UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE ODONTOLOGIA
PROGRAMA DE POS-GRADUACAO EM ODONTOLOGIA
NIVEL MESTRADO
AREA DE CONCENTRACAO PATOLOGIA BUCAL

ESTUDO DA VIA DE SINALIZACAO BDNF/TrkB EM CERATOCISTOS
ODONTOGENICOS, AMELOBLASTOMAS, CARCINOMAS AMEOBLASTICOS.

FLORENCIA MARIANA LAMELA DORNELLES

Porto Alegre
2018



FLORENCIA MARIANA LAMELA DORNELLES

ESTUDO DA VIA DE SINALIZACAO BDNF/TrkB EM
CERATOCISTOS ODONTOGENICOS, AMELOBLASTOMAS, CARCINOMAS
AMELOBLASTICOS

Dissertacdo apresentada ao programa de Pos-
Graduacdo em Odontologia, nivel Mestrado, da
Universidade Federal do Rio Grande do Sul, como pré-
requesito final para a obtencéo do titulo de Mestre em
Odontologia

Area de concentracéo: Patologia Bucal.

Linha de pesquisa: Diagnostico de Afeccdes Buco-
Faciais

Orientadora: Profa. Dra. Manoela Domingues Martins

Porto Alegre
2018



CIP - Catalogagao na Publicagéao

DORNELLES, FLORENCIA MARTANA LAMELA
Estudo da via de sinalizacdo BDNE/TrkB em
Ceratocistos Odontogénicos, Ameloblastomas e
Carcinomas Ameloblasticos. / FLORENCIA MARIANA LAMELA
DORNELLES. -- 2018.
42 f.
Orientadora: Mancela Domingues Martins.

Dissertacdo (Mestrado) -- Universidade Federal do
Rio Grande do Sul, Faculdade de Odontologia, Programa
de Pds-Graduacdo em Odontologia, Porto Alegre, BR-RS,
2018.

1. lesdes odontogénicas. 2. BDNF. 3. TrkB. 4.
m-TOR. 5. Akt. I. Domingues Martins, Manoela, orient.
IT. Titulo.

Elaborada pelo Sistema de Geragéo Automatica de Ficha Catalografica da UFRGS com os
dados fornecidos pelo(a) autor(a).




DEDICATORIA

Em primeiro lugar ao meu pai, dono de cada uma das minhas conquistas, por me ensinar

a ser alegre, forte, perseverante e lutadora.

Para minha mée por me apoiar incondicionalmente e junto com meu pai me ensinar 0s

valores que eu tenho hoje.
Para minha irma por ser minha companheira e exemplo a seguir.

Aos meus sobrinhos Sandino e Josefina, eles sdo o nosso futuro.



AGRADECIMENTOS

A minha orientadora, Profa. Manoela Domingues Martins pela sua grande dedicac&o,
compromisso, paciéncia e amor pelo seu trabalho. Por me receber e me guiar sempre

com um sorriso e ser generosa com seus conhecimentos.

A sua equipe colaboradora, em especial a Dra. Vivian Petersen Wagner, por sua
importante colaboragao no desenvolvimento desta dissertacéo.

Aos profesores Dra. Veronica Beovide, Dr. Ronell Bologna, Dra Laura Cosetti, Dra
Susana Vazquez por serem meus grandes inspiradores e referéncias de patologia oral no

Uruguai.

A Faculdade de Odontologia da UFRGS (PPG em Odontologia) e Faculdade de
Odontologia da UDELAR por ter me dado a oportunidade de fazer o mestrado.

A Fundacdo de Incentivo & Pesquisa do HCPA (FIPE/GPPG) e PPG em
estomatopatologia da FOP-UNICAMP pelo apoio financeiro para a realizacédo das reacfes

imunoistoquimicas e aquisicdo de anticorpos, respectivamente..



RESUMO

DORNELLES, Florencia Mariana Lamela. Estudo da via de sinalizacdo BDNF/TrkB em
Ceratocistos Odontogénicos, Ameloblastomas e Carcinomas Ameloblasticos. 38f.
Dissertacdo de Mestrado apresentado ao Programa de Pés-Graduacdo em Odontologia
da Universidade Federal do Rio Grande do Sul, area de concentragdo Patologia Bucal —
Faculdade de Odontologia, Universidade Federal do Rio Grande do Sul, Porto Alegre,
2018.

As lesbes odontogénicas (LO) constituem um importante grupo de patologias
bucomaxilofaciais representadas por cistos odontogénicos, tumores benignos e malignos.
A via de sinalizacdo BNDF / TrkB possui multiplas acfes biologicas e tem sido identificada
como uma importante via na proliferacdo, invasao e sobrevivéncia de diferentes tumores
epiteliais. Seu papel no desenvolvimento do LO, no entanto, permanece totalmente
inexplorado. O objetivo deste estudo foi avaliar a via de sinalizagdo BDNF / TrkB / Akt /
pRPS6 em LO de origem epitelial. O estudo incluiu 25 casos de ceratocisto odontogénico
(CO), 29 casos de ameloblastoma (Am) e 6 casos de carcinoma ameloblastico (CAM). A
coloracdo imuno-histoquimica para BDNF, TrkB, pAkt e pRPS6 foi realizada. As laminas
foram avaliadas de acordo com o padrdo de expressdo nas células epiteliais e pelos
escores imunoreativos semiquantitativos que consideraram a intensidade de coloragéo e
porcentagem de células positivas. A expressdo estromal do BNDF também foi
avaliada.Nao foram observadas diferencas significativas quanto a porcentagem de casos
positivos para todos os marcadores. Em relagdo aos escores imunorreativos, as
expressdes de BDNF e pRPS6 foram semelhantes no epitélio odontogénico de todos os
LO. No entanto, CO expressou mais TrkB e pAkt em comparacdo com AmC. No Am, a
expressdo epitelial do BNDF foi significativamente maior em comparacdo com a
expressdo estromal. O BDNF parece participar no desenvolvimento de epitélio
odontogénico cistico, benigno e maligno em niveis semelhantes. Além disso, a aquisicdo
do fendtipo invasivo ou maligno em neoplasias odontogénicas ndo esta associada a
ativacdo do eixo BDNF / TrkB / Akt / RPS6.

