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RESUMO

A leptina (Lep), hormdnio que atua na regulacdo do balanco energético e controle do peso
corporal, pode estar envolvida no desenvolvimento e progressdao de diferentes tipos de
neoplasias. No carcinoma epidermoide de boca (CEB), a via de sinalizacdo da leptina foi
associada a alteragdes no fendtipo neoplasico e aumento na expressao de genes relacionados a
proliferacdo, invasido e angiogénese. As evidéncias indicam que pacientes com carcinoma
epidermoide na regido de cabeca e pescogco submetidos a radioterapia apresentam redugao dos
niveis de leptina apds tratamento. No entanto, ndo € bem entendido se 0 aumento dos niveis
de leptina é capaz de interferir sobre o efeito do tratamento antineoplasico. Além da via de
sinalizagdo da leptina, o sistema ubiquitina-proteassoma, responsavel mecanismos de
degradacdo proteolitica, tem despertado interesse para a investigagdo no campo da
carcinogénese de boca. Esse dois alvos foram adotados como foco de estudo, uma vez que
ambos estdo envolvidos nos mecanismos de proliferagao neoplasica e desregulacdo do ciclo
celular. Nesse contexto, esse estudo teve como objetivo investigar a acdo da leptina sobre o
efeito terapéutico da radiac@o ionizante e mecanismos de degradacdo proteolitica no CEB.
Para isso, foram delineadas duas abordagens de estudo. Na primeira abordagem, a partir de
ensaios in vitro e moleculares, foi testada a hipotese de que a leptina pode comprometer o
efeito da radiacdo ionizante e comportamento de células de CEB. As linhagens imortalizadas,
SCC4 e SCC9, foram tratadas com leptina recombinante humana, e expostas a 6Gy de
radiacdo produzidos pelo cobalto-60. Para a analise fenotipica, foram realizados ensaios de
proliferagdo celular, morte, migragcdo e ensaio clonogénico. O perfil molecular foi investigado
através da analise dos niveis de espécies reativas de oxigénio (ERO) e analise protedmica, por
meio de espectrometria de massa. A leptina promoveu reducdo da morte celular e aumento da
proliferacdao celular, migracdo e formacdo clonogénica, apesar dos efeitos supressores
induzidos pela radia¢do ionizante. Além disso, foi associada a uma reducdo significativa do
actimulo intracelular de EROs, e ao aumento na expressao de proteinas relacionadas a eventos
da carcinogénese, como ACTCI1, KRT6A e EEF2, em células irradiadas. Uma segunda
abordagem foi proposta visando investigar se a leptina pode modular a expressdo génica de
componentes do sistema ubiquitina-proteassomo e comportamento neoplasico em células de
CEB. A partir de simulacdes bioinformaticas, considerou-se a hipdtese de que a leptina
estabelece interacdes com componentes do sistema ubiquitina-proteassomo. As linhagens de
células de CEB foram tratadas com leptina e os niveis de expressdao de genes do sistema

ubiquitina-proteassomo foram quantificados através de qRT-PCR, incluindo USP2, UBA,



UBC, PSMD4 e PSME3. Os ensaios de viabilidade e morte celular foram realizados. A
andlise in silico mostrou um possivel mecanismo de ativacdo de USP2 pela leptina. Os
resultados revelaram que a leptina favoreceu o fenétipo neoplasico, em concordancia com o
aumento na expressao dos genes envolvidos no mecanismo de degradagao proteassomal. As
células tratadas com leptina apresentaram superexpressdo do oncogene USP2 e genes
regulatorios do ciclo celular, UBA e UBC. Os genes PSME3 e PSMD4 ndo foram alterados
pelo tratamento. com a leptina. Os achados apontam a leptina como um fator importante que
compromete a responsividade de células de CEB a radiacdo ionizante terapéutica, reduzindo
seus efeitos supressivos sobre o fendtipo neopldsico e aumentando a expressdo de genes
importantes envolvidos na carcinogénese. Destaca-se, ainda, que a leptina pode modular a
expressdo de componentes do sistema de ubiquitina-proteassoma, sugerindo esta associacao
como um fator que pode modificar o comportamento neoplésico das células de CEB. No
entanto, andlises funcionais e ensaios in vivo sdo necessarios para melhor entender o impacto
biologico dessa conexdo de mecanismos na carcinogénese de boca, bem como a real
importancia da leptina em eventos moleculares relacionados aos efeitos da radiacdo no cancer

bucal.

Palavras-chave: Carcinoma epidermoide de boca. Leptina. Radiacdo ionizante. Sistema

Ubiquitina-proteassomo. Proliferacdo. Migracao



ABSTRACT

Leptin, a hormone that regulates energy balance and body weight control, can be involved in
the development and progression of different cancer types. In oral squamous cell carcinoma
(OSCC), the leptin signaling pathway was associated with changes in the neoplastic
phenotype and increased expression of genes related to proliferation, invasion and
angiogenesis. Evidence indicates that patients with squamous cell carcinoma in the head and
neck submitted to radiotherapy show the reduced levels of leptin after treatment. However, it
is not well understood whether increased levels of leptin are able to interfere with the effect of
antineoplastic treatment. In addition to the leptin signaling pathway, the ubiquitin-proteasome
system, responsible for proteolytic degradation mechanisms, has been of interest target for
research in the field of oral carcinogenesis. These two targets were adopted as the focus of
study, since both are involved in the mechanisms of neoplastic proliferation and cell cycle
deregulation. In this context, this study aimed to investigate the action of leptin on the
therapeutic effect of ionizing radiation and mechanisms of proteolytic degradation in CEB.
For this, two study approaches were outlined. In the first approach, through in vitro assays,
we hypothesized that leptin may compromise the effect of ionizing radiation and behavior of
OSCC cells. The immortalized cell lines, SCC4 and SCC9, were treated with recombinant
human leptin, and exposed to 6Gy of radiation produced by cobalt-60. For phenotypic
analysis, the cell proliferation, death, migration and clonogenic assays were performed. The
molecular profile was investigated through the analysis of reactive oxygen species (ROS)
levels, and proteomic analysis by means of mass spectrometry. Leptin promoted reduction of
cell death and increased cell proliferation, migration and clonogenic formation, despite the
suppressive effects induced by ionizing radiation. In addition, it was associated with a
significant reduction of intracellular accumulation of ROS, and increased expression of
proteins related to carcinogenesis events, such as ACTCI1, KRT6A and EEF2, in irradiated
cells. A second approach was proposed to investigate whether leptin can modulate the gene
expression of ubiquitin-proteasome system components and neoplastic behavior in OSCC
cells. Through bioinformatic simulations, it was hypothesized that leptin establishes
interactions with components of the ubiquitin-proteasome system. The OSCC cell lines were
treated with leptin and the levels of mRNA expression of the ubiquitin-proteasome system
components were quantified through qRT-PCR, including USP2, UBA, UBC, PSMD4 and
PSME3. The cell viability and death tests were performed. The In silico analysis showed a

possible mechanism of activation of USP2 by leptin. The results revealed that leptin favored



the neoplastic phenotype, accordling with the increase in the expression of the genes involved
in the mechanism of proteasomal degradation. The cells treated with leptin showed
overexpression of the oncogene USP2 and regulatory genes of the cell cycle, UBA and UBC.
The proteasomal genes PSME3 and PSMD4 were not altered by treatment. Our findings
points the leptin as an important factor impairing the responsivity of OSCC cells to the
ionizing radiation, reducing its suppressive effects on the neoplastic phenotype, and
increasing protein expression of important genes involved in carcinogenesis pathway. We
highlight yet that leptin can modulate the gene expression of ubiquitin-proteasome system
components, suggesting this association as an important factor modifying the behavior of
OSCC cells. However, functional analysis and in vivo assays are necessary in order to better
understand the biological impact of this mechanisms connection in oral carcinogenesis. Thus,
functional analyzes and in vivo assays are needed to better understand the biological impact of
this mechanism binding on oral carcinogenesis, as well as the real importance of leptin in

molecular events related to the radiation on oral cancer cells.

Keywords: Oral squamous cell carcinoma. Leptin. Ionizing radiation. Ubiquitin-proteasome

system. Proliferation. Migration
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1 INTRODUCAO

O estudo dos mecanismos relacionados as enfermidades de boca, especialmente o carcinoma
epidermoide, tem sido foco de grande interesse cientifico, seja pela busca do entendimento de

sua patogenia ou pela investigacdo de novas abordagens para o tratamento (1-3).

O carcinoma epidermoide de boca (CEB) apresenta carater agressivo, podendo levar a um
comprometimento importante na qualidade de vida dos individuos acometidos, influenciando
as taxas de sobrevida (4). Nesse sentido, torna-se fundamental a investigacdo de fatores
intrinsecos ao organismo, que podem influenciar sobre a resposta terapéutica, favorecendo,
assim, uma maior compreensao do comportamento dessa neoplasia frente aos tratamentos

adotados, como a radioterapia (5, 6).

Dentre a diversidade de fatores associados a etiopatogénese do CEB, tais como os de natureza
genética, epigenética e ambiental (7, 8), dois mecanismos moleculares foram alvo desse
estudo, destacando o sistema ubiquitina-proteassomo e a leptina, especialmente por
compartilharem efeitos comuns sobre as células neoplasicas de boca, favorecendo

desregulagdes no ciclo celular e induzindo um aumento na atividade proliferativa (9, 10).

Na carcinogénese de boca, hd uma escassez de estudos sobre a real importancia do sistema
ubiquitina-proteassomo; foi demonstrado um papel oncogénico de um dos componentes desse
sistema, a proteina USP2, revelando uma associacio com a presenca de metéstase

locorregional (11).

A leptina tem sido foco de estudos sobre a carcinogénese de boca (12, 13). Esse hormonio foi
relacionado a progressdo e metastase em varios tipos de neoplasias (14, 15), promovendo,
ainda, diferentes processos neoplédsicos, como a proliferacdo, migracdo e a angiogénese
tumoral (16, 17). No entanto, sua a¢do interferindo sobre os mecanismos moleculares da
radiacdo ionizante terapéutica ndo foram explorados na carcinogénese de boca. Além disso,
nao hd um conhecimento sobre uma possivel associacdo entre a leptina e mecanismos de
degradacdo proteolitica promovida pelo sistema ubiquitina-proteassoma, favorecendo o
aumento da proliferacdo neoplasica em células de CEB. Sendo assim, esse foco de estudo

representa uma abordagem interessante para investigacdo, buscando um maior entendimento
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sobre os eventos moleculares que comprometem a resposta terapéutica de células de CEB, e

maiores esclarecimentos sobre novos eventos moleculares envolvidos na patogenia da doencga.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a acdo da leptina sobre o efeito terapéutico da radia¢do ionizante e mecanismos de

degradacao proteolitica no carcinoma epidermoide de boca

2.2 Objetivos especificos

Os objetivos especificos foram delineados com a finalidade de responder os questionamentos
principais, relacionados a seguir. Cada questionamento possibilitou a elaboracdo de um

produto cientifico desta dissertacao

A) A leptina interfere sobre o efeito terapéutico da radiacdo ionizante em células de CEB?

