju et al., 2014; Gill et al., 2018).

Outra classificagcdo amplamente utilizada € a proposta por Brandwein et al. (2001), que
avalia critérios como um componente intracistico inferior a 25%, padrao de invasao tumoral
caracterizado por pequenas ilhas e corddes, atipia nuclear acentuada, invasdes linfatica,
vascular e Ossea, além de mais de quatro mitoses por cada dez campos de grande aumento,
disseminagdo perineural e presenga de necrose. Com base na soma dos escores atribuidos a
esses critérios, os tumores sdo classificados em graus I, IT e III. As lesdes de grau I apresentam
espacos cisticos bem delimitados, repletos de células mucosas e com minima atipia. Os tumores
de grau II exibem menor quantidade de estruturas cisticas, atipia discreta e predominio de
células intermediarias. Por fim, os tumores classificados como grau III apresentam arranjos
solidos compostos por células intermediarias e epidermoides, apresentando pleomorfismo

acentuado e elevado indice mitético.
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A aplicacao dessas classificagdes ¢ essencial para o planejamento terapéutico € o
estabelecimento do prognostico. Tumores de baixo grau, geralmente menos agressivos,
respondem bem a resseccdo cirurgica isolada. Os de grau intermedidrio podem demandar
abordagem cirurgica ampliada, enquanto os de alto grau, com maior risco de metastases e
recidivas, requerem terapias combinadas, incluindo cirurgia, radioterapia e, em alguns casos,
quimioterapia. Além disso, essas classificagdes orientam o acompanhamento pos-tratamento,
ajustando-o de acordo com o risco de recorréncia (Peraza et al., 2020; Gill et al., 2018).

O CAC ¢ uma neoplasia maligna rara e de comportamento agressivo, que acomete
preferencialmente as glandulas salivares menores, sobretudo na regido do palato, embora
também possa envolver as glandulas parotida e submandibular. Além do envolvimento
glandular salivar, o CAC pode acometer outras glandulas exdcrinas, como as lacrimais, e
estender-se para estruturas das vias aéreas superiores (Monzén Rodriguez et al., 2022; Sousa et
al., 2022).

A etiopatogenia do CAC permanece incerta, embora estudos recentes apontem que entre
60% e 90% dos casos apresentam translocacdes genéticas envolvendo os genes MYB e NFIB,
resultando na formac¢do da fusdo génica MYB-NFIB (Ho et al., 2019). Essa fusdo ativa uma
cascata de eventos celulares que inclui proliferagao, progressao do ciclo celular e resisténcia a
apoptose, por meio da superexpressao do gene MYB e de seus genes-alvo reguladores. Além
disso, interacdes entre as células tumorais e a matriz extracelular (MEC) no microambiente
tumoral contribuem para o comportamento invasivo da lesdo, notadamente para a caracteristica
infiltracdo perineural observada nesse subtipo (Sousa et al., 2022).

Clinicamente, o CAC pode se manifestar como uma massa indolor ou como uma tlcera
em regides da cavidade oral, faringe ou laringe. Embora possa ocorrer em qualquer faixa etaria,
¢ mais prevalente em adultos, com discreto predominio no sexo feminino. Os sintomas variam
conforme a localizagdo anatomica, sendo comum a apresentacdo como nédulo em glandulas
salivares menores. Em casos avancados, os pacientes podem relatar dor, parestesia ou alteragoes
respiratorias, especialmente quando o tumor se localiza em 4reas da via aérea. A invasao
perineural, bastante frequente, pode resultar em paralisia do nervo facial (Cantu, 2021,
Castelnuovo; Turri-Zanoni, 2020).

Do ponto de vista histopatoldgico, o CAC caracteriza-se por um arranjo composto por
células epiteliais e mioepiteliais, dispostas em estruturas com padrao adenoide e cistico. Sao
reconhecidos trés padrdes principais de crescimento: cribriforme, tubular e sélido (Ellis;

Auclair, 1996). Dentre esses, o padrdo solido é comumente associado a comportamento
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biologico mais agressivo, maior frequéncia de invasao perineural, maior risco de recidiva local
e menor sobrevida dos pacientes (Sousa et al., 2022; Cantu, 2021).

Diversos sistemas de classificagdo histologica foram desenvolvidos com base na
correlacdo entre os padrdes morfoldgicos predominantes e o comportamento clinico da
neoplasia. Entre os mais utilizados encontram-se os propostos por Spiro et al. (1974) e Perzin
(1978)/Szanto (1984), os quais consideram a propor¢ao de areas solidas como um critério
prognostico fundamental. De acordo com Spiro et al. (1974), tumores que apresentam até 50%
de areas solidas podem ser classificados como de alto grau, enquanto que, segundo Perzin e
Szanto, esse limite ¢ de 30%. Tal divergéncia evidencia a auséncia de consenso entre o0s
diferentes sistemas de classificagao.

Buscando maior objetividade, Van Weert et al. (2015) propuseram uma classificacio
bindria, baseada apenas na presenga ou auséncia de areas solidas, independentemente de sua
proporcao. De acordo com essa abordagem, tumores sem areas solidas sdo classificados como
de baixo grau, enquanto aqueles com areas solidas sdo considerados de alto grau. Essa
classificagdo tem sido util para predizer a agressividade da lesdo e auxiliar na definigdo
terapéutica.

O manejo do CAC ¢ frequentemente desafiador devido ao seu crescimento insidioso e
a proximidade com estruturas anatdmicas vitais. A ressec¢ao cirurgica com margens livres € o
tratamento de escolha, porém, em virtude da alta taxa de recidiva local, a radioterapia adjuvante
¢ frequentemente indicada. Em casos de metéstase, a quimioterapia pode ser considerada como
terapia complementar (Castelnuovo; Turri-Zanoni, 2020).

Logo, os tumores de glandulas salivares apresentam grande heterogeneidade
morfologica, o que frequentemente dificulta sua identificacao e classificagdo. Muitos desses
tumores compartilham achados histopatologicos semelhantes, tornando o diagnostico
diferencial um desafio clinico e laboratorial. Essa dificuldade ¢ ampliada pela complexidade de
suas caracteristicas clinicopatologicas, que envolvem apresentacgdes clinicas variadas, sintomas
inespecificos e padrdes de crescimento heterogéneos. Além disso, essas neoplasias apresentam
comportamentos bioldgicos distintos, abrangendo desde lesdes benignas de crescimento lento
até formas malignas altamente agressivas. Tais particularidades reforcam a necessidade de uma
avaliacdo diagnostica cuidadosa e especializada (Toper; Sarioglu, 2021; Mohammad ef al.,
2023).

Nesse contexto, evidencia-se a importancia da investigacao de multiplos biomarcadores,

capazes de auxiliar na defini¢ao histoldgica e na distingdo entre as variedades tumorais. O CAC
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e o0 CME de alto grau, por exemplo, sdo associados a taxas reduzidas de sobrevida a longo prazo
apos o tratamento cirtirgico, em virtude da elevada incidéncia de recorréncia local e metastases
a distancia (Egal et al., 2022). Apesar disso, seus alvos terapéuticos permanecem indefinidos,
o que destaca a necessidade no desenvolvimento de novas abordagens terapéuticas. Dado que
os mecanismos moleculares envolvidos ainda ndo estdo completamente esclarecidos,
compreender os processos etiopatogénicos subjacentes ao desenvolvimento dessas neoplasias
torna-se essencial para a identificagdo de novos alvos terapéuticos (Zhang et al., 2022).

Nos ultimos anos, a imunoterapia oncolodgica, especialmente por meio do bloqueio dos
pontos de controle imunologicos, tem promovido avangos relevantes na pratica clinica,
modificando substancialmente o panorama do tratamento dos tumores solidos (Zhang et al.,
2022). Em paralelo, estudos tém investigado alteragdes genéticas especificas associadas a
diferentes subtipos de tumores salivares. No CME, destacam-se os rearranjos cromossomicos
CRTCI1-MAML2 e CRTC3-MAML2. No CAC, fusdoes MYB-NFIB ¢ MYBLI-NFIB sao
observadas com frequéncia, enquanto no AP e no CXPA, fusdes génicas como ETV6-NTRK3 e
ETV6-RET, bem como PLAGI e HMGA?2 tém sido descritas. Esses marcadores genéticos nao
apenas ampliam o conhecimento sobre a patogénese molecular das neoplasias de glandulas
salivares, como também contribuem para sua correta classificacdo e representam potenciais
biomarcadores progndsticos e preditivos (Toper; Sarioglu, 2021).

Com o avanco das pesquisas moleculares, cresce o interesse na aplicacao de marcadores
prognosticos capazes de aprimorar a compreensdo do comportamento tumoral, identificar
subgrupos de pacientes com perfis especificos e esclarecer aspectos da fisiopatologia dessas
doengas (Barroso ef al., 2020; Moura et al., 2021).

Barroso et al. (2020) investigaram a expressao das proteinas VEGFC e VEGF-D, bem
como a densidade e a proliferagdo endotelial linfatica em neoplasias de glandulas salivares, com
o objetivo de compreender o papel da linfangiogénese na biologia tumoral dessas lesdes. Os
autores observaram niveis elevados desses fatores em tumores malignos, sugerindo que a
ativacdo da via VEGF-C/D pode estar associada a agressividade e ao potencial de disseminagao
linfatica dessas neoplasias. Esses achados reforgam a importancia da linfangiogénese como um
possivel marcador progndstico e alvo terapéutico em tumores salivares.

Paralelamente, Moura et al. (2021) analisaram a expressdo imunoistoquimica dos
marcadores OCT4 e CD44 em neoplasias de glandulas salivares maiores € menores. Os autores
observaram positividade variavel entre os diferentes tipos tumorais, com destaque para a maior

expressdo desses marcadores em tumores malignos. Esses achados sugerem que OCT4,
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associado a pluripoténcia celular, e CD44, envolvido na adesdo e migracao celular, podem estar
relacionados ao potencial de agressividade e a manutengdo de caracteristicas de células-tronco
nessas neoplasias, configurando-se como potenciais biomarcadores progndsticos.

No estudo conduzido por Pires ef al. (2023), foi realizada uma analise exploratéria da
expressao imuno-histoquimica de proteinas relacionadas a autofagia em tumores de glandulas
salivares, com o objetivo de investigar possiveis correlacdes entre esses marcadores € o
comportamento bioldgico das neoplasias. Foram avaliadas proteinas como LC3A, LC3B, p62
e ATG7, conhecidas por sua participagdo nos mecanismos de degradacao celular e manutencao
da homeostase. Os resultados revelaram padroes distintos de expressao entre tumores benignos
e malignos, sugerindo que a regulagdo da autofagia pode estar envolvida na patogénese e
progressdo dessas lesdes. A investigagdo desses marcadores contribui para o avango do
conhecimento sobre os aspectos moleculares das neoplasias salivares, além de oferecer
potenciais caminhos para a identificagdo de novos alvos terapéuticos.

Nesse cendrio, proteinas da familia efrina/Eph, embora ja estudadas em outras
neoplasias, ainda permanecem pouco exploradas no contexto das neoplasias de glandulas
salivares. Estudos indicam que esses ligantes e receptores, envolvidos em processos como
proliferacdo celular, migragdo, angiogénese e organizacgao tecidual, podem representar alvos
promissores para investigagdes diagnosticas e terapéuticas, ampliando o entendimento
biologico dessas lesdes e contribuindo para o desenvolvimento de novas estratégias clinicas
(Shao et al., 2013; Fukai et al., 2014).

As efrinas s@o proteinas de superficie celular que atuam como ligantes para os receptores
Eph (Erythropoietin-producing human hepatocellular), compondo o sistema de sinaliza¢dao
Eph/efrina, fundamental para a comunicagdo célula-célula. Esse sistema participa de
mecanismos de sinalizacdo bidirecional e estd envolvido em diversos processos bioldgicos,
como o desenvolvimento neural, angiogénese e plasticidade sinaptica (Groppa et al., 2018;
Grandi et al., 2019).

No organismo humano, sdo conhecidas nove efrinas, classificadas em duas subclasses:
Efrinas-A (A1-AS5), que se ligam a membrana celular por meio de &ncoras de
glicosilfosfatidilinositol (GPI), e Efrinas-B (B1-B4), que possuem dominio transmembrana e
uma cauda citoplasmatica (Pasquale, 2010; LaCombre et al., 2022). Essas diferencas estruturais
entre as classes refletem distintas propriedades funcionais. Enquanto as Efrinas-A permanecem

ancoradas na membrana por GPI, as Efrinas-B sdo proteinas transmembranares, contendo um
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dominio intracelular do tipo PDZ, que atua na mediacao de sinais no interior da cé€lula (Kania;
Klein, 2016).

Por sua vez, os receptores Eph formam a maior subfamilia de receptores de tirosina
quinase ligados @ membrana e também sdo divididos em duas classes: Eph-A (A1-AS8, A10) e
Eph-B (B1-B4, B6) (Kou; Kandpal, 2018). Estruturalmente, esses receptores possuem regioes
extracelulares e intracelulares bem definidas. A por¢ao extracelular, responséavel pela interacao
célula-célula, inclui um dominio de ligagdo ao ligante, um dominio rico em cisteina e dois
dominios de fibronectina tipo IIl. A por¢do intracelular compreende um dominio tirosina
quinase, um dominio SAM (sterile a motif) ¢ um dominio PDZ, ambos envolvidos na
transducao de sinais (Kania; Klein, 2016).

Em termos de especificidade, os receptores Eph-A interagem preferencialmente com os
ligantes Efrina-A (A1-AS), enquanto os Eph-B se ligam as Efrinas-B (B1-B3) (Ge et al., 2020).
No entanto, algumas interacdes cruzadas entre subgrupos ja foram descritas. Por exemplo, a
Efrina-AS5, em altas concentragdes, pode se ligar ao receptor Eph-B2 (Kou; Kandpal, 2018;), e
as Efrinas-B2 e B3 podem interagir com Eph-A4 (Darling; Lamb, 2019). Além disso, diferentes
membros das familias Efrina/Eph podem formar complexos com variados graus de afinidade,

refletindo a complexidade e plasticidade funcional desse sistema (Pasquale, 2019) (Figura 1).

Figura 1 — Estrutura de Efrinas e receptores Eph.
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A interacdo entre efrinas e seus receptores Eph leva a formacdao de complexos que
desencadeiam vias de sinalizacdo intracelular bidirecionais, modulando eventos moleculares
tanto na célula que expressa o ligante efrina quanto naquela que expressa o receptor Eph
(Pasquale, 2019; Ieguchi; Maru, 2021).