Palavras-chave: lesdes odontogénicas, BDNF,TrkB, m-TOR, Akt



ABSTRACT

DORNELLES, Florencia Mariana Lamela. Study of BDNF/TrkB signaling pathway in
Odontogenic Keratocyst, Ameloblastoma, Ameloblastic Carcinoma. 38p. Dissertation
presented to the Postgraduate Program in Dentistry of the Federal University of Rio
Grande do Sul, area of concentration: Oral Pathology — Faculty of Dentistry, Federal
University of Rio Grande do Sul, Porto Alegre, 2018.

Odontogenic lesions (OL) are an important group of oral and maxillofacial pathologies
represented by odontogenic cysts, benign and malignant tumors. The BNDF/TrkB
signaling pathway has multiple biological actions and has been identified as an important
pathway in the proliferation, invasion and survival of different epithelial tumors. It's role in
the development of OL, however, remains utterly unexplored. The aim of this study was to
evaluate the BDNF/TrkB/Akt/pRPS6 signaling pathway in OL of epithelial origin. The study
comprised 25 cases of odontogenic keratocyst (OK), 29 cases of ameloblastoma (Am) and
6 cases of ameloblastic carcinoma (AmC). Immunohistochemical staining for BDNF, TrkB,
pAkt and pRPS6 were performed. The slides were evaluated according to the pattern of
expression in epithelial cells and by semi-quantitative immunoreactive scores that
considered the intensity of staining and percentage of positive cells. BNDF stromal
expression was also assessed. No significant differences were observed concerning the
percentage of positive cases for all markers. Concerning the immunoreactive scores,
BDNF and pRPS6 expressions were similar in the odontogenic epithelium of all OL.
However, OK expressed more TrkB and pAkt compared to AmC. In Am, BNDF epithelial
expression was significantly higher compared to stromal expression. BDNF appears to
participate in the development of cystic, benign and malignant odontogenic epithelium in
similar levels. Moreover, the acquisition of the invasive or malignant phenotype in

odontogenic neoplasms is not associated with activation of BDNF/TrkB/Akt/RPS6 axis.

Keywords: odontogenic lesions, BDNF,TrkB, m-TOR, Akt
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1. INTRODUCAO

As lesbes odontogénicas (LOs) compreendem um importante grupo de patologias orais
e maxilofaciais (Al-Rawi et al., 2013; Grossmann et al 2014; Wright, Vered 2017). Estas lesdes
originam-se dos remanescentes epiteliais e mesenquimais do desenvolvimento dentario ou dos
tecidos de sustentacdo dos dentes, tendo como exemplos os restos epiteliais de Malassez, a
lamina dentaria e o 6rgdo do esmalte (Urrutia et al, 2010; Baghaei et al, 2014). As LOs,
representadas pelos cistos e tumores odontogénicos, sdo entidades incomuns que somam
menos de 2-3% dentre todos 0s espécimes enviados para analise histopatologica em servigos
de patologia oral (Imran et al., 2016).

Os cistos odontogénicos (COs) desenvolvem-se do epitélio derivado do aparato
odontogénico ou de seus remanescentes aprisionados no interior do osso ou dos tecidos
gengivais (Mosqueda et al., 2002). De acordo com a sua etiopatogénese, sao classificados em
cistos inflamatérios, cujos fatores etioldgicos provém de uma inflamacdo, ou cistos de
desenvolvimento, dos quais os fatores desencadeantes sédo ainda desconhecidos (Arce et al.,
2002; Sharifian et al., 2012). Geralmente, os COs sao assintomaticos e apresentam
crescimento lento e expansivo (Ochsenius et al., 2007; Souza et al., 2010). Entretanto, alguns
tipos podem demonstrar crescimento rapido e sintomatologia clinica (Souza et al., 2010;
Ferreres et al.,, 2016). Radiograficamente, os COs sdo, em sua maioria, lesées radiollcidas
bem delimitadas (Urrutia et al., 2010). O diagnéstico final das les@es é feito por meio da analise
histopatolégica, sendo o cisto radicular e o cisto dentigero os exemplos majoritariamente
diagnosticados em diversos estudos acerca do tema (Jones et al., 2006; Meningaud et al.,
2006; Tortorici et al., 2008).

Os tumores odontogénicos (TOs) compdem um grupo heterogéneo de lesdes que
derivam de elementos epiteliais e/ou mesenquimais de remanescentes odontogénicos (Lee et
al., 2015). As lesbes podem variar desde proliferaces hamartomatosas, neoplasias benignas
até neoplasias malignas com potencial metastatico (Costa et al., 2012; Alsheddi et al., 2015).
Seu desenvolvimento pode ocorrer centralmente, no interior do 0sso, ou perifericamente, em
regides extra-0sseas, e sua etiopatogenia permanece incerta (Alsheddi et al., 2015; Deepthi et
al. 2016; lyogun et al., 2016). Os TOs compreendem lesGes com diferentes aspectos clinicos e
histopatologicos, as quais podem apresentar-se como um crescimento assintomatico lento e

expansivo ou lesdes cujo desenvolvimento é rapido, infiltrativo e sintomatico (Barnes et al.,



2005; Pereira et al., 2010; Osterne et al., 2011). Os TOs séo lesdes relativamente raras,
compreendendo cerca de 12.6% de todos os tumores dos 0ssos gnaticos (Goteti 2016).