* Investigar o efeito da Lep sobre fendtipos de linhagens celulares de CEB, incluindo a
proliferacdo, migracdo, morte celular e formacgao clonogénica, em células de CEB expostas
a radiacao ionizante.

* Avaliar se a leptina modifica o proteoma de células de CEB expostas a radiacdo ionizante.

B) A leptina pode modular a expressao de componentes do sistema ubiquitina-proteassomo e

comportamento neoplasico de células de CEB?

* Delinear rede de interacdes in silico entre leptina e principais componentes do sistema
ubiquitina-proteassomo;

* Investigar se a leptina altera o a proliferacio e morte de células de CEB, em paralelo a
alteracoes na expressdo génica de componentes do sistema ubiquitina-proteassomo,

incluindo USP2, UBA, UBC, PSMD4 e PSME3.
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3 REVISAO DE LITERATURA

3.1 Carcinoma Epidermoide de Boca

3.1.1 Aspectos Gerais

O carcinoma epidermoide de boca (CEB), também denominado carcinoma de células
escamosas ou carcinoma espinocelular, ¢ uma das neoplasias mais frequentes na cavidade
bucal, correspondendo a aproximadamente 90% das lesdes bucais malignas. A doenca é
considerada uma das principais causas de morbidade e mortalidade em todo o mundo,
acometendo em maior nimero individuos do sexo masculino e com idade superior a 60 anos,
sendo de aproximadamente 2,5:1 a propor¢ao entre homens e mulheres (18). Estima-se que as
maiores taxas da doenca no sexo masculino possam ser devido a maior exposi¢ao aos fatores

de risco, como tabaco e alcool (19-22).

Cerca de 300 mil novos casos de cancer de boca sdo diagnosticados a cada ano, causando

mais de 120.000 mortes no mundo (1, 23).

No Brasil, o cincer, juntamente as doengas cardiovasculares, ¢ uma das principais causas de
morte (33). As estimativas dos Registros de Base Populacional Brasileira apontaram, para o
biénio 2016-2017, a ocorréncia de cerca de 420 mil casos novos de cancer, excluindo um
nimero aproximado de 180 mil casos novos de cancer de pele ndo melanoma (24). No que se
refere ao cancer de boca, os dados mostraram, no ano de 2016, a estimativa de 11.149 casos
novos em homens, e 4.350 em mulheres (24). A distribuicdo dos novos casos da doenca €
heterogénea nas diferentes regides do pais, com a maior concentracdo de casos nas regioes
Sudeste, Nordeste e Centro-Oeste. Nesse perfil epidemioldgico, no sexo masculino, o cancer
de prdstata representa os maiores indices de acometimento, sendo que o cancer bucal ocupa a
5% posicdo. Em mulheres, o cincer de mama € o mais prevalente; o cancer bucal coloca-se na

12* posigao (Tabela 1).
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Tabela 1: Distribui¢cdo proporcional estimada dos dez tipos de cancer mais incidentes na

populacdo brasileira para 2016, por sexo, exceto pele ndao-melanoma*

Prostata 61.200 28,6% Homens Mulheres  Mama feminina 57.960 28.1%
Traqueia, Bronquio e Pulmao 17.330 8.1% Calon e Reto 17.620 8,6%
Cdlon e Reto 16.660 7.8% Colo do utero 16.340 7.9%
Estdmago 12.920 6,0% Traqueia, Bronquio e Puimao  10.890 5,3%
Cavidade Oral 11.140 5,2% Estdmago 7.600 3.7%
Estfago 7.950 3.7% Corpo do utero 6.950 3.4%
Bexiga 7.200 3,4% Ovdrio 6.150 3,0%
Laringe 6.360 3.0% Glandula Tireoide 5.870 2.9%
Leucemias 5.540 2,6% Linforna ndo Hodgkin 5.030 2,4%
Sistema Nervoso Central 5.440 2,9% Sistema Nervoso Central 4.830 2,3%

*Nomeros arredondados para maltiplos de 10.

Fonte: Brasil. Ministério da Saude, 2015

O CEB pode apresentar-se, clinicamente, como uma area leucoplasica ou eritroplasica,
ulceras endurecidas ou tumores com margens exofiticas proeminentes (25). A lingua € o sitio
anatdmico mais acometido, particularmente a superficie posterior-lateral, seguido pelo

assoalho da boca, palato mole, area retromolar e a gengiva (25).

Alguns tipos de neoplasias, dentre elas o CEB, podem se desenvolver a partir de lesdes
displésicas, com potencial para malignizacdo (26). A carcinogénese de boca é um processo
complexo, onde se evidencia a ocorréncia de indmeras alteragdes genéticas e epigenéticas que
possibilitam a transformacgao de células biologicamente normais em células funcionalmente
alteradas, no que se refere a desregulacdes da proliferagao celular e a invasividade nos tecidos

adjacentes e/ou a distancia (25, 27).

Apesar dos avancos no tratamento de individuos com CEB, a taxa de sobrevivéncia em 5 anos
permanece em aproximadamente 50% dos casos. Sendo assim, € de extrema importincia a
deteccao precoce do cancer bucal, podendo contribuir sobremaneira para a redu¢do da morbi-

mortalidade dos individuos acometidos pela doencga (28).
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3.1.2 Etiopatogénese

A etiopatogénese do CEB ¢ atribuida a fatores genéticos, epigenéticos e ambientais,
especialmente aqueles relacionados ao estilo de vida do individuo, como o tabagismo e

etilismo (4, 29, 30)

O mecanismo da carcinogénese bucal envolve a ocorréncia de uma série de alteracdes
genéticas, tais como ativacdo dos oncogenes EGFR, ciclina DI, COX-2, e inativacio,
mutagdes ou perdas alélicas em genes supressores de tumor, como TP53, pl6, p27 e
WAFI1/CIPI. A superativacdo de fatores angiogénicos, aumento da expressdo de
metaloproteinases relacionadas a invasividade tumoral, bem como polimorfismos genéticos

também representam fatores genéticos relevantes para patogenia da doenga (5, 29, 31-33)

A acdo de oncogenes na carcinogénese de boca é bem estabelecida na literatura (34, 35).
Esses sao derivados de alteracdes em proto-oncogenes, que codificam proteinas responsaveis
por sinais positivos para a proliferacdo e/ou sobrevivéncia celular. Nesse processo, um proto-
oncogene alterado e anormalmente ativado torna-se um oncogene, podendo promover a
proliferacdo celular anormal e levar a tumorigénese. Alguns dos mecanismos comuns de
ativacdo de oncogenes incluem mutagdes, translocagdes cromossdmicas, amplificacdo gé€nica
e insercdo retroviral (31). Muitos oncogenes sdo associados ao CEB (36), como os genes

EGF, c-myc, FGF e WNT (34, 35, 37, 38).

Desregulacdes em genes supressores de tumor desempenham um papel crucial na patogénese
do CEB (36, 39). A ocorréncia de mutacdes, perdas alélicas ou alteragdes epigenéticas em tais
genes favorecem a proliferacdo celular descontrolada, contribuindo para o fenotipo maligno
(31). Um importante fator associado a etiologia do CEB € a mutacdo do gene TP53 (40, 41).
Foi demonstrada uma associag@o entre superexpressao da proteina P53 mutada, recorréncia

tumoral e progndstico desfavoravel em pacientes acometidos pelo CEB (42).

AlteragcOes epigenéticas sdo associadas a etiopatogénese do CEB. Mecanismos epigenéticos
podem influenciar a desregulacdo da expressdao gé€nica, a partir de metilacio de DNA,

modificagdes de histonas e expressao alterada de micro RNAs (miRNAs) oncogénicos. Tais
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eventos epigenéticos desempenham um papel crucial nos eventos de silenciamento génico de

genes supressor de tumor, que favorece desenvolvimento e progressao da doenca (43).

O sistema Ubiquittina-proteassomo, mecanismo de degradacio proteolitica de maneira ATP-
dependente, também atua sobre os eventos moleculares promotores da carcinogénese (44).
Evidéncia sugere que a expressdo aumentada de uma enzima componente desse sistema, a
desubiquitinase USP2a foi associada a estidgios mais avancados do CEB; no entanto, os

mecanismos envolvidos nesse processo nao foram elucidados (11).

Aspectos relacionados ao estilo de vida, como o uso do alcool, habito de fumar, ou a
combinacdo dos dois representam fatores importantes para o desenvolvimento e progressao do
CEB. O élcool promove uma maior permeabilidade da mucosa bucal, deixando-a mais
susceptivel a acdo de nitrosaminas e, com isso, uma maior probabilidade de desenvolvimento
de lesdes potencialmente malignizdveis (45). O alcool diminui os niveis de expressdo de
ALDH?2, e a menor expressdo deste gene demonstrou diminui¢do significativa na taxa de

sobrevida dos pacientes acometidos pela doenca (46).
O tabaco € considerado um fator importante na etiopatogénese do CEB, ja que o seu principal
componente, a nicotina, interfere em vias moleculares moduladoras do ciclo celular,

promovendo a proliferacdo e invasdo de células tumorais, enquanto inibe a apoptose (19, 47).

A Figura 1 demonstra os principais fatores e seus mecanismos de acdo, envolvidos na

etiopatogénese do cancer bucal (48).

Smoking Betel quid Chewing Alcohol Abuse HZV

Nicotine High pH Nicotine  Stress Cell Permeability E7/ E6

\ Oral Cancer Etiology |
5
g

Figura 1. Fatores associados a etiopatogénese do cancer de boca.
Fonte: Adaptado de MISHA, 2010
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O papilomavirus humano HPV ¢ descrito como um fator viral envolvido na patogenia do
CEB. O HPV tipo 16 € capaz de induzir a degradacdo da proteina supressora de tumor P53
através da via de degradacao proteolitica (49). Sugere-se que tal mecanismo ¢ promovido pela
acdo das oncoproteinas virais ES5, E6 e E7, modulando, assim, o comportamento proliferativo

(50).

3.1.3 Proliferacdo, migragao, angiogénese, invasao e morte celular: mecanismos envolvidos

no carcinoma epidermoide de boca

A proliferacdo celular é uma das caracteristicas cruciais do fendtipo neopldsico. Na
carcinogénese, o comportamento proliferativo encontra-se desregulado e, por isso, o
entendimento sobre os mecanismos reguladores do ciclo celular € um importante parametro

para a compreensao do mecanismo patolégico de neoplasias (51).

