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Resumo:

Introducdo: O Adenoma Pleomorfico (AP) é a neoplasia mais prevalente nas glandulas salivares. O AP
desperta grande interesse devido a sua alta frequéncia e a invasividade local. Proteinas como
metaloproteinases da matriz-2 (MMP-2), -9 (MMP-9) e metalotioneina (MT) estdo relacionadas com a
invasividade local em alguns tumores, entretanto, ndo ha estudos correlacionando a expressdo das mesmas no
AP.

Obijetivos: Portanto, o objetivo deste trabalho foi verificar a expressdo de MMP-2, MMP-9 e de MT, assim
como uma possivel correlacdo entre essas proteinas, para melhor delineamento dos seus papéis no
comportamento do AP e de planos de tratamento.

Material e métodos: A técnica da imunohistoquimica foi realizada em 20 amostras de AP e 7 amostras de
glandulas salivares (GS) como grupo controle. A avaliagdo da imunomarcacdo foi realizada pela
quantificacdo da fracdo de area marcada, usando o software ImageJ.

Resultados: As amostras de AP apresentaram elevada imunoexpressdao de MMP-2, MMP-9 e MT quando
comparadas as amostras controle de GS. Ao correlacionarmos a expressao das proteinas, houve correlacdo das
MMPs entre si e entre MT e MMP-9. Concluséo: Logo, sugere-se que MMP-2, MMP-9 e a MT podem
participar nos mecanismos de invasividade do AP.

Relevancia clinica: Sabe-se que o AP é um tumor de glandula salivar com elevadas taxas de recorréncia, com
alta expresséo de MMP-2, MMP-9 e com correlagdo entre a expressao dessas MMPs entre si e entre MMP-9 e
MT. Portanto, pode-se sugerir essas proteinas como moléculas alvo no tratamento dessa neoplasia, justificado
por seu possivel papel no comportamento clinico desse tumor.

Palavras-chave:

Metaloproteinase da matriz 2, Metaloproteinase da matriz 9, Metalotioneina, Neoplasias das Glandulas
Salivares, Adenoma pleomorfo.
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INTRODUCAO

O Adenoma Pleomorfico (AP) é a neoplasia benigna mais prevalente em glandulas salivares.
Biologicamente, apresenta baixo indice de proliferacéo celular, refletindo clinicamente em crescimento lento
e assintomatico, porém apresenta comportamento localmente invasivo [1]. Devido a sua alta frequéncia e sua
invasividade local, o AP desperta grande interesse. Embora ainda ndo esteja estabelecido se as variabilidades
histologicas do AP estdo relacionadas ao seu comportamento invasivo e a sua taxa proliferativa, alguns
estudos mostram que os tumores ricos em estroma apresentam crescimento celular significativamente maior
em comparacao a tumores pobres em matriz extracelular [2-7].

A degradacdo da matriz extracelular (MEC) é um processo essencial para a progressdo tumoral e
invasdo dos tecidos adjacentes. Evidéncias sustentam a teoria de que proteinases extracelulares, tais como as
metaloproteinases (MMPs), medeiam muitas das alteracfes no microambiente celular durante a progressédo
tumoral [8, 9]. Estas enzimas regulam uma variedade de processos fisiologicos e eventos de sinalizacéo.
Portanto, representam um dos principais mediadores na comunicacdo molecular entre o parénquima e o
estroma tumoral.

Existem dois tipos de MMPs do grupo das gelatinases, as metaloproteinases -2 e -9 (MMP-2 e MMP-
9), que sdo responsaveis pela protedlise do principal componente da MEC, o colageno, em especial o tipo IV
[10]. Estas degradam a membrana basal, criando um ambiente propicio a invasdo tumoral [11, 12]. Além
disso, as MMPs sdo endopeptidases zinco-dependentes. Por outro lado, o zinco é um metal essencial para o
funcionamento celular e sua regulacao € feita pela metalotioneina (MT) [13].

A MT esta presente intracelularmente, exercendo fungbes em muitos processos fisiologicos, e
possivelmente esta relacionada com a diferenciacdo das glandulas salivares humanas [14]. Embora a MT
esteja expressa em células ndo neoplasicas, o aumento de sua expressdo tem sido associado ao
comportamento bioldgico de algumas neoplasias, como tumores salivares benignos e malignos, incluindo o
AP [14-17]. Apesar disso, sua funcdo ainda ndo foi completamente estabelecida nos tumores de glandulas
salivares.

