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RESUMO

WAGNER, Vivian Petersen. 2016. Novas modalidades terapéuticas para o
carcinoma mucoepidermoide e seus efeitos na populacéo de células tronco
tumorais. Tese (P6s Graduagdo em Odontologia com énfase em Patologia Bucal)
— Faculdade de Odontologia, Universidade Federal do Rio Grande do Sul, Porto
Alegre, 2016.

O carcinoma mucoepidermoide (CME) representa a neoplasia maligna de
glandula salivar mais comum. Tumores com alto grau histolégico e casos
avancados, com metéstase regional ou a distancia, apresentam taxas de
sobrevida extremamente baixas em decorréncia da falta de terapias eficazes. A
radioterapia € usualmente aplicada como terapia adjuvante ou primeira linha de
tratamento de tumores inoperaveis, entretanto o perfil de resisténcia do CME a
radioterapia permanece nao elucidado. Outra abordagem em tumores avancados
€ a quimioterapia, usualmente a base de cisplatina, aplicada como tratamento
meramente paliativo. Um dos principais pontos chave envolvidos na resisténcia
tumoral as terapias convencionais é a manutencéo de uma populacao celular com
alto potencial tumorigénico, chamadas de células tronco tumorais (CTT). Estas
células apresentam capacidade de evadir terapias convencionais e sao
responsaveis pelo aparecimento de metastases e recidivas. Evidéncias recentes
sugerem gque a utilizacdo de terapias combinadas possuem maior potencial de
reduzir a resisténcia tumoral. Desta forma, no primeiro estudo nosso objetivo foi
identificar o perfil de resisténcia a radioterapia de linhagens celulares de CME,
vias associadas com a radio-resisténcia adquirida e formas de sensibilizar
farmacologicamente as células de CME, incluindo as CTT, a radiacdo ionizante.
Os resultados demonstraram que as linhagens de CME apresentam diferentes
perfis de resisténcia a radiagdo ionizante, sendo a linhagem mais resistente capaz
de ativar intrinsicamente o NFkB frente a baixas doses de radiacéo. Além disso,
a resisténcia das linhagens mais sensiveis foi estimulada quando a vida do NFkB
foi excitada. A inibicdo farmacoldgica do NFkB com Emetine foi realizada com
sucesso através da inibicdo do eixo IKK-B/IkBa/NFkB. A utilizagcdo de Emetine
previamente a radiagdo ionizante foi capaz de aumentar a sensibilidade das

células de CME assim como diminuir o percentual de CTT. No segundo estudo
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nosso objetivo foi identificar a resposta tumoral, incluindo das CTT, a terapia Unica
ou combinada utilizando dois alvos terapéuticos distintos: NFkB (tratamento com
Emetine) e acetilagdo de histonas (tratamento com SAHA). Os resultados
mostraram que uma dose de Emetine € capaz de inibir a proliferacao celular em
todas as linhagens de CME analisadas, enquanto que o SAHA apresentou este
efeito em apenas 50% das linhagens. Por outro lado, o SAHA foi mais eficaz em
reduzir a populacéo de CTT que o Emetine. A terapia combinada foi mais eficaz
do que as terapias individuais em relacao a proliferacao celular e a deplecéao de
CTT. Através da analise dos resultados dos dois estudos, podemos concluir que
a resisténcia tumoral do CME ¢é superada com maior éxito quando mais de uma
forma de tratamento é empregada. A associacdo de Emetine com a irradiacéo ou
de SAHA com Emetine se mostrou eficaz no controle do tumor através da

erradicacao da populacédo de CTT.

Palavras chave: neoplasias de glandulas salivares, células tronco tumorais,

resisténcia tumoral, radioterapia, terapia sistémica.
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ABSTRACT

WAGNER, Vivian Petersen. 2016. Novel therapeutic modalities for
mucoepidermoid carcinoma and its effects on the cancer stem cell
population. Tese (P6s Graduacdo em Odontologia com énfase em Patologia
Bucal) — Faculdade de Odontologia, Universidade Federal do Rio Grande do Sul,
Porto Alegre, 2016.

Mucoepidermoid carcinoma (MEC) represents the most common salivary
gland cancer. High-grade tumors and advanced cases, presenting regional or
distant metastasis, exhibit extremely low survival rates due to a lack of effective
therapies. Radiotherapy is frequently applied as adjuvant therapy or as first-line
treatment in inoperable cases. Nevertheless, the resistance profile of MEC to
radiotherapy remains unclear. Chemotherapy, most commonly cisplatin, used for
advanced cases is considered merely palliative. A key point involved in tumor
resistance to conventional therapies is the maintenance of a cell population with
high tumorigenic potential, called cancer stem cells (CSC). These cells have the
ability to evade conventional therapies and are responsible for metastases and
recurrences. Recent evidences support that combined therapies are more
effective in reducing tumor resistance. Therefore, in the first study our objective
was to identify the resistance profile of MEC cell lines to ionizing radiation,
pathways associated with acquired resistance and ways to sensitize
pharmacologically MEC cells, including CSC, to ionizing radiation. The results
demonstrated that MEC cell lines present different resistance profile to ionizing
radiation and the most resistant cell line is capable to activate intrinsically NFkB
after low doses of irradiation. Moreover, resistance of sensitive cell lines can be
triggered by NFkB activation. Pharmacological inhibition of NFkB with Emetine was
achieved through IKK-B/IkBa/NFkB axis inhibition. The use of Emetine prior to
irradiation was efficient in increasing cell sensibility as well as decrease the
percentage of CSC. In the second study, our aim was to identify the tumor
response, including of CSC, to single or combined therapy using two distinc
therapeutic targets: NFkB (treated with Emetine) and histone acetylation (treated

with SAHA). The results demonstrated that a single dose of Emetine was capable
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to inhibit cell proliferation in all MEC cell lines, while SAHA achieved this result in
only 50% of cell lines analyzed. On the other side, SAHA was more efficient than
Emetine in disrupting CSC population. The combined therapy was more effective
than both single agent therapies regarding cell proliferation and CSC depletion. By
analysing both studies results, we can conclude that the tumor resistance of MEC
is overcome with greater success when more than one form of treatment is
employed. The association of Emetine with irradiation or SAHA with Emetine is
effective in tumor control by eradicating the CSC population.

Keywords: salivary gland cancer, cancer stem cells, tumor resistance,

radiotherapy, systemic therapy.
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Figura 12. Numero de artigos publicados na ultima década segundo a 64

base PubMed para trabalhos contendo nos titulos os termos “squamous
cell carcinoma” (SCC) ou “mucoepidermoid carcinoma” (MEC). Note a
marcada discrepancia entre o numero de publicacdes (pesquisa realizada
dia 25/10/2016 através do site https://www.ncbi.nlm.nih.gov/pubmed).
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Figure 1. Intrinsic resistance of MEC cells to IR. (A) Clonogenic survival 75

was measured 7 days after IR (0-8 Gy). The data are expressed as
mean = SD (n=3) of survival fraction compared to nonirradiated cells.
Colonies consisting of more than 50 cells were scored as surviving
colonies. (B) Cells were stained for Ki67 24hrs after IR, scored for
positive nuclear staining and presented as a percentage of the total cell

number (n=3).
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Supplementary Figure 1. IR stimulates abnormal mitotic figures in UM-
HMC-5. (A) There is a significant increase in mitotic figures in UM-HMC-
5 upon exposure to 2 Gy of IR (n = 3, mean + SD), as revealed by
quantification of mitotic figures per field in all MEC cell lines. (B)
Representative images of MEC cell lines after IR (0 - 8 Gy) and staining
with Hoechst 33342 for visualization of DNA content. Note the abnormal

mitotic figures in UM-HMC-5 with 2Gy and 4Gy (yellow arrows).

Figure 2. Activation of NFkB in MEC. (A) NFxB (p65) (yellow arrows)
was significantly increased in the nucleus of MEC samples compared to
normal salivary glands, which showed prevalent cytoplasmic staining
(arrowhead) (*** p<0.001, n=11, mean = SD). (B) Immunofluorescence
of UM-HMC-3A, UM-HMC-3B and UM-HMC-5 tumor cell lines depict
the presence of nuclear NFkB (yellow arrows). (C) UM-HMC-3A, UM-
HMC-3B and UM-HMC-5 show detectable NFkB (p65) protein levels at
baseline (0Gy). NFkB is increased in UM-HMC-5 following 2Gy of IR (*
p<0.05, mean = SD from experiments run in triplicate). (D) Clonogenic
assay for MEC cells with no stimuli or TNF-a stimuli revealed that NF«xB
upregulation significantly increases the resistance of UM-HMC-3A and
UM-HMC-3B (** p<0.01, **p<0.001, n=3, mean + SD compared to
0Gy). (E) Western blot of UM-HMC-3A, UM-HMC-3B and UM-HMC-5
for phosphorylated p53 (serl5) depict high expression of p65 protein on
UM-HMC-5 cells after short exposure time. Note that short exposure
time was not sufficient to demonstrate detectable levels of p53 on UM-
HMC-3A and UM-HMC-3B.

Figure 3. Emetine induces inhibition of the IKK-B/IxB-a/NFxB axis and
induces apoptosis of UM-HMC-3B. (A) Down-regulation of NFxB
expression in MEC cells after Emetine treatment for 24 hrs was
confirmed by Western blot analysis. Emetine inhibited IkB-a (Ser32) and
IKK-B phosphorylation but did not affect the IKK-a subunit. (B) Emetine
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treatment for 24 hrs lead to p21 inhibition, and (C) had no effect on p16.
(D) Emetine disrupted the colony forming potential of MEC cells. UM-
HMC-3A and UM-HMC-5 treated for 24hrs with Emetine had a
significantly smaller number of colonies after 7 days in culture while UM-
HMC-3B did not have colonies larger than 50 cells. (E) Emetine causes
cell cycle arrest at the sub GO/G1 checkpoint in UM-HMC-3B cells
(*p<0.05).

Figure 4. Pharmacological inhibition of NFkB sensitizes MEC cells to IR.
(A) Cells were sensitized with Emetine for 24 hrs before IR. The drug
was removed before IR exposure, and the clonogenic assay was
performed after 7 days. (B) Survival was significantly decreased in UM-
HMC-3A and UM-HMC-5 sensitized with Emetine compared to vehicle
(n =3, mean = S, D compared to 0 Gy).

Figure 5. A combination of NFxB inhibition and IR efficiently deplete
CSCs. (A) Cells were sensitized with Emetine for 24 hrs; Emetine was
removed from the media before IR. Cells were collected and processed
for ALDH enzymatic activity using fluorescence-activated cell sorting
(FACS). (B) A combination of NFxB inhibition and IR leads to enhanced
depletion of CSCs in MEC cell lines compared to radiation alone (n = 3,
mean = SD).

Lista de figuras do artigo 2

Figure 1. NFkB status in MEC cells lines. (A) Representative images of
NFkB immunoexpression in MEC cell lines. Note that all cell lines
present NFKB nuclear expression (Immunofluorescence, stained with
NFkB — TRITC and DNA content - Hoechst 33342, 400X original
magnification). (B) Quantification of NFkB nuclear expression in MEC

cell lines.
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Figure 2. Single dose of Emetine is capable of abrogate reproductive
viability of MEC cells. (A) Schedule of Emetine administration followed
by clonogenic assay. A single dose of Emetine (determined by each cell
line IC50) was administrated on day 0. Colony formation was assessed
on day 7. (B) Representative images of colonies fixed and stained with
0.1% crystal purple. Note that Emetine treatment led to a complete
disruption of colony formation in all four lineages. (C) Colony
quantification (colonies having >50 cells were counted as surviving
colonies) revealed that HMC-3B and HMC-5 presented higher number
of colonies. After Emetine administration the number of colonies was

reduced to zero in all cell lines.

Figure 3. Spheres formation. (A) All MEC cell lines are capable of
producing spheres under low attachment conditions. All spheres
present NFKB nuclear expression (Immunofluorescence, stained with
NFkB — TRITC and DNA content - Hoechst 33342, 100X original
magnification). (B) A single dose of Emetine reduced the number of
spheres in all MEC cell lines, however this decrease was not significant
for HMC-1 cell line.

Figure 4. Effect of a single dose of SAHA on colony formation and
spheres. (A) Schedule of SAHA administration followed by clonogenic
assay. A single dose of SAHA (determined by each cell line IC50) was
administrated on day 0. Colony formation was assessed on day 7. (B)
Representative images of colonies fixed and stained with 0.1% crystal
purple. Note that SAHA treatment led to a complete disruption of colony
formation only in HMC-1 and HMC-3A. (C) Colony quantification
(colonies having >50 cells were counted as surviving colonies) revealed
that after SAHA administration the number of colonies was reduced to
zero only in HMC-1 and HMC-3A, while the reduction of HMC-3B and
HMC-5 was very discreet. (D) A single dose of SAHA reduced the
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number of spheres in all MEC cell lines, however this decrease was not

significant for HMC-1 cell line.

Figure 5. Effect of Emetine or SAHA as single agents in ALDH+ cell
population. (A) MEC CSC population, assessed through ALDH
enzymatic activity, ranges from 1.08 to 3.25%. Note that HMC-1 and
HMC-2B present the higher percentages of CSC. (B) Effect of Emetine
or SAHA on ALDH+ cells. SAHA significantly reduced ALDH+ cells in
all cell lines (p<0.001). Emetine SAHA significantly reduced ALDH+
cells in HMC-1, 3A and 3B (p<0.01). (C) Combining the results from all
cell lines, we observed that only SAHA significantly reduced the CSC
population of MEC cell lines.

Figure 6. Combined therapy is more efficient in reducing the bulk of the
tumor and CSC population. (A) Representative images of colonies fixed
and stained with 0.1% crystal purple. Note that combined treatment led
to a complete disruption of colony formation only in all cell lines. Colony
quantification (colonies having >50 cells were counted as surviving
colonies) revealed that after combined therapy the number of colonies
was reduced to zero in all cell lines. (B) Combined therapy significantly
reduced the population of ALDH+ cells in all MEC cell lines (p<0.01).
(C) Comparing the reduction of ALDH+ positive cells after the different
treatment modalities, we observed that Control vs SAHA+Emetine
demonstrated a higher mean difference, revealing that this treatment

achieved the most relevant results.

Figure 7. Schematic illustration of the main findings of the present study.
MEC comprises a population of more differentiated cells, which account
for the majority of cells in the bulk of the tumor, and a small population
of highly tumorigenic and more undifferentiated cells, known as CSC.
Emetine acts on the bulk of the tumor and can reduce significantly the

reproductive viability of the majority of MEC cells. Nevertheless, the
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CSC population seems to be more resistance to this drug. SAHA by the
other side is more efficient in depleting MEC CSC population, however
the bulk of the tumor might be resistant to this therapy. The combined
therapy act synergistically to eliminate all the sub-populations of cells

present within the MEC tumor mass.
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1 INTRODUCAO

As neoplasias malignas de glandulas salivares (NMGS) sao lesbes
relativamente raras, com uma incidéncia anual de aproximadamente 0,05 a 2
casos por 100.000 individuos (Parkin et al., 2002). Este grupo de lesbes é
amplamente heterogéneo apresentando um vasto espectro de padrdes
morfoldégicos, sendo atualmente mais de 20 tipos histolégicos descritos pela
Organizacdo Mundial da Saude (Barnes et al.,, 2005). Diversos estudos
epidemiologicos em diferentes localidades do mundo, incluindo o Brasil,
demonstram que o Carcinoma Mucoepidermoide (CME) representa a NMGS mais
prevalente (Jones et al., 2008; Tilakarante et al., 2009; Ochicha et al., 2009;
Vargas et al., 2002; Ito et al., 2005; Fonseca et al., 2012).

O CME é reconhecido pela sua consideravel heterogeneidade celular que
inclui células epidermoides (com diferenciacdo escamosa), intermediarias (células
indiferenciadas pequenas) e células produtoras de mucina. Além disso, o padréao
arquitetural do CME pode variar, sendo este composto mais por espagos cisticos
ou entdo por areas mais sélidas. Estas caracteristicas apresentam alta relevancia
clinica. A graduacédo histolégica dos CME, baseada em padrdes celulares e
arquiteturais, esta intimamente relacionada com o progndstico dos casos.
Pacientes com tumores de baixo grau apresentam mais de 30% de sobrevida nos
5 anos apos o diagnostico comparados a pacientes com tumores de alto grau
(McHugh et al., 2012). Outro fator muito importante para o prognéstico do CME é
o estadiamento da lesdo. A presenca de metastases nodais ou a distancia fazem
com que, respectivamente, apenas 32% ou 26% dos pacientes alcancem 5 anos
de vida apos o diagnostico (McHugh et al.,, 2012). Este fato acontece
principalmente porque os tratamentos sistémicos utilizados para casos avangados
de CME sao ineficazes. A quimioterapia por exemplo € considerada um
tratamento meramente paliativo. Atualmente, as terapias propostas para o CME
usualmente séo transpostas de terapias utilizadas em carcinoma espinocelular de
cabeca a pescoco. Essa limitagdo pode ser atribuida, em parte, a falta de ensaios
pré-clinicos que apontem alvos promissores para o tratamento do CME.

Recentemente, linhagens de CME foram desenvolvidas na Univerisade de
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Michigan permitindo que se estude vias envolvidas com a resisténcia tumoral e
formas de supera-la. Nesse sentido, também € de extrema importancia que se
estude a acdo de novas modalidades terapéuticas na populagdo de células tronco
tumorais (CTT). Isto porque estas células apresentam alto potencial tumorigénico
e sao responsaveis pela ocorréncia de metastases e recidivas (Prince e Ailles,
2008), as principais causas de falha no tratamento.

Nas Ultimas décadas, o tratamento do céncer evoluiu de terapias
convencionais ndo especificas, para drogas altamente seletivas baseadas no
bloqueio de vias ou proteinas mutadas fundamentais para o desenvolvimento do
tumor (Vanneman e Dranoff, 2012). Sabe-se que a via do NFkB apresenta um
papel importante na resisténcia tumoral em diversas neoplasias malignas através
de sua acao anti-apoptotica (Aravindan et al., 2014; Begg et al., 2011), além de
estar envolvida com a manutencao de CTT (Rajesekhar et al., 2011; Liu et al.,
2010; Kendellen et al., 2014; Schwitalla et al., 2013). A resisténcia tumoral ativada
por NFkB também esté relacionada com seu potencial de induzir modificacdes na
cromatina através da desacetilacdo de histonas (Almeida et al., 2013). Este evento
estd relacionado com importantes desfechos como a manutencdo da
indiferenciacdo celular (Fuks et al., 2000; Sen et al., 2010), sistema de reparo de
DNA comprometido, acimulo no dano de DNA e aumento da instabilidade
genbmica (Almeida et al., 2013).

Tendo em vista estes dados previamente descritos, 0 objetivo geral desta
tese foi avaliar in vitro novas alternativas terapéuticas para o CME através do uso
de drogas que atuam diretamente em vias possivelmente envolvidas com o0s
processos de resisténcia tumoral (ativacdo de NFkB e acetilagcdo de histonas).
Além disso, o efeito destas terapias sobre a populagdo de CTT foi avaliado uma
vez que estas estdo diretamente relacionadas com a resisténcia a terapias
convencionais e sdo as principais responsaveis pelo desenvolvimento de

metastases e recidivas apos o tratamento.
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2 REVISAO DE LITERATURA

Neste capitulo serdo abordados os assuntos estudados nessa tese. Para
maior compreensao do leitor dividimos a revisdo de literatura nos seguintes
topicos: Neoplasias malignas de glandulas salivares; carcinoma
mucoepidermoide; células tronco tumorais; via de sinalizacdo do NFkB; acetilacédo

de histonas e perspectivas futuras de tratamento.