O processo de proliferacdo celular em diversas neoplasias € favorecido pela fosforilagao
envolvendo um complexo formado por ciclinas e quinases dependentes de ciclina, sendo essas
proteinas consideradas como uma engrenagem do ciclo celular (52, 53). O controle da
proliferacdo estd associado a ativacao e inibi¢ao do ciclo celular. O mecanismo de desativagao
do processo proliferativo é baseado em sistemas de transducao de sinais negativos que podem
fazer com que o ciclo pare, até que sejam restabelecidas condicdes favordveis para a mitose.
Quando o equilibrio mitogénico estd negativamente regulado, proteinas impedem,
temporariamente, a iniciacdo do ciclo ou a sua progressao, inibindo as quinases dependentes
ciclinas. Ao contrario, quando o mecanismo for positivo, as proteinas que regulam o ciclo
permitem a ativacdo de quinases dependentes de ciclina (52, 53). Porém, na carcinogénese
esse equilibrio proliferativo é quebrado e ha descontrole do processo de equilibrio
proliferativo. Expressao aumentada da proteina ciclina D1 foi associada ao desenvolvimento

do CEB, favorecendo a proliferacdo celular e revelando um valor prognoéstico (54).

Os constituintes celulares e moleculares do microambiente tumoral permitem as células
neoplésicas utilizarem mecanismos de modo a ativar o processo migratorio; por isso 0s

esforcos sao varios para controlar quadros de metastase no cenério clinico (55). O fenétipo
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invasivo dessas células € favorecido pela capacidade de secre¢do de proteases, que atuam

degradando, gradualmente, sua matriz extracelular circundante (56).

Durante o processo de desenvolvimento da carcinogénese, o tecido adjacente sofre varias
alteracdes, como lise do estroma com degradacdo da matriz por metaloproteinases, fato esse
considerado o caminho preparatério para a invasdo tumoral (56, 57). Adicionalmente, tal
estrutura pode ter um papel mais ativo durante a carcinogénese, por induzir a angiogénese e a
producdo de fatores de crescimento, estimulando, dessa forma, a proliferagdo das células
neoplasicas (58). A Figura 2 apresenta alguns dos mecanismos relacionados ao

microambiente tumoral (59).
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Figura 2. Principais caracteristicas do microambiente tumoral, fatores de proliferagao,
angiogénese e invasao, aspectos de degradacio de matriz extracelular.
Fonte: Adaptado de KOONTONGKAEW, 2013

A progressdao do CEB sofre uma vasta acdo do mecanismo da angiogénese. A formacdo de
novos vasos (neovascularizacdo) geralmente mostra-se aumentada na displasia epitelial e no
carcinoma epidermoide em relacdo a mucosa normal (60). Um dos fatores no processo de
angiogénese é o fator de crescimento vascular endotelial (VEGF), que se liga ao fator de
crescimento vascular endotelial receptor 1 (VEGFR-1) e ao fator de crescimento vascular

endotelial receptor 2 (VEGFR-2), esses receptores ativam vias envolvidas na diferenciagao,
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migracdo de células endoteliais, além da proliferacdo vascular, portanto desempenha papel
chave na angiogénese de tumores, ja que foi demonstrado que (VEGF), apresentou-se menos
expressos em carcinomas epiteliais moderadamente diferenciados em comparagdao a
carcinoma espinocelular invasivos, portanto € evidente que (VEGF) participa no processo de

angiogénese no CEB (61).

As caracteristicas ligadas ao potencial invasivo das neoplasias estdo associadas a degradacao
da matriz extracelular pelas células neoplésicas, proliferacdo e migracdo de células
endoteliais, diferenciacdo e formac¢do de anastomoses capilares (62-64). As metaloproteinases
de matriz-2 e metaloproteinases de matriz -9 (MMP-2, -9), estdo associadas a degradacdo da
matriz extracelular e envolvidas no processo de invasao celular (65). A capacidade das células
malignas destruirem a membrana basal e os alguns componentes da Matriz extracelular, esse

fato relaciona-se ao potencial invasivo e metastatico das neoplasias (66).

Conhecer vias que podem influenciar nos mecanismos migratdrio, proliferativo e invasivo, €
necessario, pois novos conhecimentos sao de extrema avalia para agregar novas informagdes

sobre o CEB e teoricamente fornecer entendimento para possiveis mecanismos de agao.

3.2 Leptina: Aspectos gerais e mecanismos e acao na carcinogénese

A Leptina € um hormonio de 16 Kilodaltons (KD), descoberto em 1994 (67). E reconhecido
pela sua influéncia no balango energético e encontra-se aumentado em individuos obesos.
Esse hormdnio atua através do receptor de leptina (LEPR), também denominado OBR, gene
que estd localizado no cromossomo 1 (1p31), constituido por 18 exons e 17 introns, (OBR);
codifica uma proteina que consiste em 1162 aminoacidos. O receptor da leptina € localizado
em maior nimero no hipotdlamo e no cerebelo. O receptor de leptina é expresso em outros
tecidos como: figado, rim, pulmao, musculo esquelético e medula 6ssea, estbmago e placenta

(68-70).

A leptina tem sido amplamente estudada pela sua influéncia na obesidade. No entanto,
estudos mostram um papel importante desse hormonio, bem como de sua via de sinalizagdo

nos mecanismos da carcinogénese. Foi demonstrado que a leptina pode estimular a
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proliferacdo e inibir a apoptose em células de adenocarcinoma esofagico (71) e cancer de
boca (13). Além disso, participa na ativacdo do receptor do fator de crescimento epidérmico
(EGF), em processos neoplasicos (72), e estimula a angiogénese, através da inducdo do

aumento da proliferacao de células endoteliais no ambiente tumoral (73-76).

A carcinogénese envolve varios mecanismos, desde sua iniciagdo, promog¢do € progressao.
Uma das importantes vias de desenvolvimento do cancer € a via de transdugao de sinal Janus
kinase (JAK) ativador da via de sinalizagdo de transcricdo (STAT), via (JAK/STAT). A

leptina atua nesta via para promover algumas alteragdes celulares (77).

A leptina pode influenciar no processo proliferativo, através de mecanismos diversos de
transdug@o de sinal, induzindo, assim, sinais celulares para a ativacdo de vias indutoras de

proliferacdo, sobrevivéncia e migracdo de células neoplasicas (78) (Figura 3).
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Figura 3. Leptina promove proliferacdo, migracao e sobrevivéncia pela via STAT3, PI3K,
ERK1 e ERK2.
Fonte: Adaptada de SCHAFFLER, 2007
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Evidéncias mostraram que a leptina atua no processo migratdrio (79), na invasdo tumoral,
mecanismos estes favorecidos pelo aumento da expressao de MMP-2 (80). Além disso, exerce
um efeito citoprotetor, modulando a via fosfoinositideo 3-quinase (PI3-K) (81), e aumentando
a expressdo de VEGF, como consequéncia tem-se o aumento da angiogénese tumoral (82).

Em células neoplasicas, a expressdo aumentada de leptina ativando as vias de transdugdo,
como MAPK, JAK/STAT, PI3K/AKT e NFKB, desencadeia mecanismos celulares e
moleculares levando a um fendtipo neopldsico mais agressivo (Figura 4). Sabe-se que o
NFKB ¢ ativado pela sinalizacdo de leptina e que pode aumentar a sobrevivéncia de células

neoplésicas em tratamento quimioterapéutico (83).
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Figura 4. Liga¢do da leptina com receptor LepR, atuacdo em NFKB, proliferacdo, migracao e
angiogénese.
Fonte: Adaptada de CANDELARIA, 2017

Um estudo realizado com abordagem voltada ao uso de quimioterdpicos em concomitincia
com a utiliza¢do de nanoparticulas, carreando o antagonista da leptina, as células diminuiram
significativamente os niveis de pSTAT3 induzidos pela leptina em linhagem de céancer de
mama. Mostrou uma diminuicdo dos niveis de ciclina D1 e reduziu a progressdo da fase S

induzida pela leptina (84).
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3.3 Sistema ubiquina-proteassomo e carcinogénese de boca

A ubiquitina é um polipeptidio de 76 aminodcidos. A conjugacdo covalente da ubiquitina a
substratos especificos atua em uma vasta variedade de processos biologicos, que vao desde a
protedlise até ao dano do DNA. Sua principal fun¢do € marcar proteinas para a degradacgdo.
As proteinas sdo degradadas de forma seletiva em células eucaridticas. A degradacdo mediada
por ubiquitina de proteinas reguladoras desempenha papéis importantes no controle de
numerosos processos, incluindo a progressao do ciclo celular, transducdo de sinal, regulacdo
transcricional, reducdo de receptor e endocitose, resposta imune. Anormalidades em processos
mediados por ubiquitina demonstraram causar condi¢des patoldgicas, incluindo a

transformacdo maligna (85).

O proteassoma 26S € o principal complexo componente do sistema ubiquitina-proteassomo,
responsavel pela protedlise. Esse complexo é uma protease multicatalitica composta por dois
complexos regulatorios 19S e por um complexo catalitico de ~700 kDa, designado por

proteassoma 20S (86) (Figura 5).
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Figura 5. Complexo proteassoma complexo 26S e subunidades 20S e 19S
Fonte: Adaptada de GOLDBERG, 2012
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A regulacdo da estabilidade protéica dependente de ubiquitinagdo afeta mecanismos
fisiol6gicos diversos, incluindo senescéncia e progressdao do ciclo celular, diferenciacdo

celular, apoptose e transformagao neoplésica (87).

A ubiquitinacdo protéica € um processo reversivel, e as enzimas desubiquitinantes (DUBs)
sdo proteases de cisteina, que clivam especificamente Ub de substratos de proteina Ub-
conjugados. Apesar do grande nimero de DUBs ja identificadas, pouco se sabe sobre os seus
papéis fisioldgicos ou substratos. As DUBs podem "editar" motivos de ubiquitina na cadeia
de proteinas erroneamente ubiquitinadas ou gerar ubiquitina livre de cadeias de poliubiquitina
libertadas apo6s atividade proteassomica (88). A acdo pré-proteasomica dos DUBs resulta na
clivagem da etiqueta de poliubiquitina a partir de substratos especificos, evitando assim a sua

degradacio (88).

Estudos na literatura apontaram um importante envolvimento do sistema Ub-proteassoma nos
eventos carcinogénese em diversos tipos de neoplasias. Na carcinogénese de boca, no entanto,
ha uma escassez de estudos sobre a real importancia do sistema UB-proteassoma; além disso,

nao ha um conhecimento preciso sobre a importincia desse sistema na patogenia da doenca.

A USP2a, uma desubiquitinase reconhecida pelo seu papel oncogénico, apresentou maior
expressao no CEB, comparado com o tecido epitélio de mucosa clinicamente inalterado, além
de ter sido associada com a presenca de metéastase locorregional (11). A USP2 pode interagir
com fatores oncogénicos FASN, promovendo sua estabilizacdo, e protecdo contra a apoptose

de células neoplasicas (89).