Alguns estudos tém mostrado uma correlacdo positiva entre a expressdao de MMPs e MT [18-20].
Embora pesquisas mostrem a presenca de MMP-2, MMP-9 [7] e MT [15] no AP, ndo ha estudos
correlacionando a expressdo dos mesmos nesta neoplasia. Mediante esses achados, pretende-se nesta
investigacdo verificar a expressdo de MMP-2, MMP-9 e MT, assim como, a correlacdo entre essas proteinas
para melhor compreender seus papéis no comportamento do AP.

MATERIAL E METODOS
Amostras

Vinte (20) casos de AP foram recuperados dos arquivos do Departamento de Patologia oral da
Faculdade de Odontologia do Centro Universitario do Pard (Belém-PA, Brasil). Sete (7) casos de glandula
salivar normal (GS) foram incluidos como controle. Esta pesquisa foi submetida e aprovada pelo Comité de
Etica em Pesquisa em Seres Humanos do Instituto de Ciéncias da Saude da Universidade Federal do Para
(Parecer n°® 358.227)



Imunohistoquimica

Foram obtidos cortes histologicos de 3um de espessura, que foram montados em laminas tratadas com
3-aminopropiltrietoxisilano (Sigma Chemical Corp, St. Louis, MO, EUA). Os cortes foram desparafinizados
em xilol e hidratados em sequéncia decrescente de etanol. As laminas foram entdo imersas em solucéo de
H20. a 3% e metanol, na propor¢do de 1:1, durante 20 minutos, para inibicdo da atividade da peroxidase
enddgena. Apos esta etapa, a recuperacdao antigénica foi efetuada em tampdo citrato (pH 6,0) em camara
Pascal (Dako, Carpinteria, CA, EUA) durante 30 segundos. Ligacdes inespecificas dos anticorpos foram
bloqueadas com albumina de soro bovino (BSA, Sigma®) a 1% em solucdo salina tamponada com fosfato
(PBS) durante 1 hora. As laminas foram incubadas com anticorpos primarios anti-MMP-2 (Merck Millipore,
Darmstadt, Germany - diluicdo 1:50) anti-MMP-9 (Merck Millipore® — dilui¢do 1:50) e anti-MT (clone E9,
Dako® — diluigdo 1:100). Posteriormente, os cortes foram incubados durante 30 minutos com o sistema de
deteccdo EnVision Plus (Dako®). Diaminobenzidina (Dako®) foi utilizada como cromdégeno e, em seguida,
os cortes foram contracorados com hematoxilina de Mayer (Sigma®) e montados em Permount (Fisher
Scientific, Fair Lawn, NJ, EUA). A substituicdo dos anticorpos priméarios por soro ndo imune de coelho ou
camundongo foi utilizada como controle negativo (dados ndo mostrados).

Avaliacdo das marcacdes imunohistoquimicas

Imagens de campo claro de pelo menos cinco areas de cada amostra, aleatoriamente selecionadas,
foram obtidas utilizando microscopio Axio Scope Al equipado com uma camera CCD AxioCam HRc (Carl
Zeiss, Oberkochen, Alemanha), com objetiva de 40x.

Para quantificar a imunomarcacdo das proteinas utilizou-se o software de dominio publico Imagel
(NIMH, NIH, Bethesda, MD, EUA, http://rsbweb.nih.gov/ij/). As areas coradas com diaminobenzidina foram
segmentadas  pelo  plug-in  “color  deconvolution”  (desenvolvido por  Gabriel Landini,
http://www.dentistry.bham.ac.uk/landinig/software/software.html). Apos a segmentacdo das imagens, as areas
marcadas nas células de AP e GS foram avaliadas e expressas em porcentagem da area total. Diferencas entre
as areas marcadas no AP e na GS também foram analisadas.

Andlise Estatistica

Os dados foram analisados usando o software GraphPad Prism 5 (GraphPad Software, Inc., San
Diego, CA, USA). As diferencas entre as areas marcadas no AP e na GS foram avaliadas pelo teste Mann-
Whitney. O teste de correlagdo de Spearman foi realizado para revelar possiveis correlagfes entre a expressao
de MMP-2, MMP-9 e MT nas amostras de AP.