Essa sinalizacdo ¢ altamente regulada e exerce papel essencial em multiplos processos
biologicos. Na chamada sinalizacao direta, mediada pelos receptores Eph, a ativa¢ao ocorre por
meio de autofosforilagdo, fosforilacdo cruzada por outras tirosinas quinases e interagdo com
proteinas efetoras, desencadeando cascatas intracelulares especificas (Xi et al., 2012). Em
contrapartida, a sinalizagao reversa, acionada pela ativacao das efrinas, ¢ mediada por proteinas
da familia da quinase Src, associando a ativacao do ligante a respostas celulares distintas. O
equilibrio entre essas duas vias € essencial para a comunicagdo célula-célula mediada pelo
sistema Eph/Efrina (Pasquale, 2010).

A atuacdo das proteinas Eph/Efrina tem sido amplamente investigada em tecidos em
desenvolvimento, com destaque para os sistemas vascular e nervoso central. Nessas estruturas,
essas moléculas regulam a maturagdo dos vasos sanguineos, a formagao de fronteiras teciduais,
a orientacdo axonal e a migragdo celular (Arora; Scott, 2023).

Além disso, esse complexo participa de uma variedade de eventos celulares, incluindo
a regulacao da morfologia, proliferagdo, sobrevivéncia e adesao celular. Sua atuacao também
se estende a resposta inflamatoria em situacdes de lesao tecidual, especialmente pela mediacao
da adesdo celular a matriz extracelular (MEC), o que influencia diretamente a homeostase e a
resposta a danos celulares (Kou; Kandpal, 2018; Ieguchi; Maru, 2021).

Por outro lado, alteragdes na regulacdo ou expressdo aberrante de efrinas, seus
receptores ou das vias de sinalizacao relacionadas t€ém sido associadas a tumorigénese. Essas
disfungdes podem favorecer a proliferagdo celular descontrolada, o aumento da motilidade, a
evasao da apoptose e o potencial invasivo em diversos tipos de cancer. Dessa forma, o sistema
Eph/Efrina tem ganhado destaque como alvo de pesquisas oncologicas, sendo considerado
promissor no desenvolvimento de terapias antineoplasicas, especialmente pelo seu
envolvimento na regulagdo do crescimento tumoral e em processos patologicos associados
(Kou; Kandpal, 2018; Liang et al., 2019). Nesse contexto, estudos recentes tém investigado
como a modulagdo dessas moléculas pode contribuir para o controle da progressao tumoral e
melhorar os desfechos clinicos (Ieguchi; Maru, 2019; Wu et al., 2023).

Apesar de sua relevancia em outros tumores solidos, a literatura ainda apresenta

escassez de estudos sobre o sistema Eph/Efrina em neoplasias de glandulas salivares (PubMed
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DataBase, acesso em 27/05/2025). No entanto, algumas pesquisas sugerem que essas proteinas
podem participar de eventos etiopatogénicos complexos, como angiogénese, adesdo celular,
migracdo, invasdo vascular e progressdo tumoral em glandulas salivares (Shao et al., 2013;
Fukai et al., 2014).

Shao et al. (2013) investigaram a expressao de EphA2 e efrina-Al, tanto em nivel de
mRNA quanto de proteina, em casos de CAC. Utilizando andlises de RT-PCR e
imunoistoquimica, os autores observaram niveis significativamente elevados desses
marcadores em tecidos tumorais quando comparados a glandulas salivares normais. A
superexpressao de EphA2 e efrina-Al foi positivamente correlacionada com a densidade
microvascular (MVD) e com caracteristicas clinicas mais agressivas, como estagio avangado
da doenga, invasdo perineural e presenca de metastases. Esses achados sugerem que a via
EphA2/Efrina-Al pode estar envolvida na angiogénese e na progressdo tumoral do CAC,
representando um potencial biomarcador progndstico e um possivel alvo terapéutico.

Por sua vez, Fukai et al. (2014) relataram um caso raro de CAC com extensao
intracraniana, localizado na fossa craniana média e regido infratemporal, em um paciente de 29
anos. O estudo destacou a presenga de disseminagdo perineural do tumor ao longo do nervo
mandibular e investigou a expressdo molecular associada a esse comportamento agressivo. A
analise imunoistoquimica revelou elevada expressao de EphA2, enquanto efrina-Al ndo
apresentou marcacdo significativa. Além disso, as células tumorais exibiram caracteristicas
compativeis com a transi¢do epitelial-mesenquimal (TEM), sugerindo que a superexpressao de
EphA2 pode estar relacionada a um fendtipo tumoral mais invasivo. Esses achados apontam
para um possivel papel do receptor EphA2 na progressao e metastase do CAC, especialmente
em casos com comportamento infiltrativo e dificil controle clinico.

Em relacdo a efrina-B2, trata-se de uma proteina transmembrana da familia das tirosina
quinases que exerce papel essencial no desenvolvimento embriondrio e na manutencido da
morfologia arterial dos vasos sanguineos ao longo da vida, sendo amplamente reconhecida
como um regulador central da angiogénese (Wolf et al., 2022). Sua interacdo com o receptor
Eph-B4, seu parceiro de ligacdo especifico, constitui um eixo funcional fundamental na
diferenciagdo entre vasos arteriais e venosos, sendo este complexo um dos principais
determinantes do fenotipo vascular durante o desenvolvimento (Wolf et al., 2019).

No ambiente tumoral, a efrina-B2 esta envolvida na promog¢ao da invasao e metastase
por meio da mediagdo de interacdes célula-célula e célula-matriz extracelular (MEC),

frequentemente reguladas por estimulos como VEGF e hipoxia, que induzem sua
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superexpressdao em areas de neovascularizagado, tanto fisioldgica quanto patologica (Okumura
etal.,2017).

O receptor Eph-B2 apresenta um papel ambiguo na carcinogénese, podendo atuar como
promotor ou supressor tumoral, dependendo do tipo e do microambiente tecidual envolvido.
Sua interacdo ocorre com diversos ligantes da classe B, como as efrinas-B1, B2 ¢ B3 (Wu et
al., 2023). Estudos apontam que sua superexpressao esta associada a mau progndstico em
tumores como carcinoma espinocelular de cabega e pescoco (Sato et al.,2019), adenocarcinoma
pulmonar e tumores gastrointestinais (Zhao et al., 2017; Liu et al., 2022). Em contrapartida,
evidéncias em canceres colorretal e prostatico indicam uma atuag¢ao antitumoral do Eph-B2,
mediada por sinalizagdes repulsivas que limitam a expansdo celular (Evergren et al., 2018).
Esses achados reforgcam a complexidade da sinalizagdo bidirecional do sistema Eph/Efrina e a
influéncia do contexto tumoral sobre seus efeitos funcionais (Salgia; Kulkarni; Gill, 2018).

No entanto, ¢ o Eph-B4 o principal receptor de interesse no contexto da sinalizagdo com
efrina-B2, estabelecendo uma via altamente especifica. Este receptor tirosina quinase
transmembrana esta envolvido na definicdo do destino venoso durante o desenvolvimento ¢
permanece expresso nas veias na vida adulta (Yang et al., 2020). A interagdo especifica entre
Eph-B4 e efrina-B2, sem afinidade por outros ligantes da mesma subclasse, regula a
morfogénese vascular e, em condi¢cdes de homeostase, controla também a mobilizacdo de
células progenitoras hematopoiéticas pela medula 6ssea (Darling; Lamb, 2019).

No contexto tumoral, a sinalizagdo Eph-B4/Efrina-B2 tem sido associada a evasao da
apoptose e a promog¢ao da sobrevivéncia celular (Salgia; Kulkarni; Gill, 2018). Segundo Ni et
al. (2020), a ativacao de Eph-B4 pode inibir a apoptose mediada por caspase-8, mecanismo
potencialmente relevante na progressao do carcinoma espinocelular de es6fago, no qual a
expressao dessas proteinas foi correlacionada a tumorigénese e a possibilidade de aplicacao
como marcadores prognoésticos. Broggini ef al. (2020) também apontaram que essa interacao
modula eventos de adesao e repulsao celular, impactando a formagao de metéastases em tumores
como melanoma e neoplasias dsseas, destacando o Eph-B4/Efrina-B2 como um alvo molecular
vidvel para estratégias terapéuticas.

O estudo de Giaginis et al. (2016) investigou a expressao das proteinas Eph-B4 e EphB6
em lesdes malignas e benignas da tireoide, revelando que ambas estavam significativamente
mais expressas em lesdoes malignas. A expressao aumentada de Eph-B4 foi associada a tumores
de maior tamanho, enquanto a de EphB6 correlacionou-se com caracteristicas de maior

agressividade, como metastases linfonodais, invasdo capsular, linfatica e vascular, além de
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maior risco de recorréncia. Esses achados sugerem que Eph-B4 e Eph-B6 podem desempenhar
papéis importantes na malignizagdo, sendo potenciais biomarcadores e alvos terap€uticos em
neoplasias malignas da glandula.

Estudos recentes também refor¢am esse papel na cavidade oral, Abdelazeem et al.
(2024) demonstraram que a inibicdo de Eph-B4 em células neopldsicas do carcinoma
espinocelular de cabeca e pescoco (CECP) favorece a metastatizacao, promovendo a expressao
de genes pro-metastaticos. Em contraste, a inibi¢do seletiva da efrina-B2 vascular resultou em
aumento da resposta imune antitumoral, sugerindo que a preservacdo do Eph-B4 na célula
tumoral, combinada com a supressao de efrina-B2 no microambiente vascular, pode ser uma
abordagem terap€utica eficaz para evitar a progressao metastatica. De modo complementar, Al-
Jamaei et al. (2024) observaram que a superexpressao simultanea de Eph-B4 e efrina-B2 esté
associada a pior prognostico e a radiorresisténcia em tumores de cabeca e pescogo, sugerindo
multiplos mecanismos de escape a terapia.

Dessa forma, a sinalizacdo Efrina-B2/Eph-B4 emerge como um eixo multifuncional,
com atuag¢ao relevante na regulagdo de processos celulares fundamentais na tumorigénese, tais
como proliferagdo, migragdo, invasdo, angiogénese e resisténcia terapéutica. Dada sua
relevancia bioldgica e potencial prognostico, esse sistema tem sido cada vez mais explorado
como alvo terapéutico promissor em diferentes tipos de cancer, inclusive nas neoplasias de
glandulas salivares, onde seu papel permanece ainda pouco elucidado e requer investigacoes
adicionais (Ieguchi; Maru, 2021). Desta forma, justifica-se a realizagdo da pesquisa visando
avaliar a imunoexpressdo da efrina-B2 e o receptor Eph-B4 em AP, CME e CAC buscando
maiores informagdes sobre o perfil de expressao dessas proteinas e sua participagao nos

mecanismos etiopatogénicos dessas neoplasias de glandulas salivares.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a imunoexpressao da efrina-B2 e receptor Eph-B4 em relacdo a parametros

histomorfologicos de uma série de AP, CME e CAC glandulares salivares.

2.2 Objetivos especificos

e Analisar o perfil clinico (sexo, idade e localizagao anatdomica das lesdes) de uma amostra
de AP, CME e CAC;

e (aracterizar o perfil de parametros histomorfoldgico da amostra de AP, CME e CAC;

e Determinar os percentuais de células imunopositivas para efrina-B2 e¢ Eph-B4 no
componente epitelial neoplasico de AP, CME e CAC;

e Estabelecer correlagdes entre as imunoexpressoes da efrina-B2 e Eph-B4 na amostra de

AP, CME e CAC e em relagdo aos parametros histomorfoldgicos dos tumores.
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3 METODOLOGIA

3.1 Caracterizacao do estudo

O estudo foi realizado por meio de uma pesquisa observacional, de natureza analitica e
com corte transversal, caracterizada pela analise, registro e quantificagdo das imunoexpressoes
de efrina-B2 e Eph-B4 em relag¢do aos parametros histomorfoldgicos de uma série de casos de

AP, CME e CAC glandulares salivares.

3.2 Aspectos éticos

A presente pesquisa foi registrada na Plataforma Brasil — Base Nacional de Registro
de Pesquisas Envolvendo Seres Humanos — e submetida a apreciagdo do Comité de Etica em
Pesquisa da Universidade Estadual da Paraiba (UEPB), sendo aprovada sob o parecer n°
7.443.947 (Anexo A). O estudo seguiu integralmente as diretrizes éticas estabelecidas pela

Resolugdo n® 466/2012 do Conselho Nacional de Satde do Ministério da Satude

3.3 Populacgao

A populacao do estudo foi composta por casos de AP, CME e CAC glandulares salivares
diagnosticados e arquivados no Laboratério de Histopatologia Oral do Departamento de
Odontologia da UEPB, no periodo de 2011 a 2025, além de casos adicionais provenientes do
Servico de Patologia Oral e Maxilofacial da Faculdade de Odontologia da Universidade Federal
de Minas Gerais (UFMG).

3.4 Amostra
O estudo foi realizado com uma amostra ndo probabilistica de conveniéncia, constituida
por 40 espécimes fixados em formol a 10% e incluidos em blocos de parafina, correspondendo

a 15 casos de AP, 15 casos de CME ¢ 10 casos de CAC.

3.4.1 Critérios inclusao e exclusao
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Foram incluidos na amostra os espécimes obtidos por meio de bidpsias excisionais ou
incisionais de glandulas salivares maiores e menores, desde que apresentassem quantidade
adequada de tecido para a realiza¢do das analises histomorfologicas e imunoistoquimicas, bem
como blocos de parafina preservados em bom estado de conservagdo. Foram excluidos,
especificamente nos grupos CME e CAC, os casos provenientes de pacientes que haviam
recebido tratamento antineoplasico prévio, a fim de evitar possiveis interferéncias nos padroes

de imunoexpressao.

3.5 Variaveis

O Quadro 1 exibe o elenco das variaveis independentes e dependentes avaliadas no

presente estudo.

Quadro 1 — Elenco de varidveis que foram analisadas no estudo.

VARIAVEIS DEPENDENTES

VARIAVEL DEFINICAO CATEGORIZACAO

Percentual de células com

Efrina-B2 positividade e Células neoplésicas: citoplasma e ntcleo

Percentual de  células com , L . . ,
Eph-B4 o (C¢élulas neoplasicas: citoplasma e nucleo.

positividade.

VARIAVEIS INDEPENDENTES

Tumores glandulares salivares ]
. i e Adenoma pleomorfico
Tipo de lesdo classificados de acordo com as o Carcinoma mucoepidermoide

caracteristicas histomorfologicas ¢ Carcinoma adenoide cistico

Classificagao
histomorfolégica dos

AP de acordo com a

Classificacdo dos AP baseada na . R
quantidade e ¢ Ricos em células

L composi¢ao celular e estromal e Pobres em células
composicdo celular e

do estroma (Soares et

al., 2009)
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Classificacdo dos CME em relagéo
Grau de malignidade | aos critérios histomorfologicos de | o Grau I: baixo grau de malignidade

e Grau II: intermediario de malignidade

dos CME lignidade (Brandwei t al
o8 malignidade  (Brandwein et a., e Grau III: alto grau de malignidade

2001)

Padrdes  histomorfolégicos  dos

o CAC: caracteristicas do componente .
Grau de malignidade e Padrdo tubular

epitelial uanto  aos  arranjos ST
dos CAC p ! J e Padrio cribriforme

histomorfologicos e aos tipos | ® Padrdo solido

celulares (Ellis; Auclair, 1996).