Os ceratocistos comprenden 10-20% de todos os cistos odontogenicos, Os carcinomas
ameloblasticos em China comprenden for 2% os ameloblastomas (El Naggar 2017)

e os tipos que apontam as maiores taxas de prevaléncia em diversos estudos prévios séo o
ameloblastoma e o odontoma (Sekerci et al., 2015; Goteti et al., 2016).

Atualmente existe uma vasta literatura relatando o papel dos fatores de crescimento e
seus receptores na ativacdo das vias de sinalizacdo intracelulares envolvidas na regulacao da
diferenciacdo, sobrevivéncia, metabolismo, mobilidade e crescimento celular nos diferentes
tipos de lesbes benignas e malignas. Isto porque, a desregulacédo dos fatores de crescimento,
de seus receptores e das diversas vias de sinalizacdo por eles estimuladas sdo responséaveis
pela aquisicdo do fendtipo neoplasico, da capacidade de invasdo e metastase dos tumores
malignos (Alyasiri et al. 2012; Thomaz et al. 2015). Estes estudos sdo fundamentais para
compreender a patogénese das neoplasias, identificacdo de marcadores biolégicos de
progressédo tumoral e para o desenvolvimento de terapias alvo que atuem na regulagéo dessas
vias. Neste sentido, a via do fator neurotréfico derivado do cérebro (BDNF, do inglés Brain-
derived neurotrophic factor) e seu receptor trompomiosina quinase B (TrkB) vem sendo
estudada em cancer de pancreas, pulmao, colon, préstata, mama, bexiga, neuroblastoma,
meduloblastoma, mieloma mudltiplo, entre outros (Lai et al. 2010; Roesler et al. 2011; de Farias
et al. 2012; Yin et al. 2015; Akil, Perraud et al. 2016) e pouco explorada em cancer de cabeca e
pescoco (Kupferman et al. 2010; Yilmaz et al. 2010; Lee et al. 2012; Sasahira et al. 2013; Jia et
al. 2015).

O BDNF € um membro da familia das neurotrofinas que séo fatores de crescimento
que participam da diferenciacdo, proliferacdo e sobrevivéncia de células neurais e da
neurogénese nos sistemas nervosos central e periférico. O principal ligante para o BDNF sao
os receptores de membrana celular trompomiosina quinase (Trk) (Schecterson, Bothwell, 2010;
Akil, Perraud, et al., 2016), em especial o TrkB. A ligacdo do receptor de BDNF no TrkB
desencadeia a sua dimerizacdo atraves de mudancas conformacionais e autofosforilagédo de
residuos de tirosina no ambiente intracelular (Liu, Chan, Ye, 2016). Em céancer, a estimulagéo
da via de sinalizacdo do BDNF/TrkB promove a ativacdo de moléculas de sinalizacdo como Akt
(Figura 1), STAT3, Src, ERK e MAPK resultando no aumento da proliferagdo celular,
resisténcia a apoptose, invasdo, metastase e resisténcia a quimioterapia. Desta forma, o
aumento da expressao de BDNF/TrkB tem sido associado com comportamento mais agressivo

de diferentes tumores malignos e pior prognostico, devido ao seu papel nos processos de
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angiogénese, invasao, metastase e a resisténcia a quimioterapia (Fujikawa et al. 2012;
Kupferman et al. 2010; Guo et al. 2011; Roesler et al. 2011; Okamura et al. 2012; Sasahira et
al. 2013; Jia et al. 2015; Kim et al. 2015).

A via de sinalizacdo da PI3K é crucial em numerosos aspectos celulares envolvidos no
crescimento e sobrevivéncia celular.

E estimulada fisiologicamente em consequéncia da ativacdo dos receptores de
membrana tirosina quinase, que fosforilam e formam automaticamente o substrato de insulina
(IRS) que fosforila a subunidade p85 de PI3K. O que produz uma mudanca de conformacao da
dita proteina levando a ligacdo da subunidade catalitica (p 110) a PI3K ativa, fosforila a (PIP2)
convertendo-a no segundo mensageiro (PI3P), que a jusante leva a ativacdo da proteina.
Proteina Akt..

Akt (Proteina quinase B) € o homoélogo humano do oncogene viral v-Akt (retrovirus
Akt 8) (Pinzon 2009) A ativacdo anormal dessa via leva a uma resposta proliferativa e
antiapoptotica que esta relacionada ao desenvolvimento de multiplos tipos de cancer. (Pinzon
2009)

TrkB é uma proteina transmembréanica e que é codificada pelo proto-oncogene Trk
humano, o qual tem a capacidade para adquirir propriedades oncogénicas. Este proto-
oncogene, através de um rearranjo cromossdmico adquire a capacidade de oncogénese

participando nos processos de transformacgfes malignas.
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Figura 1.llustragcéo da via de sinalizagdo BDNF/TrkB/PI3K/Akt/m-TOR .

Em céncer de cabeca e pescoco, apesar de poucos estudos terem sido realizados, o
BDNF/TrkB aparece altamente expresso nas células tumorais (Zhu et al. 2007; Yilmaz et al.
2010; Jia et al. 2015), além de ter demonstrado relagdo com pior progndéstico, aumento da
angiogénese e linfangiogénese (Sasahira et al. 2013), e de participar do processo de transi¢céo
epitelial mesenquimal (EMT), que é considerado um processo biolégico chave na invasdo
tumoral e metastase de tumores epiteliais (Jia et al. 2015). A relacdo da ativacdo da via de
sinalizacdo do BDNF/TrkB em CECP com a agressividade tumoral e senescéncia entretanto
ainda necessitam ser elucidadas (de Moraes et al. 2017). Além disso, ndo ha estudos que

avaliam o papel desta via nas lesGes benignas e malignas odontogénicas.
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2. OBJETIVOS

2.1 Objetivo Geral

Estudar a via de sinalizacdo BDNF/TrkB/Akt em CO, Am e Cam.