RESULTADOS

As amostras de AP expressaram MMP-2, MMP-9 e MT
Todas as amostras de AP revelaram a expressdo de MMP-2, MMP-9 e MT. A marca¢do de MMP-2
apresentou aspecto puntiforme e homogéneo localizada predominantemente no citoplasma do epitélio
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neoplésico, sobretudo nos lencois celulares de células tumorais (Figura 1A). Foi observada marcacdo nas
células mioepiteliais em torno das células ductais (Figura 1B) e areas de metaplasia escamosa (Figura 1C). As
células estromais expressaram MMP-2 ocasionalmente (Figura 1D). As células das &reas condroides
apresentaram marcacdo nuclear (Figura 1E). As amostras de GS exibiram marcacdo fraca,
predominantemente no estroma (Figura 1F).

Em relacdo a MMP-9, a marcacao citoplasmatica foi intensa e puntiforme nas células epiteliais (Figura
2A), mioepiteliais e ductais (Figura 2B). As células em torno de areas de metaplasia escamosa apresentaram
marcacdo fraca (Figura 2C). As células estromais expressaram MMP-9 ocasionalmente (Figura 2D). As
células das areas condroides ndo apresentaram marcacdo (Figura 2E). As amostras de GS exibiram marcagéo
fraca, predominantemente no estroma (Figura 2F).

A MT revelou marcacdo citoplasmatica granular nos lencdis celulares (Figura 3A) e intensa marcacao
nuclear nas células mioepiteliais (Figura 3B). Nas areas ductiformes (Figura 3C) e nas areas de metaplasia
escamosa (Figura 3D), a marcagdo nuclear e citoplasmaética das células mioepiteliais foi intensa. As células
das areas condroides apresentaram fraca expressdo citoplasmatica de MT (Figura 3E). As amostras de GS
exibiram marcacdo nas células ductais e mioepiteliais (Figura 3F).

As amostras de AP apresentaram maior expresséo de MMPs quando comparadas as de glandula
salivar normal

A andlise estatistica revelou diferenca significativa de imunoexpressdo das proteinas MMP-2 (p<0.05)
e MMP-9 (p<0.01) no AP em comparacdo ao grupo controle (Figura 4A e 4B). No AP, as areas marcadas
com MMP-2 e MMP-9 foram significativamente maiores quando comparadas as de glandula salivar.

As amostras de AP apresentaram correlacéo entre a expressdo de MMPs e MT

Em relacdo a MT, esta ndo apresentou diferenca entre as areas marcadas nas amostras de AP e GS (p =
0.1583). O teste de correlacdo de Spearman (Tabela 1) evidenciou uma correlacdo positiva entre MMP-9 e
MT (p=0.0443), assim como entre as MMPs.

DISCUSSAO

O AP é um tumor benigno de crescimento lento, que pode apresentar um comportamento localmente
invasivo [5]. A capacidade invasiva de um tumor requer, dentre outros fatores, a degradacdo da MEC, e desta
maneira as células tumorais invadem o tecido normal subjacente [7, 19, 21]. As MMPs -2 e -9 sdo gelatinases
que quando presentes em tumores tém como papel a degradacdo do colageno IV, colageno V, laminina,
elastina e proteoglicanas na MEC e na membrana basal [8, 9, 19, 22-26]. Adicionalmente, a expressao dessas
MMPs em tumores invasivos é elevada quando comparada a tumores ndo invasivos [26]. Nesse estudo, a
expressdo de MMP-2 e MMP-9 no AP foi elevada quando comparada ao tecido glandular normal, sugerindo
que essas proteases podem estar envolvidas no processo de invasividade local desse tumor.

A analise imunohistoquimica da expressdio da MMP-2 e MMP-9 nas amostras apresentou
imunopositividade em sua maior parte no parénquima tumoral e reduzida imunoexpressdo no estroma. Na
literatura tem sido claramente estabelecido que a baixa expressdo de MMPs no estroma estd diretamente
relacionada ao comportamento das neoplasias benignas [27]. Por outro lado, a alta expresséo de MMPs
encontrada no parénguima tumoral do AP justifica a agressividade local desta neoplasia.

A imunomarcagdo nuclear foi detectada na MMP-2 e na MT. A MT é expressa no nucleo
provavelmente devido a necessidade de doacdo de zinco para fatores de transcri¢cdo, como o p53 e outros [15].
A presenca de MMP-2 no nucleo pode estar relacionada a remodelacdo estrutural do nucleo, a degradagéo de
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proteinas nucleares, como fatores de transcrigdo, proteinas do processamento do RNA e ribonucleoproteinas,
ou a outras funcdes ainda ndo determinadas [28].

