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RESUMO
Introdugao: Recentemente terapias para carcinoma epidermoide oral tendo alvo para vias
de sinalizacdo moleculares sdo as mais utilizadas. TKI-258 é um inibidor simultaneo dos
receptores tirosina quinase FGFRs, VEGFRs e PDGFRs. Essas vias de sinalizagao ativam
proteinas, como as GTPases Rho que contriubem para a tumorigénese, atuando em
diferentes processos biolégicos, como apoptose. Objetivos: Este estudo avaliou o efeito do
tratamento com TKI-258 sobre a apoptose, envolvendo as GTPases Rho e suas efetoras
ROCKs e PAKs em células SCC-4 de carcinoma epidermoide oral. Material e Métodos:
Marcadores de morte celular e apoptose foram analisados em células SCC-4 controle e
tratadas com TKI-258 por citometria de fluxo. O envolvimento das GTPases Rho e das
efetoras ROCKs na indugdo da apoptose pelo TKI-258 foi avaliado por meio da quantificagao
de PARP clivada. Também foram realizadas andlises de expressao génica das GTPases Rho
e de algumas de suas efetoras. Resultados: O tratamento com TKI-258 levou a um aumento
significativo na morte celular (7-AAD) e apoptose (Anexina V e PARP clivado). Quando as
GTPases Rho foram estimuladas com LPA e inibidas com Toxina Clostridium difficile, o
percentual de células apoptdticas aumentou e diminuiu, respectivamente. O tratamento
com TKI-258 combinado com LPA e Toxina A teve um efeito similar, aumentando e
diminuindo a apoptose, respectivamente. O tratamento com TKI-258 aumentou
significativamente a expressdao génica de RhoA, enquanto que em RhoB, RhoC, Racl e
Cdc42 diminui significativamente. Os inibidores de ROCKs (Y-27632 e HA-1077) reduziram
a apoptose comparado com o controle. TKI-258 combinado com Y-27632 ou HA-1077
levou ao aumento da apoptose em comparagdo apenas com os inibidores. O tratamento
com TKI-258 levou a um aumento na expressdao dos genes ROCK1 e ROCK2 e uma
diminuicdo na expressdao dos genes PAK1 e PAK2. Conclusdo: O TKI-258 estimulou a
apoptose em células SCC-4 de carcinoma epidermoide oral. Possivelmente, GTPases Rho e
suas efetoras ROCKs participam da via de sinalizacdo inibida pelo TKI-258. Terapias com
inibidores multialvos, como o TKI-258, podem ser alternativas promissoras para o

tratamento clinico do carcinoma epidermoide oral.

Palavras-chave: Apoptose, Carcinoma Epidermoide Oral, RhoA, ROCKs, TKI-258
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ABSTRACT
Background: Recently therapies for oral squamous cell carcinoma targeting molecular
pathways are the most useful. TKI-258 is a simultaneous inhibitor of tyrosine kinase
receptors FGFRs, VEGFRs, and PDGFRs. These pathways activate proteins such as Rho
GTPases that contribute to tumorigenesis, performing different biological processes,
as apoptosis. Objectives: This study evaluated the effect of treatment with TKI-258 on
apoptosis, involving Rho GTPases and their effectors ROCKs and PAKs in SCC-4 cells of
oral squamous cell carcinoma. Materials and Methods: Markers of cell death and
apoptosis were analyzed in control and TKI-258 treated SCC-4 cells by flow cytometry.
The involvement of Rho GTPases and the effectors ROCKs in the induction of apoptosis
by TKI-258 was evaluated by quantification of cleaved PARP. Also gene expression
analysis of Rho GTPases and some of their effectors was performed. Results: The
treatment with TKI-258 led to a significant increase in cell death (7-AAD) and apoptosis
(Annexin V and cleaved PARP). When Rho GTPases were stimulated with LPA and
inhibited with Toxin A Clostridium difficile, the percentage of apoptotic cells increased
and decreased, respectively. The treatment with TKI-258 combined with LPA and Toxin
A had a similar effect, increasing and decreasing apoptosis, respectively. Treatment
with TKI-258 significantly increased RhoA gene expression, while RhoB, RhoC, Racl and
Cdc42 decreased significantly. ROCKs inhibitors (Y-27632 and HA-1077) reduced
apoptosis compared with control. TKI-258 combined with Y-27632 or HA-1077 led to
an increase in apoptosis compared with inhibitors only. Treatment with TKI-258 led to
an increase in ROCK1 and ROCK2 gene expression, and a decrease in PAK1 and PAK2
gene expression. Conclusion: TKI-258 stimulates apoptosis in SCC-4 cells of oral
squamous cell carcinoma. Possibly, Rho GTPases and their effectors ROCKs participate
in the signaling pathway inhibited by TKI-258. Therapies with multi-target inhibitors,
such as TKI-258, may be promising alternatives for the clinical treatment of oral

squamous cell carcinoma.

Keywords: Apoptosis; Oral Squamous Cell Carcinoma; RhoA; ROCKs; TKI-258.
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1.1. Carcinoma epidermoide oral

Caracteristicas bioldgicas exclusivas das células propiciam o desenvolvimento do carcinoma
epidermoide oral, assim como em todas as neoplasias (HANAHAN; WEINBERG, 2011).
Nessas ha um crescimento desorganizado, a célula neoplasica perde a capacidade de aderir
a outras células, adquire um potencial migratério e capacidade de invasdo, entra no vaso
sanguineo ou linfatico e sai em um local distante, onde as células tumorais proliferam,

formando metdstases (ALBINI; NOONAN, 2010).

O queratindcito é a célula que da origem ao carcinoma epidermoide oral. Alteragdes no
acido desoxirribonucleico (DNA), frequentemente espontaneas, mas com potencial
aumentado em virtude de exposicdo aos fatores de risco, promovem a mudanca de células
normais para pré-malignas ou malignas, as tornando autossuficientes (SCULLY; BAGAN,
2009). Ocorrem alteragées nos processos de: diferenciacdo e migracao celular, da camada

basal para a camada mais superficial (PATEL et al., 2011).

A avaliacdo de um paciente com suspeita de tumores dessa natureza exige exame fisico e
anamnese detalhados, bidpsia e exames radioldgicos para determinacao da extensdo da
doenca (AGAR; PATEL, 2013). A endoscopia digestiva alta feita com uso de solucdo de lugol
é uma alternativa para o diagndstico precoce de novo tumor primario ou tumores
secunddrios nos pacientes diagnosticados com carcinoma epidermoide oral (TINCANI et al.,
2000). O estadiamento do carcinoma epidermoide oral é realizado por meio do sistema
TNM que classifica essas lesdes avaliando: tumor primario (T), positividade de linfonodos

regionais (N) e presenca de metastases a distancia (M) (MONTERQ; PATEL, 2015).

De acordo com a Organizacdo Mundial de Saude (OMS), as lesdes de carcinoma
epidermoide oral sdo diagnosticadas como: bem diferenciadas, moderadamente
diferenciadas e pouco diferenciadas (BARNES et al., 2009). O grau de diferenciacdo tem
correlagdo com o comportamento do carcinoma epidermoide oral (NEVILLE; DAY, 2002).
Tumores diagnosticados como moderadamente e pouco diferenciados tém potencial para
invasdo de tecidos subjacentes e ocorréncia de metastases (DIK et al.,, 2018),
primeiramente para os linfonodos cervicais devido a extensa drenagem linfatica da

cavidade oral (CHEN; MYERS, 2001).
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A maioria dos casos iniciais de carcinoma epidermoide oral é geralmente indolor e
assintomatica, as lesOes sdao pequenas, bem demarcadas e com ligeiras rugosidades
(BAGAN; SARRION; JIMENEZ, 2010). Pacientes com lesGes ulceradas ou massas exofiticas
podem relatar desconforto (CHI; DAY; NEVILLE, 2015). Sintomas como: disfagia, hemoptise,
rouquiddo, sangramento, trismo, salivacdo excessiva, dificuldade respiratéria e mudanca
de voz por periodos prolongados podem caracterizar tumores invasivos e avangados. Em
lesdes avancadas, a presenca de metastase cervical caracteriza um pior progndstico para

esses pacientes (CHEN; MYERS, 2001).

1.1.1. LesOes pré-malignas

Algumas lesGes podem preceder o aparecimento de carcinoma epidermoide oral (CHI; DAY;
NEVILLE, 2015). Clinicamente, essas lesdes precursoras podem se manifestar como placas
brancas ou vermelhas e, o potencial de malignizacdo é determinado ao realizar o
diagnéstico diferencial. Leucoplasia, eritroplasia, fibrose submucosa e liquen plano oral,
sdao exemplos dessas lesdes, sendo as trés primeiras com grande potencial de malignizacao
(BOUQUOT,; SPEIGHT; FARTHING, 2006). As leucoplasias se apresentam como placas
brancas, assintomaticas e que ndo sao removidas facilmente. As eritroplasias sdao placas
vermelhas, podem ser sintomaticas e podem apontar evidéncias de carcinomas in situ e
carcinomas invasivos. As fibroses submucosas se desenvolvem de maneira progressiva na
porcao do tecido conjuntivo das bochechas e os pacientes podem apresentar trismo. O
liguen plano por sua vez, pode apresentar algumas formas como: Ulceras profundas na
forma erosiva, linhas brancas muitos finas na forma reticular, e vesiculas repletas com

fluido na forma bolhosa (AGAR; PATEL, 2013).

O exame histopatolégico permite o diagnéstico de hiperplasia, displasia, carcinoma in situ
e carcinoma invasivo (JIA; WANG; SUN, 2019). Hiperplasia pode apresentar acantose e
paraqueratose, bem como espessamento focal do epitélio, que pode se estender formando
sulcos e sem o envolvimento do tecido conjuntivo subjacente. As células nas porc¢des
superficial e espinhosa podem apresentar degeneracdo, aumento citoplasmatico,

fragmentacdo nuclear e nucleos ausentes (SAID et al., 2013).
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A displasia epitelial é um indicativo para malignizacdo (JIA; WANG; SUN, 2019), sendo
classificadas em: (1) displasia leve com presenca de proliferagdo de células basais atipicas
ou imaturas acima da regido parabasal, sem ultrapassar o terco inferior do epitélio; (2)
displasia moderada quando a proliferagao de células atipicas alcanga um tergo da porgao
central do epitélio; (3) displasia severa com presenca de células atipicas da camada basal
ao tergo superior do epitélio (D'SOUZA; ADDEPALLI, 2018).

O carcinoma epidermoide oral in situ € uma lesdo inicial restrita ao epitélio, em que ainda
nao houve invasdo dos tecidos subjacentes (NEVILLE; DAY, 2002). Seu diagndstico ocorre
quando as lesdes ainda sao trataveis, sendo a bidpsia fundamental (BAYKUL et al., 2010).
Na andlise histopatoldgica, aparecem queratindcitos com maturacdo desordenada,

polimorfismo celular e nuclear (D'SOUZA; ADDEPALLI, 2018).

1.1.2 Fatores de risco

A etiologia do carcinoma epidermoide oral é multifatorial (NEVILLE; DAY, 2002). O fator de
risco de maior importancia no desenvolvimento deste tumor é o tabagismo (AL
MOUSTAFA, 2017), um quarto dos casos de cancer de boca estd relacionado ao habito de
fumar (PETTI, 2009). Todas as formas de tabaco sao carcinogénicas (WARNAKULASURIYA,
2009), por possuirem moléculas como hidrocarbonetos policiclicos e nitrosaminas em sua
composicao (SPITZ et al.,, 1988). Ao cessar o consumo de tabaco, o risco de
desenvolvimento de carcinoma epidermoide oral pode reduzir, mas ndo ser eliminado
completamente. Essa reducdo é de 30% nos primeiros nove anos e de 50% nos nove anos
seguintes (MONTERO; PATEL, 2015).

A associacdo de tabaco e dlcool tem efeito sinérgico na etiologia do carcinoma epidermoide
oral, e aumenta as chances de desenvolvimento deste tumor (HOOPER; WILSON; CREAN,
2009; WARNAKULASURIYA, 2009). Existem dificuldades em distinguir seus efeitos
separadamente, uma vez que consumidores de bebida alcodlica frequentemente, também,
sdo usuarios de tabaco e vice versa (PETERSEN, 2009).