A ubiquitina E3 ligase SIAH2 foi apontada com um fator oncogénico superexpresso no CEB.
A proteina SIAH2 esta implicada em uma variedade de processos celulares, incluindo
resposta a hipoxia, sobrevivéncia e biogénese mitocondrial. Niveis de mRNA SIAH2 foram
significativamente aumentados em espécimes de CEB e em células cultivadas in vitro.

Knockdown de SIAH2 levou a supressao do crescimento e indug¢do de apoptose em um

mecanismo independente de p53 (89).

PA28y é um membro da familia de proteinas PA28, que atua especificamente sobre o
proteassoma 20S, estimulando a hidrdlise de peptideos (90). Tal proteina foi identificada

como um gene promotor da carcinogénese oral. Sua expressdo aumentada foi associada a



30

formas mais agressivas de carcinoma oral, e foi negativamente associada com a sobrevida de

individuos acometidos pela doenca (91).

Devido ao provavel envolvimento do sistema UB-proteassomo na carcindgenese de boca, a
investigacdo de proteinas componentes desse sistema, como potenciais alvos para estudos
terapéuticos para o CEB tem despertado interesse cientifico. O cetuximab, por exemplo, € um
anticorpo monoclonal quimérico que se liga ao dominio extracelular do receptor do fator de
crescimento epidérmico (EGFR), inibindo o crescimento tumoral, invasdo, angiogénese e
metastase. Em linhagens celulares de CEB, foi demonstrado que este quimioterapico
apresenta um novo mecanismo de modulacdo da expressdo de EGFR através do sistema UB-
proteassomo. Cetuximab inibiu a sinalizacdo EGFR e suprimiu a proliferacdo celular,

migracdo e invasdo EGF-mediada em células de CEB de lingua (92).

Alguns componentes do sistema ubiquitina-proteassomo estdo envolvidos na degradagdo
proteolitica e estabilizacdo de ciclina D1. A Usp2 possui essa func¢do de estabilizar ciclina D1
e comprometendo sua degradagdo. Com isso, ocorre a super-expressdo dessa proteina,
favorecendo a progressdo do ciclo celular com encurtamento da fase G1/S. Foi demonstrado
que o processo de parada do ciclo pode ocorrer através pela inibicdo de USP2, atuando via
ciclinaD1 (93). Tal mecanismo encontra-se apresentado na Figura 6.A ciclinaD1 (CCNDI) é

amplamente estudada no céncer, cuja expressao €, geralmente, super-regulada na doenca (94).
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Figura 6. Usp2 modula degradacdo de ciclina D1, que atua na via de progressao e parada do
ciclo celular.
Fonte Adaptada de MAGIERA, 2017
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3.4. Radiacdo ionizante como estratégia terapéutica para o carcinoma epidermoide de boca

A radiacdo ionizante ou radioterapia (RT) € uma modalidade terapéutica para o tratamento do
cancer e tem desempenhado um papel importante no controle do crescimento neoplasico em
muitos pacientes com essa enfermidade, especialmente quando o individuo acometido pela
doenca ndo apresenta condi¢des clinicas para ser submetido a cirurgia, ou ndo aceita as

possiveis mutilacdes faciais que a intervengdo cirdrgica pode acarretar (92).

Essa modalidade terapéutica € atualmente o tratamento adjuvante padrdao para o CEB. Os
pacientes com CEB avancado necessitam de RT adjuvante, sendo ela pré ou pds-operatoria
(95), sabendo-se que a RT pré-operatdria aumenta o risco de complicacdes na cirurgia. A RT
pré-operatodria foi apresentada como uma estratégia que nao traz vantagens consideraveis para
a sobrevida do paciente, além de dificultar a realizacdo da cirurgia em um intervalo menor do

que seis semanas ap6s o término da RT (95).

Os avancos técnicos conquistados na RT t€ém reduzido os efeitos colaterais agudos e cronicos
relacionados a terapia, especialmente em pacientes submetidos a RT para cancer de cabeca e

pescoco, dentre os quais destaca-se o CEB (96).

A acdo da radioterapia pode ser através do dano no DNA e pela formagao de espécies reativas
de oxigénio. Com o dano ao DNA, os mecanismos de reparo desencadeiam a¢do sobre varios

genes, conforme apresentado na Figura 7.



32

Enhanced

R s 5 Cell-cycle

Free Radicals

TGFB1
I | ] ‘ I GSTPL TPS3 A IL12RB2
esBR NHEJ HR Mlsma_tch GSTA1 CDKN1A IL1A
292 TS = Repair GSTM1 P21CDK1 Bakl1 16
PARPI XRCC4 BRCAL GSTT1 CDK1 e 18
APE1 XRCCS BRCA2 MO NOS3 CDK2 CAeE INF
PNKP XRCC6 RADSI soD S
MLH1 Mk b
APTX PREDC RADS2 CAT
TDP1 LIG4 XRCC2 MPO =

XRCC3

Figura 7. Mecanismo de atuagdo da radioterapia.
Fonte Adaptado de HUANG, 2017

Um gene muito relevante nesse processo trata-se do Ataxia telangiectasia mutado (ATM), que
codifica uma proteina cinase, responsavel pela detec¢do de rupturas de dupla cadeia de DNA
e a iniciacdo no reparo e apoptose. Além da radiag@o ionizante terapéutica atuar sobre células
neoplésicas, promovendo a producdo aumentada de espécies reativas de oxigénio para a

inducdo da citotoxicidade e morte celular (97).

Apesar dos avancos obtidos nesta modalidade de tratamento, os tumores podem recorrer
dentro do campo irradiado devido a baixa responsividade do organismo a terapia, levando a
um mau progndstico (98). Assim, é de fundamental importincia a realiza¢do de pesquisas
buscando um maior entendimento sobre os fatores que interferem sobre a sensibilidade de

células neoplésicas a radiacdo ionizante terapéutica (99).

Nao h4a um conhecimento preciso sobre a influéncia molecular da leptina sobre o tratamento
de neoplasias, seja por quimio ou radioterapia. Um estudo demonstrou que a leptina pode
estimular a proliferacdo de células de myeloma, reduzindo o efeito antitumoral da
quimioterapia, através da ativacdo da sinalizacio AKT e STAT3 (100). No que se refere a

radioterapia, o papel da leptina ndo foi ainda investigado, especialmente em células de CEB.
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Sendo assim, esse foco de estudo representa uma abordagem interessante para um maior
entendimento sobre os eventos moleculares que comprometem a resposta terapéutica ao

tratamento de individuos acometidos pela doencga.
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4 PRODUTOS

4.1 Produto 1: Artigo Leptin impairs the therapeutic effect of ionizing radiation in oral
squamous cell carcinoma cells, enviado para publicagdo no peridédico: Gene - Journal -

Elsevier

4.2 Produto 2: Leptin modulates expression of ubiquitin-proteasome system components in

oral squamous cell carcinoma cells: a preliminary study.
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4.1 PRODUTO 1

O artigo 1, intitulado ““: Leptin impairs the therapeutic effect of ionizing radiation in oral
squamous cell carcinoma cells” submetido para publica¢do do periddico: Gene - Journal -

Elsevier. Este artigo esta apresentado a seguir.
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Abstract

Leptin, an important hormone controlling energy homeostasis, has been linked to the
pathogenesis of oral squamous cell carcinoma (OSCC). Evidence indicates that head and neck
cancer patients undergoing radiotherapy shows decreased leptin levels after radiotherapy
treatment. Thus, we investigated, through phenotypic and molecular analyses, whether leptin
can compromise the therapeutic effect of ionizing radiation and neoplastic behavior of OSCC
cells. The human OSCC-derived cell lines SCC9 and SCC4 were treated with human
recombinant leptin and exposed to 6Gy of irradiation. We performed the in vitro assays of cell
migration, death, proliferation, and colony-forming ability. The reactive oxygen species
(ROS) levels and proteome analysis by mass spectrometry were also conducted. Leptin was
able to increase cell proliferation, migration, and colony-forming ability, despite the
suppressive effect induced by irradiation. Furthermore, the leptin promoted a significant
reduction of ROS intracellular accumulation, and increased the expression of the cancer-
related proteins, as ACTCI, KRT6A, and EEF2 in irradiated OSCC cells. Our findings
suggest that leptin impairs responsivity of OSCC cells to the ionizing radiation, reducing the
suppressive effects of irradiation on the neoplastic phenotype, and increasing protein

expression important to carcinogenesis.

Keywords: Oral squamous cell carcinoma, Leptin, Ionizing radiation, Reactive Oxygen
Species, ACTCI1, KRT6A, EEF2.
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Introduction

Leptin is a key hormone regulator of energy balance and body weight control, whose
biological functions are mediated through the binding to its receptor LepR, activating signal
transduction pathways, as JAK/STAT, PI3K, and MAPK (Bjorbaek et al., 1997; Yamashita et
al., 1998)

In addition to energy regulation, the leptin signaling plays important roles in
several cellular functions, promoting cell proliferation, angiogenesis, and cell anchorage, as
well as anti-apoptotic and pro-inflammatory effects (Sierra-Honigmann et al., 1998; Wauters
et al., 2000; Barone et al., 2012). So, the aberrant activation of this signaling pathway can
favor molecular changes related to carcinogenesis (Garofalo and Surmacz, 2006; Zou et al.,
2016).

Leptin is associated with development and progression of several cancer types, as
breast, prostate, and lung, interfering on neoplastic phenotype, and expression of cancer-
related genes (Noda et al., 2015; Mishra et al., 2017; Tong et al., 2017). The leptin treatment
of human cancer cells led to increase in cell proliferation, migration, and invasion;
furthermore, it induced epithelial-to-mesenchymal transition, indicating the more aggressive
phenotype (Mishra et al., 2017). This hormone also enhanced neoplastic behavior and
regulated the expression of cell cycle-related proteins, increasing cyclin D1 expression, and
reducing the expression of p21 protein (Noda et al., 2015).

In oral carcinogenesis, the leptin signaling has aroused the interest of researchers
due to possible involvement in disease pathogenesis (Gharote and Mody, 2010; Domingos et
al., 2014; Kaur and Jacobs, 2016). A study demonstrated through in vitro and in vivo assays,
that leptin increased the rates of cell proliferation and migration and reduced apoptosis.
Accordingly, leptin-treated oral squamous cell carcinoma (OSCC) cells showed high mRNA
expression of genes related to the proliferation, migration, and angiogenesis (Sobrinho Santos
etal., 2017).