2.1 Neoplasias Malignas de Glandulas Salivares

As NMGS representam um amplo e heterogéneo grupo de lesées incomuns
com incidéncia anual que varia entre 0,05 a 2 casos por 100.000 individuos
(Parkin et al., 2002). Estudo prévio demonstrou que nos Estados Unidos entre
1974-1976 as NMGS representaram 6,3% entre todos os tumores malignos de
cabeca e pesco¢o, em comparacdo com 8,1% no periodo entre 1998-1999
(Carvalho et al., 2005), demonstrando um aumento na incidéncia destes tumores
no periodo estudado. As NMGS podem se desenvolver em glandulas salivares
maiores (parétidas, submandibulares e sublinguais) ou em glandulas salivares
menores (Guzzo et al., 2010). A grande maioria dos tumores localizados na
parétida sdo benignos, jA em glandulas salivares menores a propor¢éo de tumores
malignos cresce (Allen et al., 2009). A distribuicdo entre os géneros € usualmente
igualitaria, apresentando uma pequena tendéncia para predilecdo pelo sexo
feminino (Vasconcelos et al., 2016; Fonseca et al., 2012). As lesGes usualmente
séo diagnosticadas entre a quarta e quinta década de vida (Vasconcelos et al.,
2016; Fonseca et al., 2012). Quando analisamos apenas pacientes pediatricos,
vemos que had um maior percentual de NMGS em relacédo a neoplasia benignas
guando comparados com a populacdo adulta (Satko et al., 2000; Cesmebasi et
al., 2014).

Os fatores etioldgicos das NMGS permanecem pouco elucidados.
Diferentes estudos tém associado o histérico de cancer prévio ao

desenvolvimento de NMGS. Foi demonstrado que pacientes com diagnostico
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prévio de doenca de Hodgkin (Dong et al., 2001), meduloblastoma (Goldstein et
al. 1997) e carcinoma de células basais (Milan et al., 2000) apresentam maior
chance de desenvolver NMGS comparado a populacdo geral, assim como
pacientes com historico prévio de tumor benigno de glandula salivar (Spitz et al.,
1984). Além disso, outras caracteristicas tém sido apontadas como possiveis
fatores etiolégicos, como o HIV (Serraino et al., 2000), profissdes de risco na
industria (Horn-Ross et al., 1997a; Swanson et al., 1997) e a dieta (Horn-Ross et
al., 1997b; Zheng et al., 1996). Embora diferentes fatores etioldgicos tenham sido

propostos, nenhum deles é completamente validado e altamente aceito.

Por se tratar de um grupo de lesdes incomuns, ndo ha politicas de
mapeamento (screening) para as NMGS. O grupo de NMGS deve ser incluido no
diagndstico diferencial de qualquer massa indolor em regido de glandula salivar
menor ou maior. Certas caracteristicas da lesdo podem aumentar a suspeita de
malignidade como presenca de ulceracdo ou fistula, dor, paralisia facial,
crescimento rapido e presenca de linfonodos palpaveis em cadeia cervical.
Entretanto, a auséncia destas caracteristicas ndo descarta a hipotese de uma
NMGS, que por muitas vezes se apresenta como uma massa de crescimento lento
e assintomatico (Guzzo et al., 2010). O exame fisico representa a principal
ferramenta de diagnostico para estas lesbes. Em glandulas salivares maiores
exames de imagem podem auxiliar na identificacdo da localizagéo da lesdo e sua
relacdo com os tecidos adjacentes. A bidpsia incisional aberta permanece a
principal escolha para as lesdes localizadas em glandulas salivares menores. A
puncao aspirativa por agulha fina e biopsia por agulha grossa representam boas
alternativas para tumores em glandulas salivares maiores (Diaz et al., 2014; Eom
et al., 2015; Witt e Schmidt, 2014). E importante salientar que, embora estas
alternativas de diagnéstico apresentem alta sensibilidade e especificidade, o

diagnastico histopatologico final deve ser confirmado na pega cirurgica.

O diagndstico microscopico das NMGS é desafiador tendo em vista a ampla
variedade de padrdes morfologicos e o distinto comportamento bioldgico
observado entre essas lesbes (Saghravanian et al., 2013). Células progenitoras
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presentes em diferentes localizagdes dos ductos salivares dao origem as NMGS
(Figura 1). Carcinomas que se originam do principal segmento do ducto sdo
puramente epiteliais enquanto que, os tumores que se desenvolvem a partir de
células localizadas na porcéo inicial do ducto possuem diferenciacdo epitelial e
mioepitelial ou acinar (Adelstein et al.,, 2012). Atualmente, as lesdes sé&o
classificadas de acordo com os critérios propostos pela Organizacdo Mundial da
Saude (Barnes et al., 2005). Existem mais de 20 tipos histolégicos de NMGS,
entretanto algumas se destacam por seu comportamento biolégico e sua maior
incidéncia como o carcinoma mucoepidermoide (CME), carcinoma adenoide
cistico (CAC), carcinoma de células acinares (CCA) e adenocarcinoma. A
incidéncia destes tumores na populacgéo é variavel, enquanto que alguns autores
relatam uma maior incidéncia de CME (Fonseca et al., 2012; Spiro, 1986; Jones
et al., 2008), outros apontam o CAC como NMGS mais frequente (Vasconcelos et
al., 2016; Luksi¢ et al., 2011; Shishegar et al., 2011).

Células
Acino mioepitelias
Segmento y

Ducto excretor estriado Ducto intercalar /_\‘/1

s2ee @@ )5
8 - By \@/’”\

Carcinoma ,
Mucoepidermoide Carcinoma 7
Adenoide Cistlcov_,‘/

Figura 1. Imagem esquematica de uma glandula salivar indicando a regido do
ducto que da origem as NMGS mais prevalentes. O CME tem origem na por¢ao
terminal do ducto excretor. O CAC tem origem na porc¢éao inicial do ducto intercalar
e apresenta células mioepiteliais alteradas. O CCA tem origem nos acinos
(Adaptado de Adams et al., 2013).
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O estadiamento clinico das NMGS é realizado com base no sistema TNM

proposto pelo American Joint Commitee on Cancer. Este sistema classifica as

NMGS em 4 estadios de acordo com o tamanho da lesdo (T), presenca de

metéstases regionais em linfonodos (N) e metéstase a distancia (M). Apesar de

apresentar limitacdes no seu potencial progndstico, esse sistema permanece

mundialmente reconhecido para descrever a extensdo do tumor (Patel e Lydiatt,

2008). Os critérios para o estadiamento sédo 0s seguintes:

e T (tamanho):

o

(@]

(@]

TX - Tumor primério ndo pode ser avaliado

TO - Sem evidéncias do tumor primario.

Tis — Carcinoma in situ

T1 - O tumor tem até 2 cm de diametro e ndo invade tecidos adjacentes
clinicamente

T2 - O tumor tem mais do que 2 cm e menos do que 4 cm de diametro nado
invade tecidos adjacentes clinicamente

T3 - O tumor tem mais do que 4 cm de diametro e esta invadindo tecidos
moles adjacentes.

T4a (moderadamente avancado) - O tumor invade estruturas préximas,
como o 0sso da mandibula, pele, canal auditivo ou nervo facial.

T4b (muito avancado) — o tumor invade estruturas proximas, como a base
do cranio ou outros 0ssos nas proximidades ou que circundam a artéria

caroétida.

¢ Linfonodo regional (N)

©)

©)

o

NX - Linfonodo regional ndo pode ser avaliado.

NO - Auséncia de metastase em linfonodo.

N1 — Metastase em apenas um linfonodo ipsilateral, medindo até 3cm na
sua maior extensao

N2a - Metastase em apenas um linfonodo ipsilateral medindo entre 3 e 6

cm de diametro.
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o N2b - Metastase em multiplos linfonodos ipsilaterais nenhum medindo
mais que 6 cm de diametro.

o N2c - Metastase em linfonodos bilaterais ou contralaterais nenhum
medindo mais que 6 cm de diametro.

o N3 - Metastase em linfonodo medindo mais que 6 cm de diametro.

Metastase a distancia

o Auséncia de metastase a distancia

o Metéastase a distancia

ApoOs realizada a analise das caracteristicas acima citadas (T, N, M) o tumor
é classificado de acordo com 0s seguintes critérios:

e Estagiol-T1, NO, MO.

e Estagio Il - T2, NO, MO.

e Estagio lll - T3, NO, MO; T1 a T3, N1, MO.

e Estagio IVA - T4a, NO ou N1, MO; T1 a T4a, N2, MO.

e Estagio IVB - T4b, qualquer N, MO; Qualquer T, N3, MO.
e Estagio IVC - Qualquer T, qualquer N, M1.

A principal linha de tratamento para as NMGS permanece a remogao
cirirgica com margens de seguranca. Lesdes localizadas em parétida usualmente
exigem parotidectomia com disseccao do nervo facial. A remocao profilatica dos
linfonodos da cadeia cervical é reservada para casos especificos, por exemplo
guando a linfadenectomia facilita de certa forma a remog¢é&o primaria do tumor. A
radioterapia pos-operatoria € recomendada para pacientes com doenca residual,
presenca extensiva de metastase nodal, ruptura de capsula, casos
indiferenciados ou de alto grau histolégico, presenca de invasdo perineural,
doencas avancadas com envolvimento do nervo facial, casos com margens
cirurgicas comprometidas e invasao de vasos vasculares e/ou linfaticos (Guzzo et
al., 2010). Em casos em que o tumor primario seja inoperavel, a radioterapia
aparece como primeira alternativa de tratamento. Estima-se que mais de 80% dos

pacientes com NMGS necessitam receber tratamento radioterapico em algum
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estagio de seu tratamento (Delaney et al., 2005). A quimioterapia é considerada
paliativa e € indicada apenas para casos avancados ou incuraveis de NMGS
(Adelstein et al., 2012). O principal quimioterapico utilizado é a cisplatina de forma
isolada ou associada a outras drogas. As taxas de resposta variam entre 10 e
70%, entretanto a maioria dos estudos apresenta pouco tempo de
acompanhamento dos pacientes (Lagha et al.,, 2012), o que representa uma
importante limitacdo uma vez que se sabe que as NMGS apresentam evolucao
lenta e podem apresentar metastases e recidivas apos longos periodos de tempo.
Esta importante caracteristica de crescimento lento das NMGS pode justificar
também as baixas taxa de resposta encontradas para as terapias convencionais
gue atuam contra células com alta atividade proliferativa. Além disso, frente a falta
de respostas, o tratamento usualmente necessita ser prolongado limitando o uso
de drogas que possuam toxicidade cumulativa (Lagha et al., 2012). Em 2012, mais
de 200 ensaios clinicos envolvendo NMGS estavam em andamento, avaliando
drogas como docetaxel, doxorubicina, cisplatina, gemcitabina, methotrexato,
talidomida, cetuximabe, erlotinob, gefitinib, sorafenibe, entre outras (Lagha et al.,
2012). Apesar destes esforcos, ainda ndo ha evidéncias que terapias sistémicas

possam melhorar a sobrevida de pacientes com NMGS.

Nas ultimas décadas nenhuma melhora foi observada nas taxas de
sobrevida dos pacientes com NMGS, um contraste critico quando comparamos
com os avancos feitos em outros tumores de origem glandular como o cancer de
mama. Nas NMGS os principais fatores associados a sobrevida sao: grau
histopatoldgico do tumor, presenca de metastases em linfonodos ou a distancia,
invasédo perineural, margens cirirgicas comprometidas e paralisia do nervo facial
(Guzzo et al., 2010). Um estudo que avaliou 201 casos de CAC demonstrou que
as taxas de sobrevida especificas a doenca aos 5, 10 e 15 anos séo
respectivamente 90%, 75% e 68%, evidenciando a evolucéo lenta das NMGS e a
importancia de um acompanhamento a longo prazo (Bjgrndal et al., 2015). Os
sitios mais comuns de metastase a distancia das NMGS sédo os pulmdes (80%),

seguido pelo o0sso (15%), figado e outros sitios (5%) (Guzzo et al., 2010).

34



2.2. Carcinoma Mucoepidermoide

O carcinoma mucoepidermoide (CME) tem sido apontado como a NMGS
mais frequente em diferentes localidades do mundo, como no Reino Unido (Jones
et al., 2008), Siri-Lanka (Tilakarante et al., 2009) e Nigeria (Ochicha et al., 2009).
No Brasil, especificamente, diferentes levantamentos demonstraram a maior
incidéncia do CME em relacéo as demais NMGS (Vargas et al., 2002; Ito et al.,
2005; Fonseca et al., 2012). Um estudo de base populacional nos Estados Unidos
identificou uma incidéncia de CME em parétida de 2.5 por 1 milhdo de habitantes
no ano de 2009 (Chen et al., 2014). Aproximadamente 60% dos casos de CME
ocorrem nas glandulas salivares maiores, sendo a glandula parétida a mais
acometida. Em relagc&o as glandulas salivares menores, o palato e a mucosa jugal
representam as localizacdes preferenciais (Spiro et al., 1978; Brandwein et al.,
2001). Usualmente as mulheres sdo mais acometidas, e o diagndstico ocorre
entre a quarta e quinta década de vida (Brandwein et al., 2001; Chen et al., 2014).
Embora mais comum em pacientes adultos, quando avaliamos o percentual de
CME entre as NMGS em pacientes pediatricos observamos que este tumor
representa 80% dos casos (Guzzo et al. 2006; da Cruz Perez et al., 2004).
Clinicamente o CME se apresenta usualmente como uma massa de crescimento
lento e assintomatico. Lesdes localizadas em parotida podem levar a paralisia
facial e quadros de dor. Quando o CME acomete glandulas salivares menores,
uma coloracéo azul-avermelhada pode ser observada em alguns casos (Allen et
al., 2009).

A etiologia do CME, assim como das demais NMGS, permanece pouco
elucidada. Recentemente, foi demonstrado que aproximadamente metade dos
casos de CME apresentam uma translocacdo cromossdmica recorrente, t(11;19)
(Figura 2). Esta translocacdo resulta na fusao dos exons do gene CTRC1
localizado no cromossomo 19p13 com os exons 2-5 do gene MAML2 no
cromossomo 11g21, gerando uma fusdo nova oncogénica chamada CRTC1-
MAML2. E sugerido que o resultado desta fuso leva a desregulacéo de vias de
ciclo celular e diferenciagdo (O’Neill, 2009). A presenga desta translocagao pode
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auxiliar no diagnostico diferencial de CME de alto grau com adenocarcinomas
pouco diferenciados, por exemplo. Além disso, os casos de CME positivos para
translocacao t(11;19) parecem apresentar melhor prognostico (Okabe et al., 2006;
Behboudi et al., 2006). Diferentes estudos foram realizados para avaliar o
percentual de CME que apresentam esta translocacdo e os resultados variaram
de um pouco menos ou aproximadamente 50% (Okabe et al., 2006; Behboudi et
al., 2006) até mais de 70% (Martins et al., 2006; Tirado et al., 2007).

dominio de ligagdo

promotor CRTC1

CRT1 (Cromossomo 19p13) MAMLZ2 (Cromossomo 11g21)
t(11;19)

dominio de ligagao

CR

promotor CRT1

Oncogene de fusdo CRT1-MAML2

Figura 2. llustracdo esquematica do CRTC1 e MAML2 tipo selvagem (wild-
type) e do oncogene resultado da fusdo do CRTC1-MAML2 associado com a
t(11;19). O dominio de ligagdo Notch do gene MAML2 é trocado pelo dominio de
ligacdo CREB do gene CRTC1 que se fusiona aos exons 2-5 do gene MAML2.
Esse oncogene permanece sobre o controle do promotor do CRTC1 (Adaptado
de O’Neill 2009).

O CME é reconhecido pela sua consideravel heterogeneidade celular que
inclui células epidermoides (com diferenciacdo escamosa), intermediarias (c€lulas
indiferenciadas pequenas) e células produtoras de mucina (Figura 3). Qualquer
um destes tipos celulares pode predominar no tumor, criando por muitas vezes
uma dificuldade no diagnostico. Coloragdes especiais como o acido periodico-
Schiff (PAS) ou a mucicarmina de Mayer podem auxiliar a detectar ou confirmar a
presenca de células mucosas (Schwarz et al., 2011). Diferentes sistemas de
graduacdo histolégica foram propostos para o CME. Os trés sistemas mais

populares e usualmente empregados sdo: sistema de graduacéo do Instituto de
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Patologia das Forcas Armadas (Armed Forces Institute of Pathology — AFIP)
(Goode et al., 1998), o sistema modificado de Healey (Batsakis et al., 1990) e o
sistema de Brandwein (Brandwein et al., 2002). Todos os sistemas avaliam
critérios morfolégicos e arquiteturais, poréem de formas diferentes. Os sistemas
AFIP e de Brandwein utilizam pontos para cada critério (Tabela 1) e graduam os
tumores a partir do somatério destes pontos (Tabela 2). Ja o sistema modificado

de Healey é qualitativo (Tabela 3).

Figura 3. Fotomicroscopia representativa de um caso de CME intermediario.
Nesta imagem podemos vemos o0s trés tipos celulares que compde este tumor:
células intermediarias caracterizadas por um nucleo hipercromatico e tamanho
menor (seta verde), células epidermoides que apresentam diferenciagédo
escamosa € sao mais volumosas (seta amarela) e células mucosas

caracterizadas pelo citoplasma abundante contendo mucina (seta azul).
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Tabela 1. Graduacéo histolégica do CME: critérios arquiteturais e morfolégicos

Sistema AFIP Sistema de Brandwein

Critério

Componente intracistico <20-25% 2 pontos 2 pontos
Invaséo neural 2 pontos 3 pontos
Necrose 3 pontos 3 pontos
> 4 mitose por campo em maior 3 pontos 3 pontos
aumento

Anaplasia 4 pontos

Invaséo em pequenas ilhas e ninhos 2 pontos
Atipia nuclear pronunciada 2 pontos
Invasdo linfatica ou vascular 3 pontos
Invaséo 6ssea 3 pontos

Tabela 2. Sistema de pontos para graduacéo histolégica do CME

Graduacao Sistema AFIP Sistema de Brandwein
Baixo 0-4 pontos 0 pontos
Intermediério 5-6 pontos 2-3 pontos

Alto 7-14 pontos >4 pontos

Tabela 3. Sistema qualitativo de graduacao proposto por Healey

Graduacéo Sistema Modificado de Healey

Baixo Macrocistos, microcistos, transicdo com ductos excretores; Células epidermoides
produtoras de mucina diferenciadas; Minima a moderada populacdo de células
intermediarias; Proliferacédo de cistos filhos; Minimo a absente pleomorfismo; Mitoses
raras; Invasdo bem circunscrita; Muco extravasado

Intermediario Sem macrocistos, poucos microcistos, Ninhos sélidos de células; Pouco a moderado
pleomorfismo; Poucas mitoses; Nucleos e nucléolos proeminentes; Invasdo nao
circunscrita; Inflamagé&o crbénica na periferia; Fibose separando ninhos e grupos de
células

Alto Sem macrocistos, predominantemente solido; Células vao de indiferenciadas a
células epidermoides reconheciveis e intermediarias até tipo ductal adenocarcinoma;
Pleomorfismo consideravel; Mitoses; Invasao dos tecidos adjacentes, nervos, vasos;

Desmoplasia do estroma
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O sistema de AFIP atualmente é recomendado na classificacdo dos
tumores de cabeca e pescoco da Organizacdo Mundial da Saude (Barnes et al.,
2005). Apesar de avaliar menos critérios e em alguns casos classificar 0s casos
com menor grau que o0s demais sistemas, 0 sistema AFIP apresenta alta
reprodutibilidade (Schwarz et al., 2011; Auclair et al.,, 1992) e por isso é
empregado com maior frequéncia. Diferentes estudos demonstraram que tumores
de alto grau apresentam pior prognostico e menor tempo de sobrevida que os
tumores classificados com baixo grau ou intermediario (Chen et al., 2014; Liu et
al., 2014a; Byrd et al.,, 2013; Schwarz et al., 2014; McHugh et al., 2012). A
graduacédo histolégica apresenta relacao direta com a presenca de metastases

nodais e a distancia (McHugh et al., 2012).