As MMPs-2 e -9 tém sido relacionadas como promotoras da invasé@o celular em tumores oriundos de
mama, colo do Utero, prostata, cérebro e glandulas salivares, dentre outros [5, 23]. A MMP-2 é capaz de
degradar fibronectina, laminina e coladgeno do tipo VII e XI, além dos substratos que também sdo degradados
por ambas MMPs descritos previamente [23-25]. Portanto, é nitido que ha semelhanga no mecanismo de agédo
das gelatinases, justificando, possivelmente a correlacdo positiva encontrada entre a expressdo destas MMPs.
Entretanto, embora essas MMPs apresentem acdes semelhantes, suas contribuicdes para 0S processos
bioldgicos ou patoldgicos podem ser ligeiramente distintas.

Nossos resultados, embora apresentem uma expresséo significativamente maior de MMP-2 e -9 no AP
quando comparadas a GS, mostraram que a expressdo de MMP-9 nesse tumor foi maior que a expressao de
MMP-2. Nagel et al. (2004) [6] encontraram resultados semelhantes, ao avaliar a imunoexpressdo das MMPs
em tumores benignos, dentre eles o AP, e malignos de glandula salivar. Estes autores observaram que houve
diferenca significativa na expressdo de MMP-2 em tumores malignos quando comparados aos benignos,
enguanto que a expressao de MMP-9 se apresentou elevada em ambos 0s tipos de tumores, ndo apresentando
diferenca significativa [6].

Neste estudo, os achados revelaram correlacdo positiva entre MMP-9 e MT, bem como no estudo
realizado por Kim et al (2011) [19], o qual afirma que a MT regula positivamente a MMP-9, atraves da
ativacdo da via de sinalizacdo de AP-1 e NF-kB. Esses dois fatores de transcrigdo desempenham importante
papel em diversas atividades celulares, como a morte, o crescimento e a migracéo celular, bem como regulam
a transcricdo de inUmeros genes e expressdo de proteinas, como a MT e a MMP-9 [20, 29, 30]. Portanto, MT
e MMP-9 compartilham os mesmos reguladores de expressao, AP-1 e NF-kB, possivelmente por esta razdo
apresentaram correlacdo positiva neste estudo.

Outra possivel hipotese para explicar a correlacdo positiva entre MMP-9 e MT encontrada neste
estudo reside no fato das MMPs serem endopeptidases zinco-dependentes responsaveis pela degradacdo da
MEC, atraves, principalmente, da protedlise do coladgeno [10, 11], e o zinco, metal essencial para o
metabolismo celular ser regulado pela MT [12]. Portanto, a MT pode ser a principal responsavel pela
regulacéo da atividade das MMPs, através do fornecimento de zinco para as mesmas [31, 32].

Segundo evidéncias reportadas no estudo de Viana et al. (2013) [15], a expressdo de MT foi reduzida
em GS comparada com o AP, provavelmente porque apenas células ductais apresentavam-se marcadas,
enquanto que as células acinares ndo apresentaram marcacdo, e assim influenciaram o baixo indice de
expressao de MT em GS [15]. Enquanto que, o resultado do presente estudo ndo revelou diferenca
significativa entre a marcacdo de MT no AP e em GS, provavelmente devido ao fato da MT estar presente
constitutivamente na GS normal. Estudos confirmam que a MT € responsavel por indmeros processos
fisiologicos, dentre eles a diferenciagdo das glandulas salivares humanas [14], estando expressa em células
ndo neoplasicas [14-16]. Além disso, outros autores afirmam que tumores de GS e GS normal apresentam o
mesmo padrdo de imunomarcacdo nuclear intensa de células mioepiteliais, as quais circundam ductos
intercalados [15], concordando com os achados imunohistoquimicos deste estudo.

Diante dos resultados obtidos, verificamos que o AP apresentou elevada imunoexpressao de MMP-2,
MMP-9 e também expressou MT. Ao correlacionarmos a expressao das proteinas, houve correlagédo positiva
das MMPs entre si e da MT com a MMP-9. Logo, sugerimos que a MMP-2 e a MMP-9 participam
ativamente dos mecanismos de invasividade do AP. A correlagdo positiva com a MMP-9 indica que a MT
pode ter um papel importante no armazenamento e fornecimento de zinco para que esta endopeptidase possa
exercer sua atividade proteolitica.
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LEGENDAS

Fig. 1: Imunomarcacdo de MMP-2 no AP e na GS. Imunomarcag&o citoplasmaética foi observada nas células
neoplésicas (A). Marcagdo nas células mioepiteliais ductais (B) e em torno de &reas de metaplasia escamosa
(C). Celulas ductais (D). Aparéncia condroide do tumor (E) Imunomarcacdo em GS localizada
exclusivamente no estroma glandular (F). Escala 20um.