2.2 Objetivos Especificos
Correlacionar os tipos histolégicos de CO, Am, Cam com imunomarcagdo de

BNDF, TrkB, pS6 (mTORC1), p-Akt 473 (NTORC?2).
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Abstract

Background: Odontogenic lesions (OL) are an important group of oral and maxillofacial
pathologies represented by odontogenic cysts, benign and malignant tumors. The
BNDF/TrkB signaling pathway has multiple biological actions and has been identified as
an important pathway involved with proliferation, invasion and survival of different epithelial
tumors. It’s role in the development of OL, however, remains utterly unexplored. The aim
of this study was to evaluate the BDNF/TrkB/Akt/pRPS6 signaling pathway in OL of
epithelial origin.

Methods: The study comprised 25 cases of odontogenic keratocyst (OK), 29 cases of
ameloblastoma (Am) and 6 cases of ameloblastic carcinoma (AmC). Immunohistochemical
staining for BDNF, TrkB, pAkt and pRPS6 were performed. The slides were evaluated
according to the pattern of expression in epithelial cells and by semi-quantitative
immunoreactive scores that considered the intensity of staining and percentage of positive
cells. BNDF stromal expression was also assessed.

Results: No significant differences were observed concerning the percentage of positive
cases for all markers. Concerning the immunoreactive scores, BDNF and pRPS6
expressions were similar in the odontogenic epithelium of all OL. However, OK expressed
more TrkB and pAkt compared to AmC. In Am, BNDF epithelial expression was
significantly higher compared to stromal expression.

Conclusions: BDNF appears to participate in the development of cystic, benign and
malignant odontogenic epithelium in similar levels. Moreover, the acquisition of the
invasive or malignant phenotype in odontogenic neoplasms is not associated with
activation of BDNF/TrkB/Akt/RPS6 axis.

Key words: odontogenic lesions, growth factor, signaling pathway, mTOR, BDNF, TrkB.
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1 INTRODUCTION

Odontogenic lesions (OL) are a heterogeneous group of disorders derived from
tooth forming apparatus or its remnants. These entities present a wide spectrum of clinical
and biological behavior.!? OL may range from hamartomatous proliferations, cystic,
benign neoplasms to malignant neoplasms with metastatic potential.»23 The vast majority
of OL is intra-osseous and thus requires invasive and sometimes extensive surgeries,
especially in OL with progressive and infiltrative growth.* Moreover, recurrences can occur
in both cystic and neoplastic OL, leading to the necessity of new surgical procedures and
further morbidity to the patients.>®

Among OL, some stand out due to their higher prevalence as well as more
aggressive clinical behavior. Odontogenic keratocyst (OK) and ameloblastoma (Am) are
derived from odontogenic epithelial component and are among the most common OL.156
OK is a peculiar odontogenic cyst with more aggressive growth compared to other
odontogenic cysts and high recurrence rates after conservative.® These features have let
to many discussions about the cystic or neoplastic nature of this entity. Currently, the
World Health Organization (WHO) recognized these unique aspects but includes this
lesion within odontogenic cysts.! Am is a benign odontogenic tumor with infiltrative growth
leading to a significant local aggressiveness and the necessity of wide surgical resection to
prevent tumor relapse.® The malignant counterpart of Am is called ameloblastic carcinoma
(AmC) and shows an ameloblastic epithelium with malignant features. This tumor can
arises de novo or secondary to a previous benign Am. Although AmC is a very rare lesion,
it represents the most frequent malignant OL and presents extremely high recurrence and
metastatic rates.” The etiology and pathogenesis of these OL remain poorly understood.
Previous studies have identified some transcriptional alterations that may be responsible
for their development and progression.®® However, the mechanisms involved with the
acquisition of the proliferative and invasive capacity of OL epithelial cells need to be better
understood.

There is a vast literature reporting the role of growth factors and their receptors in
the activation of intracellular signaling pathways involved in the regulation of cell
differentiation, survival, metabolism, mobility and cell growth in different types of benign
and malignant lesions. The deregulation of growth factors and their receptors can be
responsible for the acquisition of the neoplastic phenotype, invasiveness and metastasis of

malignant tumors.’® Brain-derived neurotrophic factor (BDNF), a member of the
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neurotrophin family, is originally known to play an important role in controlling cell survival,
differentiation and death in the nervous system.* The major ligands for BDNF are the cell
membrane receptors thrompiosycin kinase (Trk)!?, especially TrkB. BDNF binding to TrkB
elicits its dimerization through conformational changes and auto-phosphorylation of
tyrosine residues in the environment intracellular.t*? Mechanistically, stimulation of the
BDNF/TrkB signaling pathway promotes the activation of signaling molecules such as Akt,
STAT3, Src, ERK and MAPK resulting in increased cell proliferation, resistance to
apoptosis, invasion, metastasis and resistance chemotherapy in several types of cancer.
Thus, increased BDNF/TrkB expression has been associated with more aggressive
behavior of different malignant tumors and worse prognosis, due to its role in the
processes of angiogenesis, invasion, metastasis and resistance to chemotherapy.41516.17

During odontogenesis, neurotrophic factors may have multiple functions such as
establishment of the dental innervation and modulating epithelial-mesenchymal
interactions during tooth morphogenesis.®1%20 Nevertheless, the pattern of BDNF/TrkB
signaling pathway activation in cystic and neoplastic OL still need to be elucidated. Thus,
the aim of the present study was to evaluate the expression of BDNF/TrkB and two
downstream targets of this pathway, Akt and ribosomal protein S6 (RPS6) in OK, Am and
AmC.