Embora os principais fatores de risco sejam o habito de fumar e o consumo de 3lcool, uma
série de outros fatores, também, pode levar ao desenvolvimento deste tumor (HOOPER;
WILSON; CREAN, 2009), como: a exposicao a radiacao solar, habito de mascar Betel,

nutricdo deficiente, uso de enxaguantes bucais que contém dlcool, idade, e género
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(D'SOUZA; ADDEPALLI, 2018). Ainda, Sindrome da Imunodeficiéncia Adquirida (AIDS),
historico familiar, condi¢des genéticas (anemia de Fanconi e disqueratose congénita), uso
de hidroclorotiazida, medicamento anti-hipertensivo (AL MOUSTAFA, 2017). O carcinoma
epidermoide oral é o segundo tipo mais comum de tumor em pacientes transplantados de
medula dssea para o tratamento de leucemias, linfomas, e mieloma multiplo (KETABAT et
al., 2019). Higiene oral precaria, refluxo gastroesofagico, inalagdao de gases provenientes de
tinta e gasolina, uso de maconha, e infeccdo por papiloma virus humano (HPV), também,
ja foram reportadas (APPLEBAUM et al.,, 2007; GILLISON, 2007; MAO; HONG;
PAPADIMITRAKOPOILOU, 2004; SCULLY; BAGAN, 2009).

Atualmente, as infec¢des por HPV aumentam a incidéncia de tumores na orofaringe e na
base da lingua (D'SOUZA; ADDEPALLI, 2018). Estudos epidemiolégicos ja mostraram que a
infeccdo oral pelo HPV estd associada ao comportamento sexual (WESTRA, 2009). Os tipos
de virus HPV 16 e 18 sdao considerados de alto risco e parecem prevalecer quando
relacionados ao aparecimento de tumores de células epiteliais de cabeca e pescoco
(D'SOUZA et al., 2007). No entanto, o mecanismo de desenvolvimento desses tipos de

tumores devido ao virus ainda nao foi elucidado (JIANG; DONG, 2017).

1.1.3. Epidemiologia

Atualmente, as doencas ndo transmissiveis sdo as que mais adoecem e matam, sendo o
cancer a mais importante. No ultimo Global Cancer Statistics (GLOBOCAN), divulgado pela
Organizacao Mundial da Saude (OMS), em 91 de 172 paises do mundo, a principal causa de
mortes antes dos 70 anos foi o cancer (BRAY et al., 2018). Crescimento populacional,
aumento da expectativa de vida, desenvolvimento socioeconbmico e aumento da
exposicao a fatores de risco explicam um grande nimero de mortes por cancer em todo o
mundo (FERLAY et al., 2019).

Os tumores de células epiteliais de cabeca e pescoco tém altas taxas de mortalidade
(TORRE et al., 2015), especialmente nos paises em desenvolvimento (MONTERO; PATEL,
2015). O cancer bucal é a décima quinta causa mais frequente de morte (BRAY et al., 2018).
Mais de 95% dos canceres de boca sdo carcinomas (AL MOUSTAFA, 2017) e 3% dos
canceres diagnosticados no mundo sdo do tipo de carcinoma epidermoide oral (FANG et

al., 2009; REID et al., 2000).
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A distribuicdo da incidéncia do carcinoma epidermoide oral em todo o mundo é desigual e
aumenta a cada ano (ROCHA et al., 2017). A maior prevaléncia desse tumor ocorre em
paises como Franca, Hungria, regides Sul e Sudeste Asidtico (MONTERO; PATEL, 2015) e
América do Sul (ROCHA et al., 2017). No Brasil, a estimativa para o triénio 2020/2022 é de
15.190 novos casos de cancer de boca. Entre eles 11.180 novos casos em homens, e 4.010
novos casos em mulheres. E o quinto tipo de neoplasia mais comum nos homens
brasileiros, sendo o quinto colocado nas regides Sudeste, Nordeste e Centro-Oeste e o
sexto mais comum nas regides Norte e Sul, desconsiderando os casos de tumores de pele
ndo melanoma (INCA, 2020).

O carcinoma epidermoide oral é mais prevalente em homens apds a quinta década de vida
(ISLAM et al., 2019). O pico de sua incidéncia é entre 51 e 60 anos nos homens, enquanto
esse pico é entre 61 e 70 anos nas mulheres (RUBACK et al., 2012; WARNAKULASURIYA,
2009; 2010). Portanto, entre a quinta e a oitava década de vida, hd um aparecimento maior
desses casos em ambos os sexos (BODNER et al., 2014).

Em adultos com menos de 40 anos, a ocorréncia de carcinoma epidermoide oral é de 4%
(BODNER et al., 2014; LLEWELLYN; JOHNSON; WARNAKULASURIYA, 2001). Em criangas e
adolescentes, o aparecimento dessa neoplasia é considerado raro, porém, apresenta
comportamento mais agressivo (LLEWELLYN; JOHNSON; WARNAKULASURIYA, 2001).
Atualmente, um aumento no numero de casos de carcinoma epidermoide oral foi
observado em mulheres e pacientes jovens, provavelmente devido ao aumento das
infeccOes por HPV (NG et al., 2017).

O diagnéstico precoce é essencial para aumentar a taxa de sobrevida dos pacientes e pode
atingir 80% a 90% dos niveis de cura nos estdagios iniciais da doenga (BAGAN; SARRION;
JIMENEZ, 2010; D'SOUZA; ADDEPALLI, 2018). Em média, 60% dos pacientes diagnosticados
com carcinoma epidermoide oral sobrevivem por cinco anos apds o diagndstico, e esse
numero pode diminuir em 50% se houver metdstase linfonodal. Outros fatores, também,
podem contribuir para variacdes na sobrevida, como idade, sexo, raca, comorbidades,
estagio e localizacdo do tumor (CHINN; MYERS, 2015).

O carcinoma epidermoide oral afeta principalmente a lingua e a mucosa oral, seguidos pelo
palato mole, vestibulo, assoalho da boca e gengivas (D'SOUZA; ADDEPALLI, 2018). A relacao

entre a localizacdo geografica no planeta e as regides da boca afetadas pelo carcinoma
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epidermoide oral estd ligada a natureza dos fatores de risco, aos quais a populagdo estd
exposta (GHANI et al., 2019). No leste do mundo, a maioria dos locais afetados é a mucosa
bucal e a lingua (ISLAM et al., 2019), enquanto no oeste o assoalho da boca é a regido de
envolvimento mais expressiva (DE CARVALHO et al., 2001; FANG et al., 2009). A lingua é a
regido que demanda maior complexidade nas estratégias de tratamento devido a facilidade
de disseminac¢do da doenc¢a em virtude da auséncia de barreiras anatdmicas e a drenagem

linfatica eficiente (CHINN; MYERS, 2015).

1.1.4. Tratamento

O tratamento do carcinoma epidermoide oral deve ser multidisciplinar (MONTERO; PATEL,
2015). As estratégias atuais incluem excisao cirdrgica, quimioterapia, radioterapia e podem
ser aplicadas isoladamente ou concomitantemente (FORASTIERE et al., 2001). A resseccao
cirdrgica é, geralmente, a primeira escolha e contribui para a avaliagdo da disseminagdo do
tumor pelo exame histopatoldgico de suas margens (CHI; DAY; NEVILLE, 2015). A cirurgia
para lesGes em estagio inicial visa remover completamente o tumor primario, cujas
caracteristicas histopatoldgicas determinadas apds a remocdo do tumor também sdo
determinantes para o tratamento (CHINN; MYERS, 2015).

Quando o estadiamento tumoral é avangado, com positividade regional dos linfonodos e
infiltracdo tecidual subjacente, os recursos adicionados a terapia cirdrgica sdo a
radioterapia adjuvante, com ou sem quimioterapia (MONTERO; PATEL, 2015). Os efeitos
colaterais desses tratamentos combinados sdo diversos, como: mucosite, disfagia,
dermatite, leucopenia e trombocitopenia, bem como reducdo da qualidade de vida a longo
prazo devido a varias complicacdes, desde mutilacdo cirdrgica a disturbios neurossensoriais
(LEE; JOHNSON; GRANDIS, 2018).

Mudancas nas estratégias para a deteccdo precoce da doenca, a combinacdo de
tratamentos individualizados e o desenvolvimento de novos recursos sao fundamentais
(KETABAT et al., 2019). Embora as técnicas convencionais tenham feito um progresso
significativo, o progndstico do carcinoma epidermoide oral, especialmente para tumores
invasivos, permanece ruim (NOR; GUTKIND, 2018). Atualmente, as terapias tém sido
direcionadas a vias moleculares, como anticorpos monoclonais e inibidores de receptores

de tirosina quinase (OIKAWA et al., 2017).



33

1.1.5 Tratamento com inibidores das vias de sinalizagdao dos receptores de tirosina

quinase

Os receptores de tirosina quinase (RTKs) sdo proteinas transmembranares localizadas na
superficie celular e sdao importantes reguladores de varios processos-chave, como
proliferacdo, diferenciacdo, migracao, sobrevivéncia, metabolismo e angiogénese. Cerca de
60 RTKs diferentes foram identificados, distribuidos em aproximadamente 20 subfamilias
definidas por receptores ou ligantes (HUNTER, 2014). Esses receptores tém um dominio
extracelular e intracelular que inclui um dominio catalitico da tirosina quinase onde ocorre
a autofosforilacao (PETERS, 2019). A ativacdo requer uma ligacdo especifica do ligante no
dominio extracelular, induzindo a dimerizacao e a fosforilacdo do dominio intracelular do
receptor tirosina quinase, resultando em uma cascata de fosforilacdo, que pode ser
paralela a varias cascatas efetoras ativadas (IMAI; TAKAOKA, 2006).

Os RTKs e suas vias de sinalizacdo estdo sujeitos a mutagdes oncogénicas, levando a
transformacdo celular (LIANG et al., 2013). No cancer, ha uma exacerbacdo na ativacao dos
RTKs (PETERS, 2019). Essa ativacdo excessiva associada a numerosas mutagdes nos tumores
desencadearam a busca por novos tratamentos contra o cancer em virtude dos efeitos
diretos nas células tumorais (FERGUSON; GRAY, 2018). Essas terapias sdo divididas em duas
categorias: anticorpos monoclonais e inibidores tirosina quinase (PETERS, 2019).

Os anticorpos monoclonais sdo moléculas muito grandes e hidrofdbicas que podem atuar
em moléculas segregadas ou expressas na superficie celular, pois ndo podem atravessar a
membrana plasmatica (KOZAKIEWICZ; GRZYBOWSKA-SZATKOWSKA, 2018). Sua agao
terapéutica é extremamente especifica e ocorre apenas quando ha jung¢ado de ligantes no
dominio especifico do receptor (SAADA-BOUZID; MILANO; THARIAT, 2018), e esse dominio,
por sua vez, é diferente de acordo com a subclasse de anticorpo monoclonal
(SUBARNBHESAJ et al., 2017). Embora a ligacdo ocorra na superficie das células tumorais,
os efeitos sdo observados na transducdo de sinal que ocorre na porgao intracelular,
induzindo efeitos celulares ou estimulando uma resposta imune contra o tumor
(SCHLESSINGER, 2002). Esses anticorpos monoclonais sdo administrados por via
intravenosa para que as concentra¢des plasmaticas se mantenham elevadas (GOERNER;
SEIWERT; SUDHOFF, 2010) e seus efeitos antitumorais sdo potencializados quando
combinados com outras terapias (ARTEAGA; ENGELMAN, 2014).
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Os inibidores de RTKs sdo pequenas moléculas que, ao contrario dos anticorpos
monoclonais, tém a capacidade de atravessar a membrana celular e impedir a
autofosforilagdo e a consequente ativacdo do receptor (SAADA-BOUZID; MILANO;
THARIAT, 2018). Essas moléculas sdao capazes de se ligar a porgao C-terminal do receptor
de tirosina quinase e ao local correspondente a adenosina-5'-trifosfato intracelular (ATP),
ligando-se por pontes de hidrogénio (LURJE; LENZ, 2009) e por serem miméticas ao ATP
(SAADA-BOUZID; MILANO; THARIAT, 2018). Estes inibidores também podem impedir que o
ATP se associe a um sitio alostérico do receptor, impossibilitando a transferéncia de fosfato
para o residuo de tirosina, bloqueando a sinalizagdao (MARTINS et al., 2013). Em geral, eles
sdo administrados por via oral e seu perfil de toxicidade esta relacionado ao receptor-alvo
e sua funcao (MIRGHANI et al., 2015).

Anticorpos monoclonais e inibidores de RTKs mostraram resultados promissores na
inibicdo de processos exacerbados de células tumorais que sdo criticos para sua
sobrevivéncia (MODJTAHEDI et al., 2014). Ambos tém perfis de toxicidade especificos e
atuam em diferentes papéis na sinalizacao celular (MIRGHANI et al., 2015). Assim, eles
constituem uma terapia de precisdo porque é uma modalidade de quimioterapia
direcionada, uma vez que o objetivo é gerar efeito nas células tumorais e preservar as
células normais (IMAI; TAKAOKA, 2006). A maioria desses inibidores do tratamento contra
o cancer é de multiplos alvos, porque age simultaneamente em mais de um receptor,
aumentando sua eficacia (MODJTAHEDI et al., 2014).