Fig.2: Imunomarcacdo de MMP-9 no AP e na GS. (A) Imunomarcacgdo intensa localizada no citoplasma
celular (A). Marcacdo nas células mioepiteliais e ductais (B). Metaplasia escamosa (C). Marcacdo ocasional
no estroma (D). Aspecto condroide do estroma tumoral (E). Imunomarcagdo em GS localizada
exclusivamente no estroma glandular (F). Escala 20pm.

Fig 3: Imunomarcacdo da MT no AP e na GS. Imunomarcacéo citoplasmatica (A) e nuclear (B) foi observada
nas células neoplasicas. Intensa marcacdo das células mioepiteliais nos ductos (C) e nas areas de metaplasia
escamosa (D). Aspecto condroide do estroma tumoral (E). Imunomarcacdo em GS localizada no nucleo e no
citoplasma das células ductais (seta). Escala 20um.

Fig.4: Comparacéo da imunoexpressdo de MMP-2, MMP-9 e MT entre AP e GS. Significancia estatistica:
*p<0.05; **p<0.01.
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TABELA

Tabela 1. Valor de p relacionado a imunomarcacdo de MMP-2, MMP-9 e MT, no AP utilizando o teste de
Spearman.

Protein 1 Protein 2 Spearman r p value
MMP-2 MT 0.2495 0.1534
MMP-9 MT 0.4541 0.0443*
MMP-9 MMP-2 0.4677 0.0376*

Abreviacbes: MMP, matriz metaloproteinase; MT, metalotioneina. Asterisco (*) indica correlagdo
significativa.
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Abstract:

Obijectives: Pleomorphic adenoma (PA) is the most common neoplasm of the salivary
glands. The main characteristics of PA are its high frequency and local invasiveness.
The metalloproteinase-2 (MMP-2), -9 (MMP-9) and metallothionein (MT) are strongly
associated to numerous tumors local invasiveness, however there are no scientific
reports about the correlation between their expression in PA. Therefore, the aim of this
study was to investigate the expression of MMP-2, MMP-9, and MT, and verifying the
possible correlation between their expression and the PA local invasiveness in order to
draw new treatment plans and achieve satisfactory prognosis.

Materials and methods: The immunohistochemistry was performed in 20 PA and 07
salivary gland samples (SG — control group). The immunostaining was evaluated by
quantification of the stained area using ImageJ software.

Results: The PA samples shows a high immunoexpression of MMP-2, -9 and MT
compared to the control samples. The statistical analysis reveal a correlation among the
MMPs, and between the MT and MMP-9 expressions.

Conclusions: Therefore, it is inferred that the MMP-2, MMP-9, and MT may participate
in the regulation mechanisms of PA local invasiveness.

Clinical Relevance: Knowing that PA is a salivary gland tumor with significant rates of
recurrence, high expression of MMP2, -9, and correlation of MMP2 and -9, MMP9 and
MT can suggest this molecules a target in treatment of this neoplasm justified by their
possible role in clinical behavior of this tumor.

Keywords:

Matrix Metalloproteinase 2, Matrix Metalloproteinase 9, Metallothionein, Salivary
Gland Neoplasms, Pleomorphic adenoma.
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INTRODUCTION

Pleomorphic adenoma (PA) is the most common benign neoplasm affecting the
salivary glands. Biologically, it presents a neoplasm with low cell proliferation, which is
clinically reflected in the slow growth and generally do not show symptoms, despite
displaying a local invasiveness behavior [1]. PA has been extensively studied because
of its high frequency and local invasiveness. Although it has not been established
whether the histological variability of PA is related to its local invasiveness behavior
and proliferation rate, several studies have demonstrated that stroma-rich tumors display
significantly higher cell growth, than tumors that lack the extracellular matrix [2-7].

Degradation of the extracellular matrix (ECM) is an essential process for tumor
progression and invasion of the adjacent tissues. A number of studies support the theory
that extracellular proteases, such as matrix metalloproteinases (MMPs), regulate many
of the alterations occurring in the cellular microenvironment during cancer progression
[8, 9]. These enzymes regulate a variety of physiological processes and signaling
events. Therefore, they are one of the major mediators of the molecular communication
between the tumor stroma and parenchyma.