2 METHODS
This study was approved by the Ethics Committee on Human Research (approval
No. 95687218.6.0000.5327).

2.1 Study population

A manual retrospective search was performed at the Laboratory of Oral Pathology
at the Federal University of Rio Grande do Sul, School of Dentistry and the Histology
Department at the Universidad de la Republica. All cases of OK, Am and AmC with
adequate amount of material for the analysis of specimens were included in the study,
resulting in a total of 60 cases of OL. The patients’ records were manually evaluated and

information concerning gender, age and site were collected.
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2.2 Histopathologic analysis

Slides of the incisional biopsies were retrieved by two blinded pathologist and
diagnosed according to the more recent Histological Classification of Head and Neck
Tumors of the WHO.3 The presence of intense inflammatory infiltrate was considered as
exclusion criteria during histopathological evaluation. This is because; it is known that the
inflammatory process can modify the immunoexpression of some proteins and also the
epithelial behavior. Am were not sub-classified based on the histologic pattern once we
evaluated incisional biopsies, which could lead to a misdiagnosis.

2.3 Immunohistochemistry

Immunohistochemical reactions were performed at Experimental Pathology Unit at
the Hospital of Clinics at Porto Alegre (HCPA). Briefly, paraffin-embedded tissues were
sectioned (3 pm) and placed on silanized slides. Then, they were subsequently
deparaffinized in xylene and hydrated in descending grades of ethanol. Antigen retrieval
was performed for 18 hours in a citrate buffer solution heated to 90°C in a water bath.
Endogenous peroxidase activity was blocked using 10% hydrogen peroxide in 5 baths
during 5 minutes each. The slides were then incubated with the primary antibodies: BDNF
(1:750, EPR1292, Abcam), TrkB (1:1000, Polyclonal, Abcam), p-Akt s473 (1:200,
EP2109Y, Abcam) and p-RPS6 S235 + S236 (1:200, Polyclonal, Abcam). All slides were
then exposed to avidin—biotin complex and horseradish peroxidase reagents (LSAB Kit;
Dako Cytomation). The reactions were revealed with diaminobenzidine tetrahydrochloride
(DAB; Novocastra, Newcastle, UK) and counterstained with Mayer's hematoxylin.
Negative controls were obtained through incubation with nonimmune serum instead of
primary antibodies. Positive controls for BDNF, TrkB, p-Akt and p-RPS6, were human
brain tissue, cervical carcinoma, human pancreas tissue, and human brain tissue
respectively. Only brown citoplasmatic color regardless of the color intensity will be

considered as positive marking.

2.4 Semi-quantitave analysis

All  immunohistochemical analysis was performed in a blind manner. Two
experienced pathologists and previously calibrated performed a semi-quantitative analysis.
The final score was established by a consensus. For each case an immunoreactive score
(IRS) at the epithelial and stromal tissue was designed. Only brown cytoplasmic staining

was considered positive. The IRS was calculated by multiplying percentage of positive
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cells (PP) (stained 0-4) by staining intensity (SI) (stained 0-3). The PP was scored as
follows: 0 — 0% of stained cells; 1 — 1% to 20% of stained cells; 2 — 21% to 50%
of stained cells; 3 — 51% to 80% of stained cells; 4 - 81% a 100% of stained cells. SI was
scored as follows: O - no staining; 1 - weak staining; 2 - moderate staining; and 3 - strong
staining.

The distribution of positive expression within cystic and tumoral epithelium was also
evaluated using previously described expression patterns: (1) prostromal pattern -
positivity of peripheral/basal cells and negativity of central/suprabasal cells; (2) antistromal
pattern — negativity of peripheral/basal cells and positivity of central/suprabasal cells; (3)

full pattern — positivity of both peripheral/basal and central/suprabasal cells.?!

2.5 Statistical analysis

The immunohistochemical data were analyzed using SPSS software (IBM
Corporation, Armonk, NY), version 20.0. Initially, a descriptive analysis of clinic-pathologic
features was performed. Chi-square test was used to compare gender and site between
diagnoses while differences in age were assessed by the Kruskal-Wallis test. Results from
immunohistochemistry were compared using chi-square test (positive versus negative
expression) and Kruskal-Wallis test followed by Dunn’s post-hoc test adjusted for
Bonferroni error correction (IRS score). Wilcoxon test was used to compare epithelial and
stromal expression within each diagnosis. For all tests, p<0.05 was considered indicative

of statistical significance.

3 RESULTS
3.1 Study population

Sixty cases of OL were included in the present study. The overall male:female ratio
was 1:1.10 and the majority (77.2%) of cases were located at mandible. The mean age at
diagnoses was 38.96, ranging from 11 to 86. The sample comprised 25 cases of OK
(41.66%), 29 cases of Am (48.33%) and 6 cases of AmC (10%). The clinico-demographic
features of each diagnosis are described in Table 1. No differences were observed
concerning age and gender between the OL. Regarding the site, a significant difference
was encountered. All lesions were predominantly in the mandible, If we compared OK

were more prevalent at the maxilla to Am and AmC.
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3.2 Immunohistochemical results

BDNF staining was observed in the cytoplasm of odontogenic epithelium in the
majority of OK (83.3%), Am (82.1%) cases and all AmC cases (Figure 1A and Table 2).
BDNF expression was similar in OK, Am and AmC, concerning both the percentage of
positive cases as the IRS analysis (Figure 1B and Table 2). Aiming to evaluate if the
activation of TrkB was more dependent of paracrine or autocrine mechanisms in epithelial
cells, we evaluated the expression of BDNF in the stroma of OL. We observed no
significant differences among the stromal IRS score between OK, Am and AmC (Figure
1C). Nevertheless, when comparing the epithelial and stromal expression within each
diagnosis, Am exhibited a higher BNDF epithelial expression compared to stromal
expression (Figure 1D). This difference was not observed in Ok and AmC, in which
epithelial and stromal expressions had similar levels.