Fonte: elaborado pelo autor, 2025.

3.6 Coleta de dados epidemiologicos

O estudo foi baseado nas informagdes contidas nas fichas de registro e nos laudos de
exame histopatologico, a partir dos quais foram obtidas as variaveis analisadas: idade, sexo dos

pacientes, localizagdo anatdémica e diagnostico histopatolégico das lesdes (APENDICE A).

3.7 Estudo histomorfolégico

A partir do material bioldgico incluido em parafina, foram obtidos cortes histologicos
com 5um de espessura, os quais foram estendidos em laminas de vidro e submetidos a coloracao
de rotina da hematoxilina e eosina. Posteriormente, sob microscopia de luz (Leica DM 500,
Leica Microsystems Vertrieb GmbH, Wetzlar, DE), um patologista sem conhecimento dos
dados clinicos relacionados aos casos, realizou a andlise histomorfologica dos tumores
glandulares salivares segundo a classificagdo mais recente da OMS (Lépine, 2024).

A analise histomorfoldgica e classificagdo dos AP foi realizada de acordo com os
critérios de predominancia de células neoplésicas ou predominio de componentes estromais,
sendo os casos classificados em: ricos em células (predominancia de células epiteliais) e pobres
em células (predomindncia de areas condroides e mixoides) (Soares et al., 2009).

Com base nos critérios de Brandwein et al. (2001), os carcinomas mucoepidermoides
(CME) foram classificados em baixo grau (Grau I) quando havia predominancia de células
mucosas, presenca proeminente de células intermediarias e formagdes cisticas, além de padrao
de crescimento circunscrito. Foram considerados de grau intermediario (Grau II) aqueles em
que as células intermedidrias predominavam sobre as mucosas, com a maior parte do tumor

apresentando arranjo solido.
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Por fim, os tumores foram classificados como de alto grau de malignidade (Grau III)
quando apresentavam predominancia de células escamosas, embora células intermediarias e
mucosas também estivessem presentes. Essa classificacdo tem como base as caracteristicas

histomorfologicas detalhadas no Quadro 2.

Quadro 2. Caracteristicas histomorfoldgicas para gradacao do CME, adaptado de Brandwein et

al. (2001)

Caracteristicas Pontos

Componente intracistico <25% 2
Front de invasdo 2
Atipia nuclear 2
Invasao linfatica e vascular 3
Invasdo ossea 3
>4 mitoses por 10 campos em maior aumento 3
Invasdo perineural 3
Necrose 3
Grau I 0
Grau II 2-3
Grau III 4 ou mais

Fonte: Brandwein et al. (2001).

Para a classificacdo dos padroes histologicos dos CAC, foram adotados os critérios
propostos por Ellis e Auclair (1996), que consideram trés padroes distintos: padrao tubular
(areas tubulares sem componentes solidos), padrao cribriforme (tumores com arquitetura
cribriforme pura ou associada a menos de 30% de areas solidas) e padrao solido (predominio

de areas solidas).

3.8 Estudo imunoistoquimico

3.8.1 Método imunoistoquimico

A amostra selecionada, fixada em formol a 10% e incluida em parafina, foi submetida a

cortes com 3um de espessura, os quais foram estendidos em laminas de vidro preparadas com
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adesivo a base de organosilano (3-aminopropiltrietoxisilano, Sigma-Aldrich, St. Louis, MO,
USA). Posteriormente, o material foi submetido ao método da imunoperoxidase pela técnica
baseada em polimeros de dextrano (EnVision™ Flex+, Dako North America Inc., Carpinteria,
CA, USA), utilizando anticorpo policlonal anti-Efrina-B2 e anticorpo monoclonal anti-Eph-B4
(Quadro 3).

Quadro 3. Especificidade, referéncia, fabricante, dilui¢do, recuperacao antigénica e incubagao

dos anticorpos primarios utilizados no estudo.

Recuperacao
Especificidade Referéncia Fabricante Diluicao Incubacao
Antigénica
Citrato, pH 6,0

Efrina-B2 PA5-106933 Invitrogen 1:400 Steamer, 90°C, 30 Overnight

min

Tris, pH 9,0
Eph-B4 37-1800 Invitrogen 1:250 Steamer, 90°C, 30 Overnight

min

Fonte: elaborado pelo autor, 2025.
O protocolo imunoistoquimico utilizado encontra-se descrito abaixo:
= Desparafinizagdo: 2 banhos em xilol aquecido (15 minutos cada);
= Reidratacdo em cadeia descendente de etanois:
« Alcool etilico absoluto I (5 minutos);
« Alcool etilico absoluto II (5 minutos);
« Alcool etilico absoluto III (5 minutos);
« Alcool etilico 95°GL (5 minutos);
« Alcool etilico 80°GL (5 minutos);
= Remocao de pigmentos formolicos com hidroxido de amonia a 10% em etanol 95°, a
temperatura ambiente (10 minutos);
= Lavagem em agua corrente (10 minutos)
= Duas passagens em agua destilada (5 minutos cada);
= Recuperagdo antigénica;
= Lavagem em agua corrente (10 minutos);
= Duas passagens em agua destilada (5 minutos cada);
= Duas incubagdes dos cortes em solugdo de peroxido de hidrogénio 3% 10 volumes, em
propor¢ao de 1/1, para o bloqueio da peroxidase enddgena tecidual (10 minutos cada);

= Lavagem em 4gua corrente (10 minutos);



36

= Duas passagens em agua destilada (5 minutos cada);
= Efrina B2: Duas passagens em solucao de Citrato, pH 6,0 Steamer, 30 min (5 minutos cada);
= Eph-B4: = Duas passagens em solu¢ao de TRIS-HCI Tween pH 7,4 (5 minutos cada);
= Incubagdo dos cortes com anticorpo primario, em solugdo diluente (EnVision™ Flex
antibody diluent, Dako North America Inc., Carpinteria, CA, USA), a 4°C em camara umida
= Duas passagens em solucdo de TRIS-HCI Tween pH 7,4 (5 minutos cada);
= Incubagdo com anticorpo secundario polimerizado a peroxidase (EnVision™ Flex/ HRP,
Dako North America Inc., Carpinteria, CA, USA), a 4°C em camara umida (30 minutos);
= Duas passagens em solu¢ao de TRIS-HCI Tween pH 7,4 (5 minutos cada);
= Revelagdo da reagdo com solugdo cromogena de 3,3-diaminobenzidina (EnVision™ Flex
DAB+, Dako North America Inc., Carpinteria, CA, USA) (10 minutos);
= Lavagem em agua corrente (10 minutos);
= Passagens rapidas em agua destilada (2 trocas);
= Contracoloragdo com hematoxilina de Harris, a temperatura ambiente (2,5 minutos);
= Lavagem em 4agua corrente (10 minutos);
= Desidratacdo em alcool absoluto:
« Alcool etilico absoluto I (5 minutos);
« Alcool etilico absoluto II (5 minutos);
« Alcool etilico absoluto III (5 minutos);
= Trés passagens em xilol (2 minutos cada);

= Montagem em polimero de acrilatos (Entellan® new, Merck KGaA, Darmstadt, DE).

3.8.2 Anélise imunoistoquimica

Apbs o processamento dos cortes histologicos e tratamento imunoistoquimico, cada
lamina foi analisada sob microscopia de luz (Leica DM 500, Leica Microsystems Vertrieb
GmbH, Wetzlar, DE), por dois examinadores previamente treinados. As laminas foram
escaneadas em imagens de alta resolucao por meio de sistema digital (MoticEasyScan Pro 6,
Motic Inc., Richmond, BC, CAN) e, posteriormente, visualizadas no programa DSAssistant
(Motic Inc., Richmond, BC, CAN). Um avaliador treinado realizou as analises
imunoistoquimicas sem conhecimento dos dados clinicopatologicos relacionados aos casos. A
analise da expressdao das proteinas efrina-B2 e Eph-B4 foi realizada em células neoplasicas,

considerando a expressdo citoplasmatica/membranar e nuclear de cada proteina.
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Para as proteinas citadas foram avaliadas, separadamente, a imunoexpressdo em
membrana/citoplasma e em nucleo, adaptando-se a metodologia proposta no estudo de Shao et
al. (2013), na qual, sob aumento de 100x (DSA4ssistant, Motic Inc., Richmond, BC, CAN),
identificou-se 5 campos de maior imunorreatividade em cada caso. Em seguida, esses campos
foram capturados sob aumento de 400x (DSAssistant, Motic Inc., Richmond, BC, CAN). Com
o0 auxilio do programa ImageJ® (Image Processing and Analysis in Java, National Institute of
Health, Bethesda, MD, USA), as células imunopositivas e negativas foram contadas em cada
um dos campos microscopicos capturados. Por fim, estabeleceu-se os percentuais de células

imunopositivas em relacao ao total de células quantificadas (Apéndice B).

3.9 Analise estatistica

Os resultados foram analisados com o auxilio do programa Jamovi Project (versao
2.6.24; Sydney, AU). Para caracterizagdao da amostra, utilizou-se estatistica descritiva. Os dados
provenientes do estudo imunoistoquimico foram submetidos ao teste de Shapiro-Wilk, o qual
revelou distribui¢ao ndo normal. Dessa forma, os testes ndo paramétricos de Mann-Whitney e
Kruskal-Wallis, este ultimo seguido do pds-teste de comparagdes multiplas de Dwass-Steel-
Critchlow-Fligner, foram utilizados para comparar as medianas dos percentuais de células
imunopositivas para efrina- B2 e Eph-B4, de acordo com o tipo de lesdo e as caracteristicas
histopatologicas dos AP, CME e CAC. Possiveis correlagdes entre as imunoexpressdes dessas
proteinas, por sua vez, foram analisadas por meio do teste de correlagdo de Spearman. Devido
aos baixos percentuais de imunopositividade para efrina-B2 e Eph-B4 em nucleo, os dados
referentes a expressao dessas proteinas foram analisados apenas por meio de estatistica
descritiva. Para todos os testes estatisticos, foi considerado um nivel de significancia de 5% (p

<0,05).
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ABSTRACT

Background: Knowledge is scarce regarding the involvement of ephrins and their receptors in
the modulation of cellular and molecular phenomena in the etiopathogenesis of salivary gland
neoplasms. This study analyzed the immunoexpression of Ephrin-B2 and Eph-B4 in relation to
histomorphological parameters of pleomorphic adenoma (PA), mucoepidermoid carcinoma
(MEC) and adenoid cystic adenocarcinoma (ACC).

Methods: The immunoperoxidase method based on the dextran polymer technique and anti-
Ephrin-A1 monoclonal antibodies / anti-Ephrin-B2 and anti-Eph-B4 polyclonal antibodies was
used, the cytoplasmic and nuclear expression of proteins was analyzed . Percentages of
immunopositive cells were established in relation to the total cells quantified in five tumor
epithelial fields. The data were statistically analyzed using the Mann-Whitney and Spearman
correlation tests (p < 0.05).

Results: Cytoplasmic immunoexpression of Ephrin-B2 predominated throughout the sample,
with variation in expression percentages among neoplasms, particularly in AP. Nuclear
expression was reduced or absent. There were no statistically significant differences among
tumors, but a tendency toward greater expression in the most aggressive subtypes, such as
grades II/IIT in MEC and tubular/solid patterns in ACC. Eph-B4 was cytoplasmically expressed
throughout the sample, with moderately higher percentages in AP, and nuclear expression of
this receptor was negative in most of the sample. There was no statistically significant
correlation between the expressions of Ephrin-B2 and Eph-B4 in the three tumor groups
evaluated.

Conclusions: The findings suggest that the Ephrin-B2/Eph-B4 axis, mainly the cytoplasmic
expression of Ephrin-B2, may be involved in the pathogenesis of the salivary gland neoplasms
evaluated, mainly those associated with malignant biological behavior.

Keywords: Pleomorphic adenoma; Mucoepidermoid carcinoma; Adenoid cystic carcinoma;

Ephrin-B2; EphB4.
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Introducio

Os tumores de glandulas salivares sdo incomuns, representando cerca de 5% de todas
as neoplasias da regido de cabeca e pescoco. Atualmente, a Organizacdo Mundial da Saude
(OMS) reconhece 33 tipos distintos de tumores nessa localizagdo, que apresentam ampla
diversidade em relacdo as caracteristicas clinicas, composicao histolégica e comportamento
biologico [1,2].

Entre essas neoplasias, o adenoma pleomorfico (AP) destaca-se como o tumor benigno
mais prevalente das glandulas salivares [3]. Embora geralmente apresente crescimento lento e
encapsulado, seu potencial de recorréncia e transformagao maligna em carcinoma ex-adenoma
pleomorfico (CXPA) torna sua vigilancia fundamental [4—5]. O carcinoma mucoepidermoide
(CME) ¢ o tumor maligno mais comum nessa regido e pode apresentar graus variados de
diferenciagdo histologica, que se correlacionam com o comportamento clinico da lesdo [2,6].
Por sua vez, o carcinoma adenoide cistico (CAC), embora menos frequente, ¢ conhecido por
sua natureza infiltrativa, curso clinico indolente e elevada taxa de recidiva e metastase tardia,
sendo frequentemente associado a invasao perineural [7,8].

Neste contexto, numerosos estudos vém investigando proteinas reguladoras da
homeostase celular e seu envolvimento na patogénese dessas lesdes [9-11]. Entre essas, as
efrinas e seus receptores Eph vém ganhando destaque, especialmente em outros tipos de
tumores, sendo pouco exploradas nas neoplasias de glandulas salivares [12,13]. As sinalizagdes
promovidas pelo eixo Efrina-B2/Eph-B4 podem regular eventos essenciais como proliferacao,
migragdo, invasdo e angiogénese. Quando desregulada, essa via pode influenciar diretamente
na progressao e agressividade de tumores [14,15].

Diante disso, o objetivo do presente estudo foi avaliar a imunoexpressao da efrina-B2 e
do receptor Eph-B4 em AP, CME e CAC, com a finalidade de ampliar a compreensao sobre os

mecanismos moleculares envolvidos na etiopatogenia dessas neoplasias de glandulas salivares.

Materiais e métodos
Amostra

A amostra do estudo foi composta por 15 casos de AP, 15 casos de CME e 10 casos de
CAC. Os espécimes foram obtidos a partir dos arquivos do Laboratorio de Histopatologia Oral
do Departamento de Odontologia da Universidade Estadual da Paraiba (UEPB) e por meio de
casos cedidos pelo Servico de Patologia Oral e Maxilofacial da Faculdade de Odontologia da

Universidade Federal de Minas Gerais (UFMG). Foram incluidos apenas os casos, provenientes
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de bidpsia excisional ou incisional. que apresentavam material bioldgico suficiente para a
realizacdo das analises histomorfoldgicas e imunoistoquimicas. Foram excluidos da amostra os
casos de CME e CAC com histdrico de tratamento antineoplasico prévio a coleta do material
biopsiado. O estudo foi aprovado pelo Comité de Etica em Pesquisa (CEP) da UEPB, sob o
parecer n° 7.443.947.