Outros fatores prognéstico ja descritos para CME sdo a idade avancada
(Liu et al., 2014a; Schwarz et al., 2014), ser do género masculino (McHugh et al.,
2012) localizacdo em glandula submandibular (Liu et al., 2014a; McHugh et al.,
2012), crescimento rapido (McHugh et al., 2012), presenca de metastase nodal
(Liu et al., 2014a; McHugh et al., 2012), metastase a distancia (McHugh et al.,
2012), tumores com maior tamanho (McHugh et al., 2012), estadiamento clinico
avancado (Liu et al., 2014a; Schwarz et al., 2014; McHugh et al., 2012), presenca
de paralisia facial (McHugh et al., 2012), margens cirdrgicas positivas (Liu et al.,
2014a), invasao perineural (McHugh et al., 2012), auséncia da translocagéo
t(11;19) (Okabe et al., 2006; Behboudi et al., 2006) e maior expressao de MUC-1
(Siyi et al., 2014; Liu et al., 2014b). Os indices de sobrevida em 5 anos para o
CME podem ser altos quando avaliamos tumores de baixo grau ou intermediario,
chegando a 94%. Entretanto em tumores de alto grau este indice baixa para 51%.
Além disso, a presenca de metastases nodais ou a distancia fazem com que os
indices baixem a niveis extremamente baixos de 32 e 26% respectivamente
(McHugh et al., 2012). O crescimento lento das NMGS, incluindo o CME, tem
como consequéncia o aparecimento de recorréncia tumoral ou metastases apos
longos periodos de tempo, que usualmente ndo sao avaliados em trabalhos com

tempo de acompanhamento de 5 anos.
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O tratamento do CME segue 0 manejo proposto para as NMGS, sendo a
resseccgéo cirdrgica com margens a primeira opcdo terapéutica. E importante
salientar que estas cirurgias podem ser altamente mutiladoras, envolvendo
parotidectomia ou maxilectomia por exemplo, levando a uma alta morbidade dos
pacientes. A radioterapia adjuvante € recomendada para casos com
caracteristicas de agressividade como metastase nodal, alto grau histolégico,
presenca de invasao perineural, margens cirdrgicas comprometidas entre outros.
Casos inoperaveis usualmente sdo tratados com radioterapia como primeira linha

de tratamento (Guzzo et al., 2010).

O CME é historicamente reconhecido como um tumor resistente a radiacao
ionizante. Devido a raridade relativa do CME e sua progresséo lenta é dificil obter
evidéncias fortes a respeito da resposta do tumor a radioterapia. Diversos estudos
em diferentes localidades demonstraram que pacientes diagnosticados com CME
gue receberam radioterapia adjuvante apresentam pior sobrevida comparados a
pacientes que foram apenas operados (Ozawa et al., 2008; Guzzo et al., 2002;
Liu et al., 2014). Entretanto, é importante ressaltar que a radioterapia adjuvante é
recomendada usualmente para casos de CME mais avancados, gerando assim
um possivel viés nestes resultados. Em pacientes pediatricos, foi observado que
ndo ha diferenca entre a sobrevida de pacientes que foram apenas operados
guando comparados aos pacientes que receberam radioterapia adjuvante (Thariat
et al., 2013). Em 1992, Grénman e colaboradores, estabeleceram uma linhagem
primaria de CME e observaram gue esta era resistente a radiacao ionizante o que
corroborou com o desfecho clinico da paciente que nao apresentou resposta a

radioterapia (Grénman et al., 1992).

A quimioterapia representa majoritariamente um tratamento paliativo para
casos avancados de CME. Diferentes protocolos convencionais foram estudados
neste tumor, como a cisplatina (Licitra et al., 1991), paclitaxel (Gilbert et al., 2006)
e terapia combinada de cisplatina, doxirubicina e ciclofosfamida (Creagan et al.,
1988), todos apresentando taxas de resposta objetivas inferiores a 30%. E

importante ressaltar que estes estudos compreenderam amostras muito
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pequenas de CME (entre 5 e 14 pacientes). Em relacdo a inibidores de tirosina
guinase e anticorpos monoclonais, o gefitinib (Gilsson et al., 2005) e transtuzimab
(Haddad et al., 2003) foram avaliados, entretanto o mesmo problema que envolve

baixas taxas de resposta em amostras extremamente pequenas é observado.

Considerando que os CME avancados apresentam taxas de sobrevida
extremamente baixas, observa-se a necessidade de desenvolvimento de novas
estratégias terapéuticas mais eficazes para estes casos. Além disso, terapias
sistémicas eficazes para estagios avancados podem ser transpostas para
pacientes com tumores menores visando evitar o procedimento cirdrgico mutilador
e como consequéncia melhorar substantivamente a qualidade de vida dos
pacientes. Recentemente, diferentes linhagens celulares de CME foram
estabelecidas no laboratoério do prof. Jacques Nor na Universidade de Michigan,
EUA, permitindo que novos trabalhos in vitro sejam realizados e assim o
conhecimento sobre este tumor e sua resposta a diferentes terapias possam ser
melhor compreendidos (Warner et al., 2013). Além do desenvolvimento de
linhagens de tumores primarios, foi desenvolvida uma linhagem de recorréncia
tumoral e de sua metastase em linfonodo. Foi observado que estas linhagens
mantem sua morfologia semelhante a uma célula epitelial por pelo menos 100
passagens. Além disso, quando implantadas em camundongos imunossuprimidos
as linhagens geraram tumores que se assemelham muito aos tumores iniciais dos
pacientes. A partir do estabelecimento destas linhagens, foi possivel realizar
novos estudos avaliando importantes aspectos relativos a resposta do CME a

diferentes terapias (Mochizuki et al., 2015; Guimaraes et al., 2016).

2.3 Células tronco tumorais (CTT)

Atualmente, sabe-se que o tumor pode ser visto como um “6rgao’,
denominado de microambiente tumoral. Neste contexto, as células malignas
interagem com ceélulas mesenquimais incluindo células do sistema imune do
hospedeiro, fibroblastos associados ao tumor, células endoteliais e pericitos
(Hanahan e Weinberg, 2011) (Figura 4). Além disso, é bem estabelecido que as
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células tumorais ndo compdem uma populacdo homogénea, e possuem potencial
tumorigénico variavel. Dentro deste contexto, emergiu a teoria hierarquica entre
as células do tumor, onde apenas um pequeno percentual de células teria a
capacidade de iniciar o tumor, chamadas de células iniciadores de tumor (tumor-
initiating cells em inglés) ou CTT (cancer stem cell em inglés) (Reya et al., 2001).
As demais células neoplasicas presentes na massa tumoral derivam destas
células durante seu processo de diferenciacdo e perdem sua capacidade de iniciar
um novo tumor. Estas células possuem alta taxa proliferativa e sdo chamadas de

células amplificadoras em transito ou células diferenciadas p6s-mitose.

Microambiente tumoral

Célula inflamatéria o e e oY
N < { & jp——— Fibroblasto
llha tumoral (o &
Célula inflamatéria D) | N 28> e)
: o/Ce G ; Célula tronco tumoral
Capilar .< 3 ‘0 ‘—— Vaso sanguineo
AT R A ™ Célula tronco tumoral
Microvaso &\ @y (/’ & _invasiva
‘ ,, Y O
\ > S Fibras colagenas

Figura 4. Esquema representativa do microambiente tumoral em
neoplasias soélidas. As diferentes células do parénquima e do estroma tumoral
participam e colaboram coletivamente para o crescimento e progressao do tumor
(Adaptado de Krishnamurthy e N6r, 2011).

Em 1937, Furth e Kahn demonstraram que uma unica célula tumoral de um
camundongo com leucemia foi capaz de gerar um novo tumor em outro
camundongo (Furth e Kahn, 1937). Na década de 90 o advento de tecnologias
como o Fluorescence Activated Cell Sorting (FACS) permitiu os pesquisadores
avaliarem marcadores de superficie especificos a fim de selecionar determinadas

subpopulacdes de células e verificar seu potencial tumorigénico. O FACS, por
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exemplo, permitiu identificar que células de leucemia CD34+CD38- eram capazes
de gerar novos tumores (Bonnet e Dick, 1997). Al-Hajj e colaboradores foram os
primeiros a demonstrar a presenca desta subpopulagcdo com alto potencial
tumorigénico em tumores solidos. Este grupo de pesquisadores demonstrou que
apenas células de cancer de mama CD44+CD24- selecionadas por FACS eram
capazes de formar novos tumores em camundongos imunossuprimidos (Al-Hajj et
al., 2003).

Atualmente a teoria das CTT é baseada em caracteristicas fundamentais,
sendo estas: (1) apenas uma pequena fracdo de células tumorais tem potencial
tumorigénicio quando transplantadas em camundongos imunodeficientes; (2) a
subpopulacdo de CTT pode ser separada das outras células do tumor por
marcadores de superficie distintos; (3) tumores resultantes de CTT apresentam
uma mistura de células tumorigénicas e ndo tumorigénicas provenientes do tumor
original; e (4) a subpopulacéo de CTT pode ser transplantada por varias geracoes,
indicando que essa populacdo apresenta potencial de auto-renovacéo (Prince e
Ailles, 2008).

Prince e colaboradores foram os primeiros a identificar a presenca de CTT
em carcinomas espinocelulares de cabeca e pescoc¢o, demonstrando que células
CD44+ apresentavam elevado potencial tumorigénico (Prince et al., 2007). O
CD44 ¢é uma glicoproteina de superficie celular que funciona com um receptor de
acido hialurénico e esta evolvida com adeséo celular e migracdo (Gao et al.,
2011). Estudos subsequentes demonstraram que células tumorais de carcinoma
espinocelular de cabeca e pesco¢co ALDH+ positivas também apresentavam alto
potencial tumorigénico e de auto-renovacédo (Krishnamurthy et al., 2010). O
aldeido desidrogenase (aldehyde dehydrogenase em inglés), ou ALDH, € uma
enzima intracelular envolvida na conversdo de retinol em acido retindico, um
modulador da proliferagdo celular. Aléem disso, esta enzima oxida aldeidos
intracelulares, conferindo resisténcia a agentes alquilantes. Acredita-se que a alta
expressdo de ALDH em células tronco tumorais esta relacionada com a regulacao
da proliferagéo celular e com a protecao a agressao oxidativa que poderia conferir
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a alta longevidade destas células (Huang et al., 2009). O estudo da atividade
enzimatica de ALDH em CTT teve como base estudos prévios que demonstraram
que a atividade desta enzima poderia ser utilizada para identificar células
progenitoras em medula 6ssea (Armstrong et al., 2004) e corddo umbilical (Hess
et al.,, 2004), além de estar relacionada com maior resisténcia destas células
progenitoras a quimioterapia (Lindahl, 1992). Além do cancer de cabeca e
pescoco (Chen et al., 2009; Clay et al., 2010; Krishnamurthy et al., 2010), células
ALDH+ com alto potencial tumorigénico foram identificadas em cancer de mama
(Ginestier et al., 2007), glioblastoma (Rasper et al., 2010), colén (Huang et al.,

2009), entre outros.

As células tronco e as CTT possuem semelhancas importantes como a
auto-renovacdo e multipoténcia. Além disso, sabe-se que as células tronco
apresentam capacidade de formar esferas e crescer sob condi¢cdes de baixa
aderéncia (Reynolds e Weiss, 1992). Esta caracteristica foi verificada em CTT de
carcinoma espinocelular de cabeca e pescoco (Krishnamurthy e Nor, 2013). Além
disso, foi demonstrado que sob estas condi¢des, estas linhagens dao origem a
diferentes subtipos de CTT, denominadas holoesferas, meroesferas, paraesferas.
As holoesferas apresentaram maior percentual de células CD44+ALDH+, além de
apresentar um aumento em marcadores de agressividade, como o BMI-1 (Almeida
et al., 2016).

Em 2015, Adams e colaboradores avaliaram pela primeira vez a presenca
e o papel das CTT em CME. Este grupo avaliou trés linhagens celulares e modelos
de xenoenxerto de CME em relacdo aos marcadores ALDH, CD44, CD24 e CD10.
Foi identificado que células ALDH+CD44+ apresentaram 0 maior potencial
tumorigénico, sendo capazes de gerar tumores em camundongos
imunosuprimidos ao longo de diferentes passagens. Entretanto, € importante
ressaltar que mais de 90% das células de CME foram positivas para CD44,
enquanto que apenas 0.7-4.4% das celulas foram positivas para ALDH,

demonstrando a maior especificidade deste marcador. Neste estudo também foi
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demonstrada a capacidade destas células de formar esferas quando cultivadas

em placas de baixa adeséo.

Atualmente, as CTT tem sido o foco de diversos estudos que buscam novas
alternativas terapéuticas para o cancer. Isto porque foi demonstrado que, além de
apresentar auto-renovacao e multipotencialidade, estas células usualmente séao
resistentes as terapias convencionais como a radioterapia e a quimioterapia
(Hambardzumyan et al., 2006; Diehn et al., 2009; Shafee et al., 2008; Almeida et
al., 2013). Um estudo recente do nosso grupo demonstrou que a administracédo
de cisplatina, quimioterapico amplamente utilizado em diferentes neoplasias,
incluindo as NMGS, levou a um acumulo de uma subpopulacédo de CTT de CME
in vitro (Guimarées et al., 2016). Esta caracteristica de resisténcia a terapia faz
com que essas células sejam as principais responséaveis pelo desenvolvimento de
metastases e recidivas apos o tratamento. O alto potencial de sobrevivéncia das
CTT pode ser atribuido a diferentes fatores. Estas células permanecem
usualmente na fase GO do ciclo celular, fazendo com que elas sejam relativamente
guiescentes e possam escapar de terapias que tenham como alvo células
proliferativas (Venezia et al., 2004). Além disso, estas células sdo capazes de
ativar proteinas de reparo de DNA (Park e Gerson, 2005) e proteinas anti-
apoptoticas (Wang et al., 2003). As CTT exibem cromatina compactada
(hipoacetilada) ndo permitindo assim a transcricdo génica e acesso ao DNA
devido a intensa compactacao do material génico (Almeida et al., 2013). O nicho
de CTT assim como o microambiente tumoral também contribuem para a sua
resisténcia ao tratamento, através de interacbes com o0 sistema imune que
perpetuam a pluripoténcia destas células e também por alteracbes vasculares que
permitem que elas recebam os nutrientes necessarios para sua sobrevivéncia
(Morrison et al., 2008; Ritchie e Nor, 2013).
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2.4 Via de sinalizacdo do NF«B

O NFkB (do inglés nuclear factor kappa B) corresponde a uma familia de
proteinas que atua como fator de transcricdo regulando a expressdo de uma
grande variedade de genes. Sen e Baltimore foram os primeiros a descrever a
presenca deste fator na transcricdo de cadeias leve k (kappa) da imunoglobulina
em linfocitos B, dando assim o0 nome a proteina de NFkB (Sen e Baltimore, 1986).
Inicialmente, acreditava-se que este fator era exclusivo de linfocitos, entretanto,
estudos posteriores demonstraram a presenca de NFkB em células néo linféides
(Baeuerle e Baltimore, 1988; Nelsen et al., 1988). A familia do NFKB é composta
por cinco subunidades denominadas p65 (RelA), Rel B, c-Rel, p50 e p52 (Bradford
e Baldwin, 2014).

Em condic¢des de repouso, o dimero NFkB permanece inativo no citoplasma
sequestrado por uma proteina inibitéria denominada kB (IkB), que impede a
entrada do fator no nucleo da célula. Quando a célula é ativada por diferentes
estimulos, a proteina IkB é fosforilada e degradada rapidamente. A forma livre do
NFkB entdo é translocada para o nacleo onde atua como fator de transcricao de
diferentes genes (Bradford e Baldwin, 2014). A fosforilacdo do IkB ocorre pela
acao de proteinas quinase especificas, como o complexo IkB quinase (IKK). Este
complexo é formado por duas subunidades cataliticas, IKKa e IKKB, e uma
unidade ndo catalitica, NEMO (NFkB essencial modulator) (Hoesel e Schmid,
2013). Existem dois caminhos para que ocorra a ativacdo de NFkB: a via classica

(candnica) e a ndo candnica (Figura 5).
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Figura 5. Via candnica e ndo canodnica de ativacao do NFkB (Bradford e
Baldwin, 2014).

A via classica ou candnica é a mais comumente ativada e esta associada
a expressdo de genes relacionados com a inflamacdo, anti-apoptose,
sobrevivéncia celular e resposta imunolégica inata (Franco, 2010). Esta via pode
ser ativada por diferentes estimulos, como o lipopolissacarideo de bactérias gram-
negativas (LPS), o fator de necrose tumoral (TNF) e diversas citocinas pro-
inflamatérias como o IL-1B (Bradford e Baldwin, 2014). O heterodimero ativado na
via classica, o p50:p65 é o mais amplamente distribuido entre os tipos celulares e
por consequéncia o mais estudado. Assim, o NFkB é ativado frente a certos
estimulos especificos e regula positivamente a expressao de seus genes alvo. Em
seguida, a proteina volta a seu estado inativo por mecanismos regulatérios. Sendo
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assim, podemos considerar este processo especifico e transitorio. Em células
tumorais, alteracbes moleculares podem comprometer a regulacdo do NFkB,
gerando uma ativacao continua deste fator que leva a desregulagdo dos genes
sob seu controle. Entre estes, podemos citar genes envolvidos com a regulacéo
da apoptose, controle do ciclo celular, migracdo e adesao celular (Dolcet et al.,
2005). Os principais genes alvos dependentes de NFkB envolvidos com o

processo de carcinogénese estao esquematizados na Figura 6.

A ativacdo de NFkB ocorre em uma ampla variedade de tumores malignos,
como cancer de mama (Merkhofer et al., 2010), linfoma (Rahal et al., 2014; Lenz
et al., 2008), prostata (Dan et al., 2008), melanoma (Ueda e Richmond, 2006),
cancer de pancreas (Liptay et al., 2003) entre outros. Em carcinoma espinocelular
de cabeca e pescoco, especificamente, a ativacdo de NFkB ja foi previamente
descrita (Loercher et al., 2004; Ondrey et al., 1999), além de sua associa¢cdo com
a progressao da doenca, metastase (Dong et al., 1999), recorréncia e pior
sobrevida (Zhang et al., 2005). Em linhagens de carcinoma espinocelular de
cabeca e pescoco foi demonstrado que ativacdo de NFkB afeta o balanco de

proteinas anti e pro-apoptoticas (Lee et al., 2008).
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Figura 6. Representacdo dos genes alvos de NFkB envolvidos em

diferentes aspectos da carcinogénese (Adaptado de Basseéres e Baldwin, 2006).