Atualmente, terapias alvo moleculares ja sdo empregadas para o tratamento de carcinoma
epidermoide oral visando a inativacdo especifica dessas proteinas, descritas como
fundamentais para a oncogénese e crescimento de tumores (SEIWERT et al., 2014). Alvos
como os receptores de fatores de crescimento de fibroblastos (FGFRs) (GOETZ;
MOHAMMADI, 2013), receptores de fatores de crescimento vascular endotelial (VEGFRs)
(AHMAD; IWATA; LEUNG, 2012), e receptores de fatores de crescimento derivado de
plaquetas (PDGFRs) (DEMOULIN; ESSAGHIR, 2014) foram bem descritos e alguns inibidores
ja sdo usados em estudos de fase clinica, mas outros estdo em diferentes fases de pesquisa

(CHEN et al., 2015).
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1.2. TKI-258

Os inibidores que tém propensdao para bloquear alvos multiplos sdo uma recente
modalidade de terapia para tratamento de neoplasias (KARAMAN et al., 2008). Os
inibidores tirosina quinases sao pequenas moléculas, que em contraste com os anticorpos
monoclonais, tém a capacidade de atravessar a membrana celular (IMAI; TAKAOKA, 2006).
A acgdo desses inibidores ocorre através de sua ligagdo com a porgao correspondente a
ligacdo da molécula de ATP no dominio quinase dos receptores (Figura 1) (LIANG et al.,
2013). Os inibidores que tém propensdo para inibir alvos multiplos sdo uma recente

modalidade de terapia para tratamento de neoplasias (KARAMAN et al., 2008).

O TKI-258 (CHIR-258 ou Dovitinib) é um sal lactato de composto benzomidazol-quinolina
com atividade antitumoral por acao antiproliferativa e antiangiogénica (PORTA et al.,
2015). Esta pequena molécula é um inibidor multialvos de RTKs (HUYNH et al., 2012), que
bloqueia a autofosforilacdo dos receptores FGFRs, VEGFRs e PDGFRs (KIM et al., 2011). O
bloqueio destes multiplos RTKs ativam vias de sinalizacdo celulares que regulam processos
como proliferacao e sobrevivéncia celular (HASINOFF et al., 2012). O grande potencial de
inibicdo do crescimento tumoral atribuido ao TKI-258 tem sido demonstrado em uma

diversidade de modelos de estudo, e em vdrios tipos de tumores (PORTA et al., 2015).

Inibidor

Inibi¢do da fosforilagdo da @
porgdo tirosina quinase do Inibigdo sinalizagdo
receptor downstream

Figura 1. Mecanismo de agao dos inibidores tirosina quinase. Os inibidores tirosina quinases sdo pequenas
moléculas que tém a capacidade de atravessar a membrana celular. A acdo desses inibidores ocorre através
de sua ligagdo com a porcdo correspondente a ligacdo da molécula de ATP no dominio quinase dos
receptores, forma pontes de hidrogénio e impede a ligagdo do ATP, bloqueando varias vias de transdugdo de
sinal. Adaptado de (IMAI; TAKAOKA, 2006)

A acdo antitumoral do TKI-258 ocorre através da inibicdo direta dos FGFRs e PDGFRs, e sua

atividade antiangiogénica por inibicdo desses receptores e dos VEGFRs. Sua eficacia como
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potencial antitumoral e antiangiogénico, ja foi demonstrada, houve a regressdo e
estabilizacdo de tumores em ratas, e nos modelos de linhagens celulares de neoplasia de
colo uterino, houve a inibicdo da expressao génica dos fatores de crescimento celular (LEE
et al., 2005). O TKI-258 inibe a proliferacdo, reduz a densidade microvascular e induz a
apoptose em modelos tumorais (SARKER et al., 2008). Essa relacdo do potencial
antitumoral e antiangiogénico associados a modula¢do da atividade bioldgica dos
receptores tirosina quinases é necessaria para terapias clinicas bem sucedidas (LEE et al.,
2005). Estudo com linhagens celulares de carcinoma hepatocelular apontou a significante
reducao da fosforilagdao do receptores de fator de crescimento de fibroblasto 1 (FGFR-1) e
o bloqueio do fator de crescimento de fibroblastos 2 (FGF-2), impedindo a migracao dessas

células com o uso de TKI-258 (SANDHU; BAICHOO; ROBERTS, 2014).

Em células SCC-4 de carcinoma epidermoide oral o tratamento com TKI-258 exerceu um
efeito inibitdrio sobre o citoesqueleto de actina, a migracao e a invasdo celular (CARNEIRO
et al.,, 2017). Nesta mesma linhagem celular foi demonstrada a reducdo da proliferacdo
celular apdés o tratamento com TKI-258 (SILVEIRA et al., 2020). Ratas nude atimicas
receberam injecdes na porcdo proximal da lingua contendo linhagens celulares OSC-19 e
SCC-1 de tumores de cabeca e pescoco, e foram posteriormente tratadas com TKI-258 20
mg/kg/d, e tiveram como resultado diminui¢do tumoral, estabilizacdo da doenca, redugdo
da metastase em linfonodos regionais e consequente melhora na sobrevivéncia (SWEENY

et al.,, 2012).

Embora o TKI-258 ainda ndo esteja disponivel comercialmente, nos ultimos anos, diversos
estudos pré-clinicos e clinicos para avaliar a sua atividade em diferentes tumores ja foram
realizados (PORTA et al., 2015). Em ensaios pré-clinicos o TKI-258 se mostrou eficaz em
carcinoma renal (ANGEVIN et al., 2013), carcinoma hepatocelular (CHEN et al., 2012),
tumores endometriais (KONECNY et al., 2013) e de mama (ANDRE et al., 2013). Estudos
clinicos ja foram realizados para diferentes tipos de neoplasia, por exemplo: tumores de
mama em estagios avancados (ANDRE et al., 2013), carcinoma adenoide cistico (DILLON et
al., 2017), carcinoma urotelial (HAHN et al., 2017), tumores de prostata (CHOI et al., 2018),
tumores de pancreas (MA et al., 2019) e glioblastoma (SHARMA et al., 2019).

A administracdo do TKI-258 em estudos com animais e humanos é feita por via oral, e sua

concentrac¢do plasmatica maxima é atingida num periodo que varia de quatro a oito horas
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ap6és sua administracdo (WANG et al., 2013). Seu metabolismo e excrecdo foram
demonstrados em pacientes com tumores avangados por meio da radiomarcagdao com
carbono 14 (Ci4), e foi observada boa absorcdo e distribuicdo tecidual (DUBBELMAN et al.,
2012).

Em pacientes com carcinoma renal em progressdo, apesar de estarem em tratamento
convencional, tratados com TKI-258 nas concentragGes de 500 mg e 600 mg/dia por 28
dias, cujo protocolo era de cinco dias de uso de medicacdo e dois dias sem medicacdo, foi
observada a redugdo dos niveis séricos de fator de crescimento de fibroblastos basico
(bFGF), receptor do fator de crescimento de vascular endotelial solivel (sVEGFR), e
receptor do fator de crescimento de vascular endotelial 2 (VEGF-2) no décimo quinto dia
(ANGEVIN et al., 2013). Em pacientes, com metastases de tumores solidos refratarios ou
resistentes a terapia convencional, tratados com diversas doses de TKI-258, os niveis
séricos de: fator de crescimento vascular endotelial (VEGF), VEGFR, fator de crescimento
de fibroblastos (FGF), detectados por meio de ELISA, ndo apresentaram diferencas. Os
efeitos colaterais mais relatados com tratamento de TKI-258 nas concentragbes 100 a 175
mg/dia por um periodo de 28 dias, foram fadiga e toxicidade gastrointestinal (SARKER et
al., 2008).

1.3. Familia das GTPases Rho

As GTPases Rho sdao pequenas proteinas que executam processos bioldgicos complexos e
constituem parte da superfamilia Ras homologous family (Ras). A subfamilia Rho influencia
em multiplos processos celulares como a organiza¢ao do citoesqueleto de actina, divisao
celular, motilidade, adesdo celular, trafego vesicular, fagocitose, regulacdo de transcricdo
e apoptose (AZNAR; LACAL, 2001; BARANWAL; ALAHARI, 2011; HALL, 2012; VEGA; RIDLEY,
2008).

Em mamiferos, a subfamilia Rho é formada por aproximadamente 23 proteinas que foram
divididas em seis grupos: Rho-like, Rac-like, Cdc42-like, Rnd, RhoBTB, Miro, RhoD, Rif/RhoF
e TTF/RhoH. Os trés primeiros foram os mais estudados até o momento, sendo, portanto,
os de melhor caracterizagdo. Rho, Rac e Cdc42 regulam vias de transducdo de sinais

separadamente, que se ligam a receptores na membrana plasmatica para montagem de
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distintas estruturas dos filamentos de actina (BARANWAL; ALAHARI, 2011; BURRIDGE;
WENNERBERG, 2004; ETIENNE-MANNEVILLE; HALL, 2002; HALL, 2012; VEGA; RIDLEY,
2008).

As GTPases Rho regulam a arquitetura do citoesqueleto de actina, e por estarem
superexpressas no cancer desempenham papel importante na progressao da doenca
(COLEMAN; OLSON, 2002). A sinalizagao de RhoA leva a formacao de fibras de estresse e
gera forca contratil por meio de fibras de actomiosina (HODGE; RIDLEY, 2016). A GTPase
RhoB parecer ser suprimida pelo gene m/R-21 levando ao aumento de migragao e invasao
celular e a diminuicdo da apoptose (RIDLEY, 2013). A superexpressdao de RhoC esta
relacionada com a progressao da doenca, e em metdstases sua sinalizacdo promove o
aumento da vascularizagao tumoral (SAHAI; MARSHALL, 2002). Racl e Cdc42, atuam na
formacdo de lamelipddios e filopddios, respectivamente, propiciando um movimento
celular avangado (ETIENNE-MANNEVILLE; HALL, 2002). A formacdo de bolhas na membrana
das células apoptdticas é um processo dindmico e dependente da presenca de filamentos
de actina, e ocorre por meio de uma contragao celular mediada pelas proteases caspases

(COLEMAN; OLSON, 2002).

As GTPases Rho agem como interruptores moleculares, ciclando entre o estado ativo,
quando ligadas a guanosina trifosfato (GTP), e inativo vinculado a guanosina difosfato
(GDP). Algumas proteinas reguladoras controlam essa ciclagem da subfamilia Rho nos dois
estados como, Guanine Nucleotide Exchange Factors (GEFs), GTPase-activating Proteins
(GAPs) e Guanine Nucleotide Dissociation Inhibitors (GDIs) (BISHOP; HALL, 2000; VEGA;
RIDLEY, 2008). A ativacdo das GTPases Rho ocorre em resposta a uma variedade de
estimulos (como a progressao do ciclo celular e os fatores de crescimento) através dos GEFs
gue promovem a substituicdo do GDP ligado a porg¢ao inativa da proteina Rho por um GTP.
Assim, na forma ativa, as proteinas Rho desempenham suas funcdes ao se ligarem a

diferentes efetores (Figura 2) (LIN; CERIONE; MANOR, 1999; RIDLEY, 2001).

Diversos efetores se ligam as GTPases Rho e possibilitam que uma infinidade de funcbes
bioldgicas possam ser desempenhadas por estas proteinas (JAFFE; HALL, 2005). Duas das
principais vias efetoras de Rho sdo: Rho-associated kinase 1 e 2 (ROCK1 e ROCK2) e as p21-
activated kinases 1 e 2 (PAK1 e PAK2). ROCKs estdo relacionadas com Rho propriamente

ditas (RhoA, RhoB e RhoC) e parece ter efeitos bioldgicos na adesdo célula-célula,
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organizacao do citoesqueleto de actina, proliferacdo e apoptose. PAKs sdo proteinas
efetoras de Racl e Cdc42, sendo mediadoras nos processos motilidade e sobrevivéncia
celular e atuando, também, no citoesqueleto de actina (AZNAR et al., 2004; CARDAMA;
GONZALEZ et al., 2017; HALL, 2005). Citron kinase, Citron, Rhophilin e mDia sao outras
efetoras da subfamilia Rho, e todas apresentam relacdo com a reorganizacdo do
citoesqueleto de actina (AZNAR et al., 2004; BURRIDGE; WENNERBERG, 2004; HALL, 2012;
SCHMITZ et al., 2000). As proteinas efetoras de Rho sdo classificadas de acordo com suas
fungdes bioldgicas, e algumas apresentam atividades estreitamente envolvidas em
aspectos da tumorigénese, e podem, portanto, ser alvos antineopldsicos (AZNAR et al.,

2004).