Based on this knowledge, some studies investigated whether leptin levels can be
changed by oncological treatment, showing conflicting results (Argiris et al., 2011; Bain et
al., 2014; Coskun et al., 2016). For example, the surgery associated with adjuvant
chemotherapy and radiotherapy did not modify levels of leptin, following treatment in breast
cancer patients (Coskun et al., 2016). The leptin expression in gastro-oesophageal
adenocarcinomas was related to the resistance to cytotoxic chemotherapy, showing increased

expression in nonresponding patients to the therapy (Bain et al., 2014).
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The head and neck cancer patients undergoing radiotherapy shows decreased leptin
levels by radiotherapy (Ozsoy et al., 2015). However, is not well understood whether the
increased leptin levels are able to interfere with the effect of cancer treatment in OSCC. Thus,
through phenotypic and molecular assays, we tested the hypothesis that leptin can
compromise the therapeutic effect of ionizing radiation and neoplastic behavior of OSCC

cells.
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Materials and methods

Cell Culture, Leptin treatment, and Irradiation
The human OSCC cell lines SCC-9 and SCC-4 (CRL-1629 and CRL1624, ATCC Cell bank,
USA) were cultured in Dulbecco's Modified Eagle's Medium and Ham's F-12 Nutrient Mix
(DMEM-F12) (Gibco, USA) supplemented with 10% fetal bovine serum, antibiotics and 0.4
pg/ml hydrocortisone (Gibco, South America), and maintained at 37°C in a humidified
atmosphere 5% COo.

To in vitro assays, OSCC cells were treated with 100 ng/mL of recombinant human
leptin (Invitrogen, USA), for 72 hours, as described previously (Sobrinho Santos et al., 2017).
Next, the cells were irradiated at 6 Gy of single-dose cobalt-60 irradiation at a dose rate of 0.5
Gy/min, using a Telecobalt Machine Theratron Phoenix Philips SR 7510 (Eindhoven,
Holanda). After 72 hours, the phenotype and molecular analyses were performed (Khafif et
al., 2009). Tests were done in triplicate and at least three independent times. The cells were
categorized into 4 groups: control group, ionizing radiation alone (IR), leptin-treated group

(Lep), and leptin plus irradiation group (Lep_IR)

Cell proliferation assay
A density of 1x10° OSCC cells was plated in 6-well plates and submitted to the experimental
treatments with leptin and radiation exposure. After treatments, cell counting was measured

through trypan-blue exclusion.

Migration assay

The OSCC cells were plated at density of 8x10* in 12-well plates and incubated at 37°C, 5%
CO,, for 24 hours. After, cells were treated with leptin for 72 hours. Before radiation
exposure, the cells were scraped with 200ul tip, creating a cell-free area to analyze migrating
cells (Liang et al., 2007). Then, cells were irradiated and wound covered area by migrating
cells was quantified using ImagelJ software (NIH; Bethesda, MD; http://imagej.nih.gov/ij/)
(Schneider et al., 2012). The Olympus IX81 inverted microscope (Olympus, Center Valley,
PA, USA) coupled to camera SC30 (Olympus, Center Valley, PA, USA) was used to image

capturing.
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Cell Dead/viability assay

In order, to analyze the dead cell/viable cell ratio, groups were stained with solution contained
Acridine Orange 100 pg/ml (AO, Sigma, St. Louis, MO, USA) and Ethidium Bromide Stock
(EB, Sigma, St. Louis, MO, USA). The intense EB staining (Ex360-370, Em420-460, DM400
filter) indicates cell death, while intense AO (Ex460-495, Em510-550, DMS505 filter)
indicates live cells. The FSX100 microscope (Olympus, Center Valley, PA, USA) was used to

image analysis.

Clonogenic assay

The OSCC cells were seeded in 6-well plates and exposure to the experimental treatments.
After irradiation, the cells were kept in a greenhouse for 72 hours. Then, cells were
trypsinized and plated again in 6-well plates at a density of 5x10? cells. It was maintained in
growth medium for 10 days to forming colonies. Following this, colonies (cluster containing
>50 cells) were fixed with 70% ethanol, stained with 2% Giemsa and quantified by ImageJ
software (NIH; Bethesda, MD; http://imagej.nih.gov/ij/). The non-irradiated control was used

to normalization of surviving fraction of experimental groups (Franken et al., 2006).

Reactive oxygen species Assay

The OSCC cells were incubated with 10 uM of 2'7'-dichlorofluorescein diacetate
(H2DCFDA, Sigma-Aldrich, USA) for 30 min at 37°C, washed twice with PBS buffer, and
immediately photographed under a fluorescent microscope (Olympus, Center Valley, PA,
USA), and quantified using the ImagelJ software. Cells treated with 100 pM H2O- in 2% fetal
bovine serum was used as reaction internal control to the formation of reactive oxygen species

(ROS) (Park, 2013).

Sample preparation and Mass spectrometry analysis

Following leptin treatment and radiation exposure, cells were resuspended in 500 ul of
extraction buffer containing protease inhibitors and urea and incubated at room temperature
for 30 min. Protein extract were denatured in 1.6 M urea (Sigma, Germany) followed by
reduction with dithiothreitol (Sigma, USA) at 5 mM for 25 minutes at 56°C, alkylation with
iodoacetamide (Fluka, USA) at 14 mM for 30 minutes at room temperature protected from
light and digestion with trypsin (Promega, USA) for 16 hours at 37 (ratio enzyme: substrate,
1:50). The reaction was stopped with 0.4% formic acid (Merck, USA) and, after desalination
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using SepPack. The samples were dried samples and stored at -20°C for subsequent analysis
in a Q-Tof Premier mass spectrometer.

Protein analysis was performed as the previously described method with appropriate
modifications (Aragao et al., 2012). For data analysis, the spectra were acquired using
software MassLynx v.4.1 and the raw data files were converted to a peak list format (mgf)
without summing the scans by the software Mascot Distiller v.2.3.2.0, 2009 (Matrix Science
Ldt.) and searched against the UniProt database, using Mascot engine v.2.3.01 (Matrix
Science Ltd.). The normalized spectral counts were analyzed in Scaffold software (Proteome
Software, Inc., Portland, OR, USA), adopting a protein threshold at over 95% probability to

assesses the differentially expressed proteins between groups.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 software and GraphPad Prism software
(Version 6.0, GraphPad Software Inc., San Diego, CA, USA). For the normality test, the
Shapiro-Wilk test was adopted to verify distribution samples. ANOVA test with post hoc
Tukey's multiple comparisons test was used to analyze phenotypic and molecular assays. The
probability values <0.05 were considered statistically significant. For the proteome analysis,
the differentially expressed proteins between groups were defined by the fold-change ratio

greater than 1.5 and p-value <0.05, according to T-test.



43

Results

Leptin reduced the suppressive effects of irradiation on the neoplastic phenotype of OSCC
cells.

To assess whether leptin interferes on ionizing radiation (IR) effect in OSCC cells, we
performed the phenotypic assays of cell migration, death, and proliferation. Leptin was able to
increase cell proliferation, despite the suppressive effect induced by irradiation. Similar
phenotypic behavior was observed in both OSCC cell lines (Fig 1A and Supplementary Fig
1A). Furthermore, we identified that leptin reduced IR-induced cell death (Figure 1B and
Supplementary Fig 1B).

The radiation effect on cell migration was also reversed by leptin. While IR group showed
lower migration percentage, the leptin treatment enhances migration ability of OSCC cells

exposed to the radiation (Fig 1C).

Leptin affected the sensitivity of OSCC cells to ionizing radiation, reducing the colony-
forming ability

To test the leptin effect on response/sensitivity of OSCC cells to radiation, we analyzed
clonogenic formation. The cells treated with leptin showed low sensitivity to radiation,

forming more cell clones than IR group (Fig. 1D).

Leptin inhibited radiation-induced ROS generation
The exposure of OSCC cells to IR led to increased production of intracellular ROS. Instead,

the leptin promoted the significant reduction of ROS accumulation in irradiated cells (Fig. 2).

Leptin increased expression of cancer-related proteins in OSCC cells irradiated

We carried out an MS-based proteomic analysis to identify whether leptin modifies proteins
expression in irradiated OSCC cells. In total, 61 proteins were detected (Supplementary Table
1), of which only 3 proteins were differentially expressed between groups, according to the
fold change ratio greater than 1.5. Leptin increased expression of ACTC1, KRT6A, and EEF2
proteins in irradiated cells (Fig. 3). No protein showed significantly reduced expression

between groups.
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Discussion

The adjuvant radiotherapy to the surgery is an important treatment modality for advanced
squamous cell carcinoma in head and neck region. However, a poor response to radiotherapy
remains a fundamental barrier to prognosis (Song et al., 2015). So, the research of factors
impairing sensitivity of neoplastic cells to ionizing radiation is extremely relevant to better
define therapeutic strategy, to improve tumor remission and disease control (Yu et al., 2016a).

The changes in expression of proteins related to the cell cycle, apoptosis,
angiogenesis, and cell metabolism were shown to affect radiosensitivity of OSCC and
HNSCC patients (Silva et al., 2008; Blatt et al., 2016; Gupta et al., 2016). For example,
overexpression of Cyclin D1, EGFR and p53 were associated with resistance to
chemoradiation, the risk of locoregional recurrence and metastasis in OSCC patients (Gupta et
al., 2016).

The leptin signaling pathway has emerged as an interesting target involved in
development and progression of oral carcinogenesis (Sobrinho Santos et al., 2017), but is not
well knowledged whether increased levels of this hormone can to interfere with the effect of
cancer treatment in OSCC. In this study, we found that leptin compromised the effect of
ionizing radiation on the neoplastic behavior of OSCC cells. Despite the suppressive effect of
irradiation, leptin enhances proliferative phenotype and migration ability of OSCC cells
exposed to the radiation. There is no precise knowledge about the molecular influence of
leptin on cancer treatment, whether by radio- or chemotherapy. In a similar study to our own,
it was demonstrated that leptin can stimulate myeloma proliferation, reducing the antitumor
effect of chemotherapy, by activating AKT and STAT3 pathways (Yu et al., 2016b)

The therapeutic ionizing radiation acts on neoplastic cell inducing cell death by ROS
generation (Shimura et al., 2017). Furthermore, it reduces the cell survival, controlling tumor
growth (Li et al., 2017). The radiation-induced high level of ROS promotes oxidative stress,
and destabilization of cell integrity and metabolism of cancer cells, sensitizing them to
undergo apoptosis (Dayal et al., 2014). Our results revealed that leptin decreased IR-induced
cell death, accordingly with inhibition of ROS levels in irradiated cells. The leptin also led to
the higher cell survival rates, evidenced by maintaining of cell multiplication and increase in
the clonogenic formation after exposure to the radiation. A study identified that leptin can
improve the bioenergetic efficiency of cancer cells, avoiding the ROS production and
promoting favoring cell growth and survival (Blanquer-Rossello et al., 2015).

Given the results found in this study, which the leptin impaired responsivity of OSCC

cells to the ionizing radiation, we think to be reasonable to investigate whether leptin alters
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proteins expression in irradiated OSCC cells. Through MS-based proteomic analysis, we
identified that the leptin promotes increase of the expression of cancer-related proteins
ACTC1, KRT6A, and EEF2.

