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RESUMO

As neoplasias malignas de glandula salivar sdo responsaveis por aproximadamente 3%-
6% de todos os canceres de cabeca e pesco¢co mundialmente e constituem um amplo
grupo, histologicamente diverso. Estas neoplasias costumam ter respostas pobres aos
tratamentos com quimioterapia e radioterapia. De uma maneira geral, neoplasias
malignas bem oxigenadas mostram melhor resposta a radiacdo e sdo, portanto, mais
radiossensiveis do que as pobremente oxigenadas. A hipoxia é um poderoso estimulo
celular que induz a via de sinalizacdo dedicada a adaptacdo ambiental e estd associada a
mau progndstico no cancer. A principal proteina da via da hipdxia é o fator induzido por
hipoxia (HIF-1a), que é um fator de transcricdo que tem como alvo uma série de genes
de adaptacdo sob condicBes hipdxicas, dentre eles 0 miR-210, que € um microRNA
regulado positivamente no microambiente hipdxico. Esta tese de doutorado teve como
objetivo investigar os marcadores de hipoxia HIF-1a ¢ miR-210 através de imuno-
histoquimica e reacdo em cadeia da polimerase em tempo real (qQPCR) em neoplasias
benignas e malignas de glandula salivar, além de buscar outros marcadores tumorais
nestas neoplasias, através de estudo proteémico. Como resultado, foram observados
niveis de expressdo similares de HIF-1o e miR-210 entre neoplasias benignas e
malignas de glandula salivar, assim como também ndo foram observadas diferencas
significativas na expressdo do miR-210 entre neoplasias de glandula salivar e tecido
salivar ndo neoplasico. A proteoma associada a analise com a base de dados Gene
Expression Omnibus (GEO) mostrou que a proteina anexina A2 (ANXA-2) foi a mais
expressa entre as neoplasias malignas de glandula salivar. Consideramos que 0s
marcadores de hipéxia HIF-1a e miR-210 ndo parecem diferenciar neoplasias benignas
e malignas de glandula salivar. Consideramos ainda que a ANXA-2 pode ser um
marcador tumoral de interesse em neoplasias malignas de glandula salivar. O baixo

namero de amostras € uma limitacdo do estudo.

Palavras-chave: Neoplasias De Glandula Salivar . Hipoxia . HIF-1o . Mir-210 .
ANXA-2 .




ABSTRACT

Malignant salivary gland neoplasms account for approximately 3%-6% of all head and
neck cancers worldwide and constitute a large, histologically diverse group. These
neoplasms usually have poor responses to chemotherapy and radiotherapy treatments. In
general, well-oxygenated malignancies show a better response to radiation and are
therefore more radiosensitive than poorly oxygenated ones. Hypoxia is a powerful
cellular stimulus that induces the signaling pathway dedicated to environmental
adaptation and is associated with poor prognosis in cancer. The main protein of the
hypoxia pathway is the hypoxia-induced factor (HIF-1a), which is a transcription factor
that targets a series of adaptation genes under hypoxic conditions, including miR-210,
which is a microRNA up-regulated in the hypoxic microenvironment. This doctoral
thesis aimed to investigate the hypoxia markers HIF-1o and miR-210 through
immunohistochemistry and real-time polymerase chain reaction (qPCR) in benign and
malignant salivary gland neoplasms, in addition to looking for other tumor markers in
these neoplasms, through proteomic study. As a result, similar expression levels of HIF-
lo. and miR-210 were observed between benign and malignant salivary gland
neoplasms, as well as no significant differences were observed in the expression of
miR-210 between salivary gland neoplasms and non-neoplastic salivary tissue. . The
proteome associated with the analysis with the Gene Expression Omnibus (GEO)
database showed that the protein annexin A2 (ANXA-2) was the most expressed among
malignant salivary gland neoplasms. We consider that the hypoxia markers HIF-1o and
miR-210 do not seem to differentiate between benign and malignant salivary gland
neoplasms. We also consider that ANXA-2 may be a tumor marker of interest in
malignant salivary gland neoplasms. The low number of samples is a limitation of the

study.

Keywords: Salivary Gland Neoplasms . Hypoxia. HIF-1a. Mir-210. ANXA-2 .
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1 INTRODUCAO

1.1 EPIDEMIOLOGIA

As neoplasias de glandula salivar (NGSs) constituem um amplo nimero de entidades,
histologicamente diversas, com historias naturais variaveis, sendo a vasta maioria de
origem epitelial e amplamente categorizadas em neoplasias benignas e neoplasias
malignas de baixo e alto grau. NGSs sdo responsaveis por aproximadamente 3%-6% de
todas as neoplasias malignas de cabeca e pescogo mundialmente. (ANDREASEN et al.,
2019; MANTRAVADI; MOORE; RASSEKH, 2019; PEDERSON et al., 2011). O
namero de tipos de carcinoma aumentou de 5 na classificagdo da Organizagcdo mundial
de saude de 1972 para 22 na edicdo de 2017 e no mesmo periodo, 0 ndmero de
neoplasias benignas aumentou de 4 para 11, com alguns subtipos descritos (Tabela 1)
(ANDREASEN et al., 2019; EL-NAGGAR, 2017; LIN; LIMESAND; ANN, 2018).
Entre todas as neoplasias de glandula salivar, a glandula parétida é a localizacdo mais
comum. Embora os tumores da glandula parétida sejam geralmente benignos, a
frequéncia global faz com que este seja o sitio mais comum das neoplasias malignas
(MANTRAVADI et al., 2019). As NGSs ocorrem em uma frequéncia de 100 neoplasias
da glandula parotida para cada 10 de glandula submandibular e aproximadamente 1 de
glandula sublingual. Neoplasias de glandula salivar menor ocorrem com
aproximadamente a mesma frequéncia das de submandibular e podem ocorrer na
cavidade oral, faringe ou em restos de glandula salivar menor no espago parafaringeo.
Aproximadamente 20% das NGSs que surgem na parétida, 50% das de submandibular e
47%-87% das de glandula salivar menor sdo malignas (ENEROTH, 1971; LUNA,
1986; MANTRAVADI et al.,, 2019; SPIRO, 1986). A maioria das neoplasias de
glandula salivar menor surge no palato, principalmente proximo a transicdo dos palatos
mole e duro, devido a alta concentracdo destas glandulas nesta localizacdo. Neoplasias
de glandula salivar menor que surgem no espaco parafaringeo, séo menos comumente
malignas do que as que surgem em glandulas salivares menores submucosas (COPELLI
et al., 2008).

A distribuicdo das NGSs entre 0s sexos € bastante uniforme, com uma proporcéo de
1,04:1 entre homens e mulheres e com idade variando dos 12 aos 85 anos, com média
de 47 anos (ETIT et al., 2012).
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Neoplasias epiteliais malignas

Neoplasias epiteliais benignas

Carcinoma de células acinares

Carcinoma mucoepidermoide

Carcinoma adenoide cistico
Adenocarcinoma polimérfico de baixo grau
Carcinoma epitelial-mioepitelial
Carcinoma de células claras, sem outras
especificacdes

Adenocarcinoma de células basais
Carcinoma sebaceo

Linfadenocarcinoma sebaceo

Cistadenocarcinoma

Cistadenocarcinoma cribiforme de baixo grau

Adenocarcinoma mucinoso
Carcinoma oncocitico

Carcinoma de ducto salivar
Adenocarcinoma sem outras especificagdes
Carcinoma mioepitelial

Carcinoma ex-adenoma pleomérfico
Carcinosarcoma

Adenoma pleomérfico metastatico
Carcinoma de células escamosas
Carcinoma de células pequenas
Carcinoma de células gigantes
Carcinoma linfoepitelial
Sialoblastoma