A ativacdo das GTPases por meio dos GEFs é geralmente mediada pela sinalizagao dos RTKs
e dos receptores acoplados a proteina G (GPCRs), que no cancer, também, sdo
superexpressos (ROSSMAN; DER; SONDEK, 2005). As proteinas GTPases Rho estdo
envolvidas em diversos estagios da tumorigénese por estarem superativadas, e o
envolvimento de muitos fatores de crescimento oriundos do microambiente tumoral,
também, interferem na ativacdo das proteinas Rho, como o acido lisofosfatidico (LPA) e o
fator de crescimento derivado de plaquetas (PDGF) (SAHAI; MARSHALL, 2003). As vias de
sinalizacdo das GTPases Rho s3o alteradas em diferentes tumores como: mama, pele,
pancreas, pulmao, figado, célon, cabeca e pescoco entre outros (GOMEZ DEL PULGAR et
al., 2005).
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Figura 2. Mecanismos reguladores das GTPases Rho. A ligacdo entre fatores de crescimento e seus
receptores tirosina quinase ativam as proteinas GTPases Rho.GEFs, GAPs e GDlIs sdo reguladores cldssicos que
controlam o ciclo de ligagdo GTP-GTPase. Sua ligacdo as efetoras especificas regulam diferentes processos
bioldgicos, como a reorganizacdo do citoesqueleto, regulagdo do ciclo celular e apoptose. Modificagoes
epigenéticas dos DNAs cromossémicos e mMRNAs das GTPases Rho também podem regular sua expressdo em
niveis de pré e pds-transcricdo. As GTPases Rho estdo superexpressas em tumores humanos e, portanto,
contribuem para a tumorigénese. Adaptado de (LIU; Bl; ZHOU; ZHENG, 2012)

1.4. Apoptose

A apoptose é um tipo de morte celular caracterizada por altera¢des bioquimicas e
morfoldgicas especificas, também é conhecida por morte celular programada
(MAJTNEROVA; ROUSAR, 2018). Este processo acontece apds danos irreversiveis no DNA e
em virtude de sua complexidade envolve: genes especificos, diversas vias de sinalizacao, e
dependem do equilibrio entre a ativacdo de proteinas pré e anti-apoptodticas (PISTRITTO et
al., 2016). Essa ativacdo acontece por meio da sinalizacdo de duas grandes vias: a via
extrinseca ligada a receptores de morte celular e a via intrinseca ou mitocondrial (FULDA,

2011), ambas vias culminam na ativacdo das caspases (PISTRITTO et al., 2016).
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As caspases sdo uma familia de proteases que atuam na execucao de todo o processo de
apoptose (LI; YUAN, 2008), algumas dao inicio a via apoptética (caspases -1, -8, -9 e -10), e
outras executam o processo (caspases -3, -6 e -7) (THORNBERRY; LAZEBNIK, 1998). O
processo de apoptose se da por meio da ativagdao das caspases iniciadoras que clivam as
caspases executoras, que por sua vez executam a clivagem definitiva dos componentes
celulares (STENNICKE; SALVESEN, 2000). As alteracdes morfoldgicas caracteristicas de
células apoptodticas, como assimetria da membrana, bleebbing celular e condensacdo da

cromatina, sdo resultado da atividade das caspases (PISTRITTO et al., 2016).

A via apoptética extrinseca é ativada pela interacdo de receptores de morte, da familia do
receptor do fator de necrose tumoral (TNFR), com seus ligantes, promovendo alterac¢des
conformacionais nestes receptores (GUICCIARDI; GORES, 2009) e levando a formagdo do
complexo de sinalizacdo indutor de morte, que aumenta a concentracdo de pré-caspases,
levando a ativacdo dessas proteases iniciadoras (BOATRIGHT; SALVESEN, 2003). A via
intrinseca também ativa a via das caspases executoras, resultando em morte celular (SLEE;
ADRAIN; MARTIN, 1999). A sua ativacdo acontece por estimulos que provocam danos
irreparaveis no DNA, que convergem ao nivel mitocondrial, como: hipdxia, estresse

oxidativo, agentes quimioterdpicos e irradiacao (GREEN; KROEMER, 2004).

O cancer tem como uma de suas principais caracteristicas a capacidade de evadir de sinais
de apoptose, sendo autossuficiente em sinais de crescimento e proliferagao celular
(FOUAD; AANEI, 2017). A evasdao da apoptose acontece por meio de mecanismos de
inativacdo de moléculas pré-apoptodticas. As principais alteracdes bioquimicas envolvidas
na apoptose em células tumorais sdao devido ao desequilibrio entre os sinais pré e
antiapoptodticos, alteracdes na sinalizacdo das caspases e alteracGes na sinalizacdo dos

receptores de morte celular (WONG, 2011).
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1.5. Justificativa

O carcinoma epidermoide oral apresenta indices elevados de prevaléncia e mortalidade.
Seu tratamento ainda depende de diferentes frentes terapéuticas e ainda assim nem
sempre os resultados sdo os esperados devido a agressividade extrema deste tipo de
tumor. O estudo de inibidores de vias de sinalizacdo, como o TKI-258, que pode ser
considerado uma terapia de precisdo, é imprescindivel para que sejam desenvolvidos
novos farmacos, que atuem de maneira direcionada de modo a produzir efeito em células
tumorais, porém preservando células normais.

Previamente, relatamos diferentes efeitos do tratamento com TKI-258 sobre células SCC-4
de carcinoma epidermoide oral de lingua humana moderadamente diferenciado. Em dois
estudos demonstramos que o tratamento com TKI-258 reduziu a migra¢ao e a invasao
celular, alterou o citoesqueleto de actina de maneira concentracdo dependente
(CARNEIRO; SILVEIRA; REZENDE; SILVA et al., 2017), e exerceu um papel antiproliferativo
sobre células de carcinoma epidemoide oral (SILVEIRA; D M CARNEIRO; HISS; CREMA,
2020).

A compreensao dos mecanismos de diversos processos celulares e das vias moleculares em
células de carcinoma epidermoide oral envolvidas no tratamento com o TKI-158 sdo
imprescindiveis. O estudo da apoptose e o envolvimento da expressao génica das GTPases
Rho e de suas efetoras, em modelo in vitro tratado com inibidor de receptores tirosina
quinases TKI-258 é de grande importancia. A caracterizagcdo das proteinas envolvidas na
regulacdo do citoesqueleto de actina em células de carcinoma epidermoide oral tratadas
com inibidor multialvos é fundamental, tendo em vista que uma das etapas do processo de

apoptose é caracterizada pelas altera¢Ges nesta estrutura celular.
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2.0BJETIVOS
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2.1. Objetivo geral
- Avaliar o efeito do tratamento com TKI-258 sobre a apoptose e o envolvimento das

GTPases Rho e suas efetoras em células SCC-4 de carcinoma epidermoide oral, in vitro.

2.2. Objetivos especificos
-Avaliar o efeito do tratamento com TKI-258 sobre a morte celular em células SCC-4, por

meio de citometria de fluxo utilizando o marcador 7-AAD.

-Avaliar o efeito do tratamento com TKI-258 sobre e a apoptose em células SCC-4, por
meio de citometria de fluxo utilizando o marcador Anexina V e imunomarca¢ao de PARP

clivada.

- Avaliar o envolvimento das GTPases Rho nas vias de sinalizacdo inibidas por TKI-258 em

células SCC-4, por meio de ensaios funcionais utilizando Toxina A e LPA.

- Comparar a expressdo génica das GTPases Rho: RhoA, RhoB, RhoC, Racl e Cdc42 em

células SCC-4 controle e tratadas com TKI-258, por meio de PCRq.
- Avaliar o envolvimento das efetoras ROCKs nas vias de sinalizacdo inibidas por TKI-258 em
células SCC-4, por meio de ensaios funcionais utilizando Y-27632 e HA-1077.

- Comparar a expressao génica das proteinas ROCK1 e ROCK2, efetoras de RhoA, RhoB e

RhoC, em células SCC-4 controle e tratadas com TKI-258, por meio de PCRq.

- Comparar a expressao génica das proteinas PAK1 e PAK2, efetoras de Racl e Cdc42, em

células SCC-4 controle e tratadas com TKI-258, por meio de PCRq.
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3.RESULTADOS PREVIOS
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Abstract

Objectives: This study evaluated the effect of treatment with TKI-258 on apoptosis,
involving Rho GTPases and their effectors in SCC-4 cells of oral squamous cell carcinoma.
Materials and Methods: Markers of cell death and apoptosis were analyzed in control and
TKI-258 treated SCC-4 cells by flow cytometry. The involvement of Rho GTPases and
effectors in the induction of apoptosis by TKI-258 was evaluated by quantification of
cleaved PARP. Also gene expression analysis of those proteins was performed. Results: The
treatment with TKI-258 led to a significant increase in cell death (7-AAD) and apoptosis
(Annexin V and cleaved PARP). When Rho GTPases were stimulated with LPA and inhibited
with Toxin A Clostridium difficile, the percentage of apoptotic cells increased and
decreased, respectively. The treatment with TKI-258 combined with LPA and Toxin A had a
similar effect. Treatment with TKI-258 significantly increased RhoA gene expression, while
RhoB, RhoC, Racl and Cdc42 decreased significantly. ROCKs inhibitors (Y27632 and HA-
1077) reduced apoptosis compared with control. TKI-258 combined with Y27632 or HA-
1077 led to an increase in apoptosis compared with inhibitors only. Treatment with TKI-
258 led to an increase in ROCK1 and ROCK2 gene expression, and a decrease in PAK1 and
PAK2 gene expression. Conclusions: TKI-258 stimulates apoptosis in SCC-4 cells of oral
squamous cell carcinoma. Possibly, RhoA GTPases and their effectors ROCKs participate in
the signaling pathway inhibited by TKI-258. Clinical Relevance: Therapies with multi-target
inhibitors, such as TKI-258, may be promising alternatives for the clinical treatment of oral

squamous cell carcinoma.

Keywords: Apoptosis; Oral squamous cell carcinoma; RhoA; ROCKs; TKI-258.
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Introduction

Oral cancer is the fifteenth most common cause of death (1), and 3% of cancers diagnosed
worldwide are oral squamous cell carcinoma (2). This tumor is extremely invasive and has
a multifactorial aetiology (3). The tongue is the site mostly affected (4) and requires greater
complexity in treatment strategies (5). Therapies targeting molecular pathways are the

most recent ones used to treat invasive tumors such as oral squamous cell carcinoma (6).

TKI-258 is a simultaneous inhibitor of tyrosine kinase receptors (RTKs): fibroblast growth
factor receptors (FGFRs), vascular endothelial growth factor receptors (VEGFRs) and
platelet-derived growth factor receptors (PDGFRs) (7). This small molecule crosses the cell
membrane and, because it is analogous to ATP, it binds to the catalytic kinase, the binding
site of this molecule, forms hydrogen bridges and prevents ATP binding, blocking the
various signal transduction pathways (8). TKI-258 seems to be a promissing therapy for oral
squamous cell carcinoma, since in vitro studies have already shown changes in actin
filament morphology and filaments, reduction in cell migration and invasion(9), and

decreased cell proliferation (10).

The binding between growth factors and their tyrosine kinase receptors activate proteins,
over expressed in tumors (11), contribute to tumorigenesis through proteins such as Rho
GTPases (12). These proteins are part of the Ras super family, act as molecular switches in
response to various stimuli, and perform different biological processes (13), as apoptosis
(14). Several proteins have already been identified as effectors of Rho, and some have
activities closely involved in aspects of tumorigenesis (15), been possible therapeutic

targets for oral squamous cell carcinoma, such as ROCKs (16).

One of cancer main characteristics is the ability to dodge signs of apoptosis (17). Apoptosis
is a type of cell death characterized by specific biochemical and morphological changes and
is also known as programmed cell death (18). This process happens after irreversible
damage to DNA, and due to its complexity, it involves specific genes, several signaling
pathways and depends on the balance between the activation of pro and anti-apoptotic
proteins (19). This study evaluated the effect of treatment with TKI-258 on apoptosis, the
involvement of Rho GTPases and their effectors ROCKs through functional assays and gene

expression in SCC-4 cells of oral squamous cell carcinoma.
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Material and Methods
1. Cell culture

SCC-4 cells of oral squamous cell carcinoma moderately differentiated of human tongue
from the ATCC ® (American Type Culture Collection), obtained from the cell bank of the

Federal University of Rio de Janeiro.

The SCC-4 cells were cultured in medium containing DMEM-F12 (Sigma-Aldrich, St. Louis,
MO, USA), 100 pg/mL streptomycin/100 U/mL penicillin, also 400 ng/mL of hydrocortisone,
fetal bovine serum 10% in a humid incubator with 5% CO2/95% air 37°C.