TrkB staining was observed in the membrane and/or cytoplasm of all OK and AmC
and the majority of Am (80.8%) (Figure 2A and Table 2). The percentage of cases with
positive TrkB expression was similar between all OL (Table 2). The IRS analysis, though,
revealed that TrkB was significantly more expressed in epithelial cells of OK compared to
AmC (Figure 2B). The protein pAkt was observed in the cytoplasm and/or nuclei of
odontogenic epithelium, and for this marker all OK and AmC and the majority of Am (96%)
had positive expression (Figure 2A and Table 2). The percentage of cases with positive
pAkt expression was similar between OK, Am and AmC, however significant differences
were observed in the IRS analysis. OK had significantly higher pAkt IRS compared to AmC
(Figure 2C). All AmC and the majority of OK (90.9%) and Am (92%) presented cytoplasmic
and/or nuclear expression of pRPS6 (Figure 2A and Table 2). The percentage of pRPS6
positive cases and the pRPS6 IRS did not differ between OK, Am and AmC (Table 2 and
Figure 2D).

The different arrangements of these proteins within the epithelial tissue were
evaluated by the pattern of expression (Table 3). In OK and AmC we observe a
predominance of the full pattern of all markers. In Am, the full pattern was also more
commonly observed, however TrkB appeared as an exception with a marked tendency of

antistromal expression.
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4 DISCUSSION

A varied spectrum of cysts and neoplasms might originate from the odontogenic
apparatus or its remnants.® These lesions can arise from both epithelium and/or
mesenchymal odontogenic cells, however epithelial OL are most commonly observed.
Some lesions deserve a more deepen analysis due to their high prevalence and especially
their peculiar clinical behavior, such as OK, Am and AmC.® Several studies have been
conducted aiming to identify deregulated proteins and signaling pathways that could justify
the behavior of this OL.#??2! Growth factors are recognized as major regulators in
determining the fate of cells in both normal and pathologic conditions. The signaling
pathways triggered by them might influence important mechanisms such as cell
proliferation, differentiation, invasion and migration.’® In OL, some growth factors, such as
epidermal growth factor, transforming growth factor (TGF)-a?* and TGF-B?°, have been
previously evaluated. The role of BDNF, however, had never been assessed until the
present time. Herein, we identified a high percentage of OK, Am and AmC cases with
BDNF expression in the odontogenic epithelial cells suggesting that this growth factor
might participate in the development of such lesions. Unexpectedly, OK exhibited the
higher levels of TrkB and pAkt. In other types of epithelial neoplasms, such as head and
neck, lung and breast cancer, BDNF/TrkB/Akt axis has been associated with the
acquisition of a malignant phenotype.?61427). We believe that the down regulation of TrkB
and Akt in Am and AmC indicate that the invasive and malignant phenotypes are not
associated with activation of BDNF/TrkB/Akt/RPS6 axis.

Our study was pioneer in evaluating the signaling pathway triggered by BDNF in
OL. In the nervous system, BDNF is involved with the survival and differentiation of
neurons and neurotransmission mechanisms!?8, however several non-neural cells are
able to produce and secrete BDNF and express its receptor TrkB. During odontogenesis,
BDNF/TrkB appears to be involved in the sensory innervation of dental papilla.t®1°
Moreover, TrkB is expressed during the histo-morphogenesis and cytodifferentiation
stages and therefore seems to be implicated in the epithelial-mesenchymal interactions
that occur during these phases, which are necessary for the maturation of dental cells.1%20
Despite these evidences supporting the involvement of BDNF/TrkB during odontogenesis,
the expression of these proteins had never been evaluated in OL until now. We
demonstrated that in the vast majority of OK, Am and AmC odontogenic epithelial cells
produced BDNF. This result suggests that this pathway might be involved with the

development of odontogenic cysts and tumors however, it is nondiscriminatory pertaining
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to lesion behavior. The cell remnants that give rise to odontogenic cysts and tumors
produce architectural patterns and structures that reproduce different stages of
odontogenesis, suggesting that they maintain a genetic or epigenetic “memory”. This fact
could explain the capacity of epithelial cells of OL to produce BDNF. Other studies have
demonstrated a similar expression of other growth factors between different OL, such as
TGF-B2° and fibroblast growth factor (FGF) 8.%°

Growth factors are short-range mediators that can be released by either
parenchyma cells or stromal components.’® In physiological processes, the paracrine
mode of activation of growth factors usually dominates. In neoplasms, however, it is
common of tumoral cells to have the capacity of self-stimulation, leading to autocrine loops
and constitutive pathway activation.1® Therefore, we believed it was important to evaluate if
TrkB activation in odontogenic epithelial cells was more dependent of stromal- or self-
stimulation. We detected that in OK and AmC, epithelial and stromal BDNF expression
were similar, suggesting an equal paracrine and autocrine activation of TrkB in these
lesions. In Am, by the other side, BDNF in epithelial cells was significantly higher
compared to stromal BDNF, indicating a predominance in autrocrine mechanisms of TrkB
activation. Previous studies have demonstrated presence of epithelial expression of other
growth factors in Am, such as TGF-B2°, and FGF-8.2° Combined, these results suggest
that epithelial cells of OL might acquire the capacity to produce and secrete growth factors,
triggering autocrine stimulus. Further mechanistic studies need to be performed to confirm
this hypothesis.