Andlise morfologica

A partir do material emblocado em parafina, cortes histologicos de 5 um foram obtidos,
em seguida estendidos em laminas de vidro e corados através da técnica da Hematoxilina e
Eosina. Um patologista oral experiente analisou morfologicamente cada caso, sob microscopia
de luz (Leica DM 500, Leica Microsystems Vertrieb GmbH, Wetzlar, DE).

A classifica¢ao dos AP foi realizada com base nos critérios propostos por Soares et al.
[17] em tumores ricos em células (com predominio de células epiteliais) e tumores pobres em
células (com predominio de &areas mixoides e condroides). Para os CME, adotou-se a
classificagdo proposta por Brandwein et al. [18] que considera o grau histopatoldgico de
malignidade, categorizando os casos em grau I, II ou III. A classificagdo dos padrdes
histologicos dos CAC seguiu os critérios estabelecidos por Ellis e Auclair [19], que distinguem

trés padrdes histomorfoldgicos: tubular, cribriforme e solido.

Imunoistoquimica

As amostras selecionadas, fixadas em formol a 10% e incluidas em parafina, foram
submetidas a cortes com 3um de espessura, os quais foram estendidos em laminas de vidro
silanizadas.

Os cortes teciduais foram desparafinizados, reidratados e submetidos a recuperagao
antigénica (Quadro 1). Para o bloqueio da peroxidase enddgena tecidual, os cortes foram
imersos em peroxido de hidrogénio a 3% e posteriormente incubados com anticorpos primarios
(Quadro 1), lavados com tampao Citrato (pH 6) ou Tris (pH 9) e tratados com complexo baseado
em polimeros de dextrano (EnVision™ Flex+, Dako North America Inc., Carpinteria, CA,
USA). A atividade da peroxidase foi visualizada por meio da imersdo dos cortes em
diaminobenzidina (EnVision™ Flex DAB+, Dako North America Inc., Carpinteria, CA, USA),
resultando em um produto de coloragdo acastanhada. Por fim, os cortes teciduais foram
contracorados com hematoxilina de Harris, desidratados e montados com laminula. Amostras

de granuloma piogénico foram utilizadas como controle positivo para todos os anticorpos. Para
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controle negativo, houve a omissdao dos anticorpos primarios no protocolo anteriormente

descrito.

Andlise imunoistoquimica

A imunoexpressao de efrina-B2 e Eph-B4 foi avaliada de forma quantitativa, adaptando-
se a metodologia utilizada no estudo de Shao et al. [13]. Para os anticorpos, considerou-se como
positividade a coloragdo acastanhada de células tumorais, tanto citoplasmatica quanto nuclear.

As laminas foram escaneadas em imagens digitais de alta resolu¢do (MoticEasyScan
Pro 6, Motic Inc., Richmond, BC, CAN) e, subsequentemente, visualizadas no programa
DSAssistant (Motic Inc., Richmond, BC, CAN). Um examinador previamente treinado realizou
as analises imunoistoquimicas, sem conhecimento dos dados clinicopatoldgicos relacionados
aos casos. Sob aumento de 100x (DSA4ssistant, Motic Inc., Richmond, BC, CAN), foram
elencadas areas de maior imunorreatividade aos anticorpos e sob aumento de 400x
(DSAssistant, Motic Inc., Richmond, BC, CAN), foram fotomicrografados cinco campos nessas
areas de maior imunorreatividade. O programa ImageJ® (Image Processing and Analysis in
Java, National Institute of Health, Bethesda, MD, USA) foi utilizado para a contagem de células
imunomarcadas e negativas em cada campo da amostra. Os valores obtidos nos campos foram
somados, estabelecendo-se o percentual de células imunopositivas em AP, CME e CAC em

relacdo ao total de células contadas.

Andalise estatistica

Os resultados foram analisados com o auxilio do programa Jamovi Project (versdo
2.6.24; Sydney, AU). Para caracterizagdo da amostra, utilizou-se estatistica descritiva. Os dados
provenientes do estudo imunoistoquimico foram submetidos ao teste de Shapiro-Wilk, o qual
revelou distribui¢ao ndo normal. Dessa forma, os testes ndo paramétricos de Mann-Whitney e
Kruskal-Wallis, este tltimo seguido do pos-teste de comparagdes multiplas de Dwass-Steel-
Critchlow-Fligner, foram utilizados para comparar as medianas dos percentuais de células
imunopositivas para efrina- B2 e Eph-B4, de acordo com o tipo de lesdo e as caracteristicas
histopatologicas dos AP, CME e CAC. Possiveis correlagdes entre as imunoexpressdes dessas
proteinas, por sua vez, foram analisadas por meio do teste de correlagdo de Spearman. Para

todos os testes estatisticos, foi considerado um nivel de significincia de 5% (p < 0,05).

Resultados
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Parametros clinicopatologicos

A andlise dos dados clinicos dos AP indicou predominio no sexo feminino (n=10;
66,70%), com idades variando de 22 a 76 anos e média de 42 anos. A maioria das lesdes (n=14;
93,3%) ocorreu em glandulas salivares menores. Os CME predominaram em mulheres (n=9;
60%), com idades variando de 13 e 83 anos e média de 39,9 anos, principalmente em glandulas
salivares menores (n=9; 60%). Os CAC predominaram em mulheres (n=7; 70%), com idades
variando de 17 a 86 anos e média de 51,5 anos, com destaque para casos em glandulas salivares

maiores (70%) (Tabela 1).

Andlise histomorfologica
A analise das caracteristicas histopatologicas dos AP revelou predominancia do subtipo
rico em células (n=8; 53,3%). Nos CME, predominou o grau II de malignidade (n = 7; 46,7%).

Nos CAC, observou-se predominancia do padrao cribriforme (n=5; 50%) (Tabela 1).

Imunoexpressao de Efrina-B2

A tabela 2 exibe os dados da distribuicao da imunoexpressao da efrina-B2. A expressao
membranar/citoplasmatica de efrina-B2 foi observada em toda amostra analisada, com altos
percentuais medianos de positividade nos AP (Md= 39,6) seguidos pelos CAC (Md = 29,3) e
CME (Md = 30,9) (Fig. 4). A analise da expressao nuclear revelou predominante negatividade
na maioria da amostra, com alguns casos isolados, AP (n=4) ¢ CME (n=4) e CAC (n=1) que
apresentaram baixos percentuais de imunopositividade (Fig. 5).

Nao foram observadas diferencas estatisticamente significativas na expressao de efrina-
B2 em membrana/citoplasma entre as lesdes analisadas (p>0,05) (Fig. 4). Devido ao reduzido
numero de casos com positividade nuclear para efrina-B2, nao foi possivel analise de diferenca
estatistica dessa variavel entre os tumores (Fig. 5).

Considerando os parametros histomorfologicos dos AP, ndo foi observada diferenca
estatisticamente significativa na imunoexpressdo membranar/citoplasmatica (p= 0,955) de
efrina-B2, no entanto, observou-se maior mediana de expressao no grupo pobre em células (Fig.
6).

A expressdo membranar/citoplasmatica de efrina-B2 ndo apresentou diferenga
estatisticamente significativa em relagdo ao grau histopatologico de malignidade dos CME (p=

0,390), porém houve maior mediana de positividade citoplasmatica nos tumores com graus

II/II (Fig. 8).
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Nao foram observadas diferencas estatisticamente significativas na expressao
membranar/citoplasmatica de efrina-B2 entre padrdes histopatologicos dos CAC (p= 1,000),
embora a mediana nesse compartimento celular tenha sido superior nos casos com padrao
tubular/solido (Fig. 10). A imunoexpressdo nuclear foi expressamente negativa independente

do grau histopatolégico (Fig. 11).

Imunoexpressao de Eph-B4

A tabela 2 exibe os dados da distribui¢do da imunoexpressdo do Eph-B4. A expressao
membranar/citoplasmatica de Eph-B4 foi observada em toda amostra analisada, com
percentuais moderados de positividade nos AP (Md = 42,9), seguidos pelos CME (Md = 24,8)
e CAC (Md =8,09) (Fig. 4). A analise da expressdo nuclear evidenciou negatividade na maioria
da amostra, com apenas um caso de AP e um de CME que apresentaram baixos percentuais de
imunopositividade (Fig. 5).

Nao foram observadas diferengas estatisticamente significativas na imunoexpressao
membranar/citoplasmatica de Eph-B4 entre as lesdes analisadas (p> 0,05), assim como na
expressao nuclear desta proteina (Tabela 2; Fig. 4 e Fig. 5).

Em relagdo ao subtipo histopatologico dos AP, ndo foram constatadas diferengas
estatisticamente significativas na imunoexpressao membranar/citoplasmatica (p= 0,536),
embora o subtipo pobre em células tenha apresentado a maior mediana de positividade (Fig. 6).

Nao houve diferencas estatisticamente significativas da  imunoexpressiao
membranar/citoplasmatica de Eph-B4 entre os graus histopatologicos dos CME (p= 0,949),
embora os casos de graus II/III tenham apresentado uma mediana superior de positividade (Fig.
8).

Entre os subgrupos histopatolégicos dos CAC ndo houve diferengas estatisticamente
significativas na expressdo membranar/citoplasmatica de Eph-B4 (p= 0,310), porém os casos
com padrao cribriforme apresentaram uma mediana discretamente superior de positividade

(Fig. 10).
Correlagoes entre as imunoexpressoes de Efrina-B2 e Eph-B4
A analise de correlacdo de Spearman entre as expressdes membranar/citoplasmaticas de

efrina-B2 e Eph-B4 nao demonstrou significancia estatistica nos trés grupos tumorais avaliados.

Discussao
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Estudos recentes t€ém demonstrado a participacdo das efrinas e Ephs na promocao de
proliferacdo celular, angiogénese, invasao e metastase de diversas neoplasias [14,15, 21].
Entretanto, informagdes sobre a expressdo dessas proteinas e seus receptores em tumores de
glandulas salivares ainda sdo escassas, com destaque para dois estudos que avaliaram efrina-
Al e Eph-A2 em CAC [13,21]. Os achados da presente pesquisa fornecem um perfil da
expressao de duas proteinas da familia B em trés dos principais subtipos tumorais de glandulas
salivares.

Estudos iniciais identificaram a expressao de efrina-B2 e seu receptor especifico Eph-B4
associada a iniciagdo e progressao tumoral, sobretudo por seu envolvimento direto na regulacao
da angiogénese [14,15]. A efrina-B2 ¢ amplamente reconhecida como um marcador arterial e
regulador essencial da morfogénese vascular, enquanto o Eph-B4 atua como marcador venoso,
sendo ambos fundamentais para o equilibrio entre proliferacdo e remodelamento vascular [22].
Evidéncias apontam que a ativacao do eixo Efrina-B2/Eph-B4 contribui para a sobrevivéncia
celular, evasdo da apoptose, invasdo tumoral e formacdo de metdstases, destacando seu
potencial papel na biologia tumoral de neoplasias de origem epitelial ¢ mesenquimal [23]. No
presente estudo, observou-se imunoexpressdo membranar/citoplasmatica de efrina-B2 e Eph-
B4 em diferentes intensidades nos trés subtipos tumorais analisados (AP, CME e CAC).

De acordo com Kaenel, Mosiman e Andres, [24], a efrina-B2 e o receptor Eph-B4 tém
papéis fundamentais na biologia do cancer de mama. A efrina-B2 contribui para a manutengao
do nicho de células-tronco mamarias e sua desregulagdo pode favorecer a tumorigénese e a
metastase. O Eph-B4, por sua vez, apresenta funcao dual: promove o crescimento tumoral nas
fases iniciais, mas sua expressdo ¢ reduzida em estdgios invasivos, atuando também como
regulador homeostatico. Face ao exposto, os moderados percentuais de expressao
membranar/citoplasmatica observados em grande parte da amostra avaliada no presente estudo,
especialmente nos AP, poderiam corroborar os achados da literatura [24], levando-nos a inferir
que a expressao de efrina-B2 ¢ Eph-B4 possa estar funcionalmente relacionada a eventos de
sobrevivéncia celular epitelial neoplasica no AP, contribuindo, assim, para sua etiopatogenia.

Entre os tumores malignos, a efrina-B2 apresentou maior percentual de
imunopositividade membranar/citoplasmatica nos CAC, enquanto o Eph-B4 mostrou maior
expressdao membranar/citoplasmatica nos casos de CME. A expressdo nuclear foi ausente ou
muito baixa em toda a amostra, sugerindo que a localizagdo citoplasmatica dessas proteinas

pode estar relacionada a sua atividade funcional nessas neoplasias. Esses achados sugerem que
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efrina-B2 e Eph-B4 podem participar de mecanismos envolvidos na patogénese dos tumores de
glandulas salivares, especialmente por meio de sua atuagdo citoplasmatica.

O perfil de imunoexpressdo membranar/citoplasmatica da efrina-B2 observado neste
estudo, especialmente nos casos de CAC, apresenta semelhangas com os achados de Shao ef al.
[13], que analisaram a expressao de efrina-Al e Eph-A2 em CAC. Assim como na pesquisa de
Shao et al. [13], que identificou alta imunorreatividade membranar e citoplasmatica da efrina-
Al associada a maior densidade microvascular (p < 0,01) e ao subtipo solido. Os achados desta
pesquisa também evidenciam imunoexpressdo citoplasmatica de efrina-B2 em CAC e com
maior mediana para o subtipo s6lido. Embora os marcadores avaliados sejam distintos, ambos
pertencem a familia das efrinas e reforcam o potencial papel desse sistema molecular na
biologia tumoral das glandulas salivares, especialmente na angiogénese tumoral.

Em relagdo a imunoexpressdo citoplasmatica de efrina-B2 nos diferentes subtipos
histopatologicos do CME, embora ndo tenham sido observadas diferencas estatisticamente
significativas entre os graus de malignidade, foi notada uma tendéncia a maior expressao em
tumores classificados como grau II e III. Esse achado ganha relevancia quando considerado em
conjunto com os resultados obtidos nos CAC, especialmente nos padrdes tubular e solido — este
ultimo reconhecido por seu comportamento mais agressivo —, que também apresentaram
medianas mais elevadas de expressao de efrina-B2.

Além disso, nesses subtipos mais agressivos do CAC, observou-se igualmente uma maior
expressao do receptor Eph-B4, o que reforca a hipdtese de que esse perfil de expressdo possa
estar relacionado a modulagdo de eventos moleculares envolvidos no comportamento biolégico
tumoral. Entre esses eventos, destacam-se a proliferagdo e a sobrevivéncia celular neoplasica,
sugerindo um possivel papel funcional dessas proteinas na agressividade das neoplasias
analisadas.