2. Cell death and apoptosis assay by flow cytometry

The TKI-258 (Selleck Chemicals, Houston, Texas, USA) concentration 5 uM was used below

previously described 5.26 uM cytotoxicity index for SCC-4 cells (10).

The experiments were realized in triplicates. Control and treated cells with 5 uM TKI-258
were maintained for 24, 48 and 72 hours. About 1x10° cells were resuspended in Annexin
Binding Buffer (Invitrogen, Eugene, OR, USA) and were incubated with the markers: cell
death 7-amino-actinomycin D — 7-AAD (Carlsbad, CA, USA) and apoptosis Annexin V (BD
Pharmingen, Franklin Lakes, NJ, USA) for 15 min. 50.000 events were analysed in a
FacsCanto Il flow cytometer (BD Biosciences, San Jose, CA, USA). The software BD FACSDiva
(BD Biosciences, San Jose, CA, USA) defined the gates used and, the data analysis was

performed with FlowJo™ (Ashland, Oregon, EUA).

3. Immunofluorescence assay for cleaved PARP

The experiments were realized in triplicates. About 1x10* SCC-4 cells per well were seeded

and grown for 24 hours.



50

3.1. Evaluation of the involvement of Rho GTPases in the induction of apoptosis by TKI-

258

The control cells had the medium changed and the cells were treated for 72 h with: 5 uM
TKI-258 and/or 2 pg/mL Clostridium difficile Toxin A (List Biological Labs, Campbell, CA,
USA), 5 uM TKI-258 and/or 100 uM Lysophosphatidic acids - LPA (Sigma-Aldrich, St. Louis,
MO, USA).

3.2. Evaluation of the involvement of ROCKs in the induction of apoptosis by TKI-258

The medium was changed in wells containing control cells and in the wells of treated cells
were applied: 5 uM TKI-258 and/or 30 uM Y-27632 (Calbiochem, San Diego, California,
USA), 5 uM TKI-258 and/or 50 uM HA-1077 (Sigma-Aldrich, St Louis, Missouri, USA) for
72 h.

3.3. Immunofluorescence reaction

The cells were fixed with 4% paraformaldehyde for 1 hour. Incubation was performed with:
0.2% Triton X-100 for 5 minutes, 3% DPBS/BSA for 20 minutes and cleaved mouse anti-
PARP antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 1:50 overnight,
secondary goat anti-mouse Alexa 488 antibody (Molecular Probes, Oregon, USA) 1:1000
for 2 hours, and 4’6-diamidino-2-phenylindole - DAPI (Sigma-Aldrich, St Louis, Missouri,
USA) 1:500 for 15 minutes.

3.4. Morphometry

The positive nuclei for DAPI and for PARP cleaved from each sample were counted in 10
random fields under fluorescence microscope (Zeiss®, Goettingen, Germany). The amount
of DAPI stain cells was considered as 100% and the percentage of apoptotic cells was

calculated according to the amount of PARPc stain cells.
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4. Gene expression assay by qPCR
4.1. Treatment of SCC-4 cells with TKI-258

About 1x10°control cells and treated with 5 uM TKI-258 were cultured for 24, 48 and 72

hours.

4.2. Total RNA Isolation and cDNA Synthesis

The cells were homogenized with Trizol® (Ambion RNA by Life Technologies, Carlsbad, CA,
USA) and total RNA was extracted according manufacturer’s recommendation. The RNA
samples were added to the High Capacity cDNA Reverse Transcription Kit (Life
Technologies, Burlington, ONT, CAN). Reverse transcription was performed on the thermal

cycler Veriti 96 Well Thermal Cycler (Applied Biosystems®, Foster City, EUA).

4.3. Quantitative PCR reaction (qPCR)

The expression of the genes of interest was quantified using the probes TagMan® (Applied
Biosystems®, Foster City, USA) (Table 1). GoTaq®qPCR Master Mix (Promega, Madison, WI,
USA) cDNA from each sample, according to manufacturer’s recommendations. The gPCR
reaction was performed in 7500 Real Time PCR System (Applied Biosystems®, Foster City,
USA). GAPDH and 18S were used to normalize the results. Method 2722¢T was used to

calculate the relative levels of gene expression, as described by Schmittgen and Livak (20).

Table 1. TagMan probe codes used.

Gene Probe code
RhoA Hs00357608_m1
RhoB Hs03676562_s1
RhoC Hs00747110 s1
Racl Hs01902432_s1
Cdc42 Hs00918044 g1
ROCK 1 Hs01127699 m1l
ROCK 2 Hs00178154 ml
PAK 1 Hs00945621 ml
PAK 2 Hs02559219 s1
GAPDH Hs03929097 gl

18S Hs99999901_s1
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5. Statistical analysis

The results obtained in the tests were analysed with the IBM program SPSS 20.0® (Chicago,
IL, USA) and the graphics were generated using the GraphPad Prism program (San Diego,
CA, USA). The Kolmogorov-Smirnov test, Analysis of variance (ANOVA) and Tukey's post-

test were performed. Differences were considered significant when p<0.05.

Results
TKI-258 stimulates apoptosis in oral squamous cell carcinoma SCC-4 cells

The 7-AAD marker, specific for cell death, varied in the studied groups [F (3,11) = 472.140,
p<0.0001)]. Although, no differences were observed at 24 (6.5+0.3%) and 48 hours
(9.5+1.1%), there was a significant increase in cell death after treatment with TKI-258 for
72 hours (27.031£0.8%, p<0.0001), compared with control (7.8+0.5%), (Fig. 1A). The Annexin
V marker, specific for apoptosis, was different in control and treated cells with TKI-258 [F
(3,11) = 187.540, p<0.0001)]. When compared with control cells (7.5+0.7%), apoptosis
decreased significantly in 24 hours (4.7£0.15%, p<0.05), was similar in 48h (7.1+£0.1%) and
increased significantly in 72 hours (18.6+1.3%, p<0.0001), (Fig.1B).
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Fig. 1 TKI-258 stimulates apoptosis in SCC-4 cells of oral squamous cell carcinoma.Flow cytometry analysis of
control cells treated with 5 uM TKI-258 for 24, 48 and 72 h. Percentage of cells positive for specific markers:
(A) 7-AAD for cell death and (B) Annexin V for Apoptosis. ANOVA, p<0.0001 and Tukey's post-test *p<0.05

***p<0.0001.
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Rho GTPases participate in apoptosis signaling and possibly are involved on the TKI-258

inhibitor pathway

Treatment with 5 uM TKI-258 and/or 100 uM LPA affected apoptosis [F(3,11)=277.02,
p<0.0001]. The TKI-258 (248.1+1.1%) significantly stimulates apoptosis (p<0.0001). As
expected, the stimulus for Rho GTPases with LPA (331.2+24.8%), increased the percentage
of apoptotic cells (p<0.0001), and the rate of apoptosis was even higher when TKI-258 was
combined with LPA (403.3+10,7%), p<0.0001(Fig. 2A).

The treatment with 5 uM TKI-258 and/or 2 ug/mL Toxin A Clostridium difficile affects
apoptosis [F(3,11)=6267.03, p<0.0001]. The inhibition of Rho GTPases family proteins with
Toxin A (64.9+0.1%) led to a decrease in apoptosis (p<0.0001), which was also expected.
Interestingly, the effect of the combination TKI with Toxin A (69.2+3.5%) was similar to only

Toxin A (Fig. 2B).

Treatment with TKI-258 affected the gene expression of GTPases RhoA, RhoB, RhoC, Racl
and Cdc42 of SCC-4 cells (Fig. 2C). GTPase RhoA had a progressive increase in gene
expression over the time studied [F(3,11)=12.23, p<0.05]. The treatment with TKI-258 for
24h (5.1+1.0 fold) tended to increase the RhoA mRNA, and a significant increase was
observed (p<0.0001) in 48h (21.4+1.0 fold) and 72h (28.9+12.9 fold). However, gene
expression decreased in the other studied Rho GTPases. RhoB mRNA from control and
treated cells with TKI- 258 varied [F(3,11)=91.66, p<0.0001], a significant decrease was
observed (p<0.0001) in 24h (0.07+0.04 fold), 48h (0.07 £0.14 fold) and 72h (0.24+0.01 fold).
Gene expression of RhoC varied in the groups [F(3,11)=1074.74, p<0.0001]. There was a
significant reduction (p<0.0001) after treatment with TKI-258 in 24h (0.04+0.01 fold), 48h
(0.0540.03 fold) and 72h (0.0940.03 fold). Treatment with TKI-258 led to a reduction in
GTPase Racl gene expression [F(3,11)=45.95, p<0.0001], significantly in 24h (0.28+0.08
fold), 48h (0.14+0.05 fold) and 72h (0.39+0.16 fold). Cdc42 mRNA was different in control
and treated cells [F(3,11)=20.98, p<0.0001], a reduction in 24h (0.1740.04 fold, p<0.0001),
48h (0.08+0.02 fold, p<0.0001) and 72h(0.50+0.30 fold, p<0.05).
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Fig. 2 TKI-258 increases apoptosis and affects the gene expression of Rho GTPases in SCC-4 cells of oral
squamous cell carcinoma. Immunofluorescence analysis of PARP cleaved in control and treated cells for 72 h
with: (A) TKI-258 5 uM and/or 100 uM LPA and (B) TKI-258 5 uM and/or 2 pg/mL Toxin A. (C) Quantitative
PCR analysis of gene expression of Rho GTPases: RhoA, RhoB, RhoC, Racl and Cdc42 in control and treated
cells 5 uM TKI-258 for 24, 48 and 72h. ANOVA p<0.05 and Tukey's post-test: *p<0.05, **p<0.001
and***p<0.0001.
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ROCKs participate in apoptosis signaling and possibly are involved on the TKI-258

inhibitor pathway

Treatment with 5 uM TKI-258 and/or 30 uM Y-27632 (specific ROCKs inhibitor) affected the
percentage of apoptotic cells [F(3,11) = 3697.97, p<0.0001]. The inhibition of ROCKs with
Y-27632 (59.7+1.6%) reduces the percentage of apoptotic cells compared with control
(p<0.0001) and TKI-258 (p<0.0001). Interestingly, the rate of apoptosis increased when
Y-27632 was combined with TKI-258 (74.7+2.06%) compared with Y-27632 only (Fig. 3A).

A similar result was observed with treatment with another specific ROCKs inhibitor, 50 uM
HA-1077 and/or 5 uM TKI-258 [F(3,11)=3906.30, p<0.0001]. The HA-1077(42.1+1.8%)
reduced the rate of apoptosis in relation to the control (p<0.0001) and the TKI-258
(p<0.0001). Also, the combination of TKI-258 and HA-1077 (69.13%£2.2%) increased the

percentage of apoptotic cells when compared with HA-1077 only (Fig. 3B).

The ROCK1 protein, effector Rho-like GTPases, had variation in their gene expression after
treatment with 5 uM TKI-258 for 24, 48 and 72h [F(3,11)=6.93, p<0.05]. There was a
tendency to increase (p<0.05), ROCK1 mRNA in 24h (34.31£15.5 fold) and 48h (32.06+3.5
fold). And, a significant increase (p<0.05) of ROCK1 mRNA after TKI-258 treatment for 72
hours (48.5%%20.9 fold), (Fig. 3C).

The gene expression of the ROCK2 protein, also an effector of the Rho-like GTPases, varied
in cells treated with 5 uM TKI-258 for 24, 48 and 72h [F(3,11)=10.12, p<0.05]. There was a
tendency to increase (p<0.05), ROCK2 mRNA in cells treated with TKI-258 for 24h
(392.4468.9 fold) and 48h (1708.2+898.6 fold). Also, there was a significant increase
(p<0.05) of ROCK2 mRNA after 72h treatment (1708.2+898.6 fold), (Fig. 3D).
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Fig. 3 TKI-258 increases apoptosis and ROCK gene expression in SCC-4 cells of oral squamous cell carcinoma.
Immunofluorescence analysis of PARP cleaved in control cells and treated for 72 h with: (A) 5 uM TKI-
258and/or30 uM Y-27632 and (B) 5 uM TKI-258 and/or50 uM HA-1077. (C)Quantitative PCR analysis of ROCK1
and ROCK2 gene expression in control cells and treated with 5 uM TKI-258 for 24, 48 e 72h. ANOVA,
p<0.05andTukey's post-test *p<0.05and ***p<0.0001.signaling is increased by treatment with TKI-258 and
leads to increased apoptosis in of oral squamous cell carcinoma in vitro

TKI-258 reduces gene expression of PAK1 and PAK2 in SCC-4 cells of oral squamous cell

carcinoma

After treatment with 5 uM TKI-258, the gene expression of PAK1 and PAK2 proteins,
effectors of GTPases Racl and Cdc42, decreased in SCC-4 cells. PAK1 mRNA varied in
control and treated cells [F(3,11)=782.145, p<0.0001], showing a significant reduction
(p<0.0001) in 24h (0.4+0.2 fold), 48h (0.48+0.001 fold) and 72h (0.5+0.5 fold). Also, PAK2
mRNA varied [F(3,11)=41.333, p<0.0001], showing a significant reduction (p<0.0001) in 24h
(0.120.02 fold), 48h (0.4 +0.007 fold) 72h (0.1+0.2 fold).
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Discussion

This study showed that the treatment with TKI-258 led to a significant increase in cell death
and apoptosis and, probably Rho GTPases and their effectors ROCKs participate in the
signaling pathway inhibited by TKI-258. Several biochemical and molecular steps regulate
the different mechanisms of cell death, such as necrosis and apoptosis, for example (21).
Diseases like cancer have this abnormal regulation and require the understanding of this

complex process so that new treatments can be developed (22).