We unexpectedly observed a higher expression of TrkB and pAkt in OK compared
to AmC. Moreover, despite no significant difference was observed, OK also presented
elevated expression of these proteins compared to Am. OK is known for its increased
growth capacity and higher chance of recurrence compared to others odontogenic cysts.
Am and AmC, however, have true neoplastic nature hence they are associated with more
aggressive phenotype, including an invasive mode of growth.® In Am, for example,
epithelial cells have the capacity to degradate the extra-cellular matrix by MMP
production.3%31 OK, by the other side, growth as most cysts by differences in the osmotic
pressure inside the cavity associated with bone resorption through compression.3? As
several studies have demonstrated the association of TrkB and Akt activation with an
invasive and migratory phenotype.132833 we expected to observe an up regulation of

these proteins in Am and especially AmC. The inverse findings of the present study
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indicate that in odontogenic neoplasms, particularly, the acquisition of the invasive or
malignant phenotype is not associated with activation of TrkB/Akt axis.

The activation of PI3K/Akt and its downstream proteins regulate many cellular
functions, including cell growth, survival and metabolism, in both physiological and
pathological conditions. Following PI3K phosphorylation, different targets can be activated,
including mTOR complex 1 (mMTORC1) and mTOR complex 2 (mMTORC2).3* The RPS6,
evaluated herein, is a downstream target of Akt/mTORC1. Previous studies evaluating
these proteins in OL were identified. Chaisuparat et al. (2013)%° evaluated the expression
of Akt phosphorylated at serine 473 (Ser473) and at threonine 308 and pRPS6 in
dentigerous cyst, OK and Am, and compared these expressions with dental follicle.
Corroborating with our results, the majority of OK and Am cases were positive for both
pAkt Ser473 and pRPS6. The authors did not evaluated differences between the
diagnoses, which hampers the comparison with our results. Kumamoto and Ooya (2007)3¢
identified a similar expression of pAkt in Am and AmC, which is in agreement with our
findings. Scheper et al. (2008)3" also demonstrated a higher percentage of Am cases with
pAkt Ser473 and pRPS6. In this previous study, only Am were evaluated. In our study, Akt
phosphorylation was significantly increased in OK compared to AmC. This finding had
never been described in the literature until know. Akt is usually evaluated because its
capacity to induce aggressive cell behaviors. Nevertheless, this protein can also stimulate
keratinocyte differentiation.383° The most accepted theory suggests that OK originates in
remnants from the primordial odontogenic epithelium that maintains the potential of
keratinization inherited from its parent tissue, the stomadeal.*® Our hypothesis is that the
greater activation of Akt observed in OK is associated with the need of differentiation of
primordial odontogenic epithelial cells in keratin producing cells. More studies need to be
performed to confirm this theory. Another important aspect is that different growth factors,
oncogenes and cytokines can activate Akt.*! Our results suggest that the up regulation of
Akt in OK is triggered at least in part by TrkB activation. Further studies need to be
conducted to evaluate whether others known regulators of Akt, such as EGF and HGF,
have a role in stimulating Akt in OK. Concerning the downstream pathway of Akt, we
observed no significant differences in pPRPS6 between OK and AmC, as observed for Akt.
This could imply that in this entity, Akt activation does not stimulates mTORL1 therefore,
other downstream proteins need to be evaluated.

In the present study we evaluated the pattern of expression of all markers in OK,

Am and AmC. In this analysis, the TrkB pattern of expression in Am stood out. Clearly, this
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protein was more expressed in the central cells of islands, cords and nests of Am and was
less expressed in the peripheral cells. Jaafari-Ashkavandi et al. (2019)*?> demonstrated a
higher expression of proliferative markers MCM3 and Ki67 in the peripheral ameloblast-
like cells of Am. Combining these findings, we can infer that the less proliferative cells of
Am, located at the center of tumor islands, are the ones which express more TrkB. This
finding reinforces that TrkB activation is not associated with increased proliferation in OL.

In conclusion, we have shown that the higher percentage of cases expressing
BDNF suggests a participation of this growth factor in the development of OK, Am and
AmC. The role of this protein in odontogenesis was previously known, and herein we
demonstrated for the first time that BDNF is also present in odontogenic pathologic
conditions. Surprisingly, OK exhibited higher levels of TrkB and Akt, indicating that the
acquisition of the invasive or malignant phenotype in Am and AmC is not associated with
activation of BDNF/TrkB/Akt/RPS6 axis.
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FIGURES AND TABLES LEGENDS

Table 1. Clinico-demographic features of OL.
Table 2. Percentage of positive and negative cases.
Table 3. Pattern of BDNF,TrkB, pAKT and pRPS6 expression.

Figure 1. (A) Representative images of BDNF immunohistochemical expression in OK,
Am and AmC (reference bar — 20um). (B) Epithelial BNDF IRS (mean + SEM) according to
each diagnostic entity. Similar lowercase letters denote absence of significant difference
(p>0.05, Kruskal Wallis test). (C) Stromal BDNF IRS (mean + SEM) according to each
diagnostic entity. Similar lowercase letters denote absence of significant difference
(p>0.05, Kruskal Wallis test). (D) Comparison between epithelial and stromal BDNF IRS
(mean + SEM) within each diagnostic entity (Wilcoxon test, **** denote a p value <0.0001).

Abbreviations: ns — not significant. SEM — standard error deviation.