Carcinoma secretor andlogo ao tecido

mamario

Adenoma pleomorfico
Mioepitelioma

Adenoma de células basais
Tumor de Warthin
Oncocitoma

Adenoma Canalicular
Adenoma sebaceo
Linfo-adenoma

Papiloma ductal
Cistadenoma

Tabela 1: Classificacdo histoldgica dos tumores de glandulas salivares de acordo com a Organizacao
Mundial de Satde (OMS). 2017 (EL-NAGGAR AK., 2017).
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1.2 FISIOPATOLOGIA E HISTOPATOLOGIA

O limitado numero de casos, associado a escassa disponibilidade de linhas celulares e
modelos animais autenticados, traduzem a restrita compreensdo da fisiopatologia do
cancer de glandula salivar (WARNER et al., 2013). A andlise citogenética das NGSs
tem revelado translocages cromossomicas nos pontos de interrupgdo 8ql2, 3p21 e
12q13-155 correspondentes aos genes PLAG1, B-catenina e HMGIC, respectivamente.
Hé evidéncia de que o PLAGL1 é um proto-oncogene na tumorigénese destas neoplasias
(DECLERCQ et al., 2005). Evidéncias sugerem que uma nova classe de moléculas
chamadas microRNAs (miRNA) desempenham um papel na tumorigénese humana.
MiRNAs sdo pequenas sequencias de RNA néo codificantes, de 19 a 25 nucleotideos
que estdo envolvidos em diversos processos celulares tais como a diferenciacéo,
proliferacdo e sobrevivéncia através da ligacdo de sequéncias complementares na regido
3’ ndo traduzida de multiplos no RNA mensageiro (mRNA) alvo, levando a sua
degradacdo ou repressdao da traducdo. Sdo inicialmente transcritos como parte de
transcritos primarios muito mais longos (pri-miRNAs). No nucleo, este transcrito
primario é primeiro processado através de um tipo de RNA Il endonuclease Drosha a
pré-miRNA, que tem de 60 a 70 nucleotideos de comprimento. Posteriomente, ocorre 0
transporte do pré-miRNA do nucleo para o citoplasma através da 5 Exportina e a
atuacdo de outra RNA 11l endonuclease Dicer, com a geragdo do miRNA maduro. O
miRNA maduro forma um complexo RNA-proteina conhecido como Complexo
silenciador induzido por RNA (RISC) com proteinas da familia Argonauta. Este
complexo regula a expressdo génica atraves da inibicdo da traducdo ou através da
degradacdo de alvos no RNA mensageiro (Figura 1) (HONG et al., 2012; HUANG;
LE; GIACCIA, 2010; MATSE et al., 2013; NOHATA et al., 2013; PALMERO et al.,
2011).
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Figura 1: Visdo esquemética da biogénese do miRNA e vias de funcionamento. Os genes que codificam
miRNAs sdo transcritos em pri-miRNAs pela RNA polimerase Il (RNA Pol I1). O pri-miRNA ¢é
processado pela primeira vez pela RNA endonuclease Drosha tipo 111 em pré-miRNAs que tém 60 a 70
nucleotideos de comprimento e tém uma estrutura haste-alca. O pré-miRNA é exportado para fora do
nucleo pela exportina-5 e é posteriormente processado por outra endonuclease de RNA tipo 111 Dicer para
gerar a fita de miRNA maduro de 22 nucleotideos em de comprimento. Esta é entdo ligada a proteinas da
familia Argonauta formando o Complexo silenciador induzido por RNA (RISC). O RISC regula a
expressdo génica atraves da inibicdo da traducdo de RNA ou degradagdo do RNA mensageiro (HUANG
et al., 2010).

Adenoma pleomorfico é a neoplasia de glandula salivar mais comum, representando
aproximadamente 50% de todos os casos e 70% daquelas que surgem na parétida. A
taxa de recorréncia é relatada em mais de 15%. Apesar de ser uma neoplasia benigna, a
transformacdo maligna para carcinoma ex-adenoma pleomérfico € incomum, mas bem
descrita e ocorre em 3,3%-8,5% dos casos, com o risco aumentando com o tempo e a
idade do paciente (ANDREASEN et al., 2016; ZHANG et al., 2009).

Estudo revelou um aumento na expressdo de componentes da maquinaria de
processamento de miRNA (Dicer, Drosha, DGCR8 e p68) no adenoma pleomorfico
sugerindo que pode haver desregulacdo da expressdao de miRNAs em resultado do
aumento de sua biogénese. Identificou um conjunto de 22 miRNAs diferencialmente
expressos entre esta neoplasia e tecidos normais das glandulas salivares, com maior

destaque para membros como hsa-miR-376a, hsa-miR-301 e hsa-miR-21, que € uma



21

regulacdo positiva comum em outros tumores sélidos. O oncogene PLAGL foi
superexpresso e pode ser potencialmente regulado por esses miRNAs (ZHANG et al.,
2009).

O tumor de Warthin é a segunda neoplasia benigna mais comum das glandulas
salivares, mais comum na parétida e esta quase sempre associado ao tabagismo.

O carcinoma mucoepidermoide (MEC) é a neoplasia maligna priméaria de glandula
salivar mais comum tanto em adultos como em criangas, representando 30 a 35% de
todas estas neoplasias, acometendo principalmente as glandulas salivares maiores. E
caracterizado por componente produtor de mucina, tipo intermedidrio e células
escamoides com padrédo de crescimento solido e cistico (CHIOSEA et al., 2008; LIN et
al., 2018).

Radiagdo ionizante pode ser um fator de risco para estas neoplasias e um intervalo de 15
anos ou mais tem sido visto entre a exposicdo e a sua manifestacdo (BOUKHERIS et
al., 2008; MANTRAVADI et al., 2019).

A fuséo do gene CRTC1 (ou MECT1-MAMLZ2) é identificada em um grande nimero de
MEC e pode estar associado a neoplasias de baixo grau e um prognostico favoravel. Em
contraste, a amplificacdo do gene de HER2 ou um nimero aumentado de copias do gene
de HER2 ou o receptor do fator de crescimento epidérmico (EGFR) esta associado a
MEC de alto grau (ALAMRI et al., 2018; LIN etal., 2018; WARNER et al., 2013).
Parece haver uma maior frequéncia de expressdo anormal do Dicer em MEC de alto
grau e estadios avancados quando comparado aqueles de graus baixo/intermediario e
estadios iniciais. Quase dois tercos de MEC mostram expressao anormal de Dicer e sua
imunorreatividade anormal (superexpressdo e subexpressdo combinadas ou
separadamente) esta correlacionada com pior sobrevida (CHIOSEA et al., 2008).

O carcinoma adenoide cistico (ACC) compreende aproximadamente 10% das
neoplasias de glandula salivar e 21-24% de todas as malignidades destas glandulas, em
humanos. E caracterizado por crescimento lento e persistente, invasdo local,
crescimento perineural e metéstase a distancia precoce (LIN et al., 2018).

A translocacdo do proto-oncogene MYB com fator de transcricdo NFIB, como
demonstrado pela transcricdo de fusdo MYB-NFIB, foi detectada em 86% das amostras
de ACC em um estudo (DECLERCAQ et al., 2005).

A expressdo de dois miRNAs (miR-4487 e miR-4430) foi significativamente regulada

positivamente em linha de células de ACC com caracteristicas de maior agressividade,
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enquanto a expressao de dois outros miRNAs (miR-5191 e miR-3131) foi
significativamente regulada negativamente nestas mesmas células (CHEN et al., 2014).

1.2.1 HIPOXIA

A maioria dos mamiferos vive em uma atmosfera composta por 21% de oxigénio, que é
considerado um ambiente fisiolégico. No entanto, existem algumas circunstancias em
que a célula pode se tornar hipdxica, isto é, submetida a uma baixa tenséo de oxigénio.
Por exemplo, um organismo pode ser exposto a condi¢Ges extremas tais como alta
altitude. Acidente vascular encefalico (AVE) e infarto agudo do miocérdio (IAM) sdo
exemplos de doencas isquémicas. A tensdo de oxigénio também é fortemente reduzida
no cancer, principalmente por causa da arquitetura cadtica dos vasos sanguineos que
leva a uma menor perfusdo e proliferacdo intensa das células cancerosas que se
desenvolvem distantes dos vasos sanguineos (SEMENZA, 2003).