The treatment with the multi-target tyrosine kinase inhibitor TKI-258 increases cell death
in oral squamous cell carcinoma SCC-4 cells. In cell death due to necrosis, cells lose their
ability to function, which occurs in a manner induced by several factors such as radiation,
heat, and chemicals such as some drugs for example (22). The use of cell death marker, 7-

AAD, is very efficient because it show the subpopulations that are in cell death process (23).

Apoptosis is characterized by the activation of caspases, proteases that act in the processes
of cell death (24). This activation occurs through the signaling of two major pathways: the
extrinsic pathway linked to cell death receptors and, the intrinsic pathway or mitochondrial
pathway (25). The Annexin V marker, specific for apoptosis, in control and treated cells with
TKI-258, decreased significantly in 24 hours, similar in 48h and increased significantly in 72

hours, therefore being different.

RTKs are transmembrane proteins responsible for transducing signals from the
extracellular environment to the cytoplasm, mediating essential cellular processes (26).
They have a similar molecular structure: extracellular portion, transmembrane region and
the cytoplasmic portion containing the C terminal domain with tyrosine kinase activity (27).
RTKs are activated when ligands connect to the extracellular portion forming dimers that
activate the intracellular kinase portion, promoting phosphorylation and response to the
ligand by activating the molecules that express their target genes (28). In cancer these
receptors are overexpressed, with high rates of phosphorylation of the tyrosine portion
(27). TKI-258 is a small molecule able to simultaneously inhibiting FGFRs, VEGFRs, and
PDGFRs.

The binding of cell death-related receptors to their ligands promotes the formation of a

protein complex called the death-inducing signaling complex (DISC), responsible for the
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activation of caspase-8 (29). This, in turn, promotes the activation of caspase-3, which
cleaves the nuclear enzyme poly (ADP-ribose) polymerase (PARP), which identifies DNA
cuts and helps in their repair (30). Lethal DNA damages that result in apoptosis is related
to the cleavage and inactivation of repair proteins like PARP (31). Apoptosis labeling, in the
functional assays of this study, was for cleaved PARP, demonstrating the role of Rho GTPase
and its effectors in the apoptosis process in SCC-4 cells of oral squamous cell carcinoma.The
actin cytoskeleton of cells undergoing apoptosis undergoes direct action from caspases

resulting in morphological changes (31).

Rho GTPases are known to control essential cellular processes and to be overexpressed in
human tumors (32). Rho GTPases: Rho-like, Rac, and Cdc42 regulate different signal
transduction pathways (33), binding to receptors on the plasma membrane to assemble
different actin filament structures (13) and modulate the cytoskeleton rearrangement,
important in apoptosis (34). In this study, stimulation of Rho GTPases through treatment
with LPA, combined or not with TKI-258, increased apoptosis rates, as well as the inhibition
of these same proteins through treatment with Toxin A, associated or not with TKI-258,

reduced the percentage of apoptotic cells.

In SCC-4 cells of oral squamous cell carcinoma, the treatment with TKI-258, at a
concentration lower than that of the ICso, resulted in significant changes in cell morphology,
especially disorganized actin cytoskeleton (9). GTPases RhoA, Racl and Cdc42 evidenced in
head and neck carcinomas, both in primary cultures and in cell lines, are involved in the
control of the actin cytoskeleton (11). Rho GTPases participate in apoptosis signaling and

possibly is involved on the TKI-258 inhibitor pathway in SCC-4 cells used in this study.

RhoA is described as having a role in promoting tumor growth and its role in controlling the
actin cytoskeleton is related to the regulation of actomyosin contractility (36).
Overexpression of RhoA has been described in invasive carcinomas of the head and neck
(37) and has already been linked to the induction of apoptosis in cell lines of fibroblast and
erythroleukemia (38). The treatment with TKI-258 in cells of oral squamous cell carcinoma
had a progressive increase in gene expression of mRhoA over the time studied. The
reorganization of the actin cytoskeleton can also occur in return to the DNA damage

response, as observed in adherent cells by activating the RhoA/ROCKs signaling (39).
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GTPase RhoB is described as a tumor suppressor since when activated in response to stress
stimuli there is inhibition of tumor growth, invasion and cell migration (35). In head and
neck carcinomas, RhoB expression was easily detected under normal conditions and in
early tumors such as carcinoma in situ and well-differentiated tumors and was shown to
be reduced to undetectable as the tumor progressed (40). The expression of RhoB in SCC-
4 cells of moderately differentiated oral squamous cell carcinoma used in this study was
significantly reduced after treatment with TKI-258 in the three studied times. RhoC plays
an important role in promoting tumor growth (35), and its expression appears to be
elevated in head and neck squamous cell carcinoma when compared to the normal
squamous epithelium (41).Gene expression of RhoC, there was a significant reduction after

treatment with TKI-258 in 24h, 48h and 72h.

During the remodelling of the actin cytoskeleton, the GTPases Racl and Cdc42 when
activated polymerize the actin and provide forward cell movement, while RhoA acts in the
opposite portion promoting the contraction of the actomyosin fibers (42). Rac1 and Cdc42
participate in the protrusion of lamel lipodia and filopodia respectively (43). In oral and
head and neck carcinomas, overexpression of these two GTPases have been reported (44,
45).Treatment with TKI-258 led to a reduction in GTPases Racl and Cdc42 gene
expression.A result similar to that of our study in which there was an increase in RhoA
expression and a reduction in Cdc42 expression was also observed in other strains of oral

squamous cell carcinoma (46).

The changes that occur in the cytoskeleton through RhoA are mediated by signaling with
effectors ROCKs (15). Changes in the morphology of cells undergoing apoptosis occur due
to the contraction of the actin-myosin cytoskeleton forming the membrane bubbles, which
characterize this process (47), and the ROCK effector proteins act in the production of force
for this contraction to happen (48). Activation of ROCK1 occurs through its cleavage by
caspase-3 and results in the formation of bubbles in apoptotic cells (49). In this study, the
inhibition of the effector ROCKs with Y-27632 and HA-1077 (specific inhibitors of ROCKs)

associated or not with TKI-258 reduced the percentage of apoptotic SCC-4 cells.

Rho-like expression in oral squamous cell carcinoma is increased and, consequently
increases the expression of effectors ROCK1 and ROCK2 (50).In SCC-090 and SCC-25 cells of

oral squamous cell carcinoma the overexpression of ROCK1 reduced the percentage of cell
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proliferation (51). And, in another study, ROCK2 showed high levels of expression in
immunohistochemical analysis of 93 samples of oral squamous cell carcinoma, is related to
the advanced stage of the disease and tumor progression (52). The ROCK1 and ROCK2
proteins, effectors of Rho-like GTPases, had a significant increase of ROCK1 and ROCK2
mRNA after TKI-258 treatment for 72 hours.

In cancer, PAKs, effectors of GTPases Racl and Cdc42, when activated by these pathways,
act in the protrusion of the cell membrane and enable the phosphorylation of proteins
related to actin (53). Tumor progression is related to the expression of PAKs, and in oral
squamous cell carcinoma cells these proteins act in the cytoskeleton, invasion and cell
migration (54).The reduction of Racl and Cdc42 gene expression was also observed in PAK1

and PAK2 after treatment with TKI-258.

Although a single cell line was used, SCC-4 cells are the most used for studies to developed
new treatments for oral squamous cell carcinoma because they do not differ terminally
when they are deprived of anchorage (55). New analyzes that can identify how each of the
RTKs inhibited by TKI-258 (FGFRs, VEGFRs and PDFGRs) interfere in the signaling pathway
of Rho GTPases and their effectors in apoptosis, and in other cellular processes should be

performed.

Conclusion

This study showed that TKI-258 stimulates apoptosis in SCC-4 cells of oral squamous cell
carcinoma it is a multiple target inhibitors. This is a promising therapeutic for oral
squamous cell carcinoma because they expand the possibilities of action in different
biological processes. Also in this study, it was demonstrated that Rho GTPases and their
efferctors ROCKs participate in the signaling pathway inhibited by TKI-258. These proteins
are essential for tumorigenesis, and therefore are promising targets for the development
of antitumoral drugs. The development of new target therapies, for treatment of oral
squamous cell carcinoma, is extremely important due to its high prevalence,
aggressiveness, morbidity and mortality. TKI-258 has an important potential for action in

the stimuli of apoptosis in oral squamous cell carcinoma, and in the future, it may be a
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promising therapy to be used in the clinic, especially RhoA/ROCKs signaling that is increased

by treatment with TKI-258.
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Abstract:

Background: The biggest challenge for the development of new drugs for oral cancer
treatment is the need to inhibit some biological processes and stimulate cellular
behaviour to eliminate the tumour. Several interacting signalling pathways regulate the
cell biology involved in tumorigenesis. Objectives: Growth factor receptor-initiated
pathways are a potential target for these therapies because they regulate cell
proliferation, cell death, cell differentiation, intercellular adhesion, and cell movement.
Methods: The searches were carried out in the databases: PubMed Central, Elsevier
ScienceDirect Complete, Wiley Online Library Journals and Scielo, using articles published
from 2001 to 2020, in English. Results: Since the treatment of oral squamous cell
carcinoma should be multidisciplinary, current strategies include surgical excision,
chemotherapy, radiotherapy and can be applied alone or concomitantly. Currently,
therapies for invasive tumours have been direct to molecular pathways such as
monoclonal antibodies and receptor tyrosine kinase inhibitors (RTKs). Currently, multi-
stage studies are underway to treat oral squamous cell carcinoma with these two types of
targeted therapy. Molecular therapies such as monoclonal antibodies and RTKs inhibitors
acting on multiple targets and used in combination, including with conventional
therapies, may be the key to improving the prognosis of this disease. Conclusion: Since
oral squamous cell carcinoma currently still leads to death or significant loss in patients'
quality of life due to surgical sequelae, new therapeutic approaches that have been
developed for the treatment of are promising to be successful, such as the use of
inhibitors of tyrosine kinases signalling pathways.

Key-words: Chemotherapy; Growth factor receptors; Oral squamous cell carcinoma;
Tyrosine Kinase Inhibitors; Tyrosine Kinase Receptors
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Introduction:

The biggest challenge for the development of new drugs for oral cancer treatment is the
need to inhibit some biological processes and stimulate cellular behaviour to eliminate
the tumour. Several interacting signalling pathways regulate the cell biology involved in
tumorigenesis. Growth factor receptor-initiated pathways are a potential target for these
therapies because they regulate cell proliferation, cell death, cell differentiation,
intercellular adhesion, and cell movement.

Biological characteristics of cells enable the development of oral squamous cell
carcinoma, as in other cancers. Cancer cells present a disorganized growth, loses their
ability to adhere to other cells, acquire a migratory potential and invasion capacity,
detects from the tumour, enters the blood or lymphatic vessel and extrudes in a distant
site, where the tumour cells proliferate forming metastasis [Figure 1].

Since oral squamous cell carcinoma currently still leads to death or significant loss in
patients quality of life due to surgical sequelae, new therapeutic approaches have been
developed and promising to be successful, such as the use of inhibitors of tyrosine kinases
signalling pathways.

Figure 1. Biological processes involved in oral squamous cell carcinoma tumorigenesis

Methods

The searches were carried out in the databases: PubMed Central, Elsevier ScienceDirect
Complete, Wiley Online Library Journals and Scielo. The selected papers were published
between 2001 and 2020 in journals indexed to the databases consulted. The selection of
articles was made according to the topics covered, being: chemotherapy; growth factor
receptors; oral squamous cell carcinoma; tyrosine kinase inhibitors; tyrosine kinase
receptors. All selected works were in the English language.
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Oral squamous cell carcinoma

The keratinocyte is the cell that gives rise to oral squamous cell carcinoma. The same
biological process involved in tumorigenesis occurs in healthy tissue. Keratinocytes from
the layer near the basement membrane proliferate and during their migration toward the
surface of the oral mucosa, they undergo through the cell differentiation, forming
intercellular junctions, occur cell death, and cells detach from the epithelium.