Um importante aspecto relacionado a ativacdo do NFkB diz respeito a sua
capacidade de ativar mecanismos de resisténcia a quimioterapia convencional e
a radioterapia. Diferentes agentes quimioterapicos como o pacilitaxel, vimblastina,
vincristina, doxirubicina, daunomicina, 5-fluorouacil, cisplatina, tamoxifen e
bortezomib ativam o NFkB em diferentes linhagens celulares (Cusack et al., 1999;
Nakanishi e Toi, 2005; Campbell et al., 2006; Melisi et al., 2007; Baumann et al.,
2008; Bednarski et al., 2008; Konstantinopoulos et al., 2008). Entre os mais de
400 genes ativados pelo NFkB, alguns tem destague por sua participacdo no
processo de resisténcia a quimioterapia, como a COX-2, ciclina-D1, Bcl-2, Bcl-x,
survivin e o XIAP (Yamamoto et al., 1995; Guttridge et al., 1999; Catz e Johnson,
2001; Tamatani et al., 1999; Zhu et al., 2001; Stehlik et al., 1998). Em carcinoma

espinocelular de cabeca e pescoco, especificamente, a ativacdo de NFxB esta
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associada a maior resisténcia a cisplatina (Kato et al., 2000), e esta resisténcia
ocorre via modificacdes na estrutura da cromatina, através da desacetilacdo de
histonas (Almeida et al., 2003). Em relacdo as NMGS pouco se conhece sobre a

relacdo da ativacdo de NFkB e possiveis mecanismos de resisténcia tumoral.

A radiacdo ionizante também é capaz de ativar esta via (Figura 7). A
radiacdo leva a um aumento no dano ao DNA da célula juntamente com a
liberacdo de espécies reativas de oxigénio (ROS - do inglés reactive oxigen
species). Estes eventos levam a uma ativacdo do ATM (do inglés ataxia
telangiectasia mutated) que induz a ativacao do complexo IKK (Ahmed e Li, 2008).
No inicio dos anos 2000, foi demonstrada que a ativacdo de NFxB estava
associada com a radioresisténcia de células de cancer de mama ap0s exposicao
a radiacao ionizante fracionada (Li et al., 2001; Guo et al., 2003). Tanto baixas
guanto altas doses de radiacao ionizante estdo associadas com uma ativacao de
NFkB tempo e dose-dependente em diferentes tumores sélidos (Brach et al.,
1991; Madhusoodhanan et al., 2009a; Madhusoodhanan et al., 2009b; Aravindan
et al., 2014). Recentemente, foi demonstrado que baixas doses de radiagcéo
ionizante induzem a ativacdo de NFkB e levam a uma maior radioresisténcia a
doses altas de radiagéo ionizante em linhagens celulares de sarcoma de Ewing,
neuroblastoma e cancer de mama, bexiga, colo e prostata (Aravindan et al., 2014).
O NFkB quando ativado induz a inibicdo de vias apoptéticas ap6s o dano de DNA

causado pela radia¢éo ionizante (Aravindan et al., 2014; Begg et al., 2011).
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Figura 7. Apresentacdo esquematica da associacao da via de sinalizacédo
do NFkB com a radioresisténcia adaptativa induzida pela radiagéo. A radiacéo
ionizante fracionada pode induzir diretamente quebra da fita dupla e simples do
DNA (do inglés doublestrand breaks -DSB e single-strand breaks -SSB). O dano
ao DNA leva a ativacdo da ATM nuclear que ao se translocar para o citoplasma
ativa o NFxB através da regulacdo da atividade de IKK. As ROS geradas nas
células pela radiacao ionizante também levam a quebra da fita dupla e simples do
DNA no ndcleo mas também induzem a ativacdo de NFkB através da via de
sinalizacdo TRAFs. A combinacdo destas vias nucleares e citoplasmaticas
ativadas pela radiagcéo ionizante leva a uma super-regulacdo de genes ativados
por NFkB envolvidos com a regulacéo da apoptose e do ciclo celular que por sua
vez levam a uma maior resisténcia adaptativa a radiagdo ionizante (Ahmed e Li,
2008).

Outro aspecto importante em relacdo a via do NFkB é sua relacéo intima
com a populacdo de CTT. Células de cancer de préstata com propriedades tronco
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apresentam maiores niveis de ativacdo de NFkB e a inibicdo desta via impede a
formacéo de esferas por estas células (Rajesekhar et al., 2011). A inibicdo de
NFxB também esta associada com o blogueio na expressao de genes associados
com o potencial “tronco” das células tumorais, como Nanog e Sox 2 (Liu et al.,
2010). Tanto a ativagcdo canbnica quanto a nao canbnica de NFxB estédo
relacionadas com a manutencdo da populacdo de CTT em céancer de mama
(Kendellen et al., 2014). Schwitalla e colaboradores demonstraram recentemente
gue o aumento de expressdo do NFkB induz a ativacdo da via do Wnt fazendo
com que as células de cancer de intestino passem a apresentar caracteristicas
tronco (Schwitalla et al., 2013). Assim, a ativacdo de NFxB pode levar a maior
resisténcia tumoral ndo apenas por ativar vias anti-apoptéticas, mas também pelo
aumento na populacdo de CTT, que possuem mecanismos proprios de evasao as

terapias convencionais.
2.4 Acetilacdo de histonas

O campo da epigenética permite entender mecanismos moleculares
envolvidos com a modulacdo da expressdo génica na auséncia de alteracdes na
sequéncia de DNA (Martins e Castilho, 2013). Entre os principais mecanismos
epigenéticos podemos citar metilagdo de DNA, acdo de RNAs néo codificadores
e modificacdo de histonas (Blancafort, Jin e Frye, 2013). As histonas funcionam
como importante componente estrutural nuclear e como reguladoras do perfil de
expressao génica em varios tipos de tecidos (Kouzarides, 2007; Le et al., 2014).
O nucleossomo (unidade fundamental da cromatina) € composto pela molécula
de DNA enrolada ao redor de octameros de histonas, compostos de duas copias
de H2A, H2B, H3 e H4 (Figura 8). As histonas exibem caudas que se projetam
para fora dos nucleossomos, estando sujeitas a um numero grande de
modificacdes pos-transducionais como a acetilacdo, metilacdo e fosforilacéo
(Kouzarides, 2007; Carew et al., 2008). A habilidade da cromatina de modular o
comportamento das células estd associada com o quao compactado o DNA esta
ao redor do octamero de histonas. O padrao de modificagbes nas histonas

determina o status da cromatina (eurocromatina ou heterocromatina), a
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acessibilidade do DNA a fatores nucleares e a transcricdo de genes. A
eurocromatina € relativamente descondensada e possui sitios ativos de
transcricdo. Por outro lado, a heterocromatina é condensada e apresenta areas

do genoma silenciadas (Martins e Castilho, 2013).
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Figura 8. Organizacdo do cromossomo. A fita de DNA é enrolada ao redor de um
octamero de histonas e empacotada em estruturas de cromatina chamadas de
nucleossomos. As modificacdes epigenéticas sao controladas

predominantemente por modificacdes nas histonas (Adaptado de Lawlor e Thiele,

2012).

A acetilacdo de histonas representa um dos mecanismos epigenéticos
mais estudado por estar relacionada diretamente com importantes funcdes da
regulacdo da expressdo génica. Esse processo de acetilagdo ocorre atraves da
adicdo de grupos acetil pelas enzimas histonas acetiltransferases (HATS) a
residuos de lisina localizados nas caudas das histonas fazendo com que as

cargas positivas desses residuos de lisina sejam neutralizadas e assim ocorra o
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enfraguecimento (relaxamento) da interacéo da cauda da histona com o DNA local
carregado negativamente, induzindo abertura local, descompactando as
estruturas da cromatina (Zupkovitz et al.,, 2006). Desta forma, o DNA local é
exposto, aumentando o acesso de fatores de transcricdo e promovendo aumentos
significativos na transcricdo do DNA (Verdone et al., 2005). De forma oposta
ocorre a desacetilacdo, onde grupos acetil sdo retirados pelas enzimas histonas
desacetilases (HDACs). O balanco da acdo das HATs e HDACs garantem 0s
niveis estacionarios da acetilagdo do ndcleo das histonas (Wade e Kikyo, 2002) e
influenciam o grau de compactacdo da cromatina desempenhando um papel

regulatorio da expressao génica (Figura 9).
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Figura 9. A acetilacdo das caudas das histonas é mediada pelas enzimas
HATs que resulta em uma estrutura aberta da cromatina. Esta configuracao
permite que os fatores de transcrigcdo tenham acesso ao DNA. De forma inversa,
a desacetilacdo de histonas € mediada pelas enzimas HDACs que removem 0
grupo acetil das caudas das histonas levando a uma configuracédo fechada da

cromatina (Pons et al., 2009).



A compactacdo da cromatina pela acdo das HDACs esta associada a
progressdo tumoral através do silenciamento de diferentes genes como
supressores de tumor, inibidores do ciclo celular e relacionados a diferenciacao
celular (Halkidou et al., 2004; Hrzenjak et al., 2006; Song et al., 2005; Glozak e
Seto, 2007). Além disso, a desacetilacdo de histonas, mediada pela acdo de
DNMT1 (DNA (cytosine-5)-methyltransferase 1) por exemplo, pode inibir a
diferenciacéo celular levando a manutencao do potencial tronco das células (Fuks
et al., 2000; Sen et al., 2010). Em carcinoma espinocelular de cabeca e pescoco
foi observado que linhagens celulares deste tumor séo hipoacetiladas em relacao
a mucosa bucal normal (Giudice et al., 2013). Além disso, a cisplatina induz a
desacetilacdo de histonas em linhagens quimioresistentes. A compactacédo da
cromatina resulta em um sistema de reparo de DNA comprometido, acimulo no
dando de DNA e aumento da instabilidade genémica (Almeida et al., 2013).
Somado a isso, ha evidencia que as holosferas, uma subpopulacdo de CTT,
provenientes de carcinoma espinocelular de cabeca e pescoco séo hipoacetiladas
e associadas a um perfil mais agressivo, demonstrado pela maior expressao de
BMI-1 (Almeida et al., 2016). A inibicdo farmacoldgica de HDAC no carcinoma
espinocelular de cabeca e pescoco induz a apoptose e a parada do ciclo celular
(Chikamatsu et al., 2013), inibe a expressao de genes relacionados com um perfil
tronco (Chikamatsu et al., 2013), e causa a diminuicdo da populacdo de CTT
(Giudice et al., 2013).

Em tumores de origem glandular foi demonstrado que inibidores de HDAC
diminuem o crescimento celular e aumentam a apoptose de linhagens celulares
de adenocarcinoma de pancreas (Chien et al., 2014; Garcia-Morales et al., 2005).
Em cancer de mama, o uso de inibidores de HDAC ja foram testados em ensaios
clinicos em fase | e Il e apresentaram resultados promissores para inibir a
resisténcia tumoral a agentes hormonais além de apresentarem baixos efeitos
adversos (Munster et al., 2009; Munster et al., 2011). Em CME, nosso grupo
recentemente demonstrou que o uso de um inibidor de HDAC resultou na
deplecdo da populacdo de CTT, apresentando efeito superior ao da cisplatina
(Guimarées et al., 2016).
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2.5 Perspectivas futuras de tratamento

A resisténcia tumoral as terapias convencionais esta diretamente
relacionada com os baixos indices de sobrevida observados para diversos
tumores, incluindo CME de alto grau ou em estagio avancado. Neste sentido é
importante que mais esforcos sejam feitos para otimizar as terapias atualmente

disponiveis como a radioterapia e a quimioterapia convencional.

Estima-se que 50% de todos os pacientes com cancer irdo receber
radioterapia em algum momento de seu tratamento. Em alguns tipos de cancer, a
radioterapia esta associada a uma melhora significativa na sobrevida dos
pacientes, como no cancer de laringe ou cancer de pulmdo de ndo pequenas
células. Entretanto, em diversos tipos de cancer € comum observar recidiva da
lesdo apds o tratamento radioterapico. Atualmente, sabe-se que fatores biolégicos
e moleculares do tumor tem uma relacdo direta com o sucesso do tratamento
radioterapico (Begg et al., 2011). A modulacao de vias de sinaliza¢do envolvidas
com a resisténcia tumoral previamente a radioterapia representa uma alternativa
promissora para aumentar a eficacia deste tratamento. Sabe-se que um aumento
de 10% na dose de radiacao ionizante eficiente pode levar a uma melhora de até
30% nas taxas de controle do tumor (revisado em Begg et al., 2011). Entre as
principais vias associadas com a radioresisténcia adquirida podemos citar a via
do NFkB. A inibicdo deste fator apresentou resultados promissores na diminui¢ao
da resisténcia tumoral a radioterapia em gliomas malignos (Tsuboi et al., 2009),
céancer coloretal (Sandur et al., 2009), carcinoma espinocelular (Kim et al., 2004),

cancer de mama (Ahmed et al., 2013), entre outros.

Diferentes farmacos tém sido empregados para inibicdo do NFkB, como o
Bortezomib e Velcade. Entretanto, diversos efeitos adversos, como nauseas,
diarreia, fadiga, sangramentos, entre outros, tém sido associados ao uso destas
drogas. Os efeitos secundarios (off target) séo resultado da falta de especificidade

destes farmacos. Tendo em vista a importancia desta via em diferentes situacfes
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patolégicas, incluindo eventos relacionados a inflamacéo e ao desenvolvimento e
progressdo do cancer, Miller e colaboradores recentemente realizaram um
screening de drogas com o objetivo de identificar drogas capazes de inibir esta
via (Miller et al., 2009). Foram avaliadas 2800 drogas aprovadas pela Food and
Drug Administration (FDA). Entre as 19 drogas capazes de inibir o NFkB, a droga
Emetina ganha destaque por sua especificidade em inibir a fosforilacdo de 1kBa

com a menor concentracao entre todas as drogas.

Apenas em 2009 a Emetina foi identificada como uma droga capaz de inibir
o NFkB, entretanto esta droga vem sendo utilizada h&4 décadas sem o
conhecimento desta importante caracteristica. A Emetina é um alcal6ide cristalino
natural encontrada no xarope de ipecacuanha, que deriva da Psychotria
ipecacuanha, planta da familia Rubiaceae, muito comum nos solos das florestas
dos estados da Bahia e do Mato Grosso, no Brasil. Esta droga é continuamente
empregada desde o inicio dos anos 1900s no tratamento de infeccBes por
protozodrios e amebiase (Lambert, 1918). O primeiro relato sobre suas
propriedades antineoplasicas também datam do inicio do século XX (Lewisohn,
1918), entretanto foi somente nos anos 70 que ensaios clinicos de fase | e |l
avaliando o uso de Emetina no tratamento do cancer foram realizados (Panettiere
e Coltman, 1971; Mastrangelo et al., 1973; Siddiqui et al., 1973). Os resultados
destes estudos variaram desde a nenhum efeito clinico, estabilidade da doenca
até regressao do tumor. Esta disparidade entre os resultados levou a um periodo
guiescente em relacéo ao estudo da Emetina como droga antineoplasica. No inicio
do século XXI, entretanto, o efeito de Emetina em células neoplasicas voltou a ser
abordado na literatura em linhagens de leucemia, carcinoma hepatocelular,
cervical, de ovario, adenocarcinoma de pulmao, cancer de prostata, pancreas e
bexiga (Moller et al., 2006; Mdller e Wink, 2007; Boon-Unge et al., 2007; Foreman
et al., 2013; Myhren et al., 2014; Han et al., 2014; Sun et al., 2015). Estes estudos
demonstraram que a Emetina é capaz de inibir a proliferacdo celular (Foreman et
al., 2014) e induzir a apoptose destas linhagens através de diferentes mecanismos
como a inibigdo de Mcl-1 (Han et al., 2014) e bcl-xL (Boon-Unge et al., 2007; Sun

et al., 2015). E importante ressaltar que apesar de alguns estudos terem sido
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desenvolvidos posteriormente ao estudo de Miller e colaboradores (2009) que
identificou o potencial da Emetina em inibir a via do NFkB, nenhum destes autores

abordou este aspecto da droga em seus trabalhos.

A Emetina, utilizada como droga antineoplasica, se enquadra na teoria de
reaproveitamento de drogas (em inglés drug repurposing). Atualmente, ha um
forte estimulo por parte de diversas agéncias para que drogas ja aprovadas para
outros fins sejam testadas e reaproveitadas para outras doencas, como 0 cancer.
Por exemplo, o Centro Nacional para a Promocdo da Ciéncia Translacional
(National Centre for Advancing Translational Sciences - NCATS) nos EUA langou
o programa “Descoberta de novos usos terapéuticos para moléculas existentes”.
O objetivo deste programa é melhorar o complexo e longo processo de
desenvolvimento de novos tratamentos para diferentes doengas por encontrar
novas utilizacGes para drogas que ja tenham passado pelos diversos passos deste
longo percurso (National Center for Advancing Translational Sciences
Repurposing Drugs). No Reino Unido, os pesquisadores podem solicitar
financiamento para estudos clinicos com reaproveitamento de drogas pelo
“‘Esquema de financiamento de vias de desenvolvimento” oferecido pelo Concelho
de Pesquisa Medica (Medical Research Council — MRC) (Medical Research

Council Biomedical Catalyst: Developmental Pathway Funding Scheme).

O primeiro ponto importante que justifica esta tendéncia é que usualmente
menos de 10% das drogas que entram em ensaios clinicos sdo aprovadas para
uso. Além disso, o tempo médio para que uma nova molécula promissora seja
traduzida em uma nova droga aprovada pela FDA é usualmente de 10 a 14 anos.
O reaproveitamento de drogas faz com que este processo seja mais rapido e
seguro. Na maioria dos casos estas drogas ja passaram por testes in vitro e in
vivo, otimizacdo quimica, testes toxicologicos, processo de fabricacdo, entre
outros pontos importantes (Ashburn e Thor, 2004). Embora as drogas necessitem
ser aprovadas para seu novo uso, O tempo do processo € reduzido
significativamente, além de ser mais seguro e ter maior chance de sucesso (Figura
10).

58



Outro ponto importante a ser considerado no tratamento sistémico do
cancer € que as células malignas usualmente apresentam mais de um mecanismo
de resisténcia tumoral. Diferentes estudos apontam que em tumores sélidos
avancados ha sempre uma pequena parcela de células que sera resistente a
terapia quando apenas uma droga com um alvo especifico € utilizada. Estas
células resistentes irdo se dividir durante o tratamento levando a progressao
tumoral e recidivas (Diaz et al., 2012; Bozic et al., 2013; Komarova e Wodarz,
2005). Um estudo por Bozic e colaboradores utilizou um modelo matematico para
predizer a chance de controlar o tumor de um paciente com melanoma
apresentando 8 lesfes metastatica com diferentes terapias. Estes autores
estimaram que utilizando apenas uma droga ha 0% de chance de controlar a
doenca. Entretanto, combinando duas drogas com alvos diferentes esta chance
pode aumentar para 88% (Bozic et al., 2013). Atualmente a pratica mais comum
no tratamento do cancer € iniciar a terapia com uma droga de “primeira-linha” e
trocar para uma outra droga de “segunda-linha” se ha falha no primeiro
tratamento. Essa estratégia sequencial, entretanto, impossibilita a cura do cancer
pois da chance de novas mutacfes ocorrerem durante o tratamento de primeira
linha (Figura 11). Terapias que combinam duas drogas simultaneamente sdo mais
promissoras e podem despertar maiores esperangas nos pacientes com tumores

avancados (Komarova e Boland, 2013).
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Figura 10. Comparagéo entre a descoberta e desenvolvimento de uma nova droga contra o reaproveitamento de drogas.