The alpha cardiac muscle actin 1 (ACTCI1), a cytoskeletal protein linked to cell
motility, was associated with tumoral invasion (Ohtaki et al., 2017), and to the epithelial to
mesenchymal transition (EMT) in cancer (Lopez et al., 2012). The up-regulation of EMT
genes, including ACTCI1, can favor high cell survival and radioresistance of cervical cancer
cells (Lopez et al., 2012). Similarly, the down-regulation of ACTC expression was identified
in radiosensitive cells of HNSCC, after radiation treatment (Strozynski et al., 2015).

The KRT6 or keratin 6A, type II member of the cytokeratin family, was shown as a
potential biomarker to discriminate normal mucosa from OSCC (Thiel et al., 2011). However,
its molecular role in pathways related to the therapeutic sensitivity was not investigated in
oral cancer. We identified that leptin favored the KRT6A overexpression in OSCC cells
exposed to ionizing radiation, while the control group showed lower expression levels.

The high activity of protein synthesis is one of the hallmarks of cancer cell metabolism
(Grzmil and Hemmings, 2012). In this pathway, the eukaryotic translation elongation factor 2
(EEF2), an important factor for the polypeptide chain elongation step, is overexpressed in
several cancer types and plays an oncogenic function in neoplastic cell growth (Oji et al.,
2014; Zhang et al., 2017). The EEF2 overexpression was linked to progression of G2/M of the
cell cycle, leading to the cancer cell growth (Nakamura et al., 2009). Furthermore, its
expression levels were significantly higher in colorectal, gastric cancer and in HNSCC than
healthy individuals (Oji et al., 2014). Little is known about the influence of this protein on
radiation sensitivity of cancer cells. Our results revealed the leptin favoring an increase in
EEF2 expression in OSCC cells under therapeutic radiation, accordingly with higher cell
proliferation rates. Evidence indicates that EEF2 regulates activities of Akt, an import factor
implicated in cell cycle progression (Nakamura et al., 2009). Additionally, it was
demonstrated that AKT is involved in the response to radiation (Sahlberg et al., 2014). The
activation of the PI3K/AKT/mTOR signaling pathway promoted radioresistance of OSCC
(Yu et al., 2017). So, this prompted us to think that leptin can reduce the sensitivity of OSCC
cells to radiation, increasing the cell proliferation, through upregulation EEF2 protein.

Taken together our findings points the leptin as an important factor impairing the
responsivity of OSCC cells to the ionizing radiation, reducing its suppressive effects on the
neoplastic phenotype, and increasing protein expression of important genes involved in

carcinogenesis pathway. We highlight the need for more functional studies to better
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understanding the real importance of leptin in molecular events related to radiation effects in

oral cancer.
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Figures List

Fig. 1 Changes in neoplastic behavior of OSCC cells treated with leptin 100 ng/mL for 72
hours and exposed to 6 Gy single dose radiation (A) Proliferative behavior of SCC4 cell line.
(B) Cell Dead/viability assay by colorimetry with acridine orange (AO) and ethidium bromide
(EB). AO is able to penetrate into cells emitting green fluorescence. EB emits red
fluorescence. (C) Cell migration assay. The graph and representative image of migrating cells.
(D) Clonogenic assay. The cluster indicates the clonogenic formation of OSCC cells for the
different treatments. Significance was determined using ANOVA One-way test; statistical
significance: p<0.05. The cells were categorized into 4 groups: control group, ionizing
radiation alone (IR), leptin-treated group (Lep), and leptin plus irradiation group (Lep_IR)

Fig. 2 Reactive oxygen species Assay. Graph and representative microscopic images from the
ROS generation evidenced by 2'7'-dichlorofluorescein diacetate and observed in a
fluorescence microscopy. Results are shown as a mean percentage of fluorescent hotspots of
microscopic fields, considering fluorescent cells/cells total ratio. Significance was determined
using ANOV A One-way test; statistical significance: p <0.05. The cells were categorized into
4 groups: control group, ionizing radiation alone (IR), leptin-treated group (Lep), and leptin
plus irradiation group (Lep_IR)

Fig.3 Heat map showing proteins analysis of differentially expressed proteins identified by
mass spectrometry. The analysis considered the leptin-treated OSCC cells exposed to 6Gy of
ionizing irradiation (Leptin_IR group) and the control group of irradiated cells (Control_IR).
Red Color indicates the proteins with the highest relevance score. Green indicates a lower
score. The significantly up-regulated proteins were defined according to the fold change ratio
greater than 1.5, and p-value >0.05. Leptin increased expression of ACTC1, KRT6A, and
EEF2 proteins in irradiated OSCC cells.
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Supplementary Material

Fig.1 Changes in neoplastic behavior of OSCC cells treated with leptin 100 ng/mL for 72
hours and exposed to 6 Gy single dose radiation (A) Proliferative behavior of SCC9 cells. (B)
Cell Dead/viability assay by colorimetry with acridine orange (AO) and ethidium bromide
(EB). AO is able to penetrate into cells emitting green fluorescence. EB emits red
fluorescence. Significance was determined using ANOVA One-way test; statistical
significance: p<0.05. The cells were categorized into 4 groups: control group, ionizing
radiation alone (IR), leptin-treated group (Lep), and leptin plus irradiation group (Lep_IR)

Table 1 List of differentially expressed proteins between leptin-treated OSCC cells exposed
to 6Gy of ionizing irradiation and control group of irradiated cells.
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Protein Name Symbol Control 1 Control 2 Control 3 | Leptin 1 Leptin 2 Leptin 3 Fold-change* p-value
L-lactate dehydrogenase A chain
0S=Homo sapiens GN=LDHA PE=1 SV=2 LDHA 2,0486 0,98512 0 0,9373 3,5591 2,8962 2,4 0,214
Ubiquitin-60S ribosomal protein L40
0S=Homo sapiens GN=UBA52 PE=1 UBA52 1,0243 0,98512 0 1,8746 0,88978 1,9308 2,3 0,133
SV=2
Elongation factor 2 0OS=Homo sapiens *
GN=EEF2 PE=1 SV=4 EEF2 1,0243 0,98512 1,2787 2,8119 1,7796 2,8962 2,3 0,019
Transaldolase OS=Homo sapiens
GN=TALDO1 PE=1 SV=2 TALDO1 1,0243 0,98512 0 0,9373 2,6694 0,96542 2,3 0,267
Protein disulfide-isomerase OS=Homo
sapiens GN=P4HB PE=1 SV=3 P4HB 2,0486 1,9702 2,5574 4,6865 2,6694 4,8271 1,9 0,061
Isoform of P06753, Tropomyosin alpha-
3 chain 0S=Homo sapiens GN=TPM3 TMP3 1,0243 0,98512 1,2787 2,8119 1,7796 0,96542 1,7 0,235
PE=1SV=1
Keratin, type Il cytoskeletal 6A
0S=Homo sapiens GN=KRT6A PE=1 KRT6A 7,1702 4,9256 5,1148 7,4984 10,677 10,62 1,7 0,039*
SvV=3
Keratin, type Il cytoskeletal 8 0S=Homo
sapiens GN=KRT8 PE=1 SV=7 KRT8 1,0243 2,9554 1,2787 0,9373 5,3387 1,9308 1,6 0,539
Myosin light polypeptide 6 OS=Homo
1,0243 1,9702 2,5574 2,8119 1,7796 3,8617 1,5 0,266
sapiens GN=MYL6 PE=1 SV=2 MYL6 ! ! ! ! ! ! ! !
Fascin O5=Homo sapiens GN=FSCN1 FSCN1 2,0486 0,98512 0 0 2,6694 1,9308 1,5 0,626
PE=1SV=3
Myosin-9 O5=Homo sapiens GN=MYHO MYH9 1,0243 1,9702 3,8361 3,7492 2,6694 3,8617 1,5 0,275

PE=1SV=4
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Actin, alpha cardiac muscle 1 0S=Homo

*
sapiens GN=ACTC1 PE=1 SV=1 ACTC1 13,316 9,8512 12,787 20,621 16,016 16,412 1,5 0,035
Histone H4 OS=Homo sapiens
GN=HIST1HAA PE=1 SV=2 HIST1H4A 4,0973 5,9107 5,1148 6,5611 6,2285 7,7233 1,4 0,061
Keratin, type Il cytoskeletal 5 0S=Homo
sapiens GN=KRTS PE=1 Sv=3 KRT5 6,1459 5,9107 3,8361 8,4357 7,1183 5,7925 1,3 0,161
Isoform of P04406, Glyceraldehyde-3-
phosphate dehydrogenase OS=Homo GAPDH 6,1459 8,8661 6,3935 10,31 11,567 6,7579 1,3 0,225
sapiens GN=GAPDH PE=1 SV=1
Voltage-dependent anion-selective
channel protein 1 OS=Homo sapiens VDAC1 6,1459 0,98512 1,2787 3,7492 3,5591 3,8617 1,3 0,612
GN=VDAC1 PE=1SV=2
Cathepsin D OS=Homo sapiens
GN=CTSD PE=1 SV=1 CTSD 2,0486 0,98512 1,2787 1,8746 0,88978 2,8962 1,3 0,534
Protein S100-A11 OS=Homo sapiens
GN=S100A11 PE=1 SV=2 S100A11 4,0973 1,9702 2,5574 2,8119 3,5591 4,8271 1,3 0,378
Heterogeneous nuclear
ribonucleoprotein C-like 1 0S=Homo HNRNPCL1 2,0486 0,98512 1,2787 2,8119 1,7796 0,96542 1,3 0,541
sapiens GN=HNRNPCL1 PE=2 SV=1
ATP synthase subunit beta,
mitochondrial 0S=Homo sapiens ATP5B 4,0973 6,8958 2,5574 6,5611 6,2285 3,8617 1,2 0,536
GN=ATP5B PE=1 SV=3
Nucleophosmin OS=Homo sapiens
GN=NPM1 PE=1 SV=2 NPM1 3,0729 2,9554 2,5574 5,6238 2,6694 1,9308 1,2 0,657
Alpha-enolase OS=Homo sapiens
GN=ENO1 PE=1 SV=2 ENO1 8,1945 10,836 7,6722 12,185 9,7876 9,6542 1,2 0,269
Tubulin alpha-18 chain 0S=Homo TUBA1B 12,292 14,777 7,6722 | 84357 18,685 13,516 1,2 0,616