Changes in their DNA, often spontaneous but with increased potential due to exposure to
risk factors, promote the change from normal to premalignant or malignant cells, making
them self-sufficient (. Also, changes occur in the processes of cell differentiation and
migration, from the basal layer to the most superficial layer 2. According to the World
Health Organization (WHO), oral squamous cell carcinoma lesions are diagnosed as well
differentiated, moderately differentiated and poorly differentiated 13l The degree of
differentiation correlates with the behaviour of oral squamous cell carcinoma 4,

Oral squamous cell carcinoma therapeutic

Treatment of oral squamous cell carcinoma should be multidisciplinary. Current strategies
include surgical excision, chemotherapy, radiotherapy may be applied alone or
concomitantly [Table 1]. Surgical resection is usually the first choice and contributes to
the evaluation of tumour spread by histopathological examination of the tumour margins.
Surgery for early stage lesions is intended to completely remove the primary tumour,
whose histopathological characteristics determined after tumour removal are also
determinant for treatment management ©°1,

Table 1. Oral squamous cell carcinoma promising therapeutic with inhibitors of tyrosine
kinases signalling pathways.

RTKs* Inhibitor Effect on Oral Squamous Cell Carcinoma Category

EGFR Cetuximab Reduction of metastasis?’ Monoclonal Antibody
Panitumab Reduction of metastasis®? Monoclonal Antibody
Erlotinib Reduction of metastasis®* RTK inhibitor

VEGFR Bevacizumab Reduction of angiogenesis*® Monoclonal Antibody

Reduction of vascular permeability*®

Sorafenib Reduction of cell growth* RTK inhibitor
Reduction of migration and invasion*

TKI-258 Reduction of cell proliferation*® RTK inhibitor
Morphological changes in actin filaments>®
Reduction of migration and invasion*

*RTKs - tyrosine kinase receptors
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When tumour staging is advance, with regional lymph node positivity and underlying
tissue infiltration, the resources added to surgical therapy are adjunctive radiotherapy
with or without chemotherapy [®l. The side effects of these combined treatments are
diverse such as mucositis, dysphagia, dermatitis, leukopenia, and thrombocytopenia, as
well as reduced long-term quality of life due to various complications, from surgical
mutilation to neurosensory disorders [,

Although conventional techniques have made significant progress, the prognosis of oral
squamous cell carcinoma, especially for invasive tumours, remains poor 8. Currently,
therapies have been directed to molecular pathways such as monoclonal antibodies and
inhibitors of tyrosine kinase receptors [°.

Tyrosine kinase receptors (RTKs) are transmembrane proteins located on the cell surface
and are important regulators of several key processes such as proliferation,
differentiation, migration, survival, metabolism, and angiogenesis [1%. Around 60 different
RTKs have been identified, distributed in approximately 20 subfamilies defined by
receptors or ligands 1. These receptors have an extracellular and intracellular domain
that includes a tyrosine kinase catalytic domain where autophosphorylation takes place
(101, Activation requires a specific ligand binding in the extracellular domain inducing
dimerization and phosphorylation of the receptor tyrosine kinase intracellular domain,
resulting in an intracellular phosphorylation cascade, which can be parallel to multiple
activated effector cascades [12],

The RTKs and their signalling pathways are subject to oncogenic mutations, leading to
cellular transformation 131, In cancer, there is an exacerbation in the activation of RTKs
(101 This excessive activation and numerous mutations of tumours RTKs have triggered
new cancer treatments because of the direct effects on tumour cells [}4, These therapies
are divided into two categories: monoclonal antibodies and tyrosine kinase inhibitors (19,

Monoclonal antibodies are very large and hydrophobic molecules that can act on
secreted or expressed molecules on the cell surface, as they cannot cross the plasma
membrane ('3, Its therapeutic action is extremely specific and only occurs when there is
ligand junction in the receptor specific domain [, and this domain, in turn, is different
according to which monoclonal antibody subclass is used [*7. Although the binding occurs
on the surface of tumour cells, the effects are observed in the signal transduction that
occurs in the intracellular portion, inducing cellular effects or stimulating an immune
response against the tumour (8, They are administered intravenously because of the
plasma concentration [1°! and their antitumor effects are potentiated when combined
with other therapies [27],

The tyrosine kinase inhibitors are small molecules that in contrast to the monoclonal
antibodies have the ability to cross the cell membrane and prevent autophosphorylation
and consequent receptor activation [1®l. These molecules are capable of binding to the C-
terminal portion of the tyrosine kinase receptor and to the site corresponding to
intracellular adenosine-5'-triphosphate (ATP), binding by hydrogen bridges 2 and
because it is ATP-mimetic [, Tyrosine kinase inhibitors may also prevent ATP from
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associating with a site allosteric of the receptor, making phosphate transfer to the
tyrosine residue impossible by blocking signalling [?2. In general they are administered
orally and their toxicity profile is related to the targeted receptor and its function 123,

Monoclonal antibodies and RTKs inhibitors have shown promising results in inhibiting
exacerbated tumour cell processes that are critical for their survival 241, Both have specific
toxicity profiles and acting different roles in cell signalling 231 Thus, they constitute a
precision therapy because it is a targeted chemotherapy modality, since the goal is to
generate effect on tumour cells and preserve normal cells [*2I, Most of these cancer
treatment inhibitors are multi-target because they act simultaneously on more than one
receptor increasing their effectiveness 24,

Currently, molecular target therapies are already employed for the treatment of oral
squamous cell carcinoma aiming at specific inactivation of these proteins, described as
fundamental for tumour oncogenesis and growth. Targets such as epidermal growth
factor receptor (EGFR) and vascular endothelial growth factor receptors (VEGFRs) have
been well described and some inhibitors are already used in clinical phase studies, but
others are in different research phases [Table 1].

Epidermal Growth Factor Receptors (EGFRs)

The first receptor tyrosine kinase discovered was the EGFR, which has four isoforms,
EGFR1, EGFR2, EGFR3 and EGFR4 that are activate by the signalling EGF-EGFR. The
downstream signalling of this receptor reaches several pathways such as RAS, RAF, MAPK,
PI3K among others and therefore can influence a wide range of cellular processes 23!,

The EGFRs acts on tumour cells, regulating proliferation, cell differentiation [2¢],
angiogenesis, apoptosis inhibition, cell adhesion, motility and metastasis formation
capacity ?°!, It has been reported that the mutated EGFR gene has the remodelling
capacity of the tumour microenvironment 24, In oral squamous cell carcinoma, this
receptor is overexpressed mainly in well and moderately differentiated tumours 2”1 and,
plays a role in the recurrence and development of metastases [28],

Targeted therapies for EGFR inhibition may be with monoclonal antibodies or tyrosine
kinase receptor inhibitors [27). Monoclonal antibodies block signalling pathways by binding
to extracellular domain of EGFR 2°!, Tyrosine kinase inhibitors compete with intracellular
ATP and inhibit EGFR autophosphorylation by blocking signal transmission to intracellular
pathways 30,

The first Food and Drug Administration (FDA) and European Medicines Agency-approved
target treatment for head and neck cancers, including locally advanced oral squamous cell
carcinoma, was the monoclonal antibody Cetuximab [27]. When used as monotherapy its
response is limited but substantially improved when prescribed in combination with
radiotherapy BY or chemotherapy B2
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Panitumumab is still being test for metastatic oral squamous cell carcinoma, but it has
been shown already in a phase Ill study that when combined with Cisplatin and
Fluorouracil there was increased patient survival B2, Other monoclonal antibodies such as
Zalutumumab and Nimotuzumab are also being tested, and have shown good results
when combined with radiotherapy 271,

To date, FDA has not been approved for use of EGFR tyrosine kinase inhibitors in the
treatment of head and neck tumours, but several inhibitors are being studied in phase Il
and 1l of clinical trials (331, In the phase Il clinical study, the Erlotinib treatment of head
and neck squamous cell carcinoma also had good results when the inhibitor was
combined with radiotherapy and cisplatin 34, Gefitinib inhibitor, when combined with
Docetaxel for treatment of patients with metastatic tumours, showed no improvement in
outcome and increased treatment toxicity 3.

Afatinib is another such inhibitor that irreversibly blocks EGFR, inhibiting proliferation in
head and neck tumour cells in vitro 381, And in phase Il clinical study, Afatinib was
effective in patients with recurrent disease who were treated with platinum, similar to
results obtained with Cetuximab treatment 371,

Vascular Endothelial Growth Factor Receptors - VEGFR

VEGFRs presents the isoforms VEGFR 1, VEGFR 2 and VEGFR 3, and the activation of these
signalling pathways promotes important responses to accelerated tumour growth 38,
Tumours of oral squamous cell carcinoma have overexpression of VGFRs, especially in
necrotic areas that have suffered hypoxia, thus increasing the amount of microvessel
around them, favouring the formation of distant metastasis [?’]. In these tumours VEGF-
VEGFR signalling also performs specific functions in cellular processes such as cell
proliferation, migration and invasion 3%,

The most common blockages of downstream signalling of VEGFRs isoforms may occur via
monoclonal antibody % and tyrosine kinase inhibitors [3°. Although many of these
inhibitors are already approved for the treatment of other tumours, oral squamous cell
carcinoma has been shown to be more effective when these inhibitors are combined 37,

Bevacizumab is an FDA approved monoclonal antibody for the treatment of various
advanced tumours, but still under study for the treatment of oral squamous cell
carcinoma 271, It acts by inhibiting angiogenesis concomitantly with the release of

chemotherapeutic agents, reducing vascular permeability and pressure within the tumour
[40]

The Sunitinib inhibitor is already FDA approved for the treatment of advanced renal cell
carcinoma and resistant gastrointestinal tumours. It has antitumor and antiangiogenic
activity by blocking VEGFR, PDGFR and C-Kit tyrosine kinase receptors and has the high
bioavailability when administered orally 1. In cultures of tumour cells of head and neck
treated with radiation and an association between Sunitinib and Cetuximab, similar
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results were observed with reduced tumour cell proliferation 2. However, monotherapy
of this inhibitor has not shown promising results for the treatment of head and neck
tumours 31,

Sorafenib is an inhibitor of multiple targets such as VEGFR, EGFR and PDGFR, and acts on
proliferation and angiogenesis processes 11, It has already been approved for the
treatment of advanced kidney, liver and thyroid tumours 4. Studies conducted with cell
culture of oral squamous cell carcinoma have demonstrated significant antitumor effects
when associated with exposure to ionizing radiation, inhibiting cell growth, migration, and
invasion [4°],

TKI-258 (CHIR-258 or Dovitinib) is a potent inhibitor of RTKs [#], which inhibits
autophosphorylation of receptors: FGFRs, VEGFRs and PDGFRs 471, Direct inhibition of
these three receptors inhibits cell proliferation and reduced intratumoral microvascular
density 8. In different studies with cell culture of oral squamous cell carcinoma, it has
been observed after treatment with TKI-258: reduced cell proliferation [**! and,
morphological changes in actin filaments of these cells, and inhibitory effects on
migration and invasion of these cells [0,

Conclusion

Oral squamous cell carcinoma is a serious public health problem, with high mortality rates
and whose limitations of conventional treatments compromise the quality of life and do
not prevent the formation of new tumours. Advances in the understanding of the
complexity of oral squamous cell carcinoma, considering its microenvironment and the
characteristics of tumuors in an individualized manner, allows the development of new
classes of medications. Molecular therapies such as monoclonal antibodies and RTKs
inhibitors acting on multiple targets and used in combination, including conventional
therapies, may be the key to improving the prognosis of this disease. In the near future
these new therapeutic alternatives could provide patients with more effective treatments
and increased quality and life expectancy.

Ethical approval

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

Conflict of interest statement

No conflicts of interest to disclose.



76

References:

1. Scully C, Bagan J. Oral squamous cell carcinoma: overview of current understanding of
aetiopathogenesis and clinical implications. Oral Dis. 2009; 15:388-399.

2. Patel V, Iglesias-Bartolome R, Siegele B, Marsh CA, Leelahavanichkul K, Molinolo AA, et
al. Cellular systems for studying human oral squamous cell carcinomas. Adv Exp Med Biol.
2011; 720:27-38.

3. Barnes L, Eveson JW, Reichart P, Sidransky D. Pathology and Genetics of Head and Neck
Tumours. Lyon: IARC Press; 2005.

4. Neville BW, Day TA. Oral cancer and precancerous lesions. CA Cancer J Clin. 2002;
52:195-215.

5. Chinn SB, Myers JN. Oral Cavity Carcinoma: Current Management, Controversies, and
Future Directions. J Clin Oncol. 2015; 33:3269-3276.