Two types of MMPs (which belong to the gelatinases group), metalloproteinase
-2 and -9 (MMP-2 and MMP-9), are responsible for the proteolysis of the major
components of ECM, such as collagen (particularly type IV) [10]. These proteins
degrade the basal membrane, and provide a favorable environment for tumor invasion
[11, 12]. These MMPs are zinc-dependent endopeptidases. As zinc is an essential metal
for protein function, its regulation is mediated by metallothionein (MT) [13].

Metallothionein is expressed intracellularly and displays various functionalities
related to different physiological processes, such as possibly acting in the differentiation
of human salivary glands [14]. Although MT is detected in non-neoplastic cells, an
increased expression has been associated with the biological behavior of some tumors,
such as benign and malignant salivary tumors, including PA [14-17]. However, its
function in the salivary gland tumors has not yet been fully established.

Several studies have shown a positive correlation between the expression of
MMPs and MT [18-20]. Although a number of studies have demonstrated the presence
of MMP-2, MMP-9 [7], and MT [15] in PA, there are no studies correlating their
expression to this tumor. With this background, our study attempts to verify the
expression of MMP-2, MMP-9, and MT in PA, and the correlation that exists among
these proteins, in order to better understand their roles in PA development.

MATERIAL AND METHODS

Samples

Twenty PA samples were collected from the archives of the Department of Oral
Pathology, Faculty of Dentistry, University Center of Para (Belém, PA, Brazil). Seven
healthy salivary gland (SG) samples were included in this study as controls. The Human
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Research Ethics Committee of the Institute of Health Sciences, Federal University of
Paré approved this study (Process number: 358.227).

Immunohistochemistry

Three micrometer thick histological sections of all samples were prepared and
mounted on slides treated with 3-aminopropyltriethoxysilane (Sigma Chemical Corp.,
St. Louis, MO, USA). The sections were de-paraffinized in xylene, and hydrated in a
descending series of ethanol. The slides were then immersed in a solution of 3% H202
and methanol (1: 1) for 20 minutes in order to inhibit the endogenous peroxidase
activity. Following this step, the antigen was retrieved using citrate buffer (pH 6.0) in a
Pascal chamber (Dako, Carpinteria, CA, USA) for 30 seconds. All non-specific
antibody bindings were blocked by 1% bovine serum albumin (BSA, Sigma Chemical
Corp.) in phosphate buffered saline (PBS) for 1 hour. The slides were incubated with an
anti-MMP-2 primary antibody (1:50; Merck Millipore, Darmstadt, Germany), anti-
MMP-9 (1:50; Merck Millipore), and anti-MT (1:100; clone E9; Dako) for 1 hour at
room temperature. Subsequently, the sections were incubated for 30 minutes with the
EnVision Plus (Dako) detection system. Diaminobenzidine (Dako) was used as a
chromogen. The sections were counterstained with Mayer's hematoxylin (Sigma
Chemical Corp.) and mounted with the Permount mounting medium (Fisher Scientific,
Fair Lawn, NJ, USA).

Evaluation of the immunohistochemical stainings

Bright field images of at least five randomly selected areas were obtained for
each sample using the 40X objective of the Axio Scope Al microscope, equipped with a
CCD AxioCam HRc camera (Carl Zeiss, Oberkochen, Germany).

The protein immunostaining was quantified using the public domain software
ImageJ (NIMH, NIH, Bethesda, MD, USA, http://rsbweb.nih.gov/ij/). The areas stained
with diaminobenzidine were segmented using the “color deconvolution” plug-in
developed by Gabriel Landini
(http://www.dentistry.bham.ac.uk/landinig/software/software.html). ~ Following  the
segmentation of the images, the different areas of the stained PA and SG cells were
assessed, and expressed as a percentage of the total area. The differences between the
stained areas in PA and SG cells were also analyzed.

Statistical Analysis

The data were analyzed using the GraphPad Prism 5 software (GraphPad
Software, Inc., San Diego, CA, USA). The differences between the stained areas in the
PA and SG samples were evaluated by the Mann-Whitney test. The Spearman’s
correlation test was conducted to determine the possible correlations between MMP-2,
MMP-9, and MT expression in the PA samples.
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RESULTS

PA samples expressed MMP-2, MMP-9, and MT.