A hipdxia é rara em tecido normal, mas é caracteristica comum em tecidos neoplasicos,
onde é detectada em aproximadamente 50% de todas as neoplasias solidas,
independentemente do tamanho ou de caracteristicas histologicas (HOOGSTEEN et al.,
2007). Ela exerce papel na promocdo de instabilidade genética, invasividade das células
neoplasicas, metastases e esta associada a fenotipos malignos mais agressivos e
resultados clinicos adversos (BRIZEL et al., 1997; JONATHAN et al., 2006;
WIJFFELS et al., 2009).

Em 1955, Thomlinson analisando cortes histologicos de neoplasias de pulméo, levantou
a hipotese de que a radio-resisténcia destas neoplasias estava associada a um gradiente
decrescente na tensdo de oxigénio entre a periferia e o centro de cada corddo tumoral
(THOMLINSON; GRAY, 1955).

As neoplasias de glandula salivar sdo geralmente consideradas menos sensiveis a
radioterapia e a quimioterapia e tem sido sugerido que a hipdxia pode ser um fator
causal relacionado a esta alegada radio-resisténcia, porém, qual o papel que ela exerce
neste tipo de tumor é desconhecido (WIJFFELS et al., 2009).

A principal proteina da via da hipoxia é o fator induzido por hipéxia (HIF), que é um
fator de transcri¢cdo que tem como alvo uma série de genes de adaptacdo sob condigdes
hipoxicas. E um hetero-dimero composto por uma subunidade a, regulatéria, ¢ uma

subunidade P, constitucional (Figura 2) (BRAHIMI-HORN; POUYSSEGUR, 2007).
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Figura 2: HIF-1o regula um amplo espectro de genes sob hipdxia, como o transportador de glicose 1
(GLUT1), fosfoglicerato quinase 1 (PGK1), fator de crescimento do endotélio vascular (VEGF), lisil
oxidase (LOX), 4 receptor de quimiocina (CXCR4), osteopontina (OPN) e o miR-210 suprime a

expressao de varios genes envolvidos em uma variedade de funcdes celulares (HUANG et al., 2010).

A subunidade o do HIF é prontamente detectdvel na maioria dos tumores humanos
enquanto que ndo é encontrada na andlise dos tecidos normais correspondentes
(HARRIS, 2002). Entretanto, esta correlacdo ndo pode inferir causa, pois embora sua
ativacdo possa tornar os tumores mais agressivos e resultar em pior prognostico, pode
ser que intrinsicamente, tumores mais agressivos levem a uma tensdo de O2 mais baixa
e portanto com maior ativacdo do HIF (COMERFORD et al., 2002).

A hiperexpressdo do HIF-1 € comum em neoplasias solidas e suas metastases e esta
associada a sobrevidas global e livre de doenca prejudicadas em céanceres de cabeca e
pescoco (HOOGSTEEN et al., 2007).

MiR-210 é um microRNA regulado positivamente em células hipdxicas normais e
transformadas. Embora diversos miRNAs sejam regulados por hipoxia, miR-210 é o
miRNA mais robustamente e consistentemente regulado para cima em resposta a
hipoxia (HUANG et al., 2010). Além disso, age como uma molécula versatil e afeta
diversos aspectos da resposta celular a hipdxia. Na iniciacdo do cancer, miR-210 ¢
induzido pelo HIF-1a e pode ser considerado como um marcador de hipdxia in vivo
(YING et al., 2011).

Altos niveis de miR-210 estdo associados a recidiva tumoral e pior sobrevida global em

pacientes com carcinoma de células escamosas de cabeca e pescoco (GEE et al., 2010).
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Por causa da intima relacdo entre a expressdo do miR-210 e hipdxia tumoral, ele pode
ser um marcador de prognostico em pacientes com cancer (GIANNAKAKIS et al.,
2008; HE et al., 2013; HONG et al., 2012).

1.3 DIAGNOSTICO

NGSs benignas ou malignas se apresentam tipicamente como um nddulo indolor,
entretanto, histéria de dor, crescimento rapido ou sintomas que sugerem acometimento
de nervos cranianos, como paralisia facial, devem levantar a suspeita de malignidade
(MANTRAVADI et al., 2019).

Entre os exames de imagem, a tomografia computadorizada (TC) fornece informacoes
importantes do tumor e sua relacdo com estruturas adjacentes como mandibula, porém a
ressonancia magnética (RM) é preferida para avaliacdo de neoplasias malignas de
glandula salivar por sua maior habilidade em identificar invasdo perineural. Outras
vantagens da RM sdo melhor avaliar massa mal definida e/ou de localizagdo obscura
(lobo superficial ou profundo), avaliar a extensdo extra-glandular e avaliar recorréncia.
Diversas caracteristicas vistas na RM tém se mostrado em associacdo com malignidade,
incluindo hipointensidade em T2, margens irregulares, invasdo de estruturas locais e
baixo sinal em imagens ponderadas por difusdo (FRELING; CRIPPA; MAROLDI,
2016; LIU etal., 2015).

Tomografia por emissédo de positrons-CT (PET-CT) tem mostrado algum beneficio na
avaliacdo de metastases a distancia em NGSs malignas, entretanto ndo oferece
vantagens adicionais no estadiamento inicial ou na deteccdo de recidiva loco-regional,
quando comparado a TC ou a RM (CERMIK et al., 2007; PARK et al., 2013).

Puncdo aspirativa por agulha fina (PAAF) é o principal método diagnoéstico na maioria
dos casos e pode requerer a associacdo de um método de imagem para guia-la, se a
lesdo ndo for facilmente palpavel ou acessivel anatomicamente. Apesar da taxa de falso
negativo de aproximadamente 10% e de falso positivo de aproximadamente 1% em
determinar se a neoplasia é benigna ou maligna, a PAAF tem uma acuracia global
suficiente quando combinada com exame de imagem apropriado. Estudos tém
demonstrado que a PAAF é confiavel para distinguir entre patologias benignas e
malignas, mas demonstra utilidade limitada em distinguir os varios subtipos de
malignidades (COLELLA et al., 2010; HOWLETT, 2003). Em casos onde a suspeita
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de linfoma permanece alta ou quando a PAAF é inconclusiva, bidpsia com agulha
grossa pode fornecer uma amostra maior para andlise histologica e imuno-histoquimica.
Entretanto core biopsy estd associada com desvantagens como a necessidade de
anestesia local, dor, paresia do nervo facial em 0,2% dos casos e hematoma em 1,6%
dos casos (DOUVILLE; BRADFORD, 2013).

1.4 TRATAMENTO

Cirurgia inicial é o tratamento mais apropriado para as neoplasias benignas de glandula
salivar, assim como em todas as neoplasias malignas ressecaveis e sem metastase a
distancia (BELL et al., 2005). Estudos indicam que a extensdo da neoplasia é mais
importante do que o tipo histoldgico para determinar a extensdo cirurgica. A remogéo
completa de todo o tumor é crucial para o sucesso, porque a radioterapia ndo é uma boa
opcdo como modalidade priméaria de tratamento para estes casos, assim como em €asos
de doenca residual grosseira. A presenca de margens positivas e metastase linfonodal
impactam negativamente no prognostico nas NGSs malignas (BELL et al., 2005;
BYRD et al., 2013; CERDA et al., 2014; TERHAARD et al., 2005).