Os achados antes citados estdo de acordo com observagdes descritas por Ni et al. [25], os
quais discutem a potencial participagdo do eixo Efrina-B2/Eph-B4 na sobrevivéncia de células
tumorais, por meio da inibicdo da via apoptdtica mediada por caspase-8 e da regulacdao das
interacoes célula-célula que promovem migragao e invasdao. De modo semelhante, Al-Jamaei
et al. [23] sugerem que a superexpressao de efrina-B2 e Eph-B4 pode estar associada a pior
prognostico em tumores de cabeca e pescoco, além de contribuir para a resisténcia a
radioterapia.

Resultados descritos por Noren ef al. [24], evidenciam a relevancia funcional do eixo

Eph-B4/efrina-B2 na progressdo tumoral, demonstrando que a interacao entre Eph-B4,
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expresso em células tumorais, e efrina-B2, presente nas células endoteliais, regula diretamente
a angiogénese tumoral. Esse mecanismo favorece a formacdo de novos vasos sanguineos,
essenciais para a nutricdo e crescimento tumoral, sugerindo que essa via pode representar um
alvo terapéutico promissor. Esses achados reforcam a hipdtese de que a expressao de Eph-B4 e
efrina-B2 em neoplasias pode estar associada a um comportamento bioldgico mais agressivo,
como também observado nas neoplasias malignas de glandulas salivares avaliadas neste
trabalho.

A andlise da expressao de Eph-B4 especificamente revelou positividade citoplasmatica
em todos os grupos tumorais avaliados, sendo mais intensa nos casos de AP, seguida pelo CME
e CAC. A expressao nuclear foi rara, restrita a um ntimero reduzido de amostras, fato que ndo
permite fazer inferéncias sobre o perfil e possiveis papéis dessa proteina no compartimento
nuclear celular das neoplasias avaliadas, porém o perfil de expressdo nuclear observado poderia
sugerir que a presenga desse receptor no compartimento nuclear celular neoplasico ndo exerce
papel relevante na patogenia delas. Apesar de ndo terem sido identificadas diferencas
estatisticamente significativas entre os tumores, a variacao observada sugere que a ativagao do
eixo Efrina-B2/Eph-B4 pode estar relacionada a caracteristicas bioldgicas especificas de cada
tipo neoplasico.

Nesse contexto, Giaginis et al. [14], ao observarem maior expressao
membranar/citoplasmatica de Eph-B4 em neoplasias da tireoide, especialmente no carcinoma
papilifero, destacam a expressao mais acentuada em lesdes malignas do que em benignas e que
esse perfil era associado a tumores de maior tamanho, refor¢ando a hipdtese de seu
envolvimento na progressao tumoral. Face ao exposto, a moderada imunoexpressdao de Eph-B4
nas neoplasias de glandulas salivares avaliadas pode refletir sua participagdo em eventos
celulares relacionados a proliferacio e viabilidade celulares, contribuindo para o
comportamento biologico dessas lesdes.

leguchi e Maru [22] destacam o eixo Efrina-B2/Eph-B4 como um regulador
multifuncional na tumorigénese, atuando em processos como proliferagdo, angiogénese e
resisténcia a terapias. Nesse contexto, a baixa expressdo nuclear, aliada a positividade
citoplasmatica observadas na amostra deste estudo, poderia reforgar a hipdtese que a
localizagdo citoplasmatica dessas proteinas estaria relacionada a modulagdo de vias de
sinalizagdo especificas, possivelmente implicadas no comportamento bioldgico dos tumores de

glandulas salivares, principalmente nas de comportamento maligno.
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Outrossim, considerando a fraca correlagdo entre a efrina-B2 e Eph-B4 nos AP (= 0,236;
p= 0,398), moderada associacao nos CME (r= 0,436, p= 0,104) e fraca nos CAC (r= 0,345;
p=0,328), embora ndo estatisticamente significativas, sugerem uma tendéncia de coexpressao
entre os dois marcadores, especialmente no CME, indicando que a ativacdo conjunta desses
componentes pode ocorrer em determinados contextos tumorais. Além disso, os achados nao
descartam a possibilidade que a efrina-B2 possa estar interagindo com algum receptor
alternativo diferente do Eph-B4 nos trés tipos celulares avaliados.

Apesar dos importantes resultados do presente estudo, ressaltam-se algumas limitagdes
como o tamanho e a estratificacao histopatoldgica da amostra, o que destaca a relevancia de
novas investigagdes da relagdao dessa proteina e seu receptor, seus impactos na patogénese € no
comportamento bioldgico dos tumores glandulares salivares.

Assim, a presente pesquisa contribui de maneira inédita para o entendimento da
etiopatogenia dos tumores de gldndulas salivares ao explorar a imunoexpressdo de efrina-B2 e
Eph-B4 em AP, CME e CAC, com destaque para a expressdo citoplasmatica delas,
principalmente da efrina-B2 e sua provavel participacdo em eventos moleculares associados a
processos celulares neoplasicos, principalmente, para aqueles inerentes ao comportamento
maligno.

Face ao exposto, a presente pesquisa pode alicergar as bases para que mais estudos sejam
propostos, visando elucidar quais seriam os mecanismos moleculares especificos envolvidos na
patogenia dessas lesoes. Além disso, os achados aqui relatados fornecem subsidios para futuras
investigagdes sobre o papel dessas proteinas como potenciais biomarcadores prognosticos ou
alvos terapéuticos em tumores de glandulas salivares.

Em conclusdo, os resultados deste estudo sugerem uma possivel participagdo das
proteinas Efrina-B2 e Eph-B4 na etiopatogenia do AP, CME e CAC glandulares salivares.
Apesar da auséncia de diferencas estatisticamente significativas entre os grupos tumorais, as
maiores medianas de expressdo citoplasmatica de efrina-B2 e Eph-B4 nos tumores de graus
mais elevados do CME e nos padrdes mais agressivos do CAC — como o padrao sélido —
indicam uma possivel associagdo com o comportamento bioldgico mais agressivo dessas
neoplasias. Esses achados reforcam o potencial envolvimento do eixo Efrina-B2/Eph-B4 nos
mecanismos de prolifera¢do, invasdo e progressao tumoral em lesdes malignas de glandulas

salivares.
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Fig. 1 Imunoexpressdo citoplasmatica e nuclear de Efrina-B2 (A) e Eph-B4 (B) em AP.
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Fig. 2 Imunoexpressao citoplasmatica e nuclear de Efrina-B2 (C) e Eph-B4 (D) em CME.
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Fig. 3 Imunoexpressio citoplasmatica e nuclear de Efrina-B2 (E) e Eph-B4 (F) em CAC.
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Fig. 4 Box plot ilustrando os percentuais de positividade citoplasmatica para Efrina-B2 e

Eph-B4 em AP, CME e CAC.
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Fig. 5 Box plot ilustrando os percentuais de positividade nuclear para Efrina-B2 e Eph-

B4 em AP, CME ¢ CAC.
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Fig. 6 Box plot ilustrando os percentuais de positividade citoplasmatica para Efrina-B2 e

Eph-B4 em AP, segundo classificacao histomorfologica.
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Fig. 7 Box plot ilustrando os percentuais de positividade nuclear para Efrina-B2 e Eph-

B4 em AP, segundo classificacdo histomorfologica.
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Fig. 8 Box plot ilustrando os percentuais de positividade citoplasmatica para Efrina-B2 e

Eph-B4 em CME, segundo classifica¢ao histomorfologica.
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Fig. 9 Box plot ilustrando os percentuais de positividade nuclear para Efrina-B2 e Eph-

B4 em CME, segundo classificacao histomorfologica.
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Fig. 10 Box plot ilustrando os percentuais de positividade citoplasmatica para Efrina-B2

e Eph-B4 em CAC, segundo classificagao histomorfoldgica.
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Fig. 11 Box plot ilustrando os percentuais de positividade nuclear para Efrina-B2 e Eph-

B4 em CAC, segundo classificagdo histomorfologica.
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Quadro 1. Especificidade, referéncia, fabricante, diluicdo, recuperagdo antigénica e incubagao
dos anticorpos primdrios utilizados no estudo.

Recuperagio
Especificidade Referéncia Fabricante Diluicao Incubacao
Antigénica
) ) Citrato, pH 6,0
Efrina-B2 PAS5-106933 Invitrogen 1:400 ) Overnight
Steamer, 90°C, 30 min
) Tris, pH 9,0
Eph-B4 37-1700 Invitrogen 1:250 ) Overnight
Steamer, 90°C, 30 min

Fonte: elaborado pelo autor, 2025.

Tabela 1. Distribuicdo absoluta e relativa dos casos de adenomas pleomorficos, carcinomas

mucoepidermoides e carcinoma adenoide cistico de acordo com o0s parametros
clinicopatologicos.
Parametros Clinicopatologicos
AP CME CAC

(n=15) (n=15) (n=10)
Sexo dos Pacientes
Feminino 10(66,7%) 9 (60%) 7(70%)
Masculino 5(33,3%) 6 (40%) 3(30%)
Idade dos pacientes (média em anos) *
Média 42,0 39,9 51,5
Variagdo 22-76 13-83 17-86
Desvio Padrio 16,0 21.2 26.2
Localizacio da Lesao
Glandula salivar menor 14(93,3%) 9(60%) 3(30%)
Glandula salivar maior 1(6,7%) 6(40%) 7(70%)
Subtipo histopatolégico dos AP
Rico em células 8(53,3%) N/A N/A
Pobre em células 7(46,7%) N/A N/A
Grau histopatolégico dos CME
Grau | N/A 4(26,7%) N/A
Grau II N/A 7(46,7%) N/A
Grau II1 N/A 4(26,7%) N/A
Grau histopatolégico dos CAC
Cribriforme N/A N/A 5(50%)
Tubular N/A N/A 3(30%)
Soélido N/A N/A 2(20%)

*Sem dados de idade para um caso

N/A= Nio se aplica

Fonte: elaborado pelo autor, 2025.



61

Tabela 2. Tamanho da amostra, nimero de casos positivos, mediana, minimo e maximo dos
percentuais de células imunopositivas (citoplasma e nucleo) para Efrina-B2 e Eph-B4 em
relacdo aos grupos de lesoes.

n  Casos positivos (%) Minimo  Mdximo  Mediana  DP Vt;lor
Efrina-B2
Citoplasma
AP 15 15 (100) 3,22 90,4 39,6 29,3
CME 15 14 (93,3) 0,00 100 30,9 32,3 0,875
CAC 10 10 (100) 3,64 91,3 29,3 33,3
Niucleo
AP 15 4 (26,7) 0,00 2,81 0,00 0,90
CME 15 4(26,7) 0,00 3,46 0,00 1,06 0,464
CAC 10 1(10,0) 0,00 1,06 0,00 0,34
Efrina-B2- AP
Citoplasma
Pobre em células 8 8(100) 5,22 90,4 39.9 29,7 0.955
Rico em células 7 7(100) 3,22 86,4 36,0 30,9 ’
Nicleo
Pobre em células 8 3(37,5) 0,00 2,81 0,00 1,04
Rico em células 7 1(14,3) 0,00 2,34 0,00 081
Efrina-B2 - CME
Citoplasma
Grau I 4 4(100) 7,36 36,0 27,9 13,4 0.753
Grau II/IIT 11 11(100) 0,00 100 30,9 36.3 ’
Niucleo
Grau I 4 1(25,0) 0,00 3,46 0,00 1,73
Grau II/IIT 11 3(24,3) 0,00 2,51 0,00 076
Efrina-B2 — CAC
Cistoplasma
Cribriforme 5 5(100) 8,21 91,3 24,5 33,4 1.000
Tubular/ Sélido 5 5(100) 3,64 86,2 60,5 36,1 ’
Nicleo
Cribriforme 5 0(0,00) 0,00 0,00 0,00 0,00
Tubular/ Sélido 5 1(20,0) 0,00 1,06 0,00 047
Eph-B4
Citoplasma
AP 15 14 (93,33) 0,00 100 42,90 36.70
CME 15 15 (100) 0,120 88,00 24,80 25,10 0,084
CAC 10 10 (100) 0,270 96,50 8,09 30,20
Nicleo
AP 15 1 (6,70) 0,00 0.950 0,00 0,245
CME 15 1 (6,70) 0,00 0.410 0,00 0,106 0,710
CAC 10 0(0,00) 0,00 0.00 0,00 0,00
Eph-B4 — AP
Citoplasma
Pobre em células 8 8(100) 2,28 100 44.2 42,8 0.536
Rico em células 7 7(100) 0,00 91,3 32,8 32,8 ’
Niucleo
Pobre em células 8 1(12,5) 0,00 0,950 0,00 0,359

Rico em células 7 0(100) 0,00 0,00 0,00 0,00
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Eph-B4 - CME

Citoplasma

Grau | 4 4(100) 12,1 61,8 21,2 22,3 0.949
Grau II/111 11 11(100) 0,12 88,0 26,2 27,1 ’
Nucleo

Grau | 4 1(25,0) 0,00 0,41 0,00 0,20

Grau II/111 11 0(0,00) 0,00 0,00 0,00 0,00
Eph-B4 - CAC

Citoplasma

Cribriforme 5 5(100) 1,10 96,5 9,16 39,6 0310
Tubular/ Sélido 5 5(100) 0,27 42,6 0,96 18,2 ’
Nucleo

Cribriforme 5 0(0,00) 0,00 0,00 0,00 0,00
Tubular/ Sélido 5 0(0,00) 0,00 0,00 0,00 0,00

Fonte: elaborado pelo autor, 2025.

Tabela 3. Tamanho da amostra, coeficiente de correlacdo de Spearman (») e significancia
estatistica (p) para as imunoexpressoes citoplamaticas de Efrina-B2 e Eph-B4.

CORRELACAO AP (n=15) CME (n= 15) CAC (n=10)

Efrina-B2 (citoplasma)

x Eph-B4 (citoplasma) r=0.236 p=10.398 r=0.436 p=0.104 | r=0.345 p=0.328

Fonte: elaborado pelo autor, 2025.
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5 CONSIDERACOES FINAIS

Embora a literatura ainda seja limitada quanto a investigagao da imunoexpressao de
efrinas e seus receptores em tecidos glandulares salivares, os achados do presente estudo
demonstram que efrina-B2 e seu receptor Eph-B4 apresentam expressdo citoplasmatica
heterogénea nos tumores analisados (AP, CME e CAC), sendo mais pronunciada no AP,
especialmente para Eph-B4, sugerindo uma possivel participacao funcional desse eixo de
sinalizacdo na patogénese dessas neoplasias. A variabilidade na intensidade da expressdo entre
os subtipos tumorais pode refletir diferengas no comportamento bioldgico e na ativacao de vias
moleculares associadas a patogenia tumoral.