The expression of MMP-2, MMP-9, and MT it was detected in all PA samples.
The MMP-2 staining displayed a punctate and homogeneous appearance predominantly
in cytoplasm of neoplast ephitelium, especially in the solid sheets of neoplastic cells
(Figure 1A). Was observed staining in mioephitelial cells around of ductal cells (Figure
1B) and squamous metaplasia areas (FigurelC). Stromal cells showed occasional MMP-
2 staining (Figure 1D). Cells of chondroid areas showed nuclear stain (Figure 1E).
Salivary gland tissue showed a weak stain, predominantly in stroma (Figure 1F).

MMP-9 staining was intense in the cytoplasm of epithelial (Figure 2A),
mioephitelial and ductal cells (Figure 2B). The cells around squamous metaplasia areas
showed a weak stain (Figure 2C). Tumor stromal cells showed occasional MMP-9
staining (Figure 2D). Cells of chondroid area do not showed stain (Figure 2E). Salivary
gland tissue showed a weak stain, predominantly in stroma (Figure 2F).

MT showed a granular citoplasmatic in the solid sheets (Figure 3A) and intense
nuclear staining in mioephitelial cells (Figure 3B). Mioephitelial cells staining was very
strong in the ductiforms areas stained cytoplasm and nuclei (Figure 3C) and squamous
metaplasia area (Figure 3D). Cells of chondroid area showed weak stain of MT in
cytoplasm (Figure 2E). Salivary gland tissue showed a stain in ductal and mioephitelial
cells (Figure 2F).

PA samples displayed higher MMP expression compared to normal SG samples

Statistical analyses revealed a significant difference in the immuno-expression of
MMP-2 (p < 0.05) and MMP-9 (p < 0.01) proteins in PA, when compared to that in the
control group (Figures 4A and 4B). The PA samples showed a significantly higher
number of areas stained with MMP-2 and MMP-9, compared to that observed in the
salivary glands.

PA samples displayed a correlation between the expression of MMPs and MT

The PA and SG samples displayed no differences between the areas stained for
MT (p = 0.1583). The Spearman’s correlation test (Table 1) revealed a positive
correlation between MMP-9 and MT (p= 0.0443), and among the different MMPs (p =
0.0376).

DISCUSSION

PA is a slow-growing benign tumor that presents a locally-invasive behavior
[5]. The invasive capacity of a tumor requires, among other factors, the degradation of
ECM, which allows the tumor cells to invade the underlying normal tissue [7, 19, 21].
MMPs -2 and -9 are gelatinases that degrade the collagen 1V, collagen V, laminin,
elastin, and proteoglycans present in the ECM and basal membrane of tumors [8, 9, 19,
22-26]. In addition, higher expression of MMPs has been observed in invasive tumors
than in the non-invasive tumors [26]. In this study, the PA samples displayed an
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increased expression of MMP-2 and MMP-9 compared to the normal glandular tissue.
This suggests that these proteases may be involved in the process of PA local
invasiveness.

The MMP-2 and -9 immunostaining analysis reveal immunopositivity in the
tumor parenchyma and a reduced immunoexpression in the stroma in all samples.
Scientific research established that the low expression of MMP in the stroma is
associated to the behavior of benign neoplasms [27]. While the high MMP expression
observed in the tumor parenchyma of the PA samples indicates the local aggressiveness
of this tumor.

A nuclear imunostaining of MMP-2 and MT were detected. The MT is
expressed in the nucleus probably due to the need for zinc-donor activity to
transcription factors, such as p53 and others [15]. The presence of MMP-2 in the
nucleus could involve nuclear structural remodeling, degradation of nuclear proteins,
such as transcription factors and RNA processing proteins and ribonucleoproteins, or
other undetermined functions [28].

MMPs-2 and -9 promotes the cell invasiveness of breast, cervix, prostate, brain,
and salivary gland-derived tumors, among others [5, 23]. MMP-2 can degrade
fibronectin, laminin and collagen types VII and Xl, in addition to the substrates
degraded by MMP-9 [23-25]. Therefore, gelatinases follow a similar mechanism of
action, which could possibly explain the observed positive correlation between the
expression of these MMPs. However, although these MMPs have similar functions,
their contribution to the biological or pathological processes may be slightly different.

The PA samples displayed a significantly higher expression of MMP-2 and -9
compared to the SG samples. In addition, the results also demonstrated that the
expression of MMP-9 was considerably higher than that of MMP-2 in the PA samples.
Nagel et al. (2004) [6] obtained similar results upon evaluating the immune expression
of MMPs in benign tumors (including PA) and malignant salivary gland tumors. They
observed a significant difference in the expression of MMP-2 in malignant tumors
compared to that seen in benign tumors. On the other hand, the MMP-9 expression was
high in both types of tumors, with no significant difference [6].