1.5 PROTEOMICA

Biomarcadores sdo indicadores bioldgicos de um estado fisiolégico e marcas de
mudancas durante um processo de doenca ou durante terapia. Os biomarcadores tém
varias indicacOes diferentes no cancer, as vezes usados para identificar individuos em
alto risco de desenvolver cancer, podem ser um indicador precoce de doenca, ou podem
ser Uteis como um monitor da progressdo da doenca. Biomarcadores clinicamente Uteis
devem ter o potencial para detectar uma malignidade em um estégio inicial ou para
detectar uma recorréncia precoce. Eles também podem ser usados como endpoint
intermediario na avaliacdo de terapias desenhadas para prevenir a disseminacdo ou
recorréncia de lesbes tratadas cirurgicamente. Os biomarcadores de céancer sdo
geralmente proteinas do hospedeiro e peptideos derivados da circulacdo periférica ou do
microambiente tumoral. Essas proteinas e peptideos podem representar fragmentos
metabdlicos resultantes do metabolismo, degradacdo ou interacdo proteina-proteina de
células cancerosas (LOTZE et al., 2005; STRONCEK et al., 2005).
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Técnicas protedbmicas estdo se tornando um suplemento importante e, em alguns casos,
um avango em relacdo a genémica. A protedmica tem uma vantagem sobre a genémica
em que os préprios biomarcadores de proteinas sdo endpoints funcionais e, portanto,
uma assinatura mais precisa de um estado de doenca (INDOVINA et al., 2013;
SRINIVAS; KRAMER; SRIVASTAVA, 2001).

Comparada com as classificacbes gendmica e transcriptbmica, as caracteristicas da
protedmica parecem ser mais realistas na identificagdo de alteragbes moleculares e vias
de sinalizacdo relacionadas com o cancer e poderia, portanto, contribuir
significativamente para o entendimento do desenvolvimento da carcinogénese. Ha

diversas razOes maiores para se focar na protedmica:

1) Ha geralmente uma pobre correlagcdo entre 0s niveis transcricionais de alguns
genes e uma relativa abundancia das proteinas correspondentes.

2) Devido ao splicing diferencial e tradugdo, cada gene pode codificar diversas
variantes de proteinas, com diferentes propriedades.

3) As proteinas-chave que impulsionam o comportamento maligno do cancer

podem sofrer modificacbes pos-traducionais, incluindo fosforilagdo e
glicosilacdo (MARTINKOVA et al., 2009).

Proteomas sao capazes de monitorar mudancas dinamicas, por isso podem ser usados no
seguimento do curso da doenca e avaliagdo da resposta a terapia (KELLOFF; SIGMAN,
2005).

A espectrometria de massa (MS) desempenha um papel central na protedbmica, pois
permite a identificacdo de muitas proteinas com alta sensibilidade, que depende
principalmente da eficiéncia de ionizacdo de um determinado peptideo. A sensibilidade
é alta para peptideos purificados enquanto diminui com a complexidade das amostras
(MARTINKOVA et al., 2009; ZHU; SMITH; HUANG, 2009).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

- Investigar marcadores de hipoxia e protebmica em neoplasias benignas e malignas de

glandula salivar.

2.2 OBJETIVOS ESPECIFICOS

I.  Investigar os marcadores de hipdxia, HIF-1a e mirR-210 em neoplasias benignas
e malignas de glandula salivar, assim como em tecido salivar ndo neoplésico.

Il. Realizar analise protedmica de neoplasias benignas e malignas de glandula
salivar, assim como de tecido salivar ndo neoplasico e investigar a principal

proteina nas amostras malignas.
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ARTICLE INFO ABSTRACT

Keywords: Background: There is significant controversy in the literature regarding the relationship between hypoxia and
Salivar salivary gland neoplasms (SGNs).

Glandular neoplasia Objective: The current study aims to investigate levels of hypoxia markers in both benign and malignant salivary
Hypoxia neoplasms.

Chemotherapy

1 1 by i b

Patients and methods: The current study sample is comprised of a total of 62 samples. HIF-1a expression was

y. Additionally, HIF-1a mRNA and miR-210 levels were assessed using qRT-

PCR.

Results: No differences in HIF-1a expression were observed among the control group, benign and malignant
SGNs. Similarly, HIF-1la mRNA levels were similar between benign and malignant SGNs. Also, there was no

e in miR-210

between case and control groups.

Conclusion: The angiogenic markers, miR-210 and HIF-1a, do not appear to distinguish malignancy in salivary

glands.

1. Introduction

Head and neck cancers are associated with poor survival rate
(Fonseca et al., 2012; de Oliveira et al., 2009; De Paula et al., 2009). In
the case of salivary gland neoplasms (SGNs) a broad spectrum of phe-
notypic heterogeneity and are divided into five categories, according to
the World Health Organization (WHO) (El-Naggar et al., 2017). Prog-
nosis of SGNs is also related to the anatomical location of the neoplasia
(Guzzo et al., 2010; Cerda et al., 2014). Recently, a large number of
studies have attempted to evaluate the role of hypoxia in cancer de-
velopment and prognosis (Guimaraes et al., 2016; Fraga et al., 2012).
Hypoxia-inducible factor 1-alpha (HIF-1a) is a marker of hypoxia and is
activated under hypoxic conditions (Wang and Semenza, 1993).

miRNAs are a class of single-stranded noncoding RNAs 21-22 nu-
cleotides in length which regulate gene expression through the

inhibition of RNA translation or degradation of target messenger RNA
(mRNA) (Bartel, 2009). Recent evidence has suggested that miR-210
plays a crucial role in the cellular response to hypoxia. HIF-la can
promote isoform-specific stabilization of miR-210 by binding to the
Hypoxia Responsive Element (HRE) present in the proximal promoter
of miR-210 (Corn, 2008). Similar to HIF-1a, hypoxia induces miR-210
expression, which regulates cellular proliferation, DNA stability, mi-
tochondrial metabolism, apoptosis and angiogenesis (Dang and Myers,
2015). Furthermore, the miR-210 expression is also significantly up-
regulated in other types of cancer, including non-small cell lung cancer
(Zhu et al., 2016).

Although the first choice treatment for malignant SGNs is surgery
(Green et al., 2016), adjuvant therapy has historically been determined
based on data from studies focused on squamous cell carcinomas of the
upper aerodigestive tract (Cerda et al., 2014). Importantly, there are

Abbreviations: SGNs, Salivary gland neoplasias; HRE, Hypoxia Responsive Element
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conflicting reports with regards to the relationship between hypoxia
and clinical behavior or treatment responsiveness in patients diagnosed
with SGNs (Wijffels et al., 2009). Recent studies have demonstrated that
hypoxia might promote an increase in radioresistance (Harada, 2016),
specifically via miRNA-mediated modulation of the hypoxic response
(Gu et al., 2016). These data suggest that the use of chemoradiation
might be a valuable alternative treatment option for patients presenting
with radioresistant neoplasias (Cerda et al., 2014). Considering the
controversial literature regarding the relationship between hypoxia and
SGNs, the current study aimed to investigate levels of hypoxia markers
in both benign and malignant salivary neoplasms.

2. Methods
2.1. Study design

A retrospective cross-sectional study was designed to evaluate the
expression of the main hypoxia targets in SGNs.

3. Patients

Ethical approval for this study was obtained from the relevant
Institutional Review Board. A total of 62 samples were included from
the databases of the glandular tumor surgery services from 2010 to
2016. Samples were divided into three groups according to the world
health organization classification of head and neck tumors (El-Naggar
et al., 2017).

Group 1 (n = 16) was comprised of glandular tissue without neo-
plasia. Samples were obtained from mucocele excisions. The inclusion
criteria for this group were histopathological diagnosis of mucocele.

Group 2 (n = 22) was comprised of patients with Pleomorphic
Adenoma. The inclusion criteria for this group were histopathological
diagnosis of pleomorphic adenoma.

The group 3 (n = 24) was comprised of one sample of Acinar Cell
Carcinoma, two samples of Adenocarcinoma not otherwise specified,
nine samples of Adenoid cystic carcinoma, ten Mucoepidermoid
Carcinoma samples and two Myoepithelial Carcinoma samples.