A expressdo nuclear predominantemente reduzida das proteinas analisadas em toda a
amostra, parece sugerir que o principal local de atuag¢do delas, no contexto dessas neoplasias, €
a membrana/citoplasma. Considerando os parametros histomorfologicos, embora nao tenham
sido identificadas diferengas estatisticamente significativas, os dados descritivos destacaram
percentuais de imunopositividade com tendéncia a maior expressao citoplasmatica de efrina-
B2 e Eph-B4 nos subtipos de maior agressividade do CME (graus II e III) e do CAC (padrao
s6lido), o que pode sugerir uma possivel correlacdo bioldgica com comportamentos clinicos
mais agressivos.

No grupo da neoplasia benigna avaliada (AP), observou-se uma leve tendéncia a maior
positividade imunoistoquimica para efrina-B2 e Eph-B4 nos casos classificados como pobres
em cé¢lulas. Embora essa diferenca nao tenha alcancado significancia estatistica, tal achado pode
refletir um comportamento biologico distinto dentro dos proprios subtipos histologicos do AP.
Esse padrao de expressdo sugere que, mesmo em lesdes benignas, variagdes nos niveis de
efrina-B2 e¢ Eph-B4 podem estar relacionadas a diferengas na atividade celular e em
mecanismos associados a proliferacdo e manutencdo da viabilidade celular. Esses dados
reforcam a necessidade de investigagdes adicionais para compreender o papel funcional dessas
proteinas na fisiopatologia dos tumores de glandulas salivares.

Desse modo, apesar da auséncia de significancia estatistica limitar interpretagdes
definitivas, os resultados obtidos ampliam o conhecimento sobre a expressdo dessas proteinas
em tumores de glandulas salivares e reforcam a hipotese de que a sinalizagdo mediada por
efrina-B2 e Eph-B4 possa desempenhar papel na patogénese e progressao dessas lesdes.
Destaca-se, portanto, a importancia de estudos futuros com amostras ampliadas e analises
funcionais para aprofundar a compreensdo dos mecanismos moleculares envolvidos e validar

essas moléculas como potenciais biomarcadores prognosticos ou alvos terapéuticos.
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APENDICE A - FICHA UTILIZADA PARA COLETA DE DADOS CLINICOS

CASO

IDADE

SEXO

LOCALIZACAO

LESAO

CLASSIFICACAO
HISTOPATOLOGICA

Fonte: Elaborado pelo autor, 2025.
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APENDICE B — FICHA PARA COLETA DE DADOS REFERENTE A ANALISE
EXPRESSAO DE PROTEINAS DE VIAS DE SINALIZACAO DE EFRINAS/EPH EM

NEOPLASIAS DE GLANDULAS SALIVARES.

Anticorpo: () Efrina-B2 ( ) Eph-B4

Localizagdo: () Citoplasma ( ) Nucleo

Caso

Campos microscopicos Percentual
Total | de células
3 4
positivas
- + + | -

Fonte: Elaborado pelo autor, 2025
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa:IMUNOEXPRESSAO DE EFRINA-B2, EPH-B2 E EPH-B4 EM ADENOMA
PLEOMORFICO, CARCINOMA MUCOEPIDERMOIDE E CARCINOMA ADENOIDE
CISTICO GLANDULARES SALIVARES.

Pesquisador: MANUEL ANTONIO GORDON NUNEZ

Area Tematica:

Versao: 1

CAAE: 86944225.0.0000.5187

Instituicao Proponente: Universidade Estadual da Paraiba - UEPB
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 7.443.947

Apresentacao do Projeto:

Estudo transversal com carater descritivo probabilistico correlacional da analise qualitativa e
semiquantitativa da expressao imunoistoquimica efrina-B2, dos receptores de efrinas Eph-B2 e Eph-B4 em
relacéo aos parametros histomorfolégicos de uma série de AP, CME e CAC glandulares salivares e em
tecido glandular salivar normal. A amostra do estudo sera constituida por todos os casos de AP, CME e
CAC glandulares salivares diagnosticados e arquivados no Laboratério de Histopatologia Oral do
Departamento de Odontologia da UEPB, no periodo de 2011 a 2025 e casos cedidos pelo Laboratério de
Histopatologia Oral da UFMG. Além de amostras de tecido glandular salivar normal.

Objetivo da Pesquisa:

Objetivo geral:

Avaliar a imunoexpressao da efrina-B2, dos receptores Eph-B2 e Eph-B4 em relagdo a parametros
histomorfologicos de uma série de AP, CME e CAC glandulares salivares. Objetivos especificos:
Analisar o perfil clinico (sexo, idade e localizagao anatémica das les6es) de uma amostra de AP, CME e
CAC;

Caracterizar o perfil histomorfoldégicos da amostra de AP, CME e CAC;
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Determinar os percentuais de células imunopositivas para efrina-B2, dos receptores de efrinas Eph-B2 e
Eph-B4 no componente epitelial neoplasico e em células do componente estromal de AP, CME, CAC, além
de no parénquima e mesénquima de tecido glandular normal;

Estabelecer correlagdes entre as imunoexpressoes da efrina-B2, dos receptores de efrinas Eph-B2 e Eph-
B4 em relagao aos parametros histomorfolégicos dos AP (Segundo os critérios de Viana et al. 2013), CME
(Critérios de Brandwein et al. 2001) e dos CAC (De acordo com os critérios de Van Weert et al. 2015).

Avaliacao dos Riscos e Beneficios:

Por se tratar de uma pesquisa que realizara a coleta de dados em fichas clinicas e utilizara laminas
histologicas e espécimes biolégicos mantidos em arquivo, os riscos potenciais implicados na participagao
nesta pesquisa sao minimos. Neste contexto, deve-se considerar a possibilidade de exposicao dos dados
pessoais dos pacientes. Este risco, no entanto, sera minimizado pelo uso de codificagées que garantirao a
privacidade e confidencialidade dos dados, assegurando que nao sejam utilizadas quaisquer indicagées que
possam identificar os participantes da pesquis. Os beneficios podem superar os possiveis riscos, ao
contribuir para uma melhor compreensao sobre a importancia das efrinas e seus receptores como
mediadores em processos patogénicos de lesGes neoplasicas de diferentes origens.

Comentarios e Consideracoes sobre a Pesquisa:

A proposta do projeto é relevante academicamente, uma vez que segue uma linha ade investigagao sobre a
compreensao da participagao de proteinas nos mecanismos etiopatogénicos de neoplasias de glandulas
salivares.

Consideragoes sobre os Termos de apresentacao obrigatoria:

Folha de rosto: anexada;

Autorizagao Institucional: Anexada

Termo de Compromisso do Pesquisador Responsavel: anexado

Termo de concordancia com a pesquisa: anexado

TCLE: justificado a auséncia.

Recomendacoées:
projeto é relevante, apresenta importancia académica e social. A metodologia esta clara e
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adequada ao que se propde. Todos os termos foram anexados.

Conclusées ou Pendéncias e Lista de Inadequacoes:
O projeto apresenta todos os documentos necessarios, desta forma esta aprovado salvo melhor
entendimento.

Consideracgoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informacgoes Basicas|PB_INFORMACOES_BASICAS_DO_P | 12/03/2025 Aceito
do Projeto ROJETO_2508665.pdf 10:22:10
Folha de Rosto FOLHA_DE_ROSTO_PESQUISA_JEFF| 12/03/2025 |MANUEL ANTONIO ( Aceito

ERSON.pdf 10:21:19 | GORDON NUNEZ
Solicitagao Assinada| TERMO_DE_COMPROMISSO_PESQUI[ 26/02/2025 |MANUEL ANTONIO | Aceito
pelo Pesquisador SADOR_RESPONSAVEL.pdf 15:36:49 |GORDON NUNEZ
Responsavel
Declaragao de TERMO_AUTORIZACAO_INSTITUCIO | 26/02/2025 | MANUEL ANTONIO | Aceito
Manuseio Material |NAL_PARA_USO_E_COLETA_DE_DA 15:32:38 |GORDON NUNEZ
Biolégico / DOS_ARQUIVOS.pdf
Biorepositorio /
Biobanco
TCLE / Termos de |PEDIDO_DE_DISPENSA_TCLE.pdf 26/02/2025 |MANUEL ANTONIO | Aceito
Assentimento / 15:30:42 |GORDON NUNEZ
Justificativa de
Auséncia
Projeto Detalhado / |PROJETO_JEFFERSON_CEP.pdf 26/02/2025 |MANUEL ANTONIO | Aceito
Brochura 15:29:50 |GORDON NUNEZ
Investigador
Orgamento ORCAMENTO.pdf 26/02/2025 |MANUEL ANTONIO | Aceito

15:28:38 |GORDON NUNEZ

Declaracao de DECLARACAO_PESQUISADORES.pdf | 26/02/2025 |MANUEL ANTONIO | Aceito
Pesquisadores 15:28:03 | GORDON NUNEZ
Declaragao de DECLARACAO_CONCORDANCIA_PR | 26/02/2025 |MANUEL ANTONIO | Aceito
concordancia OJETO_PESQUISA.pdf 15:21:46 | GORDON NUNEZ
Declaragao de TERMO_DE_AUTORIZACAO_INSTITU | 26/02/2025 |MANUEL ANTONIO | Aceito
Instituiao e CIONAL.pdf 15:19:52 |GORDON NUNEZ
Infraestrutura
Cronograma CRONOGRAMA .pdf 26/02/2025 |MANUEL ANTONIO | Aceito
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ANEXO B - NORMAS PARA SUBMISSAO DE ARTIGOS AO PERIODICO HEAD AND
NECK PATHOLOGY

Instructions for Authors — Head and Neck Pathology

General Information

We only accept manuscript submission via our online manuscript submission system. Please
follow the hyperlink “Submit manuscript” on this page and upload all of your manuscript files
following the instructions given on screen.

Submission of a manuscript implies:
o that the work described has not been published before;
o that it is not under consideration for publication anywhere else;
o that its publication has been approved by all co-authors, if any, as well as by the
responsible authorities — tacitly or explicitly — at the institute where the work has been
carried out

The publisher will not be held legally responsible should there be any claims for compensation
All manuscripts are evaluated via iThenticate for signs of any potential plagiarism. For
information on  the concept of  self-plagiarism, visit the  following
online http://www.ithenticate.com/resources/papers/ethics-of-self-plagiarism#

ORCID ID

This publication requires that the corresponding author provides his/her ORCiD ID before
proceeding with submission. For more information about this journal’s ORCiD policy, please
visit the ORCID FAQ

Types of Papers

Research

This section is the major emphasis of the journal, with a focus on head and neck pathology
topics, and devoted to scientific reporting of results of original clinicopathologic research.

Review
Reviews present, contrast, and evaluate information from previously published research to
address a specific question or topic related to the aims and scope of the journal.

Correspondence

Correspondences provide a format for discussions of matters associated with the publication.
Correspondences are published at the discretion of the Editor and those presenting original
material are subject to peer review. Correspondences are written without subheadings and have
a maximum length of 1,000 words and 5-10 pertinent references.

Case Report

In general, case reports are not encouraged and the editors strictly limit the number of case
reports per issue. For the Editors to consider a case report it must contain all pertinent clinical,
imaging, pathology, and ancillary information on a particularly novel or exceedingly rare entity,
set within the context of a thorough and investigative review of the literature. Submissions of
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single case reports or limited series of common entities will be rejected and returned to the
author.

Comment

These can portray your view on a topical or controversial subject in the field, as well as anything
of likely interest to the readers, such as policy debates and community announcements. Please
note supplementary information will not be accepted as part of the submission.

No abstract required; Main body of text (excluding references, tables/figures, figure legends)
not to exceed 1,500 words; Max 2 table or figure; Max 15 references.

Perspective

A scholarly overview and discussion of the primary research literature that does not meet the
criteria for a review article - either because the scope is too narrow, or a primary purpose of the
piece is to advocate a controversial position or a speculative hypothesis, or to discuss work
primarily from one or a few research groups. They are intended to stimulate discussion and
consideration of new approaches to investigation and understanding of a field.

Unstructured abstract max. 250 words; Max of 4 tables or figures; Max 25 references.

Image

Submissions to this section illustrate classic examples of common entities with clinical
photographs, radiographic imaging, intraoperative photographs, gross pathology images,
cytology, classic histology, and any pertinent supporting studies (histochemical,
immunohistochemical, immunofluorescence, molecular, genetic and/or ultrastructural). The
text includes a brief summary of clinical and histopathologic findings and potential differential
diagnostic considerations clinically or pathologically. On occasion, we may accept a classic
presentation of a very rare entity if these criteria are fulfilled.

The text should be approximately 250-500 words, appropriate legends for the figures shown
and 3-5 pertinent references.

Meeting Report

The proceedings of the North American Society of Head and Neck Pathology (part of the United
States and Canadian Academy of Pathology) annual meeting are published annually in the
spring issue of the journal. These invited manuscripts must be submitted under the Meeting
Report article type. The manuscript requires text to include an abstract of no more than 250
words, an introduction, discussion, and conclusion followed by tables, references, and figure
legends. Up to 8 color illustrations may be included and no more than 30 pertinent and current
references. Submission guidelines for images and tables are as noted below.

Instructions for complying with Ethical Standards
Please replace the first sentence with: Please include a separate section called “Compliance
with Ethical Standards” within your manuscript.

Please always include each type of statement as well as the exact statement order and
wording as described below for the five disclosure statements. Please always add all seven
statements, even if one or more are not applicable; if any are not relevant to the content
please state that this declaration is “not applicable”.

1. Funding (must be included): “This study was funded by X (grant number X)”
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In this paragraph 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.

If not applicable, please add the following sentence:
“This study was not supported by any funding.”

2. Conflict of Interest (must be included): “Author A has received research grants from
Company A. Author B has received a speaker honorarium from Company X and owns stock in
Company Y. Author C is a member of committee Z.”

If not applicable, please add the following sentence:

“The authors declare that they have no conflict of interest.”

In this paragraph all financial and non-financial competing interests must be declared in this
section. If you are unsure whether you or any of your co-authors have a competing interest
please contact the editorial office.

3. Ethical approval (must be included):

- For studies involving patients, please add the following sentence:

“All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable ethical standards.”

- For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

- For studies with animals, the following statement should be included in the text: “All
applicable international, national, and/or institutional guidelines for the care and use of animals
were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving
animals were in accordance with the ethical standards of the institution or practice at which the
studies were conducted.”

- If articles do not contain studies with human participants or animals by any of the
authors, please select one of the following statements:

“This article does not contain any studies with human participants performed by any of the
authors.”

“This article does not contain any studies with animals performed by any of the authors.”
“This article does not contain any studies with human participants or animals performed by any
of the authors.”

A statement on the Institutional Review Board (IRB) approval of your study must be also
included in this section.

4. Consent to Participate (must be included): “Informed consent was obtained from all
individual participants included in the study.”

For all research involving human subjects, informed consent to participate in the study should
be obtained from participants (or their parent or legal guardian in the case of children under
16).

If not applicable, please add one of the following sentences:

“For this type of study informed consent is not required.”