6. Montero PH, Patel SG. Cancer of the oral cavity. Surg Oncol Clin N Am. 2015; 24:491-
508.

7. Lee YS, Johnson DE, Grandis JR. An update: emerging drugs to treat squamous cell
carcinomas of the head and neck. Expert Opin Emerg Drugs. 2018; 23:283-99.

8. Nor JE, Gutkind JS. Head and Neck Cancer in the New Era of Precision Medicine. J Dent
Res. 2018; 97:601-602.

9. Oikawa Y, Morita Kl, Kayamori K, Tanimoto K, Sakamoto K, Katoh H, et al. Receptor
tyrosine kinase amplification is predictive of distant metastasis in patients with oral
squamous cell carcinoma. Cancer Sci. 2017; 108:256-266.

10. Lemmon MA, Schlessinger J. Cell signaling by receptor tyrosine kinases. Cell. 2010;
141:1117-1134.

11. Arora A, Scholar EM. Role of tyrosine kinase inhibitors in cancer therapy. J Pharmacol
Exp Ther. 2005; 315:971-979.

12. Peters GJ. From 'Targeted Therapy' to Targeted Therapy. Anticancer Res. 2019;
39:3341-3345.

13. Blume-Jensen P, Hunter T. Oncogenic kinase signalling. Nature. 2001; 411(6835):355-
365.

14. Hunter T. The genesis of tyrosine phosphorylation. Cold Spring Harb Perspect Biol.
2014; 6:020644.

15. Carter PJ. Potent antibody therapeutics by design. Nat Rev Immunol. 2006; 6:343-357.

16. Imai K, Takaoka A. Comparing antibody and small-molecule therapies for cancer. Nat
Rev Cancer. 2006; 6:714-727.



77

17. Jarboe J, Gupta A, Saif W. Therapeutic human monoclonal antibodies against cancer.
Methods Mol Biol. 2014; 1060:61-77.

18. Dillman RO. Cancer immunotherapy. Cancer Biother Radiopharm. 2011; 26:1-64.

19. Dancey J. Epidermal growth factor receptor inhibitors in clinical development. Int J
Radiat Oncol Biol Phys. 2004; 58:1003-1007.

20. Chari RV. Targeted cancer therapy: conferring specificity to cytotoxic drugs. Acc Chem
Res. 2008; 41:98-107.

21. Liang G, Chen G, Wei X, Zhao Y, Li X. Small molecule inhibition of fibroblast growth
factor receptors in cancer. Cytokine Growth Factor Rev. 2013; 24:467-75.

22. Gotink KJ, Verheul HM. Anti-angiogenic tyrosine kinase inhibitors: what is their
mechanism of action? Angiogenesis. 2010; 13:1-14.

23. Gharwan H, Groninger H. Kinase inhibitors and monoclonal antibodies in oncology:
clinical implications. Nat Rev Clin Oncol. 2016; 13:209-227.

24. Ferguson FM, Gray NS. Kinase inhibitors: the road ahead. Nat Rev Drug Discov. 2018;
17:353-377.

25. Xu MJ, Johnson DE, Grandis JR. EGFR-targeted therapies in the post-genomic era.
Cancer Metastasis Rev. 2017; 36:463-473.

26. Schlessinger J. Ligand-induced, receptor-mediated dimerization and activation of EGF
receptor. Cell. 2002; 110:669-672.

27. Kozakiewicz P, Grzybowska-Szatkowska L. Application of molecular targeted therapies
in the treatment of head and neck squamous cell carcinoma. Oncol Lett. 2018; 15:7497-
7505.

28. Arteaga CL, Engelman JA. ERBB receptors: from oncogene discovery to basic science
to mechanism-based cancer therapeutics. Cancer Cell. 2014; 25:282-303.

29. Markovic A, Chung CH. Current role of EGF receptor monoclonal antibodies and
tyrosine kinase inhibitors in the management of head and neck squamous cell carcinoma.
Expert Rev Anticancer Ther. 2012; 12:1149-1159.

30. Lurje G, Lenz HJ. EGFR signaling and drug discovery. Oncology. 2009; 77:400-10.

31. Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al. Radiotherapy plus
cetuximab for squamous-cell carcinoma of the head and neck. N Engl J Med. 2006;
354:567-578.

32. Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, et al. Platinum-
based chemotherapy plus cetuximab in head and neck cancer. N Engl J Med. 2008;
359:1116-1127.



78

33. Chapman CH, Saba NF, Yom SS. Targeting epidermal growth factor receptor for head
and neck squamous cell carcinoma: still lost in translation? Ann Transl Med. 2016; 4:80.

34. Martins RG, Parvathaneni U, Bauman JE, Sharma AK, Raez LE, Papagikos MA, et al.
Cisplatin and radiotherapy with or without erlotinib in locally advanced squamous cell
carcinoma of the head and neck: a randomized phase Il trial. J Clin Oncol. 2013; 31:1415-
1421.

35. Mirghani H, Amen F, Blanchard P, Moreau F, Guigay J, Hartl DM, et al. Treatment de-
escalation in HPV-positive oropharyngeal carcinoma: ongoing trials, critical issues and
perspectives. Int J Cancer. 2015; 136:1494-1503.

36. Modjtahedi H, Cho BC, Michel MC, Solca F. A comprehensive review of the preclinical
efficacy profile of the ErbB family blocker afatinib in cancer. Naunyn Schmiedebergs Arch
Pharmacol. 2014; 387:505-521.

37. Seiwert TY, Fayette J, Cupissol D, Del Campo JM, Clement PM, Hitt R, et al. A
randomized, phase Il study of afatinib versus cetuximab in metastatic or recurrent
squamous cell carcinoma of the head and neck. Ann Oncol. 2014; 25:1813-1820.

38. Kowanetz M, Ferrara N. Vascular endothelial growth factor signaling pathways:
therapeutic perspective. Clin Cancer Res. 2006; 12:5018-5022.

39. Vassilakopoulou M, Psyrri A, Argiris A. Targeting angiogenesis in head and neck
cancer. Oral Oncol. 2015; 51:409-415.

40. Matta A, Ralhan R. Overview of current and future biologically based targeted
therapies in head and neck squamous cell carcinoma. Head Neck Oncol. 2009; 1:1-6.

41. Chow LQ, Eckhardt SG. Sunitinib: from rational design to clinical efficacy. J Clin Oncol.
2007; 25:884-896.

42. Machiels JP, Henry S, Zanetta S, Kaminsky MC, Michoux N, Rommel D, et al. Phase I|
study of sunitinib in recurrent or metastatic squamous cell carcinoma of the head and
neck: GORTEC 2006-01. J Clin Oncol. 2010; 28:21-28.

43. Bozec A, Sudaka A, Toussan N, Fischel JL, Etienne-Grimaldi MC, Milano G.
Combination of sunitinib, cetuximab and irradiation in an orthotopic head and neck
cancer model. Ann Oncol. 2009; 20:1703-1707.

44. Alterio D, Marvaso G, Maffini F, Gandini S, Chiocca S, Ferrari A, et al. Role of EGFR as
prognostic factor in head and neck cancer patients treated with surgery and
postoperative radiotherapy: proposal of a new approach behind the EGFR
overexpression. Med Oncol. 2017; 34:107.

45. Mockelmann N, Rieckmann T, Busch CJ, Becker B, Gleilner L, Hoffer K, et al. Effect of
sorafenib on cisplatin-based chemoradiation in head and neck cancer cells. Oncotarget.
2016; 7:23542-23551.



79

46. Huynh H, Chow PK, Tai WM, Choo SP, Chung AY, Ong HS, et al. Dovitinib demonstrates
antitumor and antimetastatic activities in xenograft models of hepatocellular carcinoma. J
Hepatol. 2012; 56:595-601.

47. Kim KB, Chesney J, Robinson D, Gardner H, Shi MM, Kirkwood JM. Phase I/Il and
pharmacodynamic study of dovitinib (TKI258), an inhibitor of fibroblast growth factor
receptors and VEGF receptors, in patients with advanced melanoma. Clin Cancer Res.
2011; 17:7451-7461.

48. Lee SH, Lopes de Menezes D, Vora J, Harris A, Ye H, Nordahl L, et al. In vivo target
modulation and biological activity of CHIR-258, a multitargeted growth factor receptor
kinase inhibitor, in colon cancer models. Clin Cancer Res. 2005; 11:3633-3641.

49. Sweeny L, Zimmermann TM, Liu Z, Rosenthal EL. Evaluation of tyrosine receptor
kinases in the interactions of head and neck squamous cell carcinoma cells and
fibroblasts. Oral Oncol. 2012; 48:1242-1249.

50. Carneiro ACDM, Silveira ICD, Rezende AS, Silva BRO, Crema VO. Tyrosine kinase
inhibitor TKI-258 inhibits cell motility in oral squamous cell carcinoma in vitro. J Oral
Pathol Med. 2017; 46:484-488.



80

4.CONSIDERAGOES FINAIS




81

O carcinoma epidermoide oral é uma das principais causas de morte por cancer no mundo,
e os tratamentos atuais geralmente mutilam os pacientes, sendo que nos casos mais
avancados sé apresentam bons prognésticos quando aplicados em diversas modalidades.
Para que novas terapéuticas, mais precisas e eficazes possam ser desenvolvidas, estudos
com linhagens celulares sao primordiais para a compreensao de diversos aspectos como a
biologia celular destes tumores. O comportamento destas células, e principalmente suas
respostas a novas terapéuticas testadas in vitro constituem a base da elaboracdo de

pesquisas pré-clinicas com modelos animais, e posteriormente pesquisas clinicas.

Nosso grupo de pesquisa ja demonstrou em duas oportunidades a eficiéncia do TKI-258,
um inibidor multialvos dos receptores tirosina quinases FGFRs, VEGFRs e PDGFRs, em
células SCC-4 de carcinoma epidermoide oral. Neste estudo abordamos a resposta destas
células ao tratamento com TKI-258 no que diz respeito a apoptose, processo cujos
mecanismos de evasdo nos tumores acontece de maneira complexa, e ainda pouco
elucidada. Nossa andlise da apoptose foi correlacionada a reestruturacao do citoesqueleto
de actina das células SCC-4 por meio da avaliacdo da fungdo e da expressao génica das
GTPases Rho e suas efetoras, proteinas fundamentais na execucdo desta remodelacdo. O
TKI-258 mais uma vez se mostrou eficiente, pois apresentou niveis de apoptose
aumentados nas células tratadas, e pudemos demonstrar a participacao da sinalizacao

RhoA/ROCKs neste processo.
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O tratamento com o inibidor multialvos TKI-258 estimula a morte celular, especialmente a
apoptose em células SCC-4 de carcinoma epidermoide oral e, possivelmente, as proteinas
GTPase RhoA e suas efetoras ROCKs participam da regulacao da apoptose induzida por TKI-

258.

- O tratamento de células SCC-4 com o inibidor TKI-258 aumenta a taxa de morte celular

em carcinoma epidermoide oral.

- O tratamento de células SCC-4 com o inibidor TKI-258 induz apoptose em células de

carcinoma epidermoide oral.

- Os estimulo das proteinas da familia das GTPases Rho por tratamento com LPA e inibicdo
com Toxina A combinados ou ndo ao TKI-258, eleva e reduz as taxas de apoptose,
respectivamente, demonstrando o envolvimento das GTPases Rho nas vias sinalizagao que

regulam a apoptose induzida pelo TKI-258 em células SCC-4.

- O tratamento com TKI-258 leva a um aumento o na expressdo génica de RhoA e a reducao
de RhoB, RhoC, Racl e Cdc42, sugerindo que dentre essas proteinas, a GTPase RhoA
participa das vias de sinalizagdo de FGFRs, VEGFRs e PDGFRs inibidas pelo TKI-258 que

regulam apoptose em células SCC-4.

- A inibicdo das ROCKs, proteinas efetoras de RhoA, RhoB e RhoC, com seus inibidores
especificos associados ou nao ao TKI-258, reduz a apoptose, demonstrando o envolvimento

das ROCKs nas vias de sinalizacdo inibidas pelo TKI-258 em células SCC-4.

- O tratamento com TKI-258 aumenta a expressao génica de ROCK1 e ROCK2, sugerindo o
envolvimento das ROCKs nas vias de sinalizacdo inibidas por TKI-258, e seu envolvimento

na regulacdo de apoptose em células SCC-4.

- O tratamento com TKI-258 reduz a expressdo génica de PAK 1 e PAK 2, proteinas efetoras
de Racl e Cdc42, sugerindo que essas proteinas ndo estdo envolvidas na regulacdo da

apoptose em células SCC-4.
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