4. Immunohistochemistry

Immunohistochemical reactions were performed from paraffin
blocks of 49 patients. Including 13 controls (normal salivary gland
samples), 16 benign tumors (Pleomorphic adenoma) and 20 malignant
neoplasms (Acinar Cell Carcinoma n = 1, Adenocarcinoma not other-
wise specified n = 2, Adenoid cystic carcinoma n = 8, Mucoepidermoid
Carcinoma n = 10 and Myoepithelial Carcinoma n = 2). Protein ex-
pression of HIF-1a was evaluated through immunohistochemical reac-
tions performed on 3.0 um thick sections. The sections were depar-
affinized with xylene and rehydrated with graded alcohol solutions.
Antigen retrieval was conducted in an electric pressure cooker at 121 °C
for 10min in Trilogy buffer (Trilogy, Cell Marque, CA, USA).
Endogenous peroxidase activity was blocked with 2 baths of 0.3% hy-
drogen peroxide for 15min each. Samples were then incubated over-
night with primary mouse monoclonal antibodies against HIF-la
(Clone H1a67; Sigma-Aldrich, MO, USA) at 4 °C at a dilution of 1:200.
The samples were then incubated with a secondary biotinylated link
and streptavidin-biotin-peroxidase complex using the LSAB kit (Dako
Labs, Glostrup, Denmark), followed by incubation with the 3’3-diami-
nobenzidine-tetrahydrochloride (Cat.No.32750, Sigma-Aldrich, MO,
USA). Counterstaining was performed using Mayer's hematoxylin (Cat.
no. 109249, Merck, MA, USA). The samples were then dehydrated, and
slides were mounted in ERV-mount (EasyPath, Brazil). Kidney samples
were used as positive controls. Negative controls were performed by
replacing the primary antibody with phosphate buffered saline (PBS).
Ten microscopic fields of tumor parenchyma were photographed to
quantify the staining at microscope FSX100 (Olympus, Center Valley,
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PA, USA). Cells were then counted using ImageJ software (Rueden
et al., 2017). The ratio of positive cells to the total number of cells
counted was used to quantify the staining.

5. RNA isolation and real-time PCR

Validation of the immunohistochemical results was performed with
qRT-PCR. Samples of 24 patients, including 10 controls (normal sali-
vary gland samples), 7 benign tumors (Pleomorphic adenoma) and 7
malignant neoplasms (Acinar cell carcinoma n =1, Adenoid cystic
carcinoma n = 2, Mucoepidermoid Carcinoma n = 2, Myoepithelial
carcinoma n = 2) were used for qRT-PCR. RNA was isolated using
Trizol (Thermo Fisher Scientific, Waltham, MA, USA), according to the
manufacturer's protocol. Total RNA was treated with DNase I,
Amplification Grade (Invitrogen, cat number 18068015, Carlsbad, CA,
USA) and 1.5pg of RNA were reversely transcribed with the
SuperScript® First-Strand Synthesis System for QRT-PCR (Invitrogen, cat
number 11904018, Carlsbad, CA, USA). Each reaction for SYBR green-
based qRT-PCR (total volume 20 ul) contained 10pl of SYBR Green
master mix, 0.25uM of both forward and reversed primers, 1pl of
cDNA (66 ng/reaction) and 8.5l H,O. Non-Template Control (NTC)
was included for each assay. The thermal cycling conditions were as
follows: 95°C for 10 min, followed by 40 cycles of the following steps:
95°C for 15s and 60 °C for 1 min. The specific primers/probes (Life
Technologies, Carlsbad, CA, USA) were described previously
(Guimaraes et al., 2016). Specifically, the following primers were used
for HIFla: 5-TCTGCAACATGGAAGGTATTGC-3’ and 5'-CTGAGGTTG
GTTACTGTTGGTATCA-3. Beta-Actin was used to normalize HIFla
gene expression and was amplified using the following primers:
5-TGCCGACAGGATGCAGAAG-3’ and 5-CTCAGGAGGAGCAATGATCT
TGA-3". qPCR was performed on a StepOne Real-Time PCR System (Life
Technologies, Carlsbad, CA, USA).

For miR-210 (ID: Hs04231470_s1, Life Technologies, Carlsbad, CA,
USA), a TagMan assay was performed according to the manufacturer's
protocol. RNU44 was used as an endogenous control for mi-210 ana-
lysis (ID: 001094, Life Technologies, Carlsbad, CA, USA), All reactions
were done in triplicate. Normal salivary glands were used as a control
group. The following reaction steps were used for amplification: 95 °C
for 10 min, 95°C for 15s and 60 °C for 1 min. The Cq values of en-
dogenous controls were subtracted from the Ct values of the respective
targets to calculate the ACq. The ACq values from each experimental
group were averaged and converted to log base 2 using equation 2-
AACq to compare expression among different samples.

5.1. Statistical analysis

Analyses were performed using SPSS (Version 18.0, IBM Software
Inc., Armonk, New York, USA) and GraphPad Prism software (Version
5.0, GraphPad Software Inc., San Diego, CA, USA). The Kolmogorov-
Smimov and Shapiro-Wilk Tests were carried out to evaluate data
distribution. These analyses revealed that the data were non-para-
metrically distributed; therefore, the Mann-Whitney and Kruskal-Wallis
tests were performed. All data are given as means = S.D.p < .05 was
considered statistically significant.

6. Results

Considering all individuals, 35 (56%) were male, and 24 (44%)
were female (Table 1). There is a significant association between hy-
poxic markers such as HIF-1a and miR-210 and angiogenesis (Dang and
Myers, 2015; Zhang et al., 2017) (Fig. 1). However, the impact of hy-
poxic markers in SGNs still unknown. Qualitative analyses of HIF-1a
immunoexpression is presented in Fig. 2(A-G). Most of the groups
presented week staining for HIF-1a. The staining was not homogeneous
considering the histological types. Quantitative analyses of HIF-la
immunoexpression and mRNA is shown in Fig. 3 (A and B respectively).
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Table 1

Descriptive data of the patient population.
Group 1 Mucocele Female miRNA/Protein
Group 1 Mucocele Female miRNA
Group 1 Mucocele Male miRNA
Group 1 Mucocele Male RNA/miRNA/Protein
Group 1 Mucocele Male miRNA/Protein
Group 1 Mucocele Male miRNA/Protein
Group 1 Mucocele Male RNA/miRNA/Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Male RNA/miRNA/Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Male Protein
Group 1 Mucocele Female RNA/miRNA
Group 1 Mucocele Female miRNA/Protein
Group 2 Pleomorphic Adenoma Male miRNA
Group 2 Pleomorphic Adenoma Female RNA/miRNA/Protein
Group 2 Pleomorphic Adenoma Female RNA/miRNA
Group 2 Pleomorphic Adenoma Male miRNA
Group 2 Pleomorphic Adenoma Female RNA/miRNA
Group 2 Pleomorphic Adenoma Male RNA/miRNA
Group 2 Pleomorphic Adenoma Female RNA/miRNA
Group 2 Pleomorphic Adenoma Female miRNA/Protein
Group 2 Pleomorphic Adenoma Female RNA/Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Male Protein
Group 2 Pleomorphic Adenoma Male Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Male Protein
Group 2 Pleomorphic Adenoma Male Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 2 Pleomorphic Adenoma Female Protein
Group 3 Acinar Cell Carcinoma Female miRNA/Protein
Group 3 Adenocarcinoma (NOS) Male Protein
Group 3 Adenocarcinoma (NOS) Male Protein
Group 3 Adenoid Cyst Carcinoma Male miRNA/Protein
Group 3 Adenoid Cyst Carcinoma Female RNA/miRNA
Group 3 Adenoid Cyst Carcinoma Female Protein
Group 3 Adenoid Cyst Carcinoma Female Protein
Group 3 Adenoid cystic Carcinoma Female Protein
Group 3 Adenoid cystic Carcinoma Male Protein
Group 3 Adenoid cystic Carcinoma Male Protein
Group 3 Adenoid cystic Carcinoma Male Protein
Group 3 Adenoid cystic Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Female miRNA
Group 3 Mucoepidermoid Carcinoma Male miRNA
Group 3 Mucoepidermoid Carcinoma Female RNA/Protein
Group 3 Mucoepidermoid Carcinoma Female Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Mucoepidermoid Carcinoma Male Protein
Group 3 Myoepithelial Carcinoma Male miRNA/Protein
Group 3 Myoepithelial Carcinoma Male RNA/miRNA/Protein