ADMET — Absorc¢ao, distribuicdo, metabolismo, excrecéo e toxicidade (Adaptado de Ashburn e Thor 2004).
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Figura 11. (A) Durante a terapia sistémica com uma droga apenas, a célula que

adquirir mutacées que a deixem resistente a esta droga irdo apresentar uma
vantagem proliferativa. No momento em que se observa a falha da primeira droga
e gue se inicia um tratamento de segunda-linha, é extremamente provavel que
haja alguma célula resistente a segunda droga também, uma vez que as células
resistentes proliferativas sofreram novas mutacdes ao longo do tratamento. (B)
Iniciando a terapia com duas drogas simultaneamente poderemos eliminar as
células que adquiram resisténcia a uma droga através da ac¢do da outra droga
(Adaptado de Kormarova e Boland, 2013).

Atualmente, ha uma grande tendéncia de buscar drogas que atuem nas
CTT, uma vez que estas células mais indiferenciadas seriam as principais
responsaveis pelas falhas ao tratamento. Entretanto, € importante ressaltar que a
eliminacdo das demais células neoplasicas mais diferenciadas e aberrantes que
compde a massa tumoral também representa um parte fundamental da terapia

anti-cancer. Em tumores de prostata por exemplo, € sugerido que terapias que
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visam a massa tumoral como um todo (como a terapia de privacao de adrogenos)
sejam associadas drogas especificas para as CTT. Estas terapias
complementares agem de forma sinérgica, aumentando assim as chances de
eliminar por completo o tumor (Rane et al., 2012).

Entre as drogas que apresentaram resultados promissores na reducéo da
populacdo de CTT podemos citar o acido hidroxamico suberoilanilida (SAHA ou
Vorinostat). Esta droga representa uma molécula de baixo peso molecular
(aproximadamente 260mg) derivada do acido hidroxamico que foi aprovada pelo
FDA em 2006 para o uso em pacientes com linfoma cutaneo de células T (Mann
et al., 2007). O SAHA inibe a atividade enzimética de HDACs de classe | (HDACL1,
HDAC2, HDAC3) e classe Il (HDAC6). Além de possuirem atividade sobre a
acetilacdo de histonas, os HDACs classe | e Il apresentam diversas proteinas ndo-
histonas como alvo. Os inibidores de HDAC apresentam um papel importante na
regulacéo do ciclo celular, apoptose e proliferacdo (Lee e R, 2013).

O tratamento de células de neuroblastoma com SAHA resultou na
diminuicdo no potencial de formacdo de esferas assim como, reducdo da
expressado de genes associados com o potencial tronco das células, como ABCB1,
ABCC4, LMO2, SOX2, ERCC5, S100A10, IGFBP3, TCF3, e VIM (Zheng et al.,
2013). Em carcinoma espinocelular de cabeca e pescoco, foi demonstrado que
esta droga também impacta a capacidade de formacédo de esferas e reduz o
percentual de células ALDH positivas (Giudice et al., 2013). Em CME, um estudo
recente de Guimaraes e colaboradores demonstrou que o SAHA é mais efetivo
na reducédo de CTT do que a cisplatina (Guimarées et al., 2016), sendo este 0

qguimioterapico mais utilizado nestes pacientes.
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3. JUSTIFICATIVA DO ESTUDO

Atualmente os estudos que buscam terapias mais eficazes para o CME sao
extremamente escassos. A relativa raridade do CME é muitas vezes apontada
como uma justificativa para a falta de evidencias cientificas relacionadas a este
tumor. Apesar do CME representar a NMGS mais comum, sua incidéncia € de
aproximadamente 2.5 por 1 milh&o de habitantes (Chen et al., 2014), o que pode
ser considerada baixa principalmente quando comparada com o0 carcinoma
espinocelular da cavidade oral, no qual estas taxas podem chegar mais de 100
casos por 1 milhdo de habitantes do sexo masculino no Brasil (Simard et al.,
2014). Neste contexto, pode-se levantar a questao de: porque entdo estudar o
CME? O primeiro ponto importante que deve ser abordado é que ndo podemos
simplesmente negligenciar a pesquisa relacionada a tumores raros. Estima-se
gue anualmente 22% de todas as neoplasias malignas diagnosticas na Europa

sdo neoplasias consideradas raras (fonte: http://www.rarecancerseurope.org).

Desta forma, quando somadas estas neoplasias representam uma proporgéo
significativa dos tumores que atingem uma grande parcela da populacdo. Além
disso, tumores mais raros representam um desafio muito maior para os clinicos,
tanto do ponto de vista de diagndstico quanto de tratamento, uma vez que ha uma
experiéncia clinica expressivamente menor associada com a falta de
embasamento cientifico. Sendo assim, acreditamos na importancia de se
pesquisar o CME para que os profissionais da area de oncologia clinica possam
oferecer tratamento mais eficazes baseados em evidéncias cientificas solidas e
voltadas especificamente para este tumor. O centro de pesquisa do cancer
(Center for Cancer Research) dos Estados Unidos, vinculado ao Instituto Nacional
de Saude (National Institute of Health) e Intituto Nacional do Cancer (National
Cancer Institute), reconhecendo a importancia e as dificuldades relacionadas a
pesquisa de tumores raros, langou em 2013 um programa chamado de NCI Rare
Tumor Initiative. Este programa visa fomentar colaboragbes mais estreitas entre

pesquisa basica e clinica, grupos representantes de pacientes e parceiros da
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industria com o objetivo de facilitar o desenvolvimento de abordagens terapéuticas
para tumores raros.

Um segundo ponto importante em relagdo a nossa escolha no assunto
desta tese € em relacdo ao numero de publica¢des disponiveis abordando o CME.
Em uma busca na base PubMed podemos observar a discrepancia brusca em
relacdo aos esforgos feitos na pesquisa para o carcinoma espinocelular e o CME,
por exemplo. Realizando uma busca com os termos “squamous cell carcinoma”
ou “mucoepidermoid carcinoma” restritos ao titulo do periédico obtemos 29,435
resultados para o carcinoma espinocelular em comparacdo com apenas 1,111
para o CME (Figura 10). Apenas em 2015 foram 2,424 publicacGes em relacdo ao
carcinoma espinocelular comparados com 70 publicac6es sobre o CME (pesquisa

realizada dia 25/10/2016 através do site https://www.ncbi.nlm.nih.gov/pubmed).

Além disso, analisando o grau de evidéncia dos estudos vemos que muitos
trabalhos publicados em relacdo ao CME representam relatos ou series de caso.
Consideramos que estas diferencas devem ser mencionadas pois ressaltam a

importancia desta tese por atingir uma area extremamente carente na literatura.
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Figura 12. Numero de artigos publicados na ultima década segundo a base
PubMed para trabalhos contendo nos titulos os termos “squamous cell carcinoma”
(SCC) ou “mucoepidermoid carcinoma” (MEC). Note a marcada discrepancia
entre o numero de publica¢cdes (pesquisa realizada dia 25/10/2016 através do site
https://www.ncbi.nlm.nih.gov/pubmed).
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Outro ponto importante que esta associado a escassez de evidéncias
cientificas relacionadas ao CME ¢ a falta de disponibilidade de linhagens celulares
deste tumor. Estudos com cultura de células sdo essenciais para que se
aprofunde o conhecimento em relacdo aos mecanismos envolvidos com a
progressdo tumoral e resisténcia a terapia e representam a primeira fase no
estabelecimento de novas alternativas de tratamento. Poucas linhagens de CME
podem ser observadas em trabalhos cientificos publicados, mostrando a limitacédo
da pesquisa na compreensao de mecanismos basicos associados ao crescimento
dos CME bem como sua resposta a diferentes terapias. Assim sendo, fica
evidente que 0s escassos ensaios clinicos que envolvem CME nédo foram
baseados em estudos in vitro que justificassem a acao dessas terapias nestas
células tumorais. Neste sentido, o estabelecimento de linhagens de CME pelo
grupo do prof. Jacques Nor foi fundamental para que este trabalho pudesse ser
realizado. O desenvolvimento das linhagens utilizadas nesta tese envolveu
diferentes etapas extremamente importantes e desafiadoras como a identificacéo
de um meio de cultura adequado, a manutencdo das caracteristicas
celulares/tumorais por diversas passagens (in vitro e in vivo) e do perfil génico das
linhagens em relacdo ao tumor obtido do paciente (Warner et al., 2013). Todos
estes desafios foram superados pelo grupo do prof. Jacques NoOr, abrindo
significativamente os horizontes em relacéo a pesquisa com CME e possibilitando

uma maior esperanca para 0s pacientes diagnosticados com este tumor.
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4. OBJETIVOS

4.1. Objetivo geral
Avaliar in vitro novas alternativas terapéuticas para o Carcinoma
Mucoepidermoide (CME)

4.2 Objetivos especificos do Artigo 1

Avaliar o perfil de resisténcia a radioterapia de linhagens celulares de CME

Avaliar o efeito da ativacdo de NFkB na resisténcia a radioterapia em
linhagens celulares de CME

Avaliar o efeito da inibicdo de NFkB na resisténcia a radioterapia em
linhagens celulares de CME

4.3 Objetivos especificos do Artigo 2

Avaliar o efeito da terapia isolada com inibidor de NFkB em linhagens
celulares de CME

Avaliar o efeito da terapia isolada com inibidor de HDAC em linhagens
celulares de CME

Avaliar o efeito da terapia combinada com inibidor de NFkB e inibidor de
HDAC em linhagens celulares de CME
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Abstract:

Patients with mucoepidermoid carcinoma (MEC) experience low survival
rates and high morbidity following treatment, yet the intrinsic resistance of MEC
cells to ionizing radiation (IR) and the mechanisms underlying acquired resistance
remain unexplored. Herein, we demonstrated that low doses of IR intrinsically
activated NF«B in resistant MEC cell lines. Moreover, resistance was significantly
enhanced in IR-sensitive cell lines when NFxB was stimulated. Pharmacological
inhibition of the IKK-B/IkBa/NFkB axis, using a single dose of FDA-approved
Emetine, led to a striking sensitization of MEC cells to IR and a reduction in cancer
stem cells. We achieved a major step towards better understanding the basic
mechanisms involved in IR-adaptive resistance in MEC cell lines and how to

efficiently overcome this critical problem.
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Introduction

Salivary gland cancer (SGC) is a relatively rare group of tumors, with annual
incidence rates between 0.05 to 2 new cases per 100,000 [1]. In the US, the
incidence of SGC significantly increased from 1974-1976 to 1998-1999 and
accounted for 6.3% compared to 8.1% of all head and neck cancers, respectively
[2]. The 5-year survival rate for SGC is 60-80%; however, this rate drops to 50%
by 10 years [3]. Distant metastasis, more frequently in the lungs, is the primary
cause of death and occurs slowly, with patients surviving up to 20 years [1].
Mucoepidermoid carcinoma (MEC) is the most common malignant SGC, followed
by adenoid cystic carcinoma [4-6]. Treatment for MEC derives from therapeutic
protocols optimized for head and neck squamous cell carcinomas [7]. Surgical
excision and ionizing radiation (IR) are the first-line treatment options for
resectable and unresectable tumors, respectively. Postoperative IR s
recommended for patients with residual disease with extensive nodal metastasis
or capsular rupture. Postoperative radiotherapy is also suitable for patients with
high-grade tumors and advanced disease, positive margins and perineural or
vascular invasion [1]. In general, more than 80% of all SGC patients receive
radiotherapy [8]. Although IR therapy used broadly to treat SGC, including MEC,
little is known about how resistance to radiation develops in SGC cells. Moreover,
the low survival rates that occur in the long-term underscore the urgent need to
identify molecular targets that sensitize SGC cells to radiotherapy.

Nearly 50% of all cancer patients will be treated with IR alone or in
combination with surgery or chemotherapy [8]. IR activates the DNA damage
response pathway and cell cycle arrest, leading to senescence or apoptosis [9].
The responsiveness of the tumor to IR is substantially mediated by the intrinsic
radiosensitivity of tumor cells [10]. Fractionated radiotherapy enables normal
tissues to recover, but it also allows the surviving fraction of tumor cells to
proliferate, promoting long-term resistance [11]. Distinct pathways, such as the
NFxB pathway, are triggered during radiotherapy. Activation NFxB leads to
increased cellular tolerance to subsequent IR doses in various cell lineages, such

as breast, prostate and lung cancer cells [12, 13]. The NFxB canonical or classical,

69



pathway is activated by a pro-inflammatory stimulus, such as TNF-q, that triggers
the activation of the IKK complex. Activated IKK-a and IKK-B phosphorylate IkB-a
at S-32 and S-36, allowing NF«xB to translocate to the nucleus where it acts as a
nuclear transcription factor [14, 15]. Cancer cells normally have high NFkB activity,
[16] leading to increased cell survival via antagonism of apoptotic pathways [17].
Indeed, the NFkB subunit RelA (p65) can promote resistance to programmed cell
death by suppressing p53 function [18]. We have also show that NFxB signaling
drives chemoresistance in head and neck squamous cell carcinoma by modulating
chromatin modifications [19].

Previous studies showed that both low and high doses of IR upregulate
NFkB binding activity in several types of solid tumors in a dose- and time-
dependent manner [13, 20, 21]. The level of NFkB in tumor cells is an important
determinant of responsiveness to IR because NF«kB induces resistance in several
tumor models by inhibiting apoptosis after DNA damage [13, 22]. Activated NF«B
regulates the transcription of over 400 genes, including Bcl-2, BcL-xL, XIAP,
survivin and AKT, which are associated with NFxB-driven radioresistance [23].
Recently, it was shown that IKK-B regulates the repair of DNA double-strand
breaks induced by IR in breast cancer cells [15]. This evidence supports the use
of NFxB inhibitors as adjuvant treatment to sensitize cancer cells to IR. In fact,
promising pre-clinical results have been achieved in colorectal cancer [24],
melanoma [25] and neuroblastoma [26]. Current therapeutic strategies focused on
inhibiting NFxB signaling rely on proteasome inhibition, resulting in off-target
effects. Identifying new drugs that induce selective inhibition of NFxB, by
interfering with IKKs or by inhibiting phosphorylation and promoting loss of function
of the IkB-alpha super-repressor, are expected to efficiently reduce tumor
resistance.

In our study, we explored the response of MEC cells to IR. We found that
high intrinsic radioresistance of MEC cells is associated with NFkB activation.

Furthermore, inhibition of NFkB using FDA-approved Emetine resulted in targeted
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inhibition the NFxB super-repressor IkB alpha. Emetine also disrupted cancer

stem cells (CSC) by inhibiting the Ikk-B subunit and inducing apoptosis.

Methods

Human Tissue Specimens

Cases of MEC diagnosed between January 1995 and December 2010 were
retrieved from archives of the Pathology Service of Clinic Hospital in Porto Alegre,
Rio Grande do Sul, Brazil (Human Research Ethics Committee approval:
11739012.1.0000.5327). The original hematoxylin-eosin stained slides were

reviewed to confirm the diagnosis.

Immunohistochemistry

MEC samples were sectioned into 3-um sections, deparaffinized in xylene
and hydrated in descending grades of ethanol. Endogenous peroxidase activity
was blocked using 5% hydrogen peroxide in two 15-minute baths. The avidin-biotin
blocking kit was used to block nonspecific binding (Kit Vector Laboratories,
Burlingame, CA, USA). Slides were incubated overnight with anti- NFkB p65 (BD
Biosciences, Mountain View, CA, USA) and then incubated with diaminobenzidine
tetrahydrochloride (DAB, Sigma-Aldrich, St. Louis, MO, USA) and counterstained

with Mayer’s hematoxylin.

Cell lines

MEC cell lines UM-HMC-3A, UM-HMC-3B and UM-HMC-5, were initially
described by Warner et al. (2013). Cells were maintained in a 5% CO2 humidified
incubator at 37°C and cultured in RPMI 1640 (Thermo Scientific, Waltham, MA,
USA) supplement with 10% Fetal Bovine Serum (Thermo Scientific), 1% antibiotic
(Invitrogen, Carlsbad, CA, USA), 1% L-glutamine (Invitrogen), 20 ng/ml epidermal
growth factor (Sigma—Aldrich), 400 ng/ml hydrocortisone (Sigma—Aldrich) and 5
pg/ml insulin (Sigma—Aldrich). UM-HMC-3A, UM-HMC-3B, and UM-HMC-5 were
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treated with 0.10 uM, 0.26 pM, and 0.08 uM of Emetine dihydrochloride hydrate
(Sigma—Aldrich), respectively, and 10 ng/ml of TNF-a (PeproTech, Rocky Hill, NJ,
USA).

lonizing radiation (IR)

lonizing radiation (IR) was performed at a dose of approximately 2 Gy/min
using a Philips RT250 (Kimtron Medical, Oxford, CT, USA) in the University of
Michigan Comprehensive Cancer Center Experimental Irradiation Core (Ann
Arbor, MI). Dosimetry was performed using an ionization chamber connected to
an electrometer system that is directly traceable to a National Institute of Standards

and Technology calibration.

Clonogenic survival assay

For the clonogenic assay, cells were plated into 6-well cell culture plates at
a concentration previously determined by plating efficiency. After overnight
incubation, cells were exposed to a range of IR doses with or without pretreatment,
as indicated in individual experiments. The cells were allowed to grow for an
additional 7 days to form colonies and then stained with 0.1% crystal violet.
Colonies with more than 50 cells were counted as surviving colonies and

normalized with the colony number observed in nonirradiated cells.

Immunofluorescence

Cells were placed on glass coverslips in 6-well plates. After the indicated
treatment, cells were fixed with absolute methanol at =20 °C for 5 min. Cells were
blocked in 0.5% (v/v) Triton X-100 in PBS and 3% (w/v) bovine serum albumin
(BSA) and then incubated with anti-Ki67 (MIB-1) (Dako, Glostrup, Denmark) or
anti-p65 (serl5, Cell Signaling Technology). Cells were then washed three times,
incubated with FITC-conjugated secondary antibody and stained with Hoechst
33342 for visualization of DNA content and mitotic figures. Images were taken
using a Qlmaging ExiAqua monochrome digital camera attached to a Nikon

Eclipse 80i Microscope (Nikon, Melville, NY, USA) and visualized with
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QCapturePro software.

Immunoblotting

Cells were harvested in RIPA buffer and briefly sonicated. Protein lysates
were separated by 10% to 15% SDS—-PAGE and transferred to a polyvinyl
difluoride membrane (Immobilon) (Millipore, Billerica, MA, USA). Membranes were
blocked in 0.1 M Tris (pH 7.5), 0.9% NaCl and 0.05% Tween-20 (TBS-T) with 5%
nonfat dry milk. Membranes were incubated with anti-phospho-NF«xB p65 (Ser536)
or (serl5)(Cell Signaling), anti-phospho-IkB-a (Ser32) (Cell Signaling), anti-IKK-a
(p45) (Millipore), anti-IKK-B (Millipore), anti-p16 (BD Biosciences), anti-p21 (BD
Biosciences), anti-p53 (Ser15) (Cell Signaling), and anti-p53 (Cell Signaling, clone
7F5). GAPDH (Millipore) served as a loading control. The reaction was visualized
using ECL SuperSignal West Pico Substrate (Pierce Biotechnology, Waltham, MA,
USA).

Flow Cytometry

Cell cycle distribution was accessed by propidium iodide staining. After
treatment with Emetine, cells were harvested and fixed with 70% ethanol on ice
for 2 hours. The cell pellet was resuspended in 0.5 mL PBS containing 0.25%
Triton X-100 for permeabilization and incubated for 15 minutes on ice. Cells were
then incubated with PBS containing propidium iodide (Sigma-Aldrich; 20 pg/mL)
and RNase solution (Sigma-Aldrich; 10 pg/mL) for 30 minutes at room
temperature. The relative number of cells in different phases of the cell cycle were
assessed by flow cytometry, and the percentages of cells in subG0/G1, G1, S and
G2 were calculated.