Figure 2. (A) Representative images of TrkB, pAkt and pRPS6 immunohistochemical
expression in OK, Am and AmC (reference bar — 20um). (B) Epithelial TrkB IRS (mean +
SEM) according to each diagnostic entity. Different lowercase letters denote presence of
significant difference (p<0.05, Kruskal Wallis test, followed by Dunn’s post-hoc test
adjusted for Bonferroni error correction). (C) Epithelial pAkt IRS (mean + SEM) according
to each diagnostic entity. Different lowercase letters denote presence of significant
difference (p<0.05, Kruskal Wallis test, followed by Dunn’s post-hoc test adjusted for
Bonferroni error correction). (D) Epithelial pPRPS6 IRS (mean + SEM) according to each
diagnostic entity. Similar lowercase letters denote absence of significant difference
(p>0.05, Kruskal Wallis test).Abbreviations: SEM — standard error deviation.
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Table 1. Clinico-demographic features of OL.

OK (n=25) Am (n=29)
Gender (n, %)
Male 11 (44%) 13 (44.8%) 4 (80%)
Female 14 (56%) 16 (55.2%) 1(20%)
Missing - - 1

p value 0.313"
Age (mean,SD) 34.80 (+19.62) 38.03 (*¥17.44) 61.80 (+28.16)

p value 0.104#
Site (n, %)

Mandible 14 (60.9%) 26 (89.7%) 4 (80%)
Maxilla 9 (39.1%) 3(10.3%) 1 (20%)
Missing 2 - 1

p value 0.048"

“Chi-square test; *Kruskal-wallis test

Table 2. Percentage of positive and negative cases.

OK (% Am (% AmC (% value*
BDNF
Positive expression 83.3% 82.1% 100% 0.537
Negative expression 16.7% 17.9% 0%
TrkB
Positive expression 100% 80.8% 100% 0.094
Negative expression 0% 19.2% 0%
pAkt
Positive expression 100% 96.0% 100% 0.625
Negative expression 0% 4.0% 0%
pRPS6
Positive expression 90.9% 92.0% 100% 0.751
Negative expression 9.1% 8.0% 0%

* Chi-square test
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Table 3. Pattern of BDNF,TrkB, pAKT and pRPS6 expression.

Pattern of
expression

BDNF
Prostromal
Antistromal
Full

TrkB
Prostromal

Antistromal
Full

pAkt
Prostromal
Antistromal
Full

pRPS6
Prostromal
Antistromal
Full

OK (%%*)

46.66%
0%
53.33%

21.05%
26.31%
52.63%

5.55%
0%
94.44%

0%
43.75%
56.25%

Am (%%*)

8.69%
4.34%
86.95%

0%
91.30%
8.69%

4.34%
17.39%
78.26%

0%
42.85%
57.14%

AmC (%*)

14.28%
42.85%
42.85%

0%
0%
100%

0%
0%
100%

0%
0%
100%

* Percentage of cases among positive ones

Only positive cases were included in this analysis
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4. CONSIDERACOES FINAIS

Em diferentes tipo de cancer, a estimulacao da via de sinalizacdo do BDNF/TrkB
promove a ativacdo de moléculas de sinalizagdo como Akt , STAT3, Src, ERK e MAPK
resultando no aumento da proliferacédo celular, resisténcia a apoptose, invasao, metastase
e resisténcia a quimioterapia. Desta forma, o0 aumento da expressdo de BDNF/TrkB/Akt
tem sido associado com comportamento mais agressivo de diferentes tumores malignos e
pior progndstico. Todavia, esta via de sinaliza¢cdo nunca havia sido estudada em lesfes
odontogénicas as quais compreendem um importante grupo de patologias orais e
maxilofaciais com comportamentos distintos. Desta forma, nosso estudo foi pioneiro em
avaliar o papel a via de sinalizagdo BDNF/TrkB/Akt em lesdes benignas e malignas
odontogénicas epiteliais. Nossos resultados mostram um alto percentual de casos
expressando BDNF de forma semelhante entre as lesdes estudadas indicando que este
fatore de crescimento parece participar tanto do desenvolvimento de lesfes cisticas como
de neoplasias benignas e malignas. O papel desta proteina na odontogénese era
conhecido anteriormente, e aqui demonstramos pela primeira vez que o BDNF também

esta presente em condi¢Bes patoldgicas odontogénicas.

No que diz respeito ao TrkB e Akt, surpreendentemente, o CO exibiu niveis mais
elevados, indicando que a aquisicdo do fendtipo invasivo ou maligno em Am e Cam nao
esta associada a ativacao do eixo BDNF/ TrkB / Akt / RPS6. A Akt é geralmente avaliada
por sua capacidade de induzir comportamentos agressivos de células. No entanto, essa
proteina também pode estimular a diferenciacdo dos queratindcitos. Desta forma,
acreditamos que esse seja o principal papel destas proteinas nas lesdes odontogénicas
epiteliais. Nossa hipotese € que a maior ativacdo da Akt observada em ceratocistos
odontogénicos esta associada a necessidade de diferenciacdo de células epiteliais
odontogénicas primordiais em células produtoras de queratina. Além disso, Nossos
resultados sugerem que a regulagéo positiva de Akt em CO € desencadeada pelo menos
em parte pela ativacdo de TrkB. Mais estudos precisam ser realizados para avaliar se
outros reguladores conhecidos da Akt, como EGFR e C-MET, tém um papel em estimular
a Akt em OK. Novo estudos com outros fatores de crescimentos e vias de sinalizacéo se
fazem necessarios para a compreensdo do papel destas proteinas em lesGes

odontogéncias com diferentes comportamentos biologicos.
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