HIF-1a immunoexpression did not differ between the case and control
groups or between benign and malignant SGNs (Fig. 3A). In the
agreement, HIF-1la mRNA levels or immunoexpression did not differ
between the case and control groups or between benign and malignant
SGNs (Fig. 3B). miR-210 is an essential molecule associated with neo-
plastic hypoxia (Dang and Myers, 2015). Similarly to HIF-1a, miR-210
levels were similar among control, malignant and benign SGNs
(Fig. 3C).
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7. Discussion

Previous reports have suggested that hypoxia is an important me-
chanism related to radioresistance in specific cancers (Barker et al.,
2015). Because the indirect actions of radiation depend on oxygen le-
vels, hypoxia is believed to be the central mechanism leading to
radioresistance (Cerda et al., 2014; Harada, 2016; Gu et al., 2016;
Barker et al., 2015). Furthermore, it is important to highlight that
vascular damage, which triggers an immune response, is a consequence
of radiation-induced tumor hypoxia (Barker et al., 2015). However,
fractionated radiation can induce subsequent tumor revascularization
via recruitment of bone marrow-derived cells (BMDCs) in a HIF1 a-de-
pendent or independent manner (Kioi et al., 2010).

Traditionally, SGNs were considered radioresistant (Cerda et al.,
2014). However, the primary biological mechanism that contributes to
the radioresistance observed in SGNs is still not well established. As
such, recommendations for the management and treatment of malig-
nant SGNs have changed in recent years (Bell et al., 2005; Laramore
et al., 1993). The shift in the treatment of SGNs is due to an improve-
ment in imaging technology, as well as the development of various
treatment options, including external beam radiation, neutron beam
therapy, and chemotherapy (Bell et al., 2005; Laramore et al., 1993). It
has been shown that miR-210 expression is induced by both HIF-1a
(Wang et al., 2014; Kulshreshtha et al., 2007) as well as hypoxia
(Kulshreshtha et al, 2007). The current study was the first to in-
vesti miR-210 exp in SGNs. This report suggests that there
are no significant alterations in miR-210 expression in this specific
tumor subtype. Specifically, no differences in miR-210 levels were ob-
served between SGNs and normal, healthy salivary glands. In support of
the miR-210 findings reported here, our results regarding HIF-1a de-
monstrate that salivary gland neoplasms are not hypoxic. Instead, an
elegant study has shown that SGNs are well oxygenated, and it is un-
likely that hypoxia is a relevant factor in the clinical progression and
treatment responsiveness of these tumors (Wijffels et al., 2009).
Moreover, repair of sublethal damage during the interval between
fractionated radiotherapy doses is minimal in neutron therapy but plays
a significant role in external-beam radiotherapy (Hall et al., 1975), thus
suggesting that radioresistance of SGNs is independent of HIFla. This
notion is supported by the central mechanism of chemotherapeutic
agents that induce cell death in SGNs is DNA damage and not hypoxia
(Cerda et al., 2014).

Hypoxia is associated with both radioresistance and tumor pro-
gression (Fraga et al., 2012; Dang and Myers, 2015; Wang et al., 2015).
However, the importance of the hypoxic response appears to be specific
to the tumor subtype. Correctly, a substantial positive correlation has
been observed between adenoid cystic carcinomas and hypoxia (Wang
et al., 2015). However, HIF-1a levels do not appear to be altered in
pleomorphic adenomas, when compared with control samples (Wang
et al., 2015).

Itis important to note that there are limitations to the current study,
including a small sample size, which precluded our ability to perform
comprehensive analyses of different specimens and histological types.
Irrespective of these limitations, the current study is the first to evaluate
RNA levels of hypoxia markers in SGNs. Furthermore, the present study
validates previously published data as we observed no differences in
hypoxia markers between control, benign and malignant neoplasms.

In conclusion, our data suggest that salivary gland neoplasms do not
display increased levels of hypoxia markers. Individually, the angio-
genic markers, mir210 and HIF-a, do not seem to correlate with ma-
lignancy of salivary glands.
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HIF-1a immunoexpression (A), HIF-la mRNA (B) and miR-210 (C) in control, benign and malignant SGNs. (A). HIF-1a expression (A) or mRNA levels (B) is not
altered in SGNs, compared with control samples. No difference in expression of miR-210 is observed between groups (C).
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Abstract

Objective: Malignant salivary gland tumors (MSGTs) present different phenotypic
characteristics and various clinical outcomes, which proved to be a diagnostic chal-
lenge. Considering the heterogeneity of MSGT, this study aims to identify molecule
related to the nature of MSGT.

Methods: For screening, proteomic analysis comparing MSGT with pleomorphic ad-
enoma (PA) and salivary gland was performed. The MSGT-associated protein which
presented in the higher number in the Gene Expression Omnibus (GEO) database
was selected. To validate the data, immunohistochemistry (IHC) was performed in 14
patients with PA, 22 patients with MSGT, and 14 controls.

Results: 16 proteins were associated with MSGT. ANXA2 was the primary protein,
according to GEO database analyses. ANXA2 was most expressed in the cell mem-
brane. However, some ANXA2 staining was also observed in the cytoplasm and
nucleus. ANXA2 was highly expressed in MSGT in comparison with control. Also,
ANXAZ2 has a higher expression in adenocarcinoma not otherwise specified (ANOS)
and myoepithelial carcinoma (MC) in comparison with PA.

Conclusion: In conclusion, this study demonstrated that MSGT presented higher
levels of ANXA2 in comparison with normal salivary glands. Also, ANXA2 might be
interesting as a molecular marker of ANOS and MS.
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gland, malignancy, metastasis, neoplasm, oral cancer
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1 | INTRODUCTION

Benign salivary gland neoplasms are most common than malignant.* On
the other hand, the clinical appearance of malignant and benignant sali-
vary gland neoplasms is very similar, specifically in the hard palate.? It is
necessary to highlight that MSGT presents different phenotypic charac-
teristics and various clinical outcomes.® Some MSGT such as myoepithe-
lial carcinomas (MCs) is locally aggressive, while acinic cell carcinoma is
highly metastatic.>* The distant metastases are frequent event related
to MSGT, and 62% of the metastasis was not associated with alocal and
regional recurrence.* The challenges encountered in therapeutics and
general care are still relevant because of MSGT heterogeneity and com-
plexity.* The comparison of MSGT and the normal salivary gland is useful
to identify new biomarkers for various types of cancer.> Additionally,
proteomic analysis is a high-throughput accurate method for exploring
the specific proteins, which are potential biomarkers.®

Annexin family proteins have different members, which may per-
form various roles in specific types of cancer.” Among them, Annexin
A2 (ANXA2) induced microdomains that are likely to be essential for
many fundamental biological processes requiring membrane dynam-
icsranging from cell differentiation to cell migration and secretion.®?
The ANXA2 expression is an independent prognostic biomarker for
evaluating the malignant progression of laryngeal cancer® and is
associated with invasive cervical carcinoma, prostate cancer, and
lung cancer.** However, ANXA2 is expressed in both benign and
malignant vascular neoplasms.?*? Considering the heterogeneity of
MSGT, this study aims to differentiate MSGT using molecular tools.

2 | METHODS

Ethical approval (52767316.6.0000.5146) from the relevant ethics
committees was obtained.

2.1 | Patients

The written informed consent form was obtained from all partici-
pants. A total of 50 samples were collected from 2010 to 2016. All
diagnoses were reviewed by the same pathologist. Three groups
were designed to investigate changes in MSGTs. The frequency of
benignant SGNs (70%) and MSGTs (30%) was based on previous
data.’® The sample size calculation was performed as described be-
fore' to have a .05, /8 .4, and study power 0.6.