MEC cancer stem cell-like cells were identified by aldehyde dehydrogenase
(ALDH) activity using flow cytometry. The Aldefluor kit (StemCell Technologies,
Durham, NC, USA) was used according to the manufacturer’s instructions to
identify cells with high ALDH enzymatic activity. Cells with or without pretreatment,
as indicated in individual experiments, were suspended with activated Aldefluor

substrate (BODIPY amino acetate) or negative control (dimethylamino
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benzaldehyde, a specific ALDH inhibitor) for 45 minutes at 37°C. All samples were
analyzed using a FACS Canto IV (BD Biosciences) at the University of Michigan
Flow Cytometry Core.

Statistical analysis

All statistical analysis was performed using GraphPad Prism (GraphPad
Software, San Diego, CA). Statistical analysis of the mitosis assay, Ki67 staining,
and flow cytometry were performed by one-way analysis of variance (ANOVA)
followed by Tukey's multiple comparison tests. Asterisks denote statistical
significance (*p < 0.05; **p < 0.01; ***p < 0.001; ***p <0.0001; and NS p > 0.05).

Results
lonizing radiation differentially affects mucoepidermoid carcinoma cell lines

SGC are historically recognized to be radioresistant. Nevertheless, IR is
widely used for the treatment of advanced and high-grade tumors. This historical
conceptis based on cross-sectional studies of lung cancer that observed poor local
control rates of tumors receiving conventional doses of radiotherapy [27]. Little is
known about the radiosensitivity of SGC given the small number of available tumor
cell lines. For the first time, we evaluated the response of three different MEC cell
lines, recently established at the University of Michigan School of Dentistry, [28,
29] using a wide range of IR doses (0, 2, 4, 6 and 8 Gy). Radiosensitivity differed
among the cell lines (Fig 1A). The most sensitive MEC cell lines (UM-HMC-3A and
UM-HMC-3B) had a survival fraction at 2 Gy (SF2) of 0.81 while UM-HMC-5 had
an SF2of 0.97. Previous studies have shown that other carcinomas cells, such as
cervical squamous cell carcinoma, have a much lower SF2 (0.27 to 0.75) compared
to our MEC cell lines [30]. Despite UM-HMC-3A and UM-HMC-3B cells having
similar SF2 values, the metastatic lymph node UM-HMC-3B cells had increased
resistance to IR at intermediate levels of radiation (4 and 6 Gy, *** p<0.001)(Fig.
1A).

To further characterize the resistance phenotype observed in MEC cells,

we examined their proliferation in response to various doses of radiation. To our
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surprise, UM-HMCS5 radioresistance phenotype was directly associated with the
maintenance of basal levels of cellular proliferation, as measured by Ki67 (Fig. 1B).
Reduced proliferation was only observed in response to high doses of IR (8Gy, *
p<0.05). We observed a statistically significant reduction in proliferation at smaller
doses of IR (4Gy and 6Gy) in UM-HMC-3A and UM-HMC-3B cells, respectively.
Interestingly, a low dose of IR (2Gy) induced an increase in the number of
abnormal mitotic figures in UM-HMC-5 cells that is defined by the presence of

multipolar, ring, dispersed, asymmetrical and lag-type mitoses (Suppl. Fig. 1)
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Figure 1. Intrinsic resistance of MEC cells to IR. (A) Clonogenic survival was measured 7 days after IR (0-8 Gy). The
data are expressed as mean = SD (n=3) of survival fraction compared to nonirradiated cells. Colonies consisting of more
than 50 cells were scored as surviving colonies. (B) Cells were stained for Ki67 24hrs after IR, scored for positive nuclear

staining and presented as a percentage of the total cell number (n=3).
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Abnormal Mitotic Figures
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Supplementary Figure 1. IR stimulates abnormal mitotic figures in UM-HMC-5. There is a significant increase in mitotic
figures in UM-HMC-5 upon exposure to 2 Gy of IR (n = 3, mean + SD), as revealed by quantification of mitotic figures per
field in all MEC cell lines. Representative images of MEC cell lines after IR (0 - 8 Gy) and staining with Hoechst 33342 for

visualization of DNA content. Note the abnormal mitotic figures in UM-HMC-5 with 2Gy and 4Gy (yellow arrows).

Mucoepidermoid carcinomas express high basal levels of NFkB
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NFkB is a crucial player in several steps of cancer initiation and
progression, primarily due to its strong anti-apoptotic effect in cancer cells [31]. In
most cell types, NFkB dimers are predominantly inactive in the cytoplasm;
however, cancer cells typically have high NFxB activity [16]. We analyzed the
protein expression of nuclear NFxB (active form) in human samples of MEC and
normal salivary gland (NSG). Interestingly, although NF«B is predominantly
cytoplasmic in NSG samples (Fig. 2A arrowhead; mean 0.5% of nuclear
staining/sample), all MEC samples were positive for nuclear NFkB (10.1% - 20.5%
of nuclear staining/sample) (Fig. 2A arrow). Further, we have explored the
presence and localization of NFkB in our MEC cell lines. Similar to the observed
in paraffin sections of human MEC tumors, all cell lines expressed nuclear NFxB
(Fig. 2B). Nuclear NFxB is associated with poor prognosis in several cancers,
including rectal [32], esophageal [33] and head and neck cancers [34]. In adenoid
cystic carcinomas, NFkB expression is considered an independent prognostic
factor associated with poor overall survival [35]. Although no clinical association
could be established in our samples, the increase in active NFkB suggests that
this pathway plays a role in MEC behavior. However, it is unknown whether high

basal levels of NFkB are associated with resistance to radiotherapy in MEC.

IR induces accumulation of NFkB and activation of the NFxB signaling
pathway induces IR resistance

To better understand the correlation between NF«B expression and tumor
resistance to radiotherapy, we examined the effects of IR on NF«B activity in MEC.
We exposed our three MEC cell lines to 2Gy of radiation, which is the daily faction
dose recommended for MEC patients receiving radiotherapy [1]. As revealed by
Western Blotting, all MEC cell lines had detectable levels of NFkB at baseline
(OGy), corroborating to our findings from patient samples that showed detectable
levels of NFkB. Interestingly, 2Gy IR-induced the accumulation of NFkB in UM-
HMC-5, but had no effect on NFxB in UM-HMC-3A and UM-HMC-3B (Fig. 2C,
*p<0.05), corroborating to our previous finding that UM-HMC-5 have a higher
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resistance profile. Notably, our findings suggest that certain MEC patients may not
benefit from fractionated radiotherapy; in contrast, 2Gy IR may stimulate radio-
adaptive resistance through NFxB signaling. In addition, administration of the
clinically relevant 2Gy dose resulted in a substantial increase in mitosis, including
the presence of aberrant mitotic figures (Suppl. Fig. 1, arrows **p<0.01).

We next explored whether upregulation of NFxB directly influences MEC
resistance to IR. Active NFkB signaling induces anti-apoptotic proteins, resulting
in tumor cells evading radiotherapy [12]. Using a clonogenic assay, we found that
stimulation of the NFxB pathway using TNF-a led to increased resistance of UM-
HMC-3A and UM-HMC-3B tumor cells to IR (Fig. 2D). Interestingly, UM-HMC-5,
which previously showed elevated radioresistance (Fig. 1A) and NF«xB levels (Fig.
2C NS p>0.05, * p<0.05) in response to IR, did not benefit from TNF-a (Fig. 2D).
We observed that NFxB activation markedly increased the resistance of MEC cell
lines to IR. In response to all IR doses, UM-HMC-3A and UM-HMC-3B cells
stimulated with TNF-a were more resistant than the control (Figure 2D, NS p>0.05,
** p<0.01, *** p<0.001). Our findings suggest that UM-HMC-5 cell respond to low
doses of radiation by inducing the activation of the NFkB signaling pathway, and
that administration of TNF-a does little to further activate the NF«xB signaling on
UM-HMC-5 when compared to the UM-HMC-3A and 3B cell lines. Although we
have established a correlation between the NFkB pathway and MEC resistance to
radiotherapy, the clinical relevance of inhibiting this pathway in MEC is unknown.

In search for a potential mechanism associated with increased resistance
to chemotherapy of UM-HMC-5 cell line, we explored the p53 status of our MEC
cell lines. We used a phospho-p53 antibody phosphorylated at the serine 15 that
is associated with p53 gain of function (active). Indeed, we found that p53 is highly
expressed in UM-HMC-5 cell line compared to UM-HMC-3A and 3B cells in which
the p53 levels could not be detected (Fig. 2E). Similar to the accumulation of
phosphorylated p53 protein, the total amount of p53 protein (not phosphorylated)
was also very high compared to UM-HMC-3A and 3B. It has been demonstrated
that p53 gain of function is often associated with mutations and constitutive
expression of mutant p53 interferes with the process of apoptosis, a major and
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essential event for the success of any anticancer treatment. While p53 wild type
cell lines are more sensitive to DNA damaging agents, mutant p53 confers
resistance to DNA-damage related apoptosis [36]. Besides, p53 protein is
responsible for prolonged arrest following IR exposure, thereby facilitating the DNA
repair in the absence of apoptosis [37]. The absence of p53 observed in UM-HMC-
3A and 3B cell lines support the notion that tumors presenting inactivate p53 lack
the ability to repair the DNA. Lack of p53, and increased sensitive to DNA-damage
result in mitotic catastrophe, the main antitumor mechanism associated to
irradiation [37].
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Emetine-induced inhibition of NFxB is mediated by downregulation of IxB-
a/IKK-B and p21

Targeted inhibition of NFkB is a promising novel adjuvant treatment for
sensitizing cancer cells to radiotherapy. Encouraging results have been reported
in different solid tumors, such as colorectal [24] and prostate [38] cancer. However,
FDA-approved NF«xB inhibitors, such as Bortezomib, are proteasome inhibitors
that target the multi-catalytic proteinase complex involved in protein degradation.
Inhibitors like Bortezomib downregulate NFkB but also increase targeted activity
of cell cycle proteins and apoptosis-associated pathways [39]. Recently, Emetine,
a drug purified from the ipecac root, was shown to be a novel selective inhibitor of
NF«B [40]. FDA-approved Emetine has emetic properties and has been used for
decades to treat protozoan infections. Emetine selectivity inhibits IxBa
phosphorylation at Ser32, thereby preventing NFxB from translocating to the
nucleus and altering gene expression [40]. We assessed the ability of Emetine to
inhibit the NFxB pathway in MEC tumor cells. We found that Emetine efficiently
reduced phosphorylated IxB-a and NFxB protein (Fig. 3A). Surprisingly, Emetine
downregulated IKK-3, but not IKK-a, subunit protein (Figure 3A). IKK-B activation
triggers the canonical NFkB pathway [41] and regulates several pro-survival and
anti-apoptotic genes, including Bcl2, Bcl-XL, and XIAP [42]. Interestingly, the effect
of Emetine on IKK-B has not been observed in other systems. Our results also
demonstrated that Emetine downregulated p21 expression. Although earlier
studies suggested that p21 suppresses cancer through promotion of cell cycle
arrest, cellular differentiation, and senescence, recent studies suggest that p21
induces proliferation and cellular transformation and is associated with poor
prognosis in the prostate, ovarian, cervical, breast, brain, and esophageal
squamous cell carcinomas [43-50]. Indeed, MEC tumor cell lines expressing p21
(Fig. 3B) failed to activate senescence (Fig. 3C), as measured by p16™* |evels, in
basal conditions and following administration of Emetine, suggesting that p21 acts
as an oncogene in MEC, as it does in other cancers. Supporting our findings,

Emetine downregulated p65 and IKK-B and further suppressed p21, leading to
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reduced colony formation in all analyzed MEC cell lines (Fig. 3D, *p<0.05;
**p<0.01). Although we have not assessed if p53 is mutated in our cell lines, the
data show an interesting pattern previously demonstrated by the group of Manuel
Serrano in head and neck cancers, in which high levels of p21 do not correlate to
p53 levels but does correlate with better survival rates [51], and in our case, more
sensitize tumor cells to radiation (UM-HMC3A and 3B). In Ovarian cancer, the
group of Berchuck has shown that the presence of mutated p53 is usually
associated with decreased p21 expression [52]. Our findings suggest a potential
p53 dependent mechanism associated to UM-HMC-5 resistance to radiotherapy.
Notably, MEC cells are sensitive to NF«kB inhibition, suggesting tumor progression
is dependent on this pathway. Indeed, as compared to UM-HMC3A and UM-HMC5
cells, the metastatic UM-HMC3B cells were so sensitive to Emetine that we could
not identify the formation of tumor colonies (Fig 3D). Impaired colony formation
was due, in part, to the activation of apoptosis in UM-HMC3B cells, as shown by

the SubGO0/G1 peak during cell cycle analysis (Fig. 3E).
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Inhibition of the IKK-B/IkB-a/NFxB signaling axis sensitizes MEC cells to IR
Following our previous finding that activation of the NFxB pathway
increases MEC resistance to IR, we hypothesized that inactivation of the pathway
by Emetine would sensitize cells to IR. To test this hypothesis, we treated all cell
lines with Emetine 24 hours before irradiation. To properly understand the
therapeutic efficacy of Emetine as a sensitizing agent, we removed Emetine from
the culture media prior to irradiation (Fig. 4A). Tumor cells were allowed to grow
for 7 days before we assessed colony formation. Control tumor cells received
radiation alone. We observed major declines in the surviving fraction at all IR doses
when NFkB was inhibited prior to irradiation (Figure 4B). When UM-HMC-3A and
UM-HMC-5 were sensitized with Emetine, we achieved a mean improvement in
the SF2 of 24.8%. UM-HMCS cells, originally very resistant, were sensitized to
irradiation following NF«B inhibition (Fig. 4B). Collectively, our data suggests that
NFkB activation promotes IR resistance, and that pharmacological inhibition of

NF«xB sensitizes MEC cells to IR.
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Figure 4. Pharmacological inhibition of NFkB sensitizes MEC cells to IR. (A) Cells were sensitized with Emetine for 24
hrs before IR. The drug was removed before IR exposure, and the clonogenic assay was performed after 7 days. (B)
Survival was significantly decreased in UM-HMC-3A and UM-HMC-5 sensitized with Emetine compared to vehicle (n = 3,

mean + S, D compared to 0 Gy).
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Emetine-induced inhibition of the IKK-B/IkB-a/NFkB signaling axis
potentialize the ability of IR to deplete MEC cancer stem cells (CSCs)
Among the mechanisms involved in the acquisition of resistance in cancer
cells are the activation of NFkB signaling and the presence of CSCs [53-55]. CSCs
represent a subset of tumor cells that have stem cell-like proprieties, such as self-
renewal and multipotency. Recently, Adams et al. demonstrated that MEC
contains a small population of CSCs with enhanced tumorigenic potential [29].
Both NFkB and CSCs are closely interrelated and inhibition of the NFkB pathway
blocks the expression of genes associated with stem cells, including Nanog and
Sox2 in mammary cells [56]. Furthermore, canonical and noncanonical NFxB
signaling drives CSC maintenance in breast cancer cells [57]. We found that
targeted inhibition of NFkB resulted in sensitization of MEC tumor cells to IR (Fig.
4B), but we did not know whether Emetine would affect CSCs. Using a similar
approach described earlier, we administered Emetine 24 hours before IR (Fig. 5A).
Seven days after IR, tumor cells were collected and processed for ALDH
enzymatic activity using fluorescence-activated cell sorting (FACS). Interestingly,
combined administration of Emetine and IR resulted in further depletion of CSCs
in all MEC tumor cells compared to radiation alone (Fig. 5B). Radiation alone failed
to reduce CSCs in UM-HMC3B cells (ns p>0.05) and only slightly, but significantly,
reduced CSCs in UM-HMC3A cells (*p<0.05). However, sensitizing the cells with
Emetine resulted in a significant reduction in CSCs in UM-HMC3A and UM-
HMC3B MEC cells compared to controls (0Gy)(**p<0.01). CSCs were significantly
reduced in UM-HMCS cells in response to radiation alone compared to controls
(0Gy)(***p<0.001); nonetheless, Emetine further reduced CSCs in UM-HMCS5 cells
(Fig. 5B ***p<0.001). Our findings demonstrate that inhibition of the NF«B signaling
pathway in MEC tumors is an effective therapeutic strategy to sensitize tumor cells

to radiation independent of the initial resistance of each cell line to radiation.
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Figure 5. A combination of NFkB inhibition and IR efficiently deplete CSCs. (A) Cells were sensitized with Emetine for
24 hrs; Emetine was removed from the media before IR. Cells were collected and processed for ALDH enzymatic activity
using fluorescence-activated cell sorting (FACS). (B) A combination of NF«B inhibition and IR leads to enhanced depletion

of CSCs in MEC cell lines compared to radiation alone (n = 3, mean + SD).

Discussion

MEC represents the most common malignant SGC [4-6]. In contrast to other
glandular tumors, significant advances in treatment and overall survival for SGC
patients have not improved in the last three decades. Surgery remains the first-line
therapy option for MEC. Tumors located in the parotid gland usually require
superficial or radical parotidectomy for infiltrative cases, compromising the
maintenance of the facial nerve [1]. For minor SGC, commonly located in the

palate, maxillectomy is typically required [58]. The amount of sequels and high
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morbidity, which is associated with low survival rates over long-term periods,
underscore the need to identify therapies that improve survival and quality of life.
It is estimated that more than 80% of SGC patients will need radiotherapy as first-
line or adjuvant therapy [8]. However, both intrinsic resistance of MEC cells to IR
and the basic mechanisms underlying acquired resistance remain unexplored. We
have provided initial evidence regarding the molecular response of MEC cells to
IR. We showed that radioresistance of MEC is NFkB-dependent and that targeting
this pathway with Emetine improves the efficiency of IR in vitro. Administering a
single dose of Emetine before IR sensitizes the majority of the tumor cells,
including CSCs.

Emetine is a natural crystalline alkaloid found in ipecac syrup, which is
derived from Psychotria ipecacuanha. Emetine has been widely used to treat
amoebiasis since the early 1900s [59]. The earliest report describing the use of
Emetine as an anti-neoplastic drug dates to 1918; however, Phase I/1l clinical trials
using emetine were not performed by the NCI until the mid-1970s [60-62]. Due to
disparate results with Emetine, ranging from no clinical benefit to disease
stabilization/tumor regression, it was not widely studied for its anti-neoplastic
properties for many years. It was not until the 2000s that new reports examining
the effect of Emetine on neoplastic cells emerged [63-69]. The identification of new
therapeutic applications of already approved drugs is referred to as drug
repurposing. Given that 80% of new drugs that enter human clinical testing are
never approved for use, repurposing has the advantages of reduced safety risks,
faster access to treatment and decreased cost [70, 71]. Because more than $90
billion is spent on the development of oncology drugs, and it takes more than 14
years for a promising new molecule to be translated to an approved drug, the
National Center for Advancing Translational Sciences (NCATS) at NIH in funding
projects that can provide Phase I/ll proof-of-principle data using repurposed drugs
[72]. Previous studies demonstrated that Emetine induces apoptosis in ovarian
carcinoma [66], leukemic [64] and pancreatic cells [69] and arrests growth of
bladder cancer cells [67]. Moreover, the daily subcutaneous dose of 1 mg/kg

Emetine does not cause toxicity in patients [61], highlighting its safety in humans.
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A recent study by Miller et al. showed that Emetine inhibits IkB-a phosphorylation
[40] but, to our knowledge, we are the first to examine this effect in cancer
treatment.