sapiens GN=TUBA1B PE=1 SV=1




59

Peroxiredoxin-1 OS=Homo sapiens

GN=PRDX1 PE=1 SV=1 PRDX1 1,0243 2,9554 2,5574 1,8746 2,6694 2,8962 1,1 0,674
Heat shock cognate 71 kDa protein
0OS=Homo sapiens GN=HSPA8 PE=1 HSPAS8 3,0729 7,881 3,8361 7,4984 4,4489 4,8271 1,1 0,728
Sv=1
Heat shock 70 kDa protein 1A
0OS=Homo sapiens GN=HSPA1A PE=1 HSPA1A 6,1459 4,9256 2,5574 3,7492 5,3387 5,7925 1,1 0,750
Sv=1
Elongation factor 1-alpha 1 OS=Homo
sapiens GN=EEF1A1 PE=1 SV=1 EEF1A1 4,0973 8,8661 5,1148 6,5611 8,0081 4,8271 1,1 0,811
Talin-1 0S=Homo sapiens GN=TLN1 TLN1 9,2188 8,8661 12,787 10,31 9,7876 12,55 1,1 0,715
PE=1SV=3
Keratin, type | cytoskeletal 17
0OS=Homo sapiens GN=KRT17 PE=1 KRT17 6,1459 4,9256 1,2787 2,8119 4,4489 5,7925 1,1 0,897
Sv=2
Prelamin-A/C OS=Homo sapiens
GN=LMNA PE=1 SV=1 LMNA 6,1459 2,9554 5,1148 4,6865 6,2285 3,8617 1,0 0,881
Heat shock protein HSP 90-beta
0OS=Homo sapiens GN=HSP90AB1 PE=1 HSP90AB1 6,1459 6,8958 7,6722 8,4357 6,2285 6,7579 1,0 0,782
Sv=4
Tubulin beta chain OS=Homo sapiens
GN=TUBB PE=1 SV=2 TUBB 14,34 14,777 17,902 17,809 15,126 15,447 1,0 0,763
Protein disulfide-isomerase A6
0OS=Homo sapiens GN=PDIA6 PE=1 PDIA6 4,0973 0,98512 1,2787 1,8746 2,6694 1,9308 1,0 0,972
sv=1
Eukaryotic initiation factor 4A-I
0OS=Homo sapiens GN=EIF4A2 PE=1 EIF4A2 4,0973 3,9405 1,2787 2,8119 1,7796 4,8271 1,0 0,980

Sv=2
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Transitional endoplasmic reticulum

ATPase OS=Homo sapiens GN=VCP VCP 26,632 18,717 25,574 16,871 27,583 26,066 1,0 0,976
PE=1SV=4
4F2 cell-surface antigen heavy chain
0S=Homo sapiens GN=SLC3A2 PE=1 SLC3A2 3,0729 4,9256 1,2787 2,8119 4,4489 1,9308 1,0 0,983
SvV=3
Tubulin beta-4B chain OS=Homo
sapiens GN=TUBB4B PE=1 SV=1 TUBB4B 9,2188 10,836 10,23 8,4357 9,7876 11,585 1,0 0,885
Pyruvate kinase PKM OS=Homo
sapiens GN=PKM PE=1 SV=4 PKM 10,243 9,8512 17,902 11,248 12,457 13,516 1,0 0,928
Peptidyl-prolyl cis-trans isomerase A PPIA 10,243 10,836 17,902 12,185 12,457 13,516 1,0 0,918
0OS=Homo sapiens GN=PPIA PE=1 SV=2 ! ! ! ! ! ! ! !
Actin, cytoplasmic 1 OS=Homo sapiens
GN=ACTB PE=1 SV=1 ACTB 40,973 48,271 43,476 41,241 44,489 43,444 1,0 0,641
Macrophage migration inhibitory factor
0S=Homo sapiens GN=MIF PE=1 SV=4 MIF 2,0486 1,9702 2,5574 1,8746 3,5591 0,96542 1,0 0,943
14-3-3 protein zeta/delta 0S=Homo
7,1702 7,881 5,1148 3,7492 8,0081 7,7233 1,0 0,894
sapiens GN=YWHAZ PE=1 SV=1 YWHAZ ! ! ! ! ! ! ! !
Cluster of Tubulin beta chain OS=Homo
sapiens GN=TUBB PE=1 SV=2 TUBB 17,413 15,762 19,18 17,809 15,126 16,412 0,9 0,469
(TBB5_HUMAN)
Transgelin-2 OS=Homo sapiens
GN=TAGLN2 PE=1 SV=3 TAGLN2 7,1702 5,9107 7,6722 8,4357 6,2285 4,8271 0,9 0,738
Phosphoglycerate kinase 1 0S=Homo
sapiens GN=PGK1 PE=1 SV=3 PGK1 7,1702 3,9405 5,1148 4,6865 5,3387 4,8271 0,9 0,660
Heat shock protein beta-1 0S=Homo HSPB1 4,0973 1,9702 5,1148 5,6238 2,6694 1,9308 0,9 0,838

sapiens GN=HSPB1 PE=1 SV=2
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Annexin A2 OS=Homo sapiens

GN=ANXA2 PE=1 SV=2 ANXA2 21,511 24,628 24,295 20,621 17,796 24,135 0,9 0,276
Stomatin-like protein 2, mitochondrial
0OS=Homo sapiens GN=STOML2 PE=1 STOML2 5,1216 5,9107 3,8361 6,5611 2,6694 3,8617 0,9 0,672
sv=1
78 kDa glucose-regulated protein
0OS=Homo sapiens GN=HSPA5 PE=1 HSPAS5 7,1702 7,881 11,508 10,31 5,3387 7,7233 0,9 0,618
Sv=2
Glutathione S-transferase P OS=Homo
sapiens GN=GSTP1 PE=1 SV=2 GSTP1 10,243 3,9405 8,9509 9,373 7,1183 3,8617 0,9 0,730
Heterogeneous nuclear
ribonucleoproteins A2/B1 OS=Homo HNRNPA2B1 2,0486 0 1,2787 0,9373 0,88978 0,96542 0,8 0,780
sapiens GN=HNRNPA2B1 PE=1 SV=2
Annexin A1 OS=Homo sapiens
GN=ANXA1L PE=1 SV=2 ANXA1 6,1459 3,9405 8,9509 3,7492 5,3387 5,7925 0,8 0,429
Malate dehydrogenase, mitochondrial
0OS=Homo sapiens GN=MDH2 PE=1 MDH2 6,1459 3,9405 5,1148 3,7492 4,4489 1,9308 0,7 0,161
Sv=3
Plectin 05=Homo sapiens GN=PLEC PLEC 2,0486 3,9405 2,5574 | 1,8746 1,7796 1,9308 0,7 0,157
PE=1SV=3
Heterogeneous nuclear
ribonucleoprotein K OS=Homo sapiens HNRNPK 8,1945 1,9702 2,5574 2,8119 1,7796 2,8962 0,6 0,436
GN=HNRNPK PE=1 SV=1
60 kDa heat shock protein,
mitochondrial 0S=Homo sapiens HSPD1 7,1702 13,792 11,508 7,4984 5,3387 5,7925 0,6 0,088
GN=HSPD1 PE=1 SV=2
ATP synthase subunit alpha,
mitochondrial 0S=Homo sapiens ATP5A1 3,0729 0 5,1148 0,9373 1,7796 1,9308 0,6 0,480

GN=ATP5A1 PE=1 SV=1
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Transketolase OS=Homo sapiens

CNerkT pEet e TKT 2,0486 4,9256 0 2,8119 0 0,96542 0,5 0,553
Protein disulfide-isomerase A3
0S=Homo sapiens GN=PDIA3 PE=1 PDIA3 0 1,9702 3,8361 0 0,88978 1,9308 0,5 0,467
sv=4
Annexin A5 OS=Homo sapiens
AN ot e ANXA5 4,0973 2,9554 1,2787 0,9373 0,88978 1,9308 0,5 0,160
Serum albumin OS=Homo sapiens ALB 2,0486 1,9702 5,1148 0,9373 0,88978 1,9308 0,4 0,175

GN=ALB PE=1 SV=2

* The significantly up-regulated proteins were defined according to the fold change ratio greater than 1.5, and p-value >0.05.
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O artigo 2, intitulado ““: Leptin modulates expression of ubiquitin-proteasome system
components in oral squamous cell carcinoma cells: a preliminary study” estudo preliminar.

Este artigo esta apresentado a seguir.
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Abstract

Leptin, an important factor controlling energy homeostasis and feeding behavior and energy
homeostasis, has been shown to promotes proliferative phenotype in oral squamous cell
carcinoma. Alongside this, ubiquitin-proteasome system mediates degradation of proteins
regulating the cell cycle in biological processes and in cancer. Thus, we assessed if leptin can
modulate the gene expression of UP system components and neoplastic behavior of OSCC
cells. The OSCC cell lines was treated with recombinant leptin, and the expression levels of
genes of the ubiquitin-proteasome system were quantified by qRT-PCR, including USP2,
UBA, UBC, PSMD4, and PSME3. The cell viability and death assays were performed. The
leptin favored neoplastic phenotype, accordingly with increase of mRNA expression of genes
involved in proteasomal degradation pathway. The leptin-treated cells showed upregulation in
mRNA expression of oncogenic protein USP2 and regulatory proteins of the cell cycle, UBA
and UBC. The expression of proteasome proteins, PSME3 and PSMD4, was not modified by
leptin. The in silico analysis was also analyzed, revealing an interaction network between
leptin and UP system components. Our findings points that leptin can modulate the gene
expression of ubiquitin-proteasome system components, suggesting this association as an

important factor modifying the neoplastic behavior of OSCC cells.
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Introduction

The Ubiquitin-proteasome (UP) system is a protein degradation pathway fundamental
to the intracellular protein homeostasis, being required to the regulation of several biological
processes, as DNA repair, cell death, and cell cycle (1). This system acts through a molecular
complex constituted by a set of ubiquitinases (UBs) and proteasome proteins, which
recognizes and degrades ubiquitinated substrates in an ATP-dependent manner. To control
proteasomal degradation, the deubiquitinases (DUBs) acts on this mechanism (2, 3). So,
deregulations in cell processes regulated by UP system can be associated with pathological
conditions, as metabolic changes and cancer (4, 5).

The degradation of cell cycle regulatory proteins, such as cyclins and cyclin-dependent
kinase inhibitors are controlled by UB-mediated proteolytic degradation. This indicates an
important role of ubiquitin in cell growth and apoptosis, and also in carcinogenesis pathway
(6, 7)). Evidence shows the DUBs as oncogenic factors in cancer biology, impairing
ubiquitination of the proteins of the cell cycle (8, 9), preventing degradation of cell cycle
regulators, and leading to the deregulated progression of the cell cycle (10).

In oral carcinogenesis, UP system has aroused the interest of researchers due to
possible involvement in disease pathogenesis. The overexpression of USP2a deubiquitinase
was associated with tumor aggressiveness (11). The Proteasome alpha subunits (PSMAs)
were also significantly upregulated in head and neck squamous cell carcinoma (12).
Furthermore, the UBE2S ubiquitinase led to the increase of proliferative ability of oral
squamous cell carcinoma (OSCC) cells by promotion of P21 degradation (13).