The findings also revealed a positive correlation between MMP-9 and MT, as
well as in the study by Kim et al. (2011) [19], which states that the MT positively
modulates MMP-9 through the activation of the AP-1 and NF-kB signaling pathways.
These are two transcription factors that play important roles in a variety of cellular
activities, such as cell death, growth and migration, and that regulate the transcription of
numerous genes and the expression of many proteins, such as MT and MMP-9 [20, 29,
30]. Therefore, MT and MMP-9 share the same expression regulators (AP-1 and NF-
kB); this could be the possible reason for the positive correlation observed in this study.

Another possible hypothesis for the positive correlation between MMP-9 and
MT is related to zinc interaction with these proteins. The MMPs are zinc-dependent
endopeptidases [10, 11], as well as MT regulates zinc activity [12]. Therefore, MT may
be responsible for the regulation of MMP activity, by providing zinc to these proteins
[31, 32].
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The study of Viana et al. (2013) [15], SG samples shows lower MT expression
compared to PA cells, probably because only the ductal cells were stained, while the
acinar cells were not stained, which influenced the very low expression of MT in the SG
samples [15]. However, in this study the statistical results displayed no significant
differences between the PA and SG samples MT staining. The MT is responsible for
many physiological processes, such as the differentiation of the human salivary glands
[14], and is expressed in non-neoplastic cells [14-16], probably because of the
constitutive expression of MT in healthy SG cells. In addition, other studies indicate
that SG tumors and healthy SG display the same pattern of intense nuclear
immunostaining in the myo-epithelial cells surrounding the intercalated ducts [15],
which corroborates the immunohistochemical findings of this study.

Therefore, the PA samples revealed a high immunoexpression of MMP-2 and
MMP-9 and a lower immunoexpression of the MT, the statistical analysis revealed a
positive correlation among the MMPs, and between MT and MMP-9. Therefore, we
theorize that MMP-2 and MMP-9 participate actively in the local invasiveness of PA.
MT displays a positive correlation with the endopeptidase MMP-9, which indicates the
important role played by MT in the storage and supply of zinc, allowing MMP-9 to
exert its proteolytic activity.
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LEGENDS

Fig. 1: MMP-2 immunolabeling in the PA and SG. Cytoplasm staining was
observed in neoplastic cells (A). Mioephitelial cells staining in ductform (B) and around
squamous metaplastic area (C). Ductal cells (D). Chondroid appearance of the tumor
(E). Immunostaining in the SG is located exclusively in the glandular stroma (F). Scale
20 pm.

Fig.2: MMP-9 immunolabeling in the PA and SG. (A) Intense immunostaining
was observed in the cell cytoplasm (A). Mioephitelial and ductal cells staining (B).
Squamous metaplastic (C). Occasionally staining in the stroma (D). Chondroid
appearance of the tumor stroma (E). Immunostaining in the SG samples was located
exclusively in the glandular stroma (F). Scale 20 um.

Fig 3: MT immunolabeling in the PA and SG. Cytoplasm (A) and nuclear (B)
staining was observed in neoplastic cells. Intense mioephitelial cell staining in
ductforms (C) and squamous metaplastic (D) areas. Chondroid appearance in the tumor
stroma (E). The nucleus and cytoplasm of the duct cells of the SG samples were
immunostained (F). Scale 20 pum.

Fig.4: Comparison of MMP-2, MMP-9 and MT immunoexpression between PA and
SG. Significance: *p<0.05; **p<0.01.
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Table 1. P-value related to the MMP-2, MMP-9, and MT immunostaining in PA,

obtained using Spearman’s correlation test.

Protein 1 Protein 2 Spearman r p value
MMP-2 MT 0.2495 0.1534
MMP-9 MT 0.4541 0.0443*
MMP-9 MMP-2 0.4677 0.0376*

Abbreviations: MMP, matrix metalloproteinase; MT, metallothionein.
Asterisk (*) indicates a significant correlation.

13



32

FIGURAS
Figura 1

Figure 1



33

Figura 2:

Figure 2



34

Figura 3:

Figure 3



Figura 4:

Labelling area (%)

100+

804

60

40-

204

Neoplastic cells

3 Pleomorphic Adenoma
B Salivary Gland

MMP-2 MMP-9 MT

35