Reactive oxygen species (ROS) and increased DNA damage triggered by
IR activates nuclear ataxia telangiectasia mutated (ATM) signaling, resulting in
activation of the IKK complex [12]. An active IKK complex induces IkxB degradation
and translocation of NFkB to the nucleus [16]. In the early 2000s, it was found that
NFxB activation is associated with radioresistance in breast cancer cells following
fractionated IR treatment [73, 74]. A recent study showed that NFkB activation
protects from radiation in human Ewing sarcoma, neuroblastoma, breast, bladder,
colon, prostate and lung cancer cells. In this study, high doses of IR (4 Gy) induced
cell death; nevertheless, a previous study showed that sub-lethal doses of IR (2,
10, 50 or 100 cGy) induced NF«kB activation and prevented cell death compared
to higher doses of IR [13]. We demonstrated that a low-dose of IR (2 Gy) activated
NFxB in the most resistant MEC cell line. Further, when the NFxB pathway was
activated in MEC cells through a TNF-a stimulus, resistance was enhanced in the
most IR-sensitive cell lines. These findings significantly advance our
understanding of IR-adaptive resistance in MEC cells, a field not previously
explored. Also, our findings suggest that radioresistant MEC tumors are likely to
respond to radiation by overexpressing NFxB signaling to levels that confer
radioresistance, similar to the achieved upon administration of TNF-a (Fig. 2D).
Inhibition of NF«B signaling in combination with IR may be a novel treatment for
MEC. We showed that disrupting the NFxB pathway using Emetine before IR
significantly increased the sensitivity of MECs to IR and that Emetine combined
with IR decreased CSCs.

CSCs are a subset of tumor cells that self-renew and are multipotent with
the ability to generate heterogeneous lineages of neoplastic cells that comprise
the tumor. Thus, treatment will only be successful if it destroys CSCs, and this
needs to be considered when optimizing anti-neoplastic drugs so as not to

underestimate curative potential. Numerous findings suggest that intrinsic tumor
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radioresistance is associated with a higher proportion of CSCs [75-77]. Kurth et al.
found that ALDH+ head and neck cancer cells maintain their tumorigenic
properties after irradiation, increasing the chances of recurrence [54]. Failure to
eradicate CSCs after IR may result in tumor recurrence and neoplastic cell
dissemination, leading to local or distant metastasis. IR alone had no effect on
CSCs in our metastatic cell line (UM-HMC-3B), which is alarming given that one
of the main indications for IR treatment in MEC patients is the presence of
advanced disease [1]. Targeting NF«B to disrupt CSCs is based on evidence that
inhibition of NFkB downregulates genes associated with stemness proprieties,
such as Nanog and Sox2 [56]. By sensitizing MEC cells to IR using Emetine, we
were able to eradicate CSCs. Our findings strongly support the combination of
NF«B inhibition and IR as a promising treatment option for MEC patients because
it targets the bulk of the tumor in addition to CSCs.

To establish new strategies that improve the efficacy of IR, we must
understand the biological factors involved in radiotherapy outcomes. While various
pathways have been associated with radioresistance in different types of tumors,
we must consider tumor specificity. Certain tumor types may benefit from a
specifically targeted inhibition that is not successful in other types of tumors. Until
now, the mechanisms underlying MEC radioresistance were unknown. We
showed that sensitizing MEC cells with Emetine improved the SF2, the most
relevant IR dose in the clinic, by 24.8%. Tumor control rates can be improved by
5-30% by increasing the effective dose IR by just 10% (reviewed in [22]). Our study
highlights the importance of Emetine as a sensitizer agent to radiation. Although
these results bring an encouraging and promising therapeutic strategy to manage
MEC patients, it's important to emphasize that in vivo studies are necessary to

confirm our preliminary data.
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Abstract:

BACKGROUND: High-grade and metastatic cases of Mucoepidermoid
Carcinomas (MEC) present extremely low survival rates due to the inefficiency of
current therapies and the presence of cancer stem cells (CSC) as key players in
tumor resistance. Emerging evidences underline the importance of targeting
multiple pathways associated with tumor resistance in order to obtain complete
tumor eradication. METHODS: Four MEC cell lineages were treated with a NFxB
inhibitor (Emetine) or a HDAC inhibitor (SAHA) individually and combined.
Outcomes regarding the reproductive viability of cells (clonogenic assay) and the
presence of CSC (spheres assay and flow cytometry to ALDH) were assessed.
RESULTS: We demonstrate that NF«xB signaling is active in all MEC tumor cell
lines and Emetine have a inhibitory effect over the population of tumor cells. SAHA
is efficient in disrupting the population of CSC from MEC tumors. The combined
administration of Emetine and SAHA resulted in a more efficient reduction of tumor
colony and depletion of CSC. CONCLUSIONS: Herein, we provided a novel and
promising evidences regarding MEC systemic therapy. Emetine acts more
specifically in the differentiated bulk of the tumor while SAHA attack the subset of
highly tumorigenic cells. The association of drugs acts synergistically to eliminate

all the sub-populations of cells present within a tumor mass.
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Introduction:

Salivary gland cancer (SGC) presents annual incidence rates that vary
between 0.05 to 2 new cases per 100,000.* The relative small incidence of SGC
allied with an expressive clinical and biological heterogeneity poses important
challenges on the study of these diseases. These tumors can present slow
progression® leading to significant low survival rates on long-term analysis.?
Mucoepidermoid carcinoma (MEC) represents the most common SGC.3® This
tumor is graded histologically according to its architectural and morphological
features.® The prognosis for low-grade MEC is considerably good, with 5-year
survival rates reaching rates above 90%. The real problem relies on high-grade
tumors and advanced cases. In these conditions the 5-year survival rates
considerably drops to 51% for high-grade tumors and, more alarmingly, to 32% or
26% in the presence of nodal or distant metastasis, respectively.” Currently, all
systemic approaches to MEC are considered merely palliative being cisplatin and
cisplatin-based regimens the most frequently employed. Other systemic
approaches have also been evaluated in clinical trials such as Methotrexate,
Paclitaxel, Doxorubicin, among others (reviewed in 8). Response rates vary
between 10% and 70%, however in most trials only few patients are enrolled and
the follow-up time is short. Therefore, there is no evidence that any systemic
therapy proposed can significantly improve survival of MEC patients.

The therapeutic approach of MEC patients is usually tuned from strategies
used in head and neck squamous cell carcinoma.® This limitation involves the lack
of pre-clinical models that validate promising targets to treat MEC. Recently, MEC
cell lines were established at the University of Michigan School of Dentistry10.11
enabling better characterization on the biological response of MEC cells to new
therapeutic approaches. An important issue associated with tumor resistance in
several types of solid tumors is the presence of cancer stem cell (CSC). This sub-
population of highly tumorigenic neoplastic cells was recently described in MEC.%!
These cells are recognized by their potential to initiate and maintain tumor growth
and progression in several cancers. It has been demonstrated that CSC have the

capacity to remain on GO phase of cell cycle, which provide them a quiescent
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profile that allows these cells to evade conventional treatments that target
proliferative cells.'? Other factors contribute to their resistant profile, such as the
perivascular niche'3, capacity to modulate DNA repair systems!4 and chromatin
status.® Our group observed alarming results regarding the effect of conventional
therapies in MEC CSC population. We detected that cisplatin induces
accumulation of a sub-population of CSC,® while ionizing radiation doesn'’t
significantly impact the CSC population metastatic MEC cell line.’

In order to find new and highly efficient treatments for MEC, it's of
paramount importance to identify molecular signatures and signaling pathways
associated with tumor resistance. We recently demonstrated that intrinsic NFxB
activation triggers MEC resistance to ionizing radiation.’ Moreover, our group has
previously demonstrated that NFkB activation also mediates cisplatin resistance
through histone modifications.*®* We had promising results associating the
sensitization of MEC tumor cells by targeting NFkB or histone acetylation with
conventional therapies. We demonstrated that Emetine, a NFxB inhibitor, and
SAHA, a histone deacetylase (HDAC) inhibitor, increased the efficiency of ionizing
radiation'’ and cisplatin,'® respectively. Emerging evidences highlight the
importance of targeting multiple pathways involved with tumor resistance to obtain
complete tumor eradication. These studies suggest that advanced solid tumors will
always present a small sub-population of cells resistant to one specific target.°-?!
Bozic et al., (2013) used a mathematical approach to predict tumor control in an
example of a skin melanoma presenting 8 metastatic lesions. According to these
authors, there is a 0% chance of disease control using a single drug. Remarkably,
the likelihood of treatment success can rise to 88% when two drugs with different
targets are combined.?!

Taking this in consideration, we decided to explore the individual effects of
Emetine and SAHA over MEC tumor cell lines and compare with a combined
therapy using both inhibitors. We observed that Emetine alone is efficient in
reducing tumor cells, but not CSC, whereas SAHA efficiently disrupted the

population of CSC, but failed in significantly reducing total number of tumor cells.
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When combined, however, Emetine plus SAHA efficiently reduced CSC and

colony forming tumor cells.

Methods:
Cell lines

MEC cells lines UM-HMC-1, UM-HMC-3A, UM-HMC-3B and UM-HMC-5
were originally described by Warner et al (2013). Cells lines were maintained in a
5%CO2 humidified incubator at 37°C and cultured in RPMI 1640 (Thermo
Scientifics, Waltham, MA, USA) supplement with 10% of Fetal Bovine Serum
(Thermo Scientifics), 1% antibiotic (Invitrogen, Carlsbad, CA, USA), 1% L-
glutamine (Invitrogen) 20 ng/ml epidermal growth factor (Sigma—Aldrich), 400
ng/ml hydrocortisone (Sigma—Aldrich), 5 pg/ml insulin (Sigma—Aldrich). Cells were
treated with SAHA (Cayman Chemical Company Ann Arbor, MI, USA) and
Emetine dihydrochloride hydrate (Sigma—Aldrich). IC50 of SAHA and Emetine
were previously established for each cell lineage using MTT assay in monolayer

adhered cells'6:7),

Tumor sphere formation assay

MEC cells lines were plated on ultra-low attachment 6 well plate. Sphere
formation was observed daily. To evaluate the ability of sphere formation under
histone H3 acetylation conditions and/or NFxB inhibition, SAHA or Emetine were
administered on the first day of culture for the monotherapy groups or on the first
and second day respectively in the combined group. Spheres growing in
suspension were collected at day 5, and transferred to a glass slide by
centrifugation at 1500 rpm, 4°C for 10 minutes using a cytospin system, following
by fixation with PFA for 15 minutes at RT.

Immunofluorescence

Cells were placed on glass coverslips in 6-well plates. Cells were fixed with
absolute methanol at —20 °C for 5 min. Blockage was performed with 0.5% (v/v)
Triton X-100 in PBS and 3% (w/v) bovine serum albumin (BSA). Cells were then
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incubated with anti-p65/NFkB (BD Bioscience, Mountain View, CA, USA). Cells
were then washed three times and incubated with TRITC-conjugated secondary
antibody and stained with Hoechst 33342 for visualization of DNA content. Images
were taken using a QImaging ExiAqua monochrome digital camera attached to a
Nikon Eclipse 80i Microscope (Nikon, Melville, NY, USA) and visualized with

QCapturePro software.

Clonogenic survival assay

For clonogenic assay, cells were plated into 6-well cell culture plates in a
concentration previously determined by the plating efficiency. After overnight
incubation, cells were treated with Saha or Emetine. Cells were allowed to grow
for additional 7 days to form colonies before stained with 0.1% crystal purple.

Colonies having >50 cells were counted as surviving colonies.

Flow Cytometry

MEC CSC cells were identified by flow cytometry for ALDH (aldehyde
dehydrogenase) activity. The Aldefluor kit (StemCell Technologies, Durham, NC,
USA) was used according to the manufacturer’s instructions to identify cells with
high ALDH enzymatic activity. Cells with or without pretreatment as indicated in
individual experiments were suspended with activated Aldefluor substrate
(BODIPY-aminoacetate) or negative control (diethylaminobenzaldehyde, a
specific ALDH inhibitor) for 45 minutes at 37°C. All samples were analyzed in a
FACS Canto IV (BD Biosciences) at the University of Michigan Flow Cytometry
Core.

Immunoblotting

Cells were harvested in RIPA buffer, and briefly sonicated. Protein lysates
were separated by 15% SDS—-PAGE and transferred to a polyvinyl difluoride
membrane (Immobilon) (Millipore, Billerica, MA, USA). Membranes were blocked
in 0.1 M Tris (pH 7.5), 0.9% NaCl and 0.05% Tween-20 (TBS-T) with 5% nonfat
dry milk. Membranes were incubated with anti-phospho- NFkB p65 (Ser536) (Cell
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Signaling). GAPDH (Millipore) served as a loading control. The reaction was
visualized using ECL SuperSignal West Pico Substrate (Pierce Biotechnology,
Waltham, MA, USA).

Statistical analysis

All statistical analysis was performed using GraphPad Prism (GraphPad
Software, San Diego, CA). Statistical analysis of the mitosis assay, Ki67 staining
and flow cytometry were performed by one-way analysis of variance (ANOVA)
followed by Tukey's multiple comparison tests. Asterisks denote statistical
significance (*p < 0.05; **p < 0.01; ***p < 0.001; **p <0.0001; and NS p > 0.05).

Results
MEC cell lines present high levels of NFxB

Malignant cells usually present elevated NFxB activity?? leading to
increased cell survival through deactivation of apoptotic pathways.?*> The NFkB
pathway is activated upon a pro-inflammatory stimulus, which triggers IKK complex
activation, followed by IkB-a phosphorylation. These events allow NFkB to
translocate to the nucleus where it becomes active and acts as a transcription
factor.2425 Recently, we demonstrated that human samples of MEC present higher
nuclear expression of NFkB compared to normal salivary gland tissues.'” Herein,
we evaluated the NF«xB expression in four lineages of human MEC recently
established.1%! In the present study, all lineages expressed nuclear expression of
NF«B (Figure 1), corroborating with our previous results in human samples.’ We
guantified NFxB nuclear expression and found that UM-HMC-5 was the cell

lineage with lower expression of NFkB in the nucleus (p<0.05).
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Figure 1. NFkB status in MEC cells lines. (A) Representative images of NFkB immunoexpression in MEC cell lines. Note
that all cell lines present NF«B nuclear expression (Immunofluorescence, stained with NFkB — TRITC and DNA content -

Hoechst 33342, 400X original magnification). (B) Quantification of NFkB nuclear expression in MEC cell lines.

Single dose of Emetine disrupts MEC colony formation

Currently, chemotherapy for SGC is based in therapeutic protocols used in
head and neck squamous cell carcinoma® due to a lack in solid evidences.
Platinum-based regimens are the most frequently employed (reviewed in®),
however patients that respond to chemotherapy present no increase in overall
survival compared to those with no response,?® demonstrating the urge to identify
new and successful systemic treatments. Emetine is a FDA approved drug used
for decades to other purposes. Recently, it has been demonstrated that Emetine
specifically inhibits the NFxB pathway by specifically inhibiting [kB-a
phosphorylation.?” Our group confirmed this in MEC cell lines and further observed

that NF«B inhibition is actually a result of IKK-B inhibition.t’
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The anti-neoplastic potential of Emetine is being increasingly explored in
the literature. Recent studies verified that this drug is capable to stimulate
apoptosis of pancreatic,?® leukemic?® and ovarian carcinoma cells3® and induce cell
growth arrest in bladder cancer cells.®! Our group demonstrated that Emetine
sensitize MEC cells to ionizing radiation and also has an impact on CSC
population.” However, the effects of Emetine as a single-agent drug in MEC have
never been explored until now. We started by analyzing the reproductive viability
of MEC cells after a single dose of Emetine through a clonogenic assay. We
observed that inhibition of NFkB led to a complete disruption of colony formation
in all four lineages (Figure 2). Our group has previously demonstrated that
inhibition of NFkB in MEC cell lines triggers p21 downregulation.!” Previous
studies demonstrated that p21 can induce cell proliferation and malignization,
besides being associated with poor prognosis in cervical, breast, prostate, brain,
ovarian, and esophageal squamous cell carcinomas.®2-38 Our results support that

MEC cells proliferation is extremely sensitive to NFkB inhibition.

104



Emetine

|
| | 1 1 1 1 L I
T T | | I 1 1 LI
0 1 2 3 4 5 6 7 Days
B T
S
€
(o]
(&)
Q
C
=)
(9]
&
w
C 400+
e Control
.3 300 ®  Emetine
: -’
2 '.O
8 .
‘5 200+ ®
[ ]
1
Q
3 « —
E 1004 o
Z ®e
04

- - - -———
HMC-1  HMC-3A HMC-3B HMC-5

Figure 2. Single dose of Emetine is capable of abrogate reproductive viability of MEC cells. (A) Schedule of Emetine
administration followed by clonogenic assay. A single dose of Emetine (determined by each cell line IC50) was administrated
on day 0. Colony formation was assessed on day 7. (B) Representative images of colonies fixed and stained with 0.1%
crystal purple. Note that Emetine treatment led to a complete disruption of colony formation in all four lineages. (C) Colony
quantification (colonies having >50 cells were counted as surviving colonies) revealed that HMC-3B and HMC-5 presented

higher number of colonies. After Emetine administration the number of colonies was reduced to zero in all cell lines.

Emetine induces a decrease in MEC spheres

Emerging evidences suggest that cancer stem cells (CSC) are implicated
in poorer response to therapy leading to recurrence and short overall survival,3%4°
therefore chemotherapic agents need to be optimized considering its effect on

CSC once the perpetuation of this cell population is directly associated with
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treatment failure. CSC when plated in low adhesion are able to grow in colonies,
thus presenting a spheroid morphology.** Our group demonstrated previously that
MEC cell lines are able to generate spheres upon growth under low attachment
conditions.'® In the present study, we observed that MEC spheres present
detectable levels of nuclear NFkB, suggesting that this pathway might be
implicated in the formation of these structures (Figure 3A). Next, we treated MEC
spheres with a single dose of Emetine to verify the impact of NFkB inhibition on
CSC population. We observed that Emetine significantly reduced the number of
spheres in HMC-3A, 3B and 5 and had no effect on HMC-1 (Figure 3B). It has
been previously demonstrated that NFxB inhibition leads to downregulation of
important stemness associated genes, such as Nanong and Sox 2.4?> Moreover,
we also observed in a previous study that by inhibiting NFxB prior to irradiation,
we have a greater in vitro impact of radiotherapy in depleting MEC CSC, especially
in the metastatic cell line.’
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Figure 3. Spheres formation. (A) All MEC cell lines are capable of producing spheres under low attachment conditions. All
spheres present NFkB nuclear expression (Immunofluorescence, stained with NFkB — TRITC and DNA content - Hoechst
33342, 100X original magnification). (B) A single dose of Emetine reduced the number of spheres in all MEC cell lines,

however this decrease was not significant for HMC-1 cell line.
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SAHA is highly efficient in depleting MEC spheres

The FDA has approved the HDAC inhibitor, SAHA, in October 2006 to treat
T-cell lymphoma.*® SAHA inhibits the enzymatic activity of classe | and || HDACs,
enzymes responsible for histone deacetylation. Histone acetylation is controlled by
the balance of HDACs (histone deacetylases) and HATs (histone
acetyltransferase) activity. SAHA induces histone acetylation and impact cancer
cells by triggering growth arrest, differentiation and/ or apoptosis.**4> We had
promising results using SAHA to sensitize MEC and head and neck squamous cell
carcinoma to cisplatin.'®18 Herein, we decided to explore the effect of SAHA as a
single-agent for MEC treatment. Initially we evaluated the effects of histone
acetylation on MEC colony formation. We observed that SAHA was effective in
completely depleting colony formation in UM-HMC-1 and UM-HMC-3A cell lines
(Figure 4B and C). Interestingly, in the metastatic cell line, UM-HMC-3B, SAHA
had no impact in the number of colonies. Moreover, UM-HMC-5 was also resistant
to SAHA regarding colony formation. We have recently demonstrated that p53 is
highly active in UM-HMC-5 compared to others MEC cell lines.!” This distinct
profile of UM-HMC-5 might justify it's increased resistance to SAHA once p53 gain
of function has been previously associated with mutations that can interfere with
the process of apoptosis.*® Discrepancy in the number of colonies after SAHA
treatment suggest that MEC cell lines can respond differently to HDAC inhibition.
Our group has demonstrated that MEC human samples present distinct stages of
cellular differentiation and acetylation of histone H3 (lys9),® which could justify the
differences found regarding HDAC inhibition. Therefore, we can state that Emetine
was more efficient than SAHA in reducing the survival fraction of MEC cell lines.