The leptin is a hormone factor, which has been implicated in oral carcinogenesis
pathways (14, 15); it acts on OSCC cells, enhancing neoplastic behavior, as demonstrated by
the increase in rates of cell proliferation, reduction in apoptosis and high expression levels of
genes related to the proliferation, migration, and angiogenesis (16). Therefore, both molecular
pathways UP system and leptin signaling plays essential and similar functions to the
promotion of neoplastic growth through modulation of cell cycle (9, 17).

In the current study, we investigated, through in silico analysis, phenotypic and
molecular assays, if leptin can modulate the gene expression of UP system components and

neoplastic behavior of OSCC cells.
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Material and Methods

Bioinformatics analysis

The bioinformatics tool String Database (https://string-db.org/, version 10.5) (18) was used to
test the hypothesis that leptin interacts with ubiquitin-proteasome system components, aiming
to conduct the in vitro assays with OSCC cells. Due to the interrelationship of some main
proteins of UP system in OSCC pathogenesis, we selected the proteins USP2, UBA1, UBC,
PSME3, and PSMD4 to explore the possibility of interactions network with leptin.

Cell Culture and leptin treatment

The cells line derived from OSCC, SCC9 and SCC4 (CRL-1629 and CRL1624, ATCC cell
bank, USA) were cultured in Dulbecco's Modified Eagle's Medium and Ham's F-12 Nutrient
Mix (Gibco, USA) supplemented with 10% fetal bovine serum, antibiotics and 0.4pg/ml
hydrocortisone (Gibco, South America), and maintained at 37°C in a humidified atmosphere
5% CO». To performing of in vitro assays, OSCC cells were treated with recombinant human

leptin 100 ng/mL (Invitrogen, USA), for 72 hours, as described previously (16).

MTT assay

Cell viability was verified by the MTT (3- (4,5-dimethylthiazol-2-yl) -2,5-
diphenyltetrazolium bromide) method. A density of 1x10° OSCC cells was plated in 96-well
plates, deprived of serum after 24 hours, and treated with leptin. Next, the cells were
incubated with MTT solution for 4h; the supernatant was removed added DMSO to
solubilizate formazan crystals. The reading was determined by spectrophotometry at 540nm

absorbance (19).

Cell Dead/viability assay

A detection of cell death was performed by a colorimetric method using the acridine orange
(AO) and ethidium bromide (EB) (Sigma, St. Louis, MO, USA). The cells were treated with
100ng/ml leptin for 72h, and posteriorly were incubated for 5 minutes with a solution
containing 100 pg/ml Acridine Orange 100 pg/ml (AO, Sigma, St. Louis, MO, USA) and
Ethidium Bromide Stock (EB, Sigma, St. Louis, MO, USA) (DOI: 10.1101/pdb.prot4493).
Next, cells were visualized of cells in FSX100 fluorescence microscope The EB staining

(Ex360-370, Em420-460, DM400 filter) indicates cell death, while the AO (Ex460-495,
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Em510-550, DM505 filter) indicates live cells. The analysis was performed using Imagel
software (NIH; Bethesda, MD; http://imagej.nih.gov/ij/) (20)

RNA isolation and gRT-PCR

RNA was isolated using Trizol (Thermo Fisher Scientific, Waltham, MA, USA) according to
the manufacturer. The amount of 1,5ug of total RNA was reverse transcribed using Reverse
Transcription Kit (Invitrogen by Life Technology, USA). For the qRT-PCR 50 pug of cDNA
was used for mRNA quantification by the TagMan assay on a StepOne system (Applied
Biosystems, USA). We performed the gene expression assay of the following molecular
markers: USP2 (Hs00899199_g1), UBA1 (Hs01031318_m1), UBC (Hs01871556_s1),
PSME3 (Hs00195072_m1), and PSMD4 (Hs01937833_s1). The beta-actin assay ACTB
(Hs99999903_m1) was used as reference gene. The comparative C; method was applied to

molecular analyses (21).

Statistical analysis

Statistical analysis was performed using SPSS 18.0 software and GraphPad Prism software
(Version 6.0, San Diego, CA, USA). The Shapiro-Wilk test was adopted to verify
distribution samples. The T-test was used to analyze phenotypic and molecular assays. The

probability values <0.05 were considered statistically significant.
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Results

Bioinformatics analysis reveals a possibility of activaction of USP2 by leptin.

The in silico analysis directed to the interaction between leptin and the oncogenic protein
USP2 by activation. Through the binding leptin with its receptor LEPR, leptin connects with
USP2, that establishes an unspecified interaction with UBC protein. So, UBC conducts to a
network with UP system components, as UBA1, PSMD4, and PSME3 (Fig.1A).

Leptin favors neoplastic phenotype, accordingly with increase of mRNA expression of genes
involved in proteasomal degradation pathway

The leptin treatment was able to increase the cell viability and reduces the death of OSCC
cells when compared to untreated cells (Fig. 1B and Fig. 1C). Accordingly, with this
phenotype changes, leptin-treated cells showed upregulation in mRNA expression of
oncogenic protein USP2 and regulatory proteins of the cell cycle, UBA and UBC. The
expression of the other proteasome proteins investigated, PSME3 and PSMD4, was not

modified by leptin (Fig. 1D).



70

Discussion

In this study, we evaluated the neoplastic behavior of leptin in counterpart to its
function modulating the UP system. In order, to defined this study purpose, we took a
bioinformatic approach to delineate the hypothesis linking leptin with the main same UP
system components. These two particular targets were our study focus, once both leptin and
UP system are involved in cancer growth and cell cycle deregulation in oral carcinogenesis (9,
17). A possible activator role of leptin targeting USP2 was proposed by our in silico analysis,
which also revealed a molecular network between leptin, deubiquitinating and ubiquitinating
enzymes and proteasomal proteins.

The study findings revealed that leptin treatment upregulated the mRNA expression of
USP2, UBA, and UBC in OSCC cells.

The deubiquitinating enzyme USP2 acts removing ubiquitin from target substrates and
impairing proteasomal degradation. The proteins of cell cycle, as cyclin D1, has been shown
to be targeted by USP2, which leads to the protein stabilization and cell accumulation of
cyclin D1 (9). This molecular mechanism is strongly associated with tumorigenesis (10). The
USP2 presented an clinicopathological significance in OSCC patients, being associated with
presence of metastatic cervical lymph nodes (11). Our study showed the leptin related to the
increased expression of USP2 in OSCC cells. In view of the role of this deubiquitinase in cell
cycle, the increase in cell proliferation promoted by leptin can be linked to changes in the
USP2 expression. This research approach was also previously investigated in the breast
cancer, showing USP2 as a key regulator of cyclin D1 by adiponectin and leptin (22).
However, in oral carcinogenesis this pathway had not yet been investigated.

In addition to USP2, we show that leptin enhances mRNA expession of other UP
system related-proteins, including the ubiquitinases, UBA and UBC.

The ubiquitination plays a critical role in the control of cell death, cell survival and
proliferation, through modulation of apoptosis, autophagy and cell cycle progression (2, 23).
The ubiquitination of target proteins is dependent of the amount and activity of UBAI.
Interestingly, only low levels of active UBA1 are required to ubiquitinate the majority of
substrates (24). Additionaly, tumor suppressors and oncogenes involved in tumorigenesis
interact with enzymes of the UP system and ubiquitin-mediated pathways (24). UBA can be
associated with a degradation of inhibitory protein of cell cycle since it interrelationships with
several pathways promoting proteasomal degradation (25). Studies do not revealed the role of
the UBA in oral carcinogenesis. So, it is important better investigate the real significance of

this association between leptin and increase of mRNA expression of this enzyme.
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In our study, we found a higher expression of UBC in the leptin-treated cells. A study
demonstrated that UBC inhibition promoted the suppression in cell growth and greater
radiosensitivity in lung cancer. Thus, UBC overexpression can cause radioresistance in
neoplastic cells (26). There is a studies scarcity investigating the role of UBC in oral cancer.

Although proteasomal proteins are overexpressed in OSCC carcinoma (27), in our
study, leptin does not modified mRNA expression of PSMD4 and PSMES3.

In summary, our finding points to evidence that leptin can modulate the gene
expression of ubiquitin-proteasome system components, suggesting this association as an
important factor modifying the neoplastic behavior of OSCC cells. However, functional
analysis and in vivo assays are necessary in order to better understand the biological impact of

this mechanisms connection in oral carcinogenesis.
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Figures List

Fig 1. (A) In silico analysis showing the interaction between leptin (Lep), its receptor LepR
and ubiquitin-proteasome system components, USP2, UBA, UBC, PSME3 and PSMD4. Red
bar at end of the arrow indicates inhibition and activation represented by a green arrow. Circle
represents that the directionality of the interaction is known, but the result of the interaction is
unknown (e.g., if it is up- or down-regulated). (B) Proliferative behavior of leptin-treated
OSCC cells (C) Cell Dead/viability assay by colorimetry with acridine orange (AO) and
ethidium bromide (EB). AO is able to penetrate into cells emitting green fluorescence. EB
emits red fluorescence. (D) mRNA expression of genes of the Ubiquitin-proteasome system.
Significance was determined using T-test; statistical significance: p <0.05.
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5 CONSIDERACOES FINAIS

A radiacdo ionizante € uma estratégia terapéutica utilizada no tratamento do carcinoma
epidermoide de boca. Ha uma escassez de estudos que associem o efeito da leptina a
modalidade terapéutica adjuvante em linhagens de carcinoma de células escamosas. Sendo
esse hormonio um controlador do balanco energético e o peso corporal, ele ativa vias que
convergem para a proliferacdo, migracdo e angiogénese. Os resultados desse estudo
demonstraram que a leptina pode comprometer o efeito da radia¢do ionizante, possivelmente,
pelo aumento de ACTC1, KRT6A e EEF2. Observou-se, ainda, que a leptina diminuiu as
espécies reativas de oxigénio em células expostas a radiacao.

A leptina atuou em Usp2, UBA e UBC, mostrando um possui um papel sobre mecanismos de
degradacao proteolitica no carcinoma epidermoide de boca.

Esse estudo apresentou uma nova abordagem molecular, destacando a leptina como um fator
importante que compromete a responsividade de células de CEB a radiacdo ionizante
terap€utica. Destaca, ainda, esse hormonio como um modulador da expressao de componentes
do sistema de ubiquitina-proteassoma, sugerindo esta associacdo como um fator que pode
modificar o comportamento neoplasico das células de CEB. No entanto, analises funcionais e
ensaios in vivo sao necessarios para melhor entender o impacto bioldgico dessa conexdo de
mecanismos na carcinogénese de boca, bem como a real importincia da leptina em eventos

moleculares relacionados aos efeitos da radiacdo no cancer bucal.
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ANEXO

ANEXO A - Aprovacdo da pesquisa pelo comité de ética local da Universidade Estadual de
Montes Claros / Brasil (nimero de protocolo: CAAE: 35440514.2.0000.5146).
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