“This study has obtained IRB approval from (indicate the relevant board) and the need for
informed consent was waived.”
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5. Consent for publication (must be included): “Consent for publication was obtained for
every individual person’s data included in the study.”

If your manuscript contains any individual person’s data in any form, consent to publish 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 to publish.

If not applicable, please add the following sentence:

“For this type of study consent for publication is not required.”

6. Availability of data and materials (must be included):

This statement should explain how to access data supporting the results and analysis in the
article, including links/citations to publicly archived datasets analysed or generated durinh the
study.

If it is not possible to share research data publicly, for instance when individual privacy could
be compromised, this statement should describe how data can be accessed and any conditions
for reuse.

When creating a data availability statement, authors are encouraged to consider the minimal
dataset that would be necessary to interpret, replicate and build upon the findings reported in
the article.

7. Code Availability (must be included):
If any software application or custom code has been used in the preparation of your article,
please describe this here.

Editorial procedure

Peer Review Policy

Peer review is the system used to assess the quality of a manuscript before it is published.
Independent researchers in the relevant research area assess submitted manuscripts for
originality, validity and significance to help Editors determine whether the manuscript should
be published in their journal.

Head and Neck Pathology operates a single-blind peer-review system, where the reviewers are
aware of the names and affiliations of the authors, but the reviewer reports provided to authors
are anonymous. The benefit of single-blind peer review is that it is the traditional model of peer
review that many reviewers are comfortable with, and it facilitates a dispassionate critique of a
manuscript.

Submitted manuscripts will generally be reviewed by two to three experts who will be asked to
evaluate whether the manuscript is scientifically sound and coherent, whether it duplicates
already published work, and whether or not the manuscript is sufficiently clear for publication.
Reviewers will also be asked to indicate how interesting and significant the research is. The
Editors will reach a decision based on these reports and, where necessary, they will consult with
members of the Editorial Board. Where an Editor is on the author list or has any other competing
interest regarding a specific manuscript, another member of the Editorial Board will be assigned
to assume responsibility for overseeing peer review.

Any commissioned content, or any content included in special issues/collections, undergoes the
same peer review process as a standard submission. The papers will be assessed by the journal's
editorial team and at least 2 external peer reviewers. If a Guest Editor is leading the special
issue/collection they will be required to have at least 2 independent peer reviewers assess each
submission and the final decision will remain with the Editors-in-Chief.
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Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; that its publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or explicitly
— at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when submitting
their papers. Any material received without such evidence will be assumed to originate from
the authors.

Online Submission
Please follow the hyperlink “Submit manuscript” and upload all of your manuscript files
following the instructions given on the screen.

Source Files

Please ensure you provide all relevant editable source files at every submission and revision.
Failing to submit a complete set of editable source files will result in your article not being
considered for review. For your manuscript text please always submit in common word
processing formats such as .docx or LaTeX.

Submitting Declarations

Please note that Author Contribution information and Competing Interest information must be
provided at submission interface. Only the information submitted via the interface will be used
in the final published version. Please make sure that if you are an editorial board member and
also a listed author that you also declare this information in the Competing Interest section of
the interface.

Please see the relevant sections in the submission guidelines for further information on these
statements as well as possible other mandatory statements.

The following materials are required to be included with the online submission, or the
manuscript will be rejected and returned to the author:

e Cover letter that describes the significance and novelty of the work and includes the
statements “All authors have read and approved the manuscript” and “This manuscript
1s not under consideration elsewhere,” as well as any additional information that may
impact the review process.

e Corresponding author’s complete contact information to include address, phone
number, and e-mail address.

e Structured Abstract of no more than 350 words (for Original, Review, Meetings
Proceedings and Sine Qua Non articles).

e Original Papers and Case Reports should have an Abstract, Introduction, Materials and
Methods, Results, and Discussion, with supplementary materials if necessary.

o All Tables submitted at the end of the paper, not embedded within it, listed in order cited
in the manuscript.

e The anatomic site(s) best suited for the original article (part of Classifications section).
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o Full names and affiliations of all authors, complete with first and middle names or
initials, and e-mail addresses for each.

o Two reviewer suggestions that include names and e-mail addresses.

o Indication of whether or not the paper was invited.

e Please refer to the Instructions for Complying with Ethical Standards and the
Compliance with Ethical Standards Sections for additional important requirements that
must appear after the Title Page.

Stats Declaration

For all submissions, within the Cover Letter authors must include one or the other of the
following statements:

Statistical methods employed are performed by an experienced person, with authorship
(acknowledgement) on the manuscript, and the contributor(s) specified.

Or

No statistical analysis was performed in the preparation of this manuscript.

Title Page
Please make sure your title page contains the following information.

Title
The title should be concise and informative.

Author information
e The name(s) of the author(s)
o The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country
e A clear indication and an active e-mail address of the corresponding author
o Ifavailable, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.
For authors that are (temporarily) unaffiliated we will only capture their city and country of
residence, not their e-mail address unless specifically requested.

Large Language Models (LLMs), such as ChatGPT, do not currently satisfy our authorship
criteria. Notably an attribution of authorship carries with it accountability for the work, which
cannot be effectively applied to LLMs. Use of an LLM should be properly documented in the
Methods section (and if a Methods section is not available, in a suitable alternative part) of the
manuscript.

Abstract
Please provide a structured abstract of 150 to 250 words which should be divided into the
following sections:

e Purpose (stating the main purposes and research question)

e Methods

e Results

e Conclusions

For life science journals only (when applicable)
o Trial registration number and date of registration for prospectively registered trials
e Trial registration number and date of registration, followed by “retrospectively
registered”, for retrospectively registered trials



82

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

Statements and Declarations
The following statements should be included under the heading "Statements and Declarations"
for inclusion in the published paper. Please note that submissions that do not include relevant
declarations will be returned as incomplete.
e Competing Interests: Authors are required to disclose financial or non-financial
interests that are directly or indirectly related to the work submitted for publication.
Please refer to “Competing Interests and Funding” below for more information on how
to complete this section.
Please see the relevant sections in the submission guidelines for further information as well as
various examples of wording. Please revise/customize the sample statements according to your
own needs.

Important information regarding Abstract
For Research articles and Reviews, please provide a structured abstract of up to 350 words
organized under the following sections:

e Purpose (stating the main purposes and research question)

e Methods

e Results

e Conclusion
Abbreviations, footnotes, and references should not be used in the abstract, with the exception
of standard, repetitive abbreviations.

Additional information regarding the Title Page
The title page should also contain the following information:
o Total number of each:
1.text pages, including title page, references, and figure legends;
2.tables; and
3.figures.

Text

Text Formatting
Manuscripts should be submitted in Word.
e Use a normal, plain font (e.g., 10-point Times Roman) for text.
o Use italics for emphasis.
e Use the automatic page numbering function to number the pages.
e Do not use field functions.
o Use tab stops or other commands for indents, not the space bar.
o Use the table function, not spreadsheets, to make tables.
e Use the equation editor or MathType for equations.
e Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX. We recommend using
Springer Nature’s LaTeX template.
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Headings
Please use no more than three levels of displayed headings.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the
title page. The names of funding organizations should be written in full.

Scientific style
Please always use internationally accepted signs and symbols for units (SI units).

References

Citation

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3,7].

Reference list
The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works should
only be mentioned in the text.
The entries in the list should be numbered consecutively.
If available, please always include DOIs as full DOI links in your reference list (e.g.
“https://doi.org/abc”).
e Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect
of high intensity intermittent training on heart rate variability in prepubescent children. Eur J
Appl Physiol 105:731-738. https://doi.org/10.1007/s00421-008-0955-8.Ideally, the names of
all authors should be provided, but the usage of “et al.” in long author lists will also be
accepted: Smith J, Jones M Jr, Houghton L et al. (1999) Future of health insurance. N Engl J
Med 965:325-329
e Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J
Mol Med. https://doi.org/10.1007/s001090000086
¢ Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
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e Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern

genomics, 3rd edn. Wiley, New York, pp 230-257

¢ Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.

http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

o Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California
Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see ISSN.org LTWA.
If you are unsure, please use the full journal title.
Authors preparing their manuscript in LaTeX can use the bibliography style file sn-basic.bst
which is included in the Springer Nature Article Template.

Tables

o All tables are to be numbered using Arabic numerals.

o Tables should always be cited in text in consecutive numerical order.

o For each table, please supply a table caption (title) explaining the components of the
table.

o Identify any previously published material by giving the original source in the form of
a reference at the end of the table caption.

o Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

Artwork and Illustrations Guidelines
Electronic Figure Submission

e Supply all figures electronically.

o Indicate what graphics program was used to create the artwork.

o For vector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MSOffice files are also acceptable.

e Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

e Definition: Black and white graphic with no shading.

e Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

e All lines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

o Definition: Photographs, drawings, or paintings with fine shading, etc.

o If any magnification is used in the photographs, indicate this by using scale bars within
the figures themselves.

o Halftones should have a minimum resolution of 300 dpi.

e Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
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Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make surethat the main information
will still be visible. Many colors are not distinguishable from one another when
converted to black and white. A simple way to check this is to make a xerographic copy
to see if the necessary distinctions between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,"Al, A2,
A3, etc." Figures in online appendices [Supplementary Information (SI)] should,
however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts.
Include the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for doublecolumn text areas), or
174 mm (for single-column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.
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Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s). Please be aware that some publishers do not grant electronic rights
for free and that Springer will not be able to refund any costs that may have occurred to receive
these permissions. In such cases, material from other sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that
e All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)
o Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)
e Any figure lettering has a contrast ratio of at least 4.5:1

Generative AI Images
Please check Springer’s policy on generative Al images and make sure your work adheres to
the principles described therein.

Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the
journal’s Research data policy. We encourage research data to be archived in data repositories
wherever possible.

Submission

e Supply all supplementary material in standard file formats.

o Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other problems
during downloading.

e High resolution (streamable quality) videos can be submitted up to a maximum of
25GB; low resolution videos should not be larger than SGB.

Audio, Video, and Animations
e Aspectratio: 16:9 or 4:3
e Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files
e  Minimum video duration: 1 sec
e Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v,
3gp

Text and Presentations
e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
e A collection of figures may also be combined in a PDF file.
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Spreadsheets
e Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),
and .tex can also be supplied.

Collecting Multiple Files
o Itis possible to collect multiple files in a .zip or .gz file.

Numbering

o If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
o Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
Captions

o For each supplementary material, please supply a concise caption describing the content
of the file.

Processing of supplementary files

e Supplementary Information (SI) will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility
In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that
o The manuscript contains a descriptive caption for each supplementary material
e Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

Generative AI Images
Please check Springer’s policy on generative Al images and make sure your work adheres to
the principles described therein.

After Acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting. Shortly
after this you will receive two e-mails. One contains a request to confirm your affiliation,
choose the publishing model for your article, as well as to arrange rights and payment of any
associated publication cost. A second e-mail containing a link to your article’s proofs will be
sent once typesetting is completed.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either grant the Publisher
an exclusive licence to publish the article or will be asked to transfer copyright of the article to
the Publisher.
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Offprints
Offprints can be ordered by the corresponding author.

Color illustrations
Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.
After online publication, further changes can only be made in the form of an Erratum, which
will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numbers.

Open Choice

Open Choice allows you to publish open access in more than 1850 Springer Nature journals,
making your research more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list

Benefits:

e Increased researcher engagement: Open Choice enables access by anyone with an
internet connection, immediately on publication.

e Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4
times more often on average, and cited 1.7 more times on average™.

e Easy compliance with funder and institutional mandates: Many funders require open
access publishing, and some take compliance into account when assessing future grant
applications.

It is easy to find funding to support open access — please see our funding and support pages for
more information.

* Within the first three years of publication. Springer Nature hybrid journal OA impact analysis,
2018.

Open Choice
Funding and Support pages

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative
Commons Attribution License.

Find more about the license agreement

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of
the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on
how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific




&9

endeavour. Maintaining integrity of the research and its presentation can be achieved by
following the rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for simultaneous
consideration.

The submitted work should be original and should not have been published elsewhere
in any form or language (partially or in full), unless the new work concerns an expansion
of previous work. (Please provide transparency on the re-use of material to avoid the
concerns about text-recycling (‘self-plagiarism’).)

A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e.‘salami-
slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is intended for
a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should
adhere to discipline-specific rules for acquiring, selecting and processing data.

No data, text, or theories by others are presented as if they were the author’s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several authors
to collectively self-cite is strongly discouraged.

Authors should avoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of their behavior or actions that could potentially
be seen as personal attacks or allegations about that person.

Research that may be misapplied to pose a threat to public health or national security
should be clearly identified in the manuscript (e.g. dual use of research). Examples
include creation of harmful consequences of biological agents or toxins, disruption of
immunity of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author, and
the order of authors are all correct at submission. Adding and/or deleting authors during
the revision stages is generally not permitted, but in some cases may be warranted.
Reasons for changes in authorship should be explained in detail. Please note that
changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights
such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.
If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out
an investigation following COPE guidelines. If, after investigation, there are valid concerns,



90

the author(s) concerned will be contacted under their given e-mail address and given an
opportunity to address the issue. Depending on the situation, this may result in the Journal’s
and/or Publisher’s implementation of the following measures, including, but not limited to:
o If the manuscript is still under consideration, it may be rejected and returned to the
author.
o If'the article has already been published online, depending on the nature and severity of
the infraction:
- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.
The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the platform,
watermarked “retracted” and the explanation for the retraction is provided in a note linked to
the watermarked article.
e The author’s institution may be informed
e A notice of suspected transgression of ethical standards in the peer review system may
be included as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal and
explain in what sense the error is impacting the article. A decision on how to correct the
literature will depend on the nature of the error. This may be a correction or retraction. The
retraction note should provide transparency of which parts of the article are impacted by the
error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email
address for each suggested reviewer, or, if this is not possible to include other means of
verifying the identity such as a link to a personal homepage, a link to the publication record or
a researcher or author ID in the submission letter. Please note that the Journal may not use the
suggestions, but suggestions are appreciated and may help facilitate the peer review process.

Authorship principles

These guidelines describe authorship principles and good authorship practices to which
prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit
consent to submit and that they obtained consent from the responsible authorities at the
institute/organization where the work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the
following guidelines*:

All authors whose names appear on the submission
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1) made substantial contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree 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.

* Based on/adapted from:

ICMIJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or non-
financial interests, study-specific approval by the appropriate ethics committee for research
involving humans and/or animals, informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals (as
appropriate).