Next, we thought to investigate the effects of histone acetylation on MEC
CSC population. Our group has achieved promising results with SAHA in depleting
CSC population on head and neck malignancies.'>1¢ Herein, we observed that
following a single dose of SAHA a reduction in spheres number was observed in
all cell lines analyzed, however in HMC-1 this decrease was not significant (Figure
4D).
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Figure 4. Effect of a single dose of SAHA on colony formation and spheres. (A) Schedule of SAHA administration followed
by clonogenic assay. A single dose of SAHA (determined by each cell line IC50) was administrated on day 0. Colony
formation was assessed on day 7. (B) Representative images of colonies fixed and stained with 0.1% crystal purple. Note
that SAHA treatment led to a complete disruption of colony formation only in HMC-1 and HMC-3A. (C) Colony quantification
(colonies having >50 cells were counted as surviving colonies) revealed that after SAHA administration the number of
colonies was reduced to zero only in HMC-1 and HMC-3A, while the reduction of HMC-3B and HMC-5 was very discreet.
(D) A single dose of SAHA reduced the number of spheres in all MEC cell lines, however this decrease was not significant
for HMC-1 cell line.
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SAHA is more effective in reducing ALDH* MEC cells compared to Emetine

Aldehyde dehydrogenase (ALDH) families of enzimes are cytosolic
iIsoenzymes responsible for converting retinol to retinoic acid and also for oxidizing
intracellular aldehydes, thereby conferring resistance to alkylating agents.*’ A
previous study of Adams et al., 2015 demonstrated that enhanced tumorigenic
potential of MEC cells, characteristic of CSC, can be assessed through ALDH
activity,** corroborating with previous studies that demonstrate this same profile in
several malignant tumors such as head and neck squamous cell carcinoma,*
breast cancer*® and colon cancer.*” Recent studies from our group demonstrated
that head and neck squamous cell carcinoma and MEC cell lines when growing in
ultra-low adhesion conditions are able to generate three morphological distinct
spheres populations (holospheres, merospheres and paraspheres).'® An
interesting finding from our research was that the levels of ALDH" cells differed
among these spheres populations,*® therefore we believe that accessing CSC
population through ALDH enzymatic activity represent an additional assay that
might bring different and perhaps more accurate responses regarding CSC
population. We started by accessing the basal levels of ALDH" cells through flow
cytometry in our four MEC cell lines. We observed distinct percentage of CSC
among the cell lines, varying from 1.08 to 3.25% (Figure 5A). UM-HMC-1 and UM-
HMC-3B presented higher percentage of ALDH positive cells, above 3%.
Interestingly, UM-HMC-3B derived from a nodal metastasis, and the elevated
percentage of CSCs found in this cell line could be associated with increased
aggressiveness of a metastatic cell line.

Next, we aimed to evaluate the effects of Emetine and SAHA as single
agents in the population of ALDH* cells. Analyzing each cell line separately, we
observed that both drugs were capable to decrease ALDH™ cells population (Figure
5B). Individually, SAHA significantly reduced ALDH" cells in all cell lines (p<0.001)
while this result was achieved by Emetine only in HMC-1, 3A and 3B (p<0.01).
When combining the results from all cell lines, the effect of Emetine compared to

control lost its significance. The effect of SAHA, however, remained significant,
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demonstrating that SAHA is more efficient than Emetine in depleting MEC CSC
population (Figure 5C).
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Figure 5. Effect of Emetine or SAHA as single agents in ALDH" cell population. (A) MEC CSC population, assessed through
ALDH enzymatic activity, ranges from 1.08 to 3.25%. Note that HMC-1 and HMC-2B present the higher percentages of
CSC. (B) Effect of Emetine or SAHA on ALDH" cells. SAHA significantly reduced ALDH* cells in all cell lines (p<0.001).
Emetine SAHA significantly reduced ALDH* cells in HMC-1, 3A and 3B (p<0.01). (C) Combining the results from all cell
lines, we observed that only SAHA significantly reduced the CSC population of MEC cell lines.
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Combined therapy is efficient in eradicating MEC

One promising way to treat cancer is combined therapy. Earlier to systemic
treatment, only a low percentage of cells are expected to be drug-resistance.
Treatment with a single agent provides a competitive advantage to these resistant
cells that will thrive during therapy and might have a high chance of gaining a
double resistant phenotype by the time a second-line therapy.!® The strategy of
combined therapy can minimize drug resistance by eliminating cells that are singly
resistant to either drug thus enhancing treatment efficacy and reducing toxicity. An
important aspect that must be considered is that concurrent use of two
chemotherapeutic drugs will be more effective if each drug present different
mechanisms of action and lead to a blocking of unrelated pathways crucial for
cancer survival. Therefore, we aimed to analyze the effects of SAHA and Emetine
combined. Chromatin structure can influence cellular response to external factor®°
and also the ability of cellular DNA repair.>! We believe that chromatin architecture
of MEC CSC plays and important role in drug response. For this reason we decided
to treat MEC cells with a single dose of SAHA followed by a single dose of Emetine,
thus inducing cell acetylation and changes in chromatin structure prior to NFxB
inhibition. Firstly, we analyzed the effect of combined therapy in the reproductive
viability of MEC cells through a clonogenic assay. No colonies were observed in
all MEC cell lines following combined therapy administration (Figure 6A).
Concerning CSC, we decided to evaluate the effect of combined therapy in the
population of ALDH* cells. We observed a significant reduction of CSC population
in all four MEC cell lineages (Figure 6B). To verify if the combined therapy was
more effective in depleting CSC than the single agent treatments tested; we
compared the results from flow cytometry analysis of SAHA, Emetine and
SAHA+Emetine. We observed that the comparing to the control group the
combined therapy achieved most relevant results, demonstrated by a higher mean
difference, than Emetine and SAHA alone (Figure 6C). Moreover, the combined
therapy was significantly more efficient than Emetine alone (p<0.05). We believe
that chromatin relaxation induced by the HDAC inhibitor might prompt an increase

Emetine efficiency in depleting CSC population.
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Figure 6. Combined therapy is more efficient in reducing the bulk of the tumor and CSC population. (A) Representative
images of colonies fixed and stained with 0.1% crystal purple. Note that combined treatment led to a complete disruption of
colony formation only in all cell lines. Colony quantification (colonies having >50 cells were counted as surviving colonies)
revealed that after combined therapy the number of colonies was reduced to zero in all cell lines. (B) Combined therapy
significantly reduced the population of ALDH* cells in all MEC cell lines (p<0.01). (C) Comparing the reduction of ALDH*
positive cells after the different treatment modalities, we observed that Control vs SAHA+Emetine demonstrated a higher

mean difference, revealing that this treatment achieved the most relevant results.
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Figure 7 presents a schematic illustration of our main results, which
demonstrated that SAHA and Emetine act synergistically and are more efficient in
eliminating all the sub-populations of MEC cells.

Mucoepidermoid Emetine SAHA Combined
Tumor Mass (NFkBI) (HDACI) Therapy

<

Tumor cell . Cancer stem cell

Figure 7. Schematic illustration of the main findings of the present study. MEC comprises a population of more differentiated
cells, which account for the majority of cells in the bulk of the tumor, and a small population of highly tumorigenic and more
undifferentiated cells, known as CSC. Emetine acts on the bulk of the tumor and can reduce significantly the reproductive
viability of the majority of MEC cells. Nevertheless, the CSC population seems to be more resistance to this drug. SAHA by
the other side is more efficient in depleting MEC CSC population, however the bulk of the tumor might be resistant to this
therapy. The combined therapy act synergistically to eliminate all the sub-populations of cells present within the MEC tumor

mass.

Discussion:

Currently, advanced cases of MEC, such as inoperable and metastatic
tumors, are associated with extremely poor prognosis. This major problem is
mainly associated with the lack of effective systemic treatments capable to
eradicate MEC tumor cells. In fact most of anticancer drugs act on rapidly dividing
cells, therefore the indolent growth of most SGC, including MEC, could explain the
poor results.? In the past two decades, the paradigm for cancer treatment evolved
from conventional and nonspecific drugs to highly selective, mechanism-based
therapies.>? This new and promising approach is based on blocking essential
biochemical pathways or mutant proteins required for tumor development and

progression. Outstanding progress has been achieved in this field in several
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malignancies such as leukemia,®® breast cancer® and non-small-cell lung
cancer.>® Unfortunately, this is not the reality for SGC, where we observe that
cisplatin or cisplatin-based regimens remain the most common systemic therapies
employed.? Yet, a significant limitation of targeted therapy is that at the beginning
of treatment it is highly probable that a small sub-population of neoplastic cells will
be resistant to one specific target.1®?! Treating advanced tumors with a single
agent can offer an important advantage for resistant cells to proliferate. During
proliferation, mutations might occur, increasing the chances for these cells to gain
a double resistant phenotype.'® These issues can be overcome by associating two
drugs with different targets, thus eradicating from the beginning cells that are singly
resistant to either drug. In the present study we demonstrated that double-targeted
therapy with Emetine and SAHA achieved promising results in disrupting both the
bulk of the tumor as the CSC population in MEC cell lines.

Combined therapy represents in most cases the association of a
conventional therapy (that acts on the rapidly proliferating cells) with a
differentiation therapy (that triggers differentiation of undifferentiated cells, such as
CSC).%¢ By using this strategy it's possible to eliminate both the differentiated and
undifferentiated tumor component, leading to treatment success. In SGC we
believe that conventional therapy is not the most appropriate to eliminate the bulk
of the tumor once these malignancies are characterized by slow progression.
Instead, it's more efficient to target specific molecular targets that are deregulated
and associated with tumor development. We demonstrated in the present study
that all MEC cell lines present high basal levels of NFxB, which corroborates with
our previous results in MEC tumor samples.l” Apparently, this pathway is very
active and necessary for tumor progression and cell proliferation in MEC, as we
demonstrated by its direct correlation with p21 activation.'” Therefore, we propose
that NFxB pathway represents a promising target to disrupt MEC progression. In
fact, a single dose of Emetine was capable of abrogate reproductive viability of
MEC cells. For cancer therapy to be effective it's essential that all cell populations

within the tumor to be reached, including the more differentiated cells. We
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understand that these cells represent the majority of cells within the tumor mass
and are primordial for tumor progression and therefore must be eliminated.

The CSC population represents sub-population of cancer cells with high
tumorigenic potential. In MEC, specifically, we observed that these cells represent
around 1-3% of all neoplastic cells. However, despite their lower proportion within
the tumor, this cell population is a major challenge due to its resistant profile and
ability to initiate new tumors. Therefore, the survival of CSC after therapy may
imply in treatment failure caused by recurrences or metastatic lesions. An
important characteristic of CSC is its chromatin status. The chromatin configuration
is modulated by how tightly DNA is spooled around histones and the dynamic
changes that occur in this structure are mainly driven by histone acetylation and
histone deacetylation.®®© DNMT-1 triggers histone deacetylase activity®” and
suppress cell differentiation,>® leading to a stem-cell phenotype. Moreover,
compacted chromatin is associated with poor DNA accessibility to drugs. We have
previously demonstrated that chemoresistant head and neck cancer cells present
more compacted chromatin.’® Based on these facts, we believe that sensitizing
MEC with a HDAC inhibitor, such as SAHA, can induce CSC differentiation and
chromatin accessibility. We observed that SAHA as a single agent is capable of
depleting CSC population (ALDH™ cells) in all MEC cell lines. Additionally, when
SAHA as associated with a subsequent dose of Emetine, this effect was enhanced.
We believe that the prior influence of SAHA in chromatin accessibility allowed
Emetine to accomplish its pro-apoptotic functions in these more compacted cells.

In the present study we provided a novel and promising evidences
regarding MEC systemic therapy. We demonstrated that two FDA-approved drugs,
SAHA and Emetine, can act synergistically to eliminate all the sub-populations of
cells present within a tumor mass. Emetine acts more specifically in the
differentiated bulk of the tumor. Meanwhile, SAHA attack the subset of highly
tumorigenic cells inducing both differentiation and drug accessibility, which can
triggers an increase in Emetine’s effect during the next round of therapy. This
combination allows extracting the best effect of each individual drug, enabling

doses to be kept low and thereby avoiding possible adverse effects. Based on the
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extremely poor prognosis observed in advanced cases, we believe that the
identification of effective systemic therapies for MEC must be among the chief

priorities of head and neck oncology.
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6. CONSIDERACOES FINAIS

O carcinoma mucoepidermoide (CME) apresenta baixas taxas de resposta
as terapias atualmente disponiveis devido a diferentes mecanismos que levam a
resisténcia tumoral. Desta forma, o principal objetivo desta tese foi identificar
novas modalidades terapéuticas capazes de superar estes mecanismos tendo
como foco principal as células tronco tumorais (CTT).

Inicialmente optamos por estudar o papel da irradiacéo sobre as linhagens
de CME. Sabe-se que aproximadamente 80% dos pacientes com neoplasias
malignas de glandulas salivares (NMGS) necessitam de radioterapia em algum
estagio do seu tratamento. Entretanto a resposta de linhagens celulares de CME
a irradiacdo permanecia desconhecida. O primeiro objetivo desta tese visou
preencher esta importante lacuna na literatura cientifica atual. Nés identificamos
uma fracdo de sobrevivéncia em 2Gy (dose utilizada na pratica clinica)
extremamente alta para todas as linhagens de CME. Quando comparada aos
valores identificados para linhagens de carcinoma espinocelular de cabeca e
pescoco, por exemplo, vemos que o CME é consideravelmente mais resistente a
radioterapia. Este primeiro achado foi de extrema importancia para embasar a
necessidade da busca de alternativas para superar esta resisténcia tumoral. Desta
forma, nds identificamos que o a via do NFkB desempenha um papel importante
na resisténcia de CME a radioterapia. Para avaliar o papel da inibicdo desta via
optamos por utilizar a Emetina, uma droga previamente aprovada pelo FDA e que
possui alta especificidade na inibicdo das proteinas associadas com o NFkB. A
utilizagdo de uma droga ja aprovada aumenta significativamente as chances desta
poder seguir as demais fases necessarias para sua aprovacao para 0 hovo UsO
especifico além de reduzir drasticamente o tempo que este processo pode levar.
Nossos resultados em relacdo ao uso da Emetina associada a irradiacdo foram
extremamente promissores. Observamos que a droga foi capaz de sensibilizar as
linhagens celulares, reduzindo a fracdo de sobrevivéncia em 2Gy em
aproximadamente 25%. Além disto, a Emetina impactou de forma importante a
populacdo de CTT. Esta subpopulacdo de células altamente tumorigéncias é

reconhecida como responsavel pelo surgimento de metastases e recidivas apos
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o tratamento devida sua capacidade de evadir terapias convencionais. De fato,
em nosso estudo identificamos que a radioterapia sozinha ndo teve nenhum
impacto sobre a populagdo de CTT na linhagem mestastatica de CME. Desta
forma, acreditamos no potencial desta nova modalidade terapéutica proposta no
primeiro estudo para reduzir a resisténcia tumoral a radioterapia e impactar de
forma positiva a sobrevida dos pacientes com CME.

Nosso segundo estudo teve como foco terapias medicamentosas utilizadas
de forma isolada ou associada. Acreditamos que 0 uso de trapias sistémicas
representam uma forma de tratamento importante para pacientes que apresentam
doenca em estagio avancado, com metastases nodais e a distancia por exemplo.
Sabemos que as NMGS, incluindo o CME, apresentam crescimento lento, ou seja,
as células apresentam baixas taxas de proliferacédo. Este fato pode justificar a falta
de resposta deste tumor as terapias sistémicas convencionais, como por exemplo
a cisplatina que atua em células com taxa proliferativa elevada. Neste sentido, o
tratamento sisttmico do CME deve ser direcionado para alvos terapéuticos
especificos que atuem em vias envolvidas com a progressao tumoral. Entretanto,
um ponto importante a ser considerado quando visamos erradicar tumores soélidos
avancados é que nestes casos ha sempre uma pesquena subpopulacdo de
células que é resistente a um alvo terapéutico. Este conhecimento prévio
embasou nossa decisdo de avaliar o efeito de duas terapias com alvos distintos
utilizadas de forma combinada. Inicialmente avaliamos cada droga de maneira
isolada, a fim de identificar seu principal mecanismo de acédo nas linhagens de
CME. Identificamos que a Emetina age majoritariamente na porcdo de células
mais diferenciadas, inibindo de forma efetiva o potencial proliferativo da massa
tumoral. O SAHA, por outro lado, apresentou maior efetividade que a Emetina em
reduzir a populagéo de CTT, que apesar de representar apenas 1-3% de toda a
massa tumoral, sdo células com capacidade de iniciar um novo tumor e desta
forma necessitam ser eliminadas. A combinacéo das duas drogas apresentou 0s
melhores resultados demonstrando uma efetividade na redugcéo da massa tumoral

além de aumentar o efeito sobre a populacdo de CTT.
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Avaliando nossos resultados em conjunto podemos concluir que a
associacdo de diferentes terapias (Emetina associada a irradiacdo e SAHA
associada a Emetina) foi eficaz em superar a resisténcia tumoral do CME, através
da acdo na populacdo de CTT, e representam alternativas terapéuticas
promissoras para tratar casos inoperaveis e metastaticos de CME. As diferentes
técnicas de biologia celular utilizadas nesta tese em linhagens recentemente
estabelecidas de CME trouxeram evidencias cientificas que suportam a
continuidade da avaliacdo destas terapias no contexto da pesquisa translacional
em cancer. A proxima etapa neste contexto envolve o estudo destas drogas em
modelo animal, o qual pretendemos realizar. O efeito destas terapias sera
avaliado em modelos de xenoenxerto derivados de paciente (PDX- sigla do inglés
patient-derived xenograft). Nesta técnica fragmentos de tumor fresco de humanos
sdo implantados cirurgicamente em camundongos imunodeficientes, permitindo
desta forma que o tumor a ser tratado no animal reflita biologicamente o tumor do
paciente em relacdo a histopatologia, expressao de genes, mutacdes genéticas e
resposta terapéutica (Hidalgo et al., 2014; Pearson et al., 2016). Acreditamos que
€ importante dar sequéncia neste projeto pois nosso principal objetivo € que os
resultados desta tese atinjam os pacientes com CME e possam impactar de
maneira positiva a qualidade e expectativa de vida dos mesmos oferecendo
terapias mais eficazes e com menos efeitos colaterais comparada as terapias
convencionais atualmente utilizadas. O estudo de novas drogas em linhagens
celulares, realizado nesta tese, representa um primeiro passo importante na
pesquisa translacional em cancer. Atualmente o embasamento para o uso de
diversas drogas no tratamento de NMGS vem de estudos pré-clinicos e clinicos
desenvolvidos no carcinoma espinocelular de cabeca e pescogo. Assim, 0S
resultados oriundos desta tese sdo de extrema relevancia e preenchem uma

lacuna importante na busca por novas alternativas terapéuticas para o CME.
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