Group 1 (n = 14) was comprised of patients with pleomorphic ade-
noma (PA). The inclusion criteria were a PA. The exclusion criteria were
any feature in anamneses, which suggests the presence of neoplasia.

Group 2 (n = 22) was comprised of acinic cell carcinoma (AcCC,
n = 1), adenocarcinoma not otherwise specified (NOS, n = 3), ad-
enoid cystic carcinoma (AdCC, n = 9), mucoepidermoid carcinoma
(MEC,n=7),and MC (MC,n=2).

Group 3 (n = 14) was comprised of glandular tissue without neo-
plasia. Samples were obtained from mucocele excisions. The inclu-
sion criteria for this group were the absence of neoplastic feature

and absent history of any neoplasia during the anamneses. The ex-
clusion criteria were any feature in anamneses, which suggests the
presence of neoplasia.

2.2 | Proteomic analysis

2.2.1 | Samples

For proteomic analysis, a total of 4 samples comprised 1 PA, 1 MC,
and 2 normal salivary glands. Written informed consent was ob-
tained from all individual participants included in the survey.

2.2.2 | Mass spectrometry: Preparation of
samples and analysis

Samples were treated with urea (Cat. No.51457, Sigma-Aldrich) at
final concentration of 1.6 M, followed by reduction with dithiothreitol
(DTT) (Cat. No. D9779, Sigma-Aldrich) at 5 mmol/L for 25 minutes at
56°C, alkylation with lodoacetamide (Cat. No.16125, Sigma-Aldrich)
at 14 mmol/L for 30 minutes at room temperature protected from
light, and digestion with Trypsin (Cat. No. V5280, Promega) for
16 hours at 37°C (enzyme: substrate ratio, 1:50). The reaction was
stopped with formic acid (Cat. No.100264, Merck) (up to 0.4% of acid
in the sample), and after desalination using Sep-Pak C18 Cartridges
(Cat. No. WAT054945, Waters technologies LC-MS), the samples
were dried in a vacuum concentrator model SPD1010 SpeedVac™
Systems (Thermo Scientific™). The samples were stored at —20 for
subsequent analysis in a mass spectrometer. All obtained peptides
were suspended in 80 pL of a solution containing 20 mmol/L of am-
monium formate (Cat. No. 70221, Sigma-Aldrich) and 150 fmol/uL of
Enolase (Waters Corporation) (MassPREP™ Protein).

Nanoscale LC separation of tryptic peptides was performed using
an ACQUITY UPLC®M-Class System (Waters Corporation) equipped
with an XBridge® Peptide 5 um BEH130 C18 300 x 50 mm precol-
umn; Trap, 2D Symmetry® 5 um BEH100 C18, 180 um x 20 mm
column, and Peptide CSH™ BEH130 C18 1.7 um, 100 um x 100 mm
analytical reversed-phase column (Waters Corporation). The peptides
were separated using a gradient of 3% at 45% of acetonitrile (Cat. No.
271004, Sigma-Aldrich), with a flow rate of 2.000 uL/min. The lock
mass was used for calibration of the apparatus, using a constant flow
rate of 0.2 uL/min at a concentration of 200 fmol protein GFP ([Glu1]-
Fibrinopeptide B human (Sigma-Aldrich, F3261)). Mass spectrometry
analysis was performed on a Synapt G1 MSTM (Waters Co) equipped
with a nanoelectrospray source and two mass analyzers: aquadrupole
and a time-of-flight (TOF) analyzer operating in TOF V-mode. Data
were obtained using the instrument in the MSE mode, which switches
the low energy (6 V) and high-power (40 V) acquisition modes every
0.4 seconds. Samples were analyzed from three replicates.*

2.2.3 | Data processing and protein identification

The mass spectrometer data that were obtained from the LC-MSE
analysis were processed and searched using the ProteinLynx Global
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Server version 3.0.2 (Waters). The data were subjected to automatic
background subtraction, deisotoping, and charge state deconvolu-
tion. After processing, each ion comprised an exact mass/retention
time (EMRT) that contained the retention time, intensity-weighted
average cost, inferred molecular weight based on charge and m/z,
and the deconvoluted intensity. Then, the processed spectra were
searched against Homo sapiens (Human) protein sequences (http://
www.uniprot.proteomes/query=homo+sapiens&sort=score) to-
gether with reverse sequences. The protein identification criteria
also included the detection of at least two fragmentions per peptide,
the detection of five fragments per protein, and the determination of
atleast one peptide per protein; the identification of the protein was
allowed with a maximum 4% false-positive discovery rate in at least
three technical replicate injections. The searches were performed
with a fixed modification of carbamidomethyl (C), and variable ad-
justments were phosphorylation of serine, threonine, and tyrosine.
One missed cleavage site was allowed. Protein tables were gener-
ated by the Protein Lynx Global Server.

After the protein tables were generated, the qualitative data
were exported to Excel®. The qualitative analysis was done by com-
paring the groups by the Venn diagram.

2.3 | Target selection

After the Venn diagram, the proteins exclusively associated with
MSGT were selected and evaluated. To choose the target molecule,
data obtained from Gene Expression Omnibus (GEO) (Home-GEO-
NCBI) were used to validate data from the current study. For each
protein, the GEO search was done using the following keywords:
Homo sapiens, the name of protein, and cancer. A heat map was per-
formed, and the protein that was presented in the higher number of
GEO database was selected.

2.4 | Immunohistochemical reactions

For immunohistochemical analysis, samples archived tissue blocks
from surgically resected epithelial tumors, first specimens and con-
trol: benign tumor: PA (n = 14), MSGT: MEC (n = 7), AcCC (n = 1),
AdCC (n = 9), MC (n = 2), adenocarcinoma NOS (n = 3), and normal
salivary gland (n = 14). Each resected tissue specimen was fixed in
formalin, embedded in paraffin, and cut into 3.0-um thick sections.
The following primary mouse monoclonal antibodies were used:
ANXAZ2 (clone C-10; Santa Cruz Biotechnology) was incubated at
4°C for 18 hours at a dilution of 1:300. Incubation blocked endog-
enous peroxidase with 3% hydrogen peroxide and Protein Blocker
EP-12-20532 (Kit Easy Link One, Easy Path, Inmunobioscience Corp,
EUA). For antigen retrieval, sections were heated in a steam cooker
for 10 minutes at 121°C in Trilogy (Cat. No. 920P-06; Cell Marque
Corporation). The primary antibodies were detected using the HRP
EP-12-20502 of Kit Easy Link One (Easy Path, Immunobioscience
Corp, EUA). Signals were developed with 3'3-diaminobenzidine-tet-
rahydrochloride (Cat. No. 32750, Sigma-Aldrich) for 3 minutes and
counterstained with Mayer's hematoxylin (Cat. No. 109249, Merck)
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for 60 seconds. Negative controls were performed by replacing the

primary antibody with phosphate-buffered saline (PBS).

2.5 | Assessment of immunoreactivity

Ten microscopic fields of tumor parenchyma were photographed
at 400x magnification (Olympus; FSX-100) to quantify the staining;
cells were then counted using Image) software.® The ratio of posi-
tive cells to the total number of cells counted was used to quantify
the staining.

2.6 | Statistical analysis

Analyses were performed using SPSS (Version 18.0) and GraphPad
Prism software (version 5.0; GraphPad Software Inc). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were performed to
evaluate data distribution. Immunolocalization analysis assumed a
parametric distribution, and comparisons between three groups, PA,
malignant gland salivary neoplasia, and normal salivary glands, were
performed using one-way ANOVA. When comparing several types
of MSGTs, immunolocalization analysis that assumed a non-para-
metric distribution was performed using the Mann-Whitney test. P
values <.05 were considered significant.