The decision whether such information should be included is not only dependent on the scope
of the journal, but also the scope of the article. Work submitted for publication may have
implications for public health or general welfare and in those cases it is the responsibility of all
authors to include the appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software application
or custom code support their published claims and comply with field standards. Please note that
journals may have individual policies on (sharing) research data in concordance with
disciplinary norms and expectations.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-
review process, and the co-authors feel it is appropriate to include the author, co-authors should
obtain approval from a (legal) representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the
Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve
the dispute themselves. If they are unable the Journal reserves the right to withdraw a
manuscript from the editorial process or in case of a published paper raise the issue with the
authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
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regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

o Disclosure of potential conflicts of interest

e Research involving Human Participants and/or Animals

e Informed consent
Please note that standards could vary slightly per journal dependent on their peer review policies
(i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.
The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

o Disclosure of potential conflicts of interest

e Research involving Human Participants and/or Animals

e Informed consent
Please note that standards could vary slightly per journal dependent on their peer review policies
(i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.
The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.
Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial),
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informed consent if the research involved human participants, and a statement on welfare of
animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

o Disclosure of potential conflicts of interest

e Research involving Human Participants and/or Animals

e Informed consent
Please note that standards could vary slightly per journal dependent on their peer review policies
(i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.
The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.

Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work
submitted for publication. Interests within the last 3 years of beginning the work (conducting
the research and preparing the work for submission) should be reported. Interests outside the 3-
year time frame must be disclosed if they could reasonably be perceived as influencing the
submitted work. Disclosure of interests provides a complete and transparent process and helps
readers form their own judgments of potential bias. This is not meant to imply that a financial
relationship with an organization that sponsored the research or compensation received for
consultancy work is inappropriate.

Editorial Board Members and Editors are required to declare any competing interests and
may be excluded from the peer review process if a competing interest exists. In addition, they
should exclude themselves from handling manuscripts in cases where there is a competing
interest. This may include — but is not limited to — having previously published with one or
more of the authors, and sharing the same institution as one or more of the authors. Where an
Editor or Editorial Board Member is on the author list we recommend they declare this in the
competing interests section on the submitted manuscript. If they are an author or have any other
competing interest regarding a specific manuscript, another Editor or member of the Editorial
Board will be assigned to assume responsibility for overseeing peer review. These submissions
are subject to the exact same review process as any other manuscript. Editorial Board Members
are welcome to submit papers to the journal. These submissions are not given any priority over
other manuscripts, and Editorial Board Member status has no bearing on editorial consideration.
Interests that should be considered and disclosed but are not limited to the following:
Funding: Research grants from funding agencies (please give the research funder and the grant
number) and/or research support (including salaries, equipment, supplies, reimbursement for
attending symposia, and other expenses) by organizations that may gain or lose financially
through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of this
manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or
children) that may gain or lose financially through publication of this manuscript; consultation
fees or other forms of remuneration from organizations that may gain or lose financially; patents
or patent applications whose value may be affected by publication of this manuscript.
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It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any
undeclared financial interest that could embarrass the author were it to become publicly known
after the work was published."
Non-financial interests: In addition, authors are requested to disclose interests that go beyond
financial interests that could impart bias on the work submitted for publication such as
professional interests, personal relationships or personal beliefs (amongst others). Examples
include, but are not limited to: position on editorial board, advisory board or board of directors
or other type of management relationships; writing and/or consulting for educational purposes;
expert witness; mentoring relations; and so forth.
Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review articles
therefore require a disclosure statement. Other article types such as editorials, book reviews,
comments (amongst others) may, dependent on their content, require a disclosure statement. If
you are unclear whether your article type requires a disclosure statement, please contact the
Editor-in-Chief.
Please note that, in addition to the above requirements, funding information (given that funding
is a potential competing interest (as mentioned above)) needs to be disclosed upon submission
of the manuscript in the peer review system. This information will automatically be added to
the Record of CrossMark, however it is not added to the manuscript itself. Under ‘summary of
requirements’ (see below) funding information should be included in the ‘Declarations’
section.
Summary of requirements
The above should be summarized in a statement and included on a title page that is separate
from the manuscript with a section entitled “Declarations” when submitting a paper. Having
all statements in one place allows for a consistent and unified review of the information by the
Editor-in-Chief and/or peer reviewers and may speed up the handling of the paper. Declarations
include Funding, Competing interests, Ethics approval, Consent, Data, Materials and/or Code
availability and Authors’ contribution statements. Please use the title page for providing the
statements.
Once and if the paper is accepted for publication, the production department will put the
respective statements in a distinctly identified section clearly visible for readers.
Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.
When all authors have the same (or no) competing interests and/or funding it is sufficient to use
one blanket statement.
Examples of statements to be used when funding has been received:

o Partial financial support was received from [...]

o The research leading to these results received funding from [...] under Grant Agreement

Nol...].

e This study was funded by [...]

o This work was supported by [...] (Grant numbers [...] and [...]
Examples of statements to be used when there is no funding:

e The authors did not receive support from any organization for the submitted work.

e No funding was received to assist with the preparation of this manuscript.

o No funding was received for conducting this study.

e No funds, grants, or other support was received.
Examples of statements to be used when there are interests to declare:
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o Financial interests: Author A has received research support from Company A. Author
B has received a speaker honorarium from Company W and owns stock in Company X.
Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

o Financial interests: The authors declare they have no financial interests.
Non-financial interests: Author A is on the board of directors of Y and receives no
compensation as member of the board of directors.

o Financial interests: Author A received a speaking fee from Y for Z. Author B receives
a salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

o Financial interests: Author A and B declare they have no financial interests. Author C
has received speaker and consultant honoraria from Company M and Company N. Dr.
C has received speaker honorarium and research funding from Company M and
Company O. Author D has received travel support from Company O.

Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.
Examples of statements to be used when authors have nothing to declare:

e The authors have no relevant financial or non-financial interests to disclose.

e The authors have no competing interests to declare that are relevant to the content of
this article.

e All authors certify that they have no affiliations with or involvement in any organization
or entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

e The authors have no financial or proprietary interests in any material discussed in this
article.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Research involving human participants, their data or biological material
Ethics approval
When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee (including
the name of the ethics committee) and certify that the study was performed in accordance with
the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. If doubt exists whether the research was conducted in
accordance with the 1964 Helsinki Declaration or comparable standards, the authors must
explain the reasons for their approach, and demonstrate that an independent ethics committee
or institutional review board explicitly approved the doubtful aspects of the study. If a study
was granted exemption from requiring ethics approval, this should also be detailed in the
manuscript (including the reasons for the exemption).
Authors of manuscripts that describe experimental studies on either humans or animals must
supply a statement that the study was approved by an institutional review committee or ethics
committee and that the subjects gave informed consent. Such approval should be described in
the Methods section of the manuscript. In addition, for studies conducted with human subjects,
the method by which informed consent was obtained from the participants (i.e., verbal or
written) also needs to be stated in the Methods section.

o If any identifying information about patients is included in the article, the following

sentence should also be included:
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Additional informed consent was obtained from all patients for which identifying information
is included in this article.

o For studies with animals, please include the following sentence:
All institutional and national guidelines for the care and use of laboratory animals were
followed.

o For articles that do not contain studies with human or animal subjects:
This article does not contain any studies with human or animal subjects.

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing, retrospective
ethics approval usually cannot be obtained and it may not be possible to consider the manuscript
for peer review. The decision on whether to proceed to peer review in such cases is at the
Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material
(for which formal consent may not be needed or is difficult to obtain) ethics approval may be
required dependent on the law and the national ethical guidelines of a country. Authors should
check with their institution to make sure they are complying with the specific requirements of
their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this subject.
Authors should check with their institution to make sure they are complying with the specific
requirements of their institution and seek ethics approval where needed. Authors should be
aware to secure informed consent from the individual (or parent or guardian if the participant
is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used by
describing the source of the cell line, including when and from where it was obtained, whether
the cell line has recently been authenticated and by what method. If cells were bought from a
life science company the following need to be given in the manuscript: name of company (that
provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and
contamination of human cell lines. This step will alert authors to possible problems with the
cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication
Committee (ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics
committee (including the name of the ethics committee) approved the study and that informed
consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a
DOI) for research resources. This journal encourages authors to adopt RRIDs when reporting
key biological resources (antibodies, cell lines, model organisms and tools) in their manuscripts.
Examples:

Organism: Filip [« RRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321
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Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene 104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research
resources already have designated RRIDs. The portal also provides authors links so that they
can quickly register a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-related
interventions to evaluate the effects on health outcomes". The WHO defines health
interventions as “A health intervention is an act performed for, with or on behalf of a person or
population whose purpose is to assess, improve, maintain, promote or modify health,
functioning or health conditions” and a health-related outcome is generally defined as a change
in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase II to IV trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO
International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line
of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register
retrospectively to ensure the complete publication of all results. The trial registration number
(TRN), date of registration and the words 'retrospectively registered’ should be included as the
last line of the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and biological
research and research with biological applications. Authors are recommended to adhere to the
minimum reporting guidelines hosted by the EQUATOR Network when preparing their
manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions
for Authors.

Checklists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)
Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Ethics approval’.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.
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Examples of statements to be used when ethics approval has been obtained:

* All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The study was
approved by the Bioethics Committee of the Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University B (Date.../No. ...).

» Approval was obtained from the ethics committee of University C. The procedures used in
this study adhere to the tenets of the Declaration of Helsinki.

* The questionnaire and methodology for this study was approved by the Human Research
Ethics committee of the University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

* Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the routine
care.

* This research study was conducted retrospectively from data obtained for clinical purposes.
We consulted extensively with the IRB of XYZ who determined that our study did not need
ethical approval. An IRB official waiver of ethical approval was granted from the IRB of XYZ.
* This retrospective chart review study involving human participants was in accordance with
the ethical standards of the institutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed that no
ethical approval is required.

* The data reproduced from Article X utilized human tissue that was procured via our Biobank
AB, which provides de-identified samples. This study was reviewed and deemed exempt by our
XYZ Institutional Review Board. The BioBank protocols are in accordance with the ethical
standards of our institution and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Informed consent

All individuals have individual rights that are not to be infringed. Individual participants in
studies have, for example, the right to decide what happens to the (identifiable) personal data
gathered, to what they have said during a study or an interview, as well as to any photograph
that was taken. This is especially true concerning images of vulnerable people (e.g. minors,
patients, refugees, etc) or the use of images in sensitive contexts. In many instances authors will
need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as
facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
characteristic) and other information) of the participants that were studied should not be
published in written descriptions, photographs, and genetic profiles unless the information is
essential for scholarly purposes and the participant (or parent/guardian if the participant is a
minor or incapable or legal representative) gave written informed consent for publication.
Complete anonymity is difficult to achieve in some cases. Detailed descriptions of individual
participants, whether of their whole bodies or of body sections, may lead to disclosure of their



99

identity. Under certain circumstances consent is not required as long as information is
anonymized and the submission does not include images that may identify the person.
Informed consent for publication should be obtained if there is any doubt. For example, masking
the eye region in photographs of participants is inadequate protection of anonymity. If
identifying characteristics are altered to protect anonymity, such as in genetic profiles, authors
should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides
unless there is a concern about identifying information in which case, authors should ensure
that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will assume
that the prior publication obtained the relevant information regarding consent. Authors should
provide the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or
guardian if the deceased has not made a pre-mortem decision) must have given prior written
consent. The aspect of confidentiality as well as any wishes from the deceased should be
respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors
should ensure, as part of the informed consent procedure, that the participants are made aware
what kind of (personal) data will be processed, how it will be used and for what purpose. In
case of data acquired via a biobank/biorepository, it is possible they apply a broad consent
which allows research participants to consent to a broad range of uses of their data and samples
which is regarded by research ethics committees as specific enough to be considered
“informed”. However, authors should always check the specific biobank/biorepository policies
or any other type of data provider policies (in case of non-bio research) to be sure that this is
the case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in the
study must be obtained from participants (or their parent or legal guardian in the case of children
under 16) and a statement to this effect should appear in the manuscript. In the case of articles
describing human transplantation studies, authors must include a statement declaring that no
organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts
reporting studies involving vulnerable groups where there is the potential for coercion or where
consent may not have been fully informed, extra care will be taken by the editor and may be
referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a
journal article. Authors should make sure to also seek consent from individuals to publish their
data prior to submitting their paper to a journal. This is in particular applicable to case studies.
A consent to publish form can be found here. (Download docx, 36 kB)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before
the reference list under a heading of ‘Consent to participate’ and/or ‘Consent to publish’. Other
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declarations include Funding, Competing interests, Ethics approval, Consent, Data and/or Code
availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements
according to your own needs.

Sample statements for ""Consent to participate'':

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication
of the images in Figure(s) la, 1b and 1c.

The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:
Additional informed consent was obtained from all individual participants for whom identifying
information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also
Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that do not
meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or the
paper may be removed and replaced with a notice explaining the reason for removal.

Research Data Policy and Data Availability Statements

This journal follows Springer Nature research data policy. Sharing of all relevant research data
is strongly encouraged and authors must add a Data Availability Statement to original research
articles.

Research data includes a wide range of types, including spreadsheets, images, textual extracts,
archival documents, video or audio, interview notes or any specialist formats generated during
research.

Data availability statements

All original research must include a data availability statement. This statement should explain
how to access data supporting the results and analysis in the article, including links/citations to
publicly archived datasets analysed or generated during the study. Please see our full
policy here.

If it is not possible to share research data publicly, for instance when individual privacy could
be compromised, this statement should describe how data can be accessed and any conditions
for reuse. Participant consent should be obtained and documented prior to data collection. See
our guidance on sensitive data for more information.

When creating a data availability statement, authors are encouraged to consider the minimal
dataset that would be necessary to interpret, replicate and build upon the findings reported in
the article.

Further guidance on writing a data availability statement, including examples, is available at:
Data availability statements

Data repositories

Authors are strongly encouraged to deposit their supporting data in a publicly available
repository. Sharing your data in a repository promotes the integrity, discovery and reuse of your
research, making it easier for the research community to build on and credit your work.

See our data repository guidance for information on finding a suitable repository.
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We recommend the use of discipline-specific repositories where available. For a number of data
types, submission to specific public repositories is mandatory.

See our list of mandated data types.

The journal encourages making research data available under open licences that permit reuse.
The journal does not enforce use of particular licences in third party repositories. You should
ensure you have necessary rights to share any data that you deposit in a repository.

Data citation

The journal recommends that authors cite any publicly available data on which the conclusions
of the paper rely. This includes data the authors are sharing alongside their publication and any
secondary data the authors have reused. Data citations should include a persistent identifier
(such as a DOI), should be included in the reference list using the minimum information
recommended by DataCite (Dataset Creator, Dataset Title, Publisher [repository], Publication
Year, Identifier [e.g. DOI, Handle, Accession or ARK]) and follow journal style.

See our further guidance on citing datasets.

Research data and peer review
If the journal that you are submitting to uses double-anonymous peer review and you are
providing reviewers with access to your data (for example via a repository link, supplementary
information or data on request), it is strongly suggested that the authorship in the data is also
anonymised. There are data repositories that can assist with this and/or will create a link to
mask the authorship of your data.

Support with research data policy

Authors who need help understanding our data sharing policy, finding a suitable data repository,
or organising and sharing research data can consult our Research Data Helpdesk for guidance.
See our FAQ page for more information on Springer Nature’s research data policy.
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