3 | RESULTS

3.1 | Proteomic profile of the pleomorphic
adenoma, myoepithelial carcinoma, and normal
salivary gland

A comparative proteomic analysis was performed on PA, MC, and
normal salivary gland samples using LC-MSE. A total of 105 pro-
teins were identified in all groups. It was detected by the presence
of 16 proteins present only in MC, 21 proteins just in PA, and 31
proteins just in normal salivary gland. The Venn diagram is shown
in Figure 1A. 16 proteins in MC inserted in GEO (Home-GEO-NCBI)
and the number of databases in GEO are shownin Figure 1B. ANXA2
presented as the primary target related to MSGT in general.

3.2 | ANXA2 expression in benign gland salivary
neoplasia, malignant gland salivary, and normal
salivary gland by immunohistochemistry

The expression of the ANXA2 protein was analyzed in 14 patients
with PA (28%), 22 patients with malignant gland salivary neoplasia
(44%), and 14 patients with normal salivary glands (28%) using im-
munohistochemistry (IHC). MSGT presented higher expression of
ANXAZ2. The profile of ANXA2 expression is shown in Figure 2. A
significant difference was observed in between the group's malig-
nant gland salivary neoplasia and control (Figure 2H), so we found a
considerable difference in between PA and control (Figure 2H). Most
of ANXA2 presented stained in the cell membrane. However, some
cytoplasm and nuclear expression were also observed in Figure 2
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(A) (B) — FIGURE 1 Comparative proteomic
analyses of MC, PA, and normal salivary
gland using LC-MSE. A, Venn diagram
among MC, PA, and normal salivary gland.
Analysis of the Venn diagram shows the
amount of protein present in each study
TAGLN2 group; 16 proteins present only in MC, 21
TUBB3 589 proteins just in PA, and 31 proteins just

in normal salivary gland. B, 16 proteins in
PGAML 350 MC inserted in GEO (Home-GEO-NCBI)
ALAG1 328 and the number of databases in GEO are
IGLLS shown. ANXA2 was the protein detected
more relevant to validate
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FIGURE 2 The patterns of the immunohistochemical ANXA2 marker. Normal salivary glands (A), pleomorphic adenoma (B), acinic
cell carcinoma (C), adenocarcinoma not otherwise specified (NOS) (D), adenoid cystic carcinoma (E), mucoepidermoid carcinoma (F), and
myoepithelial carcinoma (G). Graph showing ANXA2 between the group's MSGT, PA, and normal salivary glands, (H) and graph showing
ANXA2 expression between different subtypes of MSGTs (I). The scale of 100 pm. Statistical significance P = <.05
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(A-G). When comparing several types of MSGTs, we saw ANXA2 ex-
pression was higher in adenocarcinoma NOS, AdCC, MEC, and MC
than in the normal salivary gland. We also noted that there was a sig-
nificant increase of ANXA2 expression in MC and adenocarcinoma
NOS in comparison with PA (Figure 2 I).

4 | DISCUSSION

The precision of the fine-needle aspiration biopsy (FNAB) in the diagno-
sis of salivary MSGT was established for decades and had good points.*”
Nevertheless, often, parotid carcinomas are diagnosed as a benign pro-
cess, giving a false-negative diagnosis. Moreover, benign lesions are di-
agnosed as carcinomas, that is, false positive,'® leading to unnecessary
surgical intervention.* The preoperative diagnosis is fundamental for
the correct management of these neoplasms. The proteomic analysis
suggests that ANXA2 was related to MSGT. Immunohistochemical
analysis showed that ANXA2 is expressed in MSGT. ANXA2 expression
was associated with a poor prognosis of patients with invasive cervical
carcinoma, prostate cancer, and lung cancer.® ANXA?2 is differentially
expressed in many diseases and various tissue types, particularly in
several types of cancer. ANXA2 acts as a central player in dynamic reci-
procity in tissue homeostasis.® ANXs are involved in many cytological
processes such as regulation of ion channel activities, endocytotic and
exocytotic processes, signal transduction, cellular differentiation, and
proliferation.’ We showed a high expression of ANXA2 in MSGT com-
pared with normal salivary glands; we can be observed significant dif-
ference was found in between the MSGT group and the normal salivary
gland group. Interestingly, ANXA2 is also shown as a stress-induced
antigen, known as a phospholipid-binding protein involved in redox po-
tential regulation, tumorigenesis, and wound healing. Stress-mediated
membrane exposure of ANXA2 could thus constitute a danger signal
for T cells to recognize various cell dysregulations and protect the host
against infections and cancer.2* In AcCC, adenocarcinoma NOS, AdCC,
MEC, and MC, the expression of ANXA2 was high, and the labeling
expressed by the IHC reveals an intense and homogeneous marking
on the membrane of the cancerous cells. AdCC is relatively rare and is
characterized by slow evolution, multiple recurrences, protracted clini-
cal course, and late distant metastasis.?*%* Due to the AdCC ability to
invade adjacent tissues and migrate to blood vessels, the risks of recur-
rence and metastasis are higher in AACC than in other oral cancers,
such as squamous cell carcinoma (SCC).24%> The ANXA2 expression is
associated with the metastasis and progression of hepatocellular carci-
noma (HCC), and ANXA2 levels in HCC patients are significantly higher
compared with the benign liver disease,? and also in breast cancer, the
exosome-associated ANXA2 plays an essential role in angiogenesis and
metastasis.?” Others, also, such as adenocarcinoma NOS, have a high
index of locoregional recurrence and distant metastases.?® Patients
with CM tend to develop metastases due to locally destructive, infiltra-
tive, and progressive behavior.?**° The literature very well elucidates
the role of ANXA2 in tumor malignancy. Our work opens a light for
this protein in MSGTs. Due to our findings in the immunohistochemi-
cal analysis, ANXA2 is a potential molecular marker of malignancy for
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MSGTs. We emphasize that in our study, the number of samples in the
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malignant groups was our limitation. Thus, a more extensive sampling
could better ratify our hypothesis of the identification of ANXA2 as
a molecular marker for malignant SGNs. We believe that future large-
scale validation studies are needed for further testing to clarify the role
of ANXA2 in MSGTs further.

In conclusion, the current study demonstrated that MSGT pre-
sented higher levels of ANXA2 in comparison with normal salivary
glands. Also, ANXA2 might be interesting as a molecular marker of
adenocarcinoma NOS and MC.
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4 CONCLUSOES

As avaliacOes através de RT-PCR e imuno-histoquimica, ndo demonstraram diferencas
significativas na expressdo dos marcadores de hipoxia HIF-1a e mirR-210 entre
neoplasias benignas e malignas de glandula salivar. Ndo houve também diferenca
significativa na expressdo de mirR-210 entre neoplasias benignas, malignas e tecido
salivar nao neoplasico, o que nos sugere que as neoplasias de glandula salivar ndo sdo

hipoxicas.

A andlise protedmica evidenciou 105 proteinas nos trés grupos estudados, com 31
proteinas encontradas exclusivamente em tecido salivar ndo neoplasico (mucocele), 21
proteinas encontradas exclusivamente na amostra de neoplasia benigna (adenoma
pleomorfico) e 16 proteinas encontradas exclusivamente na amostra de neoplasia
maligna (carcinoma mioepitelial). A anélise com a base de dados Gene Expression
Omnibus (GEO) mostrou que a proteina anexina A2 (ANXA-2) foi a mais expressa
entre as proteinas especificas encontradas na amostra de neoplasia maligna. Este
resultado foi ratificado pela imuno-histoquimica, que evidenciou uma maior expressao
de ANXA-2 em neoplasias malignas, quando comparada com neoplasias benignas e
tecido salivar ndo neoplasico. A imuno-histoquimica mostrou ainda uma maior
expressdo da ANXA-2 em fendtipos mais agressivos como adenocarcinoma SOE e
carcinoma mioepitelial. Estes resultados nos faz concluir que a ANXA-2 pode, no
futuro, ser um marcador tumoral relevante, necessitando porém de outros estudos, com

maior casuistica, para confirmarem estes achados.
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